* (iven the Acwze Atadbshco, we can determune
He rqw'wi Liak e C 2uch Haad
Pf‘(.?_Bm>c.)<e , w8 s Hew
indegen dent moginal Vs of He Dorceo
i"lzo“lm, 2 O<é<‘

- Assume W2 Aawze. oL 3010/"\'@‘9.&3 Aistvi buted
wnil Mean E(B) &\ M vala.e R > B(j)
-ﬁ\’ o~ Mrg(c Ao eCe (Mtl) L e< P._(B(t)= R),

we need C=R
- for WM, et C=mY (¥ s the funk Capad‘lz
per Arwee) ; we need E(B)<Y <R

e ovey e m, ¥ can be vey clore o bur
SMd-L’ lvs,o' Hwn €(B8)

e Stahsh cal Mﬁp(ex%o Fouin 1 oo Yar no.
of Aowzen Ps, the bondidittn reguir~ennt
P Aowre Vs Hor e 2ome QoS objechive
- gouin obteined o the ot of a
nondeterminishe QoS



*Analysis woing  CUnernoffs Baand
-m&des  id evs RV 8™

p V)

-want +to bond O 2 Y > mY) = P“(;?‘ (8“-%)29)

fr §>E(R)
- Unemoff'’s Bound: For any v Y,

Pr(Y 2 a) S.C.O&E(eoy) v B0 |
~ A‘PPl*athl Clrernofgls RQound. To v ié(g“) -7
wil., az0, we dave |
. P“(é (8-1)20) < E(ee(;g(e.‘d_n)) ¢ 620
ST BT e 0
C-M(OT - Lam(8))

Wheae M(O) £ E(c&em)
- (07 -2n M(0))

=

< iof e
620
- AnM(8)
= 407

‘APP(ECQI\'OV\ +to adnusrion contrel problem. — forr —'S

a gvea )“ff“" of Amﬁ&agfimmbw;b"j ¢

of Gapacity overflaw, wup to N Aoweo G- bBe

haodled oy a Uk of capacihy G, wWheae
M=L%J , 5 = %uw*) , €@ < ¥¥ s max(B)



S
o

Aove M_PP_Q,’
cheet ciuxua_ belay
boaun " P'T"-" fach of Rost o Lase
* end- 1o - "
vataae
prund. a:jm —
et
pon

badoi@t'i\g
& - b(ook'u\d, pvo



P Arbo%
Move  effiuent wse of Link banduadHn W
MWlee e bW'S"'\a. [ ione -W’Uaf\&_
- dot thar Hae QLak @‘Pwha, canne+t o.cammmodode

“noa plet w quemed o TrANINUSS(A  in lore—~
Mlots \

-"fmwammmeexumwﬂm
tramsmission e, Hag qQuese Q-'/\{H«., if\weﬂ%,‘
If Aq}oge,qumﬂ.g Hae avival @ie df% belovy
the  Link vade, Hue quane Qu«fi‘k decresses

- Hae Re(DPe  PUQuIL M; e aVaL

Little's Themrena




‘Quudrx. models & LiHtled Theogrem,

- Ustoves amuve et randem Hmes to obt=uwn
Aece , @). Packels Mg ot A SO murchan
Lk

- Suppoe we observe 4 Adrple path of e
Atdf)‘l'av\. fa»— tve t 20

- N({) - no. ﬁc wnfomes  a JAnystor ot Hewe t
£(t) = No. of custemens whe anived tte

ntervel [0, t]

time bPenf— w\ Af‘f:m b\a, itk mnvhaL
Cusnstome~

‘hMWOO ?Comr—rwz mmMu,p-ho
time t = Ng - J—f N(T)dT

T =

Hnne O-N‘C/agg amwval raje oS EO;*]

2 Ay = 2O
t €
ﬁmwww%wh T
=T, = Z T
t t=0
ol (£)



Li#Hle's Thn: N = AT

- Hee uwhm'wd ate (A) & +e le?er
He aveye wait (7), the 223 He avernge
quese. Length (N)

Grophicad aterpretzion fov N(o): o, FCFS

ot
°1 no. of cugtomes [T no. of awvivals «(t)
é+ --;.:.:{": ! - No. of O{QPM
) | ) plr)
*" .:": '
37T Lo

LTI '
aq- Jalwm '
:
0 : S

t ”

Cuctorner | delay, T,
in F\FO Lustern,

- shaded area bebvern (1) 4 BL(T) graphs
e T B epal o [tuegdr
% lieo between pt(t’) T % T:Lé‘t)‘r

~(Liv{dir\dp by t L a.SSwmrbo Lionats Ne= N,
a_(_(t_): )\t-;)k, g)QA,Tt-)T,a;t-)ao:

<
t) ()
po T Iinmdr 02T
2z < £. 2 'T(C'.Z‘
R &) * )

AT = N < AT



Grpnical inttrprefationn o~ N(0) =0, non-FCFS

an- of amvals

(T,
1

........

o A a4 0 .
T L Y ¥

il T ity
t, tl t3

o -gh-&‘nmJQ

i
]
)
¢

t& t t ~>

- shaded. asrez s equal +o fotN(t)dt a= lefore,
&alsoequaﬂ_'l'o Z T+ t-t,

d . ining.
- dividirg by ¢ L .,.Mffm'_t_::w' s

iVes AT=n)
Probokiistic  vemion

- " egodic  spyatems, He Hang o - of a
A‘MP‘C. cotl g qw to +he 4 N
Staist ol [/ ensembla Owresdge.

Ns lise Ne o L N@= N
t e t2ee
k
T2 Lm +
k.-::o k"Z:

ﬂel“""— ?k"*-

k=oo

o
whene N (t) = Z np,(t)
n=o

Patt) = prob of N cuctaMes L bystom at t

T. - expected diliy of kP cutommer

- N-= _ Lim €xpected. 0o of asvivaks in [0,1)
N=XT (Ae~e A 't-;:o S




