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אאWאאאFDigital Data CommunicationE 

 
אאW 

 אאאאאאאאאK 
 

אאW 
 אאאאW 

١ J אאאאאK 
٢ J אאאאאK 
٣ J אאאאK 
٤ J אאאאאאK 
 
אאאW 

 אא٩٠K٪ 
 

אאאW٣K 
 

אאW 
 אאאK 

 
אאW 

 אאאאK 
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٥ J١ 
 אאאאא

אאאאKאאאאאא
אאאאאאא،אא

אאאאאאאאא
אאאאאאאK

אאאאאאK 
 
٥ J٢ אאאFDigital Data Transmission MethodsE 

 אאא
אאאא

אאF٥ J١EאאאאאאאK 

 
 

٥ J٢ J١ אאאאFParallel TransmissionE 
 אאF٥ J٢Eאא

אnאאאn
אאאאא

אא 

אאאא אאאא  

אאא
א

אאאא  
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אאאone clock pulse Kאאאאאאא
אאא

אאאFאאא Jאאא J
אאאEאאKאאאא

٨ J١٦ J٣٢ J٦٤K 

 
٥ J٢ J٢אאאא(Serial Transmission) 

 אאאאא
אאאnאא

אאאnאKא
אאאאאאאKF٥ J

٣KE 
 אאאאאאא

אאK 

 
 

 אאאאאאא
אאאאאאאא

 
CPU 

 
 

Memory 

1
1

1

0
0
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אאFאא Jא JאEאא
אאאאאאאאאאK 

 
 JאאאאFAsynchronous TransmissionE 
 אאאאא0,sא1,s

٥٨
אאאאא

אאאאאאאא
frameאW 

 
 Jאאא0TbK 
 Jאאאא٥٨K 
 Jאא1Tb2TbK 
 Jאא01אאK 

 אאאאאא
אאאאאאאא

אאאאאK 
אF٥ J٤EאאאאאאאK 

 

Idle slot     one                      5- 8 bit data                      ch. bit       1-2      Remain idle   
of line        bit                                                                odd even     bits     or next-start bit

start stop

1 0 0 1      1   0        0 1      1   1 0  
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 JאאFTransmission EfficiencyE 
 אאאאאאאאאא

אאאאאאאאא
אאאאאאא

Kאאאא
kאאאאnאאW 

Transmission Efficiency = k/n×100  % 
    

                =8/11X100%  = 72.73 % 
waste percentage= 100% - 72.73 % =27.27 % 

 
 
 JאאאאFSynchronous TransmissionE 

 אאאאאאאאאא
אאאאאאא

אאאאKאאא
אאBlockאא

אאW 
 Jאא٨אאאאK 
 Jא٨ J١٦אאאא

אאא
K 
 JאאאBlockאK 
 Jאא٨ J١٦אאא

K 
 Jא٨אאא

אאK 
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 אאאאאאאאאא
אאאאאא

אKאאאאאFאאאאEא
אאאאאאאא

אאאאאא
אאאאאאF٥ J٥Eאאא

אאאאK 


W 

אאאאאאאK 
Transmission Efficiency = k/n×100  % 
=2400/2432 × 100% 
=98.68 % 
waste percentage= 100% - 98.68% =1.32 % 

 
אאאאאאאאK 

אאאאאאאאhigh-level data link 
control protocol (HDLC)K 

8-bit flag    control              Block of Data    Error control           8-bit flag
(sync.)        8 or 16 bits        2400bits             8 or 16 bits                (sync.)    
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٥ J٣ אאאFTransmission ModesE 
 אאאאאאאאא
אF٥ J٦KE 

 
 

٥ J٣ J١ אאאאFSimplex ModeE 
 אאאאאאאאא

אאאאF٥ J٧E،א
אאא Jא Jאאאא Jא

אK 

 
٥ J٣ J٢אאאFHalf Duplex Mode -HDXE 

 אאאאאאא
אאאF٥ J٨Eאא

אאאאאאאא
אאאאאאאאאא

Broad Cost  
Radio 

Simplex 
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אאאאKאאאאא
אאאאאאאאK 

 
 

٥ J٣ J٣אאאFFull Duplex Mode-FDXE 
 אאאאאאא

אאאאאאאאאא
אF٥ J٩KEאאאאאאא

אאאאאאאאK
אאאאאאאאאK 

 
٥ J٣ J٤אאאFFull/Full Duplex Mode-F/FDXE 

 אאאאאאאא
אאאאאאאא

אאאאאK
אF٥ J١٠EאאאאאK 

 
Station A 

 
Station B 

Half- Duplex 
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Station A 

 
Station B 

Full- Duplex 
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٥ J٤ אאFError ControlE 
 אא

אאאאא
אאאאאאאאK

אאאאאא
אאאאא

אאאאאאאאא
אאאאאW 

 J א(Noise)K 
 J אאאF(Limited bandwidthK 
 J אאFBit rateKE 

אF٥ J١١Eאאאאאאא
אK 

 
Station A 

 
Station B 

Full/ Full- Duplex 

 
Station C 
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٥ J٤ J١ אאFTypes of ErrorsE 
 אאאאאאא

אאאאאא
אאאF٥ J١٢KE 

 

Types of errors 

Random 
errors 

Burst 
errors 
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 JאאאFRandom ErrorsE 
 אאאאא

אאאsingle errorאאאאאאא
אK 

אא 0 1 0 0 0 1 1 0 

אא 0 1 0 1 0 1 1 0 
error 

 
 JאאFBurst ErrorsE 

 אא
אאאאKא

אאאאאא
אאא

K 
1 1 0 0 0 0 1 0 0 0 1 00 0 1 0

1 1 0 0 0 0 1 0 1 0 1 1 1 0 1 0
errorerror 

  
 אאאאאאאerror detection

אerror correctionאאא
אאאאאאאFאאא
redundant bitsEFאאparity bitsEאא

אאאאא
אF٥ J١٣KEאאXORאאא

Wאאאאאאאא 
 

1 + 0 = 1 0 + 1 = 1 1 + 1 = 0 0 + 0 = 0 
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אאאאאאא
אK 

 
٥ J٤ J٢אאFError DetectionE 

 
 אאאאא

אאאאK
אאאאאאא

אF٥ J١٤KE 

 

Error Detection 
Techniques

Vertical or 
Horizontal 

Redundancy 
Checking  

Cyclic 
Redundancy 

Checking 
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Error Control 

Error 
Detection 

Error 
Correction
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 JאאFParity check BitE 

 א٧٨א
אאodd parityאאeven parityאאא1,sא

אאאאFEאאא1,s
אאאאאאאאא

אאאאאאK
אאאאאאאאK 

 
אא אאא אאא

1010111 1010111 0« 1010111 1« 
 
 JאאאאFFLongitudinal Redundancy Check-LRC 

 אאא
אאאאאאאא

אאאאאאאאאא
אאאאK
אאאאאאאאאא

LRCK 
אאLRCא

אאאKאאאא
אאאאאא

LRCKאאא 
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W 
אאWw1= 11100111,w2= 11011101,w3= 00111001,w4= 10101001 

אאW  1= 11100111w 
       W2= 11011101     
       W3= 00111001 

 w4= 10101001 
        
       LRC= 10101010 

אאHLRCW 
LRC W4 W3 W2 W1 

10101010 10101001 00111001 11011101 11100111 
 
 

 
 JאאאאFCyclic Redundancy Check-CRCE 

 אCRCאא
אאאאאאא

אאאאאאK
אאאאאאאאאא

אאאאאאא
אאאאאאא

אאאאא٩٥}٩٩٪אאאאא
אK 

 אאאאאאאא
אpolynomialאאאא
א0א1אW 
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אZDZ1 0 1 0 0 1 1 1 
אאD(X)ZX7 + X5 + X2 + X + 1 

 
אאאאאאאאאאא

אW 
CRC-12 = 1100100000011 = X12 + X11 + X8 + X + 1
CRC-16 = 11000000000000101 = X16 + X15 + X2 + 1
CRC- ITU-T = 10001000000100001 = X16 + X12 + X5 + 1

 
אאאאאאאאK 

 
GאWD = 10110111      , D(X) = X7 + X5 + X4 + X2 + X + 1     
GאאWg = 110011          , g(x) = X5 + X4 + X + 1                             

אW 
אאb(x)،b(x)א

Xm×D(x)/g(x)mאg(x)א
אאCRCאm = 5K 
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 Xm×D(x)= X5×(X7+X5+X4+X2+X+1) 

                  = X12+X10+X9+X7+X6+X5 
אאאאא

אאאאאאאK 
 

X7+X6+X4+X2+X+1
X12+X10+X9+X7+X6+X5

X12+X11+X8+X7
X5+X4+X+1

X11+X10+X9+X8+X6+X5

X11+X10         +X7+X6

X9+X8+X7             +X5

X9+X8                      +X5+X4

X7                                        +X4

X7+X6                                        +X3+X2 
X6        +X4+X3+X2

X6+X5                 +X2+X
X5+X4+X3     +X
X5+X4              +X+1
X3+1 = remainder = b(x)  , b = 01001 = CRC

 
אאא،T(x)W 

 T(x) = Xm × D(x) + b(x) 
         = X12+X10+X9+X7+X6+X5+X3+X 

א،TW 
 T = 1 0 1 1 0 1 1 1 0 1 0 0 1 = Data + CRC 
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٥ J٤ J٢ אFError CorrectionE 

 אאאאאא
אאKא

אאאאאאאK
אאאאאאא

אאאאאאא
Kאא،א

KאאאK 
 
 JאFAutomatic Repeat Request –ARQE 

 אאאאאאאא
א(ARQ)אאא

אאאאKאא
אאאF٢٥٦٥١٢E

אאאאאאאא
אאאאאאאאאא

אאאא
KאאARQK 

 
?אאStop-and-Wait ARQ?אW 

 JאאאאאאK 
 JאACKאאאK 
 JאNACKאאא

אאK 
 Jאאאא

אאאאאא
Kאאאאאא
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אאאאאאא
אאאKאF٥ J١٥E
אאאאאK 

 

 
 
 JאאFFForward Error Correction-FEC 

 אאאאא
אאאאאאאK

אאאאאאא
אאcyclic codeHamming code

אאאK 
אאאאאא

אאאאאא
אאאא

אאKאאא

Frame 0

 ١٥-٥شكل 

Tx Rx

ACK0

Wait time 
out 

Frame 1

Frame 0  lost

Frame 0

Frame 1

ACK1

NACK1

Frame 1

ACK1

ACK0
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אאאאאאא
א1,2,4,8,16,.. אא

אאאK 
 

W 
אאא،nא،kאא،m

Wn = m + k = 2m -1                                                                                
m = 3W n = 2m -1 = 23 – 1 = 7 

                         k = n – m = 7 – 3 = 4 bits 
אאZאאZ3K 

 
אאאא1,2,4אא3,5,6,7

W       d d d m d m m  
7 6 5 4  3 2  1  
אאאאW 

 000אא 
 0011א 
 0102א 
 0113א 
 1004א 
 1015א 
 1106א 
 1117א 
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٥ J٥אאאאאFInterfacingE 

 אאאאאא
אאאFאא–א–אEא

אאF––א–Eאא
אK 

אאאאאאאא
אאאאInterfaceאא

אאאאאא
אא?אאא"Data Circuit Equipment (DCE)א

אאאאאאא
אאאאאא

אאאKאאאאאא
אאאאאא

?אאאData Terminal Equipment (DTE)?
אאאאאאאDCE, DTEא

אאאF٥ J١٦KE 
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 אאאאאאאא
אDTEאDCEא

אאF(Interface Portאאאאאאא
אאW 

 
 

 JאאאFMechanical Characteristics E 
 אאאאא

Fא Jאא Jא Jא JאEא
אאאK 
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 JאאאFElectrical CharacteristicsE 
 

 אאאאאאאאאאאא
אאאFEאאאאא

אאKאאDTEאDCE
אאK 

 
 Jאאא(Functional Characteristics) 

 אאאאאאFאEאא
אאא

אאK 
 
 JאאאאProcedural CharacteristicsEE 

 אאאאאאאא
אאאאאא

אאאאאא
אאאאK 

 אאאאאא
אאElectronic Industries Association (EIA)א

אInternational Telecommunication Union- Telecommunication Standards 
Committee(ITU-T)אאEIA-232 RS-232

אאDTEאאDCEKאאאאאאאK 
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אF٨ J١٨E 
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٥ J٦ אFModem UnitE 

 
 אאאאא

אאאאא،אאא
אאאאאאאאא

אאאאאא،
אאאאאאאאאאא
אאאאא

אאאאאאאא
אאאאאאאF J

EאDCEK 
אאאא

אאאא?אאאא?א
אאאאא

אאאאאF٥ J١٩KE 
 



א ٢٤٦ אא 
א אאא אאאFDigital Data CommunicationE 

 
  

- ١٤٧ - 

 
אF٥ J١٩E 

 אא
אאאאאאאאאא

אאאאאאK 
אאא

אאאאאאאאK
אW 

 JאאאW 
אאאאאאאא

אPSK- QAMאאאאאK 
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 JאאאW 
 אאאאFSK

אאאאK 
 

٥ J٦ J١אאא 
 אאאאאאא

אאאאאאאאאאא
אאאא
אאאאאא

אK 
 

 J אBellא 
 אאאאאK

אאאא103202209
אK 

Max. Bit 
Rate 

Modulation 
Type

Synchronization 
Mode

Operating 
Mode

Line 
Facility

Modem 
Series 

300 b/s.FSKAsynchronousFDXDail-up103 
1200 b/s.FSKAsynchronousHDXDail-up202 S 
1800 b/s.FSKAsynchronousHDX/FDXPrivate202 T 
9.6k.b/s.16-QAMSynchronousHDX/FDXPrivate209 A 
9.6 k.b/s.16-QAMSynchronousHDXDail-up209 B 
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 JאאאאCCITTאITU-T 

 אאאאאKאאא
VאאאאV

אא V.29 V.34אK 
 

 
DescriptionRecommendation 

9600 b/s – FDX – Leased Circuits V.29 
9600 b/s – FDX – Leased Circuits + Echo SupressionV.32 

14.4 k.b/s – FDX – Leased Lines V.33 
(V.fast) ITU- 28.8 k. b/s Standard V.34 
(V.fast) ITU- 56 k. b/s Standard V.39 
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אא 
 

אאW 
 

١WאאK 
 
 JאאאKKKKKKKKKKK،אאאK 

 JאאאאK 
 JאאאאK 
 JאאK 
 JאK 

 

 JאאאKKKKKKKKKKK،אאאאK
 JאאאאK 
 JאאאאK 
 JאאK 
 JאאאK 

 

 JאאאW 
 J Jא JK 
 J J JK 
 J J JK 
 J J JK 
 
 JאאK 

 JVRCK 
 JLRCK 
 J CRCK 
 JאאK 



א ٢٤٦ אא 
א אאא אאאFDigital Data CommunicationE 

 
  

- ١٥١ - 

 
 Jאא1110111א1101111אK 

 JאK 
 JאK 
 JK 
 JאK 
 
 

 JאאאאCRCK 
 JאK 
 JאK 
 JאK 
 JK 
 

 Jאא111111א1010אK 
 J111111000 
 J1111110000 
 J111111 
 J1111111010 
 
٢W٢٤٠،אKאאאאאא

אאאאאאאאKאאK 
 
٣Wאאאא01101011،אאא

אKאאK 
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٤Wאאאא10010101 01001111 11010000 11011011،
אאאLRCאKאאK 

 
٥Wאאאא11001100111א

א0101אKאאאאK 
 
٦Wאאא؟؟אאאאאא

א؟ 
 

 
 


