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t B0OLE A ALGIE BRA 

Sntrrodu tëon 

aSwetchEng cErcuuits art culs0 calte ogte cttult , gatos 

cEncuits Cun oita eËruitg.l 

cErcult9 , gatos 

witehêng agobra g alSo callao Booteun algebra, 

Bobttan alg ebrta is a System o math amatëco togec.jt 

1S an algobrëe. sqstom Consfstëng o tha Sot of oloments 

(O), tcoo bênary oporoutorts Coltao R and AN D and unary 

8purratoFTCal0 NOT. 

Jt th bastc mauthematEcal too n tha anatysfs and n 

Syn thesis 0B Swtehcng cceuits, 

9t s a cua 

Any Compla Logi Can b Tpro3s Co oy a Boolocun 

to 0prussL0gfcfon cttons algebraicaly. 

funteon. 

Jhe Boolean algobrra ts gevorcnoo by urt an wlL devalop 

ruls ang Laws. 

xoms And Laws oF Booan ALgubrra 

oP DooLsan atqe brra curto Sot ot Logtau 
Axioms ort postulatas 

orLpOss Tens hat art LCLpto withoutt prroo and epen cohth 

W an build a St 0 ugofe th eeromg. ctuaity , axtoms 

art notëng morto than tho ooenateon s o th thrae basfe 

logte eportdtorns AND OR and NVERTER Each attem can ba 

fntorcpruted as th9ut cemi0 an eporatëen purttorumad 

ntorcprutro 
b0Logic gato 

OR Opertaton 

Axtom :0t0 =D 

xibm 6:0 +l 1 

Axfom 7: LA01 

NOT 0Porca tüen 
Axfem q T 0 AND Oporcott io.n 

Axtom 1:0 0 0 
Axiem 10 0I 

4xtbm 8:0.0 0 

Apt-a 
Axtorn a'l 1= 

A xiom 8It1=1 



1. Cempltmantateon Louw8 
to invortt . bO 

Jhetortm comptoment gimpl m0ans 

chango OS 0s to Snd lg to 0., . Jhu ive lows O 

Comptemonta tYen arte a3 tollouwS 

Law 1 0 1 
Law& 0 
Law 3 39 A 0 , then A 1 

Law 9 A 1 thon A 0 
La S A =0 dotuben eomp mon tatton ta 

d. OR Laws 

Jhe Fourt OR Law s Cr as ollow s . 

Lauw 1 AtO 0 CNuu law) 
La a AttL Cjelentity taw) 
Ltw 8 A tA A 
La 9 AtA e 

3. AND taLDS 
Jhe Fotur AnNO Laws aruas Follouos 

lawI A 00 nlutt (au) 

Law a: A 1(Jaon tity lad 
Law 3. A A 4 
LaD : A 0 

.Conmukattve LawS-

Commutatëvo Laws ao) chango in DOsPtEon ot AND d 

OR Varciabl2s.Jherc aro ttw0 commutatëve Laws 

Lau 1 AtB=B tA 
Proo 

A B4+B 
B A tA 

0 

0 1 0 



Latw A B B.A 

PrcooF 

A 
BA B.A 

0 O 

O0 

Jhis Law Can be ertondec to any namberc o* VCutiablog 

foc odomplo -

ABCB.c 4C.A B B.A.C 

G Ass 6elatëve Laws-E 

Jhe Lss0 ltEve las aloD grouping of Variabl, Jherce 

art a CL99otiatËV lauDs. 

Law AtB) t C A t CBte) 

Proo 

ABCtBAtB)f B Bte AtlBt C 

0 

0 

0 



au aA 8) 0 B.c) 

B B (ABc A B B.GACB. C 

D 6 0 
0 0 0 

0 0 
0 0 

0 0 L 0 
0 

Jhts La an bo tendeo to an naumbort o 

vutiables erc etampl 

AC BCD) (ABC) D -(AB) CCD 

6.Drstrbutöre tauws 

Gut 0 Dpr93Eons Jhor 
Lqd 1 9Btc)ABtAC 

Jhe dlistributëva Laws aloo Fatterdng erc mutp 
ArO tto0 drstrttbutëve taws. 

C Bte At Btc)| 4 AB Ac A ttBt 

0 

0 0 6 



Adw a A t BC (AtB) (A t) 

Proo pru Rrs-AtB) (At) 
AA tACt BA t Bc 

Q AtACt ABtBc 
A1tctB) t BC 

A tBC (1tct B-ltB -1 

At BC 
sLAL.H 

7. Reclundant teral Riul RLR) 

Law 1 t AB AtB 

At Ae -(tA) CAtB) 
L (AtB) 
tB 

Lau a A(AtB) AB as 
Prts0 

ACA tB) AA tAB 
0 tAB 
AB 

8. Ielompotenu Laws 

Solampot on mans Same veLlul. 

dw 1 A.A A 

A -0 then A.A 0.0 =0A 

3 A 1 than 4 A 11 -l =A 

Jh's ta State3 that AND 0ayartiab lo auith tsQ 

15 0qua to that yartdobl 6nu 



ta a A tA-
Prro 
J 0 ,thon A +A 0+0 -0 A 

9 A-I then AtA +tl A 
taw statas hat OR Vartia.b l cwth tu 

on 
Jhis 

SqLa to hat variable enty. 

.b Sertp tëen Laws 
Jhart Curt wo tas AB AD AtAB 
Law 1 AtA B -A 

Prcoo 
A+A B ACItB1 *A-= A 

O00 0 
0 0 
0 

Law 2 AAtB) -A 

Pre oo 
AAtB)=A AtA B= t 4B A C1tB)-A--A 

BA+B A(A+ 
0 0 

0 

Lo. Censensus Jheoram Sn leedoc Factort Jhorom) -
Jhe brun 1 

Ap tAc tBC ABtAC 

Prroof 
LHS PA3 t Ac t BC 

AD tc t Bc AtA) 
ABt Ac tBCA tBLA 

P Ltte) tActB) 
AB1) t Act) 



AB +Ac 
RHS 

Jhteram a 

(A+8) A+B4C) =(AtB)¢ +C) 

LHS -CAt B)C A te)tB+C) 

(AA+AC BA +BC) CBt) 
=CActBc +AB Bt¢) 

ABC+BC tAB +ActBCt ABC 

c tBctAB 

RHS AtB) h+c) 
atAA +A tBc tAB 

ActB+AB 

LHS 

L. Jrtansposfton horom 

Jhesrum 
AB tACtAt)CAtB) 

Pro 
RHs At)AtB) 

AR TCA tAB tCPB 

0tAC tAB tB 
Ac tAB tBC (At) 
AB tABe tAC tABc 

AB tA 
LHS 

12 Merqon's heorom 

Mbrgan's Jheorcam HpUSonts two LauDS O Booloo) algobra. 

a 1 

4tB-A-B 

ad 



Proo' 

A BA18 B A B5 
0 0 

0 
0 

0 

Jhs Law stats that th Cemp lornant o a Sum o 
Vataboss equal to tho produtt heir indviolua nd&on 
Comptements. 
Lat & -B AtB 
Proo 

B A.B A.B A B B AtB 
0 

0 
0 

0 6 
Jhes Law states that the CompomMent o aproduuut 0 
varciables qua to tho stum o thottindê vidua 

Comploments. 

DUALTTY 
Jh mpcateen o th duaou eoncept s that 0n 

theorcem rt 4ateman prrav0 th dual also thus 

8tand prrovee his is eaded the Prrinipla 0 duatit) 

[rl4,B,c 0lt 9Ja FA,B,C, 1,at 



Palotions bettuon Compioment and dua 

CeCA8.c, LAs B,C ) Fa ( B ) 

(A,8c,)CA,B, )F(A,B,t ) 

Jhe irst 

FLA,BCs Can be obtain.col bytomptumenting all a 

heint lateen State that the Comptomont 0 e untkon 

Vartables in the dual untéon fd CA,e,cy. 
Jhe gecondralatienstates that th dua ean be totaingd 

bu complemantinqau cLLthLiteral3 n CA,8,C by 

unts 
Gtiven Otpruwon Dua 

1.6 

d0-1 0 Lt01 

3.00 tss Lt2 

11 1 0to a 

4ttsnh 
6 41 A 

AtA-A 

4t 

A-BB.A AtB BtA 

lo .(B.c)-9) AtCBtc)-AtB)+ 

At Bc(AtB)(AtC) 
1a ALA 18) A 
13. A.A.B) AB 

AtAp-A 
A+A +B AtB 

AtB A B 14 AB -AtB 

19 (At) (Atc) (Bte) -(At9) C AB +Ac t Bc 4et 

16 AtBc = (AtB)(AAC) ABtc) At the 

tT tc) A 10) A0 4e 
0(4-tB) c4D) = Act AD t Bct BD 

1 AtB- AB t AD + 

ActAB -(Ate) 
ATB3teD) = (Atc) cAtD) (ete) 

BtD) 
Ap-(AtB) (A) 

dD- 43 44 tAB A-t13 A (A+B) 



um-0-Drocutts Porm 
Eypanded um prroduds orum ort Cnenca um OF 
his is also callool dfsjundev ansnikal tortm (DCP) oTt 

prroolccts orcm. 
nthis torm the tunttEon is the Sum o4 a numbart 0f 

ptool Ceotsercm torems horto 0auh product tircm eonting 
QLt VartEabtes of th eunctisn ther n Cornplmanut e uncanptomen tod form 
hi Can alsSo be dorved ot frcom tho trtEN bl 

haînd th 8om ot a tho torcms that CoruAIpEIds 

to theso Comnatfeng ort uhêch p asumds the valuo t. 

For oamplo-

(A,B,C) A +B 
AB(C4) tBLLA + 
A BC+ ABC tA BCt ABC 

Jhe Jho prroduut torum ohith contains all tho Vuriloa3 8f 

tho#unttieng oithusu tn Complumontad 
ortrm is ealld o mintorm 

Cancomp Lomanted 

h mirtscm qanoted as mo ,m1 sma 

n tn' yorabLo Functdsn can havo an mntorms 

Anbthurt 0f Rp Lpuenting tho unttten En 
eonento OP fertm ts thu hot?nd th sum o mint 

tort which th feuncteory 0auals to 

For tompl 

fCAB,c) m tmtma tm 
A 

CA,6C) M Ca,3,6) 

mintoms uh (4whorre 2.m Hopo SRUtS th gum OsPcn 

olacinal Ods, arco 8va th paurtanthe ot. 



Product O ums Yorm 

Jhdorm s also cattod as Confuncfve Canonecal fortm 

tceP) or tpande proqutt Of Sums form 0r Canontea 
Product OF Sumg Fortm 

khe is b Considereng tho Combenat&ons Fert cohëth F0 

Eath torcm s a Sum of au tht vorrablas 
Jho Functeon F A,B,C ) AtBtc.) + CAtB tc.) 

Port m 

CAtBt) h Sum tortm ohch Contans 0ach of the n vartablas 
en althert Compementad OrT uncompiementoo orcm caltod 

Mattercm NOpLeOs ent od o M, M 

Jhus CF 0 Y may be toritten as 

Q matrm 

Mo M Ma 

F (AB C) =Mo My M6 M7 

FA BC) 0,4,6,7) 

ohorto prras ontod the produu 0 Q masEorms. 

Cenvercson Botupon Canonica Form 

Jht tomplument o a unuon oprassa0 as tha Sum ot 

mentorms auals the8um of mentorm missen from thL 

Oruigna funct &on. 
eamola 

E (A,B 9U) Em Coa6,7) 

Jhe ha3 aComplenont 
Mat ca b Opre ss ed os 

F (AB,c ) m 35) m, +mgt ms 

wAeomplornont 7 De orunsthoorom wo 6b ta&n 

1in a orun 

P m tmatms m m c 

M Ma Ma MC18,5) 



Ertamplo 
ETpand ACAtB) AtBto) to marcterms and mentorrm8 -

Sotuten; 
9n Pos Forem 

A AtB)(A+B1T) 

4 AtBB tC 
t8) (AtB) tC 

+Btt) (A+BtC) (A+B+C) (AtB+ 

A+ AtBtc 
tBtc) A4B+0) 

Jhurtort 
AAtB) (A +BtC) 

=A +Bte) 
(AtBtc)CAtBt) 

CAtO+) A tB +C)(Ate1 

=(000) c0o1)C010) (0ujCi00)C101) 

Mo M Ma Mg My .M 
M(0,t à3, ) 

Jht mterms M and M7 armising in tho POS Form 

So, th SOP Forum wi Contoin th mintocms 6 and 7. 

KARIOA UGit mAp oR MAP 

he K-map s a hartt r agroph , Com.pos aol o an-

arrong omant 0 0djaont Col3 Qach roprosanbeng 
a 

Porcteaalor 
Combenatton 0 variablug tn Sum ort produot 

Gorm 
haK-map s 8yet amatC mathod 0 Simplty iney tho 

Boo leon pruton 

J0 VARIABLE MAP 

vordabl0 Tpro gTon oun houw ay PossEb 

A and 
CombnatËsns o th tnpu Vocdab los A and 6 



Maping OF SOP Epto ssen 
he AVartabiz K-map has a=y Sguaros. Jhas0 Syuuara3 

cadRoCa0s. 

At ptacnol n any Squourt n deatog that Corrusponding 

mentenm ndluded fn th Output ocprugs ion, and a 0 
mEntennm 

ort n0 ort no dntin anu 8quare indft0 3 that the Corcraspendirg 

dbas not apP4artn th aprttstiom 01prasíen For mEntarcm 

Outtput B 

A 
B AB AB 

Ertampte 

Map 0pra ss on f AB tAB 

Soluton 
Jhe tproKTen m�ntorms 

Mtm, m C1,a) 

00 
A 

Mnimizatien of SOP E pr ion 

Jo mtntmize o B00 toan opra3se ven on the SOP Frcom by 

UMng -map, th adaont Sauoutd S haveng Jss that hardng 
münturns adfacant to ach ounart ar Combinaol to orm orgeru muntirsn8 
Sauora to oumiate Somo vartih bls. 

Jn poesibto mntarm grouping m a two vartiabl -map 
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Fa B 
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Juomuntorms which ure edja.cont tO 00h othort oat 

Combrnao toorcm abggor 31a TO cattto a SauourtoTTa 

poirt.Jh lminatos en yariabl thout s not common 

to both tho m�nt oumS 

Juo 
Sauouto Orca 

Jo Squaro g adjaront t+0 00h otherc can b ombuid 

to From a -Sauar A y- Squar 
0timinatLs a voupklus 

A 8quar atnad uad 
whech uomain o NGtant 

*Consoort enl thos 
vartiables hich uemain onstant 

tho vartablos whech 

thrtoughout the 8quartt, anal ignorco tho vartabty which 

vorttabtas tho aritble| 

Q Varyingh 
non-complamont ed vortiabla s the vartnbla 

th ramaining Constunt d8 1.Jhe Compumentaol Variablu | 

S th yarrfable rumoinind 
on8 tant as a 0-and h vaurbble 

asu wHOn aS produut tircm 

Ercampl 
RuduuL th Aprta ssEEh p AB +AB +AB n mapphg 

Soluton 
fApros3 0dn toumS 01 mLntorms tnaivon etprroeton 

otmt mg 2mC0,1 3) 
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MappangOPOS EtprcossPon-

Each Sum term in the 8tanodarod POS aprossen Ts Cailno a 

Martorm Puncteon n tht two vartfab 403 CA,8) ho3 4 

Doss?ble mactaMS s A tB ftB A +8 and At6 hey ar 

Lpr&ontoel a3 Mo M Ma an M spocttvUH 3HLsDatEv 

N 

AtB 

Jhe materm 0P atyo vartabl -map 

Eampl 
PLot tho etpre 98 fon f= CAtB) CA +B) (AtB 

30 luteen 
Ercpraen ntorms of mattertms 1 TTM (0,a 3) 

0 

Mine mizotlen ot POS Ecp RABT en-

3n POS frcom the oda.o.nt Os Crca combinzc nto Larcge 8uouro 

0s possfbu. 9 th sGrtas howng Complamanto varcabl 

romaN ns tan es a andl th 
thon th yal 

0n- omp lamanteo Variab lo t Valu Hamains Hmes 

Cundl thAn 

COT L8and 03 0 0 aleng hont�ra 8tra anal thon 



thatrt Sum term is tordttan 
Jhe possfbto mattorms grtoup&g n a two Varab 1Kma 

eLT ghouin balouw 

o TO 
4B 

FA fa B B fy A 
AB 

o o 

ercampl 
Redut tho otpr ssYon A+B) CA+ (AtB) usng 

mappeng 
8olutcon 2971 

Jhe given etprosten on torcms of matorrms8 M 

Co b3 

o 

f AB 

Jhree /areabt Map:-

A Funton in thru Vareab la s A C) can bo QtpruR 

nS0P and P03 uem havng ght posobio combenaden 
thH00 Vareabl -mop hauva 8 8quaruS R Cs and 

Oach quarco on tho mop HOprro8 Onts a mäntverm er 



mattum turm IS dhouDn n thequrt baloc0 

A 

tmo)(m,) m3)(ma) 
6 

A Ab 
mu)tm m)m7) Cm6 

BC 

00 O1 10 
a Mintorms 

0 AHB+C BAt@tTB4 
mo) M) m) (m) 

AtBte At Btt A+ Btc ABte 
m4 mE)(m) m) 

b) Marctorms 

Ercamplt 
Map the Tprmss Cen F ABc+ABC t Aec tABC tABC 

Solutton 
So in the S0P grE Corcm th 0tprussiern' P=m(l5an6,7) 

AB 

00 01 

O 0 

MinEmizaton of SoP and D0s Eprastbns 

Forc oduuing th Boolnan tprcag8Tons n 8OPCPOS) Fortm th 

Foulouseng taps o given bolo). 

Drau th K- map and pOaco 19 0s) ordropondarn to th mëntoms 

Cmartouns) ot tho g0P POS) pro 8Te 
In th0 map 1s Cos) hEch urta not ediacont to any 0thor I(0) 

osy tho 80tatod mntorcmS marordis ) Jhau auu to be raad as 

thy sto bO0 hoy Con not b Combined von nto 

-8aso 



OT hosc 8 tos tuh8dh oro daont to en 
CO) make thom pelts (aauar ) 

gthor 

FOr qtads (e 8quaro8) and ot ot 8 0quarI) 0 

adja cont 1s tOs) ovon F tho Contan some LS. C 0s) 
tDh&ch hawe auroagl boan Combnad Jhy must 

qtomatrticatoyortm aSqarto or a ro.cen g 
for any Is (os) that havo not b0on combtnad 9ot th 

Dmbn ihomnto bag ar Sqtuarco08 possf6 la 
fortm the mnêma otprass&on by dumming Cmup tyn 

tho prrodutt (Sum) torem8 0 th gr6ups. groups 

COma 0 the hËAm posslbt combfrations o mintitms 

nSOP orm AB 

10 

BT TAB A 
FCtB 

4Bc 

01 
32 

Fy B+C f5A 

hes o stb t combinatt9n3 arto alJ0 or POS bcut 

ts art roplad by Os 

POS bcu 



FOcu Vart abt Map -

ocert Vurtabta 06cD) 0Tprta.9sonCan have a 16 4Pocert 

poss fh . Phle CombenatEons o nput Varrab tas our variab tn 
map has lo Sqyuarta 3 er 0.caL3 and ech 3u,0arto S on 

hL maup prtaSents oithortC mtn torcm or a marttoum s 

shown in thaPqrarab aloco. Jhe binary nLumborc dleonaton 

otheCoCuSand CoLumn ar n th 8ay Coela 
ha top 0 tho moLp ndicat he brnarc 

h Condt tons 0 C aLond any CoCumnand binarty 
numb0rt atong 

the 

alend anu towJho (0 numbrcg n h to Lt ornarg 

o4 t squarts nclieat th PA4Minterm and mattarn 

numburts atong tt side dtata tne condtfon o A and B 

dASgina tens. 
00 O 

SOP PORM 

aO 4Bc ABCD ABcDABCD5 
m (mo) (M (m8) M2) 
01 BCDABTD , BcD ee 

(Mu) (m m7)(me) 
19 

1AB en AB CD ABCDABcD 
m2 13) IG)|fMi4) 

10 ABcDABCD ABcD ABc 
mg) ma) )Cm 

POS fORm 
A 0 O1 0 

A+BttABtcADAtBtEHDAtBtCtD 
o)(m,) (m)(m2) 
0A14c D+61B01B1b AtBteto 

my) 
I41Btat 4Dtc1AtB44 AtB4D 

(12 (m 1) (MI (MIy) 
Lo h494ctb nt m (mo) 

M) m7) MG 

Cm8) ma) mu) mi) 



hEmozat ton ot Sop and POs Erprosgfons 
rtducing the BooLan otpressiens n SOP Pos) 9orcm L 

olenuing siops ort gven baLotd 

For 

h map and placu 1S 08) CoTUA PONdg tu 
Entorms (madtorm8) 0 the 90P PO8) otproisron 
nthe map 1 tos) dhech aro not adfaunt to an n 
6) ard tht dolattd mintarms Cmattorims). Thyr 
tt to br ruad thay arte batQusL tha arb bo0aLi 

thoy thou Cannot bo tombenad evan nto aSquorto For those Is (os) oheth ar adiaront to onty end 
Ont Othur tto) make them perer9 a caurt3 ) 

*Fort quads SquaOs. ) and octob C8 3qteores) 0 

adjattn.t 19 (o5) ovon thoy contan g0ma 1s (0s) 

Ohech haur adroad ben CombtheolJhy mut42omastal 
ortm OSauauta Ort a tuctando 

Fort 

For any 18 C0s) tha have not bten combnad yet enn 

Combno thom into bidor 8quartas possrbi 
Form th minimal arprsion o ummn (mungn) 

thoproduut (Som) terrmg of all the q rO ups. 

Eample 
Rocdsee ustng mappi tho oprios den f Em( 0,1a39 T 

S,10,118) 

80luteen 
Jh aivon 0tprrosToN POS forcm s f TI M 

,6 11 19,15) and n s0P torm F m(0,l,a39, 

7,8910 12,13) 01 

min BD t AC t AD 

Ce) SOP -map 

10 



O0 0 
00 

7 

13 

10 

Cmin(At Bt0) (A+TtD)AtBt) 
(6) Pos map 

he mnEma sOP 0pre8ion is Fmin BD+Ac+AD 

ha minimal POS 9tpro en Y Fmin(tBtD)( +Btc) 

Don't hre Com btnetione-
Jh combenatfonsou wh@ch tho voles o the reprasg Yon aru 

not Spcitd art Caud don car Combrateens OTt opttona 
Com benatPons und such eprLSS on 6tand meom platoly 8pecifad 

he output a don caru tort thuse invald CombehatÉons 
Jh don't coutarms adanotoo by d er x Durihg 
the pro ca1 01 dostqmuu S0r maps 0auh don?t car S0P 

Eruato 03 to Hdu h maP othure oësa t Ú tuatd 
d3 0 and t Oton During th Prous4 01 dasCcnena sng 

POS maps 00Lth don Ca tHated 0 to tuduu th 

ma othiruw B it is ruateo a and tt alona. 

A Standau SoP prsTon Cutth dont artas Can bo 

0n vRrttio nto Standarco POS from by K0apahg th dont 
(OS0S 0s thu eo and tho mijsing min tarm3 0 tha SOP Horum 

Ora tton as th marttorcms 0 tha POS orcm Srmlartly, to 

Conworc o stanola.rcd POS eprcoSTOn wth don't Cartas an b 
C9h verdod to stanolOstd SOP ortm ou Kupinq th don't caru 

tha arc and tha moesing masttorms 0 tha PO9orum aro 

wruttdn as tha mintorm3 0 th SaP torcm 



Etampte-
edtute th opussien F m (1,5 6s1As13.1u) + d (a 4) usnq 

K-map 
Soluton 

Jhe givon ortpressron hsoP orcm s F ml 1S,6,12 13,1)4 
da4 

Jhe gien otpeeston in PO8 tovem f TTM(0,3, 78,9, 
Otl15) +d a4) 

men BC tBD+ ATD 
(a) SoP map 

AB CD 

60 

00 

1 

to O 

Fnn-(BtD) (T+B)(TD) 
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Jhe mün imal 0 SOP cpros Con 1 Prmin BCBD+ACD 
o POS ocprosron fmin +D)(A+9) 

he 
Jhe montma 
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ALOST G1ATES 

Logic 1ates 

Logcc gatos arte tha Fund1montal builetng 6los oB digita 
Syatems 

herte rto 3 bagtt tYpas o ates 4ND , OR and loT 

ALogie9atas ore Ql0trrontca Circtuttsbtaue the th 

art maole tap o a numbart o Luronits d avé s 
ourtt maole 

aund COm Donents. 
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ALvals hos ttwo uvo19 art tortm 2 HIG and 

OW 0r TRUS and FALSE Ort ON Ond OFF eru Simply er 9impu 

i ond O. 

Jhe tabl whêch Usts all the po 33tb Le ombnattons 

inpu vuriab lus and the corueponding outputs 

Po8seL 

iaLte a truth tablo 

LEvEL LOGTC 

LogitEn whith thevoltage Lvals roprregents logfe 

1 and Logie 0 Lovol ogte ma b positive ort negatfve 

PosttEve logie 
A potiv ogic 3stam s th eno n tuhtch th 

the hgh er O tho two 

th logê ond th Loworc of the two vOltaqS 
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Lwwo rop rus tns th gfe o. 
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btuerc o the two vo Ltage Lvols FCoprt8 onts th 



togf ono th hEghr04 thaeoo Volt3 urnl 
TTOprtosonts tht logit O 

Orarnt apas OF LoR tatos 
Not ojat (nvert ort) N 
DT qat atso catad and nVarthar, has dny9na 
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Input Outpu 
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B TNPUT OUTPUT 
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encodor ar obtain ad rcom thi map8. 

Jh CondPtton or 0uuput v ts an OR unton o au thu 

npu Var&abtos. 

*h prcortet oncoclar s mplumtntd actorcaling t0 ollawing 

BooLan untions. 

y Da tO, D, 
V-Do t D, +0, +D, 

V 



MuttiptrA 
muu trtor S tombinattono) cErce?t Ahut 8alocts bmary nortmafcen rom ne o many nput has- an lfratts t +o inortmaton 

a Sinq Output tne. 

he Salecd Con o a Paurttcutast input the lne ts Controed Sat Sot O SeloctCon thes 

Nortmaltharu a an nput Lnes and n 8ototêon tns hos bit combinations dotormin cuhh fnput s 30tected 

Controttd by 

nes 
w hos 

AowT -to On tne muttiptestor is shown h tho balo Cqurte fath o the our inputs, Lo tnhrtough 1a is apptêd to on npuut on AND gato 

aletbn Satettbn Lins S and So drt decododto SRIet pParufulasr AND qatIhe outputs 0 th OD gatls art appiid to a 

8i'ng oR gat that provclas the Bnd-ne Output. 
Jhe untern tabi sts th oput thar is passod to tho 
Outputorc Qath combinatona o the brnart soletfon vatuog. 
jo dmon s trate tha Opormattdo O 4h rceet tonsidar 

thco8L whon S So l0. 

h assouat ed ith nput has two o ts 
An0D 

inpur qusa to tha th?rr Yoput conn&tad +0 l2. 

t 

to 1 0nd 

Jh h 6thert thru N qat have oast on input aqua 
+o 0, whih mones thairtOutpuds eqtual to 0. h Output o 
the OR gat s nod 0qua to tho valu o laProvdinq 
path Yrom the galttpo nput to the Output 

A A muipurur atso Cad a data 8eetor StncL 
ulatg on t Man puts an Stecrs the binar inHoumahor to th Ouput n 
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Demuttip leter-

Iht data orstributórn, Wnown moru cormonaS a Dornut iplarton 

ot Demut ort ehort s tha erta OPpOST0 o the 
orc Demur 

Mutttpder 

k The dumult iptetut tanes on singt npus dar he and Ahan 
Qwths 1 o on o a numbor o ndfvj dud Output 

tts One at a tmt Jhe damultipturt d convartts a serta 
anal at thu input to a poratl dtel a #S upu 

data 

Lthes U showN boloD. 

3he Bootcan otprrossron orc th t-t0- dlomettëp tetor above 

toth outputs A to D and dato gatuct ines a b isS given LA 

ab)'A abt0blc tabD. 

The uncton o4 the damuttiptotor is to Botch enCommon 

data put tne to any one ot thu qout put data tonos A to D 

nOuf 0tampo aboveAS coith, th muttcplertor the fnd&vdual 
Sota stat gwitches oLLL toctod by the biaruy nput adres 

Cod on tho output Setuct pnso)and b" as Shown. 

Output 
-8So I 

Outpu 
D MUX S So I 

Input D- S, So I 

S 
O 
O 



nvortos 

ArD gat 

D-
(ogec olgrtam 

D 

Untik multipteur whcch convrtt data Yrom a Sing daia 

in to mattpla ines ano d multepotur which Convertt 

meelteplo tnas to agEnql data nes thor are dovtcos 

Qvatlabl which Cenvartdata to and rom muttëp L ün 

GundEn tho nortt tutorol about combenatEonal Logit dovu 

Standaro domuttplartar ICPaonaqis avalabl ar the TTL 

TLSI38I t0 8-Outpeat demultcplnrat, th TT 74S13q Dua 

Lto-4 Output damultiplertor er tha CMDS Cousy 1to-6 

output demutiplertert. 

Output Sol DoLt o 

b 
Ocot pO 

Soloct O 

A 

C 

D 



CQUENJTn LOGTCIRCuTT 
SeQUENTTAL CTRCUIT 07YOO 01302 

ttrcut cohos Out pat doponds pon ne prasont nput 
praicotus ORatpat and tho Soquencan uhech the oputs ara oppid 

HOW THE SEQUENTIAL CTRDITTS DIrreRENT PROM ConMeTNATTON 

C 

AL CIRUTT 
3o combhat &orneirdaits daponds apon prusont nput at any 
Gnstant o tme and do not use momeryHenta provdousinput nstant o 
abs not haw on 9ut en th ircaatBcat Soapaarntfa circaut 
has mmeruy ane depondLs upen Prtesont nput and praveous 

6tput 
kanantl eirauit ara glowar than combena-tonal crcauts 

unolthe s Sequont la corCut aru hardorto doston a 

Soquontal togio 
crce Snput 9utput 

Memory 

uoCK 

Bck dngram 09 Soakonteal 00qia tärcut 

Jhe dato. Storcoo b th marmor)alomont at any civen nstart 
o 1ans att hprosont S4at o Saquata ciruut 

ypL 
(ahantalLogre SLC) orto Classod as 

U Synchronouas SL 
, Aynthronous SLC 



SLC and thoos ohtth ortonotControto by a Uo 

he SLC that a end Controtaocd ctod rto tallod Sgnchron 
h SC 

art sgn donou.s LC 
CloeK-A ruturng puts s CaDo a ctock 
CloCK 

FLIP-FLOp 
A Fp Aop er Aatch sa Cortcet that has tuo Stablo Stata 
and canbutustd to Stortainorcmeton 
APptop s a binarty Stortagp dov opab o Storang One 
b8t o ntormaton n a 8tabl94ate tho Output 0 

Fp-tbp sother o orr 1 

Latth is a nen-ctockod Pp ep and 4 ic th building 
bLeor yp lop 
orage 
Stat ndi4netaly antal diraitod by an nut aranal to Sudth 

Stote. 
Storag mont that oporat uoth Stanal ova aro caloo 
Laiha and Oporato wth ouk transrion aru taiidas Pup ep 

AND LATCH : 

cloment n dgtte cirt ton man tan a bime 

C 

C he tortuit ca b0 mad to chang o Stat by Sonals ap Lid to 

ens or mor e contro1puars ardeb hov no or too dutueds. 
Lptatal so bocaAS Ocutput thancteps Or eps 

meaning to Suh ooLu ond orth. 

*Aplop isasso ad a -stabta mate-vëbrator as t 

has two 8iabl 94a03Jho nputS sonals ohtth ommound th 

Pppiop tochang 8tat Orco CoLcd citatëons 

p-4ops ord 8tooq dovess ondcan Storca LOr O. 

pui-tops 
sind An elock Sianat ar caled uouKad up-ops 

ennirto eanals oo 9ochevo Ont 9 thog ru applnd n 

BynchronYzatn 
th thu dok gt nal 

nogasvo 0dg0 tugg erud 

Posr4tv-odg rggurad #üp-ops auto thosanhth Slates 

Aransi+tons taxo paeo oru posr4ve opingdg op th 

clbck-8tgnats ma bo o8tiv0ed 4csspo Arugg arad or 

ronsi+eong 

bck puls0 



ANegalEv odg o Hragorud p4Lops aro thos0 nwhEth 8tato 
trarstfon 

pulso 
Pla plau ontu at nootiuo ing ogo o th 

tock 

Some Common typ o4 Pu9Lop intuda 

a) SR $oro3dt FF 
Ddata orc dalay ) P-F 

IP Da ogg -P and 
d TK-

SR LATCH 
Jhe SR Latthis a cerut wth two crross (ou o 

NOR gatl8 Orc two osSCoopLad NAND gats, 1 
St has two OutputS labatad and QJwo nputs artu thore 
abold's ort Sit end R Foartesot 

Ihe latth hos two usPut 8tat0s thdn oand -1 tho 

Condtton i, Callcd asot Cnd cohn 1 and Q =0 th 

cond&ton scattad 801 Stat, 

lorema end aMjor omplinant of oach ethort 
e Fgure ropreosonts a 9R(Lateh wth two crtors Couplad 

NoR gabosh rut has NOR fatas anc as twe Kn00 gatos 

Gny ono DH thooput ort a NOR gatt HIGH then t s 
Otutput wiu bo otD and both 

Onty th out put bL bi HTGH 
thhputs aru o then 

0- Rtraset) 

n S Csot 



Undor nortma tondPttens , both npu1s ot thu datch romaf Qt 0 tontcss tho State has tR bo chanqDd dhe applia 0O momontoryto th Sinput Cagos the Lath to 
ba 0 

ototho thoisot Stato3th oinpat mkast9.go baK 190 botorto an othort chongds 4ako plao n ortdor to ao tol 
the o rutonta o oh ond ortengd nott 8Aat tha t rogadb ram th NPorc brddorn tnput Cordálton 

h trst cond?fon ts=t:R:0) 0)4ha acdeon that oH ba 
taken b nput s40 ng 
Ramoveng th actr nputfrom s aves tha cartuit a 

t e am 8tatoAPtercboth nputS roturcn 4o THIS Hhan poss?ble to hroset 8tate b momantar Ppluing o to tho R input ho 1 0ar thn b rtomOVod rom 

rott b 
tho urcou to th 8ot Stata 

then PossTbta 

rcornans in the TOsot 8tato. K whor topen tho r4 

hon both Snputs and R ond uua 40 O then tth 
tan be 0 othor th sot erU th tosotStat0-, dependong 

en cohcch nput was mostrocontty 1 

ispp Tsppoto to both the.8and R nputs o tha 
tnch, both Outpus t6 O Jhts actEenprcodutas 

an undorchod noctt etat0 botauso othu Statt the 
HaSults rom tho nputtronsr4fon doponds en thi ordur 
noh&h thu rutartn +0 0 8 uts0 vEotatts tha 

6tha3n norcmaoportat fon4 Condrten B avetaad 
bnaking Sturts thaut 9 arto not Gpaad 40 both 

rroapuirremon that 6utpurS bhaComptenant/o oach 

30vedad 
Ppad 

pus Eulsonioous E 

aruthn tab ar &R atth dosignod tth NOR gatos tabla 

s thoun boio 



Output nput 
In R 1 No 

NO thong 
02 0 'o 

Ragot , 

DADE 
0 

Prrohebftol 
tat 

O 

O X 

G1 
7 

ww 
.Dbou 

SR 
mbo orc SR NOR Latch. 

Paung Conden4/ W 20 A 
tn cas o a SR 00 RE Mat Hs qtvon both th 

Otput u r to bacomo his t8 cattoa Racing cond Aon. 

OR Latch using NAND 8at0 

The Jhe belbo auxs rcoprcog0NES R tatch in two rosS 

tOup Aad ANO gabosho dirut nas NAND gatto and as ale 
noo 9 any nOor o NAND qate 1s Lo then 4s 0utput 



toE bo HitH and 9 both thu nput s au HIH un only tha 

6atput wL bo tou 

St oporatag uth both nputs normoty at l sundeis the 
State o thoe atth has tob thangodhoppltotton of o 
o th mput cou0s 6utput to go +D putting 4he atch 

in tha Sot Sta scohon tho Sinput 200s baun to1 tho ciru 
rtomotnsin th 80t gtat.APtor oth inputs 0 bu toA 
aru auouwoo tochanga tha state ot Ah Lafdh b platihg 
a 0in thi Rnput hi3 adeon tauss tht cira to g0 10 th rosot 8tat and 8tay tharu Von ottor both Tnputs raAtartn t0 1 

he cond2teon tha S Fortbddon or th NAND otch Ps 
both nputs botng oual to 0 at tha Sam tno, an nput 

LDmb4fon that 8Mocatd bo Qvoidod 

Tn compartëng thu NAND utth tho NOR Lotch not that 

tho nput ignal or th NANO Togto the Complumant 
hoso Vobong os orcth NOR LOtCh Becasu 0 the NAnLO (atk 

ruausroso 0 Siarols 4o Chang 48 a s comnes -

rotorc to O Rattkha preims or Sonotnts, 
horcs evos tho ot orcs destgnat thoeut that thnputs 
RIUHban nhoir Cpamoritetn +0 actevato th Satt 

R 



he eubove rroprrosonts the SumboLFornvartod 8R lateh erc 

SR tatth u.aing NAND gato 001 0 A 
rth tab orc SR faldsing NnND gt ornverctocd sp late 

S 
nert 
Roc Paco 

I CR08t) 

QUAO thaqe Q NO dhang) 
D-LATCH 

One uwmy t eme olPnmtnate tha Condogfnab Condtfon of th 

edepe ndotercminato 8tatTn hsRLatch Ys toensoara that 
npcet S and aa nvere 2qLiat to at the 8ama ttna. 

D 

y 
(Loqre olagram tay 

his s dnain th D Latch h0s Gntytwo En pussD 

Cdata) and % En enabl). 

he Doput aos oiruey40 tho9ptrisand 

scomplemont Pplind4o thR/npct 



SAong as the above enab nputs a 0 the ross 
CoLLDLd 8R latch has b0thnputs at he 1 1Lvel ond tha 

eercedcan't chongo sta rugoraugs o h valun 0D 

ahe botow coprußonts the truth ort th D-lateh. 

En D Net Stato of a 

NO change 
0n-0;Rosat 84eto 

I St Stat 

*h0 npu Sampasd when En 1,4 D th 
Cttput gocs to PLang tho n the Se StatoL 

D0 dutput goos to O, pladng the cirtu in 4ha 

TOst State3h 3hstuatton prcovedosa path frtomnPtat 

D+o tho Otput and ord this roason the cErus t 

o1en eald a TRANSPARENT LATCH. 

JRIGI GERING METHO DS 

ah State o aatch orHi-4lop s tthad by 

thang n tho eontro Lnput 3his mementaruy chang ?3 

cato id a eruga ad th transitron i4 Causos s Sadd jo 

tTrag ort tho pep 
Pp FAop radts aTR Con8tut0d Such a uay as to 

mako tharn oportat poparty Lohen thasy rta pat 0 a 
n Sudh a a as to 

Seant?alsusf tho OmptauS a commor caocK i 

h 
thango n t Jyo 0 o locKpuls FOruprropart 

opeRaien 0 0Ftp -Flep 8hould b Arugged enty 
durthq a8ignal transton. 

prob Lomn oitb at ch is thot rto s ponds to a 

his be automphb by QminatiA the Faudb auk 
potn tvout nhrcont n the ep ortasten 6 dho 89qeent d 
poa ing toschoS A dou puugos3 thrtougK two 
acC uSing 

cra nSTions rem o AO | an rutucn rom 
tcoo 

Lt0 0 



Aungs that 0 atchtan b mode ed oorcm a 

C-Ftop to toduu a FLip Plop 4hat triggory enuy during 

asiqral trransrYen Frrom O fo I rt From oo) oh o o) o tha a 

rdst o- thi ock puse 
Sunthrto nizinq signdl cIOCK) ad is dsa.bl0a derüng th 

UL 
Ca Res pons to pOsTtiva vol 

PosH8viodge rusponse 78 6 

() NogatEve-odg rspens Q 

JK PiTP-FLOP 
Th IK F FloP Can bo on st rutt od by using basfc SR 

totth and a tlotk n tbis casRthe outputs and Q'are 
ruturn0 bak and COnneut 00 thenputs o NAND gatns 

TYs/8mpa FIDF1Op sthe most widhly usod ts 

the Ptp Hlop do.signs and 1S pensqerpa to6 a tanivortsaL 

FLuptop irtuit 
ah Suauantab Oportati otha J FlEp--Ptop 3 onactly 

tho Sam St and Ro 30t 

he o4#rcgh tnginem that AhtTKHp-lop" has 

no nveuidor ortbiddon nputStates o the SR latch ovan 

twhon 9 and Ratg both at 1091e1 

Xnputs. 



Jhe bld dtogram 00 u dlagrom 8houws the cotCa 

D 
D 

h TK PEp -Flop s ba ica o gatca SR p 41op coRth 
tha additton a o cloek input ruiiy 4nat provants tho 

datal orr inva outpt condtfon4ht on Octuur uhen 

betnnpu S and R artu qual 0Lotc tivt 

Ou toths addtionaelotkeainpus o KPup Aop has 

Foun possibsnpus tombinat tong3 e,logf Logfc8 

no thange and teqg g 
h 6umbos ort o J Fi lp s sfmiAar to tha oan 

SR bisfabetotth upt th io nplut 

th obev dlagram 8hous the Smbol o o J #1p-

Bothms S and th R nputs o the SR 66 tablo hae 

now bon oplatod b two nputs eaucdthu and K 

nputs 
HRspIRtvaugftor ds nvontor ack and keLb 

Jhen ths uasates to S and K-RJh two aYnput 

NAND 9atos- oF bh gatoa SR bi 8tabl haye now bun gato4 

rop tauo by tuo 3-nput NAND Aates Eth the thtd inpuu 

6P ach gate Conmoarea to the eutputs a and Q 



k 3hs Cro9S Coeptih the SRFup FPaloo S thopraydoristi 
in vatd cohd&ton oPSE anidl P1stoutto beiustol to 
prcodur a togga acteon " os th tpo inputs or nouD Ynterdochool 

F th nDGSET 4he T nputsinhfbftad. by 
tht aStatus o thrcough the tocuer NAND Gatt ar the 

cTcult ReSET the Kthput nhebetod by th "o' Status 
er thrtough thu upper NAND ate As 6 and aru alays 
olEPForont w can tus them to contro L thi Ynput 

Truuth tabt Por I Fl Flop ) 

Input Output Commont 
0 

mNO chang 

Resat 

Toggle 
Ohen ooth npubsJ nd K aru aua to ogrc phe Tu FupFlp toggies 

T FLTP-PLOP: 
Joggle Fup Plop aro Commonly ooun 03 T Fp-Plop. 
Jh8 Fup Plop has 

Sim&lor ownas 

SfmElaroporcabEon as that 0 the the 

FLE FROP with both thi aputs T an K ar 8horuted 
both are qivon the CommonhpultE 

bOth art 

CLK 



nta S truth tabl B Sam as that K Pup FOp Dhon 

FKFDand K So s truth tabti ts1as FolLouDg 

ommont 

o change 

Teggts 
Choractoriste Jab-

charmttarstêc tabl derhes th Logteal propertts of a 

Flup Ptop by olestibng its oporaton in tabutast Fercm 

Jhuintti State is dirhed a. a Functcon oF the nputs and 
the prosent state 

Qtt referts to the prosent Stato and (tt1) tho nett 

Jhus QCt) danotay the state of thel flêp Flop mmeqtataly 

bOFote the tlok dgo and tt1) dehotes th states that 

t uttsPrrom the ctocktrrans&tion. 
Jhecharactartist&c tab o ho T pp Plop shouus thtt 

the nert Stote Oqual to -th prosont Stat cwhon nputt 

T and K ate both equa to oJhis Condtttoh ton b 
ecprcossod as &tt1) t �nd8cateng that tho ctocK 
prroduts no chango oF Stato, 

ChormutoristecJabuO K Plip Plop 

Qttt 1 
Gt NO thanga 

0 Rosot 
Sot T 

10 t)omplomunt 

k 

ohenK l and 0 tho touK rusuts thu Fuip Flop and 

QCttt)-0 with =1 ond K0 the PpFlOp Ses and Qttt) 

when both J and Kr equa to thi Net 8tate changes 

tho comploment Op tho prolsont StOti a trransPton theb 
to 

Can bo 0Tprris6e 8 tEt1)= Q'l). 



Jhe characteriste qua tten forr JK Pup lap (roprusant.od 
as Qtt) JQ +6 

Charattortst Tabaul of O Pup PlOP 

QItt1) 

Jhe nert stat CP CL O A rop is depond ont Onty en the 

D nput andsndepondontt or the prosont State 

h's an be opross as t t) =D. 9t moans tha the 

ntt State vaue 3 0qua to the Vatu oP D. Not that 

th 0 PLp PLop doos not hayo a noChango condgtcon and 

ts charattaret& quaten s cortitten asLEt1) D 
chastactartrs t& Tablo OP TPEp Flop 

QttD 
GL NO chang 
Q'O complemant| 

tharraeterésteetabtoc t Ftp rlep has onttwo 
tond&on s ohen b thetoK dao doas nothang the 
State when T th clock èdgo tömptimontSh thdstat: 

6P p-rop and thi thardrkeristRqueteon is 

MAS TERI-LAVEJPLTP OP 
Jho mas tort stawe Fp-Plops basEcaty two gat-dd 

SR Fup POpS 
Connetto togothurt m a oreos coneuraten 

with the 8laWe aergon nvestEod elock puise 

he Cutputs From and Qfrrom bha slave F-plan 

11 

0T ad baek to th nptatS OP tho Master weth the 

Gusputs 6r th micn.sterP Fop betng tonnetteol tothe 

tupo noutt of t slaave fp clop. 

h Coid batk/OnFEareo rom theslaves 0 utput to 
th mastord3 nput aubs the Chatattorustts togegLe of the 
TK PLip Fflop 0L8 ohowrn bilbuo, i 



MastorStave JK A lbp 

Mastor 
Al rop 

Slave Fup-flop 

CUA clk 
D 

Rase 

w 

Ohe nput Signals and K aru conocted to tho 9attd 

ma stor SR PLE PLOP Whcch Locks" th nput condetien tma.stor 
cohEte tho cioek CcLK)nput 13HIGIH at l0gic 0/el 

As the ClotK npat OP thu sla Fu Plop th nven 
compliment) 0f th mastorc lok input theSlaye SR 
Rip Rop decs not togglt 

Jh Outpub Frtom thmoLsturrp flop arto ony "sun h 
ths gatod slav Fop whun thei tlocK nput goos Loo 

to Legfe tevol 0" 
When th clotk sLouw th Outputsrom thaL master 

fLP flOp oru atthecl, and any oddittonat chungos to ts 
inputs arognoed 

h gatodSlavod Plop how usponds to th stat 

BF 6 input8 passed oVorc) tha"mastert scton. 

hen on th o +o-gh 
V trangitëon oF thu Umastor 

to th gatnd in puts eF th glave 

Fup Hlop a Pad through gattd n puts oF th 1glavt 

6utputi F haSLve Pup pLsp ond on th 
Hghto -Low transjtien tha Sum 

rput aru rufuued en the9 0utput eF th " slaa 
trtansittn thu SoumL 

making ths uype of Ap Fop ada ort puls ariq 1 



Thon th tcat aceapts nput data when the cdock sana Jhon 
s HIGH and pa8sos th data to the Output on the 

fattng edg De th clocK8qnol 
n othore oorca s , the Mastorsloave k Fp flop is a 

t 6unhrronousolo vc .S only pas data oitb the 
mtng OF the cloK sqnal. 

Pp-Plop Converson-

SR PUEp Fop to J FLp Flop: 
For this and K bogiyon a3, edtorcnat inputs to S 

and RAs shou0 tho logid oldagriambalod S ndRwi 

b theoutputs OF thoCombinattonoy têrt 

Jhe truth tab lesPorthe Plip Plop Convort.sion aro givan balow 

Jh prosont 8tate is ruprsented by Q nd pt sthe nett 

Fort 
Stat 

tn 
to G 

boobtainool Dhen th Tano inputs 
$4he 

art'apld 
Fort two npuats and K therte wêll lo eight Posstb la 
Lombinadtions.for ach Combinatfon JK and Qp th 

corrtes ponding Qpt 8atos ound pt sfmp Stugg ests 
the Putur yaugto b. obtarbth T Fup Flop ator 
tho vatuiayoF SaridR KairOo to Aach Qpl From 
th volua OF he ab N Enon comptet ed bu 

eaCh pti 
toruo spondn anae th stat or the pp floP 

thu Corro spondnqQpThat the vds OF S and R 
rom 

that asu tha o ou T op 

Chang tho 
PAattu wruttoh, 

6R PItp Flop to JK Fp lop 
From p to 

Con vertsien Talb 
TK Inputs outputs SR nputs 

eOpt SR 
bgic dto gram 

X 

0 
6 



O0 OL u 10 00, 0L 

SJQP 

TK Ripnop to BR Ptp rlop: 
his wil b the ro vorts prrowss of tho ob ovo OnpLOunod 

Convorrs ton 8 ond R wf bo the octerrnal oputs t0 Jand 

Jond Kcott bth Outputs oF tho Combinauona 

Circ cuit Jhus tha valuus OF Tond K halo to b 

Obtainool n terms OF 8,R and 0P 

Aeomb Con vrtston abla s 40 ba wrutton usng Rp 

ptiand 
For twoinptuts8 andRghtt tombinatfons at masla 

tor 03thcombinationthatOTrOpondurg pti outputs are 

Found out 9 
4he Oatputs For tha tombinatfons OF 8Iand R= ar 

not ppormittod For an SR ( Pp l0p hus the.outpe 

ru constdoruan vadio ardJ Jand K vals aru tektn 
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