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6.  ~ ~ a u n q ~ ~ ~ ~ a  uaiunul.* 

9. aiu1 a; n i i u ~ d n ' $ u ~ u ~ d i i ~ ~ ~ i ~ l 5 ~ 1 ~  nCJuuuwnuanaodwaqru un: 



4,1 sltsnaifsaras #) 

: Binary Logic 

olssnyiu~a~~~mh4n"udi3~~ds (variable) ~4$dlll~n?lnr%4 (discrete) 2 d l  
t: gn:hiunisrii~Gunis (operation) R 1 U M I U M U l U ~ l . I R ~ ~ ? l  61 ( M ~ ~ f l n l $ :  (state)) n4 

~ O J O O J ~ ~ L L ~ ~  I6146 gnun:fivI. hhrndi'Ld, t?i~4g0l (ON) ~n~E(jmd4ilv1 (OFF). 
x aGaun:li gdan:&, viiciuun:Iiviuiu. auunm4, rivSnd ( ~ U I W )  ~uaxIAiIw'nd 

duflu t t d ~ ~ a n ~ i u ~ ~ ~ l ~ n ~ m ~ u u ~ # ~ r y n ' n w h n i ~ ~ s n i  i rrn: o uannndmu'~l# 
dryn'nwdan~hrdsr~u A. B. c. x. y  z i n i  tuArdnr5~vdsidiAr9uIdIliiia 

x 
i u o n u  d i ~ ~ u n i s h ' ~ ~ ~ u n ~ m u y i u $  3 0Gn8a (niandiaiidiwii rfiunis 
(operator) ! 3 BGFI) 

1. rrau (AND) 'LI8ryn'nvhGa 2n ( . ) viaaidi i i?h tdu x y = z diuii 

2. DO (OR) ( L ~ L ~ ~ ~ D J M u ~ u u ~ ~ ~  (+) l d ~  x  + y = z dlI4il x  DO y L?'i16ll z 
u a' a t: u t: i i m i u ~ ~ i u i i  z = 1 ni  x = 1 14x1 y = .i ~ 3 a  n4 x = I L L ~ :  y = I nin4 x  = o rrn: 

V a 
y = o un7n1n z = 0, 

3. uan (~O~) 'L#8~n 'n l ! th~51~ (prime : .) M % Y ~ $  (his : -) L ~ U  x. = z ( M ~ D  
P d 

i = I) d id1 x  uandd~din'u 2 iimiuauiuii z * ~ a i ~ ~ I d I u ' I d  x  asaan~u~:.r 

AND OR NOT 
x '  
1 
0 

X Y  
0 0 
0 1 
1 0 
1 1 

x ' y  X Y  x + y  X 

0 0 0 
0 0 1 
0 1 0 
I 1 1 

0 0 
1 I 
1 
1 



L~d~:fffl19l?:d3:ff)l (combinafian) lhlfil x LLa: y P$\6dl z sllU616~1~0d 
nis~i~~6unissiw q ~ ~ ~ 1 9 8 ~ u a ~ n ~ ? i ~ u ~ ? ¶ 4 f l a i ~ P ~ 9  (truth table) ainmna-Gsi.s 
Aanintaa~ania:ds:aan" rflu~~61h~m~a~.jrrds ~~10uamdrni~8a~~udf :~%d 
riiaa~6a~rds4~P~'iraa'w iiai~nis6i rtrunis 

4.2 mssnuan lras mssna 
Positive and Negative L 
IuseuuolssnEdnnsaQnd ad~~sd6uh~i (VOIQI~C level) ~rnuania: 

4.r du~rnmnnii rmfllQmssn o 
ensnuan (positive logic) 51.l 4.1 (it) ~~ffa(0l(&~Lii~11adslssnu7n ( L U Y ~ ~ P ~ U T ~ U ~ U  fill$ 

A s olssn 1 unuus.r6u'u8.r Quauv~nnii kfi\#slslssn o ~~nuos96u'ua~ iduaui(aunii 
nuurdudfiuniislssnnu (negittivc logic) ld  4.1 (b) rr~~~~shaLii~~a.~assnau +pfl + 

VOLTS VOLTS 

+ vOL','i + 

VOLTS VOLTS 

- - 
(bl 

TLJ 4.1 haLii.~%a~mmnmn (a) LLnzmrmnu (b) 



4.3 innar~n8t8nnrou'n 
E1,ECTRONIC LOGIC GATES 

m n m s s n 6 r d n n s o i t n d ~ ~ h u 1 ; i ~ ~ a n ~ 1 a ~ ~ ~ ~ ~ 1 o i u " u w 6 m a a n ~ i ~ ~ ~ d ~ a ~ ~ ~ ~ s  
L%ILH% (integrated circuit : IC) r%tn& 7 41 Id Ia#d~mauK?unnu8~rsloJ 
(transistor) ~ @ ' 1 ~ ~ 6 l  (diode) ~~nS~d~dr41166l~~M (solid-state component) QU 7 mnW3n- 
ar~nn~aitnfiun#u iirnn 6aqdn&mn &w~pr r~ i~nr f lun~m i niaols.in o 

u d .  ~~a~6uHni?rdrHNcuaado^~~nr~a::'p1~ma~rnn mnw'~pi i  3 qfim rirnuivwn rit~n1.i 
&.qiu 3 airn6dIldindi?ariuii?1~~'a~a 4.1 

4.3.1 LlOfdlflM (AND gate) 

4.2 uHad8wiuiinlrdua~~1fld~3i~a54~ad~~o~~nn 2 gwyn Iuqsluniitu 
m n l i a ~ I u m m n i l a ? ~ " ~ ~ u i ~ i i  .i:&~~.id6Uldfll o Wuurrii~~~slsm o rrag.ig6u 

A X usd6~idfli +sv r9uol.i.in I rroiluni~daGimbaii~b~~m"~ld4iqdn.61eii q MUJIU~~ 

( r h  3v L ~ J U ~ U )  L~~UOIS'III I r ra : r rs~6~~df l i~n~ i~ i  q M ~ J R ~ U ~  ( L ~ U  IV ~fl~61.4) 
~flwslrrn o 

'"n E = ABCD C 

\ Symlwl 

0 1 2 3  4 5 6 7  8 9 I0 I I  I 2  1.1 14 15 

A 0 0 0 0 0 0 0 0 1 1 1 1  I I I I  
B 0 0 0 0 1 1 1 1  0 0 0 0 I I I I  
C 0 0 I  ' I  0 0 I  I  0 I  I 1) 0 I  I 
D 0 I  0 I O I D I  0 I 0 I  0 I  0 1 

I 

E 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 1 

Truth Tubkc 

@ 4.3 ttnu~nn 4 Buyn 



qin~d 4.4 &ilaun~~a.'udfl~ +5v trriguvn A u~: B agfiilfGrau' K ,  rrn: 
K, I~E~JJIU { J ~ J  +SV I~GJ?@ C IRU~IU K, LLRI KZ &8&J~i(( 

+5 

~ i n z d  4.5 61 A tflu o rrn: B lihl o A. B ~vBau~!?u?a~Siln I~lan#aaaa 
I~S'Y~~LL~~BW (furwild bin) Jln +SV $gaU InIa~1~ii~a~f~uaailsfl~1 nsIrLd[~f+wlu 
Idanlu~nniamu~8n'13.&tI~aImla~1 6aI8~airiv(ndu o a n q n  c rainudo 
aalu (ground) WIUIPJ~~LLAILLW~~)  A. B 4arv~aur~uaailsiln 61 A r4u 5~ 

A t: via B LSU sv (8ul~1isuvda) ~ ln iun imiadoun~ A = B = ov 'awe na A 
rm:: B d i ~ Z  + sv R ~ : I ~ Z n ~ v a l u a  4aIu'iiuu~uiu.nniau R k h r m i v l n  
6a~flu +5v 



.i t; p~ 4.6 ~ ~ ~ ~ ~ ~ ~ a u ~ n n n j i ~ ~ m ~ n ~ u ~ ~ ~ a a i  Nand A uar B if~u +5 viil3: 
nnu3~\aai  Q, an:: Q, riinsrun (COIICIUC~) L L A ~ V I  N 4gnh.i ~fluwnlM' Q, 

cinaad (cut OM Qi t t f i jm  c rflu +sv 61 .A ~ i a  B i i~~~~6vaq'A~:8~4u ill< 
Q, via a, iinoad d~walJigm N ~fluuqn kdnsr~~~umad Q 3 ~r~$vym c i:md 
ymgI.4 

4.3.2 t381fIM (OR gate) 
.I r/ aa~nnii~5nlmir~araim~c1~iu~3.~6.~~~~m~lu@ 4.7 aa~nniia~nnnlv~ai6yv 

 flu 1 w'a~u~na6c miayn8u~n~du 1 

FJ 4.7 d~hadnian.rmua~~1isuc1~iu';3Ta~0~00~nn 2 luyn (FJuu) una 4 luyn (pJri-14) 

106 PH 428 



cd w ~daflau~n~6% ++sv ~rdsuyw A aa~~~~snnu3daasnfis1~~guaamn'iu 
@ 4.10 1:1411fl 0, ~ I ~ S ~ L L R  L?Iw~I$?GI N ld$6u munimi~dudviiI~" Q, Knaavl 
iY~~u-qol~e16yn c id4 +sv jiiflau~~a~6u +5v ~uri8uyn B irvi~IC Q, ilnsrua 
tfluihtwaIM"~ai6yn c 13u +sv Bn 618~ A L L ~ :  B  flu +sv zimunidaiiau 2 n G  

w & a  ~ I J L  mn.ssuyn A unr B dan~8u (ov) Q, unr Q, sr&oav( n'11#7?. N 1Jd 
dium ~gumsilaunr~~dlv($11du"~ L'U~WIJ Q, 4.s ~~uwa~i~o16yn c \d@iu 



mnhaQhsi~rGunnuan t?~ lm~ uamnn nia Buha aaj uan~&zd 4.1 i 
\nf a~nmn~nnurfin 7 ~ M I u n ~ ~ u a u i v j ~ u  u ~JII~~PG~~E~IJGYJ~IJ 4.1 2 

uan mn 8a rnnC;l#1drl8uuBu~nlw"~3~~1aawfl wuiil-in 1 13u o ~ i a l u m ~  
nn"yn"Milin o L~]M 1 

Truth Table 
~d 4.1 1 ijUfi~11Gl~j 

Symbols 

SYMBOL MEANING 



Y 
r nnwy iu~~a iua~n  6o aou an itn:udn irnulj6i~~nn61~riu ?IIA 4.1s 19u 

LLWU~~~W$JM?: nni (riming di;~gnm) d i ~ a n ~ i 8 ~ ~ i l l ( ~ u ~ -  L D I ~ ~ ~ ~ P I O ~  L ~ M $ J B ~ U  
3 d  Y ci 

a ~ n d  ~~wurnw$~vn: nm rduuub iw nu an^ warm ~nniis::lM"~oin"ynnan~~i ~4uzIJ 
8wqjinralii~~n & a ~ u ~ n ~ ~ u ~ q . j ~ i ~ d r i m u l ? n i  n~od7a~nn~aadd~~imol ' i~  7 

NOT. I' 7 0 0 "  I 

4.3.4 llOdOdlnM (NAND gate) 
C Y  V 

LLWH iidn41 unn i~nu ~~un~smuuaurnnn'ubuA~~ma~~vi~~~n'u (AND + 
INVERTER = NAND) ~ i I ~ 6 t n i Y l q ~ ~ ~ u ~ a u w ~ ~ u 6 ~ a ~ ~ n i n ' ~ n v n ~ i ~ n u ~ n n  

0 1 2 3  

B "mm A 0 0 1 1  8 0 1 0 1  
(a) NAN0 Gate Showing External Inverter 

*-$)--xi3 
A 8 0 0 0 1  - 
A 8 1 1 1 0  

0 1 
fc) Truth Table 

(b) NAN0 Gate, Internal 1nvet-te.r 



a~~s'1upI 4.17 tbw~~s~%~11uu~nn~o1~ '1#n~uQ~1~1~l~  raidyn c qr~fiu o 
iiia&aEiuyn A rrnr B LSU 5v ( m m  1) 

~nli~n~~uu~nnI~<i~~u~~ann%~~nne~in~ (universal building h ~ ~ k )  $a~qin 
f l u ~ < ~ ~ w a ~ ~ w m n ~ ' 1 ~ n % 4 a a r n n ,  ~mu~nn. Eiuriarmo86 du~Guqfiuuamn 
(NOR gtilte) d~qrndiqd4iald 

6 0 1 0 1  

C 1 1 1 0  
B 

(b) Truth Tsble 

& 
(a) Schetnatic 



4.3.5 fdOlfl17 (NOR gate) 

u a  iia wan aa ~~unisnu~aiaornnn'uuan~nn~Q16aun'u (NOT + OR 

= NOR) I~~ain'y1n~~unau~B~~cn"P1a.~~a~n'y1n'~1a.joa~nn 

(a) NOR Gate SImwing External Inverter 

A- 

(c) Truth Tebie 

Ib) NOR Gate, Interns1 Inwrter 



fbi Truth Table 

(al Schematic 

Symbol Truth Table 



~ai~n?pl%uAo Y ~du  o iii A LSU o LLB: B LOU 1 ~~a~~nwEuuu~:ij~ai4wn 
L ~ M  i &$uoc~nni~l$~o~n'yn I ~dudu?fiu A ~fiu i ud: B rSu o fiilsuyw A 

uar e L S ~  I $46 ~~au~nnfidda~w~ftu o viil$~~iYiqnqnfiu (aodoomw) ~ilu o 

4.4 moanolAunu a 

Basic Logic circuits 

~ ~ n m n i i ~  7 IuGqQ 4.3 aiui.ioriiuir%~lilu~3il~~nnw'u~iugli~~w~5 
$Ii?#U (Ba,leun expression) ~ ~ M N ~ U ~ J Q W ~ ~ ~ D ~ ~ L L ~ S ~ U ~ W  (binary ~ i l t i i h l e  : 63LLd5 
' i d ,  ~i~u.ri~6ud 2 cii Ao o, 1) ~~an.~~lqiufiuw"ubn'udiqu6qii~fiunir ~dta LLDM DD uow 
1fJu6u 

63otii-a 4.1 ~~n#ur~~sgl~.in~inftw~4~aGu - z = XY + Y + W  

:a ~~nscu7~infiw~1.i ~i;luiiiiqqii~~.i 3 hAo w. x. d&uyn uaai z LQU 

~a~viqn ua:dj~~l~wui1Tu66~.j~sd~~"ni)u6~u~nn 3 h luu~d~sasmwn 
U" a roiufinamnoiid 7 Im~u 





4.5 vjrmcii~yniiw 
Boolean Algebra 

a?db~ L?R (Aristotle : 384-322 B.C.) d ~ a r y i a i ~ n i n l 6 ~ i n i s ~ n ~ i ~ ~ u ~ n " u  a55n 
1 1 ~ ~ ~ 6 w ' ~ 1 1 ~ 1 ~ 1 ~ # l ~ ~ ~ ~ ~ J ~ ~ ~ t n " ~ ~ ~ 1 ~ 1 ~ d s " ~ ~ 1 ~ ~ ~  t91 9 1854 i E I &  \a (George 

Bnnle : I x I 3- I XM) Cnn6ani~a~ai~bjnq~l6w'~uis:uuni~n6a~i~ai'~1a~assn 
4~~%uufidn'$ucl?iu~i~gau~&nnud s:uuaa~~miu~ndi~nn~aclfiad~sit~uui 
~ ~ u u i  ~:uuaa~~a i~~uGac \~aaa~mnn LIIU A + A = A GI$ 2~ atii~ia~1iimi~m 
tn$ ~iuaacy al#~Gtwluanuiiu4ium~n&a~li~ai n u ~ u i l  r 93% nhm i. ~~auuau 
(Claude E. Shannon) Cn~n~dld~$lldJM"~4nmaaJ 111tin' (Bell Lahmutories) i~l61.h 
ian&aaa~y aui t~n"dry~1~1s~nitnu' tmc?waiimssn t~uda~nis~m3us:~ii J 2 k 
&I H;El L ~ W L ~ ~ ~ ~ ~ ~ ~ ~ Y ~ ~ ~ ~ ~ L ~ ~ ~ ~ $ W & J J ~ U M " ~ ~ ~ ~ ~ V J ~ ' ~ J ~ ~  M%MRoF;[~ 

wii~. B tfjadilm. rilm ttIu6u Ganrir~;aRui~~nui~i1]s::~n6~#n"ua~~sit~n- 
nsaQndd4 t i u ~  2 nnia:d~8uId~ 

~ 0 n f i ~ ~ ~ b ~ t f l ~ m n ~ ~ n i ~ c \ & P l ~ f i ~ P l $  ~ P i f l 6 ~ u d r y ~ i i ~ ~ s s u a i ~ ~ ~ u a s s n  
il~?uiil6lIGanrtaqntiuluna~G~ tma+lunisoan nuuni~arsn b6aotnirl# 

i a n&a~i~a4a%uiunisn' i .~ iuaa~~~asniulunaaia~olai  ~ ~ J U H ~ ~ ~ Z L ~ U J  o ~ 5 a  1 
r d  u ~anaiu~:m~nlunis6iuaf~6~uf iw~unla~tnu~~~snl in is l#~~wuniw~ ~qrassn 

uan~in~nqlr~~acl6aqn8uu'~rl~u~unisnm7d~~~6~'I~a~uiu~n~~iiu~~~s fiilfl 
l t i ? ~ ~ d i i u  ds:~Cmt~rini~~jl~ l~clqius~mqn ~ta:u"4l?"ai~lq'l6 



13. A + X =  l 
A npn13H6bn (commutative law) : 

14. A + B = B + A  

15. A - B  = B - A  
A npnis~dllnuun$u (associative law) : 

16. A + (B+C) = (A+B) + C 

npniSLL~nUa4 (distributive law) : 

18. ,A (B+C) = (A.  B) + (A-C) 

19. A + (8-C) = (A+B) (A+C) 

20. A + (X-B) = A + B 

21. . A - ( X + B )  = A - B  



n~~pl$l$.4lkl  (absorfitian 'law oi redundance law) : 

22. A + A-B = A L 

23. A .  (A+B) - A 

I I ~ ~ ~ a ~ l p l a  ua$lLnu (De ~o~an's '7hedrem) : 

24. A + B + C  X . B - C  
25. A . B . C ~  X ' + B + ?  

nqatjuaaaa uaimu 2 +a Aa I 

I .  nouwl~uboawnu?n ~iifiuwnnauaanauwdwud 
A + B + C ' =  ; i; .B:C ' 

dsrnisdnaa d~LilM"niuim~~~n~~wilGlu~~uuwn~3n~a~wn~nr (sum-or- 

pruducts) ~ i i ~ ~ f i w l 6 ~ u l I ~ u w ~ ~ t ~ 4 1 ~ w a u 3 n  (product-of-sums) Ldu A ~ C  + ABC 
nuirnr~daa~flu (A + B + T )  (X*+'B + c )  

l a n f i a y a d u i n u ~ 4 d d l m  nuCG$~nuan'u (dual prope~y)  &J:~uIR 
ur v ~pl~JuJln$iauU$ ~ ~ U O ~ U ~ U M N I ~ ~ ~ ~ U ~ I  ll)ngnw& (identity) M ~ D ~ ( ] L ~ N ~ c ~ ~ J  q 

una4anfioly n8u 61 ~d$uu~?i?di~fiun13uou ~?Iu6~h~fiunisaa ~ia~unianiiunir 
~d8eu6~sii~~~ni~aa~fiu61"~61~~un1~1~~u un:~&lru o via 1 ~?Iunauw# wu6 
uaauiruCil risu~r~6~anhatS ~ionp~nF*siaaaAan~wy&6u#a~~d~nuo 



4.6 nin13sy ndduntii~vniu 
Application of Boolean Algebra 

r ; l s n b y a ~ u d a u a n ~ d ~ ~ i l d 1 ? a ~ u ~ ~ ~ i u ~ u  ~ i l u ~ a I G a ~ ~ . i a ~ ~ n I ~ ~ n n ~ ~ u a ~  
~immwa:m?n iiu ~ ~ a n d c ~ h  a a t i ~ i r r i ~ ~ a c i i t d a ~ d ~  

F,. F,. F~ URS F~ L S U ~ ~ F ~ U ~ J ~ I ~ U  Itiinaiufi+iu;. onntnaw~it uar 
?t~.rslfmfii 

F, = xyz' 

F2 = x + y'z 

F3 = x'y'z + x'yz + xy' 

F4 = xy' + x'z 
( 



Truth WS foYF Fg - v z ' .  Fa - x + y0ir 
F, * x'y': + x',t~ +,@',and F, - w' + X'Z 

.* Y Z 1 4  F2 F, F4 

0 0 0 
0 0 I 
0 1 0 
0 I 1 
1 0 0 
1 0 I 
1 1 0 
I I 1 

0 0 0 0 
0 1 1 1 
0 0 0 .  0 
0 0 1 1 
0 1 1 1 
0 1 1 1 
1 I 0 0 
0 1 0 0 



F3 = x'y'z + x'yz 4- xy' 

= x t  (y'+y) + xy' ' 

= xy' + x'z 

= F4 

(PI) x (x'+y) . $ 

, 
(C1) xy + x'z + yz 

1 i 
1 

(4) (x+y) (x'+z) (Y+z) 

(n) x + X'Y = (x+x*)  (x+Y) 

(PI 1 , x (x'+y) = xx' + xy = 0 + xy = xy 
$ 1  

(n) xy + x'z + yz = xy + x'z ;t yz (x+x') 

= k y  + x'z + xyz + n'yz 
7 I :  i 

= 'xy ( l + z )  + x'z ( 1 + ~ 3  I ' ~ 

= xy + x'z 



s 4  0 

- - J J  qinpl4.30 9~'b&.i~.16$u #aO 
r = r, - 8  r, = (AT + AS.) - 8 (TB+E) 

= 5. ( ~ + i i ) .  E  (S.i)+E) 
= TE5.b + FEE 
= T E ( B + E )  - 

- 



4.7 ~d111111~@'5 ~ I I O ~ ~ ~ I I U U U I W I ~ I U  
Canonical and Standard Forms 

Ga~~d.rjiuna~oirdnn~lu~d~~uudni du x aialuyJnauwlurud ~ d u  X -  

(Mia i) i i a  x L L ~ :  y d~di~fi~gul6{d$~~uudni r~a:~dnauwSurud 
t: A njuuwau-1~~au6uiuriau~iim~ni~z~~4tblJ16 4 nniat. Ba X-y*. X.Y. XY. an: xy udn: 

l ror m a u ~ ~ l u l ~ n $ l  ~~LllElu (minterm) M ~ E ~ w ~ Q u ~ I R ~ ~  (stundiclrd pnuluct) \I46l~ElJ 
Gmn'u #~~lds n 6-1 ~iu7m6ilM'~ii~1fi14~naul6 2" ~nau llileij#a4un~~in:fiu~~au 
njdi?adi~nd 3 6 ~ u d ~ u . m ~  4.3 raaj[iu~ac~:de~di6u~in o 6~ 2"-I h e  n 

6oiiu?ufiuds ~ds~:~u~~au~&~innifuauhaa~cn'?uds bdd~n?sadauiu~~nsl~ 
nauvr Surud (wnu. aiauii) d i ~ ~ m a ~ u c c a ~ d n d d u  o ua: d e  udu2d~~uurlni 
a a ~ ~ ~ ~ d ~ d i u l % ~ a a ~ u ~ ~ ) ~ e ( ~ i l ] u  i d ~ ~ n d ~ a ~ d u m a u A o  mj do j i f lu~ lw~iu~u 
dluurii~viin'uraa~iu~opa~f u~nau$u 7 



m i n d  4.3 ~ u L ~ ~ ~ L L ~ : u u ~ ~ I ~ B ~ ~ M % ~ ~ ~ L L ~ ~ ~ ~ u ~ o J  3 hu~ds 

Minterms Maxterms 

X Y Z  Term Designation Term designation 
0 0 0 x'y'z' mo x + y + z  
0 0 I x 'y 'z x + y + z '  

M,, 

0 I  0 x'ye' 
rn 1 

x + y ' + z  ""a M 
0 I I x 'yz m.3 x + y' + z '  
I  0 0 xy '2' x ' + y + z  

M: 

I  0 1  xy 'z 
rn4 

x' + y 4- z '  
M4 

I  I  0 
*S 

xyz' x' + y' + z 
Ms 

m6 
1 1  1  XYZ x' + y' + z'  

M>  
rn7 M, 

tundl ~~und~nau (marterm) n ~ ~ ~ m n n u i m s ~ i u  (standard sum) ~ ~ L ~ I J L L U ~ ~ L ~ ~ U  
s ~nauaa~cni~d.i 3 di? w5auri?ud~rinaoiluni~~un%a~~1~~~und~nau ~rnnarX1 

f, = x'y'z + xy'z' + xyz = m, + m4 + m, 

m i m  4.4 ~ J & U  3 dia~~d5 
Functians of three variables 

X Y Z  Function f Function f2 
0 0 0 0 0 



luri iun~ du-~6udia5%dn'1u t, rrlbi 
f2 = x'yz + xy'z + xyz' + xyz = m3 + ms + m, + m, 

~ ~ o h d d ~ ~ d m d d u d h c l " ~ d s : : n i s ~ ~ d ~ o d ~ ' 9 1 n f i m ~ n ~ u ~  "y nflu$~n'%ulm q 
cnrnm~~~m~l~huunmnao~~u~no~~~ (wnmn muiu0a nisno aoirnoudi~ 7 h w ~ )  

I 

dnldf n s m i  wuhncy n Auvldn'du d~prdd&~inmin.rnqiu~j~i i  
cnuisn~il6ilmudiuiurno~di~r'~qn 7 ~ m ? ~ d ~ : d ~ 6 l ~ ; 6 7 $ d n ' % ~ ~ ~ ~  o w n i u  
6~~iuiobriu du nnuwlw'uboa t, Sin 

f; = x'y'z' + x'yz' + x'yz + xy-z + xyz- 

6innuwii wud$dn'#u f; 1::l6$dirXm'#u r, 64d 
f ,  = (x+y+z) (x+y'+z) (x+y'+z') (x'+y+z') (x'+y'+z) 

= M,, . M, - M, , M, . M, I 

luriiuot dvr6udiuisndiuGw'3ddimfi f, ~ i n ~ l i m d n ~ i u ~ j d ~ ~ i . ~ d  
f2 = (x+y+z) (x+y+z') (x+y'+z) (x'+y+z) 

Li~niio$b.b~drruuY'q.j$i (canonical form j 



?a kn 'hd$3 6krd.i i i a  A. B. C 

mourrm<o A ~~qrrd.i~nn~iuId 2  it^ i ia  B.'C 
% 

luGqrrds B Buni.irai (B+B.) r i i ~ j ~ r a u :  
A = A (B+B') = AB + AB' 

wn6l6u"anamndi?d1s c ~aduK7d.i c 6quni.irai (c+c.) rii\donu : 
A = AB (C+C') + AB' (C+C') 

= ABC + ABC' + AB'C + AB'C' 

~iu&~~d=i A 6 ~ u n i ~ ~ a i  (ACA') L ~ I ~ ~ L L ~ M  : 

B'C = B'C (A+A') = AB'C + A'B'C 

= ABC + ABC' + AB'C + AB'C' + AB'C + A'B'C 

rd~nau ABT $ 2  CM i(i&~%d I ju muflgnfi~~~aiu&i x + x = x wiau 
6¶J<~~~~~~Md~M"6~~d1611  4416 

F = A'B'C + AB'C' + AB'C + ABC' + ABC 
b 

L 

= m, + m 4 +  m 5 +  me+ m, 

F (A. B. C) = 2: (I. 4. 5. 6 ,  7) 

~ B I U  LFI~I)PMUIU X (summation) L L ~ U ~ ~ I ~ ~ ~ ~ ~ ~ J ~ U L M ~ U  ~ i ?  L~O~RIUM~JJUI L ~ u  
d w 

i.iu~nauaa~Ln'rKc &iiamauaaani.iunu (wanor) aac$a~~dm~crdi~an'%u~3u I 

fiu~wiud16u 



x' + y = x' + y + 22' = (x' + y + 2) (x' + y + 2') 
I 

F (x. y. z) = H (0. 2. 4. 5 )  

4.7.4 A I I ~ ~ I J R J I ~ M ~ I J ~ J I ~ P I U ~ ~ ' ~ ~ A  (Convnaio.n between Canonical 

Forms) 

n o u w 6 u r u i ~ o ~ b n ' ~ u 6 ~ ~ n ~ ~ o ~ ~ ~ ~ ~ u u ~ n u ? n ~ o ~ f i ~ ~ n o u s : ~ n i n ' u ~ ~ n u ~ n  ' 

ao~f iurnoul~niu \~s in~~n'~u8~ ~ ' ~ : L w ~ ~ : ~ J ~ ' ~ ~ $ u L L ~ @ J ~ ~ u G u L ~ E ~ u ~ " J M ~ ~ u ~  
i u IXrii+idn'gu~fiu i Iuaruzinouw~oru6~a~~u~o I di.~iu~u~noun~~rii4~n'gu 

rilu o ~du6k1tii ~eialdd 
d~n 'g~  F(A. B. C) = Z (1.4.5.6.7)  

~ C ~ E ~ U W ~ ~ U J U ~ ~ E I  F'(A, B. C) = Z (0,2:3) = m,,+ m2+ m3 

fiirnmnouwEiwu~o~ F. bunqaIi~ma uueh~nu ~mz\& F l u iny~ l~uu~$~  
t a 

F = (m,,+m2+m3)' = mi,. m;. m; = M O M 2 M 3 -  - n (0. 2. 3) 

n nnurnGi ~ u u i  ~~6m~uiTuvu'ud~i , 

m'. = Mi 

~6Lsilhurnu#7QinnlnJ 4.3 n.nndir~udhlnu~3iu4i ~~unirnou j 

~flunouwB wuLotijumou j ~mzIun~~nii'iiw , 



6 a a u ' i ~ h ~ u ~ ~ ~ ~ n i f ~ ~ f l m ~ n t f ~ ~ d a ~ d ~ d $ ~ ~ ~ u ~ w ~ u a n f l a ~ ~ ~ ~ n a u ' I M " ~ ~ ~  
d~ri$uluruuuwagnraa~~~und~nau luviiua~~iiuariuais~~am~nis~~dn~nn'un"u~K 
6~iu~~a~douaunif~~da~~dii.ilM'nf:vii~mu~d~uu m+aonaiu z: rill n rthduu 
67 L R ~ ~ J  ~nau6~ddnn~'Iu~111~uu &diu 
L ~ U  F (x. y. 2) = n (0.2.4. 5 )  

~ J ~ ~ ' I u ~ L L U U U R ~ U ~ W L U ~ ~ $ I ~ ~ ~  ~am~dw~~&~n'~~~~uy~unuan 
aa~Gu~nau iia 

F (x. y. z) = 2 ( 1 ,  3. 6. 7) 
1 1  Cd~tnm ~ ~ n i n i r n a a ~ ~ d d n n ~ ' I u ~ ~ ~ u u 8 ~ 6 ~  &t%ann~iiuadurmy . . 

viauundmau#~nu~i L ~ U  2" &a n ~ ~ u i i u a u h ~ ~ d ~ u d ~ r i $ u  .\. 

Wa?W (sum of products) LLi3:Wa?tU'pIE14WaY7n (product of sums) 

wamnamuaqtu ochitw~iqaftu ddxnau&a~aumau dumi tnauwgtu 
(product terms) 9 a ~ v 6 J ~ l i ~ ~ m n i l v i J ~ ~ ~ L d s  fh'hwallan LLnu niraaaaarnauaciid 
~ ~ ~ ~ J L ~ ~ ~ U ~ L L J ~ ~ J ' I U L L Y Y  wauan~a~ wn~tUl6~~ri 

F, = y' + xy + x'yz' 

d~~edud~riua~matj 3 LMQ~I udaz~nauu' I .  2 ua: 3 hud.r sliu616u 
uauanaat mauadid4anisaa 

uayu~a~waY?n~fluitw'~~qa~u dld~naudi)uaa~nau LiUmi tnauwawn 
Q w 

(sum term) r~da:~naumo~A~~ds4iuau~n'i'Imn~~1 diiiuagnrnmu6~nis~~auva~ 
maaaiid ~ a u ' i ~ f i n ' $ ~ d ~ u f l m ~ ~ u ~ ~ u u  u a f ? ~ a i ] ~  wauan\8~~d 

F2 = x (y'+z) (x'+y+z'+w) 

d~~:duiiiiuauanaa 3 Lnau ttdar~nauii I .  2 LLR: 4 6 a ~ ~ d f  aiu6i6u 
uaqtUfla~rnaurtldid~anis~~au 



I ~ ~ ~ u ~ s R ' ~ ~ Q ~ ~ L L H ~ J ' L M @ ~ L u Y \ ~ # ~ ~ ~  31% (nonstandard form) L h  

F, = (ABi-CD) (A'B' + C'D') 

FA = A'B'CD + ABC'D' 

4.8 W'@~I~~UWR% 
, Dynamic Behavior 

liudiu-Ssl8Euyy a 191.4 1 l i i i o u  8dd~uyn b lfi~fiu I 4ail:ii~narur 
d A v &  64p14.32 (b) fiilirni8yyiru8~yw mil:dUji WOL.~U~MMM~M~W $M o i i i88yyi~1~ 

~aiw'yn rilu~niusnaihddi o iliniu8uyn b r1hul11~9ucii 1 rifi9dn'uGviuln 
udilrriauduciauld6.r@ 4-32 (b) nai 6r 6osrur nai~6uyn~dunqwiilcn"aryW1m 

r EqnrII~uunn lox \d?ld90x ao.r4i$.rqm (60 1) dunii nmou (rise tirnc) os.r 
6 d a  8qjtyinrluyn ciir?aidrduhj.m~nmnnuynrc~u~-in~IIduudaa ~ i f i ~ i 5 u i A  

~n i i i yn f i~  toin'ynd.rdio~nnuiflw I itfiiddi~anounuod~n'u~da~~~im5uyn 
~~sis:diomci?or?rn (delay) l ~ ~ ~ v i i n ' ~ ~  a, i i w i C l r i n u ~ ~ s r h n o ~ ~ u a ~ d o 8 c y ~ i m  

a,  i ao~duvy  a, uqnn son 3:wiia8wi~ryi~ao~Buq~~tnqcri3in'y~ 
. . 



4.9 i iwodn i 'w~~~a~ iaa i  
Timing Diagrams 





69~dryluElaJ ~~67Lid'd~cl'liw"~~ 2 41 0 LLR: 1 W W ? ~ ~ L ~ L ~ ~ ~ J ~ I I ~ ~ L L ~ ~  

idud6~u~uiii~uninieu aa un-uan Guniimsmq1uaa.r un:fifi%udfiuui~am~ 
n~iludbrwitd~a~hiids~iu8a~n"u&~di~~un~f6i~$i~fi6a 4~6'ilujiuae.r niay ndu 
4 ~ 6 %  

P in~wugiu~auaum aainv nArurmvm ~auC?iandi~riu niiqAa uauinw 
1:l;M'rniM'yn i3u I 6da &aEuynnn8ur4u I Iuaa:da~.~nnI~"iain'~n I daEuyn 

t: rr ~ u ~ m ~ u n d ~  n?ayniuyy~ifIu i ~in:diniuwamnnuui~nifnaluw~ w u 6 i u y ~  
ia J 

iiuvinn unzumnn dumnd-dq.jl#lrlbii~~iau, an unruanm~i6 
dndn~ld-aa mn ~?Iu~nnduslndi~~~naarnn ids ~ ~ l i n ~ u I $ ~ a i h p  L ~ M  I 

fida w'siuqn~3uriiuqu6~ii d u  1 

~an&mUa~udn~isrd~n"~"u~da~au~ iu~ iunaar~? ima~  un:i~?innsairnd 
dirarnqrdi4uldl~idu~ 2 anla: 4anritnyniud~clam~4~n'%urnzsnIM"du4~6Qu 
i i i ~  ~~ds~nUUmira:a:manIunis~%~~~'ss 

Y i  a~a;lfijiu np an:~qw~~%n&rn;a$u &nunmuaa~~8m~8~~"6db8uan"u 
i64daIdi 

8 u y f i j 1 ~  (postulates) 

3. n.' o. I = 1.0 = o 3. 91. I + o  = o +  1 = 1 

4 . n .  I . I =  1 4. 91. o + o = o 
( I I U W + U I N ~  (complement) 

s. n. i = o 5. 2. 5 = I 

?ruriuGini~iuan&rn 
npnmatiud (commutative law) 

6. n. AB = BA 6 . q .  A + B  = B + A  
d npm3tlhtlun(u (associative law) 

7. n. A (BC) = AB (C) 7. 91. A + (B+C) = (A+B) + C 



nQnl~LLi3nLLi39 (distributive law) 

8. n. A (B+c) = AB + AC 8. 'PI. A + BC = (A+B) (A+C) 

nrlalj 
nQLEln~nkt& (identity Jaw) 

9 . n . ~ . ~ =  A 9 . P I . A + A =  A 

ngclHfS (negation bw) 

10. n. X = X ro. a. (z) = A 

npnnld$ulEo (redundance or absorbtion lilw) 

11. n. A.(A+B)  = A 11. 'PI. A+(A.B) = A 

12. n. A(A+B) = AB 12. ~ 1 .  A + (AB) = A + B 

ng 
13. n. ~ . o  = o 13. PI. A + I = I 

14. n. A .  I = A 14. PI. A + o = A 

is. n. A . A  = o IS. 'PI. A + = I 

nqa&na ua6inu (De Morgan's Theorem) - - -  
16. n. A . B . C  = A + B + E  16. 'PI. A + B + C =  A . B . C  

Y ni x,. x,. .... 'n rtlu6~r~dsgiunad n A nnuwff w u k n ~ G ~ o d s ~ n i ~ d &  
x;, x .... X; i3avii1~~fiawn~muimsgiu niafiuniiiiumau (mj) 16 21) rnou Qani'K 
~ i n ~ n i ? a d s a ~ u a o d G 3 ~ ~ d s  ~ a u f i 6 q ~ ~ d s ~ f l u  o ~ f l # n a u ~ ~ w u ~ ~ 1 o d ~ 3 ~ ~ d s u " u u i  
ahwnqru t t n s l t i ~ ~ o d s ~ f l u  1 i i l # G + ~ ~ d s 6 u u i ~ % d w ~  &udsknEiniimuim 
~fi~wnu~nuiasg~uniadunii uuna<rnou (9) 18 zn h o u  QniljlKInutii~qods 
 flu o ~ f l # 6 ~ ~ ~ d s 6 u u i n % d w n m n  uaafii&~rd.s~tlu 1 ~ ~ ~ # ~ E I ~ w ~ u u ~ ' P I o ~ G ~ L L ~ ~  
ui~i lawnum ~urnou~~nr~~undmoun"\&i3:: ~5uc10uwff~uA'~1o~n'u~~n::n'u (mi :.- M ~ )  

~ a f f u r l ~ n ' g u l n  q aiuisnuand6&7uwnu3n~1i).j~u~nau n i o w a y u a a ~  
wndmou h n i i y n ~ u ~ n ' ~ u u " u o ~ l u ~ ~ ~ u u ~ w ~ f l  miudimu6saniid 2 @~luu%ia 

F(x,, x2. .... x,) = P (m;) - r (Mi) 
J 

~ l l ~ ~ ~ l W ~ ~ l ~ l ~ ~ ~ n ~ ~ ~ ~ 4 ~ ~ ~ 1 5 ~ t ~ ~ d ~ ~ 1 ~ ~ ~ 4 n ' % ~  b~ 2 0c~ ld~ l f i i u3 fk  , 

#a lruuwnumaodwnqru ~rn:wngruaodwaum 
r l u  a 2duuuuiaspufiu,  maaeiia q A~~:nouodluv~lriduoii3G63~~115n~7nIm" 

u o i l d ~ ~ u u ~ ~ ~ d d ~ ~ n a u m " ~ u ~ u ~ n a u ~ ~ 8 ~ ~ u n ~ ~ ~ a u ~ ~ d i ~ ~ ~ d s v l n d i ~ a o . j 4 ~ n ' % u  
d n n ~ o d  



qdn&.rm$d~~iud~ania'~ L~~IVI(~~JIJ.~YW-I ~~niiw~~n~i1wni5L1~6uw- 
~~h&.qn?in i ox Ad sox aodciiqdqmda I ~ ~ ~ r n ~ i v r r i ? d d w i m z : ~ i i d ~ m  sox 
raalTry~iruiu~nunt:~ain'yn 

LLR wniw G m r  n m i j 1 ~ ~ r l u ~ 5 ' i ~ ~ ~ l P f t n w i w r ~ G n ~ ~ ~ ~ a ~ I i u  anruamd 
rniuQ~w8aad8qjryiru~ unr ~mdqnan.shudiu 



4.2 ~ d ~ ~ ~ u m ~ 1 ~ m i ~ ? ~ d f l 5 1 d ~ ~ n ~ f l ~ ~ v ~ - a a ~ n n  4 Bu~n 
a 

4.3 w a i ~ ) ~ ~ u n i w s l ? ~ n  (logic diagram) ~ i n f i w ~ d w ' i ~ n d d d u  

(n) D = ABc + ABC + AB 
(a) w = xT ( z + T )  + Xz 

(n) D = ABC + ABC + ABC + BE 

(a) A + Bc ( A + Z )  

(fl) A [B+C (AB+AC)] - 
(4) ABC (A + B + C) 



(TI) xyz + x'y + xyz' 

(fl) y (wz' + wz) + xy 

(9) F (w, x. y, z) = y'z + wxy' + wxz' + w'x'z 

( ~ 1 )  F (A, B,'C) = (A8+B) (B'+C) 

(n) F (x. y. Z) = X (I. 3.7) 

(a) F (A,B,C.D)  = C (0.2.6. 11. 13, 14) 

(fl) F (x, y, z) = n (0.3.6. 7) 

(J) F (A. B, C, D) = n (0. 1, 2, 3, 4, 6. 12) 
' 






