m/m e Queyes
m/m/m  Guewry

SErNg ‘H\@w 'ﬂ\ﬂ% l .
: CEXP o MZ_LFQ ;l,,ﬁg\f, avrv/ilo anod seruice 7’) mes

£><m,7a,% " omu /79/#(4 cessecs

Mu/ffLe Sevuens
Basyc l)szmmpy{ms

Va./tc
- C Serrens | //eh%(d Sevvice
= S;ng/{ 7l4cue A\’ N&/'/?hj CMS%DMWF

- dﬁf‘l\/ﬁ'( V\ﬁ‘-/te ;\
BivTh- Decth pucesS  App)ies N2 f ol n

Vl/,,_ V\:G) ))

?\ A P /Ltn ) o
Bogel O G G -

o&/&/&- Q

M [d c

J ™



M/M/o

Q@ ueue s

Fom. Bicth - DPesdh pocess’ solupo

T, =

Dol

Auz




£\/‘/Qng a ’/aﬁfwlc\,[d_
?/I/GV\Q, 5'95749,,,,\ VV\oMéw{ AS /V)//DL/C g vt

/V‘M be‘é'ﬂé///? G a\f‘r‘/\f/Mg calld OJCu7L5

N (-]

E[C)/") 277},77” Z c - 7, S =

n-C n =9

h=c C ' C

11




M/ [c  Queues

()

s miim he A ,\M«S'/ag?[ﬁw\ > hn- T,

hzo

5. p+ L. Eee)

= - £
(-2)
E)cpec:?lfﬁe Nnum ber 070 Jdéf i Sewice

A
Vs

c! oo
W= S wT, ¢ 5 cThm e

"= n=c

mean_ T‘Bopbnse, Linne , hse Li#le's Law



Compaﬁgém bevfwwm Mmim/ & M/M [c

Consida 2 Uﬁj«o of Ofgan)%}nﬁ Sevvers

B

g

([

' O
O .- O Q ©
- " W“/
C C
—is Zhee a di- , 8.9 N
Nue jn SEIQ ?
/ mte 14 s GDoSS’;é[o\ on left Ao
YES, hawe Pren server awk job i guene

/'V\P/)CS" g ?



Cﬂ"*f\pdcn’%h_ betwee Mm/m); & m/mjc
mean redponse Hhne_

C M/m/[I  qheneqd 1 m/m/m Guere
_ l
LA = - Me /z____l__ + 1 ?M

A = U-_f

<



Use of VDBYWLLLZM ’TL\D GAeaedg 525'74914« &Aﬁ\/iéf‘

Cuerlion, -
o bt peviocrmanee fo- a Fron st of fdfﬁwwma?

- What pavameftvs ruded To achle vHCi{ar
evevﬁrmmo_ 304_04.2 A

EXmmlo[m
- Whet hagpens 7o mean neapouse bive i D diibley?

- whet hw&vu +o mea n WW& 761’)/{ P A we alozlréz # serveng

- l/wwmanatmowwwo{fo«g/m A)/,L Yo
Mﬁl\cfdv’gﬁf WMI’LW $he



5<aw~ CL
P Obsenvelis d{ \/'6&.5“ arnv;né, A Server wih c =10
CPUs is ot ;

- ;l -

— t//“_:,

Ue m/m/fc Foemalas 1o eohmale mean. amber v Q
ancd  mean redpsnge 4ime
Ng = 0.03¢ R = ( 00

uir-h«aﬂ% mStantanesns reeponse.

S“WDL& avviveld v\c}tg, mendagdey ’7LD 9‘.‘2? Ci‘péﬂv a
pcometicn cAm,oa,.'y\
Ng = /€3 R = (20
mavr Ied r*e/a%ke howede 1k NCI ) Gh/d 2067

-—

IhCR&ge M R



—

Escample m=l, A=37

Fned SMa/ZuI nambe °7D Sexveng ¢ sié. e v Quene
s Mego thom. 207 of hne i Sexvreo

\
c Ra /i JUST EVALUATE AT DIFFERGUT
¥ Q 45 / c's
5 047 |
(¢ 6.12 (]



mimlec /B
Puife batfas | ot wust B jls i syohu
Uaing ivth- dead? RAnrcess £z e soovte
A=A o =0, B

_ h/l A,/ h< C
e

C =
N foe n=Cctl, B

NOTE Om/a ma Keg ,4.04.4.&7%.— B2 c -é/Sf. Sernérud ;//ev(

1 X A -~ A
BEICICRES
C/,\ C/k

z M
/M 7~ (‘c~r)/\ (¢ 0

10



/”l/’l/c—/'B

State accapancy probs P =2/l
L-W; h= (2, .., C—|
n!
T, =
P T, h=c,c+l, ..., B
c'c"™"
with
-1
( B-c-1i
P c
(, —(?)) € %':’ ._t”_h_
T o= | 1+ |/, _ T w2t A
6 m!()-€f)

(,{/,u,"’\«_u_., -’—o (’ﬁmpuit o Mean \r‘eéf(MS—Q 'IL/M

Llue /99579\.5
o M e#ﬁedm?e “ avovad ef,

11



M/M/c/$

B
Mean gueme /euy/Z n= 2 nj,
n<o
_ B
Mmeam  Number i Gl ﬁ? = Z(n ~c )T,
n=c

Sen X, : e%ch.w," arerNed vale s vale o(-( arcNalo when
'/'Na ane W}fw e, wt m st B

0~

a= 2 (-T)

Uee ellectice acrnel vale with Litls Law o 2T
M €6 ru/oonse Tine

n
/-TTg)

p—)

rz

—
—

»e]s

~

A

Uhlizelicr @ a sevver L A _ e (1-1)
M

12



om%w of Inieredt

Exoct  solutreon,
m/e [+
m/m/ i
m/p | |
G/m/ (
m/I&/ |
&6/

e IS Sim of r eyy)on%ﬁhfs
witte balkk avenals

13



m/&/ |

PFOL/P/M. — A4t /hsfan'f W heun \/Oé axyiINey p a \/dé '
sewice has STATE .
— unlilze e;a,obnemfff@/) daS%f‘iLu’ﬁM 070
rewwu'hmg sevjce depemols for /wgﬂ\ o bima
in sevVice a,/readg

FINESSE
— defne state Fansihong at embedded pom7s
here Thone IS po memary

PEPARTURE INSTAATX

F job hao been i service 4 -t , how manyg
G((‘,Ucv&) ‘R/tm\, Mar/(oV/an avriJed P(‘OCCS‘S?

Poisssn (A2 )

Wﬁld&\/ Q/WMM D7mc

14



m/sl |

Considin # Jobs |ef in quune al Tho pot o
a job's Aeppative, This will be stale of TTMC

Fow stols 1 >0

- tvomsibon 4 Stele § i J-t+1 avravady
dwwg Abe  service e o The cuyfonec
%fennj Sevvice

anple - At depacfuna ré n™ At dzpmfw«ﬁ'{ (1)
[ e[S ] 9] Jueg|dnee] s | e [Iner |

3 — G

j‘t*?, Thuf, thg asfnuea(

Jus

Fsna gﬁ,’f’e Z =0 ‘ .
= Wangfﬁ;z»\ 7"\) J ) 70 J avrvaly
dwvh(? sewica Phwa of Wkt awvad

15



m/e/
K, = Reb {1 amniveds m a pownie P f
Gven Servies fna S WLAL,Z'/} g ¢ amvels /<
RBob o Psissone (AS) heo vabon 1t

0o (;]’5)_1 -2s
S« - /3(5) TR

b Pos g;s) s pdf of Secvice the dishb

16



ml&l |
&/@K jgg-a(; o Aishibudioi of Quona Long?t,

M2om. Qlue /-&udgﬁ\

mayc bit.
d Ltm"f'\'hg M. Gl /ZawjﬁL v dapm,&«lw
1< Lim,t'ﬁhéj oo Julie lﬂ«t«;?L-’

17



Pollac zefe —

m(&l|
khinchin Fov mude Fo mean Fuean s /&37&\

mﬁ‘ msﬁmer —I‘D %4&/' SS/BW\

avaNell e o'lﬂ hﬁ‘ cug73 mer
7-14 - ,T;l—l

sevice Phe ~/)-na hﬁ‘ cuSizmen

Num hey /ef-& M 7(,;444_2_ 57 W\Q OKCI,L
hmmbg\, mﬁ W\g ‘n\ai' a\rr‘av‘e ‘J\QALQ

C, s Ne,cm\n'ly SevrVice

18



m/&/1

™ = " Qu+ left bell:bm(
lefe bchom.(\lL— X+ —’:(C-(—/'
/r :
‘.

= Cuat|

AUEUE _—T _ /

C
’ Vn+, avrnve

FGYw\wlq_ ‘IDGY ?;\_(-,
CM-—C— 7“ >0

SERVER

7»1—!'/ = ?n_l+\/h+} W ke ?n70

19



mM/&/ |

Cage 7, = O
9n=° T .
: Cut o 9+ qulé M/na/
Cn ]/ — Xuts ..._—>/
SERVER v f
Cw Cu4| :
AUVEUE ,
Cut
| Teu B
Cn ~—————

Vi) avnie

= O
Ine; = VM-, In

20



Combine -CWQS'/‘% Tu—1! € Vit (£ 9 >0

V h+

Defore.  SHIFTED TDISCRETE STEP FUNCTIoN
| ’psr kzllz,,
- |
0O fr k=0
A 4 re—km‘t'e
Taxl = L ’Q% + \/n-(—/
Note : in LmitF ag h—> o EF?z,u] = £[9.]

21



M (

7n+l = ?h - Aq,,"" \/n-f-(
= 5[704-/]: E[?"Y'- E[AZ. ]4. E[v““Y
= Gn E[%e]= o E[9.]- B[4, ]+ ElVie]

Nn—>0 n—>A
= L E [A%Y = Ll E[{/hfl 7
h—>e n~—=>

We Can OD’WIA«/G _ (AS>
L E[vu+, fg(g) ’

h—>%
W\/

mean of Poisson AS

= fwgfs) A-S
= - E[se\»\no_ P I

a(S

22



m/&/ |

Lim B[ A, ] = ELA;]

h-> 4 -
= ZLePl=k]
je=0

= A P[0l + 4 PI5=IT+

readl deprition of A,
= 0-P(7=0) * 1. P(970)
= ?(g%0")
= ‘P(bhgl} 535’7%»»)

- 2
TElservia pre]

-

23



mlec/ "' (
BT we didn't ?r +~ E(9].

From Tnt) = Tn = Lo * Vg,

= ), F8 T Ve, = 29, Lo, ¥ 29, Ve — 245 Vi,
Note thet A:r = O, ad 9,A, = 9.
Whith  bakgy wo  fa
ELo | = £032] €04, ]+ €0US, 1~ 2€02,]+ 2€ [9. Ve, [- 2608, V,, ]
Ve e

nete Fr.t 2y VH, ave rha[apa«M

D, bl Vy, ave Iho(ape,hcw
==

Ef?hi/ I.—: 5[7:] u E[A%] f E[vn:/ I"ZE{?,,]{— 2 E[7~]E[Vh+/]’z£@%7fﬂ»f/]

24



Zescls +» ” /é/l
0= E[bs] +EIV'] ~2605] + 2€B]ew ) - 2€[0,]ENT
Ol we'™ sesn a/reaalz thed E(8;01 = E[v] = £

wshich bengo o o ) EszJ -
jo 2[7] c (0 1 Z/,—f) (ﬂ

Fe by nKsuon S Elv?]

Asidle ZM mowment of Prisson As - (AS)Z-(— S
7")\_%\ (‘me. Vavidnte = Steond movont — moan’

Elv:] = fﬁ[g)-g[/}[;‘)s)z] As AlrnS)Z 2% wsment 57
n . Fozson AS
= /: ?ff)[(%-?) « )s | ds

= X E[s"]+ AELs] S M servico P

25



) Efv) - ANE(ST] + QEfE] - P
Ef?.? '(of— Z//‘lo) F = 10+ Z[I—'F)
lt C, be coefbcet oFf vaciahin, 4 sevuier Pl dist.
C, = v“_f@"‘ var (5) = €[s']- 0517
ECsT

BUNCH O6F ALGEBRA (ATER

Pollaczefp — khinchin Mean Valne Formula

<
. 1+C,

9= fPHF 2(1-f)

26



M/E! [

g = et/ Q;jf;/)—
EXAMPLE ©  Exponentad &N/‘cze: bime._ : Cyp =1
7= * € e z :
N 5%——#’) = 2(02;/2;‘0 :2—2[-15))3 -e
Deforwinishe <&, =0
~ A R

7 - ’a+2/f—€) |— £ 2(1~¢)

A= /Pl hay fae cudlowos o avevage Tho m/m/

27



