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Theorem 6.2 (Little’s Law for Closed Systems) Givenany ergodic closed system,
N=X-E.

whese N is a constant egual to the multiprogramming level X is the throughpw
(i.e.. the rare of completions for the system), and E [T'] is the mean time jobs spend
in the Sus3em.
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Theorem 6.3 (Little’s Law for ﬂ]llEIlSj‘EiE!l‘l. Fiven any system wi.cre
e s ime AR N, and X exist and where A = X, then
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Corollary 6.4 (Little's Law for Time in Queue) Given any sysiem where
FE“M*, To *¢ A, and X existand where ). = X, then
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where N represents the number of jobs in guete in the svstem and Ty represents
the mae jobs spend in gueies.
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Corollary 6.5 (Utilization Law) Consider a single device | with average arrival
rate A; jobs/sec and average service rate ji- jobsisec, where A < p-. Ler p; denoie
fe fong-run frocrion of rime that the device s busy, Then
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Theorem 6.6 (Little’s Law for Closed Systems Restated) (iven any closed
sysicm (either int2ractive or baich) with multiprogramming level N and given that

P X et ad that A= X i

FRime .A'l.g

N=X-T :
b
-.- ﬁw» %/w(«m C(4) x4l wmw%ls?;;f'm mmf&ﬂl‘:"/’J 5747“44{'

(tow (f\MLf ot n“ww‘iyr qu Mnl/p/;)



» L1me

13 Tg 711, E
1> Is Tho -
Ta |l ds Iy Ig Tis E
|
< arne, < !
Le (1) L e[t
Z) d. _ N, .4 Z‘ (T -
o‘é((g £ - . L
—~ (é—&ék]



r—

C(¢) <N & Z Ty

£ - Leow)

, Ale)
o € Jﬁ‘?ﬁég?ﬁ

X eve T




6. 604 Gomralies GHL ! Lo,

L' Lo s bev. quunnled 5 highir wrornsls, ¢.0 €[N
ﬁtr(ﬂ/ bot ouly vudir cestnive condiflons, svchas o

97‘(({%/% ux/t'”r o S»'\A,hlz, FCFS Fuede .



b D] gl opplying LML

Eotom-pl, 1 S W P Sysbmﬁ
WLA’ 5(L‘ J(l/tmu\sé\/\rv& X, 0,’[ HM 17;‘17‘« 7
V=X € (7 K(EE?Jfr[KD

M - 1o < 1 feb
B EC}J.+EEQ

Ce1y VA =

?OWVTLVV\( \,M/J)LW' (/LM_.( 97)4'0/\/‘45
R%(a] - _£72] ~

F[} $s.. N =10 users

1n

Fi-

EE

Subsystem

b-8 [#]

out



EXW 2 . ‘A Mo (o Lx
‘W&M{L}L\M 5754’% T

osf3
Xc(.«slzg = N2 ﬁuzj\

[ 3N, T
£ 51{311313 0.0225 3ec % .
€ [Naaw) -\t jobs { - }/ - Disk 1

V)M "&(LJ urh L‘M‘u—.
of Ak 3 7 |
CPU Disk 2
Cblt.-flf}: Xd_'zl(s ‘ 6[54.51,,3];#’ O - Oi
— Yo . 0,022’7-: Qe 7
Disk 3
. 7

Fror b STHT



Whits Tl v, hin spend queversy adt il 37

lész% 05[(\»&% skﬂwd' Biubvc,\»a ‘f(»'& Sev kﬁ --Kf A%l/&

A3
TQ 0L N « o\l q e sl 3

e[ Tans)e ELMo0) o 4 Lo n
Asie 3 Xﬂ;b? il ‘
E [ l(,( . l&;l«s} F W;J ©. ] _ 0025 0.01Fs 3¢,

F\,A KEEWWLW# gV ests 61/0&110’1 A §lale 3.
E/‘ } ,Fi ) ] J\Juwly,,. semd o4 drk 37:

c l-Cpna= 428 20




-IA( %er‘HVf% U i LDW/ L$ l._cvu) m«((x eD)eae 914’ 9»‘.;1(2 ;

4313 A3 B -
£ [Na J Z [Ta ] X ™ 7 P :
E L'\)mﬂ'{’lﬁw?] >S5

wl’kff- Vb H« 2‘75‘1—% Jﬂwwa FJ 7 INERYZ,
()=

-F/EW EL@‘]%}' — S

E[@],QNKA’ “:‘«kaw\\;l . ESR N
X — =X

Z) F=-5) g(r) =15




£>CVMPL3} A ijch LUT]L]ZW

A=3 —p

} ywbs sy o 4 4 lo [ ]
{[M queve 1 SWVQA,

VX, 5o Lilee Low does adt opply 08be funte Lo ffos sy.fonn.

e i 7 .
J‘(4"‘*""")<’—r) {be rote 901 gebs {lwok ) ‘f(’m’\’g& ) A(lf-f;‘; Fjobs i {le 57&(&\«?))‘
(Wi o %AEM\E axtivi (s, Le%e low &Truu witl o éffcch"/f srrvel ot
£ 0] = NI P Fjobs i foe systemf)- £ 77




é,g [:l’f] Morfor&ra;l’iow/{ wjj duforuf/iaw (_%)
Xi= EQu]. X

XI:((L( gﬂ(’m Wr&:g&tpuf’
X isthe devic (&ro.,gl,ruk out Device i

e ppumber of vig — T
Vi LA[,,/:; ; fjdeo:f';d? Jobs > D—>

in V; visits per job

System

Fis 60 T




= Cc,., 80/19)
{oD
C,,; Copo 'R
l
C: ccrd : AX’

C;‘,.,,Ca.-fd't"c S

£ VN E E{\/m] ZO/ g1
£(V,]- €] 5,,,75 9\

| = €WVe lZl

E W)= € (v, 3 V(] !

= 14,7 181, SN0, E]- ton

Oty

%

R

couuVLd"b‘
—< >e ()
Disk a
Y181 ST
CPU 804q1 )
----D 100/ Disk b
|, %

ﬁwa o7L Fgrcd F[gw Lo

f} fy. 412 | H] Gl Ly (e ilF ol



é~ 1[‘7’] [avwbowl,“x Whvvw( L’"’"5
5\\/\«{)1(_ Ex‘mavh
N:Z‘S’/ZS’ (l’a,rwmr\a.w[&) y (8 ser Vg (W +ian (E [2’]: 13)

20 v iy {uferctiong . pu _ dbas 7[& &414( (ﬁi\/ol»ﬂ(}c 29]
po st vy, B spunfs 4

30 vdiliklon of dlud Ak [e&.‘v =©.3)

0,02'5 sec 2% 5%!/!.‘6( ‘\"l\WLWV:hl’bM" 4»544 (‘EXSA,:;{(]: .02&')

Whed 1§ e aneom respons be (E R =E[T]- E[’/'g’j) Z
The &srm%fﬂ‘w LMJL,(&L% 437‘@14‘ stedzs




£(ef- M _€e(p] =, N:225) E77]- 12 X7
X '?\’

_ 28 YL F gz 23 F s2¢
_n“q:ﬁf'@q Sr:(awl-aftu AM; “e—o-—.z"g &= 2 >
Xiz EQuil o x= Xase  gVadaoo X, 7
g—f,vksbj ) £
=2 o4 wedion
The UH bguion low  sbetey @ see
— Y- . Cdite -5
Cc. %" | 2% [r-' lO'\) Cb’ >(¢. E[SL}) c Q. X&-skz __/‘—- h;—z}_{')
: E[SLiw] o,
Ty

W«ofb\a} bo hewerd s o "(\"c




H odor efan(h 37“"%‘ hope

f‘9“’ &l.‘,r\) Seln

{Lo/g-vwfl(lze‘f’ i >
N=23 bt 7

: s-w-ﬂ”“ ped oo Disk a
EC‘Z] 2] sec punn87V]
X = OS5 indera otlons o} 1
SecoA / l CPU Disk b
£ Mookl ] =165 > TO IIO——1IO

Get memory queue

Disk ¢
P
JE(/ 5901 3 J;ti} ;%&Lwn - ST

‘E[:SJPUIC 0.2 | sec

Central subsystem



WLW“":S«MM muuﬂbo QLZWM Jwe—@'ﬂ
gdé’!(«/} o wwj';%crm—q‘)% &ZfbA comrw;/;tg;c (herecyon !

£ [Thune i Certrd Sobsytom [z E[Recpouc Tiins [« TRy ok

J,23
: Jdo. 1l MWV7}

%‘7 ‘H«v( KL&W (wa LO’W/ 2§ .¢v&
ﬁ[‘,&siw%e ([—Lrwzt ‘L\Za EY/}]: 23 _uzSlN-21=301 .
: 4 0.KS —

BV L:’K’Li’,; LMA/JLW- Lloscd 2174%1 ['\72X?> J




Wht o Hu OPV obilizedton 7 B, the vbloe e L,
/:)‘M‘g;.b—ma ] lol) :
Cepo = chu' ECSC',‘J: ( Forad Flow Los)-- &l

= X.E£lV,.] Els,, |- 0us. 2. 0.21T 0.25



baold) Qeic drwionds

Defra O = R é?mw of o j2bfp devie o
SDLGZ Si whre S0 M die e ived by &,

b videl oy & devia (

10 EIWYEDS) o Ve ok (P dipernto [Sechi L)
To compdt & (D) ;

g: _ Avbl bosy Hhun o) e ¢ [for [ou HWQ

t [Dbl = 7 ] Wvwnber 01L sy.&#’e,m amfl,fﬁms D h o, 4




uh L2adien LW[; A verymm, P (21)

L V- Els | X Elw]. els]: oA £(0]
- 5114\ Fow Low Qmm()[*\% of ) e dipedin

V' and SO

B a=X-E|D]

The BoMlomeck Lors




_ ) )
l/f lD[: ZSL MVLMJ&‘*S,(SWMLIoW/%
A:' ,L\S'arw'cz_ M—.A P 3 &awaa’
6%951 = EY\H]- 6[92].
L-& f:'ga*{'gﬂl—b&‘wfce ¢

(ﬂ\l. "WALFMQ &,SSerhO/L 0\|/Lv\7 L’ﬁH M’M LI W\d y“/wléf
of Tinks o eb mukes Qo dwic dooy et affect fud oy nt
o pleded by ibs Sorvie dumad okl dui<

¢ ¢ brow ‘ SN MM vl 1:
W e quuoriz V% L4 epelly wdo

Lek 5= 2 X~ WX o

£[5]: £[§Xf]=§£[‘chf’”:“]'PgNz“f = [ N _.LX[):




h
g ZE[?X] PIN=ufe [ Xiwx ¥)-

- 2 E[“X] PiVal= 2w E[X]PIN = E[] € PhM: Af o
= £0x] £lnN) o

ﬁwlok
X = 31\% , E [Vobzlr]z lo , £ { SbL‘/l(}‘O"’,JeC

EYQA‘;]:]: E{\/d;‘{p’x E [S"’LEQZ (O ¥ 0, 0] = O.1 5%¢c
0 g = X Elbgig ) 3701 = 0.3






