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Abstract In the design of integrated circuits, it is important to design or choose algorithms according to the
requirements such as the computation time and area. In the conservative logic circuit model, the computation time
of hardware algorithms are evaluated by the circuit depth, and the wire delay has been ignored. However, with the
recent miniaturization of the integrated circuits, the wire delay become significant and cannot be ignored relative to
the delay of the logic elements. Therefore, the more realistic circuit model considering the wire delay is necessary.
In this report, we propose a circuit model which assumes that the wire delay depends on its length. We evaluate
computation time of several hardware algorithms. As a result, we could find that the effect of the wire delay grows
in the circuit with small circuit depth.
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Table 1 Evaluation of multipliers by a traditional circuit model.
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Table 2 Evaluation of the computation time on multipliers.

kBB FACEE
EARE log! Vi ]
] o) O(n) O(n) O(n)
RSVRAK Ok) k= evenO(\/r_l]og n) O(n3/%) O(n)
O(1) k=odd
Wallace A 0((3/2)%) |0((logn)?)| O(Vm) O(n)
4-2 IR o(2%)  |O((logn)?)| O(v/n) O(n)
Wallace K +PPG| 0((3/2)F) |O((logn)?)| O(vm) O(n)
42 IR +PPG|  0(2¥)  |O((logn)?)[0(y/nlogn)O(nlogn)
i A
—--ee-
6 s6 se so &

4 M LPREIESR
Fig.4 Carry save adder.

5 EIRREBROLATYLE
Fig.5 Layout of array multiplier.

EFIVLTEMELIERER 2 ICRY. BORORERITIC
TOREB/TE, LA7YFECHETFRENEREROET
EEAMEML, RTFHOERPEL R3HALHS. #-T,
EESORBAVNE VRESRIZ Y, HERBOBMEIAEL
ToTW3. ¥z, EREICHHT ZEMBIERKE LIHES
T, EOREBICBOTLHAERMEN OMR) &43.
4.1.5 BTOBERTESHITE
9D&K ST, REBOAS LB HREUIEBED LS,
RBRIEBWPBANENZLRETS. TOLE, HEM,
T y: DPEDDOEBUICE VT, REERHEIRROIEIC LI
TEELLED. Wallace K, 4-2 NEAZHAVERER T,
—DON LIFRENERERUETERRNE Y F AT X%
HEK O(logn) £THZT L5, EREDOEN O(nlogn) L&
b, MIBEBBOEROEEH O(nlogn) 43, Wallace
K, 4-2 MERZHNREZORIERE % 8D EEO
EMCBIE R3S 5 &, EMBIEETM VI, | DL ZITHY
BERSOBERMEHIERN L 53 (F2).
4.2 XFNBED/N— FY 7 7IVTY) XLOFHE
n ¥y FUFIIEON— R 27 7N TV XLEFHES 5.

-

[
|

.

i

l

(a) XTIV AK

Be6 NSUARERAW-RER
Fig.6 Multiplier with a balanced tree.

(b) LLFH b

2
L ] 188
C - ] 288
d —_p
[ FE ]
] 188
m K
=t T T ] 188
O — ] 288
£y 3
[ ] 3mA
P e e BT
SHEH s
o m.s
H L
[ o R ]
I B8
&E
(a) Wallace &K (b) LAT7D b

7 Wallace &M\ /- RER
Fig.7 Multiplier with Wallace tree.

23292 20277 7277 111 ‘l’ it 13 :I'
% % % % '] 1J:

4-2 adder

(a) 4-2 tNEA (b) LATYU
8 4-2 FARZEAVIRESR
Fig.8 Multiplier with 4-2 adder tree.

FRTR, JEXRMETNE, LSRR UME, X571
T4 2 AMBEO7 )V XLEZFME LIz, FRFH, B, mi
2% 3 ITRY.

4.2.1 JERHF EFINE

IERMG T IE TR, TAE Y bhSIEICSHOfM i BT
BHETS. IERMETMERE, K10 0k S LB
BRI T 5BRICE3. EBEOLATY MIK 10 DiFED
ICRINESRP—ERICA NS, BEIL O(n) THB.

- 106 -



Xne) X3 X2 X1 Xo

B9 #HOBESS
Fig.9 Partial product generator.

Yot Xot X nx X

B
S i

Sa Sw

10 JEXRHT LIFH0EIEE
Fig. 10 Layout of ripple carry adder.

So

Vo1 X1 Yo Koz Yert Xewr Vi % XX
S FANFA e~ <"HFA | {FA|q - «{FA[{FA
L1 | yPoa L 1 1] B | yB
ki ki .. |ski
skip| zl Skip < SKIp G
Sa Se1 Sm2 St S 5 So
(a) M EWFRUBUIMNESE
Cis Pess P Pi
h
(b) M ETRUE L EEE

11 HEFRUEB UK
Fig.11 Carry skip adder.

4.2.2 HEFROCBLINE

K LIFRUCB UNER, #HEENDhDTay Zicqais,
&7y I TON LIMEBERGERD, FEPHILTRER
TS OHFETFHREDOTOY JERCEL T 0Ty &
ICEBT 3. M LFROEUMESEZM 11(a) ISR, &7y
N TRIERG LFINERTY, K 11(b) O EIFRUCELE
BTH L EEEE2ZRDS. Tay 794X 0(v/n) &7
3. M EFRUCBLUMESRTE, £§70v R0 O(/n) BD
BT EFIIE, O(vn) B0 LIFRUB L EBOERTT
5. BIBOLATYRLLT, K11 DFEDICKRTFEEBELE
LDRKETS. BEUL O(vn) b, HEFREELER
KBTIy 794 i HPIT 2B E DERBRHVEET 3.

4.2.3 YHTVLT 14 I RE

n ¥y MBI B 2 ZH O LIFEmRSEMSF L L EER
BEEZNFN g =iy, pi=z: Oy T B L, BiffOfL
WEFRZENFN cipr =g Vpici, si=pi® o L3, B
T3 2Hh S 3 70y 7 O LIFERSGRM L L EHER
ZDWT, git1,i = git1 VPit1Gir Pit1i = Pit1 ®ps DR IL
D. TOFEEUTOXSICEETS.

(gi+1,6,Pit1) = (gs+1,Pit1) * (i, Pi) (2)
COREICED, gio, pio ZRD, cit1 = gio V pioco IT&K

# 3 PEROERETIVIC & BAFINELROTUE
Table 3 Evaluation of adders by a traditional circuit model.

RTFE HEH 12544

JERHT VT O(n) O(n) O(n)
Hi L8R O(n) Oo(n) o(v/n)
Ladner-Fischer | O(nlogn) | O(nlogn) | O(logn)
Kogge-Stone | O(nlogn) | O(n?) | O(logn)
Brent-Kung O(n) O(nlogn) | O(logn)

# 4 WHIINEEROR B O

Table 4 Evaluation of the computation time on adders.
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