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Design and Evaluation of URR Floating-point Multiplier
and Its VLSI Implementation

TakESHI KATSU,t KOKI ABEt and HozuMI HAMADA

In this paper we describe the design and VLSI implementation of a 32 bit floating-point
multiplier where numbers are represented in an internal form named URR (Universal Repre-
sentation of Real numbers) by the inventor. With exponential and mantissa parts of variable
lengths, URR allows representation of much larger and smaller values than the IEEE stan-
dard. The variable length property, however, necessitates separation and combination of the
exponential and mantissa parts. We investigate the cost of implementing URR by (1) de-
signing a 32 bit multiplier with circuits for the separation and combination, (2) optimizing
the components, and (3) comparing the results with IEEE standard implementation. The
investigation reveals that the circuit complexity of URR multiplier is 1.66 times in delay and
2.52 times in area compared with that of IEEE multiplier. The costs of URR adder are also
investigated in the same way, and found to be 1.68 and 2.44 for delay and area, respectively,
taking IEEE adder’s costs as the units. We realized the URR multiplier in a 4.5 mm square
VLSI chip with CMOS 0.6 um fabrication rule. The design tools used are Verilog-HDL for
description, DesignCompiler for synthesis, and AquariusXO for placement and routing.
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Fig.1 Basic structure of URR multiplier.
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Table 2 Performance summary of unsigned version.
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Opm?0 OnsO |Opm?0 OnsO
SEPARATE 356,972 4.20 350,860 3.00
COMBINE 746,172 8.68 428,413 4.00
separate 297,199 1.99 | 251,317  2.00
combine 686,399 6.47 264,036 3.00
comp 41,092  1.99 | 51,755  1.00
normal 85,969 2.00 112,958 1.00
adder 102,877 2.89 96,685 2.00
mul 4,587,211  6.63 - -
mux 17,781 0.22 17,781 0.22
nan 39,055 4.54 — —
urr_mul 6,293,009 22.60 — -

6. D00bOoooooooooao

00000 wernul O O0ODOOOOOOOOO 2
oooboo200000000000000000A0
obooooooooooooOoobooobOoOoooon
gbbobooooooooooobodooooboboooa
oboooboobooobooobooobOooooobo
goooooobooooboooooooooooo
goooboooooooooooooooooooon
00000 mulODOO0OO0DOOOO 200009
00000000 0oUooooonD WB%UuOooooo
gooooooooooobooooooboonn
000000 1000000000 294pm?0000
odoo13nsbOnonn

gooooobooooooboooooooooaoo
goobooboooooooooooooboobo 20000
goboodoobooobolooooboooboboooooo
gooobcoooooooooobooobooooo
gboo0ool1oobooobooboooobooooon
oobooooooooooocobooooobooobo
00b00o00DbO00000Oseparate0 00000
oooooo00oD £t00000000000 casel
1g0ooooogoo

casex(p_in[30:01)

£={1°b1,in[25:0],3°b0};
oo

in[30:0] OO0OO0OOOCOOOOOOOOOOO
100000000000000Op-in[30:0] O



Vol. 41 No. 4

in[30:0] 0 0O0COO 1000000 100000
goooodbobOOoOOoOobDODboOODbDDbO
joooooOoUoooooooOooOoooooooo
oooooo
00oo0ooOoooooooooooooooon
0000000000 0oo0ooooooooooon
00000000 00oo0o0ooo0oooooooo
o0oo0oooooopoooooooOogooooooo
gooo0o0o00oOoooooooooooooo
ooooUooOoOoooOooOoooooDOoUoDooo
O0000U00oouooOoooOooUoUooUoOoooo
gddoooopoooooooooooooooo
0do0o0ooOoOoO0ooOoOooooOooooooo
00000000 00OO0oOoOoOoOooooooooog
separatelcombine 0 000000000 OOOO
0000000000 0ooo0oooggooooon
000000000 ooooooooooooooo
oooO0o0400000000000D0O00O00O00O0O
ooooOOooooo0ooooooooooooog
oo0ooOoOoooooOoOooOooooUoooooog
000o0ooooooooooooOooooooooo
O0ooooooooooooooooooooog
O 0compOnormalladder 0 00 O0O00O00OO
O0O000ooo VerilogOOO ‘+’'O00000O000O0O
O0000O0ooOooooooooooooo4o0
0000000 oo0o0ooooooooogoooo
0000000000 0mux0000000O000O0O
00000 3200000000000000OD0O
gooooooooopooooooooooooo
odooU0ooOoooUoooooooooooooo
o00oo0oDoOO0o0oooDU0oOoDoooooooooooD
oo0ooooOooo0oOoooOoooooUOoooooo
00000000 0ooooooooooooooon
00oDoooooooooOoDoooooooooog
00000000000 0000o0ooDoooooo
000000000000 (z"y = const,(n>1)) O
0000000000000 oDoooooooon
000odoooooooopoooooooooooo
ooodooOoooooUoopUoooooooooo
joooooooo20000000000Oooon
o0oooooooooooooo

7. 0000000 URROOOOOOO

O0o00o0ooooooUooooooOooooooy
goobooooo2000000000000D000
goooooooooboooooooooobocooboon

URROOOOOOOOOOOOOOOODOOOOO vLsIoOooOo

1023

goooooboi1boobooooobooooo
gpoooobooobOoooobobooboooooo
separate 1 0 000000 OO O 0O O Oseparate
oooOodoO0ooo0oooobOoooOoooooon 2
gopoOooDooCoCo0O 200000000O0ODOOO
Jo00ooooooooooooooooooooono
gooOoO0o00obObO0O0ObD0ObDDOO0O0DOO sepa-
rateJ 00000000000 OCOOODOOOOOO
goooobooooooooooboboobobobooo
goooooooooooboooboooooboobo
0000000 O00ooO0oOoObOoOoObOdn separate
0000000 expsOOOOODOOOO n—100
00000 100000000 1000 O separate
o00o0oO0o0o0ooooooboogooogoo
0ooooboOoboboOo 20000bDb0bobOoOoog
goboobooobooooboobboboooo o1
goooooo o0 20000000D0ODO0O0OO
gooooooobooOoDbOobOoOOooOoobobD 3100
goooooo
Oo0do0 fO0DDOOQCO0OOOOOURROOO
ooooOooooli<f<20-2<f<—-10000
D000 4< fxf<-1M< fxf<40000
goodo0ooOoooooboooogooobooooo
0ooDoo0oOooooobooooo
o0ooopDOoOoOd0oobobOOoogoooooooo
J00000o0o0o0o0oooooooooooooo
JooooOoO00ooO0o0ooDooooooooooon
00 expcO00OO00O0D0O00OO0DO combined OO0
oo0oooooobooOooooooooono IEEEO
OO0 nearest 000 000 O0O0OOOOOOODOOOOO
OOOIEEEOOO0OOOOOOOO ((rvpo)A(rvs))
gooooboob0o 1o0ooooogboouooobooo
goooooOo0ooOooooooOooboooooo
0d0000oOoooooooooooboooog 2
000Db0O0O00D00Ob0Db020000000 nearest
joo00d0ooOoDO00ooOoDoOoooDOoOooDogon
00000000000 000oooooooooo
ooooooOoooOoooob 2000000000
Onearest 000 0000 OOO0O0OO0OCOOOOOO
goooboooOooooooobooooooooog
g00oooooooooooooboboooobobboboooon
ofooobooOooobooboooooooboOoboOoloon
000 URROODOODOOOOOOODOOODDO
go0o0odoOo220000ooocooooooon
00ooooooopooopDopoooo 1000
gooooo



1024

operandl

operand2

goooooooo

r oooo

DDDE> 000 F—result

ooogt

O7 IEEE0OOO0OODO
Fig.7 Basic structure of IEEE multiplier.
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Table 3 Comparison between IEEE and URR multiplier
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Table 4 Performance comparison of the fastest circuits.
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