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ABSTRACT

When voice is transmitted through packet switching network, there needs a overload control,
that is, a control for the congestion which lasts short periods and occurrs in local extents. In this
thesis, we analyzed the performance of the statistical packet voice multiplexer using the overload
control strategy by bit dropping. We assume that the voice is coded accordng to (4,2) embedded
ADPCM and that the voice packet is generated and transmitted according to the procedures in the
CCITT recomendation G. 764.

For the performance analysis, we must model the superposed packet arrival process to the
multiplexer as exactly as possible. It is well known that interarrival times of the packets are highly
correlated and for this reason MMPP is more suited for the modelling in the viewpoint of accuracy.
Hence the packet arrival process in modeled as MMPP and the matrix geometric method is used
for the performance analysis.

Performance analysis is similar to the MMPP /G /1 queueing system. But the overload control
makes the service time distribution G dependent on system status or queue length in the
multiplexer. Through the performance analysis we derived the probability generating function for
the queue length and using this we derived the mean and standard deviation of the queue length
and waiting time,

The numerical results are verified through the simulation and the results show that the values
embedded ‘in the departure times and that in the arbitrary times are almost the same, Results also
show bit dropping reduces the mean and the variation of the queue length and those of the waiting

time.
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y(0,j) = lim ya(0,j,t)
t— oo
=Yy [f elR=Mtgt Iy

oltk, welA] v(0,j) 8 942 3t HEHE yo2 v
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]
Yo=—&-X%(R—A)"! (3.29)

ot} o= i>1 7 %ol ths} key renewal the-
orem[15]°) oJ&f y(i,j) & T3I4A

y(i,j) = lim ya(ij,t)
t— o0
=tlimoo P{X(t)=i, J(t)=j ! X(0)=a, J(0)=1}

=lim [ ¥ /-, dRo(w) /;™* [1-Fi(t-u-n)]

- 3 [dUGO TPy (i-1, t-u-x) + 1 z I
dRu (W) - [1=Hy(t-w)]-P(i-v, t-u) |
=3 im0k £, [1-Hi(t-x0]
+ § [AUGO ToPyicL, t-x)de+ 3 3
m{v,k) - S [1=Hy(t) ]-P(i-v, dt
olt}. olw y(i,1), v(i,2), -, v(i,) & Y4z e
WEE y; i212 Jeh Y
vi=&%o STy [ig [1=Hi(t-x)]-dU(x) -P(i-1,t-x)dt
E-Zl x-S, [1-H.,(t)]-P(i-v,t)dt
=&x0U-S 1 [1-Hi(t)]-P(i-1, t)dt
+E-Z;lxv~f2°___(, [1-H(t)]-P(i-v, t)dt (3.30)

olt}, whetA i, i =00 th 3§t Z-transform Y(z) & 2]
(3.30) ol A v}-g-3 e},

Y(z) =yo+&x0-U- S [1-Ho(t)]-zP (2, t)dt
FEY %z S, [1-H(D]-P(z dt

add A (313 R FEN o 0<z<1 4
S, [1-Ho(t)]-P(z,)dt =R"(2) -[AV(2,0)-1]
7t AYEslE g A V(z) e 0<z<]1 4™

Y(z) =§-(z—1)-X(z) -R"z) (3.31)

=% invariant probability vector’} Y slth= A}
g o8 Y(I-)=n Y& HY +=len=

Y(z) = [i-(z—l) -X(2)-R"Uz), 0<z<1 Y

2=199 (5 o)

£ dert olAl R A5 o] &3 Fo AHo|9} wait-
ing time®] B3 XEHAXINE 78 4 o

3.5 Queue length2} waiting time2] B2} EFELX}

3.5.1 Queue length®} waiting time2| H&

g Zlo] Foll A Av] A& ¥il wd &9 station-
ary queue lengtho] Ha = o] AjztellA stat-
ionary 79 dole H#s 4z Lot L, HAS
A Lx=X"(1)-e, Ly=Y"(1)-e o]t}

2] (3.31)9) ol R(z)E F3haL zo] visl vl
g9 z—1—-2 33 J& A

Y(1)-R=¢-X(1) —n-A (3.33)
olt}, mdt

Y'(1)-en=Ly-n (3.34)
olm g

Y (1) -a=¢-Ly+[E-X(1) —nA]-(R+er) ~1-2 (3.35)

oltk. 4 (3.31)9] ¥l R(2)& #3ti F ¥ v &
5 z—>1- 2 3t Fejshy

Y(1)-R=2-&-X(1)—-2-Y (DA (3.36)
olth, % 42| Yo L EFoA] eF Fal] Helshd
Y(1)-a=¢-Ly (3.37)
ojth. ol Al 4 (3.35)9} A (3.37) & AFsH
Ly=Ly~ [X(D) =& 1nA)(R+en)~a (3.38)

9 ol2] #=ztoll M 9] waiting time Wy Little’s for-
mula[ 19101 )3}
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3.5.2 Queue length®} waiting time2| E&E X}

g 7lo] oA AMu]l=E Wil Wit A &9} ¢l oo

Al 7roll A o] stationary queue length®] 22H(non-
central)moment & 2}z L2, L,@ e}t alar ¢l o] 9
A) 7Voll A ©] stationary queue length®l &4t} £33
A2 247} 0,2 gy 2bal Bk B gl ool Alhef A2
waiting time o} 2413 FFEHUALE 242} 647 owdtal
a4k, &

L2 =X"(1)-e

L2 =Y"(1)-e
Jyz:Ly(z) _ (Ly)2+Ly

ojth. WA
Y (1)-en=L""n (3.40)
ot} 4 (3.36) 9k 919] A (3.40)°l <J3)

Y (1) -A=EL,P +2[EX (1) — Y (1)A]
(R+en)"1a (3.41)

olt}, & (3.31)] W&ol R(z)E ¥3har zol] dial Al
il ﬂl%t&% z—1— & 34

Y (a=¢&-L? (3.42)

vh wheba] 2 (3.41) 3 4 (3.42) 8 Agstd LY

2g F Ak

mlm o

L, =L,® —2[X"(1) = (&) 'Y (1)A]

(R+en) -2 (3.43)

ojth ol4] L, W& pgor q° # g, F Y F U
tt.

UWZ, Owis :[7"'5}7]7]- A= o 1AL o 3 )

712] waiting timeo] 71 @ Zlo] 1:17'°ﬂ =2k g ol
ol EAste Azl F #rte] opufet zpilo] ser-
vice® 71t Btoll Foll =g HZl o] Folle

olEat 47t B W-olth owe thE 2ol
T3 18]

R
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2y
u

)

i

oo (3.44)
e QoA pi= HEHQl Au A rate @t} o)
Folzltt,

Q1
u’I:D4-Z y;+D3- y+D2 v Vi (3.45)

+1 ’]

= gl

1

oj4to & bit droppingell 213t overload control
94 8 AL2-3l= multiplexerell g s 4§ vt

IV. =X A4 % simulation 224

ol Aol M= X F7HA| B3 Aol i) AA
731 & Yol Akg 8 Bl simulationg 433}
@& Aol vlady), HAR B =g #4438
2= MMPP/G/1 292 queueing system& ¥
g A g 18y 71E9 7549} gede G
LFERH uE9} 3ol bit dropping ¥t Eeofl ol A
H| 2= AlZhe} By 7E Al 22E) 9] ’B‘E}Ml o3 gzt
= Aotk

Simulationg #uf 2} 449 =4 talkspurt
9} silence7} T 2 exponential £ X E Qr‘fﬂ}b Abd
& A elstary: daAe o} whEbA simulation A ¥}
e} 482 ¢} %%5#% o do ANE viungo=sy
Bomite duo) g BedE 458 ¢ dth
Simulation& %71 10~20 sec ¥<¢ke] datay F-A &}
A multiplexer 7} ©¥ 200 ~1000 sec®) d4 A7+ F
o‘} _'xi_x}—g}tr‘i ”iﬁgE]S{iL‘}» o] ]7}.‘:;0} c“a; u)l =13
7 o]Atel sfFlo] Halw =l o] AlZkE simulation
& %84 multiplexer ] & zto] FAgeiol o2
o FEsieE MegQiul. Talkspurt9} silences)
7lo}3= z}z} 352ms, 650msolt), ¥ 2-13 ¢ bit
dropping 2318 &°] A& 59121 bit dropping th-
reshold (Q1, Q2) &% (13, 26)°] AF& it Link

H4-1¥ades Hag & de o449 T
Queue &} e #Hoz el e S99 F
0<L=<Ql 118.17
Q<L 150.77
Q<L 208.21
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capacity= 1.536 Mbits /s& 7}@ &t} ofu) multi-
plexer7} HFH o2 g + de 499 58
E 413 o,

A3 1Y 4-190M = WA & 4 bitE coding H YW
w74 o] multiplexerdl A MB]|AE w1 Y3 H7F
Hoz @ bit7} dol dE7HE AP S yis)
B 19 420045 AA 9 HAFA MuAg
w3 *F 7} sample @ bite] 427} z+z} 4 bit, 3 bit,
2bitQ B Eo] v &S JeEhAIY. 4 45g vE
T AR 93 #de] AH31[13]. 2N
bit droppingll oj&fl 4l== &4l Fo] kel
AotE = Rg o = Ak

2
r r
* |
] v
-
a |
- {
3 06-
N v
b i o 0 ¢ simulstion
i |
£ Os4r MMPP model
i
i
0.2- ;
/ J
i
N —
+0 60 80

the number of active calls

2 4-1 MY 28w §ol EY RESS PF

© 0 ¢ smulaticn
MMPP model

Muun Lils per sample
©
v w
v T
e / R

Meun waiting lime
5

40 60 a0 100 120 140 160 1480 200
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% 42 AEY 22} 4, 3, 2 MEHS] ol A AAE
BEES

E A1 4 F ARl 499 £k ¢F 118 o
&loj A9 bit droppinge] YdojibA] ooz 474
9] blockS 2% Ad a2 AujAE wrE gzl o

F-&olojA MET bit 9 FFo] 40 71t &4
¥l 471 118 Bt} F7}5}H bit droppingo] dolr}
7] Al Ftele B MEW bit £7 FAE7) Al#He
ot B MED bit 47 25 o3l #AIHW =
= 49 Ho] FHH L2 75% o)3rt HER mu-
Itiplexerol| A} overload7} ¥olx] gttty st s
AA A ol glo{13].

9 4-3% 19 4-49) A= overload control & &
© A9 3k ge Aol 2zt B Feo) Zole}
% waiting time-& simulation Z3}e} 34 B Y
o AF7tAe 1dE B s B 237} simu-
lation Aot AHel] AXFE ¢ + Ak 1P
HolE of7he] Ajol B =R oA AR 79 vy
S 3 A7 F3 el gt AA Ao e 3

120
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]
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3%l 4-3. Overload control& 8l 299 811 &= AL
o] gt 9] o] v,

<— with ne overiosd controb

ot |
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2 Axg 1 A7E AFsteol 517] wEe] 4
Aot o] A& A (3.13)& AlLte of A}8-Ehi ma-
trix Qo] 2718 A Fst Aol sgsich A% 24
2 ZolAw A4 matrix Q) A& R3] AA
stwl gch AAlel A4l ME matrix Qo A71E
o 920><920 7HA R std ot 49l FoF
180 °lstell Al b o ZHol7h thek 40 o] shod A
matrix Q@] =71 200x200 Y EE stef 5 1]

et As & 5 A
1 45904 B 1:1‘-4 dolg z+zh H7le] A
v AE W 78 ud 5o glofe] Aol sl
Frated Bote}, vk W7 9] arrival process& Pois-
son process® =& 3t thH PASTA propertyoll
ofsf FrpA e Hx7b ] AAE Aol 19].
ol o]3ld #Zle] arrival process& MMPP = &
Ay ¢ Ffolw Harol thafA HZlo] Mpl =g
1 FE w2 % TE“}O 2 88 g 4
HE AE 5 Acke AMEE @ 5 Aok FnE o
al

it % H1L¥ ‘—‘3%9}

rlr

= m

e el ie

18 4-79 A= 7ol Zolel HEHARE overload
control-& &= 4%} sxeke 5o thal Bvlaus)
w9t} Overload control& &3 ¢+ 7% -F-of &= call
o} 7} Z715kel whel FFEEAE F7HETH} call
o] 47} 118.1791 7+7<k = mulltiplexeroll A A 2]
3 4 AE callel 7} Aol Ytz g F5U3)
= F7A3s F7hslth oo uba| overload control&
sl 7ol £7H 919 loadol A= bit dropping
o 9 ?} overload controle] @&o 2 FFHatY F
b7t i g oz At 1o 7 A
A FFEAxF AW A threshold?l call®] 71 118.
1790 RS AvbH A e 3DHA bit dropping©l
AztElo] el d = e calle) 71 150.77% F7F
sl g FFEHAE 1 98-S ot e Y FUEE
e Ast7) Alzkstoh, EEHAE A thre-
shold?] call 4 150.70%! ¥ %¥& Avd FHA bit
droppinge] Al &5 o] X8 & F U= call®] +71 o
Al 208.21:?—_ Z7p3le 2 REARE o618 B 7
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v.g 8

2 E=RoMye ohEsd 7 arrival process&

MMPP= w4 &3t o] process”} bit droppingell
2] & overload control-& 43 8l+= statistical multi-
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28 Foll A izl Fof ik BXE Z-trans-
form e 2 T3} o] § o] &3] Fel ZHol9t wa-
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t},
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