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 الإهداء

 إلى من نذرت عمرها في أداء رسالة

 صنعتها من أوراق الصبر 

 وطرزتها في ظلام الدهر 

 على سراج الأمل 

  بلا فتور أو كلل

 رسالة تعلم العطاء كيف يكون العطاء 

 وتعلم الوفاء كيف يكون الوفاء 

 هدي هذا البحثأ أميإليك 

 فأنت زهرة الحياة ونورها.. جزاك الله خيراً

 

 إلى سندي وقوتي وملاذي بعد الله

 إلى من آثروني على نفسهم

 إلى من علموني علم الحياة

 أخواتصي و إخوتصيإلى من أظهروا لي ما هو أجمل من الحياة 

 

 يا من أحمل اسمك بكل فخر

 كايا من يرتعش قلبي لذكر

 أبيأهديك هذا البحث  اللهيا من أودعتني 

                                                                      

 نور                                                                      
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في مثل هذه اللحظات يتوقف اليراع ليفكر قبل أن يخط الحروف ليجمعها في 

 تبعثر الأحرف وعبثاً أن يحاول تجميعها في سطور ت... كلمات 

سطوراً كثيرة تمر في الخيال ولا يبقى لي في نهاية المطاف إلا قليلًا من 

 ............. وا إلى جانبيكانالذكريات وصور تجمعني برفاق 

وأخص بجزيل الشكر والعرفان إلى كل من أشعل شمعة  فواجب علي شكرهم

 في دروب عملنا 

 وقف على المنابر وأعطى من حصيلة فكره لينير دربنا  وإلى من

 وأتوجه بالشكر الجزيل إلى مشرفي 

 

 

الأخ والأستاذ العالم والإنسان على ما قدمه لي من عون ومساندة في مراحل 

إعداد الدراسة، حيث تبنى الفكرة وشجع على إنجازها إلى أن أصبحت خطة، 

رعايتها وقدم النصح والإرشاد، وفتح أمامي بملاحظاته وتوجيهاته  ثم واصل

 .إنجاز هذا البحث نيةاكمأبواب الأمل بإ
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 Smoothed RTT (srtt) 

 RTT Variation (rttvar) 

RTTRTT

Karn

srttrttvar
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TCPRTTRTO [14]

srtt (2.6)(2.7)

2.62.7RTO 

  

G[15]

RTO

RTO44

RTTRTO

TCPRTO

[17] [15]

500ms

[29] [23]

RTO

RTT[18]

100ms

RTORTO RTT

[18][15]
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5.3

TCPAck

[14]

TCPDelayed Acknowledgment

TCP

Ack

TCPAcks

Ack

Ack Piggybacks with data

[12]

[9][14]

Wlan

TCPTCP Throughput[22]

IP

[23]

TCPBER

[23]
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Slow Start

TCP[22][23]

Ack200ms[14]

TCP500ms

(Ack)

TCP200ms[14]

TCP(Ack)

Ack

TCP(Ack)

TCP

(Acks)

(Ack)



  

 
 

(TCP)
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(TCP)

(TCP)

 [35]

TCP(Tahoe) ،TCP(Reno) ،TCP(Newreno) ،TCP(SACK)

(end-end)[18]

3.1TCP(Tahoe)

TCP(Tahoe)  [36]

 (Slow Start) 

13TCP(Tahoe)[7] 
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 (Congestion Avoidance)32

0 cwnd  ssthresh

 

2 ACK 
cwnd  cwnd + 1/cwnd

 

3 (CWND)RTT 

cwnd  cwnd + 1

33TCP(Tahoe) [7] 



 

18 
 

 (Fast retransmission)22 

 

ssthresh = cwnd/2 

 
 cwnd= 1 

 

23[20] 

 

1K SeqNo=0

AckNo=1024

AckNo=1024

1K SeqNo=1024

SeqNo=2048
1K

AckNo=1024

SeqNo=3072
1K

SeqNo=1024
1K

SeqNo=4096
1K

 duplicate

duplicate
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3.2TCP(Reno):

 

 (Slow Start)13 

 

 (Congestion Avoidance)23 

 

 (Fast retransmission)33 

 

    (Fast recovery)43 

 (Slow Start)

(Fast retransmission)

[37]

23 

(Fast recovery)[20]

 

Sshtresh=cwnd/2 

Cwnd =cwnd+3 

 

AckNO=2048 

Sshtresh=cwnd 

 

1K SeqNo=0

AckNo=1024

AckNo=1024

1K SeqNo=1024

SeqNo=2048
1K

AckNo=1024

SeqNo=3072
1K

SeqNo=1024
1K

SeqNo=4096
1K

AckNo=2048

cwnd=12

sshtresh=5

cwnd=12

sshtresh=5

cwnd=12

sshtresh=5

cwnd=12

sshtresh=5

cwnd=9

sshtresh=9



 

20 
 

 

53TCP(Tahoe, Reno)[7]

2.2TCP(Newreno):

TCP(Newreno)  TCP(RENO) ،

TCP(RENO) 

[37]، 

(Congestion Avoidance )[37]

TCP(Reno). 
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2.2TCP(SACK):

(SACK)TCP

(SACK)

(Fast recovery)،(SACK)

(Pipe)[37] 

(Pipe)

(Ack)

62TCP(SACK)  .[35] 

3(Ack)

0



 

 
 



 

22 
 

14

14

1Mb/s[25]

TCP[25] 

14[26]
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0.2

 Geo (Geostationary Earth Orbit). 

 MEO(Medium Earth Orbit). 

 Leo (Low Earth Orbit).

14

14[26]
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1.1.4(GEO)

GEO

36000km   

24 [25]

2364 

4346.241

GEOGEO

 

[26]

 

GEO

 

2.1.4(NON-GEO) 

NON-GEO36000km

NGEOGEO

NGEO

[27]
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1.2.1.4Meo 

 (12000 - 5000) km.[25] 

 100ms 

 10-5

2.2.1.4Leo

 (900-500) km[25] 

 50ms 

 2-1.5 

 

3.2GEO

GEO[38]

TCP

1.2.4

GEO

250ms][

RTT500ms

 GEOTCP
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2.2.4BDP

 

BDP=RTT x C                                                                        (4.1) 

Cb/sRTTS

GEOBDP

3.2.4BER 

GEO)2-4([25] 



 

27 
 

24dBGEO[26]

 

 

4.2.4

[28]



  

 
 

 

(GEO)

TCP
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(GEO)

TCP 

(TCP)

   (TCP)11

 [4][4][5]

 (GEO) 

[25]

 

 (TCP) 

(GEO)

 (TCP) (GEO) 

  (TCP)

0.5TCP 

5.1.1(Slow Start)

(RTO):

(RTT) (GEO)

500ms
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(Slow Start)(TCP) 

  (ACK)(cwnd)

(SlowStart)

(GEO)

Tslow start = RTT × (1 + log2 (B × RTT / l))                   (5.1)

LTCP[29]

(Slow Start)

1KB(TCP)

0-5 [29]
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2.1.5(BDP)

                                  (TCP)

(BDP)

(TCP)

(BDP)

(rwnd)[29](TCP)

)04 ((rwnd)16bits(64KB)

(rwnd)(64KB)(GEO)

(E1)048 kb/s) 4((RTT)(500ms)

(~1048kb/s)

3.1.5(BER)(TCP)

(TCP)

(BER)

(CWND)
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4.1.5 

                                          (TCP)

(TCP)

(ACK)

(ACKs)

(ACKs)(TCP)

[30] 

(TCP)

(ACKs)

(RTO)

3.5(TCP)

(TCP)

(GEO)

 (TCP) (end to end) 

 (TCP)(split-connection) 

 (Link layer) 
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1.2.5(TCP)

 

(TCP)

(TCP)

(TCP)

 

2.2.5(TCP)

 

(TCP)[31]

(TCP)

 (TCP)(TCP splitting) 

 (TCP)(TCP spoofing) 

 (web caching) 
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3.2.5

(TCP)(BER)

(TCP-aware) (TCP-unaware)  [33]

(TCP)

(IP)[34]  (IPSEC)

(FEC)

(ARQ)
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TCP(Tahoe, Reno, Newreno, SACK)  

  (OPNET)

(GEO)

0.6

(GEO)

(LOS)

GEO

(BERs)10
-5

10
-10

(FEC)

AWGN

PER = 1- (1-BER)N                                         (6.1)  

(N)1500 bytes(N=12000 bits)

ECC

(ECC)(BER=10-10)

0101

(ECC)
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(BER)(PER) 

06501

801[99]

06[29] 

Opnet ppp work station advanced06 

 

 

 

 

 

 

06(ecc) 

.Opnet ppp work station advanced
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3.6

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

1.2.6

(LOS)

46

36
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.

(2048Kb/s=E1)(256Kb/s)

 

[20][32]

(10Mb/s)

10ms

(TCP(Tahoe, Reno, Newreno, SACK 

  

 TCP 

  

  

  0 

 5%5. 

  0.1s5. 

 5%0.1s5. 

(50MB, 5MB, 500KB)
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6.2.2

 (10,000,000 Kb/s) 

 

              256Kb/s(2,048Kb/s=E1) 

 10Mb/s 

 (DS3)        

           .

0

4

01
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36 
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(TCP(Tahoe, Reno, Newreno, SACK  

  

  

 12 

  

  

 5%0.1s 

(50M)

2.6

6-26-3

(TCP(Tahoe, Reno, Newreno, SACK (FTP) 

1.3.6

45

(FTP)(IP)(OPNET Ethernet4 slip8)

26.



     

41 
 

(6-4)(IP)

 

2.3.65%0.1S 

5-6.

 

 

 

6-5



     

42 
 

3.3.6(FTP)

(FTP)

 

6-2(FTP)

321Attribute Value

18,000 18,000 18,000 File inter-request time (s)

Constant constant constant File inter-request time distribution

500KB 5MB 50MB File size

Constant constant constant File size distribution

4.3.6TCP 

36

6-3TCP

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 0.5 s 

Persist time-out 1.0 s 

Maximum ACK delay 0.2 s 

Maximum ACK segment 1 

Duplicate ACK threshold 3 

Initial RTO 3.0 s 

Minimum RTO 1.0 s 

Maximum RTO  
Retransmission threshold 6 

RTT gain 0.125 

RTT deviation coefficient 4 

Deviation gain 0.25 
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6.4

(TCP)(FTP) 

6.4.1 

(FTP)

(FTP)

(FTP)

6.4.2TCP Throuput:

(TCP)(TCP)

(TCP)(TCP)

(TCP)(TCP) 

6.4.3TCP Goodput 

TCP

      TCP Goodput = File size/ Download response Time                             (6.1) 

6.4.4Utilization 

 

                                                                                                                                        

      Utilization= Goodput/ TR                                                                           (6.2)
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6.5 

1.5.650M 

 

TCP 
S 

kb/s 

Sack 2623.30687 152.4793 

Newreno 2664.51822 150.1209 

Reno 2716.3355 147.2572 

Tahoe 2726.91399 146.686 

66 50M7650M 

-8650M 

2650M 
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TCP (SACK).

TCP (SACK)  

 

 

 

 

 

 

96

50M 

6-10

50M 

6-11

50M 

6-12

50M
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 TCP (SACK) 

 TCP (Reno)

TCP(Newreno).TCP(Tahoe, Reno) 

TCP(SACK)  

Free 50M SACK NEWRENO RENO TAHOE 

kB/sec 
J1->S1 239.8 237.1294 232.3671 229.4206 

S1->j1 237.6755 231.4067 228.315 227.9137 

 

J1->S1 62.52458 61.66574 60.03443 60.01615 

S1->j1 7.806795 7.597628 7.49967 7.508419 

6-550M  



     

47 
 

2.5.650M5%  

  

 

 

 

 

 

 

 

TCP (SACK)    

   

TCP(Newreno)TCP(Reno, Tahoe) 

 

TCP 
S 

kb/s 

Sack 8714.5 45.90051 

Newreno 9171.268 43.61447 

Reno 9436.124 42.39029 

Tahoe 9394.02 42.58028 

6-13 50M

5% 

6-1450M

5%

6-650M

5%

 

50Mحجم نافذة الإزدحام  (15-6)الشكل 

5%
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6-16

50M5%

 

6-17

50M5%

 

6-18

50M5%

 

6-19

50M5%
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  .TCP(SACK) 

 TCP(Newreno)

TCP(Reno, Tahoe). 

 TCP(Reno, Tahoe)

 

loss 50M SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 78.28526 75.54169 75.30539 72.51628 

S1->j1 74.01278 71.05701 71.05701 68.41649 

J1->S1 19.03784 18.28693 18.29113 17.69725 

S1->j1 2.258494 2.174158 2.171931 2.10064 

7650M5% 
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3.5.650M0.1S 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

TCP(Newreno)

   TCP(SACK)

TCP 
S 

kb/s 

Sack 2669.77 149.8256 

Newreno 2636.069 151.7411 

Reno 2683.163 149.0778 

Tahoe 2708.693 147.6727 

 50M  الحجم الملف المرسل( 6-31)الشكل 

 0.1Sبووليد تصأخير 

 50Mلملف  زمن الوحميل( 6-30)الشكل 

 0.1Sبووليد تصأخير 

 8650M

0.1S 

 

 50Mلملف  الإزدحامحجم نافذة ( 6-33)الشكل 

 0.1Sبووليد تصأخير 
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326

50M0.1S 

 

326

50M0.1S 

 

356

50M0.1S 

 

366

50M  0.1بووليد تصأخيرS 
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 TCP(Newreno) 

 TCP(SACK, Reno) 

 TCP(SACK, Reno) 

 TCP(TAHOE)

Latancy  SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 233.1761 233.9374 233.202 218.2862 

S1->j1 230.3686 231.7053 230.905 217.0087 

J1->S1 60.82946 60.83977 60.82376 57.02908 

S1->j1 7.596495 7.598097 7.599585 7.131591 

9650M0.1S 
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4.5.650M5% 0.1S 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 TCP(Sack)

TCP(Reno) 

(Slow Start)

TCP(Reno, Tahoe)

TCP 

S 

kb/s 

Sack 10786.46 37.08353 

Newreno 11143.7 35.89472 

Reno 11528.86 34.69554 

Tahoe 11665.45 34.28929 

37650M

5%0.1S 

 

38650M

5%0.1S 

 

39650M

5%0.1S 

 

01650M

5%0.1S 
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216

50M5%0.1S 

 

206

50M5%0.1S 

 

236

50M5%0.1S 

 

226

50M5%0.1S 
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 

TCP(SACK). 

 TCP(Newreno) 

TCP(Tahoe, Reno)

 TCP(Tahoe) 

Loss&latancy 50 SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 66.95452 64.86796 61.75526 58.89716 

S1->j1 63.05145 61.50616 58.2203 55.5592 

J1->S1 16.2079 15.67776 14.92731 14.35989 

S1->j1 1.920843 1.861514 1.772918 1.700981 

00650M5%0.1S 
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5.5.65M

 

 

 

 

 

 

 

 

 

 

 

 

TCP

TCP(SACK).

 

TCP 
S 

kb/s 

Sack 270.1581 148.0614 

Newreno 279.9651 142.875 

Reno 283.2891 141.1985 

Tahoe 283.271 141.2075 

2565M. 2265M. 

0365M 

2665M

. 
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TCP(Reno,Tahoe)

TCP(Newreno)(Fast retransmit) 

286

5M. 

 

276

5M. 

 

216

5M. 

 

296

5M. 
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  

 TCP(SACK)

 

 TCP(SACK) 

Free 5M SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 220.2572 219.8922 219.4055 219.1217 

S1->j1 218.2155 217.6617 217.4589 217.9861 

J1->S1 57.0807 57.0561 57.04998 57.04641 

S1->j1 7.124826 7.124676 7.134258 7.162811 

0265M 
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6.5.65M5% 

 

 

 

 

 

 

 

 

 

 

 

 

TCP(SACK)

 

TCP(TAHOE) 

TCP 
S 

kb/s 

Sack 826.7833 48.38027 

Newreno 884.3441 45.23126 

Reno 905.5353 44.17277 

Tahoe 953.2811 41.96034 

2065M

5% 

2365M

5% 

 

2265M

5% 

 

0265M

5% 
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226

5M5% 

 

256

5M5% 

 

266

5M5% 

 

276

5M5% 
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 

 

 TCP(SACK) 

 

loss 5M SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 66.7923 66.68415 66.91126 66.60845 

S1->j1 63.12607 62.74755 62.89896 62.76918 

J1->S1 16.24921 16.15683 16.21319 16.16011 

S1->j1 1.91737 1.919454 1.921276 1.927937 

0565M5% 
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7.5.65M0.1S

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 TCP(SACK) 

.TCP(Reno Tahoe)

TCP 
S 

kb/s 

Sack 273.4529 146.2775 

Newreno 279.3874 143.1704 

Reno 286.8276 139.4566 

Tahoe 287.1936 139.2789 

286 5M

0.1S 

2965M

0.1S 

 
0665M

0.1S 

 

5165M

0.1S 
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506

5M0.1S 

 

536

5M0.1S 

 

526

5M0.1S 

 

526

5M0.1S 
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 TCP(SACK)

 

  TCP(Newreno)

TCP(TAHOE,  RENO)

 

Latancy  SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 175.7894 175.784 175.3946 175.5894 

S1->j1 173.9831 173.8374 174.1618 175.4271 

J1->S1 45.6572 45.64325 45.63835 45.6408 

S1->j1 5.757228 5.699282 5.720386 5.757228 

0765M0.1S 
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6.5.85M5%0.1S

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TCP 
S 

kb/s 

Sack 1109.527 36.0514 

Newreno 1136.645 35.19129 

Reno 1194.644 33.48278 

Tahoe 1134.191 35.26743 

5565M

5%0.1S 

566 5M

5%0.1S 

  

5Mحجم نافذة الإزدحام لملف  (6-57)الشكل 

5%0.1S 

 

0865M

5%0.1S 
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TCP(SACK) TCP(Newreno)

.TCP(Tahoe)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

586

5M5%0.1S 

 

596

5M5%0.1S 

 

616

5M5%0.1S 

 

606

5M5%0.1S 
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  

 TCP(SACK)  

 TCP(SACK)

 

 

Loss & latancy 5M SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 57.70476 57.77892 57.3247 57.00952 

S1->j1 60.62785 59.7843 57.70785 56.44252 

J1->S1 13.9724 13.91808 13.82062 13.91565 

S1->j1 1.645317 1.64196 1.646779 1.64783 

0965M

5%0.1S 
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6.5.9500K 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TCP(Newreno)

 

TCP (SACK)

 

TCP 
S 

kb/s 

Sack 37.11169 107.7827 

Newreno 46.28789 86.41569 

Reno 42.16697 94.86098 

Tahoe 40.35088 99.13043 

636500K626500K

 

626500K

 

316500K
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656

500K

 

666

500K

 

676

500K

 

686

500K
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 TCP(SACK). 

 TCP(SACK). 

 TCP(Newreno) 

free 500K SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 124.2222 103.7778 108.2222 113.3334 

S1->j1 122.4445 87.27552 95.752 101.1111 

J1->S1 22.98203 22.88333 22.85273 22.85681 

S1->j1 2.862549 2.853288 2.853798 2.861209 

306500K
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6.5.10500K5% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TCP(Tahoe)500K 

TCP(Reno) 

(Fast Recovery). 

TCP(SACK, Newreno)  

TCP 
S 

kb/s 

Sack 118.0596 33.88119 

Newreno 138.6798492 28.84341 

Reno 92.575505 43.20797 

Tahoe 89.5252 44.68016 

716500K

5% 

696500K

5% 

 
336500K5% 
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706

500K5% 

 

736

500K5%  

726

500K5%  

726

 500K5%
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Loss 500K SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 41.07466 41.26934 40.42578 40.94489 

S1->j1 38.15466 38.67378 38.80355 37.50578 

J1->S1 9.725608 9.867917 9.908003 9.863837 

S1->j1 1.157118 1.156736 1.147435 1.151732 

 

 

 

326500K5% 
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6.5.11500K0.1S

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TCP(Tahoe)

.TCP(SACK) 

TCP 
S 

kb/s 

Sack 38.5173 103.8494 

Newreno 44.47917 89.92974 

Reno 50.65513 78.96535 

Tahoe 51.52375 77.6341 

756 500K

0.1S 

766 500K

0.1S 

 

326500K0.1S 
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TCP(Tahoe) 

 

776

500K0.1S 

 

786

500K0.1S 

 

796

500K0.1S 

 

816

500K0.1S 
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6.5.12500K5%0.1S 

 

 

 

 

 

 

 

 

 

 

 

 

 

TCP 
S 

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) 

TCP(SACK)  

806500K

5%0.1S 

 

836500K

5%0.1S 

 

356500K5%0.1S 
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TCP

826

500K5%0.1S 

 

826

500K5%0.1S 

 

856

500K5%0.1S 

 

866

500K5%0.1S 
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13.5.6

050M 

 

TCP SACK

 

 TCP SACK

 

 TCP SACK  TCP NEWRENO

 

 TCP SACK 

 TCP RENOTCP Tahoe 

 

Loss & latancy 500K SACK NEWRENO RENO TAHOE 

KB/sec 
J1->S1 41.20445 41.78845 42.24266 41.20445 

S1->j1 38.73866 38.86845 38.73866 38.47911 

J1->S1 9.925955 9.835694 9.854809 9.841753 

S1->j1 1.155028 1.160211 1.169512 1.153262 

366500K5%0.1S 
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35M 

 TCP RENOTCP TAHOETCP SACK 

 TCP SACK 

 TCP SACK 

TCP TAHOETCPRENO           

TCP Newreno

 

2500K 

 

TCP SACK 

 TCP TAHOE TCP NEWRENO, 

TCP RENO   TCP SACK  

 TCP SACK TCP TAHOE

 

 TCP RENO 
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6.6 

6.6.150M 

 

 

 

 

 

 

 

 

 

   

 

  TCP(SACK) 

TCP 
S 

kb/s 
S 

kb/s 

Sack 3411.932 117.2356 3446.821 116.049 
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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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