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The Role of Mathematical Logic in Building Intelligent Systems:
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Abstract
Mathematical logic is a fundamental pillar of computer science and artificial intelligence, providing the theoretical
framework for understanding computational processes, building algorithms, and designing intelligent software.
This paper aims to highlight the practical role of mathematical logic in developing intelligent systems, focusing on
its application within the MATLAB environment, a platform that combines mathematical modeling and

computational analysis. The study also examines the relationship between traditional logic and fuzzy logic in
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knowledge representation and decision-making in artificial intelligence systems and explains how mathematical
logic has improved the performance of intelligent systems by supporting inference, control, and analysis. The paper
concluded that the integration of mathematical logic and application software represents a promising path in

building more accurate and flexible systems that combine symbolic thinking with high computational power.

Keywords: Mathematical Logic, MATLAB Software, Artificial Intelligence, Symbolic Logic, Computational
Applications.
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ol Gl %
implication =~P| Q; %P=>Q)=-PVQ
(5Lazl Juls) 4 cndlall oy 331801 % sequivalence = implication == implication
Joaz Gl paye %
((disp( P Q P=Q) (-PVQ) (P=QE(PVQ
fori=1:4
w ((Fprintf(%5d %5d %7d %7d %12d\n’, P(i), Q(i), implication(i), (~P(i) | Q(i
{((Gmplication()) = (~P(i) | Q)
end
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logic.m +
1 (POQ O (=P OQ idald joall Jyi> Juias %
2
3 Q s P gopiaiall S5Saall paill %
4 - P = [true, true, false, falsel;
5-— Q = [true, false, true, false];
[
7 gadyh 1l Olu> %
8- implication = ~P | Q; $(POQ =-P0OQ
9 - equivalence = implication == implication; (Jolesdl Jols) awis guepbll o 5alSGll %
10
i dydr 3 Ll gy &
12 - disp(' P Q (POQ)  (=~POQ)  ((POQ)O(-POQ))');
13 - for i = 1:4
14 - fprintf('%5d %5d %7d %7d %l2d\n', P(i), Q(i), implication(i), (~P(i) | Q(i)), ...
15 (implication(i) == (~P(1) | Q(i)))):
16 - end
>> logic
P Q (P?Q) (=P2Q) ((P2Q) 2 (=P2Q))
1 1 1 1 1
1 0 0 0 1
0 1 1 1 1
Fx 0 0 1 1 1
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"Uias"¢ 309 10 cns S 13)
"dasie" e 30 < ol 13)

:MATLAB 548

Ly adl glhie alasiuly 8l mdl s cadiat] i zolin %
Us Ll 5,1yl A0 %

i( 33, dl &y (51 temperature = input

o glaie e Eliy il %

if temperature <10

(35l 5= disp

elseif temperature <= 30

(Jazna 50 disp

else
(85,5l pdiya gl)disp
end
logicm logic2.m +
1 byl ki pldmiwly b0 aldl Az daiail baas geliss §
2
3 Usiall aylyall 3230 %
4 — temperature = input (' :: 1 =1l i50 FESIO W
5
6 by ghie ole 3L daiaill %
7 - if temperature < 10
8- disp('osly e l1')i
9 - elseif temperature <= 30
10 - disp('diiese gxil');
lill= else
12 - disp('s ol aibye s=ll');
13= end
>> logic2
Footeslmdl ey ol
MATLAB ety sl ciias 3 oyl glaill Gadas .2 JS&
10 Lo Goy 2 Bilaie ey 46T s JULI 1 3 0L, (sl
"ob" Al muizud (temperature < 10) b, 411 3ax=s 13|
P = q S e dabaie delgay 4ud La shidl
(2 S § ibse 5o Lo LeS) Augllall By lyoel) Aoy JUsmsly 39S 2ty
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el M ) A all) 8yl Ay Cayiuatd (I - Elseif - Else) (s yadl gl das JUll 1ia 3
&9 temperature aill Ul Lakie s e caduatddl daiay 8yl ,=dl adiye ol Juzae oyl
e e oyl 8 3Lty Bl b il puiiud i S slall e 5 oy Boume Lgy 4
INS (e Agaadl 8Ll (B il alusei ) JISCAT ausgly ol (e 529 cAinan s us
LA
Feqepbliad S5 Cpaats 1adad 48T ddlaie olddle (Jds J) Jaxs (3) JLabl 3
(nSia oibaie (et o 3OS Ao (o Faill Busall Jouz ¢l MATLAB p st wig
aa S JU e wedas LeS . clylatl oo Aaea] Aalaid) daylg 3 Clastiw! e velug Loo
il b e 2l Aslals oy y8 s dme ) § Jo il Flaill alusiwl
‘Auslaie LLad el Lyad of (o s A8, dudlaie Byl 4Ms (0 3a=1:(3) Jln
Ll @ s Aladlir calslall jas (Il dus S15 It
((PAQ) = 1) & (~1 = (~pV ~q)) :Asalail) 28Mall (0 ¥l Bylall Glumy pgs
(ole¥ WSLall) (uSLall (ogSall 055l8 euls ByaTy alaill JYanud] § ausiud Bucld 29
.(Contrapositive Equivalence)
:MATLAB 555
M LLaal BSall 3udlaall ez %
;[P = [true, true, true, true, false, false, false, false
;[Q =[true, true, false, false, true, true, false, false
;[R = [true, false, true, false, true, false, true, false
(PAQ =R)) ¥ Byl Clus %
left=—~(P&Q)|R
(R=(~PV ~Q):pedl d,all Sl %
i(right =R [ (~P [ ~Q
39151 3a=s %
;equivalence = left ==right
Bl Gaye %
(Tgsld ((disp( P Q R ((PAQ=R) (-R=>(-PV-Q
fori=1:8
.., fprintf(%5d %5d %5d  %7d %7d %7d\n
(PG, Q). R(), left(i), right(i), equivalence(i
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End
logic.m logic2.m logic3.m +
1 SWi I Loladl )l 4iSeal! a3l gill asas> %
2 — P = [true, true, true, true, false, false, false, falsel:
3= Q = [true, true, false, false, true, true, false, falsel;
4 — R = [true, false, true, false, true, false, true, falsel;
5
[ (PO Q) OR)) 2 u 81 Guhill Glus 3
7 - left = ~(P & Q) | R;
8
=] ((RO (=P O —=0-) igay! Gyhill Olu- %
10 — right = R | (~P | ~Q);
11
12 A5lSi )l GEaxs %
13 — equivalence = left == right;
14
15 Z25L5a 0l e %
16 — disp (' P Q R ( (POQ) OR) (RO (=PCO-0Q) ) Ssylus');
17 |= for i = 1:8
18 — fprintf ('%54d $5d %5d $7d $7d $7d\n",
19 P(i), (i), R(i), left(i), right(i), equivalence(i)):;
20 — end
logic.m logicZ.m logic3.m +
. . . - .
>> logic3
P 0 R ((P2Q) ?R) (-R? (-P?-Q) ) Tsglas
1 1 1 1 1 1
1 1 0 0 0 1
1 0 1 1 1 1
1 0 0 1 1 1
0 1 1 1 1 1
0 1 0 1 1 1
0 0 1 1 1 1
0 0 0 1 1 1
fi>>

MATLAB § dilaid| Jgluz!l alusiuls (Contrapositive) deusSall £3Mall Juies .3 S
Lylang (Lliasd et JLlS 3uie Jouz cLid MATLAB cadags o Say oS JUall i g
pliladl alasiwl Koy a8 ylasg o 38 Ao (10 3a=tl) (S50 (rudlain Gupeni
ez 3 Alhate cndylall Aalaill @l of bl o lad (2S5 Ak Jiadlly ol 48Y1y Laull
ML) LIl g 55ay Guddasdl 1ia Jio Lidlaie lxzalSze cnsyleall oF e Jos Loa ¥l
Szl Apeal uSay b 529 Amandl alusiwl Glee Lo HLasl (e ey 48,10 agakail)

(o2l Jedzmilly alaill qelall
Lizmays laglad J) e oF ol Jaall Sy ca S dayladl 2121 5 a3 1.0 Say
Sl oy 4355 Y (MATLAB alaseiwls Sleall daially g lasd) glasll Gaxl s (23,85
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  p → q ≡ ~ p ⋁ q


  ←


  ←


  ←


  p    ⇒   q


    ( ( p ⋀   q ) → r )    ⇔   ( ~ r → ( ~ p ⋁   ~ q ) )

