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Time: 1:00-3:30 PM
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	Question
	Max Points
	Score

	Q1
	15
	

	Q2
	15
	

	Q3
	10
	

	Q4
	20
	

	Q5
	20
	

	Q6
	20
	

	Total
	100
	







           [15 Points]
(Q1) Draw the ROBDD for the function F=abcd, with the variable ordering {a, b, c, d}. How can we easily obtain the ROBDD for  from the ROBDD for F? Don’t draw the ROBDD for , just explain.


[image: ]


          
           [15 Points]
(Q2) Write an algorithm, called ROBDD, that receives a function F and a variable ordering and constructs and ROBDD for the input function. Explain clearly the terminal cases and the structure of the tables you will use in your algorithm.

ROBDD(F){
	If (terminal case)
		return (r = trivial result)
	else {
		if (computed table has entry (F, r) )
			 return (r from computed table)
		else {
			x is top variable of F
			t = ROBDD(Fx) 
			e = ROBDD(Fx’) 
			if ( t == e) return (t)
			r = find_or_add_unique_table (x, t, e)
			Update computed table with (F, r)
			return (r) 
		}
	}
}

Terminal cases are when F is a single literal i.e. x or x’ or 0 or 1. 
The unique table contains a key for a vertex of an ROBDD where the key is a triple of variable, identifiers of right and left children. 
The computed table stores a function and its identifier in the form (F, r) to improve the performance of the algorithm.





           [10 Points]

(Q3) Consider the function. Using recursive paradigm, determine if the function F is tautology or not. You need to choose the right variable for expansion to minimize computations.
   
[image: ]


           [20 Points]


(Q4) Consider the two Boolean functions  and  given below: 






Draw the ITE DAG for the function  using the variable order {A, B, C, D}. Show all the details of your solution using ITE procedure including the resulting unique table and computed table.
[image: ]
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                                                                                                                       [20 Points]


(Q5) Consider the function  
(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. 
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[image: ]

                 
[image: ]   



[image: ]
image3.jpeg
S e cover fs negalbive Vnode e/
mgtpc(‘)_ o <, Y7 S S\J:EF[C/\G‘!\",‘ fo  Glhow

%'\a /)L F:i ks 7/—(\/‘}‘0 /O(.jjj Sl F% 2 I:C

—_— —_— = e

Thvs, ke = PR3 +AD + AR +ADAARD
= A [ R +D])

Ly A ® + D + 8D

Somce Fop 6 Unote =D b 77“40[?90'

7S J S nod /g“"}ﬁ/@'




image4.wmf
1

F


oleObject2.bin

image5.wmf
2

F


oleObject3.bin

image6.wmf
B

A

B

A

F

Å

=

)

,

(

1


oleObject4.bin

image7.wmf
D

C

D

C

F

Å

=

)

,

(

2


oleObject5.bin

image8.wmf
2

1

F

F

Å


oleObject6.bin

image9.jpeg
fFdy = 7 ( ADR , D, <DD)
s K = A

t = T7TECR, (®Dp, (DD)

- x = 8B
£ = ITE (o, Do, <@DD)
- % = c
t = FTE(e, D, D) = D ( Aervial Case)
We  oassign  /d = = =3
¢ = TTE(s , D, DY =D CHetvial  cmae)
we  aSsign ) o=y = e =i

Since e, we (-(Jn‘ fi~¢ C,'\J(d (C,/’S/"i)
M Hee ur\fzf\/c Jablec vl 7d = £

w e OO{J an é’ﬂl’Ej o Mee (OM(N}PA I ble i Ha

z (o, <®Dp, cmdp), 5%,

e = TI7e (1, cPb, cEHD)

— ¥< —
¢ = TTE(CH, D, B) =D (Frivial cox)
= & =4 B B
c = ITE(\, D_ D) =D Cheivial cng))
= e =3

Sonce E Fe , W add Jec Gﬂ}\?j XY, 94, 1)
fe Moo unigie Jo bhie Wit sd=¢
= & =6




image10.jpeg
e,\)f(a o Hree (O‘w\puJ\‘[) Joble  witly

[}

we AJ(’ «
z (\, cDb, cDp), 6 L.
Snce A Fe, we sdd  en em}f(j (B, 5. £)

onigue heble it i =7

mn e

= & =7
s O[J(J A }\((j o e COMP\/\)‘&L}‘ o ble  woilly

! (B, cow, cDp),

76 (B, <D, cH D)

e =
L - (\, &b, cdD) =6 From compukd Fobk
e = (o, DD, c®p) =5 Ffom comprkd deble
< et {»_—FQ/ we  add an e/\}{/j (@,QE) "M
e wRiqvs rable e/ HA /C) = 8.
':“'—> e = &
w e AAA A enr }'fa £ Hre o n’\f)\/de‘ '/ALJIQ it
{ (s, edp, c@D), 2%
. A, 7,8 fo A
S nee =< we add  He (’/‘}g (A7 )
U/\/7urc ){AL‘[C— WV)J" /G\ =9
vniqre Table Computed Table:
RS O £ 9 W
I s  ®dp @p 5
W oz 4 T -
76 C 2 Y ’(\ se b c@]li
6‘75 E —L{ ) 72—‘ e} c® o (@_p s
R R R R “@p @b ¢
5 R





image11.wmf
C

B

D

A

D

C

B

A

C

A

D

C

B

A

F

+

+

+

+

=

)

,

,

,

(


oleObject7.bin

image12.jpeg
F= A

[ =

4+ R +C0D +—§Q1

L AL D + 0+ B )

= A

4 A

= A
A

| =
G

ler

M E',lpg

I 0\ +c [75[‘3*0[@]11




image13.jpeg
Cii) (g’cm Jja(}. (Y, we

F =

NS

Al e0d 4l |
+ [?Fll»i (er)@]]
prime /MP};'(‘(MA‘}’& oj ”ICECT =1

Ff/\N\C, /WF,/((MA)’S oj EJC = |

. PHWQV /W\J}I/('.mn)‘g 2{ m -~ scc z < ,<, li: |
f{iﬂ'“ﬁ /"rv\P e N)‘S OJ aﬁﬁz =\
p i /"N\/)/ Feands "(4 'F A = { 8, D

=

e eplieants § Fa = 5CC 4T, LAY

= 5<C,RB. DY
& < AR, AD,
N 'ﬂ = 5S¢ o ﬁC/ =
.—___> Pr,“m(-: /’W\J?/){'(AV\J'S % i?/ ,_G_/BE

- SAR,E. D]




image14.jpeg
[20 Points]

(Q6) Consider the following given matrix representing a covering problem:
TP Cg cd (e 0 Cg

w1 0100001
2110010010
31 000 1100
Y01 001 010
1010100 01
Y$1001 100100
T:)_llOOOOOO_

Find a minimum cover using EXACT_COVER procedure. Show all the details of the
algorithm. Assume the following order in branching selection when needed: C;, C,, C;, Cy,
Cs, Cs, Cy, Cs. Propose two ideas that can be employed to make the EXACT_COVER
procedure execute efficiently in general.
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