EE 7715 @A
) Problew 4: De?éne +he Tg?e T cowpouect +o be =

compoueut +hgt adds nine 3F-bif uksgvngJ Rum bevs
and ?Yoclvcef the ¢ v ful( Precision  Sumwg fion.

Us?nS ov»lJ T{jfe I Cowrowe«(‘f and one cPA (cqr
Profapqte qdciev> show how gou cawm consfruect on
addev copable of addiv niwe 3Bo-bol unsigned
WUMBQY‘.’ -l-o ?roiuce theiy ?u“ 'Prec(sio'v S’uw«(y:l(on_,

Solu‘l'(an :

The niwne go—Lc'G UhSl;S’hed nuw bevs gve M, Nz) -
Thév\. ‘Hoeév (u“ 'PYect'S{om Lol {io«,_

Ne »
%N; will reguéve 24 bt -?OV i‘; fofeSethltioh.
L=

(Considev gt +he wovst cafe SUHg {ion Ofs nire
zo-~bcl wow bevs (s <23°—- sz‘i = (2, —1) <(2 .(.1)_,

30 33
_ 33 _ o3 4237 -1 = %%+ - > 2 ~4).

| Each N cay be Aecowfos’ei in to fo Z—L;\Z
“blocks (ov vedix -8 c{c'fiéi) Qs
N = Nig Nig Ve, 7 Ni e N s N« N 3 N,z Mo, L Ni,o
The valve of Ne s {hen .

. o . 27 . Y . (g
NL-N¢.)¢37<Z -(—Nc,}gx?. +N(.)7 x 2

(& (
(+N(;cx.2 #NQ;—KZ
. £ .
+N(:)Lf ngz +N¢j)3x.?ﬁ+l\l5/zx264-~b4 x2” ¢ NG e.
The Qol(ow'iu(s figv\re Shows 4he ¢w pv\lS 4wd ou(pu(S °f
1he {o© 'T:'S?e T Cowpok euk. ,
3,9 Nqa Mg N M7 Neg Ny Ve Nye Nyo

tz....£3 3.-- 1% 3....4% 3.--{3 i3
Tyee T | ‘_"‘;«;eeI | Type T R 'CF’eZL~




Observe +h | @d
| sevve + 911 eqch TJ e I Co‘“fouem‘ hes e 6- bl ou(f,w,p
| Sivce  the worst case Summa {ion

. of neve 3-Lcf nowbers
(s ?ﬁ CZ’Z__J)_: 6234- .l) 623-—1) = 2_6—-1 which re}ouc‘vé; é Lc'ZS
for s vepresenlgdion | '

" The svmwmation °f the wnime Zo-bcl numbers S

) g g y
. . 27 . 24 . 2
%Nb - (LZ‘:';NL)%))(Z +(LZ:-‘NL}8)>LZ 4_(‘%([\/57)*2?4,
3 9
oo +(ZN‘/") «2’ 4 <2N°}°>:
c=| =/
3
:CA?BQ)K?‘—Z7+CA338)><'ZZL(+ <A7B7);<zzl + ....4@(3052‘
4—@080) = |
7 ® 24 3 B) zz(+ T -
:(Aqng.(—B?)xZ +(A3><’L +B‘?>¥32 +(A7>c'z,+ - )%
4 --- +<AJ )c‘2,34—B,) * 2> .(..(A-o"z' "'B"): 5 3
:<Aalx227+ Agxi“& A, vz £Ac x2¥ PR A,x234- Ao) % 2
' (8 Bo) =
)4 (Bq "221‘**'53*2”4-377&2‘—“{-'34 xz koot BrTo# ‘J |
= <Av‘ A8A7 Ag AyA«(A:;Az. A’J Ao) X 234— (B? 833786 Bj‘Bqu Bz BIBO).
= Aq A8 A7 AC AgALr A_;A?_AJ no\ooo

4 B? Bg '3736‘85 ‘B‘T %3’32 Bl Bo
AYAgA-]--.A(Ao cooB B& 37-" Bz'BJ
30

\L 30 —'Lc.(' c PA

ré x x xe ®
ZoXzq2g 8

[

————
34 - b %NL

ezl




Lt

?YOL\GM Z: De?éwe the TJ?Q I Cowro«en"' {o Le Q @A
Couepon ;
govewt dhgt adds 32 2-bt unsi d

’ sieve nem b
Preduces Hheiv Coll Precision SUWWg-\L‘i{h- USCw; e:.:lyahd
'T;] pe T Cowfoueq('f ond CPA¢ (cqvva 'Fra?‘?g)gl-e gdder;)
5‘70\» (wow Jou oy cmns-lvud— Gw qJJev Ca,?a,l;(e of gqddin
Z2 _Lo—Lc(— vwg{fhecl nuvwbevs +o ?voduce thel s fu(( J

Preécision Suwrug Liov.
Selufion © Led 4ve 32 to-bit Uhségwéd nuwbers be

Ny, Nz, N3, ---, Ngz + Then thety Lull precision
z »

Soucueg tion BZN,; we(l Ye;uive (s bk CW s
=

'(CYYQSewl'g{’i'ov\, (e(,gevqe thet the worsl cgse sOwng Feon

° 32 loiké(- \'\.UWLQYS R 32 % Z(O--I) = zg*é(o—-() =
:anu\\xDOOOO)z) .
Eqé\) N ceom be Jecow'\wSeJ inte

) Cov vedix -4 d.:giér) e |
N¢= NL)Q Néjz NC)?, Ni)i Né)o wheve esqch NZ)J (S &

Cov o vediv-k digih). Thevgloe o€ N

five 2.—-(:;4 L(OC(‘._C

2.-\>€(— n,w«Lev
ts dhe
8 6 .
Ni= Nl)l()‘z +N(;)3><'2. +stx
The ?f vre LE’\UW shows dhe :,‘\-\?U('S awd °“"‘?°45 °f the

eive TJ?C T Cow?ouf\fl's.

4 SINY
ZFN(:L x 2 +N¢,4o .
) 7

V,
.L)l

Ny, 4 N3z 4 N3 N3z, 3 N2 Nsz,2 N3z, N3z o
J[z ST SR SIEEE LR STETEE T zz .}z ;'L”:.., J:{
© [Tgpe = | [Type T | [Type T ] [Tyee T | [Tyee T 7]
7 1 , A7 A7 A7 47
1% &z fz .t?- {4 fz 1'{}"— ‘fxi,z i_zt—z {F -t-z;in,(‘tz fz ‘j—z




chh laee_. Cowpoueut hes o T-Lof oufpuf Since the @d

wovsé Case .suw»vne.hon ef 32 o2-L¢t
132 (- 5 2% (2"-() = (11ooooo) .
The Summsgtion f the 32

UnsifheJ nvwbeff is

Jo-bdd nuwcbevs es

32
ZN‘: (ZN)‘I>7<Z +(ZN63>><2+ ZN¢:7.>><2?
- Py /

(Z N,_L);c?_ + Z-Nco =

=(24By C Dy) < 2° + (azB5C5 Py ) x ° + (a2 D)X d 4

+ (e B, C, m)xz " (%B Co Do) =

_<";<2 +B¢,x2 +Cq x 2 +'Dq),¢z "'(‘213 2_+B3 2 + G- 2+D3)
+(°‘z 2+BZ 2‘(+C 7_+']>) 2" + ("u 2+'B, 2+C. 2 -l-D.{) 2

+ (@02 ¢ B 2 4+ Co24Do) =

—(0:.,‘ 29+Q3 2_+q?_ 2% 4 a - 24—%) 2+(B¢{ 2+B 2+B 24—9 2+Bo)2
2+ 6P wey 24 2+Co) 2° + (D, 2 +°3 Fay 264D 24 D),
=(ay0@z0a,0 QJOQO).Z 4—(3483328(8") =3 +(C‘1C3CZC‘(°)'2 +
4 (D D3 P D Ds) . .

OL\HOUS(J the -(,ouowcncg» thvee two—oferqnd « ddctrons need
to take tla ce

6y 0 %50 @,08;040{000000 Cy C3 Cp €, Col00
+) By B B, B [B000° | +) D, Pz Do D[ Do
0000 -
xs%7xaxgqu3’xz'x(7g\ S‘O/\r\.} [T 4891 Y6 JKJQXBJ‘&K‘L\ D,
k//_\/\/\/ . ‘ A
. ¢ W
1 bids € bels 11 bl 2 bils

M~ ——~—

s bits '3 bids




®d

XgXq AKXy X3z Xp Xy Xo B |0000

b Jio 99 J8 §7 Jo I Ju 3332)9 50 Do

210 21 Zgd7 T Bs &4 €322 & %0 \J‘Z‘ Do

e e 0By B3B, By €4C3C2CCo  00D4D3D, D,
Q
0% qi:‘; 1ue | lo }Jo
q-bcd ceA | | Jo-bil cea )
q ' ' ,tcl

. IA
‘ewz“%g%.(%‘%gzqzslz?:(Za 3180 Do
W

The (S~ >N
C=t




5iane<:(—-91564—(59> AclJc“('l;On @e |

FO( -{—hés ("LO\hCJOU'l' 3: wiegns — Oc. (::9\( €)<me>|e

L means —1 : 5 meons —5 ete.

Le{- X= (,xn—_(lrz—z"'x.(%)r j Y:<J"‘"L’"J°>l"
be 4two vedix—r 5((fn_ecl——clc‘géir Csp) YlUm.Lev-_g)-
(+his meons num bevrs with .Sl;fh.ecl cldfc',k),
L the presentatcion below w; ndicetes
+he ln~(—€r§um€édq+€ S0 ot Cown clc;lpé’l‘ of

éjro\(fe C {:L indicates +he CQVYJ—-CW {o

/
Steage ¢, €ty indicates the cmwgﬁ°”+ of
) S'lfolge C wL,_L(e St (s +he .ﬁ_’na\( Summq-l—doh
digidt. |

The \Dvocec\uve ()ov sionz,eA—-Aéth .Q‘Adc'%c'ovx
€o(\¢w5: :

. Qqnge of we )‘ (UCGE(UMC“_ u]qu]

@ 0 if WiinXityi < Wmax
b = 92 xitye > Wmax
T f oi+ye < Wmin
w{, = Xt fo— ¥ {—‘C-H. )'C-Hn.és opere tcon Ln‘,,ygs
Xitgc m the corvect range 5 v= vodc ),
‘%% Note Lhe

of xc)a(;;+ both bl and We are functions







e T P S R

R A —

A moloﬂ:ro; 6D Adder




@e

, EXOt.vrz_ (ei: G‘L _ _
?__ ven  X=125¢
Y:GSZZ veodix VZ.LO)_

l(:)a(,)S(, 6%6)5} Lf) 0--'/ L{) 5)6?) vPeY'(O\f'WI
+he siSned—d¢'<§’5+ addction Gz X+Y.

Solotion: Heve w;e$T, T, .-y 4,5

Douh(ﬁ ckeckz ‘l-o Gee 'H"%“’
X=(125¢€ ) = 1000 +200 —50= = 104y

\(:(6 S2 73 )10 = Gooo-\-goo;-,p_o—g: 6477

and §= (2T 24 =10000—2,000—400+F 204
= J624  which s X+tY.




(e
E)‘o\m?le 27 Geiven X:.stg—z‘q)g) \{:Cj'j:z’s%)
Youd ix r=8/ Dcc'/gc'j .Sc:e'%g) H)--<) 9)5})
Pexfoxm  fhe 6D sobbracheon GEX-Y

Solution : Hexe w(:e%ﬂ—)f) - 3}q}/-
Also —Y= 322 3.

L LT T |k
2534 |
22 2 3 |
| »'"—_g"‘i—”g’i/w&:1¢+gd-—‘rxééﬂ
279 214 \Sc‘:“’c"fté

G = A
Double check fo see thet
X=(26F § )y 2x&+5x8 ~328-1{= 1316
——-\(_-_‘@22—3—)8: 3%834-2%82—2%8*3:\6’-15

2
omd §6=192 2 21 :8q~2><83—2>'~8 +2x®+1 =296/

w by ey 1S X_Y’




, (e
Conver+én(j Qrom conven+£bnql vadix — Y

+o 5\<§ne3—- dépet (5D) vodime —r Sy § tems

o conveational vadix —¢ Cunsxned——dc’(j’é-‘—)
Vlu‘mloe\f/' Ckeve DLCGCO ‘('—.L_]>- Con\ler"'

X"\n‘\'O oC .Si(fh,ecl-'ééji'\' num]pev= with 5\;S°\n,ec\
digits belomping ko +he 5D seb [ o,
SNOlu'(-éoYLZ

@ 2=yt

Then dhe convejrtec) X s the n;JMLe\r

Z = Zay Znrn "t 21 20 wheve +he d{fl(:! 2;
oxe <§>£\1eh L,a @




e
Exomple 1 Let X be e rqdéx—ié Cdeﬁiwwgo
h‘-’m—‘)e‘f whe‘(e ><:<0678>10 . Con\le‘("{" X
nto o B(CS’nQA—AC(fi‘l‘ iom ber with 5icfvzecl
cligijrs ‘OQ\O\QJQWS to the 56#{—6_—)—5;--')5)6_?.
éo(U'l—COV\-:

}

o yoL 4 £
X =067 8|x
071“:—5'5: o= %t T €eyg
= A 32712, = Y+ b

h

Check to tee fhed Z-(1Z322)
{000 -300-20—-2 =678




EE 7715 @ ¢

Mu\%\?(ievs bosed on siréng property
(Booth wultipliers) *

5-\-an coperty * OL4f.---41410 -_
— S Q ? —\;l j_OOO”"OOTO w‘r\_ere 1’:"‘-‘1

o Exa,méndnj two bete f\rom-mqu{:((ev éeuj‘
?ev_govmfn(s’ one—}+ kd;(-rl— 51-,1(-(-5

Moltiplier bits

e

00 Sicng, o |
’ ?”?e““'g valve = 0 =p oxw\ul-lif(fcqncl/i""':'(‘

!rédph{-s(,,‘{(.
oy Steing T

value =4 =p L xmobiphicand /47 bt it

10 5'1«5,@5 @2 |

IR shring

Q |
value =0 =» 0 xmu “(F“anc‘/;‘n?éi

*DQF('OLL(s onn. the 5e?uen+(q\ Boolh q(éam‘\t&m
Cor Signed C2’s comPlemeh'l') wmo [+iphca fion
| (exqmimng two Lifs at o +c’m€) axe offeved

v Lk ‘ '
\,(J.;:(;Sf{-i?j’}s howndout entitled " Fiyed Poindt




’ Exq_wnm.ng three bidg .fvom u ng(\ev ?\?\A
FQV‘gmr\Mlh_a 2 b+ \rc;H'F shi f"’S /

MUHif"'\ev bede

)

OOO,chng a d l
u v vb
voalue=0=p o xmultiplicond ri}H Se(n'_e-l.
ooxsm | ‘
= 1= ix\nwlh?l\amg/clovb(e V‘LJL'}
&AL hi _f}-
040 ’—_& @ = A ( d douvble
shing =2-1=1=p { xmoHiplican / it sbif]
Oi{ —»
=2 =p ZXW)\)H'l? \(_o\hA/clOULQ VJH-
sheing i £4
) {00 — @ ool
= —2=F— Z.XW)U“'\F(\(_QVLA/ }‘Z* ;L .f-l-
1014 54vcn&@’ doub |
. :—-:L-::p——j_xmul‘(-\(:(ica‘hc]/s“if{’C
110 L‘Lna,!'
{ d uLle
=—1=>— — 4 xwmu i fl\cmni/ OH sif)

111 $+Vl,ha
Oz—-bOXthHzf(\co\ncl/d“’"(e "‘J‘ﬁ'

X Detoalls on 4he 5e1uen+¢q( version @ +his
o;(govd-km Cexqmcnahg +hvee bits qf o (-cme)
axe offeved in the € 3755 handou+

Qh-t '\-lecl . eri( Pownl- MuHﬂPlICQ‘('lOVL .

)




@ ¢

bede grom vnuH-\p(\ev (-’\elJ)
PC_\*_€0‘(W)\\Q§ 3-bit WSH- shi fis.

Mqu?(iev Lets

oooosm? 3-
Vct\ue_,o:"# OXVV)U('*(fl\CQ\V\.A/ hi 5‘" :(J+

slvin
0001}
ey

OOlOM! —b ot
2)—4= 1:»1xmu(¥\9|cqn4/3 ‘

vepht sLi€.
coty ¥, (otorx

ol 3-bid
) Z2=p2xwm ?(1c0\nel/n5k+$l’f4

0io0 "‘M"‘ q
_Q_ 2 =» QxMuH(Fl\cth/z !"{+

01_0_1 m@’
“L4-2+ti= 3=PZxW>uH1PIlcth —LC"L

e.+c | - L +

-
-

) .EXQVY).L‘,YLLVLS gu\r

X De-l—od. on +he $e<;u€h+50\l vevsion °¢ 46 ‘g
0\,\3om+km (QXOLVYHVIIWS ,qour Lits et a ‘(-the)

oee ??ered in the EE 3755 hLawndout
o oenditled U Fied Poind Molbiplication”




)

e \n gene\roc\) i£ m bits ave examned @g
feom  the wultiplier field ond (\m—i)—-bc"{'
rdngr shif4s e Fe‘rfomﬁclj then +he
WwPr'\(D\e of +he \muH’i?\ica\hA thet has
‘o Le added Ho +he ?our-}écu\ pvoduct

Coam Lo q?ouvu\ LB ‘(tencoddng C\rec_oddwj)

CUS'MS the 5—(—\r(:w5 zp\'oPerﬂl—J> the wa—bcdt
WwH-(F({ev pattern awnd féwJ 4+he voluve of
+he (vn—j_)—_bé-(' lef'Hnos"' 'Po\v-l— of the ve-

Coded vevrgion.

EXommﬂe: Congiéev o muH(?l(fV based own the
s-¢rén5 property (Booth moltiplier). Here 8

bits are examined and T-bit w'xkﬂL SLifB'
ave tecformed. |£ the observed wvltiplier
Pattern (¢ {10141 Ol) whot s +he wmolkiple

OE +he vnuHi?\t'co\ncl +LL°U\‘ ‘n.OLs +U Le added
to the \>°LV+¢'°t\ groduvet ?

Answerf {40114 04 M’OILOOI_{I

valve = —2%1 2" 2 +1 = —17




le‘mg‘(‘« w beds
} /’\/\/\
@\'&\A 8 WW(‘\‘-‘\P(ier g\'eu A
\ | .
o@ O\QYYO{W&G«*Q w\i;bé‘(*
\engh wm bets

exowmened

|

v Hiplicomd Ereld M
w \?\co\ Ere 1

'\hi-l»(q\{'iu'\'(on: A&——MQH‘]F“CY)..

—mrmea——

M multiplicand ;

B+=— 904 ---,9¢

d «— O,

e The OL\KEV(:‘H\M :

ya
14

?evgo%m v—V%-:_S_ C—ZC(QS o 8 fouows:

. - . ',Snwe Covvy oul Of qdclc'i-(o'n.'.
(\L'>B B‘l‘\QXM)&\Q:,{unc*ign of the w Lé45>

ExXoamivned

(L) Right—shift by (m—1) biks BA, d
with Sign extension ot the (efi.

©f

/




