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Abstract

A hierarchical placement system based on routing region assignment has been developed to
increase the probability of routing completion after placement. While most of the existing
placement systems attempt to reduce the cell density at the portions where routing density is
high, our method is distinguished in that specific routing regions are allocated to secure
complete routing where the routing density is greater than the routing capacity. Hierarchy is
built by clustering and recursive partitioning, and the initial placement obtained by
partitioning at each level is improved by using the region refinement algorithm. After
placement at each hierarchical level, global routing is performed and routing regions are
assigned. if routing density is greater than routing capacity. to be considered at the next level
of placement. The proposed algorithm has been implemented and applied to place several
industrial gate-array circuits. A couple of circuits which cannot be routed by wusing
conventional placement techniques can be completely routed by using our new placement
technique with routing region assignment.

*IEER, BRI BT B oAt AMIAANE) vkEaAl T =Rl 28t
(Dept. of Elec. Eng. Hanyang Univ.) oy =8
BXHTE © 1994%F 98 13H

(373)



19954 2R B|FTLEHLHE

.M 28

EFA (standard cell)olut Ale]E o#llo] (gate
array)¥ ASIC # (chip)9 Azt o] o]&= 1
itk AFEIE o183 AHI T dAS| slelM wix]
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27} 8" 3 ould 3Aelx] olE wiAl HE B BE wgow xRsle Al B4 9~28% 9

r>}L rﬂ

\_ H
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2D2E 1A e T ASH WA Table 1. Comparison of placement results
e using min-cut and wire length in

Algorithm1. Hierarchical placement algori- partitioning.

thm assigning routing region.

u]8- @'—’v‘-ij exl | ex2 ex3 ex4 | ex5
for (each level of the hierarchy from the root) { 1 ‘ 532 ! 1672 1035 1314 f 11150
I i

if (average #cluste.;rs of a subset { Numl) ul A Ze ]1 (100/0)} (100%) | (100%) | (100%) (100[%
Flatten clusters; } i 1 .
if (average #cells of a subset > Numl) :‘ 5 ‘ 648 1 1830 | 1329 1445 1669
Do clustering: (111%)1 (109%) ! (128%)  (110%) (115%)
for (each subset s) '
Partition s into 4 subsets: Falsloal sl 2RAgle) 3hd Ao o) e
if (#subsets >= 16) Aol Bakul wix] o] B Als A7ke He
RegionRefinement (subsets) 2 St} o5 mu} EEAMOT Salshy] olale] 2

AssignRoutingArea(level):

T o] He AEe "r7]' ‘E%éi 7dFole UAEH

}
if (clustered) ddd AES A Sakeg
Flatten clusters: Z3eAF RS Fdct, WA A oA4d®] AEY oA
Greedy initial placement of cells: EHL2 ZAle] Baleg #x3] FaAlyle, Bgdolu
/* Optional simulated sintering is possible */ wiz]e] Habs ZA] g} 12 Y gt odede]) by I
Cell-level placement optimization: T Aol 47} ERZHEANE 648 A1) Rt 3 W
2o 2o AE obA AR AL FelrElz Fold Psks el

ﬁﬂa Tz ulaq) 2ol oA HAskeR 3 Fel2ERME ol8slkER slgivt FejxERe b
geh. o1% sisted Folal slze) AET AR g WA AAE A we FRXEER
W] We Zzt AEdez REalgly wix odese  HE Fe BHE dske o ZeizErt @& A7t
BT, 2 PEAVEE 2w Yefol B 7l bAoA o) Feldleh. - A mE FeiE A
CukEA™e) P BalE 7k odode] A o) gy 9 B AUE(closeness)t thidh o] Albsid
oA ol o ole] Bae] Brbsd WA oo} T
Ack. Bl 4-way $¢ LTEE olgsidct
], ux] He] Ege HLE FoalA s 5 B closeness(A, B) = ax7 extemalﬁncer;rsm:fzgrnflt\fs(tgrlfg) A and B

2

iJ




1995 2H ®EFTREHLHE

— p total size of two clusters(A,B)
average size of clusters
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oh 7 R e FelaEEe] 2v)E gdskl sla
Ahs ook o2 325 it APoR e ast
B &) B/a = 1/25 & o]43ldct.

2. 49 A dasls

ol 2 wiAs w3 A7k Ze o)
7le IR, @ M R e AEE ohE Y
228 o]Fe] HEHA| ermg ¥R 4 AA
<A e FAHHE dE + A Aok gy g
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FAE AloldiA A olFAezy HEIHOZ
oA S A sk 4 AA WS o]83ke Bet 3
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el g wiAr}t o= Ax Pl Fell, A}
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3 thE AR RS st

I 12 ASTFE DA 2049 A wid 24
vehd ZAolot. o714 HAL $39 dde] FAXS
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oz 3 el £ A ZE AL 2 o9
FAHA e Aoz AP Ao i 2L A
TR WAE Sl webd A ge o] 2}
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A stmz wid mdef ¥ge AFTRe] vixg
sAGM e FEE] 2w ol HAY) mdle oz
AH33LEE sldct

A A 99 FAEe 9 sl daElEed
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Fig. 1. Global routing model are hierarchy
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(orientation)& =3 sk wL4e H oAz A LES sl el S 2dehe WEY 9

= glep!tel e 3% 7 9dodel] ukdsied the whAle] Hako)
A mesEE st

M HAM ME goiol =X gl &ct Wi edede) wele ¥ 13 o) RYW JAE

Alelell WS AT Aol EAshs 2o sisirt
AZTEe] 7 Al e A el osted Wi gy gepe 2w 7} wlx) Hel| YxF 2] 55

FA3te] ARgEldch. ¢ wid B2 A Ajo]d

anas 2.0 g %9 9Y Sean Sl b mde) 28 Adsich 22 ool

Algorithm 2. Routing region assignment

algorithm. 73“?“’“% %—'—é—o] ﬂHi]E“ﬂ pA '?’]—i 3}]/'\“1@‘ ’{F 9\1% ‘/'F
2l =do] 7 ARt olw AMEEhs A slo| X
AssignRoutingArea(level) 2ol siA AA=EH 2 AL Eng 4 9= JF
/* 20% of capacity is reserved for local connections */ = " _

EstimateCapacity(): A Edle] $E o]g3lo] AAkslct AdAle] wjalel
A 5 g 4 Ede 7 Qe gt Ale wialel

/* A wid */ e I _ _ _
for (iter = 0. iter (= MAX ITER: iter ++) E ARt of2] 3|23l R gl Sjsted, A
PenaltyFactor = MaxPenaltyFactor B ufAd 832 20%+= wiAGY 5o U EEE A

" iter / MAXITER: dxow AZshed AHshs e rPsd

for (each net n)}

if (n is routed) | 32o Y7} 2R vim2R Ade] EAFe A%

Ripup(n): o)F FHlollA] vl A WS A ot mlzz

| UpdateDensity(n. SUB): e e A 91ze e e o] ahe,

FindPath(n): wjAdel] 2 AofEo] rh wlAl B2k o]l oA

UpdateDensity(n, ADD): s HuE uid 839 AilelA A7) =E

densi}ty,factor = MAX(0. 1 - (NumLevels - level) Foz, A wialely slazAde) EAS IHY

* DensityFactor): QEZ ). =3 B dFoie wjmzsE A FHd

ModifyDensity(density_factor): oA =7]9] wiA AL o3 drksled AR wlAl A

/* overflowe] A4 */ of gA vizz A& 33l wiiE 5 Y=E 3

for G = 1:J (= numych: j ++) { o} wia2 A Fadl= & 271 A el digshe
R PRt i s s

diffi; = h_densityi; - h_capacityi;: Al o) A2 mlE Al daEES 043k

if ((im:_l: ]2 sifh o} wjAdshs UlES] &l ZA &I URE 3

ase 7] $jaled MAuiAle whH g o] Foixich Agol

diffi-; = h_densityin; - = wjAl feke wEshA] @ FdAslE wiAdS s

h_capacityi-1;: £ G == num xch) 3, ¥hE 3} Zogel mebad e Rert el &

diffivr; = diffi;: 2 oo e H-Eol td #HdE (penalty) & 7}

else Gt = b densitvier - Aoy Zbss g wiAd d=rt wid S8 =

h capacityi - T e WA FES skch & WeuiAde) BAgee A

h_overflowi; = MAX(diffi;, oo} wid Wyl wid 2L 293 kS HL

(diffi-rj, diffiv1s) / 2): H3te Zlolr) ATEIE 2= A= Fxo| ¥ W)

/* for vertical channels */ Al 99S FAdsle duElsS AT Aolch

Similar algorithm for vertical channels: vl 314 MAX ITER: A 43 AR23jsich o7)

| } 4] PenaltyFactore ®i4l AZE ke o4, &

/* 8lA od=e] ¥ dir is horizontal or vertical */ AelA vhE YAE FNE o wjad =) uid &

/* assign routing area at channels with highest 2o Y ASo) Ahd Aol 23t 78 ulgo] 27}
overflows. */ = = - N .

while (i, j. dir) = FindMostCrowdedChannel() > 0 He AdEE Atsl] 43 Aelnh o] 2k iter §
&&  total reserved routing area { Limit) o] Z71gtel Wb AdAHdeg ZRIT} = iter=0
assign routing area at (i, J) in dir o) o]l penalty=0°]i., iter=MAX ITERS uj wf

Adsr eid g3k 287} =W penalty=

direction:
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MaxPenFactor7} €lth. ©]& o|-83}d ©AA]|9] H]
42 7]¥u]8*(1+penalty)2 A4t Max-
PenFactor+ 2] 3|25 it A& oislo 0.2
£ AMELEE 31t

wixle] Aks] wAlelA = w8 FYse A
oleg Atz wid kol &t wiAd dHe e
AR Aabgl ghich A EeE sjelon] 3] A
2 7y Ak el dxed ske 3E AMSSEE
£ 3y} o)) 249 AEE DensityFactor #tell
Aafix AAEH, ol AYe osle] 0.158 A3}
EE 3

A odg-g gudslr] YR ARE Jehle
overflow®] Al4tollA density®}t capacitys 28 o
Abo] =l Ade) wial Yo wijdl 38 viehdct
gdElE vl 14 odg9e AEAdE FA5] 95,
oFFo) wid wWirl wiAd fufEc) & 9ol A
9] wiAd Hxr}t wid Sekwc A el A
4 A8 dukslod wiAdE Ho) Y3 & 5 Q=S
st Al 399 2 olE overflowe] Fte] 7}
A & AdRe] overflowel sldsle =72 wid o
A& Al E oy wlkl gL o] Fag
Bho) $412oR Y= gt ©f o) w4l
B9e ¥ Fart it MR wid dde) ¥
o] AMgT7LFEE wllx] FH9e 2 =4, wid A
oo] g BUEE 39}

20 20 20 20 20
(a) WAl 83
10 40 20 30 10
(b) ¥iAl M=
5 20 15 10 0
(c) overflow 3o =%
25 40 35 30 20
() 3% WA 834
8 2. uiAd AE e ggske o (¢ A
vhe o2 E 1Y)
Fig. 2. An example assignment of routing
region (with horizontal channels
only).

(a) routing capacity
(b) routing density
(¢) distribution of overflows
(d) modified routing capacity

a3 2 A A Ao e g ¥dslt
£ S Y AR A2 B AT Aol 4
Ade] vl gl 200]3, whA U=} (b)9} o)

¥ 32 % A OE 2K
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FAHEHAE o, overflowd] e (o)< #o] A4rsl
ol dE E9. F WA AdelxY overflows
Max(20,(-10+0)/2) =202 Atz A WA
ol 49) overflows Max(0,.(20+10)/2) =152 A
AHET) ol24 miA 85RE (d)9} o] Zrl3kA =
o} o714 A Rl Al HA g vl LEr) vy
Al 49 2] AR 5 wAe) o] WA Ad
ol WX WEE A 23R o]F2] TS ylo}
A Al 39S gdsleE st

AZze] niAR dAl M dduiide] 2%k ul
Al A4 39 w4 eA gob A o eiolMe
o] Aol A& wix3IA| WEE oy, AR uiA
HHolja] olE g o|8sl] wiA HEr} H& o

ool Hajxe A&eHA il & 5 UEE sk

V. 4y 20

AkgE v G- ddE o] 8]) AFA wlx] wby
& Ccdelz Falsted, o] ux] A 2dlel Bilsied
t} o]& o83l Z|gARNE AT vk v )
27} ol Alo|E ofdlo] 32Eo wixlo] HLs}
ark E 2 Aol A’ oA 32EL] BA4S A
g Zolel FE ex29) ex3E 27 479} 17719
as AES Z3eky 9lon, ex3S A3 FBE
£ 3% #pins/nete] 3.0 o]Atoz Exkgl 3|2 Eo)
o} ARERE Al go|MeiE]= 0.8um n-well AL o)
4% 792 2-metal #IA-E o] &3}t

x 2. dA 32Ee BA
Table 2. Example circuits.

Acells | | #gates W‘!

circuit

(#macros) #nets J#pms/net #pads \’ (utilization)”

ex] 3822 (0) 4585 3.4 110l14160 (82%)|

_ex2 4182 (4) 3806 | 356 161 (55440 (79%)|

ex3 | 9817 (1T 10661 | 298 191 88686 (18%)

exd | 15235 (0) 17202 327 109 68598 (73%)
29062 327 930 L0738

i ; (69%)

voex5 . 29394 (0)

B Aol A wiid Ag dde) Alge] HUalx
7} & 322 v wilel] f-8-EE AYPHoEZ Hal
Fof, 7122] wix] vl B3 AAE vlwslgicl wiAd
< wed’t v aPEe uiAlE edER] o wilx]
ol 9 wllx] Axp2 F 300 wlaslgdcl wiA AL
QgL ol83lx| e dmElE 1ed4]
AssignRoutingArea() & AlFslar w3k ZHsjo|c}

WA e wedh mile e skA] oS- wiH|el v
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F 3.9 S J9E o] 83k 92w} o] 47t wiA] 9] Him
Table 3. Efficiency of routing region assignment.
| i HE AL o] 83| 2 ul [ Al A8 dHe Bt wiA|
R = : - : - :
arcult | wire length #vias CPUlsec) ;. wire length #vias | CPU(sec)
2164.9 32473 2098.2 31658
1 1130 1
\’ ex (103%) © (103%) - (100%) (100%) | 18
| 4289.9 21568 4077.4 20629 \
2 : ‘ 93
% amsw | 0% H (100%) 0oz | 13
5828.8 61755 5877.3 61464 i
4006
= (99.9%) L (100%) o (100%) (100%) | 5505
ex4 incomplete incomplete 4485 . 10674.0 131198 | 5383
exd _incomplete incomplete 12228 16618.9 202385 \ 19142

a4 20% ©1Ee] CPU A1Zhe Z712 ARg3haA] ul
A Ang zZA A S dddT

WO § 0D WO, )ODDED § LI mmn
8 (¥ B B sk e
N g, S
3 8B
B xE &
5 ==
[UAMATI A O 0 0 omod []]l[llﬂﬂl‘ﬂ[ﬂ:j ([TOMmn 00 @ § 6 0m 00

a8 3. vlaz As x£3e 329 uix
(ex2 3 =)
(a) WiA& mdshr] o2 wix
(b) WA A& ofd-g At =]
Fig. 3. Placement results of circuit ex2
containing hard macro cells.
(a) placement without
area reservation
(b) placement with routing area
reservation

A3

routing

32e] BA4 ex37 o] #pins/neto]l Hop («
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