
 



 



 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 



 



Institute of Stutisticul Studies and Research
Department of Computer and Informaliorr Sciences
Advanced Topics in Srfiwure Enginearing C560l

,\eptarnber 201 5
Time permitted: Three Hours

::::::::::::::::::::::::

Ouestion #l: (20 points)
A. Show that the fbllowing expressions with predicates p, e and R. (4 pint.:)

i .  P *Qis logical ly equivalent to (- e)+fp1.
ii. P+ (Q= R,) is logically equivalentto (pzt e)+ R.

iii. Vx(P(x)) a Jx(Q@) is logically equivatent to Vx(Jy (p (x) ,t e@))

l

B. Derive the following:
i .  wP(Pi:=22/7;  c:= D-pi ;  B:= c-2*Dj A:= s in(B+ pi) ,  {A=22/7})  (5 points)
i i .  wP( i f  x>o  theny :=a+xeLsey :=a-x ,  { y>a+x} )  t spo in ts )

iii. The Verification Conditions for the following program segment: (6 points)

Pne : {0  <>xny<O}
Irl : = y/x;
z : - -  w-y ;
i,f (w > z)
then  w:=  w*x
eLse  w:=  w*y ;

Pos t : {w :O}
:::::::=--::::-::::::::-:::---

Ouestion 2: (16 points)
Derive the Loop Invariant for each of the following program modules:

A. (8 points)  |  B.  (8 points)
read(N); I
j :=7 j  I  n re : {n>o}
i :=o; I sun = o;
whiLe (i < N) do I fo, (i = I; i (= nj i ++)

begin I suilt *= 2*I - I ;
j :=2* j  r .  I  Loop invan ian t :  {?? }
i  := i+7;

end;
i n van ian t :  { ??
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Oueslion #3: Qo Points)

Given tlie program segment in the follorving page:

A. Draw the tlow graph of the program' 13 points)

B. prove Uy mathe"matical induction that P(k) is a loop invariant' (7 points)

C,Der ivethetraversalcondi t ion|or theexi t . f ront the loop.(3points)
D. State and pe,iue the verification schema for this program Segment. (7 poinls)

Pre: {n>O}

" 
T1!'"= "'

3  wh iLek<ndo
begin

4 nodd := nodd + 2k;

5  f r :  =h+7 ;

end

k

lnos t : I2 i=k* (k+1) )
i=1

::::::::::::::-

Ouestion 4: (tl Points)

Given the following program segment:

P re :u lO rv )=O
7.  read(u '  v) ;

2 .  p  : =7 ;
3 '  i :=o ;
4. whiLe (i < u) do

begin
5 .  p :=p*v ;
6 .  i  :=  i+7 ;

end;

Invariant: J(xri) e After iteration i '  p contains the ith pouer of v'

Post: TPOST)

A. Draw the Flow graph for the program' Q points)

B. Analyze the program (use path analysis)' (2 points)

C.Statethever i f icat ionschemaandderivetheVCsforthisprogramsegment.(6points)
D. Verify/prove VC6 and VCi' (4 points)

::::::::::::::-'::=::::-::-=:::::::::==:::--:::::::-::::=-
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= : -:::::::=:: =- =: =:::::=: :::::--- - - -=- : =:

CONSIDER TIIE FOLLOWING IMPLEMENTATION FOR QUCStiONS 5 ANd 6:
-:::==:::::::=:-:=:::::::::::::-*:::::=:::::::::::::::-:::::=--::::: --:--::

PRE:  t  N  tp>0 ,  x>0 ,  a l l  i sanonempfy  a r rayo f  in tegers )

t.
2.
3.
4.
5.
6.
7

L
9.
10.
I t.
12.
13.

I :
? .

I::T;
while( I <: p) clo
begin

if (a[Il : x)
then  I : :p *  I ;

I : : I * l ;
end;

if (I = p+l) then
begin
p :: p*l;

a[pJ :: x;
end;

Exit

3:
4:
5..

8..

POST:{ x € oo =+ (p: Po *1 n x = a[Pl]

Ouestion 5: (15 points)

A. Draw the flow graph of the given implementation. (3 points)

B. Analyze the program (use path analysis). (3 points)

C. State the life variables at instruction (node) 7. (3 points)

D. State the Def'-Use Chain for the variables i, P, x and a[]. (6 pointsl

Ouestion 6: (15 points)

A. Develop a test suite that guarantee that the loop will be executed exactly: 4 times, then

exit the loop to 6 then directly exit the program. (3 points)

B. Drive the test suite that covers the U-context at 8, in terms of path (U-Contex

Constructor). (7 points)

C. Find the processing nodes PN of the static slice for the criteria Cu= <8, a[l>. (5 points)
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Ouestion #1: (16 points)
A. Show the correctness of the following expressions (show as equivalence) without

using truth table, and cite the rule 4
1 .  - ( - (p  v - r )nq)v  ( -p  v -q )  =pv-q  v  r
2 .  pv - ( (p  vq )n  r  =pv-q  v - r
3. (p =+ (q v -((p v q))) v (-p ^ 9) = -(p+ q) v p
4. (p n("(-p v q))) v ((p n q) = -( p ̂  q)

B. Rewrite each of these statement so that negation are applied exclusively to
predicateo i.e., no negation precedes a quantifier or an expression involving logical
connectives)

1- - Yy 1x P(x,J))
2- - Yx( 3y Yz P(x,y,z) nlzYy p(x,y,z))

3- - 1z (Vy ( z +p(y) n - p(x)+z)
4- -]y Vx(Jz p(x+z) e p(x+y))

Ouestion #2: (12 points)
Prove by Mathematical induction the validity of the following loop:
(formulate the loop invariant, then show that it is a loop invariant)

PRE: {n sl}
7 mut := z;
2  i :=2
3 while (i <= n)

begin
4 mut:= mut * x;
5 i := i  + l ;

POST; {Mut=f} 
end;

Ouestion #3: ( 20 points)
Derive the following:
(A)WP(P;I=22/7; C:= D+Pi/2; B:: C*Pi; A:= sin(B+2*Pi), {A:I/2}) (4 points)
(B)WP(t/ (x:0) theny:=a else y::a+x, {y=a+x}) (4points)
(C)The Verification Conditions for each of the program segments:

C1.' pow(xg):
Z=1; m=01
While (m<y)do

{z*=x ;  m* :1 ; }
return z

C2:  P re : {a< -5  va>5}
i f (a<0)

then c := -a

else c :: a-7
Post : {c< la l  }

Instructor: Dr. Fatma A. El-Licy
Dept. Chair: Dr. Hesham Hefny
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Ouestion ll4: (20 points)
Given the follwing program segment l

Pre:  {n  >0}

fact = I;

"for (i: l; i <: n; i ++)
Fact *= i;

{ Loop invariant}: After the Kth iteration, fact = l*2*...*k

A. Draw the flow graph of the pro$am (2 points)
B. Analyze the program (use path analysis) (4 points)
C. Drive the verification schema for the program (5 points)
D. Verify the program. (6 points)

Ouestion #5: (16 points)

Generate a black box test suites for a progtam that computes the roots X, and Xz of

a quadratic equation ai + bx + c given the coefficients a, b andc, where:

Preconditio ns: {a" b, c} e real numbers

Postconditions: X1, X2 e irrational numbers

Note that: Xt,z: (- b + 1ff 4sc )12t

Ouestion #6: (16 points)

Giventhe following progam segment in the next page:
A. Draw the flow graph of the given implementation.
B. State the Def-Use Chain for the variables i, j and y.
C' Drive the test suite that covers the U-context at !o in terms of path (U-Context

Constructor).
D. Find the static slice for the criteria C= <7,{i}>

resd(x, y);
j :=1;
i :--1;
while (i < y) do
begin
j := ixx ;
i :- i*I;

end;
write (j);

1.
2.
3.
4.
J.

6
,/

8.
9,

7.
)

3.
4,

5.
6.

Dept. Chair: Dr. Hesham Hefiry
Instructor: Dr. Fatma A. El-Licv
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