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Efficient ROM Size Reduction for Distributed Arithmetic
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ABSTRACT

In distributed arithmetic-based architecture for an inner product between two length-N vectors, the size of the
ROM increases exponentially with N. Moreover, the ROMs are generally the bottleneck of speed, especially when
their size is large. In this paper, a ROM size reduction technique for DA (Distributed Arithmetic) is proposed.
The proposed method is based on modified OBC (Offset Binary Coding) and control circuit reduction technique.
By simulations, it is shown that the use of the proposed technique can result in reduction in the number of gates
up to 50%.
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E 1. DAY ROM 3t ¥ 2. DA-OBC¢ ROM g

I. DA% DA-OBC #=

X5 Xij X3 X3 | Content of the ROM | | x5 x5 %3 %3 | Content of the ROM
0000 0 0 0 0 0] ~(corcr+cores)/2
1. DA = 0001 e 0 0 0 1| -(corertca-ca)/2
Zol7} Nl F Hg] Co} Xof tia) ™ 0010 a 0 0 1 0| -(cotcr-coreal/2
0011 cz+es 0 0 1 1f ~(corer-ce-c3)/2
Y = AS':)C,. xi () 0100 c 0 1 0 0| -(co-cr+cz+ea)/2
0101 cr+es 0 1 0 1f —(co-cr+ea-ca)/2
oz A"Eh M)A {ale MB|ES Ao 0110 crtez 0 1 1 0| -(co-cr-czrea)/2
(e wolEe 29 naz 8" 9lY dlole]e] 0111 Cr¥eates 0 1 1 1f -(co-ci-co-ca)/2
th (DAlS ket o) Yehd 4 9ok 1000 <o 100 0| (cocr-ca-c3)/2
1001 cotes 10 0 1 (co-cr-cavca)/2
= _; 1010 cotcz 1 01 0| (cocreco-€3)/2
Y= ’;S;Cw_l_iz i 1011 coteates 101 1| (cocncaca)/2
= 1100 cotcy 110 0| (coci-ca-c3)/2
Cwo1m =l§:c,'xi,w-1-;. @ 1101 cotei+Cs 110 1] (coc1-c2c3)/2
Cir =—I§Cﬂ;,w—1- 1110 CotCr+er 111 0| (cocrcaca)/2
1 11 1| cotcrtertes 1 11 1 (cocrcaca)/2
A Q)ZHE Cpo -8 xiw-1-o 3 2A=HT
2M709] 7FsRE ke ZIXIER olE vlEl AKX o
ROMe| AAdt 4 Qlek §1¥ Wy x4, =
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2. DA-OBC VYooY
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for 0<j<=W-1,
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E 3. CoF AR A $E 9] ROM Table

Xij X2j >X3j Content of the ROM
000 Cof2-(C14€24¢3)/2
~Co/2-(c14C2.03)/2
~Cof2-(C1.C24€3)/2
-Cof2-(c1.2C3)/2
~of2+(c1-c2.3)/2
-Cof2+(C1.€24€3)/2
~Cof2+(C1+€2.C3)/2
~Co/2+(C14C2+C3)/2

—mlm=]=loio|o
~l—|lo|lol=i=|o
—~lot~|e]l~le|~

E 4. z7|7} AuloZ Zo}E ROM Table

X1 X2j X3 Content of the ROM
000 ~(c1+ca+c3)/2
001 —(c1.C2-C3)/2
010 ~(c1+c2-¢3)/2
011 -(c1-c2-C3)/2

AA, 33 39 BRe] WislErt FyRich
XOR 7N~ §1F #el =Z7]e vldsia Y]]
HAL: Al wlFdled Axlck. ROM HAL ]
HE|=Z7], AlpHEold HiEsiER Y W =2
717 AASE A3 zhae] A9} Aok AAA<
WAz &g ) $alke XOR, MUX
(multiplexer), INV(inverter), FA2] #13%7}2 ROM
3} oz Wale] 2ha & olshz a3} sok ek

E4, MUX, XOR, INV, FA9 A7z 93
critical path’} Z7}3kc}. ROM, inverter, multi-
plexer, adder®} X|ad Ajzke] 2z} Teom, Tiy Tw, Tu
g} & u] DA-OBC =04 critical patht= Trom+
TrTutTy ©l3 $3EY DA-OBC T2 7$-
Trout 2T 2Ty 2T, 24 oF 28] A X2 critical path
7} 713tk 9 critical pathE HEe R 7}AA]F]
Ak ok a3 39) FGAN-Eel slo]Leiqle A}
SafloRgltl F7}AQl critical path 7HAE 9 A
$ slolzzhle] ukg Ago] Pash,

V. 73E DA-OBCY HE X8

o] Aol DA-OBC +2& $A4Y o 24s)
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MUX, INV= Zk7} 4, 8, 6, 2719 E=IAAER
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1. Decoder, ROM

vz \@-e Nt #=Eln N, 2 N oE
Fasicy. OBCel 4% OBCHxolA ©]3rd]
Eol7l= AND APRIEY NeF 72t Dosc, Dmod
2}a sPH AND AojEe| TR 4747} A2 7%
%o']‘t‘ TR 7“ \__ ﬁ"ﬁ""]’ 71;1:}'

D, =(Dogc ~ D) X [AND gatesize( TR's)]
= [ 2N~2 + 2%V I1x4 (TRs). (6

DA-OBC$} 445l DA-OBCS] ROM wHo| 7
7} Rosc, Rmad W ROM R4 7}AaRe ohga) 7
k.

R,=Ropc —Roa =2V xNATRS. D

2. MUX(multiplexer), INV(inverter)

25__:\[>——r:}[>— s

c

Original Full Adder

/
it

Redution of FA wlth Fixed  Fuli Adder with Fixed Value
Value (z=1) (z=0)

a2 4. sl 49 e 2 FA

s e M X515

2| 5. 28 3¢ control blocke ZHA3RF 72

MUX$¢} INVel| 23t 54 F7le 24 Age]
Yj=Aolo] F$=ck OBCE 4% w MUX$}h
INV7L 3hiy JwlEles |3 Zvike ogdd 2
k.

= 6 X N, (TR's), ®)

=2 x N, (TRS). ©)

3. FA(Full Adder)

FAE o} & 320 vjs] HAe] wi¢ zmEg 1
HAL AHHOR Fole o] FolurE Fe3
t}. 23 3¢i OBCE 4% o 7=l FA:
qg st - C22 IAHY ek ajER 3
g slE glo] 0 Age} 19 AR vrelA
9] FAE A7 a3 49 3tk AF S0
Ase] f=7elr) 891 734 % 8 7ie| FAZL 88
AR 4l 99 AMPE 2AEE 8x
30=240 (TR’s)e} 27 4¢] FAS 29 Aoz
H|E7} 25 19] FHole] #$ 8x14=11224 FA9)
WA A ol A F vk FEHLE A

¥ 5. Control Block9] 323 w|x

MUX1 MUX2

ROM i
P | ontrol input | control input

Xo;=0, X3=0 X3y X3, non inverting | non inverting

Xo=0, Xi=1 Xg; X inverting non inverting
Xoj=1, X1j=0 X9, X3, inverting inverting
Xo=1, x3=1 E x_al non inverting inverting
E 6. Nv=Nc=8 <l 752 54 u]iL
Architecture Modified X
Logic . - Difference
using OBC Architecture
170x4
Decoder - 680 94x4 = 376 -284
128 %8
ROM - loa 64x8 = 512 512
XOR 7% 8=56 =56
MUX 8X2X6=06 | 96+8X6 = 144 +48
INV 8X2=16 16+48X2 = 32 +16
Regiter 8X16=128 = 128
Shift Acc. 8 X 16=128 = 128
FA §x30-240 | OHI4X4+12x4) 104
= 344
Total 2368 TR's 1740 TR’s © 628
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ol 7} v]ES] Aule] 19 & Ztia &
73] AAFIET 4x4 + 4x12 = 104(TR’s) ©|
t} o]F Aoz mashd o 2k

10

F,'= 2

4. XOR

23 39 control block2 ¥% OBCE £A43%
9 (N,—2)WFe] XOR AlP|Es} F7sHA Hck
I3, control block?] IHF} EHE& ¥ ¥l
49 322 XOR AlP|E 45 4] OBCs}
2L Nre 2 F ke Ag & F 8k F
I3 39 control blocke] F2E E 59} 7|
ROM <13 9 MUXI1, MUX29] control §iZjoj
3 EelE2 AR & 4 gick & 58 PR3 o
¥ 29| control blockg ATAIsIA 18 59 7o)
g3t 4 gk

V. OBC% +3g OBCH H|m

OBCE +AY o & ¥ VI’ TR Mo
D,+ R0\ £W9AHZINFE M+ I+ F, °|BE

D,+R, > M+I+F; (1

E 153 N9 NEH W B =84 A
AP F2F AMEE W A A9E A 4
ik

a7 6(a)& Nt 4~16, N7} 4~16 A W 7}
7o) A9l Uit dEgALS WE-gE EARE
Zoltt. 27 68 R WEl=r)7} S5o]351Q] Sl
< 238 wAHe] Fyishe QA WARS &
F ook z2d 2E N dis N} 69 AR
B WA R Z3pt dAEdA N oF HRAHL
2 ARl we} ) oF 50%74A] WE A
4 9)e-e < 4 3irk =, ROM HAH9| 7hid] 2
A GgE VA fL._:e Y He] ol 2
olf= NI A" ROM =He| zhago] #Hx|
+ ¥H 7]¢} FAY MUXS] Q- g )3}
22 AA AAe] g W2 AXA| @gov} N,
7} AAR FAY MUXS @3L Z7lsA] 9
ROM®] ®Ant 2| EA] =7] dFolct

I3 6(b)= N.=8, N,= 4~16 o djs] @A=7}
2%E HEEE BB B 62 A H= 4
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o] 8, 313 =g =7] 831 7%l K| OBC} +
e Fxe] WAL vx A8 E9hoh

E 6 Welar)el Y= Aot 8d A%
DA-OBCol| u]3] %% DA-OBC2| wHHo] ¢F
265% 7ags RAEr AR WS CDMA
T o155l folx Hols "el®, DCT 5 W
2] UiAe] 8= ol A= 4 glen o
Hol| A= DCT $-4 8 Bk

Bize Reductiona®)
s &

)

2 6. (a) Nc=8, Nv=4-6 < o @=z7t1g
() Ncg} Nvel| o3t d=zbag

VI. DCT 88
DCT(type Il i3t dulre] 2)(12)el Foix
t}. N-point DCT& N7He] 5334l Wid dilst
U3} 2elEE Z4zte) WS 8% DA-OBC
E o] 83t AA dde A Y 4 Uk

X(k) =12\7 e(k) lgx(n)cos—(zn—;}vnﬂ ,

k=0,1,-",N—-1,
B he
where, o()= [ (12)
, otherwise.

[ x| _a CiCiCiCiGi G a— [ xo ]
x(1) C C G G Co CuCuCrs x(1)
Xx(2) C: G Cu Cu Cs Cz Cx Cx x2)

X3 15| GGG G s x(3)
X(2) Ci Ciz Cx C Gt Ciz Cau Cs x(4)
X(5) G Cis Cs G5 Cis Cs €1 Cu x(5)
X(6) G Cis Cx Cu Cx G2 Cu G x(6)
L X7 | | oGt || X7 |
where, ¢; = cos—lie—zr. (13)




=/ WAHE A3 Z&H< ROM HH ha Wy

2J(12)= typell DCTel 3t Uubdql A& )
el 2(13)2 8-point DCTel| wis)] A= =}
3 Aot

213y ZAR] 3] IS olgsle 4]
(142} 7] 2719] 4x4 PA2lo=z epd 4 9]
o}

X(0) C C G G x(0) + x(7)
X2 = G G -G -C x(1) + x(6)
X(4) G -G -Ci Gy x(2) + x(5)
X(6) G -G G -G x(3) + x(4) |’
X G G G G x(0) - x(7)
X3 |= G -Cr -Ci -Cs x(1) - x(6)
X(5) G -C -G G x(2) - x(5)
X(7) G -G G -G x(3) - x4) |
where, ¢; = cos l_ZG . (14)

Al (14)] &3l N-point DCT+ #WE] =7]7} N2
q N9 Ay W™ FIstER a9 73 3ol
T 4 gk d2R ot 2 A2F g1
FozE o

x5 =00110010, x,==10101010,
x9= 01010000, x3= 00101010,

x4 = 11001010, x5 = 00110110, s
5= 10100100, x,= 00011000

X(5)E 73t7] $13% ROM9| gk thsst ek

c5= 01000111, — ¢,= 10000010, (16)
¢;=00011000,  ¢;=01101010.

o] o, X(5)9 2 vhEst o] FajAlck

X(5)= (c5 — 1 7€) * (o= 27 2y — 26 22— X5 23— %)

= Cs(xo—.X7) +("' cl)(xl “Xs)

an
+ c(xy—x5) +c3(x3—x) =0.3651.

ol F7F ke 2242 T¥sPd 00101110
o] ¥rk ARt 4% DA-OBC HPHS o]43)o]
ROME- 743 ¥ VHDL AlE#elAdst dx: 1
H 83 Zew oy 89 AJEHeM AHUL
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ROM z}tE 122 2A1908) & gholung Ao 3ol
E FoFHGhift left) Al T2l g} 2
ARE et

Shift
accumulation
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% 8. 8-point DCTo| thgk VHDL AlE#Ho}Ad

16-point DCT+= 18 #E] =7)7} 821 Wi o
A 16712 FAEEE fl= HolE SH|ER oAl
g A9 F 69 93] DA-OBCE AM-3pdd 2,368 x
16=37,888%] E:MA|2E]7l HR3ty 4% DA-
OBCE ARl 1,740 x16=27,8407)12] === ~E]
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