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Current Status and Prospect on Layout Benchmarks
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One of benchmark goals is common ground for evaluating CAD systems and algorithms. MCNC
(Microelectronics Center of North Carolina) has been playing the central role in collecting,
generating, and distributing benchmark circuits. Several international workshops on CAD have
been held by MCNC. This year, its workshop on layout synthesis was held in May. This manuscript
consists of three reports: report on the workshop, report on MCNC benchmark circuits, and report
on where the benchmark of Japan is and where it is going.
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%4 Standard cells benchmark pfofiles '-

Name | #cells | #nets | #1/0 | pins/| pins/ net cardinality -
g5 —-~ F-28 net | cell
fract 125|147 |24 [2.79]3.63 [70(2),44(3), ... 3(17)

® 770t LATT b 5 primary1* 752|985 181 |3.35|3.97 |558(2), 249(3), ... 11(17),3(18) -
@ A7 raALNNTYak 7 |struct 1888 [1920 |64 [2.82|2.86 |737(2), 1152(3), 32(17)
@ ILFIEYF ¢ 7 industryl |2271 |2593 |814 [3.0013.53 |1712(2),405(3), ... 1(238), 1(320)
@ F—rTLA 4 primary2* |3014. (3136 |107 [3.833.99 |1941(2). 365(3), ... 1(34), 1(37)
® vIORMRELE—KE 3 biomedt |6417 [5742 |97 |3.883.47 |3998(2), 870(3). ... 4(656), 1(861)

BABMLATY b industry2* | 12142 [ 13419495 13.57|3.95 [9407(2), 2024(3), ... 2(516), 1(585)
© RELH—ERALATY R 8 industry3*| 15059 | 21940375 {3.1 |4.52 |10959(2), 6112(3), ... 1(88), 1(325)
@ 7arrssr=>9 2 * Also used as gate array benchmarks

4 Also used as a {loorplanning benchmark

|2 XFIT—-IDTF—7

%5 Macro cells benchmark profilés

: _ Name |#blocks| #nets | #/O | pins/| pins/ net cardinalily
L] g7 -~ nat | cel
' Yale Univ.GE1 D, @, ami33 [33 123 |40 {3.9 [14.5 |104(2),10(3), ... 1(50), 1({56)
E @ ami49 {49 408 |22 12.28119 -1336(2), 52(3), ... 6{(9), 1(10)
mEpKRE @ apte |9 97 |73 |2.21(23.8 [59(2), 26(3), ... 1(14), 3(15)
o ¥ hp 11 83 45 13.18 124 [45(2), 11(3), ... 2(516), 1(585)
U-c-?e’kle'ey ®®é®@ xerox-|10 __ |203 |2 |3.43 69,6 |128(2), 43(3), ... 1(31), 1(72}
Seatle Silic ,®, .
DeeTfteUr:'| on 0 * Also used as a floorplanning benchmark
.
MCNC ®
iv.(x2) -
Duke Univ. ® # 6 Mixed macro/standard cells benchmark
rofiles
(21) BROHAR p
(G¥2) 70v FEEOAAR Name | #blocks | #celis | #nets | #1/0 | pins/| pins/ net cardinality
net | cell
%3 ~NLFV-UBIEEEF -7 g2 17 118 {362 |72 |2.56|7.54 |239(2),82(3), ... 2(12), 1(22)
a3 25 519 {928 |49 |2.66 |6.46 [664(2), 136(3), ... 3(17), 1(21)
i 26 432 {1123 |65 |2.49|7.81 |891(2), 113(3), ... 1(26), 1{33)
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Program of the International Workshop en Layout Synthesls

Research Triangle Park, North Carolina, USA
May 8-11, 1990

Sponsored by MCNC In Cooperation with CIM *SIGDA

Juesday Evening, May 8

4:30-8:30p.m.

Registration (Holiday Inn)

$:30-9:30p.m, Receplion and cockiails (Holiday Inn)
Wednesday, May 9
8:30-9:158.m. Continental Breakfast (MCNC)

9:15-9:30a.m.

$:30-10:30a.m.

1.1

1.2

10:30-11:002.m.

41:00-12:00p.m.

2.1

12:00-1:00p.m.

Intraduction
Franc Brglez, Workshop Chairperson, MCNC

Matt Kuhn, President, MCNC

Cart Sechen, Technical Program Chaipersan
‘Yale University

Sesslon 1: Macro calt Layout Systams
Sesslon Chair: Carl Sechen, Yala University

onuolng Research lnd Dcv-lopm-m of BEAR Layout
System, M. Pedram, UC-Berkeley, W. W-M Dai, UC-Saria Cruz,
M. Marei-Sadowska, UC-Berkeley, v.Ogna.M ud.

New.Algorithms for the Placement and Routing ot Macro
Calis, W. Swarz, C. Sechen, Yale University

Break

Sesslon 2: Mixed Macro/Standard Ceill Layout
Session Chair: Al Dunlop, ATAT Bell Laboratories
Session Co-Chalr: Michasl Lorenzsttl, MCNC

Simulated Anneaiing Placemant (or Mixed Macro Cell and
Standard Call Layout, M. Upton, K. Sami, S. Sugiyama, Seanle
Sikcon Comp.

MONTAGE: An Autcmatlc Layout System for Mixed Standard
Calls and Macro Biocks-Extended Abstract, J. Apte, G. Kedem,
Duke University

Lunch (MCNC}

Duke Universily » North Carolina State tUniversity » Umversity of North Caralina at Chape! Hill

North Carglina ALT Slate University » University of Narth Carolina at Charlalte ¢ Research Triangle nslitute

1:00-2:30p.m.
3.1
3.2
a3
2:30-3:00p.m.
3:00-4:00p.m.
4.1
4.2
§:00p.m.
7:30p.m.

Session 3: Datalled Routing’
Session Chair: Y
Session Co-Chalr: James Caohaon, University of Virginia
New Layout Sy K. MCNC

A Detalied Router for Flaid Programmable Gale Arrays,
S. Brown, J. Rose, Z. Vranesic, University of Toronto

MARS: A General Routing Framework, M. Igusa,
A. Sangiovanni-Vincentels, UC-Berkeley

Break

ue.

Sasslon 4: Channel Routing
Sassion Chalr:
Sesslon Co-Chalr:

Jamaes Cohoon, University of vnglnla'

Campacted Channal Routing on Deutsch's New
Benchmarks, H. Chen, J-F Lee, IBM Corp.

The EMect af Channel Router Algorithms on Chip Yield,
M. Lorenzetti, MC)

Dinner (Holiday Inn)

Seasion 5: Benchmark Poster introductions (Hoilday inn)
Sesslon Chair: Krzysztof Kozminskl, MCNC
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Thursday, May 10

$:30-9:00a.m.
9:00-10:30a.m.

6.3

10:30-11:00a.m.
41:00-12:30p.m.

7.4

7.2

7.3
12:30-1:30p.m.

1:30-3:00p.m.

8.1
8.2
8.3

3:00-3:30p.m.
3:30-5:00p.m.

%1

4.2

9.3
6:00p.m.
7:30p.m.

. Erlday, May 11
$:30-9:003.m..
$:00-10:30¢a.m.

10.1
10.2
10.3

10:30-11:0Ca.m.
11:00-12:00p.m.

11.

-

11.2

12:00-1:00p.m.

1:00p.m.

Continental Breakfast (MCNC)

Session 8: Floorplanning
Sassion Chalr: Raiph Otten, Deltt University of Technalogy
Sasslon Ca-Chalr: Krzyszto! Kozminskl, MCNC

GACA: A Global for
A Henigel, Swiss Federat institute of Tmlegy

F with In-Place Qi
G University of

J. Paglokat,

An Optimal Algorithen for Flaorplan Area Optimization,
T. Wang, 0. Wang, University of Texas-Austia

Break

Sasslon 7: Special Toples
Sesslon Chalr: Jonathan Rose, University of Toronto

Clack Tree Design for Perlod Minimization in Standard Call
Layout, D. Joy, M. Ciesieishd, University of Massachusetts

Petmissible Error In Parallel Simulated Annealing,
M. Durand, Columbia University, S, White, IBM Corp.

of Asy Parattel S
Annealing, D. Graening, IBM Cop/UCLA

* Lunch {MCNC)

Session 8: Symbolic Layout and Compaction
Session Chairz Jeif Burns, 18M, Comp.
Slulon Co-Chalr: David Boysr, Belicore

AsL. Graph
0. Boyer, Bellcors

with

Tubs,

G. Bois,

Lazy for 20
E. Carny, Université de Montréal

Symull' A symbolle sundlrd Cl“ nnlgn System,
Ramachandran, R D. Daly, 0. Deutsen, A, Kwah, Belicore

Break

Session 8: Standard Call Placament

Session Chair: Owight Hill, AT&T Balt Laboratories
Sesslon Co-Chalr:  Krzyszta! Kouminskl, MCNC

A Maihod of Dataflow Oriented Cali initial Placement,

* T, Hattod, C. Miura, S. Miyamoto, Hitachl, Lid.

A Naw Call Using Tabu
Search Techniques, M. Barthclomeus, Siemens AG

A New Area-Based Figure of Merit for Llyoul Synthesis
Systems, A. Rajanala, A. Tyagi, UNC-Chapel Hi

Dinner (Hollday Inn}
Panet Session by the pool (Hoilday Inn)

Continantal Braakfast (MCNC)

Sesslon 10: Global Routing
Session Chair: Ulrich Lauther, Siemens Aauc-u.muy

Mickey: A Macro Call Global Router, D. Chen, C. Sechen,
‘Yala University

Standard Cail Global Routing Optimization, S. Hustin,
Cadence Design Systems inc.

A Global Rauter for Sea-ol-Gates Circults, K-W Lee,
C. Sechen, Ya'e University

Bresk

Branch and Bound Placements
Satashl Goto, NEC Corp.

Session 11:
Sesslon Chalr:

Sesslan Chalr:  Garhard Unlv. of

Branch-and-Bound Placement for Buliding Block Layaut,
H. Onodera, Y. Tanigueni, K. Tamary, Kyato University

Dpllmal Linear Ordering with a Flexidle Cost Functlon,
H. Cai, P. Six, H. Da Man, IMEC vz

Lunch (MCNC)

A tour of MCNC,

the Canter,
will be conductad. Shuttte husu dlpan for alrport.
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1. A ¢

FAMIHTZINYFI—2 B, 198550 1
SCA S (International Symposium on Circuits
and Systems) WHBVT. 5FEOI—-2vayvyTOE
BETS % Franc Brglezk (MCNC) X IS4
(HBKRF) WhoTREXH R 10 HoHE (K
7)) & 1989FWEMT hz 31 EOEENS 3.

7T FAMEANYFI—-VEE (1985FRDH)

Circuit Circuit Total Input | Qutput
Name Function Gates Lines | Lines | Faults®
C432 || Priority Decoder | 160 (18 EXOR) | 36 7 524
C499? ECAT 202 (104 EXOR) | 41 32 758
C880 || ALU and Control 383 60 26 942
C1355? ECAT 546 41 32 1574
C1908 ECAT 880 33 25 1879
C2670 | ALU and Control 1193 233 140 2747
C3540 | ALU and Control 1669 50 22 3428
C5315 }| ALU and Selector 2307 178 123 5350
C6288 16-bit Multiplier 2406 32 32 7744
C7552 || ALU and Control 3512 207 108 7550

TReduced equivalent fault set based on equivalence fault collapsing.
2Circuits C499 and C1355 are functionally equivalent. Al EXOR gates of
C499 have been expanded into their -NAND gate equivalents in C1355.

2. BEAK

WEABRET ANV F I — V7 EBE KO 3
B~
@ ESPRESSO-MV ER O RMEEB R (£8)
@ ESPRESSO X 2 ERATS (£ 9)
@ BLIF ERNOZBRER (£10)
ChoDF—Y DM IRENRLLS AT SY
P2BEAFEIHA TV, BEHIE. LEERD
AR BREIERITV. ABXhikEL (F—b) 2
AuhZ2RERL2AMT 3 EBEBE RS,

x£8 HRBEBANYFI—/OHB

FSM Name | Inputs | Outputs | Products | States
bbara 4 2 60 10
bbsse 7 7 56 16
bbtas 2 2 24 6
beecount 3 4 28 7
cse 7 7 91 16
dk14 3 5 56 7
dk15 3 5 32 4
dk16 2 3 108 27
dk17 2 3 32 8
dk27 1 2 14 7
dk512 1 3 30 15
donfile 2 1 96 24
exl 9 19 138 20
ex2 2 2 72 19
ex3 2 2 36 10
ex4 6. 9 21 14
ex5 2 2 32 9
ex6 5 8 34 8
ex7 2 2 36 10
keyb 7 2 170 19
kirkman 12 6 370 16
lion 2 1 11 4
lion9 2 1 25 9
markl 5 16 22 15
me 3 5 10 4
modulol2 1 1 24 12
opus 5 6 22 10
planet 7 19 115 48
planetl 7 19 115 48
sl 8 6 107 20
sla, 8 6 107 20
s8 4 1 20 5 -
sand 11 9 - 184 32
scf 27 56 166 121
shiftreg 1 1 16 8
sse 7 7 56 16
‘'t styr 9 10 166 30
tav 4 4 49 4
tbk 6 3 1569 32
trainll 2 1 25 11
traind 2 1 14 4
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Circuit Product
Name Inputs | Outputs | Terms
5xpl 7 10 75
9sym 9 1 87
bw 5 28 87
duke2 22 29 87
rd53 5 3 32
rd73 7 3 141
rd84 8 4 256
sa02 10 4 58
vg2 25 8 110
conl 7 2 9
misex1 8 7 32
misex2 25 18 29
misex3 14 14 1848
misex3c 14 14 305
seq.pla 41 35 1459
clip.pla 9 5 167
o64.pla 130 1 65
efd.pla 65 65 65
xor5.pla 5 1 16
apexl.pla 45 45 206
apex2.pla 39 3 1035
apex3.pla 54 50 280
apexd.pla 9 . 19 438
apex5.pla 117 88 1227

£10 BRABPNVFI-—-JHEHHE

Circuit | Circuit Approx.
Name Function Inputs | Outputs | Gates
9symml | Count Ones 9 1 43
f51ml Arithmetic 8 8 43
z4ml 2-bit Add 7 4 20
C432 Priority Decoder 36 7 160
C499 Error Correcting 41 32 202
C880 ALU and Control 60 26 383
C1355 | Error Correcting 41 32 546
C1908 | Error Correcting 33 25 880
C2670 | ALU and Control | 233 140 1193
C3540 | ALU and Control 50 22 1669
C5315 | ALU and Selector | 178 123 2307
C6288 16-bit Multiplier 32 32 2406
C7552 ALU and Control 207 108 3512
des Data Encription 256 245 4000
rot Logic 135 107 691
b9 Logic 41 21 125
apex6 Logic 135 99 452
apex7 Logic 49 37 176

3. ®BVa—- N Vrrlb—yay

SE@T—T Y av T T, 1989 D Physical
Design Workshop TRV s h XY FI— Y AHBO
HW2OBGBAY Yy —FeLHBERELUTHVS
hbBdTHB, CO22ERHTEY2—Vx
FL—vayREAULTRV L OHOEBNEET 5.
Zholl. ROBTAL—TRHEEh TV 3,

@ hf v & 58845E57 X b

8wy be7Rahlb—% (416 Tr)
@ ALU

4y FALU (307 Tr)

INRRHEE (1254 —h. 722 7Tr)

18¢y F BEEAS (2,000 — . 8990 Tr)
@ FsSM

B8 RH e (4% —F. 332 7Tr)
o 5 18 (61 94 (6534 —F. 3998 Tr)
ABEETE (18,0004 — b. 94,554 Tr)
@ RAM
SRAM
® 7roy

ARNTIT. T4 ¥

BATCH. HIPRPFER. Yr—T. RETN
YFI—-IBIThh T %,

MCNCRYFR=7OEVEhEE:
Krzysztof Kozminski
MCNC
P.0.Box 12889
RTP, NC 27709
USA
tel. 919-248-1969

e-mail kk@mcnc.org
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2. SETOFEY

AREZOEHBYEICRS E TR VBT,
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THEBEITICE E U,

2-1. BENYF I~y BB ONY: L BN

MCNCONYFI—2u. BE. HRHGLEYR
UTLBH-—-DbDTH %S, PRETEMCNCH
BAUVTVASIRTOBEBEAF LR, £k, 20
EIEOFRT. dULW. —8E1 140%. 11X
WA U 2.

2-2. 19904 MCNCY =2V avy TAO8mERH

NYFI=INOHAAREFUDiF. MCNC7—
TvavTANOBMERRU R, Zhitky. L4
7OREHAULTW. TE¥ BKETHIULHIDOE
CNRNYFI=IBThhvk, 9= vavI0g
AR N DOEY TH 3,

3. MIE#TL TV BiEH
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