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\ | End to end path ‘
/ char'ac‘rer'ls‘nc

e Klemrock ,S5.S. Lam, F.A. Tobagi
(705) . !

g 'Ne‘rwor'k resources

——=TLinks
- Buffers

* Network load

4
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Goal

De’rec‘r end to-end path
~characteristic to optimize TCP
i _‘rr‘anspor'r protocol.

- Leverage on existing TCP mechamsms :
—and state variables
* Measurement
approaches:
- Direct / indirect
- Client-server

- Smhsncal me‘rhods

- Variable sized
/packets
f Ex‘rr}g probmg

approach [ tr
- Sender side only - Carrier Sensing
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Channel Bo‘r’rleneck link

< It IS ‘rhe narr‘owes’r link encountered
during‘the path.
- In correspondence of the bottleneck—
“link it.is possible to define ,
__=Link capacity
- buffer size

Sender “ Receiver.~"

Capacity

Buffer Size

W @_Wgeh F
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Resndual capacity

- Is The omoun‘r of capacity on the
bottléneck link unused by all the

__connections which cross the
bottleneck link in a given time.

Residual capacity

Receiver.~"

4

Sender

Aggregate Traffic
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- Channel fair share - Achreved Rate
£ - copiy oy e o o et o E| - Represénts the effective bit rate
i r'ate if the channel is shared with several other = delivéred by the transport protocol
3| cerinections, only a percentage of the boTﬂeneck s T
T link capactTy is for each of T?l > all g
2| . If-TCPs are “fair" the channel is equally dIVldEd s
Z[7 among all connections. =l P— _
ws ® E’; Vet B| [ TTVs &
- | War'nl ng - !
; Achaeved raTe Capacity of the I )
T _Bo?‘rleneck link, residual capacity- L
;[ and Fair Share represent - B e
2 —different things, not necessarcly "
| inrelation among each other and- - T =y
i measured with dlffer'enT ! E ECH N;QUES
i|  techniques. % Z ’ %
Bo‘r‘rleneck link capacity
- - De‘rer'lor'a‘rlon of & measure
= measure: Packet pair z |
'é? . -The |dea is fo send two consecutive ; sender — Receiver
4| packets (back to back) and measure L
3| the dlspérsmn at receiver s:de &) i e B LT OE ‘w= 1E
é Sender CFioie pacisu « Recelver e é :E E‘:L\ 13 F&E‘l ; *E
g = : ” = 3 5 5 S
v Capacity = E ross traffict!! 5 S
: z 3 TH E%@
il «C=P./6 Z 5 Tk v
| )
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d measure samples (NS2)

Dispersion
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= Backwards TCP croms traflic
* Moermatraific
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3 ;@ ;
Rate estimation via packet
/trains

:vfMeasur'e the Achleved Rate inferred
by thie flow of ACKs of a TCP
~Connection sending a train of packe‘rs:
__di=Amount of acknowledged daTa (bytes) o
T= Sampling interval :
Ry = Rate at time k-th

-y
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g &=/
Bo‘r‘rleneck buffer size ‘remom‘non of buffer size
- measure - measures
; s U‘s"e Of/QTT, / ; - RTT s The condition where all

information to achieve
__buffer oecupation and
adjusttrate of TCP )?
~~The RTT slightly <
before a loss event can
give information on the /
buffer‘ dimension.

— (RTT,,- RTT,] ) C 2
QIZC OQS mll’l
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queues are empty, which is dlfflCUH’ o

—fo occur

+ RTT,,. can not represent The case”
with maximum bottleneck queue usage.

* BufSize underes‘rlma‘rlon loss on”
buffer due to cross triaffic
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APPLICATIONS /|
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Van J acobson s PathChar

.Sendmg mcreasmgly sized packets. The
RTT will be’composed of a constant
___centributé and a transmission delay
pr'opor"honal o the packet size.

(ON] prfopor'honal to
_____ capacn‘y'
Base RTT ’

-n100=0 1 [-0

RTT
g
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@ Neéds several
| samples to fllfer%
' out cross traffic!

Packet size

Do=304
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Dovr'ol is' PathRate

&)

e S'raﬂsﬁcal method (slow!!)
-Three phases approach:
1. Send varlable sized packet pair to discover main.

"51 __~fodes -
T 2. Send Fackef frains to find average dJSperswn
s ___rafe (lower bound) P ""
=i 3. Select mode with nar‘r‘owes‘r oc;:ur'ence
I - . ADR )
= 10 | Phase-! messurmsdes
< b B ® =C||emr-serv,er
= 5 o / approach;
z Mw M / additional injected
3 rﬂﬁ ﬂ*'m' - traffic|
H* | [l | ]
B aniwicn thibgs)

UCLA CapPr'obe

0 ,The pr‘mcuple of sending two packets
back-to-back (Packet Pair) and measure
__their reception dispersion is applied—"""

* Only the packet pair experiencifig ‘rhe
“Winimum RTT are consideredfor -
capacity estimation of The bo‘rﬂeneck
link:

- Consider only packe'rs cr‘ossmg The ne'rwor‘k
through “assumingly” emp‘ry buffers

&)
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CapProbe implementation

Sendmg TCP packe‘rs in pair: TCProbe
® Delayed ACK can void the approach

“® Different size of sent packets. (usually
~1500 bytes) and received packe'l's T
(usually 40 bytes)

® Establishing RTT,,;, can be dn"flcult

D0=30vmnd= D=1030003= a»:ni-»«lv-u v m-0

4

TCPr'obe details

g Coumer‘oc"r Delayed ACK sink:
-~ Packet'inversion:

o /
Sender ...~

"sNg

- @ snio

sno

st

ACK9
ACK9
ACK11

Acki2 la-=77

+ Filtering for ACKs comlpr'essaon and RTTmm
detection are required

D0=30ma0=M §=1030003= 0#303-#20T=0 1 MN-0
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“2nd PART
NEW TCP VERSIONS

D0=30ma0=M §=1030003= 0#303-#20T-0 1 -0

New TCPs

0 Wheﬂ we obfam fmore details about the
environment where our TCP is running what do
“"we do? /
= De'rec‘r enyironment changes and adapt swnfﬂy e
-'-“”Increuse channel utilization and fairness "
React'better to losses not due to congestion
~Generate stafistics of the environment )
Decide in case of multi-interfaces-or multipaths
connections (e.g. peer to peer) which hnk to use
according to their ranking )
- Much more... /
+ BUT: keep an eye on frlendhness Towards
reference TCPslll (in case ‘rhey are present in

the link) | :_ / %

[ |

D0=30mad=M §=1030003= 0#303-#20T=-0 1 -0




19/02/2009

=#100-0 1 N-0

p0-30

annl=ll §=1030003= 04303

i£)

E Mcieney

Y TANagia

Efficiency/Friendliness

~ trade of f

A 1-;|v_ue|]!0%/

Tradeoff Region |
(F<1,E>1)

Unlikely Region
(F>1and E>1)

Negative Inpact Region Tradeoff Reguon 2
(F=<1E=1) F>LE<D)

U_ . &

1.0
Eriendlness (F)

> e B
| UCLA Westwood Family =
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/Enhanced TCPs

TCP- Westwood

annl=ll 9=1030003= 0#30]3

V.
__(BE) TCPW-CRB
(BE+RE)
/
- TCPW-ABSE
TCP/ TCPW-BBE
Astart |/ /
| e/
TCPW-A ‘fﬁ)tweRenof:
(PNCD)  tcpaw <~ | %

W@ﬁwgh &
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’»TCP Wes‘rwood BBE

>

ﬂﬂﬂ oy’ oo nno nono nop o

> RE
- BE basgd’(l/atest RE based (averaged packet
pac,kef pair sample) train)
+ ERE / Aggressiveness

o Congestion level

B | Reno-like behavior
(friendliness)

W @T'ng\ia
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Enhanced TCPs

TCP Adaptwe Reno Congestion avoidance

Congestion
window

TCP-AReno

» Time

4
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CWNID {packets))

E’n’hanceﬁd TCPs - Cubic

00 - i - r . | . |

Wl—iﬁw@h

=#107-0 1 N-0

Do=304

and=M §=1030003- 04303

E}

ther Enhanced TCPs

. Par‘ame’frlc,
- Highspeed
+Fast

* Hybla

+ Compound

- LP

* Hamilton

+ Veno P
- Quickstart”

- Tllinois’

* Much mofell

4
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Sd’relli’re environment

Challengmg
- - High' latenties
=-¥ariable bandwidth and access delay
(Bob)
="Link asymmetry
- Losses in mobility
- Directional antennas

- Shared resources

n-0

-#107-0
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Con’r d

. 'Spll‘l' archl‘recfur'e
. Secur'l‘ry drchitectures
+ Criticdl dimensioning of buffer' queues
—for satellite links:
- High values for optimal CWNDwBDP
* Problems when handover to/ o‘rher‘
networks happens
- Change in BDP product and buffers sae%

-#107-0
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Case s‘rudy 1- TCPs for

DVB-RCS

TCP Noordwuk

- ESA project for I-PEP proxy split
~“architecture transport protocol

= Burs'r based transmission COthS’Tlon con‘rrol

- Packet train analysis for channel
capacity/share estimation /

- Congestion detection based upon buffer
occupation

- Implemented in Linux and NSZ' %

-#107-0
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7 TCP Noordquk

I-PEP

" 1-PEP

| ——
Noordwijk |~
3.18 Mbits/sec ..

and=ll §=1030003- 030
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Vegas | | ..
1.68 MbitsIsTc

ﬁ@?ﬁtgh &

Case sTudy 2 - TCP for
’ Handover

. -TCP handover' detect proposal:
- Redct tohandover between :
‘ ‘rer‘r‘esfr'lal/UAV and satellite chkup link
_-Avoid connection reset and parhal data’

received loss y

- Do not affect intermedidte haps or.
require any explicit (cross Iayer‘)
signalling v

-#107-0
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F |
N | ] Satellite environment: 5

- RTT,= 500 ms (Phy only)

/| - RTT, =500-1100 ms (BoD)

- BW = 1-8 Mbit/s Fwd; 0.5 Mbit/s Ret
- PER 107

—— TCP - handover
—————— TCP.<Reno

BBE like,/

Optimal

90=30amm0=M1 D=1030003= 0303=,107=0 1 A-0

.................................. "/,CWND .
PNCD +
) capprobe / )
i/ detection/ v /
Time (s) ' ' /
ERE follower :

(TCP Astart)

2w Dhiagia &

Case sTudy 3 - TCP Cross-
/ layer

Smce the adversu‘ry of the satellite
channel, cross-layer mechanisms could
—also be-proposed: -

--Split architecture taking into accounT
explicit signalling of link condmons

- Security multi layer
- Shadowing compensation y
- Smart Resource managment  / %

90=30amm0=M1 D=1030003= 0303=,107=0 + A-0
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NS2 - NeTwork Simulator V2.x

: Op,en source prOJecf.
~" Highly maintained
- Academic standard for TCP/IP based simulations
~~~Strong code contribution T
+ C++ core functionalities:
~=" Simulation speed
- Object oriented
+ TCL scripting language
- Simulations are written in TCL (‘rexf flles)
- No need to recompile the core o creafe mulhple batch

simulations with values bracketing /
- Core complexity hidden to the user | %

D0-30ma0=M1 B=1030003= 0#303-290-0 1 N-0

NSZ block diagram

TCL Application
configuration

D0-30mn0=M1 B=1030003= 0#303-290-0 1 N-0

TCL scripting
language

s UTagia ®
NSZ vusual output

. NAM ’ro,kes as mpuT
simulafion logs to

generatevisual /®

outloeK of the e - =
~gimulation (packets Q) ©

are moving around \

on the links): 6

4
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NSZ geos‘ra‘rlonary Sat
Channel

- _Transport layef can be any available
NS2 end ’ro end Agent (TCP, UDP,
eTC ) /, Transport

* NetworkK layer offers direct routing” [rewes
_amonhg all terminals via the satellife

+ Simple aloha link layer with Queumg. ’

* Physical layer takes into account , -
position of terminals (lat/Ighg) ¢ and
the bent pipe satellite fory  /

communication delay [/ %

J Link

Physical

90=30ma0=l D=1030003= 0#303=100=0 1 A-0

u T oNoda &

52 sa’rel lite extensions
/(1/2)

;V,TCP sphf‘rmg a‘r Transport Layer:
using ad-ho€ TC PFEJr‘o'rocol oh the

satellete link (TCP-Noordwijk) =
“"DVB-RES DAMA return channel -
_resolrces sharing among several —=—
terminals and central NCC: , -

http://www.tlcsat.uniroma2. |T/DAMA/ Physical
* Error model for ‘rhe;hysncal layer ~

to resemble real DVB satellife = /

transmission (taking into account

link budget, framing, efc.) |/ %

90=30ma0=M D=1030003= 0#303=200=0 1 A-0

52 sq’rel lite extensions
/(2/2)

§0=30%an0=l §=1030003= 04303=r200-0 1 N-0

NSZ TCP hierarchy

http://wwwi-rp. lip6! fr/ns- doc/nsZZé doc/html/index.htm - DoxyGen

//
RenoTcpAgent HNewRenoTcpAgent
VegasTcpAgent e .
TepSink —DelAckSink

" Inclide ACK and
SACK

‘ TcpAgent SackITcpAgent

SimpleTcpAgent

90=30vma0=M §=1030003= 0#303=n100=0 1 M-0

NSZ Slmple TCP

. Consjr‘uc‘ror'

SmpleTcpClass() TchIass("Agen'r/TCP/s|mpleTcp"){}
+ Send o message (called by the application): ,
—void SlmpleTcpAgenT :sendmsg(int by’res const char*)
* Receive ACKs:

" void SimpleTcpAgent: recv(PackeT ka Handler *)
+ Interface with TCL scripts:

int SimpleTcpAgent: command(lm ar'gc const
char*const™* argv)

§0=30van0=l §=1030003- a»:na-»«n-u ' m-0
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NS2 TTCP Linux (1/3) -
’ CalTech

RenoTcpAgent ‘lNesznoTcpAgznf

VegasTcpAgent

TcpAgent Sack1TcpAgent

SimpleTcpAgent

TepLinux | |
Agent | |

§0=30%an0=M §=1030003= 04303=r200-0 1 N-0
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NSZ TCP Lmux (2/3)  Linux

kernel

NSZ world

@ / Linux TCP

| source
code (es
tcp_reno.c)

< ns-linux-util.cc
|| LinuxTep <i> interface
between NS2 |/
and linux

ns-linux-c.h
act upon

/| irrilevant

| | linux syscalls

90=30ma0=l D=1030003= 0#303=100=0 1 A-0
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st TCP Linux (3/3)

RenoTcpAgent HNesznoTcpAgenf

tcp-reno.c

TcpAgent

‘tcp-vegas.c

tcp-cubic

. other. (bic, HS, %
westwood, etc..)

90=30ma0=l D=1030003= 0#303=100=0 1 A-0

NSZ Lmux TCP Naive

Funct;ons for/TCP ¢ongestion control in Linux:

“Tinit() S Ipkts_acked() ssthresh()
release() .- - | ewnd_event() cong_avoid()
rif. sampla() undo_cwnd()

-|'$et_state() get_info()

|min_cwnd.()‘ ‘nume() | e » | e

TCP Naive in NS2 Linux.’
+ Congestion control - void tcp_naive_reno/cong_avoid()

Window funing in response to ack received/{e.g. slow start and
congestion avoidance for TCP Reno)

+ Ssthresh reduction on loss -

u32 tcp_naive_reno_ssthresh() i ;:
+ CWND reduction on loss - | | | %

u32 tcp_naive_reno_min_cwnd()

§0=30%an0=M §=1030003= 04303=r200-0 1 N-0

Example of loss handling

/" ssﬂlr'esha/d shau/d be half of the congestion window
—dfter a /ass >/

u32 TC’p_hGIVZ’ reno_ssthresh(struct ‘rcp_sock *tp)-
__return 'max(fp—>snd_ssfhres@2); y
} /
/* Set congestion window to ssthrésh after loss~7 o
u32 tcp_naive_reno_min_cwnd(struct/ tcp_sock *tp)

{

return tp->snd_ssthresh; [
} A

D0=30amnm0=M D=1030003~ 0»!!3-»1“-0 r m=0

Example wmdow growth

‘_yqi,d..v‘rcp_nal\{g_renq_cong_avo|d(s'rr'uc1‘ tcp_sock *tp, u32
ack, u32.rtt, u32 in_flight, int flag)

+ [ [if (tp->snd_cwnd < tp->snd_ssthresh) { | <Exponential-
|| tp=ssnd_cwnd = Tp—>snd_cwn@ slow-start:
I|Yelse{
< | [if (tp->snd_cwnd_cnt >= tp->snd_cwhd) { / <Lipgar
i|| tp->snd_cwnd ->snd_cwn,d; /| Conhgestion
g } avoidance

7 j

NSZ Exper'lences

, ;Modnfy fmnsmnssmn part to handle
packef swap: easy in NS2 not trivial for
_ Lintx wrapper .
+ Interface NS2 simulation with f'eal P
~—fraffic from ethernet cards’ ’
- NS3 is on the way... phytor scr‘xp‘rmg
real time, rewritten from scrdtch! -
» Move NS2 Linux code 1¢ a réal emula’red
DVB-RCS envnﬂonmen’rI [/ %

§0=30%an0=M §=1030003= 04303=r200-0 1 N-0
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DVB Emulator platform

: In—hous,_e emulation of a DVB-RCS
“platform with DAMA resource
__allecation’using Linux PCs:

- Testfiew fransport s

—protocols and = -
applications B s

- Security -—)_@ il i
architecture __— | |
implementation [ B B -

- Real Trafficand OS .

hh

(
:Ilf B Emula‘ror' comparison vs

- /) /NS2

; RBDC (mfe based) resource allocation

: i y

: ﬁ /S
] ]

Jp¢ TTVuR

=+100-0 1 -0
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3 _consTantIy introduce

- TCP_cdn use additional information to
——perform better in several conditions™

* The satellite systems can be seenasa
new and challenging environment for TCP

+ Simulation and Emulahon cary

and=M1 §=1030003=- 0303

/Conclusions

. TCP |s s‘nll a hve research topic (since V.
—Cerf's RFC674, dated 1974) and newer

congestion control algor‘u‘rhms are

support to research and deve opmen‘r 0
protocols, validating ideas and
consolidating the results achieved

ive, $tron
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:| Thanks for your attentionl!!

g Questions ? )
? zampognaro@ing.uniro’%az,i‘r-”’)

;r hﬁ'p://www.ﬂcsa‘r.unj"komu?f:“i‘r

10



