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1. Booleanfunctions

(a) 6 marks
Is zz anessentiaprime of w'zy + wy'z + w'yz + x2?

(b) 8 marks
A function f(z1, xs, . . ., z,) is athresholdfunctionif thereexistsa setof realnumbers
(w1, ws, ..., w,) (weights)andanumberT (thresholdsuchthat f (z1, 2o, ..., 2,) =1

if andonlyif 3 z;w; > T.
=1

Shav eachthresholdfunctionis unate(positive or negative) in all its variables.
Is every unatefunctionathresholdfunction?(Hint: considerab + ¢d.)



2. Unatecovering

(a) 4 marks

We cangeneralizehe unatecovering problemby associatinga weight (a nonngative
realnumber)to eachcolumn.

The problemthenis to find a collection of columnswhich cover eachrow, and has
minimum cost (wherethe costof a setof columnsis the sum of the weightsof the
columns).

How would you generalizehe conceptf (1.) essentiaprime, (2.) row dominance,
and(3.) columndominancdor this problem?



(b) 8 marksDescribenow youwould formulatethefollowing problemasaunatecovering
problemwith weightson the columns:
Givenasetof distinctpositiveintegersA = {a;, as, .. ., a, }, find aleastweight subset
D = {d,,ds,...,dn,} having thepropertythatfor everya, € A, thereisad; € D such
thata; mod d; = 0 (i.e., thereis anumberin D which evenly dividesa;).
Apply your approacho theset{10,13,7,3,12, 15, 20}.
Looking at the structureof the matrix, canyou suggesbf a moredirect (andquicker)
way of solvingthis problem?(Hint — keepingthe numberdsn sortedorderwhenyou
build the matrix will make it easierto seethepattern.)

Theweightof a setof positive integersis the sumof the elementsi.e., theweightof {2, 3,4} is 9.

4



3. Heuristic2-level minimization

(a) 4 marks Give a (brief) explanationof why in ESPRESSQve needa reducestep,in
additionto irredundantandexpand.

(b) 8 markslllustratethe useof the unaterecursve paradigmo complement’e + adc’ +
abd'.



4. BDDs

(@) 10 marks
Draw BDDs for thefollowing functionsunderthe variableorderinga < b < ¢ < d.

F
G
E

ab + c;
b’ + ¢’ ;
c d;

Computeite(F, G, H), usingthealgorithmpresentedn class.Show all stepsgive the
contentsf the ITE cacheat eachstep(assumet startsempty).Draw thefinal BDD.



(b) 9 marks
Hereis partof aBDD-basedorocedurdor solvingthe unatecoveringproblem:

Usea variablefor eachcolumn,andcreatea logic function on thesevariableswhich
evaluatesto one on an input whenthe setof columnscorrespondindo the positions

which aresetto onein theinput coverseachrow of the matrix.

e How would you obtainthe BDD for this function?
e How would you usethis BDD to find a minimumcolumncover?



5. Multilevellogic

(a) 8 marks

Give a convincing amgumentthat thereis no smallerfactoredform representinghe
functiongivenby thefactoredorm ((a - ¥') + (¢’ - b)). (Hint — arguethatthereareno
factoredformsfor this functionwith 0, 1, 2, or 3 literals.)



(b) 10 marks
Computeall kernelsof the algebraicexpressionsF' and G given belon. Extracta
multicubealgebraiadivisor commonto both.

E
G

a*c + b’*c + a*d’ + b’*d” + a*e + b’ *e
a*c + a*d’ + b’*c + b’*d + c*e + d’ *e



