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A SURVEY ON MULTILEVEL ROUTER CONSIDERING
CROSSTALK AND TIMING OPTIMIZATION

ABSTRACT

With the continuously development of VLSI sub-micron technology,
the delay of interconnect and signal integrity have become the critical
problem that affect the performance of chips.Compared with traditional
routing strategies, high-order moments have to be considered when new
routing strategies are designed to deal with more precise timing
estimation and crosstalk optimization. The Elmore delay timing
estimation model which was widely applied to traditional routing
framework is actually the first order of circuit that has low precision for
fast-transformed signal which has been proved. And the quality of
waveform on nets can not reflected well only by first order moment of
circuit.So recently moment-based global routing techniques have been
concerned widely for performance driven routing.

This thesis is based on a popular multilevel routing framework,and
we design a multilevel router using the highly efficient symbolic moment
calculation method (SMART algorithm) proposed recently.Using
SMART,we could quickly get the high order moments of circuits based
on which high order timing estimation model is applied to timing driven
routing. At the same time, we use high order moments of circuits to do
crosstalk optimization in the stage of global routing. The experimental
result showed that our method get a good improvement on critical net
timing budget and crosstalk optimization.

Keywords: multilevel routing, high order moment, central moment,
performance driven routing, crosstalk optimization
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R % R R NIEE[14] . 1 Chu AT Wong [ 15148 Hi i 3 T-Hess 25 $8.4 ¥y FLUTE
LA R R N A R OR 5 2 S, A L RSCA AT R BT A A R R 3 7

3. 2. 1 HEE/NERR RMST g JF

1. B/MNER MST #i8 JH 3

BAVE, B n AT IR ML N RN 2 n-1 4508, F
ST, ) R TR S AR R n-1 S AT N R B N AR R . H
Jl 5 /N A OB ) 5090 32 A Prim B9, Kruskal 550920 e THL R B R S At
piy

i N= (V, BED s ANEEM, UZTmE VIS4, #7 (u,
V) B AT B NBUE L, Hoh ueu, vev—U, WA —Ra 8l (u,
V) IR /N R
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a) Prim &3

FETCERE N=(V , B), R (V1, V2) TSV E—AR45, W
VIUV2 =V, VINV2 = &, VI HIEEMEA {v0} (VOEV), J2fm/NERR 1)
T4, V2 IIRIERME A Ve ¥ V1 5 V2 18] () d5 i 120308 N g5 /N B s 1 21 4
T, IR AR V2 TR TS N V2 H IR, AR5 RN VL . fngk
FEEPAT, HEV2EHIE. B4 UHT Prim FIEHIPE,

(5) e fe i AB R A B (6) fifisE BeRiils BC FIfFiE 5 C

20



PR Vich ZNE 52 SR SUR N (8) I Prim S 72 (1 dee /N RS

4 Prim EEPSE
Fig.4 Step of Prim algorithm

b) Kruskal B¥:

Kruskal S302 — T2 [0 o 3 AR RSO ARL 28 355 £ G SR A 38 s /N A= B
W AR A ELRMIERM N = (v, By, W& H n A
TR, — O3k H i R D B N AE R B 46 R AR HIRAE B vhid
Bon - 1 SRIRIERL A B 45 Al G A Js U)o -

FCBUE N E P pArid b i /N

FEIE I I T IE B A b 1K) 45 RS ANREALE 7~ W4 rpoAs) A

(SZ SR T E 350 G

B 5 il T Kruskal HiLEH2D .

® %
® ©® ® ®
© ® © ©® ©

(1) e e /N RO SR S (2) e thidse /il AE (3) Lkt Nd ED

(4) ikt dx /N4 DF (5) ik /A BC (6) ik i dx/Nia AB
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5 Kruskal B X4
Fig.5 Step of Kruskal algorithm

2. BT B/ NERM BIFEFE B/ NS (RMST) Jrik

R 73 ey i Hr HH AR (1 3 R A 2 1 S e /N R ), X2 1
W R g L5 dee N SO 2 TR RF IR I R R o Hwang CL20 1R IE S/ AE M
(MST) AR 5 — BRAEAL RO i A A% (R A EEAN KT 3/2[16]

BES &AL, HARMEEE IS SeAE i b A A S P A
G (S), %G (S) XS S P Ay ml HEAT /KA 5 BRI i 15 21110
Wk 6 ZZB- PR, HES PR E R AR RS o 2 IR Rz Ay 20 2 M 3t
Il NS AT L IRTAR, — R4 E A MBVFAAEZ PR ST B R
Hwang (4518, —HEL LA R RE AN ol LU MST B el X AE 4612 1
HOAIAR 2] M I REACL I RIE AL, IR 5 A R 245
AR R A AR T I B 254 o GRS T AL R e vF — A E A
5, XA AL L OATER,  SEVFPIAS ELAR S TR N 2 A2

E 6 E‘wl&ﬁiﬁ (MST) 53t[ZAY RMST

Fig.6 Minimal spanning tree(MST) and its corresponding RMST

3. 2. 2 5EFRHTHEAN (RSMT) T

X T2 ui R (R AR £, TR g (SMT) SE3e— R BAT T 32 N FH 1
DTS o 1 PR G A 28 28 1) O A2 W I RS 7 1), DU A% ) kg i T 7 3 40 Ak
(RSMT) [rji#l. RSMT A% Hajits Jyvkidiocd 5 I N TR g i, ] DA ARAT R R) (1322 28
BT, MK RN BAR EE MR bR 2 —. FTLL, IFIA R AL
AR BRI SE M S5 /NFE T T I A

TR RSMT (14 1] @A NP 3 [ @, 1143 2R H e ke X 1 505 o Hwang 7E [16]
H6E RSMT (1) b 3t S T e 4 o B AT &S 4P I AR U J5 V5 A GeoSteiner
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package[17], Griffith[18]F Mandoiu[19] &M /MIEF5 TG, (HILE &
(T2 A B R T K BB A A 2 R R H

TATVUEERT LUKIL, 7ESEPr AT R G, ApAn I W9 o Dl 3508/ (<9
(P /INBEEE o0 32, DRI, ARG Tt — MUK I TA) 52 % B g v T 58, SR
i) 2y P AN Ty R AN AR B o — AN BAT R I [A) 52 2% B HL ) S ) 5k m] DA (i
N2 C A AL RS 2.

FLUTE (Fast Lookup Table Based RSMT Algorithm) %yE M 2007 £ | Chris
Chu 1 Yiu-Chung Wong $i& i iHE T Posi A R (55 . IX A7 VAT I 4 /AR
kT % (degree < 9) fAAFERMGH, HARATLT, HR4ESEPr it U5 Bl
A RAT BN B RSMT 17772, AT LAPR I &5 A B/ NS 2 (g 14 <
9o KT U HECRT 9 M, PUAEATE A EATS T i RN, T2
KH net breaking MIHIAR, KRG MWIEAT M SATT/NER, AFIL AT DU H
PRI T P EILEI R TR R 22BN 0(nlogn), b n S22 ST, Rl
EE§

3. 2. 3 FLUTE &N A

a. position sequence, POWV, POST HIf

XA n (2R, AR D RR L, IR K 9K Hanan [,
FA117% FE I R Hanan PR ERSE R, XARON Hanan fi. 0B 7 Fion, BEK
N R RAR I AZ Hanan A% o B8 x BlAN y Bl AR 3608 A7 PP 1), I8 A 3kAT T X

position sequence N{s,S,...S }-

Hobrs, hf y Sl 3y i e 1, 6 R DR x BN E S . R
Bl W AR bR ST AR R X, v} o BB 7 FUR, BRI position
sequence AJ PAFRI/RN {3 14 2} o iXFE, XN n WAL, #H n!4l position

sequence.,
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Y u

¥4 5,=2

¥a s3=4

¥z ; : : : 5= 1

¥i| i - Pll'i.| ...... : _ 5= 3
N X XX X

E 7 £ M #J position sequence
Fig. 7 position sequence of a net

......... B
: : : IV?'
Horizontal —= S8Eoio
edge I‘-’:
Vertical —= i e I”l
edge P T T T T T T .. ......... o
hy hy hs

& 8 LML A
Fig. 8 all the horizontal and vertical edge of a net

wirelength vector X/n— I &E. EfCFK Hanan WIS FTA 2R B0 K
FIHEFP LR 5. B 8 BN, 1% Hanan MRS HIRGIAA 3 FIEUE h1 h2 h3, B
AT 3 MIEUE vI v2 v3o IBAXNTE 9 (a) (b) (c) [ 3 ML Maifr 3
f wirelength vector. ZEM (a) BKATBIKIRHK  “1Xh1+2Xh2+1Xh3+1 X
vIH1IXv2+2Xv3” |, FTLLE X M) wirelength vector Btk (1, 2, 1, 1, 1, 2),
[FIFEIEHE, (b) R Cod WIAAI%ER (1, 1, 1, 1, 2, 3) (1, 2, 1, 1, 1, 1),
EREIA R wirelength vector JFARE AL BRI AL, b (1, 2,
L1, 1, 20, e Efmdm ek —eht (L 2, 1, 1, 1, 1 Mgk,
FTLL, B r A e K A K] wirelength vector F#XA POWV (potentially optimal
wirelength vector)., X Fr7~i) position sequence JNVPHAS POWV, 435
N (1, 2,1, 1, 1, DAL, 1, 1, 1, 2, Do HARMEAS POWV B = A e ki 2k
KIEL T h2 Fv2 KR

(&) (k) (cl

9 [ — & M 3 iz A< [5] wirelength vector A9 A
Fig. 9  topological structure corresponding to different wirelength vectors of the same net
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FIBE—A POWV XS IR b S H AN ME— 1, Wi 10 Fros, nlRefHa 2140
FI g R N [R] A POWV, FRAT PR B — N R A g A Bk A POST(potentially optimal
Steiner tree).

................ ey oty e Qi e
Wirelength | I N S I T L -
vector: - . - . -
1.21,11,1) e——— - &——7 I o e I T oy

N N B R e e l ...... O
Wirelength T " T H

JJ lﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁj’ﬁﬁﬁﬁﬁg """" e

B 10 FRFE— POWV #I% NMAMEH
Fig. 10 topological structures corresponding to the same POWV

b. FLUTE HAHIEZA BAR

FLUTE S35k /2 T IX 46 POWV 55 POST 15 L PRSEAFAE — AN B . TRATTHR
P SR A AT 2 9 1) 1A 5 SR A YY) position sequence. #AJ5 LKA
FI5%F N (1K) POWV F1 POST, FEMHE SZB Hanan WK (RS A0 K (G B, o] LAFS
FIAIE] POST N EAK, B a3 B2 KAt 5 kb 4 1 G 0d 1A T8 0 H g B 4
¥J. Chris Chu F1 Yiu-Chung Wong I7F CFE [15] e RIVF 2 5z & #R 14k
Jiiko

3. 5 XT/IE

REE N T ZHPALHEZ, IFIE T HIEM A ST . 2 4
LMEZLIIR IR n LAKINE , BT R A E 2 PAT R IR — 2, Bt L
RS AAR AT SR FLAE M S P (R AEARTERE o 25 BATTHE T I R de fIE S A
ATESEL, RLEFR WA I IS T B N E R, DL S/ M g8 . T
RLVR IR AT LA T 8t B R 3 i /N UTE 2B 2 O 3 B /N AR b B SRR I 4k, T
T A ELRE R W R A TR N SERFE o S5 5 AT I T RS I o/ IN ST LA AR 114 1 2
S5 FLUTE 8%, Z8E0E W R AR 2E 5 b 34T N e sR A 2 i)
R
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BE B8RP 5 I IE B A LT vA

PR3 =R b, FRATTENTE T K F A 38 RE T g5z /0N ST H 0B 1) 5 AR AT 25 3R
W, FTDASRAF LR K L AT e o PRI BRAT TR FH Bl 1A 56 T A 4k 3R 11 FLUTE 5
IE[ASIRIE T, ORAIE T SRR B K. 2 Ja PR “Bahid” MER,
X2 3T A G B A T R A DL I P R B sl RE A A T SMART Sk %R
SR, IR FH SRS A 1) B AR TR IR AT S B A28 1 B S VP A o FRATT PR Y AH B T4
AT Elmore I IERITY (R PPAL 778, BA S BRE i o

Thh, AR SR A S5 R i e RT3 T, g T SMART HE(1
FESRAAE, SR FH PR 0 =B TR RE AR B L UPA AR Y, dE— 2 T 3 S 35S A 2 1) )
CLOCALFIAH AR 26 X 1 ER P52 o TR E 41 44 SMART &k 22T SMART &
VRIS GE SR B A7 2 T A R A T A s TRl H A 2

4. 1 SMART ExN48

4. 1. 1 HEEE4E (moment) FIH.04E (central moment) A48

BT — By BB 230N 7 B RLC %, Tl 11 B AT H
e RN EE S PN, h(t) BEAT R QAR e, m DUAS 2% R A A5 ) 1 .

H(s) =] h(t)edt

_ » (-t)'s
t
Z3\ Taylor @ﬁ: € = Zi:o | | ’ %ﬂ‘]ﬂuﬁﬂ
C i i 1
H(S):;(—l) m,sS ( Hrh, mi :ﬁ 0 t h(t)dt )
AR m i R | BYAR Cith moment) (i=0,1,2...) 4 T 743 #,

FAMBE b ma N2 F) T BRIV AR U o O HIRAT T T, P
— &l /& Elmore FERT[2].
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R L
WWH oo —’W\r?»%\—‘
=7 T
V V V

B 11 4B RLC B
Fig. 11  distributed RLC circuit

b N R Ry Ccentral moment) & AR 1815 B AL & .
A, P Y I (E (mean) B 2 A :

Ioooth(t)dt m,
tha)dt m,

(4.2)

O £ K P R A S
po= [ -n)hdt g
o PO, T DU e LA T Uy (3 P T DU K2

Hy =My
=0
2
m
Iy =2m, ——=
m, (4.4)
3
mm m
Uy =—6m,; +6 1 2_2 12
L mO mO

4. 1. 2 H B (central moment) L2 X

A1 13, HL s I e B RO HAT R R R LA 3 3 o, AT
BRI 2 HLER I = b0, B gy o e FROOR/IN AT DL S e H FL B i 7 33 T

fE S IR, B 12 & AR LB BT BRI NETE , ATEAE Y, 2 4,<0 1)

27



iNR P TS e SRS 3 A NS A RN SR s S T o U SN
pp Covershoot) FI'F ik Cundershoot). M™% w1, >0 [FIHE, Hih k&
&, (HISERIIN T o RAATE 1 =0 WK, BOCEARE R,
PBICATLE TR PIAIIG O00, A6 I SR e 357 M J8E 2 Ta) A — N R~ 1488 2

HL I PR = i R T ey ANERT DL S e H it R RSB SR A iR v, e
Wiy ok o R TR R B . W 13 TR, =0 IEHE,  HUES b
M ¥ T 7 X PR R o

| (pz <0}

3 = 7 COwerdamped response,
i .\ '[i"l'j' =0}
i

rrl , Critically damped responsc,
o (By= L]

=

f
12 p, AEIRS SRR BRI R T [2]

Fig. 12 step response waveform corresponding to different 1z,

i)
Impulse response

Impulse response
with py =0

7 VAN Impulse response
b 4 ~ withj;>0

g ol e
) i e

\"'-...-'#! 1‘\---..---":Ib'

13, AEIES AR E iR [2]

Fig. 13  impulse response waveform corresponding to different sz,
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4. 1. 3 X EEL % LA T LART R R SRR

A% M LS [ =i o Lo RE 0 e i HE A 5 R i, BRATTR T BAKE =
B R LR IR RN D B T R A5 5 BB RN Nk, AR SCHRE A AR
A PPN IR KSR T SEBR A 2k . J.Cong {E[4142 H! 1) RATS B 592
HERIT 4 = 4m? —3(mi ) A BB TR IO — DM PSR, e A2 rp il il ik e ¥

BRI A BEE T 0 R BB AE MBI i . X MBA TR =P b DA T

VAN A AL Z5 R, 3.Cong 77 [4]H A0k AR R IR Rk

TA 1 S A 2k RGEAE 0.18um L2 N HRHCH 1) —ZH B (1 S 550 {H, A
FH =B A DRSO R SR VPG, B o B PP A B BEA TSR . il 14
IS,

| Rz J‘- c2
= A
| L2

I
e[

R

B 14 —EBRHMTEELZREFHRLC &R
Fig. 14 asegment of parellel nets and its equivalent RLC model

B 14 j2BOPAT HIEZ ) RLC HLESR AR . A 125 RE A2 AN AR LI L E
W7 ARSI, Jod, k1 RIS (MK, C3 L L Al IAS
TR BRI RS, HEL BN UKD HIEL 2 0] (1) AR
S MPIE FR  E RN, CHRSWORE 5 k. Bk, AT ER
UEAE L2 RS M BO™ IS IR 1, AL =B o D RREA T S SRV A 1
IERATE
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MRS H 1.

R1 = 7.64
R2 = 7.64
L1=13n
L2 =132
Kl =072
Cl=17%
C2=179%
3 = 12f

4.9
(lin) CTIME)

B 15 WS 1 SHEHER
Fig. 15 test parameter 1 and its output waveform

VA B P L
3
1, =—6m, +6 2T oM
mO mO

=-1.674x107"®

Ferb RSB A my BT STIRAE T iR i

RS 2:
Rl = 764
R2 = 7.64
L1=353M
12 =53M
K1=0.72n
Cl=179
C2=179%
C3 = 12f

B 16 MWiXSH 2 SHEHIKF
Fig. 16 test parameter 2 and its output waveform

XAMARSET, AV ERIN T L%k (s, JEAE L g .

AR RS = RV A

m.m m?
— 6m. 4622 oM

H3 3 m, m g

=—-4.956x107"®
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MWRSH 3:

Rl = 764
R2 = 764

L1=1032n
12 =1032n
K1 =0.72n
Cl=179%
C2=179
C3 = 12f

B 17 WiKSH 3 SHHIHIKRR
Fig. 17 test parameter 3 and its output waveform

THEAT R AT =B TR -
3

1, =—6m, +6 22 2™ _ g 059510
mO mO

S50 JATxF 3 41 SR S BRI S B AT IR, S AN e L
AL Y 52 M ACOUL 58 IHEISF 11 HL 8 o o D RO/ IN TSI o SO0 iy 1 S8 T o RS DR AR o 25—
AZHh, HURHE MR, OIS 20 0 HL s =B b O A LB f /D, 0 R ot
AL 3 AN rh o PR, AR b Covershoot) di/y, IEiRE/D. 2B —=H S
I 5K, RN 54 30 10 s = B b Do I A K, R R (RO iR A 3 2
e, RIAERL s Covershoot) f K, EIR#R K. DAIMEIRATRAL T 30 v 5 H s i) =i
BerprO R RHB IR, AT LS T H T R o R

4. 1. 4 A RLC APR B S M aE W BUETT B T

HH - HIT R 20 Bl s ey pReadif 5ok sk H A i 1) 25 B kB S 1B A T SRS 1 I
TE AT 5 FRPLVTEAL IR 2Rl . T AR A B S B R I D VR R A B T
[6], A1 “FF54k” WI7VL[T].

Ratzlaff 1 Pillage 7£[20]#% 1 Rapid Interconnect Circuit Evaluation(RICE)
FIEH LR RLC &M &I, &R TRk 2 R F ok 4514,
s IE R ks 12iB 1 (path-tracing) F1— 2 51 HLUR B et B IR 20 i1 e oK
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fil FIAE A A I — /N B I % o JE TIX PR ARIB R, U= T — R m=RK
[ JE Ry I BB v 7 . X7 I BRAREE 2 Qingjian Yu A1 Ernest
S.Kuh 7E[21][22] % tH (P75 RLC B4HR HL i v B A 1R 38 R B v 5 7 7%

B 18 Fn—#E RLC BEIRHLE, m(i, j)R e | g Smss j s, e %
NG S BRI . 23k m@, I, T RLC BHIR R )4 e
R R, R R, FRTIEAT BT, TR R &
(P AR R ] o JErbr, S0P T4 A0 K R, R IR R/ C emi(k, j—1) 11
MU, TR U N A LoD, Cem(K, j—2) LRI

T&, nlLMSRSK M RLC BEIR LS 25 4 s A s AR A R F
m(i, j) = Z RI Z Ckm(k,j—l)— Z L| Z Ckm(k,j—2)

Ron path(src—>i) all C Lion path(src—>i)  all C,
downstream downstream

AL, VRS R, R A A R P R A A R

ﬂﬁw4ﬁf+1@

i)

18 RLC#
Fig. 18 RLC Tree

ZITER LY R RITHE AR S RLC M bk . RO 2% L8 BB L[] (R &
BEH BRI B 175 ZAR Y s BB, AT A v SR R o)
SCHEATAH N I PR R B R YR 4. B 19 2% 1 M R s AH AR IR RS &
TGO, Ky, RAHABRIL R, C,, Fona iy, Rk ie e,
BATAT LK A5 A F s AR T sh H il (floating current source) 43Py >
XTI LR, 3l GG A 1 I R 1§ )R ANGE S 2 S - 1 ). H
L ()RR J BRI AR50 FR,  ERA R R A RN Y & AU L R AH
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pitd: 1())=C (M@ J-1)-m(2, j-1))

— i D

“‘?:i C'I'L I :@
1 ¢

_jw r'-.f'u.r’v"g. @
I(j I
T R 8 0
©)
E 19 MBEBAWEY

Fig. 19 equivalence of coupling capacitance

4. 1. 5 M RLC FPR BB SRR ST E T (SMART &%)

SRS TS R QI B AW OWAR I R = NS - 1w s RN | = == v
?%Efrﬁﬁﬂl i DA TR ) BT AT FH 5 P 48 A R A% 1K) RIS O o ST R H 4% 1T

, WA R ALHNC SR A R IB BRI 12 . Ratzlaff Fl Plllage[ZO]%ﬁEl'Jfé
U M 4238 R Cvirtual path-tracing)) SVETEUF & — B A By, FH O §R 4

(pseudo-instruction) f7fifi A 5 (AL AN, SR IR 7 V25 75 2 52 2% 1 G 2SI

W, A% TH54 (symbolic).

Shi[5]4 H 3L T4 ¥k K MDD (Moment Decision Diagram) 158 RLC 4
KRR AR 75 5 A5 57 SMART . BRI S ok B L2 IR 05, il
K FEL B 2 KA A7 it b PR PR B 4 W o PRI PR 8 ) g S s A B 5 R AR I, T B 2R
A DA B R R T AR - Shi SORZ VI TY e LLSE LA X 2 AR A RLC B
53 3 =

SMART AR — PRAE SIS MDD AR R S0 Fe, 1 Tl
— AR . ZBIE R 7 1 RLC *xbﬁﬁﬁﬁﬂ

T 562 MDD R, XA RE 20 A A

SBL: MR RCL WIRAN S R AH IR A . B 20 BT
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(e
@ © @«
@ @ ©

20  F1 RLC Ri¥aiEHHE[RE B B AR
Fig. 20  C-tree of the same topology with RLC tree

LB 2:  WE DK XK BDD. 418l 21 7. % BDD MIHLZ
WA AR A R FR AN S5 AL, R s e RS Ri A2 BDD AR £, &) " Then”
AR F AL R PP (1 Ci, "Else™ 248 5211 53 Rj. Jeh R1 [X)7Else” 1117 0.

B 21 FEREH (MDD)
Fig. 21 Moment decision diagram (MDD)

FEUT SR R AR 7y P A 2 2R
HB 1. Jea 3t [ LR 5 Aot R AR T T A R A R A
FRIAT
et 3 Rty MDD, FRATTAT DA AR b & G5 R URE R -
cap7[1] = C7,
cap6[1] = C6,
cap5[1]= C5+C6+C7
cap4[1] = C4,
cap3[1]= C3+C4,
cap2[1]=C2,
capl[1l]=C1+C2+C3+C4+C5+C6 +C7

SR 2: BDD 11-%.. BDD " AR Ak AR R{E A -

34



val(Ri) [K] := Ri * val(Ri = Then)[k] + val(Ri - Else) — Li * val(Ri =
Then)[k-1],
Hrp, val(Zero) =0, val(Ri = Then)[K] = capi[k],

WP IR 1 FPER 2, Sk g fa o] LASK H HL B I — Bk . TR
I AE, AR RN SO, R AR S A Ci O Ci >
m(i,1), FHESSE 1IADE 2, Htal I i+1 Brif.

4. 2 BT SMART EZpB IRz % &%

4. 2. 1 D2M It ZEASE RS

CLATUER, Elmore o SRR [ A4S A& HL B 1) — B AR [8] o B0 PR ARk (15
S A BRI, XARBLLE ] Elmore Bk 4 (0 I8 B A 41 HAT S8 U5 S
()45 F SIS, 171 25 Y05 A P 45 5 A P A O VR Aff () 05 Elmore F5E2Y f13X
AMREMERIZ) T SRR AR T2 T IR o 1745 P 2T H % sy B R 20 1 (19 S P A8
ARz FAL6].

D2M ZEMf B [23] 0 — NG I A, & HRIH T W —B AR e, Al
193] 1 bt Elmore #5281 5T HERA I I EAG 7. D2M 1 23 A

m;

In2
Jm, (@9

% 1 ZTATHH D2M A& IE 1) Elmore A8 %5 K HIRE RC B 1 4% 45 s (R I
TP AT LA . AL S SPICE (i B BIMMEIEAT N . Hirr, g b4l
()95 42 HE 5 U R R B R/ NEAT I G 2 ', 4505 1 BSUs IR T 45 0 20 A
MR . NRM P IRATAT LLR B, Elmore FARLXS BOUR AT (K46 f, HN A5 5
ik, T D2M LR H IR A T E SR Elmore 5 (M(E 2 ] . Elmore A571Y
T EF B YR R A 45 RV AE Ik 5 LG L SR e /), T D2M R S I Aty S50 L A A

D2M =

g 1 D2M #2215 Elmore 52! BB IE ff BAE LLEL

Node Spice In2 * ml D2M

Delay(xe™®) In(2)*m, (xe™) (xe™)
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1 1.175 11.42 5.80

2 4.97 19.57 12.90
3 5.57 19.99 13.40
4 10.2 26.89 20.54
5 21.2 33.80 28.67
6 33.8 40.29 37.03
7 44.2 46.27 45.30
8 451 46.83 46.12
9 46.8 47.94 47.74
10 48.8 49.19 49.60
1 49.88 50.02 50.85
12 50.5 50.43 51.47
13 52.0 50.93 51.97
14 56.6 53.93 56.40
15 58.5 55.17 58.28
16 59.7 56.01 59.55
17 60.3 56.42 60.18
18 58.6 55.26 58.40
19 60.4 56.48 60.25
20 61.1 56.98 61.01

4. 2. 2 it FE DX B i HE G A 2R B

HIZ AR A vl i, A3 A L (1 i IH 2 4 Jy AT 2 2 G B . FLUTE 55
ERIL AR R R 2R, HAIER 0, SRR P UABRATAEAT e A1 4a b
Bt, 1] FLUTE 558 RREE KR EAL AT . B FLUTE 5L DLA KR
FEAATE H AR, &8 5 BRI MR, 1K AT RERG OB 40 b 72
R, AT BSR4 E I A AN AL TR A o DL L 0 A 2 45 R A T iR
%,

FATT R BE T IS “ BB BEAT, JF &G SMART SLASEIN X A
REREHEAT IR EAG T, A3 2RI LT S “ IRl B 71 [24]
et G, PRI AURAE — PRI AR s IER: X R AN R L .
B 22 fliy, et BRIERE 4 DA R IHGR, [Eh S1 5 S2 Ko iriigl ri.
W S1 A S2 ML I ¥ shid, {ER 22 h HIZLIL3EAT T hril. Xt al #23)
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Fig. 22  Steiner tree and movable edge
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Fig. 23 movable edge and its movable region
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Fig. 24  Shifting “movable edge” to do timing optimization for critical path
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Fig. 26 two-pin net and its equivalent model
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Fig. 27  two-pin net’s equivalent model considering coupling effect
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Fig. 28 Input of algorithm (spanning tree satisfying the basic timing constrain)
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Fig. 29 Initial MDD tree constructed
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Fig. 32  Routing result using MST (net 1)
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Fig. 33 Routing result using FLUTE algorithm (net 1)
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Fig. 34  Routing result using SMART based “movable edge” technology (net 1)
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Fig. 35  Routing result using MST (net 2)
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Fig. 36 Routing result using FLUTE algorithm (net 2)

2 W KIER):  571.7ns Mk 21.6%

KHHET SMART SLEBEHT “rI sl ” AR MEE R (LR S H):

B 37 RAET SMART EiLtiT “AIfshit” HBEHER (%M 2)
Fig. 37 Routing result using SMART based “movable edge” technology (net 2)
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Fig. 38 Routing result before crosstalk optimization
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Fig. 39 Routing result after crosstalk optimization
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T ] 3 e RS V) gdf SO

(edif

(gdifVersion 1 0 1)

(comment Generated by tw2gdif)

(cell:top
(text:number_of_layers "3")
(text:wire_widths "0.6 0.6 0.6")
(textzvia_widths "0.6 0.6 0.6")
{text:wire_spacings "1.2 1.2 1.2")
(text:via_spacings "1.2 1.2 1.2")
(text:vertical_wire_costs "2 1212 1")
(textrhorizontal_wire_costs "1 212 12"
(text:via_costs "10 10 10 10 10 10")

(path:BBOX
(new)(layer LEV){width 0)(pt =5 52)(pt -5 4956)
(new)(layer LEV)(width 0)(pt -5 4036)(pt 4898 4056)
(new)(layer LEV){width 0)(pt 4898 4956)(pt 4898 52)
(new)(layer LEV)(width 0)(pt 4898 52)(pt -5 52)

)

(portipad_26_A_0_A_0{pt 8 707))
(port:INS241_a (pt 8 2121))
(port:INS225_a (pt 500 4242))
(port:INS200_a (pt 500 4949Y)
(port:INS193_a (pt 1000 707))
(port:INS177_a (pt 1500 2121))
(port:INS161_a (pt 1500 3535))
(port:INS145_a (pt 1500 4242))
(port:INS129_a (pt 2000 707))
(port:INS113_a (pt 2500 2121))
(port:INS97_a(pt 2500 3533))
(port:INS81_a (pt 3000 4242))
(port:INS65_a (pt 3500 8))
(port:INS49 _a (pt 3500 3535))
(net:A_0

(portRef pad_26_A_0_A_0)
(portRef INS241_a)

(portRef INS225 a)

(portRef INS209_a)

(portRef INS193_a)

(portRef INS177_a)

(portRef INS161_a)

(portRef INS145_a)

(portRef INS120 a)

(portRef INS113_a)

(portRef INS97_a)

(portRef INSE1_a)

(portRef INS65_a)

(portRef INS49_a)

)
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1 Tile
k Lavers [0]+
k
11
Layers [1]+ -
tile[1]

orid

40  Tile #0 grid 32451
Fig. 40 Tile and grid

A PREAT L X S 73 e K X KR et RS/ N ks Cnll wr Zeid s
PR —A> tileo BN tile H MHEAT ZJRINATLL, BATRAEA tile XA Hm X
n (BRI, SRR ST — A grid, WK 40 HATLETR.

typedef struct { Layer &5MIH) 2 X ;
HV_Type  type; % Layer BEL T30, AKPFEEEH;
vector<int> grids; % Layer L&) grids [M&EFIEK, H4
grid XN —ANEE G 5 5
} Layer;
typedef struct { DetailTile g5 X
int grids used; % DetailTile B &1 grid 2 H ;

vector<{Layer> layers; 1% DetailTile B &1 Layer, fEAGAE M EHRT;
} DetailTile;

typedef struct { Tile 5K X5
int 1x, rx, by, ty; 1% Tile WZE R AAA LA ALFR;
int hdemand, vdemand; 1% Tile 7K~P-ERdE B 5 ) b OA% R 1140 288 1
Vg
DetailTilex dt;: % Tile e I VELH N grid 45,
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b Tile;

2 Cellinstance

1 5
— al b1 —
2 6
— a2 b2 |—
3 7
— a3 b3 |—
4 8
— b4 |—

41  Cellinstance 215l

Fig. 41 Cellinstance instance

int wuid: £~ Cellinstance X W [¥)ME—K) ID;

const char* name: 1% Cellinstance 44

double max delay: 1% Cellinstance [F)35 K 4E;

vector<int> pins uid: 1% Cellinstance FTA 5| JIXT N [F] 1D, AEAELE M &R
Hh

3 CellinstancePin

1 5
1 b
2 6
2 b
3 7
3 b
4 8
4 b
42 CellinstancePin 3243
Fig. 42 CellinstancePin instance
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int uid: 1% CellinstanPin X MV [ ME—FF) 1D

char *name: 1% CellinstanPin )44 %

int ci uid: 1% CellinstanPin fITfE Cellinstance XMW [F) 1ID;
int net uid: 1% CellinstanPin FTZE) Net XFNV ) ID;

lead node n: 1% CellinstanPin £ B 1503 4544 B 6 S 1R T A
int ax, ay: 1% CellinstanPin [ x, vy 2BFK;

PinType type: 1% CellinstanPin #2874, 4 IN, OUT & UNKNOWN,

vector<double> weightedd c:
1% CellinstanPin X NV (24 B MM 45 i) {E
vector<double> treemoment:

1% CellinstanPin XF N S IEE, AEAGAE I mE T

double u2: 1% CellinstanPin %MK FrhuDagE
double u3: 1% CellinstanPin Xof B[] = HCa g
double delay: 1% CellinstanPin I s IR IS ZE
4 Net
]
SOUrcce

& 43 Net 3l
Fig. 43 Net instance

int uid: 1% Net S WV [ E— (] ID;

char* name: 1Z Net )44 5

int source: 1Z Net [R5 S ID, B Net AV —/ MR A
vector<int> pins uid: 1Z Net FTE 5B 1D, fEfELE I mR
int edge routed: 1% Net of I R AT 25 77125

double max delay: 1Z Net T RVFI B IR SE, BRI SEZ) 0,
double delay lower bound:  # k420 2k IR a2V 0] e K 4E
double delay mst routing: 50 /N SRR A 2% S R s 2R s 1 B R &g
double delay smt routing: K FH 37 Y0 9 A7 26 ) U A 310905 2500 B R IR R
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5 Edge

source target
* @
E 44 Edge 515l
Fig. 44 Edge instance
int uid: 1% Edge J N[ ME—[¥) ID;
CellinstancePin *source: 1% Edge M5 mis
CellinstancePin *target: 1% Edge M7 mis

char* name:
vector<int> tile routing:

int dt grids:
vector<int#*> dt route grids:
int distance:

bool routed:
int level:

1% Edge M4

% Bdge fF RARATERIN T 11 tile P
5, AR ER

% Bdge fEVEAAT I BT 2 1K) grid (K]
H;

% Bdge fEVEAMAT I BT 2 1) grid
SFRE

% Edge Y5 553 [ (1) 2 WA i 29 5

% Edge J& 15 CUAT 28 I

% Bdge 1E 2 ZAT LR AHELE T (K 2 50
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gt

FEF AR 118 SCRPREE RN, FRELOE IR 2 45 7 o SRR i S A A B i
No BTG S0 B (Y A2 B 1 e (] 53 i o AR BRI 1R), AL F 5 iR
ALRIERE, PINLIRSCHERS, 2 MRSy T JA D IIR T . 1t i 41
EDA W/ — B, AR R 1sE1s, AR N IR 22 2 DF SR K dh
%7 RM AR . AEPREWT IR, 2 AR AR AT R A K R T e
SeAiAL, B2 St TR B AT ERE g, I HL 2Ot 3 Bl ik vk DR ok
JEE P A 380 4 i) e o it S DR 1 FK) 2 AR RN A R 1T 1 B RS e 0 A2 3 =T A%
FEo AR BRI U RN A2 ) B[R dE S AR o

(7l I T AT B AR B R AL N L, AR T4, X%, fRid,
FBEIE, BUH T B T e o 2 AR X H 7 I AR SO S RE e e I
SRS 5 T R B o

I E U BNIAC R, SN AL e 0 B AR IR S Do A=l 1) B A AT
SCHFo

e Ja i K g T A B K22, R RIN, S ORI SR A Bl o
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