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— ~ Abstract

With the advent of semiconductor technology, the System-on-a-chip (SoC)
becomes a mainstream and focus of technologies on coming 21% century. The
integration of Computing, Communication and Consumer Electronics will be speeded
up through SoC, which causes the unavoidable trend of new era for technology and
enterprises. Especially, the application of 3C integration is very important to the

progress of human being society.

People all over the world have come to expect fast, reliable, and easily accessible
wireless communications and now they are demanding faster ways to access data with
applications as diverse as e-mail, file transfer protocol, Internet browsers, and even
real-time video teleconferencing. Wireless service providers who want to remain
competitive must keep pace with this demand. In this integrated project, we are
targeting on the study of beyond 3G wireless networks. Particularly, we are focusing

on SoC technologies for OFDM-based SDR baseband processing.

To design fast, area-efficient and low power multipliers is important because
multiplication is a key operation in many processors such as CPU, DSP and

FFET/IFFT processors for the wir eless communications.

In previous research, we presented an automatic layout-driven multiplier
generator. The cell-based delay model, rather than the XOR-based model, is used for
timing estimation and the wire delay is also considered in the synthesis process. The
timing optimization, by considering the shape of the circuit, is conducted in the

placement process. Final adder is produced together with the column compression tree



for getting the ssimpler structure. By integrating synthesis, placement and resynthesis
processes in the multiplier generation flow, the multipliers generated by our
layout-driven multiplier generator outperform other previous works as shown in our

experimental results.

In this project, we present an automatic error-controlled hardware-configurable
multiplier generator. The determination of the hardware of amultiplier is based on the
error constraint given by users. With allowing some rounding errors, a significant
reduction in area and delay can be achieved. By considering signal arrival profile, we
also proposed several techniques for timing driven routing and placement to optimize
the timing. By integrating synthesis, placement and resynthesis processes in the
multiplier generation flow, the multipliers generated by our multiplier generator

outperform other schemes used for comparison as shown in our experimental results.

R 42377 multiplier, quantization error, bipartite matching



I

. PE g 2P

~ G A B AT 0~ B cell-based %R AL 0 EF @ ¥
Verilog/VHDL #5 ifi4d % crml 48 > ‘©d p e s & 5 22 % M2 R - SH R
AR P EFAET o L AR N RDOTR S AR R G FIRL S F

= BinAz A full-custom 3Himdz » K3 RehT R VT E DAY B hET

1?

L BRARR RAEF AR 500 A PR e 2 FE % Rl ST
FREIME TS FRERAE  APR e

CIRMA R 0 Ry B Al b BRY p A E

~

At f PR G R R PR - g £ SRR 8

-ﬂ\q,

- A2 fL2. 5 physical synthesis @ 2V i { 4vehad > Jo § gL A = {2
AR EIMAIRGEE H B o ke BT LD (A

F2EL- BRPFRDEL A, FREIDESTUIAFT, L LFL- B

~

Skt ens 2 ¥ U ¥ timing, area, power fa— ddiF it ek 3t AR A R f R

F_L
P

2 4_trade-off e, AP 7 & FH - BAFenT frgh E DA P g R Fp
F @5 +,3N¢ 2 A 47 quantization noise, area, timing, power #

trade-of f ePR2 58, AR 11— & 5 »caryw 802,



7z~ By iEiak
1. Generation Flow

A LSB =0 VCS #a4= » & — & VCS # column compression tree
generation - resynthesis» # % iz VCS> £ ™ - B VCS» izt vk -1 & £ 7]
= VCS & - 5 - Fenigif o @ % oAz ® A gt e B - T BT

FRIETE é_]%]]_?uﬁﬁfv])}giﬁ flow.

Muctipier_Generation()

Begin

1 Funcrion_AnaLysis_and_ParriaL_Probuct_Generation()
2 Burrer_Inserrion()

3 Pracement()

4 For (each VCSinincreasing-weight order)

5 Do CCT_Connectivity_GeneraTion()

6 Rewiring()
7 RouTing_and_Timing_AnaLysis()
8 Finar_Apper_Apaustment()

End

Bl 1



2. Number System:

ﬁﬁ:—? 14 T g 22‘3;']”1‘@-me4 ‘/ﬂ %3-" l:F]LL" ?&KFL%—? Eb@-@fé"*
ZP&-mz\-r.,z"ﬂLL .-Tg-gZP?'Z\'F/Z‘m@—ﬂ ’i\"fwé’HZﬁ’gﬁj\Z\ }i’fzftu

# o i chpartial product A2 ¥ s b Gyl 5L # 2 BB

3. Truncated Multiplication:

B AgR ¢ fixed-point sndicF ¥ 00 F L - WL aiE L GlAcFFT @ - 2
7 Quantization R4 @A A 47 E Bk SR E B SRR N ET B LR R

B Bk SuenficR, Bk SLRCER P ¥ 02 4 97 ) quantization error V.S. cost ¢ trade-off,
AL ocost 4 A area ¥ OM4E_ power, ok StfcHEY €2 TR T LD
quantization £, & * Truncated Multiplication € % - B & & cHf 777 11 k5L
cost + £ s b

e §_quantization € F_§? input 4 # B %, B 4o FFT a4 # 1 2 §_uniform
distribution,#12 2% i % & input distribution 1% % % 72k 3+ ehik 4, m multiplication
¢ partia product terms e:E # § - B & i i 0k 4E, e @ % simulation-based

gF B 2,k F 35 ¥ output B £ 2584 o partial product terms.

BT RPN E G input distribution, i g ] b A # 35 & B product
term m?rf‘k)ii 1 Rt product term § R T Ok, 2 (83 AU e L 304 T
5 truncation = 2_ ¥ error & 2 ¢ £_random e 3E- L 970 F B 5 0T & A it

B (s 1 ¢ worounding k i 3| RAE & R,



Inputl probability Input2 probability
distribution distribution

Probability \ Probability
X Y
WV Sampling W¥Sampling

X1 Xm2--- X X9 Probability Yn1Yno...Y1Yo  Probability
00..00 P(X=0) 00..00 P(Y=0)
00..01 P(X=1 00..01 P(Y=1
00..10 P(X=2 00..10 P(Y=2
00..11 P(X=3 00..11 P(Y=3
11..11 P(X=2"m-1) 11..11 P(Y=2"n-1)

e

X1 XX Xg
‘AR AA
0

OO,n-l 0o,n-2-"* OO,loO,O

Let PD = (PD,,PD,,,...,PD;,PD,) be
: the original value and MP = (MP__
m-1.01Cman2--Om1.10ma0 vMP,.....MP,MP,) is the value with
partial product elimination and
rounding

PD,,PD,,...PD,PD,PD,

Om-1,n-1om-1,n-2' " om-1,]

MP,,MP,,...MP,MP,

it 3
TR A BRG], o Bl 0 B BT iR, W A TG e

#%, 1335 input distribution, input and output s word length, #5 & & i% f%,



f

Input
probability
distributions

4

4. Timing Model:
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8. Speedup for the Final Adder:
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