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NS-2 TCP-Linux (1)
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NS-2 TCP-Linux (2)

+ LinuxZEEINTULVSTCP (2.6.16-3177%#)

- TCP-Reno, TCP-Vegas, HighSpeed-TCP,
Scalable-TCP, BIC-TCP, CUBIC-TCP
(default), TCP-Westwood, H-TCP, TCP-
Hybla

- B EFTSNTLNSTCP

- TCP-Veno, TCP-LowPriority, Compound-
TCP (Windows)



+ TCP Implementation in Linux

NS-2 TCP-Linux (3)

application application
= | B |
TCP/IP == <.__ send buffer — TCP/IP I burter
“arrel Somoe (fcp_wmem) i (Cp_f'mem)
ey s 3s~ TCP (tep_sk)
gdisc ﬂ% T packet =1 ) LI
(txgueuelen) (}'Q\ (5k_buff) N - .
{ ST 7 | T e
7 ; -
txring -~ o QJ/K / i \‘x\}% |- XPin
g A =1 e ~ rxring
NIC e NIC o
| |

Packet transmission Packet reception

http://www.ece.virginia.edu/cheetah/documents/papers/TCPlinux.pdf



NS-2 TCP-Linux (4)

* Variables in tcp_sk

Name Meaning Equivalent in
NS-2 T'C'PAgent

snd_ slow-start threshold ssthresh_
ssthresh
snd_ interer part of the trunc{cwnd_)
cwnd congestion window
snd_ fraction of congestion | trunc{cwnd_"2)
cwnd_cnt window Yotrunc{cwnd_)
icsk_ca_ a 512-bit array to n/a
priv hold per-flow state

for a congestion

control algorithm
icsk_ca_ a pointer to the n/a
oS congestion control

alrorithm, interface

Nl

Congestion control modules:

cong_avoid: slow start & congestion avoidance
ssthresh: loss event handling
min_cwnd: fast retransmission

http://netlab.caltech.edu/projects/ns2tcplinux/



NS-2 TCP-Linux (D)

+ Code structure

NS-2 Code Legend
TepAgent |::> Class Inherit
The original N5-2 TCP
{% — = References
LinuxTepdgent
4 class for TCP-Linux

R e,

ScoreBoardl ns—linux—util. h / . cc
SACK processing Interface between N5-2 and Linux
ﬁh
- _-— F e

tep cong. c| | tep highspeed. ¢|| tep vegas. ¢| |tep bic. ¢

Reno HighSpeed TCP ICP-Vegas BIC-TCP
Linux M f /

—_h_—__:::“—\—q._nl

ns—1linux—c. h
Shortcuts for irrelevant Linux svstem calls

http://netlab.caltech.edu/projects/ns2tcplinux/
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» Simulation (1) ns-2 & Linux
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NS-2 TCP-Linux (6)
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NS-2 TCP-Linux (7)

» Simulation (2) accuracy & speed

throughput vs rAandom packat oes rEtE
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http://netlab.caltech.edu/projects/ns2tcplinux/



TCP Equations



TCP Modeling

» TCP-Reno Equivalent Rate

cwnd

I : : TCP Reno : w: /Ny BREF £ RFDcwnd
N p: /84y R

RTT: SOVRR)vTEE

R: (i) L—Fk

b: delayed ACK D&%k

v

1 1
1 1
<& [

<

w/2 RTT round
( 8 RALTOEE
) T ) T
P P 2
R= : RTT,|— +t 23— - pl+32
\ RTT 2p 3 RTO,loss 8 p( p )

J.Padhye et al: "Modeling TCP Throughput: A Simple Model and its Empirical Validation”, ACM SIGCOMM 1998.



TCP Westwood

. DUP“CGTZ ACKS FSE: Fair Share Estimates

ssthresh = FSE*RTT, ..
If (cwnd > ssthreh) cwnd = ssthresh

* Timeout TCP-Reno MBS -
ssthresh =cwnd / 2
ssthresh=FSE*RTT, ..
cwnd =1

» FSEQRDAIZIHRCTERH/N—23Y

C.Casetti et al: "TCP Westwood: Bandwidth Estimation for Enhanced Transport over Wireless Links", ACM MOBICOM 2001.



Bandwidth Share Estimation

TCPW-BE “packet pair”
sender receiver
RTT,, i/dz)I:::::jiiffs
4 — §
Tht //
Aty N /

(1) 5(2) B(3)

O O—O—0

Bandwidth share: b= m_in(b(j))
j

1+ ack arrival time of the A-th packet
dj size of the A-th packet

N
d

At =t, -t ~ Fk

¢

BHTYETNERL: b —FSE

C.Casetti et al: "TCP Westwood: Bandwidth Estimation for Enhanced Transport over Wireless Links", ACM MOBICOM 2001.



Rate Estimation

(%) TCP-Vegas

diff = cwnd RTT
RTT
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ti>t T
RE ==—— RTT= ELAIBFM(T= DAL RE, ~ Sat
BETHETLTRL: RE, —FSE T=n-RTT (eg.n=4)

M.Gerla et al: "TCP westwood with adaptive bandwidth estimation to improve ..", Comp. & Comm., 2004.



BSELRED LEER

E4#7: BSE. BE#E: RE. 7r#R: fair share. #&#E: ¥v/\oFTq—mE{70—
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M.Gerla et al: "TCP westwood with adaptive bandwidth estimation to improve ..", Comp. & Comm., 2004.



Adaptive Bandwidth Share
Estimation

+ BSEIXE®. REIFXRSFHI(ED)
+ BSEELREDELY: YT ILRERTD K/

> =
- BRI TZ KRS, FRERERIETEZ /NS

TCPW-ABSE: / actual rate
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M.Gerla et al: "TCP westwood with adaptive bandwidth estimation to improve ..", Comp. & Comm., 2004.



HYbrid TFRC



TFRC (RFC 3448)

* TCP-Friendly Rate Control

PS

RTFRC =
RTT [ 4 4.RTT 3 *P . p1+32p?)
3 S

f

b=1: delayed ACK (#t12)

lero TCPEERA LT IR

- RTTEN Ty ORFEpZEAIL T "TCP-Renol ZFF 1"
HL—bhEEtE

- RTP/UDP 4> DCCP IZKBDIT IVZALFRATAT (B
E.BE BER. T—L)ICAETEE

M.Handley et al: "TCP Friendly Rate Control (TFRC): Protocol Specification”, IETF RFC 3448, 2003.



TFRC M5 =

+ TCP-RenoM 355 R % TKEE
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L D A (1 ) "TFRC Wireless"

» Loss Differentiation Algorithm

=k N > - v
- EBEORESUS LIS—AXDEXFI
| ROTT : # of pkt lost
max congestion loss s \
A . wireless loss ; - _
o T congestion loss
T L L
: “u, . roft |
: wireless loss -..___.-* : | |
man | Time dev
; mezn —dev  mean — 3 mIean mean + —
Spike algorithm ZigZag algorithm
Bspikestart = rOttmin ta- (rOttmaX B r-Ottmin)
Bspikeend = rOttmin +IB '(rOttmax - rOttmin)
a=1/2, B=1/3 ROTT: Relative One-way Trip Time

S.Cen et al: "End-to-end differentiation of congestion and wireless losses”, TEEE/ACM Trans. Networking, 2003.



L D A (2 ) "TFRC Wireless"

RKDAN) VI (EMB)
o Z)L—T vk
. « EREROXR
-~ N " « SUA LOREFH|ISNI-EEEO R
/I = g SO L HMF S50 AOR
Wireless last hop Wireless backbone
LAN speed wired link  wireless lastlis LAN speed wired link
[(Ficwsdel Jo _ delayia,  S=lavud : TFRC sender ] |o delay ;. » | TFRC receiver 1 |
*orate g, rate ylhst [ = - ___ =
. ! Rl TFRC semder2 |® 4 /0 ™~ A .
. wired shared lin . ’ wireless shared link .
[TFRC sendec ¥ |® E:.i'?-!r' i':la red TFRC sender 1] | ® d:tal"' waharad .
Fate ghared TAL2 wohared
PERFORMANCE FOR WIRELESS LAST HOP, 1 FLOW PERFORMANCE FOR WIRELESS BACKBONE, 1 FLOW
TCP | TFRC | Omwmi | Bisz | mBiaz | Spike | ZizZag TCP | TFRC | Ommi | Bisz | mBisz | Spike | ZigZag
thput | 55 54 oo | 99 Qo 99 b thput | 23 37 oo | 97 o1 oo 53
cong. | 08 | 02 | 23 |23 (23 (04 03 cong. (01 | 00 |04 |04 | 04 | 00 0.0
M. 0 0 0 00 00 | 00 0.0 M. 0 0 0 00| 00 | 00 0.0
M, 100 | 100 0 63| 6.6 58 66 M, 100 | 100 0 24 | 70 20 60
L ' ) L ' )
LDA LDA

S.Cen et al: "End-to-end differentiation of congestion and wireless losses”, TEEE/ACM Trans. Networking, 2003.



VTP (1)

» Video Transport Protocol
- LDA (BB8AXR LSS LAXDEA|~TFRC
Wireless)

- TCPW-RELEWRDL—LHEFE (Achieved
Rate®;EFH)

- TCP-Reno® )4k HlfEIDTIaLl—F (L
I —TCPEDOFHFIE)

G.Yang et al: "Smooth and efficient real-time video transport in the presence of wireless errors”, ACM Trans. MCCAP, 2006.



VTP (2)

+ VTP HIHK

cwnd
A Al=A2: OZNEIT T ENT=/ Vv
2P - ‘
sending rate
A
rate r¢duction
. J
C+1/RTT " ““]_
* \ :
time \. — TP -
LN Al :
Buffer size = BDP Z{R5E —Hearoad . >
time
INTYRORBETOUR RTTrmin

G.Yang et al: "Smooth and efficient real-time video transport in the presence of wireless errors”, ACM Trans. MCCAP, 2006.



VTP (3)

« VTPD )12 k)l
- #)EA{E: TCPW-RETKZESAchieved Rate
- BH: RTTZ EIZ1/N BN

1
RTT,

R, = Achived Rate RTTAMLATRIE R, =R, +
ewnd, =R, xRTT,

R ewnd,,,  ewnd,, R, xRTT, +1
“ RTT,., RTT +ARTT, RTT, +(RTT,—RTT.,)

G.Yang et al: "Smooth and efficient real-time video transport in the presence of wireless errors”, ACM Trans. MCCAP, 2006.



VTP (4)

TFRC Wireless
TCP (TFRC+LDA) VTP
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B & ]
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G.Yang et al: "Smooth and efficient real-time video transport in the presence of wireless errors”, ACM Trans. MCCAP, 2006.



- Buffer size = BDP O A HEE

- Buffer size < BDP D5 & 124
5)‘)]*”1 .
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VTP (5)
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INAT1)YRTFRC (1)

« INAT)YRTCPDTFRChHR
- RTTAEMLALMZE [XAchieved Rate Tix
& GHERMEDRE)
- RTTAEMLI=5VTPERIFRD 12 kol i
TEE GERAMEDHER)

- INNYTFHAZXADRE = RTTO K

G.Yang et al: "Smooth and efficient real-time video transport in the presence of wireless errors”, ACM Trans. MCCAP, 2006.



INA TV YRTFRC (2)

+ INAT)YRTFRCOENYE (Renoix & F)

—— TCP-Reno
— — ——= Hybrid TCP
d packet loss VTP
cwnd P — .=+~ Hybrid TFRC
cwnd
7~
AR
cwnd,, /2

RTT r'our;d



INAD)YRTFRC (3)

» U2al—LarEEf(l)

Buffer size = BDP

—~TCPReno = TFRC —+ VTP —<Hybrid TFRC

Throughput[Mbps]

o N O

0 001 0.02 0.03 0.04 005
Packet Loss Rate



Throughput[Mbps]

INAT1)YRTFRC (4)

- U2alb—LarvEEf(2)
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TFWC & Relentless CC



TCP-Friendly Window-based
Congestion Control (1)

- HEXDTFRCDEE =
- Friendliness: NNV T F7RFICABDENELD (RS
TCPZELVHT)

- Smoothness: EIEL—FAKRELIRENTHZELH B
(RTTHAZREELGELV=D)

- Smoothness: RTTHA/NSBEFAREL—METENRTE

L7z
- Responsiveness: 7O0—MDON/OFFIZxt 9 5t &4
(X ?

- Rate-based = Window-based

S.H.Choi et al: "Designing TCP-Friendly Window-based Congestion Control ..", PFLDNet 2009.



TCP-Friendly Window-based
Congestion Control (2)

- Ack Vector:

- ZFEFIT.ZELENNYINDO—H U RABE
D i (Ack Vector)Z X {EEI1TIRT

- EZIEF L. Ack Vectorm™ o/ \ 4y hARDE

BMRE

TWRC

_Faﬁﬁm’énJrﬁL(l/p) cwndZBE#HI 5

= 2p 3p 2 B -
\E+12\g P3P D T e B sy
==

- RTTAZENLZLD THRIEMIZRE

S.H.Choi et al: "Designing TCP-Friendly Window-based Congestion Control ..", PFLDNet 2009.



TCP-Friendly Window-based
Congestion Control (3)

Hybrid Window & Rate

- cwndD/NEKAGYBESHEAR
ALTIODRESTS

T T
TCPR

2

==

':_—' E_- _TFq$ S —

2 TFWC

'] i -l.l.l |

E 0 s "“ P — e
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(a) operated by window-based only

- ewndVNSKGYIBE G 1
BIETFRCEEIMFcES ¢ | i

Simulation Time (sec)

(b) operated by window /rate-based

S.H.Choi et al: "Designing TCP-Friendly Window-based Congestion Control ..", PFLDNet 2009.



TCP-Friendly Window-based
Congestion Control (4)

- Phase effectxiik
- drop tail TIEEET7A—NDO
AENREEGDHEDHD o
(EFEZ7O0—OOXN"FHE") —
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(b) With Jitter

S.H.Choi et al: "Designing TCP-Friendly Window-based Congestion Control ..", PFLDNet 2009.



- Smoothness

TCP-Friendly Window-based
Congestion Control (5)

* Responsiveness
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S.H.Choi et al: "Designing TCP-Friendly Window-based Congestion Control ...", PFLDNet 2009.



Relentless Congestion
Control (1)

- Packet conservation

- Ny BRYHEENT=5, FiLLy Ny EE
1§95 (SIGCOMM 1988)
- Ny ORLT=6, ZORRXE 57 1=+cwnd
i (1/21F88xF1ZL7E0Y)
cwnd = cwnd — loss counts
ssthresh = cwnd —loss counts

- EBIREEEX TILSlow StartTE N

M.Mathis: "Relentless Congestion Control”, PFLDNet 2009.




Relentless Congestion
Control (2)

+ Scalability

- 1IE5E0)AIN\DIEJZ Ny A XD EEfEfE R
'Fﬁ' 2 |1]EEI‘ J—L'T\L—lerﬂf._d—%)

- Relentless CClE. HEMEIZKIFET . /Ny
FrOXEfRE—EMEIZT S (e.g. 3*RTT)
- CUBIC-TCPO)PXEE

- End-to-end = Network assist (baseline
AQM)

M.Mathis: "Relentless Congestion Control”, PFLDNet 2009.



Relentless Congestion
Control (3)

+ Relentless CC + Baseline AQM (Active
Queue Management)
- ARHE T L cwnd=cwnd+1
- 3*RTTEIZ/ T YNEEZE (by AQM)
- cwndHM AR EEFSIWVTERH
- U ED#gYRL

* TCP-unfriendly paradigm

M.Mathis: "Relentless Congestion Control”, PFLDNet 2009.



	画像情報特論 (4)
	スライド番号 2
	NS-2 TCP-Linux (1)
	NS-2 TCP-Linux (2)
	NS-2 TCP-Linux (3)
	NS-2 TCP-Linux (4)
	NS-2 TCP-Linux (5)
	NS-2 TCP-Linux (6)
	NS-2 TCP-Linux (7)
	スライド番号 10
	TCP Modeling
	TCP Westwood
	Bandwidth Share Estimation
	Rate Estimation
	BSEとREの比較
	Adaptive Bandwidth Share Estimation
	スライド番号 17
	TFRC (RFC 3448)
	TFRC の弱点
	LDA (1)
	LDA (2)
	VTP (1)
	VTP (2)
	VTP (3)
	VTP (4)
	VTP (5)
	ハイブリッドTFRC (1)
	ハイブリッドTFRC (2)
	ハイブリッドTFRC (3)
	ハイブリッドTFRC (4)
	スライド番号 31
	TCP-Friendly Window-based Congestion Control (1)
	TCP-Friendly Window-based Congestion Control (2)
	TCP-Friendly Window-based Congestion Control (3)
	TCP-Friendly Window-based Congestion Control (4)
	TCP-Friendly Window-based Congestion Control (5)
	Relentless Congestion Control (1)
	Relentless Congestion Control (2)
	Relentless Congestion Control (3)

