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Design Method of Radix Converters Using Arithmetic Decompositions (3)
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Abstract In digital signal processing, radixes other than two are often used for high-speed computation. In the computation for finance,
decimal numbers are used instead of binary numbers. In such cases, radix converters are necessary. Design methods for binary to g-nary
converters were presented by us. It introduced a new design technique based on weighted-sum (WS) functions. We compute a WS function
for each digit by an LUT cascade and a binary adder, then add adjacent digits with g-nary adders. We developed a synthesis tool which
produces Verilog-HDL files and data patterns of embedded memories on FPGAs. A 16-bit binary to decimal converter is designed to show

the tool. i . .
Key words Radix converter, Multiple valued logic, LUT cascades.

1. 0O0D0D

00000oo0o0o000,00,200000000([10.000,
000000000000 0,pd0 (p>2)00000 [11,[7].
o0,00000b01000b0 200b0o0ooO0oooOoooo
00000,2000 p000000000O00DOO0[2],[9].

pO0D00¢O0 (p,g=22)0000000000000O0
gb.0o0o,0bo0booo,0obooboboboboo.bo
gobooobooboboo,0oobobooobboooboo
gobobobob.0oooboooooboooboo,obobo
gbobobOoboooooooooo.

oOo[gUO0O,ROMOUOCO0OODOOOO 20 1000000
000O00000ooo.oo[121o00,20 300302002
0100010020000 LUTOOOOO[A)oo0oOoOO
0.00([1500,WsO0 (weighted-sum function) 000 OO
oo,LuTOO0oDOO00O0b0O0O0oDO0OoOo0oOooOobOoooo
000.00[300,LUTO00000 (1100000 [1400
000 p00 (p>2)002000000000000000
0000000000000000000000. 00 [4],[5]
O0,p0000¢q00 (¢>2)00000LUTOOOOOO
o0ooO00o0OOoO0OOoO0ooOU0oUooboUoo,1eD0 20100000
gooooooo,0booboooboob.oboo,oo
goboo0obooooboooobboobbooboo,oo
OFGAOOOOODOOCO,000O000O0ODODbOOODO
gobooooag.

0000, Alterad O Cyclone Il FPGA (Field Programmable
GaeArray) D0 0000000 MAKODODDODDODOOOOOO
o0ooobooDoOoOob0.0d,n0O0 20000 m0OD0 ¢gO0O
goboobobooobooobooboobooboobooo.oo
O,FPGA0 00000000 0OOOO0OOOOO Verilog-HDL
gbobobobobo.0coooooboo,oooobobo

gobooooooobooobooobooobooOoooboooooo
g.0oooooooo,0oo0obooooobo0ooobobooooDooo
oooooobooooooooo.

2. 0O00ODOOO

21 000 0O
000210 nO0 p0O0O0 %= (Tn-1,Tn-2,-.-,20)p, m [
0qO000 §= Yme1,Ym2,...,40), 000.2000000

oo,00
n—1 m—1
>zt = yd 21
i=0 j=0

0000 y00000000000000.000,%; € Py; €
Q,P={0,1,...,p—1},Q ={0,1,...,¢q—1}000.
p00 (@0O0)02000000,00000,200 p(g)O
0o0oooooooon.
000220 +00000000,BITGH,7)04¢0200000
j0000000000D.000,0000000LSB)0 00
oooooooo.
00 210 BIT(6,2) = 1, BIT(6,1) = 1, BIT(6,0) = 0.
(0OoD)
00220 20 100000000.100000000000 2
OO0 1000 (binary coded decimal: BCD) OO O. 000,00
(0000), 1 O (0001), ...,8 0 (1000),9 0 (1001) OO O. OO
0, (1010), (1011),...,(1111) DO OOOOOOOO.
0210,400201000000000000000. 2
000000,#= (zs3,72,71,70) 000.00000 1000
0000,7=(y1,9)000.BCODOOOOO, ¥y= (y1,y) =
(BIT(y1,3), BIT(y1,2), BIT(y1,1), BIT(y1,0), BIT(yo, 3),
BIT(yo,2), BIT (yo,1), BIT(y0,0)) 00D00O. (0o0)
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021 20 1000000000

Binary Decimal | Binary Coded Decimal
r3 T2 T1  To |Y1 Yo
0 0 0 0 0 0|0 00 0|0 OOO
0 0 0 1 0 110 0 0 0{0 0 0 1
0 0 1 0 0 210 0 0 0|0 O 1 O
0 0 1 1 0 3 10 00 0]J]0O O 1 1
0 1 0 0 0 410 00 0|0 1 0O
0 1 0 1 0 50 0 0 0(0 1 01
0 1 1 0 0 6 [0OOO O[O0 1 10
0 1 1 1 0 710 0000|0111
1 0 0 0 0 8 |0 00 0|1 0 0O
1 0 0 1 0 9 {0 00 0|1 001
1 0 1 0 1 0|0 00 1|0 0 0O
1 0 1 1 1 1 {000 1|0 001
1 1 0 0 1 2100 0 10 0 1 0
1 1 0 1 1 310 00 1|0 0 1 1
1 1 1 0 1 410 00 1|10 1 0 O
1 1 1 1 1 510 00 1]0 1 0 1

Binary number
215714 25 24 23 22 ol 20
| oL LT

24576-bit LUT ppkel 22528-hit LUT ppkm 26624-bit LUT

‘ 20K BK‘ 2K ‘800

40K 10K 4K 1K 400 1
BCD number

Total Memory Size = 73728 bits
022 16020 10000:LUTOO000OOOOODOO

22 000000

221 00000000000 0O00

000,000,00,00000000000,000000
oooooa3l.
00230 02100008020 10000 (8bin2dec) 000
0.000,800 200 #[7:0/0300BCDOOOOOO0
O00.0000000,000 255000. (Do0O)

222 10000000000

00000000,1000000000000000000
000000000000.000000000000,000
000000000000000000000000000.
00 240 16020 1000000 (00,000000 16bin2dec
ooo)oooooooooo,lo,2'® —1] = [0,65535 00
0.000100000000000 1,245,184000000.

(ooo)

223 LUTOODOOOOOOOOO

000 10000000000000000000,000
00D0000000000000000000. 000, LUT
0000000000000000000000000000
00000([12.000000,00000000000000
000000000.0000[100000,LUT00000
000000000000000000000.0000000
O000000000000000000000000 (Binary
Decision Diagrams for Characteristic Functions: BDD for CF) O O
00.
00250 022016020 1000000000 ([121.000
0O0,LlUT30000000000000000000000
OOLUTD,00000000.0000000,73,728000
000.0000,0000000000,000000000
00000,00000000000000000  (0O00)

224 0000 ¢O00O000O00O0000

20 10000000000000000000000000
000000000 ([800 23@0 160 20 1000000

LUT, Yo

4
—< Y1
LUT,

4
+YZ
LUT,

X11 |
Wt

4
+y3
LUT,

Ya

LUT,

(a) Conventional Method (b) Proposed Method
023 0000 ¢OO0OOO0000O0DODODOOOOOO

000 [eUOo0000O,0o2000000000000
ooo0o10000000000D000,000 1500000 9
oooo0o0Oe0ODODOOO 20000.000000000DO
oooooooBCODOOOO LUTOOOOOOOO,00O0
oLuTOoBCDOOOOOOODOOOO.OOOOOO 8,216
ogooooo.
oooobobooocdooobobOoOoouobo0oOo guOoOo
(¢=10)00 20 10000000000000000O0O0O,O
Ooo020000000,0000000O0O0O0OO.

3. ws O O

WSO O (weighted sum function) 0, 0 00000,0000
000,0000000000000000 [14],[15].
000 310 nO000WSOOO, 0000000000 [15):

n—1
WS(@) = wizs, (3.1)
1=0

000 & = (Tno1,n2,...,x0) 0000000, & =
(Wn_1,Wn_2,...,wo) J000000000. 000000
ooo.

0000,p0000 ¢qUOODOODOODOODOO WSODO
gobobo.000000000b00b0Dbw; 0 2; 0,000000
gooo.
000 320 wsOoO ws(@) = i WiTi, W; >0, z; €
{0,1,...,p—1},p= 2000000000 MIN,, 00O
0 MAX, OODO.

wsoOOogO,000000 z =000,000 MIN, =
WS(0,0,...,0) =0000000,000000 2; =p—1
00,000 MAX, = WS(p—1,p—1,...,p — 1) =

dwi p-1}=(p-1)Y w000,
000330 004,j(i<)000,00000 {i,i+1,...,5}
0 [,00000.

oowsoooooooooo.
000 340 00 f(zx) D000 Range(f(z))D0OO.
0o0d 3.10 WSl(f) = x0 + 371, T; € {0,1,2} Oooao.
Range(zo) = {0,1,2}, Range(3z1) = {0,3,6} 000. OO
O, Range(WSi(Z))= {0,1,2,3,4,5,6,7,8} = [0,8]. 00,
W S2(Z) = zo+4z1, z; € {0,1,2} 00, Range(zo) = {0,1,2},
Range(4z1) = {0,4,8} 00O 0. OO0, Range(WS2(%)) =
{0,1,2,4,5,6,8,9,10} =+ [0,10]. 0O O, WSs(Z)= o + 221,

n—1
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8 t, t,

200
0 0

02[3]| 02[2]| 02[1]| 02[0]
800 400 200 100

01[3] |o1[2] 01[1]

80 40

8421

021 8020 1000000 (OOODOOOOOOODOO)

z; € {0,1,2} 00 O. Range(zxo) = {0,1,2}, Range(2z;) =
{0,2,4}000. 000, Range(W Ss(2)) = {0,1,2,3,4,5,6}=
[0,6]. (0oo)

4, LUTOOOOOOOOobOOoooobooooo

OO0 [800 230,300 LUTO 5001000000
000000D000.023@00,000 LUTODODOO,00
0¢O000D00000DO0O0O0ODDO.

000000000 [4,[5100 23b) 000000000,
0000 100000 100000000000000000
0000D000,LUTOOOO0OO0OD0D.0000000000
00000 LUTOODDO00,0000 100 ¢000000
000000 ¢000000000D0.000,0000 mO
0O LUTOODODOOD.000,0000000LUTOOOO0
0000D0D0000.000,WSO0OO000D0000 LUTO
000000000000000O0O0O0On.

41 wWSOOO LUTOOOOOOO

00D00,023b)00 LUTOOO0DOOOODOOOOD
00D00.0 410,28 (G =15,14,...,000000 100000
0o0ooO0.000,0000 104,102, 102,108, 10°00000
O00.023b)00 LUTOODOOOOO 41000000,
000,10000 =10 00000, z4, 215, 000,00000
ooooooooooo.

0O LUTOoOooooooooooo:

Zza = T1a + 315, (4.2)
z3 = x10 + 2(x11 + 15) + 412 + 6214 + 8213, 4.2
z2 = (x7 + 13) + 2x8 + 3T14 + 5T + TT15, (4.3)
z1 = (T4 + o) + 2(x7 + T10) + 3T5 + 4711 + ST +

6(re + x15) + 8xz14 + 9(z12 + 13), (4.9)
20 = xo + 2(x1 + x5 + o + 213) +

4(z2 + x6 + 10 + x14) + 6(24 + T8 + T12) +

8(xz3 + x7 + z11 + 215), (4.5)
y=10"24 +10°23 + 10%25 + 1021 + 2o, (4.6)

000,z(:=0,1,2,3,4) 0,LUT, 00000000000,
0 (1) -(450,WwsS00000000.LUTO00O000
00000000 000D0,000000000 LUTOOO0O
ooooooooog..
0000000000000D0000D0000,0000 LUT
00000000000 0D0O00.000000000, LUT
000D kOD0OD0D0DO 2'000.0000,0000 z; 0,
LUT,00000000,0 LUTO,d="log,p] 00 2000
000.00000000000,LUTO00000000000
O2-'0ooooooooog.

041 200000 100000
515514513512 511 5105938 37 |26 |25 [ 2223 |22 |21 [20

xr

104 3| 1

10|26 |8[4]2]1

102/ 7] 3]1]ofJofo]s5]2]1

106 8]9]9]4a]2]1][5][2]6[3]1

10°) 8|4 2]|6|8|4a]2]|6]8]4]|2]|6|8|4]2]1
Xo X1 X2 Xn-1

Vior g

IR’
oLl Tl ool
Ll e 4
o[ el el e

043 3000 LUTOODOOODODOOOOODOOOOO.

000 410 042000 LUTDODODODOODDDD,000,0
0000000000000 000D0DO00.0000,000
000000000 LUTOOoD0OO0o0nD,22-tooonooono
ooDooOooooDo.

(ooo)

00410 0 43@0 3000 LUTOODOO0OO0O0O0O0.000
OLUTOOO0O0ODOOO0ODooooon,2® t=40000
0.000 @«dooo. (0o0)

0000 LUTOOO0OO0O00O0D0O0000000000ono
oo.

000 410 0 44000 LUTOODOODOODO,000,
LUTHO,AODO KkOO0O0OOO0.0D0D0D0,000000000
00000200 LUTO 1000000000.

(ooo)

00 4100000,00000 LUTOODOOOOO.O 44
O0,LUTHOOOOOOOOOO,0001000000.
000 420 045000000 LUTOOO0ODOOODO,O
O0,LUTHO,kDO (k—1)00,LUTGO, k00 (k—1)
00000.0000,00000000000000 200
LUTD 1000000D000.

(ooo)

00 420000000,0000000000000000
00 1000000.00 41,42000000000 LUTO
Oo0o0O0O0O0o0ODOoOooooo.

0000000 410 (LUTODO)

010 O LUT;00,1000000 &, (i =0,1,...,k—1)

00000000 LUTOODODOO WSOoooooo.



Xo+2(X1+X5+Xg+X13) 4 (Xo+XeHX10+X14) +6(X4+Xg+X12)+B(X3+X7+X11+X15)
Xo X Xg X9 X3 X Xg X0 Xy X4 Xg Xz X3 Xg Xy Xgs

6778 bits
7

01 [03] [05] [07] [09] [0.13] [0,17] [0,21] [0,25] [0,31] [0,37] [0,43] [0,51] [0,59] [0,67] [0,75]
(0) Xg+2{(X1+X5+Xg+X13)+2(Xo+Xe+X10+X14)+3(Xa+Xg+X12) +4(X3+X7+X11+X15)}
(©) (X1+X5+Xg+X13)+2(Xo+Xe+X10+X14)+3(X4+Xg+X12)+4(X3+X7+X11+X15)
X1 X5 Xg o Xz X Xg X0 X X4 Xg o X X3 X7 Xy X5 2818 pits

01 [02] 03] [04] [06] [08] [0.10] [0,12] [0,15] [0,18] [0,21] [0,25] [0,29] [0,33] [0,37]

X1 X5Xg X3 Xp X Xpp X14 Xy Xg Xip X3 X7 X11 X5 )

1 I R | | | | | | | | 2176bits
2 3 4 4 4 5 5 5 6

@] 16 4 48 4 128 4 128 4128 41320 4 320 4 320 B4 768 4

[0,3] 06 [010]  [012] [0,15]  [0,21] [025] —10.29] [0,37]

X1 X5 X9 Xi3 X3 Xg Xqg Xpq Xy Xg X2 X3 X7 11 X15 .
I I I | [ [ ] | | | 2176bits
2 3 4 4 5
M| 16 4 48 4 256 {128 A 640 [ 320 4 768 {7~
[0,3] 0,6] [0,12] [0,15] [0,25] [0,29] [0,37]
X13Xs X10X14 X12X7
i
48 A 256 [0,15] Xu X1 1344 bits & 4-bit Adder
g [0,7] 6
X; X5 X9 Xp Xq Xg X3 768 < BOD Output
T M Y T
16 256
[0.3] [0,14]
041 200000 LUTOOOOO.
>‘(1 Ts X‘g x‘ﬂ X‘z )‘(s ijm X‘A Ts >Tz)‘(z ’T X‘u x‘lﬁ Xo X3 Xs Xg X13%p Xg X19X14X4 Xg X12X3 X7 Xq1 X35
LT LI *
2 3 4 4 5 5
‘ 16 H 48 H 256 H 128 H 640 %“ 320 H 768 Yo ‘ 29x4 A 21043 2 2 v
[03] [0.6] [0,12] [0,15] [0,25] [029] _ [0.37] [0.15]
)‘<4 X‘Q X\? x‘m Ts )‘(11 Ts Te X‘ls X14X12X13
4 4
3 4 5 =< Y1 y
‘ 48 H 128 %“ 640 H X4 Xg X7 X190 X5 X11Xg X6 X15  X14X12X13 o
[0,6] [0,13] [0,30] L] 5‘ [ |
X7 X13Xg X14 ‘ 29*5 28*7
,44 Y2 [030]  [056] S + 744 ¥,

X7 X13Xg X14Xg X15

[0.7]
X10X11 X15X12X14

128

X10X11 X15 X12 X14X13

[015]  [0.23]

X14%15

Total Memory Size = 5324 bits

0 TAAYA 2649 4 Ya
[ 1 ] #MAKs =7 T
[0,4] [0,4]
0 0
(a) LUTH A4 — K & BCDANG &% & THEIL L7241 (b) MAKAE U LBCDANGH %R & THRILL 726
046 16020 10000000 LUTOOOOOO BCDOOOOOOOOOO.
Xi Xi+1 Xj+1 ooooooooo.
(Coo)

00420 000000 410000,0 (45000 WSODO
0LUTOODO0DO0000000000000 41000. (60
(D0 LUTODOOO000000000000.

e 041(®0,0 (45 00000LUTOOOOOOOO.
Xi Xis1 Xis1 000,0LUTO0000000 7, 000000.00000
06,7/8000000,000 16000.

e 20000 100000000000,00 20,00
BIT(y,0) 000000000 (8. 000,20 0000 (45)
000O000.00,2000,()0000000.

e (d0,(000D00LUTOOODOODOD.OOOO

020 00410 LUTOOODOOOO0OOOOOOOOO. 00 2818000000,00015000.
030 00420 LUTOODOO0OO0OOOOOOOOO. e 00410 (dDOOOOODOO, (@000 LUTOO

000 420 000000 410,0000000000 LuTo OOO0000.0000002,176000000,000 90

045 0000000 0OOOOO LUTOOO.
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oad.

e 00420 (00000000, FOO0O0 LUTOO
oopoooo.00booo 2,176 000000O,000 700
0. (ooo)

odooo LwutToooo,BCObOo0ooooooooon,

BCOOOOODODODODOOOODOOOO.

00 430 0000004100 (41)-@50000,LUTO0
O00000.00,0000BCODOOOOOOOO.O 4.6(8)
0160 20 1000000000.000000 5,324000,
400 100000000CO.00O0,0 23(OODDOO.O
0,023@000000000000000,8,2160000
00,500 BCODOOODOOOoooo. (0oo)
4.2 wSOOODOOOooOOooooag

000 430 wSOOO,000000 200wsOO0OnOooO
oooobogoog:

n—1

WS(@) =Y wizi = aWSa(&) + WS (), @.7)

1=0

000 WSa(Z) = Y=, aiwi, WSs(@) = 317 biwi,a OO
0.0@7n0wWSsS(@UooUuoUuod,«000oooooo.
a00,1€a< Y wie; 000000000000000.
D000 a=1,XanNXp=¢, XaUXp=X0O0O0O0OOO
gopoooooo.
oo0oodooo LTooooDoooooooooooo
go0.LuToOo000O0000ooOo0o0oo0o0ooDoooOo.20 100
oo0ooo LTooooooBCODOOOooooooooO,
0000 LUTO BCODOOOODOOOODODOoooOoooo.o
00,0000 LUTO,0000000O00bOO0O0DO.00OO0Og,
0000 LuTOO0O0O0oo0oOoo LUTODOODOODO 2000
ooobooooooooao.

200000 20000000000,00000000000
gobooOoobO0bOooo0dbOo.0obOo,2000b00000
goobOoobobooooobooooboboa.

0000000 420 (00DO0DO0DOOODOOOO0O 2000)
010 X4 < ¢; Xp < ¢, IN « {wo,w1,ws,...,wn_1};
O 20 If IN = ¢ then goto step (7);

030 w;, 000 INDODODOODOODOO;

040 IN « IN — {w;};

050 If(|XA|§|XB|),thenXA<—XA+{xi},elseXB<—
X + {z:};

060 sep(2O;

070 00 XA 0 XpO,00000000000.

00 440 0410 LUTODDOOOOOOOOOOOOOOO
000 41(g)000.000000 1,344000000000
00.00,4000 200000,100000A0.

00450 0DODDOOODO 4200 46000000 470
l6bindec0 00 0O0. 000000 3,788 000000,30
0200000400 BCDO0O0O0O0OOOODOODO.(0DOO)
00O0DbO0O0 420,0000000000000.

5 FPGAOOOOOOODOODOOOOOCOOD
god

FPGAOOODOOODOODOOODOOODOODO. FPGA
OO0O0O00OOd,Alteral O Cyclonell (EP2C5T144C6) 0O O O
0.0000000,1300000000 (Embedded Multipler:
EM), 2600 4K OO OOD0OO0D0O0 (M4K), 00 0O,46080 0
0000000000 (LogicElement: LE)0 00000, FPGA

051 16020 10000000 Cydonell 00000000000
0ooooooo
Design | LE[M4K |Reg|fmaz[MHZ]
Fig. 4.6(b)|123| 7| 107 140
Fig.4.7(b)|133| 7| 108 115

000oooooo,Alterad 0 QuartusllvV.6.00000.

00000000000000000 51000.0000
0O00,Veilog-HDLOOOOOODO,000000000 M4K
000000000000 O00O0. FPGAOO,LUT(OO) O,
MK OOOOOOD,00000000000000 (LEjOO
oooooog.

0000,LuTOO0O00000000000 LUTOO0O0o00
00000000000000000000.000,0000
00000000 HDLOOOOOOD100 LUTOo0O0o000
0,1000000000000000000.000,FPGA
0000000,000000000000,00000000
oooooag.

FPGAOOOOOOOOODOOOO,0000000000
000000000000.M4KO,2'2 x 1, 2" x 2,29 x 4,
29 %8,2°%9,2%%x16,2%x18,2" x32,000,2" x36 000
0000,0000000000000000000.

046@U0000000000000000,0 400 LUT
00000000 900000,00 400 LUTOO0DOOO
04000000.000,M4KD01000000000.00
0300 LUTO,000LUTOO000 400600000
0 1‘8,$12,$3,$7,$11,$15DDDD 10D|:||:||:||:||:||:|,DDD 6
0000 LUTODOO0O0O0D0.000,M4KDO 2°°%x40000
2000000000.

0000,0000000000000000000000
0000D0D0000000.00000,46@ 0000 LUTO
M4KDODODODODOO,46b)0000 700 M4KODODODODOO.

000,047@ 000000000 LUTO0000000
00000000000 LUTO MAKOODODODODO 47()00
0.047@00000200000300000000.M4K
0000000,000 LUTO0000,200000 LUTO
00000 MAKOOOOODODOOOOO.O47@ 0000
2000200000000000 200 LUTO,(DOOO
00oo00,100M4KDODODOOOOOOOODOODOOOOoOO.
(ODOO0OO0,MAK D 7000000000,

000000 M4KO,000000000000,0000
000000000000000000000000. 000
00000,00000000000,00000000000
0000000000000.0 46(b)00 4.7(b) 0 Cyclonell
(EP2C5T144C6) 0000000 70000000000000
00000000000,00000000000000 510
00. LE(Logic Element), M4K, 000, 0000000000
000000.0000,LEDD0DOOO 3%000000, M4K
OM4KO 2600 700000000000.000000,
140MHz O 115MHz OO O,0000 7.1[nsec], 8.7[nsec] O O
oooooooooo.

6. 0O 0O O

ooboo,p0qO00O000O000O0O0O0DOOO.OOOO

ooooo,p=2,¢=10,000 20 10000000000
ooooooo.0o0,FPGAOOCOOCOO0O0O0O0O0O0OODOD
gbooobodoooooobooo,0o0ooouoobooooooooo
gobooooobooobooooobooooo.



X12X7

X13X6X10X14

0291  [0,37]

14712413

0,3
Xg Xq1 X5 X
T [02115] 1792 <74 cout
X9 X5

X15Xg X10Xg X4

128
X7 X13Xg Xi4

X10X12 X15

[0.4]
Total Memory Size = 3788 bits

(a) LUTH R4 — I, 20EN%&s, BODANFL 2 & THBL L /-4

BCD
Adders ()

Yo

4
+y2

X13X6X10X14 X12X7

(e ¥

X1 X5 XX, X4 XgX3

[0,15] X1 X5

[0,37]
14X12X13

e 2857 4

Xy4 X10 X X
0+ 4 [0,14] 024 4
5 7 4> t=&=N TG )l<11x5x7x15x8 XiXoXs 5 7 4> TN

29%5 [030]  [0,56]

X7 Xi3Xg X14 X9 Xq5

4
— Y2

[0,19]
X10X12X15X14X11 X13
| 0 4
6 —< Vs
269
T;k y4
BCD
#M4KS - 7 Adders ()

(b) MAKAE Y, 21ENN%HR, BCDINGR R & THBL L 724

047 16020 1000000:LUTOOOOO,20000,BCODO00000000.

Cascade and
Arithmetic Decomposition Method

(CSTART )

Radix: P
#of digits:n

Verilog-HDL
Generator

Verilog-HDL
Source File

Memory
Contents File

FPGA
Development Tool
Quartus!l v.6.0

051 0000000OO0OO000O0.

oo

oooo,00,00b000000boo0O0ooo,00o000a
vboobooobooooooooooooboooo,obo0ooobo
oooo.

(1

(2

(3

O O

T. Hanyu and M. Kameyama, “A 200 MHz pipelined multiplier using
1.5 V-supply multiplevalued MOS current-mode circuits with dual-
rail source-coupled logic,” IEEE Journal of Solid-Sate Circuits 30,

11, (1995), 1239-1245.
C. H. Huang, “A fully parallel mixed-radix conversion algorithm

for residue number applications,” |IEEE Trans. Comput., vol. 32, pp.

398-402, 1983.
Y. Iguchi, T. Sasao, and M. Matsuura, “On design of radix converters

using arithmetic decompositions,” 36th International Symposium on

(4

(9]

(€l

(8l

(9

(1]

(11

[12]

[13]

[14]

[19]

Multiple-Valued Logic, Singapore, May 17-20, 2006, p. 3
gooo,000,0000,"0000000000D0OC0CO
0000 (2,0000000000000000DOO000OO,
RECONF2006-47, 2006-11-30, [ O .

Y. lguchi, T. Sasao, and M. Matsuura, “ On designs of radix converters
using arithmetic decompositions,” 36th International Symposium on
Multiple-Valued Logic, Oslo, Norway, May 13-16, 2007.(Accepted)
K. Ishida, N. Homma, T. Aoki, and T. Higuchi, “Design and verifi-
cation of parallel multipliers using arithmetic description language:
ARITH,” 34th International Symposium on Multiple-Valued Logic,
Toronto, Canada, May 2004, pp.334-339.

1. Koren, Computer Arithmetic Algorithms, 2nd Edition, A. K. Peters,
Natick, MA, 2002.

S. Muroga, VLS System Design, John Wiley & Sons, 1982, pp. 293-
306

D. Olson, and K. W. Current, “Hardware implementation of supple-
mentary symmetrical logic circuit structure concepts,” 30th IEEE In-
ternational Symposium on Multiple-Valued Logic Portland, Oregon,
May 23-25, 2000.

T. Sasao, Switching Theory for Logic Synthesis, Kluwer Academic
Publishers, 1999.

T. Sasao, M. Matsuura, and Y. lguchi, “A cascade realization of
multiple-output function for reconfigurable hardware,” International
Workshop on Logic and Synthesis(IWLS01), Lake Tahoe, CA, June
12-15, 2001, pp. 225-230.

T. Sasao, “Radix converters: Complexity and implementation by
LUT cascades,” 35th International Symposium on Multiple-Valued
Logic, Calgary, Canada, May 19-21, 2005, pp.256-263.

T. Sasao, “Analysis and synthesis of weighted-sum functions,” Inter-
national Workshop on Logic and Synthesis, Lake Arrowhead, CA,
USA, June 8-10, 2005, pp.455-462.

T. Sasao, Y. Iguchi, and T. Suzuki, “On LUT cascade realizations of
FIR filters” DSD2005, 8th Euromicro Conference on Digital System
Design: Architectures, Methods and Tools, Porto, Portugal, Aug. 30
- Sept. 3, 2005, pp.467-474.

T. Sasao, “Analysis and synthesis of weighted-sum functions,” |EEE
Trans. on CAD, Vol. 25, No. 5, May 2006, pp. 789-796..



