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. Birz,a,rg HulHFlicaﬁom

ln the muHiPlica‘{'iOW o heve
Lwo wnumbevs X O{)/'LA Y3 )(i;, cq_Hec:[
the MUIJF;lP“CQ{_.VLCJJ Yis called the
MU\HFUEF ond yow eure {n+e,res+€cl in
computing their Frodchr P where P
' P:X‘J‘?- As yow alremdg lcaywu.}) 301.(,
can @@ wmoltiply fwe numbers 1w de-
cimal bg Q,clcl{ng a list a\‘_) 5h'1€+€d
moltiplicands computed according to
the digits of the wmultiplier

The same +echigue can be applied o
ga{— e product of fwo unsigned binary
nombers. Here, ey obhim{mg the shified
wabiigh o licocnds is very easy
ln bin because +he ovzf PossfHe
valves ﬂi?-l—ke wuldiplier bits are O

and L. An ﬂi%b-nPle -?c:llbwb ov the next

Page.




E)ﬁctﬂm[.ﬂg_* Per?orm +he uweign.ed @

binQFy muH—ip,[a&Hon with mquFh'CQnJ

>(-—_- 1011, =1%o avnd VﬂuH{Fh'gi" Y:,{_Lf:’lg:
S 13_10

Answev e | will Eirst show +he vnqu(D{I"-'

cation |n decimal. |+ 16

14 muHIPHg;Qn,&
x L3 VY]UH‘iP{per‘
1.13; shidted muHiF{!’co{_nc{e
iLfB PmdUC‘{’

il wow chaw 1L 1w L;[nm/’y

{o1L muH-ipHcomJ
x Alodl wultiplier

{odl 4
D{]‘DG ¥ ' .
shifted Lpi
b agfi"  shifted mEU

{oeol 11/ Prﬂduc-l—:i‘{;g_;o

An easier way O.E doing the ocbove g
Shown on the neyd page
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{ott mUlHP“c&mi
x Lol wultiplier

______—-—-—-

101 1L
+ o090
oi10o1 L
+ foll
11011 L
s 1oLl
H —
4000l 1% 4 F?‘Oduc-l-—-f‘[ﬁu-

Note ¢ When we multiply an n=bit unsgnea/

nomber by an m-bit unsigned number, ther
product r€$uir€5 at most v+ biks »Por“ 115
represeatetion.

Jus—\- Gee Hhat the maYimum vadue Gﬁ o
n—bi+ un&igned number (s znmi_ whi{e
the maxivum velve of an m—bit vrsigned
nwumbev {6 2" 4. Go the wmaximum value
of the praduct of an n-bit bg on wm—bit
Urﬁbigne& nowm ber s @vz——i) CZM—-_D =

— i’L-\-W’;ﬂ zm—-zn—‘r-i # 2%+m“i '

Joust observe +hat Lhe waximum valve
°f an (nvm)—bit onsigned nuUmber Is
Q.h+m_i,



'Mﬁf HZ we want fo ”’?UH[PIY &I'C?w.ﬁ‘d binar
ngmb&rb We Can do this Using Hee unsigne
bin% mu'Hfl{cc&{On o5 \%Howsr Pﬁr-gﬂm the
U*’thgnﬂd vnul IFII'EcH'lOVL Oﬁ +he mqgm-}-udes af
the +wo numbers ond wake +he product po-
Sitive ie multiplicand and mu liplier have
the sawme f;fgn.) otherwise make +he F"'T-’JW*
:ﬁ§¢+ilve 1 m{iH-fP.lfcacn& ond wmultiplier

avVe dufferent Lighs. | cedure 15
verarecoffevzien-l— L égr +haj;hi§5ng§ Tmag i tude
Systev. However, this procedure is vot very
cConvenient }gﬂr LThe +woks —complemert sgs—
5tew bea,u,se here we wm'ghﬂ- have o
Ob"'ﬂbinw@s—camglemeﬁ' f?-]g m
Qe e\ther +he mul+iPh'¢:amd or the mul-
Jri?lier or both and tomehwmes obtain +he
twos—complement of +he product. T hese
ave wwontrvig| operations.

A‘ d[r&:{— UJQ_é( CL? wv[-{-[Plg]'yL {gm,a_ I«'LVMLE?VS
e the +we’s —complement sy e follows:?

. B{na,l"}/ Hulh'plicqu{on {?OF 'fw;??s—-cample-_-_

—> Go {0 next page.
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T—he Frocedur& %or mul%iplyinﬁ two bina—
ry wumbers ln the +o’s —comp ement o
fewm 9 similar to +he one —(QGT mu(%IP{flﬂg
um{gned numbers €xcept?

i Each S;[a,'i?-l—ecl MUH—iPIfcmﬁf must be
5E3n~ex+en,decl 50 ik velve is P*’ES*‘-’W@U@’J&
caid that jn Hondout# 2 }see bottom of
page 16 of HondoutH 2

2 . The shifted mu[-l-iP]{C@ﬂA +hat corresponds
to the sign bit of +he muldiplier must be
neqgate Cg-{—{, -[-wojﬁ-—cc::mﬂemen‘l' W)UML be
C’.lo ned) before i+ iy added +o +he par-
tial product This is due to +he Lact

-Hmﬂr v the +woks ~complement syst+em +the
;3: IEH— has a negative waiﬁh-l—j (see
Evvma. owv Pa.ge L5 GJ? avdovt 2_).
A example of my(kiplying | :
th B
CGMPlﬂmE’.Q—l— 385{-@1«3*} _go[\rl’ou.}gs 5 e +uj :
_E‘XQWLP[@.: Perform +he s1gned two’ —covnplement
bieary moltiplication with moltplicand

X=14010,= =650 and mul+iplier Y=40L15=
-~ -—-5_1_9 .

Answer: On neyt puge —




@

10410 vnuH-{ph'cmfz,J
Y 1oLl wmultiplier

‘__l 11010 5191 extended muH-i'P!l'CQMJ cagisic
L i1iodlo 5&??&*4 and sign extended moltiplLy

104410
+ 0 © 000

 EEREEN shiblel and negated multplicand

+ o4 10 =
gl oo 1111 © product = 0014110, = +3%0
N e

product

ignarc 1kis

cayry ovt
Nofe : Ao you see Prom +the above, the canmy
0Ut Lrom the [%'{'H-ep CtHhe |ast addition
J mem@ must Le ignDrEcL.

s Co deg
r_r}'b'e. BCD CGCI'E".'____

BCD stands -Eo?" ?ivz.ﬂc,rg Coded Deci-

m . T(’bl5 CGdE [5 Q.LE;O CQ“EC{ 842—1
Weighted code. The BCD code encodes +he

decimal di&Hﬁ 0—9 with +heir um:}gn&l




@

\Dina,ry reprebmhjn'ms 0000, — 1001 .

lihe -Eolloujing table shows the correspondence
betweern +he +en decimal dl'gt'{-s and their

BCD represen +ations

T

Decimal digit | BCD(842D) |
i O Qo000
L cool
5 0010 B
3 goll
- 0100
Ra 5 0 104 A
4 0110
| o 111
B 1ooo
9 {1004 |

_'\l{.)_‘,f_:_ The code words 1010 'f—krough 1151
are wotf ysed.

Note : (n the BCD code, +he weights of the
BCD bits are 8,4,2 and 1 amf%—h[s 15
L"h'{a‘ the code i olso called 8421 code
.{\L“L'[:‘i: You can Place wo BCD digits in one
8-bit byte. This is called Pﬂccied*BCD re—



P‘r’”&E)ER{‘Q{’f{?%' TM& wig) one bg%e will
represent the valves from 0 to 99 a5 opposed
+0 0 -!-o 255 —\Qor Q. vl un&:gned Smbf+ bi'?lﬁ.‘_l’}’
H.Umbev’?

Note: To repreaemL o 5igned BeD number JFoEE
need @ sign digit |o the 103 complement
55{5+€m 0000 ndicates +he ?Ius ,5151@ while

100 {ndicates the minus sighn-

¢ BCD Addiition
BED addition is similav +o Uﬂﬁgﬁfd b+

binaury &cdcliJrlon) except that @ corection 15
requived ¥ +he vesult exceeds 1001, = Y0-
The correct result js obtoined by adding

0110, =61 - bome eyaumples follow

Evample: Pecform in BCD the additior 6+8
Answer:

6 O {10
+_§3_ + 1looo
‘4 11409 correclion needed
4 0440
fjoloo
] . s

L 4  « resuld 15 14



EXQmFlei'Per orim v BCD +lze add(tion @

5+3
Answer:
2, oNok Bl
315 +-§j%k no corvection needed
: < result 15 6

_E)fa,m?\wperfum i BCD +he addition 949

Answer !

C[ L0l
+ 1001 .
"i_q 1—0—5]’3‘%_ Cgrrec+|DVl Hfﬁc[fid
18 + oLdo
11000,
-I e il
1 8 *'E—-—-‘(_E.SU[‘IL 15 18

e hGT!’“'OL,j CGJE

A Gr@g code 15 o code bena_@’ éei/uf%c@
LU']’[-I—LI-{—{QE ?WF€F+>' +hat only one bit
Changes Letween each pair of conse-
CUtIVE code words.

A 3-‘:>H- Gr&g code (s 5[q.uwn (o the
+&H€ on, +he L’L{X-}- P&.ge.



Decimal | Binary
Gra
Numbf_l’ Code Cﬂcleg ‘
| o) 0 00 000
4 ool 001
2 ola oil
3 o 11 olo
‘1 100 110
5 o1 | 114
6 110 | Lot
i B A
] | 111 JL_’_J;_’Wd__J
A w +he oboVve 'l'ﬂbl'e
B 1Y can oce .ﬁrm. ach paivr e

0“\7 one bit changes between € -
consecutive code worcls-givz. +he Cj’fgdiﬂ;-
For ex le, the codes For 0 an \Ffer
only imﬂ)ﬂird bit and the C‘:’_dﬁ for 2
and 4 Jiffer only in Tne Lirk bt

N”"‘e: A G]I’Qg code 15 u.{?'[fn used when +F‘Qn-—
5(ﬁ.+in3 an ﬁtn&_lﬂg Q‘UQn'}'f'f'}’ into dig ital
Lorm.” ln this case, a small chonge e +he
analo q,u&.n‘f-i-[-y wi ll cha(,nje only one

bit ia +he code, which gives more reliable

igzgqi'fz {’Eﬁh‘*fe"’: (¥ {wo oF wmove bits choc-



W

« How {0 congtruct @ Gray Code

Just follow +he $ollowing .simpl; vules:

{. A {-bLit Gr‘a,g code has +wo code worcf-':)
0O and 1.

3 Tlhe 1Q[rs-l- 2" code words of an Cn-ri)-éf‘{-

Gr&,{ code e?,uq.l +he code words o.f an
n—bit &my Code} writlen v order with

G lef-hcl[ng 2Er0 Q.FPEPLAEJ- ;
3. The |ast 2" code words of an (n+-bit
Graug code eriuq,l +he code u.::c::rds of an
n—bit Groy code, written n reverse
order with o leading one OLPPEVLJecl-

J will now show gout how +o can.s{-mm‘-
& 5-bit Gray cede- Gee below.

EE..L'-‘LM‘{" Grq,;[ Cu&g

appevnd O _
F“ 0 009, order
g 2. —b i+
oLty E ln revere G
it | —»405 order ray code

—> Gro to next page —»
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@ — 00|
i Q_”'Gll.
1§
{l

|n Urder

- G PPEnd O ——-?OOGE
W

3-bi4

==L 18 3 .
(\ S S llgm reverse G""Ly code

© 25010

1 =54 01 ( order
L <=4 a0

-[\—}Eiﬁ..i The above procedure Lor cunﬁ—w:h'naq
0L Gﬂrmg code (5 recursive -

e Hore oKL Coc{ﬁ’.fa

» The 2421 Code

For the 2421 code the weights used are
25952 and { rf.sfec:{-ivety- For exquv{e. dec(—
Ma| 6 can be F&Frﬁ’.sen+€c[ i the 2421 co—

de as 1100. Just see that Lx2+1¥4+ox2+
oxt=6. Decima| § can be rePreseu+eJ 7
+he 2421 code as {ilLl.Just see +hat
I¥2+1ix4+4x2+4+1x1=9.

. hn interesting property of the 2420 code
15 that [+ |s 5§|$-cnmp{~emen+ing- This meqns
that the code word for Lhe 94 comﬂemem’-

GZE %y digit can be obta; ed b
Ting the i"fi”iduml bits of Che digif> complemen-

s code we rd.



A table with the decimal digits 2 @
Hrough 9 & and their representations in +he

2.42 code will be Prwicfﬁc( loter The self-
CUMF]emenﬂ-{ng prope Hy nf the 2421 code will
be demonstrated then.

e The Excess—3 Code

r—_ﬂr ‘H’LE excess — 4 C,DCLE Jrl’z_fi C.ﬂc[eiujurcl ﬁar
each decimal digit is +he corrﬁéf’ﬂnﬁi“ﬁ BCD ce=
de warcl F{u‘g, 001.12:3_{,@- T"LI'S code C'Hzé :
Y Cess— 3 z:ocL{:’.) 11‘5 q,lba Q_ 5e[\9—wccrmfaleh4€.n+m§
CG(:I€.+ qu_lf) CDdE’. ‘?fﬂ-cls QFF[ECQ‘{-{'GVLS 1'V?_ kafl'ﬁ%
which i wifl 5{—0&5( v EE 27309. A lable
with the decimel chgH-g, 9, -’r!q.rougk. q aund
Their V‘?Frﬁﬁﬂm{'@&(o%s (2 the excess — 3 code

will be provided loter The self—complement

_P'_UFE*"I'Y D{Q +his code will be demg%+rq+eJ?
+hewn.

-jhe Zﬁou-l-ﬂof—g Code ‘

The Z—DUJ-HDE——Q code 15 o 5—bit code- This
code has +he property that exﬂLc-l—ly 2 out of

‘H—:,e 5 bik are L 1907' every vali{ code combina-
‘{'{UF’L; The code I"LQ.S %Eﬁut er‘ror—ckﬁc{aiag Fram
P€r+l€5 because. t.F .O(,VLg one D.E ‘H’LE bi+ i e

gle . com bivnaltion L4 c.hq_nged due 40 a




VVLB(J.EU#’LC"‘{OH DE +he logic civeu +he numb
{1 bik 5 wno Iovz-ger eéqdiy{:ffﬂh) erof

The fable below ghows Lhe decimal digits 0
Jrkrough c{ and +Hhelr rePre‘senhﬁ'ﬂns i Lhe

242L code, +he excess—3 code and +he 2-out-
ﬂ£“5 code.

o [ *
Der_zlmcd 2421 |Excess—3 2 -ouf-0f-5
Digit | Cede | Code | Ceode

o) ©000 | oodidl oaoLl
T oool | oi00 oolol
00i0 | oi01L 00110
3 ooiL | oflo 0lool
- o100 | oiil 0L0L0
5 1011 | Looo 0LLo0
¢ 1100 | yo004 {0001
1 {iol | joio joolo \
8 (1110 | tois 10100

i f

J will oW demonskate the 5el€—¢omp[emen+ih-3
Property of the 2421 code.

~— Go 4o next page —>




Take the code word LL1L whick r‘epr‘e&en{-j@
the decimal digit 4. Cowmplement the bits of
L1111, You 3&? 0000. This ref?v‘eaeszrs +he deci—
e | digi'{- 0. Observe +hat Q5j—c0mglemen+9f‘?:
= 05 CJust see that Lo=1-9=9-97%
Blale Lhe code word 1110 which reFresew:l-s
the decime| dllg-t‘l' g . Cempl'emen"‘ the bits
ﬂf@ 1110 Youl get oool. This ’t”ﬁ’,P"'13’5»*‘3*"“-+5
the decimal digi+ L. Observe that 95— com-—
plement of £= 15 ( Just see that to'~L-8=§3L).
Take +he code word 1011 which represents
the decimal ciigH- 5. Complement the bits of
Lof1. You get 0100. This vepresents +the

decimal digit 4. Observe that 95— comp|e~
men+t 5_'?5: 9-5=4.
You can do the rest 10;; 3ouv:se[%.

J will now demonstrate +he se[f—complementi
pProperty of the excess—3 code. E -

;‘,,:2’5‘9 The cole word 1100 which represents
€Cimq| d?l'{‘ 1. Complement the bits of

{1i00. .
J 0. Obserye +hat qu:-"- cOvmp|
-0 mplementof g =



Take the code word 1010 whi
the decima| ¢ nick repNe

§it T- Complement the bits of

1010. You Ee.{- 0104. This vepresents +he de—
C'.Vmﬁ(,[ digi 2 . OLserve -l—h.q_-[» a[f—compfﬂ*ﬂﬁrz.f‘
bt — 9% 7-—2.

You can do +he rest bg &(oursehgs.

e Chavracter Codes

Many applications oFf computers requive the
Procesgiw.jPE{Z dn.{'l:.nw h[ftq, contoing nu?mbe%) le-l—l-evsJ
C havacters and other &gWLb”{fr ln order 4o +ran-

Smit such gq|phanvmeric deta to and &rom «

C'—"MPU']'EI" wotk or store it irz,-{-errm.l(g in G Com-—
puter, each 6;“1-50[ mus + be represerﬁxf:& bé{ a

binq,rg code. Owne common &lphmnumeﬁc code
15 +he ASCIT code. ASCII stands for
American Standard Code for [nforme tion

lm‘erc,hmge_._ T he ASCIT code is a J—bit

cade) 50 _27:_1_28 d[.ﬁ.)?erem{ code combinations
ave aveilable To represent |eHers, numbers; and
other 5gm|¢;g[5.

A ‘Jﬂrg small Portion. of +he ASCIT cole i shown
o neyd

I Rage. J do not provide the entire code
A gways diflicol} 4o memeriae




C havracter| ASCIT Code j
| o 0410000
o0liL000L

\ oliloolo®

1
2.
o olLooid
ﬁ oiloioo
5 oLioiol

e |
Space| 0400000

=k 0 fooold

= oLlilo}

\ oiitiid

[

']
e T

A 1 Ooooo L
B m—

1 Looood

{loo ol

e &

H | LooLooo
¢
l

liolioo
T —————

+ti£ s lower ™) i 1101t

PR

, @ @ | ioo0oo0o0 l

i . *
The word Helld' i represented in ASCIT as Lollows »
100i000 31j00i01 110 1ic00 1101100 4101111

® - ®
H e { | g




