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'F. Wan, L. Cai & T.A. Gulliver. (2008, November). Ibid.
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0 0.000000 I 4328 ©8.458 73.070 105.277
3 100.000000 P 20808 51.282 56.021 56.870
1 33.333330 B 1256 45.2B84 62.242 5%.516
2 E6.6666T0 B 776 49.384 58.000 59.718
6 200.000000 P 36424 47.858 57.732 55.11¢
4 133.333330 B 1872 43.830 23.422 S52.863
3 1l66.666670 B 1248 46.720 54.522 54.475
9 300.000000 P 51088 46.157 55.784 54.218
7 233.333330 B 2576 43.351 S54.585 52.610
8 266.666670 B 3704 44.080 54.478 52.978
1z 400.000000 I 112336 45.543 34.988 53.571
10 333.333330 B 4616 43.314 55.028 50.703
11 366.666670 B 3648 44.020 23.312 02.444
15 300.000000 P 7857643.835 54.005 52.024
13 433.333330B S5e80 42.314 54.301 52.02%
14 466.666670 B 5512 43.25%9 33.057 51.034
18 600.000000 P 56864 43.054 52.181 51.536
1le 333.333330 B 7648 41.555 30.534 50.027
17 366.666670 B 6552 42.20%9 459.628 49.556
21 T700.000000 P 112072 42.35653 21.60% 50.8¢68
19 633.333330 B 7672 41.100 50.677 49.764
20 666.6666T0 B 7904 41.680 20.55%¢ 49.556

qﬁl‘ljﬁ 3.4 Verbose Trace File 9103# 10 “From Mars to China”
e A Simple, Two-Level Markovian Traffic Model for IPTV Video Sources

mﬂgﬂﬁ 3.4 ﬁammﬁgﬂuﬁ@ﬂi’ﬁmﬁﬁuﬁuﬁa SR UINTU Timestamp (VOa13a1fi
Gudalugy millisecond) siavoansy vinaveansy (luzdl bio 1aze1 quantize 3 5EAVVDA
w3 Tasasin'l 19 unsae Traffic vuaziwulifidn Timestamp tazyu1avoaun iy
wanifisadesat TamsmdeyaaesrineiniaTesssamnsaldTusunsy mkvinfo Fuilui
wSdmsumandoyavesdaiaTeifiumanalidin mkv 18 vasminiluiaTefdu

wwana i§oudaunsnlFlsunsy Convert ¥iadlasuliinedluginsuilules Tae

sUnuudoyan l8an mkvinfo azeglugii 3.5 uaz 3.6
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[IMKVInfo) + EBML head at ©

(MKVInfo) |+ Doc type: matroska at §

(MKVInfo) |+ Doc type version: 2 at 16

(Mxvinfo) |+ Doc type read version: 2 at 20

(MXVInfo) « Segment, size 15883192508 at 24

(MxXVInfo) |+ Seek head at 36

(MxVvInfo) | + Seek entry at 41

(MKVInfo) | + Seek ID: Ox15 6x49 Oxa9 0x66 (KaxInfo) at 44

(MKVInfo) | + Seek position: 4099 at Sl

(MKViInfo) | + Seck entry at 56

(MXVInfo) | + Seek ID: Ox16 8x54 Bxae Ox6b (KaxTracks) at 59

(MKVInfo) | + Seek position: 4212 at 66

(MXVInfo) | + Seek entry at 71

(MKVInfo) | + Seek ID: Ox11 Oxdd 8x9b Ox74 (KaxSeekdead) at 74

(Mxvinfo) | + Seek position: 15802977337 at 81

(MKVInfo) | + Seek entry at 89

(MKVInfo) | + Seek ID: Oxlc 0x53 Oxbb Ox6b (KaxCues) at 92

(MXvInfo) | + Seek position: 15802938991 at 99

(MKVInfo) | + Seek entry at 107

(Mxvinfo) | + Seek ID: Ox10 Ox43 9xa7 Ox70 (KaxChapters) at 110

(MKVInfo) | + Seek position: 5466 at 117

(MKVInfo) |+ EbmlVoid (size: 4010) at 122

(Mxvinfo) |+ Segment information at 4135

(MKVInfo) | « Timecode scale: 20832 at 4140

(MKVInfo) | + Muxing application: libebsl v0.7.8 + libmatroska v0.8.1 at 4146

(Mxvinfo) | « writing application: OVOFab at 4184

(MKVInfo) | + Duration: 7568.320s (02:05:08.319) at 4193

(MKVInfo) | + Date: Wed May 64 15:42:31 2011 UTC at 4204

(MxVInfo) | « Title: TRON LEGACY at 4215

(MKVINnfo) | + Segment UID: 0xd9 0x87 0x32 0x64 Ox1b Oxc7 Ox2d Ox66 Oxab Oxca Gx97 Ox99 8x45 Ox3d Oxbb Ox3e at 4229
a ) Ay v :

31]7] 3.5 ﬂl@ﬂg'aﬂulﬂ%Tﬂ mkvinfo #3UUD3 Header

flan: A Simple, Two-Level Markovian Traffic Model for IPTV Video Sources

(M<VInfo) | + SimpleBlock [track number 1, 1 frame(s), timecode 2864.403s = 00:47:44,403) at 6278783965
(MVInfo) | + Frame with size 61289

(MevInfo) | + SimpleBlock [track number 1, 1 frame(s), timecode 2864.444s = 00:47:44,.444) at 6278845262
(MKVInfo) | + Frame with size 59814

(MevInfo) | + SimpleBlock (key, track number 2, B frame(s), timecode 2B64.4585 = 00:47:44.458) at 6276905084
(M<VInfo) | + Frame with size 8416

(MvInfo) | + Frame with size 8452

(M<VInfo) | + Frame with $ize 8548

(M<VInfo) | + Frame with size 8628

(M¥Info) | + Frame with size 8686

(MevInfo) | + Frame with size 8672

(MevInfo) | + Frame with size 8684

(MvInfa) | + Frame with size 8672

(MKVInfa) | + SimpleBlock [track nusber 1, 1 frame(s), tisecode 2864.4B63 = 00:47:44 486) at 6278973847
(MEVInfo) | + Frame with size 359982

(MVInfo) | « SimpleBlock (track number 1, 1 frame(s), timecode 2864.528s = 06:47:44.528) at 6279633837
(MxvInfo) | + Frame with size 68384

(MvInfo) | + SimpleBlock [key, track nusber 2, B frame(s), timecode 2B64.543s = B0:47:44.543) at 6279094149
(MvInfo) | + Frame with size 8688

(MvInfo) | + Frame with size 8692

(MVInfo) | + Frame with size 8660

(MKVInfo) | + Frame with size 8684

(MEvInfo) | + Frame with size 8684

(MVInfo) | + Frame with size 8740

(MevInfo) | + Frame with size 8696

(MKVInfo) | + Frame with size 8724

(MVInfo) | + SimpleBlock (track nusber 1, 1 frame(s), timecode 2864.570s = 08:47:44.578) at 6273163734
(MKVInfo) | + Frame with size 59612

(MVInfo) | + SimpleBlock (track number 1, 1 frame(s), timecode 2864.611s = 06:47:44.611) at 6279223354

a ) Ay v . 1 .
31]11 3.6 mey,aw'lﬂmﬂ mkvinfo §IUVYDN Frame 1Y Timestamp

fan: A Simple, Two-Level Markovian Traffic Model for IPTV Video Sources
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71162 0

12996 41

6843 83
35160 85
5695 125
8105 166
35192 170
5482 208
5358 250
35232 256
5551 291
5792 333
35356 341
5825 375
6128 417
35484 426
6348 458
6374 500
35528 512
6352 542
6360 583
35568 597
6235 625
6091 667
35708 682

31 3.7 New Trace File 1130013510095 210188 NS2

34
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= o v 9 A . a
131N 3.7 mudrdudeyano vinaveunsy (1ugil Byte), Timestamp (V0317011
' 1 4
i5ueelugal millisecond ) ¥ Video Trace File Ha1u1501i1 11/ 141un15811 Trace ¥09 NS2
A 9 o [ o Y
ioa3 19 Traffic dmisumstiaesszuyld
3.42 upydiaeeszuulasevie IPTV 1asly Video Source 3D VU Protocol Independent

Multicast

'
S o

msialszansnmveslassitendmuald Video Trace Tagmideniinnlsd

nAAOUTIUAD Tangled 3D TABAIGNEULANNAININAITINN 3.2

d' 1 [ == d' 9
M1319% 3.2 MAUANBULYDIIA 10N 195

Overall video bit
Video Resolution Format Frame rate
rate
MPEG4
Tangled 3D 1920 X 1080 19.6 Mbps 23.976 fps
AVC

eceiver 1

20-80 Mb

C clientl
Ry
)
£y 20-80 Mb
. 100Mb 1DDDMb 1000Mb
Content Provider

100Mb R1 R2 Receiver 3
ks 1000Mb 1000Mb 20-80 Mb
N

FTP server

client2

20-80 Mb

Recelverz

57 3.8 nuuTiaedlaseiig
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M3191 3.3 YsznnvesIvuanieg lulaseaine

Trua ainsad
Content Provider Video Source
FTP server Background Traffic
R1,R2,R3,R4,R5 Router
Receiverl, Receiver2, Receiver3 Video Sink
clientl, client2 Background Traffic Sink

{ ' 13 a o

11013197 3.3 ventszinnveuaaz Tnuainiluglnsaiziialathalasdinua
o v w2
asae 1T

. S S .
1) Content Provider L‘ﬂu’qﬂﬂi 2113219 Video Source
< J
2) FTP server L‘ﬂu’qﬂﬂi 211 321nN Background Traffic Source
< J
3) R1,R2,R3,R4,R5 1luginsaiizinn Router
. . . < 4 . . 1 2

4) Receiverl, Receiver2, Receiver3 Lﬂuqﬂﬂimﬂizmmm Video Sink TuaIuY
I o =
dhutaenavesdiumiiale

. . g y .

5) clientl, client2 ugilnsaidsznNUe Background Traffic Tuaiuvestlatgnis

U84 Background Traffic
° [l § { L g
uuutaesvedlaseiie lagnuans 1395y 3.8 Taegununldne dumbbell Failu
& 2 . g . HAq ¥ ) o ,

5UMUUNUFIU 39 Content Provider 11U Video Source N1Fmsdadoyalidalarenisganieg

"9

FTP server IHudoyanioguarluszuun3eiionin Background Traffic §2U R1,R2,R3,R4,RS

QU

& ' { ' % d
WuTvuaarunardoyadosriiuliUaten1a #9 Receiverl, Receiver2, Receiver3 11

yarnsdarenielunisdedoya Video Source wuuaRn AN d@ Uy Ao PIM-Dense
Mode, PIM-Sparse Mode t1ai& Bidirectional PIM Tag Receiverl, Receiver2, Receiver3 UN13
Join Group, Leave Group taz11a11un155u401g91n Video Source @19l clientl, client2
iHluaaninela1em1eues Background Traffic Fafvuadafiunia SOMB 1ag 100MB 9UAT1
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+0.86316 2 3 udp 1000 ------- 21.03.11081 1081
-0.86316 2 3 udp 1000 ------- 21.03.11081 1081
r 0.86324 1 2 udp 1000 ------- 21.03.11082 1082
+0.86324 2 3 udp 1000 ------- 21.03.11082 1082
- 0.86324 2 3 udp 1000 ------- 21.03.11082 1082
r 0.86332 1 2 udp 1000 ------- 21.03.11083 1083
+0.86332 2 3 udp 1000 ------- 21.03.11083 1083
- 0.86332 2 3 udp 1000 ------- 21.03.11083 1083
r 0.8634 1 2 udp 1000 ------- 21.03.11084 1084
+0.8634 2 3 udp 1000 ------- 21.03.11084 1084
- 0.8634 2 3 udp 1000 ------- 21.03.11084 1084
r 0.86348 1 2 udp 1000 ------- 21.03.11085 1085
+0.86348 2 3 udp 1000 ------- 21.03.1 1085 1085
- 0.86348 2 3 udp 1000 ------- 21.03.1 1085 1085
r 0.86356 1 2 udp 1000 ------- 21.03.1 1086 1086
+0.86356 2 3 udp 1000 ------- 21.03.1 1086 1086
- 0.86356 2 3 udp 1000 ------- 21.03.1 1086 1086
r 0.86364 1 2 udp 1000 ------- 21.03.11087 1087
+0.86364 2 3 udp 1000 ------- 21.03.11087 1087
- 0.86364 2 3 udp 1000 ------- 21.03.11087 1087
r 0.86372 1 2 udp 1000 ------- 21.03.1 1088 1088
+0.86372 2 3 udp 1000 ------- 21.03.1 1088 1088

a a .
gﬂ‘ﬂ 3.9 51902198AU0N Trace File

38
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- from | to pkt |pkt src | dst [seq |pkt
event| time nodel node | type]size flags | fid addr] addrjnum Jid
r : receive (at to_node) d : drop (at queue)
+ : enquere (at queue) src_addr : node.port (3.0)
- : dequeue (at queue) dst _addr : node.port (0.0)

317 3.10 31)0DV04 Trace File’
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A I = T . &L o~ &
iﬂﬂgﬂ‘ﬂ 3.10 i]gl,ﬂuﬂTiLL’L’f@NiWEJﬁgL@EJWUENLmﬁ’)uiu Trace File ¥3UAININVUA

[

' 2
12 A9 U

o

A =X A o Jd a A =2 .
1) Event D Event type GINT Y NHAUDY 4 YUAAD T, +, -, dlae r Hue09 receive,

+ 118D enqueue, - U804 dequeue, d ¥R8DY drop
2) Time ABLIAIVUSNLNG event
3) From node Ao input node Y94 link NNa event

4) To node Ao output node U8 link Na event

A A A o A ° A .
5) Pkt type A® Packet type ‘ViiEJ‘]J’EJ"II’E]W’JLL“]J';"WQﬂMWHﬂﬂﬂm“]Ju Application

6) Pkt size 10 Packet Size

7) Flags

8) Fid fie Flow id (fausiifuma)

9) Src_addr f® source address

10) Dst_addr A0 destination address

11) Seq_num Ao Sequence number YB3 packet 11 Network Layer

12) Pkt id Ao unique id YD packet

[} 9
Falun13$190955DUVY NS2 U@ 50905 N3 10azdeav0doyalunaas

<Y

J [ YRy Y A a 1 g A [ Y
Lﬁ@]ﬂ'ﬁﬂlﬂuiﬂﬁﬁﬂﬂﬂqﬂ FIDTHINADINTITNISUATISUUDYAA N UULﬁ']ﬁ'lll'lﬁﬂﬂfﬂgﬂ']ﬂ']ﬁllﬂ

6a A a o Jd v O R o J
AN HaedsTa lawe GﬁﬂﬁlﬂiﬂWW\‘l‘HLmSQUliﬁﬂu TIFUNTUNT. (2550)
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Y [ v
910 Trace 1@ Tagldnmnldlums@eu Tusunsuareg lumssansiung Trace ¥alu

e o v J { {o &
w1 Idhmssans lwddeyadie Gawk AannsadouTdsunsulunsnsesdoyansuily

U

v
=

20NN ALUIWAIUIUNIAT Packet Loss, Delay Lo Jitter 18 dagn 3.11,3.12 uae 3.13

U

number of packets sent:1303399 lost:168450 receive:1134843
number of packets sent:973001 lost:51320 receive:920556
number of packets sent:1054278 lost:7055]1 receive:982899
number of packets sent:1175222 lost:112127 receive:1062040
number of packets sent:970562 lost:58097 receive:911397
number of packets sent:1514557 lost:239286 receive:1274108
number of packets sent:1058721 lost:105402 receive:953042
number of packets sent:826377 lost:34701 receive:790871
number of packets sent:872703 lost:43686 receive:828981
number of packets sent:883250 lost:44963 receive:838181

gﬂﬁ 3.11 A10819Ma Packet Loss Rate

Average Delay = 58.0281 ms
Average Delay = 55.71¢ ms
Average Delay = 56.719 ms
Average Delay = 55.3459 ms
Average Delay = 52.9007 ms
Average Delay = 33.4238 ms
Average Delay = 29.4549 ms
Average Delay = 55.2311 ms
Average Delay = 55.8099 ms
Average Delay = 34.4847 ms
Average Delay = 53.1891 ms
Average Delay = 59.3658 ms

317 3.12 A2986139Ha Delay
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a
N

Jitter
Jitter
Jitter
Jitter
Jitter
Jitter
Jitter
Jitter
Jitter
Jitter
Jitter
Jitter

OCc oo OoORrRrR OO OOoO OO

.522739
.0441702
.107084
.06181c4
.0203388
.0182468
.20461
.253921
.0521663
.543358
.0523629
.620789

ms
ms

ms
ms

ms

3.13 @19819KA Jitter
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