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[EE 2720] (1)

¢ Boolear Alﬁﬂlam, and Suuikfu'mi
flgebro

—

+ |n 1854 George Boole created a {wo
V"L\Ued &(gebrmc batb'l-fim quled Bao{ec}_w_.

ngebmt.

e |n _L‘Bc?) Clavde Shannon qu,[;){-ed
Boo| ean a[,lge,bm 10 Q,V?.-ﬁtly 2¢ and des—
cvibe +he behavior 01@ circuits buil
With velays. This adaptation is cafled
5wi{—chmj qlgewac,

c Switching Algebra

|n 5w'\1rc]q,iﬂ.g q(ﬁebrﬁ, the condi+ion 0-?
@ |ogic 5igml 15 represeu{-eJ bcg bgm.fmlfc Vo —
riables , such a5 X5Y and these variables
can only have two yalvesy @ or 1.

There are 4wo Po.s&{}){e comfevr.'l-fonbjﬂ—*
M ond ytegg-_{-iw (Og{c_,
— For +he Fo_5i+ide lagch we 0u5S !3"1 O
+:r: t+he Low 515&@[ and 1 4o the HIGH
Signal.




€

s l:OF +he ne Q-‘-{Uﬂ logir:) we Gc&&l-gn - 4
lo the Low bcgnq,l oand 0 1o +he HigH
Sllgnaub

. Axioms

The axioms of o methematical system
Qe @ minumum set of basic de{?{vzii:‘owb
that are assumed 4o be true, and £rom
WI'L_ECLL a|| other infﬂr‘m{'fﬂ’l about the ays—
rem  can be derjved. £
The \Q{r{,{— +wo axjems a{? 5uJ{+CLLl"§ &fgebrat State
+Llﬂl'.+ a variable X can +ake m'z.ly one 01'? two
ve|ues: i

L@i) X=0 if X#1+ 3 (AL ) =4 if y;éoj

As we said earlier in_ the semester (VE] e
%mmrzﬁ o{? e 5@%&5{-&0 one. Q]Q +he +hree
most basic digitel devices (s the NOT gate or
I’Wﬁ“”{‘ﬂ’} Csee Fiaur*& 1-1 of page 7 of Lext).
A NOT™ gate or (nverfer is a digitel device
whose output 513%[ 15 the oppesite (or com-
plement) of i input 5{3%[. This means that
1§ the inpok s O lthew ke output is L and
(€ the (nput s 4 t+hen the output is O.

A prime (/) will be used 4o denote +he
-“"’?"‘ﬂ'*+e"'35 function. This ig 1o say that t'qe Va—
nable X denoles an juverter inpot sigval, +hen




/ 3
X denctes +he value of o agrm.f 0 the (nvertery
0U+Fu+.

We now have the second pair of ayioms:

i{fr?) l]E X=05 then X":.L C,qgg"') H‘f X=4, +LLEQX{—_ﬂ

A NOT gﬂf,-l-e or walarter s shlowe Lelow

X (>3 Y:XK:NUTX

/ : 1 !
Note : X can rect,dja,s "Xprrme' or " NEL X

|

As said earlier jn the semester (very be-
ginnfng of the semester) another one of the

+h,r§e WSt basic dlg (1a| devices (5 the

2 —1nput ANVD Sq,-f—e 3 (see F{gure 1-1 on page
i ﬂ\Q text). The 2-i1nput AND gcd-e 1sedevice
whoge uu-f-PLhL s 1 f)? beth it inputs are 1.
T he ?uwc‘{-ion u\e a 2-—{n,lpu{- A VD Ggad-e 1s also
C-OLHQJ ,ﬁia}.l muH-tlph'CQ_,‘lf‘t'wL deanec( bé( Oalfhu’/“
+5F|icq+f0m dot (). Thbis & 1o 52y +het an

AND gate with inputs X and Y hes an ovi-

PU+ 51 VZ.ar.l whose gql{)e 1‘5 i L ; 3
L’H ‘[‘heg.{?,gure below XY This s Show

?:)_ Z2=kY = X AvbY

AND gate




We now have the next three axjoms +hgt stqte
the definition of the AND operation Ly listing
the output produced by the ANVD gate for each
possible tnput cambizﬁﬁﬂn-

@3) el = @,

(A4) L-1=1
CAS)pi=1050 |
k\_”’_’_,,_-.._
Agﬂnin @5 we said at the very beginniag of
the semestery +he last of the three most ba—
sic digital devices (s the 2-input OR gate

3 Coee Figure 1-1 on page ™7 of text). The
2—input OR gate (s a device whose output is
1 (f either of ity inputs or both are L. The
function of a 2-input OR gate (s also called
l:::g[cml addition devoted by a plus sign CH).

T kis s 4o say +haet+ an OR 8Q+E wWith :'vzpu{—s
Xoand Y hay an output sigmt,] whase valve is
X+Y. This is shown ba +he -Pl.'gure, be low.

FT0) —Z=X+Y = X 0R Y

OR gate




We now have the [ast three ayjoms +het s@ﬁe
+he cl&finiﬁﬂﬂ of the OR operation log lis-l-ing +he
output produced by the OR gate foreach pogible
lrz.gu+ combingtion-

‘(A 2 ) Eat =t =
(h4) 0+0 =0

G_\ 5') (+0=0+1=1
L"_—__'__'________‘,—-—-—

|[MPORTANT : |n the above, + indicqtes (uifm(

addition ound %‘P Q,rilrhe'{-[cq_;{__&-i{-__{f_é . B
14tr=4 mvnd it s NOF BHL=2, C+his 15
@ common wistoake that many sludents do).

Noke : The above stated axioms CAD-(AS) and

Cﬂlf)—'CABD CDMPlE‘I‘elY de)?fn.fi ._‘JUJI'I'CLLT*’lg ﬂulg'f“‘

bva. All other -fgttcjrs can be Prﬂ’ﬂ‘i‘d U-‘ﬂ"lg these
ay10my.

« Precedence
The precedence of operations in @ logic expres-
5100 15 He Qﬂl[gwin_,g: ‘ CBJ prece dJence we mean
the order [w which -{-ge DPf?F‘Q'{'I.G% ave PE‘F]Q?JF"‘HGC!-

L. Parentheses.

2 - Complement-
5. LOSEEQ\ wmu +iplication( AVD GPerQ“l-iﬂu)

4. Logical edditiony (O operation).




Nole : [n the Pﬁ‘-’-*“.ouﬁ’ page, [ower rzumberaf:e_
retions have h{g her P vecedence QW-CLEOLI"’E’ Perfomec{
%i‘fﬁ‘l‘- For example, eyFressions ' parentheses are
FQ@DMQC{ -Ei'%'b GHDLUE'(_{, bg Com[:;lerneﬁ,{_ opera—

lrfun.*_;) -Fa(lnu.}gd bﬁ‘ AND aperq}{nms_} -Po{lowed 1:7/
OR operations.

. Switching —qlgebra theorems

5witching—algebru heorems are stajements knowe
+o be cdwq,gs Lrve, that are used to mava.[Puln:d—e |-
gebraic expressions to allow simpler analysis or
more eficient synthesis of circuits. _

| wil] now present swithi —-qlgebm theorems with
owe variabley switching—algebra theorems With two

ov three variables aqnd 5mi+cha'wg—&,{gebr&, Lheorems
with v variables.

Note ¢ The theorems with n Vqrfabtf’:b cawn [oe_
proved with the 50 called finite induction techni—
que- With this technigque, Yo Pirsl prove that the
theorem is frve Lor the case where n =2 (ba-
515 step) ; thew you prove that (2 the +heorem
15 'I:TUE for n=L5y then 1t is qlso frve {-por
n=C+1 Cinduction 5+E{Z>)-

_Mo_:lﬁ: Avother woy of Prﬂving @ +heorem with

0Ly womber of variables ig by using o @ 50 cal-

led “druth fable . Here gow should kave g Awnile
es

uwmbev of variables.




Definition: A +ruth 4able Calso calld o @

thLLlé ”‘E combimﬁm’lﬁ’) .‘aPe‘:iEf@ the velves Oﬁ % Boo—

lean ewpresion for every possible combination of
velues of the variables 1n the expression- £ an
ey pression has n-—variables, and each variable can

loke +he valve O ori,+he number of di Pferent

combingtons of values of the variables 1s
n
2X2X2Y - KRXZ =2

vi Fimes H
There{fare) Q. -]—ruHL -}-uLb[e :{iar G vz—vqﬁ'ﬂgble CX—
pression will have 2 r‘ﬂuif;)‘ Cexqmﬂ% wil| be shown

| a ter).
The bwikh{nﬁﬂqlgebr& +heorems now En!low:

e Switching-algebru theorems with
one vérf&.hli

o Here +he .5ing|ﬂ vanieble 15 . The theorems & llow.
(TH}o=X (7)) Yoi=X Cldentitic:)
(T X+=L (T2') X.0=0 CVull elements)

(k2 X“')‘i:)f (1 E) X X=X C ldEMPaany)
CTLD(X):X ClVL‘JD!U{—fﬂvL>

(TB) ){-]-)(!:1 15 ) )(-XI:O CCD"“PIEW*&'&"‘Q;

—_— e ———




. Pl’D!le G.@ +heor€m CT.Z) or Froo.? o-? X.H_:_{_.
Mi We &ave +wo cases

Case X=0 . ; /
. 0+i=1 according to axiom CFIS_)

* Proof of fheorem (TL): Look on page
ﬂg text E@T‘ oL ‘\Dmuﬁ.

. Frucg of theorem (T5) or Fr“ﬂﬂ_f? of X+X ‘~1.
Proof = We lave +wo cases

« Cacse X=0. Then Xf:,l G_f.r_orc{{mg t+o ayjom
(A2). T"’Lﬂf‘e?orﬁ )(4.—)(;-*—0-1-1 =1 Or_c.corc{iVLg
Lo axiom (AS'). :

» Case X=L. Then X' =0 accovding to
aXiowm Cﬁ(f). Therﬁ)f—)ore Xﬂ({:i-l—o:‘i
&ccnr&ing 1o gxiovL @SI).

Do +he vest @@ The Pmﬂ{gs [og gDUﬁelgﬁ-

Example : §implify the expression (A-g+D) E +1.
Answer: Let X be X= (A-B4+D)-E . Then the
g \Ven eypression becomes X +1 and according
‘o theorem (2D %+1=1 Therefore
(A-g'+D)-E+1=1.




EXQmE(ei ‘6[IW1FI1.-€){ +he eXpression @
(h-8'+D)-(A-B+D)’ :

Answevr: Let X be X=A*B+D. Then the Jiven
ff)(Pr'E&bisz Becomrg{., Y-}(IQW_J aLccnr‘c/fvzg +o

theorem <T‘5!) X-XI:O- Therﬁfurﬁ)
(A-B'+D)-C4-3+m)'=0.

. Swi“‘c]rliﬂﬁ Ha.lgelor"& -f_—_l-rbeurffmb with +wo
ov +hree variables
These theoremsy Lflow.

(TG)X—E—Y:Y*-)( Créi) X-Y=Y-X CCOmmuMﬁVH‘Y)
(TR Z= XD (TT7) (XY)-2=X-(Y-2) (4555 3

(T8) X-Y4x-2=X-C+BD  (T8") (x+()-(x+2) = X+Y-2(is riCo-

CFCD X+ XY =X (T?!) X-(X+Y)=X (C“ﬂvei"ivz.g).
(T19) X-Yipy=x  (T10) €4)-CHY DX (Combining).
(TLY) X-Y +X"Z4 Y2 = X-Y+X/2 :
TLL) (KHY) - (X4 D) Y4D) =¥+ (X +2)

Consensus)

c Commendts : Theorems @‘l) @nd @_iﬂ) Qre

used (n Minimizalion : :
Ao €137 ery ek 6 e Foncions.

ExXpressions




D
3 PFGDE og %enrem (T‘i): s5¢ee Pﬁge 200 0-?

"“E)(‘l' ?or G PTGUE..

: P*‘”"\Q GQ fheorem (TLO):

Proo£

X-Y+XY'= XCY+Y') according to (T3)
— 7 Q,CCOTJ':ng 4o @5‘)
=¥ according +o(TL’).

: P""”Oqg of theorem T7f or Prook o
Q(-‘{).Z: )(E\{Z() )C-L) '@ 12

_Piﬂ_o_g'- We u_}iH prove eguaﬁom @) Usimg @
Ut table. On the (el side of +he table, we will
list all possille combinations of values of +he varigbles
X>Y and Z. The number u{-’di??erev# combirgtions
0% values of +he variables is 23=8 3 Crecall thet we
hove three variables here). These combinations
will be 000 Hoough LLL \"EPTE'5E*‘Z.+"I"L§ the decimagl|
vedues 0,1,2,3,4,5,6,7- |w the next two columns
ﬂ@ the Huth -l—q,lolej we Compu{-e XY and Yz.{?or
eack combination of velves of X5 Y and Z. Final~
l'.‘fj we CGMPU-}-C, CX-Y).Z— Ct_lf’l.cl X'CY' Z_)

TLLE +'-"U'I'|m -l—a.blfl 15 .5l—|_ou.iv1 on the ney Pf}.&)é:.

Go Jo wext pEse —»



XYZIXY | Y2 (-Y)-2 | X(Y-2)
006010 0. 2 0

90§ 19 o g 0

Olo | O a o o P
g 1.5 18 1 O = =
A90 10 0 | © e .2

Aot e O F o =
110 (% ¢ 9 0

F4E 1§ X - L

Look in ot +ae |ost +we CulUmn{, a.ﬁ +he Hruth M"EJ
we conclude that (X-Y) -2 awd X-(Y-2) are egual
goﬂr all possible combinetions of valves of the ve-
V{QHQS Xj Y and Z. Tkeﬁ(ﬂf“e)+hﬂ (;QW.CIU.BIGPL LE;
+hat e?,uq,ﬁﬂn @ s velid awnd -l-lfatt?rﬁch?)

S proveve.

No;l-gi -Youh can prove +heorem (TT) ln o 5:'w:~t'(clr
way using a truth table.

Note : The above two and +hree veriable theo-
rems can be found in the tevt s Chable 4-2
o pade 199 of text). Oue wnore theorem
not pvesented in the ‘ext iy theorem Crﬁ."D
presevnted below

(Pl ey ey = oy



Note : Thﬁ,ore_m@u_fb 15 not rﬁ(ﬁ@c[ +r_}” @
fri9) awd (Gut). T josk called it il

E Pree.g o-@ +heorem CTi..‘L”> or PW‘D'E Df
o e =t
Pw’[;rﬂgi |

X'Y"‘-I—Y: Y-}—XY &Ccardfng +a (Té>

= C{HQ (YY) a.ccording +o(T8")
= ( \{Jr)() sl accovrdl ng {0 CT5)
=g Y+X} Qccor&(ng, LTt )
= Y& Qccou“cl{vag to CT6).

Avother prouﬁ of Crii”) 5 log using o Hruth

table a5 ghown below

XYY e ey | X
98 | = 0 0 0
g1 ]e ) 4. : O
1oL T4 1 i
LAto [o . 1 5

LGGLZWL% o+ Hhe last +wo columns of the Huth
Jr@ol&;,@ see +hat >{+Yj+\{ and XtY ave
equal \QD"" ?«H PGE)E;iHEL combivations {3{9 velues
ok the W'Q.,TL‘:L\?J‘EB )(G{,P?_c*l Y TL’L‘ETE-EOTE_) HL@GF"EE’V“
(Ti.i_”) holds +rue.



5 Pruo.? OE s o (_]_8;') 5
(X +Y)-(X+Z)=X+Y-2

Proof

@3

(X+Y) -(X+2)= X" (X+2) +Y-(XtD  according o (T8)
= Y-X+X-Z+Y-X+Y-2 accord (ng +o (T8)
=¥+ Yrxrdye X"'YZ according to (7 Tg)
= X4 X-Z+h- Y+ 2 according -l—oC-rg
= X34 XZ"""X =2 Q_CCOI"chn. -{—oC{‘_{_
:XC +Z2+Y)+ Y- Z X w CT8)
= X +\{ = L L C_‘]"Q_)
= LAYy z T | CT.[!)
00

Q_CC.O\"CI ’l ng '1"0 CTS)

~ X_l__x Y [ il CTSO
= Xf 450 1 n (TL)
= X-(L+Y) i v (T8)
___X‘i 1 L CT2)
= X ¥ O
+ Pro ”18 of theorem (TLL) or
XeY+xiz+Y.2= ><<Y+)X 2
Proo
XY+ X2+ Y 2= X Y+x Z+1-Y-Z a_cc:ordmg Yo (T1')
= XVEReB i )1 2 é Tl e )
:Xg+x Z+ XeY-2+XhY-2 i 1 (T8)

o to reyt page —»



X.‘(-h- YN Z X*’_Z +}(:v Y. 2 GLc.c.ardvaj -{—OCTG? @
XeY g B S RE o wlGe)

/
:X'Y:iJrX*Y-Z+xf-2-L+XI'Z'Y — CC‘I-;))
= XY (142)+ 2 CieY) .
= X-Y-1+ ){I'Z'i i | CTif)
= YaY 2 W2 o

Note : J did wost U_E Hee FTG{}_EE, o.ﬁ the +heorems.
S leave {—hﬁ; wremndmimg oy o take lhowme exer—
CISE.

Note: Earlier we seid that one we o.ﬁ pro—

Ving theorems with Linite wumber of variables
Jirb by Voing fruth dables. J already Showed you
WO

qu,mﬁﬂgj. What you oLchuoLlly do 1n +his case

of Usin Vte tobles is evelvating Lhe +heorem
statemendt EGT all possible combina,g{-iﬂms ng {+he

Ve lues 0\9' the variables. This method ic called
Ej?‘e°+ U’LJUEEW“- Yow con e%ll\{ prove all

the Jwo— and three—variable +heorems presen—

-l'Ed So {gcur‘ bg +his E@ Jredn_n,[@ua-

'E:C) witchi ng — q,{g F:,EroL + {’LED{f"erE

With v variebles

Gio o eyt Pases—o



T he n—variable theorems £o(low. @

(Tiz) X+X+' i =X ( Generalized t-:lem.i:o -l-eva,({)
(T XN X=X St !
(TJ—Z)CX_t'Xz' X"’-)T_ X_L*')(Z{"“_‘_X":,L CDeMarngs theorems)
(T ) (Nt Kot tXn) =X Xg e oo s Y

(T14) [ F X, X2 00Kyt D1'=€ FOXC X35 5%y > ) ( Genera-
|[ized DeMorgars theormm)

(T25) F(XiKay - Xn) =Xy » F(LyX25m0>Xn)+ XJ-:‘JF( 0) X2y++=)X2)
(T ) Bl i b £(0, %2y Xw) |-[ Xit FCLyXaymXa)]

% The +heorems (T15) and(T16)) are the Shannon’
€¥pPansion theorems.

—_-_‘-‘-'—'_‘-l———_
Nﬁﬁ: As we saud before, +he Jheovems with n Ve—
riables can be proved with +he Pinite induction
technigue eyplained on page 6 of +his handout-

* Proof o orem (113) or proof o
e (20 o o o
Prnuﬁ: | wll prove theorem (T13) Ug[n.g +hoe
Firite induchon technique . 11l €ivst prove +hal-
the theorem \s +vrve .Eor i =) gF {}H IDI“DVE
that (Yo X)) = Pt oy r S prove egva—

tion (2) u.sivag a +roth {able. This 15 shown
ovn the next page -

—




X1 XZ_} X1+ X2 ()(_L-)(z.)Jf ¥1f | X:Jj le+¥1!
0ol 0 | dee o e
a 1. 6 £ 1 e .

{e ] @6 1 g 1
&l O 0 X 0 0

LGO#I"L ot +he Z?rd an g 6+ colum"L of the
above {vulh -l—aLHE we see tHat O{L \(2) and
){L+)(2 are equal Ear |l possible combinations
of values of the variables ¥i and Yo. Therefo—
re ecr/uu&mn (_2) 15 dvrve and theorem (T13)

holds +rue ﬁor n=2.
Asbume now that theorem érj_g) "5 ‘{—rue 1@0,,.
n=ty @ or assume der

/
We need +o prove that +he +Hheovrevt 1'5 OJSG

+rue_ -EQT vi= L+l {JV’ w € VL“EECI to PV‘O‘JQ “H-’Uil'l'

(XL'YQ* ol 'YL'YL-HH) = X_L Y2_+ +>(L 'Fym—_l_

/
Bok (W¥o o Yoo i) = L0 ow o= e Yinsl] =
= CXL*Xz"'XL’,)!"” y{ilq Q,Ct:orcltwg to (2)
| / ! /
= }12+-"%YL + X+t Qccordlng @)
T ke ?muﬁ 15 oW cowl&*eé ond the theorewm
15 4vve  Lor al] values of w.



ND{'Q : \(ﬂi{ CavL prove -{—heorﬁvn @131') usi «[—@
-ﬁlii’li{“ﬁ’. indvction ‘l'ﬁ’.(;hnl?,ue- Do i+ a5 ¢ homework
Prﬂb\ﬂm,
Note : Theorem (T14) (the Generalized DeHovg%)‘a
theorem) s5ays that given any n—varioble lﬂgic
e}iPTﬂbbiﬂﬁJ 15 comlolﬁmn'}‘ can be obtoived Ioé(
5“’““{’[’“'1—3 + and + awnd cnmplﬁmevrf-{ng all va-
Nables. Some Q)fq_mPfe,s -EQ”DW
Exmf’li’.: _Find +he c:}:rmlnle.mm-i- pﬁ CA#B)-CJF/ T
Answer? ¢ Aq@.c‘] = (A ) = () 8%€)
— A'BJ'I—C- Here | vsed +heorem @'L{) also
Evample : Find the cumplemew} o.?
AB'+c)-D'+E : e
Answer: [(ﬂ"B!Jt-C) 'D!‘l‘ EJ :[(A'B!{'CJ‘ Dj . E e
=[&-8"+c)’ + @) [-E’ =[@&-8")"-c’+D]-E'=
= |[A'+@)]-c'+0]-£' = [ca%B)-c'+D] -E’
/
Here | also vsed '{'LLE,UTEWL@’-{)LUMC.LL H—a(_-{-&{;o{f):}{.

Example ! Find the co‘rmplﬂv?en_{- o{-? Al B +4-B'
Answer: (A-B+A-B) = (A"B).CA-B) =
= [@r)f_f_sfj [: Afi"(Bz)] = (A+Bf)'(ﬁ!+ B) =a
— A-A+AB+B-A +B/-B=0+A-Bt+A-B'+0=
=A-B+A-8.
Here | also used some other +heotems eXcept DEHorgar,nJ.S-
Which ave they?




Note : Comi back 1o DeHorgoufs tHheorems (T_L

and (T13') these theorems simply state:

* The complement of the \ULL.COJ product i the (Ggi'caf,l
sS5uom DE Hoe CUWLPlEmE'.VL 3

¢ The complement of the logical sum (s the logicel
?FG&UC} G.e +he CD‘VYLPIEMEPL'{'S. e

gwwl-her wey +o view +theorems @‘13) end @‘15’) 15 The
ollowin9g. -

e What Lheorem (T13) 5045 5 that an n—input ANVD
gﬂejre whose ovtput is complemented is E‘Wi“"tlﬂ'ﬁ
To an w—inpof OR gate whose inputs are complemen~
ted - This 15 shown below Eg Figures 1 eord 2 -{?Gr
vZ.=3.

) e /
i::ﬁyi-fz'}@%\/:é(l.xz.)(g)
% F[gure _1_
X4
Xl >G xrf / / V /
Xa {022 Y=¥1tXo +X3

Fn’g ure 2 (tkis 15 equivalent T Fig 9).

» Weat theorem (TL3/) 595 (s t+hat @ n-input oR
%Q.-l—e whose output s complﬁmcnjred i5 eq,uiva,lﬂmL
10 o n—input AND gate whose inputs are com-

Plemented. This is shown by Figures Zand 4 for
n=23 chowwn on next Page.



X
i;@x bk Z#J—Do— Y=(X1+X2+Xz) :

Figure 5

# _Doi—:/——D— V=34 XE K
X5 Do

Fiqure 43 Crhis is egoivalent to F9.3)

'Sim?“f\'cﬁim of [ng ic expressions using
the presented +heorems .

'50 m.e ex&,mp[ﬂg. a€ 5[mp|t'€fcq+i0n ﬂ{? Iﬂg ic expres—
o105 using the presented theorems follow.
Exawmple: Sim.{vliﬁy 2=A"B-C+A’

Answer: Z=AlB.c+ AL @ccovding to Crlf)

= A'(B-C+1) ! a (T8)

= A-L " - €13

= A 1 i (1Y)
Example: Sive li§

Z: EA":‘B;‘C-E—D'!-E' FJ'[—_A"*‘B{C 'I"CD‘I"E' F.)fj
Answer:

Let ¥ Lo ¥=A4BC and loi Y be
Y: D+E- F. T hen 7 LaECDme5

Z':(X'i‘Y)'C)H'YI) =X accovding o @lé)~
Thevefore Z=X=A+BcC




29

E‘}i(k,m?\{: SHMFII’?y f
Z:CB’-D+C’- E)-(CA-B+C) +(A-B+C)

Answev:e

[
! o 3 ¥ +C)
Z=(g8"D+c-E)-(A B+c)+(A-B
SULQ.S‘{'H’U'H\"Lg'- Z :k_..--;(f"_"‘-—-' .\_,..r-\-(-w'}"\-’_&— M:-—. X.f..r
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