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Өгөгдл̛̜̦ у̬̭г̌лы̦ ̍̌ ̌лд̦̌̌ы 
уд̛̬дл̌г̌ 

Агуулг̌: 
Data link layer-̦ ү̦д̭̦̾ үү̬̾ ,̐ ̛̙̌лл̌̐̌̌ 

•Ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̐ уд̛̬д̵̌ Flow control ̬̌̐̌: 
 –Simplest protocol 

 –Stop-and-Wait flow control protocol 

            –Sliding Window protocol 

•Backward error correction ̬̌̐̌: 
 –Stop-and Wait ARQ protocol 

 –Go-back-N ARQ protocol 

 –Selective-Repeat ARQ protocol 

 



Data link layer 

-Data link control-framing, flow and error control 

-Media access control- how to share link 



   Өгөгдл̛̜̦ у̬̭г̌лы̦ уд̛̬дл̌г̌ 

Flow Control Error Control 

Data Link Control 



Flow control- ΫɝΫɝɞɥɢɣɧ ɭɪɫɝɚɥɵɧ 
ɯяɧɚɥɬ ɝɷɞɷɝ ɧɶ үүɫɝүүɪ, ɯүɥɷɷɧ 

ɚɜɭɭɪɵɧ ɯɨɨɪɨɧɞɨɯ ΫɝΫɝɞΫɥ ɛүɪɷɧ 
ɞɚɦɠɢɝɞɚɯ ɞɚɪɚɚɥɚɥ, ɛɚɝɰɭɭɞɵɝ 
ɫɨɥɢɥɰɨɯ ɞɚɪɚɚɥɥɵɝ ɡɨɯɢɰɭɭɥɧɚ. 

ΪΫɪΫΫɪ ɯɷɥɛɷɥ ɢɥɝɷɷɝɱɢɣɧ ΫɝΫɝɞΫɥ 
ɢɥɝɷɷɯɷɷɫ ΫɦɧΫ ɯүɥɷɷɧ ɚɜɚɝɱɚɚɫ 

ɛɚɬɚɥɝɚɚɧɵ ɦɷɞɷɷɥɷɥ ɚɜɧɚ ɝɷɫɷɧ үɝ. 



Error control = Detection + Correction  

Аɥɞɚɚ ɢɥɪүүɥɷɝɞɷɧɷ, ɞɚɯɢɧ 
ɞɚɦɠɭɭɥɚɝɞɚɧɚ.  

Фɪɟɣɦɢɣɧ ɞɚɦɠɭɭɥɥɵɧ ɞɚɪɚɚɥɥɵɧ 
ɩɪɨɬɨɤɨɥɵɝ Automatic Repeat Request 

ɩɪɨɰɟɫɫɬ ɬɭɥɝɭɭɪɥɚɯ (ARQ) ɩɪɨɬɨɤɨɥ 
ɝɷɧɷ.Эɧɷ ɩɪɨɬɨɤɨɥ ɧɶ ɮɪɟɣɦɢɣɝ ɚɥɞɚɚɧɞ 

ΫɪɬΫɯΫΫɫ ɯɚɦɝɚɚɥɚɯ ɡɨɪɢɥɝɨɨɪ ɧɷɝɠ 
ɛɚɝɰɭɭɞɵɧ ɞɚɦɠɭɭɥɚɥɞ ɞɚɪɚɚɥɚɥ 

ɬɨɝɬɨɨɠ ΫɝɞΫɝ. 



Data link control 

• Data link control ̦̽ п̬отоколууд̼̦ 
ту̭л̥̙̌т̜̬̌̐̌̌ ̭у̛̜̏̐̐ ̵̦̙́̌ 
̴̬е̛̜̥̜̐ ̚ө̏ д̥̙̌уул̵̌ үү̬̾̐т̜̾. 

• П̬отокол ̍ол̐о̦ өө̬ өө̛̬̜̦ үү̬̾̐ 
̚о̛̬ул̌лтт̜̌ ̛̙̌лл̦̌̌. 

• Ү̦д̭̦̾ 6 п̬отокол ̛̙̌лл̵̌ ̍̌ 
т̾д̛̬̜̐̾̾̐ ̥̬́̌ о̸̛̬̦д ̛̙̌лл̵̭̌̌̌ 
̵̥̬̦̌̌̌̌ д̵̬̌̌̌ ̛̦̌̐л̌лд ̸̌̏ ү̚д̾ .̐ 



Protocols: 

• Шуу̛̦̐̌̐ү̜ ̭у̛̜̦̏̐ үед: 
– Simplest protocol-(Э̛̦̜̦̐ ̦̾̐ ̸̛̐л̾л̛̜̦ п̬отокол) 

– Stop and Wait protocol-(ʯо̭̐олт ̵үл̾̾лт̜̦ ̬̌̐̌) 
– Sliding window protocol-(Ш̛л̵̛̙ ̶о̵̦̦̼ ̬̌̐̌) 

• Шуу̛̦̐̌т̜̌ ̭у̛̜̦̏̐ үед: 
-Stop and wait ARQ,  

-Go-back-N ARQ,  

-Selective-Repeat ARQ protocol 

 

 



Өгөгдл̛̜̦ у̬̭г̌лыг уд̛̬д̌х  
Stop-and-Wait (Зо̭̐олт-̵үлээлт̛̜̦Ϳп̬отокол 

Ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̐ уд̛̬д̵̌ ̵̛̥̜̦̌̐ ̛̦̜̦̾̐ 
̬̌̐̌. 
•Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ө̐ө̐дл̛̜̦ ̴̬е̛̜̥̜̐ 
̛л̦̐̾̾̾. 
•ˇ̬е̜̥ ̛л̐̾̾̐д̛̭̦̜̾ д̬̌̌̌ ̵үл̦̾̾ ̸̭̌̏̌̐̌̌ 
̛л̐̾̾̐д̭̦̾ ̴̬е̛̜̥̜̦ ̍̌т̌л̦̼̐̌̌ ̥̾д̾̾л̾л 
(ACK)̭̦̬̌̏̌̌ ̴̬е̛̜̥̜̐ ̌лд̌̌̐ү̜ ̛л̭̦̐̾̾̾д 
тоо̶̦о. 
•Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̵үл̦̾̾ ̸̌̏̌̐ тө̵өө̬ө̥̙өө̭ 
ACK ̵үл̦̾̾ ̭̦̬̌̏̌̌ д̛̬̜̦̌̌̌̐ ̴̬е̛̜̥̜̐ 
̛л̦̐̾̾̾. 

 



Өгөгдл̛̜̦ у̬̭г̌лыг уд̛̬д̌х  
Stop-and-Wait п̬отокол 



Өгөгдл̛̜̦ у̬̭г̌лыг уд̛̬д̌х  
Stop-and-Wait п̬отоколы̦ үед шуг̥̌ ̌ш̛гл̌лт 

•Д̥̙̌уулл̼̦ ̵у̶̐̌̌̌ (Transmission time): ˇ̬е̛̜̥̜̐ 
д̥̙̌уул̵̌ ̵у̶̬̐̌̌̌̐̌̌ тоо̶ооло̐до̦о. 
• ̌˃̵̬̌лт̼̦ ̵у̶̐̌̌̌ (Propagation time) : ʥ̛т̛̜̦ ̛л̸̭̐̾̾̐̾̾ 
̵үл̦̾̾ ̸̛̌̏̌̐д ̵ү̵̬̾ ̵у̶̬̐̌̌̌̐̌̌ тодо̵̬о̜ло̐до̦о 

•Шу̥̐̌ ̛̹̌̐л̌лт ̦̽ ко̴̴̶̛̛̾е̦т ͚̌͛-̬̌̌ тоо̶ооло̐до̦о. 

 a = Propagation time / Transmission time 

a > 1 : ˇ̬е̛̜̥̜̦ ̵̛̦̜̾ ̛̍т ̵үл̦̾̾ ̸̛̌̏̌̐д ̵̛̬̭̾̾̾ ө̥̦ө 
̛л̸̐̾̾̐ тө̵өө̬ө̥̙ ̴̬е̛̜̥̜̐ ̍ү̬̦̾ д̥̙̌уул̦̌. 
 a < 1 :Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̴̬е̛̜̥̜̐ ̍ү̬̦̾ ̛л̵̭̐̾̾̾̾ ө̥̦ө 
̴̬е̛̜̥̜̦ ̵̛̦̜̾ ̛̍т ̵үл̦̾̾ ̸̛̌̏̌̐д о̸̦о. 
Шу̥̐̌ ̛̹̌̐л̌лт̼̦ тоо̶оо : U =1/1+2a 

ˉо̵̦̼̦ ̵̥̙̾̾̾:  N=2^m-1 

 

 



Sliding-window п̬отокол(Sender) 

• ˇ̬е̜̥үүд̛̜̐ ̶̍̌̐ ̍ол̐о̙, ду̬̐̌̌л̌̐д̭̦̌ ̴̬е̜̥үүд̛̜̐ 
Full-duplex ̐о̛̬̥оо̬ ̛л̦̐̾̾̾. 

• Д̬̌̌̌лл̼̦ ду̬̐̌̌ ̦̽ ̴̬е̛̜̥̜̦ т̌л̬̍̌ ̍оло̵ ̍̌ 
тодо̵̬о̜ ̵̥̙̾̾̾т̜̾ ̜̦̍̌̌. 

• ˈ̬̾̾̏ ̴̬е̛̜̥̜̦ д̬̌̌̌лл̼̦ ду̬̼̐̌̌̐ ̛л̵̛̬̜̾л̵̾ 
тол̐о̜ ̥̾д̾̾л̾л ̦̽ m ̛̍т̛̜̦ у̬тт̜̌ ̍ол д̬̌̌̌лл̼̦ 
ду̬̐̌̌ ̦̽ ̵̛̥̜̦̌̐ ̵̛д̾̾ [ 0; 2^m-1] ̜̦̍̌̌. 

• Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̚ө̹̏өө̬ө̐дө̵ д̬̌̌̌лл̼̦ ду̬̬̐̌̌̌̌ 
̴̬е̜̥үүд̛̜̐ ̶о̵̦о̦д ̚о̵̛о̦ ̜̍̌̐уул̦̌. (send window) 

• Send window-̛̜̦ ̵̥̙̾̾̾ ̵̛̥̜̦̌̐ ̵̛д̾̾ 2^m-1 ̜̦̍̌̌. 

• Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̶о̵̦̦̼ ̵̥̙̬̾̾̾̐̾̾ ̍у̴̴е̬л̦̾̾. 
 



Sliding-window п̬отокол(Receiver) 

• ˈүл̦̾̾ ̸̛̜̦̌̏̌̐ ̶о̵̦̦̼ ̵̥̙̾̾̾ ̦̾̐ ̴̬е̜̥ ̜̦̍̌̌. 
• ˈүл̦̾̾ ̸̌̏̌̐ д̛̬̜̦̌̌̌̐ ̴̬е̛̜̥̜̐ ̵ү̭̭̦̾ 

̍̌т̌л̦̼̐̌̌ ̴̬е̜̥ ̛л̦̐̾̾̾. Э̦̾ ̦̽ ̥ө̦ ту̵̜̦̌ 
ду̬̭̐̌̌̌̌ ̵̾л̦̾ д̛̬̜̦̌̌̌̐ N ̵ү̬т̾л̵ ̴̬е̛̜̥̜̐ 
̵үл̦̾̾ ̵̌̏̌ ̍оло̥̙то̜̐ ̛л̵̛̬̜̾л̦̾. 

• ACK ̦̽ ̥ө̦ оло̦ ̴̬е̛̜̥̜̦ ̍̌т̌л̐̌̌ ̍ол̦о. ˈүл̦̾̾ 
̸̌̏̌̐ Ϯ, ϯ, ϰ-̬ ̴̬е̛̜̥̜̐ ̸̌̏, ̴̬е̜̥ ϰ-̛̜̦ 
̍̌т̌л̦̼̐̌̌ ̥̾д̾̾лл̬̾̾ ̛л̸̐̾̾̐ ϱ д̵̌̽ ̴̬е̛̜̥̜̐ 
̛л̦̐̾̾̾. 

• ˈүл̦̾̾ ̸̛̜̦̌̏̌̐ ̍у̴̴е̬л̵̾ ̵̥̙̾̾̾ 1 ̜̦̍̌̌. 
 



Sliding-window п̬отокол  



Өгөгдл̛̜̦ у̬̭г̌лыг уд̛̬д̌х  
Sliding-window п̬отоколы̦ үед шуг̥̌ ̌ш̛гл̌лт 

a = Propagation time / Transmission time 

       N = ̶о̵̦̦̼ ̵̥̙̾̾̾ 

 

Шу̥̐̌ ̛̹̌̐л̌лт̼̦ тоо̶оо :  
N > 2a+ 1 үед U = 1 

N < 2a + 1 үед U = N/2a 

 



Error Control- For noisy channel 
• Бɚɝɰ ɯɨɥɛɨɥɬɬɨɣ өɝөɝɞɥɢɣɧ ɫүɥɠɷɷɧɢɣ ɡɚɦɱɥɚɥɵɧ 

ɚɪɝɚɚɫ үɥ ɯɚɦɚɚɪɱ, ɯүɥɷɷɧ ɚɜɚɯ ɯɷɫɷɝɬ үүɫɝүүɪɷɷɫ 

ɢɥɝɷɷɝɞɫɷɧ өɝөɝɞөɥ ɞɚɪɚɚɥɥɚɚɪɚɚ ɯүɥɷɷɧ ɚɜɚɝɞɚɯ 

ɡɚɪɱɢɦɬɚɣ.  

• Фɪɟɣɦɢɣɝ ɚɥɞɚɚɧɚɚɫ ɧɶ ɯɚɦɚɚɪɱ ɯɚяɝɞɫɚɧ ɮɪɟɣɦ 

(lost frame), ɛɢɬ ɚɥɞɚɚɬɚɣ ɮɪɟɣɦ (damaged frame) 

ɝɷɠ 2 ɚɧɝɢɥɧɚ. 

– lost frame-ɯүɥɷɷɧ ɚɜɚɯ ɯɷɫɷɝɬ ɞɚɦɠɢɝɞɚɠ ɢɪɷɥɝүɣ 

ɯɚяɝɞɫɚɧ ɛɚɣɞɚɝ. 

– damaged frame-ɯүɥɷɷɧ ɚɜɭɭɪɬ ɮɪɟɣɦɢɣɧ ɡɚɪɢɦ 

ɛɢɬүүɞ ɢɧɜɟɪɫɥɷɝɞɷɠ, ɚɥɞɚɚɧɞ өɪɬɫөɧ ɛɚɣɞɚɝ. 



Error control ɦехаɧɢɡɦ -For noisy 

channel 

Ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̦ ̌лд̌̌̐ ̛л̬үүл̵̾ 
̥е̵̛̦̥̌̚. ʤлд̦̼̌̌ уд̛̬дл̌̐̌ ̦̽ ARQ-̬̌̌ 
̵̛̬̙̦̾̾̐̾. 
Ү̦д̭̦̾ 3 ARQ п̬отокол : 

-Stop-and-Wait ARQ ʯо̭̐олт ̵үл̾̾лт̛̜̦ ARQ 
п̬отокол 

-Go-Back-N ARQ N ̬үү ̍у̶̵̌ ̵ол̍олтто̜ ARQ 
п̬отокол 

-Selective-Repeat ARQ Со̦̐о̵ д̌̏т̌лтт̜̌ ARQ 
п̬отокол 

 



   Stop-and-Wait ARQ 

- Иɥɝɷɷɝɱ ɬΫɯΫΫɪΫɦɠ ɧɶ ɞɚɦɠɭɭɥɫɚɧ 
ɮɪɟɣɦɢɣɧɯɷɷ ɛɚɬɚɬɝɚɥ ɞɨɯɢɨɝ ɯүɥɷɷɧ ɚɜɚɯ 
ɯүɪɬɷɥ ɯүɥɷɷɥɬɢɣɧ ɝɨɪɢɦɞ ɨɪɲɞɨɝ ɛɚ ɷɧɷ 
ɯɭɝɚɰɚɚɧɞ ɞɚɪɚɚɝɢɣɧ ɛɨɥɨɧ ΫΫɪ ɮɪɟɣɦɢɣɝ 
ɞɚɦɠɭɭɥɚɯɝүɣ. 

- ΪɝΫɝɞɥɢɣɧ ɮɪɟɣɦ ɛɚ ACK ɧɶ 0, 1-ɷɷɪ ɯɭɜɶɫɚɠ 
ɞɭɝɚɚɪɥɚɝɞɚɧɚ. 

- Sender: S = Sent frame number 

- Receiver: R = Next frame number 



Stop-and-wait ARQ 

Д̬̌̌̌лл̼̦ ду̬̐̌̌:  
-Modulo-2 ̵̭е̥ ̛̹̌̐л̵̌ 
̍у̀у ̴̬е̜̥ ̍̌ ACK 
̥̾д̾̾л̾л ̦̽ Ϭ, ϭ-̬̾̾ 
̵у̭̙̏̽̌ ду̬̐̌̌л̌̐д̦̌̌. 
-Sender: S = Sent frame 
number 

-Receiver: R = Next frame 
number 

-Frame 0 ̛̬̭̦̾ ̍ол ACK 1 

-Frame 1 ̛̬̭̦̾ ̍ол ACK 0 

 



Stop-and-Wait ARQ 

Ф̬е̜̥ д̥̌ж̛лты̦ ϰ төлө̏: 
1.Normal 

2.Frame Lost 

3.ACK Lost 

4.ACK Delay 

 



Stop-and-Wait ARQ, Normal 



Stop-and-Wait ARQ, Lost Frame 

-Ил̸̐̾̾̐ ̍̌ 

̵үл̦̾̾ ̸̌̏̌̐ ̦̽ 

тодо̵̬о̜ ̵у̬д̦̼ 

̵̬́̐̌̌̚т̜̌ 

-Ил̸̐̾̾̐ ̍̌ 

̵үл̦̾̾ ̸̌̏̌̐ ̦̽ 

тодо̵̬о̜ ̵̭̦̌̌ 

о̜̦ ̵̬́̐̌̌̚т̜̌ 

  



Stop-and-Wait ARQ, Lost ACK 



Stop-and-Wait ARQ, Delayed ACK 



Stop-and-Wait ARQ 

ɩɪɨɬɨɤɨɥ ɧɶ ɮɪɟɣɦɢɣɧ 
ɞɚɜɯɚɪɞɥɚɚɫ ɫɷɪɝɢɣɥɠ 

ɮɪɟɣɦүүɞɢɣɝ ɞɭɝɚɚɪɥɚɧɚ. 



ACK ɫɚɚɬɚɠ ɨɱɜɨɥ ɯүɥɷɷɧ 
ɚɜɚɝɱɢɞ ɢɪɷɯ ɞɚɪɚɚɝɢɣɧ 

ɮɪɟɣɦ ɬɚɫɥɚɝɞɚɧɚ.  



Stop-and-Wait ARQ 

• Д̌̏уу т̌л : 
-М̹̌ ̛̦̜̦̾̐, ̵́л̬̍̌ ̛̙̌лл̌̐̌̌т̜̌. 
-ʥу̴̴е̬л̵̾ ̵̥̙̾̾̾ ̍̌̐̌ , ̚ө̵̏ө̦ ̦̾̐ ̴̬е̜̥ 

-Д̬̌̌̌лл̼̦ ду̬̐̌̌ ̚ө̵̏ө̦ ̦̾̐ ̛̍т̬̾̾ 
дү̬̭л̾̐д̦̾̾. 

• Дут̌̐д̌л : 
-˃̵̬̌̌лт̼̦ ̵у̶̐̌̌̌ ̵̵̛̭̾ ту̭̥̌ ̹у̥̐̌ ̛̹̌̐л̌лт 
̥ууд̦̌. 

 



  Go-Back-N ARQ 

Go-Back-N ARQ ɩɪɨɬɨɤɨɥ ɧɶ 
ɬɨɞɨɪɯɨɣ ɞɚɪɚɚɥɥɚɚɪ 

ɮɪɟɣɦүүɞɢɣɝ ɢɥɝɷɷɧɷ. Фɪɟɣɦ 
ɚɥɞɚɝɞɜɚɥ ɚɥɞɚɝɞɫɚɧ ɮɪɟɣɦɷɷɫ 

ɯɨɣɲɢɯ ɮɪɟɣɦүүɞɢɣɝ ɞɚɯɢɧ 
ɞɚɦɠɭɭɥɧɚ. 



Go-back-N ARQ 
• Ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̐ уд̛̬д̵̌ Sliding-window ̬̌̐̌д 

̭уу̛̬л̦̌. 
• Ү̦д̭̦̾ ̸̛̬̥̌̚ : 

-Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̴̬е̜̥үүд̛̜̐ тодо̵̬о̜ д̬̌̌̌лл̬̌̌ 
̛л̦̐̾̾̾. 
-ʥ̌т̌л̦̼̐̌̌ ̥̾д̾̾л̾л ̦̽ ̶о̵̦̦̼ ̵̥̙̬̾̾̾̐̾̾ 
тодо̵̬о̜ло̐до̦о. 
-ˇ̬е̜̥ ̌лд̌̌̐ү̜ ̍ол ̵үл̦̾̾ ̸̌̏̌̐ ACK ̛л̦̐̾̾̾. 
-ˇ̬е̜̥ ̐̾̾̐д̭̦̾, ̌лд̌̌т̜̌ ̛̬̭̦̾ ̍ол ̛л̸̐̾̾̐ тө̵өө̬ө̥̙ 
д̛̬̜̦̌̌̌̐ ̴̬е̜̥үүд̛̜̐ ̌лд̌̐д̭̦̌ ̴̬е̜̥ ̭̌̌̐̚дт̌л 
т̌т̐̌л̦̌̌̚. 
-Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̌лд̌̐д̭̦̌ ̴̬е̛̜̥̜̦ ̍̌т̌л̦̼̐̌̌ 
̥̾д̾̾лл̛̜̐ ̌̏̌̌д ̌лд̌̐д̭̦̌ ̴̬е̜̥̭̾̾ ̵о̵̛̜̹ 
̴̬е̜̥үүд̛̜̐ д̵̛̦̌ ̛л̦̐̾̾̾. 

 



Go-back-NARQ 

• Д̬̌̌̌ллы̦ ду̬̐̌̌ : ʰл̸̐̾̾̐ тө̵өө̬ө̥̙ ̦̽ 
̴̬е̜̥үүд̛̜̐ тодо̵̬о̜ д̬̌̌̌л̌лд ̸̌̏ ү̦̾̚.  

• Sequence Number = m bit 

• Sequence Number Range [0; 2^m-1 ] 

      Цо̵̦ы̦ ̵э̥жээ:  

   N=2^m-1 

Go-Back-N ARQ п̬отокол̼̦ ̛л̸̐̾̾̐ т̌л̼̦ 
̶о̵̦̦̼ ̵̥̙̾̾̾ ̦̽ 2^m-̭̾̾ ̍̌̐̌ ̜̦̍̌̌, ̵үл̦̾̾ 
̸̛̜̦̌̏̌̐ ̶о̵̦̦̼ ̵̥̙̾̾̾ я̥̌̐т 1 ̜̦̍̌̌. 
 



Sender sliding window 



Receiver sliding window 



Control variables 

SF–Цо̵̦̦̼ ̵̛̦̜̾ ̴̬е̛̜̥̜̦ ду̬̐̌̌ 

S–ʰл̐̾̾̐д̭̦̾ ̴̬е̛̜̥̜̦ д̬̌̌̌лл̼̦ ду̬̐̌̌ 

SL–Цо̵̦̦̼ ̭үүл̛̜̦ ̴̬е̛̜̥̜̦ ду̬̐̌̌ 

R –Д̛̬̜̦̌̌̌̐ ̵үл̙̾̾ ̵̌̏̌ ̴̬е̛̜̥̜̦ ду̬̐̌̌     
 W(window size) = SL–SF+ 1 



Go-Back-N ARQ, Normal operation 



Go-Back-N ARQ, Lost Frame 



 Selective-Repeat ARQ 

Selective-Repeat ARQ ɩɪɨɬɨɤɨɥ ɧɶ 
ɬɨɞɨɪɯɨɣ ɞɚɪɚɚɥɥɚɚɪ 

ɮɪɟɣɦүүɞɢɣɝ ɢɥɝɷɷɧɷ. Фɪɟɣɦ 
ɚɥɞɚɝɞɜɚɥ ɡΫɜɯΫɧ ɚɥɞɚɝɞɫɚɧ 

ɮɪɟɣɦɢɣɝ ɞɚɯɢɧ ɞɚɦɠɭɭɥɧɚ. 



Selective-Repeat ARQ 

Ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̐ уд̛̬д̵̌ Sliding-window ̬̌̐̌д 
̭уу̛̬л̦̌. 
• Ү̦д̭̦̾ ̸̛̬̥̌̚ : 

-Ил̸̐̾̾̐ тө̵өө̬ө̥̙ ̴̬е̜̥үүд̛̜̐ тодо̵̬о̜ д̬̌̌̌лл̬̌̌ 
̛л̦̐̾̾̾. 
-ʥ̌т̌л̦̼̐̌̌ ̥̾д̾̾л̾л ̦̽ ̶о̵̦̦̼ ̵̥̙̬̾̾̾̐̾̾ 
тодо̵̬о̜ло̐до̦о. 
-ˇ̬е̜̥ ̌лд̌̌̐ү̜ ̍ол ̵үл̦̾̾ ̸̌̏̌̐ ACK ̛л̦̐̾̾̾. 
-ˇ̬е̜̥ ̐̾̾̐д̭̦̾, ̌лд̌̌т̜̌ ̛̬̭̦̾ ̍ол ̛л̸̐̾̾̐ тө̵өө̬ө̥̙ 
NAK (Negative Acknowledgement) ̥̾д̾̾л̾л ̍у̶̵̌̌ ̍̌ 
̛л̸̐̾̾̐ ̚ө̵̏ө̦ ̌лд̌̐д̭̦̌ ̴̬е̛̜̥̜̐ д̵̛̦̌ д̥̙̌уул̦̌. 
-ˈүл̦̾̾ ̸̌̏̌̐ ̌лд̌̐д̭̦̌ ̴̬е̜̥ ̭̌̌̐̚дт̌л ̴̬е̜̥үүд̛̜̐ 
̵̌д̐̌л̵̌ ̍̌ ̌лд̌̌ ̭̌̌̐̚д̭̦̌ үед ̚ө̏ д̬̌̌̌л̌лд о̬уул̦̌. 
 



Selective Repeat ARQ, Lost Frame 



Selective-Repeat ARQ: Window size 

-Send and Receive Window ̦̽ ̛̛̙л ̜̦̍̌̌.  
SF, S, SL, RF, RL ̵у̸̭̏̽̌̐т̜̌. 

 

 



 Selective-Repeat ARQ 

- Sender and Receive Window ɧɶ ɢɠɢɥ ɛɚɣɧɚ. 
ˉо̦хы̦ хэ̥жээ: N=2^m-1 

- Эɧɷ ɩɪɨɬɨɤɨɥ ɧɶ ɮɪɟɣɦ ɝɷɦɬɫɷɧ, 
ɯɚяɝɞɫɚɧ үɟɞ Negative Acknowledgement 

(NACK)-ɢɣɝ ɛɭɰɚɚɧɚ. 



Piggybacking 

• ʥод̛т ̥̌̽д̬̌лд Data Link Protocol-ууд ̦̽ 
ө̐ө̐дл̛̜̦ ̦̾̐ ̸̛̐л̾лд ̛̹̍ ̵оё̬ 
̸̛̐л̾лд(bidirectional) ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̐ 
уд̛̬д̙̌ ̜̍̌д̌ .̐ 

• Э̦̾ то̵̛олдолд ө̐ө̐дөл ̍̌ ө̐ө̐дл̛̜̦ у̬̭̐̌л̼̐ 
уд̛̬д̵̌ ̥̾д̾̾л̾л ̍оло̵ ACK, NAK ̦̽ ̵оё̬ 
̸̛̐л̾лд д̛̥̙̌̐д̦̌̌. 

• Ө̐ө̐дөл ̭ол̛л̶о̙ ̜̍̌̐̌̌ тө̵өө̬ө̥̙үүд 
̵̬̌̐̌л̦̌̚ ̵оё̬ ̶о̵̦то̜ ̜̦̍̌̌: send window, 
receive window 

 



Bidirectional Transmission -Piggybacking 



Шу̥̐̌ ̌ш̛̐л̌лты̦ тоо̶оо 

 

   T = n*Tf 

Tf= Tprop+ Tframe+ Tproc+ Tprop+ Tack+ Tproc 

 Tproc= Tack= 0 => T = n(2Tprop+ Tframe) 

Sender Reseiver 

 

 fϭ, fϮ, fϯ…….fn 



Шу̥̐̌ ̌ш̛̐л̌лты̦ тоо̶оо 

Frame control bit < Data frame bit 

Мэдээлл̛̜̦ ̛̍түүд̛̜̐ д̥̌жуул̵̌ ̵у̬д̭̌̌ 
̵̥̬̌̌̌уул̦̌ ̭үлжээ̛̦̜ шу̥̐̌ 
̌ш̛̐л̌лты̦ тоо̶оо̐ ̬̦̐̌̐̌̌. 

U = (n*Tframe) / [n(2Tprop+Tframe)] = 

=Tframe/ (2Tprop+ Tframe) 



Шу̥̐̌ ̌ш̛̐л̌лты̦ тоо̶оо 

• Зу̬̭̏̌ ̭̌̌тлы̦ ү̬ж̏э̬ (Bandwidth delay 

product)̦̽ ̹у̥̼̦̐̌ ̍̌̐т̥̙̌̌ ̍оло̦ 
̛̍т̛̜̦ тө̵өө̬ө̥̙ ̵оо̬о̦д д̵̛̥̙̌ 

̵у̶̬̐̌̌̌̐̌̌ тодо̵̬о̜ло̐до̦о. 
• Зу̬̭̏̌ ̭̌̌тлы̦ ү̬ж̏э̬= Шу̥̐̌ы̦ ̵у̬д* 

Б̛т̛̜̦ тө̵өө̬ө̥ж ̵оо̬о̦д д̥̌ж̵̛ 
̵у̶̐̌̌̌ ;RRT –Round Trip Time) 



ʤ̵̦̬̌̌̌л т̭̦̌̏̽̌д ̬̍̌́л̌л̌̌ 
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