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FlOO&"‘i“j Poind Avithmetic: Moliplication , Divicion

Heve we will ghow how f{oq-{-.‘h‘r Poiw" mu”"fffca,-f-l'on
gmd division Cqn tote [’(qce. we will qssow € Lc’n'qrj
FLP Gv(f-(-hme-{-{c_ CY‘—"—-Z).A“ ovy FLP numbers wrill be
COV\SI'S-LInS o€ novma|ized €Y_¢.(_“I‘l.'0v15 and biesed ewpouesis.

Floqhwg Pocin d HU(‘l't'f’{:'CQ‘{‘I'OVL

The ?roL(em heve s Jef{med e follows : Considevr {woe
: S €4 d

bingvy (r=2) FLP numbers Az (1Y = fy =2 an
Az:(ﬁi.)szxﬁaxzefz- whe\re 5 thl 5, &vre +he Sf"rn.
bits o‘g Ag omd Az, ?_1 Gwd ?-;_ theiv n-bct _'uh.s’z;f h:.i
novrmae li2ed fractions and € and € Hec’.r n — b
-expaneans w‘nich aye Cohsfale'recl "'0 be " Lm,jed ‘(Lvu«z.-
We ave (wlevested W COW?U"‘;V\ _ 43 = A_(?fAZ. =
..-:(_.1)53 x £ « 23 wheve Sz is the sign bit, £z the
n—bik ungipned norwmglized fraction and €3 fhe

m -bit biased expovent of the product Az

Thf ﬁou‘“‘-"'—.“g S how }he ..5'(6?5 énvo(uec‘ L &
@loq{-iws ?ofm‘- multiplicgdion:
l. De'kr‘uaine 'Hne Frodué*‘- -rffﬂ :

C(C‘nrlj }e wuw bev s of fhe sqwme sigw  ove mul-i-;'rh'eJ
thew -Hr'le Froc{uc‘{ is ?°:£+l“’€ WLN"G’ ff squu,Ler; ofd;ffe_
vemt Signs  ave w,-u\-l-f\?(t'ei +hen, the F\'Ocluc{- s vege five,

lVl 0'{"1&\( wo(o';} lr S‘ =Sz -(")eh 53 =0 wl')fff l'f
51:’:52 'H\C‘h.. 53 =1. This “e€¥ng -Hag(— 53-‘-‘_5,@52

wheve, (B is +the exlvsive —oR  opevg for.
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2. Mulbiply fee chions edd exponends ; Subbegct bigs

e The 4wo n-bot «EYO,C"Iﬂ"‘} f_{ a,»,J. f-z__ heve fo LQ
mul{-iplt’ed . The vesvlting preduct will hove lewpth
2n bcts.  ¥eep t+he lf’g‘- wort v~ bk I?O.Y-‘- as +he
£vo ction f\roduc_{' end droncgfe +the rc‘jh# wos ¥
n-bid part
With respect Ho { he e"‘?otoeu{-)'/ 4he ExFOuew{'S e
gnd €2  shoold be odded omd the bio,s Should be
Sulblvq ¢ Led (o\r €, -t-C—,_--(:l'c.; shou ld be F‘e"f“"“"ed)-
The reasow of w\oJ we gubivect the bigs is +he

followimep : Since € gnwd €, are v bigsed forw
"l-‘n"..f- Tfnl;

€ = e.l onbio ted -+ L'.G‘S J € = ez. unIL:'q fed

wegns thst € € T € yupiqsed T 2unbiased
Sivce € +€, inclodes ¢ double bLigs owe
, J
_g]\oou be SULHO, C+€¢‘..

| 3 . ‘Pos'-‘-ho\(uugli‘z-e +he vesv (¢ if

+2x=bigs.
bigs O,mounJ'

ueceSquj .

i

Heve 4he follow'm obsevvy Lioms qve iw ?le. ce

The vesuliiv Sf‘(ocl\-’t{‘ of 4he frgctions (5 =fixf2
wiU l-"€ Q, ﬁvﬁg

This ‘€3 cov (d Le €cthey oﬁ fthe ,Fﬂ\’"-f .fs.':-l)‘-"""'

CG‘IVEQJJ uovwgti?el) or of {-—l"le..eofuq' {37 e O\ X-00 %
(no+ novwglizcd bud h‘r“t‘ﬂg a"’{g one (65""'"3’ 36\"‘0).
OES‘EV‘W {-hg{- (ﬁ%)mf“l -'-‘(f" “'€"')ufn N <F1)"“l“' o ((t)"'c'w

- ( 100”‘0) % (._(oa-.-o) = «0J00-:0 . |n ether wovds
4he swgllest possible ?roiuc‘ of fractions will hgve Ohf] owe
liqim‘{ ’j—cvo. Se i€ the product of the Legehions is wo -

vwglize , fos'fuovufgf:'?-g{—;m. wegms @ $-~bof (?F" sligé
' th 'Y “ " |

( € fvecho gnd ¢ c'leoremcq{-g(-ioq of the exp. bcj owe,

ctiom (ov _f:;,(,{) Sinte F| <4 qwd f-g(-i..




Ll- C“ed" 6’* C"F"“e"‘{' °"'f‘ end €+p- UV\Je\ff(ouJ @_ﬁ
l\fl FLP WUH-{f[ng‘H"“ ec thev oue o{ exp ovf ov exp.

U“‘le";("w Cgw  OCCVY.

FLP mvu Hifl:’ cgfiow -ﬁo”ow.

Some C%qwfle; own
E“Ozu«gle L Cousidex the ?o ”owiw‘f fewe f{qg{-;yav Fm'n{- wuw bees

£ Sz €2 2

i S, €

Ag: ol 1010 100l ] A, v [titen 1110
|

I

|

Cowpole Az =Asxhz - All fractions should be cowideced

“b\’wgli%ecl gnd 9” e+poucm‘5 Bt’gJeJ-

Soludion = The ;;f?n off the rro‘[uc{— (s 53 =S, @S- =L-
The prodvct of fhe fractions Ty
Preav F : Tvyewce .!"\ng +he \rt;fl,{- weos t

(.uoot)x(.nuo) - .lotutonto

£-bit pevt we gef produck «f fegcbions = -lOll.l(. !
- . = < .

Also € e, — bigs = josn —& <= 2"¢ "Q-3),° Lte e

53, €3
1ol 1ot

observe fhet

So +the fvocluc.(— o A3= [T_j

the €‘(9¢‘“0w LS uorug{.‘q.p_j ;é
uegded. Neo €¢p- ev_r v OHP v

wo PeS Lo rueg {ize Lonw (&
df(. eccuved.

: S €1
E‘Mm—f\e 2 ¢ Consider twe €LP nuwbees A=(-4) x fax?
and A= (—.l)sz.c £z % 252 Wit wowg lized f—’vgc{-io“; &
ownd e‘z gvd 11--[:(."" (u’qseJ ewpouer.,f-; €, ::(uol)z_ awnd

| €. = (t11e), . De gou expect fo hgve gn expouent
- ovevflow or evpouent undexflow &5 9 resoli of the
M"H“FUC} tiow opexs tion Agx A“z? The f\'OJuc-‘ Shev Id
be co“s‘?sh.hj °f g moVig lized Fvyc@:’on sud bigted

t*fﬂ ue\n-{- .
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e.l""el - L'.q's "g wo ro}l‘uovw}i{?g'h‘ou\ 1S h((ej_;gwj‘)u)’n;}e
it will be €+ €y — bies — 4 ES PO_S-{-uovu.._fft'?s fiou s
ueede d . 'BU.L el_-,-(l(ot)?_ :03.1 ) & :‘(]HDZ:(!'—()JO
and biaeg = 2_3-:8 . Also 4he c[Ju_fw.'c venge of Y- bk
bissed exps < | [_'o |S]o Co ) i_(’ fof'l‘uovwg(l'?gf—;'ou (S wef

"“?Ec(eé\/ the E\‘-F‘Jweu{- o¢ fhe Fvo&un‘ will be e t6€y —brgg
S 13414 —~8 = 19 > 15 which wegns thgf ah exp. ovf

will occovr. 1w +he cyse 4bs+ postuevaglizgtion is |
uee ded 'H"'f e‘r‘f. OF (—he ?\-oJuc'l‘ waill LQ et‘l'ez"'éf-.‘a’.! -~
Z13414-8~1 = 18215 (aptin exp: ovf occuvs).

Sofukion : The erpowewt of the preducd will be

Exquple 3 - Repeg{' exguple 2 bot . now [et the
biaged expouents be €= (on), and € =(unel), .
Selution : l-{J wo fu-(-uo\fwglc'z—gh'ou (S ueteﬂfj_) the |

‘\’YOcLuc-%. exfoueu+ will be € +€y —biggs =11 +13~F

T 2H-2=|€>1S anud 4n exp- ovf occuvs. However,

g 'ﬁ?"’J‘“‘YWf“?‘S{""’H is ueeded , the expaueu(- of the
vodvet will be e +ez ~biag —( = (1 +13-8— (= 1£elo15]
awd (v 4his (gse uectlev av erp. o-v;( ov @wt €¥pP un.ﬁ{.

occexs.

_E_?_“.wfle H: 126[‘934' Ex-c‘w(?le 2 with bigsed espoweds

l:ec‘.ns €, -'-“(lolﬂ)z gnd €, = Q@Of)_a_ .

Solution : 1f wo postnovwgliagtion s necessevy, +he
desived evp (s € +€y—biag = lo4q-g= il €lo 157,
34 POS‘FUO\’W$(I.3'§'{'{°H 15 ueeded the desived ewp. (5
€ teq —bias =1 = lo49~8-1 = 1060 (5], So iu +his
Csse we uever hgve e<p 'ou.f ov €4, uudf.




Exawple 5 'RcFefH- e;n&u-r‘?le‘ 2 with biased expoueuts Leins
elz(oolo)z an d €z=(ooll)z-

Solution: Heve eqte, ~bins= 243-8 =~ 30 (exp wndfl-)
omd e e, —biag —4 = —4Le° (exr. und?{). So fov the
daig ot exaqu.ple 5, exp. undfl- will ‘s(w9‘jf°ccuv'- .

-_Flool-s-fwg ?odw'f- :Ds'\n'sfov)

! - The ?roblem beve is J.eft.'wecl a5 p,“ow;. Ceonsidev -{Qé;a

i Biquj FLP nuwbeys : the dividend Ai::(-—.!)slxﬁlxzi
ond the divisev A :(*i)sz’xfzxze" wheve 5§ and S,
ave the sipw bets of Ay and A2 £ and fz t+hecy
n-bit unsipned novwg“'}ei .?\'a.cfl'on; agnd € and €,
theiv - bik expoments which ave consideved o be <n

biased fovm . We ave (nlevested in cowputing the ;uvh‘en-}
ﬂ‘f,: —ﬁ':‘“:(fl)ssxfg x 2% heve Sz is the sipn bel of
the ?ué{-sem‘ As £ its n-bet _uws:xnecl nevwelized
Peaction awd €3z il m-—bit biased evpoweyt.
_Obn'ous(s/ owe +ask 4—‘1?)4 has 4o tobe place is +he
division of +the dividends Ew,c-l-ro.q £ ‘,cj the divisol's
g"“lc""“’” fz iy ovder 4o 594- +he ’,004""“"(' f""’rc'h’ﬂw

§3:—%—‘2— (while we wonwt £z 4o be an n- L,g.‘ UHS.ES’heJ

viovuaglized quc-F:'on). We c.gw "‘la,ve {wo ceses with
VfS'feC‘“' fo the @VQC‘“OVIS .?_( ownd fz.

(‘:) €7 2
‘V' '\‘his C‘rse ﬁ_ -7/_1 oY f_l_:i.xx..-)(

f= N

vitl beds




So in this cate we woold evpect 4o hsJe o division @-ﬁ
ouew(c(ow Sivnce Hhe gua-lfew#)g fraction f' er’C?eJS (ke

v —bed Space. Soeh o division overflow cgh be preventfed
I’“>'-'-‘t’~-'c'\r) L’j sh'f{-fhj -l—bf_ Jiw'alehJ).s' fv‘.c'fwn -f_l LJ
ove bit +o  the rt5h+ av d Lv;cfeu.«eu\(-m‘r i ts exroweuf-

€, 53 ove . This is celled G.I:Sumew{- of dévidend ",

A-“ev G‘I\juweu‘- +h€ dc“'c{ehd AJ becou.-ces
A= (-1 B BT (recsll Hhgh @ Lobok wipld sb el
3

‘lm?\iej. divisioy b ) We wdll +hew ?Nfﬂ"” the
Ja\“sioh .?3 = éé P byJe( ,‘,o Je-!- -I-f-\eruo-}-.fu-l- F(g(.
2. Led)s now chow +het £l i o novis(ized

— o WH X -
b=t

-
5ince e; 1S hovwsg lt.Zei
50 '?_l- = «O1 - X - Sf\occ f-z s nonufh'zed +hen

fz‘:__ R VI Olova'ouslj _'E_"_<f.z which iwr“ff

-
‘
£
(a]
+-.
0
AY

gé/z {4 C ov 'e_l_._g_z; s fvgc{{ow). A'So) Since
Et7/ (2 -l'hew %?/‘L ° f—L—}z “7/,-':_— (‘-J"u'c'ﬂ

wegng Lthed ?1/7- X nov wg |/ 2ed )

2

Se fhe ovecsll covic lusiou lqefc ‘¢ the £ l’ﬁ f;.?fz
‘we ?i«'s{— qlc’Sv; dhe dividend. Then +he division of
the fvaction of the q[a’_fhed dé¢vidend "J the fooctioy
of the divisev will vedoru o wnovwgslized frection sud
F°54‘“°wa|izs{-io« will yot be veeded.
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(LL)' £ L ke

‘Vl this case -El—- < 4 (OV ?f_’_. N FY?C'("OW)- Le"'jf Lo
2 2
p Yove thet f'_ 15 glgo wovwslized. Obsevve +thet

£n
_'E_‘_ _ <'€l!w.'v; - elo0 0O — ._Ié’ S L
£ )miw - (g.z)m” TR - T2

-T")l_f wegh s -‘H‘TS{' &“J -E-- ?-% ex q"'J 'f.’. 1§ LoVewp-
. z

iz ed.
So the . conclvsion heve is fhe f if -?{ €L fhen

-L < ‘E,l_ (l . (o\’ uo‘{myll’z-ecf -ﬁ’gc’h’m«)&n& Fas-‘uovu‘f__-

_\i'z-sh'om (s _uoi- weeded.

wshes b clesv +hst +he
(viSionn $Qve the

The obove ffcseu{—g-fi’ov;
skeps imvolved iw ¢ g(.,,{u-v.(g peint d
ﬁouowius’ :
| 1. Detevwine +the .SI'LfVl OF {he f'uv‘l'l'fn-f-

v ave of {he seme

. CIe‘lﬂtlJ ]f Aiv\'dehd 3V|J divise
S\'Sw dhen $-he grogh'ev,.f- s ?oga

So again $3'= S1 @S2
2. A’li(fln dividend if wecessgry (thstis if £i > f.&)

3.__91'\“'4& ?#’q:{ionsj Sy (o{-rqc.f- e*rm‘?‘*kj QJJ L‘-‘-U;

\_N\'{"; Y'eSfec{' o twe e‘sfouew{j , € —€z + bias
Skou ld  be ?ewfo(wecl. The veggom oF tw J we ueed
toadd the bigs is the Lllewinp: Since € and ey

{ive ) else b i uff"'?ve.
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qve »n LiqgeJ £o'(w elz eJUhlm'qseA. -!—qus )

€. = e?.uhbn‘qSe:L hu bigg - TLH'J ' wegns '{""3"{' €& —Ca —

eluvxl_p:qgeg + biag —€ —Bf“lS:'-"e_[U

2unbigied nb. . e’Zu'h b.

Siwce €; — €, iwc[uc‘es o Bl'qg g{— g“) +he Eu‘c,)'
gmouvut shou ld be gdded.

L(- Cl'iec{‘- fcv e*Fo'«eq{- ov?. q\«J e$f;, Uv,,jg,(f(ow__
in ELP dcvisiou beth evp.ovfs and erp vwf(s

qyve ?og;ELf( oCcuYgnces.

' S €4
Ewa(:(a 6: Consider 4wo FLP nuwbers Ap=(~L) ' xfi =2

ond ,qz:(—.t)szxfzxz.cz with nevwg (ized frqc-h‘onf
£1 qud £, owd H-bit biased ex pouey fs e, = (1019), and
ez=(i°1i)z. Do go- excfec-f to hsgve om expowew f ovevf(ow
or expouewt undeyfow a5 % vesvlt of the dcivision

9‘?€Yq+{on _.A.’“_ ? The 1‘00"'1.9"1"' Shoold be conS;‘th‘Y o¢
A,
G V\O\(\M‘gh-!.e‘] g\rgc-l'l’ov\ th L'.QSEJ ‘e""f"’"'e‘*{'-

Solufion : The Q*f"’"eq{- of {"’P-twf'ﬁem‘ will be f’l-—cz-!-l:n‘qs
s wol weeded while it witl ke

16 J:vi&end. _ ql:‘jnweul'
J(hJ L-,_S HeeJeJ.

€ +4 ~ € +bigg :'( qll:fwu-ceu'{ of devi
Obsevve ths+ e, —-€ 4bigqe = 10 -11 +&= Jelo 15]

ond € 4L ~€,tbiags = 10+L -4 +8& =8¢elo 15]. So in
this cese (cf gy.gq,,?(e g) exp- ovg ov exp. th(?(ow gy

wgNey 0 cuv,




'E*»‘ivvf'e 9: Repeqt evquwyple 6

Exqm?le 7: ﬁefes4— erwfle 6 with biaged exf?aueqt‘.f

beéwg e =(ool), @nd € =(lites), .

Solulion : Here, if vio devidend q(ffqmeu( iS ueeo(e.l}
the €$‘29ueq+ of +he ?uo-h’e-«{ will be e -e€, +bras =

= 3-12 +8§ = —1 K0 s0 awn erp wndev oy, will occor.
Howevev/ if d¢ vidend O.lifumeul- s weeded (rqj ﬁ::.lt\o_)

f2 - -lioo) the exp. of bhe puofiest will be

@+l —€; thiag = Btl-12 +& = oelo 15] and iu #h&

Cdie  Nno exp. ouf ov uhde\f{{ow ocCuvY

Eyawple 87 Repeat exguple 6 with bigged expouexts Ee{nf

e_‘:(uto)z gwd e-z_:r(ooOI)Z.
Colodiont [€ no dividend sliguumen
will be € —€z +bigg =14 -4 +& = 21 >15 (so exp ovfoccw.f),
(£ Jdividend glffw«eq{- s weeded the Situstiou s €ven '
gince € +l— € tblag= 22 (e*f-? euf)

wity bigsed e-.cl:voueq(j L.e;‘-..f

f is weeleld +he exp. 0€$uv~!.

worse

e, =C1ott), ewd ez—'-’(OlO")z .
Solotion : Heve ¢ -€ tbigs = lI-4 +& 515 ele 5] (sé exp. is

safe if dividend aliguucent wot weeded ). However, if divid.
qliguuent wes weeded € +! —€ tbigg =16 (which indicgtes
exp. o\rf). | |
Exquwple lo: Reges-l-,evgmgle ¢ with bigsed exp. ei:(ooot)z,

e'z.=(lil'9)z, ' |
Sofufion : Heve € ~e,+hiogs = -1 +8&~ ~5<e (e-:P'. uc.JE)
and e ti-€ tbing = —4 (still exp. vudfl) So Lov +he
dakg of {his e:&s*«fle) exp. und £ will 9|'WUS occ ov.

@£




