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3 # TR
(M F T CAD BF5sr ma 310037)

W B UNESEAANKRE - AXERRER L, BET - MEARREFERR VLSI ZRFLEILR
ARG, SRR BRI B REMRIL BB BRAEETBILNL. WREmT TRYR
BT, AT AR R L BRI,

%@if VLS, @ik, BAR, ZBH4

@S TN305.97

15 F

B VLSI ZEALR AR HVH 3 VHV 4 2FEN, XA ES EXT FIREAAERR
3, (EEIANT KEETL, EMBET ST RENRRE, BT HERE, BT E
B, seigtkaith e —Em, Bk, B EBEERT +arEFHEE
SUfglEE, BILE AL IR R S AT — A A HGEIL B Mk (Constrained Via Minimization,
CVM) o) Ly H B L5 4k (Unconstrained Via Minimization, UVM) (a8, Ti#& £93REFL
Bk, BIXF—ACL2TRENTLE, MAERKEFEHTRRENVFEVCEMRET,
KRBT EENKESRE, EEELEERD.

Tk (1) SR T =2 CVM B8, FHATEET A& =% 6 EZIEN T 3CVM # NP 5
L, TRB T —FREIBMAL (local sense) WH Y, XFHHAXRZE—REGEL, HIX 55X
BILHENKBRALEESR, JEHBIZETL. STk [2-6) xF 3CVM [BI1E T ¥ — B AI9F 5%,
HAgik [2, 3, 6] 421 T B4k 01k (global sense) 9 3CVM Hik, BHCAFKELTELE,
H— 1 EERAERRXFTTERR FEE KBRS EREFNEML, EEFLITTRESHH
2, FRITEHOUE (1] BiF.

FNMZHAE &R 3CVM Hik, RLURE -HXEAEEE, KIS ERAF R
FUEME S, SFEXZBIRAA LT EILR R, BRE R T X SR B A AU R A
KSRV IR L. SRR, XE—PREFEMMFE L,

2 3CVM o B & A

2.1 &k —38378 (Segment-Crossing Graph, SCG)

& 1(a) FARey R HVH W=BALR AT, B/ hESERE, XHREHHEE
KEETL. B Ub) FEMNERANFRKLBILRUENAEFE, 5E 1(a) K, SREMHTE
LT BSR4, EhTRARBT HVH(VREV) 4BEN, B ML RE— 1 BAL.

JiR 3CVM fajiE, AT TEX:

EMN 1 EMKKLBEHTEUEDHE. HESBREH N <KoB HB “REg”
B PEA ATER FR AL AT 4R (Transient routing) , i 1(c) BIAAE 1(a) , 1(b) M T ML,
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EM 2 HEAEREKY, FE5HEEMERMERN BB RELIFEEET (Viacandi-
date) , EELTUEFMN—ANEIL. B 1(c) /MRS V B E LARIEETL, ERRME
SRR ERHEE EALETL. B 2(a) FEUNES V LR —FMEEEIL, EFRENMASEPER
Rifl, HETUAN—AEIL EDTURAETL) . 3k (2, 3, 6] KHKEE B EIREETL,
X 2R M IURRES ik, FriB4 R LR EEZ M.

TN 3 TELERLKS, EEMAEEIL (REWR) RS ALE (Wire segment) |
& 1(c) FH S ®R.

EX 4 EFEALES, FEBTAREKMMRESE — T E— U LM A, PR ™%
B (Crossing) , FEEPRMEH, MW ERENREMER—E L., —MFFHN knock-knee 1%
EHFRERX, wE 20b) R, &N a LM b fEREZEHHEZIENTIER knock-knee g, %
SAEE R R/NFERRE. ZHFRITE a fl b BRUKES R, MLE a #1 b 83X T knock-knee
. B RS ETER B, XMARAFARE R BRI EL/ ISR (overlap) ,
wE 2(c) Frs, C&WMSA/MERRE, RITEc BEREEANTHALE, M&Bafco, b
¢ T BHL.
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S, S, S,

4 Sz SZ J SJ
8, 5 §;

(a) (b) (c)

B3 ZBEASTH—MAREL

FESCHR [2, 3] 1, $BHT 3CVM B—FEBEE SCG .

EXN 5 BE-AZRIERSE EXE G = (V,, B, UE,) FER SCG, WA 1(d) 7
7. BFTHAR V, PEITEARE—RRE.

HESBFEATE, FEFLINIE (viaedge set)E, S5HHATH 4 (cross-edge set)E. . E,
g (BEALY) BRIZAFAEBRT SN LR SR EFLMERE, £/ 1(d) FHEBAE
Ty B, R (M) BRKH PSR S AT R B RAF AR, A 1(d) FHEL

—~AZBRATETH SCG EHRR, MEANTLUE=BALs BEE 3ICVM k% SCG 1§
FeEny 3 HEEE. ] L= {123} yHaf, HF-HECAMYE-TMIRE ZBAAts
2 AR A F % 3 BAAHKR - HXE LA=ZMEeag T a#TEe. Y—Efld
G AT EER —MEan, XMREBLRTESR B AL EREL P TS
TREE A —Fhfi . Fi, KBNS BEERSN TR -AXENE TAE LEEHE,
HEERE E. HEZNFEATAERNAF@OIRT, # B, LERNPT SR T fEE MR
B,

£ SCG EF, XA u eV, SEABENTEUARARRRYNSEMEE, AR5

XM S, WAMEWT L
TH& v RIARAAREETUAS, 181F A(v), #ES5TR v LB EN AT SRR E.

TBUE v B RAREETUAS, Bk C(u) , 5T v DAROEENFTIATRRIRE.

2.2 YIRLERLLIR
mTHEYE, FEERNHEBEAEZBRLBITHFEL (—RD) B, STHENKBEBLH

RHIFEXILE;, B4, HELNMULFIAERLISEENHERE, ZENN AT LB g R A
EXEHAR. 7 SCG Ed, SARMM VT ANLAEUSHESHEBERANWTE, &
B KT & v A RH HF G TR (restrictedly-colored vertex) , u BN HFRIEEANBREHRN

u BYFR# € (restricted color) £ q(u) .

3 R RSB B — R, £ 3(a) AU EAST, BB S Tt T &R
LB Sy M Sy REETL, LABLFRALT, FEBLER S FESE— () B, KK S, ik
= (—) B, FARKLE S FELETR, HMRKKR S ARKE S, EREARNARE &
FLiESE) , MBI E LML, MBELFRALT, RITRHLE S RERES— =2, &
T LA R 4T A peax A (1. ZEXTRV B9 SCG Bleh, 2RB Ss RANIBHF AT, H q(uv) = {1,3}.
TEIE 15, Sy F1 Sy BERIXREAYFR 1% G TS,

%] 3(a) HY:X SRR 35 2 T0 S T AT g m FLEb R Skt 4. IR 2(b) , QIR S, £S5
B LA AR R A (B2 EH) TUAIET, TLUBREEILBEZRS, KB S i
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e, ML S AEH. K 3(c) FIRMRIEEBIRELRHER. B 1 58S, fSs #HR

# SCG F, MREFEATR v, WIEETF |L - qlu)| §9 BT AR 5200 ) #H T
RARE, STETRSHNELHERE L-q(u) BH—FREE, 2R o REHUHRHELL
ShEyEE, FANC v WETREN Q) . BTAERRREMRE, FURSmMER, ERARR
— ey,

3T SCG W E KK 3CVM & %

3.1 5REFXWEXRESE

AR EEER T ERNL, BIIAUAEARE X

YT A v (IFREHRANTE v FIEH A (active color) , itk a(u) , BIREIE TR A FKAE
B & @ 5 (active vertex) , RIRAATH SFRHARE G A (inactive vertex) . A(u) FAEEER
FHEFEAHBEMBTA v WEEFES, i2fEr(v). Cl) PHACEHEGEAMEECHE
& 0(u) MR A v BIARBER, bu) 5 L—qlu) (Fuv FERBHECTE, W L-q(u) =)
HIFE MR v ARBESE, iCF clu) , BR, TEH c(lv) PHFERTFIA o,
B a(u) € c(u) . BX e(u) = r(u) — (r(u) Nc(w)) , R a(u) € e(u) , Bl a(u) € r(u) A
a(u) € clu) , MG w Pt i Ay LEBOAHE K F e Rd @B FL 7T LUEER (MR EfL R F R AE L L
FyEfL) .

SMFHE u, #F clu) B EHEEHE)|c(u) =p, M v b p YA (p-Constrained
vertex) , fAiff pC &.

W4, r(u)={1,2,3}, clu) = {2}, e(u) ={1,3}, THH v BE—1 1C A,

3.2 Btk

ETEREX, BMNBHWT SMERALE B
ALGORITHM GLOBAL-MINIMIZATION
(1) Construct an SCG G, from the given detailed routing;

(2) Let all vertices in G, be inactive vertices;
(3) REPEAT
(4) Select an inactive vertex v with maximum priority P{u) as Eq.(1);
(5) IF vertex u is a 3C vertex, THEN
CALL Backtracking(u);
(6) IF vertex u is a 2C vertex; THEN
Assign u the only color left;
(7) IF vertex u is a 1C or 0C vertex; THEN
Assign u a color a(u) based on Eqgs.(2), (3) and (4);
(8) Renew r(j) for all j € A(u) and b(3) for all i € C(u) and g(4)
r(J) = r(7) Ua(u), b(z) = b(i) U a(u);
Renew c(i) = b(i) U (L — ¢(3)) for all i € C(u);
Renew P(u) for all vertices u in G,

{9) UNTIL all vertices in G, are active vertices.
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HIEMSERER KRBT HEQIINF, Step(4) BIUK u BEAREL Pu) AAEI/NEST

Fa, HF
P(w) = Je(w)| x max|C(w)| +C(w)] o

TURMREMA KRR 3C, 2C, 1CH 0C &, HTBRRNA pC REf, MHFMETR
M C(u)] ZMTLE (5REXRBEAMTAIRE) MERE.

Step(7) @ xf 1C 2K 0C TR w 3 LA fal Ffr B €5 LA 5 KPR B8 VB AR 13 7L

Ee(w)#¢, Br-(v)) K Alu) FBEH 7 BTANE, NEETLE R SR EE N A

alu) =1, 7€ e(w)FFHr (WX (2)

M| (u)] B RREM AN ELE. B 4 F, e(w) = {1,3}, Iri(w)] = 1, |r3] = 2, FFL
a(u) =3,

HINFEZNEE 7 8 r-(v)| BARKOER, WwEE S F, e(w) = {1,2}, |ri(u)] =
7o (u)] = 1, ALFRIXFPREF], i A'(u) 4 A(u) FRAERECQSWES, d.(4)=T% 7%
H, jeA Hrec(), MI&AuNEEN

a(u) =7, TR (2) X}#H 4,.(4) HED (3)

WRAEARALSABE 7 89 d(A") FHB/MYELRE, WAFEE—4A 5t .

EE S #, A = {z,y}, di(A") =2, dy(A") = 1, W3k a(u) =2, 1BEEEIL (z,u) A
B, & a(u) =1, WMRERTL (z,v) 1 (y,u) BREEMHE.

T e(u) = ¢ 1BHT, MBTHE

a(u) =7, 7€ (L-c(u) 3#H dr (4) HR/D (4)

M, mRHRESHQ TR d(A) R AR/DGER, WAFER—)5HE T,
Step(5) 402 u 2% 3C TURRYIHLL. Bt L—c(u) = ¢, Tl T H#it 2 (Backtracking)
SR O S B A u HHTIR G,

EX §:)
Be
Bif 2
Be 3

Q@O

"o,

©eO0

B4 TE e(u) M ore(u) M5 4rEas |r(uv)| RARxsime

Backtracking(u)

/* vertex u is a 3C vertex */

(1) Select a color a(u) and assign it to u based on Egs.(5) and (6) is minimum;
{(2) FOR all 1 in C(u) DO
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(3) IF (a(7) = a(u) THEN /* vertex i is set to be active */
(4) BEGIN
(5) Renew r(j) for all j € A(4) and b(j) for all j € C(), r(j) = r(j)—a(5), b(j) = b(j)—a(d);
Renew ¢(j) = b(j) U (L — ¢(j)) for all j € C(u);
Renew P(V) for all V in Gjy;
(6) Set vertex ¢ to be inactive;
(7) END
(8) END
(=] 3  FE A AUEHE b(u) PR —FBIE 7 RT w, BT Clu) REFEN  BI4- (FFFLL)
EHEGALTHERRECS, Cl) FHEEREMKK I OC, 1C, 2C A, nHEik#E 20
RETEMBERS v, Mix 20 S&EM 3C &, EYEMX I RER 3C A fTHEN, Xk
IR — R B 3. T3 R T A5 K P e £ B AT 3.
B33 B2 PS8 e (u) F0 £ (v) REEEE b(u) FABEFEIEIRSG 3C & v, HF

hr(u) = max|c(s)], XBHTA i € c(u) FH 7 = a(u) (5)

B #3 FEE ST HE he(u) AB/MIEE T RT v, BEHESIHE 74 he(v) FAR/DEE, TAE
LXLHHBRT v 5, B—-HIaERINEFCIENRECSR, B f(v) B/,

fr(u) =R a(i) =7 B i€ Clu) BITHA ¢ BI%HE (6)

E 6 B—P=BmLtplF, hi(u) =2, hyu) =1, ha(u) =1, WEHE 253, |F
ha(u) = ha(u), T fo(u) =2, fa(u) =1, FFLARSS alu) =3.

S S S
] SZ S'3 '4 3 Wl ml
—— e — - l ------- t .........................
- - A2 S ®'—i y .
u | | N
! I S
L —— RIS : of
|
b ©)
H 6 EyTRE i Gk 7 RIS ES G E
3.3 BmERtLit
RERALERZE —REEN TR, B 5ZTEEN TR ERE GREREEEL.

XA AE T RRR. BT, BTFRMERANECINFRKA 2, y, 2, EF oM 2 8
B LI A B, TREHE 3 MAT A o, NEEETL (z,2) FIIERE.
MBIFRTLLE &, BES o MENREETLRBINER, SHe(r)# ¢ H a(z) de(z), &K
IS ENTE = AT ER L. R ERE - EREARBLRE, 8T ERIEK
WM EREAR, HENXHTPESEAFEANRAR, SRER. B TFEsEE
EEEJLKERFIEESHHE 6 AEL—MPIIHRE A WA=4,
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ALGORITHM LOCAL-MINIMIZATION
(1) REPEAT

(2)6=0

(3) FOR each vertex ¢ DO

(4) TF e(i) # ¢ and a(i) € e(i) THEN

(5) BEGIN

(6)  Randomly select a color m from e(z);

(1) a(@) =m;

8 d=6+1;

(9)  Recalculate r(j) for all j € A(%),
Recalculate c(j) for all j € C(i);

(10) END

(I1) UNTIL (6 =0o0rd < A)

£EWA CBEHE, 7 Sun UltraSparc 10 THesk ESB. RITHERKHENT T ABME

FIEIE. R 1 51 T EHBITHR.

%1 =SEALNEARSELRER

i LM | FETLE | REEHEAE | RLSHELE
(REWMABYR) | (HENSELH)”
Small Channel Z=3 & 2 4 8 1 6
Small Channel &t [5] ® 6| 10 23 0 16
Example 1 3c#k [5] B 9 21 57 43 57
Example 3a 30 [5] & 10 | 30 68 50 68
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A HEURISTIC ALGORITHM TO
THREE-LAYER CONSTRAINED VIA MINIMIZATION

Ma Qi Yan Xiaolang

(CAD Research Center, Hangzhou Institute of Electronic Engineering, Hangzhou 310037, China)

Abstract In this paper, a heuristic approach for constrained via minimization for VLSI
three-layer routing on the basis of segment-crossing graph model is presented. Two types of
algorithm-—global sense and local sense are combined into the new algorithm. In addition, many
physical constraints are taken into consideration. According to the results, this algorithm is
verified to be very efficient and encouraging.

Key words VLSI, Constrained via minimization, Heuristic, Three-layer routing
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