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Definition* A Iﬁ*’er‘llﬁ 15 a variable or +he com—
Flﬁmerﬁ‘ o?a veriable. For example, X, Y, Z, X; Y;ZJ’

- Alﬁebm,ic Siwpli?\'t?ﬂ."'iﬂﬂ UP Swite Lat'*’bff Expressions

Heve we present methods forr 5Em|>|i€y i'vzg switchin
expressions, Using the theoremms of switthing a,ljfbgu.:
Theve are three basic Ways of 5{mph'Fyi*'L3 SwWitchi
-?U_VLCHDPLS- These ave':r Covn I;-H’sfﬂﬂ -]—f:rmgj €|]’mf qu_g
j-mﬁ +erms § and e“\"”l"l’lil,“l"l-ﬁﬁ_\i[.'}'er{ll‘:_).
1- Cﬂmbfniﬂﬂ -}_ﬂ_v*mb_f Use +he theorewm q.iEJ‘) D
)(-Y..{_)(.Y*’_—:X +-o0 combine two +eyrms. For e_}m,mple
o-brchd’1aeb-cod’= a-b-d’ Here we assigred
X=a.bsd! and Y=c. Avother exawple £ollows:
Simplily a-b-ctab-c+ab-c. This expression
becomes aepec +a.b-c+a-bc +altb-c= X-Crb-C.
In the above example | also used +heorewm CT3)

which statey, X+X=X-
The theorem (T10) can still be used when )( and Y are
veploced with wmore complicated expressions. For

e

(ii:jgl)e:&l +E!_)+ af-( bfh:").(d +e");:cl+;e{ !HEII"E we
assigned )(:clﬁ-e‘f} Y= @ +b-c; Y ::a_'be +c'). So /
the above expremion becomes YeX+ Y .){:XF‘HX-Y-‘
=X=d+e

2-Eliminating ferms : Use the theorem (T9) or
)H”X'Y—_- X “l*uﬂ eliminate rec{umda,n{- Lerms }{? pos—
Sible. Then fry +o Q.PPL}( +he consensus +heovem

CTID) of XoYadleZ bl = ikl o o il




any cownsensus Terms. See examples below. @
/ / B o 2 i /b
arbtarbrc=a-b. Here we cc,sa[gnec;( Y=a-
aw Y=¢c sc +he GXEresgien becomes X+ X-Y=X=
= a-b.
Ano{“hfjv“ e%q,mlv\e .Eo“oujg f _
@-brc's brendtalbd= chatbteibod +@lbrbed=

= c-b-d tvalb+bd.al-b =c-b-drc-ab
R oy / — r ST SRR \EEJ}___.J_,[_}(:.%
Yeor o R P Y

accord: 1o Hhe congensus theorem @ii)- Here l?
a\50 Used come other theorems as well- Which are ‘{—‘LL&{V

Bfflimlnmjriﬂg literals: Use e +heoreim }/-}-X{-/Y:
= X+Y 4o eliminate redundant literels. The o bove

Hrmrﬁm 15 -{-}:Le, same as +heovem CT_LLH> which
States X-Y'+Y=X+Y. Here we just substituted
wWith Y and Y with X- Simple {Zotc-kori#z;éﬁ?ﬁ;ép
needed bﬁ?@v;e the +heorem is ?ﬁFPiieJ- bee example.
AB +A’B'.c p'+A.B-c.D’'= A-C?+B’-c"- D')+A-B-C:D=
= A(BrCD ) LABCc-D'= ABrAc-DitABcD

= AB+A-BC-D LA cid = Balh A D) At

=B-CA'+c- )+ A" ¢’ D'=A"B+B-Cc-D'+A"c D’
Here [ also used theorem @8>(X'Y+Y'Z‘:X'<Y+Z)>
@vd some other theorems.

Avother example £ollows. This example (s based
9n the method OE Ou_ch{['r‘Lg redundont +ETE. EEC!UVLJQ,H:P

terms can be 1ntrod Uced i several wags such as

chcling the consengus +erm, Qrﬂcﬁi’bg X'Y_’; mulﬂpiyinj

by CXex') o abbipmn daiac S odded Lerms




5hould be chosen so +hat {-hﬁa Will combine with or
elimngte other term5. T he e;{a,mple Eollows:
WX+ XYY 2+ WY 2’ (add w-2' by consensus theorem)
r

:W-)(-{-)(-Y“{.)(’:.ZI-I-W-Y'EIJI-W‘*Eif /
SWXEXY eyl 2l w2 WY =

I T En S / o
= YWt YY1y 2! ezl Celiminate W-2 by consensV2in
=YX-WHX-Y4xlz!

_ HU(Jr'iplilng 00+ and Factoring
Some clquil’?,i-l-{ﬂnb {Qﬂ“ﬂw ‘\Qi'n'“f:‘{‘-

Broduct dorm: A product 4erm is @ single lierul or
@ |logica| product of fwo or more |iterals: Exam-
plesz 2/ wW-X-Y, X-Y*Z, WYz

¢ Sum—of—products expression: A sym—of - P*"”d”‘fj’ﬁ =
Prf_.._?bion ,:5 a 1031:‘;‘1\ cum UQ Procluc.-l- +€.ﬂm5. E}i&m?(f_”s:
A‘B'+C.DE +A-C-E, AB-CHD-E-FG+H, A+B'+C+
+D'E.

* Sum term 2 4 sum term 15 a single liferal or o
|08icq,l sum of {wo or move |iteral
WEXEY) Xevie 2, wirY ez,

* Product-of-sum eypresion: A produck-of-sum
E%Pl‘ess[cn be o logicdl produc{- 0? S5um +Erm5.
E}t-‘&,wF]E’f;: (A+B’).Ccidpf%_g)-(AJrC!i-Ef))
CA+B)*[C+D+E). E.

W VL ; 9.0
&_vi{ jéifﬁﬁ:’i;ﬂ t the subyect of mulhpl}wnﬁ ovt

5. Exabmpleb: Z;




. Mo tiplying ovt )
By wultiplying out we mean Hransforming an expression
\Pgom FracJUC'Png*bUm form into the CDFFJ'{;.E:POVLAHL; B
of —products form. The theorems used for mu [ +iplying
0Ut are +the %:llmum@:
(T8) X-(Y+2)= X-Y+X 2
(TB.J) (X+Y)(X+Z):X+YZ
|n addition, the {-Jnl[pu}ing theorem is very vseful for
V"Ifﬁut'l'l'?'l)r[n,g uu-{-: f

()R =N-2ex-1 @)

Since the above theorem of equation () is new,
We vow prove |t

Prac .
‘?— X=0, E'iUEL‘HarLG.) veduces +eo Y-<1+Z):O+J"Y il
Yol =4-Y¥ or Yi= ¥
|f X=1,equation(l) becomes (1+Y) 2= 1-2+0-Y
oy 1-2=1-3 or ==
Ber.g,ug,ﬁ E,ﬁ,UcLJric:r:.CL) 15 valid £or both X=0 and X=1,
'+ s 2ways valid® and the proof is comple ted.
_Mg_.: To avoid gen,erq_th'ng Unnecessary terms, whe,
mul%Pl_yimg UU-{-) Theorew (Taf) Qwnd theorem of
Cquetion (1) choould geverally be lied befo-
. 'ld ge Y applied befo
orem (TS) 1S CLFPhed.'

Some eyamples o isiics
the neyd pmg()e. Fomoltiplying vt follow on




©
Example : Moltiply out (4+B-O)-(A+D+E).
Answer: [ e} Y= A, Y:B*CJ ZoptE . ottt
aPP‘ly theorem (Tgf)_ The above express o becomes

(X+Y)-(X+2)=X+Y:2 = A+B-C-(DHE) =
= A+B-C'D LR Cc-E (Catler &Pplying Jrkeorem@’ﬁ))

Example: Multiply ovt (ot s )@ =c D).

An5wer: Le{; X = Q; \{:A-BIJ Z.—:QE-D. Then
J-i—lme 81\!&% E}ipf‘ﬁ%bion Lecomes C>(+Y>-(Xf+z):
= X- 24X Y= Q-c D+ Q"A-B 5 (Here | applied
+he {theorem G]Q EQ,UQ%fowCl)).

1€ we sSimply multiplied out by vsin LeorenL
CFSOJ we would get three Jrer‘wj;i%{_ﬂ&% Fwe as
Shown below : / / b r
CQ+A8")-(a/te p)= B-Q Q-c DB At
=0+Q-c'D+Q-A-B +A-B-c'D=

= Q-c-D +(§lj'/dﬂ-B'r +A-BC-D . Because +he
term A-Bc’' D i dlfﬁfcuH Lo E[{'mfnqﬁjre) 1+ 1
_V“UCLT betier 1o use +he +heorem D.‘E @ﬂ,UQ“[-L'DVL@)
(s teod D.(B +he orewe (]—S_)

EXQ,M?JE? HuHﬁp\y out / .
(A+B+C))- (A+B+D)-(AtB+E)-(A+D+E) (A +C)
Answer:  Lek Y=A+B, Y=C), 25D, F=A,

G=DtE.
Then afler applying +heorem Crg’) cnd Theovem

D-@ E$0Q+10ﬂ @.) +he obove EE&P‘-’“ESS{GH 'bﬁ’c:t:ame_s




C\K+Y>-C><+E)-C><+E)(F%);(F’l{’}:

= (K+Y-2) (X+E) - (F-Y'+ FlG)=

= grQ ()RR FlG) .
=f(+k-E)-(F-Y'* F16) = (X+Y-ZE)(F-Y LG =

—(a+B4cD-E)-[ACHA-(DFE)]=

/ / / o
(M%Jrc’»D-E)'CA*CJFA'D+A'E}* S
A-A-C-{—AvAI-Di“A'AI'E +B-A-C+B-A-D + A"E
IE- =

. R AE f ehDEAE T D - 2etD
iy
— AcrorophoBoC EAEAD £ BEROET
L Aclp.e. = ACHA-B-C+AB-D' +A"B.E +
+A£-C!»D.E:A-C—1+A*B-C+ﬁJ'B'DI+IA'}'B-E e
+Af-c".D.E:A.c-(HB)M’-BfD%Tfo yA-C-D-E
~ A-C-14A-8-D'+A-B-E+A"C-D-E =
=A-C+ A-B-D'+A B-E+A-C-D-E.
Here we also QPP{{EJ +heovem @3) and so-
me other theovems. Which are they _
—ln this evample +thot we just now presented,) f
owly theorem (T8) had been used +o multiply eut,
162 fevms would have been genevated ) and
'LS,B 0f +hese +erms would then hhave +o be
eliminated. This would be a loT of +FDUM€\)'[1’+
would have +aken o lot+ of +ime)

» Factoring

By —{fou;{-uriumg we meoon Jrrq,qugﬂ‘f‘miwg Qi expression
from 5uw1—os\?—f>rodu<:+ Form into the corrﬁbpancl[vug




produck-of-sum form, Again, the theovrems yzed
inw -PQLC'I—D?‘WL ave t+he some ones g5 +hese \‘%r
wio |+ IFHU’LS gu+ or +heorem CT@)) +LL€DV'E'W" CTCSJ)

and theorem of eguation 1) Sowm m o
‘EkﬂLC‘l‘OL"‘Elﬂ_S Bollow : ¢ il f

EXQWLP[ Factor A—PB > D

Avsarer: @ el VoA Y= B) Z=C.D. Then +the abo-
Ve exprewsion becomes atcwrd;ng to {-Marﬁm@'& )
W+ Y- Z (x+y) (x+2) (fHB )-(A+C-D)-

Now EeragmEeneiiEzTi@xansd 0 PP ly theorem
CTB ):CL G The GXPWEbblUVL Pi inally becomes
Q’H—B) (At+c): CA+D)

Exawple: Fm:%or A-B +C D.
Answer: £ 2=gszeells /ﬂFPPL}" JFLL‘EDFEMG_C?) =

qet A-B'+C-D = X+cliD=(+c)-(X+D)=

)‘f
=@-v'+c’ ) - (A-B+D) = Cc+A-B)-(D+aA-B)
APPI\;{ +heorem @81) GL aiva 19 3‘8{‘
C+8)-Cc*g")- Cm—@ CD+B)

_E}(DLmPle Focctor C D+C £ +6: H -

Answer: Here we apply Hfzeorem (TC?) fugir Tl
e\gprﬂsfamw. +hen bewmee, c- D+C E e H =

c-tpse gl o= ¢! H+c CD+E)
Now et Y=6GlH, Y=c!, 2=DiE’ aoud apely
theorem @'8 ) The E}{PU’EBBLDH then becomes




X+ Y-2=(X+Y)-(¥+2)=(6"H +c')-(6"H+D+e")
= (c'+6-H)-(D+E'+ G- H). Apply again +he-
orem (T8') +o \QEWQHY 3€+
(c'+G"H)-(D+e'+G - H)= f
:@’ﬁ_GI).(CgH)'CD tE+G )-(D+E +H).

/
Example s Faclor AC+A B-D+A“B-E+ACDE
Answer: Heve we G__[DFl\/ +Heoremfl‘8_) Lirst The
"Q}{me;l'ﬂha +hen becomes :
A-C+A"B-D'+A"B-E+A-.C-D-E=
A.C+A’-(B-D‘F+Bcﬁ+CH-D'E>*
Now |et X:AJ Y:B:Df'}‘B-E']—C!-D-ED = el
and apply the theorem of equation @). The
G pove expression +hen pecomes X‘Z+XH‘ =
=(X+Y)-(x'+2)= ;
=(A+8-D'+8-e+c’D-£)-(A +C)m Apply theovem
(@8) again 4o get
/
(A+c'D-E +B-CD'+E)]-(A+C).
Now (et & E= A—i—CI-D-E' 5y G= D!+E @ ind GLPP(}J
JrHeﬂrem (Tgf)* The above E}(Pb"er,b{o% +hen
bew"”f‘s (F+8-6)(A4c)=(F+B)-(F+6)-(A4+O)
:@“"'C'D'E 'i-B)'CA‘t'C!-D'E 'I-D"+E)-Cf3,’+(_‘)
= (A+B+C D) -(A+EL+C ' D-E+D' ) - (A'+O)=

=CA+B+C-D-E)-[ A+E-CL+c’-D)+p/ ] - (A +C) =
=CA+B+Cc/-D-ED-C AtE-L +D/).CA' +O)=




:(A+B+c’-D-E) -CA+&+DI)-CA’+C). @
NUL;U let H= ALR ard J=D-E and q,p{?l}’ +heorem
(TS ). The above expression becomes
M+c"-T)-(A+E+D')-(A%O)=
=CH+C)-(H+T)-(A+E+D)-CA'vc)=

=(A+B+C)-CA+B +D-E)-(A+E+D’) -(A+C)

Arplying againg theoreve @8') to the second term
_ from the lef+ ( A+B+D-E | ME’QHJ we :ﬁ[n@_“){ gg-}-
(A+3+c’) (A+B+D) (A+B+E)-CA+E+D’)-(A'+C).



