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Chapter One 

 Mathematical Logic           الرياضياتي المنطق

 

، ّسجٞب حذٝث ػيٌ ٕٗ٘ اىصشفخ اىشٝبظٞبد ػيٌ فشٗع أحذ ٕ٘ اىَْطق ػيٌ          ٗقذ ً 

. ًٝ٘ ثؼذ ً   ٍٝ٘ب رزضاٝذ إَٔٞزٔ أخزد

 فؼيٌ ٗرؼجٞشارٖب، ٍٗذى٘لارٖب ٗظبئفٖب فٜ اىيغبد ٝشبسك أّٔ اىؼيٌ ٕزا إسٌ ٍِ ٝفٌٖ

، ػبىَٞب ػيٖٞب ٍزفق ٗاظحخ ٍجبدٙء ػيٚ ٝشرنض اىَْطق  اىجذٝش ٍِٗ ثٔ، خبصخ سٍ٘ص ٗىٔ ً 

 إلا ثٔ، خبصخ ٍٗصطيحبد أىفبظ ىٔ اىَؼشفخ فشٗع ٍِ فشع مو ثبلاحشٙ أٗ ػيٌ مو أُ ثبىزمش

 ٍقبسة ثَؼْٚ ثؼعٖب ٝسزخذً ٗقذ اىٍٜٞ٘، حذٝثْب فٜ رسزخذً لا سثَب الاىفبظ ٕزٓ اُ

 سثَب ٗرىل ٍقص٘دّب ػِ ً   رَبٍب ٍؼْبٕب ٝخزيف حبلاد ٗفٜ اىٍٜٞ٘، حذٝثْب فٜ رؼْٞٔ ىَب

. اىزؼجٞش فٜ اىَسزخذٍخ اىيغخ فٜ ً   قص٘سا ٍؼْبٓ ٗىٞس ػْذّب اىزؼجٞش دقخ ػذً اىٚ ٝشجغ

 فٜ ىلإجزٖبد الاٍش ٝزشك فيٌ اىشٝبظٞبد، فٜ ٗثخبصخ فٞٔ ٍشغ٘ة غٞش الاثٖبً ٕزا مبُ ٗىَب

 ٍحذدح ٍؼبّٜ ٗاػطٞذ اىجَو ىشثط أدٗاد ٗ سٍ٘ص ػيٚ ارفق ثو اىشٝبظٞبرٜ، اىَْطق

 ىغخ اىشٝبظٞبرٜ اىَْطق ثبُ اىق٘ه اىٚ ٝق٘دّب ٕٗزا ٗاىغَ٘ض اىيجس لارقجو ً   رَبٍب

 رحزبج فبىشٝبظٞبد. اىَْطق ػِ ىيشٝبظٞبد ٗلاغْٚ اىشٝبظٞبرِٞٞ، ثِٞ ػيٖٞب ٍزفق ػيَٞخ

 ٍب ً   ٍٗقج٘لا ً   سٖلا ً   ٍثلا سٝبظٞبرٞخ ٍجشْٕخ اٗ صٞغخ ثشٕبُ ٝنُ٘ ٗلا ٍْطقٜ رفنٞش اىٚ

. ثجؼط ثؼعٖب ٍشرجط الافنبس ٍِ سيسيخ ػيٚ خط٘ارٔ فٜ ٝسزْذ ىٌ

 

  

 Statements(:    التقارير )العباراث

 

We know that the sentences in the Arabic language, including what are an actual and 
what are nominal ones and ones What Astvhammep or request ... etc. In mathematical 
logic divided into two sentences: 
 It is news sentences that carry a newsflash. 
 sentences is not news (construction) that does not carry a particular news. 

 
Definition (1): 
Each sentence that carries news that can be judged as either (True) or (False), but 
does not become true or false as the same time and can be called statemet (report). 
 
Definition (2): 
Each correct news sentence is called correct statement and each false news sentence 
is called false statement. 
Example (1): 
(1) the sun rises from the east.     news sentence  (correct statement). 
(2) Baghdad is the capital of the Republic of Iraq. news sentence (correct statement). 
(3) 17 < 14.  news sentence  (false statement). 
(4) How beautiful this grove. sentence  not news (Wonder). 
(5) Nawaf be careful on doing good. sentence  not news (call). 
(6) 3 + x = 7 , where x is an integer.      news sentence.  
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 (we can't judge it as true or false unless you know the value of the variable x). 
Statements from this type called (Propositional Functions). 
Negation of Statements التقرير )العبارة نفي  
If we wanted to negation the statement "it's raining today", we say "it doesn't rain 
today" If the statement to negation is true the negation become false statement and 
vice versa. 
Example (2): 
(1) 2+3=8: false statement, negation is 2+3≠8, true statement. 
(2) Baghdad capital of Iraq: true statement, negation, Baghdad not capital of Iraq. 
false statement. 
Often, we symbolized the statement as the letter of the alphabet to ease In example 
(2) If we symbol for the statement contained in paragraph (1) under the symbol P, we 
symbolized to negation this statement symbol P (read negation P) and that's where 
the statement P and P impossible to be true or false at the same time, we had made 
the letter T symbolizes the word (True) and letter F symbolizes the word (False), for 
we can generate a table called the right table (truth table) describes the P and P 
together as shown in the following table: 
 

 P P 

F T 
T F 

 
Notes: 
(1) known as T and F true value (or truth) and replace all of them at times to 1 and 0 
respectively. 
 (2) Note that whatever the statement P, they either have to take the value T or F 
value, the value of the true statement  P must be opposite to the value of P is true as 
we pointed this previously. 
Definition (3): 
Every statement carrying one news called a simple statement (primary), but if the 
statement carried the two or more than news called the compound statement. 
Example (3): 
(1) water freezes at zero degrees and boils at 100 degrees. (compound statement). 
(2) Fawaz studies mathematics or geography. (compound statement). 
(3) If the 3 + 1 = 4, the 6 +7 = 13. (compound statement) 
(4) abc equilateral triangle if and only if it was Equiangular. (compound statement). 
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 Connectives:    الربط أدواث
1. AND 
It is symbolized by the mathematical symbol "". In other words, if each of the A, B, 
the statement "A and B" is the compound statement represented by the symbol "A  
B". (Or knew was agreed) to be the right values for this compound statement, as in 
Table 1. 
 

A  B B A 

T T T 
F F T 
F T F 
F F F 

 
Table (1) 
From Table 1 we note that the statement A  B true in only one case, which is when 
they are two symbols A and B are true together, and false otherwise. 
 
Example (4): 
Assuming that A, B, C, D are respectively the following statements: 
2 + 2 = 4, the moon orbits around Mars, passing the Euphrates River in Iraq, 3 = 0. 
We find that A, C true statements, while B, D false statements. Thus by reference to 
the Table (1) conclude that: 
A  C is a true statement, but  the A  B, A  D, D  B, B  D, (A  D)  C are all 
false statements. 
 
2.OR 
It is symbolized by the mathematical symbol "". In other words, if each of the A, B, 
the statement "A or B" is the compound statement represented by the symbol "A  
B". (Or knew was agreed) to be the right values for this compound statement, as in 
Table 2. 
 

A  B B A 

T T T 
T F T 
T T F 
F F F 

 

Table (2) 
Example (5): 

(1 )  5 + 1 = 6 or 3×4 = 12.   correct statement. 
( 2 ) 9 an even number or 9 an odd number .    correct statement. 
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(3 ) Riyadh, the capital of Syria or Delhi, the capital of Algeria. false statement. 
 

3. If…then… 
It is symbolized by the mathematical symbol "". In other words, if each of the A, 
B, the statement. The conditional sentence "if A, then B" is the compound statement 
represented by the symbol "A  B". (Or knew was agreed) to be the right values 
for this compound statement, as in Table 3. 
 

A  B B A 

T T T 
F F T 
T T F 
T F F 

Table (3) 
 
See from table 3 that the compound statement A  B be false in only one case 
when the A true and B false. 

 

Example (6): 
(1) 5 + 7 = 12  2 + 6 = 8 T 
(2) 5 + 7 = 11  2 + 6 = 8 T 
(3) 5 + 7 = 11  2 + 6 ≠ 8 T 
(4) 5 + 7 = 12  2 + 6 = 7 F 

 

4. If and only if 
It is symbolized by the mathematical symbol "". In other words, if each of the A, 
B, the statement. "A if and only if B" is the compound statement represented by the 
symbol "A B". Thus the statement A B can be expressed as: 

(A  B)  (B  A) 
For that we set true table in terms of tables (1) and (3) as follows: 

 

 

 

 

 

A   B (A  B)  (B  A) B  A A  B B A 

T T T T T T 
F F T F F T 
F F F T T F 
T T T T F F 
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Table (4) 
Notes from the table (4) that the phrase A  B are correct when they are two 
statements A and B true together or false together. 
 
Example (7): 
(1) 5 + 3 =8  5 × 3 =15.      T 
(2) Iraq is located in Europe,  5 + 3 = 8.     F 
(3) 5×3 = 15  Fatima man's name.           F 
(4) Sanaa, the capital of Russia's  sugar tastes bitter.      T 
Definition (4): 
Said of the two statements A and B, they are equivalent logically, or become are 
equivalent if each of them have the same table or the right values, and so represented 
by the symbol A  B, (reading A equivalent to B). 
Example (8): 
  (1) (A    B)  (BA)  (Table 4). 
(2) A  A   A A  A     ( A) as in the following table. 

 

 

  

 
 
 
 
Theorem (1): De Morgan's Laws 
  Whatever the two statements, the A and B: 
(A)  (A  B)  ( A)  ( B)    
(B)  (A  B)  ( A)  ( B) 
 
proof: 
 
(A) Prove If the true values for the statement  (A  B) are the same true values to 
the statements ( A)  ( B) ، as accordance with the definition (4) so we construct 
(Table 5). 

 

(A)  (B) (A  B) A  B B A B A 

F F T F F T T 
T T F T F F T 
T T F F T T F 
T T F T T F F 

Table (5) 
 

(A) A  A A  A A A A 

T T T F T T 
F F F T F F 
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From columns  sixth and seventh we see the equally of the right values and thus was 
required.  
(B) to prove is required in the same way (a) (leave to the student). 
 
Note: 
It can prove the validity of paragraph (B) from the theorem (1) in another way as 
follows: 
Negation  the right end of the relationship (B), we find that: 
 

 

 [(A)  (B)]  (A)   (B)     According to paragraph (A) of the theorem. 
                           A  B                       paragraph (2) Example (8) 
[(A)  (B)]  A  B                          () 

Negation  the relationship () we get the required proved which: 

([(A)  (B)]  (A  B) 
Meaning that: 
 (A)  B)   (A  B) 
Theorem (2): 
 
If A, any two statements, the: 

A  B  (A  B) 
proof: 

 

According  definition (4) is enough to create table (6), in which we see that the fifth 
and sixth columns are equal in right values so desired proved. 

(A   B) A  B A   B  B B A 

T T F F T T 
F F T T F T 
T T F F T F 
T T F T F F 

Table (6) 
 
Definition (5): 
It said about the compound statement is is a logically correct if all correct values true. 
And said is logically false if all correct values false. 
Example (9): 

(1)   statement  A   A. logically true. 
(2)   statement  A   A. logically false. 
The following table proved paragraphs (1) and (2) according to definition (5).  

A   A A   A  A A 
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Note: 
Statement may not be logically correct or logically false, as in the phrases A  B, 
B A, for example. 
  
Definition (6): 
We said that statement A lead to statement B, and represented that by symbol A  B, 
if the statement A  B logically correct. As sometimes we say that A is 
introduction and B is the result. 
Example (10): 
(1) Whatever the statement A, the A  A   A, because A  A   A is a 
logically correct as shown in example (9), paragraph (1). 
(2) Whatever the statements A, B, the A  A  B because A  A  B is a 
logically correct. (Check up leave to the student). 
(3) Whatever the statements A, B, the A  B  A  B because it is easy to verify that 
the compound statement A  B  A  B is a logically correct statement (check it 
out). 
Notes: 
(1) If A  B A , the correct table for the conpound statement, A  B note that: 
     (A) Whenever the statement A correct the statement B correct too. 
     (B) Whenever the statement B the false statement A false too. 
 In other words if the introduction A correct, the result B is also correct, and if the 
result B is false, the introduction A false too. 
(2) If A  B we express it by saying that, if the statement A correct, it is enough to 
be the statement B correct too). 
(3) when A it does not lead to the B, so we represented by the symbol A ⇏B. 
 (4) A  B does not have correct table, because we did not consider the symbol "" 
link between the two statements A, B. 

 

 Definition (7): 
  A statement we say that lead to statement B, if B statement leading to the statement 
A, and symbolized A  B, if statement B  A logically correct. 
         The symbol "" Not link between the two statements A, B. Therefore, A  B 
is not correct table. It should also be noted that we sometimes express the symbol 
""by saying "the necessary and sufficient condition". It also means equivalent to 
the word. And sometimes it can be used instead of the symbol "" as illustrated by 
the following example. 
Example (11): 

F T F T 
F T T F 
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Whatever the statements  A, B is: (A  B)  A B 
Solution: create table for the statement  (A  B)  A   B as follows: 

 

Note from the table the statement (AB)  A B logically correct as shown in 
the seventh column. As the right values in columns fifth and sixth in the table equal, 
which is consistent with the definition of parity that any (AB)  A B we 
would consider that the symbols    ،    have the same meaning. 
Here it should be noted that if it is not considered A  B accrued, we symbolized so 
the symbol A ⇎ B. 
Example (12): 
  Verification the relationship between   x = 3  x2 = 9 or not, taking advantage of the 
comments received after the example (10). 
Solution:  
(A) The first method: our knowledge of mathematical, we know that when the 
statement would be x = 3 correct it necessarily lead to that statement x2 = 9 correct. 
Since it can not be x = 3 while the x2  9 Thus, x = 3  x2 = 9 verification. 

 

(B) The second method: From our information also, we know that when the 
statement would be x2 = 9 false, i.e. when x2  9 the statement x = 3 be false, which 
means that x  3 so the x = 3  x2 = 9 verification. 
         Before produced the following theorem, which includes most of the properties 
of the two links "" and "" We would like to note the following note. 

 

Note: 
If we have one statement, the number of possible correct values two, and if we have 
two different statement, the number of possible correct values of four, and if we have 
three different statements, the number of possible correct values eight, this can be the 
proof that if we have n different statements, the number of possible correct values 
equal to 2n that  
B(n) = 2n;   n ℕ 
Theorem (3): 
Whenever the statements A ، B ، C , thus,   
(1)   A  A  A   as well as   A  A  A .اىلاَّ٘ خبصٞخ     
)2)   A  B  B  A   as well as   A  B  B  A  substitution property. 

(AB)  A B (AB) AB AB   B B A 

T F F T F T T 
T T T F T F T 
T F F T F T F 
T F F T T F F 
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(3)   (AB)CA(BC)   as well as   (AB)CA(BC)   property (respectively) 
the merger.  
(4)   A (B  C)  (A  B)  (A  C)    distribution of property. 
        A  (B  C)  (A  B)  (A  C)   distribution of property. 

 

proof: 
We prove that "" link distributed on the link "" (leaving the rest of the proofs on 
the health properties mentioned in the theorem on the student) for that creating the 
following table and conclude that it's health is required, as shown in the two columns 
seventh and eighth. 

 

 

 

 

 

 

(AB)(AC) A(BC) BC AC AB C B A 

T T T T T T T T 
T T T F T F T T 
T T T T F T F T 
F F F F F F F T 
F F T F F T T F 
F F T F F F T F 
F F T F F T F F 
F F F F F F F F 

 

exercises 
 

(1) If the A representation of the statement "the rain came down: and B representation 
for the statement " Akhaddrt ground, "write the verbal translator for each of the 
following: 
(a) A  B     (b) A  B   (c) A  B      (d) A  B 
 
(e) B    A   (f) A  B       (g) A   B 
 
(2) If p and q are two statement  proving that: 
p q  (p)  q  (p  q)  q  p 
 
(3) proved that the following statements correct logically: 
 
(a) A  A  A       (b) A  A  B      (c) A  B  A       
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(d) A  B  B  A     (e) [(A B)(BC)]  (A  C) 
 
(4) proved that the following statement is not correct logical lyor false logically  

A  A  B 
 
(5) If the D, E, K three statements imposed , proving that: 

D  (E  K)  (D  E)  (D  K) 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



هاني الدايني                                                                                                                                                                 .د
هياكل متقطعة 

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 
 

 - 11 - 

 

 الثانيت الوحدة

 Set Theory                 المجموعاث نظريت

 

 اىٍٞ٘ٞخ، حٞبرْب فٜ ً   دائَب ّسزخذٍٖب ىذْٝب ٍأى٘فخ ميَخ ٕٜ" اىَجَ٘ػخ "إُ        

 ٍفًٖ٘ إّٖب ػْٖب ّق٘ه ٍب أحسِ ٝنُ٘ ٗسثَب. ً   دقٞقب ً   رؼشٝفب رؼشٝفٖب ٝسزحٞو ٗىنِ

(Concept) ٜاسزخذً ٍِ أٗه....ٗاىَسز٘ٛ، ٗاىَسزقٌٞ اىْقطخ، شأُ شأّٖب سٝبظٞبر 

(. ً 1918 – 1845 )مبّز٘س ج٘سج الأىَبّٜ اىؼبىٌ ٕ٘ اىَجَ٘ػبد ّظشٝخ

 ٍِ ىنثٞش ً   ٍْٗطيقب ً   أسبسب الاٍش حقٞقخ فٜ ٗرؼذ ثٖب خبصخ سٍ٘ص ٗ ىغخ ٗىيَجَ٘ػبد

 ٗاػزجبسٕب اىشٝبظٞبد ىغخ ىز٘حٞذ ً   جذا ّبجحخ ٗسٞيخ فٖٜ اىَخزيفخ، اىشٝبظٞبد فشٗع

 اىَجَ٘ػخ رزحذد أُ ٗٝجت ٍزَبٝضح، أشٞبء ٍِ اىَجَ٘ػخ ٗرزنُ٘. ٍزَبسنخ ٗحذح

 ّسزطٞغ فإّْب ٍب ً   شٞئب اػطْٞب إرا أّْب ثزىل ّؼْٜ اىيجس، ٝقجو لا ً   دقٞقب ً   رحذٝذا

. لا أً اىَفشٗظخ اىَجَ٘ػخ اىٚ ْٝزَٜ اىشٜء ٕزا مبُ إرا ٍب اىحنٌ

Definition (1):          
It called the things that make up the group of elements for this group (or points). 
For example: 
 number 4 is an element of the set of natural numbers. 
 College of Education Ibn al-Haytham is an element of the of the University of 
Baghdad group. 

In general the group represented in capital letters: A, B, C, ...,  and small letters a, 
b, c, ..., w for its elements. 
Methods of determination (or select) a group: 
        To determination group using one of the following two methods: 
First: limited method 
         This method is writing elements of the group brackets of the type {}, taking 
breaks between the elements, and no importance of the order of the elements, and 
the repeat element in the group more than one does not change this group, and 
focuses on the different elements. 
 
Example1: 

                                                                 
                                                                   A = {1,2,3,4,5} = {1,5,4,2,3} 

                                                  

B ={Omar, Mohammed Zaid, Ali} = {Omar Zaid, Ali, Muhammad}  
 

 


