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Abstract

In this paper, we presenta new methodof performing
Division in Hardware andexplore differentwaysof imple-
mentingit. This methodinvolvescomputinga preliminary
estimateof thequotientby splitting theDividend,perform-
ing division of each of the parts in parallel and merging
them. The estimateis refinediteratively to get the final
quotient. This methodis significantlyfast sinceit carries
outparallel operationsto computethepreliminaryquotient
andmakesuseof a fastmultiplier to refinetheresult. It is
possibleto pipeline the executionof the unit yielding fur-
ther increasein throughput.Speedestimatesshowthat this
methodyields a much higher throughputthan other fast
methods,whileareaandlatencyare comparable

1. Intr oduction

The absenceof inherentparallelismunlike other arith-
metic operationsis the reasonfor the high latency of di-
vision operation.Therearebasicallytwo methodsof per-
forming division�������
	���
���������	����������������! "	�#$���"	������ [4].
While multiplicative algorithmsbegin by usinganapprox-
imate value and refine it iteratively, the subtractive algo-
rithmsreturnfew bitsof quotientin eachiteration.

The Subtractive methodsin their basic form are very
compactandeasyto realise[11, 2]. Severalmodifications
rangingfrom usageof higher radix to overlappedimple-
mentationhave beenproposedto increasethe speedat the
costof area[11, 8]. However, thereis a limit on themaxi-
mumachievablethroughput.

MultiplicativemethodsgenerallyuseaLookUpTableto
storethe approximateinverseof the divisor, and refine it
usinga multiplier in fewer iterationsthan the Subtractive
methods[4]. Although this resultsin a higher throughput
, the sizeof memoryrequiredis very large. Parallelismin

termsof refiningandreturningmorenumberof bits in each
iterationhasbeenachieved in someof thesemethods[13,
14]. However, thesemethodshavevery lesspipelineability.

In this paperwe proposea new divide andconquerap-
proachwhich consistsof mappingthe given division into
shorterdivisionsto geta preliminaryestimate,followedby
multiplicativerefinementto yield thequotient.% The speedis considerablyhigh asthe shortdivisions

can be performedin parallel and refinementcan be
doneby aparallelmultiplier .% It is pipelineableandtherebyhigher throughputthan
any othercontemporarymethodcanbeachieved.

Therestof thepaperis organisedasfollows. In section
2, we presentbasicalgorithm. In section3, we presentthe
simplificationandmodificationof this. Section4 proposes
thearchitecturefor implementationandin section5, acom-
parisonof ourmethodwith othermethodsis presented.

2 The BasicAlgorithm

We considerthedivisionof & by ' to yield therounded
Quotient ( . Let ) be the residual ( )+*,&-�.(/' ).
Without loss of generality, we assumethat &102'304( and) are all � bit unsignedintegers. Let 5 and 6 be inte-
gerssuchthat 67*98:�<;=5�> . Let & be representedin base-?A@

systemas BA&DC=0E&GFIHJHKH &MLAN�F$O with each &QP containing� th block of 6 bits of & starting from the MSB 1. IfR * ?A@ , &S*UT PJV<LANWFPJV�C &DP R�X LAN�FYN!PJZ . Let (\[C 0Y(\[F HKH (/[LANWF and)][C 02)][F 0^HJHKHJ04)][L$NWF beobtainedby dividing &DC_0E&GF$HKH &MLAN�F by' . That is, (\[P *`&DPa�_���M' and )][P *`&DP�bdcI�M' . There-
fore &QPe*f(\[P 'hg�)][P . If (/[i* T PKVjLAN�FPKVWC (\[P R�X LANWF"N�PKZ and)][a* T PKVjLANWFPKVWC )][P R�X LAN�FYN!PJZ , &k*l(\[K'`gm)][ . Thus ( can
becomputedfrom (\[ and )][ usingthefollowing equation(`*onp( [ gq) [ ;r'�gqstHvu$w (1)

1If xzy\{|~} , thenweassumethatthelast(x^y3� } ) bits arezeros



) canalsobeexpresseddirectly in termsof (\[ and )][ , but
it is simplerto compute) as �
&���(\'�� once ( is known.
Theaboveformulationleadsto atwo phasedivisionprocess% Compute ( [P and ) [P in parallel for all �

( ��
=
�#$c$����b���	�� - �/���r�A� ).% Compute( and ) from (/[P and )][P values( )]�I������� -�/���r�A� ).
Divisions requiredin the first phaseinvolve only 6 bit

quotientsand thereforearesimpler than the original divi-
sion. This approachis interestingonly when ' is small.
When '�� R

, all (/[P s becomezero as &QP�� R
for all� . However if we replaceinteger division &QP��_���m' and& P b�cI��' by finite precisionfractionaldivision, an inter-

estingpossibilityemerges.
Let �_���=� and bdcI��� respectively denote the quotient
and remainder of division with 
 fraction bits de-
fined as follows:� �_���=��� = � ? ��� �=��� ��� ? N � and�mb�cI� � � = � ? � �mbdcI����� ? N � .
This canbe consideredasinteger division with prescaling
of the dividendby

? � andpostscalingof the quotientand
the remainderby

? N � . As 
 increases�l�=���=�~� becomes
closerto realdivision �];I� and��bdcI����� approaches0. We
canalternatively define ��bdcI����� as[ ���m�p�U�_����������� ].
This allows us to extendthe definitionsof �_����� and bdcI���
to the dividendswhich are not integers. We can derive
the following recurrencerelationsin termsof theseoper-
atorswhich give an iterative algorithmto compute( . Let(\[P *�& P �=���=��' and )][P *f& P bdcI�I��' . Note that & P
canstill beexpressedas (\[P 'Ug�)][P . Thereforeequation(1)
is still valid.) [ [P *�� �p)e[ [P
NWF R gq)][P ��bdcI�I�\' : sD��� �¡5) [C : �a*�s¢ ( [P * � �p)e[ [P
NWF R gq)][P ���_���=�]' : sD�q�3�m5s : ��*�s

(�*£n PKVjLAN�F¤ PKVWC ��( [P g ¢ ( [P � R X LANWF"N�PKZ g¥s�H uIw (2)

Thealgorithmis asfollows: 2

BasicAlgorithm¦ c$b�
���	���)][P H_(\[P ����� ¢ (\[C=§(¨*�( [C §�!c$#���*ª©«	�c���5��¬©$�aB¦ c$b�
���	���)][ [P ����� ¢ (\[P §(`*U( R g¬(\[P g ¢ (\[P�§O(�*£n
(kg­)][ [L$NWF ;r'�g¥s�H uIw §)U*¡&��7(\' §
2For integer division, it is necessaryto compute® . For floatingpoint

division, ¯ and ° will benormalisedandit is necessaryto compute®�± |²"³ ® correctlyrounded

Eachiterationinvolvesadivision,makingthisalgorithmin-
efficient. In thenext section,weshow thatby properchoice
of 
 , a valuesufficiently closeto ( canbecomputedwith-
out division.

3 Modified Algorithm

3.1 Eliminating the Division

Let
R�´ * R �_�����d' and

R_µ * R b�cI���~' .It is evident
from (2) thateliminationof divisionis possibleif

R_µ
aswell

as ) [P arevery small comparedto ' . The computationof
quotientswith fractionalbitsmakesthispossible.Division-
freeapproximationof

¢ (/[P and )e[ [P canbeexpressedasfol-
lows. ¢ ( [C * s § ) [ [C *�)][C §¢ ( [P * ) [ [P
NWF R�´ ¶ sD�¬���¡5 §) [ [P * ) [ [P
NWF R_µ gq)][P ¶ sD�¬���¡5 § (3)

(`*£n LAN�F¤ PJVWC ��( [P g ¢ ( [P � R LANWF"N�P w (4)

( is anapproximationof ( andcanbecomputediteratively
. Theorem-1helpsin computingthedifferencebetween(
and (
Theorem1P¤ · VWC ' ¢ ( [

· R L$NWF"N · g ) [ [P R LANWF"N�P g LAN�F¤· VjPJ¸<F ) [
· R L$NWF"N · *�) [

for s�¹�����5
This canprovedby MathematicalInduction[7]. Setting��*ª�p5���©A� in Theorem-1,

) [ *�'
· VjLANWF¤ · VWC ¢ ( [

· R X LAN�FYN · Z g ) [ [LAN�F (5)

From (1), (5) and (6), the error in quotient is due to the
presenceof ) [ [LANWF .

) [ [LAN�F * L$NWF¤ · VWC ) [
· R LAN�FYN ·µ

(6)

It canbe seenthat ) [· is boundedby �p'��U©$� ? N � . Upper
boundon

R_µ
is differentfrom thatof )][· since

R�µ
is obtained

from divisionof �K6ºg�©A� bit
R

by ' unlike )][· s,which need6 bit by � bit division. ) [ [LANWF is requiredto be lessthan '
to minimise ��(¨� (\� . Moreover, when ©�¹U'»¹ ? , all the)][P s,

¢ (\[P sand ) [ [P sarezeros.Thus, ) [ [LAN�F is non-zeroonly



for '�¼ ?
. Denoting �
'ª�¬©$��½¿¾"À ? N � by Á and

R_µ2Â ½¿¾"À byÃ , upperboundon ) [ [L$NWF canbeobtainedasfollows:

) [ [LAN�F Â ½¿¾"À *�Á LANWF¤ · VWC Ã L$NWF"N
· * Ár�E©¿� Ã L �©¿� Ã (7)) [ [LAN�F Â ½¿¾"À �ÅÄ (8)

By properchoiceof 
 , the above condition can be satis-
fied,andthusthedivision in the )]�I������� - �/�����A� canbeex-
pressedasaseriesof multiplicationsfollowedby rounding-
off of theQuotientat theend.

3.2 Simplification of Multiplication

Due to the iterative natureof )]�I������� - �/���r�^� , any sim-
plification of computationof ) [ [P resultsin a significantim-
provementin theoverall performance.Onepossibilityis to
performmultiplication using few bits of ) [ [P
NWF say Æ . Let) [ [P Â ¾ *`� ) [ [P
NWF �=���_Ç�©$� and ) [ [P Â È *h� ) [ [P�N�F bdcI�=Ç�©$� 3¢ ( [P * ) [ [P Â ¾ R ´) [ [P * ) [ [P Â ¾ R�µ g ) [ [P Â È R g¥)][P

with ) [ [C *�)][C and
¢ (/[C *¡s (9)

Thusit canbeobservedthat thetheoremstill holdsandthe
erroris still dueto ) [ [LAN�F but thevalueof ) [ [L$NWF is different.

From(7), theUpperboundon ) [ [L$NWF) [ [LANWF Â ½¿¾"À � ´ X F"N�É�Ê"Z�¸jËEÌ�Í�Î X FYN�ÉIÊ"Í�Ï�ZFYN�É (10)

When6Q��Æ , valueof ) [ [L$NWF is almostthesameasthatgiven
by (8). With ÆU¼�6 , it is possibleto reducethesizeof the
multiplier withoutmuchincreasein error.

3.3 Rounding off the Quotient after iterati ve al-
gorithm

With prescaling,the quotient ( obtainedat the endof)e�I������� - �/���r�A� hasbits in thefractionalpart. In thecaseof
floatingpoint division, it is necessaryto return (/ÐG* ?�Ñ (
correctlyrounded.Basedonthesignof ) [ [L$NWF aswell asthe
fractionalbits of ( , any of the standardroundingschemes
recommendedin [1] canbe implemented.Theavailability
of theresidualmakesit possibleto roundoff theresulteasily
unlike ���!��	���
���������	������ - �¨�^	E��cI��� [10]. This is a disadvan-
tageof the �����
	��K
���������	������ - �¨�A	E��cI��� and thesemethods
have to computethe remainderfrom the values & , ' and
quotient(obtainedat the endof the division). This results

3It meansthat ÒjÓ ÓÔ�Õ Ö containsthetop × bitsof Ò<Ó ÓÔ:Ø�Ù and Ò<Ó ÓÔ:Õ Ú = Ò<Ó ÓÔ�Ø�Ù �Ò�Ó ÓÔ�Õ Ö

in an additionaliteration[10, 12] andproliferationof area
dueto additionalcircuitry. Similarly, for integer division,( canbe roundedto get ( . The roundoff phaseis depen-
dent on the implementationof the � 
_
�#Ic$����bd�_	�� - �/���r�A�
and )e�I������� - �/���r�A� and is explainedin Section4.3. The
ModifiedAlgorithm canbestatedasfollows:
Modified Algorithm¦ c$b�
���	���)e[P H_(\[P ����� ¢ (\[C §(`*�(\[C §�!c$#��a*`©«	�cD�p5���©A� B¦ c$b�
���	�� ) [ [P ����� ¢ ( [P §(�* ( R gq( [P g ¢ ( [P §O�\�A#I�!c$#$b£#$c$�����_���!Û�c�� ( §
4 Ar chitecture
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Figure 1. Bloc k Diagram of the system

We describethearchitectureof theModified Algorithm
in this part. Fromtheequations,it is evident thatwe need
two separateunits, one for � 
_
�#Ic$����bd��	�� - �/�����A� and the
otherfor )]�I������� - �/���r�A� . Thedetaileddiagramof thesys-
temis shown in theFig. 1.

4.1 ApproximatePhase

This Phasecan be implementedby either Lookup ta-
blesor Dividers. But theconstraintsimposedby (8) make
it prohibitive to use lookup tables on accountof huge
arearequirement.Hence,dividersbasedon ���W Y	�#I���"	������ -b��A	E��cI��� are to be usedfor this purpose. Also,

R�´
is re-

quiredonly in the )]�$������� - �/���r�A� andthereforethewhole
of ��
=
�#Ic$����bd��	�� - �/���r�^� canbe usedto computeit. This
eliminatesthe needfor an LUT at the costof an extra di-
viderwhich is justifiedsincetheareaof thedividerusedfor
this is lessthanthat of an LUT asthe LUT needsto store
theinversesfor vastrangesof thedivisor.

4.1.1 Simplifying the computation to obtain fractional
bits

Let Ü beaminimumpowerof 2 whichis greaterthan ' and�
ÝG*oÞ �1�7ßJà_á Ë ��Üt��â . Consideringintegerdivision to obtain6 bit quotient (\P
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Figure 2. Implementation of the Phases of
Modified Algorithm

å (\P å ½«¾�À�* & P Â ½¿¾"À'�½«P Ñ * ?$@ ��©Üt; ? � ? @ Njæ X Ñ N�F�Z�N ·èç2é (11)

The topmost ÞJ�
�ê��©A�i���
Ý=â bits of (\P arezerosandneed
not be computed.Therefore,it is meaninglessto perform
integerdivision yielding 6 bits. Instead,if &DP is scaledup
by
? X Ñ N�FYN ·èç Z , all thebitsobtainedaremeaningful.Thequo-

tientandtheremaindersoobtainedhaveto bepostscaledby
divisionwith

? X Ñ N�FYN ·èç Z to get ( [P sand ) [P s . With this,

) [P Â ½¿¾"À *�Á]* �
'¨��©A�E½«¾�À? X Ñ NWF"N ·èç Z * ? X Ñ N
·èç Z ��©? X Ñ NWF"N ·èç Z � ? (12)

Sinceevery fractionalbit obtainedhalvesthe upperbound
on ) [P Â ½«¾�À , prescalingby

? Ñ NWF"N ·Jç reducestheupperbound
on )][P ie Á . With extra b fractionalbits,Á�� ? Ñ NWF"N ·Jç N!½ (13)

4.1.2 SRT Dividers

We useSRT dividersto obtain (\[P s becauseof thepossibil-
ity of achieving thedesiredarea-speedtradeoff by a proper
choice of Radix [4, 11, 2, 8]. The important properties
of SRT division are given in this section. We assume

that [P, A], B andQ arethe registersusedto storePartial
Remainder, the Dividend and the Quotient respectively.
Themsbof P is denotedby 
 C
(i) The Partial Remainderin the case of integer divi-
sion involvingX andY (bothn bits long) remainsbounded
between� ?A@ NWF and

?$@ NWF �m© in Radix-2SRTmethodsand
between- ë Y and ë Y in higher radiceswith ë representing
the redundancyfactor [4, 11, 2, 8]It is independentof the
numberof iterations.
(ii) Every iteration of SRTDivision returns ßKà=á Ë �p)e���_�����
numberof quotientbits. Therefore with every additional
iteration, the upper boundon

å &ì��'�( å
reducesby a

factor of theRadixandtheQuotienttendsto becomemore
accurate.

4.1.3 Implementation of ��
=
�#Ic$����bd��	�� - �/���r�^�
In thecaseof SRT Division of &DP by ' with prescalingby? � , Á is abouthalf of thatgivenby (13) if the remainderis
not restoredat theendof ��
=
�#Ic$����bd��	���c$� - �/���r�^� Since

R
requiresonebit morethan &DP , Ã * R_µ2Â ½«¾�À\* ? Á . Giventhe
valuesof 6 and 5 , andusing(8)and(10),it ispossibletocal-
culatethevaluesof Æ and
 . Weset
M*h���3��©��º�pÝ���0<b�*`©
andÆ�¼��K6rg ? � . Therefore,Á�¹ FË with Radix-2andslightly
greaterwith other radices. From 4.1.2(ii), it is evident
that extra b fractional bits can be obtainedby additional8:b�;�ßKà=á Ë �
)]���=������>í*î© iteration. Thus � 
=
�#Ic$����b���	�� -�/���r�A� requires��5�g�©A� SRT Dividersto computethe �K6�gºbï�
bits of

R�´
andthe (\[P s. Sincetheadditionsto computepar-

tial remainderhappenevery iteration,carrysave addersare
usedto minimiseiterationdelay. Thequotientbitsarenotin
binary format andwe needusea radix-to-binaryconverter
asin [9].

4.2 RefinePhase

The )e�I������� - �/���r�A� consistsof �p5!�\©$� iterationsof com-
putationof ) [ [P , ¢ ( [P andrefinementof ( followedby cor-
rectionof ( and ) . Since ) [ [LANWF canbegreaterthan1, the

registersrequiredto hold ) [ [P needadditional � bits where�1*98:ßKà=á Ë � å ) [ [LANWF å ½¿¾"À=��> . Computationof ) [ [P requiresa
Register, multiplier ( �
�GgU©A� bit by �
Æ�g¬�«g�©$� bit), adders
andmuxesasshown in theFig. 2. Thedelayof this phase
can be reducedsignificantly by using 4:2 and 3:2 CSAs
(Carry Save Adders)[6]. Also by retainingonly ) [ [P Â ¾ in
nonredundantbinary formatandusingredundantrepresen-
tationfor othervariableslike ) [ [P Â È , delayis furtherreduced.

Since,only ) [ [P
NWF Â ¾ is usedto computethe ) [ [P , the delay

involved in the summationto obtain ) [ [P in every iteration
canbe reducedby usinga CPA (carry propagateadder)to
sumup thebits of )][ [P Â ¾ only. Sincesuccessive iterationsof



)e�I������� - �/���r�A� dependuponthevalueof ) [ [P computedin
thepreviousphase,we have reducedthedelayof updation
of ( with respectto this. Thecritical pathis highlightedin
thefigure. Theadderscanbe incorporatedinsidetheCSA
treeof themultipliers. Computationof

¢ ( [P andassimila-
tion into ( requiresamultiplier ( �K6�g~bï� b by ��Æeg���gê©A� b),
shifterandadders.Theusageof 3:2 and4:2 CSAsreduces
thedelayof this computation.

4.3 Roundoff Phase

Dueto prescaling,thenumberof bits of ( computedis
alwaysmorethan � . Also,å (U�m��&ð�=���rñD'�� å * ) [ [LAN�F' � ) [ [LAN�F Â ½¿¾"ÀÜ�; ?
For both integer division and floating point division, it is
necessaryto observe thefractionalbits of ( alongwith the
sign of ) [ [L$NWF . The correctionrequiredcan be ò ulp (ie.

lsb) if ) [ [LANWF ¹ó© . This procedureis significantlydiffer-
ent from the proceduresadoptedto roundoff the quotient
computedin thecaseof otheralgorithms.Theroundoff in
thecaseof integerandfloatingpoint division differs in the
fact thatquotientcanbemidway between2 integersunlike
in floatingpoint division [12]. Implementationof hardware
to Roundoff canbedoneby simplecombinationallogic.

Let 	 ¾ � À , 	 µ4ô Ð and 	 µ Ñ=õ denote the delays of� 
=
�#Ic$����b���	�� , )]�I������� and )ec$������c��W� phasesrespec-
tively. Also, let 	E¾ � À^P and 	 µ4ô ÐAP representthedelayof each
iterationof ��
=
�#Ic$����bd��	�� - �/���r�^� and )]�I������� - �/���r�^� re-
spectively. Then the Executiontime ö is given by öî*	E¾ � À�g7	 µYô Ðºg¥	 µ Ñ=õ . 	 µ4ô Ð canbewrittenas ��5��¬©$��	 µYô ÐAP

Due to the pipelining, Throughput-Rateincreasescon-
siderablyandis givenby ÷ N�F * Max BA	 ¾ � À 0E	 µYô Ð O .
5 Evaluation and Comparison

We compareour methodwith the methodsmentioned
in [14, 5, 3] aswell aswith Newton Raphson/Goldschmidt
methodsfor 53-bitdivision. Thesemethodshavebeencho-
sensincethey areamongthe fastestof the reportedmeth-
ods. The resultsfor SRT methodsare also shown. The
worksin [5, 3] havereportedtheareaanditerationdelaysof
componentswrt full adderarea( ��ø�ù ) anddelay( 	�ø�ù ) re-
spectively andwe usethis for our estimation.Thesevalues
are given in Table 1. In this estimate,the effect of tech-
nology, area,interconnectandclock-skew arenotestimated
andweassumethattheclock rateadaptsexactly to theiter-
ationtime of theimplementationasin [14, 5].

Of themethodsgivenin Table(2),only theproposedand

Table 1. Component areas and delays with re-
spect to full adder [5]

Component Rad-2 Rad-4 Rad-16 Computation Roundoff

SRT SRT SRT of ÒjÓ ÓÔ and Phase® updationú�ûtü
250 250 500 ý 600each ý 500þ û�ü
5 6 8 10 5

VHR methodscanbepipelined4. Restof themethodscan
be pipelinedonly by loop unrolling. Sincethe hardware
replicationassociatedwith loop unrolling leadsto largein-
creasein areawithout proportionalincreasein throughput,
Loopunrolling is not consideredfor comparison.

5.1 Delay

Theestimatedvaluesof thedelaysaregivenin Table2.
Basedon [5], 	 µ4ô ÐAP = ©As�	�ø�ù and 	 µ Ñ=õ~ÿ uI	�øjù . The details
aregivenin [7]

With 5�*�� andusingRadix 16 SRT for approximate
phasethedelayis computedasfollows: 6M*�8
u�Ä�;��=>]* ©�� .
Howeverwith Radix,16weneedto haveavaluewhich is a
multiple of 4. Hencewe choose6\g¬b *l©�� . We set Æ¬*©��3g¥© to satisfy(8) . Theconversionof )][C from redundant
to nonredundantformat involvesusageof a Æïg¡��g�© bit
CPA whosedelayis givenby Ä�H u�	�ø�ù . 	E¾ � À�*��=&��3gêÄtHvu\*Ä_utH u�	�ø�ù . ö`*�Ä_utH u¿g�©^s=&1Ä«g¬u/*
	�stHvuI	�ø�ù

SeveralTechniqueswhich canbeusedto reducethe la-
tency areproposedhere.% If the ) [ [P 0 ) [ [P Â ¾ and ) [ [P Â È arerepresentedin residualno-

tation,then 	 µ4ô Ð^P reducesby
? 	 ø�ù% Using Hybrid Overlapor OverlappedQuotientselec-

tion andRemainderformationconfiguration[8] for the
SRT dividersusedto compute( [C and

R�´
, we reduce

the 	 ¾ � ÀAP by 	 øjù .% Prescalingby �
�q���pÝ�� insteadof �
�¥�ª©����
Ý�� and
loadingSRT Dividerswith &DP���' insteadof &QP pro-
ducesthe effect of an additionaliterationof division
andspeedsup ��
=
�#Ic$����bd��	�� - �/���r�^� .

By combiningtheabovemethods,thedelaycanbereduced
to u�	rH u�	�ø�ù .

4Pipeliningcanbe achieved in the caseof VHR Methodsby splitting
theexecutioninto prescaling( which includescomputationof scalingfac-
tor followedby scalingof dividendanddivisor) andDigit selection



Table 2. Timing and Area Estimates based on
[5]

Method Type E,T N�F ,Area ATþ ûtü
� þ ûtü���ú�ûtü
wrt Rad-2

SRT

SRT Radix-2 270,270,300 1

Radix4 170,170,300 0.629

Radix16 120,120,550 0.815

Wong’s
Method[14, 3] 90,90,6000 6.667

Newton- 1 MAC 100,100,3900 4.333

-Raphsonand 1 Multiplier 70,70,6200 5.358

Goldschmidt + 1 MAC

VHR
Low Area 72,54,2650 1.766

High Speed 62,44,4450 2.417

BoostedVHR
Low Area 72,54,2550 1.700

High Speed 62,44,3650 1.893

Proposed
k=4, Radix-16 Low Area 70.5,35.5,3200 1.402

High Speed 57.5,28.5,3900 1.372

k=3, Radix-16 Low Area 65.5,39.5,2900 1.414

High Speed 58.5,35.5,3600 1.578

k=2, Radix-16 Low Area 76.5,59.5,3000 2.204

High Speed 65.5,52.5,3600 2.333

k=3, Radix-4 Low Area 83.5,57.5,2600 1.846

High Speed 71.5,48.5,3300 1.976

k=4, Radix-4 Low Area 80.5,45.5,2700 1.517

High Speed 67.5,38,3400 1.616

k=5, Radix-4 Low Area 84,39.5,2800 1.365

High Speed 70.5,35.5,3500 1.534

5.2 Ar ea

Theareasof basiccomponentsrelativeto ��ø�ù aregiven
in Table(1).Thetotal areais thesumof theareaof ��5/g�©A�
dividersandthecomponentsusedin )]�I������� - �/���r�^� .

A comparisonof areaneededfor differentmethodsusing
thesecomponentsis givenin Table(2).Thedetailsaregiven
in [7]. Since (\[C and

R�µ
arerequiredin thefirst iterationof)e�I������� - �/���r�A� , andtheother )][P s and (\[P s arenot needed,

low areaimplementationslikeRadix-4canbeusedfor these
divisions.It is possibleto reducetheareaby �_s_s=�ºø�ù with
a slight reductionin the throughputascomputationof the
other )][P soverlapswith thecomputationof

¢ ( [ F .
Fromthetable,it canbeseenthat theproposedmethod

is the fastestandalso hasthe bestthroughputamongthe
low latency methods.Also, theAreais comparableto these
methods.Intermsof A-T product,it is thebestamonglow

latency methods.

6 Conclusions

It hasbeenthusshown thatbymappingdivisioninto sev-
eralshortparalleldivisions,averygoodestimateof thequo-
tient is obtainedwithout using lookup tables. Refinement
usinghigh-speedmultiplier andaddersresultsin quotient
in a very short time. The methodbasedon this approach
is very fastandhasthe highestthroughputwhe compared
with thefastestmethodsreportedsofar.
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