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Efficient ROM Slze Reduction for Distributed Arithmetic

Jung-Pil Choi*, Kyung-Jin Sung**, Kyung-Ju Yoo***, Jin-Gyun Chung*** Regular Members
2 %

¥ EFoE HElS] WAe]| AMslE Distibuted Arithmetics] ROM HA4 §4 4 & 4 Mg
At W4 o8l TS ROM wbled 1 =77} 71@ dhfell wis] who g zpasw] S AJd¥ ROM
tablee]] & W& WM A4ge 2N I MR Ad 1249 TAAR 4 sick W] ROM tableg WEeZ &
4 wimich =Elf R Mrl2 U shedele] Frle} critical pathd] 7} WAshed), old L= N
T 4 e W ANA]] 9 gk A SO g e e WPt WA Al AL & e
B2 F 50%7x19]  stedel FraAH 4 i < Fele 24l

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 circult 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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I. DA% DA-OBC 7Z=

1. DA 7x
Zol7k Nal 5 WE) €S} Xl chal AL

Y = gc; x, D

o2 Ak (DA {ale Mu|ES] Aol
() welae] 29 w4 FAS QY ulofEo]
o} (DA% v 3ol vEhd ¢ gith

Y = E‘;Cwulu, 27,
Cw-1-y = Ecm Wol—j
Cpmy =— )gcﬂ.',w—l-

Al QBHRE Cpmyo & w10 A8 AT
2'709) 7Vt Ftubg JRRIEE olf =lE] AL
ROMo| A2 = gick ¢4 WY x4 ,€
ROMzHg $7] % Fa42 AHRsEs rgre 9
ROMel| AR Cp. . B 4|ZET ey
odojAlct. ¥ 12 4% wee] @|7b N=4]1 A
o] ROMell HAR gh& vebd Zlolx, 2§ 18
=717k NL F dele] WA-g Allbsl] St 72
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2. DA-OBC

DA ]2 q]¥ wEele] =7)d) w2t ROMEY ¥
o] Aoz Frlspd Huz Y HEs 2
717} & 7% ROM ®Ajo] wf-§- #A]A] et
OBC WAlg AMsPd ROM HA& DAHRMIS
o2 #d 4 glvk YEHE x & cHE o]
HyY sl

5= lx — (-2, ©)
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dy e | Fii B forj# W1,
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¥ 1, DA ROM 3 F 2. DA-OBC#] ROM

Xy Xy Xy xy| Conent of tho ROM | [ 3 %y 3 33 | Content of the ROM
0000 0 0 0 0 0] ~(corer*rcerea)/2
0001 o 0 0 0 1] -(corerrea-cs)/2
0010 o 0 0 1 0f-(co*cr-cares)/2
0011 catcy 0 0 1 1| ~(cotercoca)/2
0100 ¢ 0 1 0 0f (cocrtearea)/2
0101 crtey 0 1 0 1} ~(cocrca-cal/2
0110 citcy 0 1 1 0| —(coci-ca+es)/2
0111 crtertey 0 1 1 1| -(co-crea-ca)/2
1000 Co 100 0| (cocrczcald2
1001 Coty 100 1] (cotrcanca)/2
1010 Co*cr 101 0| (cocrscacal2
1011 CotCa¥es 101 1} (cocrczca)/2
1100 cotey 110 0] (cocr-cz-ca)/2
1101 cotertes 110 1] (cocrcacal/2
1110 Coteiter 111 0| (cocreeacall?
111 1] coterreaten 111 1] (cpcrscacal/2

a% 1. DA 23 AAR Felrt N]L WS} WA
Aelr) A T

X 5

T

ROM by
with 84~ 'words 'B

%l 2. OBCR AHEMA 19 1§ A8 FE

AL Q—@& olgsl] oflel o] r}A
& < Uk
Y = ﬁDW'-l—jz_j+anrn2_(w—l)-

where, D]- E%’ C,dg_w_l_j,
for 0=/ W—1,
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§ Ald o4t At He] =) N-5< A%
ROM table F 29} 3t} F 244 AM4 2V
8] ROM g3} -1 vjj=)8] ghge] A& antisym-
metric8E2 AM] 27! 7§9] ROM tablewt §).o%l
vez] gt= ¥E% 4 stk a¥ 2e 2P
2V-lo® Fgo|F ROM tabled AHE#iA 29 1§
AT Folck Y 2014 5,& j=w-14
it 10]2 YHAe 0o S, j=0% ®it 10]
3 pA]E 0ot

K. DA-OBCH #3H 7£

3 298] A& 2¥! /)% ROM & # 35 3P0
& A YRy W2 Rl msied
Mg 2¥UNY we 1 JeiA] el ME
antisymmetric§hi & 4 Sick wERd, A A A
aiAAx L] gt slew o NS R HY
T — /28 Tzl AN sRiAzIA)S]
d& ¢ st el A4 xo.j:'xl,j"oq' g3
ROM table (2% ) gl 22 DA-OBCHR
olx AHE4 ROM WA+ Rles 4l 4 slvh o
¥ t2r d4AE o ol g foliA Ntk A
Z$ ROM table® ¥ 49} gon

R 494 o AAY PR Ko 9
ROM Zhgo] antisymmetrics}] ¥|o] 7 ROM=27]
& 2R 9 ¢ vk AR PdE Al ke
W ROM ®Ag Hd] 29744 @4 4 Slchz2]
U $jo] 7]a@dt AANY ROM =714 @4 o 27}
7] EAAe] wA Yk '

38 3. ¥ 2¢) ROMS] =z Ao R <l +*
586

E 3. G MYy veAE R 442 ROM Table

xy Xy Xy Content of the ROM
000 “cof2-(c1c.03)/2
~00/2-(01.03.03)f2
-cof2-{c1.c2+Co)f2
-0 2-(c1.02C3)/2
-of2+(c1e20)2
-cof2+(c1.ca.ca)2
-Cyf2+(c1 e )2
0/ 2+(C102+03)2

—l= ==l |e|e
—im|lo|lol=|~|a
O |=|o]=|e

E 4. 277} Aes o} ROM Table

Xy Xz Xy Content of the ROM
000 -(c1+ca-co)/2
001 -(c14C3-C3)/2
010 , —(c1-C303)/2
011 —(c1-cz-ca)/2

AA, a9 3elx BXe] ¥WiMzrl Fiich
XOR 75 Q1% We] Z7)o w]ssiz =9
AL Aol vjglsl] #Zck. ROM WAL {1y
Hel27], ApNER0l visistag qlY He =
717b AR WA s Al Aok AR
qAzt4e] BAF 7] #HsiMe XOR, MUX
(multiplexer), INV(inverter), FA%] 94 Z>HF ROM
3 timn] WHe) gk & o)sha. alA8 sof Yk

¥4, MUX, XOR, INV, FAS] Hrlg <qlsf
critical path?} F714c}. ROM, inverter, multi-
plexer, adders] x| Al7}e] A2t Teow, Tr, The Ta
2} § of DA-OBC oA critical path+ Trom*
T+TwtTy ©l2 3% DA-OBC T39] 7%
Trone 2T 2T+ 2T, 28 2F 2v) A E8) critical path
7} #2711l 4l critical path§ W28 FpAA]F
27 Yeb 2y 39 HAAN-Yel] He|zellg AL
A-fjopgic). 3714]] critical path 2 YUY A
4 solxeiqle] W 3fe] Wazl

V. 238 DA-OBCY| 3 HAis

o] AolME DA-OBC T:{ oG w WA}
£ ROM, Decoder, XOR, MUX, INV, FAo| thqt
A {2 TR E ¥41813 XOR, FAS] HA
Ut Aimsl] S dbd Jlet) ¥ =3
o ARgshe slEE sl YukE]l BBy e
22 Agkow tjAviE AND AloleEnt =T
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wE /e WAE $19 2441 ROM WA 74 Wiy

Y weje] #37], N {4 WS $53e], N+
Aol §=zlold viehilch =3, AND, XOR,
MUX, INVE Ztz) 4, 8§, 6, 271]2] =elixiel=
FAsE e 7

1. Decoder, ROM

vlme] HHe NojE $Ass N, " Nk
Tl OBCe} ¥ OBCHEoA t)arde]
E47}= AND Alel29] 7§ 72} Dosc, Dmod
gl 8l%l AND AHo]=e] TR 4717} M8 74
€®°]E TR Ji4e o3t 3ok

D, =(Dope — Do) X [AND gatesize( TR's)]
= [ 2AN~2 + 2%V Ix4 (TR. (6

DA-OBC#} 4%l DA-OBC2] ROM wAe] zt
7} Rosc, Ruwad @ ROM RiA ZhAg i) 3
c}.

R,omRope —Repa=2" " x NATRs). ()

2. MUX(multiplexer), INV(invearter)
Lo =
S
- =) >—¢C
I

Orlulnll Full Addtr

KE}

Redution of FA with Fixed  Full Adder wnn le.d Valua
Valua (z=1)

T8 4. this] 34Y YHEHE 2 FA

a8 5. 1% 39 control block-d ZhAu4l a3

MUX<} INVel 93t w3 Fole wtx] Algpe]
fl=zlelo] F}$Xt}l OBCE AU W MUXs}
INV7E shid Jwlslee wia Fole obgy) g
t}.

M, =6 x N. (TRs), ®)

I, = 2x N, (TRS). ©)

3. FA(Full Adder)

FAE ol H 2o w8 dAe] vi¢ m3=8 o
wA-§ AW oR fole Zlo] FARE T8
t}. 2§ 3] OBCR 4% ) H7lsle FAE
4 shiyl - G282 34 ek 1EEE 2
AR 1Y glo] 03l A4s) 19] 7AF2 ey
9] FAR A7t 1Y 49 ok A% 8
Aol f=xol7t 82l A4 2 8 7] FAYE MR
sAlEck W) W) MR 2= 8x
30-240 (TR's)e|v} 28] 48] FAR 27 Alpojzt
v|E7} 25 1¢) 3eote) 79 8x14=11224 FAL)
A& A o)A 7N 4 lvh HEHLR A

# 6. Control Block2] {@% vla
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ROM input ! MUX2
pu Li ;
Xey=0, Xy=0 Xy, Xy, non inverting | non inverting
=0, xy=1 72, ;3_, Inverting non inverting
Xo=1, xy=0 X9, X3, inverting inverting
*q=l, Xy=1| Txy xy | non invorting inverting
E 6. NveNe=8 Q1 749) 9% ¥
Atchitecture
Logic Modified
wing OBC Architectute rence
170x4
Decoder - 680 94 x4 = 376 -284
128 %8
ROM o 64x8 = 512 -512
XOR 7x8=36 | =36
MUX 8% 2% 6=96 06+8 %6 = 144 +48
INV §x2=16 ' 1648 %2 = 32 +16
Regiter | Bx16-128 = 128
Shift Acc 8x16~128 = 128
FA Bx 30240 | AOHMXSZXE | 0
= 344
Total 2368 TR's 1740 TR’s 428
581



g3 ot wgtx] *00-3 Vol25 NoJB

8] 2 wims] ARle] 14 ghi el ¢ Wt
7}ge MAlsiET 4x4 + 4x12 = 104(TR’s) ©]
t} o) Aoz Fed ohi3l

Fom 3 <10+ 36 x 2= 13N, (TR9).  (10)

4. XOR

219 3%) control block& 24 OBCE Y
W (N,~2)U49] XOR relmrt Fojspr ¥ck
2%vl, control block®] ¥y} @a-§ ¥4 B
+A§ #E9] XOR Alolw sj4g W] OBCst
Fe e U ¢ ok & 4 58 &
2% 39 control block®] 3 E 5¢ e
ROM ¢J¥ W MUX1, MUX2¢] control {i®e] 3
g vel#E Y] ¢ 4 glck £ 5& A= 2
9 29] control block-§ APAdstd Y 53} o)
deny ¢ et

V. OBC% 38 OBCS| Hiil

OBCE¥ % o 2 9 FvHE TR Jiee
D,+R,°)3L $AAZoE M+ I+ F, o|EZ

DR, > Mi+I+F, an

& tHeke N N VR | B eEeiM A
At F2E AR 1A k] Bag 2k
Ak

a9 6@ N7} 4~16, N7} 4~16 ¢ o &
Zpe] 73gol| it ARG GEEE EAY
Holck 1% 64 MWl WEjzy|rl sojeiRl gl
e 2d WAe| Fwishe dAdl AN
4 glek. ot 2E N el NF 61 A
B wA ghie) Asp) bRl N AL
2 3o wat N o 50%7hA] A& FhaAg
4 qlg-F & 4 sk 3, ROM A9 ko] 3
A2 fPg viNE 82 QY HE Soln
ol NJF HNW ROM WA Zhago] A
= Wl 7)w FAY MUXS) A E =hg 3718
23 AM 8] A4 W2 XA et N,
7} AA PAY MUXS) @88 ZvelA| ok
ROMS| |47t o187 7] ool

a9 6b)E N~ 8, N 4~16 of il Azt
Agd ¥R EAHAC R 62 Ae NE H

568

o] 8, YUY W] =7] 8l 74+ cis) OBCS} ¢
A e WA vZ ¥ ik

# 6% Wezvlst NE Folrl 8 A,
DA-OBCe| wls] 4% DA-OBC®| wAe] <f
265% ZrAg4 2eEch A wHHe CDMA
F o] EBA8) soly Ho1% Y&, DCT F ¥
3] WiHo] g-f=lE ¥opol AR 4 slon thE
AolAE DCT $-3-% Balth

W 6. (a) Ne=8, Nv=4-6 4 of QA
(b) Nest Nvel] il d23}4ag-

V. DCT 88

DCTaype Dol ot WMol A)12) FoIA
o N-point DCTE NJRS| Sl Wi At
FRUskt 2B 2H49) W4 9% DA-OBC
B o148 AN WAEE 3A BY 4 sk

X0 =4 (b "B () con(2AELEE,

2N
k=(,1, N—-1,
. k=0,
where, au.)-{ 2 12
1, otherwise.
X(0) CGGCGGCGG #0)7
x(1) Ci C1 G Cr Go CuCuCn 1)
X2 Gy Cs C Cu Cuu Cs G Cx x{2)
X% |=| coGomc oG x(3)
Xt4) Ci Cu Ca Ca Ci Cti G Ca x(4)
X(5) Gt Cu G Gy CuCas Ci Cn (5}
X(6) Co CnnCx Cu Ca Gy Cu C x(6)
LX? || GGaGntuCabtnt _| | 7 |
where, ¢;™ oos—fg:r. 13
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=/ e AR 90 AEH ROM A ks why

A2 typell DCTe) B ikdal ¢ )
T A(13)& 8-point DCTe| chal Hz A7)
3 olc.

AL AR Y] /4G olese A
(43} o] 209) ax4 gz ehy 4 9l
o},

rX(D) Ci Ci G Ga x(0) + A7)
Xr2) = G G -G -G (1) + x(6)
X4 G -Gy -Cr Co x(2) + xt&)
X(6) G -GG -G x(3) + x(4) |?
X G G G O Q) - x(7)
x9N = a -G -6 -G x1)  «6)
X(5) G € -0 G x(2)  x(5)
X7 G -0 G -G o3 - x(4)J’
where, ¢, = cos—I’S— . (14)

A] (14)¢] 2]s] N-point DCT+ #E] =7]7} N2
ol MR wE] A3} glstez a§ 79 o]
THYE 5 ek A2 o} e A2 glEe]
Folg-&

%o = 00110010, x,= 10101010,
x;= 01010000, x;= 00101010, (15)
x4=11001010, x5= 00110110,
Xgm= 10100100. X7~ 00011000,

X(5)& 727) 9% ROM2| ghe vt )

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

of W, X(5)2] g vhgrd} glo] Tefalct.

X(5)= (e5 — ey er63) » (g — 27 21— x5 %3 — g Xy — Xy)

= 5(xg—x7) + (= c)(x;— )
(17N
+ orlxg— x5 + cylxg—xy) =0.3651,

el T ghe 23142 FHEE 00101110
o] itk HMekgk $4¥ DA-OBC HPy& ol 8+}s
ROME 744+ &£ VHDL Aol dyt A o
9 83 ow ¥ 89 AlEHelA ANt
HE B X(5=000101117 FgseH e
ROM Zh& 122 2A9l% 3 gholu2 st Fol
28 PHGhift left) At FaiAl gha) e
23§ dect

addrass

T8 7. 3% DA-OBCH# A4t B-polnt DCT &

[ e [T ] e [ -
Marc i, & M Ol T fn te e WX
-0 ™ '

) ]

=cr 0

[ ] q

- st [

[ 4] B

- e |

i A

-y i)

” amipe

-y B Ao

-y OO | |

A § 0o oo ey €0 At

-t Ao 1t FEI 1 Y 4 [

L 2 i )i J oy i Y {hH1 11 (0100 o {11
.n B OO0 L] 5, { DR 111 100 Y 11401 Y -
- Sowmm 490 4 1 0]

L 2] ammg | 1 1 L4 0 o001 § mie 4
»n Lol 0 ] 114 § e {11 1 0l T
L Au Lo g 1N i Hh ' + i 8
L noy 1 | HID n 101 2 5 1

L L LU )i ] ) 1t
[T 8 HmgTT ! , it

- naa S

7@ B, 8-point DCTY| u§t VHDL A[g#e]4

16-point DCTw 4% Hej =27]7} 891 WiH o
AP 16702 AR ER HE ol 8¥|B= ofxjg}
4 A4 E 69 28] DA-OBCF AH&-3pd 2,368 x
16=37,888<] =fA~ei7l Heslz A5 DA-
OBCHE AM4-#]m 1,740 x 16=27,840710] Ealx] A8
2 DCT o] 7s3le] wAe] o 27% ¥
v} IDECE] A 2}o] Bele|(IDEC-C631 0.6im, 3.3V
cell based library, release 9804)F o] 83}
SYNOPSYSZ Alg#e]|d @ A} gizoa] &9
7}A)2] & x| x]7}le] 18.42ns2H NTSCe} PALo)
A BEeR A MPEG2 o|u)x] EolAz] &=
S4up® wRERY. £Ev) whERA]) Eahs 2ol
Ave af 78] Fe]l HolXalg ARl
critical path® v]&- Zh-AlA ARSY ¢ ).
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Wei R5ck

a2yt ROM dHe| i qidd RWAl7),
XOR, W=l Fab 3H& Al B2l U 1wt
SA7 this] aAHE R JRER dikEal
H22] gAly|Eck S0%eld AL WAE AR
AAE <+ 9%l XORE control block?) 4]&¢
AR +4%egs 4@ DA-OBCS} & 2
A gek

Add b e A48 ROM =0 )#
Ad) 2 Hrkx] | ¢ 32t 7 =2 el
critical path?} Z7IShE2 AP AMgel] wet
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