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Dec. 23, 2010
COMPUTER ENGINEERING DEPARTMENT

COE 561

Digital System Design and Synthesis

MAJOR EXAM II
(Open Book Exam)
First Semester (101)

Time: 1:00-4:00 PM

Student Name : _KEY

Student ID.

Question Max Points Score
Q1 15
Q2 20
Q3 15
Q4 14
Q5 18
Q6 18
Total 100
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[15 Points]

(Q1) Consider the function F(A, B, C, D) with ON-SET=Xm(0, 5, 7, 13, 15) and OFF-
SET=Xm(8, 10, 11, 12). Note that you do not need to use the positional-cube notation in your
solution.

(i) Expand the minterm A’B’C'D’ using ESPRESSO heuristics.

(i) A cover of the function is given by F = A’ + BD. Reduce the cube A’ using
Theorem 7.4.1.

(iii) Use Corollary 7.4.1 to check if the implicant BD is an essential prime implicant.

Hre n/\/’r\.)f;frv\ ‘AE?E

(Y Expand
[Tee scf ?iz/‘b g/g§

2, e y\/"‘ be Lk r.S(“(h PZRS /,’I' L\‘* Q
Colvmn

A5 fmrce | B T shf st

Caobe = ;

=T owerexpmcla/‘
fs Checll He cubey ABCTD

7H e Need

’ J
A N BARSRIIN N Jovered’

A AR cp for bc&»a fe s Y
Sc (7&\?‘; 56/ /Ag? D) S ’A;—’ QPCC*S?be
Sc ( PRE . ARcn) = A £eensibic

7RV Hre Mf/\)trvv\ Vs Q’X‘Pnr\(k’fj Ao A A 8 ;J
J :s M othe s aﬂé‘ﬁ»&’/é{l] overed cubes .
cove

T S £ emp@} Hre t“xpmf‘\cl{((‘//

S',y\(’e_ Kf)ve

('Jl:ye‘ /< A .

i) Redvce He Cohe A

Q& = RBRp . ABTD + ABcb + AR<CD 4+ ARTD

+ AR CD + ARCH + AR C D



Page 3 of 13

Q = BbD [A+c) + BT ACT+RDIAC lhenl)
Ry = ®D [T +Bp Y~ 80 ] +6800)=RDC

(i) Chec ) /7C 3D [¢ eon E’Sser\‘)’/}xl Prime "MF(/'(?AHJ-

X = BD

& = 1§ A, PBZp ARco, ABCE, ARED, ARCD, AR,
AR I DY

cH#x = j PG, A0, ABID., PR, ARCH.ARSE,

ARch. MRCD. ABS DY

H = (OA§Ch£J$( eIk, (X): {—ADJ Zej R?‘O/

Acn, ACD, ARC, ABc  ARc, ACDY

HUpc = § Ap, AR, AcD » ABC . ATDYL
Huocly = §A, A, 0 RS, AT S

=y Tavtolyyy
Thvs, Hw  prime implicant < /S not an

eccentiol prome tmp licant,



Page 4 of 13

[20 Points]
(Q2) Consider the following cover of a function F(A,B,C,D)

F=ABC +ABC + ACD+ACD + ACD +BD + ABC
With FP= ¥m(5, 11, 12)

(i) Determine the relatively essential set of cubes, E'.
(i) Determine the totally redundant, R', and partially redundant, R”, sets of cubes.

(iii) Find a subset of RP that, together with E', covers the function by solving a covering
problem.
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[15 Points]
(Q3) Consider the logic network defined by the following expression:
x=acd+ae+a'b'f+abg+bcd+be

Using the recursive procedure KERNELS, compute all the kernels and co-kernels of
X. Show all the steps of the algorithm. Assume the following lexicographic order: {a,
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[14 Points]
(Q4) Consider the logic network defined by the following expression:
Xx=abd+abe+ab'de+acd+ace+acde

Compute the weight of the double cube divisors d; =ab + a' ¢ and d,=d + e. Extract the

double cube divisor with the highest weight and show the resulting network after extraction
and the number of literals saved.
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[18 Points]

(Q5) Consider the logic network defined by the following expressions with inputs {a, b, c}
and output {z}:

X=a+b
y=xc+ax

z=y+c

(i) Compute the CDC set for the cut at the inputs of circuit Y.
(i) Compute the ODC set for node Y.
(iii) Simplify the function of Y using both its ODC and CDC.

(iv) Based on perturbation analysis starting with the original network, determine if it
is possible to change the implementation of y to y=x'.
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[18 Points]

(Q6) Consider the logic network below with inputs {a, b, c, d, e, f, g, h} and output {X}:

1

o

Assume that the delay of a gate is related to the number of its inputs i.e. the delay of a 2-input
AND gate is 2. Also, assume that the input data-ready times are zero for all inputs.

(i) Compute the data ready times and slacks for all vertices in the network.
(i) Determine the topological critical path.

(iii) Suggest an implementation of the function X to reduce the delay of the circuit to the

minimum possible and determine the maximum propagation delay in the optimized
circuit. Has the area been affected?

: Slec K
(1) DC"GLC'\ ch\/\d “Trere fatclu(y\ec} “Cirre
/——f’_—\
Lo = o Z_; = mm (a,o) :70 A Sea = o
£p = o Ty = mmlsp)=o Sk = o
{ Le =0 _ sc ==
= L. sd =
tF == éc; = O o)
ie:_% S(—:B“O:g
— )y = 3 S—F = R —D> =3
9:() e
: 2 =3 S8 T 3-R=o0
& =3 te
Mg _____ R Sf =33z
.,(;( =2 Ly = 5 S 7 s e =
éﬁ:z :é_,l:."; S“Q:‘ED.—FZ:%
b =5 En = B Sm o= 5o
6)‘\ = 2 _:( = @




Page 13 of 13

Cii)

(il

77(2/5/ we

-7;\_: '/‘C)fl’;l:i/?/c'd ’ C'ri‘}’f("ﬁ ! P" 7‘{/' S eye !

2'“) s My x%/ i.b/. iy ”‘/xi/ 5‘1/(,/ m, X g,
Sy i ms X3 S b, g m,xt, {5, mx.

e Of’}ﬂ“f%c He cle['ziy 4 Mo nedwarlt /ﬁ\vu‘cy

need I improve 0 Jcﬁ/?j aj nodle s e
critroel paths

WNe rewrije mn  as alk (ed) and Hhen

we have W = m X & o ab (cr)eHf)ah
and we Combive thww TN " thnPw}\ AND

ap‘h I}‘Q OP'}"’W; Ze oo -H\ O{e 1("0 07\) NTEA -

TR re $v “'"‘“i""\(t] ne Jwa ko s

\QeSuH‘N\,‘J deia\d = £
Numbe s 4 lileiols = (2

1 kot el &arm 8
’/J‘f-faig ')-" 12 -

PPV nN\I) rave

o £ i A e framn 15



