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Abstract

As floating—point operations become widely used in various applications such as computer
graphics and high-definition DSP, the needs for fast division become increased. However,
conventional floating-point dividers occupy a large hardware area, and bring bottle-necks to the
entire floating—point operations. In this paper, a high—performance and small-area floating-point
divider, which is suitable for embedded processors, is designed using the series expansion algorithm.
The algorithm is selected to utilize two MAC(Multiply - ACcumulate) units for quadratic convergence
to the correct quotient. The two MAC units for SIMD-DSP features are shared and the additional
area for the division only is very small. The proposed divider supports all rounding modes defined
by IEEE 754 standard, and error estimations are performed for appropriate precision.
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Table 1. The action for each rounding mode.

0 trunc trunc trunc

0 - || trunc | trunc/dec | dec/trunc | dec
0 + | trunc | inc/trunc | trine/inc | trunc
1 =0 || RNE | inc/trunc | trunc/inc | trunc
1 - | trunc | in¢/trunc | tnnc/ine | trunc
1 + inc | inc/trunc | trunc/ine | trunc
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Fig. 1. Block diagram of the divider.

£ 2o UpAladE e FARE Suske
FA7] A FA F A Sasks MAC 58 4}



20024 7TH EFILEHCGH

B3] FAT Qe S 38k sisich MAC
AL 1 AbelEel AT HAS FAld P
AAEGon, B eAl7lesls o]l MAC R 2
Mg Tt el dikel 55 FTP A 5
Alell |3 M HAE she AL A9 BxE 4
stch

ool ® 2v & =il AR Jedrle] 5=
&+ ApolSel wet At glon, F HolE: A~
1 AlelZ, iteration FAlell 2 AllZ, =A< B-&
dolle FAlell 1 Al UHAE el #Y 1
ApolE, B Ml 1 AlR)E 5 F 6 APIES £
& VAl dakg SsiA siok

2. WeA719] 4t =t

(1) ROMACCESS

E HlolE2 10 v|E Ho) g 2] 2/l o
4 12 BIEES AlF3le, whas) ol £ £ =S
AHEEIC) 128]E F R WA vEE 3 [0]BR B
dlo|Bel A% Hgr} glct. elEg F HelER
3 11 Kbit®] Afo]=E 7R3}

(2) IMMMUL

Ho2 I 7k Y HMEE = FAORA, 32
vEZ uhHE Ni, Di RiE gl¥o® o] NixRi
DixRi& 83k} 2t od4ke) 35} o] ke
2 A7 HEiA s, 1 BlE AZe R FLE o o}
S odake] giyoz ApgEr)l Div 19 2es) Hof
Rig At

2

=

X}

2.0
\ﬂ\_._.IXE_

(3) LASTMUL
vprlel Bg el FAoZ A wAel Nigt Rig

dHo= 3 FAS Al HAF: £ 0529
HAE 2 HEZ %03 3 H|E HELEF 4 gl
o} webd gede 98 2248 wEA7] Yis
2-(pcr37HAle] AU g ZH4 E=o] ek Ao}
)x]A €},

(4 REMMUL

A E AxP] $13F d4ke 2 LASTMULCIA
TaA %] guard hit7HAE whaFdsld glHOoZ A}

gtk =R E 35} o] Fase] WHE e ok
9 ARE YHshm, WAl solAl e Hakel 4

B2 HEE 12 AR WA sds] 9
t}, o= sl=gele] AAE s B7] $15ke] Bx
Q'-A2] s alsh= Aotk

(655)

£39% SDIE BT H 69

2 7 Aol B dedsle 53

Table 2. Cycle for each division action.
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Table 5. Latency comparison

Intel 1486 73(35) | 17.14
MIPS R4000 23 26.09
SPARC compatible 20~23 30
Intel Pentium(radix-4 SRT) 19 31.58
UltraSPARC(radix-8 SRT) 12 X
IBM RISC/000
(Newton-Raphson) 19 3138
Elbrus E2Zk 10~13 60
Tntel Pentium 11 18~3 | B3
£ =89 A 6 100
(series expansion)
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