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1. Booleanfunctions

(a) 6 marks
Is ��� anessentialprimeof � � ����� � � � �	� � � �
������� ?

(b) 8 marks
A function �� ������������������������� is a thresholdfunctionif thereexistsasetof realnumbers
��� ��� � ����������� � ��� (weights)andanumber� (threshold)suchthat  � �����������������!�����"�$#&%
if andonly if

�'(*) � � ( � (,+ � .

Show eachthresholdfunctionis unate(positiveor negative) in all its variables.

Is everyunatefunctiona thresholdfunction?(Hint: consider-/. �10!2 .)
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2. Unatecovering

(a) 4 marks
We cangeneralizetheunatecoveringproblemby associatinga weight (a nonnegative
realnumber)to eachcolumn.

The problemthen is to find a collectionof columnswhich cover eachrow, andhas
minimum cost (wherethe costof a setof columnsis the sumof the weightsof the
columns).

How would you generalizetheconceptsof (1.) essentialprime,(2.) row dominance,
and(3.) columndominancefor this problem?

3



(b) 8 marks Describehow youwouldformulatethefollowing problemasaunatecovering
problemwith weightson thecolumns:

Givenasetof distinctpositiveintegers3 #54 - �6� - ����������� - �87 , find aleastweight1 subset9 #&4:2
�6�;2/���������!�<2"=>7 having thepropertythatfor every - (,? 3 , thereis a 2:@ ? 9 such
that - (�ACBED 2F@G#IH (i.e., thereis anumberin

9
which evenlydivides - ( ).

Apply your approachto theset 4/%JH
��%JK
�6LE�;K
��%FME��%FNE�6MOH87 .
Looking at thestructureof thematrix, canyou suggestof a moredirect (andquicker)
way of solvingthis problem?(Hint — keepingthenumbersin sortedorderwhenyou
build thematrixwill make it easierto seethepattern.)

1Theweightof a setof positive integersis thesumof theelements,i.e., theweightof P<QJRTSFRVU:W is X .
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3. Heuristic2-level minimization

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

(b) 8 marks Illustratetheuseof theunaterecursiveparadigmto complement- �ZY � - 2/0 � �
-/. 2 � .
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4. BDDs

(a) 10 marks
Draw BDDs for thefollowing functionsunderthevariableordering -\[].	[ 0 [ 2 .
F = a b + c;
G = b’ + c’;
E = c’ d’;

Computeite �V^ �;_C�<`a� , usingthealgorithmpresentedin class.Show all steps;give the
contentsof theITE cacheat eachstep(assumeit startsempty).Draw thefinal BDD.
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(b) 9 marks
Hereis partof aBDD-basedprocedurefor solvingtheunatecoveringproblem:

Usea variablefor eachcolumn,andcreatea logic function on thesevariableswhich
evaluatesto oneon an input whenthe setof columnscorrespondingto the positions
which aresetto onein theinput coverseachrow of thematrix.
b How wouldyouobtaintheBDD for this function?b How wouldyouusethis BDD to find a minimumcolumncover?
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5. Multilevel logic

(a) 8 marks
Give a convincing argumentthat thereis no smaller factoredform representingthe
functiongivenby thefactoredform ���c-�d!. � �e� �V- � d�. ��� . (Hint — arguethatthereareno
factoredformsfor this functionwith 0, 1, 2, or 3 literals.)
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(b) 10 marks
Computeall kernelsof the algebraicexpressionŝ and _ given below. Extract a
multicubealgebraicdivisorcommonto both.

F = a*c + b’*c + a*d’ + b’*d’ + a*e + b’*e
G = a*c + a*d’ + b’*c + b’*d’ + c*e + d’*e
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