
  אא

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 

١٢١١٢١  



 ١٢١ א 

 א  

 
 

،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א  

אאאאאא
אאאאאאW

אאאK


אאאאאאא
  א        ،א אא  

  א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


אא?א???א

אאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


   א אא  א W
אK


אאאא



 ١٢١  

 א  

 
 

 

אאאאאאKאא
אאאא،א
אKאאאאאאK


אאאאאאאאאא

אאאK


אאאאאאא،
אאאאK

אאאאאאאאאא
אאאאאאאאא

אאאK


אאאאאאאא
אאאאא،אאLow

אא Highאאאאאאא
01K


אאאאאאאאאאאK

Kאאאאא


אאאאאאאאאK
אאאאאא

MultiplexerDemultiplexerK




 אא  

 א  

 
 

 
אאאאאאאאאאא

،אאאאאאאאאא
K


אאאאא

אאאאאא
אאאK



 

 

 

אאאאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א
א




 

١



 ١٢١ אא 
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אאW
אאאאאאK


אאW

אאאאW
١K אאאאK 

٢K אאאאK 

٣K אאאאאK 

٤K אאK 

٥K אאאאאאאK 


אאW

אאא٩٠٪


אאW
K


אאW




אW


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אאא


אאאWאאKאא
א(Discrete)،אאא

א .(Continuous)


،אאאאאא
אאאאאאאא

אאK


אאאאאאא(Continuous) אאא
אאא(Discrete)KאF١J١Eא אF١J

٢Eא K


Time

 

א


אF١J١WEK





 ١٢١ אא 

 א אאא 
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אאאאאKא
אאאאאאא

אאאאאאאאאאK


Time

 

א

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t13t12


אF١J٢WEK


אאאאאא

،אאאאK
אאאאא

אאFאאEאאK
אאאאאא

אF١J٣KEאאאאK

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
אF١J٣WEאאאK


אאאאK

אאW
١K אSamplingאא

אF١J٤KE 


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אא 

א


אF١J٤WEאאK
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٢K אQuantizationWאאאא

אא،א
אאאא

אאKאאא
אאK 


٣K אEncodingWאאאאא

אאאFEא،אF١J٥KE 

אא،אאא
אK


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Time
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10111010
 

א א 



אF١J٥WEK


אא256אא

8Kא
אאאא

K
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אאאIntegrated Circuitsאאאא
אאאא(ADC) Analog to 

Digital Converters  K
אאאאאADCא

אאא.(DAC)  Digital to Analog Converters
אאאאK א

אאאK
אאאאאא

אK


אאW
אאאאK

אWאאHighאLowK
א،''ON''

''OFF''K
א01אאאאאא

אאאא0א1K
אאאאאא1אHighא0

אאLowK


אאW
אא0 1KאאאHigh

אא .LowאאאHigh
אKא.Low

אאHigh LowF١J٦KE

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VL( min )

VL( max )

VH( min )

VH ( max )

LOW

HIGH

1

0

 

 

א א

Binary

Binary


אF١J٦WEאאK


אHighאVH(Min)VH(Max)אLow
VL(Min)VL(Max)אVH(Min)VH(Max)،

01،אאאאאK
אאאאTTLHigh2V5VLow

0V0.8VאאF١J٧KE


VL( min )

VL( max )

VH( min )

VH ( max )

LOW

HIGH

1

0

 

 

א א

Binary

Binary

TTL

5 V

2 V

0.8 V

0 V


אF١J٧WEאאאTTLK
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
אא3.2VHigh1א

0.6VLow0K0.8V
2VK
























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אאא


אאאאאאHighLowא
אK

אאאאאאא
1אLowHigh0HighLowK

אאאK
אF١J٨EאאאאאHighאLowK



HIGH HIGH

LOW LOW

 

א א א א

 

א א א א


אF١J٨WEאאאאK


אא(High)،

(Low)Kאא
אאאאאא

PeriodicAperiodicK
אאאאTאאאPeriodK


אF١J٩EאF١J١٠EאK


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T1 T2 Tn-1 Tn

T1=T2 =...Tn-1=Tn=T = Period אא א 

אFrequency = f =1/T

0 1 0 1 0 1 0 1 0 1 0 01 0 1 01


אF١J٩WEK


אf(frequency)אאאאאKא

א(Hz) HertzK
אאfאאאTW


f
1T =

T
1f =


10 0 0 110 0 1 0 1 011 0 0 1 1

 
א  


אF١J١٠WEאK







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אא


א،אאאאאK
אאאאאKאW

١J אOscilloscopeW
אאאאאאK

K
אאאאאאא

אאKאאאא
אK

אWאאKאא
אאאאKאא

ADCאא
אאK

אF١J١١EאאאF١J١٢E
אאK
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אF١J١١WEאאK

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
אF١J١٢WEאאK



٢J אאLogic Analyzer W 

א،אאF١J١٣Eאא
אאא،א،K

J א 

אאאאא
אאאK

J אאTiming Diagram 
אא،א

אאאאK


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
Jא State Table 

אאאאאKא
BinaryאOctalאאאHexadecimal

אאBCDא.ASCII


אF١J١٣WEאאK


٣J אאאLogic Probe , Logic Pulser 
אאאאאאאא

אאאK
אF١J١٤EK


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
אF١J١٤WEאK


אאאאא،אאא

אאאאאKאאא
אאאK

אאPulserLogicאא،F١J١٥E،
אאK

אאאאLogic ProbeK



אF١J١٥WEאאK
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אאאאאאאShortsK


٤J אא :DC Power Supply 
אאאאאאKאאא

אאאאאACK
אTTLאCMOS+5VK

אF١J١٦EאK


אF١J١٦WEאK



٥J אאFאאE:Function Generator  

אאאא،א
אאKאF١J١٧EאK





 ١٢١ אא 
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
אF١J١٧WEאאK



٦J אאא(DDM) Digital multi meter  

אאאאDCאAC،אאא
אK

אF١J١٨EאאאK

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


אF١J١٨WEאאאK




 ١٢١ אא 

 א אאא 
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אא
١K ؟אאאא 


٢K ؟א 


٣K אא؟אא 


٤K 10ms؟ 


٥K אאאא  1MHz؟ 


٦K אאא؟ 100111010101אא؟ 

 
٧K אאא1010101010101010א א؟

 ؟


٨K א؟אאאא 


٩K א؟ 


١٠K אאאא؟אא 


١١K אאLogic Analyzer؟ 


١٢K אאLogic Probe؟ 


١٣K אאא؟אאא



 

 

 

אאאאאאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 
א


א


א


א

 

٢
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אאW
אאאאאאא

אK


אאW
אאאאW

١K אאאK 

٢K אK 

٣K BCDK 

٤K  ASCIIK 


אאW

אאא٩٠٪


אאW



אאW

١K 
٢K ASCII


אW



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אא 


،אאאאאאאא
אאאאאאK

אאאאK
אאאBinary Systemאאאאא

אאאאאאKא
אאOctal SystemאאHexadecimal System

אאאאאFEאא
אאאK

אאא
אאWJ


١K אאאאK 

٢K אאאאK 

אאאאאK


٢J١אאDecimal System
אא??Digits 0 ،1{2{3{4{5{6{7{8، 9א

אאאא10K
א10א א

אאאK




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אאאאW
KKKKKKKKKKKKKKKK310−210−110−010110210310KKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKK

1000
1

100
1

10
11101001000KKKKKKKKKKKKKKKK

אאא
F٢J١E


١W

א632؟
אW

=×+×+× )310()210()610( 012
=×+×+× )31()210()6100(
623320600 =++

3א 3 א،א2 אא20
א6א 600K




٢W
א 2574؟

אW
=×+×+×+× )410()710()510()210( 0123
=+++ 4705002000
2574=



٣W
א 0.25؟
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
אW

=×+× −− )210()510( 12
=×+× )2

10
1()5

100
1(

25.02.005.0 =+



٤W
א 47.25؟

אW
=×+×+×+× −− )710()410()310()810( 0112
=×+×+×+× )71()410()3

10
1()8

100
1(

38.477403.008.0 =+++


٢J٢אאBinary System 
אא 0، 1 אא2K2

אאK
אאאאW 

KKKKKKKKKKKKKKKK32−22−12−021222324252KKKKKKKKKK
KKKKKKKKKKKKKKKK

8
1

4
1

2
112481632KKKKKKKKKK

אאא
F٢J٢E


אאאא

 0 ،1{2{3910{11{12، 13KKKKKKKKK
٩٩100{101{102، 103KKKKKKKKKאK
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אאאאאאאא
א1K

0 ،1 א
 10 ،11 א

 100 ،101 ، 110 ،111 א
1000 ،1001 ، 1010 ،1111 …………..  


אאא0 א15אאW



אאאא

0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 
1010 10 
1011 11 
1100 12 
1101 13 
1110 14 
1111 15 

F٢J٣E 


אאאאאאK
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١W
אאאא101؟  

אW
101W

=×+×+× )12()02()12( 012
=×+×+× )11()02()14(
5104 =++


٢W
אאאא11011؟  

אW
11011W

אא02122232  42
16      8     4      2       1 

  ×     ×     ×     ×     ×
1      1       0       1     1   

=27 


٢J٢J١אאאW

١K אא0 ،1  

٢K אא2 

٣K אאא2 אBit K 


אאא

אW
22 )1101(,)100(

1010 )257(,)101(
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
٢J٣אאHexadecimal System  

אאאW
0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F                              

אA,B,C,D,E,F א10,11,12,13,14,15K
 
٢J٣J١אאא

١K אאא16 

٢K אאא16  


KKKKKKKKKK116116016116216KKKKKKKKKK
KKKKKKKKKK

256
1

16
1116256KKKKKKKKKK

אאא
F٢J٤E


W

161616 )31(,)47(,)5( AF


١W
א)10( Bא
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אאאאאאאא،
אאאאאBCD

אא0 9אK
אBCD

BCDאא

0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 

F٢J٦E 


א3001111،א

1500010101



 ١٢١ אא 

 א אאאא 

 
 

- ٣٢ - 

BCDאאאא
אW




אא BCDא

10111 00100011 23 
1010101 10000101 85 
11111011 001001010001251 

F٢J٧E 




٢J٨אאאאASCII
אאאאאאאK

אאאאאא ASCIIFE
א7K

אאאאASCIIK



HEX DEC CHR CTRL   HEX DEC CHR  HEX DEC CHR  HEX DEC CHR
00 0 NUL ^@   20 32 SP  40 64 @  60 96 ` 
01 1 SOH ^A   21 33 !  41 65 A  61 97 a 
02 2 STX ^B   22 34 "  42 66 B  62 98 b 
03 3 ETX ^C   23 35 #  43 67 C  63 99 c 
04 4 EOT ^D   24 36 $  44 68 D  64 100 d 
05 5 ENQ ^E   25 37 %  45 69 E  65 101 e 
06 6 ACK ^F   26 38 &  46 70 F  66 102 f 
07 7 BEL ^G   27 39 '  47 71 G  67 103 g 
08 8 BS ^H   28 40 (  48 72 H  68 104 h 
09 9 HT ^I   29 41 )  49 73 I  69 105 i 
0A 10 LF ^J   2A 42 *  4A 74 J  6A 106 j 



 ١٢١ אא 

 א אאאא 

 
 

- ٣٣ - 

0B 11 VT ^K   2B 43 +  4B 75 K  6B 107 k 
0C 12 FF ^L   2C 44 ,  4C 76 L  6C 108 l 
0D 13 CR ^M   2D 45 −  4D 77 M  6D 109 m 

0E 14 SO ^N   2E 46 .  4E 78 N  6E 100 n 
0F 15 SI ^O   2F 47 /  4F 79 O  6F 111 o 
10 16 DLE ^P   30 48 0  50 80 P  70 112 p 
11 17 DC1 ^Q   31 49 1  51 81 Q  71 113 q 
12 18 DC2 ^R   32 50 2  52 82 R  72 114 r 
13 19 DC3 ^S   33 51 3  53 83 S  73 115 s 
14 20 DC4 ^T   34 52 4  54 84 T  74 116 t 
15 21 NAK ^U   35 53 5  55 85 U  75 117 u 
16 22 SYN ^V   36 54 6  56 86 V  76 118 v 
17 23 ETB ^W   37 55 7  57 87 W  77 119 w 
18 24 CAN ^X   38 56 8  58 88 X  78 120 x 
19 25 EM ^Y   39 57 9  59 89 Y  79 121 y 
1A 26 SUB ^Z   3A 58 :  5A 90 Z  7A 122 z 
1B 27 ESC     3B 59 ;  5B 91 [  7B 123 { 
1C 28 FS     3C 60 <  5C 92 \  7C 124 | 
1D 29 GS     3D 61 =  5D 93 ]  7D 125 } 

1E 30 RS     3E 62 >  5E 94 ^  7E 126 ~ 
1F 31 US     3F 63 ?  5F 95 _  7F 127 DEL








 ١٢١ אא 

 א אאאא 

 
 

- ٣٤ - 

אא


١K אאY 

Y= 3.104 + 6.103 + 7.101 + 9.100                                      
                  

 
٢K אאאאאאW 

J 11011 
J 110011 
J 101010 
J 11110000 
 

٠٣אאא11110001W
J239 

J141 

J241 

J124 

 
٠٤אאאאאאW 

J 25
J 31
J 89 
J 254 

 
٠٥אאא249W

J 11000111 
J 10011111 
J 11001100 
J 11111001 

 
٠٦אאאאאאW 



 ١٢١ אא 

 א אאאא 
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J 11111000.11 
J 11111111.111 
J 10000001. 101 

 
٠٧אאאאW 

J 0 31 

J 7095 


٠٨אאאאאאW 

J 25.75
J 255.9875
J 0.97 


٠٩אאאאאאW 

J 80
J 255 
J 9432 
J 4039 


٠١٠אאאאאW 

J 80
J 9C2 
J FFFF 
J 4500 

 
٠١١אאאאאאW 

J  25
J 9D` 
J ABCD 
J A9B8 


٠١٢אאאאאאW 
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J 1011101 
J 11111111 
J 1010101010 
J 110000111100 

 
٠١٣אאBCDK

J 12
J 45 
J 99 
J 125 
J 255 
J 24 
 
  ٠١٤אאBCDאא 

J 1001 
J 10011001 
J 100110011 
J 11001 

 
٠١٥אאאASCII 

J 2
J 31 
J 255 
J 3425 

 
٠١٦אאאASCIIאW 

J 0110110 
J 0111110 
J 0111111 

 
٠١٧אאASCII

50 Print AB= ''35''                                        



 

 

 

אאאאאא 

 

אא  

אאא
<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹] 

אאאא 



א


א




א
 

٣



 ١٢١ אא 
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אאW
אאאאאאK


אאW

אאאאW
١K אאאאK 

٢K אאאאK 

٣K אאאK 

٤K אK 

٥K אאאאאאאK 


אאW

אא٩٠א٪


אאW
K


אאW

אאK


אW
אאאאK



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אאאLogic Gates


אאאHighLow،
אאFONEאאFOFFKEאא

אאאאK1HighONא0
LowOFFK


٣J١א??Gate  AND' ' 

אANDא??אF٣J١Eאא ANDK


A مفتѧѧѧѧاح B مفتѧѧѧѧاح

مصدر     جهѧѧѧد
مصѧѧباح


F٣J١E


אאאאA , B K

אאאאA , Bאא
אTruth Table 




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

אא

אBA
OFF OFF OFF 
OFFONOFF
OFFOFFON
ON ON ON 

F٣J١E 


אאאא ANDא ON  High1א

אאONאא1K
אF٣J٢EאאאANDאא




אא
Y BA
0 0 0 
0 1 0 
0 01 
1 1 1 

Aالخѧѧرج
B

Y

ANDא 

Y=AB 
Y=A AND B 

F٣J٢EF٣J٢E 


٣J٢א??'Gate OR' 

אאאאF٣J٣Eא?? OR،א
אאA , B (OFF) אK


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B مفتѧѧѧѧاح

مصدر     جهѧѧѧد
مصѧѧباح

A مفتѧѧѧѧاح


F٣J٣E


אאאאA , B 

אא

אBA
OFF OFF OFF 
ON ONOFF
ON OFFON
ON ON ON 

F٣J٣E 


אF٣J٤Eאאא ORא 

אא
Y BA
0 0 0 
١ 1 0 
١ 01 

1 1 1 

Aالخѧѧرج

B
Y

 
ORא 

Y=A+B 
Y=A OR B  

F٣J٤EF٣J٤E 
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٣J٣אאNOT  
אNOTאאF٣J٥E

R

مصدر     جهѧѧѧد
مصѧѧباح

A مفتѧѧѧѧاح


F٣J٥E




אאאFאא،
אAKE



אא

אA 
ON OFF
OFF ON

F٣J٥E 


אF٣J٦EאאאNOTאK







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אא
Y A
1 0 
0 1 

Aالخѧѧرج Y

ORא 

AY = 

F٣J٦EF٣J٦E 


١W

אאאAND؟אא
אW

الخѧѧرج
A
B Y
C





אאא،א2
אאW

א== 328

אא

Y CBA
0 0 0 0 
0 1 0 0 
0 0 1 0 
0 1 1 0 
0 0 0 1 
0 1 0 1 
0 0 1 1 
1 1 1 1 


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
٢W

אאאOR؟אאא


Aالخѧѧرج

B
YC




אW
א== 328

אא

Y CBA
1 0 0 0 
1 1 0 0 
1 0 1 0 
1 1 1 0 
1 0 0 1 
1 1 0 1 
1 0 1 1 
0 1 1 1 


٣J٤א'' ''NAND Gate 

אאא AND، אF٣J٧EאאאNAND 
אK






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אא
Y BA
١ 0 0 
١ 1 0 
١ 01 
٠ 1 1 

الخѧѧرج
A

B
Y

  
NANDא

BAY .= 

F٣J٧EF٣J٧E 


٣J٥א'' ''NOR Gate 

אאא OR، אF٣J٨EאאאNAND 

NORאK


אא

Y BA
١ 0 0 
٠ 1 0 
٠ 01 
٠ 1 1 

Aالخѧѧرج
B

Y

 
NORא 

BAY += 

F٣J٨EF٣J٨E 


٣J٦אאExclusive OR Gate (XOR) 

אא "1"אאאאא 

"1"אא"0" ، אF٣J٩EאאאאXOR
אK



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


אא

Y BA
0 0 0 
١ 1 0 
١ 01 
٠ 1 1 

Aالخѧѧرج
B

Y


אXOR 

BAY ⊕= 

F٣J٩EF٣J٩E 




אאXORאאאK

الخѧѧرج

A

B

Y


F٣J١٠E





٣J٦אאExclusive NOR Gate (XNOR) 
אXNORא XORא "1"אא

אא1" א"אא"0" ، אF٣J١٠E
אאאאXNORאK
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



אא

Y BA
1 0 0 
0 1 0 
0 01 
1 1 1 

Aالخѧѧرج
B Y


אXNOR 

BAY ⊕= 

F٣J٩EF٣J١١E 


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 א אאא 

 
 

- ٤٧ - 

אא


١K אHighאANDאאA، B، C؟ 


٢K אHighאORאאA، B، C؟ 


٣K אYאNOTאW

A=10101110110111                                                      
                        

٤K אYאANDאA، BW 

A=101011111011                                                                
                            

B=111110000010                                                             
                          

٥K אאNANDאA، BW 

A=1010101010                                                                    
                            

B=1010101010                                                                 
                           

٦K אאXORאאA، B، CאY؟ 


٧K אאאאXORאA، BאאאאAND،

ORNOT؟ 


٨K אאYאXNORאאA، B، CW 

A=10111011    ,       B=10001000       ,        C=01110111      
             





 

 

 

אאאאאא 

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א


א



 

٤
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אאW
אאאאאאאא

K


אאW
אאאאW

١K אא،א،אאK 

٢K אאK 

٣K אאאאאK 


Wאא

אאא٩٠٪K


אאW
K


אאW

אא


אW
אאאאK



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אאאCombinational Logic 


٤J١W
אאאאאא،

אאאאאאאא
אאאאאאK


٤J٢אAdder W

אאאאאא
אאאאאא،אאא

W
0+1=0 
0+1=1 
1+0=1 
1+1=10

 
٤J٢J١אאHalf Adder 

אאאא(Sum)
א(Carry) אאF٤J١WE


אא

A

B

S

C0
H A


F٤J١E


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א
S C0 B A 
0000 
1010 
1001 
0111 

F٤J١E 


אאאאאאאאאא

א(S)א(C0)אאאK

BABABAS ⊕=+=
ABCo =


אאW

A
B

S

C0


F٤J١E


٤J٢J٢אאFull Adder 

אאאאאא،אאא
אאאאאאאאאא

א(Ci) 
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אW
אא



A
B

S

C0

F A
Ci

F٤J٢E


א
S C0 Ci B A 
000 00 
101 00 
100 10 
011 10 
1 0 0 0 1 
0 1 1 0 1 
0 1 0 1 1 
1 1 1 1 1 

F٤J٢E 


אאאאאW


iCBAS ⊕⊕=


io CBAABC )( ++=


אא
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A

B

S
Ci

C0

F٤J٢E



אאאאאאאORW

A

B

D

B0

H S
A

B B0
H S

M

S

Bi

D D

B0

F٤J٢E


٤J٣אSubtractor 
אאאFא

אEאאאא،
אאאאא،א

אאאאאK

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٤J٣J١אאSubtractor Half 

אאאא(Difference)
א(Borrow)אאW

אא

M

S

D

B0

H S

منѧѧѧه المطروح

المطروح

الفѧѧѧرق

الإسѧѧѧتعارة


F٤J٣E



א
B0 D S M 
0000 
1110 
0101 
0011 

F٤J٣E 

אאאאאאאאא
א(D)،א(B0)אאאK


SMSMSMD ⊕=⊕=
SMBo =


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אא

M

S
D

B0


F٤J٣E


٤J٣J١אאSubtractor Full 

אאאאאא
אW

אא

M
S

D

B0

F S
Bi

F٤J٤E


א
B0 D Bi S M 
000 00 
111 00 
110 10 
101 10 
0 1 0 0 1 
0 0 1 0 1 
0 0 0 1 1 
1 1 1 1 1 

F٤J٤E 
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אאאאאW
iBSMD ⊕⊕=
MSSMBB io )( ⊕+=


אאאאא
M

S

D
Bi

B0

F٤J٤E



אאאאא

A

B

D

B0

H S
A

B B0
H S

M

S

Bi

D D

B0

F٤J٤E
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
٤J٤אאDigital Comparator  

אאאא??
א(A>B , A<B , A=B)  

 
אא

A

B Comp

الѧѧѧرقمي المقارن
A = B

A < B

A > B

X

Y

Z
F٤J٥E




א
Z 

A>B
Y 

A<B
X 

A=BB A 

001 00 
010 10 
100 01 
0 0 1 1 1 

F٤J٥E 


אאאW

BAABBAX ⊕=+=
BAY =
BAZ =

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אאאאאאW

A
X

B

Y

z


F٤J٥E


٤J٥אאאDigital Codes  

אאאאא،
אאאאאאאBinary Coded 

Decimal 
( B C D 8421 ) 9)(0      אא

(8421)K
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אאאאאאאאאK


א B  C   D    

(8421)
אא

0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 

F٤J٦E 


١W

אא32.84BCD 

אW


4 8 ٠2 3 
0100 1000 ٠0010 0011 BCD 


٢W
אBCD 01110001.00001000

אW

1000 0000 ٠0001 0111 BCD 

8 0 ٠1 7 
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٤J٥J١אEncoder  

אא(2n) אא(n)א
אאאאFאאEאאK

2n
n

Encoder
الѧѧѧѧدخل  2nالخѧѧرج x n


F٤J٦E


אאאאאאאא

FאBCDE

Encoder

الѧѧѧѧدخل 

الخѧѧرج

المشفر      

D0

D9
D8

D7
D6
D5

D4
D3
D2
D1

D ABC
1s4s 2s8s


F٤J٦E


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אBCDאאא
Wאא


אא

ABCD9D8D7D6D5D4D3D2D1D0D

0 0 0 0 0 0 0 0 0 0 0 0 0 1 
10 0 0 0 0 0 0 0 0 0 0 10 
01 0 0 0 0 0 0 0 0 0 1 0 0 
11 0 0 0 0 0 0 0 0 1 0 0 0 
00 1 0 0 0 0 0 0 1 0 0 0 0 
10 1 0 0 0 0 0 1 0 0 0 0 0 
01 1 0 0 0 0 1 0 0 0 0 0 0 
11 1 0 0 0 1 0 0 0 0 0 0 0 
00 01 0 1 0 0 0 0 0 0 0 0 
10 0 11 0 0 0 0 0 0 0 0 0 

F٤J٧E 

אאאא(0)(9)אא
אא،)0D()9D(K


??אאאאאא

אאW
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B

Y

A

C

D

D0

D9

D8

D7
D6
D5
D4

D3
D2

D1


F٤J٦E




٤J٥J٢אDecoder   

אאאאא
(n) אא(2n)אאאW


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2nn

Decoder
الѧѧѧѧدخل  nالخѧѧرج x 2n


F٤J٧E


אאאאאאא

אאFאBCDאאKE

Decoderدخلѧѧѧѧѧال

العشѧѧѧري الخѧѧرج مبينѧѧѧات

محلѧѧѧѧل
الشѧѧѧѧفرة

D0D9 D8 D7 D6 D5 D4 D3 D2 D1

D

A

(BCD (شفرة     C

B{
F٤J٧E



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אאאאאW


אא

0D
1D2D3D4D5D6D8D8D9DABCD

1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 1 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 1 0 0 
0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 1 0 
0 0 0 0 0 1 0 0 0 0 1 0 1 0 
0 0 0 0 0 0 1 0 0 0 0 1 1 0 
0 0 0 0 0 0 0 1 0 0 1 1 1 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 1 1 0 0 1 

F٤J٨E 


אא،

אאאאאאא?W
אא??אK

אאאא??AND??NOTא
Decoder(A,B)אאאא

(0)(3)K
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A

B
yo = A\ . B\

y1 = A\ . B

y2 = A . B\

yo = A . B

F٤J٧E




אאאFאE



א א 

3Y2Y1Y0YB A 
0001 00 
001 0 10 
0100 01 
1 0 0 0 1 1 

F٤J٩E 


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٤J٦אMultiplexer    

אאאאאICא
(AND,OR,NOT)،אאאאא

אאא،אאאאאא
אאK


אאא2)×(1א

Do

B1

S

F

F٤J٨E



אMultiplexer:4-TO-1  

אא

4 x 1

MUX
الدخل الخرج     

التحكم    أطراف    

0
1

2

3 S1 S0


F٤J٨E


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אא1)× (4 

YS0 S1 
I000 
I110 
I201 
I311 

F٤J١٠E 

אאא1א)× (4
I0

I1

I2

I3

I1

I0

Y

F٤J٨E


٣J٧אDemultiplexer   
אאאK


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אDemultiplexer:1-TO-2 
אא

DEMUX

1-TO-2
E

S

D0

D1


F٤J٩E


א

D1D0 S1 
0E0 
E01 

F٤J١١E 


אאSLogic 0א

אD0KאSLogic 1אאD1K


אאא

E
S D0

D1


F٤J٩E
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
אDemultiplexer:1-TO-4


אא

S1

1-TO-4

DEMUX

S0

E

D0

D1

D2

D3


F٤J١٠E







א

3D2D1D0D0S 1S 

000E 00 
00E 0 10 
0E00 01 
E 0 0 0 1 1 

F٤J٩E 



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אאא


E

S1 S0

D0

D1

D2

D3


F٤J١٠E







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אא


١K אאאHalf adder ؟ 


٢K אאאFull adder ؟ 


٣K אאSCoutאאWA=1 , B=1 Cin=0 


٤K אאHighWA=1001  , B=1000        


٥K אDecoder  אא

A3A2A1A0=1110אA0، A1، A2، A3؟ 


٦K אאאאא7 Segmentsא

 ؟BCD7 SegmentsW1001א


٧K אMultiplexer ؟ 


٨K א Demultiplexer ؟ 


٩K אאאאWCin=1 ،B =1  ،   A =1   


١٠K BCD7 Segments،אא

 

7 SegmentsאאW
A0 = 10111101                                                           
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  A1  = 10110101                                                        
                               
A2 = 11110000                                                           
                            
A3 = 00110011                                                           
                         


٠١١אMultiplexer אD0، D1، D2، D3

S0S1אאD3=1،D2=0، 0 D1=،1
D0= 
S0=0S1=1؟


٠١٢אMultiplexerא

 64؟


٠١٣אאMultiplexer128
אWS6S5S4S3S2S1S0 = 1000111؟


٠١٤א32

אS4S3S2S1S0 = 01101؟
                                                                

                                                                           



 

 



 

 

 

אאאא 

 

אא  

אאא
j×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ã 

אאאא 




א
א

 

٥
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אאW
אאאאאא

אK


אאW
אאאאW

١K אRS، D، JK، TK 

٢K אאאK 

٣K אאK 


אאW

אאא٨٥٪


אאW
K


אאW

Kאא


אW
אאאאK




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אFlip-Flops 


٥J١W
אאאאא،אאאא

אאאאSequential Circuits 
אאאאאאאאאאא Flip-

FlopsאאאאאאאאK


٥J٢ (R-S)אא
אאאא (R-S)אאFClock pulseE



S Q\Flip-Flop
وضع إعادة     

وضع

العѧѧѧادي الخѧѧرج

المتمѧѧم الخѧѧرج

R Q


F٥J١E


אא NOR)   (NAND אאא

אאאאK
אאא (R-S)אאNORK

(Reset)  R

(set)  S Q\

Q1

2


F٥J١E
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אא(0)אאNOR )  (אאא
אא(1)אKאאא(1)אא
אא(0)אK


א (R-S)אאNORK

א א 
Q Q R S 

01 01 
א01 00 

10 10 
0 0 0 1 א 

 0011
F٥J١E 


אאאאW

١K א(S)א(1)FR=0Eא)Q(
אא(0)א(Q)אא(1)

א(Set- State)אK 

 
٢K א(S)א (0)(R)אא

(0)
א(Q)אא(1)א) Q (

אא(0)אא(1)،אא
No ChangeאאR,Sאא(0)K

٠٣אאא(S)א(0)

FR=1Eאא(Q)אא(0)) Q (
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אא(1)،אא(Clear- State ) א
ResetK


٠٤א(R)א (0)(S)אא(0)

א(Q)) Q (،אאK


٠٥(R,S)א(1))Q (Q,،
א??אK


אאא (R-S)אאNANDK

  R

  S

Q\

Q1

2


F٥J١E




 ١٢١ אא 

 א אא 

 
 

- ٧٦ - 

א (R-S)אאNANDK


א א א
Q Q R S 

11 00 
01 10 

10 01 
 1 0 1 1 

F٥J٢E 


٥J٣אFlip- Flops Triggering  

אאאאאאאאא
FאClockEאאאאK

אאאאאFאE
אאאK


٥J٣J١אא

אאאW
١K W 

אא(0)א(1)(1)
(0)אW

1

0


F٥J٢E

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٠٢W
אא(1)א(0)(0)

(1)אW

1

0


F٥J٢E


٥J٣J٢אאא

٠١אW


CK


F٥J٣E


٠٢אW


CK


F٥J٣E


٥J٤ (R-S) אא Synchronous (R-S) Flip-Flop  

 (R-S)אא،א
K (R-S)אאאK
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אאאא(R-S)א(S,R,CK)
)Q (Q, K

S

Q\CKتزامنѧѧѧѧال نبضات     

R

Q


F٥J٤E

אאא(R-S)אא אאNANDK

  R

  S

Q\

Q

CK

F٥J٤E


א(R-S)אא אאNANDK


א א א
Q Q R S CK 

10 10  
10 00  
01 01  

 1 1 1 1  
F٥J٣E 
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٥J٥(J-K) J-K Flip-Flop 
אאאאJ-K،אאאאא

א(J,K,CK)אא(Q)אא) Q (،
אאאאFEא(R-S)אא،

(J=K=1)אToggleK

J

Q\CK

K

Q


F٥J٥E




אאא(J-K) אאNANDW

K

J

Q\

Q

CK

F٥J٥E

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א(J-K) אאNANDW

א א א
Q Q R S CK 

אNo Change 00  
10 10  

01 01  
אא Toggle 1 1  

F٥J٤E 


٥J٦(D) D Flip-Flop

אאאא(D)،א(D)،
א(CK)א(Delay) אא

אK

D

Q\CK
Q

البيانѧѧѧѧات

الѧѧѧѧتزامن نبضѧѧة الخѧѧرج


F٥J٦E


אאא(D) 

QQ D CK 

100 
011 

F٥J٥E 
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א(D)א(R-S)א(NOT)א(R)
אW

Q\
CK

QٍٍٍS

ٍٍٍR

D


F٥J٦E


א(D)א(J-K)א(NOT)א(K)

אW

Q\
CK

QٍٍٍJ

ٍٍٍK

D


F٥J٦E


אאDR-SJ-KאאD

א،אאאאFKE


٥J٧(T) T Flip-Flop
אאאא(T)،א(T)،

אא.(CK)

Q\
CK

QٍٍٍT

الѧѧѧѧتزامنالخѧѧرج نبضѧѧة


F٥J٧E
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
(T)(J-K)א(J,K)א

(T)אW

Q\
CK

QJ

الѧѧѧѧتزامن نبضѧѧة

K

T


F٥J٧E




אאא(T) 

א)1( +tQ T CK 
No 

Change)(tQ0 

Toggle)(tQ1 
F٥J٦E 


אאW

٠١א(T)אא(0)אא
)1( +tQאאNo ChangeK


٠٢א(T)אא(1)אא

)1( +tQאאאאא
ToggleאאאK






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אא


١K אאאאאSR؟ 


٢K ؟אא 


٣K אאאJ=1 , K=1 : J-K؟ 


٤K אJ-KJ=1 , K=1א

א100KHz؟ 

 
٥K אאאQ SR

אאאW 

S=10010111010                                                                  
                

R=01001000101                                                                  
                


٦K אJ-KK=0 , J=1א

א10KHz؟ 


٧K אTT=1אא

500KHz؟ 







 

 

 

אאאאאאאאאאאאאא 

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א
א


א


אא

א
א


 

٦
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אאW
אאאאא،אאאאאא

אא،אא،אאאאאאאאK


אאW
אאאאW

١K אאאK 

٢K אאאאאK 

٣K אK 

٤K אאK 

٥K אאאאK 

٦K אאאאאאאאK 


אאW

אאא٨٥٪K


אאW
K


אאW

אאK


אW
אאאאK


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אאאCounters  
 
٦J١W

אאCounterא،
אאאאאאא،אא(J-K)

(T)K
אאאאאW

١K אאK 

٢K א(UP)(Down)K 

٣K אאא(Synchronous)אא(Asynchronous)K 


٦J٢אאאאאCounters Asynchronous

אאאCKאאאאא
KKKKKKKKKKKKא

אאאאW
١K אאאאUp - Counters  

J א(4)א(J-K)W
אאאא(4)

F0 3E،אאאJ,K،אK,J 
א(1)K

אאאאאאאא
א(Q1)אKאאאא(Q2,Q1)K


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Q\
2

CK

Q2
J

K

1

Q\
1

CK

Q1
J

K

Q2Q1

LSBالخѧѧرج MSB


F٦J١E


אאאאאאKא

אאאאאאאא
אאא،אאאאאא

KKKKKKKKKKאאאא
אא(4) 

O/P א
א Q1 Q2

CLK 
NO. 

00 0 0
11 0 1
2 0 1 2 
3113
00 0 4
11 0 5 
2 0 1 6 
31 1 7 

F٦J١E 


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אאאאאאאאאאאא
אא(Q1)

אא(Q2)אא(2)אא
(4)K


F٦J١E


١W

א(16)אJ-Kאא
א،אאK

אW
א(16)אF015Eאאא

א(2m=16) (m)א،m=4 
א(24=16)KאJ-KK

CK

Q2
J

K

1

CK

Q3
J

K1

CK

Q1
J

K

1

BC Aتزامنѧѧѧѧال نبضѧѧة

1

1

1

CK

Q4
J

K

1

1

D
الخѧرج 

F٦J١E



אא(16)

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 א אאאאאא 

 

- ٨٨ - 

אאאא
1 2 4 8 1 2 4 8 
A B C D 

אא
A B C D 

אא

00 0 1 8 0 0 0 0 0
10 0 1 9 10 0 0 1
010 1 10 01 0 0 2 
110 1 11 11 0 0 3
00 1 1 1200 1 0 4
10 1 1 13 10 1 0 5 
01 1 1 1401 1 0 6 
11 1 1 15 11 1 0 7 

F٦J٢E


אאאאאאא


F٦J١E


J אא(n)W 

א(n)א)2( nm ≥W
mWא :nאא
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א(6)F05Eא
)62( 3 >(n))2( m(6) א(8)

(8)אF 0 7EJ-KK
A,B,C אNANDאאא
(6)אWאNDADאC,Bאא

אCLR ،אאאאאאא
אאאאNANDאK

אאא
(000)א(110)K


אאאאאK

CK

Q2
J

K

1

CK

Q3
J

K

1

CLR

CK

Q1
J

K

1

BC A

CLR CLR

F٦J١E


W
אאאאNAND،אא

אANDK

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אאאDecimal Counter  

א،אאאאאאאאאאאא
אאF09EF00001001E،

אאJ-KאNAND،אאאאא
(D =1,B =1)אאאאא

א(NAND)אאאCLRא،א
אאאאאK


אאאאאK

CK

Q2
J

K

1

CK

Q3
J

K1

CK

Q1
J

K

1

BC Aتزامنѧѧѧѧال

1

1

1

CK

Q4
J

K

1

1

D
الثنѧѧѧѧѧائي الخѧѧرج

F٦J٢E


אאא
O/P 

אא אא
A B C D 

CLK NO. 

00 0 0 0 0
110 0 0 1
2 01 0 0 2 
311 0 0 3
400 1 0 4
5 10 1 0 5 
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6 01 1 0 6 
7 11 1 0 7 
8 0 0 0 1 8 
9 1 0 0 1 9 
00 0 0 0 10 

F٦J٣E 

אאאאאאא


F٦J٢E




אאאאאא(Decoder) אא
א(Seven Segments)K

A

العѧѧرض شاشѧѧѧة

a

b

c

d

e

f
g

شѧѧѧفرة عشري    مسѧѧѧفر عѧѧداد

B
C
D

A
B
C
D

a
b
c
d
e
f
g

CK


F٦J٢E
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
Wאאאאא

אאאאאאא
א(0)אאאאK



אאא

g f e d c b a A B C D 

CLK NO. 

10 00 0 0 0 0 0 0 0 0
11 11 0 0 1 10 0 0 1
010 0 1 0 0 01 0 0 2 
0110 0 0 0 11 0 0 3
00 1 10 0 100 1 0 4
00 1 0 0 1 0 10 1 0 5 
00 0 0 0 1 0 01 1 0 6 
11 1 1 0 0 0 11 1 0 7 
0 0 0 0 0 0 0 00 0 1 8 
0 0 1 0 0 0 0 10 0 1 9 

F٦J٤E


٢JאאאאDown-Counters 
Jא(4)אJ-KW

אאאאאאאאאא
א،אאא(4)

F30EאאאJ-KJ,Kא
אאאCKאאאאא،

אאאא)( 1Qא،אאא
אQ2,Q1אW
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Q\
2

CK

Q2
J

K

1

Q\
1

CK

Q1
J

K

1

Q2 Q1


F٦J٣E




אאאאאא،אאאא
אאאאFEאאא،אא

(4)אאאאאאא
Kא


O/P 

אא א
אQ1 Q2 

CLK  
NO. 

31 1 0
20 1 1
11 0 2 
000 3
31 1 4

F٦J٥E 





 ١٢١ אא
 א אאאאאא 
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אאאאא،א
אא،אאאאאאא)( 1Q

אא)( 1QK


F٦J٣E


J א(8)אJ-KW 

א(8)F70Eאא
אW (23=8)J-KK


אאאא

Q\
2

CK

Q2
J

K

1

Q\
3

CK

Q3
J

K

1

Q\
1

CK

Q1
J

K

1

Q2Q3 Q1

F٦J٤E




 ١٢١ אא
 א אאאאאא 
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אאאאFאEאW


O/P 

אא א
אQ3Q2 Q1 

CLK  
NO. 

7 1 1 1 0
6 0 1 1 1
51 0 1 2 
400 1 3
31 1 0 4
2 0 1 0 5
1 1 0 0 6 
0 00 0 7
7 1 1 1 8 
6 0 1 1 9 

F٦J٦E 


אאאאאאאK


F٦J٤E



 ١٢١ אא
 א אאאאאא 
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٦J٤אאאאאSynchronous Counters
אאאאCKאאFאE

אאאאאאאאאאאאאאאא
Parallel CountersK

١J אא(8)K
אאאאF07E(J-K)

אא،אאאאאK

CK

Q2J

K

1

CK

Q1J

K

AC

الѧѧѧѧتزامن

B

CK

Q3
J

K

الأول القѧѧѧلاب الثѧѧѧѧاني القѧѧѧلاب الثالѧѧѧѧث القѧѧѧلاب

F٦J٥E


אאW
١J אאאא(Toggle)(No Change)

אאK


٢J אאאאאAND
אא،אאאא(1)

(A , B)אאא،אא
אאK 


אאאאK



 ١٢١ אא
 א אאאאאא 
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
F٦J٥E


אאאאFאEאW

O/P א
אA B C 

CLK  
NO. 

0 0 0 0 0
1 1 0 0 1
2 0 1 0 2 
31 1 0 3
40 0 1 4
5 1 0 1 5
6 0 1 1 6 
7 1 1 1 7
00 0 0 8 

F٦J٧E 




٢J אא(8) 

אאאאאא(8)
אאאCKאא،אא

אאאאא)( 1QאK



 ١٢١ אא
 א אאאאאא 
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Q\
2

CK

Q2J

K

1

Q\
1

CK

Q1J

K

AC

الѧѧѧѧتزامن

B

Q\
3

CK

Q3
J

K

F٦J٦E
אאאא


F٦J٦E

אאאאW


O/P א
אA B C 

CLK  
NO. 

7 1 1 1 0
6 0 1 1 1
51 0 1 2 
40 0 1 3
31 1 0 4
20 1 0 5
1 1 0 0 6 
00 0 0 7
71 1 1 8 

F٦J٨E 



 ١٢١ אא
 א אאאאאא 
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אא 
Shift Registers 

 
אאאאאאאאאאאK

אאאאK 

אאאאאאאאאK 

אאאאאאK
אאאאאK

אאDא01،F٦J
٧KE

D

C

Q1 1

א 

א א

1 

CLK

א 

D

C

Q0
0

א 

א א

0 

CLK

א 
אF٦J٧E


אאW

J אאאFאF٦J٨KEE 

 
א א 

Data In Data Out
אF٦J٨E


J אאאFאF٦J٩KEE 



 ١٢١ אא
 א אאאאאא 
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א 

Data In

Data Out

א א


אF٦J٩E


J אאאFאF٦J١٠KEE 



Data In

Data Out
א 

א 


אF٦J١٠E


J אאאFאF٦J١١KEE 





 ١٢١ אא
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א 

Data In

Data Out

א א


אF٦J١١E


אאאאאאK


١J אאאאאאאW

Serial in / Serial out Shift Registers                              
                       

אאאאאאאאאא
א.Clock

אF٦J١٢Eא4Dא
4אK


א 

א 
CLK

א 
D

C

Q0 D

C

Q1 D

C

Q2 D

C

Q3

Serial In Serial Out


אF٦J١٢E



 ١٢١ אא
 א אאאאאא 
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
אF٦J١٣Eא1011

אא4  Clock Clk1)،Clk2، Clk3(Clk4K


א

000 0

CLK1

א 

D

C

D

C

D

C

D

C

1st bit

CLK

א 
D

C

D

C

D

C

D

C

Serial In Serial Out

CLK2
א 

D

C

D

C

D

C

D

C

2nd bit

CLK3

א 

D

C

D

C

D

C

D

C

3rd bit

CLK4

אא 

D

C

D

C

D

C

D

C

4th bit

1 0 0 0

1 1 0 0

0 1 1 0

1 0 1 1

1

1

0

1 Q3

Q3

Q3

Q3


אF٦J١٣E





 ١٢١ אא
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אF٦J١٤Eאא1011א
4א Clock Clk5)،Clk6، Clk7(Clk8K



א

101 1

CLK5

D

C

D

C

D

C

D

C

CLK

א 

D

C

D

C

D

C

D

C

Serial In

CLK6

D

C

D

C

D

C

D

C

CLK7

א 

D

C

D

C

D

C

D

C

CLK8

א 

D

C

D

C

D

C

D

C

0 1 0 1

0 0 1 0

0 0 0 1

0 0 0 0

0

0

0

0 Q3

Q3

Q3

Q3

0

א 

א 


אF٦J١٤E


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
٢J אאאאאאW

Serial in / Parallel out Shift Registers                           
                                


אאאאאאאאא

אאאאא
אK

אF٦J١٥EאאDQ0، 

Q1، Q2، Q3، Q4، Q5، Q6، Q7K


D

C

D D D DDD D

C CC CC C C

CLK

Data Input

Data Outputs

א 

א 

Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7


אF٦J١٥E



 ١٢١ אא
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
٣J אאאאאאW

in / Serial out Shift Registers                                        
                  Parallel


אאאאאאאKאא

אאאLoad،אא
אאאאK

אF٦J١٦EאאאאD0

،D1،D2D3אQ3K


CLK

D

C

D

C

D

C

D

C

Q0 Q1 Q2 Q3

D0 D1 D2 D3

Shift/Load

G5G4 G2G1 G6 G3

Serial Output

Parallel Inputs

א א

אא אא






אF٦J١٦E



 ١٢١ אא
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
٤J אאאאאאאW

in / Parallel out Shift Registers                                     
                  Parallel


אאאאאאא
אא Loadאאאא

אאאאאאאK
אF٦J١٧Eאא)D0، D1، D2، D3، D4، 

D5، D6، ( D7א)Q0، Q1، Q2، Q3، Q4، Q5، Q6،  .( 

Q7
אאאא

אK

D

C

D D D DDD D

C CC CC C C

CLK

Parallel Data Inputs

Parallel Data Outputs

א 

Q0 Q1 Q2 Q3 Q4 Q5 Q6
Q7

א א

D0 D1 D2 D3 D4 D5 D6 D7

אא


אF٦J١٧E



 ١٢١ אא
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
٥J אאאW

Shift Registers                                                               
  Bidirectional


אאאאאאאא

אאאאאאאK
אF٦J١٨EאאאאW

אLeftRight /אHighאא
אאאLowאאK

LeftRight /1=אאG1 ، G2، G3، G4א
א Clockא

אאK
LeftRight /0 =אאG5 ، G6، G7، G8

אClockא
אאK
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CLK

C

D

C

D

C

D

C

Q0

Q1 Q2 Q3

G3G2 G7G6 G4 G8

Serial Data in

א א

אא  



D

G1 G5

Right/Left

א 




אF٦J١٨E







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אאא 



אאא،אאאא
אאאאאK 

אאאאאאאאאא
אאK 

 
אא


אאאאאאKאא

אK 

אאאK 

WאK،אאאאאא
אK

אByteKNibble Kא Word
אK

אאאא01K
אאאאF٦J١٩KE


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1
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10
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15

13

16

14

12

1
2
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4
5
6
7

58
59
60
61
62
63
64







8 x 8

16 x 4 64 x 1
אF٦J١٩E


אאKא

א8אNibble 16 64K
אאאאא،א

(1k× 8)1024א 8 ،א(8k× 8)
8192א 8K
1k10248k8192אאא
2K

210 = 2024213 = 8192       



אאא


אאאאאKאF٦J٢٠Eאא
אאאאאאאאKא

F٦J٢٠EאאאK

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
אF٦J٢٠E


אאאאאאKא

אאאא
8K

אאאאKאF٦J٢٠Eא 

8אF٦J٢٠Eאא64K


אא


אWriteאאאאאא
ReadאאאאK

אאאאאאא
אאK

אאאאData BusK
אF٦J٢١Eאאא

אאאK
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Address
Decoder

Memory

Address Bus Data Bus

Read Write
אא

א 

 

א 

א

א

אא 


אF٦J٢١E


אאאF٦J٢٠Eאא

8אאK
אאאאאאאא

אאאAddress BusKאאאK
אאא،א65536אא

א16א4294967296אאא
א.32

אאאאאאK


א
אF٦J٢٢EאאאKאאא

אאאאKא
Decoderאאאאאאאאאאא
،אאאא

אאאאאאאאK
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Address
Decoder

1 1 0 0 1 0 1 0

0 1 0 1 1 0 0 1

1 1 1 0 1 0 1 0

1 0 1 1 0 1 0 1

0 0 1 1 1 0 1 0

1 0 1 0 0 0 1 1

1 1 0 1 0 1 0 1

1 0 0 0 1 1 0 1

011 10110101

0

1
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Address Bus Data Bus

Address Register Data Register

Write

1 2

3

א 

א

א 

 א 

א  א 

3

2

1אא א   0113 אא א 
א 

א  א 
אF٦J٢٢E


אא

אF٦J٢٣EאאאKאאא
אא،אאאאאאאאK

אאאאאאאאא
אאאאאאK


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Address
Decoder

1 1 0 0 1 0 1 0

0 1 0 1 1 0 0 1

1 1 1 0 1 0 1 0

1 0 1 1 0 1 0 1

0 0 1 1 1 0 1 0

1 0 1 0 0 0 1 1

1 1 0 1 0 1 0 1

1 0 0 0 1 1 0 1

110 11010101

0
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Address Bus Data Bus

Address Register Data Register

Read

1 3

2
אא

א 

 א 

א 

א 

3

2

1אא א   1106 אא א 

א 
אא  

א 

א  א  
אF٦J٢٣E




אאאאWROM  RAM


אאאאW
אאאאRAMאאאROMK


אאאאRAM(Random Access Memories) 

אאאאאאאא
אK

אאאאאאאK




 ١٢١ אא
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


אאאROM(Read Only Memories)  

אאאא،אאאא
אROMאK

אROMאאאK
אאאאאאאאPROM (Programmable 

ROM)
אאאאא EPROM  (Erasable PROM)

אאאK


אאאאאRAM


אאאאRAMאאאאא(Static RAM) 

SRAMאאאאאDRAM(Dynamic RAM)K
אSRAMאאאאK

אאDRAM،א
אאFreshingK

אSRAMאSRAMאאSynchronous SRAMא
SRAMאא . Asynchronous SRAM
DRAMW

(Fast Page Mode DRAM) FPM DRAM 
EDO RAM(Extended Data Out DRAM)،

BEDO RAM(Burst Extended Data Out DRAM)،
           . (Synchronous DRAM) SD RAM 

   
 אF٦J٢٤EאאאאRAMK


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RAM

ASRAM SB SRAM FPM
DRAM

EDO
DRAM

BEDO
DRAM SDRAM

SRAM DRAM


אF٦J٢٤E


אא

אאאאאאK
אאאאK

אאאאאאאאאאאא
K

אF٦J٢٥Eאאא8nK
אאאRow Select 

א،א8א،
 Data I/OאאאאאאK

אאאא
אאאאא

אאK
אא،אאאא

אאאאאK
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Data Input Output Buffers

א א

א א

א א

א א

א א

א א

0

1

2

3

4

n

Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O Data I/OData I/O

Bit 0Bit 1Bit 2Bit 3Bit 4Bit 7 Bit 5Bit 6

א 

  א
א


אF٦J٢٥E


אF٦J٢٦Eא864k ×K
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A0

A15

A1

A4

A6

A10

A8

A11

A13

A2

A5

A12

A3

A14

A7

A9

I/O8

I/O4

I/O7

I/O3

I/O1

I/O5

I/O2

I/O6

CS

WE
OE

RAM 64k x 8

Write
Read

Chip select

Output enable

א 
א א

א  אא 

א 

א 

( I )

( O )


אF٦J٢٦E


אא،אא65536אאא،

אאאאאאאO1 O2 O3 O4 

O5 O6 O7O8K
א،אאאאאא

אI1 I2 I3 I4 I5 I6 I7I8K


אאאROM


אאאROMאאאKאאא 

ROMאאאא،אאאאא
אאBiosאK

אאאROMאאK

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אאאאROM


אאא ROMW
J אאאאROM Mask  

J אאאאPROM (Programmable ROM) 

J אאאאא EPROM   (Erasable PROM) 

J אאאאאא(UV EPROM) 

J אאאאא EEPROM  (Electrically 

EPROM) 

 אF٦J٢٧EאROMK

ROM

Mask
ROM PROM UV

EPROM EEPROMEPROM




אF٦J٢٧E


אאאאאאאאא،א
אK

אPROMאאאאאאא
K

אEPROMאאאאMOSK
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אUV EPROMאאאאK
אאאאאK

אEEPROMאK


אאאאROMאאא
אאROMאאK


אROMא،

10 K
אF٦J٢٨EאROMMOSK



א 
א 

א 
א 

+VDD

א

א

+VDD

א

א

1 0


אF٦J٢٨E




אGateאא1אאא
אאHighאאאאאא

ONא1،אאאא
OFFא0K



 ١٢١ אא
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 ROM2א
אא2
FאאאאnEZ2FאאnE

אGateאאאאאאא
א1אא.0

אאON5Vאא
אא1OFF0Vא

0K


אF٦J٢٩EאROM1612816
א8KאאאאK


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 א אאאאאא 

 

- ١٢٢ - 


אF٦J٢٩E



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


אאMemory Expansion 
אאאאאא
אאאאKאאK


אF٦J٣٠Eא(64k× 4)65536א

א8 אא4
אאאK




RAM1

RAM2

Address Bus

Control Bus

Data Bus
16 bits

RAM1

65536 x 4
א 

א 

א 

4 bits

Address Bus

Control Bus

Data Bus
16 bits

RAM2

65536 x 4
א 

א 

א 

4 bits

Address Bus

Control Bus

16 bits

16 bits

4 bits

4 bits

8 bits

Data Bus

65536 x 8

א  

א 

א 

א  

א 


אF٦J٣٠E

אF٦J٣١EאK16 אא
216=65536
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אאא 16 אא4 אא
4K

A3

A2

A4

A7

A9

A11

A8

A0

A6

A12

A15

A1

A14

A13

A10

A5

( I/O )0

( I/O )3

( I/O )5

( I/O )1

( I/O )2

( I/O )4

( I/O )7

( I/O )6

RAM1

RAM2

64k x 4

64k x 4

Enable

Enable

D
at

a 
Bu

s

Ad
dr

es
s 

Bu
s

Control Bus

E




א







א




א 


אF٦J٣١E


אאאאא

F٦J٣٢KE

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Address Bus

Control Bus

Data Bus
21 bits

RAM2

2M x 8
א 

א 

א 

Address Bus

Control Bus

Data Bus
21 bits

RAM1
2M x 8

א 

א 

א 

Address Bus

Control Bus

21 bits

21 bits

8 bits

8 bits

8 bits

Data Bus

4M x 8

א  

א


א 

א  

א 

8 bits

8 bits

RAM1
2M x 8

RAM2
2M x 8

22 bits

RAM

EN

EN


אF٦J٣٢E


אאא4

א2K
אאאאא21

(221=2.097152)
 22. (222=4194304)

א2א2א0FEN
אאאLowE2א1FENאאא

LowKE



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אא
אאא


١K ؟אאאאא 


٢K אאאModulus؟ 


٣K א5؟ 


٤K אאא18؟ 


٥K אאBCD؟ 


٦K אאא 4אא א10؟ 


٧K אא، 23؟ 

 
٨J אא، 13؟ 


٩J ؟אאאאאאא 


١٠ אאאאא؟אאאאאא 

 
١٠ אא(8)א(J-K)

א،؟אא 


١٠ אא(6)א(T)א،

 אא؟
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


אא 
Shift Registers 

 
 

١K ؟אאאאא 

 
٢K ؟אאאאאא 

 
٣K אא؟אאאא 

 
٤K אא؟אאאאא 

 
٥K אאאאאאאאW

11001010אאא3؟ 

 
٦K אא11001010אאאא

אKאאא4 ؟ 

 
٧K א11001010אאאאאאאK 

אאא4 ،א
אאK


٨K ؟אאאאאאאא







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

אאא


١K אא512א8؟א 


٢K אא؟32א 


٣K ؟אאאאאאא 


٤K אאאא256א؟ 


٥K אאא24؟ 


٦K אא284

 א؟


٧K ؟אאאא 


٨K אא16אא

א 4؟א 


٩K א64Kאאאא32K؟





 

 

אא 

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

 

٧



 ١٢١ אא
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אאW
אאאאאאK

אאאאאIBMKא
٨٠٨٦ אאאK

אאW
אאאW

• אאK 

• ALUאא،K 

• אאאK 

• אאאאK 

• אאK 

• אאK 

אאאW
אאאא٨٠K٪

אאW
٣K

אאW
• K

אW
o אאאאK 
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אאW 

אאא،אאאK
אאאK

א،
אאאKאאא

אאK

אאW
אWאא(Arithmetic and Logic Unit)،

ALUאRegisters UnitאControl UnitKאאאא
אW




אאW
אאאאאא

NOTANDORXORK

אW
אאאאא،א

אKאאאK

وحدة 
 السجلات

Registers Unit

وحدة التحكم
Control Unit 

 

 وحدة الحساب و المنطق
ALU 
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אW
אאאאאא

אאאאאאאK

אאW
אאא،אאK

אאWאאאK





אW
אאא،אאKא

אאאאא I/O
אKאאאאK

א٤אאאא،٨١٦٢٠٣٢אK
אאאאאאאאK
א١٦א٦٠٥٣٦אאK

א٣٢א٠٠٠}٠٠٠}٢٩٥}٤K
אאאאאאW

M=2n
Mאא
nאK

 
 
 معالج

 

 

 

 ناقل العناوين

 ناقل البيانات

 ناقل إشارات التحكم



 ١٢١ אא
 א א 

 
 

- ١٣٢ - 

אא١٦א٦٥٥٣٦Z٢١٦Kא٦٤
١٨٤٤٦٧٤٤٠٧٣٧٠٩٥٥١٦١٦Z٢٦٤K

אW
Kאאאא

א٨١٦٣٢٦٤אאKא
אאאאאאK

אW
אאא،،אא

אKאאא
אאאK

אW
אאאאאF٠١KE

א،אאאKא
א(Low level languages)אAssembly languageא

א(High level languages)Cא אKKKK
א،אmnemonicsא،

אאKאאא
،،אאאK

אAssemblerKאאאאK









 Machine Language لغة الآلة

 Assembler المجمع

 Assembly Language لغة التجميع

 معالج
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א،אא،אא
(Interpreter)(Compiler)K

אאאאK

אW
אאא(RAM

ROM)אא(Input/Output Devices)Kאא
K

 




אאCPUאאאאאאא
אאאK

 
 
 
 
 
 
 
وحدة  

المعالجة 
 المرآزية
CPU 

ذاآرة و وحدة ال
 الأقراص

RAM, ROM, Disk 

 وحدة 
 الإدخال

 وحدة
 الإخراج

 لوحة المفاتيح

رةالفا

 الطابعة الشاشة

ناقل 
نا ال

ناقل البيانات

 إشارات التحكمناقل 

 الحاسب
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אאCPU
אאאאאאK،CPUW

• אאאK 

• אאאאK 

• אK 

،אאCPUאאKא
אאאK

אאW
אאRAMROM אאKאאאRAM

אא،אROMBIOSKאא
אאאאK

RAMאא،א
אאKאאאאאK

אאאאW
אאאאא،

אאK
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٨٠٨٦א


٨٠٨٦א١٦،CPUאK١٦

אאאאאאא
١٦Kאאא٨٦C٨٠F٨٠٢٨٦،٨٠٣٨٦،٨٠٤٨٦،KEKKK

אאאאאאא
אBus Interface unitFBIUEאאאא 

Execution UnitFEUKE

אא٨٠٨٦:
א٨٠٨٦:

• ١٦אData Busאא،١٦F٢
E٨F١EאאאK 

• ٢٠אאא،٢٢٠١٠٤٨٥٧٦
אאKאאF٨KE١٦א

אא،אאK




 
 
 إنتلالمعالج

 ٨٠٨٦ 

  خانة٢٠

  خانة١٦

 

 ناقل العناوين
 ) مكان في الذاآرة٢٢٠(

 ناقل البيانات

 ناقل إشارات التحكم
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אFאEאאאא
א:
١K אאאאK 

٢K אאK 

٣K אK 

٤K אאאFאאאKE 

אאאא٨٠٨٦א:
א (EU) Executive unit אאאBus Interface UnitFBIUE

אאאאאאKא
אא:






אאFBIUE אאFEUEאאא
אאFI/OEאFEUE،אBIU

אאאאKאאFprefetchingKEאא
אאאאFIQE٠

אאFEUEאאא٠א
אאאאoverlappingpipeliningK

אא٠אאאא
FאאאE٠

 

EU 
 تنفيذ الأوامر •

BIU 
 جلب التعليمات •
 قراءة المعاملات •
 آتابة الناتج •

 وحدة مواجهة الناقل التنفيذ وحدة

  الناقل

 ٨٠٨٦المعالج 
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�





 





אאא٨٠٨٦א:
אאאאא٨٠٨٦Kאא

אא EU BIUK



٣א

א
א


٣א


٢א


٢א


א


١א


١א




٣א




٢א


א١




٤א

א
א


٣א


א


٢א


١א

 وقت التنفيذ

EU 
 التنفيذ

 الجلب
BIU 
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

אאFBIUE:
אא:

١K אK 

٢K אK 

٣K א 

٤K אאK 

אאאא٠א

אInstruction Queue(IQ) 

אאאאאא
אאKא٨٠٨٦F٦E٠א

٨٠٨٦אFאאEאpipelining
overlappingK

 نظام التحكم

AL AH 
BL BH 
CL CH 
DL DH 

SP 
BP 
SI 
DI 

ES 
CS 
SS 
DS 
IP 

6 
5 
4 
3 
2 
1 

 Operandsمعاملات
 Flagsالأعلام 

 

 إلى الذاآرة

EU 
 وحدة التنفيذ

BIU 
C-busوحدة مواجهة الناقل

A-bus

Σ 

B-bus 

 نطق و الحسابوحدة الم

طابور 
 التعليمات
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אFSegment RegistersE:
אאFCS, DS, ES, SSE١٦١

F1MBytesEאא٠
א،٨٠٨٦אאא

segments،٦٤F٦٥٥٣٦E٠
אאאא(base address)אאא،

אאאKאW
אCS (Code Segment)אאאאK
אDS (Data Segment)אאאא٠
אSS (Stack Segment)אאאא٠א
אES (Extra Segment)אאא ٠

אאאאאאK


אאRAM FFFFFH 


א

٦٤

7FFFFH 
 
 

70000H 




א

٦٤

5FFFFH 
 
 

50000H 




א

٦٤

4489FH 
 
 

348A0H 




א

٦٤

2FFFFH 
 
 

20000H 


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

















Wאאא٤אאא٢٠

אFIPEInstruction Pointerאא:
אאאאאKאIPאאFOffset 

AddressEאאאאאאאאאא
אFCSKE
א٢٠אא،אאא١٦א

אIPאאאCSאאא
אW

0 0 0 0CSא
H

IPא
Z

٢٠

يكون محتوى السجل . عنوان البداية
(ES=7000H) 

عنوان البداية يكون محتوى السجل 
(ES=5000H) 

عنوان البداية يكون محتوى السجل 
(ES=348AH) 

عنوان البداية يكون محتوى السجل 
(ES=2000H) 
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אאאKאאאאא
אKאאאCSA00016אIP

A0B016KאאCSאIP
AA0B016=A0B0016+A00016K



אאא

K
K
K
K

אא



WאאאאאאאW

A03416=CS 
0FF216=IP 

אW
A133216=0FF216+A034016 


אWאאאCSאא6B4D16K

אExecution Unit FEUE
אאאBIUאאא

אKאאאאW
• אאKALU 

• אGeneral purposesK 

• אFKFlagsE 

A0B0

A0000

+ AA0B0

AFFFF 

A0000 

 آيلو يايت٦٤
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אאFALUE
אאאKאאANDORXORא

אאאא١٦٨K

אאW
אאאאא٨٠٨٢٨٨AH،AU،BL

،CH،CL،DH،DLK
אאאאא٨KאAL 

(Accumulator)אאאK
AL،BL، CL،DL٨אאAH،BH،CH، DH٨אאK

،א٤١٦SP،BP،DI،SIKא
א(Index)א(Pointers)א

אאאEUKאאW
Accumulator AL AH 

Base BL BH 
Count CL CH 
Data DL DH 


א

���
Stack Pointer SP 
Base pointer BP 
Source Index SI 

Destination Index DI 


אא



אFFlagsWE
אאאאא

אKא٩
אW
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












،א،אCFא SF 

אSFאKKKKאאאK

�CF PF AF ZF SF OF IF DF TF 

carry ���������
parity ���������

Aux carry ���������
Zero ���������
Sign ���������

Overflow ���������
Interrupt 
Enable 

���������

Direction ���������
Trap ���������
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אאAssembly Language Programming W
אאאKאא

אאאאK
א،אאאKא

KאאW
١K א٢KאאאאK
٢K א٥אאKאאאאK
٣K אאא٣Kאאא

K 

אאאK
FInstruction SetEאאKא٨٠٨٦

١٠٠K
אא،אאWאא

OpcodeאאKאOperandsאא
אאאאK

אאאK
אאאINאאאאא
ALKאINאOpcodeF٨WE111001002=E416Kא

אאאRAMאאKאאאא
אאאKאאא،א

ALאאא٢K
אאאADDאא٥אAL،

אאALKאADDאאW000001002=0416K
אאאאאאK

אאאאאADDא٥K



 ١٢١ אא
 א א 

 
 

- ١٤٥ - 

אאאOUTאאALFא
אEא٣KאOUTא11100110=E616Kא

אאאא٥א٣K
אאאאRAMKאA0000אאאאא

K


אאאאRAMא
A000011100100אIN 
A000100000010 א٢
A000200000100 אADD 
A000300000101 ٥א
A0004 11100110אOUT 
A0005 00000011א٣


אאW


א

IN AL,02Hא٢אALK
ADD AL,05H٥אALK
OUT 03H,AL אאא٣K


אאW


אא

11100100(E416)אIN
0000010(0216)א
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00000100(0416) אADD 
00000101(0516)א
11100110(E616)אOUT
00000011(0316) א



אW
אאאאIBMא8086

אAssemblerMASMTASMאאK
אאW

١K אINK 

٢K אINK 

٣K אאאאK 

٤K אאאאאFI/OEאא
אALK 

٥K אADDK 

٦K אADDK 

٧K אאאאALאALK 

٨K אOUTK 

٩K אOUTK 

١٠K אאאאK 

١١K אאאאאFI/OEאאאAL
K 




אאאאK
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אאInstruction SetW
אאאאW 

١K אW
IN µK�£� 

OUT  אY�� 
MOV�f?� 
PUSH M�j@א��í�`>� 
POP�M�j@א��h��LA� 

XCHG µ£K�� 

WאMOVWאאאW
MOV Destination, Source

אאSourceאDestinationK
אW

• אאאImmediate Addressing Mode
אWMOV CL, 48Hא48HאCLK 

• אאאאRegister Addressing 

ModeאWMOV BL, CLאCL
אBLK 

• אאאאאאDirect Addressing 

ModeאWMOV BL, [437AH]אאא
א437AHHאאאאDSKא

DS=20000Hאא2437AHK
٢K W

ADD  
INC 
DEC  
CMP  
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SUB א 
MUL א 
DIV א 

WאADDWאאאW
ADD destination, source 

אאאKWADD BL, 06HKא78H
08H08HאW

MOV AL, 08H 
ADD 78H, AL 

WאאADD 78H, 08HK
٣K אאW

NOT  
AND  
OR  
XOR� 
SAR .BEא��é��Mא�¦� 
SAL ¥K�Eא��é��Mא�¦� 


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אא



١K ؟אא 

٢K ؟אא 

٣K ؟אאא 

٤K אאאאאאאאאRAM؟
٥K אא١٦؟٣٢ 

٦K אא؟٨٠٨٦אאא 

٧K א٨٠٨٦؟אאאK 

٨K OpcodeOperands؟ 

٩K אאאאאW 
CS: IP=4370:561E 
CS: IP=7A32:0028

١٠K אאאCode Segment70400Hא،CS
אאאאאIP539CH؟ 

١١K אאADDMOVאאאא،W 
J C=A+B 
J B=3*B+7





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אא


١K Wאאא 

אא،א٢٠٠٢K
٢K אWאא،א 
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