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Maximum Cell Transfer Delay (max CTD), Peak to Peak Cell
Delay Variation (peak-to-peak CDV), Cell Loss Ratio (CLR)

Peak Cell Rate (PCR), Sustained Cell Rate (SCR) Maximum Burst Size (MBS)

Constant Bit Rate (CBR)

Peak Cell Rates (PCR) PCR
PCR
real time Variable Bit Rate(rt-VBR) PCR, SCR MBS
burst cell
delay (max CTD) delay variation (peak-to-peak CDV)
non real time VBR PCR, SCR MBS
CTD CDhV rn-VBR
Available Bit Rate (ABR) Minimum
Cell Rate (MCR) ABR connection rate-based
CLR Allowed Cell Rate (ACR)

Unspecified Bit Rate (UBR)

UBR , (CTV, CVD, CLR)
VvC UBR
UBR 3

ABRI1 rate-based
credit-based
ABR

UBR
UBR

UBR



2.2 TCP
TCP
TCP
221 TCP (TCP Flow Control)
TCP sliding
window TCP
credit allocation TCP sequence number
TCP acknowledge (ACK) (ACK =i, IN=j)
i-1 ACK i
window (WIN) j
21
200 segment
synchronized (A) credit allocation 1400
1001 3 segment ( 600 ) window
800 ( 1601 2400) (B) 1601
credit ( window) 1000 A
1601 2600 (5 segment) ACK A
2 segment 1601 2000 (
credit ) A credit 400 2
segment) A ACK window window
credit
credit B ACK , (ACK =,
WIN =j) B i-1 credit k (k>))
B ACK (ACK =i, WIN = k) ACK m (m <j)
credit B ACK (ACK=i+m, WIN =j - m)
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segment

222

22 [7]

(response time)

“ kneen

avoidance)
(congestion control)

[8] 2

1 Network policies

timeout [10]

2. End system policies

(steady state)

2.1 credit

1000 credit B

credit

segment

TCP

(delay)

“cliff’

knee

routers

window) TCP

end system

Jain

1400
22
(congestion
cliff [7] Jain.
Jain [8]

[9]



(network  capacity)
(bandwidth-delay product) [2]

Capacity (hits) = bandwidth (bit/sec)x round trip time (sec)

knee 2.2

Delay

Throughput

Load

22 (Load) (Delay) (Throughput)



TCP acknowledgment
(overflow)
receiver window (RCVWND)
TCP congestion window (CWND)
TCP RCVWND CWND
(bottlenecks) RCVWND > CWND TCP
CWND Jacobson
Karels[11] TCP
“packet conservation principle” [11]
2.2.3 Slow Start Congestion Avoidance
TCP [11] “Slow Start” “Congestion
Avoidance” ( vanilla TCP?
slow start congestion
avoidance SSTHRESH
2 SSTHRESH
SSTHRESH 65535
slow start 1segment (CWND = 1TCP segment)
acknowledgment (ACK) segment CWND
1 segment 2 segment (CWND = 2)
congestion avoidance CWND 1 segment
ACK slow stat CWND 2 round
trip time Round Trip Time (RTT) connection
ACK segment CWND CWND SSTHRESH slow start
congestion avoidance
congestion avoidance CWND 1/CWND
ACK round trip time congestion avoidance CWND 1

10



segment slow start CWND exponential

congestion avoidance CWND linear round trip time

TCP connection duplicate ACK
retransmission (timeout) ACK
timeout ACK
retransmission timeout trigger duplicate ACK

ACK timeout

timeout ' 1 round trip time
timeout timeout
timeout

trigger

timeout SSTHRESH CWND
SSTHRESH

SSTHRESH = max 2, minj-C"— - RCYWND"

CWND < SSTHRESH slow start

(retransmit) CWND ACK

cumulative acknowledgment

CWND
ACK CWND advertised receiver window (RCVWND) window
window CWND
23
TCP retransmission timeout 500 ms TCP
round trip time (RTT) connection ( timer)
ACK retransmission timeout

mean-deviation RTT [11]

TCP timer retransmission timeout trigger
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window
duplicate ACK retransmission timeout trigger connection slow
start link
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23 Congestion Window (CWND) Slow Start Congestion Avoidance
TCP “Vanilla TCP”
Vanilla TCP [2] IETF
(Internet Engineering Task Force) TCP
TCP TCP Reno Fast

retransmission recovery

2.2.4 Fast Retransmission Recovery (TCP Reno)

TCP Reno

(FRR) Fast Retransmit Fast Recovery

retransmission timeout TCP

TCP connection timeout 2.3

timeout TCP

Fast Retransmit and Recovery
TCP

timer 500 ms
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timeout  CWND 1 segment connection

round trip time TCP Reno , Fast Retransmit Recovery
connection

duplicate ACK
3 duplicate ACK ACK
timeout “Fast Retransmit” congestion
avoidance start “Fast Recovery”
duplicate ACK 3
CWND 3 segment ( 3 segment
segment ) SSTHRESH

3 duplicate ACK
ACK

duplicate ACK

current RTO

(2]
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Elapsed time less than
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timeout CWND 1 segment
slow start CWND SSTHRESH congestion avoidance
duplicate ACK 3 congestion
avoidance slow start “Fast Recovery” 24
Fast Retransmit 200 segment segment
1201 (A) CWND
(B) segment 1001 (1001 1200 ) ACK
segment 1201 segment 1401 (1401 1600 )
ACK segment 1201 segment segment 1201
25 CWND Fast retransmit recovery
A
I'st Fast
Retransmit
'
CWND. 2nd Fast
Retransmit
CWND/2 l Timeout
CWND/4 l
CWND/8 // o
e Em - L
CWND Wait for Timeout
Inflates
25 Congestion window Fast retransmit and recoveiy
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