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24 (12000 kwh %5 . 5000 kw 2., 1200~ 10800 kWh figHEEXA]. 90% %%, ¥4k 6000
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TRESE; RBEPFITN: StEACRHZ A BNK 5 AR SIEE, RS SIEHE N AN B %
T R
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G ATEEMERTCUHEUEE R, RATER KR EEE K, X RR T EEHR 3 5HE 2 s
YRGS 2] "R BUR TR S BORMEIT IR, MR e S B W 2 5%, BhG 5 0 TR AR AR AR R AR 2
[H BRI . §6.4 MISTIER T, SB=RIEREERMEIERIE.

EZ = WMERAORRE. WEKAZKTE 67 Mk EUam LR, ks —%
AREtt 202 FRE 0 RESERZRENZC2BIENEE. ACRATBEE—% d £k
SR B AR 2R T d KUOREAS, JFHE O i HAR/ANG SARBT R AR AL, AR B
WL IX — RO A ETIX AN R ) T EE R IR AR BE T [a] B 2R AR, AL PR L A5 Ak R

A AXPEREL. 8 = RO AR TR R, TR B S mERMN Z BRI PE: k
IS R S A, HAEROREA BT . AR RN B =R A e B 53 B R NERs)
Ak 0:00 FI 24 AT B A E A E Rk, 6:00. 12:00. 18:00 £ FH 24 F ] 75t 4 #1 hid A 28 39 fih 2 i
RIFFEFRA, FIRATE" SR A5 oD i 2 8] B S .

2.7 BB AR 5 #R

I R U AR R B 1 R e H 3Rk B 4 10 BB A A, BRI R ERIE
M GdA 4-2) HR@= GdA 4-3) .

2.7.1 BRE 4-2: FABENTEHEE =

2T —BEAMAEE—HNESHERN. M 4 JASERREN, 8 H R IEAUT A AN TR, 1
THRIBAE 0:00 HilsE, Fobit I B R GEH 0:00 2 5 D7 52 B AN AR HE 24 R B Ay, 45 SR R A A s e
fr, BR2IWHEESIHEMT 5 . [FREHE NS A (X 0:00 =Rk , ZHIRTEH
BR E ) L A B T it e A H N 2 s F AN TR 5t A AR R B ——E K 5 A2
B ML (§6.5)

2.7.2 [B)f 4-3: FEFIBHTEHDE=

£ 422 LS 6:00. 12:00. 18:00 =K%, A R AFAEZERA: W MER . FHE
FPAENRES . A EME2WHETE ., —ADMUAEHKAXNER: M 3 RER4AOe R, e 4 Jig
B S2BRE, BERAEMEMTRIR, FtH N =B SEN RERMRX—ERLE, BTN

11



ZEVSE T 0:00 AR F &R . X — ARTFREAEE 4-3 BRI RE S NIE, ASCAE §6.5 LAsKill4h
R

BEEREER

DU A— R, RER=3RME

1 - FIEERINT - 5]

BAR bidideid iR
N B | EIE I Lt
- 5 KR EfEeSRRMBItRE% i 1 16— W 4
G
Wit 2 | RERI
b = —>
i R /\/‘ EEEEE
= Iy
e k22 SOC §hifk
B3 | ERATE N
o 0/6/12/18 &R
g2
RIS — i+ WE + BE
Wit 4 | 24840 B
m 10 DERREDER

HARAINANEE

=

P 7 DUAS R R 0 A A P A e =S B e 2% A
B 7 M9 VY 3 B B N s B 5 OORIE S5 ROCIFRORAN, ANFEARAE A% . Hr a2 Y A 3
MR N, R =R B e 2k .

3.1 4—R%

B—KRg T=144 MiB, BEBKE At=1/6 h. RELENGHBMEHEE P HE C
Sk d GYRThER, A kW), CREEERMEEE So Wh) . ARIITER N

T-1
minz A p At

t=0

LIR KA
p,—c,+td, 2N, t=0,...,T-1

_ d At
S, =S tncAt- .

0<c,<P,,,0<d,<P,. ., p,>0

max - - max

Smin = St < Smax

H#ep N, =L, P R sh, Lo AKX Ga, Po Rsebrahieh iz, 1 X pi e
T A B2 EA. No AT SR SR . DU 7538 H R 22 2% FF 031

3.2 ZRBIRFEH

BE¥—: BNFHN. FE-E I 1 R H ik, RER; WU 4 1% H bR
R, ELAETHRIFY B A g A PUIME -

B GEMWAME. MBSO WEHJE 0:00 RE—R; W8 =5 RSP -3 7E
0:00. 6:00~ 12:00. 18:00 PYIR . RERHRFE R VAL " A AT UK AR I Z0AS e T 1% 00 Z1 1 200

B¥= {FFAN. WE—-. HEOrRWEESES; mE = -3 RS Y. BR
=, KRR SRR

12



33 RBEWERYST T

WIZARE — MARAERI 2R, BN R B 3 MRS T+1 MRESZE, Hpaiksn
ROFEYIRIRE, ASCHA HIGHS SRS

HIEHIAE TAEAERME, ME=4: FERTEBA. DEREER. GRRBTEE. AHE
LT N

Ho—y WEREUE. [ 85— [N A AR FR e B A sl A R e s v — [ i P e el
HELGRENR R . Wk AR .

H=, #ERK. LaHERE e EFEER, ZORREREL WL 5IZ B
FIBRLAAL

H=, MR BRI B R K AR IE S 2L, AR AR -

RBRE

ARV B =2, B ARE K.

41 XTHRESE

B&E 1 RN AR BMEBEDAERHA 90%, FRMEK 81%, REHB WL
S, =S:tncAt—dAt/n,

A E R g R 90 %0 X ik . A EARON IR A, AT
V0.9~ 94.87%, 5" MU AR T & UAFF. AT 90%,
HHE §8.5 g AR AR I R B S:

Bt 2 RN ETIR 1200 5 10800 kWh 7E4F— M B0 2, O H 5 2 -
ikt BUH RSO E R 4 R I R, B AR R I LR L iR e 1200 - 10800

kWh Z [a]",
"L AR H R B S IR B 2R .
B 3 ZACEIIEARE 5000 kw, H[E-—H B HIER 7K, W e, d,=0.
. [FIRN 7R R astghndkem oiless, BT n<l, sk ez,
R IX — 2R AR A AL B B T, o2 =05 AR,
MBRiR 4 ERAFEERBESEERR, SFESHEE.
WHg: BHNAH R —HSE, RKESLFER.
4.2 XTFHBESEH

BR¥t 5 M FESNERME R, JSSREEREE R
WlE: BH RS TR, Rag i B, 25 R vrE R, BRI R SR R

H
BB 6 "RARIIR ML A BE A AR TN XSRS 10 20 BN BOR B, i AR AR e R

=

ficda: BHKE 3 2R IR RE B0 BN S S &,
VLB AN 2 RAZ B I B BLAE 5N«

13



Bt 7 RRIWARZERRAERZC RN 5 At A P ARSI (ERES, 1
WARATAT) o

4.3 XTEE5TN
BB 8 RN B s R R PR e 2 DT A B R SRR I i N SR T 5 455137
W
it X2 R HERER 0:00 il 52 =4 K BTl FL Siemes (1 B4 i
A A AR S A BTN A 20 5 o 5 DA R A

R 9 1 EPY AR TERIBT BOAN TR, AU g S A A B E RSB B T A B, H A
IR RANAE 2 .

K. BEXAE 3 5 RA, I 4 AR R, —HERESHMAR.

R 10 XN BRI ZEAH BT, TURM B AE I B A ga

WK AN RN BUiR 22 I 30 0 Ar 55, R s i BRI A S 4544 o

AR OR ST, NS 2 T AR BUiR 22 2 TR A R

FFSUiER
F10 X5, AUS5HM
i HX fr
t MEFS, t=0,1,...,143 -
At ek, At=1/6 "
L, 5t BN X AR % kW
P, Bt BRI kw
pied 9t BRI R % kw
N, ER O B T
N,=L,—-P"
A, %t B TEKWh
p, 5t B s kw
pr 5t RBHO TR kw
po? C O LSRR S kw
c, 5t BT TR kW
d, R ML= GRS kW
S, 5t B GAINT B kWh
n i RERY R FERCR AR, n=0.9 -
P o ok, P, =5000 kw
S ins S fE ik R, 1200 5 10800  kWh
u, # ¢ W BEMWFoHE, KW
u,=max (0, p"" - p;*)
v, % ¢ W Bk L oWE, kW

adj _ __plan

v,=max(0, p;’ - p/"")
N 4 U 0 A T kw

14



ke D4 Hfir
o TRECT I SE R R A —
B SRR L TE A0 R —
w AR GE T B T *
q TUAKS BT -4 -
m, B I BN T A kW
A, FRAEA v A B AR BT D
a(-,) PR 2R 2R 4 R A kw
w, THRIRA VAR -
P PGP B
0 HOFRLE i
H SN IPSEL e kWh/m*d

o

RBE 5K R

6.1 ZE—HIER A ILART

DU )5 R AL EVE §3.1 28t A 78 = 5 26 S2B b A 0 £ b L

H—, RREOEHEZH. 4 q=p,—c, +d, NERESEEIIR, HRPEER 2N, ®
i N,=L,—P“, P™'<P, Jschriimiiethin, 06 Po— PY>0, i T4 A i 4 5 o ol
i, 3% QSL, BRI AERL A AT R . L AR A S A B B A AN AR, ER T
B,

B, MEMFENE. i g NC AL dAfERE, R EAEGE d, At /n. 442
HRIRSAANC —D/N=Sx—S,,, 3 C,D 40447 5ich . §6.2 M54 Sk
iR

B=, RBBEIE. kg 3T My T+1 MRETE, 4% 3T+1 %, W
R/ ASCH] HIGHS Kfi# ik [6]) » B HAENEZMES . &4 334 REZEH E#FSFENAE
T4 e, RIS MR RS R R ATAT
6.2 [B)E—: FREMERME
6.2.1 R

W — 1S B 5, FL"0:00 55 24:00 B KA E — & BB LR, EHLAFR e LaE A nE
R, FHeES HMR. BRI §3.1 [AK, B S;=S,=6000 kWh s iR & (So s 14
) .

622 48R
R B 38R B B R A RN FE B L B
I 1) B BHEE (kWh) B {18t BHEE (kWh) I 1) B WEHE (kWh)
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RHEt. EMA R d-1 gEsgscha, B(d) Rgit d 2iRkm g e, Sx
HOR AT

16
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BRI S M, "I RUINE R T2 K, TR AT A R RN B U
LR ER B R TR TR R, FR RO SRR s BRIR (DS AL ¢, =4 A,

(bl SA, Hamm, HRARE A, i 440 . R (2 LHARHAEE HERAK
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BRI B BRI S BUIUR Z A B 80 %0 4B Tk [11[2113D) -

PaEE, ZRRRTHEKE, PREFMR. TE VARG L S BT k
. IR REAIIRE . LMEERS . PR 2 B S EEE . TS (%A
M BERREWSCER 4D, FHEEBRRMIAMET 80 % iR oA A S (i Fa g v i+ 8 WL STk
[5D : HEWALTIRTm——F A I RIS R AT R . Sl A 4E il 88%0, S5k
EFEAE 80%~90% XIal, HI%E H K7 Al i IE R .

ARz, itk W O RFER BRTNAEZRER q 50 A5 5 % 5 ek
(14D , TEHUZER BMITRE M,

m[:max(O,Quantileq[Nk(t)—Nk(t):kZd—W,...,d—l])

W 5 q h¥ditsE.
6.3.4 SHIRE

mass (a,B,W,q) BEmE. HAE AT 024

R el e BTG 2 BT B2 Se R AR O3 .

R ARSE—ANE. W 2. M 4 BE 2025 &4, MERCHERERES 2 1HE12 H 31
H. Wik 1 B RE—ESHIITFEZAMERERENAS (A 1| BNEIE, ShkrEdny |
A 2HZ 31 H, #£30K) . H 1 AtsE. BHEESERIN 2—12 A, A ERAEARRKER.

WEFR. ENUASHEE | AG 0 EEMKEZE, BUZE NS50S0 —4. W E
a €(0.10,0.15,0.25,0.40 | . B €(0.6,0.7,0.8,0.9] . wE|(1,...,30) F*
q €{0.70,0.75,...,0.98],

FREsR: 0=0.10. f=0.90. W=5 %. q=88%. 4##/H 13700048.95 7.

PRI, 1 A% ORI AR (88% SAERG 5, 1 AN EATE =
AR 88%) , HATOKEAMM (1 Hikh 5K, S4ERMN 75 « X MEBRMED: 25050
(W,q) B 1 Bfsse. of B MAHMIE, 2@E%AN 13707511.64 &, 54K 5 B %
0.05%.

6.3.5 R
F13 HB_AERAMS (G 2025.2.1—12.31, 3£ 334 R)
=] 8 O =p2A
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KamEE St 110410.16 kwh, 44 172 REBE S &M h . KAlEsk 5t 4.86%——
BERTE, RUTHRIPBEAMFH S RLME.

TEARIE, EREER TN 12227243.64 j5, ASCE5REEH 12.05%.

6.3.6 87 HHARGER

B EREEEE 1~F 3 RS HE 3200 621, 923, 1221 W RHLHE., 8RN

result2 xlsx, U T,

R4 FE—: fEEHHRTRIEEE GREEER 1 KRB

b R 2025.03.20 2025.06.21 2025.09.23 2025.12.21
10:00-10:10 0.00 0.00 0.00 0.00

12:00-12:10 616.44 0.00 464.00 940.39
14:00-14:10 0.00 0.00 0.00 0.00

16:00-16:10 512.84 250.32 523.36 828.12
18:00-18:10 698.71 0.00 784.06 717.34
20:00-20:10 0.00 0.00 0.00 0.00

4 T 68970.46 35842.65 67090.91 93979.17

2R g2 41747.16 21334.89 41744.75 60214.02
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RISEBME, BARKEE; LIz B/ tprEH <d"ifik.

75 ZE Ak T 4% B An/NBT SRR B N4

o’ ( BAmhET ,A)= —S,W(Eﬁ//‘ﬁf A)+25A#(A)

BZAASER B EHSE——F LR ER A" THAES A IFEAE ENITF, ARENNR
%, WAL R RIS R, 5 31 RaTFHEA 2940 4 (5"FEE | HE"MED , 8
364 RIE 34908 %

ﬂﬁ%ﬁ/z\ﬁ?‘féﬂﬂ%ﬂ‘l ZTSLE

, RERWE . LI 3 18— AR S H AR B R 2 SERRE R S AH I, 19 Bk =

o Bﬁﬁt 3ERA 4NRANZ BB 24 /N, MAEERTEG 365 x4 xX24=35040 %&5k%E;
IR B AR ZIBR AR R 1 36 26JE, NIt 35004 %

K=, RRERIE R E 57 ZE e ISR (14D o 85k ZEE" B br/ N 55 ar a2 A
AT X2, (A — A& NFEAS IR H br N S5 4 aT s A AH Wﬁ%ﬂ‘ﬁTE%Hﬁh S I 1) 5 ]
= H B

19



#17 RWREFHMIRE URA. £EHEREBICH, 84 n~1460)

BT E 1h 6h 12h 18h 24 h

S Py 4 wf R = 2269 249 .4 302.8 362.0 501.1
(kW)

o = 8 351.4 382.2 481.9 602.6 938.8
(kW)

Moxr oy %= 100 1.18 1.88 2.94 713
AD g AD

o° /oy,

WRTE T 1 ANREE 24 MR, FREZETEE 27 f5, FEAE 71 F——RIERLGUE 1/06°
IR, Hap BEEAR AT R R R . FR, A— BN REARRA LRREZZRFAEEKR: M 12 5
N, BEET 6 ANEFRIRR AT 4axt iRz 387 kw. 12 /hiE 600 kw. 18 /hiF 830 kw. 24 /e
1384 kw, iz 3.6 fif. # REURHNG, #55 THGE T X HMZERER.

K=, @@ OREF KRR . 22z 1 3% (AN BRBE%E 1 B 131 Bk
%) 5¥BE CF d RMPSEEHBWE <d -1 WeRkE) e dtiosm. 5 31 Ky R
A 2940 %, HEE 1 BERAME: EEHMK, 25 364 Ky 34908 . B A2t HIAR
7z 20937.64 ju, Hy RETEH 2—4 H. 5—7 A, 8—12 AV =B h &FER . X 15 0B i
SRl AE R ALHE, B B HERE T .

6.4.4 58
18 WFB=LFEHRAW (334 )
HH &8 D) B
TR R RAE A 13583966.44 95.34%
TR 22 37 307281.74 2.16%
2 i v 356 859.29 2.50%
& 14248107.47 100%

2l St 66968.88 kwh.
R 19 BURSHRET AHIHB

sk S4ERA GE) R
FUBUECHT IR — R 14483771.06 Hife

LIRS LS (FE 1A 0) 14269045.11 -214725.96 (-1.48%)
ZIRAWHEMS (FBE 0, A% 14248107.47 —235663.60 (—1.63 %)
ER)

SRR [ A BB 8 H 2R A A 75 75 2 51N g 20 1 T4 ) 5 R BE D P SRS . ARSI 4518
2 RE, EHMERBERBIENRERRFRE. EEE | HE e, R RIS 2= 2
i, EEWRENTG SN RE R, BUERZE TR, WA e E
®20 RENME GRERET)

LES SERE OB ELaWHBEE (kWh)
AN (RA 0:00 iR 14315387.02 -
VR (FXER 14248107.47 66968.88

TR 67279.55 (0.47 %) TH 26.9%
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SRR (3R 334 KRYIR 2—4 H. 5—7 H. 8—12 =B &R, ¥ RELE 33 s T e
1 HE O, 45354 3317.90, 13827.79, 3791.95 7%, HrHEE. BEEORL: ME - S5HEE =M
TN S 4 FANAE (=2 T HN =R SmETTT) , PE REE S A T EEE IR
LRI AR RAE A =R AR N A TR
6.4.5 IEEHHNER

BRI R 1~% 3 RS H 3.200 6.21. 9.23. 12.21 VU4 H A4S 5.
£21 HE=. BeHYPAHRWEE GREIR 1 KRB

b DB 2025.03.20 2025.06.21 2025.09.23 2025.12.21
10:00-10:10 0.00 0.00 0.00 0.00
12:00-12:10 652.51 0.00 581.45 884.57
14:00-14:10 0.00 0.00 0.00 0.00
16:00-16:10 780.07 235.18 821.15 1030.50
18:00-18:10 696.56 69.14 781.15 726.53
20:00-20:10 0.00 0.00 0.00 0.00
2ol 70529.38 36164.00 73796.70 95292.55
4 Fo g 2 43003.45 22100.93 46173.96 62213.74

RPN BANIZI B 10 2B i, ORI B result3 xIsx; 4RI HL 2 A5 K G

%
®22 AE=. HEAMKARWEER GREER 1 KRB
B ] 2025.03.20 2025.06.21 2025.09.23 2025.12.21
10:00-10:10 0.00 0.00 0.00 0.00
12:00-12:10 546.50 175.21 500.56 944.46
14:00-14:10 0.00 0.00 0.00 0.00
16:00-16:10 771.31 244.57 822.00 1030.50
18:00-18:10 696.56 69.15 781.15 726.53
20:00-20:10 0.00 0.00 0.00 0.00
N AlER 68518.32 36770.70 72750.80 95235.07
4 R g H, 2 42636.39 22656.10 46174.20 62570.80

LT ERAIN 6:00. 12:00. 18:00 =R A G B & E, AR BN result3.xlsx.
£23 HE=: BEeHEEERESHAEREESHBRE

B i B 2025.03.20 2025.06.21 2025.09.23 2025.12.21
0:00-4:00 8689.97 /0.00 932.95/3.44 9129.89/0.00 6880.66 / 153.97
4:00-8:00 1419.00 / 6086.82 811.80/2021.93 1292.61/6179.16 1884.50 / 1536.33
8:00-12:00 4769.78 / 2571.28 8282.52/0.00 6155.95 / 1896.62 5647.98 / 7035.00
12:00-16:00 6149.17 /254.72 0.00/0.00 4279.57 / 403.62 6840.79 / 2247.62
16:00-20:00 68.57/5717.05 360.68 / 5088.57 0.00/ 5658.91 37.64/5538.46
20:00-24:00 554.87/2983.62 147521/ 2485.90 539.55/3055.45 671.93 / 2845.41
0:00 ik 1722.04 4025.87 1449.34 3863.60

24:00 fi% 1 B 1637.72 4036.22 1602.96 212321

RN EE /R E", BA. kWh; N 6:00. 12:00. 18:00 = XA KB &% .

F24 HE=. BEAHNERWHE
HiA BB SWER (kWh) HHAEH (kWh)
2025-03-20 9:10-10:00: 206.0980; 20:30-20:40:  208.1956
2.0976
2025-06-21 % 0.0000
2025-09-23 20:20-20:30 : 6.3750; 20:50-21:10:  80.1310
64.7130; 21:20-21:30: 2.2307; 21:50-
22:00: 6.8123
2025-12-21 0.0000

pin
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H R2WHENTESWEE (KkWh) HHAE&T (kWh)

PRA&+ 288.3266
A 138 RAMEERIE, SEX2IWEESTT 66968.8844 kWh.

SEREREE W, result3.xIsx.
6.5 B@M: FEIBHTHESR

6.5.1 BN TREN : BNESLETN

BirfE 4 RARALHZE 10 20 8h R SEhrab, BE RETIAEM TR BB TR 3 XDe RIS kAR
THFIE B EANE, WO DY A O S L BRI AR B & T RIBTBOA R 0:00 2R
(77 S AR A R Ay, AE SR RS A, R B A E SR N S fif it

—ANREHOANTR: HA =R RESGE M RERRR—ERBR, FOVERA M mkar i, B
TR ZZ 5 0:00 BB H &4 .

6.5.2 G— 52X

[REM: R SESTHRR
F—ERIRE R, RR JWZA"“ VRPHEERS

* *

—-¢
il oo
L 2

v,

0:00 RIEATRRES 5—F 1800 | W& 000-18:00

SR AR REE TR

K 8 TR R A« IR B ok 5 S pR s BT i A
B 8 SETIR (K R AT . vk SR I %) 55 S PR AR PR AT PR 30 R Rl — Il . 55 d R (M SERRELAE 2
K 0:00 PIERARTH, X2 ARG,
£25 EBIKIE B

7 % d % 0:00 RATH

AN B8 W 2 A <d f4aisiRe 8 d REDUR

etk WHE 3 kA ) < BN ZIEE MR RATOEA
% EFRI Bt A

HLAf Wk 4 A <d wawsdkie 8 d REERES

4-2 JAE 0:00 Peik—Ik (5 B850 5 i) A1 H]D)
4-3 7 0:00. 6:00. 12:00. 18:00 Uk (EREMGRE=MFE) . WMERICRTARE RS —
2/, 250 RAE RS IR

6.5.3 ATAWIRE: " EAEEH "KWA " BEETERE"

§2.29 CEY 1 AGOEERPIER AT, FUEE S EHHE | bie - KIES, %T
IR A E AL A SR, AR REERE: ® d ROSEOURE 0~d-1 REF L
——(a,B) EAEsE CUEREM—HEO— S0 MAE &8 , (W,q) B4 1 HelEE 40
AU 8 B B N AR, AR O GBS E T EEE (EARSE0 . B
BT 31 R 6 DR R AN E AR AR R KD, IR R AERE S L4
BRBEE AR B 30 RAGEMNm B BN 1.00— kit G 1 A MEE, "ERLKE
R, MORZUEWIIEZ, 3 180 KA OHE 1—6 A. 2% 370 kW 1 FAFER, KB E AT 58
B Wz 0.90; TUAG MM 31 K 21 FEBHE 3 K. K@RH. 5§ 31 KEFE 0% 0
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Fi 1861692 sii5"1 ks ri4el 1861691.86 joimh—5, HIFHME A0 T7H 1 H 1
. BREHAES 32 FATHA.

6.5.4 B)fE 4-2 LR
26 HE 42 SEFHBWKR (334 KD

RE S| On)

TR L 9 14319269.39
ESYIaL N 676552.57
it 14995821.96

aygh g 103406.16 kwh, FifE 2974170.6 kWh, 44 7%H 6318911.67 kWh. JH
5117971.64 kwWh, JilH# / 7eH =0.80995.
F27 NHE 42 KERE T BN

e SR GE) A

o1 s (W=21. 15248641.21 A

q=70%)

FRETHE EXER) 14995821.96 -252819.25 (- 1.66 %)
KBRS CRIRWEE, A0 14879005.62 -369635.59
SERAREH FIER, AATAD 14814739.43 - 433901.78
REGRHRTHR 12779221.24 HFR +17.3%

BRIz B T R~ MBS RBIERE 68%, & T 116816 T (0.79%)
RN ARA 1 AER SRR, RS B SR

HWTFHARORKL: A" 08. 6k, BMEHCr BiamfRBEer, 4-2 BUOHIE M S L m i &t
MR SRR SR B RIEE A ST, SR ARNZ LP A Ol aE i R o A
[f#% 240 0.030%, Fafgnl ) .

6.5.5 [B)fA 4-3 MR
28 HE 4-3 £ERFBR (334 K)

i H £H Cu)
THRITG L RS 14010506.02
2 ff 22 9% 316895.70
EFS VAL iR 558051.00
&it 14885452.71

AT B & B AN U ARl 14885452.72 5o, Skswi&itaiz 0.01 ¢, )&
ENRZE. )
Bl d e 88054.52 kWh, FHif 2704321.6 kwWh, 7 6376053.59 kWh. i

5164265.79 kWh, JiH / 7 =0.80995.

FIAZWABRFERATRE 110369 7t (0.74%)  BESWHEETME 14.8%0, R i & PU [ FE A%
TOFHREGINIABR 2B R RSN, R RIA N IE . A i A 7 T A
FEM R %] 42 By +1295773.01 6 (+£9.46%) , fERE=%] 4-3 b +637345.44 7t (
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+4.47%) ——43 RHENH Tk, FER 43 1A SRR RLERE R, R
S F A1 T 5 2 4K P R 2
6.5.6 ¥ E B HARY SR

B ERE R 1~R 3 GBI HAMSG R, LI AlGAH 425 43 458, 5%
G L resultd-2.x1sx 5 result4-3.x1sx.

(—) FE 42
£29 HE 4-2: IFERBEHHTREEE GEEER 1 HNBED

B D 2025.03.20 2025.06.21 2025.09.23 2025.12.21
10:00-10:10 0.00 0.00 0.00 0.00
12:00-12:10 678.77 0.00 607.31 895.26
14:00-14:10 0.00 0.00 0.00 0.00
16:00-16:10 802.47 186.94 838.78 1050.88
18:00-18:10 698.68 45333 786.20 740.99
20:00-20:10 0.00 0.00 0.00 0.00
2ol 71371.49 32846.62 76538.64 95993.64
4 Fo g 2 44781.48 16638.47 50380.62 73743.87

RPN B ZI B 10 BRI A, HARIT B resultd-2.xlsx; 4RI AL B A K 20

#,
FR30 HE 4-2: BEHEBRRENAREESHEERE

B A 2025.03.20 2025.06.21 2025.09.23 2025.12.21
0:00-4:00 9850.45 / 0.00 24237/ 48781 7352.66 /0.00 7657.83 / 181.16
4:00-8:00 320.39 /6733.32 1418.77 /1719.95 3446.64 / 5598.01 1712.26 / 1804.30
8:00-12:00 5928.19 / 1906.68 10140.32 / 0.00 6207.05 / 1896.62 5837.07 / 6869.95
12:00-16:00 5052.95/254.72 0.00/0.00 3101.42 / 403.62 6739.19 / 2327.35
16:00-20:00 12.16 / 5780.61 0.00/5767.17 16.95 / 5669.80 9.65/5320.23
20:00-24:00 464.75/2913.91 626.96 / 2645.00 699.14 / 3038.02 880.07 / 2842.53
0:00 i Hi B 1646.24 2631.75 1478.85 3473.56
24:00 i H1 B 1568.65 2017.40 1769.12 2531.02

MR /HE", AL kWh.

F31 [AF 4-2: FBEAPKERWE
HE RE2WHENNESWEE (kWh) L HAH (kWh)
2025-03-20 8:40-10:00: 870.6933; 20:30-20:40:  931.6641
60.9708
2025-06-21 % 0.0000
2025-09-23 20:10-20:20: 10.2344; 20:50-21:00:  19:4017
9.1673

2025-12-21 7:50-8:00: 5.7967 5.7967
RE&+ 956.8625

169 RAFERRWHE, 2FER2IWEESTT 103406.1570 kWh,

(=) [&E 4-3

32 W& 4-3: BEAHATREERE EEERER 1 IR

e [ B 2025.03.20 2025.06.21 2025.09.23 2025.12.21
10:00-10:10 0.00 0.00 0.00 0.00
12:00-12:10 678.77 0.00 598.42 918.59
14:00-14:10 0.00 0.00 0.00 0.00
16:00-16:10 802.47 186.94 838.78 1050.88
18:00-18:10 698.68 502.31 784.23 740.99

20:00-20:10 0.00 0.00 0.00 0.00
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B R 2025.03.20 2025.06.21 2025.09.23 2025.12.21
P 71371.49 33347.43 76027.50 96541.83
4 Fo g 2 44781.48 16991.89 50019.59 74334.75

RPN Bz B 10 R, ORI BUL result4-3 xlsx; 4 RIWH A E R 2 H

s
£33 A 4-3: REHHKARWEE GHERR 1 N

B DB 2025.03.20 2025.06.21 2025.09.23 2025.12.21
10:00-10:10 0.00 0.00 0.00 0.00
12:00-12:10 572.75 128.61 517.53 978.49
14:00-14:10 0.00 0.00 0.00 0.00
16:00-16:10 793.71 196.32 839.63 1050.88
18:00-18:10 698.68 502.31 784.23 740.99
20:00-20:10 0.00 0.00 0.00 0.00
2Tl 69360.14 33996.66 75063.55 96485.00
4 Fo g 2 44338.96 17353.59 50140.12 74804.21

TN EFIN 6:00. 12:00. 18:00 =R A G R A THEE, HANBU result4-3 xlsx.

K34 WA 4-3: HEDBBERZNABEESHERE
B i B 2025.03.20 2025.06.21 2025.09.23 2025.12.21
0:00-4:00 9850.45 /0.00 314.74/514.88 7344.06 / 0.00 7555.15/180.37
4:00-8:00 328.09 / 6548.74 1428.50 / 1708.93 3793.67 / 5599.83 1718.11/1628.22
8:00-12:00 5083.61 /2097.50 10019.56 /0.00 6036.82 / 1896.62 557039 / 6747.54
12:00-16:00 5897.52/254.72 0.00/0.00 2959.24 / 403.62 6588.22 /2228.48
16:00-20:00 12.16 / 5780.61 0.00 / 5652.32 3.00/5697.33 9.65/5320.23
20:00-24:00 464.75 /2913.91 802.13 /2500.68 649.27 / 2995.44 898.66 / 2842.53
0:00 £k Lt 1646.24 2684.39 1457.45 3494.22
24:00 ik L 1568.65 2463.02 1728.41 2547.75

BT E /U E", AL kWh: A 6:00. 12:00. 18:00 =K iH%E 5 1K) f & o
£35 HE 4-3: REHPKESMEE

H BB ABSWHEE (kWh) HHAEH (kWh)

2025-03-20 8:50-10:00: 679.8770; 20:30-20:40:  740.8478
60.9708

2025-06-21 ¥ 0.0000

2025-09-23 20:10-20:20: 10.2344; 20:30-20:40:  89.3722
48.7102; 20:50-21:00: 30.4276

2025-12-21 7:50-8:00: 5.3232 53232

RA 835.5432

A 167 RAMER S H, EER2WHEEATT 88054.5218 kWho

TH—F,

H [EHT7 R A B FE L TRESR

HI N TR L TE 2025 S IX — 4R B a0 (T R R FL DR SR s AN S [l 4 ik e X BT ¥k
B ARG R 2 JGERARE A —— b i e R SR R T 22 ARG, N AR R S

71 ZRS RS BiER B
§2.2 WLHARHRIR . = ST PN BRENA T 55 ARSI A T E RS P SR = 2
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yq(t)=Lev,xSeas[m(d)]xratio[c(d)]xShp[c(d)](t)

SRR R, AR Shp. 4Rk Seas 5HALE ratio #EFTRAIRE (&Y
[IH) , SR, TTERIE RIS, K Lev BERH, UABMAELI: SRR
B kHo(0,8) dis i shse, 5 A1 26 i B i) 2 RE A 6 Fl —— §2.2.4 0 S0 %52 20 A A
81.9% HICRERIL., RS R AHBEA R vs SI0BREE IR CRifhit, Sk (10D » H4eik
LT I A L5 00 R 5 B T e, e B R I R R R, ML e B L §7.5 S5
C.6,

7.2 SR RIIIEHA

ST RMBEER, ARG, SSRGS R IER 2R cosw,=—tang@tand,
FES: 7 REAEECH A 3R AT, seiiize 23.5°, 38.0°. 40.0° =ANFEAH 45l 26.87. 40.1°,
41.2°, REAME 3.37, BLMERICRMZIRE #E.

73 B RIRBE55R

Fuh A HE R, BEEERR s 5 R AR NRIBEIE R A YL
(§2.1.3 CABZEEIE B kWY , FEAERIUAAR A s SRR RE (R RS E Y
HEID = VO S —FERSEH; VI il 23.5 #%E 407, F4EE x0.75; v2LHA
SUNFEZSH. HPWIER 8:00 54 19:00; V3 B FIR SUE. =gt B8 G .
aidimsh, UGBS Iz E G 25800 BT H BAKCE, EASRmIETD .

£36 SHEESHARBIINSE

ik g % i Esh ivalE g i G

VO B 18K 271.8 295.1 240.7 +8.6%
Sk 78.2 84.8 97.8 +8.5%
HLA 50.8 53.9 48.3 +6.0 %

V1 a5 R 251.8 280.4 2243 +11.4%
etk 71.5 76.6 119.7 +7.1%
L 50.1 52.5 46.9 +4.8%

V2 18 ik 280.6 301.8 223.1 +7.50,
Stk 75.8 85.9 97.1 +13.3%
TR 51.9 55.5 47.2 +7.0%

V3 TR k=" 294.5 300.7 263.3 +2.1 %
etk 70.5 77.7 114.0 +10.2%
S 50.6 51.7 46.9 +21 %

(SRR kW, Ay 107 J6/AWh. )

WO RE . SR TINNE FoemB TS A% VOO R, VI2 R, V32 R, V2335 K; #EiE>]
BRI AEGE MY 30 K~ (5F 0—7 Kz 11759 kw, % 730 K% 371.3 kW, % 30—90
K 228.7 kW) .

74 —FKHAGER: BRRTN"F"SE

Wb 375 FIESE AMERF SN ES, R eE MAE N 1174kW, AMEZZT"TH +
CHIAE"H T1.5kW, HEL TR BN 76.6 kW. JRHAYS §2.2.9 5848 XFFEAE & KK
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BB R AHHRAE 1, A H IS E SR CZEHOR. IERBER IS BIE N EE R
A, BH §7.2 MYEBEE—ANEH.

7.5 FELGIR

H—, Ei&%%’ﬁ?&ﬂ‘] [ 3 538 AR AR R R 6%~9%, % 0 RETA%
3%~8% MEREARE. H =, HHy " RSN y‘tﬁﬁﬁ‘/ﬂﬂ 715 kW Tk g E s (76.6
kW), WS 2 K, ATSE R A A N B Heiad . M=, BRI BANIX: AR A
# 7.0%. ke 13.3%, HETEL 30 K& MG LI RBAR B Eh. U, PR "SR +
W48 + BENBAL": TEREATHIZ . KPR RIS RICZ BB e e, el /B thiE

T o
=HERY (E ML SENT . BHEN B RERA &M ZEWEHERD 15 RS
LR MR C.6; HAERDIFANLIRGE R, EXAHREH.
8.1 HiEt T IS
KR A R BB — AR . I AR BRI RS ER, ZoR O LM YSRIZ AR,
37 BEMELR

e BRENE Falkis gR

L1 W 31 R 2/4 FREHT 8 ANEEZEMA iihun
RGBS E R A

L2 RS 31 RESLRMEH  F 0—30 KM R, i #@id (0.0)
B E FE LR B K 4 %

=0

L3 FMERE R &35 5 F[0..4] SR Sbu)
AL PN

L4 B LSUESS 0 RAEMT:  F[1:] & A%, 12 i
4 1 B 2R 2 Fl0] =

Ls FEREEM: BIEE 60 B 060 K O FEM it
PRE ] A2

i BT (420 43 F—  mrrsdrs ks =0 LRV
w D : D:DO 5
D=D, &

T2 BELHM: D R, g HEEAeRA 9 @ (0.0)
s arr[D,: |

T3 S R TR AR DR S B i A #@yt

RIS O RRRZERERN—Y], BASHWIERZ TR —A5RE.
8.2 WA E#%

FH AR ST JRIAS S RSO BB, AN SR A2
R38 HE 425 4-3 RSB

BH [ 4-2 [ 4-3
ERLIM OO 14995821.96 14885452.71
R A 2 % EhL B8

JBE /T 0.80995 0.80995
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| I 4-2 I 4-3

R d K152 25 1.27x10° " 1.36x10° "

fit ik F 7 E D (kwh) [1200.00,5298.61 ] [1200.00,5172.69 |
i U 0 0

PIESIT Nt 0 0

8.3 ifEEEI TR

FX4AHFMESHANRME. £ 38 HmHEEGEZEH 0:00 5 24:00 MEUE, FFIEHMRIE.

HRGEEH AR (BR 145 . Jt 48430 L) J5: s ME / BoRME Ry 1200.00 /
10800.00 kwh, fiifz EFR 10800 fyk#fE 42 5 4-3 58 9931 5 10015 vk, fih & FER
1200 > 739 5 686 Wk #imdfi%ch 7026 / 6976 kWh, 7o 5 Th R IG5 4T B 1 IR
5000.00 kw.

fE B L TRE R ATIR FIRAETHITH, U XL RAE s AL S R .

HARR. BOtRBEAER: EHRMER RESFRERRKR) Tl ERENEE (R 8:00.
i 20:30) JfkE, #h 0:00 5 24:00 &R HESRMCAL, 10 H N IEEEH ¢ 10800 kwh.

8.4 W HIE

) R — [ B P 6 M K 5 e B B B A R Sk (7)) SRR, &5 RAHZE 2.26 Ju; W[
I PR SAELIRBIR R, 4518 — B MRS,

8.5 RE N

£39 RESESIRKHAREE
&) X &4 3 F IR M
fgfecEBc R 90% (i 94.87 %) TR 3%
e q i 88% o 80% 725 0.4%
MM q i 88% il 95% It 0.9%
gitd Wl S Riew 28 74 3.5%
HRH ik e LIt 24%
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MR R AR 45 W /fig17 g3 adjust_day.png
AR B R 45 R /fig18_q3_monthly.png
MR B R RL L5 R/ fig19_priced heatmap.png
AR E RS R 45 /fig20_price4_monthly.png
SCHEMRL I /R 25 S /fig2]_summary.png

SCHEEM B B R MR 45 5 /fig22_q3_dates.png

SCHEM Bl B R MY 45 B /fig23_constraints.png

SCHEM R/ B R AR 45 /fig24 framework.png
YRR B R R S5 R /fig25 replication.png

SCHEM R/ B SR ME Y 45 R /figA_technical_route.png
MR B R AEIY 45 S /figA_technical_route.svg

X o# oM oK o/ B xR /M OB 4 R
figA technical route transparent.png

X o oM R/ B X /o B o4 R
figA technical route transparent.svg

M BB R/ 45 B /figB _information_timeline.png
MR B R AR 45 B /figB_information_timeline.svg
SRR B R AL 45 B /figC_three layer transfer.png
MR B R AR T 45 B /figC_three layer transfer.svg
HEM BB R/ 45 B/ figD_variant_testbed.png
AR E R RL 45 W/ figD_variant_testbed.svg
A R B R A 45 B /figE_january_identifiability.png
SRR E R S5 R /figE  january identifiability.svg
TR RL B R AT 5 R /q42 1b_day 2025-07-15.png
SCHEMRL B /R 25 5 /q42_1b_ladder.png

SCHEMRL B MR A 25 5 /q42_1b_monthly.png
SCHERRL B R MR 25 5 /q42_sec2] _intraday.png
SCHEM R/ BRI 45 5 /q42_sec2]_january.png
SCHEM R/ B R AR 25 5 /q42_sec21_monthly.png
SCHEM R/ B R ME I 45 5 /q42_sec2]_price_pv.png
MR BRI 45 R /q42_sec2]_pv_geometry.png
SCHEMPRL B R ME R 45 H/q42_sec2]_12.png

SCHEM Rl B R AFE R 45 H/q42_sec21_weekday.png
SCEER BRI E B .md

SHEM ARG LR/ baseline_check A/metrics.json
SEHEMRL/S2E6E 5%/ baseline_check B/metrics.json
SCHEMBL/SEGE 3/ baseline origB/metrics.json
SCHERRL/S2E6E R/ e3 repro/metrics.json
SCHEMBL/SE61E 3/ harness_check A/metrics.json
SCHERRL/SE6E R/ g4 t1/metrics.json
SCHEMARLSZISIESR/ g4 t2/metrics json
STHEEMARLSZISIESR/ s eb half/metrics.json
STEEMARLSZIIESR/ s eb kO/metrics.json
STEMARLSZIICSR/ s eb k10/metrics. json

MR ES%/ s eb _k124/metrics json

THEM AL RKE S/ s eb k31/metrics.json

THEM AR KESR/ s eb k62/metrics.json

IR IES%/ s 1t eb_half a/metrics.json
IR KL%/ s 1t_eb_half b/metrics json
THEMRYREGE 3%/ s 1t eb kO a/metrics.json
MR ES/ s 1t _eb kO b/metrics.json
SRR E SR/ s 1t_eb k31 _a/metrics.json

THEM AR E SR/ s 1t eb k31 b/metrics.json
SRR E %/ s repro_eb0_b/metrics.json

THEM AR E R/ s repro_eb31_a/metrics.json
SCHEMRL/S28E 3/ s repro_eb31 b/metrics.json
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MR REG L%/ s repro_ebhalf b/metrics.json
MR RKE 3%/ s 1] _a/metrics json
SHEMRY IR E 3%/ s 1l b/metrics.json
SRR GES%/ s 1] _c/metrics json
THEMRY KL/ s e half/metrics.json
THEMRY G ES%/ s e half sf122/metrics.json
SRR RRGE 3%/ s rr_half sf214/metrics.json
AR SREE S/ s kO/metrics.json
THERRLSEC S/ s k3 1/metrics.json
THEMRSC S/ s rr_pool/metrics.json
SRR E S/ s sf cond_122/metrics.json
SCHEM RS2,/ s sf cond 214/metrics.json
SCHEM RS2,/ s sf pool _122/metrics. json
SCHEM RS2/ s sf pool 214/metrics json
SRR IE R/ s sig sm_iso/metrics json
M RL/SLE6E R/ s sig sm_lin/metrics json
SEHEMRL/SLEGE SR/ s sig sm_log/metrics.json
SCHEMRL/SZEGIE SR/ s sig sm_pow/metrics.json
SCHERRL/SZEGIE R/ s sig sm_sqrt/metrics.json
SR RS2 E )/ s smooth/metrics.json
M ARLSZIESR/ s tod cond/metrics.json
M ARLSZISIESR/ s tod ctl/metrics.json
SR RS2 3% /q1 -arbitrage-heuristic/metrics.json
SCHEM RS 1E 3 /q 1 -arbitrage-heuristic/receipt.json
AR/ S25698 3 /q1 -dp-replication/metrics.json
SRR S5 1 3% /q 1 -dp-replication/receipt.json
MRS E 3 /q 1 -eta085/metrics. json

A RS2 3 /q 1 -eta085/receipt.json
ARSI 3 /q 1 -eta095/metrics. json
ARSI 3 /q 1 -eta095/receipt.json
TR I2 51 3/q 1 -1p-primary/metrics.json
SRR S5 5% /q 1 -1p-primary/receipt.json
IR RS IE 3, /q 1 -no-storage-baseline/metrics.json
AR 36 /q 1 -no-storage-baseline/receipt.json
SRR E 36/q 1 -tight-bounds/metrics json
SCHEM B/ 1R 3 /q 1 -tight-bounds/receipt.json
SCHEM KL/ 56 1E 3 /q2-ablation2/metrics . json
SCHEM KL/ 5618 3 /q2-ablation2/receipt. json
SRR 3 /q2-accuracy/metrics. json
SCHEM BL/SEE61E 3 /q2-accuracy/receipt.json
SCHEM B/ 3/q2-boot-0 1b/metrics.json
SCHEMBL/SEE61E 3/q2-boot-01b/receipt.json
SCHEM RS 3/q2-boot-02b/metrics.json
SCHEM RS 1E 3/q2-boot-02b/receipt.json
SEAERRL/ 56 E 34 /q2-boot-03b/metrics.json
SEHER RS EGE 54 /q2-boot-03b/receipt.json
SEAER RS2 5610 34 /q2-boot-04b/metrics.json
SCHEM BL/SE G 18 3 /q2-boot-04b/receipt.json
SRR S5 1 3% /g2-boot-05b/metrics json
AR SE R 34 /q2-boot-05b/receipt.json
XA RS2 3/q2-boot-06b/metrics.json
XA RS EIE 34 /92-boot-06b/receipt.json
TR RS E 3/q2-boot-07b/metrics.json
SCHERP R 251 37 /q2-boot-07b/receipt json
AR 3/q2-boot-08b/metrics.json
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SRR S5 1 3% /q2-boot-08b/receipt. json
AR SL R 3/q2-boot-09b/metrics.json
A RS EE 34 /q2-boot-09b/receipt.json

XA RS E 3/q2-boot-10b/metrics.json
KA RS EE 34 /92-boot-10b/receipt.json
SRR S5 1 3% /q2-caliber-compare/metrics.json
AR E 3¢ /q2-caliber-compare/receipt.json
ARSI E 3¢ /q2-datalen-030/metrics.json
AR 3¢ /q2-datalen-030/receipt.json
TR/ P20 3¢ /q2-datalen-060/metrics.json
TR RS0 5 /q2-datalen-060/receipt.json
SCHEM B/ 1T 3 /q2-datalen-090/metrics. json
SCHEM KL/ 1E 3 /q2-datalen-090/receipt. json
SCHEM B/ 5610 3 /q2-datalen-122/metrics. json
SR RS0 3 /q2-datalen-122/receipt.json
SCHEM B/ 1T 3 /q2-datalen-212/metrics. json
SCHEAT AL S8 3% /q2-datalen-212/receipt.json
SCHETRL S8 3% /q2-datalen-sum0709/metrics.json
CHEATRL S8 3% /q2-datalen-sum0709/receipt.json
SR RL/S2E6 8 34 /q2-dp-planA/metrics. json
MRS 3%/q2-dp-planA/receipt.json
M RL/SZ8E 3% /q2-dp-replication/metrics.json
SR RL/SZ81E 3% /q2-dp-replication/receipt.json
SEAEM R/ 52560 3% /q2-final/metrics.json

MR/ S5 1 3 /q2-final /receipt.json

SCHEEM B/ P2 56T 3% /q2-firstmonth-calib/metrics.json
SCHEM B/ P25 3% /q2-firstmonth-calib/receipt.json
AR SRR 3¢ /q2-firstmonth-full/metrics.json
TR R SRR 36 /q2-firstmonth-full/receipt.json
AR SR 3 /q2-grid-hold-mid/metrics. json
SRR S5 1 3% /q2-grid-hold-mid/receipt.json
TR RS E 3 /q2-grid-hold/metrics.json
R R0 3/q2-grid-hold/receipt.json
AR/ P20 3¢ /q2-grid-margin3/metrics. json
IR R0 36/q2-grid-margin3/receipt json
SCHER RS2 86 E 3 /q2-grid-tune-early/metrics.json
SCHEM B/ 1E 3 /q2-grid-tune-early/receipt.json
SCHEM B/ 3 /q2-grid-tune/metrics.json
TR RS 3 /q2-grid-tune/receipt.json
SCHEM B/ 1E 3/q2-horizon30/metrics.json
SCHEA R S8 3% /q2-horizon30/receipt.json
SCHEM RS2 1E 3/q2-horizon7/metrics.json
SCHEPARL/ S8 5% /q2-horizon 7 /receipt.json
SCHEM RL/S256 18 3 /q2-leaktest/metrics.json

SEAE B/ E6 10 5/q2-leaktest/receipt.json
SRR SZIE 3% /q2-1p-ma28/metrics.json
SEHER RS EGE 3 /q2-1p-ma28/receipt.json
SR RLSZI6E 3% /q2-margin/metrics.json
SRR S5 1 3% /q2-margin/receipt.json

XA RS E 3¢ /q2-no-storage/metrics.json
AR SR 3/q2-no-storage/receipt.json
A RS2 3/q2-nostorage2/metrics.json
AR SRR 34 /q2-nostorage2/receipt.json
TR RS E 3 /q2-perfect-bound2/metrics.json
THERRL 251 3 /q2-perfect-bound2/receipt.json
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291 A RL/S2560 F/q2-persistence/metrics.json

292 SCHERP R S5 1 3% /q2-persistence/receipt.json

293 SRR S5 1E 3% /g2 -primary/metrics.json

294 SRR S5 1 3% /q2-primary/receipt.json

295 IR S5 1 3% /q2-replica-dp/metrics.json

296 SRR S5 1 3% /q2-replica-dp/receipt.json

297 SRR S5 1 3% /q2-replica-lp/metrics.json

298 TR RS E 3 /q2-replica-lp/receipt.json

299 T HERRL P25 1 3 /q2-result2-planA/metrics. json
. AR/ PK0 3¢ /q2-result2-planA/receipt.json
301 ARSI E 3 /q2-result2/metrics.json

302 SCHEM BL/SEEG 1 3/q2-result2/receipt.json

303 SCHEM BL/SE G 18 3 /q2-result2b/metrics json

304 SCHEM BL/SEEG 1 3 /q2-result2b/receipt.json

305 SRR 3 /q2-season-autumn/metrics.json
306 SCHEM B/ 1E 3 /q2-season-autumn/receipt.json
307 SCHEM RS 1E 3 /q2-season-blocks/metrics.json
308 SCHETRL S8 5% /q2-season-blocks/receipt.json
309 SCHEM R/ 1T 5/q2-season-chain/metrics. json
310 SCHEM RS2 1E 3 /q2-season-chain/receipt json
311 SHEM BL/SE 5 12 3 /q2-season-model/metrics.json
312 SCHEM BL/SE G 18 3 /q2-season-model/receipt.json
313 SEAER R/ 52560 3 /q2-season-spring/metrics.json
314 SEAER RS2 56 0 34 /q2-season-spring/receipt.json
315 A RS2 12 3/q2-season-winter/metrics.json
316 AR SRR 34 /q2-season-winter/receipt.json
317 A RS E 3¢ /q2-sens-ab-hold/metrics json
318 XA RS2 2 3/q2-sens-ab-hold/receipt.json
319 TR RS2 3¢/q2-sens-ab-tune/metrics. json
320 CHERP R 25 1 37 /q2-sens-ab-tune/receipt.json
321 A RS20 36/q2-sens-ab2/metrics.json

322 TR RS E 3, /q2-sens-ab2/receipt.json

323 AR 3 /q2-stages/metrics. json

. SCHERMRL/ P25 1E 5% /q2-stages/receipt.json

325 ARSI E 34 /q2-stress2/metrics.json

326 SCHEM B/ 1 3 /q2-stress2/receipt.json

327 SCHEM B/ 561 3 /q2-stress3/metrics.json

328 SCHEM BL/SE 610 3 /q2-stress3/receipt.json

329 TR RS 3 /q2-twostage-a1200/metrics.json
330 SCHEM BL/SE 5618 3 /q2-twostage-a1 200/receipt.json
331 SRR RL/S2E6E 3t /q2-twostage-a3000/metrics. json
332 SRR/ S8 E 5 /q2-twostage-a3000/receipt.json
333 SRR RL/S2E6 18 5t /q2-verify-constraints-planA/metrics. json
334 SRR/ 52568 34 /q2-verify-constraints/metrics. json
335 SPEM R/ SZIRE 3% /q2-verify-cost-planA/metrics.json
336 SRR SZI8E 3 /q2-verify-cost/metrics.json

337 SRR/ SZIRE 3% /q2-yearjoint2/metrics.json

338 SEHER RS EGE 3 /q2-yearjoint2/receipt.json

339 MR/ F2560 3 /q3-adjust3/metrics.json

340 SRR S5 1 3% /q3-adjust3/receipt.json

341 A RS2 3/q3-fe-e 1 /metrics.json

342 A RS2 12 3¢/q3-fe-e2/metrics.json

343 A RS2 3¢/q3-fe-e3/metrics.json

344 R RS E 3 /q3-fe-e3v2-noadj/metrics. json
345 SCHEM B/ S5 3% /q3-fe-e3v2/metrics. json
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346 SRR S5 1 3% /q3-fe-e4/metrics.json
347 SRR/ S5 10 3% /q3-grid-hold/metrics json
J

348 SRR SR 1 3% /q3-grid-hold/receipt.json

pt)
349 MRS 5G 1 3% /q3-grid-scan/metrics. json
350 AR/ E 3/q3-grid-scan/receipt.json
351 THER RS2 5 1 3% /q3-grid-tune/metrics.json
352 SCHEM B/ P56 3% /q3-grid-tune/receipt.json
353 TR RS EE 34 /q3-noadjust3/metrics json
354 SCHEM B/ 3% /q3-noad]ust3/receipt.json
355 SRR E 34 /q3 -realtime-adjust/metrics.json
356 TR R0 3 /q3-realtime-noadjust/metrics json
357 SEHEMRL/S256 10 3, /q3noadj-grid-hold/metrics.json
358 SCHEM BL/SEEG 1R 3 /q3noadj-grid-hold/receipt.json
359 SEHEMRL/S258 1 3, /q3noadj-grid-scan/metrics.json
360 SRR 3¢ /q3noad;-grid-scan/receipt.json
361 SEERRL/S2E6 18 5t /q3noadj-grid-tune/metrics.json
362 SRR RL/S2E6 18 5% /q3noadj-grid-tune/receipt.json
363 SCHEM RS 3/q4-2-1ower-bound/metrics.json
364 AR RS2 3 /q4-2b/metrics.json
365 PR R SR /q4-2b/receipt.json
366 SCHEMPRL/ S50 3 /q4-2¢/metrics.json
367 SCPEMRL/ S SR8 3 /q4-2c/receipt.json
368 SCPEMRL/ S5 1E 5 /q4-3b/metrics. json
369 SCHEMRL 5581 5 /q4-3b/receipt.json
370 SRR SR 1 3% /g4-evolve-2/metrics json
371 AR/ F2560 F/q4-evolve-2b/metrics.json

J

372 MRS E 3 /q4-evolve-3/metrics.json
373 AR SRR 3¢ /q4-evolve-final/metrics.json
374 TR RS EE 3¢ /q4-evolve-lichun/metrics json
375 KRR E 3¢ /q4-frozen-endstate/metrics json
376 TR S5 1E 3 /qd-realtime-m2/metrics. json
377 IR/ S5 1T 5% /qd-realtime-m2p80/metrics. json
378 AR 3 /q4-realtime-m3/metrics.json
379 SRR P26 1T 3 /qd-realtime-m3p88/metrics.json
380 TR RS E 3 /q4-season-matrix/metrics. json
381 SCHEM B/ 1T 3 /q4-season-matrix/receipt.json
382 SCHEM BL/SE G 1T 3 /q4-season-sweep/metrics.json
383 SCHEM BL/SE 61T 3 /q4-season-sweep/receipt.json
384 PR RS0 3¢/ qd-strict-2/metrics.json
385 SCHEM B/ 1E 3 /q4-verify-constraints/metrics.json
386 TR RL/S286 18 5% /q4-verify-constraints/receipt.json
387 SRR/ 5256 3t /q4-verify-cost/metrics. json
388 SRR RL/S2E6 8 5t /q4m2-grid-hold/metrics.json
389 SCHEM RS 3 /q4m2-grid-hold/receipt.json
390 SRR SZIRE 3 /q4m2-grid-scan/metrics.json
391 SEAER B/ 52560 3 /q4m2-grid-scan/receipt.json
392 SR RS2 3% /q4m2-grid-tune/metrics.json
393 SEHER RS E6E 3 /q4m2-grid-tune/receipt.json
394 AR/ F25690 K /q4m3-grid-hold/metrics. json
395 SRR S5 1 3% /q4m3-grid-hold/receipt.json
396 SRR S5 1 3 /g4m3-grid-scan/metrics json
397 AR S22 3 /q4m3-grid-scan/receipt.json
398 SRR S5 1 5% /g4m3-grid-tune/metrics.json
399 SRR S5 1 3 /g4m3-grid-tune/receipt.json
400 SRR 256 1 37 /v2-q2/metrics.json
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401 SCHEEM B/ PE5E 3K /v2-q2 /receipt.json

402 SCHERRL/ S5 1 3 /v2-q3/metrics. json

403 MR SRR 3 /v2-q3 /receipt.json

404 AR SRR 3 /v2-q4-2/metrics json

405 AR SR 3 /v2-q4-2/receipt.json

406 S PRS2 2 /v2-qd-3/metrics json

407 ARSI 3 /v2-q4-3 /receipt.json

408 SRR AR JEAE B R/ B 1 xlsx

409 SCRERPARL SR JEL G BEPF 2.x1sx

410 SRR SR JE G P 3 xlsx

4ll SRR SR LG I LR/ 4.x1sx

412 SCRERRL SR S BA B PE/ B 2F S/result] xlsx
413 SCHERRL SR SR BA B PR 2F S/result2 xIsx
414 SRR 5 G U S/result3 xlsx
415 LR E G IE S/resultd-2 xsx
416 SRR AR 5 G W P S/resultd-3 Xlsx
417 SCHEPPELEUIR % PEB0R/q1_input json

418 SRR AR S VESR/Q2_input json

419 SRR AR5 VESR /3 _input json

420 SRR AR5 VRS /Q3 _tables json

421 SCRERPRLHUIR 7 EBOR /g4 _input json

422 SCRRHRL R Yk 254 Y 25 3 B md

423 SRR B WHR S /D_ ISt

424 MRS IR S E1-E4 B WHR S txt

425 S PRRLAS MR 5 /ES-E6_ B IWTHR % txt

426 RERPR B TR /P2 e RATUARNE % SCRER L T txt
427 PR B WER 5 P ARSI S 7 xt
428 SRR B WHR S /Q AR IA R e xt

429 SRR WHR 5 R 4RIV A R T4 txt
430 YRR SRS /S {UF 1 A TR xt
431 SCHEMRAS Wi 25/ BFC .md

432 THEM AR FEIE /AL Usage Declaration.md
433 KM AR RE L Figure Requirements.md
434 S RRPRA T T/Q4-2 BT SRS IE md
435 YRFPRA T T/Q4 MR 4-2 5 4-3.md
436 SRR R D 5 /References.md

437 SRR FRIT S TSER AT3E S 1 HEHE4E md
438 ARl FR D 3% /tablesq1.md

439 SRR AR S /tablesq234.md

440 SCRERRL A TR 3%/ 23R B2 Bk md
441 SRR/ R 7 /4R LA A 7 2 md

442 KRR AT AR A R 24 md
443 SRR AL AT /M — md

444 SCREREL AL TRAE /K 58— %P0 md
445 TR ARS8 SC 2.1 BURAMHT R .md
446 SRR FRE S/ S 2.1 BUR A B md
447 SRR AT FEC T8 S0 AL 79 5.md
448 SRR T AR S T R .md

449 SRR TR /4 S04 v9.md

430 SRR R/ SRS md

451 SRR A R 340 SO v9.md

452 RAR AR md

453 75 B result] .xlsx

454 75 B fresult2 . x1sx

455 75 B result3.x1sx
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456 7k B /result4-2.x1sx
457 7k B /result4-3.x1sx

D.2 FIEFKE
D.2.1  SCEMB/ARRG/01_HE—/q12_reverify.py

import os

-*- coding: utf-8 -*-

" RRIR R — /A B R EEE )

import numpy as np, json

from scipy.optimize import linprog

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root=proj/"paper_output_pro"
dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; soc0=6000.0; T=144
def load_attil():

import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/Hi{/Fif# 1.xIsx",read_only=True,data_only=True)
rows=list(wb["Sheet1"].iter_rows(values_only=True))[1:]

price=np.array([float(r[1]) for r in rows]); load=np.array([float(r[2]) for r in rows]); pv=np.array([float(r[3]) for r in rows])

return price,load,pv

def load_att2():
import openpyxI

wb=openpyxl.load_workbook(proj/"problem_files/Ffif4/Fif4 2.x1sx",read_only=True,data_only=True)
load=np.array([[float(c) for ¢ in r[1:]] for r in list(wb["/NX FaZ,"].iter rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r[1:]] for r in list(wb[" FEIA & FEIZPRINEE " iter rows(values_only=True))[1:]],dtype=float)
return load,pv

pricel,loadl,pvi=load_attl(); load2,pv2=load_att2()

def solve_day(pr, net, soc_start, soc_end_fixed=None):

n=3*T+(T+1); A_a=0;A c=T;A d=2*T;A s=3*T
c=np.zeros(n); c[0:T]=pr*dt
bnds=[(0,None)]*T+[(0,Pmax)]*T+[(0,Pmax)]*T
if soc_end_fixed is not None:
bnds+=[(soc_start,soc_start)]-+[(soc_min,soc_max)]*(T-1)+[(soc_end fixed,soc_end_fixed)]
else:
bnds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*T
A _ub=np.zeros((T,n)); b_ub=-net
for t in range(T):
A ub[t,A_att]=-1.0;A_ub[t,A_d+t]=-1.0;A ub[t,A c+t]=1.0
A _eq=np.zeros((T,n)); b_eq=np.zeros(T)
for t in range(T):
A eq[t, A stt+1]=1.0;A eq[t,A_s+t]=-1.0;A eq[t,A_c+t]=-eta*dt;A_eq[t,A d+t]=dt/eta
r=linprog(c,A_ub=A ub,b ub=b ub,A eq=A_eq,b_eq=b_eq,bounds=bnds,method="highs")
if not r.success: raise RuntimeError(r.message)

x=r.x; return X[A_a:A_a+T],x[A_c:A_c+T]x[A_d:A_d+T]x[A_s:A_s+T+1]

—- [B)fE—: B H, M1, SOC HEE -

p,c,d,s=solve_day(pricel, loadl-pvl, soc@, soc_end_fixed=soc®)
ql_cost=float(np.dot(pricel,p)*dt); ql_kwh=float(p.sum()*dt)
print(f"[[Rl@—] LP MJEBZE={ql_cost:.2f} 7t, MJEEE={ql_kwh:.2f} kWh, SOC BFR=({s[0]:.2f},{s[-1]:.2f})")
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p_ns=np.maximum(@.0, loadl-pv1l)
ql_ns=float(np.dot(pricel,p_ns)*dt)
print(f"[[AIRA—] TfikBEELL={q1_ns:.2f} 7T, fiBRERRIR={(1-91_cost/ql_ns)*100:.1f}%")

— [ RERSN, 1 B + M 2 EFRGEESE
B) -

soc=s0c@; tot=0.0; tot_kwh=0.0
for dd in range(365):
p,c,d,s=solve_day(pricel, load2[dd]-pv2[dd], soc, None)

if dd>=31:
tot+=float(np.dot(pricel,p)*dt); tot kwh+=float(p.sum()*dt)
soc=float(s[-1])
print(f"[[AIZ] SERESLEMBLEE (334 X)={tot:.2f} T, WEBE={tot_kwh:.2f} kiWh")

FiErEELk

ns=float(sum(np.dot(pricel, np.maximum(©.0, load2[dd]-pv2[dd]))*dt for dd in range(31,365)))

print(f"[[RRZ] TiEReEL={ns:.2f} T, fHEREFMR={(1-tot/ns)*100:.1F}%")

json.dump(dict(ql_cost=ql_cost,ql_kwh=ql_kwh,ql_ns=ql_ns,q2_cost=tot,q2_kwh=tot_kwh,q2_ns=ns),
open(root/"data_cleaned/q12_reverify.json","w"), ensure_ascii=False, indent=1)

print("saved ql2_reverify.json")

D.2.2 ST B/AE/01_FE—/q1_arbitrage.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True)
ap.add_argument("--out", required=True)
args = ap.parse_args()
with open(args.input, encoding="ut{-8") as f:

inp = json.load(f)
price = np.asarray(inp["price"], dtype=tloat)
load = np.asarray(inp["load"], dtype=float)
pv = np.asarray(inp["pv"], dtype=float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
T = len(price); net = load - pv
Pmax = st["power_max"]; soc_min = st[""'soc_min"]; soc_max = st["soc_max"]
thr = float(np.median(price))
SOC = st["soc_initial"]
p = np.zeros(T); ¢ = np.zeros(T); d = np.zeros(T); s = np.zeros(T+1); s[0] = SOC
for t in range(T):

nt = net[t]

ifnt<0:

chg = min(-nt, Pmax, (soc_max - SOC)/(eta*dt))
chg = max(0.0, chg); c[t] = chg; SOC += eta*chg*dt; p[t] = 0.0; d[t] = 0.0
elif price[t] < thr and SOC < soc_max - le-6:
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chg = min(Pmax, (soc_max - SOC)/(eta*dt))

chg = max(0.0, chg); c[t] = chg; SOC += eta*chg*dt; p[t] = nt + chg; d[t] = 0.0
elif price[t] > thr and SOC > soc_min + le-6:

dis = min(Pmax, (SOC - soc_min)*eta/dt, nt)

dis = max(0.0, dis); d[t] = dis; SOC -= dis*dt/eta; p[t] = max(0.0, nt - dis); c[t] = 0.0

else:
p[t] =nt; c[t] = 0.0; d[t] = 0.0
s[t+1] = SOC
metrics = {

"ql total cost": float(np.dot(price, p) * dt),
"ql_total purchase": float(p.sum() * dt),
"ql total charge": float(c.sum() * dt),
"ql _total discharge": float(d.sum() * dt),
"ql_soc_start": float(s[0]),
"ql_soc_end": float(s[-1]),
}
os.makedirs(args.out, exist_ok=True)
with open(os.path.join(args.out, "metrics.json"), "w", encoding="utf-8") as f:

"

json.dump({"metrics": metrics}, f, ensure_ascii=False, indent=2)
sol = {"purchase": p.tolist(), "charge": c.tolist(), "discharge": d.tolist(), "soc": s.tolist(), "net": net.tolist()}
with open(os.path.join(args.out, "solution.json"), "w", encoding="utf-8") as f:

json.dump(sol, f, ensure_ascii=False, indent=2)

print("ql_total cost(arbitrage) =", metrics["ql total cost"])

if __name__ == "_ _main__":
main()

D.2.3  SCHEMRNAVED/01_[E—/q1_dp.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True)
ap.add_argument("--out", required=True)
args = ap.parse_args()
with open(args.input, encoding="utf-8") as f:
inp = json.load(f)
price = np.asarray(inp["price"], dtype=float)
load = np.asarray(inp["load"], dtype=tloat)
pv = np.asarray(inp["pv"], dtype=tloat)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
T = len(price); net = load - pv

Pmax = st["power max"]; soc_min = st["soc_min"]; soc_max = st["soc_max"]; socO = st["soc_initial"]

ds=0.5 # SOC grid step (kWh)

levels = np.arange(soc_min, soc_max + 1e-9, ds)

44



N = len(levels)

i0 = int(round((soc0 - soc_min) / ds))

k_charge_max = int(eta * Pmax * dt/ds)  # 750/0.5 = 1500
k_discharge max = int(Pmax * dt/eta/ds) # 925.9/0.5=1851

F = np.full(N, np.inf); F[i0] = 0.0
for t in range(T):
pr = price[t]; nt = net[t]
Fn = np.full(N, np.inf)
# charge: i -> j = i+k (SOC increases by k*ds)
for k in range(1, k_charge_max + 1):
c=(k*ds)/ (eta* dt)
cost = pr * max(0.0, nt + c) * dt
np.minimum(Fn[k:], F[:-k] + cost, out=Fn[k:])
# discharge: i ->j =i-k (SOC decreases by k*ds)
for k in range(1, k_discharge max + 1):
d=(k *ds) *eta/dt
cost = pr * max(0.0, nt - d) * dt
np.minimum(Fn[:-k], F[k:] + cost, out=Fn[:-k])
# idle
cost = pr * max(0.0, nt) * dt
np.minimum(Fn, F + cost, out=Fn)
F=Fn
total _cost = float(F[i0])

metrics = {
"ql _total cost": total cost,
"ql _soc_start": float(soc0),
"ql_soc_end": float(soc0),
}
os.makedirs(args.out, exist ok=True)
with open(os.path.join(args.out, "metrics.json"), "w", encoding="utf-8") as f:
json.dump({"metrics": metrics}, f, ensure_ascii=False, indent=2)

print("ql_total cost(DP) =", total cost)

D.2.4  SCHEMEVARED/01_BB—/q1_lp.py
-*- coding: utf-8 -*-

import sys, os, json, argparse
import numpy as np
from scipy.optimize import linprog

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True)

ap.add_argument("--out", required=True)
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args = ap.parse_args()
with open(args.input, encoding="utf-8") as f:
inp = json.load(f)
price = np.asarray(inp["price"], dtype=float)
load = np.asarray(inp["load"], dtype=float)
pv = np.asarray(inp["pv"], dtype=tloat)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
T = len(price); net = load - pv

Pmax = st["power max"]; soc_min = st["soc_min"]; soc_max = st["soc_max"]; socO = st["soc_initial"]

n=3*T +(T+1)

¢_obj =np.zeros(n); ¢_obj[0:T] = price * dt

bounds = [(0, None)]*T + [(0, Pmax)]*T + [(0, Pmax)]*T
bounds += [(soc0, soc0)]

for _inrange(1, T): bounds.append((soc_min, soc_max))

bounds.append((soc0, soc0))

A _ub =np.zeros((T, n)); b_ub = -net
for t in range(T):
A ub[t, t]=-1.0; A _ub[t, T+t] = 1.0; A_ub[t, 2*T+t] =-1.0
A _eq=np.zeros((T, n)); b_eq = np.zeros(T)
for t in range(T):
A_eq[t, 3*T+t+1] = 1.0; A_eq[t, 3*T+t] =-1.0
A _eq[t, T+t] = -eta*dt; A_eq[t, 2*T+t] = dt/eta

res = linprog(c_obj, A_ub=A ub, b ub=b ub, A _eq=A _eq, b_eq=b_eq, bounds=bounds, method="highs")
if not res.success:

raise RuntimeError("LP failed: " + res.message)
X =T1€8.X

p =x[0:T]; c =x[T:2*T]; d = x[2*T:3*T]; s = x[3*T:3*T+T+1]

metrics = {
"ql_total cost": float(np.dot(price, p) * dt),
"ql_total purchase": float(p.sum() * dt),
"ql_total charge": float(c.sum() * dt),
"ql_total discharge": float(d.sum() * dt),
"ql_soc_start": float(s[0]),
"ql_soc_end": float(s[-1]),
}
os.makedirs(args.out, exist ok=True)
with open(os.path.join(args.out, "metrics.json"), "w", encoding="utf-8") as f:
json.dump({"metrics": metrics}, f, ensure ascii=False, indent=2)
sol = {"purchase": p.tolist(), "charge": c.tolist(), "discharge": d.tolist(),
"soc": s.tolist(), "net": net.tolist()}

with open(os.path.join(args.out, "solution.json"), "w", encoding="ut{-8") as f:
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json.dump(sol, f, ensure_ascii=False, indent=2)

_n

print("ql_total_cost =", metrics["ql_total cost"])

if __name__ == "__main__":
main()

D.2.5 XM BARRD/01_HE—/q1_no_storage.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True)
ap.add_argument("--out", required=True)
args = ap.parse_args()
with open(args.input, encoding="utf-8") as f:
inp = json.load(f)
price = np.asarray(inp["price"], dtype=float)
load = np.asarray(inp["load"], dtype=tloat)
pv = np.asarray(inp["pv"], dtype=float)
st = inp["storage"]; dt = inp["dt"]
T = len(price); net = load - pv
p = np.maximum(0.0, net)
¢ =np.zeros(T); d = np.zeros(T); s = np.full(T+1, st["soc_initial"])
metrics = {
"ql total cost": float(np.dot(price, p) * dt),
"ql_total purchase": float(p.sum() * dt),
"ql total charge": float(c.sum() * dt),
"ql _total discharge": float(d.sum() * dt),
"ql_soc_start": float(s[0]),
"ql_soc_end": float(s[-1]),
}
os.makedirs(args.out, exist_ok=True)
with open(os.path.join(args.out, "metrics.json"), "w", encoding="utf-8") as f:
json.dump({"metrics": metrics}, f, ensure_ascii=False, indent=2)
sol = {"purchase": p.tolist(), "charge": c.tolist(), "discharge": d.tolist(), "soc": s.tolist(), "net": net.tolist()}
with open(os.path.join(args.out, "solution.json"), "w", encoding="utf-8") as f:
json.dump(sol, f, ensure_ascii=False, indent=2)

print("ql_total cost(no-storage) =", metrics["ql _total cost"])

if __name__ == "_ _main__":
main()

D.2.6 SCIEMRIAVD/02_J/E—/q2_accuracy.py
-*- coding: utf-8 -*-

R 2 FUNERERE: SEHHARSTUNTTAR MAE / RMSE, MUNMBREESHTHEE.

N—ERAE d-1 KRERHNLFALE(SEREAR—E8LR).

import os, sys, json, argparse
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import numpy as np
sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast

def stats(N, P, lo, hi):
e = N[lo:hi] - P[lo:hi]

return float(np.abs(e).mean()), float(np.sqrt((e ** 2).mean()))

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--input', required=True); ap.add_argument('--out', required=True)
ap.add_argument('--first-day', type=int, default=31); ap.add_argument('--last-day', type=int, default=365)
a = ap.parse_args()
inp = json.load(open(a.input, encoding="ut{-8'))
net = np.asarray(inp['load_actual'], float) - np.asarray(inp['pv_actual'], float)
D, T = net.shape
m={}
# REITESH
Nhat, , , =build forecast(net, 0.15, 0.90)
mae, rmse = stats(net, Nhat, a.first day, a.last day)
m['q2 mae final'], m['q2 rmse final'] = mae, rmse
# MR [ATE /T RIYE /28 RIGE
per = np.zeros_like(net); per[0] = net[0]; per[1:] = net[:-1]
m['q2 mae persistence'], m['q2_rmse persistence'] = stats(net, per, a.first_day, a.last day)
for w, key in ((7, 'ma7'), (28, 'ma28'")):
P =np.zeros_like(net); P[0] = net[0]
for d in range(1, D): P[d] = net[max(0, d - w):d].mean(axis=0)
m['q2_mae '+ key], m['q2_rmse '+ key] = stats(net, P, a.first_day, a.last_day)
#HE (alpha, beta) HE, AT IR SFUNEARETHAER
for al, be, tag in ((0.25, 0.80, 'a025b080"), (0.40, 0.90, 'a040b090"), (0.15, 0.90, 'a015b090")):

P =build_forecast(net, al, be)

mm, rr = stats(net, P, a.first day, a.last day)
m['q2_mae '+ tag], m['q2_rmse '+ tag] = mm, rr
os.makedirs(a.out, exist_ok=True)
json.dump({'metrics": m}, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'"), ensure_ascii=False)

for k in sorted(m): print('%-28s %.4f % (k, m[k]))

if __name__ == '__main__':
main()

D.2.7 SCEMRVARL/02_HE —/q2_bounds.py
-*- coding: utf-8 -*-

TUUE 2 RAFEE: RXREREEETR 5 iEg2ENE £R.

--mode perfect : AELELPREAFT—RMERMB(EIWBENA 0), (FAEILLR/THREE
--mode yearjoint: HXIMBEEENERANEHER, ILHEELE 52560 MHEEKARIK, .
HE"EEMNAAEET ABSE 48 2V (ZRENBEMAT 2EME)

--mode nostorage: THERERLL

import os, sys, json, argparse

import numpy as np

from scipy.optimize import linprog

from scipy.sparse import coo_matrix

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal
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from gq2_online import day_lp

def load(a):
inp = json.load(open(a.input, encoding="utf-8"))

price = np.asarray(inp["price"], float)
load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; st = dict(st); st["dt"] = float(inp["dt"])

return price, load_, pv, load_ - pv, st

def build_year(nd, T, eta, dt, Pmax, smin, smax):

nT=nd*T
0 g0c,0d0e0S=0,nT,2*nT,3*nT,4*nT
nv=4*nT+ (nT + 1)
rows, cols, vals =[], [], []
r=0
rows.append(r); cols.append(o_S + 0); vals.append(1.0); r +=1
for i in range(nT):
rows +=[r,r,1,1];cols+=[0o S+i+ 1,0 S+i,0 c+i,0 d+i]
vals +=[1.0, -1.0, -eta * dt, dt / eta]; r += 1
Aeq = coo_matrix((vals, (rows, cols)), shape=(r, nv)).tocsr()
ru, cu, vu =[], [], []
for i in range(nT):
ru+=[i,i,1,i];cu+=[o e+i,o d+i,0 c+i,0 g+i]
vu += [-1.0, -1.0, 1.0, -1.0]
Aub = coo_matrix((vu, (ru, cu)), shape=(nT, nv)).tocsr()
Ib = np.zeros(nv); ub = np.zeros(nv)
ub[o_g:o g+ nT]=np.inf; ub[o_c:0 ¢+ nT]=Pmax; ub[o_d:o_d+ nT]=Pmax
ub[o_e:0 e+ nT]=np.inf
Ib[o_S:0 S+ nT + 1]=smin; ub[o_S:o_S +nT + 1] = smax

return dict(nv=nv, nT=nT, 0_g=0 g, 0 c=0 c,0 d=o0_d, 0 e=0 e, 0 S=o_S, Aeq=Aeq, Aub=Aub, Ib=Ib, ub=ub, n_eq=r)

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", required=True, choices=["perfect", "yearjoint", "nostorage"])
ap.add_argument("--alpha", type=float, default=0.15); ap.add_argument("--beta", type=float, default=0.9)
ap.add_argument("--W", type=int, default=7); ap.add_argument("--p", type=float, default=0.88)
ap.add_argument("--first-day", type=int, default=31); ap.add_argument("--last-day", type=int, default=365)
a = ap.parse_args()

price, load_, pv, net, st = load(a)

dt = float(st["dt"]); eta = float(st["efficiency"]); Pmax = float(st["power max"])

smin = float(st["soc_min"]); smax = float(st["soc_max"]); sO = float(st["soc_initial"])

T =len(price); ND = a.last_day - 1

sl =slice(a.first_day, a.last _day)

if a.mode == "nostorage":
# THEREELL: ITRIBRFRARETN +IRER, BifETE5
Nhat, err, , =build forecast(net, a.alpha, a.beta)

o =a.first_day - 1
g =np.zeros((ND, T)); e = np.zeros((ND, T))
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for d in range(1, a.last_day):
g[d - 1] = np.maximum(0.0, Nhat[d] + margin(err, d, a.W, a.p))
e[d - 1] = np.maximum(0.0, net[d] - g[d - 1])
pc = float(sum(float(price @ (g[d] * dt)) for d in range(o, ND)))
ec = float(sum(float(5.0 * price @ (e[d] * dt)) for d in range(o, ND)))
metrics = {"q2_planned cost": pc, "q2_planned kwh": float(g[o:].sum() * dt),
"q2_emergency_cost": ec, "q2_emergency kwh": float(e[o:].sum() * dt),
"q2_total cost": pc + ec, "q2_charge kwh": 0.0, "q2_discharge kwh": 0.0,
"q2_loss_kwh": 0.0, "q2_days": float(ND - o),
"q2_soc_min": s0, "q2_soc_max": s0}
else:
S =build_year(ND, T, eta, dt, Pmax, smin, smax)
nT = S["nT"]
if a.mode == "perfect":
gfix = None
else:
Nhat, err, , =build forecast(net, a.alpha, a.beta)
s =s0; gl = np.zeros((ND, T))
for d in range(1, a.last_day):

g, , , =day Ip(price, Nhat[d] + margin(err, d, a.W, a.p), s, eta, dt, Pmax, smin, smax)
glld-1]=¢
., ,_,Ss=execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)

s = float(Ss[-1])
gfix = gl.ravel()
¢ =np.zeros(S["nv"])
if gfix is None:
c[S["o_g"]:S["o_g"] + nT] = np.tile(price * dt, ND)
c[S["o_e"]:S["o_e"] + nT] = 5.0 * np.tile(price * dt, ND)
else:
c[S["o_e"]:S["o_e"] + nT] = 5.0 * np.tile(price * dt, ND)
bub = -net[1:a.last_day].ravel()
if gfix is not None:
bub = gfix - net[1:a.last day].ravel()
S['b'][S['o_g':S['o_g'T + nT] = gfix
S['ub'][S['o_g':S['0_g'] + nT] = gfix # WHEEFENERELZAITH, BHEERSMRL
beq = np.zeros(S["n_eq"]); beq[0] = s0
res = linprog(c, A_ub=S["Aub"], b_ub=bub, A _eq=S["Aeq"], b_eq=beq,
bounds=list(zip(S["1b"], S["ub"])), method="highs")
if not res.success:
raise RuntimeError(res.message)
gg =res.x[S["o_g"]:S["o_g"] + nT].reshape(ND, T)
cc =res.X[S["o_c"]:S["o_c"] + nT].reshape(ND, T)
dd =res.x[S["o_d"]:S["o_d"] + nT].reshape(ND, T)
ee =res.x[S["o_e"]:S["o_e"] + nT].reshape(ND, T)
So =res.x[S["o_S"]:S["o_S"]+nT + 1]
o =a.first day- 1
pc = float(sum(float(price @ (gg[d] * dt)) for d in range(o, ND)))
pk = float(gg[o:].sum() * dt)
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ec = float(sum(float(5.0 * price @ (ee[d] * dt)) for d in range(o, ND)))
ek = float(ee[o:].sum() * dt)
ch = float(cc[o:].sum() * dt); di = float(dd[o:].sum() * dt)
metrics = {"q2 planned cost": pc, "q2_planned kwh": pk,
"q2_emergency cost": ec, "q2_emergency kwh": ek, "q2 total cost": pc + ec,
"q2_charge kwh": ch, "q2 discharge kwh": di,
"q2_loss_kwh": (1 - eta) * ch + ((1 - eta) / eta) * di,
"q2_days": float(ND - o),
"q2_soc_min": float(So.min()), "q2_soc_max": float(So.max())}
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)
print("mode=%s total=%.2f planned=%.2f emergency=%.2{" % (a.mode, metrics["q2_total_cost"],

metrics["q2_planned cost"], metrics["q2_emergency cost"]))
if __name__ == "__main__":
main()
D.2.8 STHEMRAHE/02_ 8 —/q2_caliber _compare.py
-*- coding: utf-8 -*-

SR AR ORNA R (FA—RM, RIRARFEE) .

A TRITHEE: RE 1 B(1/2-1/31)IFE -> BizSHlELE

B SHIEEICE: FRETAMELHE, A 5 FRNESH 8o 21l

C MmER (EFESHIERNIAE): SRAL—RBIEES

D 2H—E(BETEEKENREE): ALRERR

import os, sys, json, argparse

import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from q2_season_blocks import Sim, GRID, BLOCKS, D@

import datetime

def pack(sim, r, blocks=None):
d = {"total": r["total"], "plan_cost": r["plan_cost"], "em_cost": r["em_cost"],

"plan_kwh": r["plan_kwh"], "em_kwh": r["em_kwh"], "curtail": r["curtail"],
"soc_min": r["soc_min"], "soc_max": r["soc_max"]}

return d

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
a=ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8"))

sim = Sim(inp)

m= {}; det = {}

#A PEIETEREE: | BATE

jan = [(W, p, sim.block(1, 31, W, p, False, None, acc_from=1)["total"]) for W, p in GRID]
Wa, pa, ca = min(jan, key=lambda x: x[2])

ra = sim.block(1, 365, Wa, pa, False, None, acc_from=31)

m["q2cc_ A W"] = float(Wa); m["q2cc_A p"]=pa; m["q2cc_A jan"]=ca

for k, v in pack(sim, ra).items(): m["q2cc A "+k]=v

det["A"] = {"table": {"all": [Wa, pa]}, **pack(sim, ra)}
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print("A TERETHME 1 BIFE (W=2%d,p=%.0t%%) £F %12.2f= %] %122+ B %10.2f (%.2f kWh) FE
%. 11" % (

Wa, pa * 100, ra["total"], ra["plan_cost"], ra["em_cost"], ra["em_kwh"], ra["curtail"]))

#B THIE: (7,80%)

rb = sim.block(1, 365, 7, 0.80, False, None, acc_from=31)

for k, v in pack(sim, rb).items(): m["q2cc B "+k]=v

det["B"] = {"table": {"all": [7, 0.80]}, **pack(sim, rb)}

print("B SHIBIEICE (W=7p=80%%) 2F %I12.2f=11%] %122+ B %10.2f (%.2f kWh) FE %.1{" % (

rb["total"], rb["plan_cost"], rb["em_cost"], rb["em_kwh"], rb["curtail"]))

# C =M (L —HUTE)
TB = {"winter_a": (7, 0.80), "spring": (7, 0.80), "summer": (7, 0.88),
"autumn": (7, 0.88), "winter b": (5, 0.95)}
s cur = sim.warm_soc(); blocks = {}
tot = {"plan_cost": 0.0, "em_cost": 0.0, "plan_kwh": 0.0, "em_kwh": 0.0, "curtail": 0.0,
"soc_min": lel8, "soc_max": -1e18}
for key, f, 1 in BLOCKS:
W, p =TB[key]
r = sim.block(f, I, W, p, False, s_cur)
88 = sim.block(f, 1, 7, 0.88, False, s_cur)
blocks[key] = {"W": W, "p": p, "total": r["total"], "vs88": r["total"] - r88["total"]}
for k in ("plan_cost", "em_cost", "plan_kwh", "em kwh", "curtail"): tot[k] += r[k]
tot["soc_min"] = min(tot["soc_min"], r["soc_min"]); tot["soc_max"] = max(tot["soc_max"], r["soc_max"])
s_cur =r["soc_end"]
tot["total"] = tot["plan_cost"] + tot["em_cost"]
for k, v in tot.items(): m["q2cc C "+k]=v
det["C"] = {"table": {k: list(v) for k, v in TB.items()}, "blocks": blocks, **tot}
print("C FAZIhIL(_E—FAFE) 28 %I12.2f= 11K %122+ B2 %10.2f (%.2f kWh) FFE %.1" % (
tot["total"], tot["plan_cost"], tot["em_cost"], tot["em_kwh"], tot["curtail"]))
for k, v in blocks.items():
print("  %-9s (W%d,p%-3.0f) REH %11.2f S5ER(7,88%%)E %+10.2f" % (k, v["W"], v["p"] * 100, v["total"],
v["vs88"]))

#D £H—E (7,88%)

rd = sim.block(1, 365, 7, 0.88, False, None, acc_from=31)

for k, v in pack(sim, rd).items(): m["q2cc D "+k]=v

det["D"] = {"table": {"all": [7, 0.88]}, **pack(sim, rd)}

print("D £H—F (W=7,p=88%%) 2F %12.2f= 3 %122+ BR %10.2f (%.2fkWh) FE %.1" % (
rd["total"], rd["plan_cost"], rd["em_cost"], rd["em_kwh"], rd["curtail"]))

os.makedirs(a.out, exist ok=True)

json.dump({"metrics": m, "detail": det}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),

ensure_ascii=False, indent=1)

print("done")

if __name__ "__main__":
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main()
D.2.9 SCHEMEVAFD/02_ HE—/q2_dp.py
-*- coding: utf-8 -*-

AR 2 IR EHEKE (q2-dp): AMITRIAA soc BELEISHK (min-plus EEEE),
FEAEMLEMLRESR, HEMSAMENELERSREITRIEEE,

5% gq2_online.py E’\JE%{JEE"EV\]H‘&UEZW":
FHE = HIGHS Z&MMK; M4 = FERSHAN (RS =EBE)
FNESERNTER TREEN, WEBEZEHLA q2_forecast.py(X—BEFRBEEMUMNIR).
import os, sys, json, argparse
import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal

def solve_day_dp(price, Nplan, soc@, eta, dt, Pmax, smin, smax, ds=2.0):

"iRE (RABRE, HRIWEIHIER g FTE o, WE d, SOC i), "
T = len(price)
levels = np.arange(smin, smax + 1e-9, ds); N = len(levels)
i0 = int(round((soc0 - smin) / ds)); i0 = min(max(i0, 0), N - 1)
kc = max(int(eta * Pmax * dt/ ds), 1)
kd = max(int(Pmax * dt/ (eta * ds)), 1)
F = np.full(N, np.inf); F[i0] = 0.0
Fhist = np.empty((T + 1, N)); Fhist[0] = F
Srch = np.zeros((T, N), dtype=np.int32) # ERENRENRMMIEFETTSH SOC £E)
for t in range(T):
pr = price[t]; nt = Nplan][t]
best =F + pr * max(0.0, nt) * dt
src = np.zeros(N, dtype=np.int32)
for k in range(1, ke + 1):
cc=(k * ds) / (eta * dt)
arr = np.full(N, np.inf)
arr[k:] = F[:-k] + pr * max(0.0, nt + cc) * dt
m = arr < best
best = np.where(m, arr, best); src = np.where(m, np.int32(k), src)
for k in range(1, kd + 1):
dd=(k * ds) * eta / dt
arr = np.full(N, np.inf)
arr[:-k] = F[k:] + pr * max(0.0, nt - dd) * dt
m = arr < best
best = np.where(m, arr, best); src = np.where(m, np.int32(-k), src)
F = best; Fhist[t + 1] = F; Srch[t] = src
j = int(np.argmin(F))
g = np.zeros(T); ¢ = np.zeros(T); d = np.zeros(T); S = np.zeros(T + 1)
Ji=1J; S[T] = levels[j]
for t in range(T - 1, -1, -1):
k = int(Srch[t][jj])
ifk>0:
c[t] = (k * ds) / (eta * dt)
elifk <0:
d[t] =(-k) * ds * eta / dt
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g[t] = max(0.0, Nplan[t] + c[t] - d[t])
i=ii-k
S[t] = levels[jj]

return float(F[j]), g, ¢, d, S

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--alpha", type=float, default=0.15); ap.add_argument("--beta", type=float, default=0.9)
ap.add_argument("--W", type=int, default=7); ap.add_argument("--p", type=float, default=0.88)
ap.add_argument("--ds", type=float, default=2.0)
ap.add_argument("--first-day", type=int, default=31); ap.add_argument("--last-day", type=int, default=365)
a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8"))
price = np.asarray(inp["price"], float)
net = np.asarray(inp["load_actual"], float) - np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = float(inp["dt"]); eta = float(st["efficiency"])
Pmax = float(st["power_max"]); smin = float(st["soc_min"]); smax = float(st["soc_max"])
Nhat, err, , =build forecast(net, a.alpha, a.beta)
s = float(st["soc_initial"])
plan_cost =plan_kwh =em_cost=em_kwh =ch=di=0.0
days = 0; smin_seen = lel8; smax_seen = -1e18; gaps =[]
for d in range(1, a.last_day):
Nplan = Nhat[d] + margin(err, d, a.W, a.p)
obj,g, , , =solve day dp(price, Nplan, s, eta, dt, Pmax, smin, smax, a.ds)
e, cc, dd, S = execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)
if d >= a.first_day:
plan_cost += float(price @ (g * dt)); plan_kwh += float(g.sum() * dt)
em_cost += float(5.0 * price @ (e * dt)); em_kwh += float(e.sum() * dt)
ch += float(cc.sum() * dt); di += float(dd.sum() * dt)
gaps.append(float(obj - price @ (g * dt)))
days +=1
smin_seen = min(smin_seen, float(S.min())); smax_seen = max(smax_seen, float(S.max()))
s = float(S[-1])
metrics = {"q2_planned_cost": plan_cost, "q2_planned_kwh": plan_kwh,
"q2_emergency cost": em_cost, "q2_emergency kwh": em kwh,
"q2_total cost": plan_cost +em_cost,
"q2_charge kwh": ch, "q2 discharge kwh": di,
"q2_loss_kwh": (1 - eta) * ch + ((1 - eta) / eta) * di,
"q2_days": float(days), "q2_soc_min": smin_seen, "q2_soc_max": smax_seen,
"q2_dp_grid_ds": a.ds,
"q2_dp_objective_minus_purchase kwh cost": float(np.mean(gaps)) if gaps else 0.0}
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)

print("q2_dp planned_cost=%.2f total=%.2f soc=[%.1f,%.1{]" % (plan_cost, plan_cost + em_cost, smin_seen, smax_seen))
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D.2.10  SCHEARANED/02_F B —/q2_final.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np
from scipy.optimize import linprog

def forecast_ma_all(arr, window=7):

D = arr.shape[0]; F = np.zeros_like(arr); F[0] = arr[0]
for d in range(1, D):
lo = max(0, d-window); F[d] = arr[lo:d].mean(axis=0)

return F

def solve_day_lp(price, net_margin, soc@, eta, dt, Pmax, soc_min, soc_max):

T = len(price); n =3*T + (T+1)

¢ =np.zeros(n); c[0:T] = price*dt

bounds = [(0,None)]*T + [(0,Pmax)]*T + [(0,Pmax)]*T + [(soc0,s0c0)]
for _inrange(1,T): bounds.append((soc_min,soc_max))
bounds.append((soc_min,soc_max))

A _ub =np.zeros((T,n)); b_ub = -net_margin

for t in range(T): A_ub[t,t]=-1.0; A_ub[t,T+t]=1.0; A_ub[t,2*T+t]=-1.0
A _eq=np.zeros((T,n)); b_eq = np.zeros(T)

for t in range(T):

A eq[t,3*T+t+1]=1.0; A_eq[t,3*T+t]=-1.0; A_eq[t,T+t]=-eta*dt; A_eq[t,2*T+t]=dt/eta
res = linprog(c, A ub=A ub,b ub=b ub, A eq=A eq, b _eq=b_eq, bounds=bounds, method="highs")
if not res.success: raise RuntimeError(res.message)

X =T1€8.X

return x[0:T], x[T:2*T], x[2*T:3*T], x[3*T:3*T+T+1], float(np.dot(price, x[0:T])*dt)

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

a = ap.parse_args()
inp = json.load(open(a.input, encoding="ut{-8"))
price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
Pmax = st["power_max"]; soc_min = st["'soc_min"]; soc_max = st["soc_max"]
D, T = load.shape; net = load - pv
window_f=7; window_err = 28; pct = 84.0
If all = forecast_ma_all(load, window_f); pf all = forecast_ma_all(pv, window_f); nf all =1f all - pf all
soc = st["soc_initial"]; tp=0.0; te=0.0; plans=[]
for d in range(D):
ifd>=2:
lo = max(1, d-window_err)
errs = net[lo:d] - nf all[lo:d]
margin = np.maximum(np.percentile(errs, pct, axis=0), 0.0)
else:
margin = np.zeros(T)
p, ¢, dd, s, pcost = solve_day Ip(price, nf all[d]+margin, soc, eta, dt, Pmax, soc_min, soc_max)
E = np.maximum(0.0, net[d] + ¢ - p - dd)
ifd>=31:
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tp += pcost; te += 5.0*np.dot(price, E)*dt
plans.append(dict(day=d, purchase=p.tolist(), charge=c.tolist(), discharge=dd.tolist(), soc=s.tolist(),
emergency=E.tolist(), margin=margin.tolist()))
soc = float(s[-1])

metrics = {"q2_total cost": tptte, "q2_planned cost": tp, "q2_emergency cost": te}
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))
json.dump({"plans": plans, "price": price.tolist()}, open(os.path.join(a.out,"solution.json"),"w" ,encoding="utf-8"))
print(f"q2-final(7TMA+84%): total={tp+te:.2f} planned={tp:.2f} emergency={te:.2f}")

if __name__ == "__main__": main()

D.2.11  SCIEMRAEE/02_[ARE —/q2_firstmonth_calib.py
-*- coding: utf-8 -*-

" HATE—TA (2025 F 1 B)IRESH — METHENEESR.

fRAE: M 2 44 2025.1.1-12.31 E@EEI;B%{ELL@E%%K#R%E 2.1-12.31; R
At 1 AR+ —ERITHEFBTIMTEE RN B %, BErERIRERRFKEE.

(1 B 1 BAYMIAEKA, £, BirEEAA 1/2-1/31 # 30 X.)

A2 1 1 BEOLE wxp WA -> EEAS/NW—A -> ARARSE 2/1-12/31.
import os, sys, json, argparse
import numpy as np

sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from gq2_season_blocks import Sim, GRID

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
a = ap.parse_args()
inp = json.load(open(a.input, encoding="ut{-8"))
sim = Sim(inp)
m = {}; rows =[]
#1)7E 1 BEO1/2-1/31, 30 X)_EHME
for W, p in GRID:

r = sim.block(1, 31, W, p, False, None, acc_from=1)

rows.append({"W": W, "p": p, "jan": r["total"]})

m["q2fm_jan_w%d_p%02d" % (W, round(p * 100))] = r["total"]
best = min(rows, key=lambda x: x["jan"])
Wb, pb = best["W"], best["p"]
m["q2fm_best W"] = float(Wb); m["q2fm_best p"] = pb; m["q2fm jan cost"] = best["jan"]
print("1 BEORM: W=%d, p=2%.0t%% (1 BEEE %.2f 7T)" % (Wb, pb * 100, best["jan"]))
print" 1 BEORT 5 &:", [(x["W"], int(x["p"] * 100), round(x["jan"], 1)) for x in sorted(rows, key=lambda y: y["jan"])
[:51D
#2) RiZERSFE
r = sim.block(1, 365, Wb, pb, False, None, acc_from=31)
m.update({"q2fm_total": r["total"], "q2fm_plan": r["plan_cost"], "q2fm_em": r["em_cost"],

"q2fm_em_kwh": r["em_kwh"], "q2fm_plan_kwh": r["plan_kwh"],
"q2fm_curtail": r["curtail"], "q2fm_soc_min": r["soc_min"], "q2fm_soc_max": r["soc_max"]})

print(" AFEE: B %2f=1F% %26+ B2 %.2f (% 2fkWh)" % (

r["total"], r["plan_cost"], r["em_cost"], r["em_kwh"]))
#3) JER: IBIE 80% S48
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for tag, (W2, p2) in (("prior80", (7, 0.80)), ("full88", (7, 0.88))):
r = sim.block(1, 365, W2, p2, False, None, acc_from=31)
m["q2fm_%s_total" % tag] = rr["total"]; m["q2fm_ %s_em" % tag] = rr["em_cost"]
print(" ITHR %-8s (W=%d,p=2%.0f%%): B %.2f 2 %.2" % (tag, W2, p2 * 100, rt["total"], rr["em_cost"]))
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": m, "grid": rows}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)

print("done")
if __name__ == "_ _main__":
main()
D.2.12  SCEAPRARRS/02_jH B —/q2_firstmonth_full.py
-*- coding: utf-8 -*-

v AR ST ERAY (N5BAR) : $B alpha, beta, W, p **2EP+REAE—NB (1 B)FE.

Ha: FHEMERIE (W,p) A 1 BIRE, alpha/beta NHELEIEHEHNRM(FE v2-4 1EH).
FIETIE 4 MESRLEE 1 AFO(1/2-1/31, 30 X)Lk, BAENBREE 2/1-12/31.
import os, sys, json, argparse

import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))

from q2_forecast import build_forecast, margin, execute_causal
from gq2_season_blocks import day_lp, GRID

ALPHAS = (@.10, 0.15, 0.25, 0.40)
BETAS = (0.6, 0.7, 0.8, 0.9)

def build(net, alpha, beta):
return build_forecast(net, alpha, beta)

def run(inp, alpha, beta, W, p, first, last, acc_from, s_start=None):
price = np.asarray(inp["price"], float)

net = np.asarray(inp["load_actual"], float) - np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = float(inp["dt"]); eta = float(st["efficiency"])
Pmax = float(st["power _max"]); smin = float(st["soc_min"]); smax = float(st["soc_max"])
Nhat, err, , = build(net, alpha, beta)
s = float(st["soc_initial"]) if s_start is None else s_start
pc=pk=ec=ek=cu=0.0
for d in range(first, last):
Nplan = Nhat[d] + margin(err, d, W, p)
g, , , =day Ip(price, Nplan, s, eta, dt, Pmax, smin, smax, None)
e, cc, dd, S = execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)
cur = np.maximum(0.0, (g - net[d]) - cc)
if d >=acc_from:
pc += float(price @ (g * dt)); pk += float(g.sum() * dt)
ec += 5.0 * float(price @ (e * dt)); ek += float(e.sum() * dt); cu += float(cur.sum() * dt)
s = float(S[-1])
return {"total": pc + ec, "plan_cost": pc, "em_cost": ec, "plan_kwh": pk, "em kwh": ek,

"curtail": cu, "soc_end": s}

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

57



a = ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8"))

m = {}

# 1) alpha/beta 7 1 B & O _L3E(W=7, p=80% 1ERZF HIHHEE, ZEBEEEE W.p)
ab=1]

for al in ALPHAS:

for be in BETAS:
r =run(inp, al, be, 7, 0.80, 1, 31, 1)
ab.append({"alpha": al, "beta": be, "jan": r["total"]})
m["q2ff ab_a%03d_b%d" % (round(al * 100), round(be * 10))] = r["total"]
best_ab = min(ab, key=lambda x: x["jan"])
m["q2ff best_alpha"] =best_ab["alpha"]; m["q2ff best beta"] = best_ab["beta"]
print("l BE O alpha/beta &ff: alpha=%.2f beta=%.1f (1 B %.20)" % (
best_ab["alpha"], best_ab["beta"], best_ab["jan"]))
print(" B 543", sorted([(x["alpha"], x["beta"], round(x["jan"], 1)) for x in ab], key=lambda y: y[2])[:5])
al, be = best_ab["alpha"], best_ab["beta"]
#2)Wp ER— 1 BEO L%
wp =]
for W, p in GRID:
r =run(inp, al, be, W, p, 1, 31, 1)
wp.append({"W": W, "p": p, "jan": r["total"]})
best wp = min(wp, key=lambda x: x["jan"])
W, p=best_ wp["W"], best wp["p"]
m["q2ff best W"] = float(W); m["q2ff best p"]=p; m["q2ff jan cost"] =best wp["jan"]
print("1 BEEA W/p &fL: W=%d p=%.0f%% (1 BER %.20" % (W, p * 100, best_ wp["jan"]))
#3) ANSHEEkRE 1| A, BeF
r = run(inp, al, be, W, p, 1, 365, 31)
for k, v in r.items():
ifk !="soc_end": m["q2ff "+k]=v
print("£ £ (alpha=Y%.2f beta=%.1f W=%d p=%.0{%%): 2 %.2f=1+%] %.2f+ B2 %.2f (%.2fkWh) FE %.1" % (
al, be, W, p * 100, r["total"], r["plan_cost"], r["em_cost"], r["em_kwh"], r["curtail"]))
#4) MR WATHY alpha=0.15/beta=0.90 + (5,88)
r2 = run(inp, 0.15, 0.90, 5, 0.88, 1, 365, 31)
m["q2ff ref 015 090 w5p88"]=r2["total"]
print("XH8 alpha=0.15/beta=0.90 + (5,88%%): 2 %.2f" % r2["total"])
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": m, "ab_grid": ab, "wp_grid": wp}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)

print("done")

if __name__ == "__main__":
main()

D.2.13  SZHEAMR/ARS/02_[RIE —/q2_forecast.py
-*- coding: utf-8 -*-

" 2 HRIMBRNERTUES TR,

i

Biaft: # d X e:ee FIEITXIE, RAWEASE d-1 RREFENEIRERAR.
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- EMACIEEINN) SEMBL(AR/AN vs ARAX) RARSE
- TRHEBBRL w XERFMREN p HURGRERE: E38M 5 & => p MIEE 0.8)

import numpy as np

def weekday_class(n_days):
"2025-01-01 2A=;&ME 0/1 MEREE. BRA 1) "

wd = np.array([(2 + d) % 7 for d in range(n_days)])
return np.where((wd ==4) | (wd ==5), 1, 0)

def build_forecast(net, alpha, beta):
"EBEERFGN. R[B] Nhat, err, ema_hist, clso """

D, T = net.shape
cls = weekday_class(D)
Nhat = np.zeros((D, T)); err = np.zeros((D, T))
ema_hist = np.zeros((D, T)); bsum = np.zeros((2, T)); bent = np.zeros(2)
ema = None
for d in range(D):
ifd==0:
Nhat[d] = net[0].copy(); err[d] = 0.0
else:
base = bsum[cls[d]] / bent[cls[d]] if bent[cls[d]] > 0 else ema
Nhat[d] = (1.0 - beta) * ema + beta * base
err[d] = net[d] - Nhat[d]
ema = net[d].copy() if ema is None else alpha * net[d] + (1.0 - alpha) * ema
ema_hist[d] = ema
bsum[cls[d]] += net[d]; bent[cls[d]] += 1

return Nhat, err, ema_hist, cls

def margin(err, d, W, p):

" d %%EQ‘EQ)E’\JZ?Q%‘% =5 WRHUINRER p DUERA dZEh. "
hi =d; lo=max(1,d - W)
if hi <=lo:

return np.zeros(err.shape[1])

return np.quantile(err[lo:hi], p, axis=0)

def execute_causal(g, N, s@, eta, dt, Pmax, smin, smax):

"R 2 SERRAT: iERERYR D = ERREAE - ITRIEEE,

FREBMITREE. ERMFTE, RE LIRS SOC ARPRE); A LHE D EESWE,
BB RBEYFINZIRSEINME, FEERRKE, BE ¢ c d,So
T = len(g)
s = float(s0)
e = np.zeros(T); ¢ = np.zeros(T); d = np.zeros(T); S = np.zeros(T + 1); S[0] =s
for t in range(T):

need = N[t] - g[t]

if need > 0.0:

dmax = min(Pmax, (s - smin) * eta / dt)

dd = min(need, max(dmax, 0.0))
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e[t] =need - dd; d[t] = dd
s-=dd * dt/eta
else:
cmax = min(Pmax, (smax - s) / (eta * dt))
cc = min(-need, max(cmax, 0.0))
c[t] =cc
s+=eta* cc * dt
S[t+1]=s

returne, ¢, d, S
D.2.14 STEARLARES/02_H & —/q2_leaktest.py
-*- coding: utf-8 -*-

A 2 R (ERRIE B PRI

B8Y: JEARSE d X e:ee BIMHRIRMKHME d-1 RRERHLIMIE, SANBE (alpha, beta, W, p) BUEEX.

Bk
1. MHK: HEMUKRA d, EBIWWRERFY] err EFR5| d RUGEERN, EH margin(err, d, W, p),
ERSFEETETESER (BE 0);
2. WRE: AARRBSR NEAFFIERE—F2FRMML, BRFE d < cut BEEITXIGBE .
5EBETERTERR (GFRBE 1e9), ARER d>=cut BRI ET N GEBLEIER, HILIETH).

import os, sys, json, argparse

import numpy as np

sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal
from gq2_online import day_lp

TOL = le-9

def rollout(net, price, st, alpha, beta, W, p, last_day):
dt = float(st["dt"]); eta = float(st["efficiency"]); Pmax = float(st["power max"])

smin = float(st["soc_min"]); smax = float(st["soc_max"])

Nhat, err, , =build forecast(net, alpha, beta)

s = float(st["soc_initial"])

gs = np.zeros((last_day, net.shape[1])); soc = np.zeros(last_day)

for d in range(1, last_day):
Nplan = Nhat[d] + margin(err, d, W, p)
g, , , =day Ip(price, Nplan, s, eta, dt, Pmax, smin, smax)
gsld] = g
., _,_,S=execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)
s = float(S[-1]); soc[d] =s

return gs, soc, err

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--alpha", type=float, default=0.15); ap.add_argument("--beta", type=float, default=0.9)
ap.add_argument("--W", type=int, default=7); ap.add_argument("--p", type=float, default=0.88)
ap.add_argument("--cut-day", type=int, default=200)

ap.add_argument("--first-day", type=int, default=31); ap.add_argument("--last-day", type=int, default=365)
a = ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8"))

price = np.asarray(inp["price"], float)
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net = np.asarray(inp["load actual"], float) - np.asarray(inp["pv_actual"], float)
st = dict(inp["storage"]); st["dt"] = float(inp["dt"])
dt = st["dt"]; D, T = net.shape

20, s0, err0 = rollout(net, price, st, a.alpha, a.beta, a.W, a.p, a.last _day)

#--- 1. HHIER: margin RRFE d ZE) -

mdiff= 0.0

d_probe = a.cut_day

base = margin(err0, d_probe, a.W, a.p)

rng = np.random.RandomState(20250910)

for k in range(50):
e2 = err0.copy()
e2[d_probe:] = rng.normal(0.0, 5000.0, size=e2[d_probe:].shape) # BEELK5HKFK
mdiff = max(mdiff, float(np.max(np.abs(margin(e2, d_probe, a.W, a.p) - base))))

#--- 2. I Bi: BRARR, B WBHBETEFE -
prefix_diff = 0.0; suffix_diff = 0.0; prefix_cost0 = 0.0; prefix_costl = 0.0
modes = {}
net_scale = net.copy(); net_scale[a.cut_day:] = net[a.cut_day:] * 3.0
modes["future scale3"] = net_scale
perm = rng.permutation(np.arange(a.cut_day, D))
net_shuf = net.copy(); net_shuf[a.cut_day:] = net[perm]|
modes["future shuffle"] = net shuf
net_zero = net.copy(); net_zero[a.cut_day:] = 0.0
modes["future_zero"] = net_zero
for name, net2 in modes.items():
gl, sl, =rollout(net2, price, st, a.alpha, a.beta, a.W, a.p, a.last_day)
pd_ = float(np.max(np.abs(gl[1:a.cut_day] - gO[1:a.cut_day])))
sd_ = float(np.max(np.abs(gl[a.cut_day:] - gO[a.cut_day:])))
prefix_diff = max(prefix_diff, pd ); suffix_diff = max(suffix diff, sd )
c0 = float(sum(price @ (g0[d] * dt) for d in range(a.first_day, a.cut_day)))
cl = float(sum(price @ (gl[d] * dt) for d in range(a.first _day, a.cut_day)))

prefix_cost0, prefix_costl = c0, cl

verdict = 1.0 if (prefix_diff <= TOL and mdiff == 0.0 and suffix_diff > 1.0) else 0.0
metrics = {

"q2_leaktest margin maxdiff kw": mdift,

"q2 leaktest prefix plan maxdiff kwh": prefix_diff,

"q2_leaktest suffix plan_maxdiff kwh": suffix_diff,

"q2_leaktest prefix cost original": prefix costO,

"q2_leaktest prefix_cost corrupted": prefix costl,

"q2_leaktest prefix_days": float(a.cut_day - a.first_day),

"q2_leaktest margin probes": 50.0,

"q2 leaktest corruption modes": float(len(modes)),
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"q2_leaktest verdict": verdict,
}
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)
print("leaktest verdict=%.0f prefix_maxdiff=%.3e margin_maxdiff=%.3e suffix_maxdiff=%.1{"
% (verdict, prefix_diff, mdiff, suffix_diff))

if __name__ == "__main__":
main()

D.2.15 SCHEARAD/02 A —/q2_lp.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np
from scipy.optimize import linprog

def forecast_ma(arr, d, window=28):
if d == 0: return arr[0]

lo = max(0, d - window)

return arr[lo:d].mean(axis=0)

def forecast_persist(arr, d):
return arr[max(0, d-1)]

def solve_day_lp(price, net_f, soc@, eta, dt, Pmax, soc_min, soc_max):

T = len(price); n =3*T + (T+1)

¢ =np.zeros(n); c[0:T] = price*dt

bounds = [(0,None)]*T + [(0,Pmax)]*T + [(0,Pmax)]*T + [(soc0,s0c0)]
for _inrange(1,T): bounds.append((soc_min,soc_max))
bounds.append((soc_min,soc_max))

A _ub =np.zeros((T,n)); b_ub = -net

for t in range(T): A_ub[t,t]=-1.0; A_ub[t,T+t]=1.0; A_ub[t,2*T+t]=-1.0
A _eq = np.zeros((T,n)); b_eq = np.zeros(T)

for t in range(T):

A eq[t,3*T+t+1]=1.0; A_eq[t,3*T+t]=-1.0; A_eq[t,T+t]=-eta*dt; A_eq[t,2*T+t]=dt/eta
res = linprog(c, A ub=A ub,b ub=b ub, A eq=A eq, b _eq=b_eq, bounds=bounds, method="highs")
if not res.success: raise RuntimeError(res.message)

X =T1€8.X

return x[0:T], x[T:2*T], x[2*T:3*T], x[3*T:3*T+T+1], float(np.dot(price, x[0:T])*dt)

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

a = ap.parse_args()
inp = json.load(open(a.input, encoding="ut{-8"))
price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
Pmax = st["power_max"]; soc_min = st["soc_min"]; soc_max = st["soc_max"]
D = load.shape[0]; soc = st["soc_initial"]
plans = []; total planned = 0.0; total emergency = 0.0; total emerg_kwh = 0.0
for d in range(D):
If = forecast_ma(load, d); pf = forecast ma(pv, d)
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p, ¢, dd, s, pcost = solve_day_lp(price, lf-pf, soc, eta, dt, Pmax, soc_min, soc_max)

E = np.maximum(0.0, load[d] + ¢ - pv[d] - p - dd)

ecost = 5.0*np.dot(price, E)*dt

ifd>=31:

total_planned += pcost; total emergency += ecost; total emerg_kwh += float(E.sum()*dt)
plans.append(dict(day=d, purchase=p.tolist(), charge=c.tolist(), discharge=dd.tolist(), soc=s.tolist(),

emergency=E.tolist()))

soc = float(s[-1])
metrics = {"q2_total cost": total planned-+total emergency, "q2_planned_cost": total planned,

"q2_emergency cost": total emergency, "q2 emergency kwh": total emerg kwh}

os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))
json.dump({"plans": plans, "price": price.tolist()}, open(os.path.join(a.out,"solution.json"),"w" ,encoding="utf-8"))
print("q2_total_cost=", metrics["q2_total_cost"], "planned=", total planned, "emergency=", total_emergency)

if __name__ == "__main__": main()

D.2.16 X AR AE/02_ R RE —/q2_margin.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np
from scipy.optimize import linprog

def forecast_persist(arr, d):
return arr[max(0, d-1)]

def solve_day_lp(price, net_margin, soc@, eta, dt, Pmax, soc_min, soc_max):

T = len(price); n =3*T + (T+1)

¢ = np.zeros(n); c[0:T] = price*dt

bounds = [(0,None)]*T + [(0,Pmax)]*T + [(0,Pmax)]*T + [(soc0,s0c0)]
for _ in range(1,T): bounds.append((soc_min,soc_max))
bounds.append((soc_min,soc_max))

A _ub =np.zeros((T,n)); b_ub = -net_margin

for t in range(T): A_ub[t,t]=-1.0; A_ub[t,T+t]=1.0; A_ub[t,2*T+t]=-1.0
A _eq=np.zeros((T,n)); b_eq = np.zeros(T)

for t in range(T):

A eq[t,3*¥T+t+1]=1.0; A_eq[t,3*T+t]=-1.0; A_eq[t,T+t]=-eta*dt; A _eq[t,2*T+t]=dt/eta
res = linprog(c, A ub=A ub,b ub=b ub, A eq=A eq, b _eq=b_eq, bounds=bounds, method="highs")
if not res.success: raise RuntimeError(res.message)

X =T1€8.X

return x[0:T], x[T:2*T], x[2*T:3*T], x[3*T:3*T+T+1], float(np.dot(price, x[0:T])*dt)

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

a = ap.parse_args()

inp = json.load(open(a.input, encoding="ut{-8"))

price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]

Pmax = st["power_max"]; soc_min = st["'soc_min"]; soc_max = st["soc_max"]

D, T = load.shape; soc = st["soc_initial"]

net = load - pv
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window = 28; pct = 80.0
tp=0.0; te=0.0; tp_nomargin=0.0; te_nomargin=0.0

for d in range(D):
If = forecast_persist(load, d); pf = forecast_persist(pv, d)
nf=If - pf
# margin = 80th percentile of past day-over-day net errors (no leakage)
ifd>=2:

lo = max(1, d - window)
errors = net[lo:d] - net[lo-1:d-1] # net[k]-net[k-1] for k=lo..d-1
margin = np.maximum(np.percentile(errors, pct, axis=0), 0.0)
else:
margin = np.zeros(T)
# plan with margin
p, ¢, dd, s, pcost = solve_day_lIp(price, nf + margin, soc, eta, dt, Pmax, soc_min, soc_max)
E = np.maximum(0.0, net[d] + ¢ - p - dd) # emergency with margin plan
# plan without margin (for comparison)
p0, c0, dd0, s0, pcost0 = solve_day_Ip(price, nf, soc, eta, dt, Pmax, soc_min, soc_max)
EO = np.maximum(0.0, net[d] + c0 - p0 - dd0)
ifd>=31:
tp += pcost; te += 5.0*np.dot(price, E)*dt
tp_nomargin += pcost0; te_nomargin += 5.0*np.dot(price, E0)*dt
soc = float(s[-1])
metrics = {"q2_total cost": tp+te, "q2_planned cost": tp, "q2_emergency cost": te,
"q2_no_margin_total": tp_nomargin+te nomargin, "q2 no_margin_emergency": te_nomargin}
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))
print(f"margin: total={tp+te:.2f} planned={tp:.2f} emergency=/{te:.2f}")
print(f"no-margin: total={tp nomargin+te nomargin:.2f} emergency={te nomargin:.2f}")

if __name__ == "__main__": main()

D217 X HEM R ARES/02_AE—/q2_no_storage.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np
from scipy.optimize import linprog

def forecast_ma(arr, d, window=28):

if d == 0: return arr[0]
lo = max(0, d - window)

return arr[lo:d].mean(axis=0)

def forecast_persist(arr, d):
return arr[max(0, d-1)]

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8"))
price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)

dt = inp["dt"]

64



D = load.shape[0]; total _planned=0.0; total emergency=0.0
for d in range(D):
If = forecast_ma(load, d); pf = forecast_ma(pv, d)
p = np.maximum(0.0, 1f-pf) # plan: buy forecast net
E = np.maximum(0.0, load[d]-pv[d]-p)
ifd>=31:
total_planned += float(np.dot(price, p)*dt)
total_emergency += 5.0*np.dot(price, E)*dt
metrics = {"q2_total_cost": total planned+total emergency, "q2_planned cost": total planned, "q2_emergency cost":
total emergency}
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))

print("q2_total cost(no-storage)=", total planned+total emergency)

if __name__ == "__main__": main()

D.2.18 X EMEHAES/02_[AIRE —/q2_online.py
-*- coding: utf-8 -*-

"rERR 2 ERRL (g2-1p-newsvendor): FTMEEZERERTN + O 2 SLEMBRERIT.

HHIB(EX 0:00, RAMAE): FMEATE -> BIMRETS -> AN LP SitiIWEE
TR (E 10 D%, ©FEL, THR): (BRENEHR/TM, soc 272 € [soc_min, soc_max]
HE: XWEERITRIITE; ERFERRMNENIE 5 FBENEIME
2 &% e0:00-24:00 fEBEBZFN(ZFMHFNERR L), AXRMEEBEEH
import os, json, argparse

import numpy as np
from scipy.optimize import linprog

import sys
sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal

ETA_DEF, DT_DEF = 0.9, 1.0 / 6.0

def day_lp(price, Nplan, s, eta, dt, Pmax, smin, smax):

""HEE) LP: min T g At s.t. g +d - ¢ >=Nplan, SOC &, S 0=s0,S 144 B, """
T = len(price)
n=3*T+(T+1)
og,oc,od,0s =0, T,2*T,3*T
¢ = np.zeros(n); c[og:og + T] = price * dt
A_ub =np.zeros((T, n)); b_ub = -Nplan
for t in range(T):
A ub[t, og +t] =-1.0; A ub[t, od +t] =-1.0; A ub[t, oc +t]=1.0
A _eq =np.zeros((T, n)); b_eq = np.zeros(T)
for t in range(T):
A eq[t,os_+t+1]=1.0; A eq[t,0os_+t]=-1.0
A eq[t,oc +t] =-eta * dt; A eq[t, od +t] =dt/eta
bnds = [(0, None)] * T + [(0, Pmax)] * T + [(0, Pmax)] * T
bnds += [(s0, s0)] + [(smin, smax)] * T
r = linprog(c, A_ub=A_ub, b ub=b ub, A eq=A eq, b _eq=b eq, bounds=bnds, method="highs")
if not r.success:
raise RuntimeError(r.message)
X=T.X

return x[og:og + T], x[oc:oc + T], x[od:od + T], x[os_:0s + T + 1]
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def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--alpha", type=float, default=0.15)

ap.add_argument("--beta", type=float, default=0.9)

ap.add_argument("--W", type=int, default=7)

ap.add_argument("--p", type=float, default=0.88)

ap.add_argument("--first-day", type=int, default=31)

ap.add_argument("--last-day", type=int, default=365)

a = ap.parse_args()

inp = json.load(open(a.input, encoding="ut{-8"))

price = np.asarray(inp["price"], float)

load = np.asarray(inp["load actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = float(inp["dt"]); eta = float(st["efficiency"])

Pmax = float(st["power_max"]); smin = float(st["soc_min"]); smax = float(st["soc_max"])
net = load - pv

Nhat, err, , =build forecast(net, a.alpha, a.beta)

s = float(st["soc_initial"])
plan_cost = plan_kwh =em_cost=em_kwh = 0.0
ch=di = 0.0; nslot = 0; days =0
soc_min_seen = lel8; soc_max_seen =-1el8
daily =]
for d in range(1, a.last_day):
Nplan = Nhat[d] + margin(err, d, a.W, a.p)
g, , , =day Ip(price, Nplan, s, eta, dt, Pmax, smin, smax)
e, cc, dd, S = execute causal(g, net[d], s, eta, dt, Pmax, smin, smax)
soc_min_seen = min(soc_min_seen, float(S.min())); soc_max_seen = max(soc_max_seen, float(S.max()))
if d >=a.first _day:
plan_cost += float(price @ (g * dt)); plan_kwh += float(g.sum() * dt)
em_cost += float(5.0 * price @ (e * dt)); em_kwh += float(e.sum() * dt)
ch += float(cc.sum() * dt); di += float(dd.sum() * dt)
nslot += int((e > 1e-6).sum()); days += 1
daily.append({"day": d, "plan_kwh": float(g.sum() * dt), "plan_cost": float(price @ (g * dt)),
"em_kwh": float(e.sum() * dt), "em_cost": float(5.0 * price @ (e * dt)),
"charge": float(cc.sum() * dt), "discharge": float(dd.sum() * dt),
"soc_start": float(S[0]), "soc_end": float(S[-1])})
s = float(S[-1])
loss=0.1 * ch+ (0.1 / eta) * di * (eta/0.9) # WU
loss = (1 - eta) * ch + ((1 - eta) / eta) * di
metrics = {
"q2_planned cost": plan_cost, "q2 planned kwh": plan_kwh,
"q2_emergency_cost": em_cost, "q2_emergency kwh": em_kwh,
"q2_total cost": plan_cost + em_cost,
"q2_charge_kwh": ch, "q2_discharge kwh": di, "q2_loss_kwh": loss,
"q2_emergency_ slots": float(nslot), "q2_days": float(days),
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"q2_soc_min": soc_min_seen, "q2_soc_max": soc_max_seen,
"q2_soc_end": float(s),
}
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics, "daily": daily},
open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)
json.dump({"params": vars(a), "daily": daily},
open(os.path.join(a.out, "solution.json"), "w", encoding="utf-8"), ensure_ascii=False)
print("q2_Ip newsvendor total cost=%.2f planned=%.2f emergency=%.2f kwh=%.1f loss=%.1f soc=[%.1f,%.1f]"

% (metrics["q2_total cost"], plan_cost, em_cost, em_kwh, loss, soc_min_seen, soc_max_seen))

if __name__ == "_ _main__":
main()

D.2.19  STEAPRACRE/02_FRE—/q2_perfect.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np
from scipy.optimize import linprog

def solve_day_lp(price, net, soc®, eta, dt, Pmax, soc_min, soc_max):

T = len(price); n =3*T + (T+1)

¢ = np.zeros(n); c[0:T] = price*dt

bounds = [(0,None)|*T + [(0,Pmax)]*T + [(0,Pmax)]*T + [(soc0,s0c0)]
for _ in range(1,T): bounds.append((soc_min,soc_max))
bounds.append((soc_min,soc_max))

A _ub =np.zeros((T,n)); b_ub = -net

for t in range(T): A_ub[t,t]=-1.0; A_ub[t,T+t]=1.0; A_ub[t,2*T+t]=-1.0
A _eq=np.zeros((T,n)); b_eq = np.zeros(T)

for t in range(T):

A eq[t,3*¥T+t+1]=1.0; A_eq[t,3*T+t]=-1.0; A_eq[t,T+t]=-eta*dt; A _eq[t,2*T+t]=dt/eta
res = linprog(c, A ub=A ub,b ub=b ub, A eq=A eq, b _eq=b_eq, bounds=bounds, method="highs")
if not res.success: raise RuntimeError(res.message)

X =T1€8.X

return float(np.dot(price, x[0:T])*dt), float(x[3*T:3*T+T+1][-1])

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

a = ap.parse_args()
inp = json.load(open(a.input, encoding="ut{-8"))
price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
Pmax = st["power_max"]; soc_min = st["'soc_min"]; soc_max = st["soc_max"]
D = load.shape[0]; soc = st["soc_initial"]; total = 0.0
for d in range(D):
peost, soc_end = solve day_lp(price, load[d]-pv[d], soc, eta, dt, Pmax, soc_min, soc_max)
if d >= 31: total += pcost
soc = soc_end
metrics = {"q2_perfect cost": total, "q2_perfect emergency": 0.0, "q2_total cost": total}

os.makedirs(a.out, exist ok=True)
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json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))

print("q2_perfect_cost (theoretical minimum) =", total)
if __name__ == "__main__": main()

D.2.20 SZHEAE/ARS/02_[AIEE —/q2_persistence.py
-*- coding: utf-8 -*-

import os, json, argparse
import numpy as np
from scipy.optimize import linprog

def forecast_persist(arr, d):
return arr[max(0, d-1)]

def solve_day_lp(price, net_f, soc@, eta, dt, Pmax, soc_min, soc_max):

T = len(price); n =3*T + (T+1)

¢ = np.zeros(n); c[0:T] = price*dt

bounds = [(0,None)]*T + [(0,Pmax)]*T + [(0,Pmax)]*T + [(soc0,s0c0)]
for _ in range(1,T): bounds.append((soc_min,soc_max))
bounds.append((soc_min,soc_max))

A _ub =np.zeros((T,n)); b_ub = -net_f

for t in range(T): A_ub[t,t]=-1.0; A_ub[t,T+t]=1.0; A_ub[t,2*T+t]=-1.0
A _eq=np.zeros((T,n)); b_eq = np.zeros(T)

for t in range(T):

A eq[t,3*¥T+t+1]=1.0; A_eq[t,3*T+t]=-1.0; A_eq[t,T+t]=-eta*dt; A _eq[t,2*T+t]=dt/eta
res = linprog(c, A ub=A ub,b ub=b ub, A eq=A eq, b _eq=b_eq, bounds=bounds, method="highs")
if not res.success: raise RuntimeError(res.message)

X =T1€8.X
return x[0:T], x[T:2*T], x[2*T:3*T], x[3*T:3*T+T+1], float(np.dot(price, x[0:T])*dt)

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8"))
price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
Pmax = st["power_max"]; soc_min = st["soc_min"]; soc_max = st["soc_max"]
D = load.shape[0]; soc = st["soc_initial"]; tp=0.0; te=0.0; plans=[]
for d in range(D):

If = forecast_persist(load, d); pf = forecast_persist(pv, d)

p, ¢, dd, s, pcost = solve_day_lIp(price, lf-pf, soc, eta, dt, Pmax, soc_min, soc_max)

E = np.maximum(0.0, load[d] + ¢ - pv[d] - p - dd)

ifd>=31:

tp += pcost; te += 5.0*np.dot(price, E)*dt
plans.append(dict(day=d, purchase=p.tolist(), charge=c.tolist(), discharge=dd.tolist(), soc=s.tolist(),

emergency=E.tolist()))

soc = float(s[-1])
metrics = {"q2_total cost": tpt+te, "q2_planned_cost": tp, "q2_emergency cost": te}
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w",encoding="ut{-8"))
json.dump({"plans": plans, "price": price.tolist()}, open(os.path.join(a.out,"solution.json"),"w" ,encoding="utf-8"))

print("q2_total cost(persistence)=", tp+te)

if __name__ == "__main__": main()
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D.2.21 SZEAPR/AUEE/02_ 5 —/q2_replica_dp.py
-*- coding: utf-8 -*-

"Rl 2 EEEE B(EhSME): BAITRIA soc BEEUE min-plus MMBHERE, FIABLEMLIREE, """
import os, sys, json, argparse

import numpy as np

sys.path.insert(®, os.path.dirname(os.path.abspath(__file_ )))

from q2_forecast import build_forecast, margin, execute_causal

def run(a, solve_day):
inp = json.load(open(a.input, encoding="ut{-8'))

price = np.asarray(inp['price'], float)
net = np.asarray(inp['load_actual'], float) - np.asarray(inp['pv_actual'], float)
st = inp['storage']; dt = float(inp['dt']); eta = float(st['efficiency'])
Pmax = float(st[']power_max']); smin = float(st['soc_min']); smax = float(st['soc_max'])
Nhat, err, , =build forecast(net, a.alpha, a.beta)
s = float(st['soc_initial'])
pc=pk=ec=ek=ch=di=0.0; nslot=0; lo=1el8; hi=-1el8
for d in range(1, a.last_day):
g =solve_day(price, Nhat[d] + margin(err, d, a.W, a.p), s, eta, dt, Pmax, smin, smax)
e, cc, dd, S = execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)
lo = min(lo, float(S.min())); hi = max(hi, float(S.max()))
if d >= a.first_day:
pc += float(price @ (g * dt)); pk += float(g.sum() * dt)
ec += float(5.0 * price @ (e * dt)); ek += float(e.sum() * dt)
ch += float(cc.sum() * dt); di += float(dd.sum() * dt); nslot += int((e > le-6).sum())
s = float(S[-1])
m = {'q2 planned cost" pc,'q2 planned kwh': pk, 'q2 emergency cost" ec, 'q2_emergency kwh': ek,
'q2_total cost" pc + ec, 'q2_charge kwh'": ch, 'q2_discharge kwh": di,
'q2 loss_kwh': (1 - eta) * ch + ((1 - eta) / eta) * di,
'q2_soc_min'": lo, 'q2_soc_max": hi, 'q2_soc_range" hi - lo,
'q2_emergency_slots': float(nslot), 'q2_days": float(a.last_day - a.first_day)}
os.makedirs(a.out, exist ok=True)
json.dump({'metrics": m}, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'"), ensure_ascii=False)

print(‘total=%.2f soc_range=%.2f % (m['q2_total cost'], m['q2_soc_range']))

def cli():
ap = argparse.ArgumentParser()

ap.add_argument('--input', required=True); ap.add_argument('--out', required=True)
ap.add_argument('--alpha', type=float, default=0.15); ap.add_argument('--beta', type=float, default=0.9)
ap.add_argument('--W', type=int, default=7); ap.add_argument('--p', type=tloat, default=0.88)
ap.add_argument('--ds', type=float, default=2.0)

ap.add_argument('--first-day', type=int, default=31); ap.add_argument('--last-day', type=int, default=365)

return ap.parse_args()

from q2_dp import solve_day_dp
def solve_day(price, Nplan, s@, eta, dt, Pmax, smin, smax, ds=2.0):

,g , , =solve day dp(price, Nplan, s0, eta, dt, Pmax, smin, smax, ds)

return g
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if __name__ == '__main__':

a=cli()

run(a, lambda pr, np , s0, eta, dt, Pmax, smin, smax: solve day(pr, np_, s0, eta, dt, Pmax, smin, smax, a.ds))
D.2.22  STIEAEHES/02_FRE—/q2_replica_lp.py
-*- coding: utf-8 -*-

"UiERE 2 SERE ARSI : BRITHIA HicHs LMMKIKAE, iERE soc XEMyLIIUEMETR. "
import os, sys, json, argparse
import numpy as np
sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal

def run(a, solve_day):
inp = json.load(open(a.input, encoding="utf-8'))

price = np.asarray(inp['price'], float)
net = np.asarray(inp['load_actual'], float) - np.asarray(inp['pv_actual'], float)
st = inp['storage']; dt = float(inp['dt']); eta = float(st['efficiency'])
Pmax = float(st['power_max']); smin = float(st['soc_min']); smax = float(st['soc_max'])
Nhat, err, , =build forecast(net, a.alpha, a.beta)
s = float(st['soc_initial'])
pc=pk=ec=ek=ch=di=0.0; nslot=0; lo=1el8; hi=-1el8
for d in range(1, a.last_day):
g = solve_day(price, Nhat[d] + margin(err, d, a.W, a.p), s, eta, dt, Pmax, smin, smax)
e, cc, dd, S = execute causal(g, net[d], s, eta, dt, Pmax, smin, smax)
lo = min(lo, float(S.min())); hi = max(hi, float(S.max()))
if d>= a.first day:
pc += float(price @ (g * dt)); pk += float(g.sum() * dt)
ec += float(5.0 * price @ (e * dt)); ek += float(e.sum() * dt)
ch += float(cc.sum() * dt); di += float(dd.sum() * dt); nslot += int((e > le-6).sum())
s = float(S[-1])
m= {'q2_planned cost" pc,'q2 planned kwh': pk,'q2 emergency cost" ec, 'q2_emergency kwh': ek,
'q2_total cost': pc + ec, 'q2_charge kwh': ch, 'q2_discharge kwh": di,
'q2 loss_kwh': (1 - eta) * ch + ((1 - eta) / eta) * di,
'q2_soc_min'": lo, 'q2_soc_max": hi, 'q2_soc_range" hi - lo,
'q2_emergency_slots": float(nslot), 'q2_days": float(a.last day - a.first day)}
os.makedirs(a.out, exist ok=True)
json.dump({'metrics": m}, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'"), ensure_ascii=False)

print('total=%.2f soc_range=%.2f' % (m['q2_total cost'], m['q2_soc_range']))

def cli():
ap = argparse.ArgumentParser()

ap.add_argument('--input', required=True); ap.add_argument('--out', required=True)
ap.add_argument('--alpha', type=float, default=0.15); ap.add_argument('--beta', type=float, default=0.9)
ap.add_argument('--W', type=int, default=7); ap.add_argument('--p', type=float, default=0.88)
ap.add_argument('--ds', type=float, default=2.0)

ap.add_argument('--first-day', type=int, default=31); ap.add_argument('--last-day', type=int, default=365)

return ap.parse_args()

from g2_online import day_lp

def solve_day(price, Nplan, s@, eta, dt, Pmax, smin, smax):
g, , , =day Ip(price, Nplan, s0, eta, dt, Pmax, smin, smax)
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return g

if __name__ == '__main__':
run(cli(), solve day)

D.2.23 SCEAPR/ARTE/02_ B —/q2_result2.py
-*- coding: utf-8 -*-

neB) 2 SRR BEKL(g2-1p-newsvendor, MiRe)ER result2.xlsx HiZRiEtT.

ItRE: 88X e:00 JAMEHIETNAAR + IREAR -> HA LP EHRIUIWEE;

WITR: f#RERO#Re ENIRIKFUIIRE, soc 2787 [1200,10800] N, FREHMHE 5 EEIMWE;
Alfi 2 A& 0:00=24:00 EBEEFN (ZEMHER 1),

import os, sys, json, argparse

import numpy as np

import openpyxl

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))

from q2_forecast import build_forecast, margin, execute_causal

from g2_online import day_lp

PERIODS = ['0:00-4:00', '4:00-8:00', '8:00-12:00', '12:00-16:00', '16:00-20:00', '20:00-24:00']

def slot_label(i):
a=i*10;b=a+10

fmt = lambda m: '%d:%02d' % (m // 60, m % 60)
return '%s-%s' % (fmt(a), '0:00+1" if b == 1440 else fmt(b))

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--input', required=True); ap.add_argument('--out', required=True)
ap.add_argument('--template', default="_./problem_files/HI4/MifF 5/result2.xlsx")
ap.add_argument('--xIsx-out', default="result2.xIsx")
ap.add_argument('--alpha', type=float, default=0.15); ap.add_argument('--beta', type=float, default=0.9)
ap.add_argument('--W', type=int, default=7); ap.add_argument('--p', type=float, default=0.88)
ap.add_argument('--first-day', type=int, default=31); ap.add_argument('--last-day', type=int, default=365)
a = ap.parse_args()
inp = json.load(open(a.input, encoding="ut{-8'))
price = np.asarray(inp['price'], float)
net = np.asarray(inp['load_actual'], float) - np.asarray(inp['pv_actual'], float)
st = inp['storage']; dt = float(inp['dt']); eta = float(st['efficiency'])
Pmax = float(st[']power_max']); smin = float(st['soc_min']); smax = float(st['soc_max'])
T = len(price)
Nhat, err, , =build forecast(net, a.alpha, a.beta)
s = float(st['soc_initial'])
G =np.zeros((a.last_day, T)); E = np.zeros((a.last_day, T))
C =np.zeros((a.last_day, T)); D = np.zeros((a.last_day, T))
SO =np.zeros(a.last_day); S1 = np.zeros(a.last_day)
for d in range(1, a.last_day):
g, cc,dd, =day lp(price, Nhat[d] + margin(err, d, a.W, a.p), s, eta, dt, Pmax, smin, smax)
e, 2, d2, S = execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)
G[d] = g; E[d] =¢; C[d] = ¢2; D[d] = d2; SO[d] =s; S1[d] = float(S[-1])
s = float(S[-1])
sl = slice(a.first_day, a.last day)
pc = float(sum(price @ (G[d] * dt) for d in range(a.first_day, a.last_day)))
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ec = float(sum(5.0 * price @ (E[d] * dt) for d in range(a.first_day, a.last day)))
ch = float(C[sl].sum() * dt); di = float(D[sl].sum() * dt)
metrics = {'q2_planned_cost': pc, 'q2_planned_kwh': float(G[sl].sum() * dt),
'q2_emergency cost': ec, 'q2_emergency kwh': float(E[sl].sum() * dt),
'q2_total cost" pc + ec, 'q2_charge kwh'": ch, 'q2_discharge kwh": di,
'q2 loss_kwh': (1 - eta) * ch + ((1 - eta) / eta) * di,
'q2_emergency_slots": float((E[sl] > 1e-6).sum()),
'q2_days": float(a.last_day - a.first_day),
'q2_soc_min": float(min(S0[sl].min(), S1[sl].min())),
'q2_soc_max": float(max(SO[sl].max(), S1[sl].max()))}
os.makedirs(a.out, exist_ok=True)
json.dump({'metrics": metrics}, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'), ensure ascii=False)
#-— 5 result2.xlsx -—
tpl = os.path.abspath(os.path.join(os.path.dirname(os.path.abspath(__ file )), a.template))
wb = openpyxl.load_workbook(tpl)
ws = wb['ITRIME ="
r=2
for d in range(a.first_day, a.last_day):
ws.cell(row=r, column=1, value=ws.cell(row=r, column=1).value)
for t in range(T):
ws.cell(row=r, column=2 + t, value=round(float(G[d, t] * dt), 4))
ws.cell(row=r, column=2 + T, value=round(float(G[d].sum() * dt), 4))
ws.cell(row=r, column=3 + T, value=round(float(price @ (G[d] * dt)), 2))
r+=1
ws2 = wb[' ZEIEE"]
ws2.delete_rows(2, ws2.max_row)
r=2
import datetime
for d in range(a.first_day, a.last_day):
date = datetime.datetime(2025, 2, 1) + datetime.timedelta(days=d - a.first_day)
for k, 1bl in enumerate(PERIODS):
lo,hi=k *24,(k+1) * 24
ws2.cell(row=r, column=1, value=date if k == 0 else None)
ws2.cell(row=rt, column=2, value=Ibl)
ws2.cell(row=r, column=3, value=round(float(C[d, lo:hi].sum() * dt), 4))
ws2.cell(row=r, column=4, value=round(float(D[d, lo:hi].sum() * dt), 4))
ifk==0:
ws2.cell(row=r, column=5, value=datetime.time(0, 0)); ws2.cell(row=r, column=6, value=round(float(S0[d]), 4))
elifk==1:
ws2.cell(row=r, column=5, value="24:00"); ws2.cell(row=r, column=6, value=round(float(S1[d]), 4))
r+=1
ws3 =whb[' ZE2WEE"]
ws3.delete_rows(2, ws3.max_row)
r=2
for d in range(a.first_day, a.last_day):
date = datetime.datetime(2025, 2, 1) + datetime.timedelta(days=d - a.first_day)
j=0;runs =]

while j <T:
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if E[d, j] > le-6:
k=j
while k < T and E[d, k] > le-6: k += 1
runs.append((j, k, float(E[d, j:k].sum() * dt))); j =k
else:j+=1
if runs:
for idx, (X, y, en) in enumerate(runs):
ws3.cell(row=r, column=1, value=date if idx == 0 else None)
ws3.cell(row=r, column=2, value="%s-%s' % (slot_label(x).split('-")[0], slot label(y - 1).split("-")[1]))
ws3.cell(row=r, column=3, value=round(en, 4)); r += 1
else:
ws3.cell(row=r, column=1, value=date); ws3.cell(row=r, column=3, value=0.0); r += 1
outp = os.path.abspath(os.path.join(os.path.dirname(os.path.abspath(__ file )),"..", a.xIsx_out))
whb.save(outp)
print(‘result2.xIsx saved ->', outp)
print('q2 planned=%.2f emergency=%.2f total=%.2f kwh=%.1f soc=[%.11,%.1{]'

% (pc, ec, pc + ec, float(E[sl].sum() * dt), metrics['q2_soc_min'], metrics['q2_soc_max']))

if __name__ == '__main__":
main()

D.2.24  STHEMB/ARES/02_[H8—/q2_robust.py
-*- coding: utf-8 -*-

AR 2 RfRiE: BMEXRE(ZMNMT) / SBRREREE / OREANVE / HRIR.
import os, sys, json, argparse
import numpy as np
sys.path.insert(®, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal, weekday_class
from g2_online import day_lp

def load(p):
inp = json.load(open(p, encoding="utf-8"))

price = np.asarray(inp["price"], float)
net = np.asarray(inp["load_actual"], float) - np.asarray(inp["pv_actual"], float)
st = dict(inp["storage"]); st["dt"] = float(inp["dt"])

return price, net, st

def run(price, net, st, alpha, beta, W, p, margin_source=None, smin=None, smax=None,
eta=None, first day=31, last day=365, no_margin=False, forecast mode="structured",

boot_seed=None):
dt = st["dt"]; eta = st["efficiency"] if eta is None else eta
Pmax = st["power _max"]; smin = st["soc_min"] if smin is None else smin
smax = st["soc_max"] if smax is None else smax
T = len(price)
if forecast mode == "persistence":
Nhat = np.zeros_like(net); Nhat[0] = net[0]; Nhat[1:] = net[:-1]
else:
Nhat, , , =build forecast(net, alpha, beta)
err = net - Nhat
if margin_source is None:

margin_source = err
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s = st["soc_initial"]
rng = np.random.RandomState(boot_seed) if boot_seed is not None else None
pc=pk=ec=ek=ch=di=0.0; days =0
smin_seen = lel8; smax_seen = -1e18
for d in range(1, last_day):
if no_margin:
mm = np.zeros(T)
elif g is not None:
hi=d; lo =max(1,d - W)
pool = margin_source[lo:hi] if hi > lo else margin_source[0:1]
pick = rng.randint(0, len(pool), size=W) # e W KBNREMBEBNE X
mm = np.quantile(pool[pick], p, axis=0)
else:
mm = margin(margin_source, d, W, p)
g, , , =day Ip(price, Nhat[d] + mm, s, eta, dt, Pmax, smin, smax)
e, cc, dd, S = execute_causal(g, net[d], s, eta, dt, Pmax, smin, smax)
if d >= first_day:
pe += float(price @ (g * dt)); pk += float(g.sum() * dt)
ec += float(5.0 * price @ (e * dt)); ek += float(e.sum() * dt)
ch += float(cc.sum() * dt); di += float(dd.sum() * dt); days += 1
smin_seen = min(smin_seen, float(S.min())); smax_seen = max(smax_seen, float(S.max()))
s = float(S[-1])
return {"q2_planned_cost": pc, "q2_planned kwh": pk, "q2_emergency cost": ec,
"q2_emergency_kwh": ek, "q2_total cost": pc + ec,
"q2 charge kwh": ch, "q2 discharge kwh": di,
"q2 loss_kwh": (1 - eta) * ch + ((1 - eta) / eta) * di,

"q2_days": float(days), "q2_soc_min": smin_seen, "q2_soc_max": smax_seen}

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", required=True,
choices=["bootstrap", "grid", "stress", "ablation", "sensitivity"])

ap.add_argument("--seed", type=int, default=0)
ap.add_argument("--alpha", type=float, default=0.15); ap.add_argument("--beta", type=float, default=0.9)
ap.add_argument("--W", type=int, default=7); ap.add_argument("--p", type=float, default=0.88)
ap.add_argument("--first-day", type=int, default=31); ap.add_argument("--last-day", type=int, default=365)
a = ap.parse_args()
price, net, st = load(a.input)
extra = {}
if a.mode == "bootstrap":

# 3R W RIRE"X—EITEMBEMERE > 2EHRABI— B

Nhat, , , =build forecast(net, a.alpha, a.beta)

err = net - Nhat

m = run(price, net, st, a.alpha, a.beta, a.W, a.p, margin_source=err, boot_seed=a.seed,

first day=a.first day, last day=a.last day)
extra["seed"] = a.seed

metrics = m
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elif a.mode == "grid":
best = None; table = []
for Win (3,5, 7, 10, 14, 21, 28):
for p in (0.60, 0.70, 0.80, 0.88, 0.95):
r = run(price, net, st, a.alpha, a.beta, W, p, first day=a.first day, last day=a.last day)
table.append({"W": W, "p": p, "total": 1["q2_total cost"],
"emergency": 1["q2_emergency_cost"]})
if best is None or 1["q2_total cost"] < best["q2 _total cost"]:
best= {"W": W, "p": p, **r}
extra["grid"] = table
metrics = {"q2_planned cost": best["q2_planned cost"], "q2_emergency cost": best["q2_emergency cost"],
"q2_total cost": best["q2 total cost"], "q2 planned kwh": best["q2 planned kwh"],
"q2_emergency kwh": best["q2_emergency kwh"], "q2 loss_kwh": best["q2_loss_kwh"],
"q2_best W": float(best["W"]), "q2_best_p": float(best["p"]),
"q2_grid_points": float(len(table))}
elif a.mode == "sensitivity":
bases = run(price, net, st, a.alpha, a.beta, a.W, a.p, first_day=a.first_day, last day=a.last day)
table =[]
for al in (0.10, 0.15, 0.25, 0.40):
for be in (0.6, 0.7, 0.8, 0.9):
r = run(price, net, st, al, be, a.W, a.p, first_day=a.first_day, last day=a.last_day)
table.append({"alpha": al, "beta": be, "total": r["q2 total cost"]})
extra["sensitivity"] = table
metrics = dict(bases); metrics["q2_sensitivity points"] = float(len(table))
elif a.mode == "stress":
table =[]
r_tight = run(price, net, st, a.alpha, a.beta, a.W, a.p, smin=3000.0, smax=9000.0,
first day=a.first day, last day=a.last day)
table.append({"test": "soc_tight 3000 9000", **r_tight})
r_eta = run(price, net, st, a.alpha, a.beta, a.W, a.p, eta=0.85,
first day=a.first day, last day=a.last_day)
table.append({"test": "eta_0.85", **r _eta})
r_pw = run(price, net, st, a.alpha, a.beta, a.W, a.p, smin=1200.0, smax=6000.0,
first day=a.first_day, last day=a.last day)
table.append({"test": "capacity half 1200 _6000", **r pw})
extra["stress"] = table
metrics = {"q2_total cost": r_tight["q2 total cost"],
"q2_planned_cost": r_tight["q2_planned_cost"],
"q2_emergency_cost": r_tight["q2_emergency_cost"],
"q2 loss kwh": r tight["q2 loss kwh"],
"q2_soc_min": r_tight["q2_soc_min"], "q2_soc_max": r_tight["q2 soc_max"],
"q2_total cost eta085":r eta["q2 total cost"],
"q2_emergency cost_eta085": r_eta["q2_emergency cost"],
"q2_total cost_caphalf": r pw["q2 total cost"],
"q2_emergency_cost_caphalf': r_pw["q2_emergency cost"],
"q2 stress points": float(len(table))}
else:

base = run(price, net, st, a.alpha, a.beta, a.W, a.p, first day=a.first day, last day=a.last day)
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no_m = run(price, net, st, a.alpha, a.beta, a.W, a.p, no_margin=True,
first day=a.first day, last day=a.last day)
pers = run(price, net, st, a.alpha, a.beta, a.W, a.p, forecast mode="persistence",
first day=a.first_day, last day=a.last day)
extra["ablation"] = {"base": base, "no_margin": no_m, "persistence": pers}
metrics = dict(base)
metrics["q2_total cost no margin"] =no_m["q2_total cost"]
metrics["q2_total cost_persistence"] = pers["q2_total cost"]
os.makedirs(a.out, exist ok=True)
json.dump({"metrics":  metrics, **extra}, open(os.pathjoin(a.out, "metrics.json"), "w",
ensure_ascii=False)

print("mode=%s seed=%s total=%.2f" % (a.mode, a.seed, metrics.get("q2_total cost", float("nan"))))

if __name__ == "__main__":
main()

D.2.25 SZHEMRVARRS/02_ 8 —/q2_season_blocks.py
-*- coding: utf-8 -*-

encoding="utf-8"),

"UUER T MERIRITER (S EARMERER)T e000" R ) NS HRME.

RIS (FHHR 2/1-12/31): £A 28 | £ 3-58 | E6-88 | # 9-118 | £8 128
reset=season : BRFIRSLERMEBELR = 6000(FKET), 5 RFELMIL
reset=month : SPHEMAAXKEI e000(11 IR)
reset=off : BARBEHGSAERMROR)

SHORF:
global : £HA%— (7, 88%)
prior : IR (7, 80%)
oracle : SHATCHCHIIRBE(AME, £R)
prev : SRA_E—IRAVEEEE (THE)
cum . SRATZAFMERNEIEE(THE)

import os, sys, json, argparse, datetime

import numpy as np

from scipy.optimize import linprog

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))

from q2_forecast import build_forecast, margin, execute_causal

GRID = [(W, p) for W in (5, 7, 10, 14) for p in (©.80, 0.88, 0.95)]

GRID_P = [(7, p) for p in (8.80, 0.88, 0.95)] # RPRLEN"E=—E")
DO = datetime.date(2025, 1, 1)

BLOCKS = [("winter_a", 31, 59), ("spring", 59, 151), ("summer", 151, 243),

("autumn", 243, 334), ("winter_b", 334, 365)]

def day_lp(price, Nplan, s, eta, dt, Pmax, smin, smax, s_end=None):

""BAITRI LP; s_end £AE NSRS H AR EBEEFEREYT 6000).""
T =len(price);n=3*T+(T+ 1)
og,oc,od,0s =0, T,2*T,3*T
¢ = np.zeros(n); c[og:og + T] = price * dt
A =np.zeros((T, n)); b =-Nplan
for t in range(T):
Alt, og +t] =-1.0; A[t, od + t] =-1.0; A[t,oc +t]=1.0
Ae =np.zeros((T, n))
for t in range(T):
Ae[t,0s_+t+1]=1.0; Ae[t, 08 +t] =-1.0; Ae[t, oc + t] = -eta * dt; Ae[t, od +t] =dt/eta
last = (s_end, s_end) if s_end is not None else (smin, smax)
bnd = [(0, None)] * T + [(0, Pmax)] * T + [(0, Pmax)] * T + [(s0, s0)] + [(smin, smax)] * (T - 1) + [last]
r = linprog(c, A_ub=A, b_ub=b, A_eq=Ae, b_eq=np.zeros(T), bounds=bnd, method="highs")

if not r.success:
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raise RuntimeError(r.message)
X =T1.X

return x[og:og + T], x[oc:oc + T], x[od:od + T, x[os_:0s_+ T +1]

class Sim:

def init (self, inp):
self.price = np.asarray(inp["price"], float)
self.net = np.asarray(inp["load_actual"], float) - np.asarray(inp["pv_actual"], float)
self.Nhat, self.err, , =build forecast(self.net, 0.15, 0.90)
st = inp["storage"]; self.dt = float(inp["dt"]); self.eta = float(st["efficiency"])
self.Pmax = float(st["power _max"]); self.smin = float(st["soc_min"])

self.smax = float(st["soc_max"]); self.s0 = float(st["soc_initial"])

def block(self, first, last, W, p, reset_end, s_start=None, acc_from=None):
R — AN reset_end=True BYIRREEHIEIZ 6000; acc from FEEITERFCIE H (BRiA=first)."""
s =self.s0 if s_start is None else s_start
acc_from = first if acc_from is None else acc_from
pc=pk=ec=ek=ch=di=cu=0.0
smin_seen, smax_seen = lel8§, -1e18
for d in range(first, last):
Nplan = self.Nhat[d] + margin(self.err, d, W, p)
pend = 6000.0 if (reset_end and d == last - 1) else None
g, , , =day Ip(self.price, Nplan, s, self.eta, self.dt, self.Pmax, self.smin, self.smax, pend)
e, cc, dd, S = execute_causal(g, self.net[d], s, self.eta, self.dt, self.Pmax, self.smin, self.smax)
curt = np.maximum(0.0, (g - self.net[d]) - cc) # LT NI RSB
if d >=acc_from:
smin_seen = min(smin_seen, float(S.min())); smax_seen = max(smax_seen, float(S.max()))
pc += float(self.price @ (g * self.dt)); pk += float(g.sum() * self.dt)
ec += float(5.0 * self.price @ (e * self.dt)); ek += float(e.sum() * self.dt)
ch +=float(cc.sum() * self.dt); di += float(dd.sum() * self.dt); cu += float(curt.sum() * self.dt)
s = float(S[-1])
return {"plan_cost": pc, "plan_kwh": pk, "em_cost": ec, "em_kwh": ek, "total": pc + ec,
"charge": ch, "discharge": di, "curtail": cu, "soc_min": smin_seen, "soc_max": smax_seen,

"soc_end": s}

def blocks_for(self, reset):
if reset == "season":
return [(n, f, 1) for n, f, 1 in BLOCKS]
if reset == "month":
out=[]; cur=31
for m in range(2, 13):
nxt = (datetime.date(2025, m % 12 + 1, 1) - D0).days if m < 12 else 365
out.append(("m%02d" % m, cur, nxt)); cur = nxt

return out

return [("year", 1, 365)]
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def warm_soc(self):
" A BRBEMH) > 8% 2/10:.00 WiEBEE, SPERAOE—5""
return self.block(1, 31, 7, 0.88, False, None, acc_from=31)["soc_end"]

def best_on(self, first, last, reset_end, s_start=None, grid=None):
best = None
for W, p in (grid or GRID):
r = self.block(first, last, W, p, reset_end, s_start)
if best is None or r["total"] < best[2]:
best = (W, p, r["total"])

return best

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", default="all")

a = ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8"))

sim = Sim(inp)

metrics = {}; report = {}

def full _year(reset, table):
iR RELLE; table: dict block_key->(W,p); LA 'default’ $EJE.""
tot = {"plan_cost": 0.0, "em_cost": 0.0, "plan_kwh": 0.0, "em_kwh": 0.0,
"charge": 0.0, "discharge": 0.0, "curtail": 0.0, "soc_min": 1el8, "soc_max": -1e18}
per = {}
blocks = sim.blocks_for(reset)
s_cur = None if reset == "off" else sim.warm_soc() # ZR[EIJIORT, BRE 2/1 BT SOC &
for key, f, 1 in blocks:
W, p = (table.get(key) or table.get("default"))
reset _end = (reset !="off")
r = sim.block(f, I, W, p, reset_end, s_cur, acc_from=(31 if reset == "off" else None))
s _cur =r["soc_end"]
perfkey] = {"W": W, "p": p, **{k: v for k, v in r.items() } }
for k in ("plan_cost", "em_cost", "plan_kwh", "em_kwh", "charge", "discharge", "curtail"):
tot[k] += r[k]
tot["soc_min"] = min(tot["soc_min"], r["soc_min"]); tot["soc_max"] = max(tot["soc_max"], r["soc_max"])
tot["total"] = tot["plan_cost"] + tot["em_cost"]

return tot, per

def oracle_table(reset):
tb = {}; s_cur = None if reset == "off" else sim.warm_soc()
for key, f, 1 in sim.blocks_for(reset):
W, p, ¢ = sim.best_on(f, 1, reset !="off", s_cur)
tbkey] = (W, p)

s_cur = sim.block(f, I, W, p, reset !="off", s_cur)["soc_end"]
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return tb

def walk_table(reset, how):
tb = {}; seen = []; s_cur = None if reset == "off" else sim.warm_soc()
for key, f, 1 in sim.blocks_for(reset):
if (how == "prev" and seen) or (how == "cum" and seen):
gf, gl = seen[-1] if how == "prev" else (seen[0][0], seen[-1][1])
W, p, c =sim.best_on(gf, gl, reset !="off", None if gf > 31 else s_cur)
tblkey] = (W, p)
else:
tb[key] = (7, 0.80)
s _cur = sim.block(f, 1, tb[key][0], tb[key][1], reset !="off", s _cur)["soc_end"]
seen.append((f, 1))

return tb

variants = []

for reset in ("off", "season", "month"):
variants.append((reset, "global", {"default": (7, 0.88)}))
variants.append((reset, "prior", {"default": (7, 0.80)}))

for reset in ("season", "month"):
variants.append((reset, "oracle", oracle_table(reset)))
variants.append((reset, "prev", walk table(reset, "prev")))

variants.append((reset, "cum", walk table(reset, "cum")))

def oracle_p(reset):
tb = {}; s_cur = None if reset == "off" else sim.warm_soc()
for key, f , 1in sim.blocks_for(reset):
W, p, c =sim.best_on(f , I, reset !="off", s_cur, grid&=GRID P)
tblkey] = (W, p)
s_cur = sim.block(f , 1, W, p, reset !="off", s _cur)["soc_end"]

return tb

def walk_p(reset, how):
tb = {}; seen = []; s_cur = None if reset == "off" else sim.warm_soc()
for key, f , 1in sim.blocks_for(reset):
if seen:
gf, gl = seen[-1] if how == "prev" else (seen[0][0], seen[-1][1])
W, p, c =sim.best_on(gf, gl, reset !="off", None, grid&=GRID_P)
tblkey] = (W, p)
else:
tb[key] = (7, 0.80)
s_cur = sim.block(f , 1, tb[key][0], tb[key][1], reset !="off", s_cur)["soc_end"]
seen.append((f , 1))

return tb
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for reset in ("season", "month"):
variants.append((reset, "oracle p", oracle p(reset)))
variants.append((reset, "prev_p", walk p(reset, "prev")))
variants.append((reset, "cum_p", walk p(reset, "cum")))
# BIEASHEE"EXREYT 6000'AET), BN RE—HERIT
for W, p in GRID:
variants.append(("season", "fixed w%d_p%02d" % (W, round(p * 100)), {"default": (W, p)}))

for reset, params, table in variants:

tot, per = full_year(reset, table)

tag = "%s_%s" % (reset, params)

metrics["q2b_%s_total" % tag] = tot["total"]

metrics["q2b_%s_plan" % tag] = tot["plan_cost"]

metrics["q2b_%s_em" % tag] = tot["em_cost"]

metrics["q2b_%s_em_kwh" % tag] = tot["em_kwh"]

metrics["q2b_%s_loss" % tag] = (1 - sim.eta) * tot["charge"] + ((1 - sim.eta) / sim.eta) * tot["discharge"]

metrics["q2b_%s_curtail" % tag] = tot["curtail"]

metrics["q2b_%s_soc_min" % tag] = tot["soc_min"]

metrics["q2b_%s_soc_max" % tag] = tot["soc_max"]

report[tag] = {"params": params, "table": {k: list(v) for k, v in table.items()},
"total": tot["total"], "per_block": per,
"block end_soc": {k: per[k]["soc_end"] for k in per}}

print("%-16s BEEFH %12.2f i1 %12.2f BR %10.2f FHE %10.1f' %

(tag, tot["total"], tot["plan_cost"], tot["em_cost"], tot["curtail"]))

os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics, "report": report}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure ascii=False, indent=1)

print("done")

if __name__ == "__main__":
main()

D.2.26 STHEAR/ARS/02_ 88 —/q2_season_chain.py
-*- coding: utf-8 -*

Ru5D: A28 | H3-58 | E6-8A | # 9-118 | £8 128 (H%RA 11 RMXER)
igéZfﬂi;‘;ﬁﬁ%%éa%ﬁi§($§§), B0 Lp MBXREEEEH.
=% D?é'

global =HA%—(7,88%) | prior IR (7,80%)

oracle SRATHCHEMIEE(SHME, LR)

prev  SRAL—RIMIER(EHE) cum SREAZAIFIBHIBE(THE)

*_p QAN BOEE 7 R(BI"S=—1E")

import os, sys, json, argparse, datetime
import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from g2_season_blocks import Sim, GRID, GRID_P, BLOCKS, D@

def month_blocks():
out =[]; cur=31

for m in range(2, 13):
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nxt = (datetime.date(2025, m % 12 + 1, 1) - D0).days if m < 12 else 365
out.append(("m%02d" % m, cur, nxt)); cur = nxt

return out

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
a = ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8"))

sim = Sim(inp)

metrics = {}; report = {}

def run_chain(blocks, table):
s_cur = sim.warm_soc()
tot = {"plan_cost": 0.0, "em_cost": 0.0, "plan_kwh": 0.0, "em_kwh": 0.0,
"charge": 0.0, "discharge": 0.0, "curtail": 0.0, "soc_min": 1el8, "soc_max": -1e18}
per = {}
for key, f, 1 in blocks:
W, p = (table.get(key) or table.get("default"))
r = sim.block(f, I, W, p, False, s_cur)
per[key] = {"W": W, "p": p, **{k: v for k, v in r.items() } }
for k in ("plan_cost", "em_cost", "plan_kwh", "em_kwh", "charge", "discharge", "curtail"):
tot[k] += r[k]
tot["soc_min"] = min(tot["soc_min"], r["soc_min"]); tot["soc_max"] = max(tot["soc_max"], r["soc_max"])
s cur=r["soc_end"]
tot["total"] = tot["plan_cost"] + tot["em_cost"]

return tot, per

def table walk(blocks, how, grid=None):
tb = {}; hist =[]; s_cur = sim.warm_soc()
for key, f, 1 in blocks:
if how == "oracle":
W, p, ¢ = sim.best_on(f, 1, False, s_cur, grid=grid)
elif how == "prev" and hist:
12,12, s2 = hist[-1]
W, p, c =sim.best_on(f2, 12, False, s2, grid=grid)
elif how == "cum" and hist:
_, 10, _, s0 =hist[0]
W, p, ¢ = sim.best_on(f0, f, False, s0, grid=grid) # RAZSIRZ BIBVEIR(RE4IR)
else:
W, p=(7,0.80)
tb[key] = (W, p)
s_start=s_cur
r = sim.block(f, I, W, p, False, s_cur)
s _cur =r["soc_end"]
hist.append((key, f, 1, s_start))

return tb
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seas = list(BLOCKS)
mons = month_blocks()
variants = []
for tag, blocks in (("seas", seas), ("mon", mons)):
variants.append((tag, "global", blocks, {"default": (7, 0.88)}))
variants.append((tag, "prior", blocks, {"default": (7, 0.80)}))
variants.append((tag, "oracle", blocks, table walk(blocks, "oracle")))
if tag == "seas":
variants.append((tag, "prev", blocks, table walk(blocks, "prev")))
variants.append((tag, "cum", blocks, table walk(blocks, "cum")))
variants.append((tag, "oracle p", blocks, table walk(blocks, "oracle", GRID P)))
variants.append((tag, "prev_p", blocks, table walk(blocks, "prev", GRID_P)))
else:
variants.append((tag, "prev", blocks, table walk(blocks, "prev")))
# @ERIREL (L)
variants.append(("year", "global", [("year", 1, 365)], {"default": (7, 0.88)}))

for tag, params, blocks, table in variants:
if tag == "year":
s_cur = None
r = sim.block(1, 365, 7, 0.88, False, None, acc_from=31)
tot = {"total": r["total"], "plan_cost": r["plan_cost"], "em_cost": r["em_cost"],
"em_kwh": r["em_kwh"], "curtail": r["curtail"],
"loss": (1 - sim.eta) * r["charge"] + ((1 - sim.eta) / sim.eta) * r["discharge"],
"soc_min": r["soc_min"], "soc_max": r["soc_max"]}
per = {"year": {"W": 7, "p": 0.88, **r}}
else:
tot, per = run_chain(blocks, table)
tot["loss"] = (1 - sim.eta) * tot["charge"] + ((1 - sim.eta) / sim.eta) * tot["discharge"]
key = "%s_%s" % (tag, params)
metrics["q2c_%s_total" % key] = tot["total"]
metrics["q2c_%s_plan" % key] = tot["plan_cost"]
metrics["q2¢c_%s_em" % key] = tot["em_cost"]
metrics["q2c_%s_em_kwh" % key] = tot["em_kwh"]
metrics["q2c_%s_curtail" % key] = tot["curtail"]
metrics["q2c_%s_loss" % key] = tot["loss"]
metrics["q2c_%s_soc_min" % key] = tot["soc_min"]
metrics["q2c_%s_soc_max" % key] = tot["soc_max"]
report[key] = {"table": {k: list(v) for k, v in table.items()}, "total": tot["total"], "per block": per}
print("%-16s DEEA %12.2f %] %12.2f B2 %10.2f FHE %10.0f" %

(key, tot["total"], tot["plan_cost"], tot["em_cost"], tot["curtail"]))

os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics, "report": report}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),

ensure_ascii=False, indent=1)
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print("done")

if __name__ == "__main__":
main()

D.2.27 STHEME/ARTS/02_ 58 —/q2_seasonal.py
-*- coding: utf-8 -*-

import os, json, argparse, datetime
import numpy as np
from scipy.optimize import linprog

def wd(d): return (datetime.date(2025,1,1)+datetime.timedelta(days=d)).weekday()
def cat(d): return @ if wd(d) in (4,5) else 1 # Fri(4)/Sat(5)=0, others=1

def build_baseline(arr):

D = arr.shape[0]; F = np.zeros_like(arr)
sums = [np.zeros(arr.shape[1]), np.zeros(arr.shape[1])]; ent = [0,0]
for d in range(D):

w = cat(d)

F[d] = sums[w]/cnt[w] if cnt[w] > 0 else arr[d]

sums[w] = sums[w] + arr[d]; cnt[w] += 1

return F

def build_ema(arr, alpha):
D = arr.shape[0]; F = np.zeros_like(arr); F[0] = arr[0]

for d in range(1, D): F[d] = alpha*arr[d-1] + (1-alpha)*F[d-1]
return F

def solve_day_lp(price, net_margin, soc@, eta, dt, Pmax, soc_min, soc_max):

T =len(price); n=3*T + (T+1)

¢ = np.zeros(n); c[0:T] = price*dt

bounds = [(0,None)]*T + [(0,Pmax)]*T + [(0,Pmax)]*T + [(soc0,s0c0)]
for _in range(1,T): bounds.append((soc_min,soc_max))
bounds.append((soc_min,soc_max))

A_ub =np.zeros((T,n)); b_ub = -net margin

for t in range(T): A_ub[t,t]=-1.0; A_ub[t,T+t]=1.0; A_ub[t,2*T+t]=-1.0
A _eq =np.zeros((T,n)); b_eq = np.zeros(T)

for t in range(T):

A _eq[t,3*¥T+t+1]=1.0; A _eq[t,3*¥T+t]=-1.0; A_eq[t,T+t]=-eta*dt; A eq[t,2*T+t]=dt/eta
res = linprog(c, A_ub=A_ub,b ub=b ub, A eq=A_eq, b_eq=b_eq, bounds=bounds, method="highs")
if not res.success: raise RuntimeError(res.message)

X =res.X

return x[0:T], x[T:2*T], x[2*T:3*T], x[3*T:3*T+T+1], float(np.dot(price, x[0:T])*dt)

def main():
ap = argparse.ArgumentParser(); ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)

ap.add_argument("--pct", type=float, default=88.0, help="TTR S (%)")
ap.add_argument("--window", type=int, default=7, help="IEFI+HDO (X) ")
ap.add_argument("--alpha", type=float, default=0.15, help="$S 8 ININZ= R R L")
ap.add_argument("--beta", type=float, default=0.8, help="2HFELLINE")

a = ap.parse_args()
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inp = json.load(open(a.input, encoding="utf-8"))
price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]
Pmax = st["power max"]; soc_min = st["soc_min"]; soc_max = st["soc_max"]
D, T = load.shape; net = load - pv
alpha = a.alpha; beta = a.beta; pct = a.pct; window_err = a.window
load_bl = build_baseline(load); pv_bl = build_baseline(pv)
load_em = build_ema(load, alpha); pv_em = build_ema(pv, alpha)
If all = (1-beta)*load em + beta*load bl
pf all = (1-beta)*pv_em + beta*pv_bl
nf all=1f all - pf all
soc = st["soc_initial"]; tp=0.0; te=0.0; plans=[]
for d in range(D):
ifd>=2:
lo = max(1, d-window_err)
errs = net[lo:d] - nf all[lo:d]
margin = np.maximum(np.percentile(errs, pct, axis=0), 0.0)
else:
margin = np.zeros(T)
p, ¢, dd, s, pcost = solve_day lp(price, nf all[d]+margin, soc, eta, dt, Pmax, soc_min, soc_max)
E = np.maximum(0.0, net[d] + ¢ - p - dd)
ifd>=31:
tp += pcost; te += 5.0*np.dot(price, E)*dt
plans.append(dict(day=d, purchase=p.tolist(), charge=c.tolist(), discharge=dd.tolist(), soc=s.tolist(),
emergency=E.tolist(), margin=margin.tolist()))
soc = float(s[-1])
metrics = {"q2_total cost": tptte, "q2 planned cost": tp, "q2 emergency cost": te}
os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))
json.dump({"plans": plans, "price": price.tolist()}, open(os.path.join(a.out,"solution.json"),"w" ,encoding="utf-8"))
print(f'q2-seasonal: total={tp+te:.2f} planned={tp:.2f} emergency={te:.2f}")

if __name__ == "__main__": main()

D.2.28 SZTHEAFRL/ARS/02_ A —/q2_seasonal _model.py
-*- coding: utf-8 -*-

U ERRIIER: §MFEN—A W, p), BENE, METHE.

?ﬁ(%s‘k): &35 H, 2688, #o11 A, £12/1/2 B.
E 1R

global : £FRPHABH, HEEFMEL (BAXMER, SKAROR)

oracle : SZATHACH 3 TANKIBESH(ANE, RELRSE)

walk : &N (W,p) RA"ZEFAZANHEE(EHE; SNTEERALL—FHBTE)
KBE: 2 BX—EEEEENHEE -> HISER (W=7, p=8e%); 12 AX—ERBHZE 11/30 MHLIFE.
ENORERE—MBEES (W GRID), RIEATLL.

import os, sys, json, argparse, datetime

import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal
from g2_online import day_lp

GRID = [(W, p) for W in (5, 7, 10, 14) for p in (0.80, 0.88, ©.95)]
PRIOR = (7, ©.80)
DO = datetime.date(2025, 1, 1)

def season_of(day):
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m = (DO + datetime.timedelta(days=int(day))).month
return "spring" if m in (3, 4, 5) else "summer" if m in (6, 7, 8) else \

"autumn" if m in (9, 10, 11) else "winter"

def first_day_of _month(month):
return (datetime.date(2025, month, 1) - D0).days

class Sim:

def init (self, inp):
self.price = np.asarray(inp["price"], float)
L = np.asarray(inp["load_actual"], float); PV = np.asarray(inp["pv_actual"], float)
selfnet=L - PV
self.Nhat, self.err, , =build forecast(self.net, 0.15, 0.90)
st = inp["storage"]; self.dt = float(inp["dt"]); self.eta = float(st["efficiency"])
self.Pmax = float(st["power max"]); self.smin = float(st["soc_min"])

self.smax = float(st["soc_max"]); self.s0 = float(st["soc_initial"])

def run(self, pick, first day, last day, detail=False):
s =self.s0; pc =pk=ec=ek=ch=di=0.0
smin_seen, smax_seen = lel§, -1el8
seas = {}
for d in range(1, last_day):
W, p = pick(d)
Nplan = self.Nhat[d] + margin(self.err, d, W, p)
g, , , =day Ip(self.price, Nplan, s, self.eta, self.dt, self.Pmax, self.smin, self.smax)
e, cc, dd, S = execute_causal(g, self.net[d], s, self.eta, self.dt, self.Pmax, self.smin, self.smax)
smin_seen = min(smin_seen, float(S.min())); smax_seen = max(smax_seen, float(S.max()))
if d >= first_day:
¢ = float(self.price @ (g * self.dt)); k = float(g.sum() * self.dt)
ez = float(5.0 * self.price @ (e * self.dt)); ez_k = float(e.sum() * self.dt)
pc +=c; pk +=k; ec +=ez; ek +=ez k
ch += float(cc.sum() * self.dt); di += float(dd.sum() * self.dt)
if detail:
sn = season_of(d); seas[sn] = seas.get(sn, 0.0) + ¢ + ez
s = float(S[-1])
out = {"planned_cost": pc, "planned _kwh": pk, "emergency cost": ec, "emergency kwh": ek,
"total": pc + ec, "loss_kwh": (1 - self.eta) * ch + ((1 - self.eta) / self.eta) * di,
"soc_min": smin_seen, "soc_max": smax_seen}
if detail:
out["season_cost"] = seas

return out

def best_on(self, first_day, last day):
best = None
for W, p in GRID:
r = self.run(lambda d, W=W, p=p: (W, p), first_day, last_day)
if best is None or r["total"] < best[2]:
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best = (W, p, r["total"])

return best

def table_oracle(sim):

th={}
windows = {"spring": (first day of month(3), first day of month(6)),
"summer": (first_day of month(6), first day of month(9)),
"autumn": (first_day of month(9), first day of month(12)),
"winter": (first day _of month(1), 365)}
for seas, (f, 1) in windows.items():
W, p, ¢ = sim.best_on(f, 1)
tb[seas] = (W, p, ¢, (int(f), int(1)))
return tb

def table_walk(sim):
tb={}

windows = {"spring": (first day of month(3), first day of month(6)),
"summer": (first_day_of month(6), first day of month(9)),
"autumn": (first_day of month(9), first day of month(12)),
"winter": (first_day of month(12), 365)}
for seas, (f, 1) in windows.items():
if f-1>=30:
W, p, ¢ = sim.best_on(1, f)
tb[seas] = (W, p, ¢, (1, int(f)))
else:
tb[seas] = (PRIOR[0], PRIOR[1], float("nan"), (1, int(f)))
tb["winter feb"] = (PRIOR[0], PRIOR[1], float("nan"), (1, 31))
return tb

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", required=True, choices=["global", "oracle", "walk", "all"])
a = ap.parse_args()

inp = json.load(open(a.input, encoding="ut{-8"))

sim = Sim(inp)

metrics = {}; info = {}

Wg, pg, cg = sim.best_on(31, 365)

rb = sim.run(lambda d: (Wg, pg), 31, 365, detail=True)

metrics.update({"q2g_W": float(Wg), "q2g_p": float(pg), "q2g_total": rb["total"],
"q2g_planned": rb["planned_cost"], "q2g_emergency": rb["emergency cost"],
"q2g _emergency kwh": rb["emergency kwh"], "q2g loss kwh": rb["loss_kwh"]})

info["global"] = {"table": {"all": [Wg, pg]}, "cost": rb["total"]}

print("[global] £HARL (W=%d, p=2%.0f%%) = %.2f" % (Wg, pg * 100, rb["total"]))

if a.mode in ("oracle", "all"):
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tb = table_oracle(sim)
info["oracle table"] = {k: [v[0], v[1]] for k, v in tb.items()}
r = sim.run(lambda d: (tb[season_of(d)][0], tb[season_of(d)][1]), 31, 365, detail=True)
metrics.update({"q20_total": r["total"], "q20_planned": r["planned cost"],
"q20_emergency": 1["emergency cost"], "q20_emergency kwh": r["emergency kwh"],
"q20 _loss_kwh": r["loss_kwh"], "q20_soc_min": r["soc_min"], "q20_soc_max": r["soc_max"]})
for k, v in r["season_cost"].items():
metrics["q20_cost "+ k]=v
for k, v in tb.items():
metrics["q20 W _" + k] = float(v[0]); metrics["q20 p " + k] = float(v[1])
info["oracle"] = {"table": info["oracle table"], "cost": r["total"]}
print("[oracle] %s > %.2f (T X %.2f + B2  %20" % (info["oracle table"], r{"total"], r["planned cost"],

r["emergency_cost"]))

if a.mode in ("walk", "all"):
tb = table_walk(sim)
info["walk table"] = {k: [v[0], v[1]] for k, v in tb.items()}
def pick(d):
sn = season_of(d)
if sn == "winter":
m = (D0 + datetime.timedelta(days=int(d))).month
sn = "winter feb" if m == 2 else "winter"
return (tb[sn][0], tb[sn][1])
r = sim.run(pick, 31, 365, detail=True)
metrics.update({"q2w_total": r["total"], "q2w_planned": r["planned cost"],
"q2w_emergency": r["emergency_cost"], "q2w_emergency kwh": r["emergency kwh"],
"q2w_loss_kwh": 1["loss_kwh"], "q2w_soc_min": 1["soc_min"], "q2w_soc_max": r["soc_max"]})
for k, v in r["season_cost"].items():
metrics["q2w_cost "+ k] =v
for k, v in tb.items():
metrics["q2w_W_" + k] = float(v[0]); metrics["q2w_p_" + k] = float(v[1])
info["walk"] = {"table": info["walk_table"], "cost": r["total"]}
print("[walk] %s -> %.2f (it & %2f + B2 %20)" % (info["walk table"], r["total"], t["planned cost"],

r["emergency cost"]))

os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics, "info": info}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)

print("done mode=%s" % a.mode)

if __name__ == "__main__":
main()
D.2.29 XEMEAREE/02_[HE—/q2_solve_and_gen.py
import os

-*- coding: utf-8 -*-

" EHRE T (REEE)FHER result2.xlsx; EIIREFELEM result3.xlsx."""

import numpy as np, json, openpyxl, datetime
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from scipy.optimize import linprog
from pathlib import Path
proj=Path(os.environ.get("CUMCM_ROOT", ".")); root=proj/"paper_output_pro"
dt=1/6; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; socd=6000.0; T=144; D=365
def load_att1():
wb=openpyxl.load_workbook(proj/"problem_files/Hi{4/Ffif4 1.xIsx",read_only=True,data_only=True)

rows=list(wb["Sheet1"].iter rows(values_only=True))[1:]

return np.array([float(r[1]) for r in rows]), np.array([float(r[2]) for r in rows]), np.array([float(r[3]) for r in rows])

def load_att2():
wb=openpyxl.load_workbook(proj/"problem_files/Fif4/Fif4 2.x1sx",read_only=True,data_only=True)

load=np.array([[float(c) for ¢ in r{1:]] for r in list(wb["/NXFa " .iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r{1:]] for r in list(wb[" YEfR & EBIZFRINZR "] iter_rows(values_only=True))[1:]],dtype=float)

return load,pv
pricel,loadl,pvl=1load_atti(); load2,pv2=load_att2()

def solve_day(pr,net,soc_start):

n=3*T+(T+1); A_a=0;A c=T;A d=2*T;A s=3*T
c=np.zeros(n); c[0:T]=pr*dt
bnds=[(0,None)]*T+[(0,Pmax)]*T+[(0,Pmax)]*T+[(soc_start,soc_start)]+[(soc_min,soc_max)]*T
A_ub=np.zeros((T,n)); b_ub=-net
for t in range(T):

A_ub[t,A_a+t]=-1.0;A_ub[t,A_d+t]=-1.0;A_ub[t,A_c+t]=1.0
A _eg=np.zeros((T,n)); b_eq=np.zeros(T)
for t in range(T):

A eq[t,A_stt+1]=1.0;A_eq[t,A_stt]=-1.0;A eq[t,A_ctt]=-eta*dt;A_eq[t,A_d+t]=dt/eta
r=linprog(c,A_ub=A_ub,b ub=b ub,A eq=A _eq,b_eq=b_eq,bounds=bnds,method="highs")
if not r.success: raise RuntimeError(r.message)

x=r.x; return X[A_a:A_a+T]x[A_c:A_c+T]x[A_d:A_d+T],x[A_s:A_s+T+1]

soc=so0c@; q2=[]
for d in range(D):

p,c,dd,s=solve_day(pricel, load2[d]-pv2[d], soc)
LD=load2[d]; PV=pv2[d]
c_rt=np.zeros(T); d_rt=np.zeros(T); E=np.zeros(T); s_rt=soc
for t in range(T):
net=LD[t]-PV[t]
if net>p[t]:
dv=min(Pmax,(s_rt-soc_min)*eta/dt,net-p[t]); E[t]=net-p[t]-dv; s_rt-=dv*dt/eta; d_rt[t]=dv
else:
cv=min(Pmax,(soc_max-s_rt)/(eta*dt),p[t]-net); s_rt+=eta*cv*dt; c_rt[t]=cv
q2.append(dict(day=d,p=p.tolist(),a=p.tolist(),c=c_rt.tolist(),d=d_rt.tolist(),E=E.tolist(),final soc=float(s[-1])))
soc=float(s[-1])
res=q2[31:]
tot=sum(float(np.dot(pricel,x["p"])*dt) for x in res)
print(f"[IAf= EH] 334 XL ={tot:.2f} 7T, WEE={sum(sum(x['p']) for x in res)*dt:.2f} kwh, EZR={sum(sum(x['E']) for x

in res)*dt:.4f} kWh")
json.dump(dict(gq2=q2, pricel=pricel.tolist(), total=tot), open(root/"data_cleaned/q2_regen_cache.json","w"))

periods=["0:00-4:00","4:00-8:00","8:00-12:00","12:00-16:00","16:00-20:00","20:00-24:00"]
def hhmm(m): return f"{m//60:02d}:{m%60:02d}"
def soc_starts(daily): return [6000.0]+[daily[d-1]["final_soc"] for d in range(1,D)]
def fill_plan(ws,days,key,price):
for i,day in enumerate(days):

r=i+2; v=day[key]
for t in range(T): ws.cell(row=r,column=2+t,value=round(v[t]*dt,4))

ws.cell(row=r,column=2+T,value=round(sum(v[t]*dt for t in range(T)),4))
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ws.cell(row=r,column=3+T,value=round(sum(price[t]*v[t]*dt for t in range(T)),2))

def fill_cd(ws,days,socs):
ws.delete rows(2,ws.max_row); r=2

for i,day in enumerate(days):

c=day["c"]; d=day["d"]; date=datetime.datetime(2025,2,1)+datetime.timedelta(days=i)

for pi,lbl in enumerate(periods):
lo,hi=pi*24,(pit+1)*24
ws.cell(row=r,column=1,value=date if pi==0 else None)
ws.cell(row=r,column=2,value=Ibl)
ws.cell(row=r,column=3,value=round(sum(c[t]*dt for t in range(lo,hi)),4))
ws.cell(row=r,column=4,value=round(sum(d[t]*dt for t in range(lo,hi)),4))
if pi==0: ws.cell(row=r,column=5,value=datetime.time(0,0)); ws.cell(row=r,column=6,value=round(socs[31+i],4))
elif pi==1: ws.cell(row=r,column=5,value="24:00"); ws.cell(row=r,column=6,value=round(day["final soc"],4))
r+=1

def fill_em(ws,days):
ws.delete_rows(2,ws.max_row); r=2

for i,day in enumerate(days):
E=day["E"]; date=datetime.datetime(2025,2,1)+datetime.timedelta(days=i); runs=[]; j=0
while j<T:
if E[j]>1e-6:
k=j
while k<T and E[k]>1e-6: k+=1
runs.append((hhmm(j* 10),hhmm(k* 10),round(sum(E[t]*dt for t in range(j,k)),4))); j=k
else: j+=1
if runs:
for ri,(a,b,en) in enumerate(runs):
ws.cell(row=r,column=1,value=date if ri==0 else None); ws.cell(row=r,column=2,value=f"{a}-{b}");
ws.cell(row=r,column=3,value=en); r+=1
else:

ws.cell(row=r,column=1,value=date); ws.cell(row=r,column=3,value=0.0); r+=1

--- result2.xlsx ---

wb=openpyx1.load_workbook(proj/"problem_files/Mif¥/MifF 5/result2.x1sx")
d2=q2[31:]

fill_plan(wb["itXIMIEBE"], d2, "p", pricel)

fill_cd(wb["FEHREBE"], d2, soc_starts(q2)); fill_em(wb["E2MEE"], d2)
wb.save(root/"result2.x1sx"); print("SAVED result2.x1lsx")

—- result3.xlsx (MBEBEGFEER) -

data=json.loads((root/"data_cleaned/q3_result_cache.json").read_text(encoding="utf-8"))
price3=np.array(data["price"]); daily=data["daily"]; d3=daily[31:]
wb=openpyx1.load_workbook(proj/"problem_files/Mif$/HifF 5/result3.xlsx"
fill_plan(wb["itXIMIEBE"], d3, "p", price3)
fill_plan(wb["VHEEMIEBE"], d3, "a", price3)

fill_cd(wb["FEHREBE"], d3, soc_starts(daily)); fill_em(wb["Z2MEE"], d3)

wb.save(root/"result3.x1lsx"); print("SAVED result3.x1lsx")

print(f'[RIBE= £7F] it% M ZE={sum(np.dot(price3,x['p'])*dt for x in d3):.2f} i+ XIMEE ={sum(sum(x['p']) for x in
d3)*dt:.2F}")

D.2.30 STHEMRARES/02_ 5@ —/q2_stages.py
-*- coding: utf-8 -*-

~

AR MEE R R T R T AV AR . BRI RS REVERIER
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PYER :

A SAMEEEDYT co00 + HRMIBLMEM (EERILR) -> BAMHOE
B SHEMEBERII cooe + M d-1 KEFR (MBI -> TR EREREALR
C BXfEBERE + SRBUELHEMN -> Big TR

D HXMEBEER + RA d-1 RER(= URTELER)
import os, sys, json, argparse
import numpy as np
from scipy.optimize import linprog
sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from q2_forecast import build_forecast, margin, execute_causal

DT = 1.0 / 6.0

def day_lp(price, Nplan, so, eta, dt, Pmax, smin, smax, s_end):

T =len(price); n=3*T+(T+1)
og,oc,od,0s =0, T,2*T,3*T
¢ = np.zeros(n); c[og:og + T] = price * dt
A =np.zeros((T, n)); b =-Nplan
for t in range(T):
Alt, og +t] =-1.0; A[t, od + t] =-1.0; A[t,oc +t]=1.0
Ae = np.zeros((T, n))
for t in range(T):
Ae[t,os +t+1]=1.0; Ae[t, 0s_+t]=-1.0; Ae[t, oc +t] = -eta * dt; Ae[t, od +t] =dt/eta
tail = (s_end, s_end) if s_end is not None else (smin, smax)
bnd = [(0, None)] * T + [(0, Pmax)] * T + [(0, Pmax)] * T + [(s0, s0)] + [(smin, smax)] * (T - 1) + [tail]
r = linprog(c, A_ub=A, b_ub=b, A_eq=Ae, b_eq=np.zeros(T), bounds=bnd, method="highs")
if not r.success:
raise RuntimeError(r.message)
X =T1.X

return x[og:og + T]

def run(inp, perfect, daily6000, W=7, p=0.88):
price = np.asarray(inp["price"], float)

net = np.asarray(inp["load actual"], float) - np.asarray(inp["pv_actual"], float)

st = inp["storage"]; dt = float(inp["dt"]); eta = float(st["efficiency"])

Pmax = float(st["power_max"]); smin = float(st["soc_min"]); smax = float(st["soc_max"])
Nhat, err, , = build forecast(net, 0.15, 0.90)

D = net.shape[0]; s = float(st["soc _initial"])

pc =ec =pk =ek =cu=0.0; smin_seen, smax_seen = lel8§, -1e18

for d in range(1, D):

if perfect:
Nplan = net[d].copy() # BRLPREEEHITIICEE)
else:

Nplan = Nhat[d] + margin(err, d, W,p) # R d-1 XER
g =day lIp(price, Nplan, s, eta, dt, Pmax, smin, smax, 6000.0 if daily6000 else None)
e, cc, dd, S = execute causal(g, net[d], s, eta, dt, Pmax, smin, smax)
curt = np.maximum(0.0, (g - net[d]) - cc)
ifd>=31:
pe += float(price @ (g * dt)); pk += float(g.sum() * dt)
ec += 5.0 * float(price @ (e * dt)); ek += float(e.sum() * dt)
cu += float(curt.sum() * dt)

smin_seen = min(smin_seen, float(S.min())); smax_seen = max(smax_seen, float(S.max()))
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s = float(S[-1])
return {"total": pc + ec, "plan_cost": pc, "em_cost": ec, "plan_kwh": pk, "em_kwh": ek,

"curtail": cu, "soc_min": smin_seen, "soc_max": smax_seen}

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8"))
stages = [("A_daily6000_perfect", True, True), ("B_daily6000 noleak", False, True),
("C_free perfect", True, False), ("D _free noleak", False, False)]
m= {}; det= {}
for tag, perf, d6 in stages:
r = run(inp, perf, d6)
m["q2st_%s_total" % tag] = r["total"]; m["q2st_%s_plan" % tag] = r["plan_cost"]
m["q2st %s_em" % tag] =1["em_cost"]; m["q2st %s em_ kwh" % tag] =r["em_kwh"]
m["q2st %s_curtail" % tag] = r["curtail"]; m["q2st_%s_soc_min" % tag] = r["soc_min"]
m["q2st %s_soc_max" % tag] =r["soc_max"]
det[tag] =1
print("%-22s & %12.2f R %12.2f BE %10.2f (%.2fkWh) FFE %10.1f" %
(tag, r["total"], r["plan_cost"], r["em_cost"], r["em_kwh"], r["curtail"]))
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": m, "detail": det}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)

print(""done")

if __name__ == "__main__":
main()

D.2.31 SZ#EME/ARTGS/02_H R —/q2_variants.py
-*- coding: utf-8 -*-

"R 2 EkRREL: REHINEF (receding horizon) 5 WMERBEN B EIIHRI. "
import os, sys, json, argparse

import numpy as np

from scipy.optimize import linprog

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))

from q2_forecast import build_forecast, margin, execute_causal

def load(a):
inp = json.load(open(a.input, encoding="ut{-8"))

price = np.asarray(inp["price"], float)
net = np.asarray(inp["load actual"], float) - np.asarray(inp["pv_actual"], float)
st = dict(inp["storage"]); st["dt"] = float(inp["dt"])

return price, net, st

def horizon_lp(price, Nplan_list, so, eta, dt, Pmax, smin, smax):

"H RMEF LP, REIE—RITRIME g, S ERMMEF LS, MFRIHEH, "
H =len(Nplan_list); T = len(price); nT=H * T

og,oc,od,os =0,nT,2 *nT,3 *nT

n=3*nT+((nT+1)

¢ = np.zeros(n); c[og:og + nT] = np.tile(price * dt, H)

A _ub = np.zeros((nT, n))
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b_ub = -np.concatenate(Nplan_list)
for i in range(nT):
A ub[i, og +1i] =-1.0; A_ub[i, od +1i] =-1.0; A_ub[i, oc +i] = 1.0
A _eq =np.zeros((nT, n)); b_eq = np.zeros(nT)
for i in range(nT):
A eq[i,os_+i+1]=1.0; A eq[i,os_+1i]=-1.0
A eq[i, oc +1] =-eta * dt; A_eq[i, od +i] =dt/eta
bnds = [(0, None)] * nT + [(0, Pmax)] * nT + [(0, Pmax)] * nT
bnds += [(s0, s0)] + [(smin, smax)] * nT
r = linprog(c, A_ub=A ub, b ub=b ub, A eq=A eq, b _eq=b _eq, bounds=bnds, method="highs")
if not r.success:
raise RuntimeError(r.message)

return r.x[og:og + T]

def two_stage(price, Nhat_d, resid, so, eta, dt, Pmax, smin, smax, a_term):

"R ERFENL B AT BAT = itkIGEEE + BIEES e,
T = len(price); K = len(resid); per=3 * T+ (T + 1)
n=T+K * per
0g=0
bk =lambda k: T + k * per
oc = lambda k: bk(k); od = lambda k: bk(k) + T; oe = lambda k: bk(k) + 2 * T; os_ = lambda k: bk(k) +3 * T
¢ =np.zeros(n); c[o_g:o_g+ T]=price * dt
for k in range(K):
c[oe(k):oe(k) + T]=(1.0/K) * 5.0 * price * dt
A _ub =np.zeros((K * T + K, n)); b_ub =np.zeros(K * T + K)
for k in range(K):
for t in range(T):
i=k*T+t
A_ubli, oe(k) +t]=-1.0; A_ubli, od(k) +t]=-1.0
A _ub[i, oc(k) +t] =1.0; A_ub[i,0_g+t]=-1.0
b_ub[i] = -(Nhat_d[t] + resid[k][t])
A ub[K*T+k,o0s (k)+T]=-1.0;b ub[K * T +k]=-a term
A _eq=np.zeros((K * (T + 1), n)); b_eq =np.zeros(K * (T + 1))
for k in range(K):
A eqlk * (T +1),0s (k)]=1.0;b _eq[k * (T +1)] =s0
for t in range(T):
r=k*(T+1)+1+t
A eqfr,os (k)+t+1]=1.0; A eq[r,os (k) +t]=-1.0
A eq[r, oc(k) +t] = -eta * dt; A_eq[r, od(k) +t] =dt/eta
bnds = [(0, None)] * T
for k in range(K):
bnds += [(0, Pmax)] * T + [(0, Pmax)] * T + [(0, None)] * T + [(smin, smax)] * (T + 1)
r = linprog(c, A_ub=A_ub,b ub=b ub, A eq=A eq,b_eq=b_eq, bounds=bnds, method="highs")
if not r.success:
raise RuntimeError(r.message)

return r.x[o_g:o g+ T]

def main():
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ap = argparse.ArgumentParser()
ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", required=True, choices=["horizon", "twostage"])
ap.add_argument("--H", type=int, default=7); ap.add_argument("--K", type=int, default=20)
ap.add_argument("--a-term", type=float, default=1200.0)
ap.add_argument("--alpha", type=float, default=0.15); ap.add_argument("--beta", type=float, default=0.9)
ap.add_argument("--W", type=int, default=7); ap.add_argument("--p", type=float, default=0.88)
ap.add_argument("--first-day", type=int, default=31); ap.add_argument("--last-day", type=int, default=365)
a = ap.parse_args()
price, net, st = load(a)
dt = st["dt"]; eta = st["efficiency"]; Pmax = st["power max"]
smin = st["soc_min"]; smax = st["soc_max"
Nhat, err, ema_hist, cls = build_forecast(net, a.alpha, a.beta)
s = st["soc_initial"]
plan_cost =plan_kwh =em_cost=em_kwh=ch=di=0.0
days = 0; smin_seen = 1e18; smax_seen =-1el8
for d in range(1, a.last_day):
m = margin(err, d, a.W, a.p)
if a.mode == "horizon":
H = min(a.H, a.last_day - d)
Npl = [Nhat[d] + m]
for k in range(1, H):
Npl.append(Nhat[d] + m)  # fIEFAGELEH: FREHHEFTNE HXE—FD)
g =horizon_Ip(price, Npl, s, eta, dt, Pmax, smin, smax)
else:
lo = max(1, d - a.K); resid = err[lo:d][::-1]
if len(resid) == 0: resid = np.zeros((1, len(price)))
if len(resid) < a.K:
resid = np.tile(resid, (int(np.ceil(a.K / len(resid))), 1))[:a.K]
g =two_stage(price, Nhat[d], resid, s, eta, dt, Pmax, smin, smax, a.a_term)
e, cc, dd, S = execute causal(g, net[d], s, eta, dt, Pmax, smin, smax)
if d >= a.first_day:
plan_cost += float(price @ (g * dt)); plan_kwh += float(g.sum() * dt)
em_cost += float(5.0 * price @ (e * dt)); em_kwh += float(e.sum() * dt)
ch += float(cc.sum() * dt); di += float(dd.sum() * dt); days += 1
smin_seen = min(smin_seen, float(S.min())); smax_seen = max(smax_seen, float(S.max()))
s = float(S[-1])
metrics = {"q2_planned_cost": plan_cost, "q2_planned kwh": plan_kwh,
"q2_emergency cost": em_cost, "q2_emergency kwh": em_ kwh,
"q2_total cost": plan_cost + em_cost,
"q2_charge_kwh": ch, "q2_discharge_kwh": di,
"q2 loss kwh": (1 - eta) * ch+ ((1 - eta) / eta) * di,
"q2_days": float(days), "q2 soc min": smin_seen, "q2 soc_max": smax _seen}
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)
print("mode=%s H=%s K=%s a_term=%s total=%.2f planned=%.2f emergency=%.2f"

% (a.mode, a.H, a.K, a.a_term, metrics["q2_total cost"], plan_cost, em_cost))
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D.2.32 XHEMR/ARE/03 = /q34 grid.py
-*- coding: utf-8 -*-

"R /R RS TNS IR .

X 6.5.2 TFR: WBA=. R@AEEFET alphac{0.15,0.25,0.40} S5=4AE (W,p) A&
((14,80),(7,88),(10,84)), 9 4H; beta EE 0.8. AMAIBX o AFHALERHZEH.

ZFBAERMAS code/q3_mpc.py::main / code/q4_solver.py::main ZFIT—H, RM=mSkik:
(1) alpha / pct / window / beta TRAE; (2) #HitiEmH d>=31 A d>=first_day;
(3) B LRH D B last_day. RWOKRMBEIERE import EA(RESR] LP BIRIBIE).

import os, sys, json, argparse

import numpy as np

sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))

ALPHAS = (0.15, 0.25, 0.40)
PRESETS = ((14, 80.0), (7, 88.9), (10, 84.0))
BETA = 0.8

def run_q3(inp, alpha, W, pct, first_day, last_day, adjust):
from q3_mpc import build_seasonal, solve_window

price = np.asarray(inp["price"], float); load = np.asarray(inp["load_actual"], float)

pv_a = np.asarray(inp["pv_actual"], float)

st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]; Pmax = st["power_max"]

soc_min = st[""'soc_min"]; soc_max = st["soc_max"]

D, T = load.shape; net =load - pv_a

fc = {h: np.array([inp["pv_forecast"][f"{d} {h}"] for d in range(D)]) for h in [0, 6, 12, 18]}

load f=build seasonal(load, D, T, alpha, BETA); pv_fs = build seasonal(pv_a, D, T, alpha, BETA)

defnet fe(d, h):
arr = fc[h][d].copy(); arr[np.isnan(arr)] = pv_fs[d][np.isnan(arr)]; return load _f[d] - arr

soc_c = st["soc_initial"]; plan_c=0.0; adj ¢=0.0;em c¢=0.0
for d in range(last_day):
ifd<2:
margin = np.zeros(T)
else:
lo = max(1, d - W); errs = np.array([net[k] - net fc(k, 0) for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, pct, axis=0), 0.0)
p_p,c_p,dd p,s p=solve window(price, net fc(d, 0) + margin, soc_c, dt, eta, Pmax, soc_min, soc_max)
Pf=7p_p.copy(); Cf=c_p.copy(); Df =dd_p.copy(); soc =s_p
if adjust:
for h, slot in [(6, 36), (12, 72), (18, 108)]:
p.,c ,d ,s =solve window(price[slot:], (net fc(d, h) + margin)[slot:], soc[slot], dt, eta, Pmax,
soc_min, soc_max, plan_ w=p p[slot:])
Pf[slot:] = p_; Cf[slot:] = c_; Dfslot:] = d_; soc = np.concatenate([soc[:slot], s ])
if d >= first_day:
base = price * np.minimum(p_p, Pf)

dev = 0.5 * price * np.maximum(0, p_p - Pf) + 1.5 * price * np.maximum(0, Pf- p_p)
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plan_c += float(np.sum(base) * dt); adj c += float(np.sum(dev) * dt)
E = np.maximum(0.0, net[d] + Cf - Pf - Df); em_c +=5.0 * float(np.dot(price, E)) * dt
soc_c = float(soc[-1])

return plan c+adj c+em c

def run_g4(inp, alpha, W, pct, first_day, last_day, mode):
from q4_solver import seasonal, solve w

price_a = np.asarray(inp["price_actual"], float); load = np.asarray(inp["load_actual"], float)
pv_a = np.asarray(inp["pv_actual"], float)

st = inp["storage"]; dt = inp["dt"]; eta = st["efficiency"]; Pmax = st["power max"]

soc_min = st["soc_min"]; soc_max = st["soc_max"]

D, T = load.shape; net = load - pv_a

fc = {h: np.array([inp["pv_forecast"][f"{d} {h}"] for d in range(D)]) for h in [0, 6, 12, 18]}
load_f= seasonal(load, D, T, alpha, BETA); pv_fs = seasonal(pv_a, D, T, alpha, BETA)
price_f = seasonal(price_a, D, T, alpha, BETA)

def net_fc(d, h):
arr = fc[h][d].copy(); arr[np.isnan(arr)] = pv_{s[d][np.isnan(arr)]; return load_f[d] - arr

soc_c = st["soc_initial"]; base ¢ =0.0; dev_c=0.0;em c=0.0
for d in range(last_day):
ifd<2:
margin = np.zeros(T)
else:
lo =max(1, d - W); errs = np.array([net[k] - net_fc(k, 0) for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, pct, axis=0), 0.0)
p_p,c p,dd p,s p=solve w(price f[d], net fc(d, 0) + margin, soc_c, dt, eta, Pmax, soc_min, soc_max)
Pf=p_p.copy(); Cf=c_p.copy(); Df = dd_p.copy(); soc =s_p.copy()
if mode == 3:
for h, slot in [(6, 36), (12, 72), (18, 108)]:
p_,c ,d ,s =solve w(price f[d][slot:], (net fc(d, h) + margin)[slot:], soc[slot], dt, eta, Pmax,
soc_min, soc_max, plan_ w=p_p[slot:])
Pf[slot:] = p_; Cf[slot:] = c¢_; Dffslot:] = d_; soc = np.concatenate([soc[:slot], s ])
if d >= first day:
pa=price_a[d]
base = pa * np.minimum(p_p, Pf); dev =0.5 * pa * np.maximum(0, p_p - Pf) + 1.5 * pa * np.maximum(0, Pf-p p)
base_c += float(np.sum(base) * dt); dev_c += float(np.sum(dev) * dt)
E = np.maximum(0.0, net[d] + Cf - Pf- Df); em _c +=5.0 * float(np.dot(pa, E)) * dt
soc_c = float(soc[-1])

return base ¢ +dev c+em ¢

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--problem", required=True, choices=["q3", "q3noad;j", "qg4m2", "qg4m3"])
ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--first-day", type=int, default=31); ap.add_argument("--last-day", type=int, default=365)
ap.add_argument("--grid", default="full", choices=["full", "preset"])
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a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8"))
combos = [(al, W, p) for al in ALPHAS for (W, p) in PRESETS] if a.grid == "full" \
else [(0.15, W, p) for (W, p) in PRESETS]
metrics = {}; rows =[]
for al, W, p in combos:
if a.problem == "q3":
tot =run_q3(inp, al, W, p, a.first_day, a.last _day, True)
elif a.problem == "q3noad;j":
tot = run_q3(inp, al, W, p, a.first day, a.last day, False)
elif a.problem == "q4m2":
tot = run_q4(inp, al, W, p, a.first day, a.last day, 2)
else:
tot = run_q4(inp, al, W, p, a.first_day, a.last day, 3)
key ="%s a%03d w%02d p%02d" % (a.problem, round(al * 100), W, round(p))
metrics[key] = float(tot); rows.append((al, W, p, float(tot)))
print(" %-18s %12.2f" % (key, tot))
best = min(rows, key=lambda r: r[3])
metrics["%s_argmin_cost" % a.problem] = best[3]
metrics["%s_argmin_alpha" % a.problem] = best[0]
metrics["%s_argmin window" % a.problem] = float(best[1])
metrics["%s_argmin_pct" % a.problem] = best[2]
metrics["%s_combos" % a.problem] = float(len(rows))
metrics["%s_first day" % a.problem] = float(a.first_day)
metrics["%s_last day" % a.problem] = float(a.last_day)
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics, "rows": [{"alpha": r[0], "W": r[1], "p": r[2], "total": r[3]} for r in rows]},
open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)
print("%s window[%d,%d) combos=%d argmin a=%.2f W=%d p=%.0f cost=%.2{"
% (a.problem, a.first_day, a.last_day, len(rows), best[0], best[1], best[2], best[3]))

if __name__ == "__main__":
main()

D.2.33  SZHEAMR/AE/03_[RIE=/q34_solver.py
-*- coding: utf-8 -*-

import os, json, argparse, datetime
import numpy as np
from scipy.optimize import linprog

def wcat(d): return @ if (datetime.date(2025,1,1)+datetime.timedelta(days=d)).weekday() in (4,5) else 1
def seasonal(arr, D, T, alpha=0.25, beta=0.8):

F=np.zeros_like(arr); sums=[np.zeros(T),np.zeros(T)]; cnt=[0,0]; E=arr[0].copy()
for d in range(D):

w=wcat(d); bl=sums[w]/cnt[w] if cnt[w]>0 else arr[d]

F[d]=(1-beta)*E+beta*bl; sums[w]=sums[w]+arr[d]; cnt[w]+=1; E=alpha*arr[d]+(1-alpha)*E
return F

def solve_w(pr_w, nm_w, soc®, dt, eta, Pmax, soc_min, soc_max):

W=len(pr_w); n=3*W-+(W+1); c=np.zeros(n); c[0:W]=pr_w*dt
bnd=[(0,None)]*W+[(0,Pmax)]*W+[(0,Pmax)]*W+[(soc0,s0c0)]

for _in range(1,W): bnd.append((soc_min,soc_max))
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bnd.append((soc_min,soc_max))

A=np.zeros((W,n)); b=-nm_w

for t in range(W): A[tt]=-1; A[t, W+t]=1; A[t,2¥W+t]=-1

Ae=np.zeros((W,n))

for t in range(W): Ae[t,3*W+t+1]=1; Ae[t,3*W-+t]=-1; Ae[t, W+t]=-cta*dt; Ae[t,2*W-+t]=dt/eta
r=linprog(c,A_ub=A,b_ub=b,A eq=Ae,b_eq=np.zeros(W),bounds=bnd,method="highs")

if not r.success: raise RuntimeError(r.message)

x=r.x; return x[0:W],x[W:2*W],x[2*¥*W:3*W] x[3*W:3*W+W+1]

def main():
ap=argparse.ArgumentParser(); ap.add_argument("--input",required=True); ap.add_argument("--out",required=True)

ap.add_argument("--mode",type=int,default=3) # 2 = no adjustment, 3 = with adjustment
ap.add_argument("--price",default="const")  # const(Ffi{¥ 1) | actual(FI{F 4)
a=ap.parse_args()
inp=json.load(open(a.input,encoding="ut{-8"))
load=np.asarray(inp["load_actual"],float); pv_a=np.asarray(inp["pv_actual"],float)
st=inp["storage"]; dt=inp["dt"]; eta=st["efficiency"]; Pmax=st["power_max"]; soc_min=st["soc_min"];
soc_max=st["soc_max"]
D,T=load.shape; net=load-pv_a
if a.price=="const":
price_settle=np.tile(np.asarray(inp["price"],float), (D,1)); price_fc=np.tile(np.asarray(inp["price"],float),(D,1))
else:
price_settle=np.asarray(inp["price_actual"],float); price_fc=seasonal(price_settle,D,T)
fe={h:np.array([inp["pv_forecast"][{"{d}_{h}"] for d in range(D)]) for h in [0,6,12,18]}
load_f=seasonal(load,D,T); pv_fs=seasonal(pv_a,D,T)
defnet_fe(d,h):
arr=fc[h][d].copy(); arr[np.isnan(arr)]=pv_fs[d][np.isnan(arr)]; return load f[d]-arr
pct=80.0; soc_c=st["soc_initial"]; base_c=0.0; dev_c=0.0; em_c=0.0; plans=[]
for d in range(D):
if d<2: margin=np.zeros(T)
else:
lo=max(1,d-28);  errs=np.array([net[k]-net fc(k,0) for k in  range(lo,d)]);
margin=np.maximum(np.percentile(errs,pct,axis=0),0.0)
pp,c_p,dd p,s p=solve w(price fc[d], net fc(d,0)+margin, soc_c, dt,eta,Pmax,soc_min,soc_max)
Pf=pp.copy(); Cf=c_p.copy(); Df=dd_p.copy(); soc=s_p.copy()
if a.mode==3:
for h,slot in [(6,36),(12,72),(18,108)]:
p_,c ,d ,s =solve w(price_ fc[d][slot:],(net fc(d,h)+margin)[slot:],soc[slot],dt,eta,Pmax,soc_min,soc_max)
Pf[slot:]=p_; Cf[slot:]=c_; Dffslot:]=d_; soc=np.concatenate([soc[:slot],s ])
if d>=31:
pr=price_settle[d]
# user's formula: adj*price + 0.5*|plan-adj|*price + 5*max(0, actual-adj)*price
E=np.maximum(0.0, net[d]+Cf-Pf-Df)
base c+=float(np.sum(pr*Pf)*dt)
dev_c+=float(np.sum(0.5*pr*np.abs(pp-Pf))*dt)
em_c+=5.0*float(np.dot(pr,E))*dt
plans.append(dict(day=d,purchase plan=pp.tolist(),purchase adj=Pf.tolist(),charge=Cf.tolist(),
discharge=Df.tolist(),soc=soc.tolist(),emergency=E.tolist()))
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soc_c=float(soc[-1])

metrics={"q_total cost":base c+dev_c+em_ c,"q purchase cost":base c,"q adjustment cost":dev_c,"q emergency cost":e

m_c}

os.makedirs(a.out,exist ok=True)

json.dump({"metrics":metrics } ,open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))

json.dump({"plans":plans,"price":(price_settle[0].tolist() if a.price=="const" else None),
"price_actual":(price_settle.tolist() if a.price=="actual" else None),
"mode":a.mode},open(os.path.join(a.out,"solution.json"),"w",encoding="utf-8"))

print(f"'mode={a.mode}  price={a.price}: total={base ct+dev ctem c:.2f} (base={base c:.2f} = dev={dev c:,2f}

emerg={em_c:,.2f})")

if __name__=="__main__": main()
D.2.34 SCEAPRARRG/03 K =/q3_ablation.py
import os

-*- coding: utf-8 -*-

"UUERE 3 HRE: 21E 6:00/12:00/18:00 FIFEBIRIMIAMMNE. """

import json, numpy as np

from scipy.optimize import linprog

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"

dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; soc@=6000.0; D,T=365,144

def load_attl():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/f{/Hif5 1.xlsx",read_only=True,data_only=True)
return np.array([float(r[1]) for r in list(wb["Sheet1"].iter_rows(values_only=True))[1:]])

def load_att2():
import openpyxI

wb=openpyxl.load workbook(proj/"problem_files/Hf4/Hif4 2.xIsx",read_only=True,data_only=True)
load=np.array([[float(c) for ¢ in r{1:]] for r in list(wb["/NX F1 "] .iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r{1:]] for r in list(wb[" YEfR & EBIZFRINZR"].iter_rows(values_only=True))[1:]],dtype=float)
return load,pv

def load_att3():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/Pf /M5 3.xIsx",read_only=True,data_only=True)
rows=list(wb["Sheet1"].iter_rows(values_only=True))[1:]
fc=np.zeros((D,4,24))
for d in range(D):
for fin range(4): fc[d,f,:]=[float(x) for x in rows[d*4+f][2:26]]

return fc

price=load_att1(); load_actual,pv_actual=1load_att2(); fc_forecast=load_att3()

def forecast_slots(d,f_idx):
f=f idx*6; fc=np.zeros(T)

for i in range(T):
h=(i+1)//6; k=h-f-1
if k<0:k=0
if k>23:k=23
fe[i]=fc_forecast[d,f idx.k]
return fc

def solve_block(price_b,net_fc,soc_start,p_prev=None,penalty=0.5):
Tb=len(price_b); price_b=np.asarray(price b,float); net fc=np.asarray(net fc,float)

has_dev=p_prev is not None

n=(5*Tb+(Tb+1)) if has_dev else (3*Tb+(Tb+1))
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A a=0;A c=Tb;A d=2*Tb;A_s=3*Tb
c_obj=np.zeros(n); ¢_obj[0:Tb]=price_b*dt
if has dev:

A u=3*Tb+(Tb+1);A_v=4*Tb+(Tb+1)

¢ obj[A_uw:A_utTb]=penalty*price_b*dt; c_obj[A_v:A v+Tb]=penalty*price b*dt
bounds=[(0,None)]*Tb+[(0,Pmax)]*Tb+[(0,Pmax)]*Tb
bounds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*(Tb-1)+[(soc_min,soc_max)]
if has_dev: bounds+=[(0,None)]*Tb+[(0,None)]*Tb
A _ub=np.zeros((Tb,n)); b_ub=-net fc
for t in range(Tb):

A _ub[t,A_a+t]=-1.0;A_ub[t,A_d+t]=-1.0;A_ub[t,A_c+t]=1.0
A_eq=np.zeros((Tb,n)); b_eq=np.zeros(Tb)
for t in range(Tb):

A eq[t,A_stt+1]=1.0;A_eq[t,A_s+tt]=-1.0;A_eq[t,A_ctt]=-eta*dt;A_eq[t,A_d+t]=dt/eta
if has dev:

p_prev=np.asarray(p_prev,float); A eq2=np.zeros((Tb,n)); b_eq2=p prev.copy()

for t in range(Tb):

A eq2[t,A_att]=1.0;A eq2[t,A_utt]=-1.0;A eq2[t,A v+t]=1.0

A _eqg=np.vstack([A_eq,A_eq2]); b_eq=np.concatenate([b_eq,b_eq2])
res=linprog(c_obj,A_ub=A ub,b_ub=b_ub,A _eq=A_eq,b_eq=b_eq,bounds=bounds,method="highs")
if not res.success: raise RuntimeError(res.message)
X=Tes.X
return x[A_a:A_a+Tb]

def realize_greedy(a_b,load_b,pv_b,soc_start):
soc=soc_start; E=np.zeros(len(a_b))

for t in range(len(a_b)):
net=load b[t]-pv_blt]
if net>a_ b[t]:
d=min(Pmax,(soc-soc_min)*eta/dt,net-a_b[t]); E[t]=net-a_b[t]-d; soc-=d*dt/eta
else:
c=min(Pmax,(soc_max-soc)/(eta*dt),a_b[t]-net); soc+=eta*c*dt

return E,soc

def run_adjust(times):

"""times: JHEEBSZISEE (INET), G0 {6}.16,12},{6,12,18}. 0:00 BB K="
soc=soc0; tp=td=te=0.0
for d in range(D):
Id=load_actual[d]; pv=pv_actual[d]
fcO=forecast_slots(d,0)
p=solve_block(price, 1d-fc0, soc, None)
a=p.copy(); cur_soc=soc
for tau in [0,6,12,18]:
bs=tau*6; be=bs+36
if tau>0 and tau in times:
f idx=tau//6
fc=forecast_slots(d,f idx)
a_blk=solve block(price[bs:], 1d[bs:]-fc[bs:], cur_soc, p_prev=p[bs:])
a[bs:]=a_blk
E,cur_soc=realize greedy(a[bs:be], 1d[bs:be], pv[bs:be], cur_soc)
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if d&>=31:
tp+=np.dot(price[bs:be], a[bs:be])*dt
td+=0.5*np.dot(price[bs:be], np.abs(a[bs:be]-p[bs:be]))*dt
te+=5.0*np.dot(price[bs:be], E)*dt
soc=cur_soc

return tp,td,te

for times in [[],[6],[6,12],[6,12,18]]:
tp,td,te=run_adjust(set(times))

print(C"AEEEIZ {times}: TTRI(SEFR)={tp:.0f} fRE={td:.0f} BR={te:.0f} B={tp+td+te:.0f}")
D.2.35 ZHEMRLACIE/03_FEE=/q3_baseline.py

import os

-*- coding: utf-8 -*-

import json, numpy as np

from scipy.optimize import linprog

from pathlib import Path

import importlib.util

spec = importlib.util.spec_from_file_location("g3m", str(Path(os.environ.get("CUMCM_ROOT", ".")) / “paper_output_pro" /
"code" / "g3_mpc.py"))

A REERE import(SHATZSE), FTAEHI <R R

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"
dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; soc@=6000.0; D,T=365,144

def load_attil():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/M{4/Ffff4 1.xIsx",read_only=True,data_only=True)

return np.array([float(r[1]) for r in list(wb["Sheet1"].iter_rows(values_only=True))[1:]])

def load_att2():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/Pff{/Hif5 2.xIsx",read_only=True,data_only=True)
load=np.array([[float(c) for ¢ in r[1:]] for r in list(wb["/NX faE"].iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r{1:]] for r in list(wb[" YE{R & BB IZFRIIZE".iter rows(values_only=True))[1:]],dtype=float)

return load,pv

def load_att3():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/H{4/Fff4 3.xIsx",read_only=True,data_only=True)
rows=list(wb["Sheet1"].iter rows(values_only=True))[1:]
fc=np.zeros((D,4,24))
for d in range(D):
for f in range(4): fc[d,f,:]=[float(x) for x in rows[d*4+f][2:26]]
return fc

price=load_att1(); load_actual,pv_actual=load_att2(); fc_forecast=1load_att3()

def forecast_slots(d,f_idx):
f=t idx*6; fc=np.zeros(T)

for i in range(T):
h=(i+1)//6; k=h-f-1
if k<0:k=0
if k>23:k=23
feli]=fc_forecast[d,f idx,k]

return fc
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def solve_block(price_b,net_fc,soc_start,p_prev=None,penalty=0.5):
Tb=len(price_b); price_b=np.asarray(price b,float); net fc=np.asarray(net fc,float)

has_dev=p_prev is not None

n=(5*Tb+(Tb+1)) if has_dev else (3*Tb+(Tb+1))
A a=0;A c=Tb;A d=2*Tb;A s=3*Tb
¢_obj=np.zeros(n); ¢_obj[0:Tb]=price_b*dt

if has_dev:

A _u=3*Tb+(Tb+1);A_v=4*Tb+(Tb+1)

c obj[A_wA_ ut+Tb]=penalty*price b*dt; c_obj[A_v:A v+Tb]=penalty*price b*dt
bounds=[(0,None)]*Tb+[(0,Pmax)]*Tb+[(0,Pmax)]*Tb
bounds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*(Tb-1)+[(soc_min,soc_max)]
if has_dev: bounds+=[(0,None)]*Tb+[(0,None)]*Tb
A _ub=np.zeros((Tb,n)); b_ub=-net fc
for t in range(Tb):

A_ub[t,A_a+t]=-1.0;A_ub[t,A_d+t]=-1.0;A_ub[t,A_c+t]=1.0
A _eg=np.zeros((Tb,n)); b_eq=np.zeros(Tb)
for t in range(Tb):

A eq[t,A s+t+1]=1.0;A eq[t,A s+t]=-1.0;A eq[t,A_c+t]=-eta*dt;A eq[t,A d+t]=dt/eta
if has_dev:

p_prev=np.asarray(p_prev,float); A_eq2=np.zeros((Tb,n)); b_eq2=p_prev.copy()

for t in range(Tb):

A eq2[t,A_at+t]=1.0;A_eq2[t,A_u+t]=-1.0;A eq2[t,A_v+t]=1.0

A _eq=np.vstack([A_eq,A_eq2]); b_eq=np.concatenate([b_eq,b _eq2])
res=linprog(c_obj,A ub=A ub,b ub=b ub,A eq=A_eq,b _eq=b_eq,bounds=bounds,method="highs")
if not res.success: raise RuntimeError(res.message)

X=res.x

return Xx[A_a:A_a+Tb],x[A_c:A_c+Tb],x[A_d:A_d+Tb]x[A_s:A_s+Tb+1]

def realize_greedy(a_b,load_b,pv_b,soc_start):
soc=soc_start; E=np.zeros(len(a_b)); c_rt=np.zeros(len(a_b)); d_rt=np.zeros(len(a_b))

for t in range(len(a_b)):
net=load b[t]-pv_bl[t]
if net>a_ b[t]:
d=min(Pmax,(soc-soc_min)*eta/dt,net-a_b[t]); E[t]=net-a_b[t]-d; soc-=d*dt/eta; d_rt[t]=d
else:
c=min(Pmax,(soc_max-soc)/(eta*dt),a_b[t]-net); soc+=eta*c*dt; c_rt[t]=c

return ¢_rt,d 1t,E,soc

FTREE L

soc=so0c@; daily no=[]
for d in range(D):

load_d=load_actual[d]; pv_d=pv_actual[d]

fcO=forecast_slots(d,0)

p,c0,d0,s0=solve block(price,load d-fc0,soc,None)

c rt,d rt,E,socl44=realize greedy(p,load d,pv_d,soc)

purchase=float(np.dot(price,p)*dt); emergency=float(5.0*np.dot(price,E)*dt)

daily no.append(dict(day=d,p=p.tolist(),a=p.tolist(),c=c_rt.tolist(),d=d_rt.tolist(),E=E.tolist(),
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purchase=purchase,deviation=0.0,emergency=emergency,total=purchase+emergency,final soc=float(soc144)))

soc=float(soc144)

res_no=daily_no[31:]

tot_p=sum(x["purchase"] for x in res_no); tot_em=sum(x["emergency"] for x in res_no); tot=sum(x["total"] for x in res_no)
em_kwh=sum(float(np.sum(x["E"])*dt) for x in res_no)

print(f"TiAEE: itkl={tot_p:.2f} ER={tot_em:.2f} B={tot:.2f} KR E={em_kwh:.2f}kwh")
out=dict(no_adjust=dict(daily=daily_no, summary=dict(purchase=tot_p,emergency=tot_em,total=tot,emergency_kwh=em_kwh)))
(root/"data_cleaned/q3_baseline_cache.json").write_text(json.dumps(out),encoding="utf-8")

print(“"saved")

D.2.36 SZHEMEL/AREE/03_[HE=/q3_constraint_check.py

import os

-*- coding: utf-8 -*-

"R 3 AR AR (RSO
import json, numpy as np, openpyxl

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"

dt=1.0/6.0; eta=0.9; Pmax=5000.0; CAP=12000.0; soc_min,soc_max=1200.0,10800.0; socd=6000.0; T=144

def load_att2():
wb=openpyxl.load_workbook(proj/"problem_files/Mi{4/Hi 4 2.xIsx",read_only=True,data_only=True)

load=np.array([[float(c) for ¢ in r[1:]] for r in list(wb["/NX FaZE"].iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r{1:]] for r in list(wb[" YEfR & EBIZFRIIZE".iter rows(values_only=True))[1:]],dtype=float)

return load,pv

load_actual,pv_actual=load_att2()
d=json.loads((root/"data_cleaned/q3_result_cache.json").read_text(encoding="utf-8"))
daily=d["daily"]

R=[]
def chk(no, name, ok, detail=""):

R.append((no,name,ok,detail)); print(f'[{no}] {'PASS'if ok else 'FAIL'} {name} {detail}")

- 1 WMRHHBEART N GE —

worst=0.0; viol=0
for day in daily:
a=np.array(day["a"]); c=np.array(day["c"]); dd=np.array(day["d"]); E=np.array(day["E"])

supply=a+dd+E+pv_actual[day["day"]]  # MJEB+TREB+E 2+
demand=load_actual[day["day"]]+c # B+
gap=(demand-supply).max()
worst=max(worst,gap)
if gap>1e-6: viol+=1
chk (1, "Mt/ \X AR (S, 365K)", viol==0, f"EREH={viol}, BAEKRO={worst:.2e} kiWh")

--- 2 SOC {R¥F¥E 1200-10800 ---

soc=soc@; lo=1e9; hi=-1e9; v2=0; carry_ok=True
for day in daily:
c=np.array(day["c"]); dd=np.array(day["d"])

s=np.zeros(T+1); s[0]=soc
for t in range(T): s[t+1]=s[t]+eta*c[t]*dt-dd[t]*dt/eta
lo=min(lo,s.min()); hi=max(hi,s.max())
if s.min()<soc_min-1le-6 or s.max()>soc_max+le-6: v2+=1
if abs(s[-1]-day["final soc"])>1e-4: carry ok=False
soc=s[-1]
chk(2,"S0CE[1200,10800] kiwh (2BIER)", v2==0, f"ERXH={v2}, TMSEE=[{lo:.4f},{hi:.4f}]")

chk("2b", "R SOC EL (BL="RBIE)", carry_ok, f"}k&S0C(12.31)={soc:.2f}")
chk("2c","SOC<¥)IRRE 12000 kih", hi<=CAP, f"SLMERA={hi:.2f} < {CAP}")
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-3 RAFTHEINE 5000 KW ---

mc=max(np.array(x["c"]).max() for x in daily); md=max(np.array(x["d"]).max() for x in daily)
chk(3,"75/MEEINZE <5000 k", mc<=Pmax+le-6 and md<=Pmax+le-6, f"'max F5HB={mc:.4f}, max HHE={md:.4f}")

— 4 Jefatt —

v4=0
for day in daily:
for k ln ("a","C","d","E","p”):
if (np.array(day[k])<-1e-9).any(): v4+=1
chk(4,"Mgm/itRl/FKEB/ ER FA”, va==e, f"ER={v4}")

5 B RER & —

both=0; mx=0.0
for day in daily:
c=np.array(day["c"]); dd=np.array(day["d"])

prod=np.minimum(c,dd); mx=max(mx,prod.max())
if (prod>1e-6).any(): both+=1
chk(5, "FIRTEEREIRIZEMEE", both==0, f"HERA#={both}, max min(c,d)={mx:.2e} kW")

- 6 MBS SOC -

chk(6,"#J¥8SOC(1.1 0:00)=6000 kwh", True, "#EE soc0=6000; 2.1#]SOC H 1.1 EEFH(I 2b)")
chk(7, " FEIR BN =00% (% 90%, 1HiR 81%)", True, "eta=0.9; IR ' FTHEMEN %0% FEX (MAHES)")

- 8 Z544: 0:00 3% + 6/12/18 HEE ---

struct_ok=True; p_eq_a_pre36=0
for day in daily:

a=np.array(day["a"]); p=np.array(day["p"])
if not np.allclose(a[0:36],p[0:36],atol=1e-6): p_eq_a pre36+=1
chk(8,"4M: 0-6 BITLIEE (a=p), 6BIEAVFIEE", p_eq_a_pre36==0, f"0-6BJF& azp BIKE={p_eq_a_pre36}")

—-- 9 result3.xlsx PUFRTEEM ---

wb=openpyx1.load_workbook(root/"result3.x1lsx", data_only=True)

sheets=wb.sheetnames

need=["ItXIMEBE", "HEWBEE", "FTHES","EIWEBE"]

chk(9,"result3.xlsx MUKEFTL", all(s in sheets for s in need), f"SEPR={sheets}")

ws=wb["ITRIMIEBE"]; wa=wb["JHEEMEE"]; wcd=wb["FKEE"]; we=wb["E2MWEE"]

chk("9b","EZE 2025.2.1-12.31 #£334 X", ws.max_row==335 and wa.max_row==335 and wcd.max_row==2005, f"it%|&iTE={ws.max_row},

FER B TEM={wcd . max_row}")

chk("oc"," HHEASEE IE®M ", str(ws.cell(row=2,column=1).value)[:10]=="2025-82-01" and str(ws.cell(row=335,column=1).value)
[:10]=="2025-12-31",
"B ={str(ws.cell(row=2,column=1).value)[:10]}, FK={str(ws.cell(row=335,column=1).value)[:10]}")
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— 10 HEOR -
W EHHSEELR

price=np.array(d["price"])
def cost(day, coef=0.5):

a=np.array(day["a"]); p=np.array(day["p"]); E=np.array(day["E"])
return float(np.dot(price,a)*dt) + coef*float(np.dot(price,np.abs(a-p))*dt) + 5.0*float(np.dot(price,E)*dt)

tot=sum(cost(x) for x in daily[31:])
chk(10,"it#=5price-a+0.55price- |a-p|+55price-e", abs(tot-13824868.16)<1.0, f"EH={tot:.2f}")

— 11 EH(R V) SRR

curt=sum(float(np.sum(np.maximum(@, pv_actual[x["day"]]+np.array(x["a"])+np.array(x["d"])-1load_actual[x["day"]]-
np.array(x["c"]))))*dt for x in daily[31:])
chk (11, "RFFEN(FER)", True, F"2EF={curt:.0f} kwh")

np_=sum(1 for x in R if x[2])
print(f"\n=== 4HRIZZE: {np_}/{len(R)} BT ==="
(root/"analysis/q3_constraint_check.txt").write_text(
"\n".join(f"[{no}] {'PASS' if ok else 'FAIL'} {name} {det}" for no,name,ok,det in R), encoding="utf-8")
print("saved analysis/q3_constraint_check.txt")

D.2.37 SCHEMRVARL/03_H @ =/q3_fc_accuracy B.py
-*- coding: utf-8 -*-

"""E3/E4 BERAXBCATURIEENLL (SEaE/BAXX, ATURE).

it paper_output_pro/experiments/q3-fc-accuracy_B.json + .md

import os, sys, json
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from gq3_forecast_B import (load_vintages, residuals, rolling_sigma, forecast_stage, # noqa: E402

hourly actual, fixed sigma, full sample sigma, HOURS, NDAY, T)

STAGES = [(e, @), (6, 36), (12, 72), (18, 1@8)]
SCORE_FROM = 31
DAY KW = 50.0 # HE"BXR"HNS IR E

def collect(pv_a, ha, provider):

lead, val, act =], [], []
for d in range(SCORE_FROM, NDAY):
for off, slot in STAGES:
arr, Id, nm = provider(d, off)
for t in range(slot, T):
if np.isfinite(arr[t]):
lead.append(1d[t]); val.append(arr[t]); act.append(ha[d, t // 6])

return np.array(lead), np.array(val), np.array(act)

def stats(lead, val, act, mask=None):
if mask is None:

mask = np.ones(len(lead), bool)
e = val[mask] - act[mask]
if len(e) == 0:

return {'n": 0}
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return {'n": int(len(e)), 'mae': float(np.abs(e).mean()), 'rmse": float(np.sqrt((e ** 2).mean())),
'bias': float(e.mean()), 'p90": float(np.percentile(np.abs(e), 90))}

def by lead(lead, val, act, lo, hi, mask=None):
m = (lead >= lo) & (lead <= hi)

if mask is not None:
m &= mask

return stats(lead, val, act, m)

def main():

V, vimeta = load_vintages(os.path.join(HERE, 'q3_vintages B.json'))

inp = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q3_input.json'), encoding="utf-8"))
pv_a=np.asarray(inp['pv_actual'], float)

ha = hourly actual(pv_a)

sig_jan, cal_jan = fixed sigma(V, pv_a) # ERXOF: RRAE—1BE

sig_full, cal_full = full_sample_sigma(V, pv_a) # O EHE, (NEITER

sig = np.tile(sig_jan, (NDAY, 1))  # £FEE, FNREH

fc = {h: np.array([inp['pv_forecast']['%d_%d' % (d, h)] for d in range(NDAY)]) for h in (0, 6, 12, 18)}

def mk_baseline(d, off):
arr = fc[off][d].copy()
lead = np.full(T, np.nan)
for t in range(T):
if t // 6 >= off:
lead[t] =t// 6 - off

return arr, lead, np.where(np.isfinite(arr), 1, 0)

def mk(mode, scope, s=None):
ss =sig if s is None else (np.tile(s, (NDAY, 1)) if np.ndim(s) == 1 else s)
return lambda d, off: forecast stage(V, ss, d, d * 24 + off, mode, scope, 0.5)

schemes = [
(‘baseline', "EEMIE: 0:00 lREX + 6/12/18 HIEHKHAR', mk_baseline),
(‘e4','E4 12 R+BXEFT—hR (scope=all), mk('latest, 'all')),
(‘e3-inv', 'E3 HIELR+HFEFENMN (scope=all, sigma=1 BIRE)', mk(‘inv', 'all')),
(‘e3-exp', 'E3 HIERHEEZ I 1=0.5 (scope=all)', mk('exp', 'all')),
(‘e3-inv-sameday', 'E3 5% (scope=same-day, sigma=1 BFFE)', mk(inv', 'same-day")),
(‘e3-exp-sameday’, 'E3 388 (scope=same-day)', mk('exp', 'same-day")),
(‘'e3-inv-LEAKY", [& MBIV R E3 WHE (scope=all, sigma=2HE7K), mk('inv', 'all', sig_full)),
]
out = {'meta": {'score_from': SCORE FROM, 'day kw": DAY KW, 'stages': STAGES,
'sigma_calibration_jan'": cal_jan, 'sigma_calibration full LEAKY": cal full,
'records_per_day': sum(T - s for , s in STAGES),
'lead_definition': 'Fr AR RS —IRAVNEYRATE j (BTSN ZHBEZR) ],
'schemes': {}}

for key, desc, prov in schemes:
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lead, val, act = collect(pv_a, ha, prov)
day = act>DAY_KW
rec = {
'desc': desc,
‘all": stats(lead, val, act),
'daytime': stats(lead, val, act, day),
'by_lead_group": {("%02d-%02dh' % (lo, hi)): by _lead(lead, val, act, lo, hi)
for lo, hi in ((0, 5), (6, 11), (12, 17), (18, 23))},
'by_lead_group_daytime': {('%02d-%02dh' % (lo, hi)): by_lead(lead, val, act, lo, hi, day)
for lo, hi in ((0, 5), (6, 11), (12, 17), (18, 23))},
'by lead exact": {('%02d' % L): by _lead(lead, val, act, L, L) for L in range(24)},
'by_lead exact_daytime': {('%02d' % L): by_lead(lead, val, act, L, L, day) for L in range(24)},
'mean_lead": float(np.nanmean(lead)),
}
out['schemes'][key] = rec
print('%-16s all MAE %7.2f RMSE %7.2f bias %+7.2f | daytime MAE %7.2f RMSE %7.2f | mean lead %.2f
% (key, rec['all']['mae'], rec['all']['tmse'], rec['all']['bias'],

rec['daytime']['mae'], rec['daytime']['rmse'], rec['mean_lead']))

# BIRASER: R TRAMESE j/\8) HNiRE
print(\n—— FREASE (280 365 K, & MRRIEMMNBEIRAEIRE) )
R =residuals(V, pv_a)
ref = {}
for j in range(24):

e=R[, :, j].ravel(); e = e[np.isfinite(e)]

ref['%02d' % j] = {'n': int(len(e)), 'mae': float(np.abs(e).mean()),

'rmse': float(np.sqrt((e ** 2).mean())), 'bias': float(e.mean())}
print(" Delta=%2dh MAE %7.2f RMSE %7.2f bias %+7.2f % (j, ref['%02d' % j]['mae'],
ref['%02d' % j]['rmse'], ref['%02d" % j]['bias']))

out['single version_reference'] = ref

os.makedirs(os.path.join(ROOT, 'paper_output pro', 'experiments'), exist ok=True)
p = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'q3-fc-accuracy B.json')
json.dump(out, open(p, 'w', encoding="utf-8'), ensure_ascii=False, indent=1)

print(\nwrote', p)

D.2.38 STHEMRYATL/03_HB=/q3_fc_diag_A.py

-*- coding: utf-8 -*-

""UE1/E2 MIGIZHT: At ARSARNREEREM "
import os, sys, json
import numpy as np

sys.

path.insert(@, os.path.dirname(os.path.abspath(__file_ )))

from gq3_forecast_A import ForecastEngine, STAGE_SLOTS

inp
eng
do,

= json.load(open(os.path.join('paper_output_pro', ‘'data_cleaned', 'g3_input.json'), encoding="utf-8'))
= ForecastEngine(os.path.join('paper_output_pro', 'code', 'q3_vintages_A.json'), inp['pv_actual'], 60)
dl = 31, 365
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act = np.asarray(inp['pv_actual'], float)[de:d1]
out = {}
for scheme in ('newest', ‘'invvar', ‘invvar_tod', ‘expdecay'):

PV, LE, NV = eng.all_days(scheme, 'strict')
P =PV[d0:d1]
rec = {}
rec['mean_stage0'] = float(P[:, 0].mean())
rec['bias_stage('] = float((P[:, 0] - act).mean())
rec['mae_stage0'] = float(np.abs(P[:, 0] - act).mean())
rec['mean_effective lead stage0'] = float(LE[d0:d1, 0].mean())
for si, h in enumerate((6, 12, 18), start=1):
d="P[;,si] - P[;, 0]
rec['rev_%d_meanabs' % h] = float(np.abs(d).mean())  # AAXF 0:00 I+XIAUEITIRRE
rec['rev_%d_meanabs_act seg' % h] = float(np.abs(d[:, h * 6:]).mean())
rec['mae_stage%d' % h] = float(np.abs(P[:, si] - act).mean())
out[scheme] = rec

for k, v in out.items():

print(k)
for kk, vv in v.items():

print('" %-26s %10.2f % (kk, vv))

2= 53 A OB E] 53 %6

for name, p in (('newest', 'g3-fc-e2/newest'), ('invvar', 'qg3-fc-el/invvar')):
z = np.load(os.path.join("paper_output pro', 'experiments', p, 'trajectory.npz'))

p0 = z['plan0']; pf = z['plan']; e = z['E']

price = np.asarray(inp['price'], float); dt=1.0/6

dev = (0.5 * price * np.maximum(0, pO - pf) + 1.5 * price * np.maximum(0, pf - p0)) * dt

em=>5 * price * e * dt

print('%s: dev 2 %.0f em 2 %.0f % (name, dev.sum(), em.sum()))

print(" dev ¥/NBS: '+ join("%d:%.0f % (h, dev[:, h * 6:(h + 1) * 6].sum()) for h in range(0, 24, 2)))
print('" em ¥/BY: '+ join('%d:%.0f % (h, em[:, h * 6:(h + 1) * 6].sum()) for h in range(0, 24, 2)))
print(" B33 dev:'+'"join('%.0f % dev[d * 30:(d + 1) * 30].sum() for d in range(11)))

D.2.39 SCHEAMRVAAS/03_H @ =/q3_fc_export_A.py
-*- coding: utf-8 -*-

"R E1/E2 MR (xlsx) SEEOBEA (csv).""
import os, json, csv

import numpy as np

from openpyxl import Workbook

R = os.path.join('paper_output_pro', 'experiments')
res = json.load(open(os.path.join(R, 'q3-fc-ele2_all.json'), encoding="utf-8"))

wb = Workbook(); wb.remove(wb.active)

def sheet(name, header, rows):
ws = wb.create_sheet(name)

ws.append(header)
for r in rows:

ws.append(r)
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BASE = res['baseline_total']; BS = res['baseline_split']
prim = res['el'] + res['e2']
sheet("1-EER', ['HR', 'BHEM(T)', 'AXWE', REHM', RIWB', "KIkwh', FEKh',
SEEECY), 5EEE%), BESER,
[[r['run'], r['total'], r['purchase'], r['dev'], r['em'], r['em_kwh'], r['curtail kwh'],
r['diff vs_base'], r['pct_vs_base'], BASE] for r in prim])
sheet('2-RETLLH, ['HR', "RE/MRR, RE/SHEM, BREEC, SBE, BEME,
'SRERER, SRR, RELEER, AR E O, FEAOFRKREM,
FEHOZRMAREEOA L, EEOFBRAREN, SEOFUSKEED S,
[[t['run'], r['dev_over purchase'], r['dev_over _total'], r['n_adjusted'], r['n_segments'],
r['adjusted_share'], r['n_over_buy'], r['n_under buy'], r['n_unchanged'], r['n_windows'],
r['window_net sum'], r['window_net negative_share'], r['window_net_settle sum'],
r['window_net_settle negative_share']] for r in prim])
wr =[]
for r in prim:
for hiin ('6', '12','18"):
v =r['window_by_hour'].get(h)
if not v:
continue
wr.append([r['run'], h +":00', v['n'], v.get("down_kwh_sum', 0), v.get('up_kwh_sum', 0),
v.get('base_delta_sum', 0), v.get('dev_delta_sum', 0), v.get('net_settle sum', 0),
v.get('net_settle negative share', 0), v.get('n_up_sum', 0), v.get('n_down_sum', 0),
v.get('n_same _sum', 0)])
sheet(*3-BWONM', 'R, "EO, "@OHC, "FHEkwh, "ERkih’, ‘base T (T)', REEK(T),
FREOFDOMRAREGT), AETO AL, SR, DL, R, wr)

ab =[]
for fam, d in res[‘'ablation'].items():
rs = d['rows']; mg = d['marginal']

ab.append([fam, 'XFEZFEEE', rs[0]['total' 1] + [, ", "] )

ab.append([fam, '+6:00', rs[1]['total'], mg[0]['marginal benefit'], ", "])
ab.append([fam, '+6:00+12:00', rs[2]['total'], ", mg[1]['marginal_benefit'], "])
ab.append([fam, '+6:00+12:00+18:00', rs[3]['total'], ", ", mg[2]['marginal benefit']])

sheet ("4-MREAIFNME', ['H%IE, BANEEED, SELRM(GT), '6:00 BOMFME ()",
'12:00 B QIAFRUEE(TT)', '18:00 B HiAPRULER(7T)], ab)

fl = res.get('forecast_layer_accuracy') or {}

acc = []
for r in prim:
a=r["acc']

acc.append([r['run'], a['mae'], a['rmse'], a['mbe'], a['mean_effective lead h']])
sheet ('5-TMRIBE-7IZR", ['73%', 'MAE(KW)', 'RMSE(kW)', 'MBE(KW)', '9BXIRAIZ(h)'], acc)
raw = fl.get('raw_version_by_lead', {})
ks = sorted(raw.keys(), key=int)
sheet('Sb-TUIRFEE -1ZiRmiZ", ['#EAIE(h)'] + ks,
[['MAE(kW)'] + [raw[k]['mae'] for k in ks], [RMSE(kW)'] + [raw[k]['rmse'] for k in ks]])

rv =[]
for k in [x for x in fl.keys() if '|' in x]:
r_=1l[k]

rv.append([k, r_['overall']['mae'], r_['overall']['rmse'], r_['overall']['mbe'],
r_.get('revision_vs_stage0', {}).get('6', {}).get('mean_abs_daytime'),
r_.get(‘revision_vs_stage0', {}).get('12', {}).get('mean_abs_daytime"),
r_.get('stage block mae', {}).get('0"), r_.get(‘stage block mae', {}).get('6"),
r_.get('stage_block mae', {}).get('12"), r_.get('stage_block mae', {}).get('18")])

sheet (' 5c-FURIEE-H1HI", [‘7_5;’%@%%', S MAE', '#Q_}ﬁ RMSE', '$#XFIMBE',
'6:00 IEITIEE (B X)', '12:00 EITIRE(HX), '0:00 3k MAE',

'6:00 3 MAE', '12:00 $& MAE/, '18:00 3t MAE'], rv)

sheet('6-iREORMEIL', ['IREQR", 'BBEA', 'SEEE', 'E%, 'REZRM', 'E2FBM, 'KAmAE, RARMSE'],
[[r['run'], r['total'], r['diff vs base'], r['pct_vs base'], r['dev'], r['em'],

r['acc']['mae'], r['acc']['rmse']]
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for r in res['sensitivity _cal window'] + res.get('refs', [])])
ci = fl.get('calibration_jan')
if ci:
ks = [str(k) for k in range(1, 25)]
sheet('7-1 BHRERE4H,
[{RATER(h)] + ks,
[['10 S $P#EZ"T + [ci['bins'][k]['n_seg'] for k in ks],
[INBHERIRIT A A" + [ci['bins'][k]['n_hours'] for k in ks],
['MSE(kW*2)"] + [round(ci['bins'][k]['mse'], 2) for k in ks],
['sigma(kW)'] + [round(ci['bins'][k]['sigma'], 2) for k in ks],
(SRR, ERERIIGE AT, ", L,
["MREBLER', ci['desc]],
[PFERED, hRAS %d 1 /10 DR %d / NERIRIIEA %d' % (ci['n_versions'], ci['n_samples_segments'],
ci['n_samples_hours'])]])
sheet('7b-2HAMTE [EMER] ', [1RATEM(D)] + ks,
[['10 53 $H4£2"] + [fl['calibration_fullsample LEAKY']['bins"|[k]['n_seg'] for k in ks],
['sigma(kW)'] + [round(fl['calibration_fullsample LEAKY"]['bins'][k]['sigma'], 2) for k in ks],
[TRd, &R, (R, REEAERER)
x1 = os.path.join(R, 'q3-fc-ele2_compare.xlsx"')

wb.save(x1)
print('->", x1)

EE O CSV

import shutil
sd = {r['dir']: r['run'] for r in prim}
for rel, nm in (('g3-fc-el/invvar', ‘'invvar'), ('q3-fc-e2/newest', 'newest'),
('q3-fc-el/expdecay’, 'expdecay")):
o = json.load(open(os.path.join(R, rel, 'metrics.json'), encoding="utf-8'))
w = o['windows']
p = os.path.join(R, rel, 'windows.csv')
with open(p, 'W', newline=", encoding="utf-8-sig') as fh:
¢ = csv.writer(th)
c.writerow(['day', 'date’, 'hour', 'down_kwh', 'up_kwh', 'base_before', 'base_after',
'dev_before', 'dev_after', 'net_settle', 'gross buy saving', 'dev_level', 'net_literal',
'n_up', 'n_down', 'n_same'])
import datetime
for x in w:
dt = (datetime.date(2025, 1, 1) + datetime.timedelta(days=x['day'])).isoformat()
c.writerow([x['day'], dt, x['hour'], round(x['down_kwh'], 3), round(x['up_kwh'], 3),
round(x['base before'], 2), round(x['base_after'], 2),
round(x['dev_before'], 2), round(x['dev_after'], 2),
round(x['net_settle'], 2), round(x['buy saving'], 2),
round(x['dev_cost'], 2), round(x['net'], 2),
x['n_up'], Xx['n_down'], x['n_same']])

print('->', p, len(w), 'windows')
D.2.40 SZHEMEVARRL/03_[HE=/q3_fc_leaktest A.py
-*- coding: utf-8 -*-

TR BRI (R TIRESEI) - MEh AR HiE, RTRMNZIETR/ T SATE.
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BTN

A. HEhE D KHRRAE -> % d<d KFFEMERFTURBFRMLFE

B. IENHE D X 6/12/18 R -> ¥ D X 0:00 MEATURMARE (0:00 RFEHEAIEKELRE)
C. HEh%E D X 18 Rk -> % D X 6:00/12:00 MERFURMATE

D. ENE D X 0:00 AR¥T t=0 FRLEMN (0:00-0:10 FSFEANX 0:00 hR)

E. MEIARELRFRARE -> 8B dd RKFURMBAARE (LIMERHHEITE)

import os, sys, json

import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))
from gq3_forecast_A import ForecastEngine, STAGE_SLOTS, SPD

RNG = np.random.default_rng(20260912)

JAN = 31 # BAOR: HERAE-ANE

INP = os.path.join('paper_output_pro', ‘data_cleaned', 'q3_input.json"')
VIN = os.path.join('paper_output_pro', 'code', 'q3_vintages_A.json')

class Eng(ForecastEngine):

def init (self, H, act, cal=60):
with open(VIN, encoding="utf-8') as f:
dO0 = json.load(f)
self.H = H.copy(); self.D, self.K, self. NH = self.H.shape
self.T = SPD; self.ND = self.D * self.T
self.act = act.copy(); self.cal_window = cal; self.sigma0 = 1.0
self.calib = 'fixed_jan'; self.min_bin_n = 20

self. build candidates(); self. calibrate()

inp = json.load(open(INP, encoding="'utf-8"))

base_H = np.asarray(json.load(open(VIN, encoding="utf-8'))['vintages'], float)
act = np.asarray(inp['pv_actual'], float).reshape(-1)

checks = []

def cmp(name, A, B, expect_same):
same = np.array_equal(A, B)

ok = (same == expect_same)
checks.append((name, ok, same))
print('%-4s %-72s 18[E=%s BHEE=%s' % ("PASS' if ok else 'FAIL', name, same, expect_same))

return ok

for scheme in ('newest', 'invvar', ‘'expdecay'):

D =200

e0 = Eng(base H, act); PO = e0.all_days(scheme, 'strict')[0]

# A/B: HUENEE 200 X 6/12/18 hR

H =base H.copy(); H[D, 1:, :] =9999.0 * RNG.random((3, 24))
el = Eng(H, act); P1 = el.all_days(scheme, 'strict')[0]

cmp('[%s] A KK H (D=200)hRAAEIRFZM d<200' % scheme,

PO[:D], P1[:D], True)
emp('[%s] A2 KRB MRAKENHAEERE T d=200' % scheme,
PO[D], P1[D], False)

cmp('[%s] B 6/12/18 hREXEIAREZMM d=200 B9 0:00 FYER' % scheme,
PO[D, 0], P1[D, 0], True)

#C: RILEN 18:00 FR

H2 =base_H.copy(); H2[D, 3, :] =9999.0 * RNG.random(24)

e2 = Eng(H2, act); P2 = e2.all_days(scheme, 'strict')[0]

emp('[%s] C 18:00 AREXEIAREIMA d=200 BY 6:00/12:00 BYER' % scheme,
PO[D, :3, :108], P2[D, :3, :108], True)
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D: RILEhEK 0:00 hig, 10FE =0 &
H3 =base_H.copy(); H3[D, 0, :] =9999.0
e3 = Eng(H3, act); P3 = e3.all_days(scheme, 'strict')[0]
emp('[%s] D HX 0:00 iREXENFFM d=200 BY =0 E' % scheme,
PO[D, :, 0:1], P3[D, :, 0:1], True)
emp('[%s] D2 HX 0:00 RREXEHFZME d=200 BY t>=1 E&' % scheme,
PO[D, :, 1:37], P3[D, :, 1:37], False)
# E: LBhARFSEFTE
act2 = act.copy(); act2[300 * SPD:] *= 3.0 + RNG.random(act2[300 * SPD:].size)
e4 = Eng(base H, act2); P4 = e4.all_days(scheme, 'strict')[0]
cmp('[%s] E RRIPHMEBSHAEM d<300 FUR' % scheme, PO[:300], P4[:300], True)
#F/G: BBLUSRE T — 1| A LSMISEIME—RRERMS E5E/ANE /i’
act3 = act.copy(); act3[JAN * SPD:] *= 2.5 + RNG.random(act3[JAN * SPD:].size)
e5 = Eng(base H, act3); PS5 =e5.all_days(scheme, 'strict')[0]
emp('[%s] F 2 B R UEERIRMERD A2 EFTIRA BInERS) % scheme, PO, PS5, True)
emp('[%s] G 2 ARG SEPHMEKBI AR IITE L R(EN sigma)' % scheme,
e0.mse[0], e5.mse[0], True)

H: FFELERVWME 365 REERMER (BRE—X. BEE
24, 1983

for scheme in ('invvar',):

e = Eng(base H, act)
h ok = all(np.array equal(e.mse[0], e.mse[d]) for d in range(e.D))
h ok &= all(np.array equal(e.mse_tod[0], e.mse_tod[d]) for d in range(e.D))
checks.append((H iRELERESE 365 KZRUMER(BEIEARRED), h ok, h ok))
print('%-4s %-72s $8E=%s BiE=True' % ('PASS'if h_ok else 'FAIL',

'[%s] H iR ELERESEP 365 REMABR(EEARREN) % scheme, h_ok))

bad = [c for c¢ in checks if not c[1]]
print(*\nBIt45L: %d IMLEF@EL " % len(checks) if not bad else '\nEEItLEIL: %d MKW’ % len(bad))
sys.exit(1l if bad else @)

D.2.41 SCHEMRHARL/03_[HE=/q3_fc_leaktest_ B.py
-*- coding: utf-8 -*-

RN (E3/E4 TURE).

WI==:
L1. BRRRERMY: #E8N (K, B, FRKEZ) AIMKR, BE pub <= deco
L2. sigma_hat ERM: BFE X XKEUGHWERNARESEESR, Ws sig[d] (d<=X) TERT,
L3. mENS: ARE—H"RREMERBIT IR ERRMEE, WS d < X BRI/ AREREFE,
FRIMNERFRIR K AR (q3_fc_solver B.py --stop-day X [--replace-actual-from X]) BB solution.json Eb3T,

import os, sys, json
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from q3_forecast_B import (load_vintages, residuals, rolling_sigma, forecast_stage, # noga: E402

fixed_sigma, full sample sigma, calibration_residuals,

candidates, CAL_PUB, CAL_TGT, NDAY, T)
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STAGES = [(@, @), (6, 36), (12, 72), (18, 108)]
X = 60

def main():
V, =load vintages(os.path.join(HERE, 'q3_vintages B.json'))

inp = json.load(open(os.path.join(ROOT, 'paper_output pro', 'data cleaned', 'q3_input.json'), encoding="utf-8'))
pv_a=np.asarray(inp['pv_actual'], float)

#--—--L1----
bad =0; tot=0
for d in range(NDAY):
for off, slot in STAGES:
dec=d * 24 + off
for t in range(slot, T):
for pub, j, val in candidates(V, d, t, dec, 'all'):

tot+=1
if pub > dec:
bad +=1
print(L1 BRAREIRM: 1E %d MRE, FER pub<=dec B =%d -> %s' % (tot, bad, 'PASS' if bad == 0 else 'FAIL"))

assert bad ==

#--—12: 1 BIREBEONFERBR
samp = calibration_residuals(V, pv_a, CAL_PUB, CAL TGT)
print(L2 #AREBEO: WA XIE %s, BFREXIE] %s, 745 %d' % (CAL_PUB, CAL_TGT, len(samp)))
ha = np.asarray(pv_a, float).reshape(NDAY, 24, 6).mean(axis=2)
bad t,bad p=0,0
for dO in range(NDAY):
for h0i, hO in enumerate((0, 6, 12, 18)):
for j in range(24):
a=d0 *24+h0+]j
ifa>=NDAY * 24:
continue
td=a// 24
inside = (CAL_PUB[0] <= d0 < CAL _PUB[1]) and (CAL_TGT[0] <=td < CAL_TGT[1])
#1 8 318 18:00 \REZZE 2 A 1H > BisEBHED, BRI
if (td >= CAL_TGT[1]) and (d0 < CAL PUB[1]):
bad t+=1
if inside:
bad p+=0
print('L2b B A5 BRI ZIBRERE = %d (BRIFR, RENLGIT) % bad_t)
sig_row, info = fixed sigma(V, pv_a)
print('L2c TAYHEZAER n = %s' % info['n_by lead'])
print(L2d B4 n>=20 = %s (8&/)\ %d)' % (min(info['n_by lead']) >= 20, min(info['n_by lead'])))
assert min(info['n_by lead']) >=20

# IR E & UM 2 I FRME, sigma BNTTEARE
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pv_bad =pv_a.copy(); pv_bad[CAL_TGT[1]:]=0.0

sig_bad_row, = fixed sigma(V, pv_bad)

ok = np.allclose(sig_row, sig_bad_row)

print('L2e sigma EHRM4: BHIFE %d X2 A 1 BE&LHIIMER, | BIFE sigma TE2— = %s'
% (CAL_TGT[1] + 1, 'PASS' if ok else 'FAIL"))

assert ok

sig_fixed = np.tile(sig_row, (NDAY, 1))

sig_bad = np.tile(sig_bad row, (NDAY, 1))

#---- FURBANTS THREBUGNERED X -
same = True
for d in range(NDAY):
for off, slot in STAGES:
al = forecast stage(V, sig_fixed, d, d * 24 + off, 'inv', 'all")[0]
a2 = forecast_stage(V, sig_bad, d, d * 24 + off, 'inv', 'all')[0]
if not np.allclose(np.nan_to_num(al, nan=-1), np.nan_to_num(a2, nan=-1)):
same = False
print(L3 FR/E: iiF 2 BEE£ESSFMERR, £F 365 REEHSETRETE—H = %s'
% ('PASS' if same else 'FAIL"))

assert same

#---- L4 15 E|I% solution.json EEXT ----
if len(sys.argv) >= 4:
A = json.load(open(sys.argv[1], encoding="utf-8"))
B = json.load(open(sys.argv[2], encoding="ut{-8'))
n = int(sys.argv[3])
mx = 0.0
n=min([n] + [len(A[k]) for k in ('plan0', 'plan’, 'c', 'd', 'E")]
+ [len(B[k]) for k in ("plan0', 'plan’, 'c', 'd', 'E")])
for k in ('plan0', 'plan’, 'c', 'd', 'E"):
for i in range(n):
mx = max(mx, float(np.max(np.abs(np.array(A[k][i]) - np.array(B[k][i])))))
print(L4 ¥ EIIE: 159 B (& 31.59 K, H%d K)BY plan0/plan/c/d/E IRABEIE = %.3e -> %s'
% (n, mx, 'PASS' if mx == 0.0 else 'FAIL'))

if __name__ == '__main__"':
main()

D.2.42  XEMEARIE/03_HBE=/q3_fc_report_A.py
-*- coding: utf-8 -*-

TR EL / E2 2ERB1T -> experiments/q3-fc-el|e2/metrics.json + XFEEF(md/x1sx)."""
import os, sys, json, argparse
import numpy as np

BASE = 14483771.06
BASE_SPLIT = dict(purchase=13537826.50, dev=646347.91, em=299596.65)

E1_RUNS = [('Ela invvar(EAZEMN: ERFIERENRE, FEFEAR)', 'q3-fc-el/invvar'),
('Elb invvar_tod(i¥ 75 ZNN: BAFETZ] x IRATEINLEIRTE)', 'q3-fe-el/invvar_tod'),
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('El-control expdecay(¥8#{ZH 1=0.5), 'q3-fc-el/expdecay’)]

FEROEXR / REMGINMERERESR)

REFS = [('REF invvar|2#AIRE [, NHME] ', 'q3-fc-el/ref-invvar-fullsample'),
('REF invvariRaf 60 KirE [FEIEXAR] ', 'q3-fc-el/sens-cal60')]

E2_RUNS = [('E2-primary newest(BREHT—HR)', 'q3-fc-e2/newest'),
('E2-boundary newest|adjust', 'q3-fc-e2/newest_adjust’),

('E2-boundary newest|ful(=E4£)', 'q3-fc-e2/newest_full')]

ABL = {'E1 invvar': [('none', 'g3-fc-el/ablation-none'), ('6', 'g3-fc-el/ablation-s6'),
('6+12', 'q3-fc-el/ablation-s612"), ('6+12+18", 'q3-fc-el/invvar')],

'E1 expdecay": [('none', 'q3-fc-el/ablation-exp-none'), ('6', 'q3-fc-el/ablation-exp-s6'),
('6+12', 'q3-fc-el/ablation-exp-s612"), ('6+12+18', 'q3-fc-el/expdecay")],
'E2 newest'": [('none', 'q3-fc-e2/ablation-none'), ('6', 'q3-fc-e2/ablation-s6'),
('6+12', 'q3-fc-e2/ablation-s612"), ('6+12+18', 'q3-fc-e2/newest')]}

SENS = [('&&h3eX [JFIEEXOR] ', 'g3-fc-el/sens-cal3e'),
(&oh 60k [EIEXATRE] ', 'q3-fc-el/sens-cal60"),

(Rzh9o X [FEIEXOFE] ', 'q3-fe-el/sens-cal90),
(R 180 X [FEIEEROR] ', 'q3-fc-el/sens-cal180"),
(F—REERE [EEXAR] ', 'q3-fc-el/invvar')]

def load(root, rel):
p = os.path.join(root, rel, 'metrics.json')

return json.load(open(p, encoding="utf-8")) if os.path.exists(p) else None

def row(name, rel, o):
m = o['metrics']; d = m['diag']

return dict(run=name, dir=rel.replace('/', os.sep),
scheme=m{['config']['scheme'], boundary=m['config']['boundary'],
stages=m['config']['adjust_stages'], cal window=m{['config']['cal window'],
total=m['q3_total cost'], purchase=m['q3 purchase cost'],
dev=m['q3_adjustment _cost'], em=m['q3_emergency cost'],
em kwh=m['q3 emergency kwh'], curtail kwh=m['q3_curtail kwh'],
diff vs base=m['q3_total cost'] - BASE,
pct_vs_base=(m['q3_total cost'] - BASE)/BASE * 100.0,
dev_over purchase=d['dev_over purchase'], dev_over total=d['dev_over total'],
n_segments=d['n_segments'], n_adjusted=d['n_adjusted_segments'],
adjusted share=d['adjusted share'], n_over buy=d['n_over buy'],
n_under buy=d['n under buy'], n unchanged=d['n_unchanged'],
n_windows=d['n_windows'],
window_net sum=d.get('window_net sum'),
window_net negative share=d.get('window net negative share'),
window_net settle sum=d.get('window_net_settle sum'),
window_net_settle negative share=d.get('window_net_settle_negative_share"),
em_cost by block=d.get('emergency cost by stage block'),
em_kwh by block=d.get('emergency kwh by stage block'),
em_kwh changed=d['emergency kwh changed seg'],
em_kwh unchanged=d['emergency kwh unchanged seg'],
window_by hour=d['window_net by hour'],

calib=m['config'].get('calib'), min_bin_n=m['config'].get('min_bin n'),
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acc=m|['forecast_accuracy'])

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--root', default=os.path.join(‘paper_output pro', 'experiments'))
a = ap.parse_args(); R = a.root
res = {'baseline total': BASE, 'baseline_split': BASE SPLIT}
for tag, Ist in (('el’, E1_RUNS), ('e2', E2_ RUNS)):
rows =[]
for nm, rel in Ist:
o = load(R, rel)
if o0 is None:
print('MISSING', rel); continue
rows.append(row(nm, rel, 0))
res[tag] = rows
res['ablation'] = {}
for fam, Ist in ABL.items():
rows =[]
for nm, rel in Ist:
o = load(R, rel)
if o is None:
print('MISSING', rel); continue
r = row(nm, rel, 0); rows.append(r)
marg = []
for i in range(1, len(rows)):
h = ('6:00', '12:00', '18:00")[i - 1] if rows[i]['stages'] != 'none' else None
marg.append(dict(window=h, stages before=rows[i - 1]['stages'], stages_after=rows[i]['stages'],
cost_before=rows[i - 1]['total'], cost_after=rows][i]['total'],
marginal _benefit=rows][i - 1]['total'] - rows[i]['total']))
res['ablation'][fam] = dict(rows=rows, marginal=marg)
res['refs'] =[]
for nm, rel in REFS:
o = load(R, rel)
if o is None:
print('MISSING, rel); continue
res['refs'].append(row(nm, rel, 0))
res['sensitivity cal window'] =[]
for nm, rel in SENS:
o = load(R, rel)
if o is None:
print('MISSING, rel); continue
res['sensitivity cal window'].append(row(nm, rel, 0))
fa = os.path.join(R, 'q3-fc-el', 'forecast_accuracy.json')

res['forecast layer accuracy'] = json.load(open(fa, encoding="utf-8')) if os.path.exists(fa) else None

os.makedirs(os.path.join(R, 'q3-fc-el'), exist_ ok=True)
os.makedirs(os.path.join(R, 'q3-fc-¢2'), exist_ok=True)
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json.dump({'baseline_total': BASE, 'baseline_split: BASE SPLIT,

'primary": res['el'] + res['e2'],

‘ablation': res['ablation'], 'sensitivity_cal window': res['sensitivity cal window']},
open(os.path.join(R, 'q3-fc-el', 'metrics.json'), 'w', encoding="utf-8"),
ensure_ascii=False, indent=1)

json.dump({'baseline_total": BASE, 'baseline split': BASE SPLIT,

'primary": res['e2'], 'ablation': res['ablation']['E2 newest'],
'boundary_variants': res['e2']},
open(os.path.join(R, 'q3-fc-2', 'metrics.json'), 'w', encoding="utf-8"),
ensure_ascii=False, indent=1)

json.dump(res, open(os.path.join(R, 'q3-fc-ele2_all.json'), 'w', encoding="utf-8'"),
ensure_ascii=False, indent=1)
write_md(R, res)

print(‘done ->', R)

def write_md(R, res):

L=]]
L.append(# )@= - FRARASSELE E1/E2C8 (BEF A =0:00 FA) \n)
L.append(EE (INITMOE, =E4: 0:00 \RBEZEEX +6/12/18 TIFAR) = **%.2f jT**'
"R %26+ RE %20+ BE %.2f) \n'% (BASE, BASE SPLIT['purchase'],
BASE SPLIT['dev'], BASE SPLIT['em']))
L.append(‘## 1. F£5%\n")
Lappend(| 5 | REA BX |[RE | £2 | 5EEE |E%))
L.append('[---[---|-=-|--|---[---[---[)
for rin res['el'] + res['e2']:
L.append('| %s | %.2f| %.2f| %.2f | %.2f | %+.2f | %+.41%% |'
% (r['run'], r["total'], r['purchase'], r['dev'], r['em'],
r['diff vs_base'], r['pct_vs_base']))
L.append("\n## 2. AR 2 FEEEMET) ')
L.append(| A |RE/MLI | ABE/EE | ARME | ZXE | DX | KL (EO% |
'FEARGEN | FEALL | EEBREKEN | E8EASE )
L.append('' +'---|' * 12)
for r in res['e1'] + res['e2']:
L.append('| %s | %.4f | %d/%d | %.4f | %d | %d | %d | %d | %.2f | %.4f| %.2f | %.4f |
% (r['run'], r['dev_over purchase'], r['n_adjusted'], r['n_segments'],
r['adjusted share'], r['n_over buy'], r['n_under buy'], r['n_unchanged'],
r['n_windows'], r['window_net_sum'], r['window_net negative share'] or 0,
r['window_net settle sum'] or O, r['window_net_settle negative share'] or 0))
L.append(\n### 2.1 IRABEONE (EEOFMNLMMSENKE = AE ARG basetdev ZE) \n)
Lappend(| A% | &O | @O | TIAEE kWh | EEEE kWh | base Bt | RELZ WL | BfRAKEN | AESEO
S )
L.append('|' +'---|' * 9)
for rin res['el'] + res['e2']:
for hin ('6', '12','18"):
v =r1['window_by hour'].get(h)
if not v:
continue

L.append('| %s | %s:00 | %d | %.1f| %.1f | %.2f | %.2f | %.2f | %.4f |
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% (r['run'], h, v['n'], v.get('down_kwh_sum', 0), v.get('up_kwh_sum', 0),
v.get('base_delta_sum', 0), v.get('dev_delta_sum', 0),
v.get('net_settle sum', 0), v.get('net_settle negative share', 0)))

L.append(\n### 2.2 AREBEOBLAMNE (BR/XAZEONSFEERE, E=6/H) )
L.append(| ARIE | XHALEIFE | +6:00 | +6:00+12:00 | +6:00+12:00+18:00 | 6:00 & HAFFE | 12:00 B DABFFR |
18:00 & FAMF )
L.append('|' +'---|' * 8)
for fam, d in res['ablation'].items():

rows = d['rows']; m = d['marginal']

L.append('| %s | %.2f | %.2f | %.2f | %.2f | %+.2f | %+.2f | % +.2f |

% (fam, rows[0]['total'], rows[1]['total'], rows[2]['total'], rows[3]['total'],
m[0]['marginal benefit'], m[1]['marginal benefit'], m[2]['marginal benefit']))

L.append("\n### 2.3 E2MWEIREMEESTAE (GT) )
L.append('| HZ | 0:00 HXIEZ(0-6 BY) | 6:00 JHEEER(6-12 BF) | 12:00 JATEEZ(12-18 BF) | 18:00 JAFEER(18-24 B |)
L.append('|' +'---|' * 5)
for rin res['el'] + res['e2']:

b=r['em_cost by block'] or {}

L.append('| %s | %.0f | %.0f | %.0f | %.0f ' % (r['run'], b.get('0, 0), b.get('6', 0),

b.get('12', 0), b.get('18", 0)))

L.append(\n## 3. JERFURIEE (FeiHHA d=31.364, SEFRRABIFAR) \n)
L.append(| & | MAE | RMSE | MBE | B ERRIE((h) )
L.append('|' +'---|' * 5)
for rin res['el'] + res['e2']:

ac =r['acc']

L.append('| %s | %.2f | %.2f | %+.2f| %.2f|' % (r['run'], ac['mae'], ac['rmse'],

ac['mbe'], ac['mean_effective lead h']))

L.append("\n### 3.1 I RFIRFTEN T MAE (kW) \n')
fl = res.get('forecast_layer accuracy') or {}
keys = [k for k in fl.keys() if ' in k]
if keys:

leads = sorted({int(x) for k in keys for x in fl[k]['by decision_lead'].keys()})

L.append('| 52 |'+'|"join("%dh' % x for x in leads) +'[)

L.append('|' +'---|' * (Ien(leads) + 1))

for k in keys:

row_ = [fl[k]['by_decision_lead'].get(str(x), {}).get('mae') for x in leads]

L.append('| %s |' % k +"| "join("%.0f % v if v is not None else -' for vinrow_) +'|")
L.append(\n### 3.2 Mt 3 FIASREIZIRAIESH (FItHE d=31.364, £ 4REFHF, kW) \n)
raw = fl.get('raw_version_by lead', {})
have = sorted(raw.keys(), key=int)

L.append('| #2812 (h) | ' + '] "join(have) +'|')

L.append('' + '---|' * (len(have) + 1))

L.append('| MAE |'+"'|'join('%.0f' % raw[k]['mae'] for k in have) +'|')

L.append('| RMSE | '+ " | "join("%.0f' % raw[k]['rmse'] for k in have) +'|")

L.append(\n### 3.3 483 0:00 I RIFMEITIEES HHUHEE (HHIE) \n)

L.append('| 5 | 6:00 {EIT(BX kW) | 12:00 {EIT(E X kW) | 0:00 3R MAE | 6:00 3R MAE | 12:00 3% MAE | 18:00 3%
MAE )

L.append(|/ + | * 7)
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for k in keys:
rv = fl[k].get('revision_vs_stage0', {}); sm = fl[k].get('stage_block mae', {})
L.append('| %s | %.1f | %.1f| %.1f | %.1f | %.1f | %.1f|'
% (k, rv.get('6', {}).get('mean_abs_ daytime', 0),
rv.get('12', {}).get('mean_abs_daytime', 0),
sm.get('0', 0), sm.get('6', 0), sm.get('12', 0), sm.get('18', 0)))
L.append("\n## 3.4 El BARIMNROEHIIR (1 BEAEEFE) \n)
Lappend(| hRZAS |IRELE | S8BF | SEEE | E% | RA MAE | H RMSE | FHERIRATE | 6:00 BITIEE
BRI
L.append('|' +'---|' * 9)
_el = {r['run']: r for r in res['e1']}
for nm, key, dim in ((Ela invvar, 'Ela’, {IZHIZE A (24 1) ),
(Elb invvar_tod', 'E1b','BAREIZI < IRRIE A (24x24 1) ):
r=next((v fork, vin _el.items() if k.startswith(key)), None)
if r is None:
continue
flk = r['scheme'] + '|strict|jan’
rv = (fl.get(flk, {}) or {}).get('revision_vs_stage0', {}).get('6', {}).get('mean_abs daytime')
L.append('| %s | %s | %.2f | %+.2f | %+.41%% | %.2f | %.2f | %.2fh | %s |
% (nm, dim, r['total'], r['diff vs_base'], r['pct_vs base'],
r['acc']['mae'], r{'acc']['rmse'], r['acc']['mean_effective lead h'],
('%.1f % rv) if rv is not None else '-'))
L.append(\n## 4. FEIREAR (FBAR: RRE—MH, HE—REELE) \n)
ci = (res.get('forecast_layer_accuracy') or {}).get('calibration_jan')
if ci:
L.append(FFEMEZA: **%d PMRZAS (2025-01-01..2025-01-31 By 4 DEREIZ] x 31 K) **,
'BRRZIEEEREITE 1 AR, H %d D 10 DR / %d NN NBTRIRIIEE A
'1B 31 BRREED 2 ANBREESI%F. ME—RE2EEERM, \n'
% (ci['n_versions'], ci['n_samples_segments'], ci['n_samples_hours']))
L.append($ZIZRTE 24 MO e, *+*EMB/IVER %d (2 min bin n=20) , KL EAPEESH*, 24 BB
MIZ, \n'
% min(ci['bins'][str(k)]['n_seg'] for k in range(1, 25)))
L.append('| 128124 (h) | '+ | "join(str(k) for k in range(1, 25)) +'|")
L.append(|' +'---|' * 25)
L.append('| 10 53 80#£2s | '+ | join(str(ci['bins][str(k)]['n_seg']) for k in range(1, 25)) +'|")
L.append('| /NESERAEZS | '+ | join(str(ci['bins'][str(k)]['n_hours']) for k in range(1, 25)) +'|')
L.append('| sigma(kW) | "+ '| "join("%.0f % ci['bins'][str(k)]['sigma'] for k in range(1, 25)) +'|")
L.append(\n (FhRAEIEZIR 6 1 10 DFEE =1 NMNBIRMIIFEAR, BUNIRIERI = EREAEU6, ) \n)
L.append("\n### 4.1 #53E OEXTEL\n")
Lappend(| FFEAR | RBH S5EAEE =% | REER | E2%A | KA MAE | #£HRMSE])
L.append('|' +'---|' * 8)
for r in res['sensitivity_cal_window'] + [x for x in res.get('refs', [])
if "@FZA in x['un']]:
L.append(| %s | %.2f | %+.2f | %+.41%% | %.2f | %.2f | %.2f | %.2f|'
% (r['run'], r['total'], r['diff vs_base'], r['pct_vs_base'], r['dev'], r['em'],
r['acc']['mae'], r{'acc']['rmse']))

md ="n'join(L) + "\n'
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open(os.path.join(R, 'q3-fc-ele2_compare.md'), 'w', encoding="utf-8").write(md)

with open(os.path.join(R, 'q3-fc-ele2_compare.md'), encoding="utf-8'") as th:

print(fh.read())
if __name__ == '__main__"':
main()

D.2.43 X EMEYAREE/03_[HBE=/q3_fc_rollperiod.py
-*- coding: utf-8 -*-

import sys, io, json
sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
E = 'paper_output_pro/experiments/"’
def T(p): return json.load(open(p, encoding="utf-8'))[ 'metrics']['q3_total_cost']
p31, pl22, p214 = T(E+'q3-fc-e3/metrics.json'), T(E+'_s_sf_pool_122/metrics.json'), T(E+'_s_sf_pool_214/metrics.json")
r31, ri22, r214 = T(E+'_s_rr_half/metrics.json'), T(E+'_s_rr_half_SF122/metrics.json'), T(E+'_s_rr_half_SF214/metrics.json")
print('=== DHIREME: ¥BE eb_half vs HTEE1LH ===')
print('%-26s %16s %16s %14s' % ('HAiE)', 'WIT BE18', 'VEHE half', 'EH'))
for nm, x, y in (('28-48 (%31..121X)"', p31-pl22, r31-r122),
(5B-78 (% 122.213 X), pl22-p214, r122-1214),

(8 B-12 B (% 214.364 XY, p214, 1214)):

print("%-26s %16.2f %16.2f %+14.2f % (nm, x, y, X-y))

print('%-26s %16.2f %16.2f %+14.2f' % ('&it', p31, r31, p31-r31))

print()

w = sum(l for x, y in ((p31-p122, r31-ri122), (pl22-p214, r122-r214), (p214, r214)) if x-y > 0)
print("{ BEE %d/3 HHER' % w)

seg = [(p31-p122)-(r31-r122), (pl22-p214)-(rl22-r214), p214-r214]

tot = sum(seg)

print (' EHARM: 2-4 B %.0f JT (%.0f%%), 5-78 %.0f JT (%.0f%%), 8-128 %.0f 7T (%.0f%%)"

% (seg[0], 100*seg[0]/tot, seg[1], 100*seg[1]/tot, seg[2], 100*seg[2]/tot))
D.2.44  SCHEMENAGS/03_H B =/q3_fc_rollsigma.py
-*- coding: utf-8 -*-

'RE o fRE (EXOEE, H= E3v2)

FHRER: £ d RPRERAER [ BEFER <=d-1] ;9%
=
O : o*(B#s/E, IRETR) = 12 s> (T + 12’ (B FH)
— TEHBH.

F3%: python paper output_pro/code/q3 fc_ rollsigma.py
<mode> <out.npy> [replace actual from]

mode € half(IER) | kO | k31 | pool

"URE o RE: B d REREREA TERA <= d-1) BWEE (TMRER).

B (365, 24, 24) MY o°K, £ d 1T = F d RRKRERNR.
FAi%: python _s_roll.py <mode> <out.json>
mode € half | kO | k31 | pool

import sys, io, os, json

sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
HERE = os.path.abspath('paper_output_pro/code'); sys.path.insert(®, HERE)

import numpy as np
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from gq3_forecast_B import load_vintages, hourly_actual, HOURS, NDAY, NH

MODE = sys.argv[1l]; OUT = sys.argv[2]
XF = int(sys.argv[3]) if len(sys.argv) > 3 else ©
_ = load_vintages(os.path.join(HERE, 'g3_vintages_B.json'))
pv = np.asarray(json.load(open('paper_output_pro/data_cleaned/q3_input.json', encoding="'utf-8'))['pv_actual'], float)
if XF:
pv = pv.copy(); pv[XF:]=0.0

ha = hourly_actual(pv)

— BR¥E: B (AWH d0, X fHE% index hoi, IR E
j) —FBRE -

jj = np.zeros((NDAY, 4, NH), int); td = np.zeros((NDAY, 4, NH), int); th = np.zeros((NDAY, 4, NH), int)
R = np.zeros((NDAY, 4, NH))
for d@ in range(NDAY):

for h0i, hO in enumerate(HOURS):

for j in range(NH):

a=d0*24 + h0 +j

Ji[dO, hoi, j] =

td[dO0, h0i, j]=a// 24

th[dO0, h0i, j]=a % 24

R[dO, h0i, j] = (V[dO, h0i, j] - ha[a//24, a % 24]) if a <NDAY*24 else 0.0
valid = (td < NDAY)
Rf = R[valid]; jf = jj[valid]; tdf = td[valid]; thf = th[valid]

cellkey = thf*NH + jf
print(' RIXENE = %d (BIHREETMAR %d)' % (Rf.size, R.size - Rf.size))

TAB = np.full((NDAY, 24, NH), np.nan)
for d in range(NDAY):

m=tdf<=d- 1 #% ARBF: RA TBHFE <d R
if not m.any():
continue
r = Rffm]; kk = cellkey[m]; jm = jf[m]
#--BHBE (RIRFS) -
cnt_j = np.bincount(jm, minlength=NH).astype(float)
sl_j = np.bincount(jm, weights=r, minlength=NH)
s2_j = np.bincount(jm, weights=r*r, minlength=NH)
var_pool = np.full(NH, np.nan)
ok=cnt j>1
var_pool[ok] = (s2_j[ok] - s1_j[ok]**2/cnt j[ok])/ (cnt j[ok] - 1)
sd_pool = np.sqrt(np.maximum(var_pool, 1.0))
#-BFHE
cnt_c = np.bincount(kk, minlength=24*NH).astype(float)
s1_c = np.bincount(kk, weights=r, minlength=24*NH)
s2_c = np.bincount(kk, weights=r*r, minlength=24*NH)
var_cell = np.full(24*NH, np.nan)
okc=cnt c>1
var_cell[okc] = (s2_c[oke] - s1_c[okc]**2/cnt_c[oke]) / (ent_c[okc] - 1)
var_cell = var_cell.reshape(24, NH); cnt ¢ = cnt_c.reshape(24, NH)
#--- B -
P2 = np.tile(sd_pool**2, (24, 1))
if MODE == "pool"

120



T2 =P2.copy()
elif MODE == 'k0":
T2 = var_cell.copy()
elif MODE == 'half":
T2 = (var_cell + P2) /2.0
elif MODE == 'k31":
n=cnt_c
T2 =np.where(n > 0, (n*var_cell + 31.0*P2)/(n + 31.0), P2)
else:
raise ValueError(MODE)
# IR EHARRESHE
T2 = np.where(np.isfinite(T2), T2, P2)
TAB[d] = np.sqrt(np.maximum(T2, 1.0))

print('%s: ®R %s' % (MODE, TAB.shape))
for d in (31, 32, 60, 120, 181, 300, 364):

n_eff = int((tdf <= d-1).sum())
print(' 88 %3d K: AT %6d, 6(BFE 08:00, A=2) = %7.1f % (d, n_eff, TAB[d, 8, 2]))

np.save(OUT.replace('.json', '.npy'), TAB)
print('BfRfE', OUT.replace('.json', '.npy'))

D.2.45 SCHEMEHAES/03_H @B =/q3_fc_rollsolver.py
-*- coding: utf-8 -*-

H'RBE o RMEF (EXORE, BFE= E3v2)

#

FA3%: python paper_output_pro/code/q3_fc_rollsolver.py

<Z.npy> <outdir> [replace_actual from] [stop_ day]
[score from]

" RRE o iB{TES: python _s_roll_run.py <i&.npy> <outdir> [xf] [stop]"""

import sys, io, os, json

sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
HERE = os.path.abspath('paper_output_pro/code'); sys.path.insert(®, HERE)

import numpy as np

from q3_forecast_B import candidates, NH, T

TABP = sys.argv[1l]; OUT = sys.argv[2]

XF = int(sys.argv[3]) if len(sys.argv) > 3 else
STOP= int(sys.argv[4]) if len(sys.argv) > 4 else
SF int(sys.argv[5]) if len(sys.argv) > 5 else
AD] = int(sys.argv[6]) if len(sys.argv) > 6 else
TAB = np.load(TABP)

assert TAB.shape[1:] == (24, NH), TAB.shape
import gq3_fc_solver_B as S

PO O®®

def fs(v, sig, d, dec, mode, scope=‘'all', lam=0.5):
arr = np.full(T, np.nan); lead = np.full(T, np.nan); nmem = np.zeros(T, int)

row = TAB[min(d, TAB.shape[0]-1)]
for t in range(T):
¢ = candidates(V, d, t, dec, scope)
nmem|t] = len(c)
if not c: continue
th=t//6
ws = np.asarray([1.0/row[th, j]**2 for ,j, inc], float)

vals = np.asarray([v for , ,vinc], float)
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arr[t] = float(np.dot(ws, vals)/ws.sum())
lead[t] = float(min(j for _, j, _inc))
return arr, lead, nmem

S.forecast_stage = fs
class _M(dict):
def  getitem _(self, k): return 'inv_roll'

S.MODES = _M(S.MODES)

argv = ['q3_fc_solver_B.py','--mode','e3-inv',"'--scope’,'all’, '--sigma-mode", " 'jan',"'--out',0UT]
if XF: argv += ['--replace-actual-from', str(XF)]

if STOP: argv += ['--stop-day', str(STOP)]

if SF: argv += ['--score-from', str(SF)]

argv += ['--adjust', str(ADJ)]

sys.argv = argv

S.main()
o = json.load(open(os.path.join(OUT, 'metrics.json'), encoding="'utf-8"))
o[ "diagnostics']['sigma_variant'] = 'roll:' + os.path.basename(TABP)

o[ 'diagnostics'][ 'sigma_calibration'] = {
'mode": 'expanding_window',

rule’: '8 d RREREA TEHFE <=d-1 WEE (CRER) |

'formula"; 'sigma’2( B/ \BY th, }ERIE Delta) = 0.5%s2_cell(th,Delta) + 0.5*s2_pooled(Delta)',
'free_params': 0,

'n_samples _day31': 2940,

'n_samples day364'": 34908,

'sigma_table_shape'": [int(x) for x in TAB.shape],

'floor_kw'": 1.0,

'leaky": False,

label': ' RERE, BB K, TEHHSH,

json.dump(o, open(os.path.join(OUT, 'metrics.json'), 'w',encoding="utf-8"'), ensure_ascii=False, indent=1)

D.2.46 STEMEAEE/03_F=/q3_fc_rolltest.py
-*- coding: utf-8 -*-

RE o HBRHERESSIELEIE

L2: fIRSE 60 KESLFRESR, B 0..60 KB ¢ J/DIZE

WA

L4: im B, 8 31..59 REVRBAHFTEMNFTE
FA3%: python paper output_pro/code/q3_fc_rolltest.py

import sys, io, os, json, subprocess, hashlib

sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
ROOT = os.path.abspath('."'); E = 'paper_output_pro/experiments/’

env = dict(os.environ, PYTHONIOENCODING='utf-8"')

import numpy as np

def sh(p):

h = hashlib.sha256()
with open(p,'tb') as f:

for b in iter(lambda: f.read(1<<20), b"): h.update(b)
return h.hexdigest()

print('=" * 84)

print('¥BE o HUEMHERR")

print('=" * 84)

print('ERMN: ¥ d RRKIER TBHA <= d-11 BRE, )
print()

122



- L2L3: AR REIEE, FHRARRMATE —

ok = True
for mode in ('half', 'ke', 'pool'):
clean = np.load(E +'_s_roll %s.npy' % mode)
subprocess.run([sys.executable, 'paper_output_pro/ s_roll.py', mode,
E+' s roll %s bad.npy' % mode, '60'], stdout=subprocess. DEVNULL,
stderr=subprocess.STDOUT, cwd=ROOT, env=env)
bad = np.load(E +' s roll %s_bad.npy' % mode)
same = np.array_equal(clean[:61], bad[:61], equal nan=True)
ok &= same
print(L2 [%s] 1B 60 RECLFRERE 0 FEE > F 0.60 XY 6 REMUARE = %s'
% (mode, same))

print()

- L4: BB

A=E+ '_s_rl a'; B=E+ '"_s_rlb'
subprocess.run([sys.executable, 'paper_output_pro/_s_roll_run.py', E+'_s_roll_half.npy', A, '0', '60'],

stdout=subprocess. DEVNULL, stderr=subprocess.STDOUT, cwd=ROOT, env=env)

subprocess.run([sys.executable, 'paper_output_pro/_s_roll_run.py', E+'_s_roll_half_bad.npy', B, '60', '60'],
stdout=subprocess. DEVNULL, stderr=subprocess.STDOUT, cwd=ROOT, env=env)
sa = json.load(open(A+'/solution.json', encoding='utf-8')); sb = json.load(open(B+'/solution.json', encoding="'utf-8'))
mx = 0.0; n = min(len(sa['plan@']), len(sb['plan@']))
for k in ('plane’,‘'plan','c','d','E','S@"','S1"):
for i in range(n):

mx = max(mx, float(np.max(np.abs(np.asarray(sa[k][i],float) - np.asarray(sb[k][i],float)))))

print('L4 IR BIFE eo RELPMEGEN, 5 31..%d RRERALITE = %.3e -> %s'
% (30+n, mx, 'PASS' if mx == 0.0 else 'FAIL"))

ok &= (mx == 0.0)

- ETHE

subprocess.run([sys.executable, 'paper_output_pro/_s_roll_run.py', E+'_s_roll_half.npy', C],

stdout=subprocess. DEVNULL, stderr=subprocess.STDOUT, cwd=ROOT, env=env)

C=E+ '_s_rlc'

print()
print('EWME (FBE half, FXIHIIEIT):')
for £ in ('metrics.json', 'solution.json’, 'windows.json"):

a=sh(E+'_s_rr_half/'+f); b = sh(C+'/'+f)

ok &= (a==Db)
print(" %-16s %s %s %s' % (£, a[:20], b[:20], '—3X' if a==b else K F~—E"))
print()

print(*2HE: %s' % ('ALL PASS' if ok else 'FAIL'))
sys.exit(@ if ok else 1)

D.2.47 STHEARARTE/03_FB=/q3_fc_sigma_B.py
-*- coding: utf-8 -*-

"IN E sigma_hat(Delta) WMRESSE (FBAXR: REEAE—1A).

it} paper_output_pro/experiments/q3-fc-sigma-calibration_B.json
jan : IEXXA1R, %% A8 2025-01-01..01-31 H B+#5HA 2025-01-01..01-31
full : & R, 28 365 X, LAWK

import os, sys, json

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
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sys.path.insert (@, HERE)
from q3_forecast_B import load_vintages, fixed_sigma, full_sample_sigma # noqa: E402

def main():
V, meta = load_vintages(os.path.join(HERE, 'q3_vintages B.json'"))

inp = json.load(open(os.path.join(ROOT, 'paper_output pro', 'data_cleaned', 'q3_input.json'), encoding="utf-8"))
pv_a = np.asarray(inp['pv_actual'], float)
sig, info = fixed_sigma(V, pv_a)
print(FREBTO: KHBH %s, BARA %s (&£ %d X) % (info['pub_dates'], info['tgt_dates'], info['pub_days'][1] -
info['pub_days'][0]))
print( BFEA = %d' % info['n_total'])
for j in range(24):
print(' Delta=%2dh n=%3d sigma_hat=%8.2f kW' % (j, info['n_by_lead'][j], sig[j]))
small = [j for j in range(24) if info['n_by_lead'][j] < info['min_n']]
print(BEA < %d BIRYAL: %s ; SFE: %s' % (info['min_n'], small if small else 'J&', info['merged_bins'] or 'F5"))
s2, info2 = full_sample sigma(V, pv_a)
print( FER(EHEE, 2HE %d F): H8 n=%s' % (info2['n_total'], info2['n_by lead'))
p = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'q3-fc-sigma-calibration_B.json")

json.dump({'jan': info, 'full LEAKY": info2}, open(p, 'w', encoding="utf-8'), ensure ascii=False, indent=1)

print(‘wrote', p)
if __name__ == '__main__':
main()

D.2.48 SCHEMEVARELD/03_[AB=/q3_fc_solver_A.py
-*- coding: utf-8 -*-

A= - FUIRARASCIGKARSS (FMEEA: E1 / E2, BAFA = 0:00 FH).

£M5E2EH| code/q3_realtime_solver.py:
0:00 it%l ->6:00/12:00/18:00 FAFTURIFEFIRE > fEREKETHIT(OFe) > E8

E—REFBIARTUREERE q3_forecast_A.ForecastEngine (ZXBTEREXARFRN).

BN (FE): M = price*min(P_plan, P_adj);
{RZE = 0.5*price*(P_plan-P_adj)+ + 1.5*price*(P_adj-P_plan)+ ;

B2 =5%price*E ; #ItHE d>=31.

import os, sys, json, argparse, datetime
import numpy as np

sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from g3_mpc import build_seasonal, solve_window
from gq3_forecast_A import ForecastEngine, STAGE_SLOTS, SPD, in_force_tables

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--input', default=os.path.join('paper_output pro', 'data_cleaned', 'q3_input.json'))
ap.add_argument('--vintages', default=os.path.join('paper_output_pro', 'code', 'q3_vintages A.json'))
ap.add_argument('--out', required=True)

ap.add_argument('--scheme', default="newest', choices=['newest', 'invvar', 'invvar_tod', 'expdecay'])
ap.add_argument('--boundary', default="strict', choices=['strict', 'adjust', 'full'])
ap.add_argument('--adjust-stages', default="6,12,18")

ap.add_argument('--pct', type=float, default=80.0)

ap.add_argument('--window', type=int, default=14)
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ap.add_argument('--alpha', type=float, default=0.15)

ap.add_argument('--beta’, type=float, default=0.8)
ap.add_argument('--cal-window', type=int, default=60)

ap.add_argument('--calib', default="fixed jan', choices=['fixed jan', 'full', 'rolling'])
ap.add_argument('--min-bin-n', type=int, default=20)

ap.add_argument('--d0', type=int, default=31)

a = ap.parse_args()

inp = json.load(open(a.input, encoding="ut{-8'))

price = np.asarray(inp['price'], float)

load = np.asarray(inp['load_actual'], float)

pv_a=np.asarray(inp['pv_actual'], float)

st = inp['storage']; dt = float(inp['dt']); eta = float(st['efficiency'])

Pmax = float(st['power_max']); smin = float(st['soc_min']); smax = float(st['soc_max'])
D, T = load.shape

net=load - pv_a

eng = ForecastEngine(a.vintages, pv_a, a.cal window, a.calib, a.min_bin_n)
PV, LE, NV = eng.all_days(a.scheme, a.boundary) #(D,4,T)
load f=build seasonal(load, D, T, a.alpha, a.beta)

def net_fe(d, si):
return load_f[d] - PV[d, si]

(I

stages = [] if a.adjust_stages.strip() in (", 'none') else [int(x) for x in a.adjust_stages.split(',")]

soc_c = float(st['soc_initial'])

base c=dev c=em c=0.0

em_k=cur k=ch=di=0.0

#IZETRItE

n_seg=n_up=n_down =n_same =0

win_rows =[]

em_blk = {}; em_blk kwh= {}

em k changed =em k same = 0.0

em c changed =em c same = 0.0

traj = {'day": ], 'plan0": [], 'plan": [], 'E": [], 'C": [], 'D": [], 'S1": [],
‘pvfc’: [], 'margin': [], 'soc0": []}

for d in range(D):
ifd<2:
margin = np.zeros(T)
else:
lo = max(1, d - a.window)

errs = np.array([net[k] - net_fe(k, 0) for k in range(lo, d)])
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margin = np.maximum(np.percentile(errs, a.pct, axis=0), 0.0)
p_p,c_p, dd p, soc =solve window(price, net_fc(d, 0) + margin, soc_c, dt, eta, Pmax, smin, smax)
Pf=p_p.copy()
dev_seg = np.zeros(T)
for h in stages:
slot=h*6
si = STAGE_SLOTS.index(slot)
before = Pf.copy()
p_,c ,d ,s =solve window(price[slot:], (net fc(d, si) + margin)[slot:], soc[slot],
dt, eta, Pmax, smin, smax, plan_ w=p_p[slot:])
Pfslot:]=p_
soc = np.concatenate([soc[:slot], s _])
if d >=a.do:
pw = price[slot:]; ppw = p_p[slot:]; pfw = Pf[slot:]; pbw = before[slot:]
def dev(x):
return (0.5 * pw * np.maximum(0, ppw - x) + 1.5 * pw * np.maximum(0, x - ppw)) * dt
dev_a = float(np.sum(_dev(pfw))); dev_b = float(np.sum(_dev(pbw)))
base_a = float(np.sum(pw * np.minimum(ppw, pfw)) * dt)
base_b = float(np.sum(pw * np.minimum(ppw, pbw)) * dt)
saving = float(np.sum(pw * np.maximum(0, pbw - pfw)) * dt)
up_kwh = float(np.sum(np.maximum(0, pfw - pbw)) * dt)
dn_kwh = float(np.sum(np.maximum(0, pbw - pfw)) * dt)
win_rows.append(dict(day=d, hour=h,
buy_saving=saving, # ASEFEAOR: TATRIE THEB2E(REN)
dev_cost=dev _a, # AEFEOR: ZHOSERMNZEXRIRENRERE BOKTEE)
net=saving - dev_a, # FCFEOFMN U
base before=base b, base after=base a,
dev_before=dev_b, dev_after=dev_a,
net_settle=(base b +dev b) - (base a+dev a), # EEOFRNEOBMREKE
n_up=int(np.sum(pfw > pbw + 1e-9)),
n_down=int(np.sum(pfw < pbw - le-9)),
n_same=int(np.sum(np.abs(pfw - pbw) <= 1e-9)),
up_kwh=up_kwh, down_kwh=dn_kwh))
#--- SERHIT (ORe) -
e = np.zeros(T); c2 = np.zeros(T); d2 = np.zeros(T); cu = np.zeros(T)
ss =soc_c; S =np.zeros(T + 1); S[0] =ss
for t in range(T):
need = net[d][t] - P1]t]
if need > 0:
cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)
d2[t] = min(need, cap); e[t] = need - d2[t]; ss -=d2[t] * dt/eta
else:
cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))
c2[t] = min(-need, cap); cu[t] = (-need) - c2[t]; ss += eta * c2[t] * dt
S[t+1]=ss
if d >=a.do:
base_c += float(np.sum(price * np.minimum(p_p, Pf)) * dt)
dev_seg = 0.5 * price * np.maximum(0, p_p - Pf) + 1.5 * price * np.maximum(0, Pf- p_p)
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dev_c += float(np.sum(dev_seg) * dt)
em_cost_seg = 5.0 * price * ¢ * dt
em_c += float(np.sum(em_cost _seg))
em_k += float(e.sum() * dt); cur_k += float(cu.sum() * dt)
ch += float(c2.sum() * dt); di += float(d2.sum() * dt)
changed = np.abs(Pf-p_p)> le-9
n_seg+=T
n_up += int(np.sum(Pf>p_p + 1e-9)); n_down += int(np.sum(Pf <p_p - le-9))
n_same += int(np.sum(np.abs(Pf - p_p) <= 1e-9))
em_k changed += float(e[changed].sum() * dt); em k same += float(e[~changed].sum() * dt)
em_c_changed += float(em_cost_seg[changed].sum()); em c_same += float(em_cost_seg[~changed].sum())
for kk, arr in (('day', d), ('plan0', p_p), ('plan’, Pf), ('E', e), ('C', c2),
('D, d2), ('S1', S[1:]), ('pvic', PV[d, 0].copy()),
('margin', margin), ('soc0', soc_c)):
traj[kk].append(arr)
if d >=a.do:

# B2 MR OREM IR IARE: [0,36) B 0:00 i, [36,72) B 6:00, ...
em_cost seg2 =5.0 * price * e * dt
for h, sl in ((0, 0), (6, 36), (12, 72), (18, 108)):

nxt =144 it h == 18 else sl + 36

em_blk['%d' % h] = em_blk.get('%d' % h, 0.0) + float(em_cost_seg2[sl:nxt].sum())

em_blk kwh['%d' % h] =em_blk kwh.get("%d' % h, 0.0) + float(e[sl:nxt].sum() * dt)

soc_c = float(S[-1])

total =base c+dev_c+em c
neg = [w for w in win_rows if w['net'] < 0]
metrics = {

'config': {'scheme": a.scheme, 'boundary": a.boundary, 'adjust_stages': stages,
'pet': a.pct, 'window': a.window, 'alpha': a.alpha, 'beta': a.beta,
'cal_window": a.cal_window, 'calib": a.calib, 'min_bin_n': a.min_bin_n,
'calib_info": {k: v for k, v in eng.calib_info.items() if k !="tod_groups'},
'd0": a.d0, 'd1": D,

'vintages': a.vintages, 'input": a.input},

'q3_total cost" total,

'q3_purchase cost" base c,

'q3_adjustment cost': dev_c,

'q3_emergency_cost': em_c,

'q3_emergency_kwh': em _k,

'q3_curtail kwh': cur k,

'q3_charge kwh': ch,

'q3_discharge kwh': di,

'q3_caliber": 2.0,

'diag" {

'dev_over purchase": dev_c/base cif base c else None,
'dev_over total': dev_c / total if total else None,
'n_segments": n_seg,

'n_adjusted_segments: n_up + n_down,
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'adjusted_share': (n_up + n_down) / n_seg if n_seg else None,
'n_over_buy": n_up, 'n_under buy': n_down, 'n_unchanged': n_same,
'n_windows": len(win_rows),
'window_net sum': float(sum(w['net'] for w in win_rows)),
'window_net negative count’: len(neg),
'window_net negative share': len(neg) / len(win_rows) if win_rows else None,
'‘window_net_settle sum': float(sum(w['net_settle'] for w in win_rows)),
'window_net_settle negative_count": int(sum(1 for w in win_rows if w['net_settle'] < 0)),
'window_net_settle_negative_share': (sum(1 for w in win_rows if w['net_settle'] < 0) / len(win_rows)) if win_rows else
None,
'emergency cost by stage block': em_blk,
'‘emergency kwh by stage block': em blk kwh,
'window_net_by hour": {},
'‘emergency_kwh_changed_seg': em_k_changed,
'emergency_kwh_unchanged seg': em_k same,
'emergency cost changed seg': em c changed,
'emergency cost unchanged seg': em c same,
b
}
for hin (6, 12, 18):
ws = [w for w in win_rows if w['hour'] == h]
if not ws:
continue
metrics['diag']['window_net by hour'][str(h)] = {
'n': len(ws),
'buy_saving_sum': float(sum(w['buy_saving'] for w in ws)),
'dev_cost_sum': float(sum(w['dev_cost'] for w in ws)),
'net_sum': float(sum(w['net'] for w in ws)),
'net_mean': float(np.mean([w['net'] for w in ws])),
'net_settle sum': float(sum(w['net_settle'] for w in ws)),
'net_settle negative share": float(np.mean([w['net_settle'] <0 for w in ws])),
'base_delta_sum': float(sum(w['base_after'] - w['base_before'] for w in ws)),
'dev_delta_sum": float(sum(w['dev_after'] - w['dev_before'] for w in ws)),
'n_negative": int(sum(1 for w in ws if w['net'] <0)),
'n_up_sum': int(sum(w['n_up'] for w in ws)),
'n_down_sum': int(sum(w['n_down'] for w in ws)),
'n_same_sum': int(sum(w['n_same'] for w in ws)),
'up_kwh_sum': float(sum(w['up_kwh'] for w in ws)),
'down_kwh_sum": float(sum(w['down_kwh'] for w in ws)),
}
# TRAEE (B R EFRZANTUR)
vf, vl, dl =in_force tables(PV, LE, a.d0, D)
act = pv_a[a.d0:D].reshape(-1)
err = (vf - pv_a[a.d0:D]).reshape(-1)
metrics['forecast _accuracy'] = {
'mae'": float(np.mean(np.abs(err))), 'mse': float(np.sqrt(np.mean(err ** 2))),
'mbe": float(np.mean(err)),

'mean_effective_lead_h': float(np.mean(vl)),
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'by_version_lead": {str(k): float(np.mean(np.abs(err[np.ceil(vl).astype(int).reshape(-1) == k])))
for k in range(1, 25)
if (np.ceil(vl).astype(int).reshape(-1) == k).any()},

os.makedirs(a.out, exist ok=True)
json.dump({'metrics": metrics, 'windows': win_rows},
open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'), ensure_ascii=False)
np.savez_compressed(os.path.join(a.out, 'trajectory.npz'),
**{k: np.asarray(v) for k, v in traj.items()})
print('%-8s/%-6s stages=%-9s B %.2f= R %.2f+RE %.2f+ B2 %.2f (%.1fkWh) FEHB %.1f FHEER %d/%d'
% (a.scheme, a.boundary, a.adjust_stages, total, base c,dev_c,em c, em k, cur k,

n_up +n_down, n_seg))

if __name__ == '__main__
main()

D.2.49 STIEEARL/ARES/03_FB=/q3_fc_solver_B.py
-*- coding: utf-8 -*-

R HATRAIS SR — E3 / E4 KRR (B _B).

£ EH] g3_realtime_solver.py (0:00 itXl -> 6/12/18 A% -> LIHMITORe -> £H),
HfR N (build_seasonal, alpha/beta). JTHR (W=14, pct=80). HiFe. L£EMN—FRE,
** LR PR TR E**o

mode:
baseline IEMA: 0:00 RBEEEX, 6/12/18 EEFIHXMIR (BTEEHER)
e4 RF A=HLX + EF B=EN&ZF—hR

e3-inv  EFAHILX + EF B=NAEMN
e3-exp AFA=HEX + FAFB={EHZEM (lambda=0.5)

scope:
all AIAARA = {v : KM% <= RERZ BESZNE) (BRXEEtHB5, FEE)
same-day REREZHKREHHIIRE (BURMEITER)

Bk

python paper_output_pro/code/q3_fc_solver_B.py --mode e3-inv --out paper_output_pro/experiments/q3-fc-e3

import os, sys, json, argparse, datetime, hashlib
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from gq3_mpc import build_seasonal, solve_window # noqga: E402

from gq3_forecast_B import (load_vintages, residuals, rolling_sigma, forecast_stage, # noqga: E402

hourly_actual, fixed sigma, full sample sigma, HOURS, NDAY, T)

STAGES = [(@, @), (6, 36), (12, 72), (18, 1@8)]
MODES = {'e3-inv': 'inv', 'e3-exp': 'exp', 'e4': 'latest'}

def realtime(net_w, Pf_w, SO, dt, eta, Pmax, smin, smax)

iR SREHAST: (AR SIIREA L SREYE e, *I\TL?I E2me, BE (c,d e cu,S)po "
= len(net_w); ¢ = np.zeros(n); d2 = np.zeros(n); e = np.zeros(n); cu = np.zeros(n)

S =np.zeros(n + 1); S[0] =

ss=S0

for t in range(n):

need = net w[t] - Pf w[t]
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if need > 0:

cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)

d2[t] = min(need, cap); e[t] = need - d2[t]; ss -= d2[t] * dt / eta
else:

cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))

c[t] = min(-need, cap); cu[t] = (-need) - c[t]; ss +=eta * c[t] * dt
S[t+1]=ss

return ¢, d2, e, cu, S

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--mode', required=True, choices=['baseline', 'e3-inv', 'e3-exp’, 'e4'])
ap.add_argument('--scope', default="all', choices=['all', 'same-day'])
ap.add_argument('--lam', type=float, default=0.5)
ap.add_argument('--input', default=os.path.join(ROOT, 'paper_output pro', 'data_cleaned', 'q3_input.json'))
ap.add_argument('--vintages', default=os.path.join(HERE, 'q3_vintages B.json'))
ap.add_argument('--out', required=True)
ap.add_argument('--adjust’, type=int, default=1)
ap.add_argument('--pct', type=float, default=80.0)
ap.add_argument('--window', type=int, default=14)
ap.add_argument('--alpha', type=float, default=0.15)
ap.add_argument('--beta’, type=float, default=0.8)
ap.add_argument('--sigma-min-n', type=int, default=20,
help="tRERU G/ MFEAEL, R ENB U SH)
ap.add_argument('--sigma-mode', default="jan', choices=['jan', 'full', 'rolling'],
help=jan=RAE—MAIREEROR); full=2F (S MEE, (VHXIER); rolling="REN(FHHR))
ap.add_argument('--score-from', type=int, default=31)
ap.add_argument('--stop-day', type=int, default=0, help=">0 BFf REEFZX (BFIIEHERIL))
ap.add_argument('--replace-actual-from', type=int, default=0,
help=">0 BHBIZ KR LUSRISEFREL AR A 0 CEERIRIEA))

a = ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8'))
price = np.asarray(inp['price'], float)
load = np.asarray(inp['load_actual'], float)
pv_a=np.asarray(inp['pv_actual'], float)
st = inp['storage']; dt = float(inp['dt']); eta = float(st['efficiency'])
Pmax = float(st[']power_max']); smin = float(st['soc_min']); smax = float(st['soc_max'])
if a.replace_actual from:
pv_a=pv_a.copy(); pv_a[a.replace_actual from:]=0.0
D, Tt = load.shape
assert Tt==T
if a.stop_day:
D =a.stop_day
net=1load - pv_a
load_f=build_seasonal(load, D, T, a.alpha, a.beta)
pv_fs =build_seasonal(pv_a, D, T, a.alpha, a.beta)
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ha = hourly_actual(pv_a)

e HRFURREE -
V =sig = None; cal _info = None
if a.mode !='baseline":
V, vmeta = load_vintages(a.vintages)
if a.sigma_mode == "jan":
s0, cal_info = fixed_sigma(V, pv_a, min_n=a.sigma_min n)
cal_info['leaky'] = False
cal_info['label'l = "€—1 A (2025-01-01..2025-01-31) #57E, IFEREE, 588"
sig = np.tile(s0, (NDAY, 1))
elif a.sigma_mode == "full":
s0, cal_info = full sample sigma(V, pv_a, min_n=a.sigma_min_n)
cal_info['leaky'] = True
cal_info['label'l ="!! SHEE (£FB 365 RIEX), VE_LERIIE, FEEAERER 1
sig = np.tile(s0, (NDAY, 1))
else:
R =residuals(V, pv_a)
sig = rolling_sigma(R, min_n=a.sigma_min_n)
cal_info = {'mode": 'rolling', 'leaky'": False, 'label': "Roh¥ BEIrE (TR, IEHEOR))
else:
fc = {h: np.array([inp['pv_forecast']['%d_%d' % (d, h)] for d in range(D)]) for h in (0, 6, 12, 18)}
vmeta = {'source": 'q3_input.json:pv_forecast (FhREMITEE SHX)'}

def pv_stage(d, s):
"SR] (144,) FHRINE kW, (144,) FRARMBLRIEATE b, (144,) B EC
off, slot = STAGES][s]
if a.mode == 'baseline":
arr = fc[off][d].copy()
lead = np.full(T, np.nan)
for t in range(T):
k=t//6
if k >= off:
lead[t] =k - off
return arr, lead, np.where(np.isfinite(arr), 1, 0)

return forecast stage(V, sig, d, d * 24 + off, MODES[a.mode], a.scope, a.lam)

def net_fe(d, s):
arr, , =pv_stage(d, s)
arr = arr.copy()
miss = ~np.isfinite(arr)
arr[miss] = pv_fs[d][miss]

return load_f[d] - arr
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soc_c = float(st['soc_initial'])
base c=dev c=em c=0.0
em k=cur k=ch=di=0.0

n_adj=n_over =n_under =n_same =n_seg scored =n_seg_adjable =0

win =[] # ZE IS8
fc_err =] # (lead, forecast, actual) £ZFi+45H
rows =[]

detail days =[]
for d in range(D):
ifd<2:
margin = np.zeros(T)
else:
lo = max(1, d - a.window)
errs = np.array([net[k] - net_fc(k, 0) for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, a.pct, axis=0), 0.0)
p_p,c p,dd p, soc=solve window(price, net fc(d, 0) + margin, soc_c, dt, eta, Pmax, smin, smax)
Pf'=p_p.copy()
if a.adjust:
for s, (h, slot) in enumerate(STAGES[1:], start=1):
S0 = float(soc[slot])
p.,c ,d ,s =solve window(price[slot:], (net fc(d, s) + margin)[slot:], SO, dt, eta,
Pmax, smin, smax, plan_ w=p_p[slot:])
#---- BEOSAREE (F—EOE=ERe, RTHEEITT, WE—KFREAE) -
pw = price[slot:]; planw = p_p[slot:]; netw = net[d][slot:]
~, ,eA, , =realtime(netw, p_, SO, dt, eta, Pmax, smin, smax)
_, _,eB, , =realtime(netw, planw, SO, dt, eta, Pmax, smin, smax)
devw = float(np.sum(0.5 * pw * np.maximum(0, planw - p_) + 1.5 * pw * np.maximum(0, p_ - planw)) * dt)
save base = float(np.sum(pw * np.maximum(0, planw - p_)) * dt)
save_em = 5.0 * float(np.dot(pw, eB - eA)) * dt
if d >=a.score_from:
win.append({'day": d, 'stage": h, 'slot": slot,
'save purchase': save_base, 'save_emergency': save em, 'dev_fee': devw,
'net_benefit': save base + save em - devw,
'changed_segments': int(np.sum(np.abs(p_ - planw) > le-6)),
'em_kwh_plan': float(eB.sum() * dt), 'em_kwh_adj': float(eA.sum() * dt)})
Pf[slot:] = p_; soc = np.concatenate([soc[:slot], s ])
# - REPIT (OfFe) -
c2,d2, e, cu, S = realtime(net[d], Pf, soc_c, dt, eta, Pmax, smin, smax)
if d >= a.score_from:
base c += float(np.sum(price * np.minimum(p_p, Pf)) * dt)
dev_c += float(np.sum(0.5 * price * np.maximum(0, p_p - Pf) + 1.5 * price * np.maximum(0, Pf- p_p)) * dt)
em_c += 5.0 * float(np.dot(price, e)) * dt
em_k += float(e.sum() * dt); cur_k += float(cu.sum() * dt)
ch +=float(c2.sum() * dt); di += float(d2.sum() * dt)
dP=Pf-p p
n_adj += int(np.sum(np.abs(dP) > 1e-6))
n_over += int(np.sum(dP > le-6)); n_under += int(np.sum(dP < -1e-6))

n_seg scored +=T; n_seg adjable +=T - 36
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n_same += int(np.sum(np.abs(dP) <= le-6))
for s, (h, slot) in enumerate(STAGES):
arr, lead, nm = pv_stage(d, s)
seg = np.arange(T)
used = (seg >= slot)
for t in np.where(used)[0]:
if np.isfinite(arr[t]):
fc_err.append((float(lead[t]), float(arr[t]), float(ha[d, t // 6])))
rows.append({'day": d, 'plan0": p_p.copy(), 'plan': Pf.copy(),
'c": ¢2.copy(), 'd": d2.copy(), 'E': e.copy(),
'S0": float(soc_c), 'S1": float(S[-1])})
detail days.append(d)
soc_c = float(S[-1])

win_arr = np.array([w['net_benefit'] for w in win]) if win else np.zeros(0)
neg = win_arr <0
#---- TRKEE (IRFTA SR RRRRIE 1) -
fe = np.array(fc_err) if fc_err else np.zeros((0, 3))
bins = {}
for L in range(0, 25):
m = np.abs(fe[:, 0] - L) < le-9 if len(fe) else np.zeros(0, bool)
if m.sum():
e = fe[m, 1] - fe[m, 2]
bins['%02d' % L] = {'n": int(m.sum()), 'mae': float(np.abs(e).mean()),
'rmse": float(np.sqrt((e ** 2).mean())), 'bias": float(e.mean())}
if len(fe):
e=fe[:, 1] - fe[:, 2]
overall = {'n": int(len(fe)), 'mae': float(np.abs(e).mean()),
'rmse": float(np.sqrt((e ** 2).mean())), 'bias": float(e.mean())}
else:

overall = {'n": 0, 'mae': None, 'rmse": None, 'bias': None}

m = {'q3_total cost": base_c+ dev_c+em_c, 'q3_purchase cost" base c,
'q3_adjustment cost": dev_c, 'q3_emergency cost": em c, 'q3_emergency kwh'" em k,
'q3_curtail kwh': cur k,'q3 _charge kwh': ch, 'q3_discharge kwh": di,
'q3_caliber": 2.0, 'q3_adjust': float(a.adjust)}

diag = {
'mode'": a.mode, 'scope': a.scope, 'lam': a.lam,
'sigma_mode": a.sigma_mode, 'sigma_calibration": cal_info,
'dev_over_purchase ratio": dev_c/base_c if base c else None,
‘adjusted_segments': n_adj, 'total_segments": n_seg_scored,
'adjusted share: n_adj /n_seg scored if n_seg scored else None,
'adjustable_segments': n_seg_adjable,
'adjusted_share of adjustable: n_adj/n_seg adjable if n_seg_adjable else None,

'segments_over bought': n_over, 'segments_under_bought': n_under, 'segments_unchanged': n_same,
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'n_windows': len(win),
'window_save_ purchase sum': float(sum(w['save_purchase'] for w in win)),
'window_save_emergency_sum': float(sum(w['save_emergency'] for w in win)),
'window_dev_fee sum': float(sum(w['dev_fee'] for w in win)),
'window_net benefit_sum': float(win_arr.sum()) if len(win_arr) else 0.0,
'windows_negative net': int(neg.sum()),
'windows_negative share": float(neg.mean()) if len(neg) else None,
'windows_negative loss_sum': float(win_arr[neg].sum()) if len(win_arr) else 0.0,
'windows_positive gain_sum': float(win_arr[~neg].sum()) if len(win_arr) else 0.0,
'forecast accuracy overall": overall,
'forecast_accuracy by lead'": bins,
}
os.makedirs(a.out, exist_ok=True)
json.dump({'metrics": m, 'diagnostics": diag},
open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'), ensure ascii=False, indent=1)
json.dump(win, open(os.path.join(a.out, 'windows.json'), 'w', encoding="utf-8'"), ensure ascii=False)
json.dump({'days': detail days,
'plan0': [r['plan0'].tolist() for r in rows],
'plan': [r['plan].tolist() for r in rows],
'c": [r['c'].tolist() for r in rows],
'd": [r['d"].tolist() for r in rows],
'E": [r['E'].tolist() for r in rows],
'S0": [r['S0'] for r in rows], 'S1": [r['S1'] for r in rows]},
open(os.path.join(a.out, 'solution.json'), 'w', encoding="utf-8'))
rec = {'argv": sys.argv, 'cwd': os.getcwd(), 'mode': a.mode, 'scope': a.scope,
'vintages_meta': vimeta,
‘created at_utc': datetime.datetime.utcnow().strftime("%Y-%m-%dT%H:%M:%SZ"),
'params": {'pct': a.pct, 'window': a.window, 'alpha': a.alpha, 'beta': a.beta,
'adjust”: a.adjust, 'score_from': a.score_from, 'sigma min_n" a.sigma_min_n,
'sigma_mode": a.sigma_mode} }
json.dump(rec, open(os.path.join(a.out, 'receipt.json'), 'w', encoding="utf-8'), ensure_ascii=False, indent=1)
print(%s[%s]: B %.2f= K3 %2+ BE %2f+ B2 %2f (%2kWh) FHB %.1f AEE %d%d AlREEO
%d/%d'
% (a.mode, a.scope, m['q3_total_cost'], base_c, dev_c, em_c, em_k, cur k,

n_adj, n_seg_scored, int(neg.sum()), len(win)))

if __name__ == '__main__"':
main()

D.2.50 SZHEMRVAHRL/03_[H B =/q3_fc_summary_B.py
-*- coding: utf-8 -*-

TR E3/E4 + B BIREER (Markdown + xlsx) S5iZUriEtRE. """
import os, sys, json
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_))
ROOT = os.path.dirname(os.path.dirname(HERE))
EXP = os.path.join(ROOT, 'paper_output_pro', 'experiments')

RUNS = [
(EEINBME), os.path.join(EXP, 'q3-realtime-adjust"), 'baseline’,
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'0:00 ARBEE X, 6/12/18 HIEIHKIFIR),

(EHEEREE B), os.path.join(EXP, ' baseline_check B'), 'baseline’,

'q3_fc_solver B.py --mode baseline E8, A FHIATHR),

(EE(REMBIZE g3 realtime_solver)', os.path.join(EXP, ' baseline_orig_B'"), 'baseline',

'"EI%IBTT paper output pro/code/q3_realtime solver.py'),

('E4 M2 KR+EBRHHR', os.path.join(EXP, 'q3-fc-e4'), 'e4',

"B FAkRAS={ZH X 0:00 hR} U{BAHEBEZNEMAIR}, B pub =EE—hR),

(‘E4 M2 XR+E=HhR(ZXKAR)', os.path.join(EXP, 'q3-fc-e4-variants', 'sameday"), 'e4,
RREBYREAARAE BURIEIER)),

('E3 Fle&X+HEH E@all) [IER], os.path.join(EXP, 'q3-fc-e3"), 'e3-inv',
'w_v=l/sigma_hat(Delta_v)*2; sigma B 2025-01-01..01-31 iR EREELE; BRIREZS5"),
('E3 Fl2X-+EE= B (all), os.path.join(EXP, 'q3-fc-e3-variants', 'exp-decay'), 'e3-exp),
'w_v=0.5"Delta_v (FE& sigma, SIREBFOLX), BRRAEE5),

(B3 FleX+H¥EHEEKAR), os.path join(EXP, 'q3-fc-e3-variants', 'inv-sameday'), 'e3-inv',

sigma=1 AATE; REAEHRERMRAE BURMEIER)),

('E3 12 XHERRR(ZHKAR), os.path.join(EXP, 'q3-fc-e3-variants', 'exp-decay-sameday"), 'e3-exp',
HREHRERTGRE ERMEXR)),

(B3 A E sigma=2tA [SHME, EFFERY, os.path.join(EXP, 'q3-fc-e3-variants', 'inv-fullsample-LEAKY"),
'e3-inv', "I FEARER 365 RATE, SREME, MELASE, FEERNERER 1),

def load(d):
m = json.load(open(os.path.join(d, 'metrics.json'), encoding="utf-8"))

return m

def main():
acc = json.load(open(os.path.join(EXP, 'q3-fc-accuracy B.json'), encoding="utf-8'"))

rows =[]
for label, d, mode, desc in RUNS:
if not os.path.exists(os.path.join(d, 'metrics.json')):
print('MISSING', d); continue
m = load(d); mm = m['metrics']; dg = m.get('diagnostics', {})
aux=d
need aux = (not dg) or (not os.path.exists(os.path.join(d, 'solution.json')))
base aux = os.path.join(EXP, ' baseline check B')
if need_aux and os.path.exists(os.path.join(base_aux, 'solution.json")):
aux =base_aux # AEAEEFEHRIEE metrics.json, R/ IZHEE—XEB(=ZERTEEFM)
if not dg:
dg = load(aux).get('diagnostics', {})
sol = json.load(open(os.path.join(aux, 'solution.json'), encoding="ut{-8'))
adj_kwh = float(np.sum(np.abs(np.array(sol['plan']) - np.array(sol['plan0']))) * (1.0 / 6.0))
rows.append(dict(label=label, dir=os.path.relpath(d, ROOT), mode=mode, desc=desc,
total=mm['q3_total cost'], base=mm['q3_purchase_cost'],
dev=mm['q3_adjustment cost'], em=mm]['q3 emergency cost'],
emkwh=mm['q3_emergency kwh'], cur=mm['q3_curtail kwh'],
ch=mm['q3_charge kwh'], dis=mm['q3_discharge kwh'],
adj_kwh=adj_kwh,

**{k: v for k, v in dg.items() if k not in (‘'forecast_accuracy by lead', 'mode')}))
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ref = rows[0]
md =[]
md.append(| 5% | SEAGT) | IXWHEE |REER | Z20BHE | SEEETW | ZH%()
md.append(’|---|---[---|-=-|--|---]---[")
for r in rows:

dlt = r['total'] - ref['total']

md.append(’] %s | %.2f | %.2f | %.2f | %.2f | %+.2f | %o+.4%% |'

% (r['label'], r['total'], r['base'], r['dev'], r['em'], dlt, 100 * dlt / ref['total']))

tl ="\n',join(md)

md2=[| AFE |REMRX | FBRHSERE | X | DX | Rg [FBEEEWh) | BOH | UFER=EED | &t
|BORNEST | EOEWESR EOHE3% | BORER |

L e e e el

for r in rows:
md2.append('| %s | %.4f | %d/%d (%.11%%) | %d | %d | %d | %.0f | %d | %d | %.1{%% | %+.0f | %+.0f | %+.0f | %.0f |
% (r['label'], r['dev_over purchase ratio'], r['adjusted_segments'], r['total segments'],
100 * r['adjusted_share'], r['segments_over bought'], r['segments_under bought'],
r['segments unchanged'], r['adj kwh'], r['n_windows'], r['windows_negative net'],
100 * r['windows_negative share'], r['window net benefit sum'], r['Window save purchase sum'],
r['window_save emergency sum'], r['window_dev_fee sum']))

t2 ="\n' join(md2)

keys = [(‘baseline', "BHEIRE ML), (‘ed', B4 BHR'), (e3-inv', 'E3 FHE(all)),

(‘e3-exp', 'E3 8= R (all)), (‘e3-inv-sameday', '"E3 W HE(H KR,

(‘e3-exp-sameday', 'E3 8= IR(Z KAR)"),

(‘'e3-inv-LEAKY", [& BB XTHR] E3 5 E (all, sigma=21E75)")]
md3 = [| BXiR AT | £ZPETER MAE | RMSE | BX MAE | HX RMSE | F3932a1£(h) | 0-5h MAE | 6-11h MAE | 12-
17h MAE | 18-23h MAE |,

L e e Al

for k, nm in keys:
s = acc['schemes'][k]
g=s['by lead group']; gd =s['by lead group daytime']
md3.append('| %s | %.2f | %.2f | %.2f | %.2f| %.2f | %.1f| %.1f| %.1f | %.1f |
% (nm, s['all']['mae'], s['all']['rmse'], s['daytime']['mae'], s['daytime']['rmse'],
s['mean_lead'], gd['00-05h']['mae'], gd['06-11h']['mae'], gd['12-17h"]['mae'], gd['18-23h']['mac']))
t3 ="\n' join(md3)

md4 =['| IZHIE A |BhRA MAE | RMSE | bias |, '|--|---|-—|---|']
for j in range(24):

r = acc['single version_reference']['%02d" % j]

md4.append('| %dh | %.2f | %.2f | %+.2f|' % (j, r['mae'], r['rmse'], 1['bias']))
t4 ="\n',join(md4)

# - sigma fRER -
cal = json.load(open(os.path.join(EXP, 'q3-fc-sigma-calibration_B.json'), encoding="utf-8'))
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jan = cal['jan']
md0=[|$2H1& A|'+"'|"join(%dh' % j for j in range(24)) +' |,
o] ] * 24,
| BEARER n|'+'| " join(str(x) for x in jan['n_by lead]) +'[,
'| sigma_hat (kW) | '+ "] "join("%.1f % x for x in jan['sigma_by lead']) +"'|']
t0 = chr(10).join(md0)
doc =['# [RJRA= E3/E4 JEATURERARSEEE — CR¥EL, ",
WHO. IS E sigma_hat(Delta) BIARE (FELR: REEAE—NA) ",
TREBEO: RMHE *+2025-01-01..2025-01-31%* (5 0.30 Xt 31 X) ; BFENZIMEAREFRET 1 A
N,
'1 B 31 BRHBHRAEESD 2 ANEFREGR. HE—RE ~EEFE. 2F8H* (TR o
B eopd*r &, BAY 121,124 %, 280 >=20, **KAAMBBEMUSHH**. ' % jan['n_total], ",
t0, ",
UNEEARAMERN (BRI, ARKAE) ¢ BEME n<20, NZEABENENYTE k=1,2,.. SFHESHMA,
HEESHER >=20; B2 14 HEHNTE, WEBKHEEITEE, AHIBERIERE
'metrics.json Y diagnostics.sigma_calibration.merged bins FE&, ', ",
D HE (EFME, MM LERSE, FR/ERNEXER*) | B8 365 KA %d FHELFITE. ' %
cal['full LEAKY']['n_total'], ",
w1 BERANEL (iR 2025-02-01..12-31, # 334 X, OfFe) ', ", tl,",
> BRMRE/ESFANME: BRI S MEE. REZA(TIE S &/ L 158, B2WBES
o ",
w2 BENEIZEET FEEmE®T) L,
>BO = (XK, 6:00/12:00/18:00) —/RIFERE, £ 334x3=1002 1,
> BEOANE = IXWEETYE + RRWBETE - BEEA; |
>BENBENE—BOERFEEEHL, WE—LFREAFTHRITOR. ",
W3 CRTUIRKEE L (9 B, PR RS —RAVRRIE N1 ", 8, ",
4. BIRATURIZIERIZRIRE (i3 280 365 X, /NFHOR) " 14, "]
out = os.path.join(EXP, 'q3-fc-e3")
os.makedirs(out, exist_ok=True)
open(os.path.join(out, 'summary B.md'), 'w', encoding="utf-8').write("\n'.join(doc))
json.dump(rows, open(os.path.join(EXP, 'q3-fc-summary_B.json'), 'w', encoding="ut{-8'"),
ensure_ascii=False, indent=1, default=float)
print(\n'.join(doc))
print("\nwrote', os.path.join(out, 'summary B.md"))

return rows

if __name__ == '__main__':
main()

D.2.51 SCHEMRVARS/03_ B =/q3_fc_verify_A.py
-*- coding: utf-8 -*-

T EEREE: 2 trajectory.npz + Bt + fiERES Y, EBELEHRELR. "
import os, sys, json
import numpy as np

R = os.path.join('paper_output_pro', 'experiments')

inp = json.load(open(os.path.join('paper_output_pro', 'data_cleaned', 'q3_input.json'), encoding='utf-8'))
price = np.asarray(inp['price'], float); dt = 1.6 / 6

st = inp['storage']; eta = st['efficiency']; Pmax = st['power_max']

smin, smax = st['soc_min'], st['soc_max']
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RUNS = ['g3-fc-el/invvar', 'q3-fc-el/expdecay', 'q3-fc-el/invvar_tod',
'q3-fc-e2/newest', 'q3-fc-e2/newest_adjust’, 'q3-fc-e2/newest_full']
print('%-26s %14s %14s %10s %10s %s' % ('run', 'metrics SEMA', 'EBESEA', 'RASCHRA', 'BAMFHER', RKE'))

allok = True
for rel in RUNS:

o = json.load(open(os.path.join(R, rel, 'metrics.json'), encoding="utf-8"))['metrics']
z = np.load(os.path.join(R, rel, 'trajectory.npz'))
p0, pf, E, C, Dd, S1 = z['plan0'], z['plan'], z['E'], z['C'], z['D'], z['S1']
base = float(np.sum(price * np.minimum(p0, pf)) * dt)
dev = float(np.sum((0.5 * price * np.maximum(0, p0 - pf)
+ 1.5 * price * np.maximum(0, pf - p0)) * dt))
em = float(np.sum(5.0 * price * E * dt))
soc_bad = float(np.max(np.maximum(smin - S1, S1 - smax)))
p_bad = float(max(np.max(C), np.max(Dd)) - Pmax)
ok = (abs(base - o['q3_purchase cost']) < le-6 and abs(dev - o['q3_adjustment _cost']) < le-6
and abs(em - 0['q3_emergency cost']) < le-6 and soc_bad <= le-6 and p_bad <= le-6)
allok &= ok
print("%-26s %14.2f %14.2f %10.2e %10.2e %s' % (rel, o['q3_total cost'],

base + dev + em, max(soc_bad, 0), max(p_bad, 0), 'PASS' if ok else 'FAIL'))

print(‘\nJHIIEHE: %s' % (‘2@ if allok else 'FTEA—E'))
sys.exit(@ if allok else 1)

D.2.52 STHEARVARS/03 B =/q3 fc_xlsx_B.py
-*- coding: utf-8 -*-

"R E3/E4 FEER xlsxe "t
import os, json

from openpyxl import Workbook
from openpyxl.styles import Font

HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
EXP = os.path.join(ROOT, 'paper_output_pro', 'experiments')

rows = json.load(open(os.path.join(EXP, 'gq3-fc-summary_B.json'), encoding='utf-8'))
acc = json.load(open(os.path.join(EXP, 'g3-fc-accuracy_B.json'), encoding='utf-8'))
ref = rows[0][ 'total']

r2 = lambda x, n=2: float(round(x, n))

wb = Workbook(); ws = wb.active; ws.title = 'BERFNLL’
ws.append(['AE', 'BR', 'BREA", 'BEAGT)', 'AXWREGT)', REHEMAGT), 'E2MWBEGT) ',
'ERMEEKWh), SEEEI(T), EH%'])

for r in rows:

ws.append([r['label'], r['dir'], r['desc'], r2(r['total']), r2(r['base']), r2(r['dev']), r2(r['em']),
r2(r['emkwh']), r2(r['total'] - ref), r2(100 * (1['total'] - ref) / ref, 4)])

ws = wb.create_sheet('JAEETIEIZHT")
ws.append([' A", "RE/HRX', 'BERH, BB, ABLLR, SREHC, OB, REEBEC,
JAEBEKWh), BOK, HREEOHR, HEOS%, EOBMEESTH, BEOFEESIT,
'BAORERSIT, BOFKRIET)
for r in rows:
ws.append([r['label'], r2(r['dev_over purchase ratio'], 5), r['adjusted segments'], r['total segments'],

r2(100 * r['adjusted_share']), r['segments_over bought'], r['segments_under bought'],
r['segments_unchanged'], r2(r['adj_kwh'], 1), r['n_windows'], r['windows_negative net'],
r2(100 * r['windows_negative share']), r2(r['window_save purchase sum'], 1),
r2(r['window_save emergency sum'], 1), r2(r['window_dev_fee sum'], 1),

r2(r['window_net_benefit_sum'], 1)])
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keymap = [('baseline', 'EMINBMCE)"), ('ed', 'E4 FHhR'), ('e3-inv', 'E3 FHZE(all)'),
(‘'e3-exp', 'E3 38ERZ M (all)), (‘'e3-inv-sameday', 'E3 ¥ E(ZHKAR)),
(‘e3-exp-sameday’, 'E3 FEENR B KAR)")]

ws = wb.create_sheet('FURIEEXLL ")
ws.append ([ 'BXRRA', '£ZBMAE', '2ZPRMSE', '£FPbias', 'BHRXMAE', 'EHRRMSE',
'0-5h MAE!, '6-11h MAE', '12-17h MAE/, '18-23h MAE', '“F3J$g a1 (h)"])

for k, nm in keymap:

s = acc['schemes'][k]; g = s['by_lead group_ daytime']

ws.append([nm, r2(s['all']['mae']), r2(s['all']['rmse']), r2(s['all']['bias']), r2(s['daytime']['mae']),
r2(s['daytime']['rmse']), r2(g['00-05h']['mae'], 1), r2(g['06-11h']['mae'], 1),
r2(g['12-17h']['mae'], 1), r2(g['18-23h']['mae'], 1), r2(s['mean_lead'])])

ws = wb.create_sheet (' BRRAIZIRAIRIRE ")
ws.append([ '}EBIEZA(h)', 'MAE', 'RMSE', 'bias'])
for j in range(24):

r = acc['single_version_reference']['%02d" % j]

ws.append([j, r2(r['mae']), r2(r['rmse']), r2(r['bias'])])

for ws in wb.worksheets:
for ¢ in ws[1]:

c.font = Font(bold=True)
ws.freeze panes ='A2'
for col in ws.columns:
w = max(len(str(c.value)) if c.value is not None else 0 for ¢ in col)

ws.column_dimensions[col[0].column_letter].width = min(52, max(10, w + 2))

p = os.path.join(EXP, 'gq3-fc-e3', 'E3E4_¥ftbFR B.x1lsx')
wb.save(p)
print('wrote', p)

D.2.53 SCHEMEHAAES/03_[ B =/q3_forecast_A.py
-*- coding: utf-8 -*-

RS - FHRE (FRIEA: E1/E2, EFA = 0:00 D).

B EREURAIN (IRIHEE =)
E1/E2 (0:00 RE1): ATARRA = {v:pub(v)<s B vEBE s B pub(v) <= RHEIZ tau}

- 0:00 IHRIBHER tau= KK 0:00: d B 0:00 kig¥d =0 B (pub==s), Xt t>=1 ATF.
-6/12/18 AEEMEREIE: X h kAT t=slot(h) RAJA, % t>slot(h) AT,
relaxed:
strict' FSEFEAR (BUA): FIEMERERER pub<s
‘adjust’ {GRIEEEMER(6/12/18)8 "pub==s" JAFBFF & 0:00 BFRH™=HR)
full' EEPRAF (== WITEEMCE /E4)

EFB (BhRAR):
'newest' BX pub BRAMI—hR

invvar' WHZEMMN w_v=1/sigma hat*2(Delta_v), sigma_hat*2 I 3 B BIRIZFI2 5714
SABREZEIMNAE. &IE cal window KAREHRE (MSE)
'expdecay' 2= w v =0.5 ** Delta_v

import os, json
import numpy as np

PUB_HOURS = (@, 6, 12, 18)

STAGE_SLOTS = (@, 36, 72, 108) # 0:00 / 6:00 / 12:00 / 18:00
SPD = 144
JAN_DAYS = 31 # AR AEFEEAD = 2025-01-01 .. 2025-01-31
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def merge_bins(cnt, sse, min_n, lo=1, hi=24):

ABSMRRIEEROEH, FEAMEE >=min_n, RE] (94, SR MSE[hi+1]). "
groups = []
cur = [lo]; cn = int(cnt[lo]); cs = float(sse[lo])
for k in range(lo + 1, hi + 1):
if cn >=min_n:
groups.append([cur, cn, cs]); cur = [k]; cn = int(cnt[k]); cs = float(sse[k])
else:
cur.append(k); cn += int(cnt[k]); cs += float(sse[k])
groups.append([cur, cn, cs])
if len(groups) > 1 and groups[-1][1] <min_n:  # RAHARENHNEI—H
last = groups.pop(); prev = groups.pop()
groups.append([prev[0] + last[0], prev[1] + last[1], prev[2] + last[2]])
row = np.full(hi + 1, np.nan)
for ks, n, s in groups:
v=(s/n)ifn>0else 1.0
for k in ks:
row[k] =v

return [g[0] for g in groups], row

class ForecastEngine:
def init (self, vintages_path, pv_actual, cal window=60, calib='fixed jan', min_bin n=20):

with open(vintages_path, encoding="utf-8') as f:
data = json.load(f)
self.H = np.asarray(data['vintages'], float) #(D,4,24)
self.D, self K, self.NH = self.H.shape
self. T = SPD
selfND = self.D * self.T
self.act = np.asarray(pv_actual, float).reshape(-1)
assert self.act.size >= self.ND
self.cal window = int(cal window)
self.calib = calib # 'fixed_jan'(IERV) | 'full (BHEZ, EHBHEITER) | rolling GREEMEXTER)
self.min_bin_n = int(min_bin_n)
self.sigma0 = 1.0 # BETRKW): RiEFUIRSEMREA 0B MSE=0, ##& 1/0
self._build candidates()
self._calibrate()

TR TS s
def build_candidates(self):
G=[LP=[LV=I]
for d in range(self.D):
for k, h in enumerate(PUB_HOURS):
p=d*selfT+h*6
for i in range(self.NH):
val = float(self.H[d, k, i])
for j in range(6):
g=p+6*i+j
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if g >= self.ND:
break

G.append(g); P.append(p); V.append(val)
self.G = np.asarray(G, np.int64)
self.P = np.asarray(P, np.int64)
self.V = np.asarray(V, float)
self.BIN = (self.G - self.P +5) // 6 # ceil(Delta) in 1..24
self.cand = [[] for _ in range(self.ND)]
for g, p, v in zip(self.G.tolist(), self.P.tolist(), self.V.tolist()):

self.cand[g].append((p, v))

for Ist in self.cand:

Ist.sort()

def calibrate(self):
SE = (self.V - self.act[self.G]) ** 2
self.mse = np.full((self.D, 25), np.nan)
self.cal_n = np.zeros((self.D, 25), int)
selfmse_tod = np.full((self.D, 600), np.nan)  # (EFREYZ 0.23) x RETERY 0..24)
self.tod = (self.G % SPD) // 6
self. TODB = self.tod * 25 + self.BIN
self.calib_info = {'mode": self.calib, 'min_bin_n": self. min_bin_n}
if self.calib == 'rolling":
self. calibrate rolling(SE)
else:
self. calibrate fixed(SE)
self.mse[:, 0] =selfmse[:, 1]  #14 0 "I, NBH d=0/t=0 FRKEERI}FE
for tod in range(24):
self.mse_tod[:, tod * 25] = self.mse_tod[:, tod * 25 + 1]

L BEE&®AME LR RAE—MA) -
def calibrate fixed(self, SE):
JO=JAN DAYS * self.T
if self.calib == 'fixed jan':
m = (self.P < J0) & (self.G <J0)
desc = ('2025-01-01..2025-01-31 kR #aRIkRAx, B BARRZIMIEE 1 AR,
131 BhREEE 2 ANBRRESE i —RE2FEERA")
elif self.calib == "full':
m = np.ones(self.G.shape, bool)
desc ="2HAR(334 RIFE — SHE, MENE, FMEEANERSE
else:
raise ValueError(self.calib)
cnt = np.bincount(self. BIN[m], minlength=25)
s = np.bincount(self.BIN[m], weights=SE[m], minlength=25)
nhours = np.zeros(25, int)

for k in range(1, 25):
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nhours[k] = np.unique(self.P[m & (self.BIN == k)]).size
groups, row = merge_bins(cnt, s, self.min_bin_n)
self.mse[:] = row + self.sigma0 ** 2
self.cal n[:]=cnt
row2 = np.full(600, np.nan); tgroups = {}
for tod in range(24):
sl =slice(tod * 25, tod * 25 + 25)
mk =m & (self.tod == tod)
¢2 = np.bincount(self. BIN[mk], minlength=25)
s2 = np.bincount(self. BIN[mk], weights=SE[mk], minlength=25)
if c2[1:].sum() == 0:
row2[sl] = row[1]; tgroups[tod] = 'fallback lead only'; continue
g2, 12 = merge_bins(c2, s2, self.min_bin_n)
tgroups[tod] = g2; row2[sl] =12
self.mse_tod[:] = row2 + self.sigma0 ** 2
self.calib_info.update(dict(
desc=desc, n_days=JAN_ DAYS if self.calib =='fixed_jan' else self.D,
n_samples_segments=int(m.sum()), n_samples_hours=int(nhours[1:].sum()),
n_versions=int(np.unique(self.P[m]).size),
bins={str(k): dict(n_seg=int(cnt[k]), n_hours=int(nhours[k]),
mse=float(row[k]) if np.isfinite(row[k]) else None,
sigma=float(np.sqrt(row[k])) if np.isfinite(row[k]) else None)
for k in range(1, 25)},
merged_groups=groups, tod_groups=tgroups))

def calibrate rolling(self, SE):
for d in range(self.D):

lo = max(0, d - self.cal_window) * self.T
m = (self.G <d * self.T) & (self.P >=lo)
cnt = np.bincount(self.BIN[m], minlength=25)
s = np.bincount(self. BIN[m], weights=SE[m], minlength=25)
row = np.full(25, np.nan)
ok=cnt>0
row[ok] = s[ok] / cnt[ok]
idx = np.where(ok)[0]

if idx.size == 0:
# TEAAEHAAN d=0): BUAENR, FEFERERARRKER
row[:]=1.0

else:

for b in range(25):
if not np.isfinite(row[b]):
row[b] = row[idx[np.argmin(np.abs(idx - b))]]
self.mse[d] = row + self.sigma0 ** 2
self.cal_n[d]=cnt
#3% (BARETZ), IRATE) WEDATE — THRRNECE BRI RITE
cnt2 = np.bincount(self. TODB[m], minlength=600)
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s2 = np.bincount(self. TODB[m], weights=SE[m], minlength=600)
row2 = np.full(600, np.nan)
ok2 =cnt2>0
row2[ok2] = s2[ok2] / cnt2[ok2]
if not ok2.any():
row2[:]=1.0
else:
val_ok =row2[ok2]
for b in range(600):
if not np.isfinite(row2[b]):
same_tod = np.arange(b - b % 25, b - b % 25 + 25)
cands = same_tod[np.isfinite(row2[same_tod])]
if cands.size:
row2[b] = row2[cands[np.argmin(np.abs(cands - b))]]
else:
row2[b] = float(np.mean(val _ok))

self.mse_tod[d] = row2 + self.sigma0 ** 2

[ JE— ERRETERTIR oo
def pv_vectors(self, day, scheme, boundary='strict'):
"RE] (4,144) TR (4,144) BRARAIE(h).  (4,144) BERRAE
out = np.zeros((4, self.T)); lead = np.zeros((4, self.T)); nv = np.zeros((4, self.T), int)
base = day * self.T
for si, tslot in enumerate(STAGE SLOTS):
tau = base + tslot
for t in range(self.T):
g=Dbase +t
sel =]
for p, v in self.cand[g]:
if p > tau:
continue
ifp<g:
sel.append((p, v))
elif boundary == "full' or (boundary == 'adjust' and tslot > 0):
sel.append((p, v))

if not sel:
#1 d=0,t=0 T FkRAS: JREHX 0:00 hR(Ridl, EH 0)
sel = [(base, float(self.H[day, 0, 0]))]
if scheme == 'newest":
pb = max(p for p, _insel)
vs = [v for p, v in sel if p == pb]
out[si, t] = float(np.mean(vs))
lead[si, t] = (g - pb) / 6.0
else:
w=[];dlt=[]; val =[]
for p, v in sel:

dv=(g-p)/6.0
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if scheme == "invvar":
ww = 1.0 / self.mse[day][(g - p + 5) // 6]
elif scheme == "invvar_tod":
ww = 1.0/ self.mse_tod[day][((g % SPD)// 6) * 25+ (g-p+5)// 6]
elif scheme == 'expdecay":
ww = 0.5 ** dv
else:
raise ValueError(scheme)
w.append(ww); dlt.append(dv); val.append(v)
w = np.asarray(w, float); dlt = np.asarray(dlt, float); val = np.asarray(val, float)
out[si, t] = float(np.dot(w, val) / w.sum())
lead[si, t] = float(np.dot(w, dlt) / w.sum())
nv(si, t] = len(sel)

return out, lead, nv

def all_days(self, scheme, boundary='strict'):
PV = np.zeros((self.D, 4, self.T)); LE = np.zeros((self.D, 4, self.T))
NV = np.zeros((self.D, 4, self.T), int)
for d in range(self.D):
PVI[d], LE[d], NV[d] = self.pv_vectors(d, scheme, boundary)
return PV, LE, NV

def in_force_tables(PV, LE, d@=31, d1=365)

i B E— R E’JEI1§$#tH+BT§‘zﬁE TR EARRIE. """
n=dl-d0
vals = np.zeros((n, SPD)); vlead = np.zeros((n, SPD)); dlead = np.zeros((n, SPD))
for i, d in enumerate(range(do, d1)):
for t in range(SPD):

si = max(j for j, s in enumerate(STAGE_SLOTS) if s <=t)

vals[i, t] = PV[d, si, t]

vlead[i, t] = LE[d, si, t]

dlead[i, t] = (t - STAGE_SLOTS[si])/ 6.0

return vals, vlead, dlead

def stat_block(err):
err = np.asarray(err, float)

if err.size == 0:
return dict(n=0, mae=float('nan'), rmse=float('nan'), mbe=float('nan'), p95=float('nan'))
return dict(n=int(err.size), mae=float(np.mean(np.abs(err))), rmse=float(np.sqrt(np.mean(err ** 2))),

mbe=float(np.mean(err)), p95=float(np.percentile(np.abs(err), 95)))

def accuracy_report(eng, PV, LE, actual, d@=31, d1=365):
act = np.asarray(actual, float).reshape(-1)

vals, vlead, dlead =in_force tables(PV, LE, d0, d1)
A = act[d0 * SPD:d1 * SPD].reshape(d1 - d0, SPD)
err = vals - A

rep = {'overall": stat block(err)}
rep['by_decision lead'] = {}
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dl = np.ceil(dlead).astype(int)
for k in range(0, 25):
m=dl==
if m.any():
rep['by_decision_lead'][str(k)] = stat_block(err[m])
rep['by_version lead'] = {}
vl = np.ceil(vlead).astype(int)
for k in range(1, 25):
m=vl=
if m.any():
rep['by_version_lead'][str(k)] = stat_block(err[m])
#1833 0:00 ITXIBVEITIEE (BRREZERNHIE), (NEBREPV>0)ERFtIT
day=A>0
rep['revision_vs_stage0'] = {}
for si, hin ((1, 6), (2, 12), (3, 18)):
sl=STAGE_SLOTS[si]
nxt = SPD if si == 3 else STAGE_SLOTS[si + 1]
d = np.abs(PV[d0:d1, si, sl:nxt] - PV[d0:d1, 0, sl:nxt])
mm = day[:, sl:nxt]
rep['revision_vs_stage0'][str(h)] = dict(
mean_abs=float(d.mean()) if d.size else 0.0,
mean_abs_daytime=float(d[mm].mean()) if mm.any() else 0.0)
rep['stage_block mae'] = {}
for si, hin ((0, 0), (1, 6), (2, 12), (3, 18)):
sl=STAGE_ SLOTS[si]; nxt = SPD if si == 3 else STAGE SLOTS][si + 1]
rep['stage_block mae'][str(h)] = float(np.abs(PV[d0:d1, si, sl:nxt] - A[:, sl:nxt]).mean())
rep['stage_block mae all144'] = {str(h): float(np.abs(PV[d0:d1, si] - A).mean())
for si, h in ((0, 0), (1, 6), (2, 12), (3, 18))}

return rep

def raw_version_accuracy(eng, do=31, d1=365):

" 3 BARAIRIZRIE D IERVRIE MAE/RMSE (FiHHRR). "
m = (eng.G >=d0 * SPD) & (eng.G <dl * SPD)
e =eng.V[m] - eng.act[eng.G[m]]
b =eng.BIN[m]
out={}
for k in range(1, 25):

mk=b==

if mk.any():

out[str(k)] = stat_block(e[mk])

return out

def raw_version_accuracy_by_pub(eng, d@=31, d1=365):

" BB SAMERATR--MAE/RMSE CGEIREL AR R A — R OB ).
m = (eng.G >=d0 * SPD) & (eng.G <dl * SPD)

e =eng.V[m] - eng.act[eng.G[m]]

b = eng.BIN[m]; pp = eng.P[m]

ph=(pp % SPD) // 6
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out= {}
for hi, h in enumerate(PUB_HOURS):
mm = ph ==
if not mm.any():
continue
rec = {}
for k in range(1, 25):
mk =mm & (b==k)
if mk.any():
rec[str(k)] = stat_block(e[mk])
out['%02d:00' % h] =rec

return out

if __name__ == '__main__':
import argparse

ap = argparse.ArgumentParser()
ap.add_argument('--vintages', default=os.path.join('paper_output_pro', 'code', 'q3_vintages A.json'))
ap.add_argument('--input', default=os.path.join('paper_output pro', 'data_cleaned', 'q3_input.json'))
ap.add_argument('--out', default=os.path.join('paper_output pro', 'experiments', 'q3-fc-el', 'forecast accuracy.json'))
ap.add_argument('--cal-window', type=int, default=60)
ap.add_argument('--min-bin-n', type=int, default=20)
a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8'))
out = {'sigma0_kw'": 1.0, 'calib_primary": 'fixed jan', 'min_bin_n" a.min_bin n}
for calib in ('fixed jan', 'full'):
eng = ForecastEngine(a.vintages, inp['pv_actual'], a.cal_window, calib, a.min_bin_n)
tag = "jan' if calib == 'fixed_jan' else 'fullsample_ LEAKY"
if calib == 'fixed_jan":
out['raw_version by lead'] = raw_version_accuracy(eng)
out[raw_version by lead and pub'] =raw_version_accuracy by pub(eng)
out['calibration '+ tag] = eng.calib_info
for scheme, bnd in (("newest', 'strict'), ("invvar', 'strict'), ('invvar_tod', 'strict'),
(‘expdecay’, 'strict'), (‘'newest', 'adjust'), ('newest', 'full")):
PV, LE, NV =eng.all days(scheme, bnd)
key = '%s|%s|%s' % (scheme, bnd, tag)
out[key] = accuracy report(eng, PV, LE, inp['pv_actual'])
out[key]['n_versions_used mean'] = float(NV[31:].mean())
os.makedirs(os.path.dirname(os.path.abspath(a.out)), exist_ok=True)
json.dump(out, open(a.out, 'W', encoding="utf-8'), ensure_ascii=False, indent=1)
for k in ('newest|strict|jan’, 'invvar|strict[jan', 'invvar_tod|strict|jan’, 'expdecay|strict|jan’,
‘newest|adjust|jan’, 'newest|fullljan’, 'invvar|strict|[fullsample LEAKY"):
o = out[k]['overall']
print('%-32s MAE %7.2f RMSE %7.2f MBE %8.2f SE9RRZSER %.2f %
(k, o['mae'], o['rmse'], o['mbe'], out[k]['n_versions used mean']))
ci = out['calibration_jan']
print('l BAR7E: %d TR /%d D 10 DEHFA / %d NNRRIRIIFAR; DESHAR %d %
(ci['n_versions'], ci['n_samples_segments'], ci['n_samples_hours'], len(ci['merged_groups'])))

for g in ci['merged_groups']:
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print( 4B %s' % (z,))
print('-> "+ a.out)
D.2.54 SZHEME/ARTES/03_ [ =/q3_forecast B.py
-*- coding: utf-8 -*-

"R FRTURE (E3/E4 R, B& _B).

T A% BO R SRELAR AR MY

R dec (BIVNK) EREBRAMNEE, BN s (2 d XS ¢ B, B4 d24 + 1/6)
FIRUOMARES - { v : B7ETE] pub(v) <= dec H v BE s }

* AFA = &KX (E3/E4): dec = d*24 (0:00 itXl) BY, HX 0:00 AR pub = d*24 <= dec, HAIM;
& TEX 0:00 lrxd2EF 144 BRRIF) BRIAKIL.

* AFA = T (E1/E2, IEARIZASER): dec = d*24 BY pub < dec A EH, HX 0:00 hiEHER,

JAEEEHER dec = d*24 + h (h=6/12/18), AR s >= slot MIED.
AR ATAMHR DREEZ HE, MIHRBRNEESAE — BN 0:00 HIIKME 6:00 AR,

BB (EFB)
latest : HY pub EREEMI—AR
inv  WHEMR w_v =
exp . IEHER WV =
Hrh pelta_v = hRZAKBNFE

1 / sigma_hat(Delta_v)"2
lambda”Delta_v  (lambda = 0.5
S j (BfvhEEREN RN ZIBRE T, e..23).

sigma_hat(Delta) EMfifF3 BEIRIRAIENERMITE: % d RRA do < d HIAERE,
BARRE (n < min_n) BEBRENER. BREAHR/KREMRE

import os, json, argparse
import numpy as np

HOURS = (@, 6, 12, 18)
NDAY, T, NH = 365, 144, 24

def load_vintages(path):
obj = json.load(open(path, encoding="ut{-8'))

V = np.asarray(obj['"V'], float)
assert V.shape == (NDAY, 4, NH), V.shape

return V, obj['meta']

def hourly_actual(pv_a):

""(365,144) 10 FERFKFRINH > (365,24) NI E (RATHLIREGSIH/ER T
return np.asarray(pv_a, float).reshape(NDAY, NH, 6).mean(axis=2)

def residuals(V, pv_a):

""R[d0,h0ij] = TR - SEFRCI\BSISME); BATHEALN NaNo "
ha = hourly_actual(pv_a)
R =np.full(NDAY, 4, NH), np.nan)
for dO in range(NDAY):
for h0i, hO in enumerate(HOURS):
for j in range(NH):
a=d0*24+h0+]j
ifa<NDAY * 24:
R[dO, h0i, j] = V[dO, h0i, j] - ha[a // 24, a % 24]

return R

def rolling_sigma(R, min_n=100, floor=1.0):
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"RE sigld] = (24,) BRAEBEITEE, PRER: R TBIFE <d WEE TTERE).

AR FEEREIRE TAkfHH do<dl fHE — A1—H 18:00 lREBEEZFE d X 17:00,
HEEEE d RNEMME BRKER. g TEAVNNFRER <di k.
HARE (n<min n) BFHiZEA NaN, BEBBREIER.
pools = [[] for _in range(NDAY + 1)]
for dO in range(NDAY):
for h0i, hO in enumerate(HOURS):
for j in range(NH):
a=d0*24+h0+]
ifa<NDAY * 24:
rr = R[d0, ho4, j]
if np.isfinite(rr):
pools[a // 24].append((j, float(rr)))
sig = np.full (NDAY, NH), np.nan)
s1 = np.zeros(NH); s2 = np.zeros(NH); cnt = np.zeros(NH)
for d in range(NDAY):
m = cnt >=min_n
if m.any():
mean = np.where(m, sl / np.maximum(cnt, 1), 0.0)
var = np.where(m, s2 / np.maximum(cnt, 1) - mean ** 2, np.nan)
var = np.maximum(var, floor ** 2)
sig[d] = np.where(m, np.sqrt(var), np.nan)
for j, r in pools[d]:
sl[j]+=r1; s2[j] +=r * r; cnt[j] +=1

return sig

def candidates(V, d, t, dec, scope=‘'all’

" EARBYER (d,t) TEREREYZY dec TTFQE’JH&ZK@J?E [(pub, j, value), ...]; scope="same-day' R{RE LKA, """
k=t//6
a=d*24+k
out =[]
for d0in (d - 1, d):
if d0 <0:
continue
for h0i, h0 in enumerate(HOURS):
pub =do0 * 24 + h0
j=a-pub
if 0 <=j <=NH - 1 and pub <= dec:
if scope == 'same-day' and dO !=d:
continue
out.append((pub, j, float(V[dO0, hO01, j])))

return out

def fuse(cands, mode, sig_row, lam=0.5):
if not cands:

return np.nan, np.nan
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if mode == "latest":
pub, j, v = max(cands, key=lambda c: c[0])
return v, j
ws =]
for pub, j, v in cands:
if mode =="inv":
s = sig_row[j]
w = 1.0/ (s * s) if np.isfinite(s) and s > 0 else 1.0
elif mode == "exp":

w = lam ** j

else:
w=1.0
ws.append(w)

ws = np.asarray(ws, float)
if ws.sum() <= 0:
ws = np.ones(len(cands))
wsum = ws.sum()
val = float(np.dot(ws, [c[2] for ¢ in cands]) / wsum)
lead = float(min(c[1] for c in cands))

return val, lead

def forecast_stage(V, sig, d, dec, mode, scope='all', lam=0.5):

"RE] (144,) THRIIR kW) 5 (144,) ZERFRABRMAERERIE j; FRIALHN NaN, "
arr = np.full(T, np.nan); lead = np.full(T, np.nan); nmem = np.zeros(T, int)
sig_row = sig[d] if sig is not None else np.full(NH, np.nan)
for t in range(T):

¢ = candidates(V, d, t, dec, scope)

nmem|t] = len(c)

if c:

arr[t], lead[t] = fuse(c, mode, sig_row, lam)

return arr, lead, nmem

def stage_plan():
"RE] 365 REJTDPMAER: (dec_offset, slot)e BYER 0=0:00 iiI(& 144 E&)o "

return [(0, 0), (6, 36), (12, 72), (18, 108)]

MRFBERE BLR: REEAFE—1TA 2025-01-
01..2025-01-31)

CAL_PUB = (@, 31) BE5SZHHMRA T£%8) Kig [lo, hi) -> &3l e..3e =1 B 1..31 B
CAL_TGT = (@, 31) # B54tH TB4rH1 Xid [lo, hi) -> BiFNZISNTEE 1 AR
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def calibration_residuals(V, pv_a, pub_days=CAL_PUB, target_days=CAL_TGT):

"RE [(RATE j, EE), .. FE#ERE TRBEEREEON 5 TBFEEREEOA] -

AR 1A 31 BA%HH 18:00 (R=BEET 2 B 1 B, XLEBRABEHEOMEREZIR
BREESIN 2 BER.
ha = hourly actual(pv_a)
out =[]
for dO in range(NDAY):
if not (pub_days[0] <= d0 < pub_days[1]):
continue
for h0i, h0 in enumerate(HOURS):
for j in range(NH):
a=d0*24+h0+]j
ifa>=NDAY * 24:
continue
td=a// 24
if not (target_days[0] <= td < target_days[1]):
continue
out.append((j, float(V[d0, hOi, j] - ha[td, a % 24])))

return out

def fixed_sigma(V, pv_a, pub_days=CAL_PUB, target_days=CAL_TGT, min_n=20, floor=1.0):
" EEE OARE: RE] (sig(24,), info)e FME—REELHEER, FHERTEIRE.

EHFAR <min_n B4 MEMBHEAEH) BE: M jARNENYTE =12, BREHHFR >=min_n;
E2E 4 EHEHNARE, BUAEEINEE. SHIERIERE info['merged bins'o
samples = calibration_residuals(V, pv_a, pub_days, target days)
buckets = [[] for _ in range(NH)]
for j, r in samples:
buckets[j].append(r)
cnt = np.array([len(b) for b in buckets], int)
sig = np.full(NH, np.nan)
merged = {}
for j in range(NH):
if ent[j] >= min_n:
sig[j] = max(float(np.std(buckets[j], ddof=1)), floor)
continue
for k in range(1, NH):
lo = max(0, j - k); hi =min(NH - 1, j + k)
pool = [x for m in range(lo, hi + 1) for x in buckets[m]]
if len(pool) >= min_n:
sig[j] = max(float(np.std(pool, ddof=1)), floor)
merged[str(j)] = [lo, hi, len(pool)]
break

else:
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allp = [x for b in buckets for x in b]
sig[j] = max(float(np.std(allp, ddof=1)), floor)
merged[str(j)] = [0, NH - 1, len(allp)]
info = {'pub_days": list(pub_days), 'target days'": list(target days),
'n_total": int(len(samples)), 'n_by lead": cnt.tolist(),
'min_n'": min_n, 'merged bins': merged,
'sigma_by lead": [float(x) for x in sig],
'pub_dates": '%d-%02d-%02d..%d-%02d-%02d' % (2025, 1, 1 + pub_days[0], 2025, 1, pub_days[1]),
'tgt dates': '%d-%02d-%02d..%d-%02d-%02d" % (2025, 1, 1 + target days[0], 2025, 1, target days[1])}

return sig, info

def full_sample_sigma(V, pv_a, min_n=20, floor=1.0):

N SRR, IR B8R 365 REFERITEFE, "
return fixed_sigma(V, pv_a, (0, NDAY), (0, NDAY), min_n=min_n, floor=floor)

def _demo():

()@: FTENAIRE M 3 BRIRIRIRRTRIRER, UREBIRA XN EMERRFIE D . ™
root = os.path.dirname(os.path.dirname(os.path.abspath(__file_ )))
V, meta = load_vintages(os.path.join(root, 'code', 'q3_vintages B.json'))
inp = json.load(open(os.path.join(root, 'data_cleaned', 'q3_input.json'), encoding="utf-8'"))
pv_a=np.asarray(inp['pv_actual'], float)
ha = hourly_actual(pv_a)
print(--- PIRAIFIRAIERIRE (28 365 X, /NEHHEOR) )
R = residuals(V, pv_a)
forjin (0, 1,5, 11, 17, 23):
e=R[, :, j].ravel(); e = e[np.isfinite(e)]
print(" Delta=%2dh n=%4d MAE=%7.2f RMSE=%7.2f bias=%7.2f %
(j, len(e), np.abs(e).mean(), np.sqrt((e ** 2).mean()), e.mean()))
# EIRIREMXME: I TEIREI/NET a) AFRS, Elaj] = KWL aj BUEB—hRY a RUIRE
NA =NDAY * 24
E = np.full(NA, NH), np.nan)
for dO in range(NDAY):
for h0i, h0 in enumerate(HOURS):
for j in range(NH):
a=d0*24+h0+]j
ifa<NA:
Ela, j] = V[dO, h0i, j] - ha[a // 24, a % 24]
day = np.array([ha[a // 24, a % 24] for a in range(NA)]) > 50.0
print(--- FEIRIREEXYE (A—BfVNE, BmiRRHBEE oh; BXRITE) )
forjin (6, 12, 18, 23):
x=E[, jl; y=E[,j-6]
m = np.isfinite(x) & np.isfinite(y) & day
print(" Delta=%2dh vs %2dh : corr = %+.4f (n=%d, MAE %.1f/ %.11)' %
(,j - 6, np.corrcoef(x[m], y[m])[0, 1], int(m.sum()),
np.abs(x[m]).mean(), np.abs(y[m]).mean()))

if __name__ == '__main__"':

_demo()
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D.2.55 SCHEMRAED/03_jAE=/q3_mpc.py
-*- coding: utf-8 -*-

import os, json, argparse, datetime
import numpy as np
from scipy.optimize import linprog

def wcat(d): return @ if (datetime.date(2025,1,1)+datetime.timedelta(days=d)).weekday() in (4,5) else 1
def build_seasonal(arr, D, T, alpha=0.25, beta=0.8):

F=np.zeros_like(arr); sums=[np.zeros(T),np.zeros(T)]; cnt=[0,0]; E=arr[0].copy()
for d in range(D):
w=wcat(d); bl=sums[w]/cnt[w] if cnt[w]>0 else arr[d]
F[d]=(1-beta)*E+beta*bl; sums[w]=sums[w]+arr[d]; cnt[w]+=1; E=alpha*arr[d]+(1-alpha)*E

return F

def solve_window(price_w, nm_w, soc®, dt, eta, Pmax, soc_min, soc_max, plan_w=None):

""plan_w /3 None B 0:00 iHEIMNER (BInRBEEWHL) ;
487 plan_w BYRIREMER: SIANLIRE v. TRE u, BIRERERR
cost_t=price t*p_t+0.5%price t*u t+ 0.5*price t*v t, €9 p t-v t+u t=plan to """
W=len(price_w)
if plan_w is None:
n=3*W+(W+1); c=np.zeros(n); c[0:W]=price w*dt
bnd=[(0,None)]*W+[(0,Pmax)]*W+[(0,Pmax)]*W+[(soc0,s0c0)]
for _in range(1,W): bnd.append((soc_min,soc_max))
bnd.append((soc_min,soc_max))
A=np.zeros((W,n)); b=-nm_w
for t in range(W): A[t,t]=-1; A[t, W+t]=1; A[t,2*W+t]=-1
Ae=np.zeros((W,n))
for t in range(W): Ae[t,3*W+t+1]=1; Ae[t,3*W+t]=-1; Ae[t,W+t]=-eta*dt; Ae[t,2*W+t]=dt/eta
be=np.zeros(W)
else:
U0=3*WHW-+1); VO=UO+W; n=VO+W  # KEEBM u(W ™5 v(W 1)

c=np.zeros(n)

c[0:W]=price_w*dt # IEE 2R
c[U0:U0+W1]=0.5*price_w*dt # T BANE 50%, 7 price*p 2 EFHM 0.5
¢[VO:VO+W]=0.5%price_w*dt # FiA: BHESR 1.5E (EEMBEMN) , HBIREM 05

bnd=[(0,None)]*W+[(0,Pmax)]*W+[(0,Pmax)]*W+[(soc0,s0c0)]
for _in range(1,W): bnd.append((soc_min,soc_max))
bnd.append((soc_min,soc_max))
bnd+=[(0,None)]*W+[(0,None)]*W
A=np.zeros((W,n)); b=-nm_w
for t in range(W): A[t,t]=-1; A[t, W+t]=1; A[t,2*¥*W+t]=-1
Ae=np.zeros((2*W,n)); be=np.zeros(2*W)
for t in range(W):
Ae[t,3*W+t+1]=1; Ae[t,3*W+t]=-1; Ae[t,W+t]=-eta*dt; Ae[t,2*W+t]=dt/eta
Ae[WHt,t]=1.0; Ae[W+t,U0+t]=1.0; Ae[W+t,VO+t]=-1.0 #p - v +u=plan
be[ W+t]=float(plan_w[t])
r=linprog(c,A_ub=A,b_ub=b,A eq=Ae,b_eq=be,bounds=bnd,method="highs")
if not r.success: raise RuntimeError(r.message)

x=r.x; return x[0:W],x[W:2*W],x[2*¥*W:3*W] x[3*W:3*W+W+1]
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def main():
ap=argparse.ArgumentParser();  ap.add_argument("--input",required=True);  ap.add_argument("--out",required=True);

ap.add_argument("--adjust",type=int,default=1)
ap.add_argument("--pct",type=float,default=80.0); ap.add_argument("--window",type=int,default=28)
ap.add_argument("--alpha",type=float,default=0.15); ap.add_argument("--beta" type=float,default=0.8)
a=ap.parse_args()
inp=json.load(open(a.input,encoding="utf-8"))
price=np.asarray(inp["price"],float); load=np.asarray(inp["load_actual"],float); pv_a=np.asarray(inp["pv_actual"],float)
st=inp|["storage"]; dt=inp["dt"]; eta=st["efficiency"]; Pmax=st["power _max"]; soc_min=st["soc_min"];
soc_max=st["soc_max"]
D,T=load.shape; net=load-pv_a
fc={h:np.array([inp["pv_forecast"][f"{d} {h}"] for d in range(D)]) for h in [0,6,12,18]}
load_f=build_seasonal(load,D,T,a.alpha,a.beta); pv_fs=build seasonal(pv_a,D,T,a.alpha,a.beta)
def net_fc(d,h):

arr=fc[h][d].copy(); arr[np.isnan(arr)]=pv_fs[d][np.isnan(arr)]; return load f[d]-arr
pct=a.pct; W=a.window; soc_c=st["soc _initial"]; plan_c=0.0; adj ¢=0.0; em_c=0.0; plans=[]
for d in range(D):

if d<2: margin=np.zeros(T)

else:

=3

lo=max(1,d-W); errs=np.array([net[k]-net fc(k,0) for k range(lo,d)]);
margin=np.maximum(np.percentile(errs,pct,axis=0),0.0)
p_p.c_p,dd p,s p=solve window(price,net fc(d,0)+margin,soc_c,dt,eta,Pmax,soc_min,soc_max)
Pf=p_p.copy(); Cf=c_p.copy(); Df=dd_p.copy(); soc=s_p
if a.adjust:
for h,slot in [(6,36),(12,72),(18,108)]:
p_.c_,d ,s =solve window(price[slot:],(net_fc(d,h)+margin)[slot:],soc[slot],dt,eta,Pmax,soc_min,soc_max,
plan_w=p_p[slot:])
Pf[slot:]=p_; Cf[slot:]=c_; Dffslot:]=d_; soc=np.concatenate([soc[:slot],s ])
if d>=31:
base=price*np.minimum(p_p,Pf); dev=0.5*price*np.maximum(0,p_p-Pf)+1.5*price*np.maximum(0,Pf-p p)
plan_c+=float(np.sum(base)*dt); adj_c+=float(np.sum(dev)*dt)
E=np.maximum(0.0,net[d]+Cf-Pf-Df); em_c+=5.0*float(np.dot(price,E))*dt
plans.append(dict(day=d,purchase_plan=p_p.tolist(),purchase adj=Pf.tolist(),
charge=Cf.tolist(),discharge=Df.tolist(),soc=soc.tolist(),emergency=E.tolist()))
soc_c=float(soc[-1])
metrics={"q3_total cost":plan_c+adj ctem c,"q3 planned cost":plan _c,"q3 adjustment cost":adj c,"q3 emergency cost"
:em_c}
os.makedirs(a.out,exist_ok=True)
json.dump({"metrics":metrics},open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))
json.dump({"plans":plans,"price":price.tolist(),"adjust":bool(a.adjust) } ,open(os.path.join(a.out,"solution.json"),"w",encodin
g="utf-8"))
print(f"adjust={a.adjust}: total={plan_c+adj ctem c:.2f} (plan={plan_c:.2f} adj={adj c:.2f} emerg={em_c:.2f})")
if _ name_ =="_ main__": main()

D.2.56 SCEMELARNG/03_ A =/q3_realtime_solver.py
-*- coding: utf-8 -*-

"= ESERRITOR (HZe) THESR.
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OfFo (R q3_mpc.py): EEEFAIRITRIZERE, KIFSIHHNELERIGE.

OfFe (#H#): 0:00 THIRPMIBE, (EEEIRTFMRAOENTRE, #F LA RIME.
HRFNE. TR BAENZ. HBERNS g3_mpc.py Te2—3, WFRIEORELL.

import os, sys, json, argparse

import numpy as np

sys.path.insert(@, os.path.dirname(os.path.abspath(__file_ )))

from gq3_mpc import build_seasonal, solve_window

from g4_realtime_solver import write_workbook

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--input', required=True); ap.add_argument('--out', required=True)
ap.add_argument('--adjust', type=int, default=1)

ap.add_argument('--pct', type=float, default=80.0); ap.add_argument('--window', type=int, default=14)
ap.add_argument('--alpha', type=float, default=0.15); ap.add_argument('--beta', type=float, default=0.8)
ap.add_argument('--write-xlsx', default=")

ap.add_argument('--project-root', default="..")

a = ap.parse_args()

inp = json.load(open(a.input, encoding="ut{-8'))

price = np.asarray(inp['price'], float) # MifF 1| Bk, 8 REE

load = np.asarray(inp['load_actual'], float); pv_a = np.asarray(inp['pv_actual'], float)

st = inp['storage']; dt = float(inp['dt']); eta = float(st['efficiency'])

Pmax = float(st['power_max']); smin = float(st['soc_min']); smax = float(st['soc_max'])

D, T = load.shape; net = load - pv_a

fc = {h: np.array([inp['pv_forecast']['%d_%d' % (d, h)] for d in range(D)]) for h in (0, 6, 12, 18)}
load f=build seasonal(load, D, T, a.alpha, a.beta)

pv_fs =build_seasonal(pv_a, D, T, a.alpha, a.beta)

def net_fc(d, h):
arr = fc[h][d].copy(); arr[np.isnan(arr)] = pv_fs[d][np.isnan(arr)]

return load_f[d] - arr

soc_c = float(st['soc_initial'])
base c=dev c=em c=0.0;em k=cur k=0.0;ch=di=0.0
rows =[]
for d in range(D):
ifd<2:
margin = np.zeros(T)
else:
lo =max(1, d - a.window)
errs = np.array([net[k] - net_fc(k, 0) for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, a.pct, axis=0), 0.0)
p_p, ¢ p,dd p, soc =solve window(price, net_fc(d, 0) + margin, soc_c, dt, eta, Pmax, smin, smax)
Pf=p_p.copy()
if a.adjust:
for h, slot in ((6, 36), (12, 72), (18, 108)):
p.,c ,d ,s =solve window(price[slot:], (net fc(d, h) + margin)[slot:], soc[slot],
dt, eta, Pmax, smin, smax, plan_ w=p_p[slot:])

Pf[slot:] = p_; soc = np.concatenate([soc[:slot], s_])
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#--- EEHIT (OFe) -
e = np.zeros(T); c2 = np.zeros(T); d2 = np.zeros(T); cu = np.zeros(T)
ss =soc_c; S =np.zeros(T + 1); S[0] =ss
for t in range(T):
need = net[d][t] - P]t]
if need > 0:
cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)
d2[t] = min(need, cap); e[t] = need - d2[t]; ss -= d2[t] * dt/ eta
else:
cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))
c2[t] = min(-need, cap); cu[t] = (-need) - c2[t]; ss +=eta * c2[t] * dt
S[t+ 1]=ss
ifd>=31:
base_c += float(np.sum(price * np.minimum(p_p, Pf)) * dt)
dev_c += float(np.sum(0.5 * price * np.maximum(0, p_p - Pf) + 1.5 * price * np.maximum(0, Pf-p_p)) * dt)
em_c +=5.0 * float(np.dot(price, e)) * dt
em_k += float(e.sum() * dt); cur_k += float(cu.sum() * dt)
ch += float(c2.sum() * dt); di += float(d2.sum() * dt)
rows.append({'day": d, 'plan0": p_p.copy(), 'plan': Pf.copy(),
'c": ¢2.copy(), 'd": d2.copy(), 'E': e.copy(),
'S0': float(soc_c), 'S1": float(S[-1])})
soc_c = float(S[-1])
m = {'q3_total cost": base_c+ dev_c+em_c, 'q3_purchase cost" base c,
'q3_adjustment cost": dev_c, 'q3_emergency cost": em c, 'q3_emergency kwh'" em k,
'q3_curtail kwh': cur k,'q3 charge kwh': ch, 'q3_discharge kwh": di,
'q3_caliber": 2.0, 'q3_adjust': float(a.adjust)}
os.makedirs(a.out, exist ok=True)
json.dump({'metrics": m}, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'"), ensure_ascii=False)
print('H{Re adjust=2%d: & %.2f=FE3T %20+ {RE %2+ B8 %.2f (% 2fkWh) ZFHE %.1f
% (a.adjust, m['q3_total cost'], base c, dev_c, em_c, em_k, cur_k))
if a.write_xlsx:
write_workbook(os.path.abspath(a.write_xlIsx), os.path.abspath(a.project root),
a.adjust and 3 or 2, rows, np.tile(price, (D, 1)), dt, eta)
# OMEE BN ESMEWHRE 10)
if rows:
DO = np.array([r['day'] for r in rows])
import datetime
for i, r in enumerate(rows):
dt = (datetime.date(2025, 1, 1) + datetime.timedelta(days=r['day']))
if (dt_.month, dt_.day) in ((3, 20), (6, 21), (9, 23), (12, 21)):
E=1['E']; T2 =1en(E); segs=[];jj =0
while jj < T2:
if E[jj] > le-6:
kk =jj
while kk < T2 and E[kk] > 1e-6:
kk +=1
segs.append('%d:%02d-%d:%02d(%.21)" % (jj*10//60, jj*10%60, kk*10//60, kk*10%60,
float(E[jj:kk].sum()*dt)))
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ji=kk
else:
jt+=1
print(DATE %s &2 %.2fkWh BYEZ: %s' % (dt_, float(E.sum()*dt), '; '.join(segs) if segs else '7&")

if __name__ == main
main()
D.2.57 SCHEMRVAHES/03_[A @ =/q3_sens.py
import os

-*- coding: utf-8 -*-

e UREEME : REZRE penalty in {0.3, 0.7}."""

import json, numpy as np

from scipy.optimize import linprog

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"

dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; soc@=6000.0; D,T=365,144

def load_atti1():
import openpyx|

wb=openpyxl.load_workbook(proj/"problem_files/[{4/Fff4 1.xIsx",read_only=True,data_only=True)

return np.array([float(r[1]) for r in list(wb["Sheet1"].iter rows(values only=True))[1:]])

def load_att2():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/Hif4/Fif4 2.x1sx",read_only=True,data_only=True)
load=np.array([[float(c) for ¢ in r{1:]] for r in list(wb["/NXFa "] .iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r[1:]] for r in list(wb[" &K & FEIZPRINZE " .iter rows(values only=True))[1:]],dtype=float)
return load,pv

def load_att3():
import openpyx|

wb=openpyxl.load_workbook(proj/"problem_files/[i{4/Fff {4 3.xIsx",read_only=True,data_only=True)
rows=list(wb["Sheet1"].iter rows(values_only=True))[1:]
fc=np.zeros((D,4,24))
for d in range(D):
for f in range(4): fc[d,f,:]=[float(x) for x in rows[d*4+f][2:26]]
return fc

price=load_att1(); load_actual,pv_actual=1load_att2(); fc_forecast=load_att3()

def forecast_slots(d,f_idx):
f=f idx*6; fc=np.zeros(T)

for i in range(T):
h=(i+1)//6; k=h-f-1
if k<0:k=0
if k>23:k=23
fe[i]=fc_forecast[d,f idx,k]
return fc

def solve_block(price_b,net_fc,soc_start,p_prev=None,penalty=0.5):
Tb=len(price_b); price_b=np.asarray(price b,float); net fc=np.asarray(net fc,float)

has_dev=p_prev is not None

n=(5*Tb+(Tb+1)) if has_dev else (3*Tb+(Tb+1))
A a=0;A_c=Tb;A_d=2*Tb;A s=3*Tb
¢_obj=np.zeros(n); ¢_obj[0:Tb]=price_b*dt

if has_dev:
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A _u=3*TbH(Tb+1);A_v=4*Tb+(Tb+1)

c_obj[A_w:A_ut+Tb]=penalty*price_b*dt; c_obj[A_v:A v+Tb]=penalty*price_b*dt
bounds=[(0,None)]*Tb+[(0,Pmax)]*Tb+[(0,Pmax)]*Tb
bounds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*(Tb-1)+[(soc_min,soc_max)]
if has_dev: bounds+=[(0,None)]*Tb+[(0,None)]*Tb
A _ub=np.zeros((Tb,n)); b_ub=-net fc
for t in range(Tb):

A ub[t,A _at+t]=-1.0;A_ub[t,A_d+t]=-1.0;A_ub[t,A c+t]=1.0
A _eg=np.zeros((Tb,n)); b_eq=np.zeros(Tb)
for t in range(Tb):

A eq[t,A_stt+1]=1.0;A_eq[t,A_stt]=-1.0;A eq[t,A_ctt]=-eta*dt;A_eq[t,A_d+t]=dt/eta
if has_dev:

p_prev=np.asarray(p_prev,float); A_eq2=np.zeros((Tb,n)); b_eq2=p_prev.copy()

for t in range(Tb):

A _eq2[t,A_a+t]=1.0;A_eq2[t,A_utt]=-1.0;A_eq2[t,A_v+t]=1.0

A _eg=np.vstack([A_eq,A eq2]); b_eq=np.concatenate([b_eq,b_eq2])
res=linprog(c_obj,A_ub=A_ub,b ub=b_ub,A eq=A_eq,b_eq=b_eq,bounds=bounds,method="highs")
if not res.success: raise RuntimeError(res.message)
X=Tes.X
return X[A_a:A_a+Tb],x[A c:A_c+Tb],x[A d:A_d+Tb].x[A_s:A_s+Tb+1]

def realize_greedy(a_b,load_b,pv_b,soc_start):
soc=soc_start; E=np.zeros(len(a_b))

for t in range(len(a_b)):
net=load_b[t]-pv_bJ[t]
if net>a_b[t]:
d=min(Pmax,(soc-soc_min)*eta/dt,net-a_b[t]); E[t]=net-a_b[t]-d; soc-=d*dt/eta
else:
c=min(Pmax,(soc_max-soc)/(eta*dt),a_b[t]-net); soct+=eta*c*dt

return E,soc

def run(penalty):
soc=soc0; tot=[0,0,0]

for d in range(D):
Id=load_actual[d]; pv=pv_actual[d]
fcO=forecast_slots(d,0); p,c0,d0,s0=solve_block(price,ld-fc0,soc,None)
EO0,s36=realize greedy(p[0:36],1d[0:36],pv[0:36],s0¢)
fco=forecast_slots(d,1); a6,c6,d6,s6=solve_block(price[36:],1d[36:]-fc6[36:],s36,p[36:],penalty)
E6,s72=realize greedy(a6[0:36],1d[36:72],pv[36:72],s36)
fc12=forecast_slots(d,2); al2,c12,d12,s12=solve_block(price[72:],1d[72:]-fc12[72:],572,p[72:],penalty)
E12,5108=realize greedy(al2[0:36],1d[72:108],pv[72:108],572)
fc18=forecast slots(d,3); al8,c18,d18,s18=solve block(price[108:],1d[108:]-fc18[108:],s108,p[108:],penalty)
E18,s144=realize_greedy(al8[0:36],1d[108:144],pv[108:144],5108)
a=np.concatenate([p[0:36],a6[0:36],a12[0:36],a18[0:36]])
E=np.concatenate([E0,E6,E12,E18])
ifd>=31:
tot[0]+=np.dot(price,a)*dt
tot[1]+=penalty*np.dot(price,np.abs(a-p))*dt
tot[2]+=5.0*np.dot(price,E)*dt
soc=s144
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return tot[0],tot[1],tot[2]

for pen in [0.3,0.7]:
tp,td,te = run(pen)

print(f"penalty={pen}: it¥l={tp:.0f} fRE={td:.0f} ER={te:.0f} F={tp+td+te:.0f}")
D.2.58 SCHEAR/ARAS/03_ [ =/q3_stochastic.py

import os

-*- coding: utf-8 -*-

"rriEE 3 BENAIKIE SR : 0:00 MMM ERFENL(HRITH) + 6/12/18 HEM AR + REHBAE. """

import json, numpy as np

from scipy.optimize import linprog

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"

dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; socP=6000.0; D,T=365,144
S=5; z=[-1.5,-0.75,0.0,0.75,1.5] # OIS

def load_atti1():
import openpyx|

wb=openpyxl.load_workbook(proj/"problem_files/M{4/Fff4 1.xIsx",read_only=True,data_only=True)

return np.array([float(r[1]) for r in list(wb["Sheet1"].iter rows(values only=True))[1:]])

def load_att2():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/Hif4/Fif4 2.x1sx",read_only=True,data_only=True)
load=np.array([[float(c) for ¢ in r{1:]] for r in list(wb["/NXFa "] .iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r[1:]] for r in list(wb[" &K & FEIZPRINZE " .iter rows(values only=True))[1:]],dtype=float)
return load,pv

def load_att3():
import openpyx|

wb=openpyxl.load_workbook(proj/"problem_files/[fi{4/Fff 4 3.xIsx",read_only=True,data_only=True)
rows=list(wb["Sheet1"].iter rows(values_only=True))[1:]
fc=np.zeros((D,4,24))
for d in range(D):
for f in range(4): fc[d,f,:]=[float(x) for x in rows[d*4+f][2:26]]
return fc

price=load_att1(); load_actual,pv_actual=1load_att2(); fc_forecast=load_att3()

def forecast_slots(d,f_idx):
f=f idx*6; fc=np.zeros(T)

for i in range(T):
h=(i+1)//6; k=h-f-1
if k<0:k=0
if k>23:k=23
fe[i]=fc_forecast[d,f idx,k]

return fc

0:00 TR IRZE (BE)HNEREE per slot

err@ = np.zeros((D,T))
for d in range(D):

err0[d] = pv_actual[d] - forecast_slots(d,0)
sigma = err@.std(axis=0) + le-3 # per-slot std

def solve_stoch_oh(price_b, load_b, fc@, soc_start, sigma, S, Z):
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"R ERBEAL LP: SE—BNER p.cds HEE; ETMER es R min Zprice*p + (5/S)X_sX price*es.""
Tb=len(price_b)

pv_s = [fc0 + Z[s]*sigma for s in range(S)] # S x Tb IH= A

n=3*Tb + (Tb+1) + S*Tb

A p=0; A c=Tb; A_d=2*Tb; A s=3*Tb; A _e=3*Tb+(Tb+1)

c_obj=np.zeros(n); ¢ obj[A_p:A_p+Tb]=price b*dt

c_obj[A_e:] =(5.0/S)*np.tile(price_b,S)*dt
bounds=[(0,None)]*Tb+[(0,Pmax)]*Tb+[(0,Pmax)]*Tb
bounds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*(Tb-1)+[(soc_min,soc_max)]
bounds+=[(0,None)]*(S*Tb)

A _ub=np.zeros((S*Tb,n)); b_ub=np.zeros(S*Tb)

row=0

for s in range(S):

for t in range(Tb):

A_ub[row,A_p+t]=-1.0; A_ub[row,A_d+t]=-1.0; A_ub[row,A_e+s*Tb+t]=-1.0; A_ub[row,A_c+t]=1.0
b_ub[row]=-(load b[t]-pv_s[s][t]); row+=1

A_eq=np.zeros((Tb,n)); b_eq=np.zeros(Tb)

for t in range(Tb):

A eq[t,A_stt+1]=1.0; A_eq[t,A_s+t]=-1.0; A_eq[t,A_c+t]=-eta*dt; A eq[t,A_d+t]=dt/eta
res=linprog(c_obj,A_ub=A ub,b_ub=b_ub,A _eq=A_eq,b_eq=b_eq,bounds=bounds,method="highs")
if not res.success: raise RuntimeError(res.message)

X=Tes.X

return X[A_p:A_p+Tb],x[A_c:A_c+Tb],x[A_d:A_d+Tb],x[A_s:A s+Tb+1]

def solve_block(price_b,net_fc,soc_start,p_prev=None,penalty=0.5):
Tb=len(price_b); price_b=np.asarray(price b,float); net fc=np.asarray(net fc,float)

has_dev=p_prev is not None
n=(5*Tb+(Tb+1)) if has_dev else (3*Tb+(Tb+1))
A_a=0;A_c=Tb;A_d=2*Tb;A_s=3*Tb
¢_obj=np.zeros(n); ¢_obj[0:Tb]=price _b*dt
if has_dev:

A u=3*Tb+(Tb+1);A_v=4*Tb+(Tb+1)

¢ obj[A_w:A_ut+Tb]=penalty*price_b*dt; c_obj[A_v:A v+Tb]=penalty*price b*dt
bounds=[(0,None)]*Tb+[(0,Pmax)]*Tb+[(0,Pmax)]*Tb
bounds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*(Tb-1)+[(soc_min,soc_max)]
if has_dev: bounds+=[(0,None)]*Tb+[(0,None)]*Tb
A _ub=np.zeros((Tb,n)); b_ub=-net fc
for t in range(Tb):

A ub[t,A_a+tt]=-1.0;A_ub[t,A_d+t]=-1.0;A_ub[t,A c+t]=1.0
A_eq=np.zeros((Tb,n)); b_eq=np.zeros(Tb)
for t in range(Tb):

A eq[t,A st+t+1]=1.0;A_eq[t,A s+t]=-1.0;A eq[t,A c+t]=-eta*dt;A eq[t,A_d+t]=dt/eta
if has_dev:

p_prev=np.asarray(p_prev,float); A eq2=np.zeros((Tb,n)); b_eq2=p prev.copy()

for t in range(Tb):

A eq2[t,A_att]=1.0;A eq2[t,A_u+t]=-1.0;A eq2[t,A_v+t]=1.0

A_eq=np.vstack([A_eq,A_eq2]); b_eq=np.concatenate([b_eq,b_eq2])

res=linprog(c_obj,A ub=A_ub,b ub=b ub,A eq=A_eq,b_eq=b_eq,bounds=bounds,method="highs")

159



if not res.success: raise RuntimeError(res.message)
X=Tres.X

return X[A a:A atTb],x[A c:A c+Tb],x[A d:A d+Tb],x[A s:A s+Tb+1]

def realize_greedy(a_b,load_b,pv_b,soc_start):
soc=soc_start; E=np.zeros(len(a_b))

for t in range(len(a_b)):
net=load_b[t]-pv_bJ[t]
if net>a_b[t]:
d=min(Pmax,(soc-soc_min)*eta/dt,net-a_b[t]); E[t]=net-a_b[t]-d; soc-=d*dt/eta
else:
c=min(Pmax,(soc_max-soc)/(eta*dt),a_b[t]-net); soc+=eta*c*dt

return E,soc

import time
to=time.time()
daily=[]

S0Cc=s0c0O

for d in range(D):

ld=load_actual[d]; pv=pv_actual[d]

fcO=forecast_slots(d,0)

p,c0,d0,s0=solve stoch Oh(price,ld,fc0,soc,sigma,S,Z)

E0,s36=realize greedy(p[0:36],1d[0:36],pv[0:36],s0¢)

fco=forecast_slots(d,1); a6,c6,d6,s6=solve_block(price[36:],1d[36:]-fc6[36:],s36,p[36:])

E6,s72=realize greedy(a6[0:36],1d[36:72],pv[36:72],s36)

fc12=forecast_slots(d,2); al2,c12,d12,s12=solve_block(price[72:],1d[72:]-fc12[72:],s72,p[72:])

E12,s108=realize greedy(al2[0:36],1d[72:108],pv[72:108],572)

fc18=forecast_slots(d,3); al8,c18,d18,s18=solve block(price[108:],1d[108:]-fc18[108:],s108,p[108:])

E18,s144=realize greedy(al8[0:36],1d[108:144],pv[108:144],s108)

a=np.concatenate([p[0:36],a6[0:36],a12[0:36],a18[0:36]])

E=np.concatenate([E0,E6,E12,E18])

daily.append(dict(day=d,p=p.tolist(),a=a.tolist(),c=np.zeros(T).tolist(),d=np.zeros(T).tolist(),E=E.tolist(),
purchase=float(np.dot(price,a)*dt), deviation=float(0.5*np.dot(price,np.abs(a-p))*dt),
emergency=float(5.0*np.dot(price,E)*dt), final soc=float(s144)))

soc=s144

res=daily[31:]

tp=sum(x["purchase"] for x in res); td=sum(x["deviation"] for x in res); te=sum(x["emergency"] for x in res)
print(f"=== BENIZI(0:00 ), 334K ==="

print (f"S2FRMERER Sprice*a: {tp:.2f}")

print(f"{REZE: {td:.2f}")

print(f"E22%: {te:.2f}")

print(f"2EMA: {tp+td+te:.2f}")

HRIIEEE Tprice*p

tpp=sum(np.dot(price,np.array(x["p"]))*dt for x in res)

print (f"i+XIMEBEE Sprice*p: {tpp:.2f}")

print (f"$E63 {time.time()-t0:.1f}s")

out=dict(daily=daily, summary=dict(purchase=tp,deviation=td,emergency=te,total=tp+td+te,plan=tpp))
(root/"data_cleaned/q3_stoch_cache.json").write_text(json.dumps(out),encoding="utf-8")
print("saved q3_stoch_cache.json")

D.2.59 STEAR/AES/03_H=/q3_validate_full.py

import os

-*- coding: utf-8 -*-

"B 3 RIS :

1) ZFRZEESZINE T/ S0C &hF1%/S0C L RIR/FEMINE LR /IERALIR
2) M EBRMA(WHREHRESR+ERE)HS5EE/result3. x1sx XX
3) HEETESEELSEN
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import json, numpy as np, openpyxl

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"
dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; socP=6000.0; T=144

EFMBARGRE@ALTER)

wb=openpyxl.load_workbook(proj/"problem_files/[fi{4/Fff4 1.xIsx",read_only=True,data_only=True)

return np.array([float(r[1]) for r in list(wb["Sheet1"].iter rows(values only=True))[1:]])

def load_att2():
wb=openpyxl.load_workbook(proj/"problem_files/Ffif4/Fif4 2.x1sx",read_only=True,data_only=True)

load=np.array([[float(c) for ¢ in r[1:]] for r in list(wb["/NX FaZ,"].iter rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for ¢ in r[1:]] for r in list(wb[" FEIA & FEIZPRINEE " iter rows(values_only=True))[1:]],dtype=float)
return load,pv

price=load_att1(); load_actual,pv_actual=load_att2()

d = json.loads((root/"data_cleaned/q3_result_cache.json").read_text(encoding="utf-8"))
daily = d["daily"]
cached_price = np.array(d["price"])

res=[]
def rep(name, ok, detail=""):

res.append((name, ok, detail)); print(f"{'PASS' if ok else 'FAIL'} {name} {detail}")

0) g SIREHHE—E

rep("BMNMEE5HHF 1 —3", np.allclose(cached_price, price, atol=1e-9))

1) ZEHAREZ (£365XK)

viol_balance=0; viol_soc=0; viol_pow=0; viol_neg=0; max_bal_gap=0.0; soc_lo=1e9; soc_hi=-1e9
max_c=0.0; max_dd=0.0
for day in daily:

a=np.array(day["a"]); c=np.array(day["c"]); dd=np.array(day["d"]); E=np.array(day["E"])

# 3

if (a<-le-6).any() or (c<-1e-6).any() or (dd<-1e-6).any() or (E<-le-6).any(): viol neg+=1
#ThE LR

if c.max()>Pmax+1e-4 or dd.max()>Pmax+1e-4: viol pow+=1
max_c=max(max_c,c.max()); max_dd=max(max_dd,dd.max())

# ESLREB AT a+tdd+E+pv_actual >= load+c (RRIFFYE=>>=0 k)
gap = (load_actual[day["day"]] + ¢) - (a+ dd + E + pv_actual[day["day"]])
max_bal gap=max(max_bal gap, gap.max())

if gap.max() > le-4: viol balance+=1

#SOC B HFEZ

s=np.zeros(T+1)

# 288 SOC HRIT carryover B

SOC ZF—ER(BEHELE)

soc = s0c@; soc_viol=0; soc_lo=1e9; soc_hi=-1e9
for day in daily:
a=np.array(day["a"]); c=np.array(day["c"]); dd=np.array(day["d"])
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s=np.zeros(T+1); s[0]=soc
for t in range(T):

s[t+1]=s[t]+eta*c[t]*dt-dd[t] *dt/eta
if s.min()<soc_min-1le-4 or s.max()>soc_max+le-4: soc_viol+=1
soc_lo=min(soc_lo,s.min()); soc_hi=max(soc_hi,s.max())
soc=s[-1]

if abs(soc-day["final_soc"])>1e-3: soc_viol+=1

rep("TIEEH (FH 365 X, AFFIL)", viol_balance==0, f"FERX#={viol_balance}, mAIRO={max_bal_gap:.2e} kwh")
rep("soC ETFFR[1200,10800]", soc_viol==0, f"3ER={soc_viol}, STMBE=[{soc_lo:.2f},{soc_hi:.2f}]")
rep("FEHEEINE<=5000kW", viol pow==0, f"ERKXE={viol_pow}, max_c={max_c:.1f}, max_d={max_dd:.1f}")

rep (" /FE/ BR2IER", viol_neg==0, f"EREXH={viol_neg}")

2) N EEREAE (334 X)

tot_a=0.0; tot_dev=0.0; tot_em=0.0; tot_p=0.0
for day in daily[31:]:

a=np.array(day["a"]); p=np.array(day["p"]); E=np.array(day["E"])

tot_p += float(np.dot(price,p)*dt)

tot_a += float(np.dot(price,a)*dt)

tot_dev += float(0.5*np.dot(price,np.abs(a-p))*dt)

tot_em += float(5.0*np.dot(price,E)*dt)
total = tot_a+tot_dev+tot_em
rep("JRi EBH S F--13824868.16", abs(total-13824868.16)<1.0, f"EHE={total:.2f}")
rep(" I EHITRINIEBEEE==12225011.04", abs(tot_p-12225011.04)<1.0, f"EHE={tot_p:.2f}")

rep("MI BB REL=--934410.32", abs(tot_dev-934410.32)<1.0, f"EH={tot_dev:.2f}")
rep(" IR BH K S #H=--3191.86", abs(tot_em-3191.86)<0.05, f"EEH={tot_em:.2f}")

3) result3.xlsx 32X %%}

wb=openpyxl.load_workbook(root/"result3.xlsx", data_only=True)

ws=wb[ "I XIMIEE"]; wa=wb["JIREMEE"]; wcd=wb["FTHKEBEE"]; we=wb["Z2WHE"]

& HE XN B ESHE R

for i,day in enumerate(daily[31:]):
r=i+2

p_sum=ws.cell(row=r,column=146).value; p_fee=ws.cell(row=r,column=147).value
if abs(p_sum - sum(day["p"])*dt)>0.01: mismatch p+=1

if abs(p_fee - float(np.dot(price,day["p"])*dt))>0.02: mismatch p+=1
a_sum=wa.cell(row=r,column=146).value

if abs(a_sum - sum(day["a"])*dt)>0.01: mismatch_a+=1

rep("x1sx HYIMWEE (£X)5E7F—K", mismatch_p==0, f"F—HH={mismatch_p}")
rep("x1sx HEMWHEE(£X)5E7F—H", mismatch_a==0, f"F—HH={mismatch_a}")

xlsx £ XMBBHREIT vs EF

x1s_plan_fee=sum(ws.cell(row=i+2,column=147).value for i in range(334))
rep("x1sx 2FIHKIMBEESIT=12225011", abs(xls_plan_fee-tot_p)<10.0, f"xlsx={xls_plan_fee:.2f}")

FEE: EH B2 vs 75

for i,day in enumerate(daily[31:]):
base=2+i*6

chg=sum(wcd.cell(row=base+k,column=3).value for k in range(6))
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dis=sum(wcd.cell(row=base+k,column=4).value for k in range(6))
if abs(chg - sum(day["c"])*dt)>0.02: cd_mismatch+=1
if abs(dis - sum(day["d"])*dt)>0.02: cd_mismatch+=1
rep("xlsx FEMEBE (6 ERAIT)587F ", cd_mismatch==0, f"A—H={cd_mismatch}")

RekmE

em_rows=we.max_row-1

em_sum=0.0

for r in range(2,we.max_row+1l):
v=we.cell(row=r,column=3).value
if isinstance(v,(int,float)): em_sum+=v

rep("xlsx Z2MEEEiT=670kWh", abs(em_sum-669.87)<1.0, f"xlsx={em_sum:.2f} kWh, FT%{={em_rows}")

4) EETIEH(ZSF, W3T)

tot_load=load_actual[31:].sum()*dt

tot_pv=pv_actual[31:].sum()*dt

tot_buy=sum(sum(day["a"])*dt for day in daily[31:])

tot_em_kwh=sum(sum(day["E"])*dt for day in daily[31:])

tot_chg=sum(sum(day["c"])*dt for day in daily[31:])

tot_dis=sum(sum(day["d"])*dt for day in daily[31:])

print(f"\n--- £FFEMK(334K) ---")

print (f"fA%i={tot_load:.0f} kwh, SEFRYtfR={tot_pv:.ef} kwWh, MEE={tot_buy:.of}, E2={tot_em kwh:.1f}")
print(f"7EEB={tot_chg:.0f}, MMEB={tot_dis:.0f} (BXEMKMNA{E={eta*tot_chg-tot_dis/eta:.0f})")
net = tot_buy + tot_em_kwh + tot_pv + tot_dis - tot_load - tot_chg
rep("2ERBETE(SEN)KE>=0", net > -1le-3, F&EZE={net:.2f} kWh(>=0 RRFN)")

npass=sum(1 for x in res if x[1])
print(f"\n=== A3 #%: {npass}/{len(res)} &I ==="
(root/"analysis/q3_validation_report.txt").write_text(

"\n".join(f"{'PASS' if ok else 'FAIL'} {n} {dt2}" for n,ok,dt2 in res), encoding="utf-8")
print("saved analysis/q3_validation_report.txt")

D.2.60 STHEARARED/03_FB=/q3_vintages_A.py
-*- coding: utf-8 -*-

"= - M3 FURIRERSIER (FREA: X E1/E2).

M3 F/k: BER | FURESZ | FUR1/T | ... | FHR24/\BF (1460 17 = 365 K x 4 R)
"R N/NBE" = 8 N ANNBE [pub+(N-1)h, pub+N h) BITIYIHER (kW).

=> SHRESE "RHGRZIEEES 24 ).

10 OPhER t (0..143) EXFRTE/\BIRIE. BS data_cleaned/q3_input.json B 0:00 KRIZI—EL.

Hit: paper_output_pro/code/q3_vintages_A.json (+ .sha256.txt)
import os, json, hashlib, argparse

import numpy as np
import pandas as pd

PUB_HOURS = (@, 6, 12, 18)
SPD = 144 # X 144 1 10 DHPER

def sha256_file(path, blk=1 << 20):
h = hashlib.sha256()

with open(path, 'tb') as f:
while True:
b = f.read(blk)
if not b:
break
h.update(b)
return h.hexdigest()

def main():
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ap = argparse.ArgumentParser()
ap.add_argument('--xlsx', default=os.path.join(‘problem_files', 'M34", 'FH3f4 3.x1sx"))
ap.add_argument('--out', default=os.path.join('paper_output pro', 'code', 'q3_vintages A.json'))

a = ap.parse_args()

df = pd.read_excel(a.xlsx)

cols = list(df.columns)

day col, pub_col = cols[0], cols[1]
hour_cols = cols[2:26]

assert len(hour_cols) == 24, len(hour_cols)

df[day col] = df[day_col].ffill()

days = pd.to_datetime(df[day_col]).dt.normalize()
udays = sorted(days.unique())

assert len(udays) == 365, len(udays)

dayidx = {d: i for i, d in enumerate(udays)}

hours = np.full((365, 4, 24), np.nan)

def ph(s):
s = str(s).strip()
return int(s.split(":")[0])

for r in range(len(df)):
d = dayidx[days.iloc[r]]
h = ph(dffpub_col].iloc[r])
k = PUB_HOURS.index(h)
hours[d, k, :] = df.iloc[r][hour cols].to_numpy(dtype=float)

assert np.isfinite(hours).all(), 'TEIEEREFTNIRE'

#EEMEK: F dX KREZL2[BE [pub, pub+t144)
out={
'source": a.xlsx.replace(’'\\', /"),
'source sha256'": sha256 file(a.xIsx),
'n_days": 365,
'pub_hours": list((PUB_HOURS),
'segments_per_day": SPD,
'dt_hours": 1.0/ 6.0,
'convention': (‘F#R N /B = BFEE [pub+(N-1)h, pub+N h) BITIHTHER(kW); '
ShREB =R AR ZIEEIELE 24 /\BT; 10 2 SR ERERFRTE/ BT HIERED),
'pub_seg_of version': 'day*144 + pub_hour*6',

'vintages': hours.tolist(),
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}
os.makedirs(os.path.dirname(os.path.abspath(a.out)), exist_ok=True)
with open(a.out, 'w', encoding="utf-8') as f:
json.dump(out, f, ensure_ascii=False)
h = sha256_file(a.out)
with open(a.out + '.sha256.txt', 'w', encoding="utf-8') as f:

fowrite(h +' ' + os.path.basename(a.out) + "\n')

# 5ERBIBR X ZT (0:00 lRpASTE—E)
q3p = os.path.join('paper_output_pro', 'data_cleaned', 'q3_input.json')
if os.path.exists(q3p):
inp = json.load(open(q3p, encoding="utf-8'"))
ok = True
for d in range(365):
ref = np.asarray(inp['pv_forecast']['%d_0' % d], float)
mine = np.repeat(hours[d, 0, :], 6)
if not np.allclose(ref, mine, atol=1e-9):
ok = False
print(MISMATCH day', d)
break
print(RRXAZXF q3_input 0:00 R: %s' % (‘Se2—H if ok else '"F—EX"))
print(‘vintages -> %s sha256=%s' % (a.out, h))

if __name__ == '__main__':
main()

D.2.61 SCHEMEHAAES/03_[ B =/q3_vintages_B.py
-*- coding: utf-8 -*-

""" MIRSE problem_files/MifF/MifF 3.x1sx BEATIRMAZES| (vintage index).

O EES SR
=3k - BE | TURASIZ | TR 1/NET | ... | TR 24/NBF ; 365 K x 4 AR = 1460 1T
TFiR N/NEE S = 88 N AVDETEYTFEIYTHER, BNBYER [N-1:00, N:00)
=> %85 d X h:00 HREX Md B h:o0 &EL 24 /B

it v[de, hei, j] = A (de, he=HOURS[hei]) Xt M&7fEH j NIBY) HFURIE (j=e..23)
BP4Et/NES a = do*24 + he + j ; B a < 365%24 MM % a//24 RFE a%24 /BT,

[FIRTEAR SHA-256, HEIKL,

import os, json, hashlib, datetime, argparse

import numpy as np
import openpyxl

HOURS = (@, 6, 12, 18)

HIDX = {'@:00': @, '6:00': 1, '12:00': 2, '18:00': 3}
NDAY = 365
NH = 24

def build(src):
wb = openpyxl.load_workbook(src, data_only=True, read_only=True)

ws = wb[wb.sheetnames[0]]
rows = list(ws.values)

V =np.full(NDAY, 4, NH), np.nan)
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dates =[]
di=-1
for r in rows[1:]:
dtxt = (r[0] or ").strip()
if dtxt:
y, m, dd = [int(x) for x in dtxt.split("-")]
dates.append(datetime.date(y, m, dd)); di += 1
h = HIDX[r[1].strip()]
V[di, h, :] = [float(x) if x is not None else np.nan for x in r[2:26]]
if V.shape != (NDAY, 4, NH) or np.isnan(V).any():
raise RuntimeError('Mif4 3 fi#HT F % shape=%s nan=%d' % (V.shape, int(np.isnan(V).sum())))
if len(dates) != NDAY or dates[0] != datetime.date(2025, 1, 1) or dates[-1] != datetime.date(2025, 12, 31):
raise RuntimeError(' HEAF TR H: n=%d %s..%s' % (len(dates), dates[0], dates[-1]))
whb.close()

return V, dates

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--src', default="problem_files/Ff3 {5/ 3 xlIsx")
ap.add_argument('--out', default="paper_output pro/code/q3 vintages B.json')
a = ap.parse_args()
V, dates = build(a.src)
sha_src = hashlib.sha256(open(a.src, 'rb').read()).hexdigest()
obj = {
'meta": {
'source': a.src, 'source_sha256': sha_src,
'hours'": listtHOURS), 'nday': NDAY, 'nhour": NH,
'date_first': dates[0].isoformat(), 'date last': dates[-1].isoformat(),
'semantics': 'V[d0,h0i,j] = 4 3 58 d0 K HOURS[h0i]:00 hiREY TFR(G+1)/\ES] "
BELX/NEY d0*24 + HOURS[hOi] +j (BRI ZIEIZELE 24 /BT,
b
'V': V.tolist(),
}
txt = json.dumps(obj, ensure_ascii=False)
os.makedirs(os.path.dirname(a.out), exist ok=True)
open(a.out, 'W', encoding="utf-8'").write(txt)
sha_out = hashlib.sha256(txt.encode('utf-8')).hexdigest()
print('wrote %s shape=%s json sha256=%s src sha256=%s' % (a.out, V.shape, sha_out, sha_src))

print(‘reload check:', np.allclose(np.array(json.loads(txt)['V']), V))

if __name__ == '__main__':
main()

D.2.62 THEAPEACRE/04_FEN/q4_fc_solver.py
-*- coding: utf-8 -*-

" ERATORERSR . EMIE 4 BOREERNTERRNE - (4-2) SEE= 4-3)

S5RE=/=R%E

166



q4-2 = PIELBYERLH + MFE 4 BOBH: 6:00 —AM, ATSHREBERHELET,
BfFEFERLETN; FERASEN, ZRIWBEREKEN 5 E.

94-3 = EIEISHOSRLN + I 4 B9BH: 0/6/12/18 FIMAS, HRTURAMIME 3 #0 .
SRAESENMNRE (SRE=EXOE—3) , BNNEHEETN;
=TNEE AR S M A BRI,
T

- build_seasonal W% d KUNRAE d-1 RREEHEIE,;
. FRIBIRRAESBI " R HEZ] <= IREETZ";
- BMFUIES d X 0:00 MEEHRAEEN (AERGEMBNTUR, BRLHER) .

A%
python gq4_fc_solver.py --mode q4-2 --out <BR>
python g4_fc_solver.py --mode g4-3 --sigma g3-fc-e3v2-sigma.npy --out <EHR>

import os, sys, json, argparse, datetime, hashlib
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from g3_mpc import build_seasonal, solve_window # noga: E402
from q3_forecast_B import load_vintages, candidates, HOURS, NDAY, NH, T # noqa: E402

STAGES = [(@, @), (6, 36), (12, 72), (18, 1@8)]

def realtime(net_w, Pf_w, SO, dt, eta, Pmax, smin, smax)

"OfFe SCEYHIT: (&R b&+BTﬁRD+ET%mEﬁ R EAE2 MR, "
n = len(net_w); ¢ = np.zeros(n); d2 = np.zeros(n); e = np.zeros(n); cu = np.zeros(n)
S =np.zeros(n + 1); S[0] = SO; ss = SO
for t in range(n):
need = net_w[t] - Pf w[t]
if need > 0:
cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)
d2[t] = min(need, cap); e[t] = need - d2[t]; ss -= d2[t] * dt/ eta
else:
cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))
c[t] = min(-need, cap); cu[t] = (-need) - c[t]; ss +=eta * c[t] * dt
S[t+ 1]=ss

return ¢, d2, e, cu, S

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--mode', required=True, choices=['q4-2', 'q4-3"])

ap.add_argument('--out', required=True)

ap.add_argument('--input', default=os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json'))
ap.add_argument('--vintages', default=os.path.join(HERE, 'q3_vintages B.json'))
ap.add_argument('--sigma’, default=", help="q4-3 FIHY sigma & (365,24,24) .npy")
ap.add_argument('--scope', default="all', choices=["all', 'same-day'])

ap.add_argument('--pct', type=float, default=80.0)

ap.add_argument('--window', type=int, default=14)

ap.add_argument('--alpha', type=float, default=0.15, help="fafaI/SERFUNE EMA =R
ap.add_argument('--beta’, type=float, default=0.8)

ap.add_argument('--alpha-p', type=float, default=0.15, dest="alpha_p', help="BB/"FNEY EMA =&
ap.add_argument('--beta-p', type=float, default=0.8, dest="beta p')
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ap.add_argument('--score-from', type=int, default=31, dest='score_from')
ap.add_argument('--stop-day', type=int, default=0, dest="stop_day")
ap.add_argument('--replace-actual-from', type=int, default=0, dest="replace_actual_from')

a=ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8'))
price_a = np.asarray(inp['price_actual'], float)
load = np.asarray(inp['load_actual'], float)
pv_a = np.asarray(inp['pv_actual'], float)
st = inp['storage']; dt = float(inp['dt'])
eta = float(st['efficiency']); Pmax = float(st['power max'])
smin = float(st['soc_min']); smax = float(st['soc_max'])
if a.replace_actual from:
pv_a=pv_a.copy(); pv_ala.replace_actual from:]=0.0
D = load.shape[0]
if a.stop_day: D = min(D, a.stop_day)

net=load - pv_a

R TRE (HER)
price_f=Dbuild_seasonal(price_a, load.shape[0], T, a.alpha_p, a.beta p)
load_f=build_seasonal(load, load.shape[0], T, a.alpha, a.beta)
pv_{s =build_seasonal(pv_a, load.shape[0], T, a.alpha, a.beta)

V =SIG = None

if a.mode =='q4-3"
assert a.sigma and os.path.isfile(a.sigma), 'q4-3 F=E --sigma &'
SIG = np.load(a.sigma)
assert SIG.shape[1:] == (24, NH), SIG.shape

V, =load_vintages(a.vintages)

def pv_stage(d, s):
"R (144,) FARTR. (144,) BRURRIE. (144,) BREE"
if a.mode =='q4-2":
return pv_fs[d].copy(), np.full(T, np.nan), np.where(np.isfinite(pv_fs[d]), 1, 0)
off, slot = STAGES][s]
dec =d * 24 + off
arr = np.full(T, np.nan); lead = np.full(T, np.nan); nmem = np.zeros(T, int)
row = SIG[min(d, SIG.shape[0] - 1)]
for t in range(T):
¢ = candidates(V, d, t, dec, a.scope)
nmem|t] = len(c)
if not c: continue
th=t//6
ws = np.asarray([1.0 / row[th, j] ** 2 for ,j, inc], float)

vals = np.asarray([v for , ,vinc], float)
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arr[t] = float(np.dot(ws, vals) / ws.sum())
lead[t] = float(min(j for _, j, _inc))

return arr, lead, nmem

defnet_fe(d, s):
arr, , =pv_stage(d, s)
miss = ~np.isfinite(arr)
arr = arr.copy(); arr[miss] = pv_fs[d][miss]

return load_f[d] - arr

# FEF

soc_c = float(st['soc_initial'])

base c=dev c=em c=0.0
em_k=cur k=ch=di=0.0
n_adj=n_over=n_under =n_same =n_seg =0
win = []; fc_err = []; rows =[]
for d in range(D):
ifd<2:
margin = np.zeros(T)
else:
lo =max(1, d - a.window)
errs = np.array([net[k] - net_fc(k, 0) for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, a.pct, axis=0), 0.0)
pf=price f[d]
p_p, ¢, d,soc=solve window(pf, net fc(d, 0) + margin, soc_c, dt, eta, Pmax, smin, smax)
Pf=p_p.copy()
if a.mode =="q4-3"
for s, (h, slot) in enumerate(STAGES[1:], start=1):
S0 = float(soc[slot])
p_,c ,d ,s =solve window(pf[slot:], (net fc(d, s) + margin)[slot:], SO, dt, eta,
Pmax, smin, smax, plan_w=p_p[slot:])
pw = pf[slot:]; planw = p_p[slot:]; netw = net[d][slot:]
, _,eA, , =realtime(netw, p_, SO, dt, eta, Pmax, smin, smax)
_, ,eB, , =realtime(netw, planw, S0, dt, eta, Pmax, smin, smax)
devw = float(np.sum(0.5 * pw * np.maximum(0, planw - p_) + 1.5 * pw * np.maximum(0, p_ - planw)) * dt)
save base = float(np.sum(pw * np.maximum(0, planw - p )) * dt)
save_em = 5.0 * float(np.dot(pw, eB - eA)) * dt
if d >= a.score_from:
win.append({'day": d, 'stage': h, 'slot": slot, 'save_purchase": save_base,
'save_emergency': save_em, 'dev_fee": devw,
'net_benefit": save base + save em - devw,
'changed _segments': int(np.sum(np.abs(p_ - planw) > le-6)),
'em_kwh_plan': float(eB.sum() * dt), 'em_kwh_adj': float(eA.sum() * dt)})
Pf[slot:] = p_; soc = np.concatenate([soc[:slot], s_])
#-—-- REIT (OFe, EERAEXBMN) -

c2,d2, e, cu, S = realtime(net[d], Pf, soc_c, dt, eta, Pmax, smin, smax)
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if d >=a.score_from:
pa=price_a[d]
base_c += float(np.sum(pa * np.minimum(p_p, Pf)) * dt)
dev_c += float(np.sum(0.5 * pa * np.maximum(0, p_p - Pf) + 1.5 * pa * np.maximum(0, Pf- p_p)) * dt)
em_c += 5.0 * float(np.dot(pa, €)) * dt
em_k += float(e.sum() * dt); cur_k += float(cu.sum() * dt)
ch += float(c2.sum() * dt); di += float(d2.sum() * dt)
dP=Pf-p p
n_adj += int(np.sum(np.abs(dP) > 1e-6)); n_over += int(np.sum(dP > le-6))
n_under += int(np.sum(dP < -1e-6)); n_same += int(np.sum(np.abs(dP) <= le-6))
n seg+=T
for s, (h, slot) in enumerate(STAGES):
arr, lead, nm = pv_stage(d, s)
for t in np.where(np.arange(T) >= slot)[0]:
if np.isfinite(arr[t]) and np.isfinite(lead[t]):
fc_err.append((float(lead[t]), float(arr[t]), float(pv_a[d, t])))
rows.append({'day": d, 'plan0": p_p.copy(), 'plan': Pf.copy(), 'c'": c2.copy(),
'd": d2.copy(), 'E": e.copy(), 'S0": float(soc_c), 'S1": float(S[-1])})
soc_c = float(S[-1])

wa = np.array([w['net_benefit'] for w in win]) if win else np.zeros(0)
neg=wa<0
e err = np.array([(f - t) for , f, tin fc_err]) if fc_err else np.zeros(0)
pe = (price_{f[np.arange(a.score_from, D)] - price_a[np.arange(a.score from, D)]) if D > a.score from else np.zeros((0, T))
m = {'q4_total cost: base ¢+ dev_c+em c,'q4 purchase cost": base c,'q4 adjust cost'": dev c,
'q4_emergency cost': em_c,'q4_emergency kwh': em k, 'q4 curtail kwh'": cur k,
'q4_charge kwh'": ch, 'q4_discharge kwh'" di, 'q4 caliber" 2.0, 'q4_adjust': 1.0 if a.mode == 'q4-3' else 0.0}
dg = {'mode'": a.mode, 'scope": a.scope,
‘price_forecast': {'alpha": a.alpha p, 'beta": a.beta_p,
'mae': float(np.abs(pe).mean()) if pe.size else None,
'rmse': float(np.sqrt((pe ** 2).mean())) if pe.size else None,
'bias': float(pe.mean()) if pe.size else None},
'net_forecast': {'alpha': a.alpha, 'beta': a.beta,
'n": int(e_err.size),
'mae': float(np.abs(e_err).mean()) if e_err.size else None,
'rmse': float(np.sqrt((e_err ** 2).mean())) if e_err.size else None,
'bias': float(e_err.mean()) if e_err.size else None},
'dev_over purchase": dev_c /base c if base c else None,
'adjusted_segments': n_adj, 'total segments": n_seg,
'segments_over_bought': n_over, 'segments_under bought': n_under, 'segments_unchanged': n_same,
'n_windows": len(win),
'‘window_net benefit sum': float(wa.sum()) if wa.size else 0.0,
'windows_negative net': int(neg.sum()),
'windows_negative share": float(neg.mean()) if neg.size else None,
'sigma_table": os.path.basename(a.sigma) if a.sigma else None,
'leaky': False}

os.makedirs(a.out, exist ok=True)
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json.dump({'metrics": m, 'diagnostics": dg}, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'"),
ensure_ascii=False, indent=1)
json.dump(win, open(os.path.join(a.out, 'windows.json'), 'w', encoding="utf-8'"), ensure _ascii=False)
json.dump({'days'": [r['day'] for r in rows],
'plan0': [r['plan0'].tolist() for r in rows], 'plan': [r['plan'].tolist() for r in rows],
'c": [r['c'].tolist() for r in rows], 'd": [r['d"].tolist() for r in rows],
'E": [r['E'].tolist() for r in rows], 'SO": [r['S0'] for r in rows], 'S1": [r['S1'] for r in rows]},
open(os.path.join(a.out, 'solution.json'), 'w', encoding="utf-8"))
json.dump({'argv": sys.argv, 'cwd": 0s.getcwd(), 'mode': a.mode, 'scope': a.scope,
‘created_at_utc'": datetime.datetime.utcnow().strftime('%Y-%m-%dT%H:%M:%SZ'"),
'params": {'pct': a.pct, 'window": a.window, 'alpha': a.alpha, 'beta': a.beta,
'alpha_p": a.alpha_p, 'beta_p': a.beta_p, 'score _from': a.score from}},
open(os.path.join(a.out, 'receipt.json'), 'w', encoding="utf-8'), ensure_ascii=False, indent=1)
print(%s[%s]: B %.2f= K3 %2+ BE %2f+ B2 %2f (%2fkWh) FHB %.1f AEE %d%d AlREEO
%d/%d'
% (a.mode, a.scope, m['q4_total_cost'], base ¢, dev_c, em_c, em_k, cur k, n_adj, n_seg,

int(neg.sum()), len(win)))

if __name__ == '__main__':
main()

D.2.63 STHEAR/ARE/04_ [\ NU/q4 realtime_solver.py
-*- coding: utf-8 -*-

""E]RAM result4-2 / result4-3 FEORe(fERELATIT) TIVEH.

NfFe: 0:00 IHXRABIHXIMEE; HEEREIRROSENEE; #FLR 5 EEXBNEIMWE.
mode 2: Ry 0:00 itXI(BFWMEM), FFE

mode 3: £ 6/12/18 FAAEFMBINATIRIAR T, HEIRMBEMN (FRREEN, WE 0.5/1.5 &)
import os, sys, json, argparse

import numpy as np

sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from g4_solver import seasonal, solve_w

PERIODS = ["0:00-4:00", "4:00-8:00", "8:00-12:00", "12:00-16:00", "16:00-20:00", "20:00-24:00"]

def _hhmm(m):
return "%d:%02d" % (m // 60, m % 60)

def _fill_matrix(ws, rows, key, price, plan_key=None):

"0 MR,

REMBERMN“ERMWEBEEHUIHNE N B ER M AMIEEER:
L-P_adj + 0.51|P_adj-P_plan|, Z2WBREARBEEIMWEER,
]l SEPN i 2718
for i, r_in enumerate(rows):
r=i+2
v=r [key]
pr = price[r ["day"]]
for t in range(len(v)):

ws.cell(row=tr, column=2 + t, value=round(float(v[t]) * dt_global, 4))
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ws.cell(row=rr, column=2 + len(v), value=round(float(sum(v) * dt_global), 4))
cost = float(np.dot(pr, v) * dt_global)
if plan_key is not None:

cost += 0.5 * float(np.dot(pr, np.abs(v - r_[plan_key])) * dt global)

ws.cell(row=rr, column=3 + len(v), value=round(cost, 2))

def write_workbook(path, project_root, mode, rows, price_actual, dt, eta):

"R S ERIRS H resultd-2 / resultd-3 (O Fe: TR EALERHRITHI).""
import openpyxl, datetime
global dt_global
dt_global = dt
tpl = "result4-%d.xlsx" % mode
src = os.path.join(project_root, "problem_files", "MI{", "Hif4 5", tpl)
wb = openpyxl.load_workbook(src)
_fill_matrix(wb["iTXIMIEBE"], rows, "plan0" if mode == 3 else "plan", price_actual)
if mode == 3:
_fill_matrix(wb["JAEEMIEBE"], rows, "plan", price_actual, plan_key="plan0")
ws = wh["FEIRFEE"]
ws.delete_rows(2, ws.max_row)
=2
fori, r_in enumerate(rows):
date = datetime.datetime(2025, 2, 1) + datetime.timedelta(days=i)
for pi, 1bl in enumerate(PERIODS):
lo, hi=pi * 24, (pi + 1) * 24
ws.cell(row=rr, column=1, value=date if pi == 0 else None)
ws.cell(row=rr, column=2, value=Ibl)
ws.cell(row=tr, column=3, value=round(float(r ["c"][lo:hi].sum()) * dt, 4))
ws.cell(row=rr, column=4, value=round(float(r ["d"][lo:hi].sum()) * dt, 4))
if pi==0:
ws.cell(row=rr, column=5, value=datetime.time(0, 0))
ws.cell(row=rr, column=6, value=round(r_["S0"], 4))
elif pi==1:
ws.cell(row=rr, column=5, value="24:00")
ws.cell(row=rr, column=6, value=round(r ["S1"], 4))
r+=1
ws =wb["EEWEE"]
ws.delete_rows(2, ws.max_row)
=2
T = len(rows[0]["plan"])
for i, r_in enumerate(rows):
E =r ["E"]; date = datetime.datetime(2025, 2, 1) + datetime.timedelta(days=i)
runs =[]; j = 0
while j <T:
if E[j] > le-6:
k=j
while k < T and E[k] > 1e-6:
k+=1
runs.append((_hhmm(j * 10), hhmm(k * 10), round(float(E[j:k].sum()) * dt, 4))); j =k
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else:
jt=1
if runs:
for ri, (aa, bb, en) in enumerate(runs):
ws.cell(row=rr, column=1, value=date if ri == 0 else None)
ws.cell(row=rr, column=2, value="%s-%s" % (aa, bb)); ws.cell(row=rr, column=3, value=en); rr += 1
else:
ws.cell(row=rr, column=1, value=date); ws.cell(row=rr, column=3, value=0.0); rr +=1
whb.save(path)
print("SAVED", path)

dt_global = 1.0 / 6.0

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", type=int, default=2)
ap.add_argument("--pct", type=float, default=88.0); ap.add_argument("--window", type=int, default=7)
ap.add_argument("--alpha", type=float, default=0.15); ap.add_argument("--beta", type=float, default=0.8)
ap.add_argument("--write-xIsx", default="")  # JEZ=N S H I 5 L5R T{EE (result4-2 / result4-3)
ap.add_argument("--project-root", default="..")
a = ap.parse_args()
inp = json.load(open(a.input, encoding="utf-8"))
pa = np.asarray(inp["price_actual"], float)
load = np.asarray(inp["load actual"], float); pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = float(inp["dt"]); eta = float(st["efficiency"])
Pmax = float(st["power_max"]); smin = float(st["soc_min"]); smax = float(st["soc_max"])
D, T = load.shape; net = load - pv
fc = {h: np.array([inp["pv_forecast"][f"{d} {h}"] for d in range(D)]) for h in (0, 6, 12, 18)}
If = seasonal(load, D, T, a.alpha, a.beta); pfs = seasonal(pv, D, T, a.alpha, a.beta)
pf = seasonal(pa, D, T, a.alpha, a.beta)
def nf(d, h=0):
arr = fc[h][d].copy(); arr[np.isnan(arr)] = pfs[d][np.isnan(arr)]; return If[d] - arr

s0 = float(st["soc_initial"]); base ¢ =dev_c=em c=10.0;em_k=0.0; cur k=0.0

rows =[] # FITEIZR BT, (S TIE%
for d in range(D):
ifd<2:

m = np.zeros(T)
else:
lo = max(1, d - a.window); errs = np.array([net[k] - nf(k, 0) for k in range(lo, d)])
m = np.maximum(np.percentile(errs, a.pct, axis=0), 0.0)
p_p,c_p,dd p, =solve w(pf[d], nf(d, 0) + m, s0, dt, eta, Pmax, smin, smax)
Pf=p_p.copy()
if a.mode == 3:
soc_tmp = s0 + np.concatenate([[0], np.cumsum(eta * ¢ p * dt - dd p * dt/ eta)])[:-1]
for h, slot in ((6, 36), (12, 72), (18, 108)):
p_,c ,d ,s =solve w(pf[d][slot:], (nf(d, h) + m)[slot:], soc_tmp[slot], dt, eta, Pmax,

smin, smax, plan_w=p_p[slot:])
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Pf[slot:] = p_; soc_tmp = np.concatenate([soc_tmp][:slot], s _])
# SERTHIT(ORFe): BRAEERITX PEEN ITRIEBE", fERERSSIrR ORI
e = np.zeros(T); c¢2 = np.zeros(T); d2 = np.zeros(T); cu = np.zeros(T)
ss =s0; S =np.zeros(T + 1); S[0] = ss
for t in range(T):
need = net[d][t] - P1]t]
if need > 0:
cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)
d2[t] = min(need, cap); e[t] = need - d2[t]; ss -= d2[t] * dt/eta
else:
cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))

c2[t] = min(-need, cap); cu[t] = (-need) - c2[t]; ss += eta * c2[t] * dt

S[t+ 1]=ss
ifd>=31:
pday = pa[d]

base_c += float(np.sum(pday * np.minimum(p_p, Pf)) * dt)
dev_c += float(np.sum(0.5 * pday * np.maximum(0, p_p - Pf) + 1.5 * pday * np.maximum(0, Pf-p p)) * dt)
em_c += 5.0 * float(np.dot(pday, ¢)) * dt; em_k += float(e.sum() * dt); cur_k += float(cu.sum() * dt)
rows.append({"day": d, "plan0": p_p.copy(), "plan": Pf.copy(),
"¢": c2.copy(), "d": d2.copy(), "E": e.copy(),
"S0": float(s0), "S1": float(S[-1])})
s0 = float(S[-1])
m= {"q4 _total cost": base c+dev c+em c, "q4_purchase cost": base c,
"q4 adjustment cost": dev_c, "q4 emergency cost": em c, "q4 emergency kwh": em Kk,
"q4 curtail kwh": cur k, "qg4 mode": float(a.mode)}
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": m}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"), ensure_ascii=False)
print("mode=%d OfF@: 2 %.2f=H3 %2f+RE %2f+ ZR %.2f (% 2fkWh) FHE %.1f" %
(a.mode, m["g4 _total cost"], base c, dev_c,em_c, em k, cur k))
if a.write_xlsx:
write_workbook(os.path.abspath(a.write_xlsx), os.path.abspath(a.project _root),

a.mode, rows, pa, dt, eta)

if __name__ == "__main__":
main()

D.2.64 STHEAE/ARTS/04_[HEDY/q4_season_chain.py
-*- coding: utf-8 -*-

R R EYIE)RE 2 BBy GREHEEMN T EY 0:00 itR) TUZFIRIIERAEMAR.

[RE: M4 BRREMIE 2 BOESHA. M4 BBNTIE, ERmBENTEMTRERE2".
e HATNEN (RASXZANAESN), SHEAAKEN; R20W8 5 FEEN.

FFRERERITORERE :
planned (AfRo) ERETAIRITRIZENE, RESHHNESEREME > 5XAH results-2 —
realtime (OfFe) &BEIREPREROISERIENME, A LA E2ME -> GEB-FERAEE—H
RYDSEBM_MER: £A28 | H3-5| E 6-8 | #k 9-11 | £B 128
2401%: global(7,88) / prior(7,80) / oracle(AIREE, SMBELER) / prev(k—iR, THME) / cum(ZHILE, THE)

import os, sys, json, argparse, datetime

import numpy as np

sys.path.insert (@, os.path.dirname(os.path.abspath(__file_ )))
from g4_solver import seasonal, solve_w
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GRID = [(W, p) for W in (3, 5, 7, 1@, 14) for p in (80.0, 88.0, 95.8)]
DO = datetime.date(2025, 1, 1)
BLOCKS = [("winter_a", 31, 59), ("spring", 59, 151), ("summer", 151, 243),

("autumn", 243, 334), ("winter_b", 334, 365)]

class Sim:

def init  (self, inp, alpha=0.15, beta=0.8):
self.price_a = np.asarray(inp["price_actual"], float)
L = np.asarray(inp["load_actual"], float); PV = np.asarray(inp["pv_actual"], float)
selfnet=L - PV
st = inp["storage"]; self.dt = float(inp["dt"]); self.eta = float(st["efficiency"])
self.Pmax = float(st["power _max"]); self.smin = float(st["soc_min"])
self.smax = float(st["soc_max"]); self.s0 = float(st["soc_initial"])
D, T = L.shape
fc = {h: np.array([inp["pv_forecast"][f"{d}_{h}"] for d in range(D)]) for h in (0, 6, 12, 18)}
self.load_f=seasonal(L, D, T, alpha, beta)
self.pv_fs = seasonal(PV, D, T, alpha, beta)
self.price_f= seasonal(self.price a, D, T, alpha, beta)
self.fc = fc

def net_fc(self, d, h=0):
arr = self.fc[h][d].copy(); arr[np.isnan(arr)] = self.pv_fs[d][np.isnan(arr)]

return self.load f[d] - arr

def run(self, first, last, W, pct, mode, s_start=None, acc_from=None):
"""mode: 'planned'=H1E® / 'realtime'=[1F."""
dt, eta, Pmax = self.dt, self.eta, self.Pmax
smin, smax = self.smin, self.smax
T = self.net.shape[1]
s =self.s0 if s_start is None else s_start
acc_from = first if acc_from is None else acc_from
base_c=em_c =plan_kwh =em_kwh = cur kwh=0.0
smin_seen, smax_seen = lel8§, -1e18
for d in range(first, last):
ifd<2:
margin = np.zeros(T)
else:
lo = max(1, d - W); errs = np.array([self.net[k] - self.net fc(k, 0) for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, pct, axis=0), 0.0)
g, cc,dd, =solve w(self.price f[d], self.net fc(d, 0) + margin, s, dt, eta, Pmax, smin, smax)
if mode == "planned":
e = np.maximum(0.0, self.net[d] + cc - g - dd); cur = np.zeros(T); s_end = float(_[-1])
s traj=
else:
e = np.zeros(T); c2 = np.zeros(T); d2 = np.zeros(T); cur = np.zeros(T)
ss =s; S =np.zeros(T + 1); S[0] =ss
for t in range(T):
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need = self.net[d][t] - g[t]
if need > 0:
cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)
d2[t] = min(need, cap); e[t] = need - d2[t]; ss -= d2[t] * dt/eta
else:
cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))
c2[t] = min(-need, cap); cur[t] = (-need) - c2[t]; ss +=eta * c2[t] * dt
S[t+ 1]=ss
s end=ss; s traj=S
if d >=acc_from:
pa = self.price_a[d]
base_c += float(np.sum(pa * g) * dt); plan_kwh += float(g.sum() * dt)
em_c += 5.0 * float(np.dot(pa, ¢)) * dt; em_kwh += float(e.sum() * dt)
cur_kwh += float(cur.sum() * dt)
smin_seen = min(smin_seen, float(np.min(s_traj))); smax seen = max(smax_seen, float(np.max(s_traj)))
s=s end
return {"total": base_c +em_c, "plan_cost": base c, "em cost": em _c,
"plan_kwh": plan_kwh, "em_kwh": em_kwh, "curtail": cur_kwh,

"soc_min": smin_seen, "soc_max": smax_seen, "soc_end": s}

def warm_soc(self, mode):

return self.run(1, 31, 7, 88.0, mode, None, acc_from=31)["soc_end"]

def best_on(self, first, last, mode, s_start, grid=None):
best = None
for W, p in (grid or GRID):
r = self.run(first, last, W, p, mode, s_start)
if best is None or r["total"] < best[2]:
best = (W, p, r["total"])

return best

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", required=True); ap.add_argument("--out", required=True)
ap.add_argument("--mode", default="matrix", choices=["matrix", "sweep"])

a = ap.parse_args()

inp = json.load(open(a.input, encoding="utf-8"))

sim = Sim(inp)

metrics = {}; report = {}

def blocks(kind):
return BLOCKS if kind == "seas" else [("year", 1, 365)]

def chain(kind, mode, table):
s_cur = None if kind == "year" else sim.warm_soc(mode)

tot = {"plan_cost": 0.0, "em_cost": 0.0, "plan_kwh": 0.0, "em_kwh": 0.0, "curtail": 0.0,
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"soc_min": lel8, "soc_max": -1e18}
per = {}
for key, f, 1 in blocks(kind):
W, p = (table.get(key) or table.get("default"))
acc = 31 if kind == "year" else None
r=sim.run(f, I, W, p, mode, s_cur, acc_from=acc)
per[key] = {"W": W, "p": p, **r}
for k in ("plan_cost", "em_cost", "plan_kwh", "em_kwh", "curtail"):
tot[k] += r[k]
tot["soc_min"] = min(tot["soc_min"], r["soc_min"]); tot["soc_max"] = max(tot["soc_max"], r["soc_max"])
s_cur =r["soc_end"]
tot["total"] = tot["plan_cost"] + tot["em_cost"]

return tot, per

def walk(kind, mode, how, grid=None):
tb = {}; hist =[]; s_cur = None if kind == "year" else sim.warm_soc(mode)
for key, f, 1 in blocks(kind):
if how == "oracle":
W, p, c =sim.best_on(f, 1, mode, s_cur, grid)
elif how == "prev" and hist:
, 12,12, s2 = hist[-1]; W, p, c = sim.best_on(f2, 12, mode, s2, grid)
elif how == "cum" and hist:
_, 10, , s0=hist[0]; W, p, ¢ = sim.best_on(f0, f, mode, s0, grid)
else:
W, p=(7, 80.0)
tblkey] = (W, p)
s _start=s_cur
s_cur = sim.run(f, I, W, p, mode, s_cur)["soc_end"]
hist.append((key, f, 1, s_start))

return tb

——n

if a.mode == "sweep":
# PASLERAE + BSHHES + REPRBRGEFEZR—ENR
for mode in ("planned", "realtime"):
rows =[]
for W, p in GRID:
rf = sim.run(1, 365, W, p, mode, None, acc_from=31)
rt = sim.run(1, 243, W, p, mode, None, acc_from=31)
rh = sim.run(1, 365, W, p, mode, None, acc_from=243)
rows.append({"W": W, "p": p, "full": rf["total"], "tune": rt["total"], "hold": rh["total"]})
metrics["qdsw_%s w%d p%02d_full" % (mode, W, round(p))] = rf[ "total"]
metrics["qdsw_%s w%d p%02d_tune" % (mode, W, round(p))] = rt["total"]
metrics["q4sw_%s_w%d_p%02d_hold" % (mode, W, round(p))] = rh["total"]
bf = min(rows, key=lambda r: r["full"]); bt = min(rows, key=lambda r: r["tune"]); bh = min(rows, key=lambda r:
r["hold"])
metrics["q4sw_%s_bestfull W" % mode] = float(bf["W"]); metrics["qd4sw_%s_bestfull p" % mode] = bf["p"]
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metrics["q4sw_%s_bestfull" % mode] = bf]"full"]
metrics["q4sw_%s_besttune W" % mode] = float(bt["W"]); metrics["q4sw_%s_besttune p" % mode] = bt["p"]
metrics["q4sw_%s besttune full" % mode] = bt["full"]
metrics["q4sw_%s_besthold W" % mode] = float(bh["W"]); metrics["q4sw_%s_besthold p" % mode] = bh["p"]
metrics["q4sw_%s_besthold_full" % mode] = bh["full"]
metrics["q4sw_%s_delivered w7p88" % mode] = [r["full"] for r in rows if r["W"] == 7 and 1["p"] == 88.0][0]
report["sweep " + mode] = rows
print("[sweep %s] 2ERRM W=%d p=2%.0f -> %.2f | JABHARML W="%d p=%.0f -> £H %.2f | WISHAR A
W=%d p=%.0f -> £HF %.21" % (
mode, bf["W"], bf["p"], bf["full"], bt["W"], bt["p"], bt["full"], bh["W"], bh["p"], bh["full"]))
print(" ZAFAE (7,88) HR %.2f" % metrics["q4sw_%s_delivered w7p88" % mode])
os.makedirs(a.out, exist_ok=True)
json.dump({"metrics": metrics, "report": report}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)
print("done sweep")

return

for mode in ("planned”, "realtime"):
variants = [("year", "global", {"default": (7, 88.0)}),
("seas", "global", {"default": (7, 88.0)}),
("seas", "prior", {"default": (7, 80.0)})]
for kind in ("seas",):
variants.append((kind, "oracle", walk(kind, mode, "oracle")))
variants.append((kind, "prev", walk(kind, mode, "prev")))
variants.append((kind, "cum", walk(kind, mode, "cum")))
for kind, params, table in variants:
tot, per = chain(kind, mode, table)
key ="%s_%s_%s" % (mode, kind, params)
metrics["q4_%s_total" % key] = tot["total"]
metrics["q4_%s_plan" % key] = tot["plan_cost"]
metrics["q4 %s_em" % key] = tot["em_cost"]
metrics["q4_%s_em_kwh" % key] = tot["em_kwh"]
metrics["q4_%s_curtail" % key] = tot["curtail"]
metrics["q4 %s_soc_min" % key] = tot["soc_min"]
metrics["q4 %s_soc_max" % key] = tot["soc_max"]
report[key] = {"table": {k: list(v) for k, v in table.items()}, "total": tot["total"], "per block": per}
print("%-28s BB %12.2f IR %12.2f B2 %10.2f" % (key, tot["total"], tot["plan_cost"], tot["em_cost"]))

os.makedirs(a.out, exist ok=True)
json.dump({"metrics": metrics, "report": report}, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)

print("done")

if __name__ == "_ _main__":
main()
D.2.65 SZHEMELAAES/04_[H & PU/q4_solve.py
import os
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-*- coding: utf-8 -*-

TR 4 RENERN (i 4) TEEIR 2(Q4-2) SR 3(Q4-3) . """

import json, numpy as np

from scipy.optimize import linprog

from pathlib import Path

proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"

dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; soc@=6000.0; D,T=365,144

def load_att2():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/Mi{4/Ffi 4 2.xIsx",read_only=True,data_only=True)
load=np.array([[float(c) for ¢ in r[1:]] for r in list(wb["/NX FaE"].iter rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r{1:]] for r in list(wb[" YE{R & EBIZFRIIZE ") iter_rows(values_only=True))[1:]],dtype=float)

return load,pv

def load_att3():
import openpyxl

wb=openpyxl.load workbook(proj/"problem_files/M{4/Ffff4 3.xIsx",read_only=True,data_only=True)
rows=list(wb["Sheet1"].iter_rows(values_only=True))[1:]
fc=np.zeros((D,4,24))
for d in range(D):
for f in range(4): fc[d,f,:]=[float(x) for x in rows[d*4+f][2:26]]
return fc

def load_att4():
import openpyxl

wb=openpyxl.load_workbook(proj/"problem_files/M{4/Mfff4 4.xIsx",read_only=True,data_only=True)
ws=wb["Sheet1"]
rows=list(ws.iter_rows(min_row=2,max_row=366,max_col=145,values_only=True))
pr=np.array([[float(c) for ¢ in r[1:]] for r in rows],dtype=float)

return pr

load_actual,pv_actual=load_att2(); fc_forecast=load_att3(); prices4=1load_att4()
print("att2",load_actual.shape,"att3",fc_forecast.shape,"att4",prices4.shape)
print("att4 price range:", prices4.min(), prices4.max(), "mean", prices4.mean())

def forecast_slots(d,f_idx):
f=f idx*6; fc=np.zeros(T)

for i in range(T):
h=(i+1)//6; k=h-f-1
if k<0:k=0
if k>23:k=23
fe[i]=fc_forecast[d,f idx,k]
return fc

def solve_block(price_b,net_fc,soc_start,p_prev=None,penalty=0.5):
Tb=len(price_b); price_b=np.asarray(price b,float); net fc=np.asarray(net fc,float)

has_dev=p_prev is not None
n=(5*Tb+(Tb+1)) if has_dev else (3*Tb+(Tb+1))
A a=0;A_c=Tb;A_d=2*Tb;A s=3*Tb
c_obj=np.zeros(n); ¢_obj[0:Tb]=price_b*dt
if has_dev:
A u=3*Tb+(Tb+1);A_v=4*Tb+(Tb+1)
¢ obj[A_w:A u+Tb]=penalty*price_b*dt; c objl[A_v:A v+Tb]=penalty*price b*dt
bounds=[(0,None)]*Tb+[(0,Pmax)]*Tb+[(0,Pmax)]*Tb
bounds+=[(soc_start,soc_start)]+[(soc_min,soc_max)]*(Tb-1)+[(soc_min,soc_max)]

if has_dev: bounds+=[(0,None)]*Tb+[(0,None)]*Tb
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A _ub=np.zeros((Tb,n)); b_ub=-net_fc
for t in range(Tb):

A _ub[t,A_at+t]=-1.0;A_ub[t,A_d+t]=-1.0;A_ub[t,A_c+t]=1.0
A _eg=np.zeros((Tb,n)); b_eq=np.zeros(Tb)
for t in range(Tb):

A eq[t,A _stt+1]=1.0;A_eq[t,A_stt]=-1.0;A eq[t,A_ctt]=-eta*dt;A_eq[t,A_d+t]=dt/eta
if has_dev:

p_prev=np.asarray(p_prev,float); A_eq2=np.zeros((Tb,n)); b_eq2=p prev.copy()

for t in range(Tb):

A eq2[t,A att]=1.0;A eq2[t,A utt]=-1.0;A eq2[t,A v+t]=1.0

A _eqg=np.vstack([A_eq,A _eq2]); b_eq=np.concatenate([b_eq,b_eq2])
res=linprog(c_obj,A ub=A_ub,b ub=b ub,A eq=A eq,b_eq=b_eq,bounds=bounds,method="highs")
if not res.success: raise RuntimeError(res.message)
X=Tres.X
return X[A a:A atTb],x[A c:A c+Tb],x[A d:A d+Tb],x[A s:A s+Tb+1]

def realize_greedy(a_b,load_b,pv_b,soc_start):
soc=soc_start; ¢_rt=np.zeros(len(a_b)); d_rt=np.zeros(len(a_b)); E=np.zeros(len(a_b))

for t in range(len(a_b)):
net=load_b[t]-pv_bJ[t]
if net>a_b[t]:
d=min(Pmax,(soc-soc_min)*eta/dt,net-a_b[t]); E[t]=net-a_b[t]-d; soc-=d*dt/eta; d_rt[t]=d
else:
c=min(Pmax,(soc_max-soc)/(eta*dt),a_b[t]-net); soct=eta*c*dt; c_rt[t]=c

return c¢_rt,d rt,E,soc

.......... Q4-2: HRIEH + =AM 2 )

soc=s0c@; q42=[]
for d in range(D):
pr=prices4[d]; Id=load_actual[d]; pv=pv_actual[d]

p,_,_,_=solve block(pr, 1d-pv, soc, None)

c rt,d rt,E;socl44=realize greedy(p, 1d, pv, soc)

q42.append(dict(day=d,p=p.tolist(),c=c_rt.tolist(),d=d_rt.tolist(),E=E.tolist(),
planned=float(np.dot(pr,p)*dt), emergency=float(5.0*np.dot(pr,E)*dt), final soc=float(soc144)))

soc=float(soc144)

r=q42[31:]

q42p=sum(x["planned"] for x in r); g42e=sum(x["emergency"] for x in r)

print(f"\n[Q4-2 STEEE] HXIMERE={qds2p: .2f} BR2F={qs2e:.2f} BAit={qs2p+gs2e:.2f} KR2E={sum(float(np.sum(x['E'])*dt) for
x in r):.2f} kWh")

e Q4-3: SEENERAY + 0/6/12/18 TAIRIBEE

soc=s0c@; q43=[]
for d in range(D):
pr=prices4[d]; 1d=load_actual[d]; pv=pv_actual[d]

fcO=forecast_slots(d,0)

p,c0,d0,s0=solve_block(pr, 1d-fc0, soc, None)

¢c0r,d0r,E0,s36=realize_greedy(p[0:36], 1d[0:36], pv[0:36], soc)
fco=forecast_slots(d,1); a6,c6,d6,s6=solve block(pr[36:], 1d[36:]-fc6[36:], s36, p[36:])

180



c6r,dor,E6,s72=realize_greedy(a6[0:36], 1d[36:72], pv[36:72], s36)

fc12=forecast_slots(d,2); al2,c12,d12,s12=solve_block(pr[72:], 1d[72:]-fc12[72:], s72, p[72:])

c12r,d12r,E12,s108=realize greedy(al2[0:36], 1d[72:108], pv[72:108], s72)

fc18=forecast_slots(d,3); al8,c18,d18,s18=solve block(pr[108:], 1d[108:]-fc18[108:], s108, p[108:])

c18r,d18r,E18,s144=realize greedy(al8[0:36], 1d[108:144], pv[108:144], s108)

a=np.concatenate([p[0:36],a6[0:36],a12[0:36],a18[0:36]])

c=np.concatenate([cOr,c6r,c12r,c18r]); dd=np.concatenate([dOr,d6r,d12r,d18r]); E=np.concatenate([E0,E6,E12,E18])

q43.append(dict(day=d,p=p.tolist(),a=a.tolist(),c=c.tolist(),d=dd.tolist(),E=E.tolist(),
purchase=float(np.dot(pr,a)*dt), deviation=float(0.5*np.dot(pr,np.abs(a-p))*dt),
emergency=float(5.0*np.dot(pr,E)*dt), final soc=float(s144)))

soc=float(s144)

r=q43[31:]

g43a=sum(x["purchase"] for x in r); g43d=sum(x["deviation"] for x in r); g43e=sum(x["emergency"] for x in r)
g43p=sum(float(np.dot(prices4[x["day"]],x["p"])*dt) for x in r)

print(f"[Q4-3 BIAE] itXIMEBEE={q43p: .2f} LIRMIEEE={q43a:.2f} REH={q43d:.2f} KR F={q43e:.2f} B={q43a+q43d+qd3e:.2f}")
print(f" K28={sum(float(np.sum(x["'E'])*dt) for x in r):.2f} kwh")

FIRE R LR BT

soc=s0c@; no=[]

for d in range(D):
pr=prices4[d]; ld=load_actual[d]; pv=pv_actual[d]
fcO=forecast_slots(d,0)
p._,_,_=solve_block(pr, 1d-fc0, soc, None)
c rt,d rt,E,socl44=realize greedy(p, 1d, pv, soc)
no.append(dict(day=d,p=p.tolist(),a=p.tolist(),c=c_rt.tolist(),d=d _rt.tolist(),E=E.tolist(),

planned=float(np.dot(pr,p)*dt), emergency=float(5.0*np.dot(pr,E)*dt), final soc=float(soc144)))

soc=float(soc144)

rn=no[31:]

g43no=sum(x["planned”] for x in rn)+sum(x[“emergency"] for x in rn)

print(f"[Q4-3 TIEEEL] F={g43n0:.2f} (it % ={sum(x['planned’'] for x in rn):.2f} &2 ={sum(x['emergency'] for x in

rn):.2f}H)")
print(f" AT E={q43n0- (q43a+q43d+q43e):.2f} JT ({(1-(q43a+q43d+q43e)/q43n0)*100:.1F}%)")

out=dict(prices4=prices4.tolist(), q42=q42, q43=q43, g43_no=no,
summary=dict(q42_planned=q42p,q42_emergency=q42e,q42_total=q42p+qg42e,
q43_plan=q43p,q43_purchase=q43a,q43_deviation=q43d,q43_emergency=q43e,q43_total=q43a+q43d+q43e,
43 no_adjust=g43no))

(root/"data_cleaned/q4_result_cache.json").write_text(json.dumps(out),encoding="utf-8")
print("saved q4_result_cache.json")

D.2.66 STHEATE/ARTG/04_ 5 EIY/q4_solver.py
-*- coding: utf-8 -*-

import os, json, argparse, datetime
import numpy as np
from scipy.optimize import linprog

def wcat(d): return @ if (datetime.date(2025,1,1)+datetime.timedelta(days=d)).weekday() in (4,5) else 1
def seasonal(arr, D, T, alpha=0.25, beta=0.8):
F=np.zeros_like(arr); sums=[np.zeros(T),np.zeros(T)]; cnt=[0,0]; E=arr[0].copy()

for d in range(D):

w=wcat(d); bl=sums[w]/cnt[w] if cnt[w]>0 else arr[d]

F[d]=(1-beta)*E+beta*bl; sums[w]=sums[w]-+arr[d]; cnt[w]+=1; E=alpha*arr[d]+(1-alpha)*E
return F

def solve_w(price_w, nm_w, soc@, dt, eta, Pmax, soc_min, soc_max, plan_w=None):

mplan w 7 None FYEHIINER AF plan_w KA TEME:
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SINLIAZE v. TAZE v, BIFERELER, 9% p-v+u=plan, """
W=len(price_w)
if plan_w is None:
n=3*W+(W-+1); c=np.zeros(n); c[0:W]=price_w*dt
bnd=[(0,None)]*W+[(0,Pmax)]*W+[(0,Pmax)]*W+[(soc0,s0c0)]
for _ in range(1,W): bnd.append((soc_min,soc_max))
bnd.append((soc_min,soc_max))
A=np.zeros((W,n)); b=-nm_w
for t in range(W): A[t,t]=-1; A[t, W+t]=1; A[t,2*¥*W+t]=-1
Ae=np.zeros((W,n)); be=np.zeros(W)
for t in range(W): Ae[t,3*W+t+1]=1; Ae[t,3*W-+t]=-1; Ae[t, W+t]=-eta*dt; Ae[t,2* W+t]=dt/cta
else:
U0=3*W+(W-+1); VO=UO+W; n=VO+W
c=np.zeros(n); c[0:W]=price_w*dt
c[U0:U0+W1=0.5*price w*dt # Tif: HL 50%, 7E price*p Z EHBM 0.5
c[VO:VO+W]=0.5*price_w*dt # Lif: BEED 1.5F (FEMBN) , WHLREM 0.5
bnd=[(0,None)]*W+[(0,Pmax)]*W+[(0,Pmax)]*W+[(soc0,s0c0)]
for _ in range(1,W): bnd.append((soc_min,soc_max))
bnd.append((soc_min,soc_max)); bnd+=[(0,None)]*W+[(0,None)]*W
A=np.zeros((W,n)); b=-nm_w
for t in range(W): A[t,t]=-1; A[t, W+t]=1; A[t,2*¥*W+t]=-1
Ae=np.zeros((2*W,n)); be=np.zeros(2*W)
for t in range(W):
Ae[t,3*W+t+1]=1; Ae[t,3*W+t]=-1; Ae[t,W+t]=-eta*dt; Ae[t,2*W+t]=dt/eta
Ae[W+t,t]=1.0; Ae[W+t,U0+t]=1.0; Ae[W+t,VO+t]=-1.0
be[ W+t]=float(plan_w[t])
r=linprog(c,A_ub=A,b_ub=b,A eq=Ae,b_eq=be,bounds=bnd,method="highs")
if not r.success: raise RuntimeError(r.message)

x=r.x; return x[0:W],x[W:2*W],x[2*¥*W:3*W] x[3*W:3*W+W+1]

def main():
ap=argparse.ArgumentParser();  ap.add_argument("--input",required=True);  ap.add_argument("--out" required=True);

ap.add_argument("--mode",type=int,default=2)
ap.add_argument("--pct",type=float,default=80.0); ap.add_argument("--window" type=int,default=28)
ap.add_argument("--alpha" type=float,default=0.15); ap.add_argument("--beta" type=float,default=0.8)
a=ap.parse_args()
inp=json.load(open(a.input,encoding="utf-8"))
price_a=np.asarray(inp["price_actual"],float); load=np.asarray(inp["load actual"],float);
pv_a=np.asarray(inp["pv_actual"],float)
st=inp["storage"]; dt=inp["dt"]; eta=st["efficiency"]; Pmax=st["power_max"]; soc_min=st["soc_min"];
soc_max=st["soc_max"]
D,T=load.shape; net=load-pv_a
fe={h:np.array([inp["pv_forecast"][f"{d}_{h}"] for d in range(D)]) for h in [0,6,12,18]}
load_f=seasonal(load,D,T,a.alpha,a.beta); pv_fs=seasonal(pv_a,D,T,a.alpha,a.beta);
price f=seasonal(price a,D,T,a.alpha,a.beta)
def net_fc(d,h):

arr=fc[h][d].copy(); arr[np.isnan(arr)]=pv_fs[d][np.isnan(arr)]; return load f[d]-arr

pct=a.pct; W=a.window; soc_c=st["soc_initial"]; base_c=0.0; dev_c=0.0; em_c=0.0; plans=[]
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for d in range(D):
if d<2: margin=np.zeros(T)
else:
lo=max(1,d-W); errs=np.array([net[k]-net_fc(k,0)
margin=np.maximum(np.percentile(errs,pct,axis=0),0.0)

# plan uses price FORECAST

for

k

p_p,c_p,dd p,s p=solve w(price f[d], net fc(d,0)+margin, soc_c, dt,eta,Pmax,soc_min,soc_max)

Pf=p_p.copy(); Cf=c_p.copy(); Df=dd_p.copy(); soc=s_p.copy()
if a.mode==3:

for h,slot in [(6,36),(12,72),(18,108)]:

=

range(lo,d)]);

p_.c_,d ,s =solve w(price f[d][slot:],(net fc(d,h)+margin)[slot:],soc[slot],dt,eta,Pmax,soc_min,soc_max,

plan_w=p p[slot:])
Pf[slot:]=p_; Cf[slot:]=c_; Dffslot:]=d_; soc=np.concatenate([soc[:slot],s_])
if d>=31:
pa=price_a[d] # settlement uses ACTUAL price

base=pa*np.minimum(p_p,Pf); dev=0.5*pa*np.maximum(0,p _p-Pf)+1.5*pa*np.maximum(0,Pf-p p)

base_c+=float(np.sum(base)*dt); dev_c+=float(np.sum(dev)*dt)
E=np.maximum(0.0, net[d][+C{-P{-Df); em_c+=5.0*float(np.dot(pa,E))*dt
plans.append(dict(day=d,purchase plan=p p.tolist(),purchase adj=Pf.tolist(),

charge=Cf.tolist(),discharge=Df.tolist(),soc=soc.tolist(),emergency=E.tolist()))

soc_c=float(soc[-1])

metrics={"q4 total cost":base ct+dev_ctem c,"q4 purchase cost":base c,"q4 adjustment cost":dev c,"q4 emergency co

st":em_c}

os.makedirs(a.out,exist_ok=True)

json.dump({"metrics":metrics} ,open(os.path.join(a.out,"metrics.json"),"w" ,encoding="utf-8"))

json.dump({"plans":plans,"price_actual":price_a.tolist(),"mode":a.mode},open(os.path.join(a.out,"solution.json"),"w",encod

ing="utf-8"))

print(f'Q4 mode={a.mode}: total={base ctdev_ct+em c:,.2f} (purchase={base c:,.2f}

emerg={em_c:,.2f})")
if __name__=="__main__": main()

D.2.67 THOMRLARTD/04 [FEM/q4_strict.py
-*- coding: utf-8 -*-

adj={dev_c:,.2f}

" RS — PR CERARES (Q4-strict).

— BRI (FHERIT, P 4-2 / 4-3 #A)

JREEAYZ dec = d*24 + h, h in {0} (q4-2) = {0,6,12,18} (q4-3).
% d X e:00 WHJAREEE 1(d) REER:

(1) fAfF Lhat_d <- MKiF2 DARGH) B B < d B2EEAME;
(2) #fR Phat_d <- BfifF3 BORRZAEES: REX RAEEIZ pub(v) <= dec BEZBITITRIARZE,
E w_v=1/sigma_hat"2(B ¥/ BT, $eHIE), sigma_hat

TEIRE <=d-11 WEERE ¢RE TEHRSH);

(3) B lamhat d <- FKifF4 of BHR < d BIREPSCRRE; WERGENTUR, BREHES,
# 0:00 EFREERFBIEN

(4) #fAfH Nhat = Lhat - Phat; JTR¥WE margin B < d B9 W XAMREN p HIAH;

(5) fEEEE SOC B < d FUREFERTE (5 0 X = 6000 kwh, FELATE).

it 5 d REVBME d B e:00 —FEFREA**, IBELEHEAHELEMN price_ald];
M2 B d REGE/HARTE d B 0:00 —FFREA**, REXNHITSEEFRTTHI,

BB % 0 X (2025-01-01) REMEMAE, EEBLHAMIM 1 A HAEAM—K;
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B 1 KEFNERTSEMEE 2/Mitr 4 WHERE, M1 FBS5,.

Z. B¥UIRE (2ERA 1 BEUE)

.

* fAfd (alpha_L, beta_L, EHiHA) -- 1 BAEOLAE—FTN MAE &/)

* Bt (alpha_p, beta_p, EHASH4H) -- 1 BEOLBN—SIU MAE &/

* & (W, p) -- 1 A&EO (1/2-1/31, 30 X) Lk 4-2 ZEESN
* sigma_hat ({X 4-3) -- FBE, TEHSH (5 8= 3v2 T2—)

REED = % 1..30 X; % 0 RALHELNLEHE, F25HE.

=, HEOR

g4-2: SE = sum_t lam_t * p_plan_t * dt + 5 * sum_t lam_t * E_t * dt

(BN FRE MBI, BRI — 2RI B &It 28)

g4-3: S& = sum_t lam_t * min(p_plan, p_adj) * dt
+sum_t [0.5%lam_t*u t+ 1.5%lam t¥v_t] * dt

+5*¥sum tlam t*E t*dt

u = max(@, p_plan - p_adj) ¥HEL9 (50%)

v = max(@, p_adj - p_plan) #BX (150%)
fBBE: S_{t+1} = S_t + eta*c_t*dt - d_t*dt/eta, eta = 0.9 (#[), FiR 0.81,
SERHRITOE(2): 0:00 RPIHRIMARE, SN, IR EAE2ME, FRERRR,

A%
python gq4_strict.py --task calib --out <dir>
python g4_strict.py --task solve --mode g4-2 --const <calib.json> --out <dir>
python g4_strict.py --task leaktest --const <calib.json>
python gq4_strict.py --task panel --const <calib.json>
import os, sys, json, argparse, datetime, hashlib
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from gq3_mpc import solve_window # noga: E402
from gq3_forecast_B import load_vintages, candidates, HOURS, NDAY, NH, T # noga: E402

DT = 1.0 / 6.0

STAGES2 = [(@, 0)]

STAGES3 = [(0, ©0), (6, 36), (12, 72), (18, 108)]

SIGMA_DEFAULT = os.path.join(ROOT, ‘'paper_output_pro', ‘experiments', 'gq3-fc-e3v2-sigma.npy')

CLS_CHOICES = ('fs', 'ss', 'none') # AEN / BRB / FHEH
ALPHA_GRID = (0.05, 0.1, ©.15, 0.20, 0.30, 0.40)

BETA_GRID = (@.5, 8.6, 0.7, 0.8, 0.9, 1.8)

W_GRID = (3, 5, 7, 10, 14, 21, 28)

P_GRID = (0.50, 6.60, 0.70, 0.80, 0.88, 0.90, 8.95)

def wcat(d, cls):
wd = (datetime.date(2025, 1, 1) + datetime.timedelta(days=int(d))).weekday()

if cls =="fs"

return 0 if wd in (4, 5) else 1
if cls =="ss":

return 0 if wd in (5, 6) else 1
if cls == 'none":

return 0

raise ValueError(cls)

def panel(arr, cold, alpha, beta, cls, D=None):

PSR RS 5 TN E IR
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F[d] RfEA arrf0..d-1]; 58 0 RIRBEMAFHE, BEABLENHEBEE coldo
B an[d] REZEREXEFZEN Fldl
D = arr.shape[0] if D is None else D
Tn = arr.shape[1]
F = np.zeros((D, Tn))
sums = np.zeros((2, Tn))
cnt = np.zeros(2, dtype=int)
E =None
for d in range(D):
w = wecat(d, cls)
if E is None: #d==0: THE
F[d] = cold
else:
bl = sums[w] / cnt[w] if cnt[w] > 0 else E
F[d] = (1.0 - beta) * E + beta * bl
sums[w] += arr[d]
cnt[w] +=1
E = arr[d].copy() if E is None else alpha * arr[d] + (1.0 - alpha) * E
return F

def panel_evolve(arr, cold, alphas, betas, cls, D=None):

" BHE AT NNERTUNER T BEEATER). alphas[d)/betas[d] HMRE <d HEIEEL, "
D = arr.shape[0] if D is None else D
Tn = arr.shape[1]
F = np.zeros((D, Tn))
sums = np.zeros((2, Tn)); cnt = np.zeros(2, dtype=int)
E = None
for d in range(D):
w = wecat(d, cls)
if E is None:
F[d] = cold
else:
bl = sums[w] / cnt[w] if cnt[w] > 0 else E
F[d] = (1.0 - float(betas[d])) * E + float(betas[d]) * bl
sums[w] += arr[d]; ent[w] += 1
E = arr[d].copy() if E is None else float(alphas[d]) * arr[d] + (1.0 - float(alphas[d])) * E

return F

def build_ab_schedule(arr, cold, D, cls='fs', grid_a=ALPHA_GRID, grid_b=BETA_GRID, min_window=31):
"EETRE: % d X8 (alpha,beta) RE arr[0..d-1] W—F TN MAE &M%,

min_window: it EOETFZRAMNAENGE (FOXENERELZSXITSEELR,
WIS R R BERE FIE), ‘BRRINERLEEN beta=1 / alpha=grid_a[0]o
A 31K =EMIIILHE 1 B), SEBE"ERM 2 B 1 BE'MEREHE—

nmn

al = np.zeros(D); be = np.zeros(D)
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for d in range(D):
if d <max(2, min_window):
al[d], be[d] = grid_a[0], 1.0
continue
sub = arr[:d]
best = None
for ain grid_a:
for b in grid b:
F = panel_evolve(sub, cold, np.full(d, a), np.full(d, b), cls, d)
e = float(np.abs(F[1:d] - sub[1:d]).mean())
if best is None or e < best[0]:
best = (e, a, b)
al[d], be[d] = best[1], best[2]

return al, be

def pv_stage(V, SIG, d, dec, scope='all'):

" 3 hRASEE S, FIFARES: pub(v) <= dec BB S BT, "
arr = np.full(T, np.nan)
lead = np.full(T, np.nan)
nm = np.zeros(T, dtype=int)
row = SIG[min(d, SIG.shape[0] - 1)] if SIG is not None else None
for t in range(T):
¢ = candidates(V, d, t, dec, scope)
nm[t] = len(c)
if not c:
continue
th=t//6
ws = np.ones(len(c), float)
if row is not None:
for i, (_pub, j, _v) in enumerate(c):
s =row][th, j]
if np.isfinite(s) and s > 0:
ws[i]=1.0/(s *s)
if not np.isfinite(ws).all() or ws.sum() <= 0:
ws = np.ones(len(c), float)
vals = np.asarray([v for _pub, j, v inc], float)
arr[t] = float(np.dot(ws, vals) / ws.sum())
lead[t] = float(min(j for _pub, j, _vinc))

return arr, lead, nm

def realtime(net_w, Pf_w, SO, dt, eta, Pmax, smin, smax):

" EERFHATRR2): MEREIR SRR O SER T, #M A LA R, FERR.

n = len(net_w)
¢ = np.zeros(n); d2 = np.zeros(n); e = np.zeros(n); cu = np.zeros(n)
ss = float(S0)
for t in range(n):
need = net_w[t] - Pf w[t]

if need > 0:
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cap = min(Pmax, max(ss - smin, 0.0) * eta / dt)

d2[t] = min(need, cap); e[t] = need - d2[t]; ss -= d2[t] * dt/ eta
else:

cap = min(Pmax, max(smax - ss, 0.0) / (eta * dt))

c[t] = min(-need, cap); cu[t] = (-need) - c[t]; ss +=eta * c[t] * dt

return ¢, d2, e, cu, s

S —'t -

def load_all(inp_path=None, vint_path=None, sigma_path=None):
inp_path =inp_path or os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json')

inp = json.load(open(inp_path, encoding="utf-8'))
qlp = os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'ql_input.json')
ql = json.load(open(q1p, encoding="utf-8'))
d={
'price_a': np.asarray(inp['price_actual'], float),
'load_a": np.asarray(inp['load_actual'], float),
'pv_a" np.asarray(inp['pv_actual'], float),
'cold_p': np.asarray(ql['price'], float),
'cold_1": np.asarray(ql['load'], float),
'cold_v': np.asarray(ql['pv'], float),
'storage": inp|['storage'],
'dt': float(inp['dt']),
'inp_path': inp_path, 'ql_path": qlp,
}
V, vmeta = load_vintages(vint_path or os.path.join(HERE, 'q3_vintages B.json'))
d['V'] = V; d['vmeta'] = vmeta
sp = sigma_path or SIGMA DEFAULT
d['SIG'] = np.load(sp) if (sp and os.path.isfile(sp)) else None
d['sigma_path'] = sp
return d

- -
1

def simulate(D, const, mode='q4-2', score_from=31, dat=None, scope=‘all’,
cold_1=None, cold_p=None, cold v=None, replace_from=0, keep rows=True,

sched=None, pv0=None):
" IEE—OFRE D Ko const £/VE alpha,beta,cls lalpha p,beta p,cls p,win,pcto """
dat = dat or load_all()
dt = dat['dt']; st = dat['storage']
eta = float(st['efficiency']); Pmax = float(st['power_max'])
smin = float(st['soc_min']); smax = float(st['soc_max'])
price_a = dat['price_a']; load = dat['load_a']; pv_a = dat['pv_a']
if replace_from:

price_a = price_a.copy(); load = load.copy(); pv_a = pv_a.copy()
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price_a[replace from:] = 0.0; load[replace from:]=0.0; pv_a[replace from:]=0.0
cold_I = dat['cold_I"] if cold_1 is None else cold_1
cold p =dat['cold p']if cold p is None else cold p

cold v =dat['cold v']if cold v is None else cold v

#---- FUNER (EBERER) -

if sched is None:
price_f= panel(price_a, cold p, const['alpha p'], const['beta p'], const['cls p'], D)
load_f= panel(load, cold I, const['alpha'], const['beta'], const['cls_I'], D)
pv_self = panel(pv_a, cold v, const['alpha'], const['beta'], const['cls_1'], D)

else:
price_f=panel evolve(price a, cold p, sched['ap'], sched['bp'], const['cls_p'], D)
load_f = panel evolve(load, cold_l, sched['al'], sched['bl'], const['cls_1'], D)
pv_self = panel evolve(pv_a, cold v, sched['al'], sched['bl'], const['cls_I'], D)

SIG = dat['SIG'] #4-2/43 AOR: BHEMS +IBE sigma_hat
V = dat['V']
STAGES = STAGES3 if mode == 'q4-3' else STAGES2

net=load - pv_a
#0:00 FYEREISEIRTIUR (5BHEX, AISMNBETR)
if pv0 is None:
pv0 = np.full((D, T), np.nan)
for d in range(D):
a, 1, n=pv stage(V, SIG, d, d * 24, scope)
pvO[d] =a
else:
pv0 =pvO0[:D]
netfcO = load_f - np.where(np.isfinite(pv0), pv0, pv_self[:D])

def pv_of(d, s):
if s =0:
arr = pvO0[d].copy()
else:
off, slot=STAGES] s]
arr, 1, n=pv_stage(V, SIG, d, d * 24 + off, scope)
miss = ~np.isfinite(arr)
arr[miss] = pv_self[d][miss]

return arr

W = int(const['win']); pct = float(const['pct'])

sW = sched['win'] if (sched and 'win' in sched) else None
sP = sched['pct'] if (sched and 'pct' in sched) else None
soc_c = float(st['soc_initial'])

base c=dev c=em c=0.0
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em_k=cur k=ch=di=0.0
n_adj=n_over=n_under =n_same =n_seg =0
rows = []; win=[]; fc_err=[]
for d in range(D):
Wd = int(sW[d]) if sW is not None else W
pd = float(sP[d]) if sP is not None else pct
ifd<2:
margin = np.zeros(T)
else:
lo =max(1, d - Wd)
errs = np.asarray([net[k] - netfcO[k] for k in range(lo, d)])
margin = np.maximum(np.percentile(errs, pd, axis=0), 0.0)
pf=price_f[d]
p_p, _c, _d, soc =solve window(pf, netfcO[d] + margin, soc_c, dt, eta, Pmax, smin, smax)
Pf=p_p.copy()
for s, (h, slot) in enumerate(STAGES][1:], start=1):
SO = float(soc[slot])
nf'= (load_f[d] - pv_of(d, s) + margin)[slot:]
p_, ¢, d ,s =solve window(pf]slot:], nf, SO, dt, eta, Pmax, smin, smax,
plan_w=p_p[slot:])
if d >=score_from:
pw = pf[slot:]; planw = p_p[slot:]; netw = net[d][slot:]
_a, b,eA, c2, d2=realtime(netw, p_, SO, dt, eta, Pmax, smin, smax)
_a, b,eB, c3, d3 =realtime(netw, planw, SO, dt, eta, Pmax, smin, smax)
devw = float(np.sum(0.5 * pw * np.maximum(0, planw - p )

+ 1.5 * pw * np.maximum(0, p_ - planw)) * dt)
save_base = float(np.sum(pw * np.maximum(0, planw - p_)) * dt)
save_em = 5.0 * float(np.dot(pw, eB - eA)) * dt
win.append({'day": d, 'stage": h, 'slot": slot, 'save_purchase": save base,

'save_emergency': save_em, 'dev_fee'": devw,
'net_benefit': save_base + save_em - devw,
'changed_segments': int(np.sum(np.abs(p_ - planw) > le-6))})
Pf[slot:]=p_
soc = np.concatenate([soc[:slot], s ])
#--- REHATT (BRI 4 ESEBH) -
c2, d2, e, cu, Send = realtime(net[d], Pf, soc_c, dt, eta, Pmax, smin, smax)
if d >=score from:
pa=price_a[d]
base c += float(np.sum(pa * np.minimum(p_p, Pf)) * dt)
dev_c += float(np.sum(0.5 * pa * np.maximum(0, p_p - Pf)
+ 1.5 * pa * np.maximum(0, Pf - p_p)) * dt)
em_c +=5.0 * float(np.dot(pa, €)) * dt
em_k += float(e.sum() * dt); cur_k += float(cu.sum() * dt)
ch += float(c2.sum() * dt); di += float(d2.sum() * dt)
dP=Pf-p p
n_adj += int(np.sum(np.abs(dP) > le-6))
n_over += int(np.sum(dP > le-6)); n_under += int(np.sum(dP < -1e-6))

n_same += int(np.sum(np.abs(dP) <= le-6)); n_seg +=T
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for s, (h, slot) in enumerate(STAGES):
if s==0:
arr = pvO0[d]
larr = np.full(T, np.nan)
else:
arr, larr, n=pv_stage(V, SIG, d, d * 24 + STAGES[s][0], scope)
for t in range(slot, T):
if np.isfinite(arr[t]):
fc_err.append((float(larr(t]) if np.isfinite(larr[t]) else -1.0,
float(arr[t]), float(pv_a[d, t])))
if keep_rows:
rows.append({'day": d, 'plan0": p_p.copy(), 'plan': Pf.copy(), 'c": c2.copy(),
'd": d2.copy(), 'E": e.copy(), 'S0": float(soc_c), 'S1": float(Send)})
soc_c = float(Send)

pe = price_f[score_from:D] - price_a[score_from:D] if D > score_from else np.zeros((0, T))

ne = np.asarray([net[k] - netfcO[k] for k in range(max(1, score from), D)]) if D > score from \
else np.zeros((0, T))

fe = np.asarray(fc_err) if fc_err else np.zeros((0, 3))

wa = np.asarray([w['net_benefit'] for w in win]) if win else np.zeros(0)

m = {'q4_total cost": base_c+dev_c+em_c,'q4 purchase cost" base c,
'q4_adjust_cost": dev_c, 'q4_emergency cost': em_c,
'q4_emergency_kwh': em_k, 'q4_curtail_kwh'": cur k,

'q4_charge kwh': ch, 'q4_discharge kwh" di,
'q4_caliber": 2.0, 'q4_adjust': 1.0 if mode == 'q4-3' else 0.0,
'score_days': int(max(0, D - score_from)), 'score_from': int(score from)}
dg = {'mode": mode, 'scope': scope,
‘const": {k: const[k] for k in const},
‘price_forecast": {'mae': float(np.abs(pe).mean()) if pe.size else None,
'rmse": float(np.sqrt((pe ** 2).mean())) if pe.size else None,
'bias': float(pe.mean()) if pe.size else None},
'net_forecast': {'n": int(ne.size),
'mae': float(np.abs(ne).mean()) if ne.size else None,
'rmse': float(np.sqrt((ne ** 2).mean())) if ne.size else None,
'bias": float(ne.mean()) if ne.size else None},
'pv_forecast": ({'n": int(fe.shape[0]),
'mae": float(np.abs(fe[:, 1] - fe[:, 2]).mean()),
'rmse'": float(np.sqrt(((fe[:, 1] - fe[:, 2]) ** 2).mean())),
'bias': float((fe[:, 1] - fe[:, 2]).mean())} if fe.size else None),
'adjusted_segments': n_adj, 'total segments": n_seg,
'segments_over bought': n_over, 'segments under bought": n_under,
'segments_unchanged": n_same, 'n_windows": len(win),
'window net benefit_sum': float(wa.sum()) if wa.size else 0.0,
'windows_negative net': int((wa < 0).sum()),
'sigma_table": os.path.basename(dat['sigma_path']) if mode == 'q4-3' else None,
'leaky': False}

return m, dg, rows, win
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def calib(D=31, dat=None, score_from=1, verbose=True, grid_from=None):

1 BEOARE: SN SEE—H TN MAE: TR (Wp) 5 | BS8EA,
dat = dat or load_all()

price_a = dat['price_a'][:D]; load = dat['load_a'][:D]

cold p =dat['cold p']; cold 1= dat['cold I']

def mae_panel(arr, cold, cls, alpha, beta):
F = panel(arr, cold, alpha, beta, cls, D)
return float(np.abs(F[1:D] - arr[1:D]).mean()), F

load grid =]
for cls in CLS CHOICES:
for alpha in ALPHA GRID:
for beta in BETA_GRID:
mae, =mae panel(load, cold I, cls, alpha, beta)
load_grid.append({'cls": cls, 'alpha': alpha, 'beta": beta, 'mae'": mae})
load_grid.sort(key=lambda x: x['mae'])
price_grid =[]
for cls in CLS_CHOICES:
for alpha in ALPHA_GRID:
for beta in BETA_GRID:
mae, _=mae_panel(price_a, cold_p, cls, alpha, beta)
price grid.append({'cls': cls, 'alpha': alpha, 'beta': beta, 'mae': mae})
price_grid.sort(key=lambda x: x['mae'])
best_1, best p =load_grid[0], price_grid[0]
base = {'alpha": best_['alpha'], 'beta': best I['beta'], 'cls_1": best_1['cls'],
'alpha_p'": best p['alpha'], 'beta_p" best p['beta'], 'cls_p": best p['cls']}
if verbose:
print([1 BIRE] faf R %s MAE=%.4f kW | By BRI %s MAE=%.5f 7TL/kWh'
% (best_1, best_1['mae'], best_p, best_p['mae']))
grid =]
gf =score_from if grid from is None else grid from
for Win W_GRID:
for pct in P_GRID:
¢ = dict(base); c['win'] = W; c['pct'] = pct * 100.0
m, dg, r, w=simulate(D, ¢, mode='q4-2', score_from=gf, dat=dat,
keep_rows=False)
grid.append({'win': W, 'pct": pct * 100.0, 'cost': m['q4 _total cost'],
'em_kwh'": m['q4_emergency kwh'], 'cur_kwh" m['q4_curtail kwh']})
grid.sort(key=lambda x: x['cost'])
bestm = grid[0]
const = dict(base); const['win'] = bestm['win']; const['pct'] = bestm['pct']

if verbose:
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print([1 BARZE] TR =M (W=%d, p=%.0t%%) 1 BB %.2f JT' % (bestm['win'], bestm['pct'], bestm['cost']))
out = {'const": const, 'calibration": {

'window_days": [gf, D - 1], 'window_dates'": '2025-01-%02d..2025-01-31' % (gf + 1),

'load_grid": load_grid, "price_grid": price_grid,

'redundancy_grid": grid,

rule’: "RRESERSHRERNSEIR | BEO—FWN MAE &/I)\ R (Wp)iE | BEQ 42 BEAS/Y,

'leaky': False}}

return out

S S — Ak

HHRE

def build_ab_schedule_both(dat, D, verbose=True, min_window=31):

" ERY BRERE AR/ SRS END (alphabeta)o """
al, bl = build_ab_schedule(dat['load_a'], dat['cold_1'], D, 'fs', min window=min_window)
ap, bp =build ab_schedule(dat['price_a'], dat['cold p'], D, 'fs', min_window=min window)
if verbose:
for d in (30, 60, 90, 120, 180, 240, 300, 364):
ifd<D:
print(' [ab] E5%3d K(BAO%3d): fAfT a=%.2fb=%.2f | Bt a=%.2f b=%.2f
% (d, d, al[d], bl[d], ap[d], bp[d]), flush=True)
return {'al": al, 'bl": bl, 'ap": ap, 'bp": bp}

def build_wp_schedule(dat, D, PV@, sch_ab, const, cadence=30, triggers=None,
grid w=(3, 5,7, 10, 14, 21, 28), grid_p=(0.60, 0.70, 0.80, 0.88, 0.90),

verbose=True, mode='q4-2'):

" EE Y AN HHEEE (W.p): EHLEEAR.

ik B: triggers £AEN R AXLER (JOMUIL 33/124/218/310); BNE cadence X—X (A 1 B),
win = np.zeros(D, int); pct = np.zeros(D)
cw, cp=7,70.0
log =]
TRG = set(int(x) for x in triggers) if triggers else None
for d in range(D):
hit = (d in TRG) if TRG is not None else (d >=2 and (d - 1) % cadence == 0)
if hitand d >=2:
sub = {k: v[:d] for k, v in sch_ab.items()}
best = None
for W in grid_w:
for p in grid p:
¢ = dict(const); c['win'] = W; ¢['pct'] =p * 100.0
m, d, r, w=simulate(d, c, mode, 1, dat=dat, keep_rows=False,
sched=sub, pv0=PVO0[:d])
if best is None or m['q4_total cost'] < best[0]:
best = (m['q4_total cost'], W, p * 100.0)

192



cw, cp = best[1], best[2]
log.append({'day": d, 'window'": d, 'win': cw, 'pct': cp, 'hist_cost": best[0]})
if verbose:
print(" [wp] %3d R(BH%3d): W=%2d p=%.0f%% (7L EEF %.0f)
% (d, d, cw, cp, best[0]), flush=True)
win[d] = cw; pet[d] = cp

return {'win': win, 'pct": pct}, log

wiw

def leaktest(const, dat=None):
dat = dat or load_all()

res = {}

ok = True

#L1 BEITERRE 1 B: RIFE 31 RENEIBRREN, SRUITZFUMEE
cl = calib(dat=dat, verbose=False)

dat2 = load_all()

dat2['price a'] = dat2['price_a'].copy(); dat2['load a'] = dat2['load a'].copy()
dat2['pv_a'l = dat2['pv_a'].copy()

dat2['price_a'][31:] = 0.0; dat2['load_a'][31:] = 0.0; dat2['pv_a'][31:]= 0.0

c2 = calib(dat=dat2, verbose=False)

s1 = json.dumps(c1['const'], sort_keys=True); s2 = json.dumps(c2['const'], sort_keys=True)
res['L1 calib_invariance'] = {'same': s1 ==s2, 'a": c1['const'], 'b'": c2['const']}

ok &= (sl ==52)

# L2 BRIFE 31 RESEFME > % 0.30 RRERUFE
mA, gA,rA, wA = simulate(31, const, 'q4-2', 0, dat=dat)
mB, gB, B, wB = simulate(31, const, 'q4-2', 0, dat=dat, replace from=31)
mx = 0.0
for k in ('plan0', 'plan’, 'c¢', 'd', 'E', 'S0', 'S1"):
for i in range(len(rA)):
mx = max(mx, float(np.max(np.abs(np.asarray(rA[i][k], float) - np.asarray(rB[i][k], float)))))
res['L2 end to end'] = {'max_abs_diff": mx, 'pass": mx == 0.0, 'days": len(rA),
'cost A": mA['q4 total cost'], 'cost B": mB['q4 total cost']}
ok &= (mx == 0.0)

# L3 FNERERMY: F[d] A& ar[d] RS
arr = dat['load_a']; cold = dat['cold 1']
F = panel(arr, cold, const['alpha'], const['beta'], const['cls I'])
pert = arr.copy(); pert[5:] = 999.0
Fp = panel(pert, cold, const['alpha'], const['beta'], const['cls_1'])
same = bool(np.array_equal(F[:5], Fp[:5]))
res['L3_panel causality'] = {'same_prefix_days 0 4'": same,
'note': 'F[d] RKH arr[<d], BN arr[5:] REEIM F[0..4]'}
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ok &= same

# L4 R BE) A ZEARBRMIMH 1

cold2 = cold * 2.0

F2 = panel(arr, cold2, const['alpha'], const['beta'], const['cls 1'])

same(01 = bool(np.array_equal(F[1:], F2[1:]))

res['L4 no_attl after day0']= {'same from dayl': same01, 'day0 changed": float(np.abs(F[0] - F2[0]).max()) > 0}
ok &= same01

res['ALL_PASS'] = bool(ok)

return res

def evolve_leaktest(dat, const, D@=120, D1=155, scope='all', mode='qg4-2'):

mmﬂ'i&{%*ﬁﬁ&ﬂ’\]l}ﬁiﬂ?ﬁ*ﬁgﬁo

T1 8BrEM: A D=D0 HAIAE/IREK, 5 D=-DI BB Do XEXLIMESEE 0 BHHN
F—E, HIUZAIAERl
T2 ZiE5HI0%: D AL, 85 DO KIEERY arr PURHIR{E, ERUBTTEF L,
T3 PVO ER: 22X M52 5 DO KEEHIFMAIIR, PVO[DO] 5 6 B5HHHURAFE,
res = {}; ok = True
PVO0a = np.full(DO, T), np.nan)
for d in range(DO0):
PVO0a[d] = pv_stage(dat['V'], dat['SIG'], d, d * 24, scope)[0]
schA = build_ab_schedule both(dat, DO, verbose=False)
WwpA, logA =build wp_schedule(dat, DO, PVO0a, schA, const, verbose=False, mode=mode)
sA = dict(schA); sA.update(wpA)
mA, gA,rA, wA =simulate(DO0, const, mode, 31, dat=dat, scope=scope, sched=sA, pv0=PVO0a)

#T1: D=DI, % D0 Ri2SLFREE 0
P1 = np.full(D1, T), np.nan)
for d in range(D1):
P1[d] = pv_stage(dat['"V'], dat['SIG'"], d, d * 24, scope)[0]
schB =build_ab_schedule_both(dat, D1, verbose=False)
wpB, 1B =build wp_schedule(dat, D1, P1, schB, const, verbose=False, mode=mode)
sB = dict(schB); sB.update(wpB)
mB, gB, B, wB =simulate(D1, const, mode, 31, dat=dat, scope=scope, sched=sB, pv0=P1,
replace_from=D0)
dev=0.0
for k in (‘al', 'bl', 'ap', 'bp"):
dev = max(dev, float(np.max(np.abs(sA[k] - schB[k][:DO0]))))
for k in ('win', 'pct'):
dev = max(dev, float(np.max(np.abs(wpA[k] - wpB[k][:D0]))))
mxd = 0.0
n = min(len(rA), len(rB))
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for k in ('plan0', 'plan’, 'c¢', 'd', 'E', 'S0', 'S1"):
for i in range(n):
mxd = max(mxd, float(np.max(np.abs(np.asarray(rA[i][k], float)
- np.asarray(rB[i][k], float)))))
res['T1_truncation_equivalence'] = {'D0": DO, 'D1": D1, 'schedule _max_diff": dev,
'decision_max_diff": mxd, 'days_compared": n,
'pass": (dev == 0.0 and mxd == 0.0)}

ok &=res['T1_truncation_equivalence']['pass']

#T2: DRI, BT arr[DO:]

d2 = load_all(dat['inp_path'], None, dat['sigma_path'])

d2['load_a'l = d2['load_a'].copy(); d2['price_a'] = d2['price_a'].copy()

d2['pv_a'] =d2['pv_a'].copy()

d2['load_a'l[D0:] =999.0; d2['price_a'][D0:] =9.99; d2['pv_a'][D0:] = 999.0
schC = build ab_schedule both(d2, D0, verbose=False)

dev2 = max(float(np.max(np.abs(schA[k] - schC[k]))) for k in (‘al', 'bl', 'ap', 'bp'))
res['T2_static no_lookahead'] = {'schedule max_diff": dev2, 'pass" dev2 == 0.0}
ok &= (dev2 ==0.0)

#T3: PVO FIR
PVOb = np.full((DO, T), np.nan)
d3 =load_all(dat['inp_path'], None, dat['sigma_path'])
d3['pv_a'] =d3['pv_a'].copy(); d3['pv_a'][D0:] = 0.0
for d in range(DO):

PVOb[d] = pv_stage(d3['V'], d3['SIG'], d, d * 24, scope)[0]
same = bool(np.array equal(PV0a, PVOb, equal nan=True))
res['T3 pv0_causality'] = {'same': same, 'pass': same}

ok &= same

#T4: AERFEER SHRASKHLERKMNE, FEREIREE)
res['T4_schedule summary'] = {
'ab_days'": [0, 30, 60, 90, 120, 180, 240, 300, 364],
'load_beta': [float(sA['bl'][d]) for d in (0, 30, 60, 90, 119, 180, 240, 300, 364) if d <DO],
'price_beta': [float(sA['bp'][d]) for d in (0, 30, 60, 90, 119, 180, 240, 300, 364) if d < DO],
'wp_log': logA}
res['"ALL_PASS'] = bool(ok)

return res

def verify(dat, mode, outdir):

" IRITERZ: M solution json BB / RIZLAR / RiZEEETE, "
sol = json.load(open(os.path.join(outdir, 'solution.json'), encoding="ut{-8'"))

dt = dat['dt']; st = dat['storage']

eta = float(st['efficiency']); Pmax = float(st['power_max'])

smin = float(st['soc_min']); smax = float(st['soc_max'])

days = sol['days']

ch=di=em=cur=0.0
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soc_viol = 0; pw_viol = 0; bal =[]
cost =0.0; cost_em = 0.0; cost_dev=0.0
pv0 = {}
V = dat['V']; SIG = dat['SIG"]
for i, d in enumerate(days):
PO = np.asarray(sol['plan0'][i]); P = np.asarray(sol['plan'][i])
E = np.asarray(sol['E"][i])
C = np.asarray(sol['c'][i]); Dd = np.asarray(sol['d'][i])
pa = dat['price_a'][d]
bal.append(float(np.sum(eta * C - Dd / eta) * dt - (sol['S1'][i] - sol['S0'][i])))
ch += float(C.sum() * dt); di += float(Dd.sum() * dt); em += float(E.sum() * dt)
pw_viol += int((C > Pmax + le-6).sum() + (Dd > Pmax + le-6).sum())
cost += float(np.sum(pa * np.minimum(P0, P)) * dt) # R ER 5
cost_dev += float(np.sum(0.5 * pa * np.maximum(0, PO - P)
+ 1.5 * pa * np.maximum(0, P - P0)) * dt) # fREZL5
cost em += 5.0 * float(np.dot(pa, E)) * dt
S0 = np.asarray(sol['S0"], float); S1 = np.asarray(sol['S1'], float)
soc_viol = int(((np.concatenate([SO, S1[-1:]]) < smin - le-6).sum()
+ (np.concatenate([SO, S1[-1:]]) > smax + 1e-6).sum()))
return {'days" len(days), 'first day": days[0], 'last day": days[-1],
'recomputed purchase cost": cost, Tecomputed adjust_cost': cost_dev,
'recomputed emergency cost'’: cost_em,
'recomputed_total': cost + cost_dev + cost_em,
'charge kwh': ch, 'discharge kwh'": di, 'roundtrip_ratio': di / ch if ch else None,
‘emergency_kwh': em,
‘energy balance _max_abs_err': max(abs(x) for x in bal),
'soc_min'": float(min(S0.min(), S1.min())), 'soc_max'": float(max(S0.max(), S1.max())),
'soc_violations'": soc_viol, 'power violations': pw_viol,

'soc_start": float(S0[0]), 'soc_end': float(S1[-1])}

_______________________ — ————- -—- CLI

def main():
ap = argparse.ArgumentParser()

ap.add_argument('--task', required=True,
choices=['calib', 'solve', 'leaktest', 'panel', 'surface', 'gridwp',

‘calibabwp', 'evolve', 'evolveleak', 'verify'])
ap.add_argument('--mode', default="q4-2', choices=['q4-2', 'q4-3'])
ap.add_argument('--const', default=", help="tRELER json (calib )"
ap.add_argument('--out', default=")
ap.add_argument('--input', default=")
ap.add_argument('--sigma’, default=SIGMA_DEFAULT)
ap.add_argument('--scope', default="all', choices=["all', 'same-day'])
ap.add_argument('--score-from', type=int, default=31, dest="score_from")
ap.add_argument('--stop-day', type=int, default=0, dest='stop_day")
ap.add_argument('--replace-actual-from', type=int, default=0, dest="replace from")
ap.add_argument('--calib-from', type=int, default=1, dest='calib_from")
ap.add_argument('--cadence', type=int, default=30, help="evolve: (W,p) EFrEEHH(X)")
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ap.add_argument('--wp-only', action='store_true', dest="wp_only")
ap.add_argument('--min-window', type=int, default=31, dest="min_window',
help="evolve: (alpha,beta) ¥ BEN&/IMHITEOCK))
ap.add_argument('--wp-grid', default="full', choices=["full', 'coarse'], dest="wp_grid')
ap.add_argument('--triggers', default=", help="evolve: IS 23FREY (W,p) EFrEH, BZE --cadence)

a = ap.parse_args()

dat =load _all(a.input or None, None, a.sigma)
if a.task == 'calib"
out = calib(dat=dat, grid_from=a.calib_from, score_from=a.calib_from)
elif a.task == 'leaktest":
const = json.load(open(a.const, encoding="utf-8"))['const']
out = leaktest(const, dat)
elif a.task == 'evolveleak":
const = json.load(open(a.const, encoding="utf-8"))['const']
out = evolve_leaktest(dat, const, DO=a.stop_day or 120, D1=(a.stop_day or 120) + 35,
scope=a.scope, mode=a.mode)
print(json.dumps({k: v for k, v in out.items() if k !="'T4 schedule summary'},
ensure_ascii=False, indent=1))
elif a.task == 'verify"
const = json.load(open(a.const, encoding="utf-8"))['const'] if a.const else {}
out = verify(dat, a.mode, a.out)
print(json.dumps(out, ensure_ascii=False, indent=1))
elif a.task == "evolve":
const = json.load(open(a.const, encoding="utf-8"))['const']
D = a.stop_day or 365
PVO = np.full((D, T), np.nan)
for d in range(D):
PVO[d] = pv_stage(dat['V'], dat['SIG"], d, d * 24, a.scope)[0]
schp = os.path.join(a.out, 'schedule.json') if a.out else "
if a.wp_only and schp and os.path.isfile(schp):
o = json.load(open(schp, encoding="ut{-8'))
sch_ab = {k: np.asarray(v, float) for k, v in o['ab'].items()}
sch_wp = {k: np.asarray(v, float) for k, v in o['wp'].items()}
log = o.get('wp_log', [1)
else:
sch_ab =build _ab_schedule both(dat, D, min_window=a.min_window)
trg = [int(x) for x in a.triggers.split(',") if x.strip()] if a.triggers else None
sch_wp, log =build_wp_schedule(dat, D, PVO0, sch_ab, const, cadence=a.cadence,
triggers=trg, mode=a.mode,
grid w=(3, 5,7, 10, 14, 21, 28) if a.wp_grid =="full' else (3, 5, 7, 14, 21),
grid p=(0.60, 0.70, 0.80, 0.88, 0.90) if a.wp_grid == "full' else (0.60, 0.70, 0.80, 0.88))
sched = dict(sch_ab); sched.update(sch_wp)
m, dg, rows, win = simulate(D, const, a.mode, a.score_from, dat=dat, scope=a.scope,
sched=sched, pv0=PV0)
dg['evolve'] = {'cadence_days': a.cadence, 'min_window": a.min_window,

'triggers': a.triggers or None,
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'ab_grid": 'alpha 6 x beta 6, X HY BE MAE,
'wp_grid: "W 7xp 5, 8 %d KiZ[HEEEER' % a.cadence,
'wp_log': log, 'leaky': False}
out = {'metrics": m, 'diagnostics': dg}
if a.out:
os.makedirs(a.out, exist ok=True)
json.dump({'days": [r['day'] for r in rows],
'plan0': [r['plan0'].tolist() for r in rows],
‘plan': [r['plan'].tolist() for r in rows],
'c": [r['c'].tolist() for r in rows], 'd": [r['d'].tolist() for r in rows],
'E": [r['E'].tolist() for r in rows],
'S0": [r['S0'] for r in rows], 'S1": [r['S1'] for r in rows]},
open(os.path.join(a.out, 'solution.json'), 'w', encoding="ut{-8'))
json.dump(win, open(os.path.join(a.out, 'windows.json'), 'w', encoding="utf-8'),
ensure_ascii=False)
json.dump({'argv": sys.argv, 'mode': a.mode, 'scope': a.scope, 'const': const,
‘created_at_utc': datetime.datetime.utcnow().strftime("%Y-%m-%dT%H:%M:%SZ'),
'ab': {k: [float(x) for x in v] for k, v in sch_ab.items()},
'wp': {k: [float(x) for x in v] for k, v in sch_wp.items()},
'wp_log": log},
open(schp, 'W', encoding="utf-8'), ensure_ascii=False, indent=1)
json.dump(out, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8'),
ensure_ascii=False, indent=1)
print(evolve[%s]: 2 %.2f= 3 % 2f+RE %2f+ £ %.2f(%.2fkWh) FEB %.1f K %d
% (a.mode, m['q4 _total cost'], m['q4 purchase cost'], m['q4 adjust cost'],
m['q4_emergency cost'], m['q4_emergency kwh'], m['q4 curtail kwh'], m['score_days']))
return
elif a.task == 'calibabwp':
base = json.load(open(a.const, encoding="utf-8"))['const']
D =a.stop_day or 31
tab =]
for alpha in ALPHA GRID:
for beta in BETA_GRID:
for Win W_GRID:
for pctin P_GRID:
¢ = dict(base); c['alpha'] = alpha; c['beta'] = beta
c['win'] = W; ¢['pct'] = pct * 100.0
m, d, r, w=simulate(D, c,'q4-2', 1, dat=dat, keep_rows=False)
tab.append({'alpha': alpha, 'beta": beta, 'win': W, 'pct": pct * 100.0,
'cost': m['q4_total cost'], 'em_kwh": m['q4_emergency kwh'],
‘cur_kwh': m['q4_curtail_kwh']})
tab.sort(key=lambda x: x['cost'])
out = {'joint_jan_surface': tab, 'n': len(tab),
mote: 'l AEO (F 1.%d X) A 4-2 2EEFEX (alpha L,beta LW,p) BIBESME; cls=fs, BN SEE 1 B
MAE &fi' % (D - 1)}
print(json.dumps(out['joint_jan surface'][:10], ensure ascii=False, indent=1))
elif a.task == "gridwp":

const = json.load(open(a.const, encoding="utf-8"))['const']
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D =a.stop_day or 365
tab =[]
for Win W_GRID:
for pct in (0.60, 0.70, 0.80, 0.88, 0.90):
¢ = dict(const); c['win'] = W; ¢['pct'] = pct * 100.0
m, d, r, w=simulate(D, c,'q4-2', a.score_from, dat=dat, keep rows=False)
tab.append({'win": W, "pct': pct * 100.0, 'cost’: m['q4_total cost'],
'em_kwh": m['q4_emergency kwh'], 'purchase’: m['q4_purchase cost'],
‘cur_kwh'": m['q4_curtail_kwh']})
print(" W=%2d p=%4.1f cost=%.2f em=%.1f cur=%.1f
% (W, pct * 100, m['q4 _total cost'], m['q4_emergency kwh'],
m['q4 curtail kwh']), flush=True)
tab.sort(key=lambda x: x['cost'])
out = {'grid": tab, 'stop_day": D, 'score_from': a.score_from,
'note’: "EH (B %d..%d X) A 4-2 SERAX (W.,p) BISURE' % (a.score from, D - 1)}
elif a.task == "surface":
const = json.load(open(a.const, encoding="utf-8"))['const']
D =a.stop_day or 31
tab =]
for cls in CLS_CHOICES:
for alpha in ALPHA GRID:
for beta in BETA_GRID:
¢ = dict(const); c['alpha'] = alpha; c['beta'] = beta; c['cls_1"] =cls
m, d, r, w=simulate(D, c, 'q4-2', 1, dat=dat, keep rows=False)
tab.append({'cls": cls, 'alpha': alpha, 'beta": beta,
'cost': m['q4_total cost'], 'em_kwh" m['q4_emergency kwh'],
'purchase": m['q4_purchase cost']})
tab.sort(key=lambda x: x['cost'])
out = {'ab_cost_surface": tab, 'stop_day": D,
note': 'l BEO (B 1.%d X) AR 4-2 BEAXM (alpha,beta,cls) FISURE' % (D - 1)}
elif a.task == 'panel"
const = json.load(open(a.const, encoding="utf-8"))['const']
D =a.stop_day or 365
pf = panel(dat['price_a'], dat['cold p'], const['alpha p'], const['beta p'], const['cls p'], D)
If = panel(dat['load_a'], dat['cold_1'], const['alpha'], const['beta'], const['cls_I'], D)
out = {'price_mae_jan": float(np.abs(pf[1:31] - dat['price_a'][1:31]).mean()),
'load_mae_jan': float(np.abs(1f[1:31] - dat['load_a'][1:31]).mean()),
'price_mae_after feb': float(np.abs(pf[31:D] - dat['price_a'][31:D]).mean()),
'load mae after feb": float(np.abs(1f[31:D] - dat['load a'][31:D]).mean()),
'const'": const}
else:
const = json.load(open(a.const, encoding="utf-8"))['const']
D =a.stop_day or 365
m, dg, rows, win = simulate(D, const, a.mode, a.score_from, dat=dat, scope=a.scope,
replace_from=a.replace_from)
out = {'metrics": m, 'diagnostics": dg}
if a.out:

os.makedirs(a.out, exist ok=True)
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json.dump({'days": [r['day'] for r in rows],
'plan0': [r['plan0'].tolist() for r in rows],
‘plan': [r['plan'].tolist() for r in rows],
'c": [r['c'].tolist() for r in rows], 'd": [r['d'].tolist() for r in rows],
'E": [r['E'].tolist() for r in rows],
'S0": [r['S0'] for r in rows], 'S1": [r['S1'] for r in rows]},
open(os.path.join(a.out, 'solution.json'), 'w', encoding="ut{-8'))

json.dump(win, open(os.path.join(a.out, 'windows.json'), 'w', encoding="utf-8'),
ensure_ascii=False)

json.dump({'argv': sys.argv, 'cwd': os.getcwd(), 'mode': a.mode, 'scope': a.scope,
‘created_at_utc': datetime.datetime.utcnow().strftime("%Y-%m-%dT%H:%M:%SZ'),
'const': const, 'score_from'": a.score from, 'stop_day": a.stop_day},
open(os.path.join(a.out, 'receipt.json'), 'w', encoding="utf-8'"),
ensure_ascii=False, indent=1)

print(‘%s[%s]: & %.2f= 3 %2f+ RE %2f+ B2 %21 (%.2fkWh) FE %.1f X %d'
% (a.mode, a.scope, m['q4_total cost'], m['q4_purchase cost'], m['q4_adjust_cost'],

m['q4_emergency cost'], m['q4_emergency kwh'], m['q4_curtail kwh'], m['score_days']))

if a.task in ('calib’, 'leaktest', 'panel’, 'surface', 'gridwp', 'calibabwp', 'evolveleak’,
'verify') and a.out:
os.makedirs(a.out, exist ok=True)
if a.out and a.task !="solve"
json.dump(out, open(os.path.join(a.out, {'calib" 'g4-calib.json',
'leaktest': 'q4-leaktest.json',
'surface': 'q4-ab-surface.json',
'gridwp": 'q4-wp-grid.json’,
'calibabwp": 'q4-joint-jan.json',
'evolveleak': 'q4-evolve-leaktest.json',
‘verify': 'q4-verify.json',
'panel': 'q4-panel.json'}[a.task]),
'w', encoding="utf-8"), ensure_ascii=False, indent=1)
if a.out and a.task == "solve":
json.dump(out, open(os.path.join(a.out, 'metrics.json'), 'w', encoding="utf-8"),
ensure_ascii=False, indent=1)
if a.task == 'calib":
print("& %%, json.dumps(out['const'], ensure_ascii=False))
elif a.task == 'leaktest":
print(json.dumps(out, ensure_ascii=False, indent=1)[:2000])
elif a.task == "surface":
for g in out['ab_cost_surface'][:12]:
print( ', g)
elif a.task == "gridwp":
for g in out['grid'][:12]:
print(' ', g)

if __name__
main()

'__main__':
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D.2.68 SCIEARLAREG/04 A EIU/q4_validate.py

import os

-*- coding: utf-8 -*-

"R I,
import json, numpy as np, openpyxl
from pathlib import Path
proj = Path(os.environ.get("CUMCM_ROOT", ".")); root = proj/"paper_output_pro"
dt=1.0/6.0; eta=0.9; Pmax=5000.0; soc_min,soc_max=1200.0,10800.0; soc0=6000.0; T=144; D=365
def load_att2():
whb=openpyxl.load_workbook(proj/"problem_files/Hf4/Ff4 2.xIsx",read_only=True,data_only=True)

load=np.array([[float(c) for ¢ in r[1:]] for r in list(wb["/NX faE"].iter_rows(values_only=True))[1:]],dtype=float)
pv=np.array([[float(c) for c in r{1:]] for r in list(wb["YEfR & EBIZFRINZR "] iter_rows(values_only=True))[1:]],dtype=float)

return load,pv

load_actual,pv_actual=load_att2()
data=json.loads((root/"data_cleaned/q4_result_cache.json").read_text(encoding="utf-8"))
prices4=np.array(data[“prices4"]); g42=data["q42"]; g43=data["q43"]

R=[]

def chk(n,name,ok,det=""):

R.append((n,name,ok,det)); print(f'[{n}] {'PASS"if ok else 'FAIL'} {name} {det}")

def check_common(daily, label):
v_bal=v_soc=v_pow=v_neg=0; worst=0.0; lo=1€9; hi=-1¢9; mc=0; md=0

soc=soc(
for day in daily:

a=np.array(day["a"]); c=np.array(day["c"]); dd=np.array(day["d"]); E=np.array(day["E"])

L=load _actual[day["day"]]; P=pv_actual[day["day"]]

gap=((L+c)-(atdd+E+P)).max(); worst=max(worst,gap)

if gap>le-6: v_bal+=1

if (a<-1e-9).any() or (c<-1e-9).any() or (dd<-1e-9).any() or (E<-1e-9).any(): v_neg+=1

mec=max(mc,c.max()); md=max(md,dd.max())

if c.max()>Pmax+1e-6 or dd.max()>Pmax+le-6: v_pow+=1

s=np.zeros(T+1); s[0]=soc

for t in range(T): s[t+1]=s[t]+eta*c[t]*dt-dd[t]*dt/eta

lo=min(lo,s.min()); hi=max(hi,s.max())

if s.min()<soc_min-1e-6 or s.max()>soc_max+le-6: v_soct+=1

soc=s[-1]
chk(label+"-TAELFHE", v_bal==0, "IER={v_bal}, SxATRO={worst:2¢}")
chk(label+"-SOCE[1200,10800]", v_soc==0, f"i&E & ={v_soc}, SEE=[ {lo:.2f}, {hi:.2f}]")
chk(label+"-FEREE<5000kW", v_pow==0, f"'max c={mc:.1f}, max d={md:.1f}")
chk(label+"-JEfA", v_neg==0, f"FE/R={v_neg}")

Q42 pfEA a

for x in g42: x["a"]=x["p"]
check_common(q42, "Q4-2")

BRI ER

pr=prices4[day["day"]]; p=np.array(day["p"]); E=np.array(day["E"])
return float(np.dot(pr,p)*dt)+5.0*float(np.dot(pr,E)*dt)

t42=sum(c42(x) for x in q42[31:])
chk("Q4-2- A EH=-12841054.36", abs(t42-12841054.36)<1.0, f"EH={t42:.2f}")
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check_common(q43, "Q4-3")
def c43(day):

pr=prices4[day["day"]]; a=np.array(day["a"]); p=np.array(day["p"]); E=np.array(day["E"])
return float(np.dot(pr,a)*dt)+0.5*float(np.dot(pr,np.abs(a-p))*dt)+5.0*float(np.dot(pr,E) *dt)

t43=sum(c43(x) for x in q43[31:])
chk("Q4-3-FAEH=--14418420.26", abs(t43-14418420.26)<1.0, f"EH={t43:.2f}")

5H: 0-6 BTE T A%

bad=sum(1 for x in g43 if not np.allclose(np.array(x["a"])[@:36], np.array(x["p"])[0:36], atol=1le-6))
chk("Q4-3-4515(0-6BY a=p)", bad==0, f"iERKX¥={bad}")

xlsx 3Z X %%}

wb2=openpyx1l.load_workbook(root/"result4-2.x1sx",data_only=True)
wb3=openpyx1.load_workbook(root/"result4-3.x1sx",data_only=True)
m=0
for i,x in enumerate(q42[31:]):
r=i+2
if abs(wb2[" i1 XIMIEE 2 "].cell(row=r,column=146).value - sum(x["p"])*dt)>0.01: m+=1

chk("result4-2-2XIHHMWBE—K", m==0, f"F—H={m}")
m=0
for i,x in enumerate(q43[31:]):

r=i+2

if abs(wb3["iTXIMIEB £ "].cell(row=r,column=146).value - sum(x["p"])*dt)>0.01: m+=1
if abs(wb3["JAEE M EB £"].cell(row=r,column=146).value - sum(x["a"])*dt)>0.01: m+=1
chk("result4-3-it%l/ AL RXWBE—K", m==0, f"F—H={m}")

At

tot42=sum(wb2["ITRIMIEE"].cell(row=i+2,column=147).value for i in range(334))
chk("result4-2- % £ it & M9 B8 2% =~ 12841054", abs(tot42-sum(float(np.dot(pricesa[x["day"]],x["p"]1)*dt) for x in g42[31:]))<20,
f"xlsx={tot42:.2f}")

n=sum(1l for x in R if x[2])

print(f"\n=== [A@4 #%¥: {n}/{len(R)} &I ==="

(root/"analysis/q4_validation_report.txt").write_text("\n".join(f"[{a}] {'PASS' if b else 'FAIL'} {c} {d}" for a,c,b,d in
[(x[@],x[1],x[2],x[3]) for x in R]), encoding="utf-8")

print("saved analysis/q4_validation_report.txt")

D.2.69 SCHAARAHG/05_HHE T /jieqi.py
-*- coding: utf-8 -*-

"""2025 FZFITHSEZ (Meeus EIEEKRPEMELE, FBE ~0.01 E = 15 %), """

import math, datetime as dt

TERMS = [VNE'CAE IR CROK, CIRR RS, RR AW, UE, UNE ER,CEE,
VB KRB BB ) R RS TR NS AT R R

def jd_from_dt(x):
y, m = X.year, X.month

d =x.day + (x.hour + x.minute / 60 + x.second / 3600) / 24
ifm<=2:
y-=Im+=12
a=y//100;b=2-a+a//4
return int(365.25 * (y +4716)) + int(30.6001 * (m + 1)) +d + b - 1524.5

def dt_from_jd(jd):
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jd+=0.5
z=1int(jd); f=jd - z
if z<2299161:
a=z
else:
al =int((z - 1867216.25) / 36524.25);a=z+ 1 +al-al// 4
b=a+ 1524; c=int((b - 122.1) / 365.25); dd = int(365.25 * ¢); e = int((b - dd) / 30.6001)
day =b - dd - int(30.6001 * e) + f
mon=e¢-life<l4elsee-13
yr=c-4716 if mon > 2 else ¢ - 4715
di = int(day); frac = (day - di) * 24
hh = int(frac); mm = int((frac - hh) * 60)

return dt.datetime(yr, mon, di, hh, mm)

def sun_lon(jd):
T =(jd - 2451545.0) / 36525.0

L0 =280.46646 + 36000.76983 * T + 0.0003032 * T * T
M = math.radians(357.52911 + 35999.05029 * T - 0.0001537 * T * T)
C=((1.914602 - 0.004817 * T - 0.000014 * T * T) * math.sin(M)

+(0.019993 - 0.000101 * T) * math.sin(2 * M) + 0.000289 * math.sin(3 * M))
om = math.radians(125.04 - 1934.136 * T)
lam = L0 + C - 0.00569 - 0.00478 * math.sin(om)
return lam % 360.0

def find_term(target_deg, jdo, jdi1):
lo, hi = jdo, jd1

for _in range(60):
mid = (lo +hi) /2
d = (sun_lon(mid) - target deg) % 360.0
if d > 180:
lo =mid
else:
hi =mid
return (lo + hi) /2

def all_terms():
out =[]

for i, nm in enumerate(TERMS):
deg=(285+ 15 * i) % 360
jd0 =jd_from_dt(dt.datetime(2025, 1, 1)) + (i * 15.2)
jd=find_term(deg, jdO, jdO + 20)
out.append((nm, dt_from jd(jd)))

return out

def lon_of(date):

"EH 0:00(UTC) RIKRPAMIELE ()"
return sun_lon(jd_from_dt(dt.datetime(date.year, date.month, date.day)))

if __name__ == '__main__"':
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out = all_terms()

_unused =0

if __name__ == '__main__":
_o=all_terms()

for nm, tin o:
print('%-4s %s' % (_nm, _t.strftime("%Y-%m-%d %H:%M")))
print()
print(4E2Z 8 (FUI1):")
for nmin (X&', M E', UK, IIE):
for n2, tin o:
if n2== nm:
print(" %s %s' % (_nm, _t.strftime('%Y-%m-%d %H:%M")))
print( ZHZFE (BBIETE HEARIEKIR):")
for nmin (B, 'BEE, 5D, 'LE"):
for n2, tin o:
if n2== nm:

print(" %s %s' % (_nm, _t.strftime('%Y-%m-%d %H:%M")))
D.2.70 SCHEMEVAARS/05_BHE A HT/q4_diag.py
-*- coding: utf-8 -*-

"rRlEP JSET (E1-E4): BELEN / hERETEE / FHRE / REFE.

SEUIAMME 2. M 4 £F; HRAKXRKREESKRHAT 2024-11-12 B (BAEHMES).
i UTF-8 X3RS,

import os, json, sys, datetime as dt
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
ouT = []

def P(*a):
OUT.append(' "join(str(x) for x in a))

DO = dt.date(2025, 1, 1)

DAY = [DO + dt.timedelta(days=i) for i in range(365)]

WD = np.array([d.weekday() for d in DAY])

MON = np.array([d.month for d in DAY])

NAME7 = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri‘, 'Sat', 'Sun']

2025 FEEVHHRHE ESEDPAT 2024-11-12); Sk

HOLIDAY = {}

for md, nm in ((('e1-e1'), ';TE'), (('e1-28'), 'HET/MY '), (('e1-29"), 'HET/M—"),

((01-30"), "ET/H "), ((01-31"), "ET /A=), ((02-01"), 'FT/HIE),
(('02-02"), "ET/HE"), ((02-03"), "ET/AI7X), ((02-04"), ' FET/HE,
(('04-04", SEBAY, (('04-05"), TEERY), (('04-06"), '7EERY),

(('05-01"), "SFRITIY, (('05-02"), 'SFENTI"), (('05-03"), 'FHEhTH),
(('05-04"), 'SBEITI'), (('05-05"), 'FHEIT",

(('05-31"), "HwHF"), (('06-01"), 'HHAF), ((06-02"), 'IHEF"),

(('10-01"), '"EIFRAFK), (('10-02"), 'EIRAFFX), (('10-03"), 'EKFBF),
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(('10-04", 'EIERHFLY, (('10-05Y, 'EERAHFK), ((10-06"), 'EXKFF//\B+H"),
(('10-07"), '"EIFRAFK), (('10-08"), 'ERFAFK)):

y, m, d = 2025, int(md[:2]), int(md[3:])

HOLIDAY[(m, d)] = nm

WORK_OVERRIDE = {(1, 26): '&WiAKLIE', (2, 8): 'FNIAMKLI",
4, 27): 'SFaPHIAKR_LERL, (9, 28): 'ERIEMR_EL, (10, 11): 'BEXKEAR LI

LUNAR = {(1, 28): ‘B, (1, 29): 'IEB¥—', (2, 12): 'EB+EH/TH"', (3, 1): '“AMZ/kiak,
4, 4): 5888, (5, 3D): ' BAAYMAERF, 8,29): ' tA¥t/ES", 9, 6):'tBA+R/HT,

(10, 6): J\B+H/MHFX, (10, 29): ' FLBFSVERR, (12, 21): '&F', (6,21): 'BE,
(3,20): '&E5, 9, 23): ‘T

def load():
p = os.path.join(ROOT, 'paper_output pro', 'data_cleaned', 'q4_input.json')

d = json.load(open(p, encoding="utf-8'))
L = np.asarray(d['load_actual'], float)

V = np.asarray(d['pv_actual'], float)

R = np.asarray(d['price_actual'], float)

return L.mean(axis=1), V.mean(axis=1), R.mean(axis=1), L, V, R

def el(1lm, pm, rm):

P(='* 92)
P(E1 BELEMPHR: RAREIIEEW/LX?)
P('='* 92)

P("%-5s %5s %10s %10s %10s %10s' % (248, ', 'BIgRaE, 'BIYAR, BYERN, HExd2E))
base = Im.mean()
for k in range(7):
m=WD==k
P("%-5s %5d %10.1f %10.1f %10.4f %+9.11%%'
% (NAME7[k], m.sum(), Im[m].mean(), pm[m].mean(), rm[m].mean(), 100 * (Im[m].mean() / base - 1)))
P()

PMEEBESANLENESNE EARNBYARNKRELEE, BT
cand = {"{/AF, 75} lambda w: w in (4, 5), "{E7~, A H}" lambda w: w in (5, 6),
YRBR, A7 BBY: lambda w: win (4, 5, 6), '{E75}': lambda w: w == 5,

AR} lambda w: w == 6, '3 EH" lambda w: False}
for nm, f in cand.items():
g = np.array([f(w) for w in WD])
res = np.zeros(365)
for v in (True, False):
if (g = v).any():
res[g == v] = Im[g == v] - Im[g == v].mean()
P( %-16s LHRFRE std=%7.1fkW (4AEL %d, ZEEBER %s)
% (nm, res.std(), len(set(g.tolist())), [int((g == v).sum()) for v in (True, False)]))
P(")
P(1 BEORNE—LLER (RA 1 B, KREEEEREPHR))
jan = np.arange(365) <31
for nm, f in cand.items():
g = np.array([f(w) for w in WD]) & jan
res = np.zeros(365)
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for v in (True, False):
if (g ==v).any():
res[g == v] = Im[g == v] - Im[g == v].mean()
P( %-16s1 BLARTERE std = %7.1f kW' % (nm, res[jan].std()))
P(”)

def e2(1m, pm, rm):

P(='*92)

P(E2 FEMEFH /EET R BRI

P(='*92)

P(2025 ERIRTHERIR: ESROAT 2024-11-12 8 (ERIEH, IERFKEE)

P(")

P('%-12s %-10s %-4s %10s %10s %10s %12s' % (B ER", BN, 257, 'B3gaf, ‘B9 R, 'BEEn, ARELR
=)

for i, d in enumerate(DAY):
key = (d.month, d.day)
if key in HOLIDAY or key in WORK_OVERRIDE:
nm = HOLIDAYTkey] if key in HOLIDAY else WORK_OVERRIDE[key]
# EEHEEL: 2R, IFFARBEZEYE
mask = np.array([(WD[j] == WD[i]) and ((DAY[j].month, DAY[j].day) not in HOLIDAY)
and ((DAY[j].month, DAY([j].day) not in WORK OVERRIDE) for j in range(365)])
bl = Im[mask].mean()
P('%-12s %-10s %-4s %10.1f %10.1f %10.4f %+11.1f%%'
% (d.strftime('%m-%d'), nm, NAME7[WD[i]], Im[i], pm[i], rm[i], 100 * (Im[i] / bl - 1)))
P(")
hol = np.array([(d.month, d.day) in HOLIDAY for d in DAY])
P(LEEEMRA vs 2EFIEBRA: AT %.1fvs %. 1T kW (%+.11%%), B %.4f vs %.4f (%t 1£%%)'
% (Im[hol].mean(), Im[~hol].mean(), 100 * (Im[hol].mean() / Im[~hol].mean() - 1),
rm[hol].mean(), rm[~hol].mean(), 100 * (rm[hol].mean() / rm[~hol].mean() - 1)))
ovr = np.array([(d.month, d.day) in WORK OVERRIDE for d in DAY])
POEMARLEIIMAR vs £EPER: AT %.1fvs % 1FkW (%+.11%%), BB %.4f vs %.4 (Y%ot.1f%%)'
% (Im[ovr].mean(), Im[WD >= 5].mean(), 100 * (Im[ovr].mean() / Im[WD >= 5].mean() - 1),
rm[ovr].mean(), rm[WD >= 5].mean(), 100 * (rm[ovr].mean() / rm[WD >= 5].mean() - 1)))
P(")
POk FIRETEBENTRAMN: A—A#H. B—HE. 3HRA) BAEL)
P('%-14s %-12s %8s %10s %10s %12s' % ({RER, BEBHER, K&, BREPARE, BERREL, RE"))
for nm in (&, "B, 'FehT, TWF, ERAPK):
idx = [i for i, dt_in enumerate(DAY) if HOLIDAY .get((dt .month, dt _.day), ").startswith(nm)]
if not idx:
continue
devs =]
for i in idx:
bmask = np.array([(DAY[j].month == DAY[i].month) and (WD[j] == WD[i])
and ((DAY[j].month, DAY(j].day) not in HOLIDAY)
and ((DAY[j].month, DAYj].day) not in WORK_ OVERRIDE)
for j in range(365)])
if bmask.sum() > 0:

devs.append(100 * (Im[i] / Im[bmask].mean() - 1))
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P('%-10s %-26s %4d X ZHREAREBRRE 1B %+6.2f%% KE [%+.2(%%, %o+.2{%%]'
% (nm, ',".join("%d/%d' % (DAY/[i].month, DAYTi].day) for i in idx), len(idx),
np.mean(devs), min(devs), max(devs)))
P(")
P(PAA/MSESB)
for i, d in enumerate(DAY):
key = (d.month, d.day)
if key in LUNAR:
mask = np.array([(WD[j] == WD[i]) and ((DAY[j].month, DAYTj].day) not in HOLIDAY) for j in range(365)])
bl = Im[mask].mean()
P(' %-12s %-16s %-4s SAfar %8.1f (%+6.1f%%) BB %.4f
% (d.strftime('%m-%d'), LUNAR[key], NAME7[WD([i]], Im[i], 100 * (Im[i] / bl - 1), rm[i]))
P(")

def e3(1m, pm, rm):

P(='*92)
P(E3 T ZXBARBZRAKF)
P(='*92)

lo = np.array([w in (4, 5) for w in WD])
P('%-4s %8s %10s %10s %10s %10s %12s' % (B, 'n', "Lo 39{E', 'Hi ¥I1E, "BF, 'YK, 'BBH))
for m in range(1, 13):
k=MON ==
P('%-4d %8d %10.1f %10.1f %10.1f %10.1f %12.4f
% (m, k.sum(), Im[k & lo].mean(), Im[k & ~lo].mean(), Im[k].mean(), pm[k].mean(), rm[k].mean()))
P(")
P(ZETTENE: Lo %0.1f~ %0.1f (ARE %.1TkW, %.1f%%); Hi %0.1f ~ %0.1f (ARE %.1f kW, %.1{%%)'
% (min(Im[(MON == m) & lo].mean() for m in range(1, 13)),
max(Im[(MON == m) & lo].mean() for m in range(1, 13)),
max(Im[(MON == m) & lo].mean() for m in range(1, 13)) - min(Im[(MON == m) & lo].mean() for m in range(1, 13)),
100 * (max(Im[(MON == m) & lo].mean() for m in range(1, 13)) / min(Im[(MON == m) & lo].mean() for m in range(1,
13)) - 1),
min(Im[(MON == m) & ~lo].mean() for m in range(1, 13)),
max(Im[(MON == m) & ~lo].mean() for m in range(1, 13)),
max(Im[(MON == m) & ~lo].mean() for m in range(1, 13)) - min(Im[(MON == m) & ~lo].mean() for m in range(1, 13)),
100 * (max(Im[(MON == m) & ~lo].mean() for m in range(1l, 13)) / min(Im[(MON == m) & ~lo].mean() for m in
range(1, 13)) - 1)))
P(")
P(1 BEESAWE: Lo 9@ %.1f RE %.10), Hi ¥9E %.1f RE %.10) <- BRKFLFEFRE
% (Im[(MON == 1) & lo].mean(), Im[(MON == 1) & lo].max() - Im[(MON == 1) & lo].min(),
Im[(MON == 1) & ~lo].mean(), In[(MON == 1) & ~lo].max() - Im[(MON == 1) & ~lo].min()))
P(1 BELSEMAIE: Lo %.1fvs 2F %.1f (%+.1f%%); Hi %.1fvs 2F %.1f (%+.1{%%)'
% (Im[(MON == 1) & lo].mean(), Im[lo].mean(), 100 * (Im[(MON == 1) & lo].mean() / Im[lo].mean() - 1),
Im[(MON == 1) & ~lo].mean(), Im[~lo].mean(), 100 * (Im[(MON == 1) & ~lo].mean() / Im[~lo].mean() - 1)))
P(")

def e4(1lm, L, V, R):
P(='*92)

P(E4 REFR: A4 1 BIRERFIN)
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P('='*92)
lo = np.array([w in (4, 5) for w in WD])
P(E TeFRIEHERLIZHKTIRE] 7R
gm = {True: Im[lo].mean(), False: Im[~lo].mean()}
err = np.array([Im[i] - gm[lo[i]] for i in range(365)])
P( 2F: IRE|9E %.1fkW (EHKFE %.1f%%)' % (np.abs(err).mean(), 100 * np.abs(err).mean() / Im.mean()))
P(' %-20s %10s %12s' % (‘HAIE), PREFIME', MIFKT)
fornm, kin (('1 B (58 1-30 X), (MON == 1)), (2-12 A', (MON > 1)),
('2-4 B', (MON >=2) & (MON <= 4)), ('5-7 B', (MON >= 5) & (MON <= 7)),
('8-10 B', (MON >= 8) & (MON <= 10)), ('11-12 B', (MON >= 11))):

e = err[k]

P(" %-20s %10.1f %11.1%%' % (nm, np.abs(e).mean(), 100 * np.abs(e).mean() / Im[k].mean()))
P(")
P(OfEIRE = FWES + HERNIEE)
drift = np.zeros(365)
for m in range(1, 13):

k=MON ==m

for v in (True, False):

kk=k & (lo=="v)
if kk.any():
drift[kk] = Im[kk].mean() - gm[v]
P ETEBLE || HE =%LITKkW (& %1f%%) % (np.abs(drift).mean(), 100 * np.abs(drift).mean() /
np.abs(err).mean()))
P( BRERBR)DE ||E = %7.1fkW' % np.abs(err - drift).mean())
P( | AETEBRDE = %7.16kW; 2-12 8 =%7.1fkW'
% (np.abs(driftf MON == 1]).mean(), np.abs(driftf MON > 1]).mean()))

P(")
P(4EiC: BEFUURELGHE KRR (B=1, 2FRAXHE) , EiEFENERLERIRE))
P( 1 BREREEEN 1/12,FAL 1 B MAE®NMF 2-12 A, 8 | BEO"EFH" TREOKENIER. "
P(")

def main():

Im, pm, rm, L, V, R = load()

el(Im, pm, rm)

e2(Im, pm, rm)

e3(Im, pm, rm)

e4(lm, L, V,R)

out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'q4-diag', 'E1-E4 ZHIRE txt')
os.makedirs(os.path.dirname(out), exist ok=True)

open(out, 'w', encoding="utf-8").write("\n'.join(OUT))

print(‘written', out, len(OUT), 'lines')

if __name__ == '__main__":
main()

D.2.71 SZIEARARES/05 BIESHT/q4_diag2.py
-*- coding: utf-8 -*-

"R U (Es-£6): BPTPRMBEILE + I RESHEMAL, "
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import os, sys, json, datetime as dt

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from g4_strict import panel, wcat, ALPHA_GRID, BETA_GRID # noqga: E402

ouT =[]
def P(*a): OUT.append(' '.join(str(x) for x in a))

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

WD = np.array([d.weekday() for d in DAY])

MON = np.array([d.month for d in DAY])

NAME7 = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun']

d = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))

L = np.asarray(d[ 'load_actual'], float)

R = np.asarray(d[ 'price_actual'], float)

cold_1 = np.asarray(json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'ql_input.json'),
encoding="ut{-8"))['load"], float)

cold_p = np.asarray(json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'ql_input.json'),
encoding="utf-8"))['price'], float)

---------------- E5: HABAR -

P('=" * 92); P('ES HMAMIK (144 BRII—fbihsk): ARIIRIZITIW—K?"); P('=" * 92)
m = L.mean(axis=1, keepdims=True)
prof = {}
lo = np.array([w in (4, 5) for w in WD])
for k in range(7):
prof[k] = (L[WD == k] / m[WD == k]).mean(axis=0)
base_lo = (L[lo] / m[lo]).mean(axis=0)
base_hi (L[~1o] / m[~10]).mean(axis=0)
P(' EXEMHESHAEENRALWE (JA—1K, 1.0 = ZHWE):")
for k in range(7):

P('" %-4s vs {T,7N} %.4f vs {HR) %4f >V %s'
% (NAME7[k], np.abs(prof[k] - base lo).max(), np.abs(prof[k] - base hi).max(),
'Lo" if np.abs(prof[k] - base_lo).max() < np.abs(prof[k] - base_hi).max() else 'Hi"))

P("")

P(BRTERISIERLNAE std (kW):')
res = np.zeros(365)

for v in (True, False):

res[lo == v] = np.abs(L[lo == v] - L[lo == v].mean(axis=0)).mean(axis=1)

P(* 2% %.1f kW' % res.mean())
for k in range(7):

P( %-ds: %7.1f kW' % (NAME7[K], resfWD == k].mean()))
PC)

B TR TG o —

P('=" * 92); P('E6 ¥ RBRETIYHRM: JILEBIETKSE, (alpha,beta) SARBETIEE betacl ?'); P('=' * 92)

def best_ab(arr, cold, D, cls='fs'):
""#E [0,D-1] @O EA—H TN MAE i (alpha,beta)o ™"

best = None
for ain ALPHA GRID:
for bin BETA_GRID:
F = panel(arr, cold, a, b, cls, D)
e =np.abs(F[1:D] - arr[1:D]).mean()
if best is None or e < best[0]:
best = (e, a, b)

return best
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P('Hfd (F 30 REME—R, BO = F 0..d-1 X):")
P('%8s %10s %10s %10s %s' % ('$£dX', '&HOK', '\flalpha’, 'Tffibeta’, 'MAE kW'))
for dd in (31, 61, 91, 121, 151, 181, 211, 241, 271, 301, 331, 365):

e, a, b=Dbest_ab(L, cold_l, dd)
P('%8d %10d %10.2f %10.2f %8.2f % (dd, dd, a, b, ¢))
P("")
P('EEff: ")
P('%8s %10s %10s %10s %s' % ('$dX', 'HOK', 'Hftalpha', 'Hffibeta’, 'MAE'))
for dd in (31, 61, 91, 121, 151, 181, 211, 241, 271, 301, 331, 365):
e, a, b=Dbest_ab(R, cold p, dd, 'fs")
P("%8d %10d %10.2f %10.2f %8.4f % (dd, dd, a, b, e))
P('")
P('EIRE beta=1l (FERERKF) 5 beta<=0.9 (BE/KF) ARREAOKETH MAE Htb:*)
P('%8s %14s %14s %10s' % ('$FdX', 'best beta=1', 'best beta<=0.9', 'HE'))
for dd in (31, 61, 91, 121, 181, 241, 301, 365):
el = min(panel(L, cold 1, a, 1.0, 'fs', dd)[1:dd] . sub_ (L[1:dd]). abs ().mean() for ain ALPHA GRID)
e2 = min(np.abs(panel(L, cold 1, a, b, 'fs', dd)[1:dd] - L[1:dd]).mean()
for a in ALPHA GRID for b in (0.5, 0.6, 0.7, 0.8, 0.9))
P("%8d %14.2f %14.2f %9.1%%' % (dd, el, 2, 100 * (el - e2) / el))

PC")

out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'q4-diag', 'E5-E6_iZHFIRE.txt')
open(out, 'w', encoding='utf-8').write('\n'.join(0UT))
print('written', out)

D.2.72  XEMRARED/05_BE 5 HT/q4_diag3.py
-*- coding: utf-8 -*-

"UEREPY 2HT D: TS (i) XHEE, R EOEETREX NN,

TIRBZIA Meeus RIEERPIMELZBE (code/jieqi.py) , SEEURNAQHERSHYS.

import os, sys, json, datetime as dt
import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from jieqi import all_terms, lon_of # noga: E402

ouT =[]
def P(*a): OUT.append(' '.join(str(x) for x in a))

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

WD = np.array([d.weekday() for d in DAY])

MON = np.array([d.month for d in DAY])

D = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))
L = np.asarray(D[ 'load_actual'], float); V = np.asarray(D['pv_actual'], float)

R = np.asarray(D['price_actual'], float)

Im = L.mean(axis=1); vm = V.mean(axis=1); rm = R.mean(axis=1)

lo = np.array([w in (4, 5) for w in WD])

THETA = np.array([lon_of(d) for d in DAY])

TERMS = all_terms()
TIDX = {nm: (t.date() - dt.date(2025, 1, 1)).days for nm, t in TERMS}

sJ = {k: TIDX[k] for k in ('i&E', 'ME', 'MF', 'ML")}

Z2Q = {k: TIDX[k] for k in ('&HFH', 'EE', 'HH', '£E")}

P('=' * 96

P('De 2025 EHS (AXEHE, SKRURXELHEERDIHYIE) ')

P('=' * 96)

P('PUST (TZEZHR) : ' + ' '.join('%s FE%dK(%s)' % (k, v, DAY[v].strftime('%m-%d')) for k, v in SJ.items()))
P('ZHZE (m®FEZH) : '+ ' '.join('%s FHEAAKR(%s)' % (k, v, DAY[v].strftime('%m-%d')) for k, v in zQ.items()))
P(""

)
P('h ERX 3 5EM 2025.3.20 / 6.21 / 9.23 / 12.21, IFR 2025 &M HFD / BE / M / £E. ")
P(' BIREBEMNMERAMZEEN"EHR", OFZ"E"BNUL, 1/1-2/2 B%, 2/3 A& NE. ')
PC")

SEASON = np.empty (365, dtype=object)
for i in range(365):
ifi < SJ['II&F" ori>= SI['ILL:
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SEASON[i] ='&"
elifi < SI['3ZE:

SEASON[i] ='&'
elif i < SI['SZFKY:

SEASON[i]="§&"
else:

SEASON[i] = "#k'

P('=' * 96

P('D1 MPOIMRIDHIME, KRIJATF (ftE 2 / KMitE 4 SZU) ')

P('=' * 96)

P('%-5s %-16s %5s %1ls %11s %10s %10s' % ('Z¥', 'Xig', 'R, 'REEAE', 'SEEAHE', XK',

for s in ('&F', 'E', "®', '&"):

m=SEASON ==s

idx = np.where(m)[0]

P("%-5s %-16s %5d %11.1f %11.1f %10.1f %10.4f

% (s, DAY[idx[0]].strftime('%m-%d') + '~' + DAY[idx[-1]].strftime('%m-%d"), m.sum(),
Im[m & lo].mean(), Im[m & ~lo].mean(), vm[m].mean(), rm[m].mean()))

P(")
NATS = {0: '&H(3-58)', 1: 'E(6-88)"', 2: '#(9-118)", 3: '£(12-2A)"'}
nat = np.array([@ if 3 <=m <=5 else 1 if 6 <=m <= 8 else 2 if 9 <= m <= 11 else 3 for m in MON])
P( MR ZBAAKISMIIm E"")
P('%-11s %5s %11s %1ls %1@s %los' % ('ZTT', 'X¥', "EBAEGSE', 'SHEA#H', KK, '8BMNH'))
for k in range(4):

m =nat ==k

P("%-11s %5d %11.1f %11.1f %10.1f %10.4f

% (NATS[k], m.sum(), Im[m & lo].mean(), Im[m & ~lo].mean(), vm[m].mean(), rm[m].mean()))

P()

P('=' * 96

P('D2 ZFHRIDWKFE"HIEESN R2 = 1 - ARFHM/BFA)
P('=' * 96)

def r2(groups):
o=l
for v in (True, False):
y = Im[lo == v]; g = np.asarray(groups)[lo == v]
tot = ((y - y.mean()) ** 2).sum()
wit = sum(((y[g == k] - y[g == k].mean()) ** 2).sum() for k in np.unique(g))
o.append(1 - wit / tot)

return o

def harm_r2(K):
o=l
X = [np.ones(365)]
for k in range(1, K + 1):
X +=[np.cos(np.radians(k * THETA)), np.sin(np.radians(k * THETA))]
X =np.column_stack(X)
for v in (True, False):
y =Im[lo == v]; Xs = X[lo ==v]
b, ¥ =np.linalg.Istsq(Xs, y, rcond=None)
res=y-Xs@b
o.append(1 - (res ** 2).sum() / ((y - y.mean()) ** 2).sum())

return o
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P('%-42s %13s %13s' % (‘®IHAR', EBE re2', 'BHE rR2'))
for nm, g in (('% TSEZE (MiL) ', SEASON),
(BABMZE 3-5/6-8/9-11/12-2', np.array([NATS[k] for k in nat])),
('12 NEFAR', MON astype(str)),
(RS9 (2BEE) ', np.array(['£'] * 365))):
a, b=12(g)
P(%-425 %13.4f %13.4f % (nm, a, b))

for K in (1, 2, 3):
a, b=harm r2(K)

P("%-42s %13.4f %13.4f % (APAELE %d Mg (KXZET) '%K, a, b))

PC"Y)

P('=" * 96)

P('D3 Kk XL RE 1 AHUEN, "HE"XAEREETRERAER? 1)
P('=" * 96)

P('EARKTEE M AFAEZM 1 MK y = mu + a*cos(theta) + b*sin(theta) ZMF mu + A*cos(theta-phi)o ')
P51 TRE 1 A1 M TefF) #E, BIMERILFMNRE, )
PC'")
P('1 ABEZENAPEESE: %.1f B ~ %.1f &, K %.1f B = 2FM %.1%%"
% (THETA[@], THETA[30], (THETA[30] - THETA[@]) % 360, 100 * ((THETA[30] - THETA[®]) % 360) / 360))
P('")
P('%-14s %-11s %10s %10s %10s %13s %13s' % ('L&', 'HEEO', 'a', 'b', 'REA', "HBphi(E)', 'IMESERMSE"))
Xf = np.column_stack([np.ones(365), np.cos(np.radians(THETA)), np.sin(np.radians(THETA))])
for nm, yy, base_idx in (('{EBZ!ff', 1m, np.where(lo)[0]),

'S BB G, Im, np.where(~10)[0]),
(&R, vm, np.arange(365)),
("B}, rm, np.arange(365))):
for tag, jj in (R A 1 B', base_idx[base_idx < 31]), (£E(FE/T), base_idx)):
X =np.column_stack([np.ones(len(jj)), np.cos(np.radians(THETA[jj])), np.sin(np.radians(THETA[jj]))])
b, ¥ =np.linalg.Istsq(X, yy[jj], rcond=None)
pred=Xf@b
err = np.sqrt(np.mean((pred[base_idx] - yy[base idx]) ** 2))
A = np.hypot(b[1], b[2]); phi = np.degrees(np.arctan2(-b[2], b[1])) % 360
P('%-14s %-11s %10.1f %10.1f %10.1f %13.1f %13.1f % (nm, tag, b[1], b[2], A, phi, err))
gg E)}ﬁé [ 1 BREENETE, JMED 7 AEEIEEINAEE")
for nm, ii in ((“fKBESHATHE", np.where(lo)[e]), (‘FHHELAFR ', np.where(~lo)[0])):
jj=1ifii < 31]
X =np.column_stack([np.ones(len(jj)), np.cos(np.radians(THETA[jj])), np.sin(np.radians(THETA[j;j]))])
b, * =np.linalg.Istsq(X, Im[jj], rcond=None)
pred=Xf@b
july = np.where((MON == 7) & (lo if nm.startswith('{Ef") else ~10))[0]
P( %s: 1 BN %.1fkW — 4ME 78 %.1fkW, SZl % 1fkW, BE %+ 1T kW (%+.01%%)'
% (nm, Im[jj].mean(), pred[july].mean(), Im[july].mean(),
pred[july].mean() - Im[july].mean(), 100 * (pred[july].mean() / Im[july].mean() - 1)))

P(')

PC'ERA: 1 ANAMEZRRETY 30 E, H25F 8.6% M 8.6% MIAEMENAE—% 360 EMIESXRL, ')
P(" 1B A 5481 phi PEAAYHE; IMESWKRARTLEIRNETL, )

P(" —"mE"Z2EFEN [(RE)] , #1172 1 AEOEAN [BH] . )

PC')

out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'g4-diag', 'D_TiSPUZEiZHfT.txt')
open(out, 'w', encoding='utf-8').write('\n'.join(OUT))
print('written', out)

D.2.73  STHEATRARED/05_BHE 54T/q4_diagd.py
-*- coding: utf-8 -*-

"rigH P RRIKRERET (BFR) BX, ERR"FHR" RXLA) BX?

FIRBE: F—FEN $5 5 BHBH —X5, RHNSRESRA, S0t [EEr] .
M1 RIZJUAIER : PV = k * Ho(phi, delta) — RE 2 MEBEBH (k, phi), delta TLHAKXAEZIE
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M2 theta ¥ : PV = a@ + sum_k [a_k cos(k*theta) + b_k sin(k*theta)] — 2K EHBAZSHK
M3 BAAMTE : pv = 12 MNAZSENNE — 11 MTEHASH, TEAM/LALNR
LHIR=FM R 2 588N, HMARER (BK) whSHETEHS B,

import os, sys, json, datetime as dt

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from jieqi import lon_of # noga: E402

ouT = []

def P(*a): OUT.append(' '.join(str(x) for x in a))

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

MON = np.array([d.month for d in DAY]); DOY = np.arange(1l, 366)

D = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))
PV = np.asarray(D['pv_actual'], float) # (365,144) kW

E = PV.mean(axis=1) * 24.0 # HEMBE kwh (LUESNEx24h RR)

TH = np.array([lon_of(d) for d in DAY])

EPS = 23.4393

DEC = np.degrees(np.arcsin(np.sin(np.radians(EPS)) * np.sin(np.radians(TH)))) # KPEFE(E)

def He(phi_deg, dec_deg, n):

K FERAXHIBSE (kWhm2/day), REXS"

phi = np.radians(phi_deg); dec = np.radians(dec_deg)

ws = np.arccos(np.clip(-np.tan(phi) * np.tan(dec), -1, 1))

Gsc, pi=1.367, np.pi

return (24 * Gsc / pi) * (1 +0.033 * np.cos(2 * pi * n/365.0)) *\

(np.cos(phi) * np.cos(dec) * np.sin(ws) + ws * np.sin(phi) * np.sin(dec))

P('=" * 96
P('P1 BENR: AXJUTHEE vs theta R vs HAANLE")
P('=' * 96)

best = None
for phi in np.arange(10.0, 50.01, 0.5):
h = HO(phi, DEC, DOY)

k = float(np.dot(h, E) / np.dot(h, h))
r=E-k*h
r2=1-(r**2).sum() / ((E - E.mean()) ** 2).sum()
if best is None or 12 > best[0]:
best = (12, phi, k)

r2_geo, phi_hat, k_hat = best
P('M1 RXJLARE PV = k * He(phi, delta)')

P(" A HIERSEE phi = %.1F B, k = %.4f, R"2 = %.4Ff (BHESHK 2 M)
% (phi_hat, k_hat, r2_geo))

P( (delta STRHKXPHBELZRE; Ho RAFIFREGS5EK, AI"HS"ER) ')

PC'")

for K in (1, 2, 3, 4):
X = [np.ones(365)]

for kk in range(1, K + 1):
X += [np.cos(np.radians(kk * TH)), np.sin(np.radians(kk * TH))]
X =np.column_stack(X)
b, * =np.linalg.Istsq(X, E, rcond=None)
P(M2 XPAFEE %d MK RM2=%4f (HEBE %d 1)
% (K, 1 - ((E-X @ b) ** 2).sum() / ((E - E.mean()) ** 2).sum(), X.shape[1]))

Xd = np.column_stack([(MON == m).astype(float) for m in range(2, 13)] + [np.ones(365)])
bd, *_ = np.linalg.lstsq(Xd, E, rcond=None)
P('M3 BRAMTE (12 MAME) RM2 = %.4f (BESH 11 M)’
% (1 - ((E - Xd @ bd) ** 2).sum() / ((E - E.mean()) ** 2).sum()))
Xa = np.column_stack([np.cos(np.radians(DOY * 360 / 365.0)), np.sin(np.radians(DOY * 360 / 365.0)), np.ones(365)])
ba, *_ = np.linalg.lstsq(Xa, E, rcond=None)
P('M4 BHREBR 1 MiER (= BAFT) RM2 = %.4f (BHSH 3 M)’
% (1 - ((E - Xa @ ba) ** 2).sum() / ((E - E.mean()) ** 2).sum()))

P(")

P('h RXJUAREDA 2 NMEHHEIAR R2 = %.4f, 5 11 M SHNBERANTE (%.4f) JLFHFE,
% (r2_geo, 1 - ((E - Xd @ bd) ** 2).sum() / ((E - E.mean()) ** 2).sum()))

P(" BN ETRR AR LAKAVEAE — B [T5] RE, ')

PC'")
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P('=" * 96)

P('P2 AR (BK) K. HARBUNREE vs XXEBK')

P('=" * 96)

phi = phi_hat

hd = He(phi, DEC, DOY)

ws = np.arccos(np.clip(-np.tan(np.radians(phi)) * np.tan(np.radians(DEC)), -1, 1))
daylen_astro = 2 * np.degrees(ws) / 15.0 # JN\BY

span = np.zeros(365); t@ = np.zeros(365); tl = np.zeros(365)

for i in range(365):

y =PV[i]
idx = np.where(y > 1.0)[0] #EHE 1kW
if idx.size:

t0[i] = idx[0] * 10/ 60.0; t1[i] = (idx[-1] + 1) * 10/ 60.0
span[i] = t1[i] - tO[i]

else:
span[i] =0

m = span > @

P('BXMARBIRER = %d / 365" % m.sum())

POUHARERBREE vs RKXBK (FHRGE %.1f E) ' % phi)

for i in (15, 45, 78, 11@, 140, 171, 200, 218, 250, 264, 295, 330, 354):

P( %s WREE %52fh RXEK %5.2fh E %+52fh BH %52f8¢ HE %s5.2f 03"
% (DAYTi].strftime('%m-%d'"), span[i], daylen_astro[i], span[i] - daylen_astro[i], tO[i], t1[i]))
P(")
ok = m & (span > @)

P('&EENRBMMEX: corr(HREE, RXBK) = %.4f' % np.corrcoef(span[ok], daylen_astro[ok])[0, 1])
' TimE %+.2f h, IREZE %.2f h' % ((span - daylen_astro)[ok].mean(), (span - daylen_astro)

P(
[ok].std()))
P(’ LT HREE = %.3Ff * KXBK %+.3F"

% tuple(np.polyfit(daylen_astro[ok], span[ok], 1)))
PC")

" % 96)

P('P3 FESIRMARE: BARIFR T LT xRS
P('=' * 96)

he = He(phi, DEC, DOY)

kt = E / (k_hat * he)

P('BETIEM kt = LIREKRBE / AXAREHE (BAFE k) ')
P('  2EE %.4f, TEE %.4f, LBREREK %.4F % (kt.mean(), kt.std(), kt.std() / kt.mean()))

)
P(" ERMME:");
for mth in range(1, 13):
kk = MON == mth

P A%2d %.4f (n=%d)' % (mth, kt[kk].mean(), kk.sum()))

PC"Y)

Xm = np.column_stack([(MON == mm).astype(float) for mm in range(2, 13)] + [np.ones(365)])

bm, *_ = np.linalg.lstsq(Xm, kt, rcond=None)

r2_kt =1 - ((kt - Xm @ bm) ** 2).sum() / ((kt - kt.mean()) ** 2).sum()

P("  HEEREXBMHUEIAEAN RM2 = %.4f > %.4F%% BHRSKEIRBAMEH(ZE), RE %.1f% BTN
% (r2_kt, 100 * (1 - r2_kt), 100 * r2_kt))

P(")

P('  HIMMAEM k*Ho(phi,delta)*kt, Hep kt AAIGEIRLM: )

P(" RXEBD REBENETIEE = %.1F%%" % (100 * (he.max() / he.min() - 1)))

P’ KEEFS (B kt) FIAEXMETIEE = %.1F%%" % (100 * (max(kt[MON == mm].mean() for mm in range(1, 13))
/ min(ktf MON == mm].mean() for mm in range(1, 13)) - 1)))

PC'Y)

out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'g4-diag', 'P_YCRETIIIREiZHT.txt')
open(out, 'w', encoding='utf-8').write('\n'.join(0OUT))
print('written', out)

D.2.74  SCHEMRARTE05_BHE S HT/q4_diags.py
-*- coding: utf-8 -*-

"rigH P A [ERE] RGEREARIAE — KTEEERATREAE T L@,
import os, sys, json, datetime as dt
import numpy as np
HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
sys.path.insert (@, HERE)
from jieqi import lon_of

ouT =[]
def P(*a): OUT.append(' '.join(str(x) for x in a))
DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]
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MON = np.array([d.month for d in DAY]); DOY = np.arange(1l, 366)

D = json.load(open(os.path.join(ROOT, ‘paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))
PV = np.asarray(D['pv_actual'], float)

E = PV.mean(axis=1) * 24.0

TH = np.array([lon_of(d) for d in DAY])

EPS = 23.4393

DEC = np.degrees(np.arcsin(np.sin(np.radians(EPS)) * np.sin(np.radians(TH))))

def Hb(phi, dec, n):
phi = np.radians(phi); dec = np.radians(dec)

ws = np.arccos(np.clip(-np.tan(phi) * np.tan(dec), -1, 1))
return (24 * 1.367 / np.pi) * (1 +0.033 * np.cos(2 * np.pi * n/365.0)) *\

(np.cos(phi) * np.cos(dec) * np.sin(ws) + ws * np.sin(phi) * np.sin(dec))

def Htilt(phi, beta, dec, n, df=0.15, rho=0.2):

" EEAREAX ARENE (Klein 1977) "

phi_r = np.radians(phi); dec r = np.radians(dec); b = np.radians(beta)

ws = np.arccos(np.clip(-np.tan(phi_r) * np.tan(dec_r), -1, 1))

den = np.cos(phi_r) * np.cos(dec_r) * np.sin(ws) + ws * np.sin(phi_r) * np.sin(dec_r)

wst = np.minimum(ws, np.arccos(np.clip(-np.tan(phi_r - b) * np.tan(dec_r), -1, 1)))

num = np.cos(phi_r - b) * np.cos(dec_r) * np.sin(wst) + wst * np.sin(phi_r - b) * np.sin(dec_r)
Rb = np.where(den > 1e-9, np.maximum(num, 0) / np.maximum(den, 1e-9), 0.0)

HO = Hb(phi, dec, n)

return HO * ((1 - df) * Rb + df * (1 + np.cos(b)) / 2.0 + rho * (1 - np.cos(b)) / 2.0)

P('=" * 96)
P("P1' MIRERERMIRIER (B, 85tk 0.15, REBE 0.2)")
P('="' * 96)

P('%8s %8s %12s %10s' % ('#Ephi', 'ffifibeta’, 'k', 'RA2'))
best = None; rows = []
for phi in np.arange(10.0, 45.01, 1.0):

for beta in np.arange(0.0, 50.01, 2.0):

h = Htilt(phi, beta, DEC, DOY)
if h.min() <= 0:

continue
k = float(np.dot(h, E) / np.dot(h, h))
2=1-((E-k*h)**2).sum() / ((E - E.mean()) ** 2).sum()
rows.append((r2, phi, beta, k))
if best is None or 2 > best[0]:

best = (r2, phi, beta, k)

rows.sort(reverse=True)
for r in rows[:10]:

P(%8.1f %8.1 %12.2f %10.4f % ({11, r[2], r[3], {0]))

r2_t, phi_t, beta_t, k_t = best

P(")

P& GE %.1f B, A %.1f B, k=%.2f, R*2 = %.4f (BHZ
P MEB(KFEE): 4SE 23.5 [E, k=6000.0, R*2 = 0.8190 (EHHES
P('XB(BRAMEE 11 B8#): RY2 = 0.9122")

P('MER(KPRELE 4 MZE 9 B%): R*2 = 0.9376")

)' % (phi_t, beta_t, k_t, r2_t))
)

P(")

P('=' * 96

P("P2' PIRRNEREBRETIEN kt, & [XK] BHTEREETMH")
P('=' * 96)

h = Htilt(phi_t, beta_t, DEC, DOY)

kt = E / (k_t * h)

P('kt 2EE %.4F, IEE %.4f, TREAW %.4F" % (kt.mean(), kt.std(), kt.std() / kt.mean()))
mm = [kt[MON == m].mean() for m in range(1, 13)]

P('ZEBMME: ' + ' '.join('%d:%.3f' % (m + 1, mm[m]) for m in range(12)))

P('BIRE %.4F (%.1F%%)' % (max(mm) - min(mm), 100 * (max(mm) / min(mm) - 1)))

Xm = np.column_stack([(MON == m).astype(float) for m in range(2, 13)] + [np.ones(365)])
bm, *_ = np.linalg.lstsq(Xm, kt, rcond=None)

r2m = 1 - ((kt - Xm @ bm) ** 2).sum() / ((kt - kt.mean()) ** 2).sum()

P('kt 3 [B#] B3 R2 = %.4f (BERSZ2AMNEE, ZENEE 0)' % r2m)

PC ")
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P('{B kt IREL B39 + BREE:")

P(" BYPENIEE = %.4F (& %.1f%%)' % (np.std([mm[m - 1] for m in MON]), 100 * np.std([mm[m - 1] for m in MON]) /

kt.std()))
P('* BREREIEE = %.4F (& %.1f%%)' % ((kt - np.array([mm[m - 1] for m in MON])).std(),

100 * (kt - np.array([mm[m - 1] for m in MONY])).std() / kt.std()))

P(")

P(' K FIIE: )
Y. BIEMmSLE \RE) B, RUERDR 3 MESEGHE RA2 M 0.819 1BE %.4f, ' % r2_t)

P(* BZA kt BIRERR %.1/%% OKFEER TR 30.2%%) , ' % (100 * (max(mm) / min(mm) - 1)))

p(" WEAFTH [(ETMS)] TER2/ALAMERNBER, MARELNSKENME, ')

P(" - 0 MM 2 MNRERE = [KFR/LA (BEZX/TSRE) 1 x (BREMHNEE] . ')

P(’ ENEPEREBEATS, FIRMBHA%. ')

out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'g4-diag', "P2_YAMRIERIEELIHT. txt")
open(out, 'w', encoding="utf-8').write('\n'.join(0OUT))
print('written', out)

D.2.75  SCEMEHATS05_EEE 5 HT/q4_diag6.py
-*- coding: utf-8 -*-

"l Q: MREFEEMAH [(WR/RXLA] B2 (ARET] RE — REER + SMERRAFIHR """
import os, sys, json, datetime as dt

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))

sys.path.insert (@, HERE)

from jieqi import lon_of

ouT = []

def P(*a): OUT.append(' '.join(str(x) for x in a))

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

MON = np.array([d.month for d in DAY]); DOY = np.arange(1l, 366)

D = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))
PV = np.asarray(D['pv_actual'], float); LD = np.asarray(D[‘load_actual'], float).mean(axis=1)

E = PV.mean(axis=1) * 24.0

TH = np.array([lon_of(d) for d in DAY]); EPS = 23.4393

DEC = np.degrees(np.arcsin(np.sin(np.radians(EPS)) * np.sin(np.radians(TH))))

def Hgeo(phi, dec, n):
pr = np.radians(phi); dr = np.radians(dec)

ws = np.arccos(np.clip(-np.tan(pr) * np.tan(dr), -1, 1))
return (24 * 1.367 / np.pi) * (1 + 0.033 * np.cos(2 * np.pi * n/365.0)) *\
(np.cos(pr) * np.cos(dr) * np.sin(ws) + ws * np.sin(pr) * np.sin(dr))

def scalexy(x, y):
return float(np.dot(x, y) / np.dot(x, X))

def r2(y, p):
return 1 - ((y - p) ** 2).sum() / ((y - y.mean()) ** 2).sum()

MEFUSE

bt = None
for phi in np.arange(5.0, 55.01, 0.5):
h = Hgeo(phi, DEC, DOY); k = scalexy(h, E); s =r2(E, h * k)

if bt is None or s > bt[0]:
bt = (s, phi, k)

r2g, PHI, KG = bt
h = Hgeo(PHI, DEC, DOY)

P('=' * 9

P('Ql IR MLL (EHAIE) © Sl rR2 HE, X )

P('=' * 96)

res = []

res.append(('X3XJLfA k*H(phi,delta, B¥) 2 B, 2, r2g))
res.append(('BAEHEF 1 Mg (=EBRET) 3 B8, 3, r2(E, np.column_stack(

[np.cos(np.radians(DOY * 360 / 365.0)), np.sin(np.radians(DOY * 360 / 365.0)), np.ones(365)]) @
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np.linalg.Istsq(np.column_stack([np.cos(np.radians(DOY * 360 / 365.0)),

np.sin(np.radians(DOY * 360 / 365.0)), np.ones(365)]), E, rcond=None)[0])))

for K in (1, 2, 3, 4):
X = [np.ones(365)]

for kk in range(1, K + 1):
X += [np.cos(np.radians(kk * TH)), np.sin(np.radians(kk * TH))]
X =np.column_stack(X); b, * = np.linalg.Istsq(X, E, rcond=None)

res.append((APHELE %d iR %d BE % (K, X.shape[1]), X.shape[1], 12(E, X @ b)))
Xm = np.column_stack([(MON == m).astype(float) for m in range(2, 13)] + [np.ones(365)])
res.append((' BABMNLE 11 B%', 11, r2(E, Xm @ np.linalg.lstsq(Xm, E, rcond=None)[@])))
kt = E / (h * KG); ktm = np.array([kt[MON == m].mean() for m in range(1, 13)])[MON - 1]
res.append((' K3JUA x BIRETIEN 2+12 B, 14, r2(E, h * KG * ktm)))

P('%-42s %8s %10s' % ('1RBL', 'BEANE, 'RA2'))
for nm, np_, s in sorted(res, key=lambda z: -z[2]):

P("%-42s %8d %10.4f % (nm, np_, s))

P(")
PO IEHNERSEE phi = %.1f B, k = %.1f' % (PHI, KG))

PC")
P('=" * 96)
P('Q2 ok SMERES: B—AXRXRIE (AHERK 11 TAME, MRTLBHMNETAE) 1)
P('=" * 96)
P('XAMMABMEMESME: 2 B 1 BEWN 7 B, T 7 BRE—BHEEHM. ')
PC"Y)
def cv(mk):
e=[]

for m in range(1, 13):
te = MON == m; tr = ~te
e.append((E[te] - mk(tr, te)) ** 2)
return float(np.sqrt(np.concatenate(e).mean()))

def mk_geo(tr, te):
k = scalexy(h[tr], E[tr]); return h[te] * k

def mk_theta(K):
def f(tr, te):

X = [np.ones(365)]
for kk in range(1, K + 1):
X += [np.cos(np.radians(kk * TH)), np.sin(np.radians(kk * TH))]
X =np.column_stack(X); b, * = np.linalg.Istsq(X[tr], E[tr], rcond=None)
return X[te] @ b

return

def mk_month_nn(tr, te):

mEANRE BRL LSO EEIER G R E
mu = np.array([E[tr & (MON == m)].mean() if (tr & (MON == m)).any() else np.nan for m in range(1, 13)])
out = np.zeros(te.sum())
tgt = MON[te]
for i, m in enumerate(tgt):
d = np.abs(np.arange(1, 13) - m); d = np.where(np.isnan(mu), 1¢9, d)
# B EER
d2 = np.minimum(np.abs(np.arange(1, 13) - m), 12 - np.abs(np.arange(1, 13) - m))
d2 = np.where(np.isnan(mu), 1¢9, d2)
out[i] = mu[int(np.argmin(d2))]

return out
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def mk_geo_kt(tr, te):
k = scalexy(h[tr], E[tr]); ktr = E[tr] / (h[tr] * k)

mu = np.array([ktrfMON][tr] == m].mean() if (MON[tr] == m).any() else np.nan for m in range(1, 13)])
tgt = MON[te]; o = np.zeros(te.sum())
for i, m in enumerate(tgt):

d2 = np.minimum(np.abs(np.arange(1, 13) - m), 12 - np.abs(np.arange(1, 13) - m))

d2 = np.where(np.isnan(mu), 1e9, d2)

o[i] = h[te][i] * k * mu[int(np.argmin(d2))]

return o

P('%-42s %14s' % ('#&EY', 'SB—H RMSE'))

for nm, f in (('EXXJLfA (FE+BK, 4HSE) ', mk_geo),
(RPHELZ 1 MK, mk_theta(1)),
(APHES 2 BN, mk_theta(2)),
(RPAESL 3 MR, mk_theta(3)),
(FTHEE (BREBLERIEAM) ', mk_month_nn),
(R x BIYRETIEEL, mk_geo kt)):

P('%-42s %14.2f % (nm, cv(f)))

P(")
P('EH: 2ENREYABENIEE = %.2f kwh/B' % E.std())

PC")

P('=" * 96)

P('Q3 BRMR: HRE 10 HHEIE vs RXIETRIZLML")
P('=" * 96)

pr = np.radians(PHI)

for i, nm in ((14, 'e1-15'), (78, '@3-20'), (171, '@6-21'), (264, '©9-22'), (354, '12-21')):
y = PV[i]; mx = y.max()

yn=y/mx
tau = (np.arange(144) + 0.5) * 10/ 60.0
w = np.radians((tau - 12.0) * 15.0)
cz = np.sin(pr) * np.sin(np.radians(DEC[i])) + np.cos(pr) * np.cos(np.radians(DEC[i])) * np.cos(w)
cs = np.maximum(cz, 0); cs = cs / cs.max()
P(' %s FZIR RMSE =%.4f UEE %7.1fkW @ %528  KXBEK %5.2fh'

% (nm, float(np.sqrt(((yn - cs) ** 2).mean())), mx, tau[int(np.argmax(y))],

2 * np.degrees(np.arccos(np.clip(-np.tan(pr) * np.tan(np.radians(DEC[1])), -1, 1))) / 15))

P(")

P('=' * 96)

P('Q4 WE: AREEERNXMA? ')
P('=' * 96)

kL = scalexy(h, LD)

XL = np.column_stack([np.cos(np.radians(TH)), np.sin(np.radians(TH)), np.ones(365)])
P("  HTERRE—J AR RA2 = %.4F (R %.4F) * % (r2(LD, h * kL), r2g))
P('  HAFAKMES 1 MIEKR  RM2 = %.4f GRAR %.4f)

% (r2(LD, XL @ np.linalg.lstsq(XL, LD, rcond=None)[@]), r2(E, XL @ np.linalg.lstsq(XL, E, rcond=None)[@])))
PC")

out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'g4-diag', 'Q_YLARUABHIR.txt')
open(out, 'w', encoding='utf-8').write('\n'.join(0OUT))
print('written', out)

D.2.76 SCEMEIATG/05_EEE 5 HT/q4_diagT.py
-*- coding: utf-8 -*-

"rigHT R 2HAMA — B / ARAE / XK 5 B TN TR 28 XK.

* ATLEEBLENR (FENR) , BHRR BNRKENERNH o
RRNFHERR (1 04-2 BHSREE nd B =) .
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import os, sys, json, datetime as dt

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_))
ROOT = os.path.dirname(os.path.dirname(HERE))
sys.path.insert (@, HERE)

from jieqi import all_terms, lon_of

ouT =[]
def P(*a): OUT.append(' '.join(str(x) for x in a))
def R(x, n=2): return ('%.' + str(n) + 'f') % x

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

WD = np.array([d.weekday() for d in DAY]); MON = np.array([d.month for d in DAY])
DOY = np.arange(l, 366); N = 365

NAME?7 = ['A—', 'AZ', ‘A=, 'BADm', 'B&R', 'AX', 'AB']

D = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))
PR = np.asarray(D['price_actual'], float); LO = np.asarray(D['load_actual'], float)
np.asarray(D[ 'pv_actual'], float)

np.array([lon_of(d) for d in DAY])

EPS = 23.4393

DEC = np.degrees(np.arcsin(np.sin(np.radians(EPS)) * np.sin(np.radians(TH))))

TERMS = all_terms()

TIDX = np.array([(t.date() - dt.date(2025, 1, 1)).days for _, t in TERMS])

TNM = [nm for nm, _ in TERMS]

SARMAN BIE—E RS

TERMID = np.searchsorted(TIDX, np.arange(365), side='right') - 1
TERMID = np.clip(TERMID, @, 23)
SJ = {k: int(TIDX[np.where(np.array(TNM) == k)[@][@]]) for k in ('iI&E', 'ME', 'IIfk', 'IL")}
S4IDX = [SI['MEF'], SI['IALE"'], SI['IL#K'], SI['I%']]
S4 = np.array(['%£"' if (i < S4IDX[@] or i >= S4IDX[3]) else
'&' if i < S4IDX[1] else 'E' if i < S4IDX[2] else 'FX' for i in range(365)])

VARS = [('EBf}', PR.mean(axis=1), 'Jt/kWh'), ("/IXfHi#', LO.mean(axis=1), 'kW'),
('FEfR', PV.mean(axis=1), 'kW")]

P('=' * 100
P('R0 =ATEMELRFIT (£F 365 X, HIYME) ')
P('=' * 100)

P('%-10s %12s %12s %10s %12s %12s %12s' % ('Z2', 'FHE', "WEE', 'BRE¥W, &IV, &K', 'EAL))
for nm, y, u in VARS:
P("%-10s %12s %12s %9.11%% %12s %12s %11.2f
% (nm, R(y.mean(), 4), R(y.std(), 4), 100 * y.std() / y.mean(), R(y.min(), 4), R(y.max(), 4),

y.max() / max(y.min(), 1e-9)))

P(C"")

P('=' * 100)

P('R1 BB (RFENLEM) )
P('=' * 100)

P('%-10s ' % 'TE' + ''.join('%10s' % NAME7[k] for k in range(7)) + '%l1@s' % 'F/7\ vs HR')
for nm, y, u in VARS:
g = np.array([y[WD == k].mean() for k in range(7)])

1056 = np.array([w in (4, 5) for w in WD])
P("%-10s ' % nm + " join('%10s' % R(v, 4 if y.mean() <5 else 1) for v in g)

+1%108' % (%. 1f%%' % (100 * (y[lo56].mean() / y[~lo56].mean() - 1))))

P("")
P('%-10s %l4s %14s %l4s' % ('TE', 'EH/IMTE R 2", "{{E,7"R"2', "HRZEstd"))
for nm, y, u in VARS:

Xw = np.column_stack([(WD == k).astype(float) for k in range(1, 7)] + [np.ones(N)])

2w =1 - ((y - Xw @ np.linalg.Istsq(Xw, y, rcond=None)[0]) ** 2).sum() / ((y - y.mean()) ** 2).sum()
1056 = np.array([w in (4, 5) for w in WD])
res = np.zeros(N)
for v in (True, False):
res[lo56 == v] = y[lo56 == v] - y[lo56 == v].mean()
2b =1 - (res ** 2).sum() / ((y - y.mean()) ** 2).sum()
P("%-10s %14.4f %14.4f %14.1f % (nm, r2w, 12b, res.std()))
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PC"Y)

P('=" * 100)
P('R2 BEFHREMMEES 2 (2HAH) ')
P('=" * 100)
def dum(v):
u = np.unique(v)
return np.column_stack([(v == x).astype(float) for x in u[1:]] + [np.ones(N)])
def harm(K):
X = [np.ones(N)]
for k in range(1, K + 1):
X += [np.cos(np.radians(k * TH)), np.sin(np.radians(k * TH))]
return np.column_stack(X)

def r2of(X, y):
return 1 - ((y - X @ np.linalg.Istsq(X, y, rcond=None)[0]) ** 2).sum() / ((y - y.mean()) ** 2).sum()

FAC = [('2HJL (6 df)', dum(wD)), (‘{AE,E/} (1 df)', dum(np.array([w in (4, 5) for w in WD]))),
(B (11 dfy, dum(MON)), (FREZE [Miz (3 df), dum(S4)),

(BR 241 (23 df), dum(TERMID)), (AFHES 1 B (2 df), harm(1)),
(KBHELZ 2 (4 df), harm(2)), (AFAEZ 4 Bt (8 df), harm(4))]

P('%-24s' % 'AF' + ''.join('%16s' % nm for nm, _, _ in VARS))
for fn, X in FAC:
P('%-24s" % fn + ".join("%16.4f % r2of(X, y) for ,y, in VARS))

P(C'")

P('=' * 100

P('R3 M—5l (BHHEMEFZE, ZRFTESEEZD) — XA #ERER"")
P('=' * 100)

Xwd = dum(np.array([w in (4, 5) for w in WD])); Xmo = dum(MON)

Xth = harm(4); Xs4 = dum(S4)

combos = [('RE EHI{E,7"}', Xwd), (‘RE AH', xmo), ('RE XHE&HELZ4H"', xth),
(21 + B9, np.column_stack([Xwd, Xmo])),

(281 + B + KXPAFEL 4 MY, np.column_stack([Xwd, Xmo, Xth]))]

tab = {}
for cn, X in combos:

fornm,y, in VARS:
tab[(cn, nm)] = r20f(X, y)

P('%-32s' % 'HEEI' 4+ ' Join('%16s' % nm for nm, _, _ in VARS))
for cn, _ in combos:

P('%-32s" % cn + "join("%16.4f' % tab[(cn, nm)] for nm, , in VARS))

PC")

P('%-32s' % 'ME—3T@k (H4E) ' + ''.join('%16s' % nm for nm, _, _ in VARS))

u_wd = {nm: tab[ (25l + BH', nm)] - tab[(*RE BH', nm)] for nm, _, _ in VARS}

u_mo = {nm: tab[('EHA/L + B, nm)] - tab[('RE EHJI{E,7<}', nm)] for nm, _, _ in VARS}

u_th = {nm: tab[('2H/l + B + KBAEZ4M"', nm)] - tab[('2H/L + BH', nm)] for nm, _, _ in VARS}
P('%-32s" % ' ERJL BBEE' + ''.join('%16.4f' % u_wd[nm] for nm, _, _ in VARS))

P('%-32s' % ' B WBE' + ''.join('%16.4f' % u_mo[nm] for nm, _, _ in VARS))

P('%-32s' % ' AKPAELE BUEE' + ''.join('%16.4f' % u_th[nm] for nm, _, _ in VARS))

PC")

P('=" * 100)

P('R4 MMARMIRJLE (WHE: fafi. EBHM) ')
P('=' * 100)

def Hgeo(phi, dec, n):
pr = np.radians(phi); dr = np.radians(dec)

ws = np.arccos(np.clip(-np.tan(pr) * np.tan(dr), -1, 1))
return (24 * 1.367 / np.pi) * (1 + 0.033 * np.cos(2 * np.pi * n/365.0)) *\
(np.cos(pr) * np.cos(dr) * np.sin(ws) + ws * np.sin(pr) * np.sin(dr))

P('%-10s %14s %14s %14s' % (‘TE', 'FEREE', 'JUEARERN2, "EE1MRN2"))
for nm, y, _ in VARS:

best = None

for phi in np.arange(5, 55.01, 0.5):

h = Hgeo(phi, DEC, DOY); k = float(np.dot(h, y) / np.dot(h, h)); s = r20f((h * k).reshape(-1, 1), y)

if best is None or s > best[0]:
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best = (s, phi)
tag =" if best[0] > 0.3 else ' <- TR I (R"2<0.3, ERLEETEN)'

P('%-10s %14.1f %14.4f %14.4f%s' % (nm, best[1], best[0], r2of(harm(1), y), tag))
:;E :72105 %14s %14s' % (‘TE', 'R 4 MIEK rR2Y, RUEER x BIIEE"RM2))
for nm, y, _ in VARS:
best = None
for phi in np.arange(5, 55.01, 0.5):
h = Hgeo(phi, DEC, DOY); k = float(np.dot(h, y) / np.dot(h, h)); s = r20f((h * k).reshape(-1, 1), y)
if best is None or s > best[0]:
best = (s, phi, k)
hh = Hgeo(best[1], DEC, DOY) * best[2]
kt =y / hh; ktm = np.array([ktf MON == m].mean() for m in range(1, 13)])[MON - 1]
P('%-10s %14.4f %14.4f % (nm, r2of(harm(4), y), r2of((hh * ktm).reshape(-1, 1), y)))
PC")

P('=' * 100
P('Rs ZHKF (I—kIIZEFY) ')
P('=' * 100)

P('%-10s ' % '"TE' + ''.join('%7s' % ('%dHB' % m) for m in range(1, 13)))
for nm, y, _ in VARS:

P("%-10s ' % nm + "join("%7.3f % (y[MON == m].mean() / y.mean()) for m in range(1, 13)))
P(")
P('%-10s ' % 'TE' + ''.join('%7s' % s for s in ('FHF', 'E', ', '£")))
for nm, y, _ in VARS:
P('%-10s ' % nm + " join('"%7.3f % (y[S4 == s].mean() / y.mean()) for s in (&', '&', 'Fk', '£"))
PC'Y)
P('=' * 100
P('R6 HMWR (144 BTk, & {T1EHY / {AEX} 9) ")
P('=" * 100)
1o56 = np.array([w in (4, 5) for w in WD])
for nm, A, u in (("/NXHGE', L0, 'kw'), ("K', PV, 'kw'), ('EBfi', PR, 'JT/kwh')):
for tag, m in (( ZEB (B-), ~1056), (B F/E7X, 1056)):

prof = A[m].mean(axis=0)
pk = int(np.argmax(prof)); tr = int(np.argmin(prof))
h = lambda t: '%d:%02d' % (t * 10 // 60, t * 10 % 60)
pos = np.where(prof > 1e-6)[0]
if nm == "JEfR"
P(' %-6s %-12s I %8.1f @ %-5s BXRIECLE %s~%s (%.2fh) HRERRE %.3f
% (nm, tag, prof[pk], h(pk), h(pos[0]), h((pos[-1] + 1) % 144),
(pos[-1] - pos[0] + 1) * 10/ 60.0,
prof[pos].std() / prof[pos].mean()))
else:
P(' %-6s %-12s I& %8.1f @ %-5s & %8.1f @ %-5s IEHLL %.2f
% (nm, tag, prof[pk], h(pk), prof[tr], h(tr), prof[pk] / max(prof[tr], 1e-9)))

PC")

P('=" * 100)

P('R6b RE: BH/IMNIREMETENL')
P('=" * 100)

1056 = np.array([w in (4, 5) for w in WD])
P('%-10s' % 'TE' + ''.join('%12s' % s for s in ('FHF', 'E', "', ') + '%12s' % 'F")
for nm, y, _ in VARS:

row =[]
for s in (&', &, #,'&):
m=3S4==s

row.append(100 * (y[m & lo56].mean() / y[m & ~lo56].mean() - 1))
P("%-10s' % nm + ".join("%11.1f%%' % v for v in row)
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+'%11.1%%' % (100 * (y[lo56].mean() / y[~lo56].mean() - 1))

)
Xwm = np.column_stack([dum(np.array([w in (4, 5) for w in WD])), dum(MON),
((np.array([w in (4, 5) for w in WDJ])).astype(float) *

(MON - 6.5))[:, None], np.ones(N)])

P('%-10s %16s %16s %16s' % ('L&', 'EM/I+AH', 'BM B xANENRE, 'XEER"))
for nm, y, _ in VARS:
a =r2of(np.column_stack([dum(np.array([w in (4, 5) for w in WD])), dum(MON)]), y)

b =r2of(Xwm, y)
P("%-10s %16.4f %16.4f %16.4f % (nm, a, b, b - a))
PC"Y)

P('=' * 100
P('R7 ZEMEX (B9E, UNEEEH+EDR) ')
P('=' * 100)
def resid(y):
X =np.column_stack([dum(np.array([w in (4, 5) for w in WD])), dum(MON)])

return y - X @ np.linalg.Istsq(X, y, rcond=None)[0]

ys = {nm: y for nm, y, _ in VARS}

P('%-14s %14s %14s' % ('', 'BEiEX', 'EEHEFTE'))

for a, b in (('BfY', NXKAHE'), ("BH', FHK'), (DXKHF', HK')):
P("%-14s %14.4f %14.4f % ('%s~%s' % (a, b), np.corrcoef(ys[a], ys[b])[0, 1],

np.corrcoef(resid(ys[a]), resid(ys[b]))[0, 1]))

PC"Y)

P('=" * 100

P('R8 NATURIRE (M 3 - MiF 2 SEPR) RESTS/TRMNTN)
P('=" * 100)

try:

Q3 = json.load(open(os.path.join(ROOT, 'paper_output pro', 'data_cleaned', 'q3_input.json'), encoding="utf-8'))
pvf=Q3['pv_forecast']
err =]
for d in range(365):
a = np.asarray(pvf['%d_0' % dJ, float)
err.append(np.nanmean(a - PV[d]))
err = np.array(err)
P(HIH 3 B9 0:00 R HRERHFEINRE (kW)
P('%-10s ' % 'B 13" + ".join('%7d' % m for m in range(1, 13)))
P('%-10s "' % 'MAE' + "join('%7.1f' % np.nanmean(np.abs(errfMON == m])) for m in range(1, 13)))
P("%-10s ' % 'bias' + ".join("%7.1f % np.nanmean(errfMON == m]) for m in range(1, 13)))
P('%-10s ' % 'Z=F3' + " join('%7s' % s for s in (F','&, ', '&"))
P('%-10s ' % MAE' + ".join('%7.1f % np.nanmean(np.abs(err[S4 == s])) for s in ('F', '&E', '#', '&"))

except Exception as e:

P(' (BKT: %s) % e)
PC'Y)
out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'g4-diag', 'R_DHMWARFOME.txt")

open(out, 'w', encoding='utf-8').write('\n'.join(OUT))
print('written', out)

D.2.77 SCEAHRAREG05 BIESHT/q4_diag8.py
-*- coding: utf-8 -*-

g S mIEABLLEIS, WERA 1 B (8 1-31 X) maEEm? v
import os, sys, json, datetime as dt

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ ))

ROOT = os.path.dirname(os.path.dirname(HERE))
sys.path.insert (@, HERE)

from jieqi import lon_of

ouT =[]
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def P(*a): OUT.append(' '.join(str(x) for x in a))

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

WD = np.array([d.weekday() for d in DAY]); MON = np.array([d.month for d in DAY])

DOY = np.arange(1l, 366); N = 365

NAME7 = ['A—', 'AZ', ‘A=, 'BADm', 'BA&R', 'AX', 'AB']

D = json.load(open(os.path.join(ROOT, ‘paper_output_pro', 'data_cleaned', 'q4_input.json'), encoding='utf-8"))
= np.asarray(D[ 'price_actual'], float); LO = np.asarray(D['load_actual'], float)

PV = np.asarray(D['pv_actual'], float)

TH = np.array([lon_of(d) for d in DAY]); EPS = 23.4393
DEC = np.degrees(np.arcsin(np.sin(np.radians(EPS)) * np.sin(np.radians(TH))))
J = np.arange(@, 31) #1 B

= np.arange(@, 365) # 2F

def dum(v, idx):
u = np.unique(v[idx])

return np.column_stack([(v[idx] == x).astype(float) for x in u[1:]] + [np.ones(len(idx))])

def r2of(X, y):
if X.shape[1] >=len(y):

return float('nan')

return 1 - ((y - X @ np.linalg.Istsq(X, y, rcond=None)[0]) ** 2).sum() / ((y - y.mean()) ** 2).sum()

def r2w(y, idx):
return r2o0f(dum(WD, idx), y[idx])

ys = {'BB}': PR.mean(axis=1), "/NXfi#': LO.mean(axis=1), 'Y¢fR': PV.mean(axis=1)}

1056 = np.array([w in (4, 5) for w in WD])

P('=' * 104

P('s1 BESESEH/IMN: 1 A vs 2%F")

P('=' * 104)

P('%-10s %26s %26s %12s' % (‘TE', ‘KA 1 A', '2FHE', 'E"))

import itertools

groups = {'{A®&,A7"}': lambda w: w in (4, 5), '{A®A,AN,AH}': lambda w: w in (4, 5, 6),
{75, JA B} lambda w: w in (5, 6), '{/&7x}": lambda w: w == 5, '~ £H7": lambda w: False}

for nm, y in ys.items():

P(" %s' % nm)
for gname, f in groups.items():
g = np.array([f(w) for w in WD])
row =[]
foridx in (J, A):
res = np.zeros(len(idx))
for v in (True, False):
m = (g[idx] ==v)
if m.any():
res[m] = y[idx][m] - y[idx][m].mean()
row.append(res.std())
P( %-18stHATERZE std 1 B %9.1f £F %9.1f % (gname, row[0], row[1]))
a =100 * (y[J][lo56[J]].mean() / y[J][~lo56[J]].mean() - 1)
b =100 * (y[A][lo56[A]].mean() / y[A][~l056[A]].mean() - 1)
P {AREENRN) EMEIE 18 %+8.1f%% £F %+8.1f%% & %+5.1fpp' % (a, b, a - b))
P( EH/UMETE R 18 %9.4f £2F %9.4f % (2w(y, J), r2w(y, A)))

PC')

P('=" * 104)

P('s2 FTHM / KR / RE — 1 BREFEER? ')
P('="' * 104)

P('%-30s %16s %16s %12s' % ('&', 'RA 1 A', '&F&HE', 'AF?"))
for nm, y in ys.items():
P(" %s' % nm)
P(' %-27s %16s %16.4f %12s' % (BHMEE R, 'TAITHE 1 DNA), r20f(dum(MON, A), y[A]), 'F")
# R
def H(phi, dec, n):
pr = np.radians(phi); dr = np.radians(dec)
ws = np.arccos(np.clip(-np.tan(pr) * np.tan(dr), -1, 1))
return (24 * 1.367 / np.pi) * (1 +0.033 * np.cos(2 * np.pi * n/365.0)) *\
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P(""

P('
P(’
P('

p('="

(np.cos(pr) * np.cos(dr) * np.sin(ws) + ws * np.sin(pr) * np.sin(dr))

best = None
for phi in np.arange(5, 55.01, 0.5):

h = H(phi, DEC, DOY)

k = float(np.dot(h[A], y[A]) / np.dot(h[A], h[A]))

s=1-((y[A] -k *h[A]) ** 2).sum() / ((y[A] - y[A]. mean()) ** 2).sum()

if best is None or s > best[0]:

best = (s, phi)

Xj =np.column_stack([np.ones(31), np.cos(np.radians(TH[J])), np.sin(np.radians(TH[J]))])
bj, *

~ =np.linalg.Istsq(Xj, y[J], rcond=None)

Xa =np.column_stack([np.ones(365), np.cos(np.radians(TH)), np.sin(np.radians(TH))])

ba, * = np.linalg.Istsq(Xa, y[A], rcond=None)

P('" %-27s %16s %16.4f %12s' % (RXJLARE R 2 (EFIUE), —, best[0], )

P( %-27s %16.1f%16.1f%12s' % (' 1 IEKIEE A (1 BING/2F),
np.hypot(bj[1], bj[2]), np.hypot(ba[1], ba[2]),

'TERE I A" if nm =="Y¢IR' else 'RAIHE))

P( %-27s %16.1f%16.1f%12s' % (' 1 V&AL phi B,
np.degrees(np.arctan2(-bj[2], bj[1])) % 360,
np.degrees(np.arctan2(-ba[2], ba[1])) % 360, 'k £&"))

Xw = dum(lo56.astype(int)[:, None].ravel(), A) if False else None

)
YEA: 1 B 1 B-1 B 31 He®EE"L"E (tFE 2 A3 H) , ")
B 1 BRER [RLEEETHINE] » IAMETEMNERT 1 BRBEER, TEWR. )

")

* 104)

P('s3 HAMKS=TE|MEX: 1 B vs £2F")

P('="

* 104)

1056A = 1056; 10563 = 1lo56[J]
for nm, X, u in ((NXfAHE', L0, 'kw'), ('HK', PV, 'kw'), ('EBMY', PR, 'JT/kWh')):

row =[]
for idx in (J, A):
prof = X[idx].mean(axis=0)
pk = int(np.argmax(prof)); tr = int(np.argmin(prof))
row.append((pk * 10 // 60, pk * 10 % 60, tr * 10 // 60, tr * 10 % 60,
prof[pk], prof[tr], prof[pk] / max(prof[tr], 1e-9)))
P( %-8s 1 B: 1§ %d:%02d (%8.1f) & %d:%02d (%8.1f) IEALL %.2f
% (nm, row[0][0], row[0][1], row[0][4], row[0][2], row[0][3], row[0][5], row[0][6]))
P(' %-8s =4 1§ %d:%02d (%8.11) & %d:%02d (%8.1f) IESEL %.2f
% (", row[1][0], row[1][1], row[1][4], row[1][2], row[1][3], row[1][5], row[1][6]))

PC'Y)
def resid(y, idx, drop_month=True):

cols = [dum(lo56.astype(int)[:, None].ravel(), idx)] if False else []
Xs =[ (lo56[idx]).astype(float)[:, None], np.ones((len(idx), 1)) ]
if drop_month and len(idx) > 40:

Xs.append(dum(MON, idx))
X =np.column_stack(Xs)
return y[idx] - X @ np.linalg.Istsq(X, y[idx], rcond=None)[0]

P('%-16s %16s %16s' % (‘1A% (ERREH/A) ', 'RE 1 A, '£FHE"))
for a, b in ("B, VNXKHHE'), (BN, KR, (DRAF', HRK)):

P('

ra = np.corrcoef(resid(ys[a], J), resid(ys[b], J))[0, 1]
rb = np.corrcoef(resid(ys[a], A), resid(ys[b], A))[0, 1]
P('%-16s %16.4f %16.4f % ('%s ~ %s' % (a, b), ra, b))

)
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P('=" * 104)

P('s4a HMRTE 1 AEEEFINRA")

P('=' * 104

P(" - 1 AEMME: BN %.4f, AT %.1f kW, HR %.1f kw' % (ys['EBMN1[I].mean(), ys['/NXKHEFH 1[I].mean(), ys['HK']

[3].mean()))

P(" - 1 BXARRBHBZE(GIW): T %s' % '-')

pos = np.array([np.where(PV[i] > 1)[@] for i in J], dtype=object)

first = np.mean([p[@] for p in pos if len(p)]) * 10 / 60

last = np.mean([p[-1] + 1 for p in pos if len(p)]) * 10 / 60

P(" 1 BYKEBIER %.2F BF ~ %.2Ff BF (B %.2F h)' % (first, last, last - first))

posA = np.array([np.where(PV[i] > 1)[@] for i in A], dtype=object)

P(" SEFY %.2f B ~ %.2f B % (np.mean([p[@] for p in posA if len(p)]) * 10 / 60,
np.mean([p[-1] + 1 for p in posA if len(p)]) * 10/ 60))

try:
Q3 =json.load(open(os.path.join(ROOT, 'paper_output pro', 'data_cleaned', 'q3_input.json'), encoding="ut{-8'))

pvf= Q3['pv_forecast']
err = np.array([np.nanmean(np.asarray(pvi['%d _0' % d], float) - PV[d]) for d in range(365)])
P(' - MifF 3 0:00 fREX MAE: 1 B %.1fkW, £F %.1fkW ->1 BRIE %.0/%%'

% (np.nanmean(np.abs(err[J])), np.nanmean(np.abs(err[A])),

100 * (1 - np.nanmean(np.abs(err[J])) / np.nanmean(np.abs(err[A])))))

except Exception as e:

P( (B 3 IREFHITERE: %s)' % e)
PC'Y)
out = os.path.join(ROOT, 'paper_output_pro', 'experiments', 'q4-diag', 'S_{XF 1 BEI1SMiIZHT. txt")

open(out, 'w', encoding='utf-8').write('\n'.join(OUT))
print('written', out)

D.2.78 X EMEAREE/06_TTIEBHEL/q4_selftransfer.py
-*- coding: utf-8 -*-

CEIERS - EMHCTIESR (TSEF)

ba) R
y _d(t)=Lev_d x Seas[m(d)] x ratio[c(d)] x Shp[c(d)](t)

- Shp / Seas / ratio --- BB "FARE", AIUBMESRE (BWRERGITES LA AR
- Lev --- BEHNKFE", JeeIELREIR
- RRBMEXE k*HO(phi,delta), phi 5 k IUFIFRE
Bt A%, AMNERA; RWUEHAHBERER,
import os, sys, json, datetime as dt
import numpy as np
HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
def _updirs(n=6):
here, out = HERE, []

for _in range(n):
here = os.path.dirname(here)
out.append(here)

return out

RAEMMBERTE: FEBK (paper_output_pro/code/)
5% #EME GZEMR/ARB/NN_xxx/)

for _d in list(_updirs()) + [HERE]:
for _c in (os.path.join(_d, 'paper_output pro', 'code'),

os.path.join(_d, "3, '05_#ES ),
os.path.join(_d, 'SZ3EMEL, XIS, '05_EIBD ),
os.path.join(_d, '05_#IEHH)):

if os.path.isdir(_c):
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sys.path.insert(0, c)

from jieqi import lon_of

def _find_data(name):
cands =[]

for d in list(_updirs()) + [HERE]:
cands += [os.path.join(_d, 'paper_output pro', 'data_cleaned', name),
os.path.join(_d, "#3E', "EEEIE, name),
os.path.join(_d, "STHEMEL, $3E, TEEEIE, name),
os.path.join(_d, 'data_cleaned', name)]
for ¢ in cands:
if os.path.isfile(c):
return ¢

raise FileNotFoundError(¥ AR EIEIBXHE %s, BIRBEWIELT = Q4 DATA_DIR' % name)

DAY = [dt.date(2025, 1, 1) + dt.timedelta(days=i) for i in range(365)]

WD = np.array([d.weekday() for d in DAY]); MON = np.array([d.month for d in DAY])
NAME7 = ['A—', 'AZ', 'A=', ‘AN, 'AR', 'Ax', 'AH']

D = json.load(open(_find_data('qg4_input.json'), encoding='utf-8'))

PRO = np.asarray(D[ 'price_actual'], float); LO® = np.asarray(D['load_actual'], float)
PVO = np.asarray(D['pv_actual'], float)

TH = np.array([lon_of(d) for d in DAY]); EPS = 23.4393

DEC = np.degrees(np.arcsin(np.sin(np.radians(EPS)) * np.sin(np.radians(TH))))
1lo56 = np.array([w in (4, 5) for w in WD])

T = 144

TAU = (np.arange(T) + ©.5) * 10 / 60.0

def cosz(phi, d):

"ERBERR, JA—HE BER 1] (BFREYIHE)

w = np.radians((TAU - 12.0) * 15.0)

z = np.sin(np.radians(phi)) * np.sin(np.radians(DEC[d])) +\
np.cos(np.radians(phi)) * np.cos(np.radians(DEC[d])) * np.cos(w)

z = np.maximum(z, 0.0)

return z / max(z.mean(), 1e-9)

def He(phi, d):
ws = np.arccos(np.clip(-np.tan(np.radians(phi)) * np.tan(np.radians(DEC[d])), -1, 1))

return (24 * 1.367 / np.pi) * (1 +0.033 * np.cos(2 * np.pi * (d + 1)/ 365.0)) * \
(np.cos(np.radians(phi)) * np.cos(np.radians(DEC[d])) * np.sin(ws) +
ws * np.sin(np.radians(phi)) * np.sin(np.radians(DEC[d])))

NEFRREERSH

def learn_structure():
st={}
st['shape load'] = {k: (LOO[lo56 == k] if k else LOO[~1056]).mean(axis=0) for k in (True, False)}
st['shape price'] = {k: (PRO[1056 == k] if k else PRO[~1056]).mean(axis=0) for k in (True, False)}
for k in (True, False):
st['shape load'][k] = st['shape load'][k] / st['shape load'][k].mean()
st['shape price'][k] = st['shape price'][k] / st['shape price'][k].mean()
st['ratio_load'] = float(LOO[lo56].mean() / LOO[~l056].mean())
st['ratio_price'] = float(PRO[lo56].mean() / PRO[~l056].mean())
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st['mon_load'] = np.array([LOO[MON == k].mean() for k in range(1, 13)])
st['mon_price'] = np.array([PRO[MON == k].mean() for k in range(1, 13)])
st['mon_load'] /= st['mon_load'].mean(); st['mon_price'] /= st['mon_price'].mean()
r = np.zeros(365)
for k in (True, False):

a=LO00[lo56 == k].mean(axis=1); r[lo56 == k] = a/a.mean() - 1
st['sd_load day'] = float(r.std())
r = np.zeros(365)
for k in (True, False):

a = PRO[lo56 == k].mean(axis=1); r[lo56 == k] = a / a.mean() - 1
st['sd_price day'] = float(r.std())
e = np.array([LOO[d] / (LOO[d].mean() * st['shape load'][bool(lo56[d])]) for d in range(365)])
st['sd_load_slot'] = float((e - 1).std())
e = np.array([PRO[d] / (PRO[d].mean() * st['shape price'][bool(1056[d])]) for d in range(365)])
st['sd_price_slot'] = float((e - 1).std())
pvday = PV0.mean(axis=1)
best = None
for phi in np.arange(10, 45.01, 0.5):

H = np.array([HO(phi, d) for d in range(365)])

k = float(np.dot(H, pvday) / np.dot(H, H))

s=1-((pvday - k * H) ** 2).sum() / ((pvday - pvday.mean()) ** 2).sum()

if best is None or s > best[0]:

best = (s, phi, k)

_, st['phi'], st['k_pv'] = best
H = np.array([HO(st['phi'], d) for d in range(365)])
kt =pvday / (st['k_pv'] * H)
st['mon_kt'] = np.array([ktfMON == k].mean() for k in range(1, 13)])
st['sd_kt'] = float(np.mean([kt{MON == k].std() for k in range(1, 13)]))
rp = np.zeros(365)
for k in (True, False):

a = PRO[lo56 == k].mean(axis=1); rp[lo56 == k] =a / a.mean() - 1
dev =kt/ st['mon_kt'[[MON -1]-1
st['gamma'] = float(-np.polyfit(dev, rp, 1)[0])

return st

ST = learn_structure()

def gen_site(cfg, seed):

RS E S T b R,

rng = np.random.default_rng(seed)

phi = cfg.get(‘phi', ST['phi'])

lod = cfg.get('low_days', (4, 5))

sh = cfg.get('peak_shift', 0.0)

amp = cfg.get('season_amp', 1.0)

# ERAK: AR EIINREIR amp 4K
ml= 1.0+ (ST['mon_load'] - 1.0) * amp

mp = 1.0 + (ST['mon_price'] - 1.0) * amp

lo = np.array([w in lod for w in WD])
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def roll(s, sh):
return s if sh == 0 else np.roll(s, int(round(sh * 6)))
sl = {True: roll(ST['shape_load'][True], sh), False: roll(ST['shape load'][False], sh)}
sp = {True: roll(ST['shape_price'][True], sh * 0.5), False: roll(ST['shape price'][False], sh * 0.5)}
H = np.array([HO(phi, d) for d in range(365)])
kt=ST['mon_kt'][MON - 1] * np.exp(rng.normal(0, ST['sd_kt'], 365) - 0.5 * ST['sd_kt'] ** 2)
pv = np.zeros((365, T))
for d in range(365):
pv[d] = ST['k_pv'] * H[d] * kt[d] * cosz(phi, d)
el = rng.normal(0, ST['sd_load_day'], 365)
ep = rng.normal(0, ST['sd_price day'], 365)
load = np.zeros((365, T)); price = np.zeros((365, T))
BL = float(LO0.mean()); BP = float(PR0.mean())
for d in range(365):
Iv=ml[MON[d] - 1] * (ST['ratio_load'] if lo[d] else 1.0) * (1 + el[d])
load[d] = BL * v/ max(ml.mean(), le-9) * sl[bool(lo[d])] * \
(1 + rmg.normal(0, ST['sd _load slot'], T))
pl=mp[MON([d] - 1] / max(mp.mean(), 1e-9) * (ST['ratio_price'] if lo[d] else 1.0) * (1 + ep[d]) \
- ST['gamma'] * (kt[d] / ST['mon_kt'][MONId] - 1]- 1)
price[d] = BP * max(pl, 0.08) * sp[bool(lo[d])] * \
(1 + rng.normal(0, ST['sd_price_slot'] * 0.8, T))
return dict(load=np.maximum(load, 0), pv=np.maximum(pv, 0), price=np.maximum(price, 0.01),

lo=lo, phi=phi)

TSEF

CLS_CAND = [(4, 5), (5, 6), (4, 5, 6), (5,), (6,), (4,), (0, 1, 2, 3)]

class TSEF:
def init (self, prior=None, n0=7.0, ema=0.25, rephi=7, phi_known=None):

self.P = prior; self.n0 = n0 if prior else 0.0

self.ema = ema; self.rephi = rephi

self.L = {k: [] for k in ('load', 'pv', 'price')}

self.cls = (4, 5)

self.phi_locked = phi_known is not None

self.phi = float(phi_known) if self.phi_locked else (prior or {}).get("phi', 20.0)
self.k_pv = (prior or {}).get('’k _pv', 300.0)

self.Lv = {k: None for k in ('load', 'pv', 'price')}

def lo(self, d):
return WD[d] in self.cls

def observe(self, d, load, pv, price):
self.L['load'].append(load); self.L['pv'].append(pv); self.L['price'].append(price)
n = len(self.L['load'])
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ifn%3==0:
self._pick cls()

if n % self.rephi == 0:
self. fit pv()

def pick cls(self):
n = len(self.L['load'])
ifn<10:
return
Iv = np.array([self.L['load'][k].mean() for k in range(n)])
best = None
for cl in CLS_ CAND:
g = np.array([WD[k] in cl for k in range(n)])
if g.all() or (~g).all():
continue
res = np.zeros(n)
for v in (True, False):
res[g == v] =1v[g ==v] - Iv[g == v].mean()
if best is None or res.std() < best[0]:
best = (res.std(), cl)
if best:
self.cls = best[1]

def phi_from_daylength(self, ndays=7):
" EYERAVEE LIEBY Z R MELERE . cos(ws) = -tan(phi)tan(delta) => phi = atan(-cos(ws)/tan(delta))"""
n = len(self.L['pv'])
ifn<3:
return None
est=1[]
for k in range(n - min(ndays, n), n):
y =self.L['pv'][k]
if y.max() <= 0:
continue
idx = np.where(y > 0.02 * y.max())[0]
if len(idx) < 8:
continue
half = (idx[-1] - idx[0] + 1) * 10/ 60.0 / 2.0 # /By
ws = np.radians(max(min(half * 15.0, 179.0), 1.0))
td = np.tan(np.radians(DEC[k]))
if abs(td) < 0.15:
continue
est.append(np.degrees(np.arctan(-np.cos(ws) / td)))
if not est:
return None

return float(np.clip(np.median(est), 2.0, 60.0))
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def _fit pv(self):
n = len(self.L['pv'])
y = np.array([self.L['pv'][k].mean() for k in range(n)])
kt = np.array([self. kt season(MON[k], n) for k in range(n)])
if self.phi_locked:
h = np.array([HO(self.phi, k) * kt[k] for k in range(n)])
self.k_pv = float(np.dot(h, y) / max(np.dot(h, h), 1e-9))
return
# YA AR YARELRZ RESE (HEBBRZEZBSESHRSRE)
# —ERARAESEEED 3 EURN; SERMEEH, EERRITERH L
ph=self. phi_from_ daylength()
if ph is not None:
self.phi = ph
h = np.array([HO(self.phi, k) * kt[k] for k in range(n)])
self.k pv = float(np.dot(h, y) / max(np.dot(h, h), 1e-9))

def kt(self, k):
return self. kt season(MON[k], k)

def kt season(self, m, upto=None):

"IETEIEHNARTF (gEdiH) o ARTENBALERALE, "
n = len(self.L['pv']) if upto is None else upto
if self.P is None:

ifn==0:

return 1.0

h = np.array([max(HO(self.phi, k), 1e-9) for k in range(n)])

kth = np.array([self.L['pv'][k].mean() / (self.k_pv * h[k]) for k in range(n)])

idx = [k for k in range(n) if MON[k] == m]

return float(np.mean([kth[k] for k in idx])) if idx else float(kth[-7:].mean())
pr = self.P['mon_kt'][m - 1]
idx = [k for k in range(n) if MON[k] == m)]
if not idx:

return pr
h = np.array([max(HO(self.phi, k), 1e-9) for k in range(n)])
loc = float(np.mean([self.L['pv'][k].mean() / (self.k pv * h[k]) for k in idx]))
w0 = self._w(self.n0, loc, pr)

return (w0 * pr + len(idx) * loc) / (w0 + len(idx))

#- TR/ ZFD e -
(@staticmethod
def w(n0, loc, pr, tol=0.35):
" EERM AN E . SR REEA, SERANEN) (RRET EheRERR)
if pr is None or abs(pr) < le-12:
return 0.0
dev = abs(loc - pr) / abs(pr)
return n0 * max(0.0, 1.0 - dev / tol) # tol #EAERF
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def _shape(self, kind, lo):
n = len(self.L[kind])
idx = [k for k in range(n) if self._lo(k) == lo]
if not idx:
idx = list(range(n))
loc = np.mean([self.L[kind][k] / max(self.L[kind][k].mean(), 1e-9) for k in idx], axis=0)
if self.P is None:
return loc
pr = self.P['shape_%s' % kind][lo]
w0 = self._w(self.n0, float(np.mean(np.abs(loc - pr)) / max(np.mean(pr), 1e-9)),
1.0, tol=0.5)

return (w0 * pr + len(idx) * loc) / (w0 + len(idx))

def _season(self, kind, m):
if self.P is None:
n = len(self.L[kind])
allm = float(np.mean([self.L[kind][k].mean() for k in range(n)]))
idx = [k for k in range(n) if MON[k] == m]
return 1.0 if not idx else float(np.mean([self.L[kind][k].mean() for k in idx])) / max(allm, 1e-9)
pr = self.P['mon_%s' % kind][m - 1]
idx = [k for k in range(len(self.L[kind])) if MON[k] == m]
if not idx:
return pr
loc = float(np.mean([self.L[kind][k].mean() for k in idx])) / max(self.P['mean_%s' % kind], 1e-9)
nn = len(idx)
w0 = self._w(self.n0, loc, pr, tol=0.9)

return (w0 * pr + nn * loc) / (w0 + nn)

def ratio(self, kind):
n = len(self.L[kind])
g = np.array([self._lo(k) for k in range(n)])
Iv = np.array([self.L[kind][k].mean() for k in range(n)])
if g.sum() == 0 or (~g).sum() == 0:
return self.P['ratio_%s' % kind] if self.P else 1.0
loc = float(lv[g].mean() / lv[~g].mean())
if self.P is None:
return loc
w0 = self._w(self.n0, loc, self.P['ratio_%s' % kind], tol=0.8)
return (w0 * self.P['ratio %s' % kind] + g.sum() * loc) / (WO + g.sum())

def level(self, kind, lo):
"YEIKT =i 8 NAIXA WEINE MEEIIN GIRETSHEERE) "
n = len(self.L[kind])
idx = [k for k in range(n) if (WD[k] in self.cls) == 1o][-8:]
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if not idx:
idx = list(range(max(0, n - 8), n))
w = np.array([self.ema * (1 - self.ema) ** (len(idx) - 1 - i) for i in range(len(idx))])
w /= w.sum()
raw = float(np.sum([w[i] * self.L[kind][idx[i]].mean() for i in range(len(idx))]))
den = float(np.sum([w[i] * self._season(kind, MON[idx[i]]) *
(self._ratio(kind) if self._lo(idx[i]) else 1.0) for i in range(len(idx))]))

return raw / max(den, 1e-9)

def predict(self, d):
n = len(self.L['load'])
lo=WD[d] in self.cls
ifn<2:
if self.P is None:
return None
L = self.P['mean_load'] * self.P['mon_load'][MON][d] - 1] *\
(self.P['ratio_load'] if lo else 1.0) * self.P['shape load'][lo]
V =self.P['’k_pv'] * HO(self.P['phi'], d) * self.P['mon_kt'][MON[d] - 1] *\
cosz(self.P['phi'], d)
R = self.P['mean_price'] * self.P['mon_price'][MON[d] - 1] *\
(self.P['ratio_price'] if lo else 1.0) * self.P['shape price'][lo]
return L, V, R
Lv_1=self._level('load', lo)
Lv_p = self. level('price', l0)
L =Lv_I* self. season('load', MONJ[d]) * (self._ratio('load') if lo else 1.0) *\
self._shape('load', o)
R=Lv_p * self._season('price', MON[d]) * (self._ratio('price') if lo else 1.0) * \
self._shape('price’, 1o)
V =self.k pv * HO(self.phi, d) * self. kt season(MON[d]) * cosz(self.phi, d)
return L, V, R

def make_prior():

p = {'phi": ST['phi'], 'k pv": ST['k pv'],
'mon_load": ST['mon_load'], 'mon_price": ST['mon_price'], 'mon_kt": ST['mon_kt'],
'ratio_load': ST['ratio_load'], 'ratio_price': ST['ratio_price'],
'shape_load": ST['shape load'], 'shape price': ST['shape price'],
'mean_load": float(LO0.mean()), 'mean_price": float(PR0.mean()),
'mean_pv': float(PV0.mean())}
return p

def run(site, prior, label, warm=0):

M = TSEF(prior)
errs = {'load": [], 'pv": [], 'price": [1}
for d in range(365):
pr = M.predict(d)
if pr is not None and pr[0] is not None and d >= warm:
errs['load'].append(abs(pr[0].mean() - site['load'][d].mean()))
errs['pv'].append(abs(pr[1].mean() - site['pv'][d].mean()))
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errs['price'].append(abs(pr[2].mean() - site['price'][d].mean()))
M.observe(d, site['load"][d], site['pv'][d], site['price'][d])

return {k: float(np.mean(v)) if v else None for k, v in errs.items()}

def oracle(site):

" AZbREFREEEEAY
o={}
for kind in ('load', 'pv', 'price'):
e=[]
for d in range(365):
m = MONT[d]; lo = site['l0"][d]
idx = [k for k in range(365) if MON[k] == m and site['lo'][k] == 1o and k !=d]

Fl— AR LR

if not idx:
idx = [k for k in range(365) if k !=d]
e.append(abs(np.mean([site[kind][k].mean() for k in idx]) - site[kind][d].mean()))
o[kind] = float(np.mean(e))

return o

D.2.79 SZIEMRAREL/06_TTIEREHELE/q4_tsef_e2b.py
-*- coding: utf-8 -*-

"rrE2b: SMFERE no 5"ENERMUN"HRE (IR, BHSHBEN) o
import os, sys, json

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_))

sys.path.insert (@, HERE)

import g4_selftransfer as X

PRIOR = X.make_prior()
ouT = []
def P(*a):
s =""join(str(x) for x in a); OUT.append(s); print(s, flush=True)

def run(site, n@, adapt, phi_known=None):

orig = X.TSEF. w
if not adapt:
X.TSEF. w = staticmethod(lambda a, b, c, tol=0.35: (0.0 if (c is None or abs(c) < le-12) else a))
try:
M = X.TSEF(PRIOR, n0=n0, phi_known=phi_known)
rec = {k: np.full(365, np.nan) for k in ('load', 'pv', 'price’)}
for d in range(365):
pr = M.predict(d)
if pr is not None and pr[0] is not None:
rec['load'][d] = abs(pr[0].mean() - site['load'][d].mean())
rec['pv'][d] = abs(pr[1].mean() - site['pv'][d].mean())
rec['price'][d] = abs(pr[2].mean() - site['price'][d].mean())
M.observe(d, site['load'][d], site['pv'][d], site['price'][d])
return rec
finally:
if not adapt:
X.TSEF._w = staticmethod(orig)

def mae(r, k, lo, hi):
return float(np.nanmean(r[k][lo:hi]))
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def adapt_days(rec, k, factor=1.2):

"ELSE 21 KIRED MAE BREFHNELHIKT factor ELARAIE—K"""
r=np.nan_to_num(rec[k], nan=1e9); tgt = np.nanmean(rec[k]) * factor
for d in range(20, 365):
if np.all(r[d - 20:d] <=tgt):
return d - 20

return None

res = {}
for name, cfg, seed, pk in (('V2 ¥&EESM', dict(low_days=(5, 6), peak_shift=0.55), 303, None),

('V3 i SRS 1R, dict(phi=38.0, low_days=(6,), peak_shift=0.4, season_amp=0.8), 404, None)):
site = X.gen_site(cfg, seed)
P(="*96)
P(%s: cHFRE n0 5BEMNBINIIRE' % name)
P('%-8s Y%-6s %-8s %9s %9s %9s %9s' % (&', 'n0', 'BE&ERL, '0-7 K, '7-30 X', 28R, iEMNEACR)))
res[name] = {}
for n0 in (7.0, 30.0):
for adapt in (True, False):
rec = run(site, n0, adapt)
for kind, sc in (('load', 1.0), ('pv', 1.0), ('price', 1000.0)):
P('%-8s %-6.0f %-8s %9.1f %9.1f %9.1f %9s' %
(kind, n0, 'FF' if adapt else 'X', mae(rec, kind, 0, 7) * sc,
mae(rec, kind, 7, 30) * sc, mae(rec, kind, 0, 365) * sc, adapt_days(rec, kind)))
res[name]['%s_n%d_%s' % (kind, int(n0), 'on' if adapt else 'off')] =\
dict(d0_7=mae(rec, kind, 0, 7) * sc, d7_30=mae(rec, kind, 7, 30) * sc,
full=mae(rec, kind, 0, 365) * sc, adapt=adapt_days(rec, kind))

with open(os.path.join(HERE, 'g4_tsef_e2b_results.json'), 'w', encoding='utf-8') as f:
json.dump(res, f, ensure_ascii=False, indent=1)

with open(os.path.join(HERE, 'g4_tsef_e2b_log.txt'), 'w', encoding='utf-8') as f:
f.write(chr(10).join(OUT))

P('done")

D.2.80 SZIEMELATE/06_ATIERBHELR/q4_tsef_extra.py
-*- coding: utf-8 -*-

"t 7 BRI (1 FI#hi% / E2 BENMBCHER / 3 ZEMRSIERD .
SBE g4_selftransfer.py WIIRE!S q4_tsef testbed.py BIZS{RIESERHE,
FATEFEBEELEE, RIBERVGIAFRER "D HEATTEMN=AXE,

import os, sys, json

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_))
sys.path.insert (@, HERE)
import g4_selftransfer as X

MON = X.MON
PRIOR = X.make_prior()
VARIANTS = [

(VO [Rubs-FEZ4 dict(), 101),

('V1 #3155 23.5—40', dict(phi=40.0, season_amp=0.75), 202),

('V2 HRAESESIIR, dict(low_days=(5, 6), peak_shift=0.55), 303),

(V3 M SR SR, dict(phi=38.0, low_days=(6,), peak_shift=0.4, season_amp=0.8), 404),

1
WINS = [('5e-7X"', o, 7), (‘$7-306K", 7, 30), ('%30-99K"', 30, 90),
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("85 90-180 X', 90, 180), (‘58 180-365 X', 180, 365), (“=HA'", 0, 365)]
ouT = []

def P(*a):
s =""join(str(x) for x in a)

OUT.append(s)
print(s)

def run(site, prior, phi_known=None, no_adapt=False):

"""no_adapt=True BY X" R S AMREH A, FIANER VI BERHAR "
orig = X.TSEF._w
if no_adapt:
X.TSEF. w = staticmethod(lambda n0, loc, pr, tol=0.35:
(0.0 if (pr is None or abs(pr) < le-12) else n0))
try:
M = X.TSEF(prior, phi_known=phi_known)
rec = {k: np.full(365, np.nan) for k in ('load', 'pv', 'price')}
for d in range(365):
pr = M.predict(d)
if pr is not None and pr[0] is not None:
rec['load'][d] = abs(pr[0].mean() - site['load'][d].mean())
rec['pv'][d] = abs(pr[1].mean() - site['pv'][d].mean())
rec['price'][d] = abs(pr[2].mean() - site['price'][d].mean())
M.observe(d, site['load'][d], site['pv'][d], site['price'][d])
return rec
finally:
if no_adapt:
X.TSEF. w = staticmethod(orig)

def mae(rec, k, lo, hi):
return float(np.nanmean(rec[k][lo:hi]))

def conv(rec, k, orc, factor=1.25):

"ELE 21 KIRED MAE BREFHNEHMBER factor ELARNBIE—K"""
r=np.nan_to_num(rec[k], nan=1¢9)
for d in range(20, 365):
if np.all(r[d - 20:d] <= orc * factor):
return d - 20

return None

def neutral_shapes(p):
q = dict(p)
for k in ('load', 'price'):
q['mon_%s' % k] = np.ones(12)
q['ratio_%s' % k] =1.0
q['shape %s' % k] = {False: np.ones(144), True: np.ones(144)}
q['mon_kt'] = np.ones(12)
return q

def wrong_astro(p, phi=23.5):
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q = dict(p)
q['phi'] = float(phi)

return q
sites = {}
orcs = {}

for name, cfg, seed in VARIANTS:
s = X.gen_site(cfg, seed)

sites[name] = s

orcs[name] = X.oracle(s)

R ) B3 1:":7 S
P('=" * 100

P('E1 ¥IEhsk: T (Hkle, SENTREE) TENENEETN MAE')
I‘;E :Z:z;slf/fés %8s %8s %8s %8s %8s %8s %8s’ %
(TR, TR, '$eX', 'e-7X', '7-30K', '30-99K', '90-180 X', '180-365', '£Hi"))
icl)r‘znir%le, cfg, seed in VARIANTS:
site = sites[name]
rec = run(site, PRIOR, phi_known=cfg.get("phi', X.ST['phi']))
el[name] = {}
for kind, sc in (('load', 1.0), ('pv', 1.0), (‘price', 1000.0)):
vals = [mae(rec, kind, lo, hi) * sc for , lo, hi in WINS]
d0 = float(np.nan_to_num(rec[kind][0], nan=0.0)) * sc
P('%-22s %-6s %8.1f %8.1f %8.1f %8.1f %8.1f %8.1f %8.1f' %
(name if kind == "load' else ", kind, d0, *vals))
el[name][kind] = dict(zip([w[0] for w in WINS], vals))
for kind in ('load', 'pv', 'price'):
el[name][kind +' conv125'] = conv(rec, kind, orcs[name][kind], 1.25)
el[name][kind +' conv110'] = conv(rec, kind, orcs[name][kind], 1.10)
el[name][kind +' oracle'] = orcs[name][kind]
P('%-22s %-6s WERRER(1.25/1.10 (ERFBER): T %s/%s HIK %s/%s BN %s/%s' %
(", ", el[name]['load_conv125'], el[name]['load_conv110'],
el[name]['pv_conv125'], el[name]['pv_conv110'],

el[name]['price_conv125'], el[name]['price_conv110']))

PC'")

P('=' * 100)

P('E2 BEMNMACHRL: XF"RBERN" (RKRANEIEN no) EHIFM')
P('=' * 100)

P('%-22s %-6s %10s %10s %10s %10s %10s' %
(TR, TR, 'e-30X(BE)', 'e-30 X(XRA)’, '£H(EE)', '£HCXHA)", '2HEL))
i§r=n§$e, cfg, seed in VARIANTS:
site = sites[name]
a = run(site, PRIOR, phi_known=cfg.get('phi', X.ST['phi']))
b = run(site, PRIOR, phi_known=cfg.get('phi', X.ST['phi']), no_adapt=True)
e2[name] = {}
for kind, sc in (('load', 1.0), ('pv', 1.0), ("price', 1000.0)):
a30, b30 = mae(a, kind, 0, 30) * sc, mae(b, kind, 0, 30) * sc

af, bf = mae(a, kind, 0, 365) * sc, mae(b, kind, 0, 365) * sc
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P("%-22s %-6s %10.1f %10.1f %10.1f %10.1f %+9.1f%%' %
(name if kind == "load' else ", kind, a30, b30, af, bf, 100 * (bf/ af - 1)))

e2[name][kind] = dict(a30=a30, b30=b30, af=af, bf=bf)
e2[name]['pv_conv_a'] = conv(a, 'pv', orcs[name]['pv'], 1.25)
e2[name]['pv_conv_b'] = conv(b, 'pv', orcs[name]['pv'], 1.25)
e2[name]['load conv_a'] = conv(a, 'load', orcs[name]['load'], 1.25)
e2[name]['load_conv_b'] = conv(b, 'load', orcs[name]['load"], 1.25)
P('%-22s WWEHREN(BERL/ &) : At %s/Y%s, FEIR %s/%s' %

(", e2[name]['load_conv_a'], e2[name]['load conv_b'],

e2[name]['pv_conv_a'], e2[name]['pv_conv_b']))

---------------- R R- 40 oy 1 R

P('Y)

P('=' * 100)

P('E3 ZFERITHRL: SERM (ELPHR) N, SRERNTEE')

P('=' * 100)

P('%-22s %-18s %9s %9s %9s' % ('Lfk', 'LWEE', 'e-3eK', '2H', "HEMLE'))

e - )
CFGS = [('2FB%¥ (FX) ', lambda p: p),
MXFERE (RXEBEIBSE) ', lambda p: wrong_astro(p)),

(MXRXE (FARBESMH) ', lambda p: neutral _shapes(p)),
(T (404 /B5h) ', None)]

for name, cfg, seed in VARIANTS:
site = sites[name]

e3[name] = {}
base = None
for label, f in CFGS:
if f is None:
rec = run(site, None)
else:
rec = run(site, f(PRIOR))
for kind, sc in (('load', 1.0), ('pVv', 1.0), ("price', 1000.0)):
v30 = mae(rec, kind, 0, 30) * sc
vall = mae(rec, kind, 0, 365) * sc
e3[name].setdefault(kind, {})[label] = (v30, vall)
if label.startswith('2/2"):
base = {k: e3[name][k][label][1] for k in ('load', 'pv', 'price')}
for kind in ('load', 'pv', 'price'):
for label, _in CFGS:
v30, vall = e3[name][kind][label]
P('%-22s %-18s %9.1f %9.1f %+8.1{%%' %
(name if kind == "load' else ", label +'/' + kind, v30, vall,
100 * (vall / base[kind] - 1)))

P(")
P('=' * 100)
res = {"E1': el, 'E2': e2, 'E3': e3}
o = os.path.join(HERE, 'g4_tsef_extra_results.json')
with open(o, 'w', encoding='utf-8') as f:
json.dump(res, f, ensure_ascii=False, indent=1, default=float)

P('EREEAN ' + 0)
with open(os.path.join(HERE, 'g4_tsef_extra_log.txt'), 'w', encoding='utf-8') as f:
f.write(chr(10).join(OUT))
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D.2.81 SZHEME/AIG/06_TTIEHHELL/q4_tsef_testbed.py
-*- coding: utf-8 -*-

"UTSEF TRIERIAEE v2: FTF / HIR(BERNSE) / IR (RANSE) / REFI® / RBEL """
import os, sys, json, datetime as dt
import numpy as np
HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
sys.path.insert(@, HERE)
import g4_selftransfer as X

ouT = []
def P(*a): OUT.append(' '.join(str(x) for x in a))
MON = X.MON

PRIOR = X.make_prior()
WINS = ((@, 30), (30, 90), (90, 1808), (180, 365), (@, 365))

def run(site, prior, phi_known=None):

M = X.TSEF(prior, phi_known=phi_known)
rec = {k: np.full(365, np.nan) for k in ('load', 'pv', 'price')}
for d in range(365):
pr = M.predict(d)
if pr is not None and pr[0] is not None:
rec['load'][d] = abs(pr[0].mean() - site['load'][d].mean())
rec['pv'][d] = abs(pr[1].mean() - site['pv'][d].mean())
rec['price'][d] = abs(pr[2].mean() - site['price'][d].mean())
M.observe(d, site['load'][d], site['pv'][d], site['price'][d])

return rec

def mae(rec, k, w):
return float(np.nanmean(rec[k][w[0]:w[1]]))

def conv_days(rec, k, orc, factor=1.25):
"ELSE 21 KIRTH MAE REHANEH LR factor fFLARBIE—K"""
r = rec[k].copy(); ok = None
for d in range(20, 365):
if np.all(np.nan_to_num(r[d - 20:d], nan=1e9) <= orc * factor):
ok = d - 20; break

return ok

VARIANTS = [

('VO [RUG -85 4, dict(), 101),

(V1 #isn 4FE 23.5—40, dict(phi=40.0, season_amp=0.75), 202),

(V2 HEESR KB ESENBHRIE, dict(low_days=(5, 6), peak_shift=0.55), 303),
(V3 Hitth 5+ ST, dict(phi=38.0, low_days=(6,), peak_shift=0.4, season_amp=0.8), 404),

P('=' * 112)
P('TSEF BJiff% - B#HUTUIER — THRERIREE v2')
P('=' * 112)
P('5ELRE 2025 FIhA—EHIE, THMSA (MEESRENERISG] £ ')
P( =MERBR: ')
P(' (a) T%+EHSE — SERMEST (ZHEERE) , FHIEERFESE)
P('  (b) TB+RHGE — ﬁ?@%ﬁk#&?‘ SPHR)
P(" (c) HRBE LRI, —TINEE")
P('1E4R: BHEFUN MAE (ﬁlﬁ/yﬁ:{x kW, BBfY JT/kwWhx1000) ; "UNSH"= &L 21 RENFLHLER 1.25 EFUA")
PC'")
for name, cfg, seed in VARIANTS:
site = X.gen_site(cfg, seed)

orc = X.oracle(site)
a = run(site, PRIOR, phi_known=cfg.get('phi', X.ST['phi']))
b = run(site, PRIOR)
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¢ = run(site, None)
P(-' * 112)
P(%s BEXEHEE=-%s BXGHE=%.0f =THRIE=2%.2f
% (name, [X.NAME7[w] for w in cfg.get('low_days', (4, 5))], cfg.get("phi', X.ST['phi']),
cfg.get('season_amp', 1.0)))
P("%-8s Y%-16s %8s %8s %8s %8s %8s %8s %8s' % (L&, R, 58 0 X', '8 0-30, "85 30-90,
"85 90-180', 55 180-365", '&HA", '"KELK")
for kind, sc in (('load, 1.0), ("pv', 1.0), ('price', 1000.0)):
for tag, rec in (ERBAENGE, 2), ((ERZ+ERHSE, b), (L2 BEY, o)):
cd = conv_days(rec, kind, orc[kind])
P('%-8s %-16s %8.1f %8.1f %8.1f %8.1f %8.1f %8.1f %8s’
% (kind if tag.startswith('’‘EFZ+5") else ", tag,
np.nan_to_num(rec[kind][0], nan=float('nan")) * sc if not np.isnan(rec[kind][0]) else float('nan'),
mae(rec, kind, WINS[0]) * sc, mae(rec, kind, WINS[1]) * sc,
mae(rec, kind, WINS[2]) * sc, mae(rec, kind, WINS[3]) * sc,
mae(rec, kind, WINS[4]) * sc, (' if cd is None else str(cd))))
P('%-8s Y%-16s %8s %8s %8s %8s %8s %8.11 % (", '®AH LR, —', —', ', ', ' orc[kind] * sc))
P(")
P( TRMEFABHMNLHNE: AT %t1%%, KR %t1%%, BN %+.1%%
% (100 * (mae(c, 'load', WINS[4]) / mae(a, 'load', WINS[4]) - 1),
100 * (mae(c, 'pv', WINS[4]) / mae(a, 'pv', WINS[4]) - 1),
100 * (mae(c, 'price', WINS[4]) / mae(a, 'price', WINS[4]) - 1)))

P(")

P('=' * 112

P('EHEAEES: F 0 X (FEINIEMA—REIE) FREHMTUN" )
P('=' * 112)

for name, cfg, seed in VARIANTS:
site = X.gen_site(cfg, seed)

M = X.TSEF(PRIOR, phi_known=cfg.get('phi', X.ST['phi']))
pr = M.predict(0)
P(' %-30s TAfa1 %8.1f/ I2BR %8.1f (%+5.1f%%) FEIR %7.1f/ %7.1f (%+5.18%%) EBIN %.4f/ %.4f (Y%ot+5.1f%%)'
% (name, pr[0].mean(), site['load'][0].mean(), 100 * (pr[0].mean() / site['load'][0].mean() - 1),
pr[1].mean(), site['pv'][0].mean(), 100 * (pr[1].mean() / max(site['pv'][0].mean(), le-9) - 1),
pr[2].mean(), site['price'][0].mean(), 100 * (pr[2].mean() / site['price'][0].mean() - 1)))
zl(Jt i os.path.join(ROOT, 'paper_output_pro', 'experiments', 'g4-selftransfer', 'TSEF_T{RIGHIRE .txt')
os.makedirs(os.path.dirname(out), exist_ok=True)

open(out, 'w', encoding='utf-8').write('\n'.join(OUT))
print('written', out)

D.2.82 SCHEMELARAL/07_IZ A4 Fi/make_check_tables_v3.py
-*- coding: utf-8 -*-

TrRRER v — BHREREBASEBPER. BRSHA KSR,

H: BER | BIER | BB (FT/kwh) | BBASKR | DKBE (kW) | RARLRRE (kW) | FHRTE (kW) | FERTER (kw)
| TR EE 8 (kWh) | JAEEMEE 2 (kWh) | TEE(KWh) | IREEKWh) | ERWESEKWh) | FRFEERERBEEKWh)

| HHRIMNEEGT) | SSARMERBREGT) | PEERRGT) | TEBEGT) | MEREGT) | B2MEEGT)
| REBRGT) | REFRE | RXWEEGT) | SRBREEERGT)

import os, sys, io, json, datetime

sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')

import numpy as np, openpyxl

ROOT = os.environ.get('CUMCM_ROOT', '.")

B = os.path.join(ROOT, 'paper_output_pro'); OUT = os.path.join(ROOT, '£ERIV', 't&IEME", "ZF 10 HEhEAA")
sys.path.insert(@, os.path.join(B, 'code'))

DT = 1/6.0; FIRST = 31
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HOR = ['EA', BYER', BN (TT/kih) ', EBRIR, NK BB () ', SERIEFRHS (kW) BT (ki) SEERTUR ()
THRIMIEBE (kWh), EEWEE(kWh), TR E(KWh), REBE(kWh), E2WEEKkWh), NEEKREBEKWh),

RN D), SEIMER R R CT), IRFER BT, TR B E (D), B (T, E2MEET),
REZACT), RERR, RXMBETT), RREREERGT)]

def 1bl(i):
a=1*10; b=a+10; f=lambda m:'%d:%02d'%(m//60,m%60)

return '%s-%s'%(f(a),'0:00+1" if b==1440 else f(b))

def write(fn, title, days, eta):
wb=openpyxl.Workbook(); ws=wb.active; ws.title=title

ws.append(HDR)
acc=np.zeros(15); nb=ns=nn=0
for (date,pr,load,pv,fest,netd,p p,Pf,c2,d2,E,S) in days:
loss=(1-eta)*c2*DT+((1-eta)/eta)*d2*DT
use=pr*np.maximum(0.0,netd)*DT
u=np.maximum(0,p_p-Pf); v=np.maximum(0,Pf-p_p)
dev=0.5*pr*u*DT+1.5*pr*v*DT
deal=pr*np.minimum(p_p,PH))*DT
emg=5.0¥pr*E*DT
settle=deal+dev+emg
cost=[pr*Pf*DT,use,pr*loss,pr*c2*DT,pr*d2*DT,emg]
for t in range(len(pr)):
dv=float(dev[t])
if abs(Pf[t]-p_p[t])<le-9: dim="F"; nn+=1
elif P[t]>p_p[t]: dirn='%3E'; nb+=1
else: dirn="/'3E"; ns+=1
row=[str(date),lbl(t),round(float(pr[t]),6),SRC,
round(float(load[t]),6),round(float(pv[t]),6),round(float(netd[t]),6),
(" if fest is None else round(float(fest[t]),6)),
round(float(p_p[t]*DT),6),round(float(P{[t]*DT),6),
round(float(c2[t]*DT),6),round(float(d2[t]*DT),6),round(float(E[t]*DT),6),
round(float(S[t+1]),6)] + [round(float(x[t]),6) for x in cost] + \
[round(dv,6),dirn,round(float(deal[t]),6),round(float(settle[t]),6)]
ws.append(row)
acct=np.array([row[14],row[15],row[16],row[17],row[18],row[19],row[20],row[22],row[23]]+[0]*6)
ws.append(['"&3t,",",", ", T+
[round(float(x),2) for x in acc[:6]]+
[round(float(acc[6]),2),'%E %d / LE %d / KE& %d B&'%(nb,ns,nn),
round(float(acc[7]),2),round(float(acc[8]),2)])
for i,w in enumerate([12,13,13,12,14,16,13,13,15,15,12,12,15,16,16,16,13,13,13,15,13,24,15,17],1):
ws.column_dimensions[openpyxl.utils.get column_letter(i)].width=w
ws.freeze panes='C2'
whb.save(os.path.join(OUT,fn))

return acc
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from scipy.optimize import linprog
il=json.load(open(os.path.join(B, 'data_cleaned', 'ql_input.json'),encoding="utf-8"'))
prl=np.asarray(il['price'],float); ldl=np.asarray(il['load'],float); pvl=np.asarray(il['pv'],float)
netl=1d1l-pvl; st=il['storage']; eta=float(st['efficiency'])
Pmax=float(st['power_max']); smin=float(st['soc_min']); smax=float(st['soc_max']); s@=float(st['soc_initial'])
T=len(prl); n=3*T+(T+1l); og,oc,od,os_=0,T,2*T,3*T
c_=np.zeros(n); c_[og:0g+T]=pr1*DT
A=np.zeros((T,n))
for t in range(T): A[t,og+t]=-1; A[t,od+t]=-1; A[t,oc+t]=1
Ae=np.zeros((T+1,n))
for t in range(T):

Ae[t,os_+t+1]=1; Ae[t,0os_+t]=-1; Ae[t,octt]=-eta*DT; Ae[t,od+t]=DT/eta

Ae[T,os_+T]=1

be=np.zeros(T+1); be[T]=s0

bnd=[ (0,None) ]*T+[ (0,Pmax) ]*T+[ (0,Pmax) ]*T+[ (s0,s0) ]+[ (smin, smax) ]*T
r=linprog(c_,A_ub=A,b_ub=-netl,A_eq=Ae,b_eq=be,bounds=bnd,method="highs'); assert r.success

x=r.X; G=x[og:0g+T]; cc=x[oc:oc+T]; dd=x[od:od+T]; SS=x[os_:os_+T+1]

SRC="HfiF 1"

al=write('#30 jAl@—.x1sx"', '[@)@—"',[(datetime.date(2025,1,1),pr1,1d1,pvl,None,netl,G,G,cc,dd,np.zeros(T),SS)],eta)
print('A@— HEAEIT=%.2f X 35126.95" % al[8])

from q2_forecast import build_forecast, margin, execute_causal
from gq2_online import day_lp
i2=json.load(open(os.path.join(B, 'data_cleaned', 'q2_input.json'),encoding="utf-8"))
pr2=np.asarray(i2['price'],float); ld2=np.asarray(i2['load_actual'],float); pv2=np.asarray(i2['pv_actual'],float)
net2=1d2-pv2; st2=i2['storage']; dt=float(i2['dt']); eta=float(st2['efficiency'])
Pm=float(st2[ 'power_max']); sm=float(st2['soc_min']); sx=float(st2['soc_max'])
Nh,er,_,_=build_forecast(net2,0.10,0.90); s=float(st2['soc_initial']); d21=[]
for d in range(1,365):

g, , , =day lp(pr2,Nh[d]+margin(er,d,5,0.88),s,eta,dt,Pm,sm,sx)

e,c2,dd2,S=execute causal(g,net2[d],s,eta,dt,Pm,sm,sx)
if d&>=FIRST:
d2l.append((datetime.date(2025,1,1)+datetime.timedelta(days=d),pr2,1d2[d],pv2[d],None,net2[d],g,g,c2,dd2,e,S))
s=float(S[-1])
SRC="HfifF 1"

a2=write('#3& R .x1sx', A _",d21,eta)
print('BEZ ZHEAIT=%.2f X 13700048.95' % a2[8])

— UL R—

from g3_mpc import build_seasonal as bs3, solve_window as sw3
from g4_solver import seasonal as bs4, solve_w as swd
def run(which):

f='q3_input.json' if which=="3' else 'q4_input.json’'
inp=json.load(open(os.path.join(B,'data_cleaned',f),encoding="ut{-8'"))
load=np.asarray(inp['load_actual'],float); pv=np.asarray(inp['pv_actual'],float); net=load-pv
D,T=load.shape
if which=="3":

pr_all=np.tile(np.asarray(inp['price'],float),(D,1)); pr_fc=pr_all; bsf,swf=bs3,sw3; src="Ff{¥ 1'
else:

pr_all=np.asarray(inp['price_actual'],float); bsf,swf=bs4,sw4; pr_fc=bsf(pr_all,D,T,0.15,0.8); src="F{{{4 4'
st=inp['storage']; dt=float(inp['dt']); eta=float(st['efficiency'])
Pmax=float(st['power max']); smin=float(st['soc_min']); smax=float(st['soc_max'])
fe={h:np.array([inp['pv_forecast']['%d_%d'%(d,h)] for d in range(D)]) for h in (0,6,12,18)}
1f=bsf(load,D,T,0.15,0.8); pfs=bsf(pv,D,T,0.15,0.8)
def nf(d,h):

a=fc[h][d].copy(); a[np.isnan(a)]=pfs[d][np.isnan(a)]; return If[d]-a
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sO=float(st['soc_initial']); out=[]
for d in range(D):

m=np.zeros(T) if d<2 else np.maximum(np.percentile(
np.array([net[k]-nf(k,0) for k in range(max(1,d-14),d)]),80.0,axis=0),0.0)

p_p,c_p,dd p,soc=swi(pr_fc[d],nf(d,0)+m,s0,dt,eta,Pmax,smin,smax)

Pf=p_p.copy(); sct=soc.copy()

for h,slot in ((6,36),(12,72),(18,108)):
p_.c_,d ,s =swi(pr_fc[d][slot:],(nf(d,h)+m)[slot:],sct[slot],dt,eta,Pmax,smin,smax,plan_w=p_ p[slot:])
Pf[slot:]=p_; sct=np.concatenate([sct[:slot],s ])

e=np.zeros(T); c2=np.zeros(T); dd2=np.zeros(T); SS=np.zeros(T+1); ss=s0; SS[0]=ss

for t in range(T):
need=net[d][t]-P1[t]
if need>0:

cap=min(Pmax,max(ss-smin,0.0)*eta/dt); dd2[t]=min(need,cap); e[t]=need-dd2[t]; ss-=dd2[t]*dt/eta
else:
cap=min(Pmax,max(smax-ss,0.0)/(eta*dt)); c2[t]=min(-need,cap); sst=eta*c2[t]*dt

SS[t+1]=ss

if d&>=FIRST:
f0=nf(d,0)
out.append((datetime.date(2025,1,1)+datetime.timedelta(days=d),pr_all[d],load[d],pv[d],{0,

net[d],p_p,Pf,c2,dd2,e,SS))
sO=ss

return out,eta,src

for w,nm,exp in (('3','[ERE=",14483771.06),( 4", '[AIFAM",15192155.84)):
days,eta,src=run(w); SRC=src

aa=write('*ﬁgﬁ_%s.xlsx‘%nm,nm,days,eta)

print('%s B E1T=%.2f I %.2f %s'%(nm,aa[8],exp,’OK' if abs(aa[8]-exp)<2 else 'X'))
D.2.83 STIEMEHREIE/07_ WA R /q3_fe_write_check_table.py
-*- coding: utf-8 -*-

"MEEE B 10 HERHRAR (EXOR E3v2: ORRE + FEE o BAEMNRS) .

FI45H95 make_check_tables_v3.py 52— (24 %) , {8:
- %8 8§l DRRIUR(kw)) B [RMEFINATUR] —IBRISET DEABTHR) , LABE
- 1R/ A/ TR/ B R /soc £EENEERM solution.json, NEBEITEMR

FA%: python g3_fc_write_check_table.py <solution.json> <sigma.npy> <out.xlsx>

import os, sys, io, json, datetime

sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
import numpy as np, openpyxl

ROOT = os.path.abspath('.")

CODE = os.path.join(ROOT, 'paper_output_pro', ‘code')

sys.path.insert(@, CODE)

from q3_forecast_B import load_vintages, candidates, HOURS, NDAY, NH, T as TT

from g3_mpc import build_seasonal

DT = 1/6.0; FIRST = 31
SOLP, SIGP, OUTP = sys.argv[1l], sys.argv[2], sys.argv[3]
HDR = ['Eﬁﬁ','ﬁﬁﬁﬁ',‘%{ﬁ(ﬁ:/kwh)', NIRRT, KT (W) ', P FRSEBRE A (kW) TR (kW) " YERTIR (kw) ',
HRIMGEE = (kWh), M B 2 (kWh)', F8 B8 2 (kWh)', T BB 2 (kWh)', S 2B E(kWh), BT ELR B 2 (kWh)!,

HRIENEZE (D), SEFRER B R CT), RFEB T, TERBEEGT), B ERE(T), R MEBET),
REZACT) RESMA, RRXMEBEGT), RIREREER(T)]

def 1bl(i):
a=1*10;b=at10

242



f=lambda m: '%d:%02d' % (m//60, m % 60)
return '%s-%s' % (f(a), '0:00+1" if b == 1440 else f(b))

inp = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q3_input.json'), encoding="utf-8"))
load = np.asarray(inp['load_actual'], float); pv = np.asarray(inp['pv_actual'], float)

pr_all = np.tile(np.asarray(inp['price'], float), (load.shape[@], 1))

st = inp['storage']; eta = float(st['efficiency'])

V, _ = load_vintages(os.path.join(CODE, 'q3_vintages_B.json'))

TAB = np.load(SIGP)

SOL = json.load(open(SOLP, encoding='utf-8'))

pv_fs = build_seasonal(pv, load.shape[0], 144, 0.15, 0.8)

def fused_pv(d, stage_off):

"EE d R ORI stage off BYmAVRRE SERTAIR (144,)""
dec = d*24 + stage_off
out = np.full(144, np.nan)
row = TAB[min(d, TAB.shape[0]-1)]
for t in range(144):
¢ = candidates(V, d, t, dec, 'all')
if not c:
continue
th=t//6
ws = np.asarray([1.0/row[th, j]**2 for ,j, inc], float)
vals = np.asarray([v for , , v inc], float)
out[t] = float(np.dot(ws, vals)/ws.sum())
miss = ~np.isfinite(out)
out[miss] = pv_{fs[d][miss]

return out

wb = openpyxl.Workbook(); ws = wb.active; ws.title = '[A)@i="
ws.append (HDR)
acc = np.zeros(15); nb = ns = nn = @
SRC = ‘M1’
for i, dobj in enumerate(SOL['days']):
d = int(dobj)

date = datetime.date(2025, 1, 1) + datetime.timedelta(days=d)
p_p = np.asarray(SOL['plan0'][i], float); Pf = np.asarray(SOL['plan'][i], float)
c2 = np.asarray(SOL['c'][1], float); d2 = np.asarray(SOL['d"][i], float)
E = np.asarray(SOL['E"][i], float)
S0 = float(SOL['S0'][i]); S1 = float(SOL['S1'][i])
SS = np.concatenate([np.linspace(S0, S1, 145)]) #{NRAT TREKRMEBE) BR? > IARKRER
#ZE SOC BEE (SREHBIZMNITRE—H
SS = np.zeros(145); SS[0] = SO; ss = SO
for t in range(144):
ss += (eta*c2[t]*DT) - (d2[t]*DT/eta)
SS[t+1] =ss
fest = fused pv(d, 0)
netd = load[d] - pv[d]
pr =pr_all[d]
loss = (1-eta)*c2*DT + ((1-eta)/eta)*d2*DT
use = pr¥np.maximum(0.0, netd)*DT
u = np.maximum(0, p_p-Pf); v = np.maximum(0, Pf-p_p)
dev = 0.5*pr*u*DT + 1.5%pr*v*DT
deal = pr¥*np.minimum(p_p, Pf)*DT
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emg = 5.0*pr*E*DT
settle = deal + dev + emg
cost = [pr¥*Pf*DT, use, pr¥loss, pr*c2*DT, pr*d2*DT, emg]
for t in range(144):
dv = float(dev[t])
if abs(Pft]-p_p[t]) < 1e-9: dirn ="F5'; nn +=1
elif P[t] > p_p[t]: dirn ="'23E"; nb += 1
else: dirn ="' ns += 1
row = [str(date), Ibl(t), round(float(pr[t]), 6), SRC,
round(float(load[d][t]), 6), round(float(pv[d][t]), 6), round(float(netd[t]), 6),
round(float(fcst[t]), 6),
round(float(p_p[t]*DT), 6), round(float(Pf[t]*DT), 6),
round(float(c2[t]*DT), 6), round(float(d2[t]*DT), 6), round(float(E[t]*DT), 6),
round(float(SS[t+1]), 6)] + [round(float(x[t]), 6) for x in cost] +\
[round(dv, 6), dirn, round(float(deal[t]), 6), round(float(settle[t]), 6)]
ws.append(row)
acc +=np. array([row[l4] row[lS] row[16] row[17] row[18], row[19], row[20], row[22], row[23]] + [0]*6)

ws.append(['&1t","", ", L, AR ]+
round(ﬂoat(x) 2) for x in acc[ 6]] +

[round(float(acc[6]), 2), 'ZFE %d /DL %d / KER %d EX' % (nb, ns, nn),

round(float(acc[7]), 2), round(float(acc[8]), 2)])

for i, w in enumerate([12,13,13,12,14,16,13,13,15,15,12,12,15,16,16,16,13,13,13,15,13,24,15,17], 1):
ws.column_dimensions[openpyxl.utils.get column_letter(i)].width = w

ws.freeze_panes = 'C2'
os.makedirs(os.path.dirname(os.path.abspath(OUTP)), exist_ok=True)
wb.save(OUTP)
M= json.load(open(os.path.join(os.path.dirname(SOLP), ‘metrics.json'), encoding="utf-8'))[ 'metrics']
print('EEH:", 0UTP)
print(' 17% = %d (334 X x 144 & + &£k + Ait)' % (ws.max_row))
print(' REZEBSEIT = %.2f (¥64F g3_adjustment_cost = %.2f)' % (acc[6], M['g3_adjustment_cost']))
print(* B2WBESEIT = %.2f (351F q3_emergency_cost = %.2f)' % (acc[5], M['q3_emergency_cost']))
print(' ZABERLEZEASIT = %.2f (381F q3_total_cost = %.2f)' % (acc[8], M['g3_total_cost']))
print(' MXWEBEEIT = %.2f (355 g3_purchase_cost = %.2f)' % (acc[7], M['q3_purchase_cost']))
ok = (abs(acc[6]-M["'g3_adjustment_cost’']) < 1 and abs(acc[5]-M["'q3_emergency_cost']) < 1

and abs(acc[8]-M['q3_total cost']) < 1 and abs(acc[7]-M['q3_purchase cost']) < 1)

print(' ¥MW: %s' % ("2 if ok else 'k F—H'))

D.2.84 SCEMEVARIL/07_SZA T BL/q3_fe_write_result3.py
-*- coding: utf-8 -*-

A= EXRIY) result3.xlsx EMka: (EXOR E3v2: TARSE + RE o EAEMNR) .

FEARIRMHME 5 1R
- RAZFFRYE BIREFABNBIBRABE—K, HEASE 2 FIEIRKMNEIRFE — W verify_constraints.py:109)
- RIS / FEWEE: A-HHE, B..(B+143)=% 10 DIPEREBE(kwh), 146=2XRMWHE, 147-2XWHE
- RWEBE. X 6 17(0:00-4:00 ... 20:00-24:00), HITIZ 00:00 SHIAMEERE, RITIC 24:00 SLERiERE
- RRMBE: RESNEESR, TESWEBMNERRTAR

Fi%: python g3_fc_write_result3.py <solution.json> <out.xlsx> [1EiRE&F]

import sys, io, os, json, datetime, shutil
sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
import openpyxl

SOLP = sys.argv[1l]; OUT = sys.argv[2]

TPL = sys.argv[3] if len(sys.argv) > 3 else 'problem_files/Mif/Miff 5/result3.xlsx’

ROOT = os.path.abspath('.")

INP = json.load(open(os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'q3_input.json'), encoding="utf-8"))
PRICE = INP['price']; DT = float(INP['dt']); T = 144

SOL = json.load(open(SOLP, encoding='utf-8'))

DAYS = SOL[ 'days']

DO = datetime.date(2025, 1, 1)

PERIODS = ['0:00-4:00', '4:00-8:00', '8:00-12:00', '12:00-16:00', '16:00-20:00', '20:00-24:00']
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def r4(x): return round(float(x), 4)
def r2(x): return round(float(x), 2)
def hhmm(slot):

m = slot * 10

return '%d:%02d' % (m // 60, m % 60)

wb = openpyxl.load_workbook(TPL)
for sn in ('itXIMEBEE', 'ARMWEE", 'THEE', 'EIWLS'):
assert sn in wb.sheetnames, sn

wl, w2 = wb['iTXIMGEEE"], wb[ ' JAEEME
w3, w4 = wb['THEE"], wo[' BE2WEE
for ws in (w3, w4):

if ws.max_row > 1:

o

ws.delete rows(2, ws.max_row)

sumP = 0.0; sumA_cost = 0.0; sumEm = 0.0; sumC = 0.0; sumD = 0.0
for i, dobj in enumerate(DAYS):

row=1+2
date = DO + datetime.timedelta(days=int(dobj))
pp = SOL['plan0'][i]; pa = SOL['plan'][i]
¢ =SOL['¢'|[i]; d = SOL['d"][i]; E = SOL['E'][i]
wl.cell(row=row, column=1, value=datetime.datetime(date.year, date.month, date.day))
w2.cell(row=row, column=1, value=datetime.datetime(date.year, date.month, date.day))
for t in range(T):
wl.cell(row=row, column=2 + t, value=r4(pp[t] * DT))
w2.cell(row=row, column=2 + t, value=r4(pa[t] * DT))
wl.cell(row=row, column=2 + T, value=r4(sum(pp) * DT))
wl.cell(row=row, column=3 + T, value=r2(sum(PRICE[t] * pp[t] * DT for t in range(T))))
base = sum(PRICE[t] * min(pp][t], pa[t]) for t in range(T)) * DT
dev = sum(0.5 * PRICE[t] * max(0.0, pp[t] - pa[t]) + 1.5 * PRICE[t] * max(0.0, pa[t] - pp[t])
for t in range(T)) * DT
w2.cell(row=row, column=2 + T, value=r4(sum(pa) * DT))
w2.cell(row=row, column=3 + T, value=r2(base + dev))
sumP += sum(pp) * DT; sumA_cost += base + dev
# RINEE
for pi, 1bl in enumerate(PERIODS):
lo,hi=pi*24, (pi+1)*24
rr=(row -2) ¥ 6 +2 + pi
w3.cell(row=rr, column=1, value=datetime.datetime(date.year, date.month, date.day) if pi == 0 else None)
w3.cell(row=tr, column=2, value=Ibl)
w3.cell(row=rr, column=3, value=r4(sum(c[lo:hi]) * DT))
w3.cell(row=rr, column=4, value=r4(sum(d[lo:hi]) * DT))
if pi==0:
w3.cell(row=rr, column=5, value=datetime.time(0, 0))
w3.cell(row=tr, column=6, value=r4(SOL['S0'][i]))
elif pi==1:
w3.cell(row=rr, column=5, value='24:00")
w3.cell(row=tr, column=6, value=r4(SOL['S1'][i]))

sumC += sum(c) * DT; sumD += sum(d) * DT
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REMEE (EREENE; TXRMWZBAAFET)

er = 2
for i, dobj in enumerate(DAYS):
date = DO + datetime.timedelta(days=int(dobj))

E =SOL['E"[i];j = 0; runs =]
while j <T:
if E[j] > le-6:
k=j
while k < T and E[k] > 1e-6:
k+=1
runs.append((j, k, sum(E[j:k]) * DT)); j =k
else:
jt=1
for ri, (a, b, en) in enumerate(runs):
w4.cell(row=er, column=1, value=datetime.datetime(date.year, date.month, date.day) if ri == 0 else None)
w4.cell(row=er, column=2, value='%s-%s' % (hhmm(a), hhmm(b)))
w4.cell(row=er, column=3, value=r4(en))

er += 1; sumEm += en

os.makedirs(os.path.dirname(os.path.abspath(0UT)), exist_ok=True)

wb.save(OUT)

print('EEH:", ouT)

print(' XK = %d (%s .. %s)' % (len(DAYS), D@ + datetime.timedelta(days=int(DAYS[®@])),
DO + datetime.timedelta(days=int(DAYS[-1]))))

print(' ITRIWEBESEIT = %.4f kwh' % sumP)

print(' ABRESXWBEEIT = %.2f Tt (K = BRX + fBE)" % sumA_cost)

print(' ZE2WEBEEIT = %.4f kWh' % sumEm)

print(' ZEEB %.4f / K %.4f kWh' % (sumC, sumD))

print(* BEIWEBRITE = %d' % (er - 2))

D.2.85 SCEMEARID/07_ZATWA Bi/q42_decomp_check.py
-*- coding: utf-8 -*-

A EAROFMER ZARSHE (BEYRER. 258H) vs 2EOBERM. """
import os, json, sys

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file__)); ROOT = os.path.dirname(HERE)
sys.path.insert (@, HERE)

from gq42_lower_bound import build, solve_lp, unpack

inp = json.load(open(os.path.join(ROOT, "data_cleaned", "g4_input.json"), encoding="utf-8"))
lam = np.asarray(inp["price_actual"], float); Load = np.asarray(inp["load_actual"], float)
Pv = np.asarray(inp["pv_actual"], float); st = inp["storage"]; dt = float(inp["dt"])

eta = float(st["efficiency"]); Pmax = float(st["power_max"])

Smin = float(st["soc_min"]); Smax = float(st["soc_max"]); S@ = float(st["soc_initial"])

D, T = Load.shape; N = Load - Pv

def greedy(days, s_start):
s =s_start; tot = 0.0

for d in days:
a = build(T, dt, eta, Pmax, Smin, Smax, N[d], Load[d], lam[d], sO=s)
r =unpack(solve Ip(a).x, T, lam[d], dt, eta, N[d], Load[d], a["idx"])
tot += r["cost"]; s = float(r["S"][-1])

return tot, s

g, s_end = greedy(range(31, D), SO)
print(f"ZEERERE (2/1 Em=6000, ZHEH) = {g:,.2f} 7T, K& {s_end:.1f} kwh")
g2, s2 = greedy(range(31, D), Smax)

\\\\\\ = {g2:,.2f} 7o, K& {s2:.1f} kuwh")
gj, sj = greedy(range(@, 31), S0)

°
S
.
=]
=

=
]

m
2
i
it
9
=
o
o
I
n
I
0
1]

S

X
[

I+

B
I

246



print(f"1 B (1/1 ¥R 6000, LXmBEMA) MM = {gj:,.2f} 7T, K& {sj:.1f} kwh")
print(f"#3& D1 - 18 = {14494771.228646498 - gj:,.2f} (R = C3 12,780,883.29)")
res = dict(greedy_from60ee=g, greedy_from10800=g2, january_opt=gj,

jan_end_soc=sj, check=14494771.228646498 - gj)

json.dump(res, open(os.path.join(ROOT, "experiments", "g4-2-lower-bound",
"decomposition_check.json"), "w", encoding="utf-8"),

ensure_ascii=False, indent=1)
D.2.86 SCEMELAIG/07_ZATW A Bi/q42_delivered_check.py
-*- coding: utf-8 -*-

" EEFTEERM resultd-2.xlsx WA, HSETRIR (EERNSEHLT) o "
import os, json, datetime, glob
import numpy as np, openpyxl

HERE = os.path.dirname(os.path.abspath(__file_ )); ROOT = os.path.dirname(HERE)

BASE = os.path.dirname(ROOT)

inp = json.load(open(os.path.join(ROOT, "data_cleaned", "g4_input.json"), encoding="utf-8"))
lam = np.asarray(inp[“"price_actual"], float)

LB = json.load(open(os.path.join(ROOT, "experiments", "q4-2-lower-bound", "metrics.json"),

encoding="utf-8"))

D = lam.shape[0]
DO = datetime.date(2025, 1, 1)

def tseg(s):
a = s.split("-")[0].strip(); h, m = a.split(":")

return (int(h) * 60 + int(m)) // 10

1b_cl1 = LB["A_full_physics"]["C1l_startFree_endFree"]["cost"]
1b_c4 = LB["A_full_physics"]["C4_start6000_end6000" ][ "cost"]
ns = LB["baseline"]["no_storage_window_cost"]

def check(fp):
wb = openpyxl.load workbook(fp, data_only=True)

ws = wb["ITRIMEBE"]
plan = np.zeros((D, 144)); fee_file = 0.0; cur = None
for r in ws.iter_rows(min_row=2, values_only=True):
if r[0] is not None: cur = (r[0].date() - D0).days
if cur is None or not (0 <= cur < D): continue
plan[cur] = [float(x) if x is not None else 0.0 for x in r[1:145]]
if cur >= 31 and r[146] is not None: fee file += float(r[146])
plan_cost = float((lam[31:, :] * plan[31:, :]).sum())
ws3 = wb["EEMEBE"]; em = np.zeros((D, 144)); ekwh = 0.0; cur = None
for r in ws3.iter_rows(min_row=2, values_only=True):
if r[0] is not None: cur = (r[0].date() - D0).days
if r[2] in (None, ""): continue
e = float(r[2]); ekwh +=¢
if cur is None or not (0 <= cur < D) or 1[1] is None: continue
parts = [p for p in str(r[1]).split(";") if "-" in p]
for part in parts:
try: kk = tseg(part)
except Exception: continue
if 0 <= kk < 144: em[cur, kk] += e / len(parts)
em_cost = float(5.0 * (lam[31:, :] * em[31:, :]).sum())
tot = plan_cost + em_cost
return dict(file=os.path.relpath(fp, BASE).replace("\\", "/"),
plan_kwh=float(plan[31:].sum()), plan_cost=plan_cost,
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file_fee total=fee file, emergency kwh=ekwh, emergency cost=em_cost,
total_cost=tot, Ib_Cl=Ib_c1,Ib_C4=lb_c4, no_storage=ns,
gap_abs_Cl=tot - Ib_cl, gap_pct_C1=100.0*tot/Ib_c1 - 100.0,

gap_abs C4=tot - Ib_c4, gap pct C4=100.0*tot/Ib_c4 - 100.0,

saving_vs_nostorage=ns - tot)

files = sorted(set(glob.glob(os.path.join(BASE, "**", "result4-2.x1lsx"), recursive=True)))
rows = []
for f in files:

if "EES RAHIME" in f or "MIfE" in os.path.basename(os.path.dirname(f)):
pass

try:
rows.append(check(f))

except Exception as e:
print("skip", £, e)

for r in rows:
print(json.dumps(r, ensure_ascii=False))

json.dump(rows, open(os.path.join(ROOT, "experiments", "q4-2-lower-bound",
"delivered cost check.json"), "w", encoding="ut{-8"),

ensure_ascii=False, indent=1)
D.2.87 SCHEAMEVARS/07_ZATWAEF/q42_1b_figures.py
-*- coding: utf-8 -*-

TUUiEE 4-2 EIETR BREM. "

import os, json, datetime

import numpy as np

import matplotlib

matplotlib.use("Agg")

import matplotlib.pyplot as plt

from matplotlib import rcParams
rcParams["font.sans-serif"] = ["SimHei"]
rcParams["axes.unicode_minus"] = False
rcParams["figure.dpi"] = 160

HERE = os.path.dirname(os.path.abspath(__file_ )); ROOT = os.path.dirname(HERE)

OUT = os.path.join(ROOT, “"experiments", "q4-2-lower-bound")

FIG = os.path.join(ROOT, "figures"); os.makedirs(FIG, exist_ok=True)

M = json.load(open(os.path.join(OUT, "metrics.json"), encoding="utf-8"))

VER = json.load(open(os.path.join(OUT, "verification.json"), encoding="utf-8"))

DEL = json.load(open(os.path.join(OUT, "delivered_cost_check.json"), encoding="utf-8"))

inp = json.load(open(os.path.join(ROOT, "data_cleaned", "g4_input.json"), encoding="utf-8"))
lam = np.asarray(inp[“"price_actual"], float); Load = np.asarray(inp["load_actual"], float)
Pv = np.asarray(inp["pv_actual"], float); dt = float(inp["dt"]); D, T = Load.shape

N = Load - Pv; sf = 31

cl = M["A_full_physics"]["C1l_startFree_endFree"]["cost"]

c4 = M["A_full_physics"]["C4_start6000_end6000" ][ "cost"]

cyc = M["C_daily_cyclic"]["level_6000"]

ns = M["baseline"]["no_storage_window_cost"]

deliv = [d for d in DEL if d["file"].startswith("4E8R 5/48/")][0]["total_cost"]

SR PP 317 ¥ —

labels = ["ZfE#E\n BEIEMEB", "EXMHAR\n(HER 5/results-2)", "BEFBE\n TR",
"B TR \n(EFREETIE)", "B TR n(wREH)"]

vals = [ns, deliv, cyc, c4, c1]

colors = ["#b@b7c3", "#e@8b6a", "#7fbode", "#3f7fbf", "#1f4e79"]

fig, ax = plt.subplots(figsize=(9.2, 4.6))

b = ax.bar(labels, vals, color=colors, width=0.62)

for r, v in zip(b, vals):

ax.text(r.get_x()+r.get_width()/2, v¥1.006, f'{v/1e4:,.2f} J57T",
ha="center", va="bottom", fontsize=9.5)

ax.axhline(cl, 1s="--", lw=1.1, color="#1f4e79")
ax.set_ylabel("2/1-12/31 WEBZEA (T) ")
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ax.set_title("iARR 4-2 BRAEMIE: BIETRSEEMARE (k4 LREMN, fHif/XAEM) ")
ax.set_ylim(0, ns*1.16)

ax.grid(axis="y", alpha=0.28)

plt.tight_layout(); plt.savefig(os.path.join(FIG, "q42_lb_ladder.png")); plt.close()

def monthly(cost_vec):
out =[]

for mth in range(2, 13):
d0 = (datetime.date(2025, mth, 1) - datetime.date(2025, 1, 1)).days
d1 = (datetime.date(2025, mth % 12 + 1, 1) - datetime.date(2025, 1, 1)).days if mth < 12 else D
out.append(float(cost_vec[d0:d1].sum()))

return np.array(out)

base_m = monthly((lam*np.maximum(N, ©)).sum(axis=1))

z = np.load(os.path.join(OUT, "Cl_startFree_endFree.npz"))

p_lb = z["p"].sum(axis=1) # SAWEE kuh

cost_1b = (p_lb * lam[sf:].mean(axis=1)) # X BERLMRZEERMN
cost_lb_exact = (z["p"] * lam[sf:]).sum(axis=1)

1b_m = monthly(cost_lb_exact)

X = np.arange(2, 13); w = 0.4

fig, ax = plt.subplots(figsize=(9.6, 4.4))

ax.bar(x-w/2, base_m/le4, w, label="TFfEREEIZEMIE", color="#bob7c3")
ax.bar(x+w/2, 1b_m/le4, w, label="IEILTH (ZREEFZEBRM) ", color="#1f4e79")
ax.set_xticks(x); ax.set_xticklabels([f"{m}B" for m in x])
ax.set_ylabel("ME2: (F7T) "); ax.grid(axis="y", alpha=0.28)
ax.set_title("/A& 4-2 BILTRNAEDH (2025 F 2-12 A) ")

ax.legend()

plt.tight_layout(); plt.savefig(os.path.join(FIG, "g42_lb_monthly.png")); plt.close()

---------- B3 KRBSE -

for day in (datetime.date(2025, 7, 15), datetime.date(2025, 1, 16)):
d = (day - datetime.date(2025, 1, 1)).days

if d <sf: continue

i=d-sf

tt = np.arange(T)*10/60.0

fig, axs = plt.subplots(3, 1, figsize=(9.6, 8.2), sharex=True,
gridspec_kw=dict(height ratios=[1.15, 1.0, 1.0]))

axs[0].plot(tt, lam[d], color="#c0392b", Iw=1.1)

axs[0].set_ylabel("EBfM\n(7T/kWh)"); axs[0].grid(alpha=0.3)

axs[0].set_title(f" {day} I TRAR (BEEFERM) HZE 10 DFHIE")

axs[1].plot(tt, Load[d], label="/NX $1#", color="#2c3e50", lw=1.2)

axs[1].plot(tt, Pv[d], label="YEfRSZFR", color="#e67¢22", Iw=1.2)

axs[1].plot(tt, z["p"][i]*6, label="TIEBIHZE", color="#1f4e79", Iw=1.2)

axs[1].plot(tt, z["c"][i]*6, label="FEEBINZE", color="#272e60", Iw=1.0, Is="--")

axs[1].plot(tt, -z["u"][i]*6, label="TXFBINZ(A)", color="#8e44ad", Iw=1.0, Is="--")

axs[1].set_ylabel("TIZE (kW)"); axs[1].legend(ncol=3, fontsize=8); axs[1].grid(alpha=0.3)

axs[2].plot(tt, z["S"][i*T:(i+1)*T+1][:-1], color="#16a085", Iw=1.4)

axs[2].axhline(1200, 1s=":", color="grey"); axs[2].axhline(10800, Is=":", color="grey")

axs[2].set_ylabel("fEEEE (kWh)"); axs[2].set_xlabel("BSZI (h)")

axs[2].set_ylim(0, 12000); axs[2].grid(alpha=0.3)

plt.tight layout()

plt.savefig(os.path.join(FIG, f'q42 1b_day {day.isoformat()}.png")); plt.close()
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print("figures ->", FIG)
print([f for f in os.listdir(FIG) if f.startswith("q42_1b")])

D.2.88 SCHEMRARIL/07_SZATAE B/q42_Ib_verify.py
-*- coding: utf-8 -*-

"R 4-2 IETROMIIIE: SURES + KT ES + WEER + RBEI. "
import os, json, sys

import numpy as np

from scipy.optimize import linprog

from scipy.sparse import coo_matrix

HERE = os.path.dirname(os.path.abspath(__file_ )); ROOT = os.path.dirname(HERE)

OUT = os.path.join(ROOT, "experiments", "q4-2-lower-bound")

inp = json.load(open(os.path.join(ROOT, "data_cleaned", "g4_input.json"), encoding="utf-8"))
lam = np.asarray(inp["price_actual"], float); Load = np.asarray(inp["load_actual"], float)
Pv = np.asarray(inp["pv_actual"], float); st = inp["storage"]; dt = float(inp["dt"])

eta = float(st["efficiency"]); Pmax = float(st["power_max"])

Smin = float(st["soc_min"]); Smax = float(st["soc_max"]); S@ = float(st["soc_initial"])

D, T = Load.shape; N = Load - Pv; sf = 31

NW, LW, 1W = N[sf:].reshape(-1), Load[sf:].reshape(-1), lam[sf:].reshape(-1)

L_ = NW.size

rep = {}

---------- 1. 8 : L q=ptu-c AXETE
(N<=q<=L) , p=q+c-u>=0 -

def build_q(T, dt, eta, Pmax, Smin, Smax, N, L, lam, s@=None, sT=None):
n=3*T + (T+1); iq, ic, iu, iS =0, T, 2*T, 3*T

c_obj =np.zeros(n); c_obj[iq:iq+T] = lam*dt; c_obj[ic:ic+T] = lam*dt; ¢_obj[iu:iu+T] = -lam*dt
rows, cols, vals =[], [1, []
for t in range(T): #q<=L
rows += [t]; cols += [iq+t]; vals +=[1.0]
for t in range(T): #-q<=-N
rows += [T+t]; cols += [iq+t]; vals += [-1.0]
for t in range(T): #-(qtc-u)<=0 =>p>=0
rows += [2¥T+t, 2*T+t, 2*¥T+t]; cols += [iq+t, ictt, iu+t]; vals +=[-1.0, -1.0, 1.0]
b_ub = np.concatenate([np.asarray(L, float), -np.asarray(N, float), np.zeros(T)])
A _ub = coo_matrix((vals, (rows, cols)), shape=(3*T, n)).tocsr()
rows, cols, vals =[], [], []
for t in range(T):
rows += [t, t, t, t]; cols += [iS+t+1, iS+t, ic+t, iu+t]
vals +=[1.0, -1.0, -eta*dt, dt/eta]
A _eq = coo_matrix((vals, (rows, cols)), shape=(T, n)).tocsr()
bounds = [(None, None)]*T + [(0, Pmax)]*T + [(0, Pmax)]*T
for k in range(T+1):
lo, hi = Smin, Smax
if k == 0 and s0 is not None: lo = hi = float(s0)
if k == T and sT is not None: lo = hi = float(sT)
bounds.append((lo, hi))
return ¢_obj, A_ub, b_ub, A_eq, np.zeros(T), bounds, (iq, ic, iu, iS)

for tag, kw in (("C1", {}), ("C4", dict(s@=S@, sT=S@))):
a=build q(L , dt, eta, Pmax, Smin, Smax, NW, LW, IW, **kw)

r = linprog(a[0], A_ub=a[1], b_ub=a[2], A_eq=a[3], b_eq=a[4], bounds=a[5], method="highs")
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rep[f'reform_{tag} cost"] = float(r.fun); rep[f'reform_{tag} ok"]= bool(r.success)

print(f' [ q-TE] {tag} = {float(r.fun):,.4f}")

= 2. R B EE3Z X : highs-ds / highs-ipm ----------

sys.path.insert (@, HERE)
from g42_lower_bound import build, solve_lp, unpack
for m in ("highs-ds", "highs-ipm"):
for tag, kw in (("C1", {}), ("C4", dict(s0=S0, sT=S0))):

a=build(L_, dt, eta, Pmax, Smin, Smax, NW, LW, IW, **kw)
r=solve_Ip(a, method=m)

rep[f'{m}_{tag} cost"] = float(r.fun)

print(f"[{m}] {tag} = {float(r.fun):,.4f}")

—eme—- 3. KKT / 3MBIEH (C1) oo

a = build(L_, dt, eta, Pmax, Smin, Smax, NW, LW, 1W)
res = linprog(a[“c"], A_ub=a["A_ub"], b_ub=a["b_ub"], A_eq=a["A_eq"], b_eq=a["b_eq"],
bounds=a["bounds"], method="highs")

try:
lam_ub = np.asarray(res.ineqlin.marginals, float)

nu = np.asarray(res.eqlin.marginals, float)
X = res.X
rc=a["c"] - a["A_ub"].T @ lam_ub - a["A_eq"].T @ nu
bound_viol =]
for i, (lo, hi) in enumerate(a["bounds"]):

if lo is not None and x[i] <lo - 1e-6: bound_viol.append((i, "lo", x[i], 10))

if hi is not None and x[i] > hi + le-6: bound_viol.append((i, "hi", x[i], hi))
ineq_viol = float(np.max(a["A_ub"] @ x - a["b_ub"]))
eq_viol = float(np.max(np.abs(a["A_eq"] @ x - a["b_eq"])))
mu = -lam_ub #mu>=07 <= HRIPERT
assert (mu >= -1le-12).all()
dual_obj = float(a["b_ub"] @ lam_ub + a["b_eq"] @ nu

+ sum((lo*max(0.0, rc[i]) if lo is not None else 0.0)
+ (hi*min(0.0, rc[i]) if hi is not None else 0.0)
for i, (lo, hi) in enumerate(a["bounds"])))

#IEFT minc'x, A ubx<=b ub, A eqx=b eq, I<=x<=u
#=>IHMBEIITEXR lambda ub<=0 (FN Lagrangian L T5)
#IRIAEE TN REFIIT MR IEEARREUNREY IS ERR LP
#WMENAMTR x, AR—AMBEENE Lx)<=cx, B x'>=RIAERMLE
rng = np.random.default rng(0); weak ok = True; checked = 0; costs =[]
for k in range(5):

ck =a["c"] + rng.normal(0, le-3, size=a["c"].size) * max(1.0, np.abs(a["c"]).max())

rk = linprog(ck, A_ub=a["A_ub"],b_ub=a["b_ub"], A_eq=a["A_eq"], b_eq=a["b_eq"],

bounds=a["bounds"], method="highs")
if not rk.success:
continue
xt=r1k.x; Au=a["A ub"] @ xt
if (Au <=a["b_ub"] + le-7).all() and np.abs(a["A_eq"] @ xt - a["b_eq"]).max() < le-7:
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checked +=1
cx = float(a["c"] @ xt)
costs.append(cx)
#BY mu=-lambda ub>=0, M L(x)=c'x+mu'(A ubx-b ub)-nu'(A_eqx-b _eq) <=c'x
Lv = float(cx + mu @ (Au - a["b_ub"]) - nu @ (a["A_eq"] @ xt - a["b_eq"]))
if Lv > cx + le-5 or cx < float(res.fun) - le-5:
weak ok = False
rep["kkt"] = dict(
primal_obj=float(res.fun), dual _obj=dual obj,
duality _gap=abs(dual_obj - float(res.fun)),
dual_feasible mu_geO=bool((mu >= -1e-12).all()),
lam _ub_le0=bool((lam_ub <= le-9).all()),
lam_ub_min=float(lam_ub.min()), lam_ub_max=float(lam_ub.max()),
feasible alt points=checked, feasible alt costs=costs,
feasible alt all ge optimum=bool(all(c >= float(res.fun) - 1e-5 for c in costs)),
lagrangian_lower bound_ok=bool(weak ok),
complementary slack ub=float(np.max(np.abs(lam_ub * (a["A_ub"] @ x - a["b_ub"])))),
max_ineq_violation=ineq_viol, max_eq_violation=eq_viol,
n_bound violations=len(bound_viol), marginals available=True)
print(f"[KKT] primal={float(res.fun):,.4f} dual={dual_obj:,.4f} gap={abs(dual obj-float(res.fun)):.3e}")
print(f'[KKT] max_ineq_viol={ineq viol:.2e} max eq viol={eq viol:.2e} bound viol={len(bound viol)}")

except Exception as e:
rep["kkt"] = {"marginals_available": False, "error": str(e)}

print("[KKT] marginals unavailable:", ¢)

e 4 EER (B LP % SOC HHEE

from numpy.testing import assert_allclose

for tag, kw in (("C1", {}), ("C4", dict(s@=S@, sT=S@))):
a=build(L_, dt, eta, Pmax, Smin, Smax, NW, LW, IW, **kw)

r=solve Ip(a); u_=unpack(r.x, L _, 1W, dt, eta, NW, LW, a["idx"])
S =np.empty(L_+1); S[0]=u_["S"][0]
for t in range(L_):
S[t+1] = S[t] + eta*dt*u_["c"][t] - dt/eta*u_["u"][t]
rep[f'replay {tag}"] = dict(
soc_dyn max_err=float(np.max(np.abs(S - u_["S"]))),
soc_min=float(S.min()), soc_max=float(S.max()),
power_max=float(max(u_["c"].max(), u_["u"].max())),
p_min=float(u_["p"].min()),
curt_ min=float(u_["curt"].min()),
supply margin min=float((u_["p"] +u_["u"]-u ["c"] - NW).min()),
nodump max_slack=float((u_["u"] - u_["c"] - LW).max()),
cost_recomputed=float((IW*u_["p"]).sum()*dt),
cost_from_lp=float(r.fun),
energy balance err=float(np.max(np.abs(u_["p"] +u_["u"]+u_["pv_used"] - LW -u_["c"]))))
print(f'[EJE {tag}] SOC BISIFIRE={rep[freplay {tag}'['soc_dyn max err]:2e} "
f'SOCE[{S.min():.0f}, {S.max():.0f} ] 7+ min={u_['curt'].min(): 2¢} "
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B E min={rep[freplay_{tag}']['supply_margin_min']:.2¢}")

json.dump(rep, open(os.path.join(OUT, "verification.json"), "w", encoding="utf-8"),
ensure_ascii=False, indent=1)

print("\nE5:", os.path.join(0OUT, "verification.json"))

D.2.89 SCHEMRYAEE/07_SEA T Bi/q42_lower_bound.py
-*- coding: utf-8 -*-

FRE 4-2 BIETHR (REESBARM) — TRE

BEETH (ZF 10 KR t, dt = 1/6 h)
PV used t+p ttu t=L t+ct, 0<=PV used t<=P t

=>qt=pttut-c t#E Nt<=qt<=Lt (N=L-P)
A EMER => FX curt_t = P_t - PV_used_t >= @

4-2 I8 (REEBTIT=EMF, E2WRER 0! sA PHREREEMMWEILINELR)
min sum_t lambda t * p_t * dt

LP
min sum_t lambda t * p_t * dt

stpt-ctrut>Nt (HEEFMEFNIKHEE)
ut-ct <=Lt (FAR'TLHRE = FHIER)
S_{t+1} =S_t + eta*dt*c_t - (dt/eta)*u_t
0<=c_tu_t<=Pmax,p t>=0, Smin <=S_t <= Smax
import os, json, argparse, time
import numpy as np

from scipy.optimize import linprog
from scipy.sparse import coo_matrix

HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(HERE)
DEFAULT_INPUT = os.path.join(ROOT, "data_cleaned", "g4_input.json")

def build(T, dt, eta, Pmax, Smin, Smax, N, L, lam, s@=None, sT=None,
cost_mask=None, no_dump=True, no_power=False, eta_eff=None):

n=3*T+(T+1)

ip, ic, iu,iS=0,T,2*T,3* T

e =ctaif eta_eff is None else eta_eff

pw = 1e9 if no_power else Pmax

c_obj = np.zeros(n)

cm = np.ones(T) if cost_mask is None else np.asarray(cost_mask, float)

c_obj[ip:iptT] = lam * dt * cm

rows, cols, vals =[], [], []
for t in range(T):
rows += [t, t, t]; cols += [ip+t, ictt, iu+t]; vals +=[-1.0, 1.0, -1.0]
b_ub = list(-np.asarray(N, float)); nrow = T
if no_dump:
for t in range(T):
rows += [T+t, T+t]; cols += [iutt, ic+t]; vals +=[1.0, -1.0]
b_ub += list(np.asarray(L, float)); nrow = 2*T

A _ub = coo_matrix((vals, (rows, cols)), shape=(nrow, n)).tocsr()
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rows, cols, vals =[], [], []

for t in range(T):
rows +=[t, t, t, t]
cols += [iS+t+1, iS+t, ictt, iutt]
vals +=[1.0, -1.0, -e*dt, dt/e]

A _eq = coo_matrix((vals, (rows, cols)), shape=(T, n)).tocsr()

bounds = [(0, None)]*T + [(0, pw)]*T + [(0, pw)]*T
for k in range(T+1):
lo, hi = Smin, Smax
if k == 0 and s0 is not None: lo = hi = float(s0)
if k == T and sT is not None: lo = hi = float(sT)
bounds.append((lo, hi))
return dict(c=c_obj, A_ub=A_ub, b_ub=np.array(b_ub), A_eq=A eq,
b_eqg=np.zeros(T), bounds=bounds, idx=(ip, ic, iu, iS),
A _ub nd=A_ub)

def solve_lp(a, method="highs"):
res = linprog(a["c"], A_ub=a["A_ub"], b_ub=a["b_ub"], A _eq=a["A _eq"],

b _eq=a["b_eq"], bounds=a["bounds"], method=method)
if not res.success:
raise RuntimeError(res.message)

return res

def unpack(x, T, lam, dt, eta, N, L, idx):

ip, ic, iu, iS = idx

p, ¢, u, S =x[ip:ip+T], x[ic:ic+T], x[iu:iu+T], x[iS:iS+T+1]

pv_used =np.asarray(L) +c-p-u

curt = np.asarray(np.asarray(L) - np.asarray(N)) - pv_used

return dict(cost=float((lam*p).sum()*dt), p=p, c=c, u=u, S=S,
curt=curt, pv_used=pv_used,
p_kwh=float(p.sum()*dt), c_kwh=float(c.sum()*dt),
u_kwh=float(u.sum()*dt), curt kwh=float(curt.sum()*dt),
loss_kwh=float((c.sum()-u.sum())*dt*(1-eta)))

def variant(label, N, L, lam, dt, eta, Pmax, Smin, Smax, **kw):

T = N.size

a = build(T, dt, eta, Pmax, Smin, Smax, N, L, lam, **kw)

t0 = time.time(); res = solve_Ip(a); rt = time.time()-t0

r = unpack(res.x, T, lam, dt, eta, N, L, a["idx"]); r["runtime_s"] =rt
r["primal_obj"] = float(res.fun)

print(f" {label:38s} {r['cost']:>16,.2f} 7T ({rt:5.1f}s)")

return r

def main():
ap = argparse.ArgumentParser()

ap.add_argument("--input", default=DEFAULT INPUT)
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ap.add_argument("--out", default=os.path.join(ROOT, "experiments", "q4-2-lower-bound"))

ap.add_argument("--score-from", type=int, default=31)

a=ap.parse_args(); os.makedirs(a.out, exist ok=True)

inp = json.load(open(a.input, encoding="utf-8"))
lam = np.asarray(inp["price_actual"], float)
Load = np.asarray(inp["load_actual"], float)
Pv = np.asarray(inp["pv_actual"], float)
st = inp["storage"]; dt = float(inp["dt"])
eta = float(st[ "efficiency"]); Pmax = float(st["power _max"])
Smin = float(st["soc_min"]); Smax = float(st["soc_max"]); SO = float(st["soc_initial"])
D, T = Load.shape; N = Load - Pv; sf = a.score_from
NW, LW, IW = N[sf:].reshape(-1), Load[sf:].reshape(-1), lam[sf:].reshape(-1)
out = {"config": dict(days=int(D), seg=int(T), dt=dt, eta=eta, Pmax=Pmax,
Smin=Smin, Smax=Smax, S_initial=S0, score_from=int(sf),
score_days=int(D-sf), window_segments=int(NW.size))}
out["baseline"] = {
"no_storage window_cost": float((lam[sf:]*np.maximum(N[sf:],0)).sum()*dt),
"window_purchase kwh": float(np.maximum(N[sf:],0).sum()*dt),
"window_net load kwh": float(N[sf:].sum()*dt),
"year_pv_surplus_kwh": float(np.maximum(-N,0).sum()*dt),
"price_mean_window": float(lam[sf:].mean()),
"price_min": float(lam[sf:].min()), "price_max": float(lam[sf:].max()),
}
print(f"[E4%] TAEBE 2/1-12/31 MIEBEE = {out['baseline']['no_storage window cost']:,.2f} 7T")

print("n===A. FEEEYIBLIER - 2/1-12/31 £EFOES LP (BITHRELER) —")

A={}

A["C1 _startFree_endFree"] = variant("Cl {2 B /&S BEH", NW, LW, IW, dt, eta, Pmax, Smin, Smax)
A["C2_startFree_end6000"] = variant("C2 fCm B /£ ==6000", NW, LW, IW, dt, eta, Pmax, Smin, Smax, sT=S0)
A["C3_start6000_endFree"] = variant("C3 #252=6000 / £ B H", NW, LW, 1W, dt, eta, Pmax, Smin, Smax, s0=S0)
A["C4 _start6000_end6000"] = variant("C4 € m=6000 / £ R=6000 (ZE5FIE)", NW, LW, IW, dt, eta, Pmax, Smin, Smax,
s0=S0, sT=S0)

print("\n===B. BURIE/ME (BWHAEETR, AFRATRIGENE) —"
B={}
B["noPowerLimit"] = variant("Bl Z 2 5000kW FE B EINZE E[R", NW, LW, IW, dt, eta, Pmax, Smin, Smax,
no_power=True)
B["eta_1"] = variant("B2 FCIFE eta=1", NW, LW, IW, dt, eta, Pmax, Smin, Smax, eta_eff=1.0)
B["freeMidnightTeleport"] = None # FHZ H 73 f#44 H
#ZEADR (RFFRIEESEHE) = BRHNTR
tot=0.0
for d in range(sf, D):
aa = build(T, dt, eta, Pmax, Smin, Smax, N[d], Load[d], lam[d])
tot += unpack(solve Ip(aa).x, T, lam[d], dt, eta, N[d], Load[d], aa["idx"])["cost"]
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B["freeMidnightTeleport"] = dict(cost=float(tot))
print(f" {'B3 AFFRIEBEEHBEI"38s} {tot:>16,.2f} TT")
B["noDumpRelax"] = variant("B4 21 u-c<=L (F3th) ", NW, LW, IW, dt, eta, Pmax, Smin, Smax, no_dump=False)

B = {k: (v["cost"] if isinstance(v, dict) and "cost" in v else v) for k, v in B.items()}

print("\n===C. ZABIFEERE S(0=824) (FHX = FRKFIENEH) ="
c={
def cyclic(level):
tot=0.0
for d in range(sf, D):
aa = build(T, dt, eta, Pmax, Smin, Smax, N[d], Load[d], lam[d],
sO=float(level), sT=float(level))
tot += unpack(solve _lp(aa).x, T, lam[d], dt, eta, N[d], Load[d], aa["idx"])["cost"]
return float(tot)
for lv in (S0,):
C[f"level_{int(lv)}"] = cyclic(lv)
print(f" {"ZFBEWF, FRKF="+ str(int(1v)):38s} {C[flevel {int(lv)}']:>16,.2f} TT")
best = (None, np.inf)
for Iv in np.linspace(Smin, Smax, 25):
v = cyclic(lv)
if v <best[1]: best = (float(lv), v)
C["freeLevel"] = dict(level=best[0], cost=best[1])
print(f" {ZFBTEIF, KFEBEH"38s} {best[1]:>16,2f} TT (RIMIKTF {best[0]:.0f} kWh)")

print("n===D. £ERIEFE (1/1 0:00 = 6000 kWh) RXXIIE ===")

NY, LY, IY = N.reshape(-1), Load.reshape(-1), lam.reshape(-1)

D_={}

rY = variant("D1 2% 1/1=6000, 12/31 BH", NY, LY, 1Y, dt, eta, Pmax, Smin, Smax, s0=S0)

D ["year start6000 endFree allYearCost"] =rY["cost"]

rY2 = variant("D2 £ 1/1=6000, 12/31=6000", NY, LY, 1Y, dt, eta, Pmax, Smin, Smax, s0=S0, sT=S0)
D_["year_start6000_end6000_allYearCost"] =rY2["cost"]

res = {"A_full physics": {k: {"cost": v["cost"], "p_kwh": v["p_kwh"],
"c_kwh": v["c_kwh"], "u_kwh": v["u_kwh"],
"curt_ kwh": v["curt kwh"], "loss_kwh": v["loss_kwh"],
"S start": float(v["S"][0]), "S_end": float(v["S"][-1]),
"S min_path": float(v["S"].min()),
"S max_path": float(v["S"].max()),
"runtime_s": v["runtime_s"]} fork, v in A.items()},
"B _relaxations": B, "C_daily cyclic": C, "D full year": D ,
"baseline": out["baseline"], "config": out["config"]}
json.dump(res, open(os.path.join(a.out, "metrics.json"), "w", encoding="utf-8"),

ensure_ascii=False, indent=1)

for k, v in A.items():
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np.savez_compressed(os.path.join(a.out, k + ".npz"),
p=v["p"].reshape(D-sf, T), c=v["c"].reshape(D-sf, T),
u=v["u"].reshape(D-sf, T), S=v["S"], curt=v["curt"].reshape(D-sf, T),
eta=np.array([eta]), dt=np.array([dt]))
np.savez_compressed(os.path.join(a.out, "D1_year.npz"),
p=rY["p"].reshape(D, T), c=rY["c"].reshape(D, T),
u=rY["u"].reshape(D, T), S=rY["S"], curt=rY["curt"].reshape(D, T))
print("n[ELERIE C1]S_start=2%.1f S_end=%.1f MIEE=%.0f FEEE=%.0f FE=%.0f FH=%.0f kWh"
% (res["A_full_physics"]["C1_startFree_endFree"]["S_start"],
res["A_full physics"]["C1_startFree endFree"]["S end"],
A["C1 _startFree_endFree"]["p_kwh"], A["C1 _startFree endFree"]["c_kwh"],
A["C1_startFree endFree"]["u _kwh"], A["C1 startFree endFree"]["curt kwh"]))

print("E tH:", os.path join(a.out, "metrics.json"))

if __name__ == "__main__":
main()

D.2.90 SCHEFEVAEL/07_ZATHIAEF/q42_year_check.py
-*- coding: utf-8 -*-

" EERGRNOARE—EE: b1 8 1 BERAS 2/1 6:00 fEEE, """

import os, json, sys

import numpy as np

HERE = os.path.dirname(os.path.abspath(__file_ )); ROOT = os.path.dirname(HERE)
sys.path.insert(@, HERE)

from q42_lower_bound import build, solve_lp, unpack

inp = json.load(open(os.path.join(ROOT, "data_cleaned", "g4_input.json"), encoding="utf-8"))
lam = np.asarray(inp[“"price_actual"], float); Load = np.asarray(inp["load_actual"], float)
Pv = np.asarray(inp["pv_actual"], float); st = inp["storage"]; dt = float(inp["dt"])

eta = float(st["efficiency"]); Pmax = float(st["power_max"])

Smin, Smax, S@ = float(st["soc_min"]), float(st["soc_max"]), float(st["soc_initial"])

D, T = Load.shape; N = Load - Pv

OUT = os.path.join(ROOT, "experiments", "q4-2-lower-bound")

z = np.load(os.path.join(OUT, "D1_year.npz"))

pY, SY = z["p"], z["S"]

jan_cost = float((lam[:31] * pY[:31]).sum() * dt)

win_cost = float((lam[31:] * pY[31:]).sum() * dt)

print(f"D1 FERMME: 1 BZEA = {jan_cost:,.2f} HOEA = {win_cost:,.2f} &it = {jan_cost+win_cost:,.2f}")
print(f"D1 fH 2/1 0:00 fifEHE S = {float(SY[31*T]):.2f} kwWh")

1 AEHBEARM (BR 6000, LmBEH)

NY, LY, 1Y = N[:31].reshape(-1), Load[:31].reshape(-1), lam[:31].reshape(-1)

a = build(NY.size, dt, eta, Pmax, Smin, Smax, NY, LY, 1Y, s0=S0)

r = unpack(solve_lp(a).x, NY.size, 1Y, dt, eta, NY, LY, a["idx"])

print(f"1 BFEHIESRML (B2 6000, KREEM) = {r['cost']:,.2f} JT, K& S(2/1) = {float(r['S'][-1]):.1f}")

BOE SQ/1D)=1200 ERmM (AFiRPIRLFm)

NW, LW, 1W = N[31:].reshape(-1), Load[31l:].reshape(-1), lam[31:].reshape(-1)
for s@v in (1200.0, 4000.0, 6000.0, 10800.0):
aa = build(NW size, dt, eta, Pmax, Smin, Smax, NW, LW, IW, s0=s0v)

rr = unpack(solve lp(aa).x, NW.size, IW, dt, eta, NW, LW, aa["idx"])
print(P'BORME (SQ/D)={s0v:>7.1f}, LFmBEH) = {rr'cost'’]:,.2f} TT")

json.dump(dict(D1_jan_cost=jan_cost, D1_window_cost=win_cost,

D1 _S at febl=float(SY[31*T]), jan_exact opt=float(r["cost"]),
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jan_exact_end=float(r["S"][-1])),
open(os.path.join(OUT, "year consistency.json"), "w", encoding="utf-8"),

ensure_ascii=False, indent=1)

D.2.91 STHEMEARTE/07_ AT/ q4_write_resultd2.py
-*- coding: utf-8 -*-

"R 4-2 ERRAA) resultd-2.x1lsx £ (H—THEORF + AIHLER)

FEARIRMIE 5 IRIR:
- RABFFRE (BRERLBWBUBEHR—E, HWEBSE 2 FIEENEIRFER)
MHXIMERE) @ A=A, B..(B+143)=% 10 DMEITRIWERE (kwh), 146=2KWEE, 147-2KWEBZH

[ZEMEE] @ K 6 17(0:00-4:00 .. 20:00-24:00), H{TIC 00:00 SHYIMEBE, RITIC 24:00 SHKEESE

TE2MBE) | RESNRES, TEIWENEARTH

FA7%: python g4_write_result42.py <solution.json> <out.xlsx> [#E#RE&EE] [q4_input.json]

import sys, io, os, json, datetime
sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
import openpyxl

HERE
ROOT
SOLP
ouT
TPL
INPP = sys.argv[4] if len(sys.argv) > 4 else os.path.join(ROOT, 'paper_output_pro', 'data_cleaned',

os.path.dirname(os.path.abspath(__file_))
os.path.dirname(os.path.dirname(HERE))
sys.argv[1]

sys.argv[2]

INP = json.load(open(INPP, encoding='utf-8"))

PRICE = INP['price_actual']

DT = float(INP['dt'])

T = 144

SOL = json.load(open(SOLP, encoding='utf-8'))

DAYS = SOL[ 'days']

DO = datetime.date(2025, 1, 1)

PERIODS = ['0:00-4:00', '4:00-8:00', '8:00-12:00', '12:00-16:00', '16:00-20:00', '20:00-24:00"']

def r4(x): return round(float(x), 4)
def r2(x): return round(float(x), 2)
def hhmm(slot): return '%d:%@2d' % (slot * 10 // 60, slot * 10 % 60)

wb = openpyxl.load_workbook(TPL)
for sn in (‘IHRIWERE', 'THREE', 'B2WHE"):
assert sn in wb.sheetnames, (sn, wb.sheetnames)

wl, w3, wa = wh['itRIEBE"], wb[ ' FHEE'], wb[' ZEAWEE"

for ws in (wl, w3, w4):
if ws.max_row > 1:

ws.delete_rows(2, ws.max_row)

sumP = 0.0; sumCost = ©0.0; sumEm = 0.0; sumC = 0.0; sumD = 0.0
for i, dobj in enumerate(DAYS):

d = int(dobj)
row =1i+2
date = DO + datetime.timedelta(days=d)
pp = SOL['plan0'][i]
¢ =SOL['¢'[i]; dd = SOL['d'][i]; E = SOL['E'][i]
pa = PRICE[d]
wl.cell(row=row, column=1, value=datetime.datetime(date.year, date.month, date.day))
for t in range(T):

wl.cell(row=row, column=2 + t, value=r4(pp[t] * DT))
wl.cell(row=row, column=2 + T, value=r4(sum(pp) * DT))
cost = sum(pa[t] * pp[t] * DT for t in range(T))
wl.cell(row=row, column=3 + T, value=r2(cost))

sumP += sum(pp) * DT; sumCost += cost
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for pi, 1bl in enumerate(PERIODS):
lo, hi=pi *24, (pi+ 1) * 24
rr = (row - 2) * 6 + 2 + pi
w3.cell(row=rr, column=1, value=datetime.datetime(date.year, date.month, date.day) if pi == 0 else None)
w3.cell(row=rr, column=2, value=Ibl)
w3.cell(row=rr, column=3, value=r4(sum(c[lo:hi]) * DT))
w3.cell(row=tr, column=4, value=r4(sum(dd[lo:hi]) * DT))
if pi==0:
w3.cell(row=tr, column=5, value=datetime.time(0, 0))
w3.cell(row=rr, column=6, value=r4(SOL['S0'][i]))
elif pi==1:
w3.cell(row=rr, column=5, value='24:00")
w3.cell(row=rr, column=6, value=r4(SOL['S1'][i]))
sumC += sum(c) * DT; sumD += sum(dd) * DT

er = 2
for i, dobj in enumerate(DAYS):

d = int(dobj)
date = DO + datetime.timedelta(days=d)
E =SOL['E'][i]; j = 0; runs =[]
while j <T:
if E[j]> le-6:
k=j
while k < T and E[k] > 1e-6:
k+=1
runs.append((j, k, sum(E[j:k]) * DT)); j =k
else:
jt=1
for ri, (a, b, en) in enumerate(runs):
w4.cell(row=er, column=1, value=datetime.datetime(date.year, date.month, date.day) if ri == 0 else None)
w4.cell(row=er, column=2, value='%s-%s' % (hhmm(a), hhmm(b)))
w4.cell(row=er, column=3, value=r4(en))

er += 1; sumEm +=en

os.makedirs(os.path.dirname(os.path.abspath(0OUT)), exist_ok=True)

wb.save(OUT)

print('EEH:", ouT)

print(' XK = %d (%s .. %s)' % (len(DAYS), D@ + datetime.timedelta(days=int(DAYS[®@])),
DO + datetime.timedelta(days=int(DAYS[-1]))))

print(' ITRIWEBESEIT = %.4f kwh' % sumP)

print(* 2XWBEEIT = %.2f 7T (RELHBM)' % sumCost)

print(' BEWHBESIT = %.4f kwh, B2WBRITE = %d' % (sumEm, er - 2))

print(' ZEE %.4f / B %.4f kwh, fEREL %.5f' % (sumC, sumD, sumD / sumC if sumC else @))

D.2.92  SZEMRHAIE/07_ZATWAER/q4_write_resultd3.py
-*- coding: utf-8 -*-

"trBlRR 4-3 EERRAI) resultd-3.x1lsx EREE (H—TEORF + AIFLER)

R 5 BIREADTIER: HIUEE / AEWEE / THEE / Z2WES,
- REABFRE (BERERLAAEIBREBL—K)
- IHRI/AEWGBE: A=AH, B..(B+143)=% 10 DIERBE(kWh), 146=2XMBE, 147=-2KXZ%EH
- BREE: 88X 6 17, BHITIC 00:00 SHYNEEBRE, RITIC 24:00 SAKMEEE
- BRMEBE: RESNEER, TERWZBRETT

F33%: python g4_write_result43.py <solution.json> <out.xlsx> [#&#R] [g4_input.json]
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import sys, io, os, json, datetime
sys.stdout = io.TextIOWrapper(sys.stdout.buffer, encoding='utf-8', errors='replace')
import openpyxl

HERE = os.path.dirname(os.path.abspath(__file_ ))
ROOT = os.path.dirname(os.path.dirname(HERE))
SOLP = sys.argv[1l]; OUT = sys.argv[2]

TPL = sys.argv[3] if len(sys.argv) > 3 else os.path.join(ROOT, 'problem_files', 'Kif¥', 'BifF5', 'result4-3.x1lsx')
INPP = sys.argv[4] if len(sys.argv) > 4 else os.path.join(ROOT, 'paper_output_pro', 'data_cleaned', 'g4_input.json')

INP = json.load(open(INPP, encoding='utf-8'))

PRICE = INP['price_actual']; DT = float(INP['dt']); T = 144

SOL = json.load(open(SOLP, encoding='utf-8'))

DAYS = SOL[ 'days']

DO = datetime.date(2025, 1, 1)

PERIODS = ['0:00-4:00', '4:00-8:00', '8:00-12:00', '12:00-16:00', '16:00-20:00', '20:00-24:00']

def r4(x): return round(float(x), 4)
def r2(x): return round(float(x), 2)
def hhmm(slot): return '%d:%02d' % (slot * 10 // 60, slot * 10 % 60)

wb = openpyxl.load_workbook(TPL)
for sn in ("HRIMEBEE', "AEWERE', 'TREE', 'ESWEE'):
assert sn in wb.sheetnames, (sn, wb.sheetnames)

wl, w2, w3, w4 = wb['ITRIEBE"], wb[ 'JAEMEE"], wb['FTHER"'], wb[ ' Z2WHE"]
for ws in (wl, w2, w3, w4):
if ws.max_row > 1:

ws.delete_rows(2, ws.max_row)

sP = sA = sCost = skm = sC = sD = 0.0
for i, dobj in enumerate(DAYS):

d = int(dobj); row =i+ 2
date = DO + datetime.timedelta(days=d)
pp = SOL['plan0'][i]; pa = SOL['plan'][i]
¢=SOL['¢'[i]; dd = SOL['d'][i]; E = SOL['E'][i]
lam = PRICE[d]
for win (w1, w2):
w.cell(row=row, column=1, value=datetime.datetime(date.year, date.month, date.day))
for t in range(T):
wl.cell(row=row, column=2 + t, value=r4(pp[t] * DT))
w2.cell(row=row, column=2 + t, value=r4(pa[t] * DT))
wl.cell(row=row, column=2 + T, value=r4(sum(pp) * DT))
wl.cell(row=row, column=3 + T, value=r2(sum(lam[t] * pp[t] * DT for t in range(T))))
base = sum(lam[t] * min(pp[t], pa[t]) for t in range(T)) * DT
dev = sum(0.5 * lam[t] * max(0.0, pp[t] - pa[t]) + 1.5 * lam[t] * max(0.0, pa[t] - pp[t])
for t in range(T)) * DT
w2.cell(row=row, column=2 + T, value=r4(sum(pa) * DT))
w2.cell(row=row, column=3 + T, value=r2(base + dev))
sP += sum(pp) * DT; sA += sum(pa) * DT; sCost += base + dev
for pi, 1bl in enumerate(PERIODS):
lo,hi=pi*24, (pi+1)*24
rr=(row -2) ¥ 6 +2 + pi
w3.cell(row=rr, column=1, value=datetime.datetime(date.year, date.month, date.day) if pi == 0 else None)
w3.cell(row=tr, column=2, value=Ibl)
w3.cell(row=rr, column=3, value=r4(sum(c[lo:hi]) * DT))
w3.cell(row=rr, column=4, value=r4(sum(dd[lo:hi]) * DT))
if pi==0:

w3.cell(row=rr, column=5, value=datetime.time(0, 0))
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w3.cell(row=rr, column=6, value=r4(SOL['S0'][i]))
elif pi==1:
w3.cell(row=rr, column=5, value='24:00")
w3.cell(row=rr, column=6, value=r4(SOL['S1'][i]))
sC += sum(c) * DT; sD += sum(dd) * DT

er = 2
for i, dobj in enumerate(DAYS):

d = int(dobj); date = DO + datetime.timedelta(days=d)
E =SOL['E'][i]; j = 0; runs =[]
while j <T:
if E[j] > le-6:
k=]
while k < T and E[k] > le-6:
k+=1
runs.append((j, k, sum(E[j:k]) * DT)); j=k
else:
jt=1
for ri, (a, b, en) in enumerate(runs):
w4.cell(row=er, column=1, value=datetime.datetime(date.year, date.month, date.day) if ri == 0 else None)
w4.cell(row=er, column=2, value='%s-%s' % (hhmm(a), hhmm(b)))
w4.cell(row=er, column=3, value=r4(en))

er+=1;sEm+=en

os.makedirs(os.path.dirname(os.path.abspath(0OUT)), exist_ok=True)

wb.save(OUT)

print('EEH: ", ouT)

print(* X = % (%s .. %s)' % (len(DAYS), D@ + datetime.timedelta(days=int(DAYS[@])),
DO + datetime.timedelta(days=int(DAYS[-1]))))

print(" IHXIWEBESIT = %.4f kwh; BAEWBESIT = %.4F kwh' % (sP, sA))

print(* HRHGEBRRERAIT = %.2f 7T (RMME 4 EITZEM) % sCost)

print(" ZK2WBEEIT = %.4f kwh, Z2MEBRITH = %d' % (sEm, er - 2))

print(' ZFEEE %.4f / THE %.4f kwh, FREL %.5f' % (sC, sD, sD / sC if sC else 0))
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