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2024 & “EH EEXRFERFEREREF

AR CM2401978

VLSI B i Bt i« Hfh EiEiEE
FHE

\

LR LTI B s AT R A2 L R B S P B AN 2 —, B AR XA
€ P A B R B, DR IME T (B ERR L K IR e ot E & . ACRETH
AT J53 ) 42 R AT R A B B

FEXTIR -, AT TS B TR O AR R I B TR R, Lk &% 8
THBERKERRBEMENEKEE,. MABETRE, US5EHZ HA) RSMT 485}
ZEIENIRRAE, THEE T RMMRARYE, 58 F & RKESTFEEE.

BEXT AR, FRAE R H AL B T R ERBERE T XEN A T EE T EIR
B, Jfryid 7 ET RS ITAME B SN EZOR LU B EREARKM T, 4iF
PR 2 7 BORES T R, JFE— D5l AR KEE, Ul MEEERRL KL
WHbS, KL T W BORZS B0 BB SR AR RE . £R & 1A — A 2R K2R 5 PP S
B, #3T 2EhEEER.

FEXTIRE =, BA T A FAEAR K AR 2] 1 b 25 1 ook A 2 5
BB R, JFSINEBER ST 63 AR B T R O B X 4 AT I AUR X R Y
BATIZIE. R&SE T IZERNMBHEREEITERE, FRA¥ES RGB juld vt
BRA, R AR U AT E .

EEXFIEE DY, 3ATGIN T IR RS BERA & ME B ERE KR MEW
BIBEBENRKEM ML bR, I HEEE RN 200 H AR K45 A0 7 A
RUEAT SRR . SRR R =S 18] 1) LR S T B AR AR AL Oy ZHERIRAD, g SO AR
SRR il R, BRINAE AL AR AR 1 2/ An R g I e . &S] T ML
B2 B/m EEER, S 1 P IEPRESTERR E % 1F T A & R R RS H I 42

KT BT 2RARE MREsiil SNEK WmEFLRI  BLEVA
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T fﬂﬁiiﬂj

ARG L (VLSD R KR A SR T 31—, B deit B n,
VLSI F 3ttt @ AJF i3t Bahit. M ooy B anfim 2 i1 Bt B ahfe b i &
TR —, AERET B[/ e R R B

] 7 ZORAEST ) HPWL A1 RSTM (At B, #4522 /A2 KPP
A, HARTHEK 5 X RSMT HYZE R AT REDN, FFRERLH TPl B — e 2 ik

I BESRAE [ [ 2t B, S S T S R TSR, IR A A S RME Y
RIFR T, SEHUR AP RPRES HAOY 2 RAi RIRES, 131240 R IR E BB K R

e = SR A R 2 H A 2 B U SRR 1), SR IBMEIE . JE A IE IR 1
FRITHE AR 2 FETE SRR RN B oA AT VB, PR S R AT AL .

e DU EESR B 1 fi /M I B KA AL B TT R L0, SR BEIR N AR A 2
FERI I KR, RILEG 2 20 HARRITTIR T, SEBLm A& A 2R A R o

—. RERER

1 AR 2 B A% A AN AL & — A R S T I ANAFAE 55 152 AR AT R 1

2. e AT R BT RS, EHN AR ER R EE.

3. (RBEE B X1 A 2 5 5 DX sk B 5 P PR B e AR e D B R L
4. ABCBEE R 2 H R T i Bl X I RE % S L R T I A SR AT R

5. AR HEL R T B0 B B AN TR S AR 2 A T 2 3 P TR A



=, FSUiR

55 X

HL PR K
CL LK
Loss LKA AL R AH
Lsum B
Se AR L BT T AR
p B PR SR X I BT
S N STWL R VA=K ey
Sw A7 2 [X 42k T AR
ol BRI AT B P
Pt P A A 2 %

M, HEELSKE
4.1 [EfE—: SR TS O AR S AT TS 1R

[ R, ORIV Fh S B B B TT R O AR AR AR S I S AT AR Y, Hi e (1)
BREAAAL T2 S XS ML RSMT [ ZERATHE/DN s (20 RERLHI T PPAG BT 1 A i) e 2k
Ko FRAKEAEEDT LK MR BARL, (EX T 2ERE DGR THR . ik,
FATTINEREACERR, HIEH TAT R it w, T PLPRIE AL S ) s AT 2 K, (2
Gyl A THEK . R PTG A PP AR R (O a5 RN, @ RSV EREL, DS
RSMT M Z LA NI RAL, M E TREER/MURAE, REARBER GG
PR AN ZR B



4.1.1 FFKEKER

PR KAER (Half-Perimeter Wirelength) A& —F ] B HLH FH 100G SR K
W75k R T A P IR R R AR TR A R A SROE R R B o FLTH B fi o
ARG WA TR 2 R R B

TR A A ERRAN AT, HAS 4o AL

HXF R K&K HL; -

HLZ = (xfnax - xfnin) + (yrinax - yrinin) (1)
Horr,
xfnax = max(xih xév S ,ZE;)
xfnin = min(a:’i, xé, . ,x;)

Yiax = Max (Y1, vh, .-, Yh)
Yinin = MIN(Y1, Y5, -, Y5,)
KR KA A S T H AT R ACE &, BJESRAG, &SR RBONR RS
N RZERVN, (BENE P2 ELE OB Ee 1A R . HPWL it Eos = B
K1,



| RS ® 4D

Chain

K1 HPWL F1 Chain it~ =&

4.1.2 PERNZACREY

LKA (Chain Model) F&— ] AL IPAL 7 i, 5 A TR RiR 4k
VEHESI RS 5t R T IE R AT IE R i — SR HER A S B K
T A S A ERR AN IT, S 4B s oS M AL by:

(21, 90), (@5, 95), - - (2, )

HOX BB K OLs b
n—1 ' . , .
CLi= Y (s — a1+ lys — 53] @
j=1

BEA L KA — R ) AT R A VAL 7 ik, AR E M s, B AR
REPUE PP AR AT T B, EREER R, B QA AR A PP Ah 45 RAEE I
Ko ALK R R EWE 1.



4.1.3 ZRESTHIRE

2 A 2 AR A 2R K PP E5 2R By oDy, T SR AR Y (R VPl 45 SRAE AT A
K, B, BANGEEEPIMLARIVEET, K U, PASEIUE/ NS B2 R HriE
Wi/ (RSMT) HIZEXTRZE . HRALKEG AV, FE « A5 HERCRIE
HHTT, HERKIHNE L 8-

ol o NIMBUREL SBIARAESEERE -

I, 2RV (E S BB g B/ M 25 BRI ZR AR Ry AT R 225K
PP AR R S m AR G SO R AR BRI, SR GBI K
{8 Loss 7

Loss = Em: |Li — Ri|? 4)

?‘QTE?'\JEXJM;H:i;"c'?zl)\%i’%ité)%J&*ﬁzﬂlﬁé%ﬁﬁﬁﬁ‘{ﬁﬁ%‘@EKJT—E:%, SRR R 2

KARIIRAE Loss™ N

Loss® =Y |HL; — Ri|’ (5)

i=1

FeE AL m AR TR S R BB RN B K Laym:

4.1.4 BHE TREX

BREE T P32 (Gradient Descent) & —# T4k B br sk B nikA077%, Himid AW
WPREBM S HOE R RBRRR T, 145 B AR R m BE R T B T i, A&/ ME H br

% F A BRI J(0), Hor 0 RS, GD MEHARN:

0t+1 = Ht — T]V@J(et) (7)

¥



- 0, 2 ¢ WOEA AL YL

- R, EHEICERR K.

- Vo (6;) & B b5 B BUESH 6, AL IMIBREE

FEARGE S, A BN SEL o ME— 8 PSR B Loss(o), BREERIHE
ARLEE S R AR R, SR IER KRR RSMT R E
Zon i, LT DO I B R T BRI R R4S T B B RIS o, HEZER
RN -
Algorithm 1 1 5 T B¢ 572

1: procedure GRADIENTDESCENT

2 FENRIIR IR o HIME

3 repeat

4 15 V Loss > HAREREL Loss 15411 40 o AEHIBE L
5: a < a —nVLoss(a) > M BRSO 24
6: if ||[VLoss| < e then

7: break

8: end if

9 until 58X
10: return AL IR EL o

11: end procedure

4.1.5 RERBE REE S

FIHIBREE N LR B AR AR EL o = 0.8962, MK LRE VPG g

L; = 0.8962H]; + 0.1038C1, (8)

AR ECT R PR RAE Loss 5 KL KRR RAA Loss™ 7371

Loss = 14289912

Loss™ = 39805394
LR A T R 5 RAE DU KRR R R RAE 1 35.90%, B W] 5 A BES
LR VAL AR A 5 LA PPl (R LS 21 T RO 5Tt . B2, 75 AL
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RHCT APPSR 2 KO

Lgym = 530391

4.2 Blf—: MigBETEETHIRES 2R EWERE

AR AN L BT L DX BT TS50k, R R DL O il gn
55 LB BTG ARBR AR DG PRIAR R BEVEAE AR BY . [RII, P i 8 — rh A i B 2R A R B PR A
o, BE®EUH, 2 RmEWERE, g (D RMUBEREK: (2)
ARRITTE LR . TR RP BV R OTH S, A H S B 1
HHESHHATXIENRTEETTERE, IR 7T BRI AR B SN EE.
X A AT A AT RUOWER B, 52 T R EEBIME RG], FFETTiE I o BOT K
B, fERIIR NEE 4 M AL KRR S/ IME MBI AR o 2R 1) — 2 57 A
o, 753 7 RENE R BRWERE,

&
.

4.2.1 SEEHRETXEMNBETEEITTERE

FEL B A 2 KD R 7 % R AL P A g VT A J R A S AR . PR SR e
BMERIEZ K, 28 1 #tR B AR XA ST TS, S SR
PRERE S TSI, R A m A, I H NGNS . BATI XS Fooks i
¥y B R A BR ], 32 ZEAL PR R — AN BT WAEAE A S A B AT ARG O ()
I, ALEmEITER, LREAMEMS B DR & N PIok, I oyiZat
FITHE LN 1, MITCIkse BT B oo o B B R PR Ao DRI, 4 P ook W ANAEAE
B F T B A AE A LB LTI, AN e R MR, BD YO BITHE RN 0.

NI NAEE A S BL B R R ST, R R RITBL SRR It
AIRAEES. WA HEBATESFERRTE T EIE, dE R aastt, mf
JE R Y BT EE B th R FL L T B B AT RN B AR, 5 SR BB AR AN [F 1 X dskon DA
AR B R A R AR, IRt BT R R on s . XA, ERVFEBRATR T,
T T BB 200, R AT Se B R G e B H AR



HIEE i DHITR X S;, BT WA RS LR LT, HIARM T LR R
N
S; = {84, 51,85,...,5L}
Horp §) FRoRiz XN n AL LTI R X T A
SE S LA XA A A 2 RS RTINS s

Se; =Y Si-In(j+e—1) 9)

j=1
B g = 1, XA R B ool AR SR RIS i 45 A 2 F i s
B XA B B BT ARTHSROEA R 2z ook 8 s o LS X, %X
SR R T T AR S B e ORI A R b . S BT N B B B R
TEHCEIG 2, TSRS AT R B R T T AR G K
BE—2D M, S AN S R BT BT

Se;
pPi = n—ll (10)
2j=05;

,,,,,,

P BB TT

,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,

OO0 0M000

=l
|

EjEjEgEEEE]N]

K2 HooHErEl

CLEI20981, 25 A LB TeA% w2 i I AR TS T3 s -

_5><5+1><4

_ ~ 0.8056
P~ 6 x 6
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{EL DA 2 2 HL g PR [X 3 B e 5 B U AR R TR T o

13 x1+16 xIn(1+e)

_ ~ 0.9170
P2 6% 6

MEHE A, A L oA A ma AR TSI, i 8 e i Be S BN T T
W EBRIE 0.9 (H DA 8 it T XS B oo 3 B TSR T SRR e S B I A Y T
FICRE LR . JATION, 2SR REr B, IR L A 57T A% 1) FH AT F i 2 e B
AR, OSBRI ToE A R I A R, EERERSEETE, KRS
TEYHAT Ry 7 R PR o

4.2.2 ETHRBTHMERBINNEE

i H3HL (Cellular Automaton, CA) & —FhEHUEA, HgF 20, IRSESM
SRR ZE s, TR E IR RGREAGERE . B TR A — A “4liffe”, RN
FEBEA™ B AN 1) 25 FRARYE — 52 BRI SE 37 RS o A8 b A 4 F 58l of R 2 B2 0% ) rL B
BIea A 248, I HAa R R B B i g BT AT R AT WD R, Rl AT PS5
NS IR IRSRE SIS IR hs U P bR R Siw S i N i TS B W S 1)
UM RPIRASEEAT FUE, IR CAf” 84T RN AR E , (R SEERLE 4 HE Ak
HPIRAS 48 € FBa R K e .

I RN FL R AT R R RN BT B — A BTG, E SRS “ BTk A
M7 HPIRES B B A EE, R

Cell-State; € {Cro, Unc}

RS HIZ B TCHE BT B B g, I

Cro, ifp; > 0.9

Cell-State; = (11)

Unc, otherwise
R, 5 SORFRAUN, EAS “BITkg 40 AT 9 b1 A FE DY A “Boois 4 Bk
SAE S HPRESIL A PeE -
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(1) #iZ “BICHAM” KPR Une, WHZ “BICHAHM” AEATAEATAT A

(2) iz “HITHAN” FPREN Cro, HEMEK “HoutkdiE” KREHN Cro,
Wiz “Boukg i AT 4T

(3) #Hiz “HITHAM” FPIREA Cro, HEER “HBiokd” 204 — RS
N Une, NEERFTAIRZES Y Unc 1 “ BT AL oo B /M “ oo dife”, A
BEER AR AR 5 SR S TR R RO T ) (B R L D) AR RS IR, AR
D37 Tz R oehd A I AL TR SR S, AL AN AL s, R R 3h 7 A A
2z i SR

NTEEWRWE “Bout i i 2 fouk AR ARk, & CIET

o
NCTO
Nsum

n= (12)

HA Nopo IR NG “ BTN 2 Nown NIA “ BTN E2L

FE5E e R BRI 5, Gl B A rh e “ BTk AR RS T HIME, JREAT
IEAERT,  FITHE I F S TT IR 2 AT R A IZHT o O OR, IE I D KOR IR
GRS, FFREIBAM A LA INER g = 0, FIRM AR R E K K3,

- EHEAE
SRR AT gﬁggiﬁ Btk AL R
tesE T 5 SRR e A EEE
%

R

IR ES
REIRE

2l

K3 gt | sh L K
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4.2. 3 #EHLURANE L

IR K 7% (Simulated Annealing, SA) & —Fh Tl 4= R e AL in) @ BE H1 4% 2=
k. efE%E TYHEE KRR AR, E— MR T EE2mMm, Dbkt R
L, BT AR E. BHLR K VAR BRI

Algorithm 2 F1LIR K%

1: procedure SIMULATEDANNEALING

2 FEARIEGICAR « FHREE T

3: while T>eps do

4 HE 2. > L 2 A A <RI P B A L 3 — S i
5. AFE = E(z/) — E(x). > THE H bR U %=
6: if AF < 0 then

7 FREHR o

8: else

o DI e~ AP/T F2 52 8k o

10: end if

1 NRSE T

12: end while

13- return HICHE 2%

14: end procedure

FEAEE S, HARREON R KPS B CF R R RS T B AR
EIFARERES LA Lo - Ferf s BASTPPA AR b 1] — R 45 HH A 2 K ER B PP B2 )
IRAUEME— 25t HERTTIFERCOR RS IS S ME—0hE, Mot LR O
FE S TTF LR A B e, NIME— S E K AR B i T B, B

Lsum(s)
HAp s S N ITHMEES:
S = {((ws,9s), (v +wi, ys + ha)) | (xi,03) € A, i € 1} (13)

Horp A YA R IX I, TN BRI 22 N AR B R TR, wis by 7050
DN FL S T AR B B8 A

12



b, RS B LRSI R, RICHE S/

St = {((w; + 0z, y; + 6ys), (x; +wi, s + he)) | ((x),95), (x; +wj,y; +hy)) €S} (14)

HI A58 & BE AL AT 20 rEL B O, X FLrEL B ORI 2 T A1 AR AR N PAGI N BE AL
Bz oxin Oyir FANERI RO B B S IRE S REFE, LR R E S

PR LR DL AR 5955 T A e S ¥ R AR L B T P PR o7 BB B 5 AT /N B R BBk 4K
BRI RME, HFEEERR], AEROINUNEYLESIIN, B A BEH 8o
E PR, BEREAR KRR R

SA : (Lsum(S))min, n(S) =0 (15)

4.2.4 2R EAEIRE

Xt B A g Y ) A R A R P RDIRES, BATIAR B Lt — P A O & R A R IR
% RE 4z A R AR A, R Y 2 L B T ) 4 B S HUSVE AR AUOR KB, 4a i
— B ST, HAERVFEBAIATIR TR ATREAEE G | SRICE S, e 1 S ekt i E
SR, RN, £ uE N HME T BERK. AT Ry

(1) I P 5 2 F 6 P DX ISR B e o P T SR R ORSR I S 14 5 7T 2

(2) 2T s Hoo 4R B LSRR A BOS B B TR PRS2 HOTR, R
—IRE, N TR ROT B REE, S F R TT I A 2 BN BON G B 2 HICIR
& Sy R 2 T T E R BE 2R

(3) fEANE B BHLAE S HWRIRES S) WZEAE b, (8 FREGR K 347 R AL
R, UE/MUBERKIV AR, BT EBIENIRGIZFT, 4 HREeRfmRN— M
DU S*o 2R R AR (7 i B 4.

Ry RUAE TR RO Mgl il b 25 W K 2 AL F An 20 25 SEEIL, IR 20 25 SEEL
AR S BEATIZ P, BB R BETHRRAC TR R AR, RN EE S EE g
I BT X A P B0 P T SR R S T e VR B A R e e S RV A DAL F R
G JE AT R R G B AR S* A a L BAKEVN, BORBIER T 580 E a0
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JR ) AR fH

I R RS,

2 oA R A %E%?iﬁ\

SE R R T "
{jﬁmﬁﬁﬁﬁﬁ@ S BRES,
i L
BB K % o

-

#

K4 R R R R R R

CEb M pEs
E

4.2.5 &Rk R K R
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20000 20000
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K5 4rfd HEnL T FLg o o A AL 1A
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H 2 T HL B R T I AR B SIS B E o 4 i R IRDIRAS BEAT AL 2R, HAE b B
FEIIANFEIT BOR & B EIS . AR SCIEEL 7 HA A AR LRI YA Be: HIa6B BL. 41
AATHE B IR AR B WS B, MBI TR RT LUE H L T R B R
s Z T DR BOT R, FFERA R0 R 24T — R DI, R 28 2 AL i it
NBSCSBTBL, EIZM B EEBRME R B A 2, B TS B 1 B I 7

0.2

Ke RIS

TR H AP AR R, S R pEs AU A B th £ B A o s . AU
R A Y, SRS AR T R b, ORI LB e BN SR R, BUMEE YT
AR AT SRR BB AEaRACE ], FRER BT A A 0|, 4R B shBLE 2 ks
RAIB D AR PARINTT R, BB A R BRI, JF 08l B oTis B HCIRES . 7
b, FERBIPITTRAE T AR /R S BRI ETHEh, X5 O e A A A
R TCIRR, 2 MBI AR A TR AU R NI EOIRES, HAB a5 1A b i 5 eA% 4
i TR Bk 1 r B T AR A BE IS, AR5 R AN B A 223
ETHES . BTN A BRE], TR I BT R 2 IR AR T T 0.
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35000

30000 -

25000

20000

15000 A

10000 ~

5000 +

0

T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000

7 BB AR

AR KB AR B S LRSS ) 0 BCIRAS SRS 2 A B A g o A RS a7
MEFRRT LA Y, B T HCR SRR RS 75, HESEERE TP
MIZZfR . MR A ERR R K Ly = 1894180 , AHEL T 55— I ARG 2R KA TR FR P 348
0, 35 RO L e R TEPIR A BB S TR I R A B T BT UG T, Bk
KRt HLi LT 1 20 HOm B

4.3 Bl =: MRHLEEITEEL

i 5 R A R B T AR 2 — . R, R A
S L AR R ), WSGIATAEIE, PG R 5 00T SRk A o
TERG AL BT, IR AT . JRA I I R SR v, R RR L o L
R FRILRILR T R R K% PR AN RN 1 R B TR O SR R R R
A AU o SR 51 N 407 P I T R Rt [ 47
K 88 T EERRMEHEEETHAEE, IS4 RS RGB TALE IS % R,
PR T 370 A 2 5 FT TR AL
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4.3.1 18R ESHH

A FHES T (Boundary Value Analysis, BVA) S8R i FI A —Fp 2, Hkx

B AR A N S S PR AR A B AE I BR I, RO AR FPAEAE AR AL PR A N\ 32
FHE I 2 5 e, T SB35 B X e o A AR I A B v It 78 = 3 AN A B
BRI RENE . AP RO

L BRREIL S 3R A\ BT S5 S 00T Sl A 2 ) A L

2. RHUELFSET L WIS T BRI T3 S HE AR s, i A eSS i 58
o) S TR A B AR

R 38 FHAE 7 BT A 5 V538 T AR Tl FL 2 vy, 2 R b 8 Y (1 X % A
L T AR — BRRRER TG DL W i DU T SR IR AR AL, AT B 45 e AR 1 )
FRIF R HH X L ) A T 5

@ EuEn | AR
EININENENENINEN
C = -
C g /]
O B L
L B e
O —o O |
L] B
N R B
C B

K8 A i s A

FRErh g s, Hons EwmEg. MWER AT BUREL, XX 4R A ERIR AR
(R O O, LG T — M AT HPWL M2k )7 %8, B EAMEFE L 5 ek It &
BHksy, HEF R OXE, XN FFAAEATL, SRR NN 0, {EHZ I
IR Y R A 2 L 55 3, 2 DX ) A 2 A D 5 R T B AR 1 A 2 A

17



[, IR TR IRZE

BE— BT AT LUK, LB R TIERE R AMIFE TR N (R 0 A A2 K 7 0L T 2 A
SIH, DA R E A R B A ) A e A BB XA A, i N R ITHE i
AL SORIRZ . P BRI IR L. A0 FLE B T B U R o A
SMEFEIE RO — X8k, SNBSS B e i & 0 (A D HOE L AL, b A kb
EIELAFAE, BN, BERASNUERIAA LS A B XENALEE, Bt
FAT L LTS RN AR 22 o (AL, PP st ) BT A 2 TR T H SRR AR AN R
(K1, DRI AR G 8 BURE Y P38 L it BT 3% R AT A I ST A R

4.3.2 EEXYHELZEITEIRE
T H o B IR 2R FE T SRR, 25 R S X Ik A7 28 25 B 5 AN AR T IR B Ak
LR B FE R R RHATIEIE, (FHAEEAEMN RIS NI &SR, Bk, Xt
T3 HEAERE RN AR T, HAE F AR ARRES O
Ci = {(a%,01), (2%, ) - (2}, i) }
WRIFES C; Al vHHE H W 2 HPWL BIAMER T R; A% H HPWL 26K -
R; = {(xivyi>7wi;hi}

Forr (s, 1) WEZIMEFIE R, W2 MR, wis hy AZFEIRIITEA, %% HL; =
wi + hio WAL IXIHEFR Sw; -

Horb Hy N2k, @ ERIN Hy = 1. 301, 15 3IAH oo i SR AT L pl:

Sw;
L — ! 17
i = e h (17)

IR SIZH R, AR BB NEIHK Py MRS oo MBS M

M j) = R Py
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HMEFETE A HE A0 L B T IR LR AN R I S A, H HPWL 45 A e fili ik 5
FSATE )T A — 20, (E ARG B A T 5 A EE AT £k 5 R I SR B B 0 70 ) S P2k
K, MFFEENERE S, ARG LA TR, I IRAT H B 57 1 X A 2
JEREAT ML ALY, OIS BB XA 35 I FEL B B e D B AR, X T EE
Iy HLER B TSR T ARBR IR A O

Cf ={(z, u)|(a}, yp) € My}
D) B S A3 ) LB PRI R K ) BPAER S Cr BB amfiE. W THS
SR Y DX b AT 2 5% pl(m.):

Plog) = Pi* K (18)

———————————————————————————

A

Ko HEEXEAMLHEETHERER

LA 9, Hoh i OB T EZ 1, ROy HPWL 45 1 ISMRFEE, 20
T A. B AWADEICH, IKEE N HPWL 45 A AT 5. THRFIE A0 2% B
l

Po-

=0.44

PIN IO Ay B BIATZRE L ply 4yv 0l ) FIFLSEAE 23500
(0,4)™ F(0,B)

[ _ _
p(O,A)72X170

4
l —_— o
P,B) = —2 <3 0.67
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PRI 35 ELAR A AT L pfy RACR IO A, M2 AR BORIR 22,
7 DL B X IaloA 24 P SR R T S BRToh AT R ol g o) Y-

plo.ay =044 x (0)5 =0
Pl sy = 044 x (2)5 =~ 0.56
FI LA H B B X I A 5 B T B B 2 Y AT T AR — B iR %2, (HRARAL
THEMHAMEFEIE AR E R, PERRZERN, BUF R 7 BT A P 5 LR 5T
HERE O ARSI, A RZHUF T, S OB SR X, HoAn 453 AR N
B R o A DXL B B34 TR N XA A% T b, 19 2 BTk A 2% 2
EHHT. LSBT .

4.3.3 (S ERPIRE R T HAS R
IIE 7 5 B X SRH A 45 5 AN T O e AT e S R NI R, e 1T DA ZER Y
6 E MG B RSO, B MRS 1 RURR AR B TE pt A

!
¢ > im1 Pig) * M)

pP; = PJ

(19)

BEAb R rh g A AT T — BB IE, FESAT RN G, R4 5 8o i
BUERT, DRAEREAIRIEAATE . 812 1k A W9 2 5 R T SR AL 45 28] e i 58 Y 42 Rl AT
J T RS AT 2 AR A D

D= {pilie I'}

Horp 1 N U RGIES . N TR R N IR, AT AR

L 5 RGB JuALEE LR M IS OC 2 5 R PR AT 23 E SR & N o KE S e/ ME

Pmax> Pmin -

Pmax = max(D*)

Pmin = mMin(D*)
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iR A BENLEAE TBE

import numpy as np

import pandas as pd

df_chain = pd.read_excel('Chain.xlsx')
df _hpwl = pd.read_excel ('HPWL.x1lsx')
df_rsmt = pd.read_excel ('RSMT_Values.xlsx')

x = df_chain['Chain Length'] .astype(float).values
y = df_hpwl['HPWL'] .astype(float).values
z = df_rsmt['RSMT'] .astype(float).values

# T HHessianfE [£
Hessian = 2 * np.sum((x - y) ** 2)
# #i5HEp, HIRMAOFLZ A
p = 0.5
n_iterations = 100000
# K EH
def loss(p, x, y, 2z):
predictions = p * x + (1 - p) * y
return np.sum((predictions - z) ** 2)
def lossi(x, z):
predictions = x
return np.sum((predictions - z) ** 2)
def loss2( y, z):
predictions =y
return np.sum((predictions - z) ** 2)
for t in range(n_iterations):

current_loss = loss(p, x, y, z)

current_lossl = lossi(x, z)

current_loss2 = loss2(y, z)

print(f"Iteration {t + 1}, Current loss: {current_loss},Current lossl: {current_lossl},
Current loss2: {current_loss2},Current p: {p}")
predictions = p * x + (1 - p) * y
gradient = 2 * np.sum((predictions - z) * (x - y))
p_new = p - (gradient / Hessian)
p = np.clip(p_new, 0, 1)
print (f"Optimization complete. Optimal p: {p}, Final loss: {loss(p, x, y, z)}")

iR B EREKTE

import pandas as pd
def read_excel(file_path):

return pd.read_excel(file_path, engine='openpyxl')
#IFHEAKE
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def calculate_chain_length(points):
total_length = 0
for i in range(len(points) - 1):
total_length += abs(points[i + 1][0] - points[i][0]) + abs(points[i + 1][1] -
points[i] [1])
return total_length
# ffDataFrame## A/ REF| X B A, B MKE—1T(x, y)TL
def convert_to_point_list(group_df):
return list(zip(group_df['X'], group_df['Y']))
# A EExcel i, HHENMAWEAKE
def process_data(df):
results = []
for group, group_df in df.groupby('Group'):
points = convert_to_point_list(group_df)
chain_length = calculate_chain_length(points)
results.append((group, chain_length))
return pd.DataFrame(results, columns=['Group', 'Chain Length'])
# REHR
def save_to_excel(df, output_file):

df .to_excel(output_file, index=False, engine='openpyxl')

# 1F HHPWL
def calculate_hpwl (group_df):
# XA AT B R A E R R ME
x_max = group_df['X'].max()
x_min = group_df['X'].min()
# TS AR B R K AR ME
y_max = group_df['Y'].max()
y_min = group_df['Y'].min()
# TTHHPWL, Bl x fr y ZEIFH—F
hpwl = ((x_max - x_min) + (y_max - y_min))

return hpwl

iR C  HIRAIEMEN R

import numpy as np

import pandas as pd

import math

import matplotlib.pyplot as plt

from matplotlib.patches import Rectangle

from matplotlib.ticker import MultipleLocator

import pandas as pd

def get_element(document): # %% Aexcel T i Bl B ¥ T 1+ 15 £ I 3% /5 element FY A7 45 &
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nnn

MExcel Xt F MK THE L, AUETREFMELT L.

W

54

document (str): Excel X% 1%,

RE:
dict: BAHETHERANTH, EPRETEY, EEEA 'x', 'y', 'width', 'height' W F

nnn

uill

# % ElExcel X fF
df = pd.read_excel(document)
# WHEU—NEFRRFETEER
elements = {}
# 1 fiDataFrame ¥ W1 & — 17, €|EFHEH/ wE|elements T
for index, row in df.iterrows():
elements[index] = {
'x': row['x'],
'y': rowl'y'],
'width': row['width'],
'height': row['height']
}

return elements

def calculate_coverage(elements):

RETHTRITERAEEZFI.

S
elements (dict): THEAFH, #2K3, EE2E4E 'x', 'y', 'width', 'height'HFH,

W H
np.ndarray: %8z KK HA.

# RERBHRTHEE
total_width = 38080
total_height = 37800
64

60

num_grids_x

num_grids_y

grid_size_x = total_width // num_grids_x

grid_size_y = total_height // num_grids_y

coverage = np.zeros((num_grids_x * num_grids_y, 16), dtype=int)

grid_index = 0

# 7 E M grid_size_x
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for grid_y in range(60):
for grid_x in range(64):
# WA ME =R EHRA

coverage_map = np.zeros((grid_size_y, grid_size_x), dtype=int)

# 2 X4 A B

grid_x_min = grid_x * grid_size_x
grid_x_max = (grid_x + 1) * grid_size_x
grid_y_min = grid_y * grid_size_y

grid_y_max = (grid_y + 1) * grid_size_y

# TR T T

for element_index, element_attrs in elements.items():
rect_x_min = element_attrs['x']
rect_y_min = element_attrs['y']
rect_x_max = rect_x_min + element_attrs['width']

rect_y_max = rect_y_min + element_attrs['height']

¥ ITEEL S B EE X SR LR

overlap_x_min = max(grid_x_min, rect_x_min)
overlap_y_min = max(grid_y_min, rect_y_min)
overlap_x_max = min(grid_x_max, rect_x_max)

overlap_y_max = min(grid_y_max, rect_y_max)

t REETAER

if overlap_x_min < overlap_x_max and overlap_y_min < overlap_y_max:
# S EE KB R
overlap_width = overlap_x_max - overlap_x_min

overlap_height = overlap_y_max - overlap_y_min

# TEEEXB AL NBFHENCEMR T
overlap_start_x = (overlap_x_min - grid_x_min)
overlap_start_y = (overlap_y_min - grid_y_min)
overlap_end_x = (overlap_x_max - grid_x_min) + 1

overlap_end_y = (overlap_y_max - grid_y_min) + 1

# BRI, ERLF&M

coverage_map [overlap_start_y:overlap_end_y, overlap_start_x:overlap_end_x] += 1

# f#f np.unique Bl coverage_map F &/ [ 1H HY H Ik H

unique_values, counts = np.unique(coverage_map, return_counts=True)

# ZREN 0 B 15 WHE, RATULMEN— KA
coverage_counts = np.zeros(16) # A A &R(IFELIT 0 2| 16 Wi 2

# S5 5 ¥E unique_values FHIME E# coverage_counts

for i, count in zip(unique_values, counts):
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if i < len(coverage_counts): # #IRZE 7| T2 #H coverage_counts #%#J ¥ [E

coverage_counts[i] = count

coverage[grid_index, :] coverage_counts
grid_index = grid_index + 1

return coverage

def updata_cell_den(element, elements_dict): # 1% 4L I 32 BLE % L5 B %k ¥ #cell_den

nnn

W

#:

element THE & F#, #ERT|, EE2E4E'x", 'y', 'width', 'height' Ky F i,
elements_dict:ﬁ%fﬂjudege_cell_elementﬁ@%ﬁHj: dict:

BREMEHLTTH, BEZNEAENTH TSR, wREHTHNA-1]

K E
64%60%% 41
(K EBRE LN EEL ZAMEE, EEZEARETHE., ) (BANAWAEANHESTELZRFEA, )

nnn

coverage = calculate_coverage(element)

# 4%coverage$§%§i@DataFrame

coverage_df = pd.DataFrame(coverage)

# A% WA A K A A 2 Fu T 7

youxiao_sum_series = pd.Series()

# 1 fiDataFrame ¥ #Y % — 4T it Hyouxiao_sum
for index, row in coverage_df.iterrows():
weighted_sum = 0
for col_index, value in enumerate(row):
if col_index != 0: # Bkt %3] Hom7|
weighted_sum += math.log(col_index + math.e - 1) * value
youxiao_sum = weighted_sum / 374060

youxiao_sum_series[index] = youxiao_sum

# ¥fSeries# # N — £NumPyZk 4, ERK ¥ (60, 64)
youxiao_sum_array = youxiao_sum_series.values.reshape(60, 64)

youxiao_sum_array = np.flipud(youxiao_sum_array)

# G i
for (grid_x, grid_y), element_ids in elements_dict.items():

# WRTHFSIRHRESETL

if len(element_ids) ==
# WEXNNAFHELE O
youxiao_sum_array[59 - grid_x, grid_y] = 0

return youxiao_sum_array
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def draw_elements(elements): # % 4% 523 %4 | 0 14
# QI EE%
plt.figure()

# W E A AR
plt.x1im(0, 38080) # xZidHy i [F
plt.ylim(0, 37800) # yih#yE A

B xffay sk B £ %) & JE &
ax = plt.gca() # FREUS Ay LAREA &
ax.xaxis.set_major_locator(MultipleLocator (595)) # x%iy F Z|/Z |5 [§ % 595

# H = =

ax.yaxis.set_major_locator(MultipleLocator(630)) # yﬁél B £ %| Z 8] & % 630

**

2 1 P 8- 2%
# plt.grid(which='major', color='black', linestyle='-', linewidth=0.5)

# LHlE
for index, element in elements.items():

plt.gca() .add_patch(
Rectangle((element['x'], element['y']), element['width'], element['height'],

edgecolor="'black"',
facecolor='lightblue', alpha=0.5))

# DTE%
plt.show()

def save_element(elements, document):

nnn

¥ ot 5 & F # AR 77 B|lExcel X # o

elements (dict): THEAFH, #E2XT, 24 'x', 'y', 'width', 'height'HF H#,
document (str): ZRFHExcel LB Z.

# 1§ F ## #% HDataFrame

df = pd.DataFrame.from_dict(elements, orient='index', columns=['x', 'y', 'width', 'height'])

# 14DataFramef® 77 £|Excel 3

df .to_excel(document, index=False, header=True, engine='openpyxl')

MisR D ZHiRE N
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from function import get_element

# % M excel F 13 BN BB L 15 & I 3k fFelement VAT 16 [
from function import updata_cell_den

# 17 B4 LI B B U 5 Bk B HTcell_den

import random

import matplotlib.pyplot as plt

import numpy as np

def updata_cell_sta(cell_den): # ZH#H LI #Ecell_denk ¥ Hcell_sta

cell_sta = [[0 for _ in range(64)] for _ in range(60)]

for i in range(60):
for j in range(64):
if cell_den[i][j] > 0.9:
cell_stalil[j] =1

else:

cell_stalil[j] = 0

return cell_sta

def judege_cell_element (elements):

nnn

H b AW B2 T FF IR

5o
elements (dict): THERFH, #EXTY|, E2E@4E 'x", 'y', 'width', 'height'WFH,

R

dict: BEMEWALTTE, ERZMAELSNTHFTIIE, WREATHNA 1],
total_width = 38080

total_height = 37800

60

64

num_grids_x

num_grids_y

grid_size_x = total_width // 64
grid_size_y = total_height // 60
cell_elements = {}

# e TR WA B9 0 1 7 5 5 A& A [-1]
for grid_x in range(num_grids_x):
for grid_y in range(num_grids_y):

cell_elements[(grid_x, grid_y)] = [-1]

# )7 #A T
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for element_index, element in elements.items():
X, y, width, height = element['x'], element['y'], element['width'], element['height']
# RETHEEN FENERRRL
for grid_x in range(num_grids_x):
for grid_y in range(num_grids_y):

grid_x_min = grid_y * grid_size_x

grid_x_max = grid_x_min + grid_size_x

grid_y_min = grid_x * grid_size_y

grid_y_max = grid_y_min + grid_size_y

# THEERXR
if grid_x_min < x + width and grid_x_max > x and grid_y_min < y + height and
grid_y_max > y:
# WMATHERNETESE, WHmTthFsaNEnsIET
if element_index not in cell_elements[(grid_x, grid_y)]:
cell_elements[(grid_x, grid_y)].append(element_index)
if -1 in cell_elements[(grid_x, grid_y)]: # "EREGFEBGA LT -1
cell_elements[(grid_x, grid_y)].remove(-1)

return cell_elements

document = 'extracted_data.xlsx'
elements = get_element(document) # = —/NFIH keyy B E T LTS valuey — M7 5%
REEETHRATAEEE, QLK. FE. 5F

cell_index = judege_cell_element(elements) # = —FH keyH LA (R Fcellt AR value y — M7 %
REZcellN THF 5

cell_den = updata_cell_den(elements, cell_index) # = —1-60%64F — 75| & JF &7 itcelltFE
6017k BT RAEANTTE

cell_sta = updata_cell_sta(cell_den) # —/N60x64F) 4% |k F R FiEcellFIRA ON FHH LA HF

# X EFTAL TR T cell_sta. cell_den. elementsHi#]#t1

# M EBAAT A
def cell_action(cell_sta, elements, cell_den): # 7% LI MR FEcell staf LI cellB o 1E
Jil T ¥ #Telement
elements_index = judege_cell_element(elements) # 7k B4 | cell @ & Hy L1

def get_unc_neighbors(i, j):
neighbors = [1 # A—MNFIRRFMAFTTE 2405 WL TEHKT
directions = [(0, 1), (0, -1), (1, 0), (-1, 0)]

for di, dj in directioms:
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ni, nj =i +di, j + dj
if 0 <= ni < 60 and 0 <= nj < 64 and cell_stalni] [nj] ==
neighbors.append((ni, nj))

return neighbors

for i in range(60):
for j in range(64):
if cell_stalil[j] == 1: # Crot &
unc_neighbors = get_unc_neighbors(i, j)
(1 # AT HM#EZcel LA TH TS
if unc_neighbors:
# WEE E R/ Unc ¥ T IR B H TH AT
min_density_neighbor = min(unc_neighbors, key=lambda pos: cell_den[pos[0]] [pos[1]])
# WA T
move_direction = (min_density_neighbor[0] - i, min_density_neighbor[1] - j)
# BT FIFE %
elements_move = elements_index[(59 - i, j)I
# BEALER— N2 T

if elements_move:

elements_move

element_key = random.choice(elements_move)

# Bt

move_x=move_direction[1] * 595 * 10

move_y=move_direction[0] * 630 * 6

if ((elements[element_key]l['x'] + move_x+elements[element_key] ['width']) <=
38080)and ((elements[element_key] ['x'] + move_x) >= 0) and
((elements[element_key] ['y'] + move_y +elements[element_key] ['height']) <=
37800)and ((elements[element_key]['y'] + move_y ) >= 0):

elements[element_key] ['x'] += move_x

elements[element_keyl['y'] += move_y

def save_element(elements, document):

nnn

¥ Tt B F - RF ElExcel X fFH .

b

5.
-2 .
elements (dict): THERFH, #EXKT|, BR2E@E 'z, 'y', 'width', 'height' W FH,
document (str): ZE{RHF W Excel XHE L,
# 1§ 7 ## #% HDataFrame
=P

df d.DataFrame.from_dict(elements, orient='index', columns=['x', 'y', 'width', 'height'])

# ¥ DataFrameff 77 2|Excel X 14

df .to_excel(document, index=False, header=True, engine='openpyxl')

from function import draw_elements

import pandas as pd
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# B ERF R KRBT E
non_congestion_rates = []
round_counter = 0

max_rounds = 1000

while round_counter < max_rounds:
#F 7 2 T B 7B I
sum=0
for i in range(60):
for j in range(64):
if cell_stalil[j] ==
sum+=1
non_congested_rate = sum / 3840 # 1t HIEHH =

print(non_congested_rate)

non_congestion_rates.append(non_congested_rate)

# B0 AT —RKEFMFE
if (round_counter + 1) % 20 ==
# K HFET K5 NExcel X f
with pd.ExcelWriter(f'non_congestion_rates_round_{round_counter + 1}.xlsx') as writer:

pd.Series(non_congestion_rates).to_excel(writer, sheet_name='NonCongestedRates')

if sum/3840==1:

break

#22 % T

if (round_counter + 1) % 10 ==
draw_elements(elements)

#¥ Hcell_index

cell_index = judege_cell_element (elements)

#9E/TcellW 51 ¥ #Telements

cell_action(cell_sta, elements, cell_den)

#¥ Hcell_den

cell_den=updata_cell_den(elements,cell_index)

#¥ #Hcell_sta

cell_sta=updata_cell_sta(cell_den)

# BIORRF—RTHER
if (round_counter + 1) % 10 ==

save_element (elements, f'elements_round_{round_counter + 1}.x1lsx')

# EHERTHE

round_counter += 1
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# WRRE—HWERATELHRE
if round_counter % 20 != O:
non_congestion_rates.append(non_congested_rate)
with pd.ExcelWriter(f'non_congestion_rates_round_{round_counter}.xlsx') as writer:

pd.Series(non_congestion_rates).to_excel(writer, sheet_name='NonCongestedRates')

t BREFEXRERG, WRFE, REXE AW THER
if (round_counter - 1) % 40 ==

save_element (elements, f'elements_final.xlsx')

MR E HEIIRAEZE

import pandas as pd

import re

def read_sizedata():

filename='data2.txt'

dimensions = []

with open(filename, 'r') as file:

for line in file:

parts = line.strip().split(',")
# FATERTE, FUANTEREGE
width = int(parts[3].strip())
height = int(parts[4].strip())
dimensions.append((width, height))

return dimensions

def parse_data(filename):
cells_data = {}
with open(filename, 'r') as file:
for line in file:

parts = line.strip().split(', (")
cell_name = parts[0].strip()
# GUESHHEE
num_commas = line.count(',')
num_interfaces=int ((num_commas-4)/3)
# B O & B AR R I R R B
interfaces_part = parts[2].strip(' (') # Bk FEF
interfaces_part_part = interfaces_part.split(',') # 7 %|# 0 L

for i in range(num_interfaces):
interfaces = interfaces_part_part[i] # Ak AT

# o AR

40



coordinates_part = parts[3+i].strip(' O') # #[H#E =

coordinates_part_part=coordinates_part.split(',"')

coordinates = (int(coordinates_part_part[0]), int(coordinates_part_part[1])) #
- F 5 4 A AR

# AR BE 0 fo AR B 4t
# % cell_name G EZHFALET cells_data F
if cell_name not in cells_data:
# WRAHFE, WEN— I EFH
cells_datal[cell_name] = {}

cells_datal[cell_name] [interfaces] = coordinates

return cells_data

def calculate_absolute_coordinates(parsed_data, cells_coordinates):
#RE— B UL AT,
#cells_coordinates: & — /U MixyLAreEid,
# W96 A X A AR B S
absolute_data = {}
cells_data = {}
i=0
# 5 parsed_data FHENTHFEHED

for cell_name, interfaces in parsed_data.items():

offset =cells_coordinates[i]
i=1i+1
absolute_data = {interface: (x + offset[0], y + offset[1]) for interface, (x, y) in

interfaces.items ()}

if cell_name not in cells_data:
# WRIHEE, WEh—IEFH
cells_datalcell_name] = {}

cells_datal[cell_name] = absolute_data

return cells_data

def extract_and_print_group_coordinates(data_file, absolute_data):
# M — N FERRFEEHNERE D LT

group_coordinates = {}

# ZE G frdatal . txt R
with open(data_file, 'r') as file:
for line in file:

parts = line.strip().split(',(")
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group_name = parts[0].strip() # B4 4
connections_str = parts[1].strip('()') # 2B H K 20 4 M & & 5 0 4

# R ENRAXNRREE R T LR ELED LR
connections = re.findall(r' (\w+):(\w+)', connections_str)

#print (" EN RAXRBAE K L TLHRAELE DT LI, connections)

# WA LR AT T &

group_coordinates [group_name] = []

# WpENEE, TREXNLFFFWE T X
for cell, interface in connections:
if cell in absolute_data and interface in absolute_datalcell]:
# IR A AR
coord = absolute_datal[cell] [interface]
# W LE T AR A B L BT R B R
group_coordinates [group_name] . append(coord)

return group_coordinates

ST 0 BT B SO
def func(cells_coordinates):

# cells_coordinates: 4?"4\jﬁ¢#ﬂﬁxyéﬁfiﬁﬁﬁkﬁia

# RKE-NEOBEI LT,

absolute_coordinates_data = calculate_absolute_coordinates(parsed_data, cells_coordinates)

# S EHE e LR,

data_file = 'datal.txt' # BRIV MEEHNXHER

group_coordinates = extract_and_print_group_coordinates(data_file, absolute_coordinates_data)

group_hpwl = calculate_hpwl(group_coordinates)

group_chain_lengths = calculate_group_chain_lengths(group_coordinates)

p=0.10380762495494689
OUTPUT=p*group_chain_lengths+(1-p)*group_hpwl
return OUTPUT

input_filename = 'data2.txt'
# W F A DA TR A AR, At E R

parsed_data = parse_data(input_filename)

# H R I — R A6 W AN T A AT o
# 3B Excel X
excel_file = ' #R.xlsx’
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# {f flpandasi B Excel X ff, BRINEHEF — M ITfEx

df = pd.read_excel(excel_file)

# RExFIy I WE, FfHarin h %4

cells_coordinates = [(int(row['x']), int(row['y'])) for index, row in df.iterrows()]

print(cells_coordinates)

import math
from random import random
import matplotlib.pyplot as plt

import numpy as np

class SimulateAnnealing:
def __init__(self, func, initial_solution, iter=10, TO=100, Tf=1e-8, alpha=0.99):

self.func = func
self.iter = iter
self.alpha = alpha
self.TO = TO
self.Tf = Tf
self. T = TO
# fi% initial_solution Z—MWRA (222, 2) WHA
self.solution = [initial_solution.copy() for _ in range(iter)]

self .history = {'f': [1, 'T': [1}

def generate_new(self, current_solution):
while True:
# REHLIL 2 L B AR DA A ACET 6 AR
new_solution = current_solution + self.T * (np.random.rand(*current_solution.shape) -
0.5)
new_solution_limit=sizedata+new_solution
# tod x LFELE 0 5 38080 XA

x_in_range = (0 <= new_solution_limit[:, 0]) & (new_solution_limit[:, 0] <= 38080)

# mE y BFRESE 0 5| 37800 Z A

y_in_range = (0 <= new_solution_limit[:, 1]) & (new_solution_limit[:, 1] <= 37800)

# RERALTESHAERE AN

all_in_range = x_in_range & y_in_range
# RExfym LITETE A
if all(all_in_range):

break

return new_solution

def Metrospolis(self, f, f_new):
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# BEH BT B RS TE
if f_new <= f:
return 1
else:
p = math.exp((f - f_new) / self.T)
if random() < p:
return 1
else:

return O

def get_optimal(self):
# REIRAMNEE, FEENS LR

f_list = [self.func(sol) for sol in self.solution]

f_best = min(f_list)
idx = f_list.index(f_best)

return -f_best, idx, self.solution[idx]

def plot(self, xlim=None, ylim=Nomne):
plt.plot(sa.history['T'], sa.history['f'])
plt.title('Simulate Annealing')
plt.xlabel (' Temperature')
plt.ylabel('f value')
if x1lim:
plt.xlim(x1im[0], x1im[-1])
if ylim:
plt.ylim(ylim[0], ylim[-1])
plt.gca() .invert_xaxis()

plt.show()

def run(self):
count = 0
while self.T > self.Tf:
for i in range(self.iter):
f = self.func(self.solution[i])
new_solution = self.generate_new(self.solution[i])
f_new = self.func(new_solution)
if self.Metrospolis(f, f_new):
self.solution[i] = new_solution
ft, _, best_solution = self.get_optimal()
self .history['f'].append(ft)
self .history['T'] .append(self.T)
self.T *= self.alpha
count += 1

print (f"F={ft}, Solution={best_solution}")

sizedata=read_sizedata()
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# initial_solution 7 #J#5 44
cells_coordinates_array = np.array(cells_coordinates)
initial_solution = cells_coordinates_array

sa = SimulateAnnealing(func, initial_solution)

sa.run()

# plot
sa.plot()

MR F RABGHEE

import pandas as pd
import re

import math

def parse_data(filename):
#Hrd'Celll': {'A2': (630, 1051), 'B': (910, 870), 'Al': (385, 672)} (X% HAAX 447)
cells_data = {}
with open(filename, 'r') as file:
for line in file:
parts = line.strip().split(', (")
cell_name = parts[0].strip()
# FUHESHEKE
num_commas = line.count(',')
num_interfaces=int ((num_commas-4)/3)
# B G AR AT R BRI AT R B
interfaces_part = parts[2].strip(' ') # HEHESF
interfaces_part_part = interfaces_part.split(',') # 2 %|# 02

for i in range(num_interfaces):
interfaces = interfaces_part_part[i] # 7 &% 0 4 7]
# o AAR
coordinates_part = parts[3+i].strip(' ') # Bk #EF

coordinates_part_part=coordinates_part.split(',")

coordinates = (int(coordinates_part_part[0]), int(coordinates_part_part[1])) #

S8 34 A

# Q7 HE O fn A AR B gk At
# & cell_name R EELHFHET cells_data ¥
if cell_name not in cells_data:
# WEALHE, WHEh— I EFH
cells_datal[cell_name] = {}

cells_datal[cell_name] [interfaces] = coordinates
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return cells_data

def calculate_absolute_coordinates(parsed_data, cells_coordinates):

#3RF— OB BAT,

#parsed_data:parse_data(input_filename) F % (3 F B9 48 X L AR)
# 'Celll': {'A2': (630, 1051), 'B': (910, 870), 'Al': (385, 672)} (X & TAEX AL AR)

#cells_coordinates: & — /N TufFiyxyLArmydid,

# AT T A B

absolute_data = {}

cells_data = {}

i=0

# ¥ Jf parsed_data FHEN T EHED

for cell_name, interfaces in parsed_data.items():

offset =cells_coordinates[i]
i=1i+1
absolute_data = {interface: (x + offset[0], y + offset[1]) for interface, (x, y) in

interfaces.items ()}

if cell_name not in cells_data:
# WRLFE, B NEFH
cells_datal[cell_name] = {}

cells_datal[cell_name] = absolute_data

return cells_data

def extract_and_print_group_coordinates(data_file, absolute_data):
# M — N FERRFEEHNERE D LT

group_coordinates = {}

# EGFfEATdatal . txt XXM
with open(data_file, 'r') as file:
for line in file:
parts = line.strip().split(', (')
group_name = parts[0].strip() # & B4 4L
connections_str = parts[1].strip(' ') # #REHE K 204 HAmE L 04K

# ] IE U 3 1k 3 4% XL B2 T G AR AR i A 1 A AR
connections = re.findall(r'(\w+):(\w+)', connections_str)

#print (' IEN RAXEREE 2T LN ELED 4L, connections)

# AT AL Y B B A AR B R

group_coordinates [group_name] = []
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# WpENEE, TREXNLFFFWE T X
for cell, interface in connections:
if cell in absolute_data and interface in absolute_datalcell]:
# FRBUE T A AR
coord = absolute_datal[cell] [interface]
# KB AR A B L BT R ) R
group_coordinates [group_name] . append(coord)

return group_coordinates

def calculate_hpwl (group_coordinates):
# ke o — - F #1577 if & 4 WYHPWL(E
group_hpwl = {}

# I 7 B H R AT
for group_name, coords in group_coordinates.items():
# MR YA RFT RSN E
if coords:
# REUTA xfny 4 A%
x_coords = [coord[0] for coord in coords]

y_coords = [coord[1] for coord in coords]

# UF S X A AT B OK M o ik /NME
x_max = max(x_coords)

x_min = min(x_coords)

# T E YA RA B R/
y_max = max(y_coords)

y_min = min(y_coords)

# iTEHPWL, Bl x fr y ZEZFpy—2F

hpwl = ((x_max - x_min) + (y_max - y_min)) / 2

# 7 fF L w04 HPWL(E
group_hpwl [group_name] = hpwl

return group_hpwl

def calculate_rectangle(group_coordinates):
# MBEU— N FAERFREFEANEYERE
group_rectangle = {}

# 187G R AT
for group_name, coords in group_coordinates.items():
# WRLWMANLITINRAHE
if coords:
# REUTA xfry L Ar

x_coords = [coord[0] for coord in coords]
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y_coords = [coord[1] for coord in coords]

# T XA AT R A B s/ ME
x_max = max(x_coords)

x_min = min(x_coords)

# ITEYH AT RA B R/
y_max = max(y_coords)

y_min = min(y_coords)

# it Hrectangle,

rectangle = ((x_max - x_min) * (y_max - y_min))

# 70 Y F 4 B HPWLAE

group_rectangle[group_name] = rectangle

return group_rectangle

#IH BB NEE
def divide_group_values(dict_hpwl, dict_rectangle):

nnn

X P A S HY X BB HEAT AR IR R A

mumdkg@ﬂ:@@@%ﬁ%?ﬁ,%%ﬁﬁ%o

:param dict_rectangle: @& BEMEMENTFH, #E HHL,
:return: —MITHFH, GEHERNER,

# MEh— I FRRFHER

group_division = {}

# &7 T HIFFATHREME
for key in dict_hpwl:
# RERELTEANFETHATHF
if key in dict_rectangle:
try:
# %t R (E AR IR
division_result = dict_hpwl[key] / dict_rectangle[key]
group_division[key] = division_result
except ZeroDivisionError:
# KB RPN OB R UL
print(f"Division by zero occurred for key: {key}")
else:
# WRRANRAFAET A AFHY, TUEERIRFEFHES
print (f"Key {key} not found in both dictionaries.")

return group_division
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def count_connections_in_grid(absolute_coordinates_data) :
total_width = 38080
total_height = 37800

cell_width = total_width // 64
cell_height = total_height // 60

# M — N FERFUREIN B LENEREAER
# XEWERE AT, SaEL NN AHNEE
grid_dict = {}

# BOBENEHENEEER
for group, coords in absolute_coordinates_data.items():
for coord in coords:
# TEEE AT ENNEATE RS
coord[0] // cell_width
coord[1] // cell_height

col_index

row_index

# M1 W AS L B B 5

grid_key = (col_index, row_index)

# WRZFBNLECEFLAE, WEHEERKE
if grid_key in grid_dict:
if group in grid_dict([grid_key]:
grid_dict[grid_key] [group] += 1
else:
grid_dict[grid_key] [group] = 1
# WRZNBMLERA&E, QEFLFEF W ERERKEN
else:

grid_dict[grid_key] = {group: 1}

# FETHE, AREFEREAWAECE
# Fi, fENMECEFNEL R ELGE AT RTX
clean_grid_dict = {

key: {group: count for group, count in value.items()}

for key, value in grid_dict.items() if value

return clean_grid_dict

#1t B WA AN R Y E AR

def calculate_rectangle_coverage (absolute_coordinates_data):
total_width = 38080
total_height = 37800

cell_width = total_width // 64
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cell_height = total_height // 60

# MBEUTFARFRENFEANERER

grid_coverage = {}

# 7 EANHRE AR
for group_name, coords in absolute_coordinates_data.items():
if not coords:

continue

# BT A xfy AR

X_coords [coord[0] for coord in coords]

y_coords = [coord[1] for coord in coords]

# WWHAEERHWAR
x_min, x_max = min(x_coords), max(x_coords)

y_min, y_max = min(y_coords), max(y_coords)

# A BT E A

start_col = max(0, x_min // cell_width)

end_col = min(64 - 1, (x_max - 1) // cell_width)
start_row = max(0, y_min // cell_height)

end_row = min(60 - 1, (y_max - 1) // cell_height)

# 18 SRR = BT R WA
for col in range(start_col, end_col + 1):
for row in range(start_row, end_row + 1):
# THMEHLR
grid_x_min, grid_x_max = col * cell_width, (col + 1) * cell_width

grid_y_min, grid_y_max = row * cell_height, (row + 1) * cell_height

# O HAEER S S R R
intersect_x_min = max(grid_x_min, x_min)
intersect_x_max = min(grid_x_max, x_max)
intersect_y_min = max(grid_y_min, y_min)

intersect_y_max = min(grid_y_max, y_max)

t REXEREAR

if intersect_x_min < intersect_x_max and intersect_y_min < intersect_y_max:
intersect_width = intersect_x_max - intersect_x_min
intersect_height = intersect_y_max - intersect_y_min

intersect_area = intersect_width * intersect_height

# EFMBERTH
grid_key = (col, row)

if grid_key not in grid_coverage:
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grid_coverage[grid_key] = {}

grid_coverage[grid_key] [group_name] = intersect_area

# FETHE, HrERATHELE
clean_coverage = {cell: coverage for cell, coverage in grid_coverage.items() if

any(coverage.values())}

return clean_coverage

def calculate_grid_product(grid_connection_dict, coverage_dict, group_division):
# Wi —N60x64y — A, FrA EATHE N N0
grid_array = [[0] * 64 for _ in range(60)]

# BAEBRRTHE, REAFNMFAFHAL
for (col, row), groups in grid_connection_dict.items():
# #{Rgrid_arrayl R 5| T4 &L B
if row < 60 and col < 64:
# 8 )% WA
for group, count in groups.items():
# WRIZEER ZT R H NN E ZER
if (col, row) in coverage_dict and group in coverage_dict[(col, row)]:
area = coverage_dict[(col, row)] [group]
¢ REBZAWEE, wRET Egroup_divisionFH P, JNUEFBRIAEL
density = group_division.get(group, 1)
# WERA (KWK E « @R « FE) FRMAHAT

grid_array[row] [col] += math.pow(count,1/3) * area * density

return grid_array

input_filename = 'data2.txt'
# W FA B A TR X AR, Rt E R

parsed_data = parse_data(input_filename)

HHEHHHHHHHHHAHAS BE A TO 1 0 AL AT
# 1B Excel XX

excel_file = 'xy.xlsx'

# 1% il pandasizBlExcel X, BRABEEBE N Tk

df = pd.read_excel(excel_file)

# RBFyF|E, L%y TR

cells_coordinates = [(int(row['x']), int(row['y'])) for index, row in df.iterrows()]

# KE—NEONLET LT,
#cells_coordinates: & —/NICfFexy L Ari$ 4.,

absolute_coordinates_data = calculate_absolute_coordinates(parsed_data, cells_coordinates)
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# Sl FHE LN LT,
data_file = 'datal.txt' # HRE BN B E

group_coordinates = extract_and_print_group_coordinates(data_file, absolute_coordinates_data)

# hpwl

group_hpwl = calculate_hpwl(group_coordinates)

#rectangle

group_rectangle = calculate_rectangle(group_coordinates)

#IEHEE

group_division=divide_group_values(group_hpwl, group_rectangle)

# R EANFE TR LR
# {(38, 16): {'Groupl': 1, 'Groupl34': 1},

grid_connection_dict = count_connections_in_grid(group_coordinates)

#1+ 5 W 4 o0 SN B AE Y B E AR

coverage_dict = calculate_rectangle_coverage(group_coordinates)

#P A4S

grid_product_array = calculate_grid_product(grid_connection_dict, coverage_dict,group_division)
#print (grid_connection_dict)

#print (coverage_dict)

print(group_division)

import pandas as pd

#1717 HExcel &%
def print_grid_to_excel(grid_array, excel_filename='grid_product.xlsx'):
# ¥ — 4 H A 4 ¥ Yy DataFrame
df = pd.DataFrame(grid_array, columns=[f'Cell_{i + 1}' for i in range(64)])

# AExcel X fFEIE—NFAH
with pd.ExcelWriter(excel_filename, engine='openpyxl') as writer:
# ffDataFrame5 NExcel X fF# % — A T{E%

df .to_excel(writer, index=False, sheet_name='Grid Product Array')

print (£"Grid product array has been written to {excel_filenamel}")

# PR
# grid_product_array & Rt H 538 Z EHAH

print_grid_to_excel(grid_product_array, ' % E .x1sx')
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MR G BEEEE

import numpy as np
import random

import numpy as np

# T 5 2 AR WA B A7
def generate_random_bit(probability_one):

nnn

AR — AN AL 0 L,

:param probability_one: & A&1WMEE, JuEHE0ZI1Z |,
:return: —AMNEEALELH, 031,

nnn

return 1 if random.random() < probability_one else O

import pandas as pd
import re

import math

def parse_data(filename):
##i 4 'Celll': {'A2': (630, 1051), 'B': (910, 870), 'Al': (385, 672)} (X% HAHX 447)
cells_data = {}
with open(filename, 'r') as file:
for line in file:
parts = line.strip().split(',(")
cell_name = parts[0].strip()
# AUETHEE
num_commas = line.count(',')
num_interfaces=int ((num_commas-4)/3)
# BTG ARAR AL AR BRI XS R Y
interfaces_part = parts[2].strip(' ') # FHEF

interfaces_part_part = interfaces_part.split(',') # 7 %|# 0 2

for i in range(num_interfaces):
interfaces = interfaces_part_part[i] # 7 Z|# O 4 F
# B0 AT
coordinates_part = parts[3+i].strip(' ') # Z[R#EZ

coordinates_part_part=coordinates_part.split(',"')

coordinates = (int(coordinates_part_part[0]), int(coordinates_part_part[1])) #

a8 5t 4 e AT
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# QB 0 fu A AR g B AT
# B& cell_name £ HEAHFHET cells_data F
if cell_name not in cells_data:
# WRIHEE, MEN— I EFHR
cells_datal[cell_name] = {}

cells_datal[cell_name] [interfaces] = coordinates

return cells_data

def calculate_absolute_coordinates(parsed_data, cells_coordinates):

#RF— MR D AR AT

#parsed_data:parse_data(input_filename) By % (3 F #4E X L A7)
# 'Celll': {'A2': (630, 1051), 'B': (910, 870), 'Al': (385, 672)} (XL DA AL4F)

#cells_coordinates: & — /N TufFiixyLAred$i4,

# WG X AT T

absolute_data = {}

cells_data = {}

i=0

# ) parsed_data THE N THMUEHED

for cell_name, interfaces in parsed_data.items():

offset =cells_coordinates[i]
i=1i+1
absolute_data = {interface: (x + offset[0], y + offset[1]) for interface, (x, y) in

interfaces.items()}

if cell_name not in cells_data:
# WRIAFE, MEh— I EFH
cells_datalcell_name] = {}

cells_datal[cell_name] = absolute_data

return cells_data

def extract_and_print_group_coordinates(data_file, absolute_data):
# W — AN TFERGFEEHNERE D LA

group_coordinates = {}

# B ATdatal . txt XXM
with open(data_file, 'r') as file:
for line in file:
parts = line.strip().split(', (")
group_name = parts[0].strip() # & B4 4
connections_str = parts[1].strip(' ') # REHE K 2 UL HMELE D LK
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# ] IE U 2 1k 3 4% XL B B2 T 6 AR AR i BB 1 A AR
connections = re.findall(r' (\w+):(\w+)', connections_str)

#print (' IE N RIAXR IR I BT LR AE LT LM, connections)

# AT Y B AL AR B

group_coordinates [group_name] = []

¢ WpENERE, TRENLRFHFPE T X
for cell, interface in connections:
if cell in absolute_data and interface in absolute_datal[cell]:
# K BUE T A AR
coord = absolute_datal[cell] [interface]
# K ad AR Bl SR A 7 R
group_coordinates [group_name] . append(coord)

return group_coordinates

def calculate_hpwl_dict(group_coordinates):
# et — A7 ok 0 & 4 WHPWL
group_hpwl = {}

# 8 )7 & A R E AT
for group_name, coords in group_coordinates.items():
# WRAWANLATFIRANZ
if coords:
# B EFTR xfay A AR

x_coords = [coord[0] for coord in coords]

y_coords = [coord[1] for coord in coords]

# T B X AL AR B R A (E R ME
x_max = max(x_coords)

x_min = min(x_coords)

# T E Y AATH R B R /NME
y_max = max(y_coords)

y_min = min(y_coords)

# itEHPWL, Bl x fu y ZEZfagh—F

hpwl = ((x_max - x_min) + (y_max - y_min)) / 2

# 7 fF L 80 4 HPWL &
group_hpwl [group_name] = hpwl

return group_hpwl
def calculate_rectangle(group_coordinates):

# M-I FEARFREFANENERE

group_rectangle = {}
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# IR TG R AT
for group_name, coords in group_coordinates.items():
# MR YUFAW LTI RN E
if coords:
# B IEFTA xfoy A AR
x_coords = [coord[0] for coord in coords]

y_coords = [coord[1] for coord in coords]

# T B X A AR B oA B T A ME
x_max = max(x_coords)

x_min = min(x_coords)

# T E YR AW R A E R R ME
y_max = max(y_coords)

y_min = min(y_coords)

# 1t Hrectangle,

rectangle = ((x_max - x_min) * (y_max - y_min))

# 774 Y B 4 HYHPWL (R

group_rectangle[group_name] = rectangle

return group_rectangle

#iT BRI T E
def divide_group_values(dict_hpwl, dict_rectangle):

XA~ 5 S0 %R S AT AR R R 1R

:param dict_hpwl: @ -SHPWLEWTHE, L NHL,
:mmmﬂmjmm%h:@@ﬁ%@ﬂﬁ%?ﬁ,%%ﬁﬁ%n
:return: — MW FH, BEMERE

# MBU— I HTHREFHER

group_division = {}

# BT HIFFATHREME
for key in dict_hpwl:
# hERESFANFETHAFES
if key in dict_rectangle:
try:
# XN EAR IR
division_result = dict_hpwl[key] / dict_rectangle[key]
group_division[key] = division_result
except ZeroDivisionError:

# KLEREK AW ER
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print(f"Division by zero occurred for key: {key}")
else:
# WREANRAFAET A AFHY, TUEERIRFLEFHES

print(£f"Key {key} not found in both dictionaries.")

return group_division

def count_connections_in_grid(absolute_coordinates_data):
total_width = 38080
total_height = 37800

cell_width = total_width // 64
cell_height = total_height // 60

# MU N FREFRENHECENEELEER
# XEWEE AT, Gefafd N aniE
grid_dict = {}

# BOENANEN N EER
for group, coords in absolute_coordinates_data.items():
for coord in coords:
# TEEE AT AN WEATE R
coord[0] // cell_width
coord[1] // cell_height

col_index

row_index

# 3G WS B 0

grid_key = (col_index, row_index)

# WRUPBMLECEELE, WEHEEAHE
if grid_key in grid_dict:
if group in grid_dict([grid_key]:
grid_dict[grid_key] [group] += 1
else:
grid_dict[grid_key] [group] = 1
# WRZWBMLERAFE, QRFFE UL ERSKEN
else:

grid_dict[grid_key] = {group: 1}

# FETHE, AREFEREANMAECE
# Fit, B MAECEFNEL R ELR AT RTX
clean_grid_dict = {

key: {group: count for group, count in value.items()}

for key, value in grid_dict.items() if value

return clean_grid_dict
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#1t & WA S B 2 T By E AR

def calculate_rectangle_coverage (absolute_coordinates_data):
total_width = 38080
total_height = 37800

cell_width = total_width // 64
cell_height = total_height // 60

# Mg FERFRENFENEZFRL

grid_coverage = {}

# IR EANH R AR
for group_name, coords in absolute_coordinates_data.items():
if not coords:

continue

# 1R BT R xfuy AT

x_coords

[coord[0] for coord in coords]

y_coords = [coord[1] for coord in coords]

# UTHANEET AT
x_min, x_max = min(x_coords), max(x_coords)

y_min, y_max = min(y_coords), max(y_coords)

# HHABRENERZOMELE

start_col = max(0, x_min // cell_width)

end_col = min(64 - 1, (x_max - 1) // cell_width)
start_row = max(0, y_min // cell_height)

end_row = min(60 - 1, (y_max - 1) // cell_height)

# I8 7SN BT = BT R PLAE
for col in range(start_col, end_col + 1):
for row in range(start_row, end_row + 1):
# TH BT
grid_x_min, grid_x_max = col * cell_width, (col + 1) * cell_width

grid_y_min, grid_y_max = row * cell_height, (row + 1) * cell_height

# HESEER SYMABRE

intersect_x_min = max(grid_x_min, x_min)
intersect_x_max = min(grid_x_max, x_max)
intersect_y_min = max(grid_y_min, y_min)

intersect_y_max = min(grid_y_max, y_max)

# REXERTAHN

if intersect_x_min < intersect_x_max and intersect_y_min < intersect_y_max:
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intersect_width = intersect_x_max - intersect_x_min
intersect_height = intersect_y_max - intersect_y_min

intersect_area = intersect_width * intersect_height

# EFMBERT R

grid_key = (col, row)

if grid_key not in grid_coverage:
grid_coverage[grid_key] = {}

grid_coverage[grid_key] [group_name] = intersect_area

# FETHE, HRERAITNLE
clean_coverage = {cell: coverage for cell, coverage in grid_coverage.items() if

any (coverage.values())}
return clean_coverage

def calculate_grid_product(grid_connection_dict, coverage_dict, group_division):
# Wk —A60x6407 —ERKAE, FrAEMEMLAO
grid_array = [[0] * 64 for _ in range(60)]

# BAERRTHE, REAFNMFEFHL
for (col, row), groups in grid_connection_dict.items():
#%ﬁgﬁﬁn@%?%ﬁ%ﬁﬁﬁ@
if row < 60 and col < 64:
# W ZWBEHENE
for group, count in groups.items():
# WRIZEEE Z T PR A = E R
if (col, row) in coverage_dict and group in coverage_dict[(col, row)]:
area = coverage_dict[(col, row)] [group]
# REZANEE, ﬁﬂ%éﬂf\ﬁgroup_division?:ﬁiqj, £l BRI R L
density = group_division.get(group, 1)
# TERA (RWKE « BR « FE) FRMAHAT

grid_array[row] [col] += math.pow(count,1/3) * area * density

return grid_array

#/N P S I IR P
def merge_into_large_grid(grid_division):

nnn

Hr60x64 1 W #5404 A F R 16x16 8 W15 40, F4xa N/ PN AF R — DA MK,

:param grid_division: JE¥fEI60x64H] 44414,
:return: & /5 H15x168 P40 4H .

# AR AN

merge_size = 4

# TTEFMATHRMTIK
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new_rows = 15

16

new_cols

# WMhef— M 15x168 KA, AR EATE L A0

in range(new_rows)]

merged_grid = [[0] * new_cols for

# |ENKRE
for i in range(new_rows):
for j in range(new_cols):

# T E AP HHE

total = 0

for k in range(merge_size):

for 1 in range(merge_size):
total += grid_division[i * merge_size + k][j * merge_size + 1]

average = total / (merge_size * merge_size)

# FHITERINAERFHAT

merged_grid[i] [j] = average
return merged_grid

def find_max_value_in_grid(merged_result):

nnn

E15x16H KA FREKERANTE .

:param merged_result: 15x16HY%K4 .

:return: KA FHHRAM.

#5 i NumPy 2 41

numpy_array = np.array(merged_result)

# i {kmerged_result = NumPy#i 4

if not isinstance(numpy_array, np.ndarray):

raise ValueError('merged_result must be a NumPy array")

# £ il NumPy #ymax i 4% . 2| & A fH

max_value = np.max(numpy_array)

return max_value
R I R R R R R R R SR IR R R R R R R S S S R R R T SR S R R R R R R SRS I s R T s S
import pandas as pd

import re

#EREFE AT KEMTE

def read_sizedata():
filename='data2.txt'
dimensions = []

with open(filename, 'r') as file:
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for line in file:
parts = line.strip().split(',")
# BATEREE, FUNMTERRRE
width = int(parts[3].strip())
height = int(parts[4].strip())
dimensions.append((width, height))

return dimensions

def parse_data(filename):

##r 4 'Celll': {'A2': (630, 1051), 'B': (910, 870), 'Al': (385, 672)} (X% HAHX 447)

cells_data = {}

with open(filename, 'r') as file:

for line in file:

parts = line.strip().split(', (")
cell_name = parts[0].strip()
# HITESWHE
num_commas = line.count(',')
num_interfaces=int ((num_commas-4)/3)
# B0 AR A AL AT R A NUF R B
interfaces_part = parts[2].strip(' ') # Bk #EF
interfaces_part_part = interfaces_part.split(',') # 2 Z|&E 0 4

for i in range(num_interfaces):
interfaces = interfaces_part_part[i] # N E|E O 4R
# B0 AT
coordinates_part = parts[3+i].strip(' O') # Z[RiE =

coordinates_part_part=coordinates_part.split(',"')

coordinates = (int(coordinates_part_part[0]), int(coordinates_part_part[1])) #

o | I e AT

# QU O A AR B Bk At
# & cell_name £ G ELZHFHET cells_data ¥
if cell_name not in cells_data:
# MEALHEE, WU — I EFH
cells_datal[cell_name] = {}

cells_datal[cell_name] [interfaces] = coordinates

return cells_data

def calculate_absolute_coordinates(parsed_data, cells_coordinates):

#RE— N O 4R AT,

#parsed_data:parse_data(input_filename) Fy % (3 F #9480 2L A7)
# 'Celll': {'A2': (630, 1051), 'B': (910, 870), 'Al': (385, 672)} (X% H A &4F)

#cells_coordinates: & —/NTCfFxyLAred 34,
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# AT Mt AR
absolute_data = {}

cells_data = {}

i=0

# 5 parsed_data FHE N THFUHED

for cell_name, interfaces in parsed_data.items():

offset =cells_coordinates[i]
i=1i+1
absolute_data = {interface: (x + offset[0], y + offset[1]) for interface, (x, y) in

interfaces.items ()}

if cell_name not in cells_data:
# WRAFE, Wh—NEFH
cells_data[cell_name] = {}

cells_datal[cell_name] = absolute_data

return cells_data

def extract_and_print_group_coordinates(data_file, absolute_data):
# M — N FERFEEHNERE D LG

group_coordinates = {}

# EHGH M Tdatal . txt XHF
with open(data_file, 'r') as file:
for line in file:
parts = line.strip().split(',(")
group_name = parts[0].strip() # B4 4
connections_str = parts[1].strip('()') # 2B # & 20 4 Mk & 5 0 4

# F R ENRAXRIEE 2 T LR AELED LR
connections = re.findall(r' (\w+):(\w+)', connections_str)

#print (' EN KA AR H B LT ML U £, connections)

# WA LR B AT T &

group_coordinates [group_name] = []

# WpENEE, TREXNLFFFWE T X
for cell, interface in connections:
if cell in absolute_data and interface in absolute_datalcell]:
# REE T A AR
coord = absolute_datal[cell] [interface]
# W LE T AR A B L BT R ) R

group_coordinates [group_name] . append(coord)
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return group_coordinates

####1T HHPWL(E #

def calculate_hpwl (group_coordinates):
# A% WLHPWL & fn
total_hpwl = 0

# AR AR
for group_name, coords in group_coordinates.items():
# WRLBAMANLITI KA A
if coords:
# 1R BT A xAuy 47
x_coords = [coord[0] for coord in coords]

y_coords = [coord[1] for coord in coords]

# 1T E X5 A AR B O E s/ NME
x_max = max(x_coords)

x_min = min(x_coords)

# 1 Y5 L ATH RO E A R /NME
y_max = max(y_coords)

y_min = min(y_coords)

# iTHHPWL, Bl x fr y ZEZ Ay —F

hpwl = ((x_max - x_min) + (y_max - y_min)) / 2

# Z v E|HPWL & Ao
total_hpwl += hpwl

return total_hpwl

#IT EHAKE
def calculate_chain_length(points):
total_length = 0
for i in range(len(points) - 1):
total_length += abs(points[i + 1][0] - points[i] [0]) + abs(points[i + 1][1] -
points[i] [1])
return total_length

A GHEAKE

def calculate_group_chain_lengths(group_coordinates):
# AR K E R
total_chain_length = 0

# U8 B R CH A AT
for group_name, coords in group_coordinates.items():

# A EAMN AT AR HRTHT, AREAKEITENESK
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sorted_coords = sorted(coords, key=lambda point: point[0])

# WHSAKE

chain_length = calculate_chain_length(sorted_coords)

# B EXKELFM
total_chain_length += chain_length

return total_chain_length

ST 0 BT B SO
def func(cells_coordinatesl):

cells_coordinates = cells_coordinatesl.reshape((222, 2))

# RE—NEIWEX LT,

absolute_coordinates_data = calculate_absolute_coordinates(parsed_data, cells_coordinates)

# S EHE e LR,

data_file = 'datal.txt' # FARR LAY CHBR

group_coordinates = extract_and_print_group_coordinates(data_file, absolute_coordinates_data)

group_hpwl = calculate_hpwl(group_coordinates)

group_chain_lengths = calculate_group_chain_lengths(group_coordinates)

p=0.10380762495494689
OUTPUT=p#*group_chain_lengths+(1-p)*group_hpwl
return OUTPUT

SR R I I L R R
input_filename = 'data2.txt'
# W FA B A TR X AR, Rt E R

parsed_data = parse_data(input_filename)

HHEHHHHHHHHHAHAS BE A TO 1 0 AL AT
# 1B Excel XX

excel_file = 'xy.xlsx'

# 1% il pandasizBlExcel X, BRABEEBE N Tk

df = pd.read_excel(excel_file)

# RBFyF|E, L%y TR

cells_coordinates = [(int(row['x']), int(row['y'])) for index, row in df.iterrows()]

#55 EHY B AT R B, W R 2222 B4 T 4R B xy AL AT .

def func_density(cells_coordinatesl):
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cells_coordinates = cells_coordinatesl.reshape((222, 2))

# RE—NEOWER LT,

# cells_coordinates: é?/’4\jﬁ¢?éﬁxyéﬁfﬁﬁﬁﬁkﬁic

absolute_coordinates_data = calculate_absolute_coordinates(parsed_data, cells_coordinates)
# S HEAE DB LT,

data_file = 'datal.txt' # FA{RIEHEEFEI B E

group_coordinates = extract_and_print_group_coordinates(data_file, absolute_coordinates_data)

# hpwl
group_hpwl = calculate_hpwl_dict(group_coordinates)

# rectangle

group_rectangle = calculate_rectangle(group_coordinates)

# HEEE

group_division = divide_group_values(group_hpwl, group_rectangle)

# T ENHE TR LA A
# {(38, 16): {'Groupl': 1, 'Groupl34': 1},

grid_connection_dict = count_connections_in_grid(group_coordinates)

# T EPIAS AT B E AR

coverage_dict = calculate_rectangle_coverage(group_coordinates)

# PR

grid_product_array = calculate_grid_product(grid_connection_dict, coverage_dict,
group_division)

# /NP B R A P A

merged_result = merge_into_large_grid(grid_product_array)

max_value = find_max_value_in_grid(merged_result)

return max_value

#func: MA222x200 TH AR H R LK.
#func_density: 1 A\222x2 T A AR R AR E

# PRAE
def funcO(array, judge_func):
if judge_func==1:
result =func(array)
else:
result =func_density(array)

return result

# R & E %

def funcl(array, judge_func):
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if judge_func ==
result = func(array)
else:
result = func_density(array)

return result

# HEHESH

POPULATION_SIZE = 50 # 772 A/
MUTATION_RATE = 0.01 # &4 %
CROSSOVER_RATE = 0.7 # = %
GENERATIONS = 1 # #Rk#

# AR R, ERATREKA

def initialize_population(pop_size):
# B | 2046 L R R AT e A ¥
initial_array=cells_coordinates
population = np.tile(initial_array, (pop_size, 1, 1))
# EHEA (pop_size, 222x2) LLILE A H i: S\
population = population.reshape(pop_size, -1)

return population

# LETE
def selection(population, fitness):
idx = np.argsort(fitness) [POPULATION_SIZE:] # £ #fi i Z & /|\HYPOPULATION_SIZE//|-f&

return population[idx]

# XA

def crossover(parentl, parent2):
crossover_point = np.random.randint(1l, len(parentl))
childl = np.concatenate((parentl[:crossover_point], parent2[crossover_point:]))
child2 = np.concatenate((parent2[:crossover_point], parentl[crossover_point:]))

return childl, child2

# RTLE
def mutate(individual, mutation_rate):
for i in range(len(individual)):
if np.random.rand() < mutation_rate:
individual[i] = np.random.uniform(0, 1)

return individual
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# TEENE

def calculate_fitness(population, funcO, funcl, judge_func):

fitness = []

for individual in population:
# ot x LITEEE 0 3| 38080 2, y A2 EE 0 F| 37800 Z |4
x_coords = individuall::2] # BT H x 4%
y_coords = individual[1::2] # FTH y 247
if (np.all(x_coords >= 0) and np.all(x_coords <= 38080) and
np.all(y_coords >= 0) and np.all(y_coords <= 37800)):
flag=1
else:

flag=0

if funcl(individual, judge_func): # %1% judge_func

if flag==1:
fitness.append (funcO(individual, judge_func)) # f£i# judge_func
else:

fitness.append(np.inf) # if & [R5t oE o 1% 4 71 62

/1

B

else:
fitness.append(np.inf) # if & [R5 AFE N B & A 7 L%

return np.array(fitness)

# BEHEZRHK
def genetic_algorithm(funcO, funcl):
population = initialize_population (POPULATION_SIZE)

for generation in range(GENERATIONS):
judge_func=generate_random_bit (0.8)
fitness = calculate_fitness(population, funcO, funcl,judge_func)
best_idx = np.argmin(fitness) # X ZE|JEK
best_individual = population[best_idx]

print(f"Generation {generation}: Best Fitness = {fitness[best_idx]}")

next_generation = []
for i in range(O, POPULATION_SIZE, 2):
parentl, parent2 = population[i], population[(i + 1) % POPULATION_SIZE]
if np.random.rand() < CROSSOVER_RATE:
childl, child2 = crossover(parentl, parent2)
next_generation.extend([childl, child2])
else:

next_generation.extend([parentl, parent2])

for individual in next_generation:
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mutate(individual, MUTATION_RATE)

population = next_generation

return best_individual

# BATHRGH %

best_array = genetic_algorithm(funcO, funcl)

print(£"Best Array: {best_arrayl}")
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