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Figure 2.7: The AAL2 Swit<:h 

~narlO. L:>oking hack at Figure 2.6, we are pre.<cllted with tv..o clwkes at ATM 8wit<;h A: 

Either 8witch the five voice channds along the solid line from switch A to switches B, C, D 

and finally to switch E, thu~ undergoing four ATM switch hops. Alternatively, traversing 

the dotted line results in a total of three bop COUD1.8. Jkganlless of what route is taken, 

each concentrator recei""" five voice channeb and PJldi; up dil<<:ardiug at le<l8t two. The 

network €Xample Mown in Figure 2.6 is mOle pmdical and likely to appear in a typical 

ATM network than the idealised trunking €Xample of Figu~ 2.1, where each and every 

voi<:e packet "arlied On the entire loute is intended for the same denination. 

An ATM ~witch switch"" at the ATlIlayer by modifying the AT/vI header and is unaware of 

the AAL2 packet structu~ within each cell. A~ indicted in the previous !:haptpI, an AAL2 

"witch is capable "f disasSl)mbling the incoming AT),! cells into indivual CPS packet.~ , and 

s\,~tching based on the CID found in this he"']Cl of each packet, as "lOll as the VPI ami 

vel values in the ATU header. Cells leaving the AAL2 switch !:ontain packets all destined 

ror the "arne destinatirm'. This functionality i8 depicted in Figure 2.7. 

A typical network topology incorporating both ATM and AAL2 switches at the periphery 

·Thi. ill prO'l'idoed furtl .. r dowIl'tream AAL2 switching is not required. 

28 
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Figure 2.8: AT:\f and AAL2 Switch Synel b'Y 

of the network is given in Figure 2.8. The earher along I,he network path AAL2 pad,et.o 

Can he broken up and roorganiood, the sooner t,hetie packet« will traverse I,heir detitination 

along a more optimiS€d path, n.;ulting in both redueed netvwrk delay>:; and leES load On 

the netwurk in carrying umvanted yoiee traffic. 

The design of a monolithic, VLSI (Very Large Scale Integration) single-chip AAL2 switch 

wall proposed in 2000 [141. The author of this paper compared twu types of switch, Type 

I and Type II. A Type i8witch is able to bruk up a CPS Packe, into tl'i'O parr" I'i,hereas a 

Type II switch cannot. The paper ~hoW!; that the synthesi8able logic for a Type I s"itch 

require> substantially more on_chip r,..;oure",; ali Type I entails a mOre complex r€-3B8embly 

proeeds and may introduee delays in the Content Addressahle .\lemory (CAYl) used for 

buffel'!;. The loeation for Type 1 AAL2 sl'i'itche" i" suggest.ed to be aI, endpoint., of the 

network and Type 2 ,wir.ch€., should re8ide in the oole [14J. Fl.uthermore this a11thor 

uses simulation teehniqlle~ to eompare metria. for both types of switch, induding time 

taken to di"card cells, suitable CPS packet buff€r si.e to maim,ain a emain AT:\f cell rate 

and the typical loss ratio experienced with CPS packets I'i'hen timeout" oeeur. In t.hese 

studies, voice entering the "witch i" ",,8umed full-rate (64 kbps). which does not rea.lly take 

advantage of the efficiency offered hy AAL2. 

Other8 have focused mOle on performam~ issu",; of an AAI.2 switching network and have 

derived results nom analyr.icai met,hods l211. In their analysis, a fixed CPS packet length 

is assumed and arrival-rate" for packet.s are Poi.oon modelled. State space thoory is used 

to derive the cell delay ,-ariation (CDV) and analytieal expreHEions for both I,he delay 

distribution"" ,,'ell "" the PLR (Packet L{l8S Ratio) in the AAL2 s",itch. For a single node 
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Figlll€ 6.1; Testbed Components to EHluate the AAL2 Switch 

iutcrf",:e. The jCIlh>th of each packet payload may range from 1 byte up to 11 maximum 

of 64 Ly~es. Packets larger than 64 bytes should not he generated_ Thi~ requirement 

is »e\ by the ITC-363.2 ~l)()<:ifi"atioll, 

• The 5uudure 01' "",ch CPS pa.cke( header should conform t.o ~h€ ITU-363.2 reCOm

mendation. 

• It should be possible t.o vary the number of packet~ that are generated. 

• The rale and size of the pa.::kets generated should conform to that "I,€cified by one 

of several standardised vojell OOmIITe,-,.<;iou ""deo; that iIT€ <:urrent.ly aYllilable. 

• The wnte.nts of t.he payload of each packel should l>€ randomly generated as if it 

W€1"<J valid voire infornmtiou. This i" the simples, method to generat.e data. 

• Each CPS Packet and AAL2 PDU that is ~€ncrnt.ed must be l()g~ed 10 di"k f()r oH'-line 

"nalysis. 

• .\1ultiple SOUTCffi, or multipl€ u,*,rs should be support.ed. 

Th<.rre are many standardi..,oo al~orithm8 "'"dibble for cornprcsoing voice and genemtin~ 

we variable- length packets. The "lgorithm" range from f>lirly simple rude,," such as G-n I 

that perform almo"l no compression, l.O high ly sophisticated algorithms such as G-729 tha~ 

produce spe(~:h at V€ry low hit ratcs. The mul ~ i pl exing fea~ure of AAL2 ill ba<t utilised 

when being applied to lower bit-rate <:od"",. The <:odecs of interl.,,>t are listed in Ulhle 
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Table 6.1: Standard Compression Codecs 

6.1. AJI,hough smue codees are described by all exhaustive array of parameter>;, many of 

l,h","" paxameters are not o[ interest to the network or physical layers. As an example, SOme 

paramel,ers attempt to defille mooels that assist in re~"\lnstl'Ucting speech and comfort nob.e, 

b<lth ollly of relevance to the sending and receiving end application. \Ve need not concern 

ourselves with th.....,. Huwevl'l", there are two fUlldamental paramel,er" which may be UM'd to 

charo.cl,eri.~e each codoc. The SOurce packet di.~tributioll refers to the time interval between 

successive packets. Therefore; if the "OUfce packet distribution is 20 m~; then packets from 

l,hat source ,,~ll be gellerated every 20 m". The secolld paramel,er of illteresl, is the packet 

size o[ the "Ource. The packet size will vary according to the comprcssion codec that has 

b<",n selected [or evaluation purpooes, Both the SOurce packet distribution and palket siu 

for a number o[ cOmmOn codec" are shown in the table abo,'e. 

To model a source, the test client rellds data from a configuration file that describes the 

manller ill which pa.cket8 [or the source must be transmitted. These pru:ruueten, illclude the 

cooec, packet si7--e, number of packets, and source packet distribution; Le. the rate at which 

packets are produced. If multiple user" are t,O be emulated, thell muit,iple "lUrc"" must, be 
defined in the LOllfigural,ioll file, Abo defined ill the configuration file i" the timer_CU that 

will have global significance to the AAL2 path and hence all channels to be multiplexed 

ont-o ie. The implemelltatioll o[ the te;.t client and server is discu.M;ed in furt.hl'l" detail in 

Appendix C. 

(i.:~ Testbed Compollellts 

To p€rform an evaluation of the AAL2 SWil,ch, the following componpnts were required: 

• AAL2 Generator, shown in Figure 6.1 to emulate multiple SOurces and combine their 
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.Pac::ket 0, C:ID.17, LI.1' 
17 S. 0 245 26 157 6' 39 186 226 168 59 130 156 172 123 101 132 
IPacket 1, C:l:J:loo17, 1.0:1:-14 
17 56 0 109 85 81 147 139 90 29 22 67 72 188 250 106 225 208 
IPacket 2, C:l:Da17, 1.0:1:-14 
17 56 0 247 10 13 24' 165 200 239 234 37 228 126 180 100 236 67 
,Packet 3" C:ID.1', L:I-1' 
17 56 0 62 152 249 180 103 21 149 4 200 254 18 172 142 13 131 
'Packet 4. C1D-17. 1.01-14 
17 56 0 160 93 215 21 104 196 226 237 21 42 236 107 85 180 156 
'Packet 5. C:l:Da17. 1.01-14 
17 56 0 206 138 30 47 59 42 244 52 18 92 51 240 138 17 18. 
IPacket 6. C:l:D-17. I.oJ:.U 
17 56 0 138 164 124 145 130 59 66 114 172 101 51 151 41 232 238 
,packet 7, C1D-17, 1.0:1:-14 
17 56 0 58 128 238 66 196 126 172 156 48 210 76 109 122 41 183 
,p_t 8, C:l:Da17, 1.0:1:-14 
17 56 0 208 180 186 135 84 166 248 212 43 118 109 20 189 76 97 
'Packet 9, C:ID-l', LI-1' 
17 56 0 19' 209 115 100 32 54 230 83 130 71 19S 231 199 21 177 
IP"ck"t 10, C:l:D-17, I.oI-14 
17 56 0 121 90 158 103 251 28 220 208 212 240 13 185 171 25 2 
'Packet 11, CID-17, 1.0:1:-14 
17 56 0 89 180 29 220 9 176 113 9 51 19 167 192 222 132 62 
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to to ensure 
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'Packet 0, CII).20, LI., 
20 36 0 253 116 91 14 205 221 153 51 161 114 
'Packet 1, C:m.20, LI.' 
20 36 0 223 '2 113 161 2 75 220 112 36 116 
iPacket 2, C:l:I).20, Lt., 
20 36 0 234 142 194 2U 254 129 170 90 222 116 
ipacket 3, CII).20, LI., 
20 36 0 123 5 27 232 20' 56 181 23 161 112 
iPacket ", CIO.20, LI.' 
20 36 0 ,. ., 230 12 21 31 " 61 1'0 4 
'Packet 5, CID.20, LI.' 
20 0 62 232 121 2. 104 20 133 143 5 
I 'Packet <:ID.20, 101.9 
20 36 0 " 162 24 191 in 16 251 191 204 17 
'Packet 1, CII).20, Lt., 
20 36 0 31 3 " 57 1n 2' 150 191 120 44 
iPacket I, cm.20, LI., 
20 36 0 57 44 137 44 141 50 27 10' 174 15. 
'Packet " CXI).20, LX., 
20 36 0 20 71 213 131 245 23 37 23 214 4 
iPacket 10, CII).20, LI., 
20 36 0 US 74 n 16 51 121 11 152 111 102 
'Packet 11, CII).20, LI.' 
20 36 0 15. 204 100 100 25 185 139 160 129 26 
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#---POO 0 ---
2 20 36 0 253 116 51 14 205 221 lS3 Sl 161 114 20 36 0 223 92 113 167 2 
75 220 le2 36 116 20 36 0 234 142 194 241 254 129 170 90 222 186 20 36 
o 123 5 27 232 209 

.---�'t�U 1 ---
20 56 111 23 161 112 20 36 0 94 49 230 12 28 31 U 67 190 4 20 H 0 143 
62 232 121 21 104 20 133 141 5 20 36 0 '4 162 24 191 131 " 251 191 204 
17 20 36 0 

t---PDII 2 ---
U ]I 3 It 57 191 2' 150 191 120 44 20 311 0 57 U 137 44 141 SO 27 109 
174 151 20 36 0 20 71 213 131 245 23 37 23 214 4 20 36 0 195 74 31 " 
56 128 11 152 

was set to a 
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1---II'Dt! 0 ---
2 20 36 0 253 116 51 14 205 2ll 153 51 161 114 20 36 0 22:; 9l 11:; 167 2 
75 220 182 :;6 116 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

I---Poo 1 ---
o 20 36 0 234 142 194 243 254 129 170 90 223 186 20 36 0 123 5 27 332 
209 $6 111 23 161 182 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'---'00 2 
2 20 U "49 230 12 28 31 " 67 190 4 20 36 0 lU 52 232 128 28 104 
20 133 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

t---PIlt! 3 
o 20 36 0 " 162 24 191 131 " 251 191 204 17 20 3' 8 31 3 19 57 191 29 
150 191 120 U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

t---PDt! 4 ---
2 20 U 0 $7 U 137 U 148 50 27 109 1" 158 28 U 0 20 78 2U 131 245 
23 37 23 214 4 0 0 0 0 0 0 8 0 0 0 8 0 0 0 0 0 0 0 0 0 0 

two ",.,"",,0 .. " were not DfE~Sent. to 
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ft~M~.na 0 ~M~ 

a 20 U 0 an lUi n 14 aos 321 153 51 ln 114 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
00000000000000000000 

,111~~~PIDQ 1 ~~~ 

o 30 JIf 0 323 '3 ln lG1 3 '15 3ao 113 :Hi lli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0000000000000000000 

'--~'W:l ggD 
2 20 U 0 234 143 lIl4 3U 254 12' no '0 322 lli 0 0 0 0 0 0 0 0 0 0 0 0 0 
000000000000000000000 

ftgg-1OtI 1 ---
o 30 n 0 133 5 :n a32 ao, Sf ln :n ln 11:1 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 
0000000000000000000 

"g_~PW 4 ~g~ 

3 30 U 0 tit n no 12 U 31 iii 51 1$0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I) 0 
00000000000000000 

I :~' : ;;; n 3n 131 31 104 20 In 1431 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0000000000000000000 

'-~-PmI' f 
3 20 :u; 0 U In a4 1111 U1 7tI 353 1n aD4 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000000000000000001300 

'D_~PJ)t1 "I --g 
o 10 3' I) 31 :) at 57 11>1 2111 1.50 In 120 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
000000000000000000 

[;-;;": : !Ii"l U 1:57 U 141 So n 10' 174 UI 0 0 0 0 13 0 0 0 0 13 0 0 13 0 0 
00000013000000000000 

'~g~PmI' , gg-
o 20 :u 0 20 ,. 2U Ul 345 23 31 n .14 4 0 0 0 0 0 0 0 0 0 0 III 0 0 I) I) I) 

000000000000000000 

i ;-;0 1I :01 ;;-74 n U 5i III 11 152 In 102 0 0 0 0 0 0 0 0 0 0 0 0 0 (I 0 
0000000000000000000 

2 3 
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'---l'DII 0 .... VC 101---
3 34 51 0 14 165 3U 312 155 40 n " 
53 155 4 30 204 17 82 34 50 ° 113 10 
,. 131 IS IS 211 314 130 '" lU lU 
174 341 JI 34 51 0 133 14 3' 11 U n 
131 141 

'---f���� 0 .... VC aoo---
313l10141113U313U54i7tU 
B3 155 12 36 0 4 20 a04 I? 62 ln :LO 
II lU 15 la 36 0 15 211 au 130 44 
lU 14a 174 241 " 13 U 0 lU 14 a, 
11 U 

I---HIO 1 "" VC 101---
U 177 IS '0 13 53 110 as. a4 51 0 41 
.7 4 lH 170 a19 103 til 337 154 IS 131 
47 31 au 24 51 ° 147 172 US 155 173 
Ul aa al 11 an 111 158 11 an " a. 
Slon 

.---HIO 1 "'" VC 100---
ao n lU 141 177 15 12 31 0 '0 n 53 
110 al4 ., " 4 '4 170 13 31 0 nt 103 
'1 231 114 ,5 121 41 31 331 13 3. 0 
147 173 us 1S5 173 1f1 2a 21 12 a3l 
1a 31 0 

.---HIO 3 "'" VC 101---
51 .0 llIi 46 ao 1.' an 111 16 151 6. 
146 314 47 53 24 !i 0 U. 11& 302 11 
au 51 .. 41 1&0 150 an so 11& M 'I 
34 56 0 101 101 I 11 14 54 170 1 71 37 
o 103 

.---HIO a "'" VC 100---
~2 118 151 U 333 " 51 '0 131 41 20 
13 31 0 141 2:15 11' 11 151 " 141 234 
., 53 12 311 0 145 111 302 11 313 51 41 
" 110 150 12 3i 0 231 SO 181 114 .. 
101 101 I 

.---HIO 0 "" VC 100---
2 a4 51 0 14 166 au 212 155 41 ., " 
53 155 4 20 304 I? la a4 51 ° 153 10 
.1 131 15 15 311 214 130 44 111 143 
174 347 18 24 51 0 132 14 al 11 43 n 
131 141 

'---l'DII 0 "" VIC 101---
2 13 11 0 14 111 20 313 US 46 7t n 
53 155 12 U 0 4 20 204 17 12 183 10 
U 1U is 12 U 0 15 211 214 130 44 
111 142 l?~ 247 " 12 31 0 132 14 21 
1143 

'---IPIlU 1 "" VIC 100---
al 171 15 '0 n 53 110 354 24 51 0 46 
17 4 lH 170 211 103 II 337 154 15 131 
47 al 221 34 51 0 147 172 235 155 lT2 
1f1 22 21 11 au 111 151 11 233 74 24 
51 0 53 

.---HIO 1 "" 1IC 101---
20 17 us 141 177 15 12 31 0 .0 71 51 
110 254 4G " 4 14 170 12 31 0 2U 103 
I. 3:n liU 15 12. 41 2. 221 :L3 3. 0' 
147 172 231 155 173 Ul 32 2' 13 223 
12 310 

.---PIIV 2 .... VIC 100---
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1U 234 47 53 24 51 0 141 lli 202 11 
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o 103 
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101 10' • 
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133 34 51 0 155 U' 211 • 333 50 31 
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235 169 11 151 II 141 234 47 53 34 51 
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IoI-ll 
351 4 38 119 no 24 il 

340 115 
IP .. _ 2. Ll.U 

40 44 a 107 11 130 54 332 UI 1', 22. 14 
100 154 
.PKltet l~ C10.40, L1.11 
40 44 0 n n 13 104 201 87 171 133 101 112 
U'15 
__ 4. LI-11 

40 44 0 41 3U 111 131 54 136 111 124 
107 115 

S, <:%1).4:0, L%"'11 
40 44 0 251 31 17 J 143 110 10' t4 2ll 70 

33 
I, e%o.4o, L1.11 

40 44 0 147 12 U. 51 177 155 ltO U6 3U 
180 136 U 
_clut. " g_U 
40 44 0 114 35 102 110 III 138 111 44 
15' 200 12' 
.. ~ I, C!J) ... ~U',\l. Ll .. 11 
.0 •• 0 35 10 13 51 lta 4 n 113 115 13. 

CII) .. 40. L1 .. 11 
II 1]7 250 133 249 200 lU 31 

244 111 23 
Pacult 10, C10.40, L1.11 
40 44 0 13 133 U, 51 8a 130 61 " 1U 5 
331 tl 
Dacut 1.1, 
40 44 0 337 175 
UIU, 

g.U 
12 lOS 108 10' 1 53 111 
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'---l'MI 0 ---
3 20 3. 0 208 152 54 17 lao 92 15 " 
all 72 20 31 0 111 20 137 140 0 251 
4 31 13.11 no 20 31 0 24 t6 340 US 
107 11 10 130 54 332 30 31 0 111 167 
237 14 100 

1I---PD\1 1 ---
ao 154 " U 13 104 ao 31 0 300 11 
179 132 101 112 119 15 47 221 20 31 
o 339 131 13' 54 UI 111 U4 107 31 
115 20 3' 0 351 31 113 141 110 185 
M 213 70 147 ao 31 0 

'---l'MI 2 ---
43 245 23 147 n 121 'I n7 155 1.10 
UI 20 3' 0 212 180 UI 11 11. 35 55 
102 210 113 20 li 0 121 111 U 151 
200 U' l5 .0 n 5. 20 31 0 112 4 U 
1.2 115 131 1U 20 

2 30 3i 0 208 152 54 17 110 t2 15 It 
a31 72 40 U 0 208 152 5. 11 110 12 
15 U a31 73 11. 20 30 31 0 17' 20 
137 1.0 0 251 • 28 111 no 40 44 • 
131 140 0 

.---�mV 1 ---
31 251 4 31 lU 230 34 ., 240 US 30 

31 0 24 " 240 ln 107 11 10 130 5t 
232 40 4. 0 107 11 10 130 S. 233 111 
167 22. 14 100 154 30 31 0 118 157 
227 14 100 154 .. 

1-- -IPIIU a ---
14 3i 13 104 40 44 0 n U 13 104 
308 17 17' 133 101 113 11S 1 5 30 36 
o 201 17 171 133 101 113 119 15 47 
221 .0 ,. 0 4' 221 23, 131 131 54 
136 111 124 107 3& 115 30 

I---IPIIU 3 ---
41 31 C 231 131 13, 54 U6 111 13. 
10' 35 115 40 44 0 351 31 173 143 
110 115 I. 2U '0 14' 245 23 30 li 0 
351 31 1'3 lU 110 lIS " 213 70 147 
.0 •• 0 14. n 121 58 

I---IPIIU 4 ---
3. 1" JO 
30 2.' n 
110 176 40 44 0 174 35 55 102 210 
113 131 111 U 15' aoo 135 30 l& 
312 110 135 11 U. 35 55 102 

t---l'MI 5 ---
, 310 113 .0 •• 0 35 '0 83 5t 112 • 
n 152 U' 13' 133 20 10 lG 0 121 
111 U 151 200 lU 31 '0 13 51 40 M 
o 1fl II 131 250 132 2., 200 13' 31 a.. 130 22 30 3i 

t---IPIIU I ---
41 0 113 , n 192 115 137 133 20 111 
" .0 •• 0 12 122 119 53 12 130 51 
97 111 5 231 t1 30 36 0 137 132 
3., aoo 12' 31 244 139 22 0 44 0 
237 175 205 83 105 

t---IPIIU 0 ---
a .0 ••• 201 152 54 17 110 '3 15 " 231 72 
179 20 '0 •• 0 12. 140 0 251 4 28 119 no 2. 
M 2.0 16' .0 •• 0 107 11 60 130 54 232 11. 
157 n. 14 100 154 20 3G 

.---_ 1 ---
M 0 208 152 54 17 110 92 15 U 231 .2 20 31 
o 17' 20 121 140 0 351 • 21 111 230 ao 31 0 
24 " a.o li5 107 11 10 130 54 232 40 It 0 
67 39 13 104 201 17 1" 

,---_ 0 ---
2 30 3l 0 308 153 54 17 110 52 15 99 au .3 
10 " 0 U, 30 127 140 0 351 • 21 11, 330 30 
31 0 a. tiIi 340 lU 101 11 60 no 5. 233 30 
31 C 111 117 327 14 100 

'---l'MI 3 ---
22 U2 101 112 115 15 40 .. 0 47 226 229 131 
U' 54 131 111 134 107 3i 115 40 .. 0 351 11 
113 143 110 115 9. 213 '0 141 245 22 30 31 0 
111 117 22. 14 100 1S4 iT II 13 

t---IPIIU 3 ---
• 10. 20 31 0 301 11 171 132 101 112 119 15 
•• !i 

20 ,. 
213 70 141 .0 •• 0 14. f2 121 " 

.---_ 1 ---
20 154 i1 3t 13 104 30 36 • 201 11 179 132 
10' 112 115 15 ., 231 30 3& 0 229 131 13' 5. 
136 111 134 10' U 111 30 U 0 251 31 113 
In 110 115 ,. 3U 70 14' 30 U 0 

i---I>IIV. ---
34 177 155 1,0 171 212 110 U6 11 .0 U 0 
1'. IS 55 102 310 113 121 111 M 156 200 12' 
.0 44 0 35 IC 13 51 112 • U 192 115 13' 133 
20 .0 •• 0 ltl &I 137 250 132 241 

t-- -IPIIU 5 ---
3. 200 121 U 244 13, 33 20 36 0 a.5 22 14. 
12 121 5' 117 155 110 111 ao 36 0 213 110 
UI 11 1" 35 55 loa 310 113 20 3& 0 121 111 
44 15' 200 121 35 '0 .3 5' '0 44 

11---_ 2 ---
43 345 22 14' ga 128 ,. 177 155 lto 176 ]0 
31 0 212 180 136 11 11. n 55 no 113 30 
31 0 UI 111 .4 15& 200 131 J! Bl U ]0 
3& 0 192 • U 193 115 13' U3 20 
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• w 

! • 

TIMER-<OU-1O 

TIMER-<OU-12 

/ ' ... .ER-<OU-' 
TIME~ 

TIMER-CU-3 
<C 

~ 

0 -, ~ •• <0 

TI_ "" •• 

iuT.{'r<'<)ptl; on the riJ',hl-hlUl<1 w'n;p.u axis (~t. 6()IJ linK' 1IDit,<;) for a11li l,rillLs <lr~ ,[ifit"""'[ 

\ .... \""" 

.. A lil1\er_CL' of 1~ ~orr"'[1(),,'hllo a rotal of (i[, PDU~ t.raI'mIiu ..... \ruHI b~.(·~ ~ rd

",jW'ly hiKI. 1I1IIlI,iplcri_!,; gain that ".,.,; a,hi""",1. Tn Ihit; in"tan<t' the ""l",' of tb<' 

timer "'[Ib WO \"r,«' to hm-c any ~lr<'C( al alL Thi. WM <Inc to t"~ f;K't. (,hat I'Dr8 

alway~ t!~[>"rJo:>d hefore th" tim~r hud had " chawct' r 0 iwt,'TI11pt I he "~"r,""L lking 

10-hyt~ CPS pack",};, hy til" lim" 'lK' 41 h pack'" WM apP"wd"<[ 1(l t.he p(l,tti~lIy filk><l 

PDF, M 12 time uniu., the POU had Illre,"«1)'),,,,,,, <li.'l"'trh<lli. The DlJmhcr of PDL"s 

tmn.smillf'<l ma~' 1 ... tak"lfl(~d "" follo<\", 

r)~ l'DU .• 

• A lil!wT-Gll of 12 tim~ 11.i,,~ illlplio;><\ a margiw,-,Jly high~r ompnr, POI.' (,01IDt. HOll,. 

"""T. th" lU[ulII"," in ,,-bieb th~ r.rafli<: lI"", di,r:ril"]I"lIKJ'(IM 0"1 !\Oing PDU._ ""III' 'l'li'" 

<lifr~If'''' . iu tlo'" pHrtif"nJar i".lan'· ... R~rN lo FiguIf' G. U. HCIf'. ilIswa<l of ~..,.h 011'_ 

J:(olU)( I'DU l><'i"ll com[>k-I~ly miloo\. ... ph~noll"",on ,,"M C>..l'm~~t .... l wbfTf' t b .. fjr:;1 
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Fig\lre 6.14: 2 PDUs Required for EW';ry 7 Pa<:kets Tr,msmitkd 

POU WM 100 % utilised and the socond POU was only pmtially filled before llt'ing 

di~pat<:h,rl. 

As the intN-1l.rriwIJ tim~ of a.n:iving pa<:keu, w"" ~et to 3 time units, the timl'I natll

rlllly only interrnpt,,.j the system aft"r fOUI packets had ~n encapsulated However, 

at the end of POU L the limer was reset to 12 ~ime units and the rmnainder of p1lcl::et 

4 was pla.<:ed at the beginning of the second POU. After thlcc additional packets had 

been submitted, viz. packets 5, G and 7, the end of th~ POU h1l.d not yet be<.'n 

reachoo. ,md henc~ the ~ystelli was interrupted by the timer, as shown ill the figme. 

This pattern w"" repeMed in the 3rd and 4th PDD, a.nd in the 5th and 6th PDU, 

MId so on. The re~ult was that for every 7 packets sublliitt~d, 2 POUs Wffe required. 

The;r"l'ore the number of POUs req\lirfd for 200 packet/l was simply miL-uiat"d as 

follows: 

Number of PDUstransm;tted - 2. N~"'«r" ( Pock, ,.. , 
~PDU8 , 
57 PDf}& 

• The following vertical interc~pt occurred at 67, wh,,;re the timer-CU was set to 9 

lillie units. After 3 CPS p1lcl::e\<l had bw.n encaP'llllated in the POU, the tinler-CU 

expired. HenL"e every POU transmillro only contained 39 bytes out of 47 possibl~ 

byte; of uS!'ful information. Therefow the number of POUs required was simply: 
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• Whrn th~ lim~r_CU WIll< set W G tim<:> llnilS only :I park!.> w~r<' D11dtipl~x('01 inl,o 

~",h Oll!going PDll. Ht'Il<\' half til<' UlulIll('r of rDU~ 10 t.b<: D1!1"hcr of CPS I'(wkls 

,\"t're 1'('(j1]imL nlf',....ror~, "" 200 CPS pocJ.;r.u; ""r(' f~d in,,, I b~ Dl11Hipl=.or. on1~' 100 

PDUb hnd to he !,(<'Il<'!'al .... L 

• Tko 10'1'«", Mfirirll<"Y a{".hi.-",,·,1 ocenr",,] wl1<'1l onl~- I packcl '\I'as plarC'<1 in (,be firM 

13 1,:0;1.(:>' of all rDes. lI']":D t.he timet_CU w(l,.' at irs 101\""'" ]>(ffiihl{' \"~lllc of 3. 

Thi/; ,"""ult,...] in Ih" rrnminill)!; rDC oct.:t" Il('ing lill"'l with Iw<lding information_ 

'I1trmOr<'. for ow,.-y I', ... kt tfnnsmiucd. an <'quint1<'1l1 PDll ""'" ro:!l1in-~!. r!l5llhing 

in II T(ltf\! of 100 PDll. thaI wcr<' lra""miltc.l. 

6.8.2 PDt: Reduction with St.andard Packet Sizes 

The paramNf'r.; for I.he ~n<l 1. .... 1 Wf'r~ i<l~ntieru to 1 he fi,-,;1 11>:<;1: '!OWl'l'" h~,.... th~ l~ngl.lt 

of t"" ( 'J'S l'""k~1I; lWN' dml bl .... l w t"'~llI,y hytll'3, The ,<'S"lt, of 1M> v .. ...,!. ar(' s.h<J1'i'll in 

I<1g"r~ 1).1~ aud aN' m:plal"".! 1)(']0'11': 

• \\'11<-,,, lh~ tilll<'T-CU ""'s "'-~ 10 cil\)('T 1[,. 9 ()I" 1) has<' "nil., !.he ;.;)Jll~ nlllll1>er of rDC~ 

'I\o~ If", .. th~ filII I"",k<). ,.,.e iH('h,w,'J! h""do< "'ill now [ .. 23 1~'''''' • I .. ,..,.. ,I .. full !",eke" '"''' i> 

"Ii~}"l-" 1_ tI",-" ,Ioo,Wed. 

"" 
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Figure 6.16: Numbe)' ()I' PDU~ tran~mitted for 40-byte Pacl;ets 

]V '''lI.bt~r oj P DU" transmitted 

183PDUs 

• In the second in~tance, one POD W~ tran~mitW for every input packet re<:eived, 

resulting in a wtal of 200 PDU~ that were transmitted. 

6.8.4 Summary 

The following ma,\-' he condlldcrl: 

• Th" value of the timer-CU had a definite effect on the number of PDU~ required for 

a given number of CPS packets, and the value of thi~ time<" was fOUJl(j to be invemely 

proportional to the number of poes transmitted. 

• The larger the p1wket si7.e, the more the timcr-CC mu!U 00 relaxed. As iJj(lkatcd by 

the three tests, illCr<'asillg the packet size to 20 allowed Olle to relax the tim<'r by 76 

%, and increasing the packet ~ize to 40 byte allowed a further reductiOJl of 89 % to 

be a<:hieved, yet in Loth CaR<'S still achieving 100 % cffkkncy. 

• As the packet size increased, the difference bet,,"eeJl the miJlimum and maximum llum

hel' of PDU~ tran~mitted, baRoo On the corresponding timer values, became gradually 

lil6 
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u ~ ""'''''"''' 
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Fig""" G.I': Effi~im<:y Oim.rilmtion for 20 G,~IO CPS Pad:"t.< 

6.9.1 Distribution with Small CPS Packets 

Till' POll, c.n-at,.d from 20 CPS pad;~t;.. (",\("h pOCkN 10 hyt(\S long. ~xmfonning 10 th .. 

G,~D "1>"f"ifi("atiOll.. aI"(' display".! ag;Um.l, dlid .. n'·~- in Fi&m" 6.17 hcltnl,: 

Tk fo11a.;ing " 'M no!'",\: 

• For" linwr-CU of iO (sboll"o in hlw), on" POU per pad<eT, ""'" !'·IH'l"alO.\, r<'l'lllting 

i~ th .. "run" num!)('T of PDll~ bein;; genera!.",\ a,,, pocketl';. HctI~'" n v"ry low PDll 

"ffi,."",,,,. of 28 y;: "'M ""hlf"'l'01. and "''''' a\;.o eakllial",i "" follom.: 

• \\11M1 lh" t.imc!" " .... "..-.t to 20 tim,. IInit" (lillo,,'Il in DJaloon). on" PDt: for ~n ... y two 

1"-;ckM.S w~s gnner.~I.."'1. r"""hing ill. only iO POU. hcing g.onerat"'\ !!Jul ~ach POll 

hol<iinl\ an emdroc}" of 55 \t. Tb~ barne ~jfl'Cl """ fmlb,.r no!.i<:«\ for a lim"" of 30 

(.J>o""O in yellow)_ hilt on~,. again only G PD Lo W<'tc prod1l<XltI. earh "il.h an ~ffid"n(T 

of B.3 'if:. 

• All inl~rC\ljng effect ""'" 01."...,,,,\ with a lime. of 40 (nhown in ~yanl. H('1'{' i, wa" 

"OloOl\lbal u.,-. nffici;>,,<'Y for tho: tina POU was 100 %. ,,·hcr.-.as that for Ih" SC('0ll<\ 

POll w~" only D~ %. ,,1th 1.hi.<. sa.m" p<lltcrn alwrnaling in ~1l1"""!1l('D1 POl",. The 

rn"""n for filwb h"hndOllr is Mraighl.forward and ",," C'Xpiain, .. i "arlif"!". Th~ fir .. 
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~~ ,tc:.<,,_ 

~~'<CII-C_ 

FiJ(lm: (us: F.ffid~D(·Y DiM,ril~uion for lO G7Z9-20 CPS p""k,'\>, 

rDU WM r""nd to he tompi('t,·ly mili.-c.<l am] 1'100 r~maini"g J bytffi of th ... fullflh 

p;,d~·t "'TC plaf<'<l ~( (h~ l .... )\innin)\ of th ... foU",,~ng PDlI. Aner tIT('(' mOl'C paek .. t., 
"'\Oro ."K"(-u.hlull~- pla",1 in tl,,, PDL:, thl' tim'" fir .... 1. Tit<: eflici<'D.<,. for Ihis POt: 

w"s I h~lI rumply; 

I've Effirirnrlj 

- M. __ I'I" f'd,..,... .<',,. 
"+110+): + ( '~')+i, L"t") 

" 9N 

FnIlb~11nu"'. j, 1,110,,101 hi} not .... 1 fhal tru- ow-rail M6.,·i<'lltT is t.a.k<'I1 a' t.b" avcrllg" 

l'fIkieIl<1' owr all PDGs t.l'<lnsmin«L ~Il<l iii in thi" caRe <'q"a1 to 9, %. 

• Fiw,lly, with" tim"" of 50 (fihOWIl in magt'nI.a J. all (l11tgoing rDlls ,,"('r~ 1',,11,1' ,,1.ili.w.1. 

6.9.2 DiHtribution wilh St.andfLnl-sizp CPS Paeket s 

Th" minll' of inrrnflli ing the pad;nr. ,in' r" 20 h)-I.,,, ftrr HI(' G-729 ~0<1('(' i\l'(' sloo\\'l1 ill 

Figllrc 0.18 h~low_ 

TIx- follo,.,illg was noo.<,<]: 

• PDlI, ",-'I'<' i']W(l,VS to'I1O'] to he 1 ... t,t('r lltlli.Gf'<j than roo raM' for 10-h:d{' p<K'I.:{'", ami 

Ihc "';llim1lln ~ffiri(!llc)' ill~!'{'~"",1 10 50 ~ .. a, oppG",1 I .... 18 '!r .. ,....~a:r(H= of allY 

i1np0f'<'<1 tim"r ,,!fret/;, 

"" 



Univ
ers

ity
of 

 C
ap

e T
ow

n

1 , 
< 

m r,,,,,,-ClJ.«J 
. T .... ""CC·.., 
.. T ..... _CC->O , 

Figure 6.19: Efficiency Distribution for 20 GSM-FR CPS Pad<ets 

• -"10 alternating e1feciencies can be found. due t.u the way in which packets were dis

tribut.ed across PDUs. 

6.9.3 Distributiun with GS1I-FR Packets 

The efficiency achicwil Ly plotting 36-Lyte packets conforming to the GS)"1 full-rate spec

ification is shown in Figure 6.19 below: 

• Not.c t.he efficiencies achieved rang€<:! from 82 % up to IUO '/c. 

6.9.'1 Distribution with 44-hyte Packets 

The maximum efficiency achievnhle is shown for the 44-hyte pnckcts in Figure 6.20 helow: 

• The dist.riLution was fonnd to bc constant, as no matter what timcr-value WILS SpCC

ifi€<:!, PDUs were always fully utilised. For this reason, only the effects of a single 

timer, implemented with the lowest pOSllihle n\lu~5, was shown_ 

6.9.5 Distributiun '',lith -1S-hyte Packets 

The r<'Sults for this test with two serie~ of 45-Lyte packets with limers of 20 IlI1d 30 tim~ 

nnits, are shown in Figure 6.21: 

'The H-byle, 45-bYI~ and I)4..byw p,,<:I,m., are plolted wit.h ""un:" di"rihutiOD rat"" m 20 time unit. 
"ach. 

11 n 
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Figllr<" G.21: EffirjPD(·y DiM.rilmlion for 20 ~[j.. bytp CPS PockN; 
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• ",ot~ til<' nnd,.,.-Ulili>a"OII ,.lmt. OCCHlTC<l wilh (\ ,.i'lJ('r of 20 rim~ units. Efficif'nri", 

""y., f",m<i '0 .....:ill~tc l)('tw('f'J] 100 % and ollly 2 %, wh<>r~ only 1 by", 0"1. of .tj 

l'o:!;~iI~~ hy[("; wn8 ()('('upil'd hy pncl;<'!, data. This wa.~ fouDd to he tb~ 10""-",,, p<N<ihle 

I'/lieioncy uat ~(",I<i OCC"r in (\flY )\iWD PDU. TIw owrallf'fficif'llf'Y owr ttill; raugf' 

wM ',h~r<forr olliv t> 1 'iI. 

6.9.6 D istribut ion with Largp. CPS Paekets 

• Thr sam~ t)('havio"r wa.< a<'iri('..-('([ with ..J.5--hytc l>llckc>t.>, apart from a l><'tI~r POU 

tffiticnt:>-. 

6.9. 7 Sum mary 

In th" graph.<; lillCIII'll al",w'. it is uotrd that oul}' 19 PDU~ "'-'Ie t.rall"Init\('(1 for caeh '('81, 

",h('rca.. 20 CPS p;)O'lo"t.<; wcr~ R~lt. This wllS l>«.'allii<) I h~ CPS l,raIl'mill('r ouly <1i~1 d><'<l 

a POU lI'hcn f"JI or ift"" Un"", cxpir,,1. By tb~ tilllr Ihe ]a:,1 pa<-kel wM tr(\I.~",i'I('<L I.h~ 

logj,~]j11 fun~jjO]j had .'l!r(> .. dv "I'rnlinatl~l. 

Th~ followiul'; dill!P'am of Fip;nfC G.23 "hOll'" the OIw,ill df<'ft of the pr<-'Viotu; ~i.,< t"",:;: 
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• Short pad(N,S will> a rapidly expiring linwr m;1I11.('<1 in v~ry lOll' cffici(>nci"". and 

",,,,1<1 not gro<"l"all~- he T<'COIDl1l"n<1<'<L 

• TI ... nW,"agc ~fikirtl('y of ~ PDU dil;trilmtion fur I.h~ minimum po,;..'iil)l~ tim('()111 ,-alue 

'II'M nol 1I('(·""s...,.ily pfOpoItional to tL~ p."I{"kN siz~. WI' """\I' alooy~ thai all.hougb 

64_],yl~ pa('kl'ls WeI"<' jL~ largI'N._ Ih<-.'" rank"'l 3n] in Icnll.~ or WO,."t-~lL<;(1 ~f6ri('Il('y 

h'llaTo1ntc ..... 

• lt ww< al"\l'ay,; [>OI'Sihlc to ,.,.hiew 100 'lc. Mfiei<'!K'~' fOl" any Iii''''' I'a<'"k!'! ~i"". l>r 

ndj,,"'inl'; rhe tirul'r acoo:rdingl}-. OI"i0l16.l~- thil; "\I'ould imply <lday !,'lIafant<'Cb h..wing 

1.0 I", ~acrifiror] for a roqnin><1 ~Hid('Ocy l ... i1l(( ruN. 

6. 10 J\Iultiple Users 

All rJ:.o r""u; <Ii"",,,,,,,,] r L"s far aAATIDK'<1 pad[('tJ; aniying from a ~int:ll' :;Our<.'~ only_ l" th~ 

j"I1o,,~nl'; ""ri"" of r""ls. th~ nuwII...,. of "".-,.,. ",II:> J(rl\< \"a1ly ;"(."..01 ..... ]. ("'1<] ,I ... ~ffi<'il'1ld(." 

ror 11,(, ,-,m",,,, p""k~t "'"'''''' 'II-ere eorupar<'<l. In ~,\("h t~t, !. b~ ('/fcc,.' On ctfiei~n('y of 11p 

\ 
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Figure 6.24: 100 U8en; tran~mittillg G729 lO·byte Packet.~ 

to 100 users was analyiied. ::l"ote that DO te~t for '14-byte paeket8 Wab conducted, a8 but:h 

packets had already been been to alW>l.~'b rxhibit 100 % <,fficirney. Th" timrr-CC for all 

tests b€low was set to the minimum value of 10 tin\(' unit.s. Had t.h" t imcr twell larger, 

the outgoing PDUs 'would exhibit the ~ame efficiency, rrgardJr.:;s of t.h" number of \1~r~. 

Therefore, t.o allow tlor Humtwr of users to dominate the results obtained. the timer-CU 

should be kept a~ blllaU as p06siblr.. 

(,j,IO.l _\11iltiplc Cscrs Transmitting Small CPS Packets 

100 11S(,[8, Nldl grJlclaling 10 byte CPS pocke,s are analysed in Figure u.24 above . 

• Kote how t he efficirncy twgau at 28 % for 3 single m,er and gradually incfC'asro. . 

• Ab the lHlInhcr of llBrrs increased. the oscillations between minimum and maximum 

efficiency gradually benune smaller aJld bmaller, until in the vicinity of 90 to 100 

users, the efficiency varied between ouly 9(J ml(i lOO %. T he reilliOn for thebe dying 

Qb(:illat.ions wall due to t.h" PDC di~t rillUtion that was produced for eacL run where 

the Dumb<'r of U8er~ Wall fixrd. In t h" pn~eooing Sec.1 ion, wr saw how t.hr rffiei"ney is 

not alway~ t.he 8ame for "wry POU t.ransmitted, but may in f1\(:t alternatr bet.wern 

two value8, with t he SaInr pat.t.ern rr-on,urring rWIy two POUs. \Yhen thr numbrr 

of u~r~ W11,'; increased, thr samr dfn:t was obs<'ryrd, rxc"pt that ,h" probability 

of each outgoing PDU bring 100 % utilisrd grew lr.ss and l"ss. A~ rffieie""y was 

calculatoo as thr a,erage oyer a set of POUs. it Wall found for example. that ever:, 
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Figure 6.25: 1(}{1 wen< transmitting G729 20-bytc Packets 

four in five PDUs had a.n efficiency of HHI %, where"" the fifth pnu would only have 

an efficiency of 22 %. Ho,"",ver, the average elfieiency would be calculated as 84 %, 
ali the efficiency of the last PllU would bring down rhe overall result. The larger this 

period becomes, the smaller the oscillations. 

6.10.2 rVlultiple User~ Tran~mitting Stannard-size CPS Packets 

The results for the seOJnd tcst arc displ"ycd in Figure 6.25: 

• In the graph above an interesting phenomenon occurred As the number of users 

increased, the minimulU possible efficiency th"t could be achieved did not rise linearly, 

but at an exponentially decaying rat.€. 'Yhat was believed to be actually deca}ing 

a.« the numbcr 01' uSCrS incrcaS<,d, was the effect that a partial Pill] will have On all 

other pIJUs that were cOIoplei;€ly filled. When two uSCrS would transmit, the POU 

would be almost filled up and the elliciency would be 97 %. However, when a third 

uSer wall introduced, two PDUs wouk! be required and the average efficiency would 

drops to 73 % (due to the second POU only having an efficiency of 47 %). Therefore 

it can be Sf'€1l that the low efficiency of\be second POU W{)uld have a dramatic effect 

on the fust POU and hence bring dOl';n the overall efficiency substantially, in fad, by 

;)5 %. The next time t his phenomenon would be observed woold be when the number 

of users incre",.oo from 4 to 3, and when the efficiency dropped from ~7 % w 81 %. 
Howe~r. in this case a drop in efIiciency of 20 % would ocCur. In order to transmit 

data for 4 users. 2 PDU" would be n,<!uiIed, and for 5 users, 2 and half PDUs would 
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