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SR

:Uadll Cd}u 6.1

L . usle panl maa @3 5 SIA dgae U (GEO) aiall il dlay 51Slas
sriall Al (LOS) haidl bad Jlas (e B of cangy Jaandl (Y z3salll 138 laaly
(FEC) Uasll mamiat Jalas o 22y 1070 Y 107 (50 # 5l sii (BERS)
bS5l Taddl Jase Gl L (AWGN) 72350 aladiuly

PER = 1- (1-BER)" (6.1)
-(N=12000 bits) 1500 bytes < ji a3 alaaiul e A il & cbidl &85 (N) Cus
Adid) 50 e cll Uadd dws el Jis (ECC) ladll momaail Goaall dgall
Aaolad a0 Ol ) Aes sall
((BER=10") (15 Laie a0 Uad Jaedd 4y gl (ECC) Undll romatl dpall dsiall (55
A Y1 i cDlay 8 Alsike dad b 1070 Aag

(p o) il U (e (ECC) asiad) slatis il g 8l o5 0 a8 oy
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Jsaadl 3 (PER) a0l tadll c¥ass Qi (BER) Uadll c¥ans (e Zdlidad) 2l o g
SV 107 Cbe gl Uadd) eV ane Jangie 8 dminall ad il <DLy ol e (6-1)

.[99] 10°®

[29] s A Uadd) i ana Jilie Uadl) N ana (6-1) Jgand

.(6-1) J&l ;3 WS Opnet ppp work station advanced alaaiul slSladll o

| Attribute | Yalue j
@ rname px00
@ # channel ]

& - ecc thigshald 12606 <
® - icon name pt_rs
=

Baie g igal Crads Jlu ) Jiiucal (€CC) Apaad) Aial) Jiaas (6-1) Jsidl

.Opnet ppp work station advanced
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Blslaad) B Auil 44 6.2

Gile ) sad el & jlie Jal e @lldy Al aof illy Juai) Slad (iSus aranaly Liad

(FTP) &liwks (paa TCP(Tahoe, Reno, Newreno, SACK) Jlu jyb o8adll JsS 535 5
P g (Al gl aladiuly Slslasad) 4. 6.2.1

Al amy rio ol o (o giad Aima Aadged Jlal) ASuS (e slSlad) Ay o 5SE
35 sall paiall pe daayy ((LOS) ki had dlasd 59 Jrand) g oxinall il Joaly dgua

(6-2) S8 G LS an gd) Bask o Bhen Anae B

5 10 ms ._ 0-1,,#

(Bdiad Alaa FTP adda (el A0a A ga

slad) B oa JLaGDU DU LAl (Aud ) ASudg an g e gl (e 0 sSE Adiad AL (6-2) JSAd)

KENNY
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SSladll (Pa BB iy a5 2y alad e LD il

Adel Alaasl Jhay Jone I3 olady) A8 Alay b aicall S LB Alay

JS A 8GRV 18 5 (256Kb/s) sacboall Aliagl Jluy) Jieas «(2048Kb/s=E1)

olie bl il L Ahlel s sactall Alagl Jlas e JS [32] ¢[20] Asicall o sl

(10Mb/s) 4e ju Jare <3 < ful Jhas oa adiall s 4nsall n Lo &g V) 4K dlia g

10ms by cileluall e dla o

:&us (3 TCP(Tahoe, Reno, Newreno, SACK) lia )yl & 45 5lia o sl 1a PN

L) a5l Al (e JSI peatl e 3 Al

.TCP ;\.LA}‘ é.&AJ Z\_QJA ('a.l.AA ‘f e\;d_)}_” PRI aaa

ranll Al saeliall Ala gl fp JS Fualiy

Jsanll Alell 5 5ae el Alasl o S 8 Jladl e Dliad

d}; O 2\..\»“).33\ e:\:\j

leba 1 sl (e ) Budayy alaa ) 3 ea oo 45 laal)

alels 5 sl () é._\kgj 5% 2\_\.\4.\.\.1 tl,).ua.“ 9 ebd)}“ den g 2\_1_)15.4.“

(el 5 slSladll (1) Buays 0.15 laiay palill g alaa3Y1 2sa s A5 laal

clele 5 slSladl (e Gukays 0.15 kil 5 5% ¢ Luall calas Y1 0 s 53 401l

.(50MB, 5MB, 500KB) (s yall ilall aas Jal ya ellsg
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tdaial) a3l Cre A gliia aladiuly SlSlaal) 44 6.2.2

¢ V) Juaty) S ae Aol dpmiall ol 51l (e Ge shiaie (e Blaall Ay () 5S5

P0e s olinad) 138 Ay () S5

(10,000,000 Kb/s) e s &350 Sias Gash oo lein Lo dliaiall Lpaiall o 53l

Aash 3ioh oo Ll by el ol ae dlaidl (Jseall) 2500 LS 5l .
.(2,048Kb/s=E1) de_juss Alailel) Alia gl 5 ¢(256Kb/s) A yusy s2clial

(10Mb/s) i jul el s 31k o Slea sall ae Alaiall cilaridll o

((DS3) de yus Dy alaaiuly dlldg cilea sall Bl e Gl G Jlaty) .

e shiall diluall s Lo Uadll 560

L gy g A giall g (Bdan diaa pda 1Jenll d\.».a'jj 3lSlaa ﬁjw‘ Jla ‘sﬁ a Cua
Lia 503 G gase o el LE 8 8 aal il cida Aae adiie 20mel) Jladl

L3 Aae 4a g0 e alaa 3Y)
S e onile Jlay) I g3 @ LY cilele 10 U A ol (a3 30k I deas LS

e
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Damasous qahewa\y

Sl ) ALyl oo M ALU At a6 uad (e Adle Jlal] ASud BlSkae 3 gad (6-3) o)



:&us e TCP(Tahoe, Reno, Newreno, SACK) ilie iy sa & jlaa o jlinudl 128 LT

oY) Sl ) sa e IS el (g 45l

s Aae adda g (Bed Abae adda (B alad JY1 3280 aaas
2dpeall 5 1dseall (0 IS Adailell 5 3ac Lall Alia gl (0 JS dualyy)
Alaylell g sacliall Ala gl e IS (8 Jladdl (i je SOl

DA ¢ Al 2l a3 g

I ENE M IRPETRERIL

0.1s 5alill g 5% & lucall calaa3Y1 2 5a 5 35l

(50M) Jupall Calell aas Jaf (ge lldg

BlSlaal) b Aighal) Gailadl) 6.3

Slaasn el sl (6-3)5 (6-2) JKEVL daim gl AN Agy Asday L

.(FTP) il yain TCP(Tahoe, Reno, Newreno, SACK)

Baaie Jee cilin g dalida 4l LJJJLW

ikt dal (e dady 25 @ dagall (A aaan daaty G Aoyl s8las Jaf e
LS (OPNET Ethernet4 slip8) 4a gall (jania (IP) Glow Jiaaty Ld e JS5 o (FTP)

(6-4) JSal) & em sy

40



=] (Damascus gateway) Attributes E@

Type: | rater

| Altribute Walue -
- rame Damascus gatewsay

PN

IF Routing Protocols

Reports

DHCP

Legacy Protocols

IP Multicasting

Performance Metrics

H5RP

BI1P

[..]

Central Processing
Skipie Fetel Hate |Diks/ secong mieblas
atagram Switching Rate [packets/zec] 500,000 T
atagram Forwarding Rate 360,000

orwarding Fate Units bitz/second
emory Size [bytes]

I L enats

IF Routing Parameters [...]

] IPvE Parameters MNane | f
»

[ Advanced

@ | Fiter [~ Apply to selected objects
[~ Exact match ITI LCancel |

caaa Y Blslaal da gal) (aa (IP) il Jyans (6-4) JSl

@
@
@
3
@
<
@
@
@
7
4

:0.1S alil) § 5% gLl 5lslas 6.3.2

LS xiall il saie 5Slae 73 sl laws 3 sl DA e 5l g g luall 2 aaan 4y
,(6-5) JEL 2asa o8

]| (SAT_1) Attributes EEX

Type: | cloud

| Altribute Value J
@+ name
IP Routing Protacols
Reports
CPU
PN
DHCP
IP Multicasting
Performance Metrics

MPLS
Systermn Management
——

e
@ | Packet Discard Ratio 5.0%
(# |- Packet Latency [secs) 0.1

3 @ System Information [...]

]

[ Advanced
& | Eilter ™ Apply to selected objects
[~ Ewact match ok Cancel |

coral) ) e & Gl PIA (e alil g g ludall ad aaa (6-5) Jei
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(FTP) ilad) JiS JeSsig m <ildana 6.3.3
dhally Aaa ge LS Gailiadl] a5 G (FTP) ol 3lSlaey ik

A Cilal) Jrand cladal S Gilall il ¢y Aad ¢f (FTP) Gilall Jis JgS g9 cladana (6-2) Jgaad

Slslae g8
Attribute Value 1 2 3
File inter-request time (s) 18,000 18,000 18,000
File inter-request time distribution  constant  constant  Constant
File size 50MB 5MB 500KB
File size distribution constant  constant  Constant

:TCP JsSgign <iana 6.3.4

1(6-3) Jsoall sSlaal (paia Jla YU oSt S 555 Raadional) caaaadd) el

TCP Juu ¥l aSaill S 555 casaa (6-3) Jsaad

TCP Parameters Value

Sender maximum segment size (SMSS) 1,460 bytes
Slow start initial count 2 SMSS
Receiver’s advertised window 65,535 bytes
Timer granularity 0.5s
Persist time-out 10s
Maximum ACK delay 0.2s
Maximum ACK segment 1
Duplicate ACK threshold 3
Initial RTO 3.0s
Minimum RTO 1.0s
Maximum RTO 64.0s
Retransmission threshold 6
RTT gain 0.125
RTT deviation coefficient 4
Deviation gain 0.25
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AN anli Clddas 6.4

e WY (FTP) < ) Clinda (paa (TCP) Jlu YL aSaill JsS 535 5 ilae jl 53 43l

toh g AN Ay g pall Calaaall g Gunliall doaas
tdeaadl) 03 6.4.1

Gllall J&i JsS 39 pada N (FTP) s Jlay) o e Jsdaad) il g8 Jaeasll a3
gl ola) Jal e sl il ey sa s ALIS dpaiadl 550 Juid s (FTP)

(FTP) cale Jrani 8 bl o i5e sa Jresill (e o eledledls
:TCP Throuput 4aliy) 6.4.2

(TCP) Jus o cse Aluyall iall 5550 3 a a (TCP) JluyYl oSall J5S 505 5 danlis
0o dga sl Al (Pla clidl b g€ (TCP) Jifise die ulE a5 (TCP) diine )
(TCP) Jifiua (e Aliisall 5 (TCP) s 1

:TCP Goodput 4lledl) 4ality) 6.4.3

TCP UJiiase (1o zramia JS8 Alid) Ll ) sleall fae Lo dagaiall 4La) clill e oo
Ahaiy) sae A e 3l saal g PUA

TCP Goodput = File size/ Download response Time (6.1)
:Utilization g.a.'ml\ asal) Lyl Sl (a e Pidiud 4wl 6.4.4

ool saaly DA aicall ol Alay e Al dsaaall ) oS Lie s
orinall il Alay e bl JiS Janes

Utilization= Goodput/ TR (6.2)
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1y ol gl Gada BlSlaall guilii 6.5

da g ada Al el alan ) 3l g5 50M cilell aaa 6.5.1

=] jeep_1 ~BX]
M Annotation: FTP_only /FTP_custom W Annatation: FTP_only / FTP_custom
projectd- reno no lstency-DES-1 projects- reno no latency-DES-1
B Annotation: FTP_only / FTP_custom W Annotation: FTP_only f FTP_custom
projectd-new reno no latency-DES-1 projectS-new reno no latency-DES-1
@ Annotation: FTP_only f FTP_custom B Annotation: FTP_only 7 FTP_custom
projectd-sack no latency-DES-1 projecti-sack no latency-DES-1
O Annatation: FTP_only JFTP_custom O Annatation: FTP_only / FTP_custam
projectS-taho no latency-DES-1 projects-taho no latency-DES-1
2800 Client Fip Download Response Time (sec) 55,000,000 Client Ftp.Dovwnload File Size (bytes)
2,600 = 50,000,000
Efl 45,000,000
2,200
40,000,000
2,000
35,000,000
1,800
1,600 30,000,000
1 400 25,000,000
1,200 20,000,000
1,000 15,000,000
e 10,000,000
E00
5,000,000
400
e o T T T T
” - -, - A "
g a7, g g g iy
0 : ‘ ‘ N e e RN IR
0 1,000 2,000 3,000 4,000 & F el ot o &S &S
time (sec) = & ¥ ¥ R e

alas)) sl 50M Cilal Jraadl) o (6-7) S

ﬂ server1 of Damascuse

W Annotation: Conn 1 [Fipl: (Port 20) =-= jeep_1 (Port 1024)
projectd- reno no latency-DES-1

B Annotation: Conn 1 [Fipl (Port 20) =-= jeep_1 (Port 1024)
project8-nevy reno no latency-DES-1

Wl 50M Joeaadl) (paj g Alladl) Asaliny) (6—4)d | gaad) B Annotation: Conn 1 [Ftal: (Port 20) <-= jesp_t (Port 1024)

ala)

project8-sack no lstency-DES-1
O Annotation: Conn 1 [Fipl (Port 20) =-= jeep_1 (Port 1024)
project8-taho no latency-DES-1

TCP Connection. Congestion Window Size (hytes)

260,000
Gl j ) oA (S) A s gt :\,.\9134";{\ 240,000
TCP P kb/s g
200,000
Sack 2623.30687 152.4793 o —
Newreno 2664.51822 150.1209 160,000 ff
Reno 2716.3355 147.2572 > f
Tahoe 2726.91399 146.686 o i
40,000 'F‘
60,000 .I I‘
40,000 4 A n
20,000 4
DDh Om Oh éDm Ok ﬂlle 1h IDm

alaa}) 2055 50M caladjy) 33U ana (6-8) Jsl
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TCP (SACK) JsS 55l Jeadll Aalit¥ g Joanil) a3 )

CON a3l sall e Juzadl TCP (SACK) alaa3¥ caiad 3401 o ) el slSkaall il

] jeep_1 -> SAT_1[0]

M projects- reno no latency-DES-1
M projectS-new reno no latency-DES-1
O projectd-zack no latency-DES-1
O projectS-taho no lstency-DES-1

point-to-point Ltilization

A gll Jiiual) Jlaal) (2 0(6-10) Jead
alad)l &igh 50M saslal

#|SAT 1 -» jeep_1[0]

M projects- reno no latency-DES-1

H projectS-new reno no latency-DES-1
O projectd-sack no latency-DES-1

O projectS-taho no latency-DES-1

point-to-point Ltilization

1,000

100+

y T T
b Om Ok 20m Ok 40m 1h Om

sl Jiieaall Jlaal) (a0(6-12) S
alad)) ulsh 50M (Adadgl

45

cba 3l Al 3L e g el Jaesd e () 525 Lae

+]jeep_1 -» SAT_1[0]

M projectS- reno no latency-DES-1
B project8-newy reno no latency-DES-1
O projectS-zack no latency-DES-1
O project5-taho no latency-DES-1

point-to-point throughput (packetsfzec)

30+

234

20+

T T T T
Ohom  Oh10m  Oh20m  Oh30m  Ohd40m  Oh30m  ThOm

Jeaad) e Bacliall Ala gl 4alii)(6-9) Jid

alaa)) Ll 50M ¢ alall alill
H#|SAT 1 -> jeep_1[0]

M projectS- reno no latency-DES-1

M projectS-newy reno no latency-DES-1
O projectS-sack no latency-DES-1

O projectS-taho no latency-DES-1

poirt-to-point throughput (packetsizec)

T T T T
OhOm  Oh10m  Oh20m  Oh30m  Ohd0m  Oh&0m ThOm

& e dadel) dla gl :lel'\l(6-11) Jséd
alad) Wl gl 50M (Jraall il



alaa) Al g5 50M Jiiuall Jlaal) (a5 4aliy) (6-5)J g

Free 50M SACK NEWRENO RENO TAHOE
J1->S1 239.8 237.1294 232.3671 229.4206
kB/sec Ll
S1->j1  237.6755 231.4067 228.315 227.9137
Jaall (o se J1->S1 62.52458 61.66574 60.03443 60.01615
Jrbsal) S1->j1 7.806795 7.597628 7.49967 7.508419

TCP (SACK) JsS 535, bacluall dliagll 3 axiiudl Jladdl (e 5 palis) Jawgie o Jaadls

Aala 3l Bie CEWAY dia et da TCP (Reno) dualll (mdas g « DA il )l 6l e S

.TCP(Tahoe, Reno) (s Juadl ¢1d TCP(Newreno) JsS i sy aaiy

Plaiad 5 ilia 530 (8L e S TCP(SACK) JsS 55l Adailel) dlasll 8 dalisy)

46
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taa g pria i (e 5% £l 455 50M Gildl) aaa 6.5.2

] jeap_1 E(=1[e

W Annotation: FTP_only f FTP_custom
projects- renol with loss no latency-DES-1
B Annotstion: FTP_only §FTP_custom
projectS-newy renot with loss no latency-DES-1
B Annotation: FTP_only f FTP_custom
projectd-zackl with loss no lstency-DES-1
O Annotation: FTP_only f FTP_custom
projectS-tahol with lossno latency-DES-1
10,000 Client Ftp .Download Response Time (sec)
9,000 :
&,000
7,000
E,000
5,000
4,000
3,000
2,000
1,000
o T T T
a 0s 1 15 2
time (gec) (x10,000)

50M cila! (Jaaadl) (10 (6-14) Jed)
5% flaa ul gy
455 50M ilal Jraadl) (e g Alladl Aality) (6-6)Jsaad)

5% glua

Zila 30 63 Aladl) Lality)
b UL (S) Jaaail) (ya ) el
TCP kb/s

Sack 8714.5 45.90051
Newreno 9171.268 43.61447
Reno 9436.124 42.39029
Tahoe 9394.02 42.58028

Alad Aualis) S 41 TCP (SACK) US55 0
EMM@MW}M&J dﬂ}

i TCP(Reno, Tahoe) (e Juzadl ¢lal 41 TCP(Newreno)

el Ay yull salaiayl sk

47

=] jeep_1 FEX]
W Annotation: FTP_only # FTP_custom
projectd- renol with loss no latency-DES-1
B Annatation: FTP_only § FTP_custom
projectd-new renol with loss no latency-DES-1
@ Annatation: FTP_only #FTP_custom
projectd-sack! with loss no latency-DES-1
O Annotstion: FTP_only # FTP_custom
projects-tahol with lossno lstency-DES-1
55,000,000 Cliert Ftpp.Dovwenload File Size (hytes)
50,000,000
45 000 000
40,000,000
35 000,000
30,000,000
25,000,000
20,000 000
15,000,000
10,000,000
5,000,000
u} T T

T
u} 0s 1 1.5 2
time (zec) (x10,000)

] server1 of Damascuse

50M Juipall cilal) aaall (6-13) Jsdll
5% glua ul gy

B Annaotation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
projectd- renol with loss no latency-DES-1

B Annotation: Conn 4 [Fip]: (Port 200 =-= jeep_1 (Port 1024)
projectd-newy renol with loss no latency-DES-1

B Annatation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
projectd-sack! with lozs no latency-DES-1

O &nnatation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
projectS-tahol with lossno latency-DES-1

TCP Connection Congestion Window Size (hytes)

=Es

26,000

24,0004

22,000

20,000

18,000

16,000

14,0004

12,000

10,000

&,000

£,000

4,000

2,000

o T T T T
o 0s 1 15 2

time (sec) (x10,000)

e

50M cila! alaa 3Y) 338U axa (6-15) JS&
5% glua Al gy




| jeep_1 -> SAT_1 [0] | jeep_1 ->SAT_1[0] 9(=1E3
M projects- renol with lozs no latency-DES-1 W projectS- renol with loss no latency-DES-1
W projectS-new renol with loss no latency-DES-1 B projectd-newy renol with loss no lstency-DES-1
O projectS-sackl with loss no latency-DES-1 B projectd-zackl with loss no latency-DES-1
O projectS-taho1 with lossno latency-DES-1 O project8-tahol with lozzno latency-DES-1
point-to-point utilization poirt-to-point throughput (packets/zec)
200+ 10+
100+
g
S04 A \
a4
20+
10+ 7 \
e 6
24
e
14
05 S
02 3
01 4 2l
0.05+
14
oc2- _-
0.01 . . i T T
Ok O 1h Ot 2k O 3k Om 4h Ot Sh O Oh Om Th Om 2h0m 3h 0m 4h Om Sh0m

5% §lua al gl 50M il saslal 5% glua 25k S0M Cildl (ial) gl

HISAT_1 > jeep_1[0] [ (=1e +/SAT_1 -> jeep_1 [0]
M projects- renol with loss no lstency-DES-1 W projectd- renod with loss no lstency-DES-1
B projectS-nevy renol with loss no latency-DES-1 B projectS-new renol with loss no latency-DES-1
@ projects-sack] with loss no latency-DES-1 E projectS-zack] with lozs no latency-DES-1
O projects-tahol with lozsno latency-DES-1 O projectS-tahol with loz=sno latency-DES-1
poirt-to-point utilization poirt-to-point throughput (packetsizec)
200+ a-
100+
a
S0+
20- "
10 &l
N \
5
; |
1 4]
0.5+ U
3
021 “
0.1 27
0.0:5 \S
14
0.02
o] T T
o T T Ok m 1hOm 2 Om 3h Om AhOm S Om
Oh Om 1h Om 2h Om 3hOm 4h Om Sh Om

AL sl gia) Jiad) s £(6-18) S il ¢ Algl) Al gl Al (6-18) Jea
5% plucs 4155 50M il dlalg) 5% §lua 35 50M cilal Jaall 2l
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5% £laa &gl 5OM Jiiedl) Jlasl) e g Aalily) (6-7)J s2ad

loss 50M SACK NEWRENO RENO TAHOE
. J1->51 78.28526  75.54169  75.30539 72.51628
KB/sec 4l
S1->j1 74.01278 71.05701 71.05701 68.41649
. . J1->51 19.03784  18.28693 18.29113 17.69725
Jiiual) Jlaal) o
S1->j1 2.258494  2.174158 2.171931 2.10064

TCP(SACK) JsS 55 5l Juzmad¥ dpalisy) aws sie dlalgll ysacbliall lagll 3 @
Slo Jriadl Jad) e 5 Aaliy) has gie Cua e 613V TCP(Newreno) 3siy o
.TCP(Reno, Tahoe) (= JS

CSBEAY) e 2221 TCP(Reno, Tahoe) = 25 @

49



tAn g aa gl Gada 0.1S als A 63 50M il a3a 6.5.3

] jeep_1 =E=ES ] jeep_1 EEX

W Annotstion: FTP_only § FTP_custam B Annotation: FTP_only £ FTP_custom
projects- reno latency-DES-1 projects- reno latency-DES-1
B Annotation: FTP_only § FTP_custom W Annotation: FTP_only f FTP_custom
projecti-newreno latency-DES-1 projectS-newreno latency-DES-1
@ Annotstion: FTP_only § FTP_custom @ Annotation: FTP_only £ FTP_custom
projectd-sack latency-DES-1 projectd-sack latency-DES-1
O Annotation: FTP_only § FTP_custom O annotation: FTP_only £ FTP_custom
projecté-tahoe lstency-DES-1 projects-tahoe latency-DES-1
Cliert Ftp.Download Response Time (sec Client Ftp.Download File Size (hytes:
2,800 £ B =ec) 55,000,000 B taytes)
¥
iy 50,000,000
2,400
45,000,000
2,200
2,000 40,000,000
1,500 35,000,000
1,600
30,000,000
1,400
25 000,000
1,200
1,000 20,000,000
L 15,000,000
600
10,000,000
400
200 5,000,000
o T T T a T T T
u} 0s 1 15 2 a 0s 1 15 2
time (sec) (x10,000) time (sec) (x10,000)

50M wilal Jaeadl) (a3 (6-21) JSad) 50M Juiyall cilall aaal) (6-20) Jsdd)
0.15 Al g 0.1S AU Ligh

] server1 of Damascuse g@
5 OM it L ..“ L ..“ O“J D) "m m a_)eu_‘«g\ (6_8) d 9 491‘ M Annctstion: Conn 1 [Ftp] (Port 20) === jeep_1 (Port 1024)

projects- rena latency-DES-1
B Annotation: Conn 1 [Ftpl: (Port 200 =-= jeep_1 (Port 1024)
£ )
" 04 projectS-nesvreno latency-DES-1
0.1S J.'.‘Al‘ ".‘AJ“? B Annatstion: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
projectS-sack lstency-DES-1
O Annotation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Part 1024)

projectS-tahoe latency-DES-1

‘;lL\.A. ‘ 3 M‘ Z\_)%u_"y‘ TCP Connection Congestion Window Size (bytes)
=) ) > (S) 5.- 41 o ¢
TCP kb/s 260,000
Sack 2669.77 149.8256 i
220,000
Newreno 2636.069 151.7411 200,000
Reno 2683.163 149.0778 122222
Tahoe 2708.693 147.6727 140,000
120,000
100,000
0,000
Jranill ey Cus e glal Jiadl TCP(Newreno) a-ﬁg Sy
40,0004
* ( . fe U T (B - 20,000
cus TCP(SACK) ¢lal Je 5alill iy Alladll aaalisyl o) - : . é
- timé [=ec) (x10,000)

ol Y) quiad sk e oy

50M <alal alaa ) 328U ana (5-22) LAY
0.15 AU Mlgiy
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-] jeep_1 -> SAT_1 [0] =3

M projectd- reno latency-DES-1
W project3-newreno latency-DES-1
O projects-zack latency-DES-1
O projectS-taboe latency-DES-1

poirt-to-paint utiization

1104

100

Aia gl Jaiuwd) Jlaall 22 (6-24) Jsid)
0.1S _uali g5 50M cill 3aslial)

#{SAT_1 -> jeep_1[0]

M projects- reno latency-DES-1
B projectS-nevrena lstency-DES-1
B projects-sack latency-DES-1
O projects-tahoe latency-DES-1

paint-to-point utilization

200

100+

S04

20+

10+

24

0.5+

0.2

01+

0035+

0.02+

0.01 1
Oh Om 1h Om 2h Om 3hOm 4h Om sh Om

A sl Jriall Jaadl (o (6-26) Jsid)
0.1S AU 150 50M Cildd Ayl

] jeep_1 -> SAT_1 [0]

B projects- reno latency-DES-1
B project8-nesvreno latency-DES-1
B project8-zack lstency-DES-1
O project8-tahoe latency-DES-1

poinit-to-poirt throughput (packetsizec)

EBX

1} 035 1 135

time (sec) (x10,000)

2

Jeardl (pa Basliall Al gl Aalii) (6-23) Jeaa

0.1S il s sy 50M cilal el alill

| SAT_ 1 -= jeep_1 [0]

W projects- reno latency-DES-1
B projectd-newreno latency-DES-1
B projectS-sack latency-DES-1
O project8-tahoe latency-DES-1

poirt-to-point throughput (packetsisec)

Oh Om 1hOm 2hOm ShOm 4h Om

Sh Om

&Y e Adalgl) Ala gl 4alid) (6-25) Jsd
0.1S il 4 sy 50M Cilal Jranll il
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0.1S ali A g5 50M Cile! Jrand Jatuwadl Jlaall 22 5 Lalily) (6-9)J saad

Latancy ’ SACK NEWRENO RENO TAHOE
. J1->S1  233.1761 233.9374 233.202 218.2862
KB/sec 4xalidy)
S1->j1 230.3686 231.7053 230.905 217.0087
. . J1->S1 60.82946 60.83977 60.82376 57.02908
Jrial) Jlaall (2 :
S1->j1  7.596495 7.598097 7.599585 7.131591

.TCP(Newreno) Js<sis sl Jaddl (oayal Plaiad s dualyy ef @
.TCP(SACK, Reno) (s JSI daliY) dad dass sia b co,li @

.TCP(SACK, Reno) ¢ JS Jxtiusall Jlaall (a0 A Jans ie 8 )5 @

.¢1al 15 41 TCP(TAHOE) o
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tan g aa gl Gad 0.1S alig 5% glua sk 50M ikl aaa 6.5.4

=+ jeep_1
W Annatation: FTP_only § FTP_custom B Annotation: FTP_only / FTP_custom
projects- rena latency loss-DES-1 projects- rena latency loss-DES-1
B Annotstion: FTP_only # FTP_custom B Annctation: FTP_only / FTP_custom
projectd-neswreno latency loss-DES-1 projectd-newrenn latency loss-DES-1
@ Annotation: FTP_only # FTP_custom B Annctation: FTP_only / FTP_custom
projectd-sack latency loss-DES-1 projects-sack latency loss-DES-1
O Annatation: FTP_only § FTP_custom O Annotation: FTP_only § FTP_custom
project-tahoe latency loss-DES-1 projectd-tahoe latency logs-DES-1
13000 Cliert Ftp.Download Response Time (sec) 55,000,000 Client Ftp Download File Size (bytes)
J =000 N 50,000,000
11,000
45,000,000
10,000
40,000,000
9,000
000 35,000,000
7,000 30,000,000
& a0 25,000,000
S 20,000,000
4,000
15,000,000
3,000
10,000,000
2,000
1 ooo 5,000,000
a T T T o T T T
a 0.5 1 15 2 a 05 1 15 2
titne (zec) (x10,000) time (sec) (x10,000)

50M Gilal Jraal) (e j (6-28) Jsid) 50M Ju ol ilall aaad) (6-27) Jsid)
0.1S ,alig 5% glua il gi 0.1S ,aliyg 5% glua algi

50M alat M‘ C)AJ K zula.ﬁ\ :\,,\Qt\-l.‘gs (6_10)J3J§J\ ] server1 of Damascuse

. B Annotation: Conn 1 [Fip]: (Port 20) =-= jeep_1 (Port 1024)
314 0, p/ “t rojects- reno latency loss-DES-
0'15 *)'-'\ALL’ SA) &1*&4 Jﬂ!ﬂ -] inljﬂt:?a?ion: Co::tﬂ [Fyti'u]: (PErESQJ) =-=jeep_1 (Port 1024)
project8-newreno latency loss-DES-1
= Anljotation: Conn 1 [Ftp]: (Port 207 =-= jeep_1 (Port 1024)
cla ) sa (S) il o Lladl) daliny) B2 At Comn 1 i Por 20) <> o1 (Port 1024)
£ projectd-tahoe latency loss-DES-1
TCP kb/S TCP Connection.Congestion Window Size (bytes)
Sack 10786.46 37.08353 -
Newreno 11143.7 35.89472 18,000
Reno 11528.86 34.69554 16,0001
Tahoe 11665.45 34.28929 "
12,000
Al A Joast pay Jondl 4 TCP(Sack) JSsise | ™
8,000+
Blatiall 3aleinyl 3y yh e dag ) salaiuy) | 000
4,000+
tﬁ:}“ ZJA)A @ J)Sld\ d};ﬂ\ o ‘;’L?—j TCP(REHO) 2,000
1] T T T 1
B el cilebuall 4 (Slow Start) Zﬁ\jn-_m . . 1 ti;:(aec) (x1u,uon)2

el T 5ul Legd TCP(Reno, Tahoe) iy 50M alasjy) 53U paa (6-29) Jead

0.1S ualiy 5% glua
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] jeep_1 -» SAT_1 [0]

M projectd- reno latency loss-DES-1
B projectd-newreno lstency loss-DES-1
@ projectd-sack latency loss-DES-1
O projectd-tahoe latency loss-DES-1

point-to-point Ltiization

0.2+

0.1+

0.05+

0.02+

om T T T
Oh Om Th Om 2h Om Sh Om 4h Om sh Om

saclual) Al gll Jadual) Jlaad) G e(6-31) Joi)
0.1S alis 5% gl 45k 50M ikl

| SAT_1 > jeep_1[0] FEE]

B projectd- reno latency loss-DES-1
W projectd-nesvreno latency loss-DES-1
O projectd-sack lstency loss-DES-1
O projectS-tahoe latency loss-DES-1

point-to-point utiization

200

1004

a0

0.2+

0.1+

005

0.02+

om T T T
Oh Om ThOm 2h Om ShOm 4h Om sh Om

gl Alua gl Jrtual) Jlaal) (e (6-33) Jsd)
0.1S alig 5% glua 1l 50M ilal

] jeep_1 - SAT_1[0]

W projects- reno latency loss-DES-1

B project8-newreno latency loss-DES-1

B projects-sack latency loss-DES-1

O projects-tahos lstency loss-DES-1

poirt-to-point throughput (packetsizec)

e
74
-1
5
4
34
2
14
0 T T T
Oh Om 1h Om Zh Om 3h Om 4h Om Sh Om

il Jaard) (e Bacbliall Al gl Aalil) (6-30) Jsid)

0.1S alis 5% £lua sl 50M Cildd aiall

H{SAT_1 -> jeep_1[0] =13

M projects- reno lstency loss-DES-1
M projectd-newreno latency loss-DES-1
O projectd-zack latency loss-DES-1
O project8-tshoe latency loss-DES-1

poirt-to-poirt throughput (packetsfzec)

o
Oh Om 1h|Dm Zh IDm 3h IDm 4h Om ShOm

il i) (e Adalel) Alia ol dualiy) (6-32) Jeidl

0.1S alig 5% £lua 1l 50M cilal Jraall
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0.1S ,alis 5% gl 4 sh 50M cilal Jaieeal) Jlaal) (2 5 dalidy) (6-11)J g2

Loss&latancy 50 SACK NEWRENO RENO TAHOE
. J1->51 66.95452 64.86796 61.75526 58.89716
KB/sec 4l
S1->j1 63.05145 61.50616  58.2203  55.5592
. . J1->81 16.2079  15.67776 14.92731 14.35989
Jiduall Jlaad) o )
S1->j1 1.920843 1.861514 1.772918 1.700981

ol Gase dausies dalglly saclall agl o S8 4 Aali) bugie ol o
TCP(SACK) J <53 nl Jaiudl

o Juml Jladll (m jal Pl A a9 41 TCP(Newreno) JsSsiss @
.TCP(Tahoe, Reno)

il g g bl gl 138 ol T eud a3 TCP(Tahoe) o
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P g A Al ek alan ) Al gl BM calall aaa 6.5.5

W Annotation: FTP_only [ FTP_custom
projectS- renol SM1-DES-1

B Annotstion: FTP_only / FTP_custom
projectS-new renol SM1-DES-1

O Annotation: FTP_only / FTP_custom
projectS-zack! Shi1-DES-1

O Annotation: FTP_only [ FTP_custom
projectS-tahol Sh1-DES-1

Client Ftp Dovwnload Response Time (sec)

(\"%:@ ¢§§ -\‘g@
S S S

pla)) 206 BM Cilad Jpaad) (e (6-35) Js

o)) g BM cilal Jpaadl) (e ) 9 Alladl) Laliy) (6-12)J g2

sla § ) 63 Aladl) dality)

e ) (S) faaal] (pa el
TCP kb/s
Sack 270.1581 148.0614

Newreno 279.9651 142.875
Reno 283.2891 141.1985
Tahoe 283.271 141.2075

O eIV )

J il adl

A I RS P 3

& ‘9:1)11:

~TCP J ol iy lsa

TCP(SACK)
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M Annotation: FTP_only # FTP_custom
projects- renol Sh1-DES-1
B Annotation: FTP_only F FTP_custom
projectd-new renol Skl -DES-1
O Annotation: FTP_only # FTP_custom
projectd-sackl Shi1-DES-1
O Annotation: FTP_only # FTP_custom
projectd-taho1 Skl -DES-1
5.500,000 Cliert Ftp Download File Size (bytes)
5,000,000
4,500,000
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000
1,500,000
1,000,000
500,000
o T T T
e ) A W ]
S S S S B
S A
& & & B R

) gk 5M Jupall Cilall aaa (6-34) Jeid

#|server1 of Damascuse

B Annaotation: Conn 1 [Fip]: (Port 20) =-= jeep_1 (Port 1024)
projects- renol Sh1-DES-1

B Annaotation: Conn 1 [Ftpl (Port 200 =-= jeep_1 (Port 1024)
projectS-newy renol Sh1-DES-1

O Annatation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
projectS-sack! Ski1-DES-1

O Annatation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
projectS-tahol Shi1-DES-1

50,000 TCP Connection. Congestion Window Size (bytes)

70,000

60,000

50,000

40,000

—

30,000

5M cilal alaa3Y) 53U aaa (6-36) JSil)
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.-~ (€ .:L.'“ &j

8Y) 35— ki TCP(Reno,Tahoe) ¢—— J—<Sfa 4

. (Fast retransmit) ol Ju Y1 sl & TCP(Newreno)

1 ->SAT_1[0]

W projects- renal Shil-DES-1

W projectd-neyy renol Shi1-DES-1
O project-sackl Sh1-DES-1

O project8-tahol Sh1-DES-1

point-to-point utilization

1105

100+

a0+

80+

T0

B0+

a0+

40

30+

20+

Al gll Jhiall Jlaal) e (6-38) Jedd
alad)) a5 5M cilal saslal

H|SAT 1 -> jeep_1[0]

M projects- renol SM1-DES-1
M projectB-new renol Sk1-DES-1
O projectd-zack! Shi1-DES-1
O projectS-tabiol Shi-DES-1

poirt-to-poirt utilization

1,000 1

100

A gll Jitusall Jlaa) e (6-40) Jil
alad)) A 5M cilel Ayl
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->SAT 1[0]

M projects- renol Skt -DES-1

B projectd-new rencd Ski1-DES-1
O projectd-sack! Sh1-DES-1

O project8-tabol St -DES-1

point-to-point throughput (packets/zec)

s s s S s
o P o oy > & o
&S &KF F R Kk

Jraad) e Baclall Ala gl dalil) (6-37) Jeid

L)) Al BM cald adal) alll

| SAT_1 -> jeep_1[0]

M projectd- renol Sh1-DES-1
M project8-new renol Sk -DES-1
O projectS-zack] Skt -DES-1
O project8-tahol Ski1-DES-1
point-to-point throughput (packetsfzec)
26
24
224
20+
184
16+
144
124
10+
&4
64
44
24
0+
3 3 3 9 0
(\%@ ¢%§ \~?§““ -é%‘s -:\'%@
SHEE - A R

&L e ddalgl) Aba gl Aalid) (6-39) Jsd
) Aeh 5M il Jaaall aial



alad)) 4l gl 5M Cilal Jiieea) Jlaad) (i e g Aualify) (6-13)J g2l

Free 5M SACK NEWRENO RENO TAHOE
. J1->81 220.2572  219.8922 219.4055 219.1217
KB/sec 4:aliy)
S1->j1 218.2155 217.6617 217.4589 217.9861
. . J1->51  57.0807 57.0561 57.04998 57.04641
Jidal) Jlaall 2 o :
S1->j1 7.124826 7.124676 7.134258 7.162811

@_}}_}\ Sl y o edl Gu calall pa Ualiss) &= N sy e

saclall Ala gl 3 daliyl hugie Cua e oY) 8 4Ll TCP(SACK) a3y e
Adailedl
DA le ) 58 (e Juadl JS alaaJY) TCP(SACK) iy @
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g Ak bl Gad 5% glua gl 5M cilall aaa 6.5.6

= jeep_1 =13

B Annotstion: FTP_only £ FTP_custom
projects- renol M loss-DES-1
B Annotstion: FTP_only £ FTP_custom
projectd-new renol Sk loss-DES-1
O Annotation: FTP_only £ FTP_custom
projectd-sackl SMloss-DES-1
O Annotstion: FTP_only £ FTP_custom
projectd-tahoe Sk loss-DES-1
1.a00 Cliert Ftp.Download Response Time (sec)
a00
00
oo
(=ln)
500
400
500
200
100
u} T T T T
<] 4 < g < g
G I Y X O X ORI X
&5 2 & & ST o
i N
& e NG C & Ea

5M cilal Jueail) (1 (6-42) S
5% glua wlg

5M cilel Jpaail) Jpaaih (paj g Alladl) Aalisy) (6-14)J g2ad

5% §lua a5y

Zila ) 63 Aladl) Aality)
L - JJ P (s) L w“ C)AJ . <
TCP kbl/s

Sack 826.7833 48.38027
Newreno 884.3441 45.23126
Reno 905.5353 44.17277
Tahoe 953.2811 41.96034

Cua (e TCP(SACK) J 4l 5y )Ll 138 8 1aadls
cehd_}}” 3384 a9 Alaal) 2\,};13.1}”} (L\AA_A.. | %)

.13 ¢ gl 235, TCP(TAHOE)
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=1 jeep_1

B Annotstion: FTP_only # FTP_custom
projects- renol M lo=ss-DES-1

B Annotstion: FTP_only ¥ FTP_custom
project3-new renol SM loss-DES-1

O Annotstion: FTP_only # FTP_custom
project8-sackl 5M loss-DES-1

O Annotstion: FTP_only # FTP_custom
projectd-taboe SM loss-DES-1

Cliert Ftp Dovwnload File Size (bytes)

5,500,000

5,000,000

4,500,000

4,000,000

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

u} T T T T
3 4 < g 43 e
0&'%3%& 0&\&%@ \:LE; Qﬁf‘; i oo":g & oef °
5 N N C ti S

5M Ju el Gilal) paa (6-41) Jeil
5% ¢l A 5

r] server] of Damascuse

B Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)
projectd- renol SM loss-DES-1

B Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)
projectd-newy renal St loss-DES-1

O Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)
projectS-sack] SM loss-DES-1

O Annotation: Conn 1 [Fip]: (Port 200 <-= jeep_1 (Port 1024)
project-tahoe 5M loss-DES-1

TCP Connection.Congestion Window Size (bytes)

16,000 -

14,000

12,000

10,000

&,000

£,000

4,000

2,000

5M cilal alaa3Y) 53U aaa (6-43) Jsil
5% glua 45



| jeep_1 -> SAT_1 [0]

M projectS- renol S loss-DES-1
B projectd-nesy renol S lozs-DES-1
O project8-sack! SM loss-DES-1
O projectd-tahoe SM loss-DES-1

poirt-to-point Ltilization

1,000

100+

Jiiaudl) Jlaadl (2 & (6-45) Jeid
5% £l 5 5M cilal 3asball Aluaglt

*{SAT_1 -> jeep_1[0]

M projects- renod SM loss-DES-1
W projectS-newy renol SM loss-DES-1
O projectS-sackl SM loss-DES-1
O projectS-tahoe S losz-DES-1

poirt-to-poirt utilization

1,000 1

100+

01+

A sl Jiieal) Jlaal) 2 0(6-47) Jsid
5% glaua 2155 5M dkled

1 -> SAT_1,[0]

M projects- renol SM loss-DES-1
M project8-new renol Sk loss-DES-1
O project8-sack! 5M loss-DES-1
O project8-tahos SM loss-DES-1

poirt-to-poirt throughput (packetsizec)

Jeaad) (e Baclall dla gl Aalil) (6-44) Jsill

5% £lac a5 5M cilal i) glill

#|SAT_1 -» jeep_1[0]

M project- renol SM loss-DES-1
B project8-new renol S loss-DES-1
O project8-zackl SM loss-DES-1
O projectd-tahoe SM loss-DES-1

point-to-point throughput (packetsizec)

&l ¢ Adalgd) A gl 4alid) (6-46) Jsi)
5% £lua ulgis 5M cilal Jraall aiiall



5% £l 45 5M cilel Jreat) Jiiual) Jlaall (2 e 5 Aalily) (6-15)J s2a

loss 5M SACK NEWRENO RENO TAHOE
. J1->S1 66.7923  66.68415 66.91126 66.60845
KB/sec 4l
S1->j1 63.12607 62.74755 62.89896 62.76918
. . J1->S1 16.24921 16.15683  16.21319 16.16011
Jiial) Jlaall 2 o :
S1->j1  1.91737 1.919454 1.921276 1.927937

sae Lall B‘LA)!\ %) dS Q;A -LUJ;AJ\ QQ.A)J\)J -.%g;tu}” gﬁ ‘—’Jw‘ s Ladt e
Adailedl
Adaylell Ala gl 3 Aalis) Jau sie Juadl 41 TCP(SACK) JsSsis 0 @
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tan g aha ol Gada 0.1S pali a6l 5M Gilal) a2 6.5.7

5M ilal Jreall (e j (6-49) JS

0.15 il gy

5M Alledl) Apalily) 5 Jaaal (e (6-16) Jstad

0.15 _abi adg

W ~Annotation: FTP_only #FTP_custom B Annatation: FTP_only £ FTP_custom
projectd- reno Sh latency-DES-1 projectd- reno SM latency-DES-1
B Annotation: FTP_only #FTP_custom B Annotation: FTP_anly § FTP_custom
projectS-nevereno S latency-DES-1 projectd-nevvreno SM latency-DES-1
O Annotation: FTP_only #FTP_custom O Annotation: FTP_only £ FTP_custom
projectd-sack M latency-DES-1 projects-sack Sh latency-DES-1
0O Annotation: FTP_only #FTP_custom O Annotation: FTP_only £ FTP_custom
projectd-tahoe Sh latency-DES-1 projectd-tahoe SM lstency-DES-1
i i Client Ftp.Dn load File Si (2}
300 Client Fip Download Response Time (sec) 5500,000 e p.Download File Size (bytes)
=0 5,000,000
260
4,500,000
240 T
220 4,000,000
200 3,500,000
180
160 3,000,000
140 2,500,000
120 2,000,000
100
0 1,500,000
&0 1,000,000
40
500,000
20
] T T T T o T T T T
2 2 2 2 2 2 > > 3 & & &
\'§\§ \'ﬁ\é\ \'ﬁ\@ \'ﬁ\@ \-ﬁ‘@ \-ﬁ‘@ -(\r?;é\ -\'\%&‘ \"%f \\%@ -\"%@ '\"rﬁ\’f’@
S5 FS e S o KF X KT KL K HF
& S & & & < ¢ ¥ ¥ & & &

5M  Jupall Cilall aaall (6-48) Jsid

0.15 b ad gy

] server! of Damascuse

B Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)
projects- reno SM latency-DES-1

B Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)
projectd-nesvreno SM latency-DES-1

O Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)
projects-sack Sh latency-DES-1

O Annotation: Conn 1 [Ftp]: (Port 200 =-= jeep_1 (Port 1024)

cla s sa (5) doath Alladl) Aaliy) e oo comapeton Wit Sz e

TCP kb/s S I

Sack 273.4529 146.2775 10000, I
Newreno 279.3874 143.1704 0,000
Reno 286.8276 139.4566 52000
Tahoe 287.1936 139.2789 e
Junil TCP(SACK) ol ol Ll o wie Laads
Aty draatll o) Cus (e Dl ol & Ay e 1000

a
“J €3
L L F

.TCP(Reno Tahoe) ¢ldl ¢ ol (Alladll
&F X FF R B GF

Ll gh 5M alaa 3yl 338U aas (6-50) Jeill

0.1S _al
62



->SAT_1 [0]

B projects- reno SM latency-DES-1
B project8-nesvreno SM latency-DES-1
O projectS-sack SM latency-DES-1
O project8-tahoe St latency-DES-1

point-to-poirt wtilizstion

110+

100

Waa gl Jiiuwd) Jlaall 22 (6-52) Jsad)
0.1S _Al ulgi 5M saslall

#|SAT_1 -> jeep_1 [0]

M projectS- reno SM latency-DES-1
M projectB-nevwreno Sh lstency-DES-1
O project8-sack SM latency-DES-1
O projectS-tahos S latency-DES-1

poirt-to-poirt utilization

1,000 5

1004

Wia gl Jaiuwd) Jlaall 22 (6-54) Jsid)
0.1S _Al ulgi 5M ddaylgd)

| jeep_1 -> SAT_1[0]

M projectd- reno SM lstency-DES-1
B project8-nevvreno Sk latency-DES-1
O project8-sack Sh latency-DES-1
O project8-tahoe SM latency-DES-1

paint-to-paoint throughput (packetsizec)

184

Jpan) (e Baclial) Al gl Lalii) (6-51) Jea

0.1S il Wigiy 5M il il

| SAT_1 -> jeep_1 [0]

W projectS- reno SM latency-DES-1
B projectS-nesvreno SM lstency-DES-1
O projectd-zack SM lstency-DES-1
O projectd-tahoe SM latency-DES-1
point-to-poirt thoughput (packetsizec)
20+
184
164
144
12+
10+
a4
5
44
24
o
W3 W3 W W W 2
£ B B A A &
25 o & o o o
& | n Iy
& W W L & &

&Y e Adalgl) Aa gl 43alid) (6-53) Jsd
0.1S Al Al sl 5M Juaall 2ial)



0.15 Al Llgi 5M Jidiewadl Jaadl 28 5 Asalidy) (6-17)J 53

. J1->81 175.7894  175.784  175.3946 175.5894
KB/sec 4:aliy)
S1->j1 173.9831 173.8374 174.1618 175.4271
. J1->81 45.6572  45.64325 45.63835 45.6408
Jidal) Jlaall 2 o )
S1->j1 5.757228 5.699282 5.720386 5.757228

Sl e saclally ddalel) Alasl b Gyl dad bausic Jef 4l TCP(SACK) o
el o el Dl G
o Sl saclally dalgll dlagl 8 Zalyl ded laugie A1 TCP(Newreno) e

.TCP(TAHOE, RENO)

64



tan g aia gl e 0.1S alis 5% glua a6l 5M cilall aaa 6.5.8

1,300

B Annotstion: FTP_only # FTP_custom
projects- rena SM Istency loss-DES-1

B Annotation: FTP_only f FTP_custom
projectd-nesvreno SM latency loss-DES-1

O Annotation: FTP_only f FTP_custom
projects-sack SM latency loss-DES-1

0O Annaotation: FTP_only F FTP_custom
projectd-tahoe SM latency loss-DES-1

Client Ftp Download Response Time (sec)

1,200

1,100
1,000

00

& ge g g

4165 5M ciled Jraail) ¢y (6-56) Jeaid

0.15_:alig 5% glua

5M cilal Jpaail) (pa) g Alladll Aalily) (6-18)J saa)

0.1S alis 5% glua a5y

B Annotation: FTP_only fFTP_custom
projects- reno SM latency loss-DES-1

B Annotation: FTP_only FFTP_custam
projectd-nevwreno S latency loss-DES-1

O Annotation: FTP_only #FTP_custom
projectd-zack SM latency loss-DES-1

O Annotation: FTP_only fFTP_custom
projectd-tahoe SM latency loss-DES-1

5500000 Client Ftp Dovwnload File Size (bytes)

5,000,000

4,500,000

4,000,000

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

41,000,000

500,000

“ilia j ) 63 Aladl) dalas
el sd (S) deaail 50 ) Aalidy)
TCP kb/s
Sack 1109.527 36.0514
Newreno 1136.645 35.19129
Reno 1194.644 33.48278
Tahoe 1134.191 35.26743

5M Jui ) cilal) aaa (6-55) Jsil
0.1S_:ali g 5% slua wl g

server] of Damascuse

B Annaotation: Conn 1 [Fipl: (Port 20) =-= jeep_1 (Port 1024)
projectd- reno S latency loss-DES-1

B Annaotation: Conn 1 [Fipl: (Port 20) =-= jeep_1 (Port 1024)
projectd-nesvreno SM lstency loss-DES-1

O Annatation: Conn 1 [Fipl: (Port 20) =-= jeep_1 (Port 1024)
projectS-sack SM latency loss-DES-1

O Annatation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
project-tahoe SM lstency loss-DES-1

TCP Connection. Congestion Window Size (bytes)

20,000

18,0004

16,0004

14,0004

12,0004

10,000

8,000

£,000-

4,000

2,000

5M ilal alaaj¥) 3380 ana (6-57) Js&d
0.1S aliy 5% gluaa Al gy



TCP(Newreno) sld (mids Ly 33Ul aany Jaesill e Cus o Qi) TCP(SACK)
TCP(Tahoe) slal puaiiy s

1 ->SAT_1[0] =3 ] jeep_1 - SAT_1[0] =3

W projects- reno Sk latency loss-DES-1 M projectd- reno Sh latency loss-DES-1
W project3-newreno SM latency Ioss-DES-1 W projectd-nevwrena S latency Ioss-DES-1
O projectd-sack SM latency loss-DES-1 O projectd-sack 5M latency loss-DES-1
O project8-tahoe S lstency loss-DES-1 O projectd-tahoe Sk latency logs-DES-1

point-to-point Ltilizstion point-to-point throughput (packets/zec)

1,000 ~ 5.5

100+

Ly D& D DR D P
& F P

Sasliall Alua gl iieas) Jlaa) G (6-59) g il Jaand) e acliall Al gl Al (6-58) s

. .‘.' o - - 4 -
0.15 alis 5% £lada 45k 5M il 0.1S ,aliy 5% glua 1l SM Gild alal)

#|SAT_1 -> jeep_1[0] =13 HISAT_1 -> jeep_1[0]
M projects- reno SM latency loss-DES-1 M projects- reno SM latency loss-DES-1
B projectS-nesvreno SM lstency loss-DES-1 M projectS-neswrena Sk lstency loss-DES-1
O projects-sack Sk latency loss-DES-1 O projectS-sack 5M latency loss-DES-1
O projectS-tahoe S lstency loss-DES-1 O project8-tahoe SM lstency lozs-DES-1
point-to-point Ltilizstion point-to-point throughput (packets/sec)
1,000 .
5.54
5
1004
4.5+
44
3.54
34
254
24
1.5+
14
0.5+
-

Al Auasll Jiinad Jlaad ae (6-61) Jead il i) (e Adailgd Ala gl Lalid) (6-60) Jeaa
0.1S _alis 5% gluca 055 5M Juu pall cilal 0.15 »alis 5% glaca 2l 5L 5M S yal) cilal Jpanlt
66



5M o pall bl Jitiaal) Jlaall 2 5 Apaliy) (6-19)Jsaad)
0.1S naliy 5% gl iy

Loss & latancy 5M SACK NEWRENO RENO TAHOE

. J1->S1 57.70476 57.77892 57.3247 57.00952
KB/sec 4xalidy)
S1->j1 60.62785 59.7843 57.70785 56.44252
.. . J1->S1 13.9724 13.91808 13.82062 13.91565
Jrial) Jlaall (2 :
S1->j1 1.645317 1.64196 1.646779 1.64783

csaclall Ala gl 8 a1 Gl )l sadl 3 Apaliy) Gl awgie 8l e
Adaylgll Alia sl 8 dali) ded Jawgie el A1 TCP(SACK) ®
Aol dlasl b Jladd) (el PDlaiud ded Jaugie Jlef 41 TCP(SACK) o
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550,000

tda g aba Al Cada alaa ) gl 500K cildl aan 6.5.9

W Annotation: FTP_only f FTP_custam
projects- renol S00K1-DES-1

B Annotstion: FTP_only f FTP_custom
projectS-new renol S00k1-DES-1

@ Annotation: FTP_only f FTP_custom
projectd-sack1 S00k1-DES-1

O Annotation: FTP_only f FTP_custom
project3-tahol S00k1-DES-1

Cliert Ftp.Dowwnload File Size (hytes)

500,000

450,000

400,000

350,000

300,000

250,000

200,000

150,000

100,000

50,000

[u]

o

T T T
1,000 2,000 3,000

4,000
time (=ec)

plad3) 455 500K cilel Jraai) (a5 (6-63) Jeil

4l 6% 500K cilal Jraail) (ha g Alladl) Lalisy) (6-20)J g2

] jeep_1
B Annotation: FTP_only £ FTP_custom
projectS- renol S00k1-DES-1
B Annotation: FTP_only f FTP_custom
projectS-nesww renol S00k1-DES-1
B Annotation: FTP_only £ FTP_custom
projectS-sack1 S00k1-DES-1
O Annotation: FTP_only F FTP_custom
projectS-taho1 S00k1-DES-1
=0 Client Ftp Download Response Time (sec)
45
40
35
30
25
20
15
10
=
u} T T T
& & & - -
o g g b g
\\c;@ h‘\"'&t@ h\\"é‘? ,_‘\:@Ep ,_v\"éxb
0%\ ofi$ s o et

2085 500K Jaa sl cilall aaal) (6-62) Jsiil

ﬂ server1 of Damascuse m

B Annotation: Conn 1 [Fip]: (Port 200 =-= jeep_1 (Port 1024)
projects- renal S00k1-DES-1
B Annotation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)

. Ph",}! 5] ir:lin?a?i_on:v;or::T[lft?a?:kgl;ggszgj <= jeep_1 (Port 1024)
projectd-sack! S00k1-DES-1
O &nnotation: Conn 1 [Fp]: (Port 200 =-= jeep_1 (Port 1024)
- . . M n n “ - projectd-tahol S00k1-DES-1
HQAJJ‘P (S) Lﬂ;ﬂ C)’“J. ‘ 4:\%1-\.!.?‘ 40,000 TCP Connection.Congestion Window Size (bytes)
TCP kb/s
Sack 37.11169 107.7827 "
Newreno 46.28789 86.41569 e
Reno 42.16697 94.86098 25,000
Tahoe 40.35088 99.13043 20,000
. 15,000
* " " - 10,000
d*a;ﬂ\ (M0 g"_t:i; %) g1l ‘j.u.l\ i TCP(NeWI’enO) 5,000
EBJJ\X\ 53813 a9 \@\f@ \,-;:;' \'?;3* \?; \’%;;& \?g
K K & &S & &F

Alad daalis) s Jaand (pe 3 Juadl 41 TCP (SACK)
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6% 500K alas ) 538U aaa (6-64) Jeil
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] jeep_1 -=SAT_1[0]

W projectd- renol S00k1-DES-1
B project8-nesy renod S00K1-DES-1
@ projectd-sack! S00k1-DES-1
O projects-tahol S00k1-DES-1

pairt-to-point utilization

9=

110

100+

90

80

70

B0+

S04

40

Al gl Jiiesall Jlaal) e (6-66) S
.alaa)) gk 500K cilal 3aslial

#{SAT_1 -> jeep_1 [0]

M projects- rencl S00k1-DES-1
M projectB-nesw renod S00k1-DES-1
E projectd-sack! 500k1-DES-1
O projectd-tahol S00k1-DES-1

poirt-to-point utilization

1,000

100+

sl Jiiewal) Jlaal) (2 £(6-68) Jsaid)
) Al sl 500K ila! Adalgl)

cep_1 -> SAT_1 [0 AE

M projectd- renod S00k1-DES-1
M project3-newy renod S00k1-DES-1
@ projectd-zack! S00k1-DES-1
O projectd-tahol S00k1-DES-1
poirt-to-point throughput (packetsizec)
18+
164 l
14
124
104
g
5
1
2
o4
i o i o o
) A
N a0 ,@@ N o o ¢ NP
R > P & RS
G 5 \Q. S 3

Jeanl (e aelal) Al gl Lalii) (6-65) Jea

alaa)) 355 500K Cilal aial) gl

#|SAT_1 -> jeep_1[0]

M projectS- renol 500k1-DES-1
W projectS-new renot S00k1-DES-1
B projectS-sack! S00k1-DES-1
O projectS-tahot 300k1-DES-1

point-to-poirt throughput (packetsizec)

B e Adalgl) Aa gl 4alil) (6-67) Jsi
calaa ) Wl gh 500K cilal Jaaall aiial)
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a3 3 g5 500K Cilal Jiiead) Jlaad) (e 5 Aualiy) (6-21)J g2l

free 500K SACK NEWRENO RENO TAHOE
. J1->S1 124.2222 103.7778 108.2222 113.3334
KB/sec 4l
S1->j1 122.4445  87.27552 95.752 101.1111
. . J1->S1 22.98203 22.88333 22.85273 22.85681
Jrial) Jlaall (2 :
S1->j1 2.862549 2.853288 2.853798 2.861209

TCP(SACK) JsSsisd eI daliy) bhugia o

TCP(SACK) JsSsigl JeY Jaiwadll Jladll (ia e @

el e Plaiad Gews 5 dualiy) b gid 4l (mial 41 TCP(Newreno) e
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P g (Al Al ek 5% glua ul gl 500K calall a2 6.5.10

ljeep_1
B Annotation: FTP_only £ FTP_custom
projectS- renot 500k loss-DES-1
B Annotation: FTP_only fFTP_custom
projectS-new renol S00k loss-DES-1
@ Annotation: FTP_only fFTP_custom
projectS-sackl 500k lozs-DES-1
O Annotation: FTP_only fFTP_custom
projectS-tahoe S00K loss-DES-1
150 Client Ftp Download Response Time (zec)
140
130
120
110
100
80
80
70
B0
S0
40
30
20
10
u} T T
o o i - o o
£ P & ) L )
i ,.@@ . ,@é“ e :Qée A :5)‘59 ) By ;9€
E A A o A B o5
c%. s o‘:\.{.‘f:’ Eet % G

500K cilel Jraai) (3a (6-70) Jel
5% glua 4

E(=1ES)

*jeep_1
B Annotation: FTP_only £ FTP_custom
projectd- renol 500k loss-DES-1
B Annotstion: FTP_only f FTP_custom
projectd-neyy renol 500k loss-DES-1
B Annotation: FTP_only £ FTP_custom
projectd-gackl S00k loss-DES-1
O Annotation: FTP_only f FTP_custom
projectS-tahoe 500k loss-DES-1
550,000 Cliert Ftp Download File Size (bytes)
500,000
450,000
400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
o T T
n ” a ” , ”
ab n e n n N
gt S A A S v
\}P K C\ & h‘\:\ § a.,‘\q:"P %\\Q@ ,‘.\2,:"‘9
og,, IS HF B, S oG

500K Jus yall Cilal) paa (6-69) Jsiil
5% gl 3 gl

5% &l 28 5 500K cilal Joeail) (ha 9 Alladl) Laliy) (6-22)J saad

el sa
TCP

(S) Jraaill e

Aadl) Laliny)
kb/s

Sack

118.0596

33.88119

Newreno

138.6798492

28.84341

Reno

92.575505

43.20797

Tahoe

89.5252

44.68016

o3 pund eJsanill a3 e g s gy 500K ale aaa 2ic TCP(Tahoe) ¢ld Juad

Balainyl Adlad MGl & locall (5 g alidd) 4ail paea (il aaa 2ie TCP(Reno)

.(Fast Recovery) 4z yull

csaoband) 138 faca o2V Cua (e el 581 TCP(SACK, Newreno) ()
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-> SAT_1 [0]

M projectS- rencl S00k loss-DES-1
M projectS-new renol 500k loss-DES-1
@ projectd-zack! 500k loss-DES-1
O project8-tahoe 500k lozs-DES-1

paint-to-point utilization

110

100+

a0+

80+

70

B0

a0+

40+

30+

Ala glt Jiiesall Jlaal) (2 j(6-72) JSii
5% £l A 5 500K il 3a0blial

SAT._1 -» jeep_1[0]

M projects- renol S00k loss-DES-1
B projectS-nevy renol 500k loss-DES-1
@ projectd-sack! 500k loss-DES-1
O projectd-tahoe S00k loss-DES-1

point-to-point utilization

110+

100+

a0+

G0

70+

B0

a0+

40

A gll Jiiudl) Jlaal) (2 o(6-74) Jeid
5% £l 25 500K cilal Ayl

72

= jeep_1 -> SAT_1[0] CEX

M projectd- renol 500k loss-DES-1
M project8-new renol 500k loss-DES-1
E project8-sack! 500k loss-DES-1
O project8-tahoe S00K loss-DES-1

poirt-to-point throughput (packetsfsec)

Jpanl) (a Baslial) Al gl Lalsy (6-71) Jsid
5% §lua 355 500K cilal zial) alal

*|SAT_1 -> jeep_1[0]

M projectd- renol S00k loss-DES-1
M project8-neyy renol S00k loss-DES-1
B project8-sack! S00k lozs-DES-1
O project8-tahoe 500k loss-DES-1

pairt-to-point throughput (packetsizec)

&l ¢ Adalgl) Aa gl Aalid) (6-73) Jsi
5% gl 155 500K cilad Jrarll 2l



5%g a4l g 500K cilal Jiiwal) Jlaall (e 5 i) (6-23)Js2a

Loss 500K SACK NEWRENO RENO TAHOE
. J1->S1 41.07466 41.26934 40.42578 40.94489
KB/sec 4xalidy) :
S1->j1 38.15466 38.67378 38.80355 37.50578
. . J1->51 9.725608 9.867917 9.908003 9.863837
Jiiall Jlaad) (2 o

S1->j1 1.157118 1.156736 1.147435 1.151732

o J9 Jiidl Jadl pmses Al bagie gsiee b @l LA e

a1 a3
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tan g ke il Gada 0.1S pali 65 500K cilall aaa 6.5.11

*jeep_1

B Annotation: FTP_only # FTP_custom
projectd- renol 500k latency-DES-1
B Annotation: FTP_only £ FTP_custom
projectd-newy renol 500k latency-DES-1
@ Annotation: FTP_only # FTP_custom
projectd-sack1 500k latency-DES-1
O Annotation: FTP_only # FTP_custom
projectd-taho1 500k lstency-DES-1
- Cliert Ftp Download Response Time (sec)
55
50
45
40
35
30
25
20
15
10
Bl
a T T T T
- a L - - -
i b ab X i o
e AT s g A B
Y ,@&‘ Y ’@‘&\ w t'sﬁ\ N ,@é‘ W g 5 > ”"S"ép
5 A o5s A P G S A
&F i e o Et R

500K wilal Jraail) () (6-76) Jsi)
0.1 .ali adg

B Annotation: FTP_only fFTP_custom
projects- renol 500k lstency-DES-1

B Annotation: FTP_only fFTP_custom
projectd-newy renod S00k latency-DES-1

@ Annotation: FTP_only fFTP_custom
projectd-sackl S00k latency-DES-1

O Annotation: FTP_only fFTP_custom
projectd-tahol 500k latency-DES-1

550,000 Client Ftp.Dovwenload File Size (bytes)

500,000

450,000

400 000

350,000

300,000

250,000

200 000

150,000

100,000

50,000

o T

S e S K¢
ah, A v &
&F XS KT KF KT HF

500K Juiyall Gila) axa (6-75) Jil

0.15 sl ad gy

0.1S Al a5y 500K cilal Jraail) (e 9 Alladl) Lalisy) (6-24)J 522

<l s
TCP

(S) deaaxilh (s

Aadl) Al
kb/s

Sack

38.5173

103.8494

Newreno

44.47917

89.92974

Reno

50.65513

78.96535

Tahoe

51.52375

77.6341

oI 5 sise misil g 51 TCP(Tahoe) ssa Cile ana die 5 )bl 138 3 Jaadls

TCP(SACK) JsS 55 ) Jad) Alaill doaliy) g Juanill (e

74




> SAT_1[0]

*{SAT_1 -> jeep_1[0]

M projectd- renol 500k latency-DES-1
B projectS-newy reno1 500k lstency-DES-1
B projectd-sack1 300k latency-DES-1
O projectd-tahol S00k latency-DES-1

poirt-to-point Ltilization

B9](=1e3

M projectd- renol 500k latency-DES-1
W projectd-newy reno 500k latency-DES-1
O projects-sack] SO0k lstency-DES-1
O project8-tahol 500k latency-DES-1

point-to-point throughput (packetsizec)

110+ 44

100

a0 4

80+

70

B0

50+

40

Aia gt Jaal) Jlaall (22 6 (6-78) Jsidl
0.1S Al ad¢h 500K cilal saslall
CEX

Jeandl e Bacliall Aluag) Lalii) (6-77) JS

0.1S nali gl 500K cilal 2iual) aqlill

*|SAT_1 -> jeep_1[0]

] jeep_1 -> SAT_1 [0]

B projectS- renot 500k latency-DES-1
B project8-nesy renol 500K lstency-DES-1
B project8-sack! S00k latency-DES-1
O project8-tabol 500k ktency-DES-1

poirt-to-point Ltilization

M projects- renol S00k lstency-DES-1
B projectS-nevw renod 500k latency-DES-1
@ projectd-sack! 500k latency-DES-1
O projectS-tabiol 500k latency-DES-1

poirt-to-point wtilization

110+ 110
100+ 100
S0+ ag4
80+ a0
70+ 70+
B0+ 504
S0 =04
40+ 40+
30+ 30+

A gt Jriua) Jlaall (22 £ (6-80) JSid)
0.1S Al 4 g% 500K cilal ddajlel)

&l ¢ Algl) Al gl Al (6-79) Jed

0.1S ,ali gy 500K Gildd Jaeall 2iual

oAl a5 ) sale) casw ST TCP(Tahoe) 4alss) sacliall dlasll 4 of Laadls
Ngaany Lagh ilee 5 sall (ol Jaadlis Alaylel) Alia gl 8 L ccnié L jlacly
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*ljeep_1

1A g aa gl Gaa 0.1S alig 5% glua ad i 500K dild) aaa 6.5.12

B Annotstion: FTP_only FFTP_custom
projectd-newvreno SO0k latency loss-DES-1
B Annotation: FTP_onby § FTP_custom
project8-sack1 S00k lstency loss-DES-1
B Annotation: FTP_onby § FTP_custom
project-tahol 500k lstency loss-DES-1
150 Client Ftp.Download Responze Time (zec)
140
130
120
110
100
a0
a0
i)
B0
50
40
a0
20
10
o]
O Y, T Se S
&\'\#Q Q&’;\ & d}«};‘? d‘\'\ [ d}\’:g.@ d}\};‘f’
¢ S o S < &

EEX

500K wilal Jraail) (1) (6-82) Jsid)
0.1S aliyg 5% glua Mgl

B

] jeep_1
B Annotation: FTP_only £ FTP_custom
projects- renol S00k latency loss-DES-1
B Annotation: FTP_only £ FTP_custom
projectd-newreno S00k lstency loss-DES-1
@ Annotation: FTP_only f FTP_custom
projectS-zackl 500k lstency loss-DES-1
O Annotation: FTP_only f FTP_custom
project-taho1 500k lstency loss-DES-1
550,000 Client Ftp Download File Size (hytes)
500,000
450,000
400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
u} T
o n A - A B
@\;° (9\4 (?.;4\ ’9\4 (9\4 .?.:
o n n n n n
&F S & L & &
& ™ N fnll e X

500K (s pall Cilall aaa (6-81) JSid)
0.15 ,alig 5% glua algh

0.15 ualis 5% glua 2 g5 500K cilal Jaanil (pa s Alladll Lalily) (6-25)Jsaad)

Slia 3 63 Aladl) daalas

bl s (S) deas 50 | dalidy)
TCP kb/s
Sack 113.8626 35.13006

Newreno 146.7252 27.26185
Reno #N/A #N/A
Tahoe 115.8596 34.52455

.TCP(Reno, Newreno) s JS e yalillg e luzall g oslid) 138 3

oY) Sl sall el Cas e Juad) 54 TCP(SACK)
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# jeep_1 -> SAT_1[0] FEX 1 -> SAT_1, [0]
B projects- renol 500k lstency loss-DES-1 M projectS- renol 500k latency loss-DES-1
B projectS-nevvreno 500k lstency loss-DES-1 B projectS-newreno S00k latency loss-DES-1
@ projects-sack! 500k latency loss-DES-1 O projectS-sack 500k lstency loss-DES-1
O projectd-tabiot S00k latency loss-DES-1 O projectS-taho1 500k latency loss-DES-1
point-to-point utilization point-to-point throughput (packetsizec)
110+ 4
100+
B39
90+
&0 3
70 25
G0+
24
S0+
40 154
304 14
05+
e
0 R S S S b
B Be B¢ e Le 2
d_;\:?@ C@- \\:“9 \\:?.l@ \N\G_ \'\2{_‘9
& o 4 M
R O

saclall Al gll Jiiceal) Jlaadl (e (6-84) Jea

0.1S ,alis 5% glua ad i 500K il

SAT_1 -> jeep_1[0]

W projects- renol S00K latency loss-DES-1
B projectd-nevreno 500k latency loss-DES-1
@ projectd-zack! S00k lstency lozs-DES-1
O project8-tahol SO0k latency loss-DES-1

poirt-to-poirt utilization

110

100+

a0

&0

Gl Jaaal (e Bacliall Al gl Lalis)(6-83) S

0.1S J;Iii:l\’

5% £lua 4l gl 500K Cilel il

*{SAT_1 -> jeep_1 [0]

M projects- renal S00K lstency l055-DES-1
M projectS-nessreno 500k latency loss-DES-1
E project8-sack! S00k lstency loss-DES-1
O projectS-tabiol 500k latency loss-DES-1

poirt-to-point throughput (packetsizec)

Aailgl) Alua gl Jriuaal) Jlaal) 2 £(6-86) Sl
0.1S ,alig 5% glua s 500K Cild

il il o Al Al gl 4alil)(6-85) Js
0.1S ,aliyg 5% £lua g 500K Cilad Jaenll

) TCP cila 58 Jatsall Jladl) (o se 5 AalisY) A Jans st 3 ol Jaadls
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0.1S ,alis 5% gl a5k 500K Gilad Jiiuwall Jlaall G e 5 LalilY) (6-26)J 54

Loss & latancy 500K

SACK

NEWRENO

RENO TAHOE

. J1->81 41.20445 41.78845 42.24266 41.20445
KB/sec 4l
S1->j1 38.73866 38.86845 38.73866 38.47911
. . J1->51 9.925955 9.835694 9.854809 9.841753
Jidiuall Jlaad) =
S1->j1 1.155028 1.160211 1.169512 1.153262

Ty e il (e il Jlal) Ay e cilsa ) a0 £18Y Al Al padls 6.5.13

50M Cilall aza —1

dag bl pluall (e Al ) Al o gl Gl 8 slSladd) il i e

calaa W) 53U aas Cus e Juadl ¢1af 235 TCP SACK () <l jlusall sty il

Al Al 5 Jyeal e

eyl sall e el TCP SACK aladin) aie aadiudll Jladll (e 5 dalil) o

i) S0l

(0 A8l it Lasie TCP NEWRENO e il (<& TCP SACK elal (misyy o

clel dabiy) s Loy b el

i g lall (e Sl A @ISl 8 TCP SACK ¢ldf ddladl @

ol e gl Al @l 8 el Teud Gledi; TCP Tahoe s TCP RENO e
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5M r\@A—Z

.TCP SACK J 4lady) &5 4 TCP TAHOE 5 TCP RENO (e S ¢l (uny @
DN e s sall e glua asas Jla 8 TCP SACK J elaY) dladl o
o il e 4803 3Llae 2ie JuadY) TCP SACK @

TCPRENO e Adadly ,alilly gluall Al & TCP TAHOE el (s

.TCP Newreno s

500K alal) axa -3

gloall deay are e a1 Gl sl Caldl aaa yrea WS oI Gliy e
TCP SACK J dgladl aa alaa 3y G (alissl y pualill

,;TCP NEWRENO (3 Juadl Sy haid ¢ luall dllay TCP TAHOE sl (uniy @
Lt palll s o3l pmissyy il Lan TCP SACK 5 TCP RENO

e Cun e TCP TAHOE & Laayualilly ploall dlla 3 Jusily) TCP SACK o
- Jaenil

Aoyl 5 g Ll aallaa 3 159) TCPRENO @
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Iaieal) ) 550 (e Aaglaia cpaca BlSlaall guilis 6.6

tdaial) a1l (e A ghiia Cpeud alan ) Ad gl 50M Cildl aaa 6.6.1

=] jeep_1 - E)6<]
W Annotation: FTP_only / FTP_custom
project?-newwrena con no loss1-DES-1
B Annctation: FTP_only f FTP_custom
project?-reno con no loss1-DES-1
O Annotstion: FTP_only £ FTP_custom
project?-sack con no loss1 -DES-1
O Annctation: FTP_only § FTP_custom
project?-tahoe con no loss1-DES-1
4,000 Cliert Ftp.Dovnload Response Time (sec)
3,500
3,000
2,500
2,000
1,500
1,000
00
a T T T
W 3 3 3 3
ST S T S S
W S o S Roxe
S 3 Ca S &

alad ) Algh Adaghia fpaa

1022l 50M Cilal Jranil ¢ha§ (6-88) JSil

Crad 1J2aall 50M cilal Al Lalidy) 5 Jaaaill (0 (6-27)J g2

plaa) alghy dagliia

bl s
TCP

Al

(S) Jeanill (e .
kb/s Alladl)

(S) dwaaxill (s

Laliy)
Kb/s adladll

Sack

3411.932 117.2356

3446.821

116.049

Newreno 3434.145 116.4773 3488.415 114.6653
Rreno 3440.416 116.265 3690.734 108.3795
Tahoe 3432.272 116.5409 3693.749 108.2911

Al V1 Al Al 8 oAVl ol aadls

Al Al 3dis S TCP(SACK) ¢l

80

W Annotation: FTP_only / FTP_custom
projecty-nevereno con no loss -DES-1
B Annotation: FTP_only £ FTP_custom
project?-reno con no loss -DES-1
O Annotation: FTP_only £ FTP_custom
project?-sack con no loss1 -DES-1
0O Annotation: FTP_only S FTP_custom
project?-tahoe con no loss1-DES-1
55,000,000 Cliert Ftp Download File Size (bytes)
50,000,000
45 000,000
40,000,000
35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000
5,000,000
a T
3 2 3 2 3
S S I S o
W R & o e
s X & & &

1422l 50M Jui ) cilal) aaa (6—87) Jsid)

alaa ) adgly daghiia Gaia

:] server] of Damascuse

B &nnotation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
project?-neswreno con no loss1-DES-1

B Annotation: Conn 1 [Ftpl: (Port 20) =-= jeep_1 (Port 1024)
projectf-reno con no loss1-DES-1

O Annatation: Conn 1 [Fta]: (Port 200 =-= jesp_1 (Port 1024)
project?-sack con no loss1-DESA

O &nnotation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
project?-tahoe con no loss1-DES-1

O Annatation: Conn 4 [Ftal: (Port 20) =-= jesp_1 (Port 1025)
project?-neswreno con no loss1-DES-1

B Annotation: Conn 4 [Ftpl: (Port 20) =-= jeep_1 (Port 10235)
projectf-reno con no loss1-DES-1

O Annatation: Conn 4 [Fta]: (Port 200 <-= jesp_1 (Port 1025)
project?-sack con no loss1-DESA

O &nnotation: Conn 4 [Ftp]: (Port 20) =-= jeep_1 (Port 1025)
project?-tahoe con no loss1-DES-1

TCP Connection.Congestion Window Size thytes)

[[(=1Ed

400,000

350,000

300,000

250,000 / /
200,000

150,000 / /

100,000

50,000

e.:
2
]
2
2

£ &
&8 & & & o
2 Ehes +&F 5 %

alan)) Al Aaghiia ¢ada 50M ilal

(Bl Alpda padal alaa 3Y) 538U aaa (6-89) Jedll



1 ->SAT_1 [0]

B projectT-nevvrena con no loss1-DES-1
M project?-reno con no loss1-DES-1

O project?-zack con no loss1 -DES-1

O project?-tahoe con no lozss1-DES-1

point-to-point utilization

110+

100

a0

&0+

sacliall Al gll i) Jlaadl (i £(6-91) JSid
alad)) ulgh Aaghia e 10l 50M Cildl

#|SAT 1 -> jeep_1[0]

W project?-newreno con no loss1-DES-1
W project?-reno con no loss1 -DES-1

O project?-sack con no loss1-DES-1

O project?-tahoe con no loss1-DES-1

paoint-to-point tilization

110+

100+

a0

80+

Algl) Al gl Jhiwall Jlaal) (a (6-93) Jsi

alaa ) A gl Aagliia Crada 10seall 50M Cilal

] jeep_1 -= SAT_1[0]

W project?-nevvrenc con no loss1-DES-1
W project?-reno con no loss1-DES-1

B project?-sack con no loss1-DES-1

O project?-tshoe con no loss1-DES-1

point-to-point throughput (packetsfsec)

e ——
—ee e |

— |

¢ ept g8t & ¢
SUAEE A

&l 10saa) (ha Bacliall Al gl Aalii) (6-90) JSi

alas)) Mgl Aaghic (ada 50M Ciled 12kl

> jeep_1[0]

M project?-newwreno con no loss1-DES-1
M project?-reno con no loss1-DES-1
E project?-sack con no loss1-DES-1
O project?-tahoe con no logs1-DES-1
point-to-point throughput (packetsizec)
20
18+
4 by
16 ]
14 4
124 \
7223
10+ l
N |
: l ||
24
04
a A " " ”
a &Y &7 s> &
$ P& o & £ -
@ P &P
N ¢ & & &

1 il il cpe Aalgll Aa gl Aalil) (6-92) Jsid)

alaa ) Al gl dagliile (raa SOM Cilal 1 aanlt

Last TCP(Ren0) Asatis) 3 35 Leiw 1591 Al o) AL 3 dualidyl Cum e el i
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_1—] jeep_2 -_lﬁlg
B annotation: FTP_only FFTP_custom
B Annotastion: FTP_only / FTP_custom projectf-neswreno con no loss1-DES-1
project?-nevvreno con no loss1-DES-A W Annotstion: FTP_only £ FTP_custom
B annotation: FTP_only /FTP_custom project?-reno con no loss1-DES-1
proiect?-reno con no loss1-DES-1 O Annotation: FTP_only £ FTP_custom
O Annatstion: FTP_anly / FTP_custom project?-sack con no loss1-DES-1
project?-zack con no loss1-DES-1 0O annotation: FTP_only FFTP_custom
O Annotation: FTP_only / FTP_custom project-tahos con no loss1-DES-1
iect 7 -tah los=1-DES-1
projectr-tahoe con no loss Cliert Ftp Download File Size (bytes)
4,000 Cliert Ftp Dovnload Response Time (5800 5,000,000
50,000,000
3,500 45,000,000
T 40,000,000
35,000,000
2,500
30,000,000
2,000 25,000,000
20,000,000
1,500
15,000,000
1,000
10,000,000
s00 5,000,000
a T T T
u] T T T 2 % 43 43 43
2 2 J 2 3 S S S SE S
S S S S S &a® &P &S & &5
SOl SO T e e %7 Kl % Kl
S & & & &

2011 50M Jupall Cilal aaa (6-94) S

alaa ) algly dagliia Cpaa

20:aall 50M ciled Jaand) (e (6-95) Jil
plaay) gl daghie aia
EEX]

B Annotation: Conn 3 [Ftp]: (Port 200 =-= jeep_2 (Port 1024)
project?-nesvreno con no loss1 -DES-1

B Annctation: Conn 3 [Ftp]: (Port 20) =-> jeep_2 (Port 1024)
project?-reno con no loss1 -DES-1

O Annatation: Conn 3 [Ftp]: (Port 203 <-= jeep_2 (Paort 1024)
project?-sack con no loss1-DES

O Annctation: Conn 3 [Ftp]: (Port 20) =-> jeep_2 (Port 1024)
project?-tahoe con no loss1 -DES-1

O Annatation: Conn 4 [Ftp]: (Port 203 <-= jeep_2 (Paort 1025)
project?-neswreno con no loss1-DES-1

B Annotation: Conn 4 [Ftp]: (Port 200 =-= jeep_2 (Port 1023)

—+] server of Aleppo
Gl 203l 50M cilal Alladl) Aaliy) 9 Jueail) (0 (6-28)d g2

plas)) g daghie

project?-reno con no loss1 -DES-1

O Annctation: Conn 4 [Ftp]: (Port 20) =-> jeep_2 (Port 1025)
project?-sack con no loss1-DES-1

O Annatation: Conn 4 [Ftp]: (Port 203 <-= jeep_2 (Paort 1025)
project?-tahoe con no loss1 -DES-1

TCP Connection.Congestion YWindow Size (hytes)

Laluy)
Kb/s adladll

Lalay)
Kb/s adladll

Jraaill a
(S)

bl s

Tep | () desd ey

Sack 17587.99 22.74279 17575.56 17575.56

Newreno 18490.64 21.63257 N/A N/A 300,000 7
Reno 21352.49 18.73318 N/A N/A 250,000
Tahoe 20006.28 19.99372 N/A N/A
A all ks 8 TCP(SACK) &l 3 dgliad) | oeeend

TCP(Tahoe) daa s lsad ol Tsul |t 0 8 &8 & %

Jranill cala Aaa adiad slad 3yl 33U axa (6-96) Jeil

alan) alsh Aaghia ¢yada 50M cilal
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_2 -=S5AT_3[0]

110

100+

a0+

804

70

B0+

M project?-neswwreno con no loss1-DES-1
M project?-teno con no loss1-DES-1

O project?-sack con no loss1-DES-1

O project?-tahoe con no loss1-DES-1

poirt-to-point Ltilization

saslaal) Aluagll Jitiual) Jlaal) (2 ,0(6-98) Jsid

alaa)) gl daglhia s 2J0seall 50M il

eep_2 [0 (=19

110
100+
a0+
80+
70+
B0~
IR

40+

30+

W project?-newreno con no loss1-DES-1
B project?-reno con no loss1-DES-1

O project?-sack con no loss1-DES-1

O project?-tshoe con no loss1-DES-1

poirt-to-point utilization

Al Al gll Jaiewall Jlaall (a =(6-100) Jsi
alaa ) Algh daglhiie el 2Jsaall 50M il

> SAT_3[0]

W project?-nevwreno con no loss! -DES-1
B project?-reno con no losst -DES-1

B project?-sack con no loss1-DES-1

O project?-tahos con no loss1-DES-1

point-to-point throughput (packetsizec)

il 20 aa) o Bacbiall Al gl Aualii) (6-97) Jedd

alan)) wlgh Laghila e 50M cilal 3 2kl

#{SAT_3 > jeep_2[0]

B project?-nesvreno con no loss1 -DES-1
B project?-teno con no loss1-DES-1

B project?-sack con no loss1-DES-1

O project?-tahos con no loss1-DES-1

point-to-point throughput (packetsizec)

3 il il ¢ Abailgl Aluagh) Al (6-99) Jsil

Al ) gl daghie (e 50M Cilal 2 uanll
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alaad) Mgl daghie Gadd 50M dildd Jaiad) Jaal (o e g Aalily) (6-29)J g2

free 50M SACK NEWRENO RENO TAHOE
J1->S1  150.115 68.69787 150.0664 73.3796 150.1556 181.3807 153.715 #N/A
daluy) S1->j1  152.9999 111.1255 152.8377 111.1774 152.789 164.6839 157.7631 #N/A
KB/sec J2->S3 68.37667 69.19751 68.4156 70.98196 68.61027 62.95107 68.49671 #N/A
S3->j2  111.1741 111.1255 111.1936 111.1287 111.1676 101.0232 111.1774 #N/A
Ll s J1->S1  38.05757 0.865243 38.05644 0.92319 38.05757 56.53778 38.90122 #N/A
Jaal) S1->j1 4.762505 5.600023 4.763042 5.602639 4.762701 3.651259 4.941198 #N/A
Jictud) J2->S3  0.861306 0.871549 0.860779 0.89304 0.863227 0.792012 0.861799 #N/A
S3->j2  5.601265 5.600023 5.602246 5.600186 5.600937 5.09093 5.601428 #N/A

onS J< aa 3 Laiw oY) et sall A6V A al) Adasil) 8 Aaliy) i e

11 gricall il 1 Jaeadl e TCP alias

Gl S 3 e Ju g3 TCP(RENO) JsS 55l 2Bl dpud yall Aol 8
ol e Dl e Sty o3 Alagl i Lella | alaal

eV sl 3 Al ol Alail b syl i e
el Jlaall (i yad Llans ol Al 5 ol @

3 aiall glill U 2 Jseadl (o TCP dlias
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tAaaiaal) ad) gl (e dagliia (raa 0.1S ali 5% glua a6y 50M ilall aaa 6.6.2

] jeep_1

B Annotation: FTP_only ¢ FTP_custom
project? -nevwvreno con latancy loss-DES-1

W Annotation: FTP_only S FTP_custom
project?-reno con latancy loss-DES-1

O Annatation: FTP_only # FTP_clstom
project?-sack con latency loss-DES-1

O Annotation: FTP_only f FTP_custom
project? tahoe con latency loss-DES-1

28,000

B

Client Ftp Download Response Time (sec)

24,000

22,000

20,000

18,000

18,000

14,000
12,000

10,000

8,000
£,000

4,000

2,000

1Jsanll 5OM ilal Jpaal) (1) (6-100) JSal

0.1S ,alis 5% glua sy daghila (raa

daghia e 10l 50M Adladl) daliy) 4

Jaaadl) (1 (6—-30)J g

0.1S ,aliyg 5% glua Mgy

Laluy)
Kb/s adladll

Sl i

.-‘ . *
Tep | () g0

Aalay)

(S) Jranill 4 .o
kb/s 4luxdl

16513.75 24.2224

Newreno 17655.98 22.65521 N/A N/A
Reno 20476.04 19.53503 N/A N/A
Tahoe 19235.61 20.79477 N/A N/A

) b Ao pull Cua e TCP(SACK)

Aloadl BlSLaal il <yl

Al yall a0 el g skl e Jalaill 8 Agladl 5 cppdaiid il

85

W annotstion: FTP_only JFTP_custom
projectT-nevwreno con latancy loss-DES-1

B Annotation: FTP_only JFTP_custom
project?-reno con latancy loss-DES-1

O Annotation: FTP_only / FTP_custom
project?-sack con latency loss-DES-1

0O Annotstion: FTP_only JFTP_custom
project?-tahoe con lstency loss-DES-1

55,000,000 Client Ftp.Download File Size (hytes)

50,000,000

45,000,000

40,000,000

35,000,000

30,000,000

25,000,000

20,000,000

15,000,000

10,000,000

5,000,000

1]
S
e

I

=

1J2al 50M Juupall Cilall paa (6-101) JSb

0.1S ,alis 5% glua sy daglaia (raa

& =13
B Annctation: Conn 1 [Ftp]: (Port 20) =-= jeep_1 (Port 1024)
project?-nesvreno con latancy loss-DES-1
B Annatation: Conn 1 [Ftp): (Pott 20) =-= jeep_1 (Port 1024)
project?-reno con latancy logs-DES-1
O Annatation: Conn 1 [Ftp]: (Paort 20) <-= jesp_1 (Port 1024)
project?-sack con latency loss-DES-1
O Annotation; Conn 1 [Fipl: (Port 20) =-= jeep_1 (Port 1024)
project?-tahoe con latency loss-DES-1
O Annatation: Conn 3 [Ftp): (Pott 20) =-= jeep_1 (Port 1025)
project?-newvreno con latancy loss-DES-1
B Annatation: Conn 3 [Ftp]: (Port 20) =-= jeep_1 (Port 1025)
project?-reno con latancy loss-DES-1
O Annatation: Conn 3 [Fp): (Part 20) <-= jeep_1 (Part 1025)
project?-sack con latency loss-DES-1
TCP Connection Congestion Window Size (bytes)
40,000+
35,0004 ﬂ
30,000
25,000
20,0004
15,0004
10,000
5,000+
a T T T ¥
9 € J J 9
P S S S S S
& G o & s

Al gy daglala paa SOM Cilal (§ian Adyre

0.1S ualiy 5% glua



0 - |OX]

B project?-newreno con lstancy loss-DES-1
B project?-rena con lstancy loss-DES-1
O project?-sack con latency loss-DES-1
O project?-tahoe con lstency loss-DES-1
poirt-to-poirt Ltiization
200 ~
100
a0
204 i
104
54
24
14
0.5+
0.2+
0.1+
0.054
0.024 E
0.0 T T T T T
Oh Om 2h Om 4h Om Bh Om Bh Om 10h Om

Sl Jital) Jladl) 2 (6-105) Jei
daghia e 1Jsaall 50M Cilal aclial)

0.1S ,aliyg 5% glua Al gi

#|SAT_1 -> jeep_1 [0]

B project?-newreno con lstancy loss-DES-1
B project?-reno con lstancy loss-DES-1
O project?-sack con lstency loss-DES-1
O project?-tahoe con lstency loss-DES-1
point-to-paint Ltiization
200 +
100 4
504
20+
104
5
2
14
0.5+ I
0.2+
0.1+
0.05 4 y I
0.02 4
01 T T T T T
Oh Om 2h Om 4h Om Bh Om 8h Om 10h Dm

A gll Jiiual) Jlaal) (2 ,6(6-107) Jeid
A Aeaghiia as 1deaall 50M cilal Al

0.1S iy 5% glua

] jeep_1 -» SAT_1[0]

W project?-nevwreno con latancy loss-DES-1
B project?-rena con latancy loss-DES-1

O project?-zack con lstency loss-DES-1

O project?-tahoe con lstency loss-DES-1

0.2+
014
0.05 4

0.02+
0.01 4
0.005 4

0.002 4
0.001 4

0.0005

point-ta-pairt throughput (packetsizec)

A f>r>re00a

Oh Om

T T T T T
2h Om 4h Om Eh Om 8h Om 10k Om

202aa) oy Baslall Ala gl Aali)(6-104) JSi

A 55 da ghale (hais 50M ilal 3 iual) aolil

0.1S alis 5% §lua

#|SAT_1 -» jeep_1 [0]

0.2+
0.1+
0.05+

0.024
.01+
0.005

0.002
0.001

0.0005

B project?-newreno con lstancy loss-DES-1
B project?-reno con latancy loss-DES-1

O project?-sack con latency loss-DES-1

O project? -tahoe con latency loss-DES-1

paoint-to-point throughput (packetsfzec)

T T T T T
ah Om 2h Om 4h Om Eh Om &h Om 10h Om

&lﬂ\

O Adalgd) Al ol ALl (6-106) Jsill

Ll g Aaghia s 5OM il 230aall 3 2kl

0.1S aliy 5% glua

Agnall SO Gl sl iy (TCP(SACK) JsSsissal Sl daliy) ana Jaadl

ol e Pl e Ll ety 3 ClBERYT (e yaal
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=+ jeep_2

W Annctation: FTP_only [ FTP _custom
project?-newreno con latancy loss DES A

W Annctation: FTP_only [ FTP_custom
project?-reno con latancy loss-DES-1

O Annctation: FTP_only [ FTP_custom
project?-sack con latency loss-DES-1

O Annctation: FTP_only [ FTP_custom
project?-tshoe con lstency loss-DES-1

Cliert Ftp Dovenload Response Time (sec)

2002l 50M cilal Jraadl) ¢ (6-109) JS

0.1S ,alis 5% glua sy da gl Craa

50M ilal Alladl) Apaliy) g Jpaadl) (e ) (6-31)J g2

0.1S _:alig 5% slua wlgh daghiia i 2 Jianll

= jeep_2 EEX
W Annotstion: FTP _only / FTP_custom
project?-nevwreno con latancy loss-DES-1
W Annotstion: FTP _only / FTP_custom
project?-reno con latancy loss-DES-1
O Annotstion: FTP_only / FTP_custom
project?-sack con lstency loss-DES-1
0O Annotstion: FTP_only / FTP_custom
project?-tahoe con latency loss-DES-1
55,000,000 Cliert Ftp Dowenload File Size (hytes)
50,000,000
45,000,000
40,000,000
35,000,000
50,000,000
25,000,000
20,000,000
15,000,000
10,000,000
5,000,000
o T T T
W 43 43 43 %
B S A
= ¥ s & &

20l 50M Juu sl cilall paa (6-108) Jsi

bl s
TCP

(S) Jwanill (ya

Lalay)
Kb/s adladll

(S) Jraailh ¢y

doaliy)
Kb/s aladl

Sack

17587.99

22.74279

17575.56

22.75888
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ABSTRACT

Transmission control protocol (TCP) is a transport layer protocol that
provides connection-oriented, in-order, window flow control, and reliable
byte-stream delivery services for Internet.

TCP was originally designed for wired networks characterized by negligible
random bit error rates (BERs) and, hence, packet losses indicate congestion.

Transmission Control Protocol (TCP) performance degrades in broadband
geostationary satellite networks due to long propagation delays and high bit

error rates.

In this thesis we compared TCP (Tahoe), TCP (Reno), TCP (Newreno) and
TCP (SACK) in heterogeneous network consist of GEO Satellite connected
to terrestrial network and satellites constellation connected to terrestrial
networks in different circumstances ( Congestion , Loss, latency and loss
and Latency together) to determine performance level ( Download response
time, Goodput, Throughput and Utilization) for FTP applications.

When the file size 50M TCP (SACK) is the best algorithm in environment
suffer from congestion, Loss and loss and Latency together but the
performance degradation when network suffer from latency and TCP
(Newreno) is the best.

For 5M file size TCP (SACK) is the best performance algorithm in all case
studies and for 500 KB file size TCP (SACK) is the best in environment
suffer from congestion, latency and loss and Latency together and for just
latency TCP (Reno, Tahoe) are the best.

The design and implementation scenarios done by OPNET MODELER
simulation

Keywords: Transmission control protocol (TCP); delayed acknowledgement;
high bit error rate; GEO satellite networks; performance evaluation
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