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Abstract This paper addresses parallel prefix adder synthesis which targets area minimization under given tim-
ing constraints. This problem is treated as synthesis of prefix graphs, which represent global structures of parallel
prefix adders, and an algorithm using dynamic programming is proposed. Contributions are to enable dynamic
programming to be applied efficiently by introducing and utilizing an appropriate constraints for prefix graphs, and
to apply heuristics which reduce the number of nodes by relaxing the constraints. Experimental results show that
the number of nodes of generated prefix graphs can be reduced by about 10%, and area after logic synthesis can be
reduced by about 35% than existing methods.
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LEBERIEDL L.

ys = z40(z30(T2071))

= (z40z3)0 (T2011)
= (((za 0o z3) 0 2) 0 1)
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MBOEMISBEEND D, T D8RS parallel prefix adder
DEEERDS.
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Fig.6 Possible range of the number of vertical edges
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Fig.7 Post processing for reduction of the number of nodes
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Table 1 Results with uniform input timing constraints
Iv { DP | liu | min Iv | DP | liu | min
5|74 |74 - 6 169|170 | -

659 |66 - 7 |142 152 -
7 |55 58] 55 8 125|137 -
8 | 54 | 57 | 54 9 (120130 | 117
9 | 53 |59 53 10| 117} 124 | 116
10| 52 | 63 | 52 11115123 | 115
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&, Liu DFET V) 7IVISGEWERERSR) O LELONE
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fB) OFiciZ, D+S22n-2 LWLSHEFREMVRDIE, i
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MERERICEAL TIE, Yy MBLHIKZEOBEICKET S
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BEITIC, XM IKRENTVIETF—RICNLT, &F
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Table 2 Results with non-uniform input timing constraints

DP | liu

RO 61 | 66
R1 58 | 61
R2 57 | 63
R3 58 | 66
R4 58 | 65
R5 53 | 57
R6 54 | 56
R7 53 | 59
R8 58 | 70
R9 58 | 67

Yokt [ 1.00 | 1.11

3 XM [4] DFEL OB
Table 3 Comparison with [4]

dp | [4] | FIHOR

49 | 50 | EAif 16bit DANBELNIVHENRE

61 | 61 | T 16bit DANFBLNIVAENES

56 | 56 | &l

BohinmB

{7 16bit DHABERLARIVHENES

Tz 16bit DHABRLNVHENEE
HADS B 1€y FOBERLAIVHSRENES
AND351 €y bOBZEELNVEWEE
ANDS35 1w FDBFELAVABNBE

55 | 55
73 (73
59 [ 59
80|78
70 | 68

~ o QW E0QWw»

i e, X0 FEMRILE/EEEITS fDICiE, EBIC
MR [4] DFEREETIL0ENDH 5.

5.2 ARKOBERENROLLE

SUELERDBPE L, MBDFRICDONT, LNV 1ES
EBERRICHRE LT ANBERLIZREL, TIROBEERK
Y—)VTTFY/aYy¥rS (TSMC 0.13 artisan library)
BIToERERT. £4, 5 CHBVT, max-delay ZRAE
EHIODME (ns) THS. bk, sk, ks iFFNFNBHED parallel
prefix adder (Brent-Kung &, Sklansky %!, Kogge-Stone %)
EARUIAERTH S, HlRY—I (FH LS) LISNZ, prefix
graph ICHY T 3 verilog ELIbIC N L THREBEREITo IR
THb, HRY—MICEL TR, BENKDOE T verilog itz
Ex, BOMICHEERERET ERTHS. GHA T3
YELTIE, BEmESEEEE LV IE CREREL/3 Y ¢
VIRToOTVA. BOFNCHL TR, AFiEERAVT prefix
graph LNVTANE S DERERUEBEERERT ST
Lickh, BEOHMEZERTZ5E, RESKTERT 515
B, BEOFEEZAVIFELEEL T, RIRNxEEEEHEL
INEL BT ENHEEI N, BIRRIE, BIEFEICHLT,
10%428, MY —/Mcr LT, 35%LL LT 3580
HBTELMRENTVS.

6. HEbHYIc
AR T3, parallel prefix adder fIfE%, ZDOMEEEHEIES

# 4 RESHEOEROLE (WE)
Table 4 Area comparison after logic synthesis(convex)

max-delay | DP | liu | LS | bk | sk | ks

2.50 1994 | 2478 | 2702 | 2823 | 2976 | 5326
3.00 1568 | 1725 | 1906 | 1721 | 1938 | 2984
3.50 1499 | 1662 | 1726 | 1670 | 1937 | 2987

#5 BREASHEOEROWR (SUHL)
Table 5 Area comparison after logic synthesis(random)

max-delay | DP | liu | LS | bk | sk | ks

2.00 1657 | 1820 | 2315 | 1947 | 2050 | 3113
2.50 1599 | 1719 | 1871 | 1711 { 1923 | 2987
3.00 1604 | 1728 | 1750 | 1677 | 1937 | 2987

#£b7 prefix graph OFERMBEL L TIRX, HEICHT 3518
L, BRI NEHWOBOHIRIC & b FREMEHIRT 5 Fi&
IDVWTIRE L. BEORIRRIC & b ORI 3 2 itk
RFREEhAEVH, BB K-> TEERETSI LICLD,
ERNCBIEFIEL D 10%18E / — FED/E W prefix graph
EEBTEZBENDZ LEHEL.. X1, REARKD
EROERICDOVTR, SAbhiHIck->T, BHEOY—
WITENRT, 3B%ULNE R BBENHB L ERLE:. &
ZBHNC K- TIE, 2ROEEVHEDZ LBDNBN, &
FRICK ZBBBEL NIV TOEERDY, BRKNAEREOBIZK
EBREXDBENDHB T LHRBTE.

SHOBEL L TR, ETHROUBICETIRRNEERLE
Abha. i, XOHEKW/BRICEILI-EREERT 5720
2, /— FEYBERLANVK O RBEO® TR/ BEOEEE Rk
STER, FH/uIRvErIEMEDOBENHITFoNS.

7. # %

ARZEE, BEHIEO SR ZENN Y 52 2 —BIREED
KEICL 3.
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