


a~ilsarrn~%xuu6Qaan~iiJ~iju~~'l~ud~~~ (combinational) W%LLUU~LF~UL%U~ 
( q u e n w )  ~ ~ ~ s w n m l ~ n u d x n a u ~ o ~ f ~ a r s n ~ d ~ i n ' y n  tu a w ~ ~ m i  q qnirmrunlao~ls~ 

d l r  iJinnni?~ds:nu~iJg~uaad~u~n~ao~d6~udndauyndanau~~~~u ~~nr6-1~Gunis 
d 6 lunssu~uni~%a~niuqnn"ufi~n'Qu ~~i~d~n~w~iloai i$udaunaiu41 (mduap 

~ l u d a d  (binary cell)) n ' l d l ~ h ~ 6 ~  L ~ W R S S ~  W I ~ ~ ~ Y ~ J ~ ~ U L ~ U ~ ~ ' ~ ~ ~ ~ ~ I J ~ ~ Y J ~ L L ~ ~ :  

noiu:aa~$udqunqiu41 ~ao~nniu:aad~uhuna1~41~~uf i~n '~u~ad~u~nn 'au  
~i[i$u n d i q h u n ~ d i i a a ~ a i n ' y n a a v r ~ ~ s ~ r n q ~  8uynililgCu SuyduaA 
~~n:w~ftnss~aa~~ails6a~~n1i~~laon'16u nman~iu~nun:nmu::niu'bu 

Combinational 
Logic 1 :  

Qemnl Model of a 
Cornblr~tional Lq ic  
Circuit, 



6.2 flFZfl3MfllF66flllflfl 
Design Procedure 

nisaanrruu~~~sslsznds:fiuriu~inilryni n a : ~ u & u ~ ~ ~ s n s s n ~ i a y , ~ Z u  
d U d l  

~~n'qu$a;3:~i'ldfi%~a~i3s~l'ald turnoumsaanuuuun~u 

1. dlu¶YqM-llcL+illl 
2. A~izrwi&u?utii?~rds6uyn n~azrnm'ynd6adnis 

5 uu 3. riinunF7ryKnwml~nu dia~~doZuw,n~~a: ~ain'yn 
4. ~ i u u o l i + l ~ ~ i ~ ~ 5 ~ ~ ~ ~ ~ f i n ~ ~ ~ ~ u ~ y u w ' ~ d s : ~ < i ~ ~ u y ~ ~ ~ n ~ ~ a i n ' y ~  
5. Yiiy,n~u~~n'~uhnh~~Sl'n:~~i7n'~n1~~iua'u 
6 .  a5~~~wumwolssn 
~aifiyduni+l~miul?di]ii3iC;i o nia 1 dinh~~dnmrn~:~s:nu~a~~uw,~' 

d c r  d d ~ g u i l k  au'i~~siioliuaisiui~fibli?:~s::nu~a~~uynd~dLfima'~ a ~ ~ d u u a d d d  
f iu l i l6~ LEI J 

6.3 a ~ ~ ~ ~ ~ n l a w  
Adder 

Ri~aanauB?~olain'i~iuwai,u q atiia~du~6unisdsruanwnQa~n n d ~ l u  
u  At: n u i n n ~ n a i u ~ ~ a n i z 6 i ~ ~ u n i s ~ ~ ~ n f i i 6 ~ ~ 6 ~ ~ r i n i ~ ~ ~ n  nisnv ~f.iu6u nisu?nLna 

piunaa2Ondnn'n4+iata O + O = O .  o + i = i .  i + o = i  ~ ~ n : i + i = i o  3Q11snlii 
u d  t: d wawn (sum) ~au~aayuf iaa  1 OW d i~%uan  4 u u u r a ~ ? & ~  (augend) ~~n:G-v?n 

d.d" 
(addend) dlJ&il L ~ U  1 wnu?n?:$ z d l l  finnuuudiniytj~nii liun<i6?nm (carry) 

h n n ~ : ~ d u ? n ~ ~ i h ~ d i ? ~ ~ ~ ~ n : d i ? u ~ n d d u ' u d i 6 q ~ ~ n < i ~ m ~ d  ?assdz:fiud~vii 
nisu?nLnagiufiaauuin 2 ( k d d  i dn h u m  1 fin) h n i i  ?aazu?nda (half- 

adder) ? J F ~ ~ J V ~ ~ L R V ~ U ~ ~ O J  3 fkl ( ? ?  un:hnnriaun&$u) t%n<i?Jl7 
~ ? n  L&U (full-adder) ~ O ? 4 1 ~ ? n f l t J ~  OP:Y ~ffidijl  ? ~~l ' i~ I f ind  2 ? J l ~ f i 1 ~ 1 ~ ~ ~ ? ~ ~ ~ ~ 6  

lIua~i3manriu 1 2 ~ ~ 5  
/ 

maru lnn i l  
~ l i n c i i o ~ u i u a a ~ ~ a s m n n : J  mwu<i?aszd8aiaanis 2 Buvn rLn: 2 ~airiyn 

6+-~~~dsZiuynBahA i ~ a s h u ~ n  hud.rmin'yn8ownu?n i~n:G?nn 
r i i ~ u n 8 q ~ n ~ & ~ o ~ G a ~ ~ 1 ] s ~ u y ~ ~ m u ~ M "  X, y ~udi?~~lm:hu?noliafii6u ua:% s, 
c Buwnu?n~~a:G?nnoliun'i6~ ~Oufii~~rlslo14qn 

PH 428 165 



i)rduiihnm~gu o t lmiudo8uydu i 6.d ua: s fiu ~mufin~udi6~li iau~qm 
'plil~wau3n 

U"ul~n'$udamlll~~&7di~s"~ ~ a i ~ y n & H ~ ~ ~ ~ i f n d i u o i l n u i ~ 6 ~ m u ~ . i ~  
nnmmtn?iui)k lu~l~~~uwnu?rmo.rwnqmar~6 

S = x'y + xy' 

C = xy 

(a) s = xy' + x'y 
' 

(b) s = (x + y) ( x ' +  y') 
C = xy C = xy 

(c) s = (c + x'y')' 
c = xy 

(d) s = (X + y) (x' + y') 
c = (x' + y-)' 

(e) s = x + y 
C = xy 

F] 6.2 W P S W ) ~ ~ ~ . I ~ ~ ~ ~ ~ I ~ ~ ~ Q ~ L L Y U ~ ~ Q  7 



s = (x + y) ( x ' +  y') 

C = xy 

;II 6.2 (c) L ~ N ~ I ~ A P ~ Q ~ ~ ~ L L u u w ~ Y ~ ~ ~ o ~ w ~ ~ ~ P I ~ P  s ~inmimdnai~~lf~iia 
S = x'y + xy' 

&6alndn;d~ - w aaq x on: y F I O W Y ~ ~ W U ~ P I ~ P  s 4% Bnj~a~nu4aaa x LLR: y $4 

iA~6Qu~flu 
S' = xy + x'y' 

t: 
LLgi  C = xy  6Puu 

s = (C + x'y ')" 

~II 6.2 (d) ~mld~n~m~~aaclauanTiU c pdBi 
C = xy = (x '  + y')' 

JII 6.2 ( e )  ' ~ i l u a ~ ~ ~ ~ a n n $ ~ d J # ~ i n 4 f i ~ a A - 0 0  1unisjwr~1.r dm: dudahkii mrii 
sass: 2 a~~sui~hPa~~~~?nd~rh~~rnan~#d& 

aaqrnan ~gu  ~ f l u a a ~ ~ g l ~ ~ n d ~ r ~ s l ~ ~ v i i n i r n a n ~ ~ ~ u  ~nyfifim dwfu ma7piuna~ 
3 Buyn aaqshs:nau&au 3 8uvjn nLaa 2 rain'yn T~IMU~C X. y L ~ ~ U ~ ~ L L L I ~ B U ~ ~  

$ $ a  
Aa~ab  un:huansnudi6u an: z ~~u6~~~i?a~s3uyn~n5anu~~~na~awm~ui1in 

d p l ~  d A V  
~ L L M ~ U U ~ F ~ ~ ~ & ~ I ~ ~ O U M ~ I ~ " M  m~dyniililuwnma~ii 2 ~uanawmnnmmniimm 
aa3iuna.s 3 fin iinu6~1n o OP 3 bdraqiuna~ 2 L L ~ :  3 (LGUY L ~ P I ~ I U ~ Y )  ii 2 

I C  s LLR: c L ~ U  wi~ywAawa~)n~~~:~nmmi~si16~ s $~6x~dsjpunama~taifivp 
i I ~ f i n d i i ~ i o ~ ~ i i a u i ~ m a a d w n u q n  c 8aCawmaaaro$yn onw~naiu~ l i~ ra~ 
~xnsuandu rflu6~: 



_I__ 

z Z 

S = x'y'z + x'yz' + xy'z' + xyz C = x y + x z + y z  

ad 6.3 ~ ~ w ~ ~ L L ~ w ~ M % ? ~ Q s L ] ? ~ L ~ ~  

C G  d ~aifiyn c ira: s ciiuiduuluniiua~wrwcwanm~ ~iiuaiuiwudn:nic 
ds:nau6?i?uh.kyn 3 h s dad I ~ d ? @ l ~ l & ~ a 6 ~ ~ ~ n ' % ~ d i ~ d  

S = x'y'z + x'yz' + xy'z' + xyz 

C = xy + yz + zx 

~ J R ~ J ? J ? ' s ~ & ~ ~ I J  6.4 



s = z @ ( x O ~ )  
= z'  (xy' + x'y) + z (xy' + x'y)' 
= z'  (xy' + x'y) + z (xy + x'y') 
= zy'z' + x'yz' + xyz + x'y'z 

C = z (xy' + x'y) + xy 
= xy'z + x'yz + xy 
= (xy'z + xyz) 4- (x'yz + xyz) + xy 
= xz iY' + y) + yz (x' + x) + xy 
= xy + yz + zx 

6.4 aso>aulav 
Subtractor 

ni.inu~nayiudaa 2 ~ I ~ ~ ~ ~ I ~ ~ s I Y ~ I ~ ~ ~ ~ # ~ ~ ~ w ~ u I U ~ ~ ~ L I  ndida udnc 
di~ndMunauw6uru4 ii6~riildu.mfiuh6~ 8cnonrduduund 2 ~iamsnu 
inagiwda&fi8$13~lda5~u7 k i l~ l f i f l l l  (subtrahend) ~dalIa~n~nndl)64 (minuend) ' 

c r w  t : v  d e i w  ii7wunmraqncuauniiAnu Laiini.~Bu 1 ~in~r innuuudi i i~q~n4i ia~n 'a ld  1 A 
~ d r .  u qnm~dd6qzqnriild k d n ~ n u u u d i ~ ~ ~ n i i ~ m u 8 ~ ~ i t ~ ~ i u d a ~ d ~ w a a n u i  L ~ M  

iain'~naa~~rur (stage)' ~ui i ih inaf i~  i i ~ : d ~ ~ d ~ ~ u 8 ~ ~ n d d n ~ ~ ~ n . 1 i n " a ~ d  1493 
A 

F I U ~ ~ J ' ~ J ~ S ~ U ~ ~ S J  (half-subtractor) ( ~ 1 ~ 7 4 9 3 ~ l l I i 6 ~  (full-subtractor) 



1. 
198JaUfllS 

'4 cr 
~ J ~ ~ S R U R U  ~du-~il'iw~'ind5::fi~8da~ ~ ~ a ~ ~ u n i l . ~  2 On (di?~& I On. 67nu 

.% 
I On) Iw"~0 l~nLf i~~nn lJ  (difference) hn:fi!,U (borrow) 6lLfiplnl'i!U11~ 
riinum x  an:: y  fiu~7$d~~~::67!~~1~616u ~iifiilimi x-y fia~01~7ofiaupii x  : y 

6~Imiiauinpnii 61 x r y ~::!6n'n(lnisnu 3 t i i o  o-o = o. 1-0 = I un:: I- I = o 
61 x  < y  16ningnisnutd 4 An o- I &ii~CIu&drniiu i ilinOn~;lniicield I dvo 

pad 1 d iiuuilmusrni~~~u 2 ~?nLh-h676~ LL~uLGIL~-J~~~Ius::uu ~aajiusu fi tsrilsircii mu 
A 4 ,  

l o  u7n~i16uniYnanaGhh do6a&~gu 2 wnnuosi3u 2-1 = I ~ilmun~dsr z ~014vy 
WawnnuIMqjGnd D 8 n  B ddw5n8uryruyiunnd~u~3uni'i~~~~ 

'4 d "  a 
lGOnn"d.$-h I qnrn!u!d sl1sl~mi~~i~din%7~il'iu~nn'i~srm~u 

;nfiu$~6~udiniu ~ a i ~ ~ n & n a ~ ~ 6 s r i o i n 0 1 i s l ~ n ~ i , ~ i l ~ ~ ~ 1 o ~ ~ ~ i l ' i n ~ n " s . ~  : 

D = x'y + xy' 

B = x ' y  , 

r i id5mdi  D ibfidic~du~8u?~Tus Iu?~snnnn"sd 

aaelauidu 
' A d  

7;lilsau ~ 4 u  du~~~'ia~~n~'i::n~8\~viini.iau 2 OM L L R : : ~ ~ ~ o ~ F ~ ~ u J ~ . J  I daiil 
9ni~~m~Ondu'uhniyofi~4~ ?m& 3 iuyn un:: 2 rai~qn 
riinunIC x. y. r 3uhb ~ R u  U A Y ~ ~ ~ , U L $ I ~ , U ~ ~ ~ ~  D LLRL B L ~ U W A ~ U  L L ~ :  8 ~ 4 , ~  
ann (3u~oiM'yn) onndn7iuil9~ ~ ~ i m + m ~ + a ' i t i  ~ ~ n r n ~ i i ~ i d d i ~  

, 



d A da x = 0, y = 0, z = I rnk~aaCu 1 .;3indnnq4nii 94vi11f1 B = i uazuqn 2 
t: G d 

~iirilr x 64uu.sd67ii X-y-z = 2-0-1 = 1 uuna D = 1 
d at.4 t: ma x = o ua:: yz = 11 ~ m & . m a ~ a a n ~ s ~  i11G B = 1 ~ ~ a z  x = 2 "~l6ii 

d w A 
x = 1 LLR: yz = 01 L V ~  x-y-z = 1-0-1 = 0 94YimI$ B = 0 LLa: D = 0 

- - 
z z 

D = x'y'z + x'yz + xy'z' + xyz B = x'y + x'z + yz 



~ a a n q ~ y n ~ u ~ ~ ~ ~ u ~ n u n i % ' u a i ~ W w ~ ~ q ~  6.6 u6q s:I6q&tuuad~airiyn 
lusdriuuwnuqnua~wnqmiia 

D = x'y'z + x'yz' + xy'z' + xyz 

B = x'y + x'z + yz 

6.5 3SQIPl3flLLPlfl"UOdlfd 
Parallel Binary Adder 



6.6 2901Qflllflfl6UOd1Od 
Parallel Binary Subtractor 

6~16na'ida"lin"?i1 i~iai.sw'i~qndw"r3unaawG iuum"un"auqn ihn'yfiw?~ 16 
wan'wf ifJunimu mr ' L h K n n i s 6 ~ i & t ~ ~ ~ ~ ~ a u  ~aa~buuauiu~du 

hnn r ~ i i i i d i k  
1 

A X  c 
qln$ 6.8 b'Tll'8 1's complement U I ~ ? U ~ W ~ ~ R U L ~ T L L U ¶ J P I M I ~  l ~ V l ~ b d ~ f l 1 3 ~ 1 ~  

baaquisl 4 CW Q:: iGu<-~ ~~'1'l+a~q5uan b g i ~  4 dia luviiua~ i ~ u a f i u i n n i a u  bar 
B a  d u  

piuaa~iiuu~uiu&u~ununn~i]~n~~~~1~~1~a"nn13d~$b.a"l6 



6.7 ?qorooarH'nuna~wn~flpdOl'ata"u 7 d 3 ~  
Seven - Segment Decoder 

qdnlddieanafilnu'liiwn~~f r8udi?~nujiuaud~ain'~n4~~'il%iiu61l6 
viui ~du~n4a~riiuqruEdnnsa~n6 una6banlancn'iwai mmu$ncsdiman 
AajrnuIu~m4a.~Gaai~d wfiol~ai6ynr~umnum 1 r~u o O I L ~ U ~ U L ~ ~ I U ~ U ~ L ~ I  
i i u r t i? in~m~a~~o~~d id~ f imf  ul6aeii~lf 

~u6~~ui:nudi~%nisa%~ol"3 ~nu3lu3usinE~AnnsnanA nn:udn:inmunna4it 
'Ii~guEas: ~jiu~muniniiliil~in:~mA~s:naur~u~~u~~~aajiu~ua~i~Bu~ii~~ui:~u 

& c d  riuudnrdi? ~aaiis:l&imwaaa~ausiuC ~d 6.9 (a) uamoimw~r~mnai~ds:nau t4u 

~mupuhndnr& &L~slrhhdlrnnl~~wn dtb~~&Ln917 &U (sevensegment display) 

.FJ 6.9 (b) n~manisa~spiura~nni~r~s~~auua~Sm6a:aii~ (0") ~daIi"G~najiuau 

.sinma o ii~ 9 



(a) Arrangement of Vertical a d  Nbritontel Bars Needed to Produce 
the Decimal Digits Zero T'l'trough Nine. The Bars are Referled to 
as "Segments," and are Laballad 'a' Through '8'. 

Decimal Digit Appearance Segments On 

8 1-1 -1 a,b,c.d,f,g 
m 

tb) Variour Cambinationr of "On" Segments 
Give tho Appeaf~ce of Decimal Digits. 



$a~sini~ria:*ru (segment) rmaaniwLLandwa (display) nl~mEvjld&~9u;ns: 
ilryMirmwms~iI~iiin~a~armjiOd8u8u i~anna~~umsa~iiIW"ijliilAm~d~Iu~iuau~aiarm 
y(iuaa~rmuin7 dn ~io~d~~aadnlu~arm~iuao~daonna"a~n"u~i~a:dau~fJ~:naufiu 
~4uiasjiu8u irn::dijiuna~diin~~dfiu aonnb~iiunniu:uaahuddaiid mjiu 

i;i6a~n'nssd~imu~~da:dau8~w"us"n"u~ii~~~~~o~O~rma~iasly(iunaouuin7 On~ilu 
(a, b, c,  d ,  e ,  f ,  g) -, (B7. B6, B5, B4, El3, B2, B , )  

hfi? R i n d  6.5 BYLiRRd LaYIjlUdDd 7 d ~ d  L V l ~ l ~ f l ~ n i (  ~'11?(61$W" 0 LLWUF/~U!~LI 

(off) im:: I ~inudaundaii~ (on) 

The relationship between decimal digits, "on" segments, 
and the corresponding seven digit binary numbers. 
. -- - - - - - - 

Deciniol Srgnrenfs Seven Digit 
Digit On Binorjj Number 

0 o b c d e f -  
1 - b c - - - -  
2 a b - d e - g  
3 a b c d - - g  
4 - b c - - f g  
5 o - c d - f g  
6 a - c d e f  g  
7 O ~ C - - - -  

8 a b c d e f g  
9 o b c d - f g  

i~Miiarmyiu~a~ 7 d~~~uisnii~~u~armjiu~u'bui~a&rmadb~~a:~au~d~:naun'u 
i?u~arm~iu8u~dmu admdiaamslil~jiuao~~i41uauOnfiou 7 dnunu~arm~iulu 
qin o da 9 ku~~wi:iauyiu~adruln 4 dn 4d.~:$ania:ds:au 16 ania: ddlnn~fiu 
wati?u4ii-~:~~num~~iu8~ln"a l o  6 2 6 ~  ~ n a a n ~ ~ u u ~ n ~ o ~ i n 6 ~ ~ e n d l C ~ e i r i q n  
ifiu6a inmr6asCn3ulq 

(1) nan::I4aayiuaoaruin 7 idurns~-~~viil~~iimnisiianawa ~ ~ u ~ h ~ ~ i u 3 u  
Q"lja1B.j 

( 2 )  nas~dsGnicuriiaagiu3u&au~arm~iuaadfiau 7 On dafJs:ntinaapau 
6i~1aaIds~%~i%a$ (processor) iiFi?d1~1fu~ai~qwnas~ps"eiiuaa~~nans5~ (decoder) 

'LCnaiuifiuia~giu~u~~o~inn~~~~~uiarmgiu8u 7 dau i1wu 
~nedausauali?~::i~unisi~u~un.j~uaui~di~iu~aslgiuaa~i~uaufiaudn 



njdur;"aena.uuid%anamsMlnl;irilutna 7 dqu ~ i ; a i jn~ iu i i ~8uGed~~a in '~n  
~nmawnrilu~nayuiu 9 6.10 (a) ~~mrn~~8~dw"ud~::~i~sw"a BCD 4Gnriueayunaa 
7 On &~nGaamsIunisl~~~amawa~4~6~~a~1~1fa3u 7 k u  cnkam-na~snsmds~~u 

6 u d 
~ ~ ~ ~ ~ 1 E l L ~ l I l ~ ~  (multiple-output comhinafhnnl logic circuit) L W ~ ~ ~ Y L L ~ F I . I L F I P ~ I U C ~ ~ J  

4 O Y ~ I L ~ U L F I Y  7 On qassih.anamjTd 6.10 (b) m~:nantruuq~~1sms'in~~i::a~~d 

Decimal Four-Digit Seven-Segmmt 
Digit Binary Code Code 

0 0000 1111110 
1 0001 01 10000 
2 0010 1101101 
3 001 1 1111001 
4 01 00 0110011 
5 0101 101 1011 
6 01 10 1011111 
7 0111 1110000 
8 1000 1 1 1 1 1 1 1  
8 1001 1111011 - 1010 
- 0 

101 1 0 - 1.1 00 0 
- 1101 
- 0 

1110 0 
- 1 1 1 1  0 

la) Table Relating the 
Minimal pecimal Digit 
Enwding to Seven- 
Segment Display Code. 

From Processar - --t To Display 

Four-Digit Combinational Seven-Digit 
Code Input Logic Code Output 

(b) Combinational Logic is 
Requirwd to Convert the 
Prow@or's Four-Digit 
Code tq e Seven-Segment 
dode for Display Devices. 

3d 6.10 L L ' ~ ~ J F ~ ~ ~ J ~ ? ~ N ~ N ~ " ' U ~ T ~ W ~ ~ J ~ M ' S ~  BCD 6 ~ ~ 5 1 ' 1 1 ~ 1 ~ ~ ~ ~  7 GYI (a) ~~X?Jq3Vl33fld3gZI~ 

i s z u d n ~  (b) 





-suo!yen ha 
le~a~as rCq paleqs aq ue3 leql suealu aauo 11841 aJolu 13npo~d e 40 asn aql 
.pa)el!lsa~u! sj uo!innba auo ueql alolu U! slurat nnpold u!euaa 40 asn aql 



4 b 

4- - - 
4 )  

4 C I  . 

4 1  

4+ - - --- 
t t  

4- - 

4 t  -- - - -  
I 

t b  - 
x - s  

w ;  & - 
a :  

Design for a seven-segment decoder. 

- 

pSb 
I=)--. 

- 

- I 
4 

4 

-- 
- 0  b 



n2d 
ai~Wm~64nwsmssndzaa~6a k4&~ (network) ~ d ~ t h ~ ~ ~ n f i d Z ~ 0 1 ~ 4 i  

d 7c~nb~udijn?iubw"ui~::~~1ciuy~~b~~~0~6~nndn ~rndri~uajriu~ii&uaa.~8uyn 
L: .A r iau~i i iuursf lau+cls  

luu~d~6tl'tlnka~l~7dl~6rl~5nd5::fl~ b&4?dl5bWWlfi~ (arithmetic circuit) 16bbri 



6.2 ~ a a a n a 1 ~ ~ 7 ~ i l d d f i g u ~ n  ~ 8 u ~ n q i u f i a ~ a u i m  4 ~n ~ain'yn ~ilu 2.s complement 

aatluyn 

6.3 ilJililnUllll?Jil5 LLdfIJ~fid 8421 ( I f i l ~ ~ ~ ~ d L f h b  3 



6 6 ~av~iuhm~im~~wu'b66aufia BCD 4 GYl ~i6a~nima95~anfia~duG 9: 
2i L a i i  4 i u y ~  LLR:: I o ~ai6yw ( R I U ~ ~ U ~ U L ~ P I W W ~ ~ ~ ~ ~ ~ : U U ~ ~ ~ ~ U )  FNBB~LLUU 

wwnaa4.jia BCD liiljlu~a1giu3~ 




