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ABSTRACT

This paper presents a bitwidth optimization algorithm for efficient hardware sharing in digital signal processing
system. The proposed algorithm determines the fixed-point representation for each signal through bitwidth optimiz-

ation to generate the hardware requiring less area. To reduce the operator area, the algorithm partitions the ab-
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stract operations in the design description into several groups, such that the operations in the same group can share

an operator. The partitioning results are fed to a high-level synthesis system to generate the pipelined fixed-point

datapaths.

The proposed algorithm has been implemented in SODAS-DSP an automatic synthesis system for fixed-point

DSP hardware. Accepting the models of DSP algorithms in schematics, the system automatically generates the fixed-

point datapath and controller satisfying the design constraints in area, speed, and SNR(Signal-to-Noise Ratio). Ex-

perimental results show that the efficiency of the proposed algorithm by generates the area-efficient DSP hardwares

satisfying performance constraints.
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Fig. 2 A 4th order IIR filter.
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Table 1. Results of bitwidth optimization for the 4th order

IR filter.
i k- Aagi] dojlol
e LA
Pt inport, alout, a2out, mlout, (5, 1)
m2out, zlout, z2out, clout,
c2out, ¢3out, cdout, cSoul
P2 a3out, adout, aSout, a6out, (7, 10)
m3out, mdout, m5out, méout,
z3out, z4out, c6oul, c7out,
c8out, c9out, clOout
P3 [a8out, m8out, m9out, ml0out, {9, 9
outport

A EHE AEE A 2de AL 2E o) g
(SNR:Signal-to-Noise Ratio)® Tghals, A A]

o A LAE HAG) L W YA
7 o] EZ—MUF‘ TH EL, e Y & 249 i
Y For Hakw zlo] AgstrHel t1y 2= 43 1IR
xzm 298 AAvEoR FHE Aol ¥ 1S
70dbe} SNR-2 EF & 4 [IR RE Q) U3 Al &3
3 A 3lgt Aoln}

1y 2004 7} 2lE0) O)EE Y NEE 26
£ Aabe] ol Hol out-é— o] A stdrt. 3 1o
A Bl AA NEEL 5Y fz} Tojzjol & Abg-a}
=3l afoew LM.J_, 158 2z} (5, 1), (7,
10), €9, 9)¢] whojzlolz = i}!él%idr. gz
7] —10~10 Atole] MEHE FANIE 466470 5
Algstgon, ol A& HiFLe 7049 dbrt HY
o AR dojdols 49 FE T TH )

F 2. 43 1R MEj o] A A 5He) ol zlojo] o] e 2} 14
9] 9j¥ Al 3 hoj 7l o)
Table 2. Bitwidths of input signals for each operator mod-

ule after bitwidth optimization.
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Table 3. Results of initial partitioning for the 4th order IIR
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Fig. 5 Optimization results by single operation movement.
(a)before optimization (b)after optimization
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Fig. 6 Optimization results by multiple operation movement
considering lower bound.
(a)before optimization (b)after optimization

senh ol 2 4E F7e) AN UE 1FOoE
Y A4S AL WlEY 1FoIM A1 A
F7k ol 7hs 4ol Mol 7] fRolh

Mpi = Np;, 1 —~Cpi, 7% (LBpi, 1 1) 5

4z 1IR HE 9] @ Q4 o] F o3t A4z e
A E 2B F A4t o] F Y MpE A4t R
g3 ok 1§ PolA e E AR dte 7
1 =35, Cp2, muL¥ 5, Npz, mur2 7. LBpy, mur2 2 0|2
B Mpe 7-5%(2-1)=27} =of 3hidl 2709 4t
& B o] FA| 7tk o] Me FHE FAHE H ]
OpSet-g A3 tbF A4 o593 HAsHE
T3 Aabe 218 634 et

t&og 7t aFdA AMEE Al g¥As
gojZolE £d F UAEE AMNEL M™Y. 7
gl M ol o]FHA e A F s & dY
A% dojZol & 7HA & AMES 3t OpSeto g
AA gt oA Y olFe] & olv HY ZFoR
o] E A4E F AAE OpSetd) @ojZolRy ¢
2 Zolg 7t AAEC] UL BF o] AMNERE
A G g olA Ao R o] AUEL
A4 OpSeto] YA Z It o] F 717 & o5
& 7FA= OpSetd HEH oz Hdgls, o A&
2} agoA g & dololE MR E d4atitel
gg w7}z Fgict. 43 IR 9E 9] €2+ ot
A7A HH3E 258 4& F UAANLER o] #F
of tig & 43 IR YE Q] HY AAZE BY &
7t itk 9 &g A4t ol oo dHst 219 ()
2l 7HA 3l of #AB % HH3 AAde 29 T
(b)) 7ol Piol A 2] m6, m97t OpSeto] =of P2 o]
Eatal AAHOo 7 16HE, ITHES FA7 Zz 2
A, 170 E SH3A 2 AHS S E S 2eE Aol

SODAS-DSP A|2H i HFHOo g o]5o] &
A7) AR NFE Fole F5E HA £Y3a @
7ol & Fol A& olFd FAFt o)A £
NEgs A olFo) og HAst AL 74 AN
Bl g AofzHoeg Folxl o REF/A
a3, o) F b AL Fsgo] v L& A= B
gL Mgt

B 4= doldo] H=3ld 45 1R HEE o] &3}

463

www.dbpia.co.kr



WEAEEAR K '97-3 Vol.22 No.3

P1 P2
Cstep lm m2 me mY m7im10
Cstep 2 md | ms
Cstep 3 m3
Cstep 4
Cstep § m$
Cstep 6
s 2 1
tolZ o] 17 17
AclES 14306 7153
()

G({m6,m9)) = 1536

P1 —
ml|m2| md4] m$ mé | m7 | m9 In10
m3
m8
2 i
16 17
12770 7153
(b)

-y 42} IR YEoA 4PN T ool g el g tt
A o) Fol o ¥ A A8t A
(a)iﬂ’—‘ii} A AR F
Fig. 7 Optimization results by multiple operation movement
considering bitwidths of input signals.
(a)before optimization (b)after optimization
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Table 4. Results of operation partitioning.
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Table 5. Results of high level synthesis for the 4th order Table 6. Results of bitwidth optimization.
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Table 7. Bitwidths of input signals for each operation de-
termined by bitwidth optimization.
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Fig. 8 A noise canceller using the 4th order LMS filter.
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Table 8. Results of high-level synthesis after operation par-

titioning.
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