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2UCTNUATWYV

Agltovpyikn AvaAuvon

[Lavvneg Nrpodalakng




Etcaywyn (1)

= Aettoupytkol vouol : ATIAEC oX€oelc TTou SV aTTALTOUV KOTAVOLLA
Xxpovwyv petafu adifewv n eEutinpetnong [Buzen 1976, Denning,
Buzen 1978]

= A\ELTOUPYLKO: alTevUeioc UETPAOLLO.

YrmoBeoelc :
|. Metpnown: Job flow balance < Epyodikotnta
AnAadn, oe cuyKeKPLUEVO Xpovo T :
aplOpoc aditewv = aplOpoc avaxwpnoewv.

2. Mn uetpnoiun: Aveéaptnoia. MNa tig akoAouBiec xpovwv
gEUTTNPETNONC KOl XpOVwWV aditewyv, dev UTTOPEL vaL EVTOTTLOTEL
LLE LETPNOELC av elval avetaptntec T.M. ] oxL
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Etcaywyn (2)

" /IELTOUPYIKECG TOOOTNTEC : TTOCOTNTEC TTOU UTTOPOUV VAL
HetpnBouv kata tn SlapKeLa TIETTEPACUEVNC TTEPLOOOU
mapaTNENONG

Noapadetypo AELTOUPYLKOU VOUOU : Nopog tou Little: N=AT
ak B /
\

[
»

dy

a, (0 MeAdtng k dptdvovrag): “BAénel” N oto B.
d, (o meAdtng k pevyovtag): “adrjvel” N oto B.

Apa, oL N TTou BAETTEL bevyovtag, npbav 6Aot, 600 o TTEAATNE PpLokdTaY

ueoa ( ywa peco xpovo T ). Katda tnv mapoucia tou npbav AT katd peco
Opo.

Apa, N=AT. (Apkei va toyUet job flow balance...)
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N€ELTOVPYLKEC aKOAouOiec cuumepLldopac Kat
oLotntEG vs. Zroxaotikeg dradikaoieg (1)

= |Sl0 arToteAEopaTa UE TIC OTOXOOTLKEC Sladilkaoiec aAAd
TTEPLOOOTEPO «OLaLcONTKO Kol EPAPUOCLUO OE N —
OTOXOLOTLKO. CUCTAMOTO.

= 3 0L0tNTEC TTou evdLladEPOLV:

. Opoyevnc ouutiepldpopa.

Adifec astdPana aTTo aplbpod TTeAaTWV
0TO oUOTNHO

(E¢aipeon: u = 0 6tav dev utiapyouv,
n A =0 otav N oto cuotnua)

* Efutnpetnoselg
*  ApopoAoynon
* Flow — Balance
*  Jupurepiudpopd evoc BrApatog : Movo €va yeyovog tn ¢opa.
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N€ELTOVPYLKEC aKOAouOiec cuumepLldopac Kat
LOLotTNTEG VS. ZTOXAOTIKEG OHLadikaoieg (2)

2NUOVTLKO : OL AELTOUPYLKEC LOLOTNTEC opllovTal yla (L
OUYKEKPLUEVN akoAouBila cuuTTepLldopac :

«ME€oo» = OTATLOTIKO HETO.

«MBavotnTay = OXETLKN ouxvoTNTa.
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BaowkEg Aettoupyikeg oxeoelg (1)

Aopielg Device |

e Xpovoc Mapatnpnonc T.

"AvayopnGELS

e MTTopoUuE VO LETPACOUME TIC AELTOUPYLKEC TTOCOTNTEC

(basic quantities):

: A : AplOuoc aditewv kata to T.

- C : AplOu6G E€utinpetioswv (completions) katd to T.

- B Busy time katd to T (B <T)
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Baowkég AettoupyikeG oxeoelg (2)

ETTUTAEOV, UTTOPOULLE VO TIAPOUE KOl TLC £ENC AELTOUPYLKEC
Toootnteq (derived quantities — performance measures) :

= Meoog PuBuog Aditswv: ] —
|

Xpovog Tmapatipnong

AplOuog adifewv katda to T.

ApBuog E§utinpetrocwyv (completions) katd to T.
Busy time katd to T

T |a

C ci

* Throughput: Xi:? Bi
B.
- of e . . :4L
Utilization: Ui T

= Meoog Xpovog E§uTinpetnong: 51':

b,
C;

= OL AELTOUPYLKEC TTOOOTNTEC €lvoll LETAPANTEC TTOU UTTOPEL va
aAAdalouv arTo Tn pia mepiodo Mapatrpnong otnv MOUEVN.
Ooec Mmapapevouv otabepec, ovopalovtal AsttoupyLkol

VOLUOL.
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Nopoc Xpnotlpomoinong

" Eotw C 0 aplOUOC eEUTINPETNOEWY, B 10 busy
time 'EOU device kata pia mMepiodo 7.

= Nopocg xpnotuorioinonc :

Ui:_l_n—_l_nxcni O, p=/b?=; (M/M/1)
n C . C B 1,, U

%7 TR*T TS Vi s,
n B B 1 ,,1_U.

Si_C:_TIXC. Yix. =X

AvdaAuon Atrodoong NAnpo@opiaKkwy
2UoTNUATWY 8



Nopog E§avaykacpevng Pong (1)

X.=

—_O

= Juvdeel to throughput Tou cuoTtHpATOG UE TO
throughput evog device.

" Y& gva avolyto diktuo to system throughput €ivat o
aplOUOC TWV epyaciwyv TTou $eVyoLV ATTO TO
cvoTNUa ava povada Xpovou.

" Y& eva KAELOTO Oiktuo, Kapla epyaoia dev prTopel
va To eykataAeiel. Zuvenwc, opiletal eva link
wWoTE OTL “armoywpel” arro to diktuo, Tautoxpova,
va “sloepyetal’. Ooec depyovtal ArTo kel opilouv
1o system throughput.
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FeVIKO KAELOTO OLKTUO

Teppatika

G

Aiokog A

Device 2

Aiokog B

Device 1 :

Device i

Kevtpko Yroovuotnua
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Nopog E§avaykacuevng Pong (2)

= Av o T eivau tetolo wote 4; = C,, t0te 1O device i LKavOTTOLEL
tnv uttoBeon Job Flow Balance.

* Eotw OTL KABe epyaoia kavel V; attnoelg yla to I-oto device.

loxVeL: C il
Ci=CyV; 1 Vi C v
0

ommou C,, o aplBuog twv epyaciwv Tou SLATPEXOUV TO
e&wteptko link.

* To V,ovopaletad visit ratio 1 relative throughput, (AOyog
emokePewv oto i device TIpog emMokePeLg oto out link).
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Nopog E§avaykacuévng Pong (3)

C

= System Throughput : )(:%1 KOl
C_C C
NErTe T P
X=XV, Nouog E§avaykaouevng Porig.

= O Nopoc E¢avaykaopevne Ponc LoxveL OTToTe LoYUEL
10 Job Flow Balance.
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Nopog E§avaykacuévng Pong (4)

= Yuvbualovtac to Nopo E¢avaykaopevng Pong kot to Nopo
Xpnotluotioinong, TIPOKUTITEL

X=XV

| | } Ui:X-Vi-Si m— Ui:X.Di
Ui=X;-5,
oTTou, Di =ViSi elval N ouVoALKN arTaitnon service oto

device-i yla OAeC TIC €TTIOKEWPELC plag epyaoioc.

: An)\a6n, 1O device pe 1O ueva)\urz-:po service demand D
£xeL To peyaAutepo Utilization kot eivat bottleneck device.
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Nopog E§avaykaopévng Pong (5.1)

" MNapadeypa I:

Central server model gvog timesharing cuotrpatog.

TepuaTika

ﬁ _»
o o] DISK
> B |—»
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Nopog E§avaykaopévng Pong (5.2)

Metpwvtag ta log data TTIpokUTITtouV Ta €ENG:

|. KaBe mpoypappa armattel 5 sec CPU time kot kavet 80 1/O
requests oto 6ioko A kat 100 oto dioko B.

O HEOOC XPOVOG OKEYPNG TWV Xpnotwv eival |8 sec.

3. O biokog A armattet 50 msec yua pia I/O request evw o 6iokog
B, 30 msec.

4. Me |7 active terminals to throughput Tou A petpnBdnke ico pe
15,7 1/O requests/sec.
Oeloupe va Ppoupe to system throughput kat to utilization
Twv devices.
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Nopog E§avaykaopévng Pong (5.3)

AnAadn divovtad:
D, =9 sec, V, =80, V, =100, Z=18 sec, S, =0,05 sec,
Sg =0,03 sec, N =17, X, =15,7 jobs/sec

Ve, =V, +V; +1=181

ETTeldn ol epyaocieg mipemel va emokedpOouv tnv CPU 1TpLv toug diokoug
N T TEPHOTLKAL.

To TTpwTo Bripa otnv AELToUpyLlKn avaAuon, VEVLKA, Elval va
kaBoptotouv ta D, 6Awv twv devices: TepoTikd

O
Depy =9 SEC, Q B
D, =S,V, =4 sec, HQPe= — HeP—
D, =SV, =3 sec (o
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Nopog E§avaykaopévng Pong (5.4)

XpNOLUOTIOLWVTAG TO VOO £6QVAYKACUEVNG PONG, Ta throughputs

TTPOKUTITOUV:
X = Xa =0,1963 jobs/sec,
V,

Xepy = XVp, = 35,48 requests/sec,
Xz = XV, =19,6 requests/sec

XpnoLoTTolwvTtag To VOUO XpnoLuoTioinong, ta utilizations TIPOKUTITOUV:
UCPU = XDCPU = 98%,
U, = XD, = 78,4%,
U, = XD, =58,8%
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OOOOOOO

?|-
Nopog E§avaykaocpévng Pong (6)

= AANOC TPOTTOC TTEpLypadnc tTnS SpooAoynonc
EPYACLWV O€ €va queueing network givatl ot
moavotntes peraBoong (transition probabilities), Py j-
Elvat tooduvapun Tepypadn HE T Vi :

= >e diktuo pe Job Flow Balance:
M
C;i=2Cp; 0<j<M
i=0
To 0 emonuaivel to «e€wtepkoy link.
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Nopog E§avaykacuevng Pong (7)

- ' N Ci G
loyUEL, C :Zci p; = C_:ZC_ Py =
i=0 0 i=0%0

M

_ , 0] <M, —

Vj_Z(;Vipij J Vo1
=

= V_=1, dL0TL KABe eTMiokePn oto e€wteptko link
oplleTal oav TNV OAOKANpwaon TS Epyaciac.

= OLTTapaTTAvVWw EELOWOELC ELVOL YVWOTEC OQWV Visit ratio
equations. loxuouv epocov To SiKTUO €ilval
ouvdebepevo Aettoupyka : Kade epyaoia
EMOKEITTETAL KUE ocuokeun touldaytotov 1 gopa.
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To Napadetypa:

" Vo =Vo poo+ Ve pcot+VaPao+ Vs Dpo

"= Ve =V poc+ Ve pcc+Vapac+ Vs P
" Va=Vo-poa+ Ve PcatVa Paa+ Vs Dpa
" Vg =Vy:0op+ Ve e+ VaPap+ Vs BB
. V=1

u 1=10+VCpCO+VAO+VBO
u VC=1'1+VC.O+VA.1+VB°1
u VA=1O+VCpCA+VAO+VBO

u VB=1'O+VC'pCB+VA'O+VB'O “
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Tepparika

O Pco
Pac =1
- O Pca @
e — —

— (o>
ﬁ ﬂ
PcB

Pec =1
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To MNapadelypa (cuvexeLa)

" 1=V pco

- VC=1+VA+ VB

" V4=V Dpca

" Vg =Vc Dco 2

1 1

pCO_VC_181_O'0055

_ Va4 80 _
pCA—VC_181_O'442

. _ Ve _ 100 _
pCB_VC_181_O'5525

1,00
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Nopoc tou Little

= Elval AELTOUPYLKOC VOUOC.
= Edpapupoloupe to Nopo tou Little yia va oxetioouvpe
TOV opLlBUO TTEAATWV Qi’ LLE TO XPOVO OTTOKPLONG Ri
oto device-I:
Méoocg aplOuog oto device = puBuoc adiéewv x PECO XpOvo oto device.
Q=4R,
Av g€xoupe job flow balance, o puBuog adpiéng eival toog pe
to throughput ( 4; = X; ) kat oxveL

Q=XR;
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revikog Nopog Xpovou Amokpiong (1)

* Timesharing System < terminal uTtocuoTNHA

reouamG Kevtpwko Yrmoovotnua (KY)

<§>‘_ | user ——— | terminal.

KevTpiko
YnoouoTnua

A 4

= O Nopocg tou Little epapuoletal oe OAa To TUAMOATOA TOU
ouoTNHATOG, apKkel va uttapyel job flow balance.

= Jto Kevtpiko Yroouotnua, woxvet: Q=X-R
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Fevikog Nopog Xpovou Amokpiong (2)

O=X-R
T UVOALKOC aplOpoc Throughput Response time
epyootwv oto KY OUOTNHOTOG KevtplkoU YITOOUOTAUOTOC

* Nl M devices, €xouue :

Q=Q1+Q2+...+QM Q=XiR |

XR=X1R1+ X2R2+...+XM Ry  —
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Fevikog Nopog Xpovou Amokpiong (3)

— I

XR _ X{R+X,R+.+ X Ry X=XV,

X X
R=V1R1+V2R2+...+VM RNI

M
R=leVl
i=1

leviko¢ Nopog Xpovou AITokpLong
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Fevikog Nopog Xpovou Amokpiong (4)

" |[oXUEL KO O€ TIEPUTTWOELG TTou O€V LOXVEL TO Job
Flow Balance.

= AnAadr, 0 CUVOALKOC XpOVOC TTOU KOTOVOAWVEL pia
gepyaolo o€ €va server, €vol TO YLVOLEVO TOU
XpOvVou ava eTTiokedn, €L ToV aplOuo twv
eTTIOKEPEWV, OTO server.

= O OUVOALKOC XpOVOC cuOoTNHaTOC Elval To aBpolopa
TWV CUVOALKWV XpOVwV otouc dladpopouc servers.
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Interactive Response Time Law

= Eotw Z o xpovoc think time ota teppatika. )C‘ol 0

= JUVOALKOC XPOVLKOC KUKAOC attnoswv: R+/7

= KaBe xpnotnc dnuioupyel Trepimmou T OLTNOELG OTO
Xpovikd Swdotnpa T. R+Z

= Av éxoupe N xprioteg (teppatikd):

oVVOAIKOG 0p1OuUOS 0uTHoEWDY

e System throughput: X = —

N

" Interactive Response Time Law: R:X_Z

AvdaAuon Atrodoong NAnpo@opiaKkwy

2UoTNUATWY 27



Interactive Response Time Law (2)

—N_
RX /

= YmmoAoyiletol Kot we €ENC:

Q=N—QZ—>XR=N—XZ—>R=%—Z

= Hkae N =X (R + Z), 6nhadn N. Little cuvolikd
oTo ocvuoTnua...
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Bottleneck analysis (1)

= Nouog e€avaykaopevng pong X=XV,

= Nopoc¢ Xpnotporioilnongc: Ui:X-Di :>UiocDi

" To device pe to uPnNAOTEPO HOPTLO ALTNCEWV YL
service Di’ £XEL TO peyaAUTepo utilization ko givort
10 bottleneck device. H BeAtiwon tou Ba PeAtiwoel
T0 oUOTNUAL.

» Biua I: NMpoodloplopocg tou bottleneck device yla
neAetn BeAtiwong armodoonc.

Eotw OTL Bplokoupe otL to device b elval to bottleneck.

AnAasi, D =Dpay=max(D;,D,.....Dy,)
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Bottleneck analysis (2)

Tote, to throughput Kat oL xpovol armoKpLong TOU CUCTHLATOG
TTeplopifovtal ATTo TLC TTOPAKATW OXECELC:

R(N) = max(D,ND,,,,,, — Z)

_ 1 N
X(N) < mln(D D Z)
max

To D= Z D. eival to dBpolopa twv service demands pag
epyactiag amo oAa ta devices (€KTOG terminals).
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Bottleneck analysis (2.1)

 Amodeln:
MNopatnpnoeLg :

|. To utilization ommolouvdnTTote device dev pTTopel va gival
neyaAutepo armo 1. Me autov tov TpoTTo tibetal eva
OpLo yLa to peytoto duvato throughput. (1)

2. To response time Tou cuotrpatog ue N users Ogv
UTTOopEl va elval HIKPOTEPO ATTO AUTO TOU CUOTHHATOC
ue 1 user. (2)

3. HoxéonR= N_7 UTTopEL va xpnotpototnOet yia t
X

LETATPOTIN Tou opiou tou throughput og Oplo ya to
response time Kal avtiotpoda.
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Bottleneck analysis (2.2)

BaolopEvol oTLG TIponyoULLEVEC TTAPOTNPNOELS, EXOUUE, Yo To bottleneck
device (Up €lval to o kovtwo U oto 1...):

Up = XDimax

Up <15XDps <1=> X<

(3)

max

Me 1 xpjotn oto clotnUa, SV UTTAPXEL AVOLLOVH OTNV OUPA:

R(1)=D,+D,+..D,, =D

Me TTEPLOCOTEPOUC XPNOTEG, UTTOPEL vaL UTTAPXEL AVOLLOVA:

R(N) =D )
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Bottleneck analysis (2.3)

loyUEeL:

RNy = — 7 3 >

N) =% R(N)>NDpy —Z (5
N (4)

(6)

X(N)=R(N)+Z = X(N)SD_I_Z

Yuvbdualovtag TIC TTAPATTAVW OXECELS (3), (4), (5), (6)
TIPOKUTITOUV:

R(N) = max(D,ND,,,,, — Z)

X(N) < min( - N
< min ,
max | )
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Bottleneck analysis (2.4)

R(N)
Response
time
D 4
0 R(N) = max(D,ND,,,, — Z)
-Z |
5 X(N) < min(—, =)
S min )
§ ,’<— Slope=1/(D + Z)
i/
I/Dmax --—_7/:L ____________
Throughput II :
X(N) / ; Bounds

Number of users N
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Bottleneck analysis (2.5)

H TponyoUpeveg ypadLKEC avaTTapLOTOUV TAL OLOU UTTTWTLKA
opLa. Mapatnpeital, otL to knee gpdaviletal yia tnv bLa
TLUA TOU aplOpou xpnotwv:

D=N'D,_ -7 =N =2F%

Av 0 apOpdc xpnotwv sivat peyalltepoc armo N
Urmopou e pe Befatotnta vo TTOUPE OTL UTTAPXEL OVOLOVH
oTo ocuoTnua.
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Bottleneck analysis (2.6) r®:zna@ . -2

_ 1 N
X(N) Smln(D 'D+Z)
max

Juveyela mapadelypatoc | :
Exoupe D, =5, Dy =4, D, =3, Z=18.
’A p a’ Tepuatika

D=D.,, +D, +D, =12 = ‘
Dmax — DCPU =5 = —>:——>

Ta opla eivat: — (e _
X (N) < min{ﬁ,l} = Hp—
30 5
R(N) > max {12,5N —18}
To knee epdavizetaryia N 12=5N"-18=N"=6

AnAadn, ov UTTAPXOUV TIEPLOCOTEPOL ATTO 6 XPrRoTeC clyoupa Oa
UTTAPXEL avapovn KATTou.
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Bottleneck analysis (2.7)

Juveyela mapadeilypatoc | :

[Tooa Tepuatika UITopouV va UITooTnPLYYouV av To response time IPEITEL
va unv éemepva ta 100 sec

Me tn XpNOLUOTTIOLNON TWV OLCUUTTTWTLKWY OpPLwV, EXOUE:
R(N)>max {12,5N —18!
To response time Ba eivat olyoupa peyalvtepo armmo 100 av

5N —-18 = 100= N = 23.6

JUVETIWC, To cuotnua dev pTmopel va uttootnpiéel TTeplocOTEPOUC ATTO
23 xpnotec wote va sivar R(N) <100.
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Operational Laws

= Utilization Law : U; = X;S; = XD
* Forced Flow Law : X =XV,
= Little's Law : Q; = X;R,

= General Response Time Law : R=

= Interactive Response Time Law : R =

" Asymptotic bounds :
R>max{D,ND,,, —Z}

) 1 N
X <min ,
{Dmax D+Z}

AvdaAuon Atrodoong NAnpo@opiaKkwy
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OTToU Di = Vi . Si

Z RV

i—1

N N
——7 4 = —
X h X Z+R

omou D = Y. D;
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Mean Value Analysis
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AvaAvuon avolktwv diktvwv (1)

" MovteAa ywa Transaction Processing cuotnuata
(puBuOG aditewv avetaptntog amo poptio
OUOTAMATOG).

= Adifelc pe péco pubuo A .

fixed capacity
__—"  (single server ekBetikol)

delay centers (teppatikd)

» To service centers €lvall

X(=A ol ,
Avgxagﬁsglg ) (infinite server skBetikol)
N ——
Agitaig :D]]]—O
oTo dikTVO | CPU
— LTFO
A (_ X) Aickoc B
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AvaAuon avolktwv diktuwv (2)

= Je ola ta fixed capacity service centers:
* Response Time: Ri:Si(1+Qi) (2.1)

' Ri=35;+5Q

7N\

service service TwV Q £PYOOLWV TTOU
BAETIeL oto device |

* Agv eival operational law 610tL uTTOB€TEL Memoryless service,
KATL TTou &ev elval AettoupyLka eMPBeRalwolpLO.
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AvaAuon avolktwv diktuwyv (3)

= Aoyw Ttou job flow balance, woxvel: X =4

= Ye KOOe

p

N=—1—p — i 1_

fixed capacity device I:

* Forced flow law :

X. =XV,

= Asymptotic bounds :
R 2max{D,ND,,,

X<mm{

max

,Z}

® Utilization Law : U = X.S = XD omou D; =V; - S;
= Forced Flow Law : XI, = XK
» Little’s Law: O, = X;R; M
= General Response Time Law: R = Z RV,
i=l
’ g = 7 N
= Interactive Response Time Law : R=—-7Z 4 X=—
X Z+R

émou D = Y™, D;

e NOpo¢ xpnoLuorroinong: U XS XVS ZD

* Me tn xpnon tou N. Little:

Qi=XiRi:XiSi(1+Qi)=Ui(1+Qi):>

U.

—4L:>

N'vwoTto armo M/M/ ...

2UoTNUATWY

(2.1) R'
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AvaAuon avolktwv Siktuwv (4)

= >e oAa ta delay centers (teppatika):

! — = Utilization Law: [/ = X.S = XD. omou D; =V; - §;
[ ] . — S_ i i i t Lo
I GXU € l" | | ° * Forced Flow Law: X, = XV,
» Little’s Law: O, = X;R,
= General Response Time Law: R= Z RV,
o KCXL, Q' X| R| XV| | X D| | ® Interactive Response Time Law : R =}_Z R X= =y
= Asymptotic bounds :

R2max{D,ND,, -Z} 6mou D = YL, D;

X <min 1 X ,N
D“]ﬂ‘( D+Z

* Mapatnpnoelc:

e (); eival koL o aplOuUOC TwV EEUTINPETOVUEVWV.

e U; umopeiva eivat kat = 1 86Tt 0 péylotog aplduoc
gEUTTNPETOVUEVWVY Elvall oo,
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AvaAuon avolktwv diktuwv - AAyopiBuog (1)

Inputs:

« A=X :E{wtepwo arrival rate = system throughput

e M : ApPLOUOG CUOKEV WV (XWPLG TEPHLOTLKA).

e 5 : service time ava emiokedn oto | -0to device.

e W : aplOUOC eTTOKEPEWV OTO | -0TO device.
Outputs:

e N :u€ocoC aplOuocg epyaciwyv oto SiKTuo

e (; :ME0OC aplOUOC epyaciwy oTo | — oTo device.

e R; :response time oto I - 0TO device.

e R :system response time.

e U; :xpnoworioinon tou I - otou device.
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AvaAucn avolktwv diktuwv - AAyoptBuog (11)

* Utilization Law : U, = X.S, = XD omouv D; =V;-§;
* Forced Flow Law: X, =XV,
/\L’) O-n: = Little’s Law : Qf :X,-Ri M
* General Response Time Law: R= ZR,-V,
i=1
| D- — S. ° V.
! ! l = Interactive Response Time Law : R=}—Z n X= %
" Ul — X * Dl = Asymptotic bounds :
R > max {D7NDmax —Z} omou D = ZA’L D:
'Xi:X°Vi .{1 N} -
X <min<{——,
Dy D7
( . .
. P = S;/(1 —U;) Fixed capacity centers
i =

S;  Delay centers

;Ul-/(l — U;) Fixed capacity centers
U; Delay centers
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MVA - AvaAuon KAewotwv Awktowv (1)

" [evikad epoapuoletal ya TToANQ 10N service
KOTOVOLWV KOl TPOTTWV €EUTTNPETNONC.

" Qswpouue fixed capacity service centers.

e Av £xoupe kAeloto Oiktuo pe N epyaoiec, ot Reiser kal
Lavenberg (1980), e6siav:

Ri(N)=S[1+Q,(N-D]

omou Q(N-1) , o péoog aplBpog epyactwv oto 1-0to

device, otav sivat N -1 epyaoiec oto Siktuo.
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MVA - AvaAuon KAewotwv Awktuowv (2)

e AnAadn, otav TIPocBEoou e Eva TTeAATn oto dikTuo, EVw
uTTapyouv Nén N—1 TeAatec, LOALC pOaocel  oto |-OTO
device, Oa Bpet Q(N-D epyoaoieg peoa.

Oa mepipevel xpovo SQ.(N-1)  pexptva
e€utinpetnBel katL Ba {odedeL xpovo S, Kkata tnv
gEuUTINPETNON TOU.

= ETTiong, OxL operational law.
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MVA - AvaAuon KAswotwv Awktowyv (3)

* System Response Time (I'evikog N. Xpovou ATIOkpLong):
M
R(N)=> ViR
=1
* System Throughput (Interactive Response Time Law):

X (N)=

R(N)+Z

* Device throughputs BaocelL Twv gpyacilwv:

® Utilization Law : U = XS = XD, ormou D; =V; - §;
XI(N)_X(N)VI * Forced Flow Law: X, = XV,

= Little’s Law : Qi = Xin M

= General Response Time Law: R= ZR,V,.
=l
. ' - 7 N

= Interactive Response Time Law : R= Y_Z R X= e
= Asymptotic bounds :

R2max{D,ND,, —Z} omou D = Y1 D
AvdaAuon Atrodoong NAnpo@opiaKkwy
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MVA - AvaAuon KAswotwv Awktowyv (4)

 Mnkn oupwv pe tn xpnon tou N. Little:

Q(N)=X;(N)Ri(N)=X(N)V;R(N)

= Utilization Law : U =X.S, =XD ormou D; =V;-S;
* Forced Flow Law: X, =XV,

= Little’s Law : Q; = X,-Ri I

» General Response Time Law: R = Z RV,

|l
—

1

=

. - i B B R
Interactive Response Time Law : 5% n X e

= Asymptotic bounds :
R2max{D,ND,, —Z} omou D = M. b,

] ]
X <min , i
_Dmux D+Z
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MVA - AvaAuon KAswotwv Awktowv (5)

= Utilization Law : U = X.S = XD omou D; =V; - S;

" Eewpoupe twpa delay centers: + Forced FlowLaw: | X, 2 XV

= Little’s Law : Q; = XiRi M

¢ |0-Xl')El, RI (N ) — S = General Response Time Law : R= 2 RV,
I
N

i i . R=——-7 4 = —
® Interactive Response Time Law : % nX o

= Asymptotic bounds :

* Device throughputs Baocel twv gpyaciwv: R max{D,ND,,, - Z}

orou D = Zi‘il Di
1 N

XI(N):X(N)VI XSmin{m,D+Z}

* Mnkn oupwv pe tn Xpnon tou N. Little:

Q(N)=X,(N)R(N)=X(N)V|R(N)
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MVA - AvaAuon KAswotwv Awktowv (6)

= ‘OAec oL TTapaTTAvVW OXECELC €lval pLa eTTavaAnyn
(iteration) Tou MVA.

= O MVA woyvel, av sivat Product Form Network:

* Job Flow Balance.
* One-Step behavior.

* Device homogeneity.

EkOetikoi xpovolr e§umnpetnong (dnAadn oxL operational)

AvdaAuon Atrodoong NAnpo@opiaKkwy
2UoTNUATWY 51



MVA - AAyopiBpog (1)

= MVA Algorithm

Inputs:
. N . aplBuog xpnotwv (epyactwv).
« Z :think time.
« M :apBudg cuckeuwy (xwpig TEPUATIKA).
. Si : service time ava eTioken oto i -0to device.
. Vi : aplOpo¢ emMmokéPewv oto | -0To device.
Outputs:

C 0O X

: system throughput.
: LEOOC apLBUOC epyaciwy oto | —oTo device.

: response time oTo | -0TO device.
: system response time.

: Xpnotwpottoinon tou i -otoU device.

AvdaAuon Atrodoong NAnpo@opiaKkwy
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MVA - AAyopiBpuog (2)

e ApxwKoTtoinon:

FOR i=0 TOM DO Q=0
e EmavaAnyelc:
FORN=1TO N DO

BEGIN
S. (1+Q.
FORi=1TOM DOR = Q)
Si
M
RzéRiVi
_.n
X_Z+R

FOR i=1TOM DO Q =XV.R
END

AvdaAuon Atrodoong NAnpo@opiaKkwy
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MVA - AAyopiBpuog (3)

XV.

* Device Throughputs: Xi

e Device Utilizations: Ui:XSiVi

AvdaAuon Atrodoong NAnpo@opiaKkwy
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Approximate MVA (1)

=  H MVA eival avadpoptkoc alyoplBuoc. Na peyaio N
euPavilel peyalo UTTOAOYLOTIKO KOOTOC.

= Hmpoogyywon Schweitzer (Schweitzer’s Approximation)
(1979) amodevyel tnv avadpoun tou MVA.

"= Schweitzer’s Approximation:
|. Ektipnon tou Qi ue N epyoaoiec.
. YTTOAOYLOUOG TWV R| : Xi :
3.  YToAoylopog Tou Qi . Av n dladopa pe to TIponyouLEVO Qi elval
LULKPN, N VEO TLUN €lval KaAR EKTipnon.
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Approximate MVA (2)

" YToOeon: Ooo peyaAwvel o aplBpoC TwV EPYACLWV
oto OLKTUO, TO MNKOC oupac o KABe device
avéavetol avaloya.

AnAadn, 9@:31 (constant) VN

Mo GuyKekpLpéva, Q(N -1)_ Q,(N):>
-1

Q(N-1)=N Q(N)
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Approximate MVA (3)

" Juventwg, ol MVA eélowoelc ypadovral:

(Si(1+|\:\|_1Qi(N)) fixed capacity
S.

I
.

Ri(N):<

delay centers

N
X(N):Z+ZViRi(N)

Q(N)=X(N)-V;-R(N)

AvdaAuon Atrodoong NAnpo@opiaKkwy
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Approximate MVA (4)

" JuykAlvey
= O ap)tkeg Tipeg twv QiN) emnpedlouv tov apOpod
TWV iterations Kol OXL TO ATTOTEAECHLAL.

= ApXLKN TLUA: Qi(N):I\I\)I.

AvdaAuon Atrodoong NAnpo@opiaKkwy
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Approximate Algorithm (1)

= Approximate algorithm

Inputs:

N .
L
M .
S. .
V. .
&

Outputs:

Q

A C_1o

aplOUOG xpnotwv (Epyactwv).

think time.

apLOUOG cUoKEUWY (XWPLG TEPUATIKA).
service time per visit 6T0 i-0TO device.
aplBuoc emokePewv oto i-oto device.

: LEYLOTO ETTITPETIOMEVO AdOo¢ ota Q(N) .

: system throughput.

: LEOOC aPLOUOC epyaoLwy OTo i-0To device.
: response time OTO i-0TO device.

: Xpnotlportoinon tou i-otou device.

: system response time.

AvdaAuon Atrodoong NAnpo@opiaKkwy
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Approximate Algorithm (2)

« ApylKoTioinon:

FORi=0TOM DO Qi:N/M.

e EmavaAnyelc:
WHILE max.{Q—XRV;[}>& DO

BEGIN

FORi=1TOM DOR =
Si

R=3'RV
1=1
N
x_Z+R
FORi=1TOM DO Q =XV.R

E N D AvdaAuon Atrodoong NAnpo@opiaKkwy
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Approximate Algorithm (3)

* Device Throughputs:

* Device Utilizations:

X=XV,

U.=XSV.

= Utilization Law : U =XS, =XD.
* Forced Flow Law: X, =XV,
» Little's Law: O, = X;R,

= General Response Time Law :

R

= Asymptotic bounds :
R >max {D,ND,

max

—Z}

max

OTToU Di = Vi i Si

N

* Interactive Response Time Law : R = }—Z R X =—

Z+R

émou D = YM, D,

AvdaAuon Atrodoong NAnpo@opiaKkwy
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Balanced Job Bounds (1)

= Zahorjan, Sevcik, Eager, Galler (1982).

= Avw Kol KATW Opla Baclopeva otnv mopatipnon otL Eva
ocuotnua o€ Looppotia (balanced) £xeL kaAutepn ammodoon
aTTo €val cuotnua TTou Ogv PplokeTal og LOOPPOTTLO.

= Juotnua o€ LooppolTia : cuotnua xwpic bottleneck. Ot
oUVOALKOL xpovol euTTnpEeTNoNG Twv awtnoewv D; ival ool
o€ OAa ta devices (6nAadn kal OAa ta U; ival ioa petalu
TOUG).

= H amodoon evoc unbalanced cuotripatog prmopst va
BeATlwOel pe TNV avikataotaon tou bottleneck armo €va 1o
ypnyopo device, pexpt va. dSnuovpynBel karmolo aAAo
bottleneck.
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Balanced Job Bounds (2) . <mn!

max D +Z

R(N) = max(D,ND,,qy — Z)

N

= O xpOvog arrokpLong kot to throughput evog
timesharing cuotrpatog ¢pacoovral wg €ENG:

D

avg

maX{NDmaX—Z,D+(N—1)D Dz}s R(N)XD+(N-1)D
_|_

N <X (N)<min.

(N-DD

-

Z+D+(N-1)D
+DHN DD D4z

\

)

(N-1)D

1 N

max (N —1)D+Z

Drax 74 D+(N-1)D

omou, D,,=D/M . Ta opla givat auotnpa.
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Balanced Job Bounds (3)

= YmoBeoelg: OAa ta service centers gival fixed capacity. Ta
teppatika eival delay centers.

= Ta balanced job bounds TpokuTTtouv amo Ta €€ng BApaTa:

|. Bplokoupe éxdpaon yta ta X, R evéc balanced cuotripartoc.

2. Me bebopévo €va unbalanced cUotnua, KATOOKELALOUUE EVaL
avtiotolxo “best case” balanced, pe (6o aplOuo devices kat
aBpolopa armaltioewy service. ATTO AUTO TIPOKUTITOUV Tal AVW OpLaL.

3. Kataokevaloupe eva avtiotolyo “worst case” balanced, wote kaBOe
device €xeL demand (oo pe 1o bottleneck kot 0 aplBuoc Twv devices
TTPOCaPUOIETOL WOTE TO ABPOLoHA TWV ATTAUTACEWVY va ival Lo
o€ balanced kat unbalanced cuotriipata. Ao auto TIPOKUTITOUV T
KATW opLa.
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Balanced Job Bounds (4.1)

= Amodeln:
Bnua |
Eotw ovotnua UE KEVIPLKO UTToouotnpa balanced:
D
DI -
4 4 14 M 4 1
OL xpovol amokplong kaBe device, pe MVA eival: (ekBetikotl servers)
To cvotnpua sival balanced, apa:
, o, , U , Q(N -1)
D; i6wa, dnhadn U; idia, ommote Q —ﬁj oLa, pe Qi (N-1)=

M

omou Q(J) eivaw o 0uvo7\u<oq apteuoq EPYOOLWV OTO subsystem otav
UTTAPXOUV j gpyooiec oto ocvotnua. O aplOuog Twv epyaclwv ot
terminals eivat j—Q(j)
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Balanced Job Bounds (4.2) ~|

H ou'réKpLon TOU balanced ouvotnpatog divetal:

M
R(N)—ZVR(N)—ZVS 1+ Q;(N = 1)] ZDL (14 Q;(N = 1)]

i=1 =1

"D Q(N—l) QN -1] _ D-QWN-1)
;M ] D[1+ M ]:D+ M =

R(N) =D + Dgyg Q(N —1)

Awadikaoia va Bdhoupe bound oto Q(N) :

|. Av avilkataot)ooupe To cuotnua e N workstations €10l wote KABe
Xpnotng va €xeL To 61ko tou workstation kol kaBe workstation eivat (6Lo
LLE TO APXLKO cUOTNUA, TO VEO olotnpa Ba €xel kaAutepo R kat X . To véo
TTeptBaAlov €xet N single user systems. KaBe xpriotng kavel KUKAOUG pe Z

Xpovo okeYPng kot D xpovo computing.
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Balanced Job Bounds (4.3)

D
D+/Z

KaBe epyaoia £xel MBavoTnta val €lval 0TO KEVTPLKO
UTTOGUOTNUO KOL CUVETTWG:

MBavotnta po epyacia va sival

OTO UTTooUOoTNUOL: Q(N) > D
N D+Z7 (|)

2. Twpa, Bswpovpe Eva alo TieptBailov, idlo pe to TTponyoUpEVo,

ue t Stadopd OtL KAOe xpriotnc éxeL workstation N dopéc
QPYyOTEPO ATTO TO APXLKO cuoTnua. To VEo TTeEpIBAAAoV €XEL
OUVOALKN UTTOAOYLOTLKN oYU Olal HE To apxLko, aAAAd v UTTAPXEL
Stapolpaocpog (sharing). AnAadn, oL xpnoteg TTEpVOUV TIEPLOCOTEPO
XPOVO OTO KEVTPLKO oUOTNUOL:

Q(N) _ ND
N ND+Z (2)
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Balanced Job Bounds (4.4)

Atto t¢ (1), (2) mpokuTiteL to €€N1¢ opLo:

D _Q(N)_ ND
D+Z N ~ND+Z

(N-1)—>

sthgsuw4)(N_DD RIN)

D+Z (N-1)D+Z

D
D+Z

D D
D+—(N-1 <R(N)<D+—(N
o (N=D) (N) i

AvdaAuon Atrodoong NAnpo@opiaKkwy
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Balanced Job Bounds (4.5)

Bnuo 2

Eotw OtL €xoupe unbalanced cUoTNUO TETOLO WOTE, OL ATTALTACELG
gEUTINPETNONC oto | — oTo device va €ival Di . Qewpoupue tnv

e€ng datagn:
SNl dutran D,<D,<..<D,

Kat’ autov tov TpoTio to M — oto device lval To apyotepo
(bottleneck device) kat to TTpwTto TO YpNnyopotepo. EkteAOUUE TO
TTopakAaTw Telpopa:
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Balanced Job Bounds (4.6)

|. Kavoupe to bottleneck device Aityo ypnyopotepo (—AD) kat to
ypnyopotepo device, Aiyo apyotepo (+AD). H armodoon Ba BeAtiwOeL.

2. uveXiloupe tn dadikaocio pExpL to D tou bottleneck va yivel too pe
to D tou «yeltovikoU» device. Twpa dtabetoupe 2 bottleneck devices.

3. Naipvoupe ta dvo 1Mo apyad Kot ta dvo o ypryopa devices oto
cvotnua kot epappolouvpe to BApa |. Autod Ba BeAtiwoel TNV
armodoon peEXpL Kat To Tpito device va preL oto bottleneck group. Tnv
(dla oty MpooBeToupe Eva device oto group Twv ypriyopwv devices.

4. Xto télog, Ba €xoupe €va balanced cuotnua otmou kdBe device Ba
EXEL:
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Balanced Job Bounds (4.7)

To véo balanced cuotnua €xeL kaAUtepn armodoon. H mapatripnon autny,
o0nyel ota akoAovBa opla tn¢ armodoonc tou unbalanced cuotApaToC:
ATIO TIC OXEOELC:

R(N) =D + Dgypg - Q(N — 1)

QN) _ D (N—=1)-D
N ZD+Z =>Q(N—-1) = D+ 7

l D (3)

R(N)= D+ (N -1y ——

\ (4)

Z+D+(N-1)D

X (N) < -

“WD+7Z
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Balanced Job Bounds (4.8)

Bnuo 3

‘Eva dAAo Treipapa oto unbalanced cuotnua:

|. Ta devices pe D; oo pe D, (bottleneck) amouakpuvovtal
aTTd T0 ocUVOAO Twv devices TTou TTpokeLtal va dexBouv aAAayEc.
ATIO Ta UTTOAOLITA, TTALLPVOULE TO YPNYOPOTEPO KAl TO APYOTEPO.
Eotw OtL avta sivat ta devices | kat kK, avtiotowya. loxvel, kK = M-
|, extog kL av, D,, =D,, ;, ,0TOTE Kal TTaipvoupe To peyaAuTepo K
He D, # Dy,
Melwvoupe Katd AD TO ypnyopotepo Kat avéavoupe katd AD
10 K.

2. 2uvexlloupe tnv Sadkaoia, PEXPL TO YPNYOPOTEPO va Yivel ico
e 0 kol To apyo va yivel ico pe Dox - Orrolo aro ta devices
GTACEL TIPWTO TO OPLO TNG, ATTOLAKPUVETOL ATTO TO CUVOAO TWV
devices TTou TIpokeLtal va dexBouv aAAayEc.

3. EmavoAapfavoupe to BrAua | yia to véo cuvolo devices, K.0.K.
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Balanced Job Bounds (4.9)

4. 310 téloc Ba éxoupe éva balanced cUotnpa 6mou M '=l
devices €xouv demands ica ue D . ax
Ta uttoAouTa €xouv 0 kal arTopakpuvovTal ATt To
cuoTNUA.

5. Adou kaBe allayn xelpotepeVeL TNV artodoon, TeAkA Ba €xou e
XEPOTEPN armodoon armd 1o unbalanced. AnAadn,

(N-1)D
D+®FﬂmeN_DD+ZZRmD
N
< X(N)
Z+D+®h®Dm((N_DD
(N-1)D+Z

Yuvbualovtag tig (3), (4) pe TG TTapaTTdvw TIPOKUTITOUV Ta
OQLOUUTTWTLKA OpLaL.
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Balanced Job Bounds (4.10)

max NDmaX—Z,D+(N—1)DanD <R(N)<D+(N-1)D (N-1)D
D+Z max (N —1)D+2Z
N (N SX(N)smin, Dl | -
Z+D+(N-1)D < mx Z+D+(N-1)Dyy — =
+ +( ) maXx (N—l)D+Z \ ( ) g D+Z )
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