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|[EE 2720] @)
One of the subjects studied in handovi# 6 was
the subject of multiplying out and factoring,

S we said) oy muH:’plymg 0oVt we mean +rq&f5ﬁprq
miwng gn e)(Pf'Ebb[UFL %’Dm F GCIUC‘!'—'G —S5UImy f?arm [rz;‘{o
'H‘IE carrebpavzdin 5um—cf—(>rqc:{UCH orve _Q,ng' la%
-?q;,c:t-{}r‘[rz, we wméan -i—rqnggorrmn'g an E‘)KFI"ESSIG” oW Sum—

of—products form info +he corresponding Froc{ucjr—-o]f)—sumf,—
XN The Ubeéulneg o? muH-x'P[Y'!Vzg ovt and ]QQ.CJ-nr_
S5 5 thet gouw Chn transform an oRp—AND lo—

3_“: circvit into an AND—9R ,Ggic circuit and
Vice Versva.. o

Bl e specific:

’ Ba WTU]‘I‘lPJ‘fIFLg G‘U'!‘ yGH‘_. CG . +r"ﬂ_v15]gom G ORHAND
103“:‘ Cituit jwnto Ity covvres FD*—LC[{Qg EiUiVQ{ﬂvz‘l‘
ANDHDR ,DSI:C Clveul+.

+ By Pactoriy you can tranform an AvD=0R lo-
3'C circuit “nto it covrvespo Jug eg,uivq(en+ OR —

AND logic circyit.

f.wil_( now Show you two examples; one of mu|-
+1F‘Y“’?—S out and one of EQc%—ﬁrimj ﬁge%ﬁer with
their corves andfag ]Q{ju;’fié.

__E_YQ..”’LPIE, EJ' I/}ql__.‘-l'H'Pllyfﬂg GU-P,' MuhLlPly OUIL
CA+B-C)-(A+D+E)

Answer:
CA+B-C)-(A+D+E)= A+B-C-D+B-c. £ @)

Iﬁ_‘%g the example ot the 'fﬁP D]@ PQC?E 6 o8 bugale

-



The (Bt hawnd side of equation @) is o Pru&ucé@

of—soms Lorm and can be represented by an OR—AND
civeuit. This circuit is ¢ hown by ?:'gurei below. The

rtgh& hawnd side of equation (1) s g sum—-cf—preducts
orm gnd cawn be represented bg en AVD—0R |eog ¢
C{rcuH-*Thfs circult 15 shown foy E{ﬁurﬂ 2 below.
The circui s af ﬁ[gu’i’ﬁé 1 gnd ?-) a [thovshn f-hecfrf

loo k cl;?_{lermir) they do the same {-to,.‘mgj Cthey
Are equivalent’). Figures L and 2 follow

EDECDAE, o areoon
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& Figufe 2()'[{-1- 1S eéi,fofG_revz.‘l" o Fijure i)_

___A+B-C-D+B-C-E

_E)(CLWLPlE’_ E?e _@%cjrcr{ngf lﬁ:qrc{—or A_qu—C{D
Avnswer?

A-B+ciD=(ctA)-(c+8)- (0+A)-(D+8") @)
This is t+he second example of ?QC*”"""‘*& o% P
i D-ff lhandout # 6.

The [eft hand side of equation Q) (5 a sum—of —produ—
Cts gnr‘m, and can be t*ePH”EFJEvLJred L;H Qn AWVD —oR




lnjic circotd. This civcuit 15 shown !'oy gl'guf& 3 be~@

low. The right howd side of equation (D s @ prodvch—
of-s0ms Lorm and can be represented Ea an OR—ANMD
logic civcuit- This civcvit 15 shown by f—)!éiwﬁ" 4 be-
low. The circuits of %EL res 3 and 4, e | H.auglq, +fqu

\look differents they do Fhe same thi 9 ; CHLEJ are
E?uivqlen-l—). Tin_e} g ures 3 and 4 ELollow.
A A B

/
___A-Bfﬂ—C'D

— {LA)-(CJ;-B!)'(BI;DD'
} j (D+A)

Figure 43 Cib is eguivalent 4o Fig. 3)

o Proving the Valdity of an equation

0Plen we wegd fo determine (£ an eci/uq}rion (s valid
for all combinagtions of values of the vaviaebles- The
Usefulness of Yhis is whenever we want +o defermine

——




€ {wo lo_gic civevits perform the same {Q)Unc{{m;@
Cif they are equivalent). >
Severa| wmethods can be used to determine (£ an eqre—
ton 15 valid: _
L. Construct o fruth fable and evalvate beoth sides of
the E‘f,u&;l-fon -Fn’r al| combingtions EE Uﬁtlt;fﬁ'{;' 01? the va-
riables. C This wmethed 15 not Efe(gq_rﬂ— and i1s Yime cov—
suming (P t+he number of variables is [q_yge). .
2. Manipulate one side of the equation by applying the

wWith tee ofner gide. ¢ ' 12l il e idomdival
3. Reduce both oides of the eguation ;VLEIG.PE'QAM'HY to the
SGme expression.
4- 1+ is permissible to perform the same operation on both
sides of Lhe equation provided that this operation (s Vever-
Sible. For exXam [e} it (5 Ok to Complemewf- both sides ﬂ{—D#u?
81U1+iﬂn,) but Li 1S ot PEf”m{.‘:ifHE to muH—[pfy (AHJD)
both sides of the equation by the same expression. CHul+-
?\ich-Ho_vz. 15 wot reversible bécause division i5 wot defined
EU"‘ 6W1+Chfn3 G{,(%QB?‘GD- L1 'kz_ewif;{;‘_j P4 \5 .‘Ll_fii' FeP‘VHIISSI'EIf

10 adl (0D +he sqme term o both sides of an EQEE

tion because subtraction (s not defined for émik‘@f&g
G_[geblrtt.

« To prove that an equgrion s not valid, i+ is
enoudh 4o show one combination of valves of the
Varigbles, Lor which the twosides 0f the eguation
have different values.

« When Usin methode 2 or 3 above Lor proving thet
Un ;%U&{-iﬂn %\b validy usefyl Thi2gs +o df Q,reP: o

L. Fivst vedoce both sid \ o r

duc{-—ufibumg- C Plo8 T0 @ sum-of-producis( S



2. Compare the two sides of the equation to see how @
they di Ler.

3. Thea +r'5( lo add terms +o one side c? the e?,t)a,{-:'m that
are present on the other side.

4, Fivm,ll\f try 1o elimingte rerms £rom one side that ave
hot Ffeben-P on +he other

Example: Consider +he two logic circuits of +he figures s

ﬂ(,lﬂ.tif Ldl’z.iE[’L ore Shown bﬂ[i.:a:_f PTG‘J'& 1hot thee fweo iﬂgic
CIYCUITS Per¥orm. the sgme ?b-"-n.c:"ri'@vz' Cthe Jive
\fLJr_) The 1913 Jres § Q;L:”s 15?:;'154.: 2 ! i e?' I lﬁ‘

Y:A{B-D!*‘B'C' D
+A.B-CK+A-B{D

Figurﬁ, 6 (5 shown on the neyl page.
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Answer ¢ The logic circuits of ﬁ*g“*’”‘% 5 and
H,q_‘d? +he same {VLPU+E> Ay By & D- All we need Yo rP’.mh
ve 15 that +heir outpvts are equel or we need 1o P
Ve thet+ Y=2Z or prove that ] +A{B-C
A.g.D'+B-C-D+A-8-C'+A-B-D=B-C-D+A-D
M-‘ Heve we will starl with +he left side of +the
Q,‘bGUE EQ,UQ,—HGW,) m%niPuqu%ﬁ + Un‘“\ we veach the
Vight side of fhe equation. We will apply the
COnsensys theorem (T11) which o tates
X-YAXCZ Y Z=XY4XA2 5 (Y-2 is the consen-
SUS +&m). What we will do is Lirst add consen—
SUS ey, then combiné +erMms,y gnd {Qir::ﬂz.“y elimina—
te ferms by the consensvs theorem. We now hqve
A“B-D'+B-C-D + A B-C'+ A-B D (add consensus oA B-D'an d
“‘T‘ : o A-B-c’)

j [ 1
:A'B‘D+B-C'D+A'B-CI+F‘:*E{D+B‘C$' [;;(Ouicl Consensus,
s ol / ] ; - "B-D QndB'C.'[S
= A B-D+B-C-D+A-B.C+AB-D+B.c"p' +Alpcal

ConsSensys of B:CeD Gud A'B'CJ)



~ABD+BCD+ABC+H D+B-C- DJFABC-FABD

~ABD+ABD+&BD+Bcv+&BC+BcD+HBC
AADCB%B)MB D+Q f--”w+AB C+B{:D+ABC-—
—AD1+A 3.D'+B-C-D+AB- &l Bl D+A B-c—

=A-D+AB-D+B.-C-D+A- BC+BCD+A Bc(q-

Pl}/ consensus +heorem on termsS  A-Dy IR, B - a D A-B- Cf
+o Ellmmque A-B-C j

— A-D+A"B.D'+B.C. D+B . C - D‘r{_prf.gﬁc CQFF[Y consensds
theorem o lermg A:-D, A “B-C

s BEC+D to el imingte
B-C:0)
= [ /
= A'D+A"B-D'+B.c p'valg.C (apply consensus the
; 3-C AL D Lo eliminate

A-B-D")

= D+ B-C D+fﬂ[ BeC = B+C Dl h- DMEB'C

Wﬁ have viow vegched +he rlgmL side of the €U~
Qtion and the proof i completed.

M lm, "H’Li‘:r 'Eﬁq_m,ﬂe i, do not Flr’Gb'lchE GLWS' ‘?ligul"e-
5£ou} ‘H(LCL“{' Hn,e, following 5éuQTlUVL (S WLhd

Alg.cl D+CA+B C)(A+f “‘)+BC D+A Bt =
= AB-C-D+A-.clD'+A-B-D
Answer: The methaod we

both sides 019 +he E’U QJI‘lel
e expression. The basic +heorems do e used will
bf’., 'HLE. consens U {—('LEOVGW’L rf .L-L) U[_,VLCI -Pf@g +hgﬂr{gm

that states (X+Y) (X+R)=X-Z+ XY C3)-This

+heorem ﬂ‘? eguetion (3) wus stated and proved on

+A-B-C-D'+g-C” D
"'l use here (s +o reduce
_q,d"ependenﬂy lo the 56—



|
Page 4 of handout 6 We will First reduce the left
hmg side DE +he 3i.».fev'z, %%aﬁ{—mm The left hand side i
ALB-C D+ ( AB-O)-CA+C-D )+ g-c"-gm’-ﬁ - ¢'=
= (W+8-C)-CA+C:D)+8-C D+ We8-ChD +A“B-CTL=
— CA4B-C)-(A+c D) +B-C" D+ A B-C - D+L) =
S e O -(Arcip)¢BC DA B C L=
— CA+8-C)-CA+C D)+ B-C D TA-B-C Capply the-
orem of equation (3) of ;rr;x-'fwfvjl’ﬁrﬂ@
= A-B-C+AclD' s B-chD+AlB-C (apply consensus
Lheorem. on terms ALC-D',B-CD, A B-C’ to elimi-
nate ALB.c!)
= A'B-C+ AI'CI'DI*I-‘B-CI-D
E’f lﬁubege E'Iprﬂbb[ow A#B-Cntztﬂi’f«c{IZ>'J‘+B-~C'i D is the
olt of reduci  lefL de o .
) %f‘dﬁﬂ_ ec['(ucqi-{?g’;[rh& (efL hond side of +he org |~
\’?E will V?-‘UUJ‘ reduce +he 1"1@1__ T rL,ch:i side DE +he E('FUQ,-—
J;‘\‘”?" The right hand side i
‘BC-D+AC-D'+A-8-D+A-B-C.D /
A'B‘C‘D"FA‘B-C.D’ +af?c)'§+BAFBPD1%..CC},
-B-C-(D+D )+ Al.c’D'+A-B-D+B-clD =
AB%-C'i +ALCh D +AB-D+B-c D =
-B-C+AC! D’ -B-D 4B .
heorem gr:. iefm’: AA -BD.ETE = D CDLPP[Y Consensus
B e.0) 3:C5 BC"Dy A-B+D 1o elimina-
= A'B'C+A’!-C{D"+B-C"—D
The above expressi B e o : / -
resol+ c.? ﬁzdu?:{n. li::gﬂr‘gg:;-t“fﬂ,i’ D-;‘B.C-D 'S '{_h:f
“Q\ give.n equq{-] G%L' g olat ”—ie +he Dr'tg =
Because both sides Cleft cnd mig kt) of the origine| equ-

ation weve i ndependenty reduced to the same expression
D,

D=
D=

S N
> 3



B +he oriai'nq,f eq,ua,ﬁm 15 valid- @

_!mpor-f-an( Note ¢ Some of the theorems of switching o~
gebrte are nof frue tor odinay algebra. ﬁ_{»—;{!qr{% Some
of the theoremy of ordinary algebra are not true For”
switchin ebro.. (onsider for example the cancellation
lqw wpﬂ" ordinary @l gebm,

§ X+Y=Xt2Z thea Y= Z

T he above cancellation law is not true for 5w‘+¢{""“§
Qlaﬂbf‘ﬂ.- | will demonstrate +nis by Cr‘?q;f'{wg an example
in which X+Y=Y+ Z but Y#2Z- Let X=1,Y=0,2=L
Then (+o=Ll+i=L bot OFL;(+means OR here).

P“CQ,‘HUFL
1€ X-Y=X2 +hen Y= Z.

The above |qw is valid provided +het XFO.

J"?— 6u.?i-l~r:|'u1"rz. cq,lge,(or&,u} the cancell¢tion |qw -p@r‘ [o-
§lcal multiplicetion 15 also not valid when X=0.
CLet X=0, Y=0, 2=1 ; +hew 0-0=0-1=0 but ofL)
j;;;tfe fh—;(}c Q,ioou: ffz&c,{{-: GE the n{-fm.;z‘, iR switchin

: ) GuncellGtion | G -{:E}F" o I.Cq'[ mu[-ﬂ—;?ll____

Cation CAMD operatiol 1 © o + 1
algebre. 9 1= sea) Frus g " switching
The Cﬂﬁclusiﬂn 5 that Yoy e not ac.lierue_cl {o .34
Hg{cﬁnmllﬁl‘m laws for 0R and AND operations [n

S . ' w . Ye s c pra :
Far el (i wrem Yo T e e the el

% Wc!inod‘)f Q,[SEbrfL) +he concellation [qw 190"‘ mu [+i—
5



