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אאW
אאאאאאK


אאW

אאאאW
١K אאאאK 

٢K אאאאK 

٣K אאאאאK 

٤K אאK 

٥K אאאאאאאK 


אאW

אאא٩٠٪


אאW
K


אאW




אW
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אאא


אאאWאאKאא
א(Discrete)،אאא

א .(Continuous)


،אאאאאא
אאאאאאאא

אאK


אאאאאאא(Continuous) אאא
אאא(Discrete)KאF١J١Eא אF١J

٢Eא K


Time

 

א


אF١J١WEK
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 א אאא 
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אאאאאKא
אאאאאאא

אאאאאאאאאאK


Time

 

א

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


אF١J٢WEK


אאאאאא

،אאאאK
אאאאא

אאFאאEאאK
אאאאאא

אF١J٣KEאאאאK
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 א אאא 
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1 2 3 4 217 9 126 225 8 10 13 15 161411

25

2319
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35

002018
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ºC )(

Time

אא 

א


אF١J٣WEאאאK


אאאאK

אאW
١K אSamplingאא

אF١J٤KE 



1 2 3 4 217 9 126 225 8 10 13 15 161411
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٢K אQuantizationWאאאא

אא،א
אאאא

אאKאאא
אאK 


٣K אEncodingWאאאאא

אאאFEא،אF١J٥KE 

אא،אאא
אK



1 2 3 4 217 9 126 225 8 10 13 15 161411
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2319
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35

002018
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10111010
 

א א 



אF١J٥WEK


אא256אא

8Kא
אאאא
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אאאIntegrated Circuitsאאאא
אאאא(ADC) Analog to 

Digital Converters  K
אאאאאADCא

אאא.(DAC)  Digital to Analog Converters
אאאאK א

אאאK
אאאאאא

אK


אאW
אאאאK

אWאאHighאLowK
א،''ON''

''OFF''K
א01אאאאאא

אאאא0א1K
אאאאאא1אHighא0

אאLowK


אאW
אא0 1KאאאHigh

אא .LowאאאHigh
אKא.Low

אאHigh LowF١J٦KE
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VL( min )

VL( max )

VH( min )

VH ( max )

LOW

HIGH

1

0

 

 

א א

Binary

Binary


אF١J٦WEאאK


אHighאVH(Min)VH(Max)אLow
VL(Min)VL(Max)אVH(Min)VH(Max)،

01،אאאאאK
אאאאTTLHigh2V5VLow

0V0.8VאאF١J٧KE


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


אF١J٧WEאאאTTLK
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אא3.2VHigh1א

0.6VLow0K0.8V
2VK
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אאא


אאאאאאHighLowא
אK

אאאאאאא
1אLowHigh0HighLowK

אאאK
אF١J٨EאאאאאHighאLowK



HIGH HIGH

LOW LOW

 

א א א א

 

א א א א


אF١J٨WEאאאאK


אא(High)،

(Low)Kאא
אאאאאא

PeriodicAperiodicK
אאאאTאאאPeriodK


אF١J٩EאF١J١٠EאK
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T1 T2 Tn-1 Tn

T1=T2 =...Tn-1=Tn=T = Period אא א 

אFrequency = f =1/T

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


אF١J٩WEK


אf(frequency)אאאאאKא

א(Hz) HertzK
אאfאאאTW


f
1T =

T
1f =


10 0 0 110 0 1 0 1 011 0 0 1 1

 
א  


אF١J١٠WEאK
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אא


א،אאאאאK
אאאאאKאW

١J אOscilloscopeW
אאאאאאK

K
אאאאאאא

אאKאאאא
אK

אWאאKאא
אאאאKאא

ADCאא
אאK

אF١J١١EאאאF١J١٢E
אאK
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אF١J١٢WEאאK



٢J אאLogic Analyzer W 

א،אאF١J١٣Eאא
אאא،א،K

J א 

אאאאא
אאאK

J אאTiming Diagram 
אא،א

אאאאK
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Jא State Table 

אאאאאKא
BinaryאOctalאאאHexadecimal

אאBCDא.ASCII


אF١J١٣WEאאK


٣J אאאLogic Probe , Logic Pulser 
אאאאאאאא

אאאK
אF١J١٤EK
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אאאאא،אאא

אאאאאKאאא
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אאK

אאאאLogic ProbeK
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אאאאאאאShortsK


٤J אא :DC Power Supply 
אאאאאאKאאא

אאאאאACK
אTTLאCMOS+5VK

אF١J١٦EאK


אF١J١٦WEאK



٥J אאFאאE:Function Generator  

אאאא،א
אאKאF١J١٧EאK





 ١٢١ אא 

 א אאא 

 
 

- ١٧ - 


אF١J١٧WEאאK



٦J אאא(DDM) Digital multi meter  

אאאאDCאAC،אאא
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١K ؟אאאא 
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٧K אאא1010101010101010א א؟
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١٢K אאLogic Probe؟ 
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אאאאאאאא  

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 
א


א


א


א

 

٢



 ١٢١ אא 

 א אאאא 

 
 

- ٢٠ - 

אאW
אאאאאאא

אK


אאW
אאאאW

١K אאאK 

٢K אK 

٣K BCDK 

٤K  ASCIIK 


אאW

אאא٩٠٪


אאW



אאW

١K 
٢K ASCII


אW
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אא 


،אאאאאאאא
אאאאאאK

אאאאK
אאאBinary Systemאאאאא

אאאאאאKא
אאOctal SystemאאHexadecimal System

אאאאאFEאא
אאאK

אאא
אאWJ


١K אאאאK 

٢K אאאאK 

אאאאאK


٢J١אאDecimal System
אא??Digits 0 ،1{2{3{4{5{6{7{8، 9א

אאאא10K
א10א א

אאאK







 ١٢١ אא 

 א אאאא 

 
 

- ٢٢ - 

אאאאW
KKKKKKKKKKKKKKKK310−210−110−010110210310KKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKK

1000
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100
1

10
11101001000KKKKKKKKKKKKKKKK

אאא
F٢J١E


١W

א632؟
אW

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

3א 3 א،א2 אא20
א6א 600K




٢W
א 2574؟

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



٣W
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٤W
א 47.25؟
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=×+×+×+× −− )710()410()310()810( 0112
=×+×+×+× )71()410()3

10
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100
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38.477403.008.0 =+++
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אאK
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112481632KKKKKKKKKK
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 0 ،1{2{3910{11{12، 13KKKKKKKKK
٩٩100{101{102، 103KKKKKKKKKאK
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אאאאאאאא
א1K
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 10 ،11 א

 100 ،101 ، 110 ،111 א
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0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 
1010 10 
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1100 12 
1101 13 
1110 14 
1111 15 
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٢J٣אאHexadecimal System  

אאאW
0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F                              

אA,B,C,D,E,F א10,11,12,13,14,15K
 
٢J٣J١אאא

١K אאא16 

٢K אאא16  


KKKKKKKKKK116116016116216KKKKKKKKKK
KKKKKKKKKK

256
1

16
1116256KKKKKKKKKK

אאא
F٢J٤E


W

161616 )31(,)47(,)5( AF


١W
א)10( Bא

אW
101 B 11אא 

)10( B
=×+×+× )1116()016()116( 012
=×+×+× )111()016()1256(
2671116256 =++


1610 )10()267( B=∴
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٢W
א16)10(א

אW
16)10(

=×+× )016()116( 01
=×+× )01()116(
16016 =+


1610 )10()16( =∴


אאא0א15אאאK


אאאאאא

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

F٢J٥E 
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 א אאאא 
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٢J٤אאאאא

אאאאאא2 K
אא 2אא2

אא0אאK


١W
א6א

אW

אא

אLSB 03=÷ 26
11=÷ 23
10      =÷ 21

אMSB
102 )6()110( =∴


٢W

א19א
אW


אא

אLSB 19=÷ 219
14=÷ 29
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0 1   =÷ 22 
1 0   =÷ 21 

אMSB102 )19()10011( =∴
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2)10011( 
 

=×+×+×+×+× )12()12()02()02()12( 01234
=×+×+×+×+× )11()12()04()08()116(
5120016 =++++
10)19(=


٢J٥אאאאא
אאאא1624 =

אאKאא
אאW

١K אא
אK 

٢K אאK 

٣K אאאאK 


١W

א2)110101(א
אW

א
2)01010011(

א10)5(10)3(
א

16)35(
216 )110101()35( =∴

٢W
א2)1101011(א
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אW
א

2)10110110(
א10)11(10)6(

א16)(B16)6(
216 )1101011()6( =∴ B




٣W
א2)1011100000(א

אW
א

2)000011100010(
א10)0(10)14(10)2(

א16)0(16)(E16)2(
216 )1011100000()2( =∴ EO



٢J٦אאאאא

،F٢J٥E


١W
א2B5א

אW
א5B2

א010110110010
162 )52()1010110101( B=∴
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٢W
אCO3א

אW
א3OC

א001100001100
162 )3()111100000000( CO=∴


٢J٧אאאאBinary Coded Decimal (BCD) 

אאאאאאאא،
אאאאאBCD

אא0 9אK
אBCD

BCDאא

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

F٢J٦E 


א3001111،א

1500010101
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 א אאאא 
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BCDאאאא
אW




אא BCDא

10111 00100011 23 
1010101 10000101 85 
11111011 001001010001251 

F٢J٧E 




٢J٨אאאאASCII
אאאאאאאK

אאאאאא ASCIIFE
א7K

אאאאASCIIK



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 אא 

 א אאאא 

 
 

- 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
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 א אאאא 
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אא


١K אאY 

Y= 3.104 + 6.103 + 7.101 + 9.100                                      
                  

 
٢K אאאאאאW 

J 11011 
J 110011 
J 101010 
J 11110000 
 

٠٣אאא11110001W
J239 

J141 

J241 

J124 

 
٠٤אאאאאאW 

J 25
J 31
J 89 
J 254 

 
٠٥אאא249W

J 11000111 
J 10011111 
J 11001100 
J 11111001 

 
٠٦אאאאאאW 
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J 11111000.11 
J 11111111.111 
J 10000001. 101 

 
٠٧אאאאW 

J 0 31 

J 7095 


٠٨אאאאאאW 

J 25.75
J 255.9875
J 0.97 


٠٩אאאאאאW 

J 80
J 255 
J 9432 
J 4039 


٠١٠אאאאאW 

J 80
J 9C2 
J FFFF 
J 4500 

 
٠١١אאאאאאW 

J  25
J 9D` 
J ABCD 
J A9B8 


٠١٢אאאאאאW 
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J 1011101 
J 11111111 
J 1010101010 
J 110000111100 

 
٠١٣אאBCDK

J 12
J 45 
J 99 
J 125 
J 255 
J 24 
 
  ٠١٤אאBCDאא 

J 1001 
J 10011001 
J 100110011 
J 11001 

 
٠١٥אאאASCII 

J 2
J 31 
J 255 
J 3425 

 
٠١٦אאאASCIIאW 

J 0110110 
J 0111110 
J 0111111 

 
٠١٧אאASCII

50 Print AB= ''35''                                        



 

 

 

אאאאאא 

 

אא  

אאא
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אאW
אאאאאאK


אאW

אאאאW
١K אאאאK 

٢K אאאאK 

٣K אאאK 

٤K אK 

٥K אאאאאאאK 


אאW

אא٩٠א٪


אאW
K


אאW

אאK


אW
אאאאK
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אאאLogic Gates


אאאHighLow،
אאFONEאאFOFFKEאא

אאאאK1HighONא0
LowOFFK


٣J١א??Gate  AND' ' 

אANDא??אF٣J١Eאא ANDK


A اح مفت B اح مفت

مصدر     د جه
باح مص


F٣J١E


אאאאA , B K

אאאאA , Bאא
אTruth Table 
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 א אאא 
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אא

אBA
OFF OFF OFF 
OFFONOFF
OFFOFFON
ON ON ON 

F٣J١E 


אאאא ANDא ON  High1א

אאONאא1K
אF٣J٢EאאאANDאא




אא
Y BA
0 0 0 
0 1 0 
0 01 
1 1 1 

Aالخرج
B

Y

ANDא 

Y=AB 
Y=A AND B 

F٣J٢EF٣J٢E 


٣J٢א??'Gate OR' 

אאאאF٣J٣Eא?? OR،א
אאA , B (OFF) אK





 ١٢١ אא 

 א אאא 

 
 

- ٤٠ - 

B اح مفت

مصدر     د جه
باح مص

A اح مفت


F٣J٣E


אאאאA , B 

אא

אBA
OFF OFF OFF 
ON ONOFF
ON OFFON
ON ON ON 

F٣J٣E 


אF٣J٤Eאאא ORא 

אא
Y BA
0 0 0 
١ 1 0 
١ 01 

1 1 1 

Aالخرج

B
Y

 
ORא 

Y=A+B 
Y=A OR B  

F٣J٤EF٣J٤E 

 



 ١٢١ אא 

 א אאא 

 
 

- ٤١ - 

٣J٣אאNOT  
אNOTאאF٣J٥E

R

مصدر     د جه
باح مص

A اح مفت


F٣J٥E




אאאFאא،
אAKE



אא

אA 
ON OFF
OFF ON

F٣J٥E 


אF٣J٦EאאאNOTאK










 ١٢١ אא 

 א אאא 

 
 

- ٤٢ - 

אא
Y A
1 0 
0 1 

Aالخرج Y

ORא 

AY = 

F٣J٦EF٣J٦E 


١W

אאאAND؟אא
אW

الخرج
A
B Y
C





אאא،א2
אאW

א== 328

אא

Y CBA
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 





 ١٢١ אא 

 א אאא 

 
 

- ٤٣ - 


٢W

אאאOR؟אאא


Aالخرج

B
YC




אW
א== 328

אא

Y CBA
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 


٣J٤א'' ''NAND Gate 

אאא AND، אF٣J٧EאאאNAND 
אK









 ١٢١ אא 

 א אאא 

 
 

- ٤٤ - 

אא
Y BA
١ 0 0 
١ 1 0 
١ 01 
٠ 1 1 

الخرج
A

B
Y

  
NANDא

BAY .= 

F٣J٧EF٣J٧E 


٣J٥א'' ''NOR Gate 

אאא OR، אF٣J٨EאאאNAND 

NORאK


אא

Y BA
١ 0 0 
٠ 1 0 
٠ 01 
٠ 1 1 

Aالخرج
B

Y

 
NORא 

BAY += 

F٣J٨EF٣J٨E 


٣J٦אאExclusive OR Gate (XOR) 

אא "1"אאאאא 

"1"אא"0" ، אF٣J٩EאאאאXOR
אK






 ١٢١ אא 

 א אאא 

 
 

- ٤٥ - 




אא

Y BA
0 0 0 
١ 1 0 
١ 01 
٠ 1 1 

Aالخرج
B

Y


אXOR 

BAY ⊕= 

F٣J٩EF٣J٩E 




אאXORאאאK

الخرج

A

B

Y


F٣J١٠E





٣J٦אאExclusive NOR Gate (XNOR) 
אXNORא XORא "1"אא

אא1" א"אא"0" ، אF٣J١٠E
אאאאXNORאK



 ١٢١ אא 

 א אאא 

 
 

- ٤٦ - 





אא

Y BA
1 0 0 
0 1 0 
0 01 
1 1 1 

رج Aالخ
B Y


אXNOR 

BAY ⊕= 

F٣J٩EF٣J١١E 





 ١٢١ אא 

 א אאא 

 
 

- ٤٧ - 

אא


١K אHighאANDאאA، B، C؟ 


٢K אHighאORאאA، B، C؟ 


٣K אYאNOTאW

A=10101110110111                                                      
                        

٤K אYאANDאA، BW 

A=101011111011                                                                
                            

B=111110000010                                                             
                          

٥K אאNANDאA، BW 

A=1010101010                                                                    
                            

B=1010101010                                                                 
                           

٦K אאXORאאA، B، CאY؟ 


٧K אאאאXORאA، BאאאאAND،

ORNOT؟ 


٨K אאYאXNORאאA، B، CW 

A=10111011    ,       B=10001000       ,        C=01110111      
             





 

 

 

אאאאאא 

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א


א



 

٤



 ١٢١ אאא 

 א אאא 

 
 

- ٤٨ - 

אאW
אאאאאאאא

K


אאW
אאאאW

١K אא،א،אאK 

٢K אאK 

٣K אאאאאK 


Wאא

אאא٩٠٪K


אאW
K


אאW

אא


אW
אאאאK






 ١٢١ אאא 

 א אאא 

 
 

- ٤٩ - 

אאאCombinational Logic 


٤J١W
אאאאאא،

אאאאאאאא
אאאאאאK


٤J٢אAdder W

אאאאאא
אאאאאא،אאא

W
0+1=0 
0+1=1 
1+0=1 
1+1=10

 
٤J٢J١אאHalf Adder 

אאאא(Sum)
א(Carry) אאF٤J١WE


אא

A

B

S

C0
H A


F٤J١E





 ١٢١ אאא 

 א אאא 

 
 

- ٥٠ - 

א
S C0 B A 
0000 
1010 
1001 
0111 

F٤J١E 


אאאאאאאאאא

א(S)א(C0)אאאK

BABABAS ⊕=+=
ABCo =


אאW

A
B

S

C0


F٤J١E


٤J٢J٢אאFull Adder 

אאאאאא،אאא
אאאאאאאאאא

א(Ci) 



 ١٢١ אאא 

 א אאא 

 
 

- ٥١ - 

אW
אא



A
B

S

C0

F A
Ci

F٤J٢E


א
S C0 Ci B A 
000 00 
101 00 
100 10 
011 10 
1 0 0 0 1 
0 1 1 0 1 
0 1 0 1 1 
1 1 1 1 1 

F٤J٢E 


אאאאאW


iCBAS ⊕⊕=


io CBAABC )( ++=


אא



 ١٢١ אאא 

 א אאא 

 
 

- ٥٢ - 

A

B

S
Ci

C0

F٤J٢E



אאאאאאאORW

A

B

D

B0

H S
A

B B0
H S

M

S

Bi

D D

B0

F٤J٢E


٤J٣אSubtractor 
אאאFא

אEאאאא،
אאאאא،א

אאאאאK




 ١٢١ אאא 

 א אאא 

 
 

- ٥٣ - 

٤J٣J١אאSubtractor Half 

אאאא(Difference)
א(Borrow)אאW

אא

M

S

D

B0

H S

ه من المطروح

المطروح

رق الف

تعارة الإس


F٤J٣E



א
B0 D S M 
0000 
1110 
0101 
0011 

F٤J٣E 

אאאאאאאאא
א(D)،א(B0)אאאK


SMSMSMD ⊕=⊕=
SMBo =





 ١٢١ אאא 

 א אאא 

 
 

- ٥٤ - 

אא

M

S
D

B0


F٤J٣E


٤J٣J١אאSubtractor Full 

אאאאאא
אW

אא

M
S

D

B0

F S
Bi

F٤J٤E


א
B0 D Bi S M 
000 00 
111 00 
110 10 
101 10 
0 1 0 0 1 
0 0 1 0 1 
0 0 0 1 1 
1 1 1 1 1 

F٤J٤E 



 ١٢١ אאא 

 א אאא 

 
 

- ٥٥ - 

אאאאאW
iBSMD ⊕⊕=
MSSMBB io )( ⊕+=


אאאאא
M

S

D
Bi

B0

F٤J٤E



אאאאא

A

B

D

B0

H S
A

B B0
H S

M

S

Bi

D D

B0

F٤J٤E



 ١٢١ אאא 

 א אאא 

 
 

- ٥٦ - 


٤J٤אאDigital Comparator  

אאאא??
א(A>B , A<B , A=B)  

 
אא

A

B Comp

رقمي ال المقارن
A = B

A < B

A > B

X

Y

Z
F٤J٥E




א
Z 

A>B
Y 

A<B
X 

A=BB A 

001 00 
010 10 
100 01 
0 0 1 1 1 

F٤J٥E 


אאאW

BAABBAX ⊕=+=
BAY =
BAZ =




 ١٢١ אאא 

 א אאא 

 
 

- ٥٧ - 

אאאאאאW

A
X

B

Y

z


F٤J٥E


٤J٥אאאDigital Codes  

אאאאא،
אאאאאאאBinary Coded 

Decimal 
( B C D 8421 ) 9)(0      אא

(8421)K



 ١٢١ אאא 

 א אאא 

 
 

- ٥٨ - 

אאאאאאאאאK


א B  C   D    

(8421)
אא

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

F٤J٦E 


١W

אא32.84BCD 

אW


4 8 ٠2 3 
0100 1000 ٠0010 0011 BCD 


٢W
אBCD 01110001.00001000

אW

1000 0000 ٠0001 0111 BCD 

8 0 ٠1 7 



 ١٢١ אאא 

 א אאא 

 
 

- ٥٩ - 

٤J٥J١אEncoder  

אא(2n) אא(n)א
אאאאFאאEאאK

2n
n

Encoder
دخل  ال رج 2nالخ x n


F٤J٦E


אאאאאאאא

FאBCDE

Encoder

دخل  ال

رج الخ

المشفر      

D0

D9
D8

D7
D6
D5

D4
D3
D2
D1

D ABC
1s4s 2s8s


F٤J٦E





 ١٢١ אאא 

 א אאא 

 
 

- ٦٠ - 

אBCDאאא
Wאא


אא

ABCD9D8D7D6D5D4D3D2D1D0D

0 0 0 0 0 0 0 0 0 0 0 0 0 1 
10 0 0 0 0 0 0 0 0 0 0 10 
01 0 0 0 0 0 0 0 0 0 1 0 0 
11 0 0 0 0 0 0 0 0 1 0 0 0 
00 1 0 0 0 0 0 0 1 0 0 0 0 
10 1 0 0 0 0 0 1 0 0 0 0 0 
01 1 0 0 0 0 1 0 0 0 0 0 0 
11 1 0 0 0 1 0 0 0 0 0 0 0 
00 01 0 1 0 0 0 0 0 0 0 0 
10 0 11 0 0 0 0 0 0 0 0 0 

F٤J٧E 

אאאא(0)(9)אא
אא،)0D()9D(K


??אאאאאא

אאW



 ١٢١ אאא 

 א אאא 

 
 

- ٦١ - 

B

Y

A

C

D

D0

D9

D8

D7
D6
D5
D4

D3
D2

D1


F٤J٦E




٤J٥J٢אDecoder   

אאאאא
(n) אא(2n)אאאW





 ١٢١ אאא 

 א אאא 

 
 

- ٦٢ - 

2nn

Decoder
دخل  ال رج nالخ x 2n


F٤J٧E


אאאאאאא

אאFאBCDאאKE

Decoderدخل ال

ري العش رج الخ ات مبين

ل محل
فرة الش

D0D9 D8 D7 D6 D5 D4 D3 D2 D1

D

A

(BCD (شفرة     C

B{
F٤J٧E






 ١٢١ אאא 

 א אאא 

 
 

- ٦٣ - 

אאאאאW


אא

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 


אא،

אאאאאאא?W
אא??אK

אאאא??AND??NOTא
Decoder(A,B)אאאא

(0)(3)K



 ١٢١ אאא 

 א אאא 

 
 

- ٦٤ - 

A

B
yo = A\ . B\

y1 = A\ . B

y2 = A . B\

yo = A . B

F٤J٧E




אאאFאE



א א 

3Y2Y1Y0YB A 
0001 00 
001 0 10 
0100 01 
1 0 0 0 1 1 

F٤J٩E 





 ١٢١ אאא 

 א אאא 

 
 

- ٦٥ - 

٤J٦אMultiplexer    

אאאאאICא
(AND,OR,NOT)،אאאאא

אאא،אאאאאא
אאK


אאא2)×(1א

Do

B1

S

F

F٤J٨E



אMultiplexer:4-TO-1  

אא

4 x 1

MUX
الدخل الخرج     

التحكم    أطراف    

0
1

2

3 S1 S0


F٤J٨E





 ١٢١ אאא 

 א אאא 

 
 

- ٦٦ - 

אא1)× (4 

YS0 S1 
I000 
I110 
I201 
I311 

F٤J١٠E 

אאא1א)× (4
I0

I1

I2

I3

I1

I0

Y

F٤J٨E


٣J٧אDemultiplexer   
אאאK





 ١٢١ אאא 

 א אאא 

 
 

- ٦٧ - 

אDemultiplexer:1-TO-2 
אא

DEMUX

1-TO-2
E

S

D0

D1


F٤J٩E


א

D1D0 S1 
0E0 
E01 

F٤J١١E 


אאSLogic 0א

אD0KאSLogic 1אאD1K


אאא

E
S D0

D1


F٤J٩E



 ١٢١ אאא 

 א אאא 

 
 

- ٦٨ - 


אDemultiplexer:1-TO-4


אא

S1

1-TO-4

DEMUX

S0

E

D0

D1

D2

D3


F٤J١٠E







א

3D2D1D0D0S 1S 

000E 00 
00E 0 10 
0E00 01 
E 0 0 0 1 1 

F٤J٩E 






 ١٢١ אאא 

 א אאא 

 
 

- ٦٩ - 

אאא


E

S1 S0

D0

D1

D2

D3


F٤J١٠E










 ١٢١ אאא 

 א אאא 

 
 

- ٧٠ - 

אא


١K אאאHalf adder ؟ 


٢K אאאFull adder ؟ 


٣K אאSCoutאאWA=1 , B=1 Cin=0 


٤K אאHighWA=1001  , B=1000        


٥K אDecoder  אא

A3A2A1A0=1110אA0، A1، A2، A3؟ 


٦K אאאאא7 Segmentsא

 ؟BCD7 SegmentsW1001א


٧K אMultiplexer ؟ 


٨K א Demultiplexer ؟ 


٩K אאאאWCin=1 ،B =1  ،   A =1   


١٠K BCD7 Segments،אא

 

7 SegmentsאאW
A0 = 10111101                                                           
                             



 ١٢١ אאא 

 א אאא 

 
 

- ٧١ - 

  A1  = 10110101                                                        
                               
A2 = 11110000                                                           
                            
A3 = 00110011                                                           
                         


٠١١אMultiplexer אD0، D1، D2، D3

S0S1אאD3=1،D2=0، 0 D1=،1
D0= 
S0=0S1=1؟


٠١٢אMultiplexerא

 64؟


٠١٣אאMultiplexer128
אWS6S5S4S3S2S1S0 = 1000111؟


٠١٤א32

אS4S3S2S1S0 = 01101؟
                                                                

                                                                           



 

 



 

 

 

אאאא 

 

אא  

אאא
j×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ã 

אאאא 




א
א

 

٥



 ١٢١ אא 

 א אא 

 
 

- ٧٢ - 

אאW
אאאאאא

אK


אאW
אאאאW

١K אRS، D، JK، TK 

٢K אאאK 

٣K אאK 


אאW

אאא٨٥٪


אאW
K


אאW

Kאא


אW
אאאאK







 ١٢١ אא 

 א אא 

 
 

- ٧٣ - 

אFlip-Flops 


٥J١W
אאאאא،אאאא

אאאאSequential Circuits 
אאאאאאאאאאא Flip-

FlopsאאאאאאאאK


٥J٢ (R-S)אא
אאאא (R-S)אאFClock pulseE



S Q\Flip-Flop
وضع إعادة     

وضع

ادي الع رج الخ

م المتم رج الخ

R Q


F٥J١E


אא NOR)   (NAND אאא

אאאאK
אאא (R-S)אאNORK

(Reset)  R

(set)  S Q\

Q1

2


F٥J١E



 ١٢١ אא 

 א אא 

 
 

- ٧٤ - 

אא(0)אאNOR )  (אאא
אא(1)אKאאא(1)אא
אא(0)אK


א (R-S)אאNORK

א א 
Q Q R S 

01 01 
א01 00 

10 10 
0 0 0 1 א 

 0011
F٥J١E 


אאאאW

١K א(S)א(1)FR=0Eא)Q(
אא(0)א(Q)אא(1)

א(Set- State)אK 

 
٢K א(S)א (0)(R)אא

(0)
א(Q)אא(1)א) Q (

אא(0)אא(1)،אא
No ChangeאאR,Sאא(0)K

٠٣אאא(S)א(0)

FR=1Eאא(Q)אא(0)) Q (



 ١٢١ אא 

 א אא 

 
 

- ٧٥ - 

אא(1)،אא(Clear- State ) א
ResetK


٠٤א(R)א (0)(S)אא(0)

א(Q)) Q (،אאK


٠٥(R,S)א(1))Q (Q,،
א??אK


אאא (R-S)אאNANDK

  R

  S

Q\

Q1

2


F٥J١E




 ١٢١ אא 

 א אא 

 
 

- ٧٦ - 

א (R-S)אאNANDK


א א א
Q Q R S 

11 00 
01 10 

10 01 
 1 0 1 1 

F٥J٢E 


٥J٣אFlip- Flops Triggering  

אאאאאאאאא
FאClockEאאאאK

אאאאאFאE
אאאK


٥J٣J١אא

אאאW
١K W 

אא(0)א(1)(1)
(0)אW

1

0


F٥J٢E




 ١٢١ אא 

 א אא 

 
 

- ٧٧ - 

٠٢W
אא(1)א(0)(0)

(1)אW

1

0


F٥J٢E


٥J٣J٢אאא

٠١אW


CK


F٥J٣E


٠٢אW


CK


F٥J٣E


٥J٤ (R-S) אא Synchronous (R-S) Flip-Flop  

 (R-S)אא،א
K (R-S)אאאK



 ١٢١ אא 

 א אא 

 
 

- ٧٨ - 

אאאא(R-S)א(S,R,CK)
)Q (Q, K

S

Q\CKتزامن ال نبضات     

R

Q


F٥J٤E

אאא(R-S)אא אאNANDK

  R

  S

Q\

Q

CK

F٥J٤E


א(R-S)אא אאNANDK


א א א
Q Q R S CK 

10 10  
10 00  
01 01  

 1 1 1 1  
F٥J٣E 



 ١٢١ אא 

 א אא 

 
 

- ٧٩ - 

٥J٥(J-K) J-K Flip-Flop 
אאאאJ-K،אאאאא

א(J,K,CK)אא(Q)אא) Q (،
אאאאFEא(R-S)אא،

(J=K=1)אToggleK

J

Q\CK

K

Q


F٥J٥E




אאא(J-K) אאNANDW

K

J

Q\

Q

CK

F٥J٥E




 ١٢١ אא 

 א אא 

 
 

- ٨٠ - 

א(J-K) אאNANDW

א א א
Q Q R S CK 

אNo Change 00  
10 10  

01 01  
אא Toggle 1 1  

F٥J٤E 


٥J٦(D) D Flip-Flop

אאאא(D)،א(D)،
א(CK)א(Delay) אא

אK

D

Q\CK
Q

ات البيان

تزامن ال ة نبض رج الخ


F٥J٦E


אאא(D) 

QQ D CK 

100 
011 

F٥J٥E 



 ١٢١ אא 

 א אא 

 
 

- ٨١ - 

א(D)א(R-S)א(NOT)א(R)
אW

Q\
CK

QٍٍٍS

ٍٍٍR

D


F٥J٦E


א(D)א(J-K)א(NOT)א(K)

אW

Q\
CK

QٍٍٍJ

ٍٍٍK

D


F٥J٦E


אאDR-SJ-KאאD

א،אאאאFKE


٥J٧(T) T Flip-Flop
אאאא(T)،א(T)،

אא.(CK)

Q\
CK

QٍٍٍT

تزامنالخرج ال ة نبض


F٥J٧E



 ١٢١ אא 

 א אא 

 
 

- ٨٢ - 


(T)(J-K)א(J,K)א

(T)אW

Q\
CK

QJ

تزامن ال ة نبض

K

T


F٥J٧E




אאא(T) 

א)1( +tQ T CK 
No 

Change)(tQ0 

Toggle)(tQ1 
F٥J٦E 


אאW

٠١א(T)אא(0)אא
)1( +tQאאNo ChangeK


٠٢א(T)אא(1)אא

)1( +tQאאאאא
ToggleאאאK









 ١٢١ אא 

 א אא 

 
 

- ٨٣ - 

אא


١K אאאאאSR؟ 


٢K ؟אא 


٣K אאאJ=1 , K=1 : J-K؟ 


٤K אJ-KJ=1 , K=1א

א100KHz؟ 

 
٥K אאאQ SR

אאאW 

S=10010111010                                                                  
                

R=01001000101                                                                  
                


٦K אJ-KK=0 , J=1א

א10KHz؟ 


٧K אTT=1אא

500KHz؟ 







 

 

 

אאאאאאאאאאאאאא 

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א
א


א


אא

א
א


 

٦



 ١٢١ אא
 א אאאאאא 

 

- ٨٤ - 

אאW
אאאאא،אאאאאא

אא،אא،אאאאאאאאK


אאW
אאאאW

١K אאאK 

٢K אאאאאK 

٣K אK 

٤K אאK 

٥K אאאאK 

٦K אאאאאאאאK 


אאW

אאא٨٥٪K


אאW
K


אאW

אאK


אW
אאאאK





 ١٢١ אא
 א אאאאאא 

 

- ٨٥ - 

אאאCounters  
 
٦J١W

אאCounterא،
אאאאאאא،אא(J-K)

(T)K
אאאאאW

١K אאK 

٢K א(UP)(Down)K 

٣K אאא(Synchronous)אא(Asynchronous)K 


٦J٢אאאאאCounters Asynchronous

אאאCKאאאאא
KKKKKKKKKKKKא

אאאאW
١K אאאאUp - Counters  

J א(4)א(J-K)W
אאאא(4)

F0 3E،אאאJ,K،אK,J 
א(1)K

אאאאאאאא
א(Q1)אKאאאא(Q2,Q1)K





 ١٢١ אא
 א אאאאאא 

 

- ٨٦ - 

Q\
2

CK

Q2
J

K

1

Q\
1

CK

Q1
J

K

Q2Q1

LSBالخرج MSB


F٦J١E


אאאאאאKא

אאאאאאאא
אאא،אאאאאא

KKKKKKKKKKאאאא
אא(4) 

O/P א
א Q1 Q2

CLK 
NO. 

00 0 0
11 0 1
2 0 1 2 
3113
00 0 4
11 0 5 
2 0 1 6 
31 1 7 

F٦J١E 





 ١٢١ אא
 א אאאאאא 

 

- ٨٧ - 

אאאאאאאאאאאא
אא(Q1)

אא(Q2)אא(2)אא
(4)K


F٦J١E


١W

א(16)אJ-Kאא
א،אאK

אW
א(16)אF015Eאאא

א(2m=16) (m)א،m=4 
א(24=16)KאJ-KK

CK

Q2
J

K

1

CK

Q3
J

K1

CK

Q1
J

K

1

BC Aتزامن ال ة نبض

1

1

1

CK

Q4
J

K

1

1

D
الخرج 

F٦J١E



אא(16)




 ١٢١ אא
 א אאאאאא 

 

- ٨٨ - 

אאאא
1 2 4 8 1 2 4 8 
A B C D 

אא
A B C D 

אא

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 1200 1 0 4
10 1 1 13 10 1 0 5 
01 1 1 1401 1 0 6 
11 1 1 15 11 1 0 7 

F٦J٢E


אאאאאאא


F٦J١E


J אא(n)W 

א(n)א)2( nm ≥W
mWא :nאא



 ١٢١ אא
 א אאאאאא 

 

- ٨٩ - 

א(6)F05Eא
)62( 3 >(n))2( m(6) א(8)

(8)אF 0 7EJ-KK
A,B,C אNANDאאא
(6)אWאNDADאC,Bאא

אCLR ،אאאאאאא
אאאאNANDאK

אאא
(000)א(110)K


אאאאאK

CK

Q2
J

K

1

CK

Q3
J

K

1

CLR

CK

Q1
J

K

1

BC A

CLR CLR

F٦J١E


W
אאאאNAND،אא

אANDK




 ١٢١ אא
 א אאאאאא 

 

- ٩٠ - 

אאאDecimal Counter  

א،אאאאאאאאאאאא
אאF09EF00001001E،

אאJ-KאNAND،אאאאא
(D =1,B =1)אאאאא

א(NAND)אאאCLRא،א
אאאאאK


אאאאאK

CK

Q2
J

K

1

CK

Q3
J

K1

CK

Q1
J

K

1

BC Aتزامن ال

1

1

1

CK

Q4
J

K

1

1

D
ائي الثن رج الخ

F٦J٢E


אאא
O/P 

אא אא
A B C D 

CLK NO. 

00 0 0 0 0
110 0 0 1
2 01 0 0 2 
311 0 0 3
400 1 0 4
5 10 1 0 5 



 ١٢١ אא
 א אאאאאא 

 

- ٩١ - 

6 01 1 0 6 
7 11 1 0 7 
8 0 0 0 1 8 
9 1 0 0 1 9 
00 0 0 0 10 

F٦J٣E 

אאאאאאא


F٦J٢E




אאאאאא(Decoder) אא
א(Seven Segments)K

A

العرض ة شاش

a

b

c

d

e

f
g

فرة ش فر عشري    مس داد ع

B
C
D

A
B
C
D

a
b
c
d
e
f
g

CK


F٦J٢E



 ١٢١ אא
 א אאאאאא 

 

- ٩٢ - 


Wאאאאא

אאאאאאא
א(0)אאאאK



אאא

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


٢JאאאאDown-Counters 
Jא(4)אJ-KW

אאאאאאאאאא
א،אאא(4)

F30EאאאJ-KJ,Kא
אאאCKאאאאא،

אאאא)( 1Qא،אאא
אQ2,Q1אW



 ١٢١ אא
 א אאאאאא 

 

- ٩٣ - 

Q\
2

CK

Q2
J

K

1

Q\
1

CK

Q1
J

K

1

Q2 Q1


F٦J٣E




אאאאאא،אאאא
אאאאFEאאא،אא

(4)אאאאאאא
Kא


O/P 

אא א
אQ1 Q2 

CLK  
NO. 

31 1 0
20 1 1
11 0 2 
000 3
31 1 4

F٦J٥E 





 ١٢١ אא
 א אאאאאא 

 

- ٩٤ - 

אאאאא،א
אא،אאאאאאא)( 1Q

אא)( 1QK


F٦J٣E


J א(8)אJ-KW 

א(8)F70Eאא
אW (23=8)J-KK


אאאא

Q\
2

CK

Q2
J

K

1

Q\
3

CK

Q3
J

K

1

Q\
1

CK

Q1
J

K

1

Q2Q3 Q1

F٦J٤E




 ١٢١ אא
 א אאאאאא 

 

- ٩٥ - 

אאאאFאEאW


O/P 

אא א
אQ3Q2 Q1 

CLK  
NO. 

7 1 1 1 0
6 0 1 1 1
51 0 1 2 
400 1 3
31 1 0 4
2 0 1 0 5
1 1 0 0 6 
0 00 0 7
7 1 1 1 8 
6 0 1 1 9 

F٦J٦E 


אאאאאאאK


F٦J٤E



 ١٢١ אא
 א אאאאאא 

 

- ٩٦ - 

٦J٤אאאאאSynchronous Counters
אאאאCKאאFאE

אאאאאאאאאאאאאאאא
Parallel CountersK

١J אא(8)K
אאאאF07E(J-K)

אא،אאאאאK

CK

Q2J

K

1

CK

Q1J

K

AC

تزامن ال

B

CK

Q3
J

K

الأول لاب الق اني الث لاب الق ث الثال لاب الق

F٦J٥E


אאW
١J אאאא(Toggle)(No Change)

אאK


٢J אאאאאAND
אא،אאאא(1)

(A , B)אאא،אא
אאK 


אאאאK



 ١٢١ אא
 א אאאאאא 

 

- ٩٧ - 


F٦J٥E


אאאאFאEאW

O/P א
אA B C 

CLK  
NO. 

0 0 0 0 0
1 1 0 0 1
2 0 1 0 2 
31 1 0 3
40 0 1 4
5 1 0 1 5
6 0 1 1 6 
7 1 1 1 7
00 0 0 8 

F٦J٧E 




٢J אא(8) 

אאאאאא(8)
אאאCKאא،אא

אאאאא)( 1QאK



 ١٢١ אא
 א אאאאאא 

 

- ٩٨ - 

Q\
2

CK

Q2J

K

1

Q\
1

CK

Q1J

K

AC

تزامن ال

B

Q\
3

CK

Q3
J

K

F٦J٦E
אאאא


F٦J٦E

אאאאW


O/P א
אA B C 

CLK  
NO. 

7 1 1 1 0
6 0 1 1 1
51 0 1 2 
40 0 1 3
31 1 0 4
20 1 0 5
1 1 0 0 6 
00 0 0 7
71 1 1 8 

F٦J٨E 



 ١٢١ אא
 א אאאאאא 

 

- ٩٩ - 

אא 
Shift Registers 

 
אאאאאאאאאאאK

אאאאK 

אאאאאאאאאK 

אאאאאאK
אאאאאK

אאDא01،F٦J
٧KE

D

C

Q1 1

א 

א א

1 

CLK

א 

D

C

Q0
0

א 

א א

0 

CLK

א 
אF٦J٧E


אאW

J אאאFאF٦J٨KEE 

 
א א 

Data In Data Out
אF٦J٨E


J אאאFאF٦J٩KEE 



 ١٢١ אא
 א אאאאאא 

 

- ١٠٠ - 

א 

Data In

Data Out

א א


אF٦J٩E


J אאאFאF٦J١٠KEE 



Data In

Data Out
א 

א 


אF٦J١٠E


J אאאFאF٦J١١KEE 





 ١٢١ אא
 א אאאאאא 

 

- ١٠١ - 

א 

Data In

Data Out

א א


אF٦J١١E


אאאאאאK


١J אאאאאאאW

Serial in / Serial out Shift Registers                              
                       

אאאאאאאאאא
א.Clock

אF٦J١٢Eא4Dא
4אK


א 

א 
CLK

א 
D

C

Q0 D

C

Q1 D

C

Q2 D

C

Q3

Serial In Serial Out


אF٦J١٢E



 ١٢١ אא
 א אאאאאא 

 

- ١٠٢ - 


אF٦J١٣Eא1011

אא4  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

אא 

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 אא
 א אאאאאא 

 

- ١٠٣ - 

אF٦J١٤Eאא1011א
4א Clock Clk5)،Clk6، Clk7(Clk8K



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





 ١٢١ אא
 א אאאאאא 

 

- ١٠٤ - 


٢J אאאאאאW

Serial in / Parallel out Shift Registers                           
                                


אאאאאאאאא

אאאאא
אK

אF٦J١٥EאאDQ0، 

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 אא
 א אאאאאא 

 

- ١٠٥ - 


٣J אאאאאאW

in / Serial out Shift Registers                                        
                  Parallel


אאאאאאאKאא

אאאLoad،אא
אאאאK

אF٦J١٦EאאאאD0

،D1،D2D3אQ3K


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

אא אא






אF٦J١٦E



 ١٢١ אא
 א אאאאאא 

 

- ١٠٦ - 


٤J אאאאאאאW

in / Parallel out Shift Registers                                     
                  Parallel


אאאאאאא
אא Loadאאאא

אאאאאאאK
אF٦J١٧Eאא)D0، D1، D2، D3، D4، 

D5، D6، ( D7א)Q0، Q1، Q2، Q3، Q4، Q5، Q6،  .( 

Q7
אאאא

אK

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

אא


אF٦J١٧E



 ١٢١ אא
 א אאאאאא 

 

- ١٠٧ - 


٥J אאאW

Shift Registers                                                               
  Bidirectional


אאאאאאאא

אאאאאאאK
אF٦J١٨EאאאאW

אLeftRight /אHighאא
אאאLowאאK

LeftRight /1=אאG1 ، G2، G3، G4א
א Clockא

אאK
LeftRight /0 =אאG5 ، G6، G7، G8

אClockא
אאK



 ١٢١ אא
 א אאאאאא 

 

- ١٠٨ - 

CLK

C

D

C

D

C

D

C

Q0

Q1 Q2 Q3

G3G2 G7G6 G4 G8

Serial Data in

א א

אא  



D

G1 G5

Right/Left

א 




אF٦J١٨E










 ١٢١ אא
 א אאאאאא 

 

- ١٠٩ - 

אאא 



אאא،אאאא
אאאאאK 

אאאאאאאאאא
אאK 

 
אא


אאאאאאKאא

אK 

אאאK 

WאK،אאאאאא
אK

אByteKNibble Kא Word
אK

אאאא01K
אאאאF٦J١٩KE





 ١٢١ אא
 א אאאאאא 

 

- ١١٠ - 

1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8

1
2
3
4
5
6
7
8
9

10
11

15

13

16

14

12

1
2
3
4
5
6
7

58
59
60
61
62
63
64







8 x 8

16 x 4 64 x 1
אF٦J١٩E


אאKא

א8אNibble 16 64K
אאאאא،א

(1k× 8)1024א 8 ،א(8k× 8)
8192א 8K
1k10248k8192אאא
2K

210 = 2024213 = 8192       



אאא


אאאאאKאF٦J٢٠Eאא
אאאאאאאאKא

F٦J٢٠EאאאK




 ١٢١ אא
 א אאאאאא 

 

- ١١١ - 

1
2
3
4
5
6
7
8

1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8

א

א א א
א א

א

;;;

:
:

36

4







(

(

)

)


אF٦J٢٠E


אאאאאאKא

אאאא
8K

אאאאKאF٦J٢٠Eא 

8אF٦J٢٠Eאא64K


אא


אWriteאאאאאא
ReadאאאאK

אאאאאאא
אאK

אאאאData BusK
אF٦J٢١Eאאא

אאאK



 ١٢١ אא
 א אאאאאא 

 

- ١١٢ - 

Address
Decoder

Memory

Address Bus Data Bus

Read Write
אא

א 

 

א 

א

א

אא 


אF٦J٢١E


אאאF٦J٢٠Eאא

8אאK
אאאאאאאא

אאאAddress BusKאאאK
אאא،א65536אא

א16א4294967296אאא
א.32

אאאאאאK


א
אF٦J٢٢EאאאKאאא

אאאאKא
Decoderאאאאאאאאאאא
،אאאא

אאאאאאאאK



 ١٢١ אא
 א אאאאאא 

 

- ١١٣ - 

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
2

7

3

6

4
5

Address Bus Data Bus

Address Register Data Register

Write

1 2

3

א 

א

א 

 א 

א  א 

3

2

1אא א   0113 אא א 
א 

א  א 
אF٦J٢٢E


אא

אF٦J٢٣EאאאKאאא
אא،אאאאאאאאK

אאאאאאאאא
אאאאאאK





 ١٢١ אא
 א אאאאאא 

 

- ١١٤ - 

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

1
2

7

3

6

4
5

Address Bus Data Bus

Address Register Data Register

Read

1 3

2
אא

א 

 א 

א 

א 

3

2

1אא א   1106 אא א 

א 
אא  

א 

א  א  
אF٦J٢٣E




אאאאWROM  RAM


אאאאW
אאאאRAMאאאROMK


אאאאRAM(Random Access Memories) 

אאאאאאאא
אK

אאאאאאאK




 ١٢١ אא
 א אאאאאא 

 

- ١١٥ - 




אאאROM(Read Only Memories)  

אאאא،אאאא
אROMאK

אROMאאאK
אאאאאאאאPROM (Programmable 

ROM)
אאאאא EPROM  (Erasable PROM)

אאאK


אאאאאRAM


אאאאRAMאאאאא(Static RAM) 

SRAMאאאאאDRAM(Dynamic RAM)K
אSRAMאאאאK

אאDRAM،א
אאFreshingK

אSRAMאSRAMאאSynchronous SRAMא
SRAMאא . Asynchronous SRAM
DRAMW

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

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

   
 אF٦J٢٤EאאאאRAMK





 ١٢١ אא
 א אאאאאא 

 

- ١١٦ - 

RAM

ASRAM SB SRAM FPM
DRAM

EDO
DRAM

BEDO
DRAM SDRAM

SRAM DRAM


אF٦J٢٤E


אא

אאאאאאK
אאאאK

אאאאאאאאאאאא
K

אF٦J٢٥Eאאא8nK
אאאRow Select 

א،א8א،
 Data I/OאאאאאאK

אאאא
אאאאא

אאK
אא،אאאא

אאאאאK



 ١٢١ אא
 א אאאאאא 

 

- ١١٧ - 

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


אF٦J٢٦Eא864k ×K



 ١٢١ אא
 א אאאאאא 

 

- ١١٨ - 

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  אא 

א 

א 

( I )

( O )


אF٦J٢٦E


אא،אא65536אאא،

אאאאאאאO1 O2 O3 O4 

O5 O6 O7O8K
א،אאאאאא

אI1 I2 I3 I4 I5 I6 I7I8K


אאאROM


אאאROMאאאKאאא 

ROMאאאא،אאאאא
אאBiosאK

אאאROMאאK




 ١٢١ אא
 א אאאאאא 

 

- ١١٩ - 

אאאאROM


אאא ROMW
J אאאאROM Mask  

J אאאאPROM (Programmable ROM) 

J אאאאא EPROM   (Erasable PROM) 

J אאאאאא(UV EPROM) 

J אאאאא EEPROM  (Electrically 

EPROM) 

 אF٦J٢٧EאROMK

ROM

Mask
ROM PROM UV

EPROM EEPROMEPROM




אF٦J٢٧E


אאאאאאאאא،א
אK

אPROMאאאאאאא
K

אEPROMאאאאMOSK



 ١٢١ אא
 א אאאאאא 

 

- ١٢٠ - 

אUV EPROMאאאאK
אאאאאK

אEEPROMאK


אאאאROMאאא
אאROMאאK


אROMא،

10 K
אF٦J٢٨EאROMMOSK



א 
א 

א 
א 

+VDD

א

א

+VDD

א

א

1 0


אF٦J٢٨E




אGateאא1אאא
אאHighאאאאאא

ONא1،אאאא
OFFא0K



 ١٢١ אא
 א אאאאאא 

 

- ١٢١ - 

 ROM2א
אא2
FאאאאnEZ2FאאnE

אGateאאאאאאא
א1אא.0

אאON5Vאא
אא1OFF0Vא

0K


אF٦J٢٩EאROM1612816
א8KאאאאK





 ١٢١ אא
 א אאאאאא 

 

- ١٢٢ - 


אF٦J٢٩E






 ١٢١ אא
 א אאאאאא 

 

- ١٢٣ - 




אאMemory Expansion 
אאאאאא
אאאאKאאK


אF٦J٣٠Eא(64k× 4)65536א

א8 אא4
אאאK




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

אF٦J٣١EאK16 אא
216=65536



 ١٢١ אא
 א אאאאאא 

 

- ١٢٤ - 

אאא 16 אא4 אא
4K

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


אאאאא

F٦J٣٢KE




 ١٢١ אא
 א אאאאאא 

 

- ١٢٥ - 

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


אאא4

א2K
אאאאא21

(221=2.097152)
 22. (222=4194304)

א2א2א0FEN
אאאLowE2א1FENאאא

LowKE






 ١٢١ אא
 א אאאאאא 

 

- ١٢٦ - 

אא
אאא


١K ؟אאאאא 


٢K אאאModulus؟ 


٣K א5؟ 


٤K אאא18؟ 


٥K אאBCD؟ 


٦K אאא 4אא א10؟ 


٧K אא، 23؟ 

 
٨J אא، 13؟ 


٩J ؟אאאאאאא 


١٠ אאאאא؟אאאאאא 

 
١٠ אא(8)א(J-K)

א،؟אא 


١٠ אא(6)א(T)א،

 אא؟



 ١٢١ אא
 א אאאאאא 

 

- ١٢٧ - 




אא 
Shift Registers 

 
 

١K ؟אאאאא 

 
٢K ؟אאאאאא 

 
٣K אא؟אאאא 

 
٤K אא؟אאאאא 

 
٥K אאאאאאאאW

11001010אאא3؟ 

 
٦K אא11001010אאאא

אKאאא4 ؟ 

 
٧K א11001010אאאאאאאK 

אאא4 ،א
אאK


٨K ؟אאאאאאאא










 ١٢١ אא
 א אאאאאא 

 

- ١٢٨ - 



אאא


١K אא512א8؟א 


٢K אא؟32א 


٣K ؟אאאאאאא 


٤K אאאא256א؟ 


٥K אאא24؟ 


٦K אא284

 א؟


٧K ؟אאאא 


٨K אא16אא

א 4؟א 


٩K א64Kאאאא32K؟





 

 

אא 

 

אא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

 

٧



 ١٢١ אא
 א א 

 
 

- ١٢٩ - 

אאW
אאאאאאK

אאאאאIBMKא
٨٠٨٦ אאאK

אאW
אאאW

• אאK 

• ALUאא،K 

• אאאK 

• אאאאK 

• אאK 

• אאK 

אאאW
אאאא٨٠K٪

אאW
٣K

אאW
• K

אW
o אאאאK 



 ١٢١ אא
 א א 

 
 

- ١٣٠ - 

אאW 

אאא،אאאK
אאאK

א،
אאאKאאא

אאK

אאW
אWאא(Arithmetic and Logic Unit)،

ALUאRegisters UnitאControl UnitKאאאא
אW




אאW
אאאאאא

NOTANDORXORK

אW
אאאאא،א

אKאאאK

وحدة 
 السجلات

Registers Unit

وحدة التحكم
Control Unit 

 

 وحدة الحساب و المنطق
ALU 



 ١٢١ אא
 א א 

 
 

- ١٣١ - 

אW
אאאאאא

אאאאאאאK

אאW
אאא،אאK

אאWאאאK





אW
אאא،אאKא

אאאאא I/O
אKאאאאK

א٤אאאא،٨١٦٢٠٣٢אK
אאאאאאאאK
א١٦א٦٠٥٣٦אאK

א٣٢א٠٠٠}٠٠٠}٢٩٥}٤K
אאאאאאW

M=2n
Mאא
nאK

 
 
 معالج

 

 

 

 ناقل العناوين

 ناقل البيانات

 ناقل إشارات التحكم



 ١٢١ אא
 א א 

 
 

- ١٣٢ - 

אא١٦א٦٥٥٣٦Z٢١٦Kא٦٤
١٨٤٤٦٧٤٤٠٧٣٧٠٩٥٥١٦١٦Z٢٦٤K

אW
Kאאאא

א٨١٦٣٢٦٤אאKא
אאאאאאK

אW
אאא،،אא

אKאאא
אאאK

אW
אאאאאF٠١KE

א،אאאKא
א(Low level languages)אAssembly languageא

א(High level languages)Cא אKKKK
א،אmnemonicsא،

אאKאאא
،،אאאK

אAssemblerKאאאאK









 Machine Language لغة الآلة

 Assembler المجمع

 Assembly Language لغة التجميع

 معالج



 ١٢١ אא
 א א 

 
 

- ١٣٣ - 

א،אא،אא
(Interpreter)(Compiler)K

אאאאK

אW
אאא(RAM

ROM)אא(Input/Output Devices)Kאא
K

 




אאCPUאאאאאאא
אאאK

 
 
 
 
 
 
 
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



 ١٢١ אא
 א א 

 
 

- ١٣٤ - 

אאCPU
אאאאאאK،CPUW

• אאאK 

• אאאאK 

• אK 

،אאCPUאאKא
אאאK

אאW
אאRAMROM אאKאאאRAM

אא،אROMBIOSKאא
אאאאK

RAMאא،א
אאKאאאאאK

אאאאW
אאאאא،

אאK



 ١٢١ אא
 א א 

 
 

- ١٣٥ - 

٨٠٨٦א


٨٠٨٦א١٦،CPUאK١٦

אאאאאאא
١٦Kאאא٨٦C٨٠F٨٠٢٨٦،٨٠٣٨٦،٨٠٤٨٦،KEKKK

אאאאאאא
אBus Interface unitFBIUEאאאא 

Execution UnitFEUKE

אא٨٠٨٦:
א٨٠٨٦:

• ١٦אData Busאא،١٦F٢
E٨F١EאאאK 

• ٢٠אאא،٢٢٠١٠٤٨٥٧٦
אאKאאF٨KE١٦א

אא،אאK




 
 
 إنتلالمعالج

 ٨٠٨٦ 

  خانة٢٠

  خانة١٦

 

 ناقل العناوين
 ) مكان في الذاآرة٢٢٠(

 ناقل البيانات

 ناقل إشارات التحكم



 ١٢١ אא
 א א 

 
 

- ١٣٦ - 

אFאEאאאא
א:
١K אאאאK 

٢K אאK 

٣K אK 

٤K אאאFאאאKE 

אאאא٨٠٨٦א:
א (EU) Executive unit אאאBus Interface UnitFBIUE

אאאאאאKא
אא:






אאFBIUE אאFEUEאאא
אאFI/OEאFEUE،אBIU

אאאאKאאFprefetchingKEאא
אאאאFIQE٠

אאFEUEאאא٠א
אאאאoverlappingpipeliningK

אא٠אאאא
FאאאE٠

 

EU 
 تنفيذ الأوامر •

BIU 
 جلب التعليمات •
 قراءة المعاملات •
 آتابة الناتج •

 وحدة مواجهة الناقل التنفيذ وحدة

  الناقل

 ٨٠٨٦المعالج 



 ١٢١ אא
 א א 

 
 

- ١٣٧ - 





 





אאא٨٠٨٦א:
אאאאא٨٠٨٦Kאא

אא EU BIUK



٣א

א
א


٣א


٢א


٢א


א


١א


١א




٣א




٢א


א١




٤א

א
א


٣א


א


٢א


١א

 وقت التنفيذ

EU 
 التنفيذ

 الجلب
BIU 



 ١٢١ אא
 א א 

 
 

- ١٣٨ - 



אאFBIUE:
אא:

١K אK 

٢K אK 

٣K א 

٤K אאK 

אאאא٠א

אInstruction Queue(IQ) 

אאאאאא
אאKא٨٠٨٦F٦E٠א

٨٠٨٦אFאאEאpipelining
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



 ١٢١ אא
 א א 

 
 

- ١٣٩ - 

אFSegment RegistersE:
אאFCS, DS, ES, SSE١٦١

F1MBytesEאא٠
א،٨٠٨٦אאא

segments،٦٤F٦٥٥٣٦E٠
אאאא(base address)אאא،

אאאKאW
אCS (Code Segment)אאאאK
אDS (Data Segment)אאאא٠
אSS (Stack Segment)אאאא٠א
אES (Extra Segment)אאא ٠

אאאאאאK


אאRAM FFFFFH 


א

٦٤

7FFFFH 
 
 

70000H 




א

٦٤

5FFFFH 
 
 

50000H 




א

٦٤

4489FH 
 
 

348A0H 




א

٦٤

2FFFFH 
 
 

20000H 





 ١٢١ אא
 א א 

 
 

- ١٤٠ - 



















Wאאא٤אאא٢٠

אFIPEInstruction Pointerאא:
אאאאאKאIPאאFOffset 

AddressEאאאאאאאאאא
אFCSKE
א٢٠אא،אאא١٦א

אIPאאאCSאאא
אW

0 0 0 0CSא
H

IPא
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) 



 ١٢١ אא
 א א 

 
 

- ١٤١ - 

אאאKאאאאא
אKאאאCSA00016אIP

A0B016KאאCSאIP
AA0B016=A0B0016+A00016K



אאא

K
K
K
K

אא



WאאאאאאאW

A03416=CS 
0FF216=IP 

אW
A133216=0FF216+A034016 


אWאאאCSאא6B4D16K

אExecution Unit FEUE
אאאBIUאאא

אKאאאאW
• אאKALU 

• אGeneral purposesK 

• אFKFlagsE 

A0B0

A0000

+ AA0B0

AFFFF 

A0000 

 آيلو يايت٦٤



 ١٢١ אא
 א א 

 
 

- ١٤٢ - 

אאFALUE
אאאKאאANDORXORא

אאאא١٦٨K

אאW
אאאאא٨٠٨٢٨٨AH،AU،BL

،CH،CL،DH،DLK
אאאאא٨KאAL 

(Accumulator)אאאK
AL،BL، CL،DL٨אאAH،BH،CH، DH٨אאK

،א٤١٦SP،BP،DI،SIKא
א(Index)א(Pointers)א

אאאEUKאאW
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 


אא



אFFlagsWE
אאאאא

אKא٩
אW



 ١٢١ אא
 א א 

 
 

- ١٤٣ - 














،א،אCFא SF 

אSFאKKKKאאאK

CF PF AF ZF SF OF IF DF TF 

carry 

parity 

Aux carry 

Zero 

Sign 

Overflow 

Interrupt 
Enable 

Direction 

Trap 



 ١٢١ אא
 א א 

 
 

- ١٤٤ - 

אאAssembly Language Programming W
אאאKאא

אאאאK
א،אאאKא

KאאW
١K א٢KאאאאK
٢K א٥אאKאאאאK
٣K אאא٣Kאאא

K 

אאאK
FInstruction SetEאאKא٨٠٨٦

١٠٠K
אא،אאWאא

OpcodeאאKאOperandsאא
אאאאK

אאאK
אאאINאאאאא
ALKאINאOpcodeF٨WE111001002=E416Kא

אאאRAMאאKאאאא
אאאKאאא،א

ALאאא٢K
אאאADDאא٥אAL،

אאALKאADDאאW000001002=0416K
אאאאאאK

אאאאאADDא٥K



 ١٢١ אא
 א א 

 
 

- ١٤٥ - 

אאאOUTאאALFא
אEא٣KאOUTא11100110=E616Kא

אאאא٥א٣K
אאאאRAMKאA0000אאאאא

K


אאאאRAMא
A000011100100אIN 
A000100000010 א٢
A000200000100 אADD 
A000300000101 ٥א
A0004 11100110אOUT 
A0005 00000011א٣


אאW


א

IN AL,02Hא٢אALK
ADD AL,05H٥אALK
OUT 03H,AL אאא٣K


אאW


אא

11100100(E416)אIN
0000010(0216)א



 ١٢١ אא
 א א 

 
 

- ١٤٦ - 

00000100(0416) אADD 
00000101(0516)א
11100110(E616)אOUT
00000011(0316) א



אW
אאאאIBMא8086

אAssemblerMASMTASMאאK
אאW

١K אINK 

٢K אINK 

٣K אאאאK 

٤K אאאאאFI/OEאא
אALK 

٥K אADDK 

٦K אADDK 

٧K אאאאALאALK 

٨K אOUTK 

٩K אOUTK 

١٠K אאאאK 

١١K אאאאאFI/OEאאאAL
K 




אאאאK



 ١٢١ אא
 א א 

 
 

- ١٤٧ - 

אאInstruction SetW
אאאאW 

١K אW
IN  

OUT א 
MOV 
PUSH א 
POPא 

XCHG  

WאMOVWאאאW
MOV Destination, Source

אאSourceאDestinationK
אW

• אאאImmediate Addressing Mode
אWMOV CL, 48Hא48HאCLK 

• אאאאRegister Addressing 

ModeאWMOV BL, CLאCL
אBLK 

• אאאאאאDirect Addressing 

ModeאWMOV BL, [437AH]אאא
א437AHHאאאאDSKא

DS=20000Hאא2437AHK
٢K W

ADD  
INC 
DEC  
CMP  



 ١٢١ אא
 א א 

 
 

- ١٤٨ - 

SUB א 
MUL א 
DIV א 

WאADDWאאאW
ADD destination, source 

אאאKWADD BL, 06HKא78H
08H08HאW

MOV AL, 08H 
ADD 78H, AL 

WאאADD 78H, 08HK
٣K אאW

NOT  
AND  
OR  
XOR 
SAR א  א
SAL א  א





 ١٢١ אא
 א א 

 
 

- ١٤٩ - 

אא



١K ؟אא 

٢K ؟אא 

٣K ؟אאא 

٤K אאאאאאאאאRAM؟
٥K אא١٦؟٣٢ 

٦K אא؟٨٠٨٦אאא 

٧K א٨٠٨٦؟אאאK 

٨K OpcodeOperands؟ 

٩K אאאאאW 
CS: IP=4370:561E 
CS: IP=7A32:0028

١٠K אאאCode Segment70400Hא،CS
אאאאאIP539CH؟ 

١١K אאADDMOVאאאא،W 
J C=A+B 
J B=3*B+7






 



 ١٢١ אא
 א  

 
 

- ١٤٩ - 

אא


١K Wאאא 

אא،א٢٠٠٢K
٢K אWאא،א 

אא،אא٢٠٠١K
٣K Wאאא،א 

אELGAאא،١٩٩٩K
4. Ytha, Yu, Charles Marut: Assembly Language Programming and 

Organization of the IBM PC, Mc Graw Hill, 1992, isbn 0-07-072692-2. 
5. Douglas V. Hall: Microprocessors Interfacing, Programming and hardware, 

2nd Edition, Mc Graw Hill, 1992, isbn 0-07025744-2. 
6. Thomas L. Floyd: Digital Fundamentals, 6th Edition, Prentice-Hall 

International Editions,  1994, isbn 0-13-573478-9. 
7. Roger L. Tokheim : Digital Electronics, 5th Edition, 

Mc Graw Hill, 1999. 



 ١٢١ א
 א  

 
 

 

א


א
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

אאWאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١
אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢

אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٩
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١١

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٩


אאWאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٠
אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢١
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