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Abstract

In arithmetic circuits for digital signal processing, radixes other than two are often used to make circuits faster. In such cases,

radix converters are necessary. However, in general, radix converters tend to be complex. This paper considers design methods for p-nary
to binary converters. It introduces a new design technique called arithmetic decomposition. It also compares the amount of hardware and

performance of radix converters implemented on FPGAs.
Key words Radix converter, Multiple valued logic, LUT cascades, FPGA.
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FPGAOOOOUOO, Altera 0 O Cyclone Il (EP2C5T144C7)

0000. 0000000,1300000000 (Embedded
Multipler: EM), 26 00 4K OOOOOOOOO (M4K), 0O O,
46080 00000000000 (LogicElement: LEyOOOOO
O.FPGAOOUODOOODOO,Alterad O Quartus 11 V. 4100
oo.
0000o00oooooooooooosliooo.oooad
000, Verilog-HDLO OO OOOO,000000000 M4K
000000000 o0oDOoooooooooooon. FPGA
Oo0,LuT(@o)0,MAKOOOODOOO,000000000
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5.2 800 30200000
0510,80030200000 (8ter2bin)O 700000
gooooooooooooon.
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Design Method LE | M4K | EM | Delay [nsec]
DM1| With EM |Fig.2.1| 66 0| 7 26.7
DM2| W/O EM | Fig.2.1|195 [ 23.7
AD1 26 Fig4l| 8| 13| 0 30.0
AD2 34 Fig.4.2| 13 2 0 14.8
AD3 BIT Fig.4.3| 12 2 0 14.3
AD4 | BIT+3* |Fig4.4| 36 4] 0 16.8
PAR |M4K only |Fig.3.6| 0 11 0 22.2

052 120 30 2000000 CyclonellFPGAOOOOOO
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AD2 | 3% [Fig4.2]| 20] 30t O 17.3
AD3 BIT |Fig4.3| 19| 38| 0 16.6
AD4 | BIT+3° Fig.4.4| 57 4| 0 17.6
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O0oDoooooogog (Arithmetic Decomposition Method:
AD)
0o0oogd,Verilog-HDLOOODO MAKOOOOOOOODOODO
ooo.

e ADID,04100000000,2000000000
000000000.Quartus 10,400 LUTDO 1300 M4K

0,0000800LEOOODODODD.
e AD20,04200000000,3*00000000

000000000, Quartusl 0,200 LUTO 200 M4K

0,000018300 LEO0OOCOCDOO.
e AD30,04300000000,0002000000

00000000000 0000.QuartuslO,200 LUTO

200 M4KO,0000 1200 LECOCOCODODOO.
e AD4D,04400000000,0002000000

00oooooooooo (Ab3)yooOo *00oooooo
O0000000.Quartus1 0,400 LUTO 400 M4KO,
g0o0OO0 3OO0 LEdO0DOO0ODOO.0boobbooooog
AD3OOCOOOOOO.

OD0O000O0D0OoOoO (Partition of OutputsMethod: PAR) [8]
ooodd,Verilog-HDLOOOO MAKOOOOOOOOOO
gogd.

e PARO,0 360000,600 LUTOOODODOOO.
Quartus 0,600 LUTO 1100 M4KODOOODOO.
Ster2bin 00 0,AD30, 000000000000 O0DOOO
go.

53 1200 30 200000

0520,120030200000 (12ter2bin)0000on
gooo.

OoOooO (Direct Method: DM)

e DM10O,150000000
e DM20,8e2bin0000O

ogd.
000000000000 Arithmetic Decomposition Method:
AD)

e AD20,0420120000000000,3°0000
gooooooooooo.100 1200 20000 LUT, 10
01200 10000 LUT, 000 2000000000000
O.QuartuslO0,0000 LUTO 3000 M4KO,O0000 20
00 LEODODOD.OD000,36600 MKOODOODOOOO

000 FPGA(EP2C8T144C7) DD OO DODO.
e AD30,0430 1220000000.200 1200 19

00 LUT, 200000000 1000000. Quartus 10,0
OO0 LUTO 3800 MAKOOODOOO,AD2000000
OO00O0O00oOoOD 5200 M4AKODOO FPGA(EP2C20F256C7)

O
g

gooooo.
e AD4D,0440120000000.AD30O00 3°00

oob0o0oo0O000o00.400 600 LUTOOOO, Quartus
nNo,0000 LUTDO 400 M4KDO,O0000 5700 LEDO
good.
AD10,EMO00O0O0O0DOODOOCOOOCOOCO,PAROO
000DO0o0o0o0o0o0 12zter2binD 000000 OOOOOO.
Ster2bin D0 0O,AD20 AD3D O OOOO. OO, 12ter2bin O
OO00,AD20 AD30,00000000 FPGAODOOCOCODO
goooooo,AD40,000O0O0O0DO0O0O0O0O0O0DCDCDOO
gooooboooooooo.

o000o00o0O000o0OO0O00O0OO0OO0O0OO00 AD4ADO
OO0 FPGAOOOOOOODODDO.

6. ODOODOOO

oooo,p00002000000000000000O
gooooooooo.30pooo 200000000000
0,000000000.00000000000000, FPGA
gooboooooboooooooooobooooobooooon,
goooooocoooooon.

0410,0000000000,00,0 42,0 43,0 44
0, 00000000000000000.0 42000000
0,0 (200210000000000.00,043000
ooo0,0000000000.00,0420000,000
oo0oooooooo,b 430000,00000000 200
o0ooooo.o430000,04200000000000.

ooo0o0o0oo,300000oooooooooo[3Eoo
gobooooo.ooobo,booobooobobo,0boboobooo
ooooo0o1l1000000,0000000000O00DO
goooobooooooooooooboooobooooooo.

oo
gooo,0o0,00b0o0000obo0oooo,o0oo00a
goooooboobobobooboobooboo,ooboooo
good.
O O
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