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. 6   : μ
μ

– μ μ ( bits , μ )
– μ ( μ )

μ μ – : HDLC

: ( ), (S) μ μ μ (U) / .
–N(S¨): . / N(R): . μ μ μ
–N(R) μ (S) μ N(R)-1 (mod 8 μ 128 μ μ )
–P=1 μ μ . μ S μ F=1 => . . μ.
–S μ RR ( μ ), NRR ( μ ), REJ ( )
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/ (stuffing / de-stuffing) bits FLAG/ .
–FLAG : 01111110
– : 0 μ 1
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HDLC μ μ μ
μ : ( : ( )

μ S . 2 , . . .)
( : 2 μ . 0 1, 0

μ . . . .
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μ μ : LAPD (Balanced Link Access Procedures)
μ HDLC ( . . μ )

μ μ : FDDI
–4B5B μ μ
–IDLE μ μ

μ μ : DS-3 μμ
( μμ μ μ « »

μ 672 . . 44.736Mbps)
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μ μ : SONET

μ HEC byte ( μ ) ATM cell
HEC μ μ μ

cell.

. - . 6A  ( . . , μ μ . & ., . . . .) - 2007 6

μ
–
– ( μ μ μ )

– μ
– μ μ

μ μ

μ : μ μ μ
μ ), .

μ :
–
– μ μ μ / μ

:
– μ (stop and wait - SWP)
– μ bit (alternating bit - ABP)
– (selective repeat - SRP)
– (GO BACK N)
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: ( μ ) μ μ

: μ μ μ μ ( /sec)
– :

– μ μ !
– , μ ,
– μ μ ( μ )

– : SWP, ABP, GO BACK N, SRP

:
– : SWP, ABP, GO BACK N, SRP
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Stop and Wait 

– (1) μ μ
– (2) μ (1)
– (3) μ μ μ
( : . μ

(« μ » , μ )
( : ( μ )

μ μ ), μ T ( . .)

μ (0-1)
( . . μ ?)

half-duplex μμ . μ μ
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( μ )

μ 1: μ μ p
μ : μ μ μ μ μ

: . μ . , = μ μ μ

P{X=n}= p(1-p)n-1 { }= n p(1-p)n-1 =1/(1-p)

μ 1 : .
=1 μ . =1+ μ . (1-p) ,  μ = μ
{ }=(1-p)1+pE{1+Y}=(1-p)1+p(1+E{Y})=(1-p)1+p(1+E{X})=1+E{X}==> { }=1/(1-p)

( μ μ μ : )
μ μ μ

μ 2 : μ μ .
[D,p] --> [ ( ) , μ ]

. . [ , 1-p] [ + , p]
μ : ( . μ .) μ ,

. - . 6A  ( . . , μ μ . & ., . . . .) - 2007 10

(2)

{ }=(1-p) +p( + + { }) ==> = ( +p ) / (1-p)

μ 3 : . 2 μ μ 01, 12, 23
( μ 0 ( ) , 1, 2, 3 ( μ )

01 : [D,p] --> [ , 1-p] [ + , p]
12 : [D,p] --> [ , 1-p] [ +2 , p] μ μ
23 : [D,p] --> [ , 1-p] [ +3 , p] μ μ

μ : μ ,
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(3)

: μ μ μ μ ( μ 3)
0= { }

{ } =p( + + { }) + (1-p)(T+T1)
T1 =  p( +2 + { }) + (1-p)(T+T2)
T2 =  p( +3 + { }) + (1-p)T

{ }
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μ 4 : . 3 μ μ μ

01 : [D,p] --> [ , 1-p] [ + , p]
12 : [D,p] --> [ , 1-p] [ +2 , p] μ μ μ 1
23 : [D,p] --> [ , 1-p] [ +3 , p] μ μ μ 2

μ : μ ,
: μ μ μ μ ( μ 3)

0= { }
{ } =p( + + { }) + (1-p)(T+T1)

T1 =  p( +2 + 1) + (1-p)(T+T2)
T2 =  p( +3 + 2) + (1-p)T

{ }

(4)



. - . 6A  ( . . , μ μ . & ., . . . .) - 2007 13

Stop and Wait (7)

:
S: μ μ ( ’ )
1-p : μ , = μ . .

: (R.V.) = μ μ
T: Timeout  ( μ « » . .)
Y: (R.V.) = μ μ μ μ

E{X}=pS+(1-p)(T+E{Y})= pS+(1-p)(T+E{ })==> { }=S+T(1-p)/p
==> Throughput = 1/E{X}

ppTS
nswp /1

= throughput / μμ =1/E{X}/1/ :
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Alternating Bit Protocol (ABP)

( SWP: . μ
(« μ » , μ )

– ABP SWP μ
– μ SWP, ABP μ (0 / 1) μ

. μ
–ABP FIFO ., . μ

FIFO PTA (packet-to-ack system)
( ( ) μ ), datagrams)
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Alternating Bit Protocol (ABP (2)) ( μ bit)

ABP μ μ FIFO :
Pn = μ n  ,  An = . n  ,  ‘ = 

. . : P1, P1’, A1, P2, A2, P3, L3, A1’
3 . P1’ ( 1’)

:
– SWP T μ μ

(μ full-duplex μ back-to-back μ )
– . : . S . SWP :

ppTS
nABP /1
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μ W
(==> ABP)

W = μ
>= W

SN .  0, 1, 2 … W-1
. . n+1 T => μ . n+1, n+2, … , n+W-1

W=4 :

GO BACK N (GBN) ( N)
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– FIFO PTA, GBN μ moduloW
– μ FIFO PTA, GBN μ μ modulo(W+2M+1),

μ « » FIFO
–ABP GBN μ W=1
– GBN  μ . (NACKs) (

SNs ==> μ
μ

GBN ( μ )
. : S ( .)

μ ,  W μ W sec
– S>=W : W S ==> = W / S
– S<W : μ μ ==> 100%

GO BACK N (GBN) (2)

.,1min
S

WnGBN
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GBN ( μ ( μ ) μ ( . . μ ))
. : =S=W (100% μ μ μ )

– k . => S μ
– n: μ μ n
–p : . . μ -- : (r.v.) μ

E{X} = p +(1-p){S+E{X})  ==> E{X}= + (1-p)S/p

GO BACK N (GBN) (3)

p
SpXEGBN )1()( S

p
pGBN )1(1

1
WTS

μ : S = 20  -> GBN = 31%  p = 0.9 GBN = 83%  p = 0.99. 
 =  ->  4.9%  p = 0.9  5%  p = 0.99.
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μ 1 W:

μ  20 Km,  13 kbps,  μ . 1000 bits, . 100 bits. 
 μ   (20 km)/(3 105 km/s) = 6.67 10-5 s ==>

(6.67 10-5) (13 103) = 0.86 bit. 
S = 1000 + 100 + 2 0.86 1102 bits , = 1000 bits

 CO BACK N :

GO BACK N (GBN) (4)

.
1102

1000,1min W

W=1,  90%. W=2,  100%. 
 ABP 90%  GBN  100%. 
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μ 2 W:
 50km, μ  μ  2.4 Gbps, μ . . 424 bits. 

 = (50 km) (5 μs/km) (2.4 109 b/s) = 6 105 bits,
S = 2 424 + 2 6 105 1.2 106 bits

 G N  SRP :

GO BACK N (GBN) (5)

.
102.1
424,1min 6

W

 100%  W = 1.26 / 424 = 2831.

μ μ :  GBN BP S >>  μ
μ  μ ,  μ ,  μ .

μ  (end-to-end)
(link-by-link),  G N μ  ABP.
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μ (SRP)

GBN μ μ (==> GBN)
L=μ SN μ. , μ . μ SN μ L+W-1

. μ T, to . ( μ !) μ

.
μ . μ μ W-1

, W
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μ (SRP) (2)

FIFO PTA modulo2W μ
μ : W=4 modulo7 modulo8 μ μ

( ( ) μ ( )

:
μ μ GBN

μ μ GBN
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μ μ

–SNA : IBM’s (1974), SDLC, GBN μ . .
– .25 : μ μ , LAPB, GBN μ . . ; W=8, 128
–Internet : , SRP, W μ μ μ ,

. μ μ μ μ byte
–XMODEM : μ μ ABP (μ full-duplex , μ )

NUM: SN (modulo 256), CNUM: μ μ NUM, CKS: checksum (byte μ )
NACKs 15sec ( ) μ

: XMODEM-CRC, YMODEM (1024 bytes μ )
–KERMIT: μ μ μ μ μ

μ ABP, SRP,
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μ Internet

– : μ W_max μ . μ
μ

– μ : W
, W

μ μ :
–
– μ μ : μ , μ , ,

μ ,
– μ :

–
–
– μ
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μ /

– μ ( )

–D : RTT ( x μ )
D=min{T} ( μ D μ )

μ :
–RD / « » - μ -
– / = W = RD+x ==> x =W-RD
– μ : μ x_o

– W x < x_o+
– W x > x_o-
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μ / (2)

:

–x_ =W_ - R_ D_
( μ backlog )

– μ (Vegas) : μ 2

– W : W_ - R_ D_ <=1
– W : W_ - R_ D_ >=3

x_k=2 R_k=C/N => 
=> ( μμ μ )
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μ μ TCP

–SRP  -- SN μ +1
μ μ

μ : ( μ μ time-out)

– 1, 2, 3,  …,
– +1 ( SN )
– +1
– +2 μ μ SN +1  (1 )
– +3 μ μ SN +1 (2 )
– +4 μ μ SN +1 (3 )
– +5 μ μ SN +1 (4 )
– +6 μ μ SN +1 (5 )
–time-out +1 , +1
– +7 μ μ SN +1 (6 )
– +1 μ μ SN +8
– +1, +2, …., +7 μ
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μ μ TCP (2)

μ : (fast retransmission μ )
– 1, 2, 3,  …,
– +1 ( SN )
– +1
– +2 μ μ SN +1  (1 )
– +3 μ μ SN +1 (2 )
– +4 μ μ SN +1 (3 )
– 3 , +1 μ .

. μ μ time-out ( fast retransmission μ )
– +5 μ μ SN +1 (4 )
– +1 μ μ SN +6
– +1, +2, …., +5 μ
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μ / (Tahoe, Reno)

– : Time-out μ 3 μ SN

μ :
– μ ( ):

– W u (μ /sec
– W=1 –

μ (CD+B+Du)/2
W=CD+B->
W=CD+B+Du

– μ /
μ
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μ / (2)

– μ u :
–W--> W+1/W μ
– D (RTT) μ W ==>

==> W 1 D
==> W μμ μ μ u= 1/D ( D)

(slow start with congestion avoidance):
– ( W=W_c):

–W=1 (==> slow start)
– W , μ W=W_c/2:

1 ==> W D ==>
==> W D ==> : W(t) ~ 2t/D

–μ ( μμ ) W (==> congestion avoidance)



. - . 6A  ( . . , μ μ . & ., . . . .) - 2007 31

μ / (3)

(fast retransmit):
[TCP: --> SN byte μ

μ μ SN]

– μ SN,
( μ μ time-out μ ==> fast retransmit)

KAI
W_c ( μ ( 50%))

W = W_c / 2
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μ / (4)

(fast recovery):
backlog ( W_c/2 )

– μ SN ( L+1), μ (L)

W_c W = W_c / 2 + 3
– μ μ : W = W + 1
– W=W_c + 1 μ (==>fast recovery)
– L , W = W_c / 2  (==> fast recovery)
–μ ( μμ ) W (==> congestion avoidance)

Tahoe : slow start + congestion avoidance
Reno : fast retransmission + fast recovery + congestion avoidance
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μ / (5)
(2) --> μ

SN
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- μ μ μ
(additive increase - multiplicative decrease)

– μ ( μ 2 μ )

– μ , μ W (-> μ )
D (RTT) ==> μ

–RED (Random Early Drop) : μ
μ μ « » μ
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μ Vegas Reno

–Vegas μ μ
– μ backlog μ Vegas μ Reno

–X_Reno μ μ , _Vegas = 2 ==> 
Reno μ μ


