COE 561, Term 081
 Digital System Design and Synthesis
HW# 1   

Due date: Tuesday, Nov. 11 
Q.1. Consider the following OBDD with the variable ordering {a, b, c, d}. Reduce it based on Reduce function to obtain the ROBDD. Show the details of your work.
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Q.2. Consider the functions f1=ab+ac+bc,  f2=a(b(c)+bc  and  f3=a(a(b)'+c(a(b): 
(i) Draw the ROBDD for the functions f1, f2 and f3 using the variable order {a, b, c}.
(ii) What do you conclude from the results obtained in (i).
Q.3. Consider the two functions f=a(b(c and g=ab+ac+bc.
(i) Compute the function f(g.
(ii) Draw the ITE DAG for the function f(g. Show the details of the ITE algorithm step by step. Use the variable ordering {a, b, c}
Q.4. Consider the following given matrix representing a covering problem:
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Find a minimum cover using EXACT_COVER procedure. Show all the details of the algorithm.  Assume the following order in branching selection when needed: C1, C2, C3, C4, C5, C6.

Q.5. Consider the function
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(i) Represent the function using positional cube notation. 
(ii) Using positional cube notation, compute the cofactor FA.
(iii) Using positional cube notation, compute the consensus between the two cubes 
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(iv) Using positional cube notation, based on the sharp operation, compute the complement of the function F. 

(v) Using positional cube notation, determine if the cube 
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 is covered by the function 
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Q.6. Consider the function 
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(i) Compute the complement of the function using the recursive complementation procedure outlined in section 7.3.4. 
(ii) Compute all the prime implicants of the function using the method outlined in section 7.3.4.
Note that you do not need to use the positional cube notation in your solution of this question.
[image: image9.png]CoE 561 %8\ De. Avnan El-Maled,

Hw 4

o2

Frsd we seb ¢dv) =) Rr all leaf verdrces  widh
valve o and rdev) =~ 2 Fsr /ea-f»' \ICIJ'I'CQS wi/H~ valve (-
We n!tralize ROROD with fFus leaf verdrces B © and L.

Then, We praCess verHces ot level ¥, fre nedes with
mdex = c) .

VvV = ’27‘/3/9/ o, I\, lzi.

Nene é the. verdrces S vtmcch SN ce fo’(low(v'))

=+ 77 C hrgh(v)) -

we assgn Keps k ol verkrces € Vo

Keg() = C\2) 5 Uey(8) =(21), Kex (9) =C(y,2),

Keyle) = (2,0) » WKeyln) =(\v2), \Lcoclﬂ =(2\)-

olAKe_a = (o ,0):

we nex} Sort Me verhices M A aCCoera L Haeyr
Kegs - TRvs, Y = 23/9/“)8;@/”‘3’

v=§33 3 Smee keq(3) =+ old Key s neekid =2, td@) =3
oldiey = (L2) . Wwe add V=31 4 He RoGppD,

-} -



[image: image10.png]vz 293 : Smce K(a(g) —old¥ey , /dC8Y=R -
v= 988+ SMmc Ken(@) = oldUey, nexhid = 4. KeyB) =y
oldKey = (2)1) » We «dd V=8t to He RRoD.

V::{log; SMce K{a(lc) = o\d K‘d; fo‘(l.‘o\ =¢ ,
Vo §121e  Smes Key(i2) = oldley , (da2) =4,

Nex}, we pracess veckices ot level 3 w/h Mmdex = c.

V= {4 5 6%
Nane 4 Ha \rer'}r&s rs nw\qch Since

We ASSI‘an "(st 4-5 all Verdfces & /.

1d Clew(v)) == 1d (hrgh(vy),

Key () = (3,4), KQZ)C5'3=(3,4-) ) Wey(€)=0C3,4) -

odUey = (o)

We <ord  He verkrceq accardwy du khelr Keyg

V = §fu,5, €3 .

vz Sy s Since Wey () =F aldkey nexktd =5 id) =5,
oldUey = (3, 4)  We add v=9u} ds He RorOO.

v = S-Si $ Smce KQA(E‘) = O\JKQG) 1dt8) =§ »
v = 2673 . Since. Kga(G): O\J\Lba) fo\(g')._._. g .

Nexd , we pracess Jerhces ot level 2 with thdex = b .

V‘: 52—/3}.

Smee. 13 (lew(2)) = JAChighc2)) =5 4 rd (2) =8 and
verbex 2 7s \r\:wwnrccA from V.
Kep(3)= c\vw,s) , o\J\Lea = (o,0)
Simee Key(D) =4 o\J\(ea , AcyA—tJ =6, 1d (3) :6/

o\ Uey = (\,B) W& add v=z313 & He RoBDO

F'modU/ we racess Verhrces at level | wilh tmdex = a,

v:glg:



[image: image11.png]Smee. Hd (law )Y =k rJ Chegh (D) Hre verdex fo ned removed.

Keyg (1) =(5,6) ; oldUey = (s,0)

nextid = F Ay =F -

/

gmee Key () F oldkey,
we add V28513 b P RoRDD -

—Thvs, Mo Renppn formed s

)

fa =%c




[image: image12.png]e ) Crnce e have oblamed ea(v\Nn\ch; KorOns for
H'\'; H\fca ﬁ"'\CWS/ e CGV\CIUOIQ “’\0(} @l:«FL;;Pg,

Q3
Lrrs)  express He hwo foncheons € ad 9

Hre_ or tha normall basfts 3 &b, &b, 41, ah

() we

US/h(j

£ = 58 () + @h(T) +ab () +abla)
g=35h (o) 4+ 3b () 4 ab () 4+ ah (1)

—

4“98 = 3k ({ cE) A &L CE@C] A ot (E@c)é—dk(@@
= ZL (AL A ab ) A ak (2)

— a_bc A 3L ,\_mI—\-aL,Z



[image: image13.png](1Y TTE dragrem (r W fonckren, FBI

*F@a = ITE( 9/’5 /33

= TTE( adb@C , 2Ab+tac Ahe , ab+ o\C—}-bc)

- A =«a

t= TTE( Bdc , btc , b+c)

- =\
t = Tt (<, 0, l) =2 (lrvrel cag)
we  assign rd =3 = €=2
e=TITE(Z ,2 ,cYy=1 (kivrol casx)
= e =2
Since LFe, an er\?nra will be added m W

bable B¢ (b, 3, 2) w/h td =t
=y
e = ITTE C L@c,l—é/bcs

~ x=L
t= FT1e (<, ch,\ = (Aeivsal anse)
= &=2
e=TTE(c,1,0) =c (Al cagc)
we asspn M= 5D e=f
smce C#e , an e,p\}rd will he added
ek e bl fvr (L,2,8) wiMird=§
Smee LFe , an en il be added M Hx
bable fer (a,4,6), wir 1d =7 -
Thvs , Hwe unfque Fable pfoo(ch i<

_jc" vac 7o ckird (et chey
3 C l 2
u b 3 2
5 c 2 |
6 b 2 g
+ a 4 'Y




[image: image14.png]Y \ o \ \ \ o
2 ! o 0 Q o |
3 Fa) \ Q) \ ( o
Y 0 | o l o o
g \ I o ! o '
¢ ) \ 1 o \ °

/'hfhalldl Her are ho essentral  CoOlvmns .

<( domrnated (& aAaA henee. c¢€ /S remove

ch dcmmaks C3 au\o* hence c3 < mMo\fQJ

3 o\ommo\k& T qv\gl hewnce 3 £ nw\ath

Ys o\wmaks 2 ornd hence vg, 7S ve wr sved



[image: image15.png]< mJVCCJ Madrr i X -

C
Y " Co?' C““‘ C‘ 3
r2 L o o o
ry 5 | e
v§ 5 | s |

we Can Lee ra wS }‘L\p\J‘ c| < esgc’\'}"fﬂ] and /r:L

hot |k be gelecked and T and T2
Smce. Hhc(j owe co’w_m‘-

o ohdained vedveed madorx will be

v r&wwva

€3 ] (o
™ l I o
TS L o \

dornwkg Cy l\r\o} /J‘ "\[So

Now we ' gee Ut C2
and €5 are veroved and

Jomipodes €5 TIRVS, '

Cr  becowes esserdtal
cded colvmng are <l

and R &clea}qc/ .

TEVS, Ve ~ Scde and €2 aind

H~e mr}un\toﬂ & lvdan S Dk=(l/\/°/<"/“/<>)/
Noje Hawab m K problem, Hreve was " need 6o

brﬂ\é"\“@ oS 44/708,27 redvedon  lechrigques led +o

Wre mMmimvuna  Sove v -



[image: image16.png]ct) Positional cube re tatisn

A R C
AB Ol Q\ l‘
- R o
AC lO ‘
QGc t 9 °

ciey Codcaq-)-cf A

FA = R 4+ Bc
i CO’V\&'\.;'VS between Ac ond B

A B c
Ac s U ol
Bc i lo (o

l‘ IO Q0 VQIJ

Lo t S VQfJ

E\_E lo lo

(

(év) Caw\plcmc\/\“’ 6& F USMO SL‘“’F o‘ocrw}npn

First, wre C’mpd\k U=H AR

A s

C
Y T

(1 11
6 ol 1)

AR
Z lo Ly L

t\ ' o9 VQIOI



[image: image17.png]77:.7\) w e CGMpwk }_?”'55 # .-A-C

A 123 c

—_ A R c
A ls 1t )y B " e N
AC Lo Lt al Ac ls ol
0©d \ t val d AR ot le 1\

lo XS t\ vor J u % I\ veid
Ac o ( lo BS 1 lo (o

‘77;3;/ we Ob}v«McJ H vesvH 27\2/ ’A—R—/ @Eg

TKen, e perfsre $AC, AB, Bc{ 3 <

A R ¢ A & C A B cC
Al 1t e AB ol la B 1 o (o
Rec U o o Be W (9 (a B 11 lo o

00 L. o v«/(-j oo ls W\ vopd 8 (o lo wverd
ARBZ lo o6l (a sl 2 N\ yord (1 oo lo wrd

le U os vofd ABc ol lo ol W teae Vool

Kes, He= obdamed vesvW g AR + NRC

(v) 25 Jedesrmine . RC 1S covered by F, we ned
23 (mpv)t Fac ond  check K 14 & 4ﬂvff0|03~0,
Fac s
A £ C.
o\ R\ )
lo QA U
which 1z davielegy . TRvs, B 5 coversd by [




[image: image18.png]q:

)

F- AZ + AB 4+ ABc + AcD
Co’m)olcmuv}- oé Hre Lonedvron

we will QXPAAJ sn uvnale vartables

F= B F + *5

= B ] AT 4 Acd ) + [AC 4+A+Ac +AcD]

)

&S_ A Ls7) »\-[E&c‘b]l

+ | P A€ +A+Bc 1+ D [_'A\'E&'f\’f_ﬁc)r?(]ﬂl

R L R A O S
+ [D LA LE+cT 4 a3
+0 [A LCTacl+a ] ]

= R | A=) & Y,DY_’E]fH”‘A]

U »w [ADN 4+ A1) ]
+b [ A E!]»rﬁr_(’}\"l]

ks, F = ® [ AL} A [orc) +03]

> P

4+ | b L‘KEQJ&A\:S’O—&
4B [ Aol +2A13]

]

RA 4+ R Dc

-} 0



[image: image19.png]C“) Prrwt M?\f(‘pwv“g

F = A [Z¢§c+c’53 A~ A LR

Lzl 4+cl®am)] + ALRT

I
>l

Prome /’T"\Plf(anf}‘s ’6‘( ‘F—ﬁ&' 22@
Prome nnf)rom&g v Frc = ¢

s S
prome /wylrcm\}s Br FAa =0, c ,CcB,®,D4

T, ®r
prome NP)fCa(\J’_L For Fa = i’g“?)

F(‘/)‘Y\L IMP’I(‘AV\)’S K‘( F = S<cC i A B/ AC 7 ’;’g—/
| BE, B ,8DB 4

i
'\'\
>
H)
>
o)
\
o)
N

i | P




























_1287182705.unknown

_1287182820.unknown

_1287182850.unknown

_1287183070.unknown

_1287182725.unknown

_1287181226.unknown

_1287182648.unknown

_1287176899.vsd
 �

a�

b�

c�

c�

d�

d�

0�

0�

1�

0�

1�

d�

0�

1�

0�

0�

0�

0�

1�

1�

1�

1�

0�

1�

1�

0�

1�

d�

1�

0�

0�

1�

b�

c�

d�

0�

1�

0�

0�

0�

1�

1�

1�

d�

1�

0�

0�

1�

0�


