
–
 :

 '"

 '1........................................................................................ .......................3

 '2.......................................................................................................... .....6

 '3.............................................................................................................. .9

 '4........................................................................................... ..................12

 '5................................................................................................. ............16

 '6................................................................................................ .............20

 '7.................................................................................................... .........23

 '8................................................................................................... ..........26

 '9................................................................................................. ............29

 '"

 '4). (................................................ ....................32

 '5)............ (............................................... ..............38

 '6) ,...... (....................... .............44

 '7)....... (............................................... ....................48

 '8)...................... (................................................... ...................54

 '9)(..................................................................... ....57

 '10)............ (............................................. ...............60

 '11) ,............ (.............................................. ...............63

1

 

http://cs.haifa.ac.il/students/       אוניברסיטת חיפה, החוג למדעי המחשב–אתר הסטודנטים                 



 '"

 '1) ,............... (....................................... .......................66

 '2) ,.. (................................................................ .....72

 '3) , , (...................................................... .81

 '4). (............................................................................. ......96

 '5) ,....................... (..................................... ............104

 '6) ,............... (............................... .............108

 '7).... (............................................................. ..................111

 '8).......................... (.................................. ...................116

 '"

 '1) ,............ (............................................. ..................121

 '2) ,.. (.............................................................. .....124

 '3) ,... (....................................................................... .129

 '4) , ,. (..................................... .................135

 '5)............................. (....................................... ..............139

 '6) ,................... (........................... .............147

 '7).............. (................................................... ..................151

2

 

http://cs.haifa.ac.il/students/       אוניברסיטת חיפה, החוג למדעי המחשב–אתר הסטודנטים                 



 ,-14.11.200512:00.
 :)( ,-) ( .

.

1) (20 (:

 * :(

 ({x | x = 2k, k  Z, 0 < k < 10 }
 ({8,6,2,4}
 (}x , {x | x < 10
 ({4,8,6,4,4,8,6,3,8}
 ({4,6,2,6,2,4,8,4,2,6,6,4,2}
  ({x | x = 2k, k  N, k < 10} 
  (}k ,k < 10 ,x | x = k+1{

2) (40 (:

 * :"- ":

a b a  b 
T T T 
T F F 
F T T 
F F T 

(((a  b)  a)  aT
(T  (a  (a  b))  b
(a  b  ~b  ~a
((a  b)  c  a  (b  c)

3) (40 (:
(a  (b  (~c))  (a  b)  (~ (a  c))
(a  (~ (b  (~c)))  (a  (~b))  (a  c)

) :)( ,)( ,-(
)33(
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1:

 ,'- ' .,'- ,' ,- ,'- ' , . '
).(

2:

 .
((a b) a) a(a b) aa bba

TTTTT
TTFFT
TFTTF
TFTFF

.
(a (a b))  ba (a b)a bba

TTTTT
TFFFT
TFTTF
TFTFF

.
~b ~a~b~aa bba

TFFTTT
FTFFFT
TFTTTF
TTTTFF

.
a (b c)b c(a b) ca bcba

TTTTTTT
FFFTFTT
TTTFTFT
TTTFFFT
TTTFTTF
TFTFFTF
TTTFTFF
TTTFFFF
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3.
 .")     :(a  (b  (~c))  (a  b)  (~ (a  c))

(a  b)  (~ (a  c)) = -
                ~ (A  B) 

= (a  b)  (~a  ~c) =  
   (A  B)        C 

= a  (b  (~a  ~c) =
          A  ( B   C ) 

= a  ((b  ~a)   (b  ~c)) = 
   A  (    B             C      ) 

= (a  (b  ~a))  (a  (b  ~c)) =  
            A  B 

= (a  (~a  b))  (a  (b  ~c)) =  
    A  ( B   C) 

= ((a  ~a)  b)  (a  (b  ~c)) =   (a  ~a) -

= (F  b)  (a  (b  ~c)) = " "  

= F  (a  (b  ~c)) = " "  

= a  (b  ~c)   )..    (.  

 ."  :a  (~ (b  (~c)))  (a  (~b))  (a  c)

a  (~ (b  (~c))) = -
       ~ (A    B  ) 

= a  (~b  ~(~c)) =  " "  

= a  (~b  c)) =  
   A  ( B  C) 

= (a  (~b))  (a  c)   ..     .  
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1) (40 ( ,:
.a, a  c  b  c
.~a, a  b  c  b
.a  c, c  b, a  c  b
.a, c  a, ~b  ~a  c  ~b

2) (20 (:
i.a,  a  b    b

ii.a  b  a
iii.a  (b  c)  (a  b)  (a  c)
iv.(~a  ~b)  (~a  b)  a

:
.b  a, b  (a  c)  b  c
.~b, ~a  b  a

3) (30 ( ,:
.
.
. { }
. { }
.{ }  { }
.{ }  { }
.{1, }  {1,{1, }}
.{1, }  {1,{1, }}
. {1,{ }, 2}
.{{ }}  {1,{ }, 2}

4) (10 (:
P(A) = P(B)    A = B
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2-

1
.

(a  a c) (b c)b ca  a ca ccba
TTTTTTT
TFFFFTT
TTTTTFT
TTFFFFT
TTFTTTF
TFFTFTF
TTFTTFF
TTFTFFF

.
(~a (a b)) (c b)c b~a  (a b) a b~acba
TTFTFTTT
TTFTFFTT
TFFTFTFT
TTFTFFFT
TTTTTTTF
TTTTTFTF
TFFFTTFF
TTFFTFFF

.
(a (a c) (c b)) c bc ba (a c) (c b) (a c) (c b)c ba ccba
TTTTTTTTT
TFFFTFFTT
TFFFFTTFT
TFFFTFFFT
TTFTTTTTF
TFFTTTFTF
TFFFFTTFF
TFFTTTFFF
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.

(a (c a) ~b ~a) (c ~b)c ~ba (c a) (~b ~a)a (c a)~b ~ac a~b~a cba

TTTTTTFFTTT
FFTTTTFFFTT
TTFTFTTFTFT
TTFTFTTFFFT
TTFFTFFTTTF
TFFFTTFTFTF
TTFFTFTTTFF
TTFFTTTTFFF

2
.

3, b->(a->c) => (b->a)->(b->c)
(b->a), (b->a)->(b->c), 1 => (b->c) 

.
2, ~b => ~a->~b 

~a->~b, 4=> (~a->b)->a
1, (~a->b)->a, ~a->b =>a

3
. .)" ".(
. ..
. .-}{.
. . ,.
. .} {-}{.
. .} {) (}{.
. .1}1, {-}},1,{1{.
. .},1 {}},1,{1{.
. .} {.
. .}} {{)} { (}2},{,1{.

4
a A .)(

{a} A) (
{a} P(A))P(A)=P(B)(
{a} P(B))(

{a} B)(
a B
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)5.12.2005 (12:00.

)10 (1.
   :A={1,2}, B={2,3} C={3,4} .:

.Ax(BxC) = ?

.AxBxC = ?
.Ax((BxA)xC) = ?

)90 (2.
:

.A B=       P(A) P(B) = 

.A B = { }      P(A) P(B)={ ,{ }}
.A (BxC)  =  (A B)x(A C)
.(R S)-1  =  R-1 S-1

.RR.
.R,SA  .RSRS=SR
.RR R2.
.R,S,T .R(S T)  =  RS RT
.R,S,T .R(S T)  =  RS RT)(
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–3

1.
 .BxC = {(2,3), (2,4), (3,3), (3,4)} ,

Ax(BxC)={(1,(2,3)), (1,(2,4)), (1,(3,3)), (1,(3,4)), (2,(2,3)), (2,(2,4)), (2,(3,3)), (2,(3,4))} 
 .AxBxC = {(1,2,3), (1,2,4), (1,3,3), (1,3,4), (2,2,3), (2,2,4), (2,3,3), (2,3,4)}
 .BxA = {(2,1), (2,2), (3,1), (3,2)}

(BxA)xC = {((2,1),3), ((2,1),4), ((2,2),3), ((2,2),4), ((3,1),3), ((3,1),4), ((3,2),3), ((3,2),4)}
Ax((BxA)xC) = {(1, ((2,1), 3) ),   (1, ((2,1), 4) ),   (1, ((2,2), 3) ),   (1, ((2,2), 4) ), 

(1, ((3,1), 3) ),   (1, ((3,1), 4) ),   (1, ((3,2), 3) ),   (1, ((3,2), 4) ),
 (2, ((2,1), 3) ),   (2, ((2,1), 4) ),   (2, ((2,2), 3) ),   (2, ((2,2), 4) ),
 (2, ((3,1), 3) ),   (2, ((3,1), 4) ),   (2, ((3,2), 3) ),   (2, ((3,2), 4) )}

2.
 ..

 , ,
{ }  P(A)  P(B) ,P(A)  P(B) .

 . . :
A,B-A  B = { }.

P(A)  P(B) = { , { }}.
X  P(A)  P(B) .

(X  P(A))  (X  P(B))
(X A)  (X B)

X=( A)  ( B) , P(A)  P(B).
Xx X. x A  x B .

x A  BA  B = { }
x=X={ })X(

{ }  P(A)  P(B).
.

 . . :A=B=C={1}
A (BxC)  = {1}  {(1,1)} = 

  (A B)x(A C) = ({1} {1}) x ({1}  {1}) = {1} x {1} = {(1,1)}

 . :
   (x,y) (R S)-1

   (y,x) (R S)
   ((y,x) R)  ((y,x) S)
   ((x,y) R-1)  ((x,y) S-1)
   (x,y) R-1 S-1

10
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 ..
 : ,.

 . .RS=SR= <RS.
   (x,y) RS .RS=SR
   (x,y)  SRR,SA .(R=R-1, S=S-1)
   (x,y)  S-1R-1

   a A. (x,a) S-1  (a,y)eR-1

   a A. (a,x) S  (y,a)eR
   (y,x) RS...

 :RSRS=SR.
   (x,y)  RS .-RS
   (y,x)  RS
   a A. (a,x) S  (y,a)eR
   a A. (x,a) S-1  (a,y)eR-1

   (x,y)  S-1R-1R, S A.
   (x,y)  SR...

 .45.

 ."":"
 :R(S T)  RS RT

(a,b)  R(S T)
x. (a,x) R  (x,b) (S T)

x. (a,x) R  ( (x,b) S)  ( (x,b) T)
x. ((a,x) R  (x,b) S)  ((a,x) R  (x,b) T)

( x. (a,x) R  (x,b) S))  ( x. (a,x) R  (x,b) T))
((a,b) RS)  ((a,b) RT)

(a,b)  RS RT...

  :RS RT  R(S T)
(a,b)  RS RT

(a,b)  RS  (a,b) RT
( x. (a,x) R  (x,b) S))  ( y. (a,y) R  (y,b) T))T,S  S T

( x. (a,x) R  (x,b)  S T))  ( y. (a,y) R  (y,b)  S T))
((a,b) R(S T))  ((a,b) R(S T))a a = a

(a,b) R(S T)...

 .  :R={(1,2), (1,3)}, S={(2,4)}, T={(3,4)}
  :RS={(1,4)}, RT={(1,4)} ,RS RT={(1,4)} ,

S T= ,R(S T)=.
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)12.12.2005 (12:00.

)20 (1.
)A ( , .

 ,.
 ,B A ,-RB.

.A={1,2,3,4}, R={(1,1),(1,4),(2,2),(2,3),(3,2),(3,3),(4,1),(4,4)}

.A=Z, R={(x,y)| (x-y) mod 5=0}
.A=P({1,2}), R={(X,Y)| X Y}
.A=Z, R={(x,y)| k Z. (x-y)=5k}

)20+10 (2.
)-A-B (".
 '" ,-A-B ,

 '".

 .A={5,...,100}, B={1,...,105}, R={(x,y)| x=y-5}
 .A=N, B=Z, R={(x,y)| y=5}
  .A=Z, B=N, R={(x,y)| y=x2}
 . A={x| (2x) N}, B=N, R={(x,y)| (y+3x+0.5)  N}

)10 (3.
R,SA .S R ,- S R?

)50+5 (4.
f:A B, g:B C.

 .f,g '" ,fg"?
 .f,g ' ,fg?
 .fg")f"g"( ?
 .-A=C ,-fg=IA .g=f-1?

12
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–4

1) .20(
. (1,1),(2,2),(3,3),(4,4).

(1,2) R (2,1) R ,
(1,3) R (3,1) R,
(1,4) R (4,1) R,
(3,2) R (3,2) R,
(4,2) R (2,4) R ,
(4,3) R (3,4) R ..
(1,1) R, (1,4) R(1,4) R
(4,1) R, (1,1) R(4,1) R
(1,4) R, (4,4) R(1,4) R
(4,4) R, (4,1) R(4,1) R2,3 ,.

 :A/R = { {1,4}, {2,3} }
. :x Z.(x,x) R .x Z .(x-x)mod5=0 mod 5 = 0

.
 :x,y Z.(x,y) R  (y,x) R .

x,y(x,y) R .)(
(x-y)mod5=0)x-y-5 ,-(x-y)-5(
(y-x)mod5=0)(

(y,x) R ....
 :x,y,z Z.(x,y) R  (y,z) R  (x,z) R
x,y,z Z :.(x,y) R  (y,z) R)(

(x-y)mod5=0  (y-z)mod5=0
((x-y)/5) Z  ((y-z)/5) Z)(

 [(x-y)/5 - (y-z)/5] Z ) (x-z)/5=[(x-y)-(y-z)]/5 = [(x-y)/5 - (y-z)/5](
(x-z)/5 Z(x,z)mod5 = 0)(

(x,z) R
 :A/R={[0],[1],[2],[3],[4]} ,

[0]={0, 5, 10,...}, [1]={...,-9,-4,1,6,...}, [2]={...,-8,-3,2,7,...}
[3]={...,-7,-2,3,8,...}, [4]={...,-6,-1,4,9,...}

.({1},{1,2}) R ,({1,2},{1}) R.
A={ ,{1},{2},{1,2}} .

B A|B|=1) .(
B={{1},{2}} ,({1},{2}), ({2},{1}) R.

. :x Z .(x-x)=0=0*5) .0-k( ,
.

 :x,y Z.(x,y) R  (y,x) R .
x,y(x,y) R .)(

k(x-y)=5k) :1-(
k (y-x)=5(-k))z=-k(
z(y-x)=5z)(

(y,x) R ....

13
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 :
x,y,z Z.(x,y) R  (y,z) R  (x,z) R

x,y,z Z :.(x,y) R  (y,z) R)(
k1,k2 :(x-y)=5k1  (y-z)=5k2)2(
k1,k2 :(x-z)=(x-y)+(y-z)=5*(k1+k2))k3= k1+k2(

k3 :(x-z)=5k3)(
(x,z) R

'.
2) .20 +10(

.x Ay By-5=x ,y=x+5.
 :x A .5 x 100 ,)x (10 x+5 105 ,)x (

y=x+510 y 105 ,)y (y B.
 :x A ,) (y1 y2 B ,-

(x,y1),(x,y2) R) (x=y1-5, x=y2-5y1-5=y2-5y1=y2 ,
- y1  y2
.

" :x1 x2 A .y1,y2 B ,(x1,y1) R ,(x2,y2) R.
) (y1=x1-5, y2=x2-5 .y1=y2 ,

-x1-5=x2-5x1=x2 , ,y1 y2.
 :-B-1-9.

19-B)-A.(
. ,x A)B5( ,(x,5) R ,

-x).(
 '")5.(
 'y B ,5.

-B{5}A.
. ,-0 .-0 ,x Z-x2 N ,

-x2) .x-x2.(
0-A ,)0B (.
")0 :(y Ny=x2 ,

y=(-x)2 , ,).(
) ( ,y)
3,5,6,7,8 (.

-0)( ,
) ,x( ,

).(
.x=k+0.5 ,k ,y Ny+3x+0.5 N ,

xy Ny+3x+0.5 N .-x
) (-x).(

 ,-x)
k+0.5k)( ,0.5( ,

-xy+3x+0.5 N ,
1.

"?

14
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y Nx ,x ,
 ,.

"-x)1(
)0.5 ,-x(

 ,")
0.5 ,.(

-{1.5, 2} 0.5, 1} ,{
".

3)10(
-S R .

 :S-RIA S, IA R= <IA S R ,S R.
 :(a,b) S R)(

(a,b) S  (a,b) R)-R,S(
(b,a) S  (b,a) R)(

(b,a) S R
 :(a,b), (b,c) S R .)(

[(a,b) S  (a,b) R]  [(b,c) S  (b,c) R])(
[(a,b) S  (b,c) S]  [(a,b) R  (b,c) R])R,S(

(a,c) S  (a,c) R)(
(a,c) S R

S R , , .:
A={1,2,3}, S={(1,1),(2,2),(3,3),(1,2),(2,1)}, R={(1,1),(2,2),(3,3),(2,3),(3,2)}

 :S R={(1,1),(2,2),(3,3),(1,2),(2,3),(3,2),(2,1)} ,(1,3),(3,1) S R.

4)50- +5(
.a1 a2 A .-f"f(a1) f(a2).

-f(a1) f(a2) B-g"g(f(a1)) g(f(a2)) ....
.c C .-g ,b B ,-g(b)=c.

b ,-f ,a A ,-f(a)=b.
c Ca A ,g(f(a))=g(b)=c.

.)5:(
"fg"f ,g".

b1 b2 B .-f ,a1,a2 A ,-f(a1)=b1 ,f(a2)=b2 .
-f ')-" ("a1 a2.
-fg"g(f(a1)) g(f(a2)) ,g(b1) g(b2) ....

)(
- :A={1}, B=C={1,2},

f={(1,1)}, g={(1,1),(2,2)}, fg={(1,1)}  .
g ,fg" ,f)-2-A.(

.:
A=C={1}, B={1,2}, f={(1,1)}, g={(1,1),(2,1)}, fg={(1,1)}=IA

15
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-5

)26.12.2005 (12:00.

1.
A

 ,> ,<) .=223=223, 34>54, 34<54(
A:

S={(a,b)| (a b) = True}
W={(a,b)| (a b) = True}

R={(a,b)| (a ~b)  (~a b)}
."?
." ??

2.
 ,.

 , ,)(
.R={ ((a,b), (c,d)) |  a+b  c+d}A=NxN
.R={ ((a,b), (c,d)) | a  c, d b }A=NxN
.R={ ((a,b), (c,d)) | a 5c, b 5d}A=NxN
.R={ ((a,b), (c,d)) | ab cd, a+b c+d}A={1,2,3}x{6,9,18}

3.
.

 , ,).(
)(

 .

.

.

5

1

3

4

2

5

1

3

4

2

5

1

3

4

2

16
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4.
.- ,

 , .
.)-(?
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–5

1) .30(
.S , . :a

False ,bTrue .(a,b) S, (b,a) S ,a b = True, 
b a = False.

W .
 :aFalse ,a a = False ,(a,a) W.

R) . :})ab ()ba(|)b,a({=R
 :R={(a,b)| (a  b)} ,(.

 :a(a ~a)  (~a a)
 :(a,b) R)(

(a ~b)  (~a b))(
(b ~a)  (~b a))(

(b,a) R
 :(a,b), (b,c) R)(

((a ~b)  (~a b))   ((b ~c)  (~b c)))(
((~a b)  (~b c))   ((a ~b)  (b ~c))

):(x y)  ~y = x(
((~a c)  (a ~c)))]''[(

(a,c) R
.S)( ,-.

 :a,bTrue ,(a,b) S ,(b,a) S ,
a b = True ,b a = True)a-b.(

W)(
R ,-)S(

2) .30(
.- :((5,6),(6,5)), 

((6,5),(5,6)) R ,5+6=6+5 ,((5,6),(6,5))((6,5),(5,6))
..

 :(a,b) NxN :a a, b b((a,b),(a,b)) R.
- :

(a,b),(c,d) NxN ,((a,b),(c,d)) R  ((c,d),(a,b)) R .
) ((a c  d b)  (c a  b d))(

(a c  c a)  (d b  b d)(a=c)  (b=d)(a,b)=(c,d).
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