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Floating Teint (FLP) Avithwmetic : | nlreduction

A ﬂoﬂ.-h'nj poind number cowsichs of o fixed point (FXP)
paris ¢ o Proction £ aqud an exponent €. Then, the _ﬂogJ,;,,J
?oiql' nem ber A cghn be E%fffﬂedl G S '

pz £ 0er® o A= (£,€)
| - wheve _ o
] gf -Fﬂc-l-lovl Of 14 (f 1§ -FY%C"'I'ﬂhgl oV g;— « KR X)
| e = QY-Fone,n.l— of A
= rodix vsed Cf‘“v decimyl qvithmetic r‘:ioj' fbr

\a‘mgg =2 elc.r).

Question: WHJ vse §loadin fo;fq# a;ra'l-‘nme-l-c'c?
Answer: Becquse with [logtin polnt systems we gy fet

higher dynamic r‘;n‘res fhgn the omes we J’e{- with ﬁc‘x.ed
poin b SJL"GMS.

Multiple FLP represen dgdions of q huwber

A wnumbevr cgw hgve mgn Jiffe“.,,{. ELP "'ft'"ﬂen‘l'gl-ian;_
fFov exgmfle consider Jectmgl v ih wedic C\’: ..lo)j Shen _-“,Q
. gol\owing Show Siwm Jlf?evenl— regveSenl-H—ao..,; "f Fhe Some
number A:
A= .0000068421x1032
A= .oo0068 42|10 xX4°
Az » 0006842100 x_Lo‘to
A=z .006PL2[000 X1°
A= 0684210000 X 1074
Az .€842l000 o0 X 10
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Obvious‘:j
s The freckion c3n be shifled " qli‘r.'.l- posi fiong to +he
lefd and simu MHgngously the vilve of +he exponent should be
decvemented LJ " _l?." wikhoul Chthf"j the vglve of the humler

o R _ | |
» The E\’“l‘-"’*"’“ Cqn be shifled " k“clt"fil- Posi"'f‘?hj fo the

| rishl- gwd ::‘mull-qnewsfj +he vglve of +he e,cponenl S hould

be incremended l;J "{a“ without c":‘;hjinf the velve of Jhe

humbev.

| Novwmglized FLP numbeds

i A £|°°1‘I'i‘1 ‘Pﬁn-(' number is cg“ecl norms$ lized 'lf +he

| diptk mmdighely do the vipht of the vpdix point in its
'.EYQC.'HOVI i "7°"’(L€\"’.

FO\( kingv O.vf-!-"wdel'ic CF:Z)) g VioYmg§ ll'ZeJ hquer wi“
heve ¢ ?Y‘LC‘HM Df t+he ﬁorm' _ﬁ:.i S JEERP SN |

'I__w +he re_mg(nin we will gCs ume thf\’J q'rt“l("\meh‘( (\«-:ZJ
ognd mmsll’%ed nUWLers,

Dyngmic Ranye
CoVISiJe{ dhe Eqnoming Lihy\rj FLP .eermg,]_;

; -A: [5 < 4‘_’ j —— OLViboSl\‘r A:_“S‘_.fxz_ee
R VW I W ¥ A s:C'--.‘I.) K,?vr-‘z. .
wi-bik ] :
Sigvned €¥p. - bit U""S'_fheel
(‘L’E cou.rt. Wovmgli‘}e&
SJSLUSQJ). -?‘“}cl'ion
L"’SiSn L;L of L " om bev _{:55‘0 ; ﬂic"'ivﬁ

s=t nejg{-i ve
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Problem : COMF0+€ the Danqmic Ramge Pov o f‘oq-{-fnj
fof.n+ Sgs-('e.m bmSEJ on +he lainﬂ_'r -fOY‘M&'I' .Skov:un on
the previovs ?qae_ Cm,--lpi(— 5igv.e¢{ exFOneh-f-J' h-bet .
unsigv\ecl novmae il 2ed quc#:on . _

Angwer: Since -the Lrochion is Qor:h:‘t.?ecl) the range

of the fraction is o0-5<£f<£1-2
Since the ewro\‘)e\n"' 1S eh m-bi'l' Sié’.he
COu.cflew(eH{‘ :Jstem osed fo repYesen Finf
its range is

{ nomber (2’;
.S'a;fned nu-.uLev,r)
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P reec 2 -1

X & d i ranpe S

the pusitive FLP dgnamic TTEnL
0-5%2 < A £ (1-—2 )K 2 |

while +he wegqtive FLP dJna,m.'c rﬂmj’e lsm

3 w4 -2

-(.L-?:h)xQ,z -4 < A £ —-0:5 X2
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Ex&waf\e ¢ Com?u'l-e +he 'Dgnqmu‘c R"""J’é fov 4 .floqr{-m;
?oi,ﬂ'{’ _ng-(-em, bosed own the 32—!:5.{' Bihﬂ,\;} FLP ﬁvrwg{'

5‘!0“’“ belou_p :

VS'\l e 7 1

Sigw TN
AT Gl R e
( ZSUC;:I_" stsl-em) |
Angwer: Since g\fc,c,-f-_.'on
rﬂmze ts O‘5é-ﬁ.§; {—-2
Si\oce ert{?oheul— i$ S’-—Lil-_.s‘ffhe
© vompe 1S _olie g -4 ev

Thus 4he For'c"l-ive cl;mqnu'c ra.h{r_e s

put v ~23 Y\ 127
i exa g At (-2 ZJ

while +he nepgtive dyngmic range S
‘ osei™ |

ic 23 bits norwg[t"z-edj s
-23

J (2’5 cauoP,. SJ:‘- USG’J) il-s‘
—128 4% €K% 127,

g |

Y*(i*z_”)xz'”s AT -0 X2

Compave the o hove dynemic ranpe with the renpe of
o F2-bit Gixed point system.

Le.hsl-"n of P ction and IEthHv o‘f
ey Yy

eyraueﬂ—

dictq Les +he pre—

‘ v The lewgdh o of the .f\“al(."c'cn :
Cigion ©f fhe system. The layper ‘''n' becowes , the
icl, we cqn vepresent FLP

\axjev the precision ‘U whic

nowbey s becowes. .
e The len5+k T of 4he e)cfoqecd- dicle tes +the size of
Yhe dyngmic vanfe The lq?:v "m' becowes , the

lqvper the dyngmic  vonge cowes.




FLP formads @cl

There ove nuomevows .?[007-(—{“ ?oin!'.forh«gl'.‘}o ‘DI'Ffé’"eH"
wmanu 6 cfurers use di(’feven - fovwgts. The standgrds pro-
?tfsecl by the |EEE fox single precision gwd dosb e pre-
CiSiow FLP .forwg'l's &QYée sfr,ou.w\ L.elouu: F

wb ks 23 bit
E \' & £ { angle precisiey
1y bids 52 bits forust
bi4
™ Lle
5 e- "g i-e‘::.'sien
forwgt.

Biased exponents
When gidivg or sobbractive twe ?loq{'l’nX '{’05\7-/- nuu.LeV_f)
theiv expoueuts mus £ be cowrpgved and wgde € ug')
YeSoHin v a ghif4 o?evq‘l—;"" oy ouwe of the fractions.
14 (s broww +hst ‘L s easiexr o cowpave vnsigne
nowbevrs velher +hew S‘!'Jhed. v ovder 4o take ququq‘fc

og t+he O&WQ Qchc) +he ef{’aue\_«{-s cgY be covwen(ecl {o

unsigned L; qdcling o posé tive constgnt wngmed Vhies.
This way  the gqctogl o unbigsed expowent becowes

. bigsed . )
Fc.:v w~ bé-" sifwecl e:‘-foueu(-s (25 cowrl-.('jr.l"e'« uce d

fovr rvepreseuting su;fnecl huu-cLe.v,s) +he vanpe of the

tvue ov uwbigged e x poneut

=4 wm-L
T2 E Comses £ 2 |

Te -(-vochsla,{-e the e#?onen{'s into uns:‘;ned nuuaLe\r-J

we ?c\*fovm
€liased = €onbiaged T ln'_qu

wheve +he bias qmovnt U
m~-4L

biag :2
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The vange °¢ +he }_:u‘a.sec[ expohe'n-(' now 1S
o ‘éebt‘e,;ecl -<.. Zw,"‘iJ

RQ?YQSG\Q'!'G,-]-(OV\ of_ Fhe f[oq-’-fn’c Fozn-(— 2eye

Tl'){ve .Ca,va be \Mq\nx .g[oe,l-{wg 'Poéwl‘ Yo \"CF?C_"E*\{'{I";‘ﬂH_{
(cbserve +hgl avwy Sloghing poinf powbey witt f=0

hngqglue of 'Z-CV"). This wsgy «° hgve @ nan-unffve
(o Unt’YUf peve YEPYe—

zevo refve;ch{-g {ow. Howevevx,

Sentgtion is ,qleJs desived.
A unigue cLP zeve s a FLP? now bey weFh Sigm

bet 5:0} qudfov. ,E =0 | Gnd exfoweq{- e = _Sufg“e.c-F

Pposs ¢ ble evﬂfoweuL l£ Ihe ewPouecu ts aqve bf:’;fed thew

(ebia,;e,gl)m:h- =0 . As & cesvlt of fhs if w€ vie
4he unigue cLP zZeve covre.spo_wls

biaged expoueuts
bo fhe  nuwber with 5'3'0) f:o) e-o ov

. {
\_o_\lomuo\oo---oo
s e ' f
T he aqbove re?vesen-l-a,-h'oy. of zevo S 4he .fq.uu.' [cev
' ixed point systews 3ud

o_( zeve iwn
of wloJ Ln‘q_gecl'e\c‘:o«eul_s qve

vegresen t g tien
+his iy gneother YeisSOW
?vcfevccl.

Note * 1£ @ £loa
+o \?voduce Q \re_r;uH-
©  elc] 4hen the vesult Should be

A

Uhiciue (o\’ {"\’Ue) zevxo. |
Note: The biesed exﬁﬂnenf' is :I_Oi the QC{'Ugl ov
went 4o erv*ﬁ_’ the dth mic
ov ft.'vul +he

“"5 .‘foinml o?erq+£°h is.e;cpec'led

of 2evo Clitze A-'A)' 0O X :4)‘
forced {o +he

 tvoe ey pouent I£ gou
r%‘ge of o ﬂoq{-"n‘g Pocn']' SJS‘"‘e‘W\
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Valve of « ﬁ’lo%Jr"“J’ Point nuwbev, +hen the
) J
+Yu€ (UY\ (>I¢|$€ d) ey_roueq{— _gf-,w“ Le used .,

EXwa'le <: C_o wsidev +he .fo nowiwg (?( oq{-:'ng f’oc’n{- huw bev
A: \OJ\-IDH 1Liio | whece s exPoqem[— e 1§ ¢wy
s € £ |

bicsed fox'm. Fcwd +he vilve "f the nuwber A
= ('0“)7_:@1‘)_” . Simce fthe

Selution 1 Heve €hiased .
ouu" ts

ewcpoufu’r [e«:“n s mz=4 ch‘S/ +he bigs 4™
bigs = Zm“‘ = 2°=8 . Thvs €uue”™ Conbiased ~ ,
= €hiased —bigs = 1-8=3. The velue of A new ¥

| A =+(. ll\lO);c 2?’ = —!—(ill.lo)z = (7'5)“,

Question: How can we ferfmrm an additfion eov
sublvection be fweewn {wo -f(oa.-[-i hcr Poc!n'l- nuvucbers !

A'ﬂswf\": Consic‘e\' two Linqrj ELP nuwbers

' 51 €1 52, 262 l d'

| A-l: (-—1) ,tflxz Omcl Az=(—i) )‘fz * 24 . In er ev
to perfoxm omv add (don ev gubbraction be bweew At

and A , theiv exponents must be mgqde ef”‘*-“

1 SU"‘POSC +hq'l4 €l>ez ond Svppose e_L-ez::k. T hewn

i i} ceemns | ke thot we cgn ﬁo“ow one of +the .ﬁ:“ow‘:hcr

two e pproaches: o

4. Try to wefe the two exPone-ﬂs Cﬁugf jo +he sugller
expovient €. This would megn +hgi we would hgve
to SL\{fF +he ?\rqchﬂh COYYfSrO\qclt:h fo the IQ\TE\"
e‘ﬁPoueu'l' ?1 kR bt locg tions $o +he |e€+ so
"""'ﬂ' Dy becowes AL= (~1)54 x -F;xzez'(wbere
B2 vesolt of shifdimg Gk bit locadons o
the |¢€+). This approach relies on [efb shifts qud
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thic way we wmight [ose +the wmogt :'Lf"‘.f‘.cg"'*
bits of +he leftZshifled Praction . We will never
fo“ow {his G.P{?\’Oc.clv '

OR
2. 'r‘fg 4o weobe +he fwo e:e.powcnﬂg etuq

€¥P0nfh+ €y . This would meen H,gt we

to SLff{- .gz k be b locg+t'0h5 4o +he l"‘:f""* se

thot Az becowes Az-:(—.t)szx -f’z,‘r-ze'l (wl-:efe.

5. ¥2'= vesult of Shif{-iwg £, Rk bet [ocq dions 4o the

| Y'ijh-\'). This approach relies on rc’cfh-l- shiffs and +hu
wWaeole we micfh“' ow | 'fo,{e +he legsd sf;m‘ffcgwf bifs Of
the Eraction 1o be rt’-fh!--sfoif\‘ecl- we will qlwirs
follow Fhis o ppvoe ch.

S, +he comclusion U thet Legafe I’e"f""““"’j gn gdd i tiom

ov subkbvgchion between oo log finp point “nuw bers 4hely

e%f’ohleu f¢ wmust be mede c?ugl. {0

| o the [evper
uJoU‘d "IQU-E’

bhe lgqvpev ex ponent-.

Ovefflows awd Uhdev?(gws _
A fraction ovevllow is defined {o

o Fraoction overflow *
be +he situgliom wheve the vesultin froction €xceeds

1ts n-bid frqc’l‘ionq‘ srqce ( le+ +4he wgul4~inf
/
Leaqcdion 5 de Xt > |

The ?vqc('ton qvevglow i covreclghble ;,3 '_.”_“-@l,;ﬂg
+he ouerelowecl resvld owe lu.'t fo the ri:h{- aw 4

';\qc,\fcmeh-l-{ng +he Q*‘?Ohfh'[‘ ba one. _
. FV&C‘{-EOn unJ,e_vFlowz A ‘F\’qc{-l'Oh undevf-’low is Jefcned

{o be the loss of YigH' wos+ bids °f 9 %rn,c-h'ow as q
vesvlt of o rfgh{v shiff opevstion.




J§ the exponent of +he resull(®d

* Exponent ovexflow
the

of sowe K.\oo,-l-ing point opevation 1s [avper thew
Mo muw o fl owable ex\aonen-F vglue | we +hen hgove aw
exponent overflow. M such o cqse the FLP processor

!% will sel an eycf'ov?enl- overﬂow g[a,g,
. Ey.f’one'n-l' vndecflow i | The exponent of Fhe resu(t 'of.
|
|

Some ﬂoqh’n Toinl- ofe'rq:l-t'ovx is Smallev +hay +he

mMinimum
C%Ponen+ unclevflo'-*’-
gloq‘hhg Poin-l- Offf‘i""."'ﬂ 1 ovced Jo

+he um’iue ZeYo.

allowable exponent value, we then hove an
In this case +he vesult of Lhe
Lecoweleﬁug{ {o




