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1. Zadani

1.

Vymyslete si otevienou sit front (tj. propojeni, vstupni proudy) obsahujici alespor 4
obsluzné uzly (jeden kanal, fronta FIFO, neomez. délka), alespon 2 vstupni proudy
pozadavkl, alespon 2 vnitini zpétné vazby.

Parametry sité (tj. stfedni frekvence vstupnich proud(, stfedni doby obsluhy v
jednotlivych kanalech a p-ti vétveni) zvolte tak, aby sit pracovala ve stacionarnim
rezimu. Doporuéend hodnota zatiZeni pro vSechny uzly: ? > 0.5.

Urcete vypoctem stredni frekvence tok( v uzlech. Déle urcete veliciny Lgi a Tqi pro
jednotlivé uzly a Lq a Tq pro celou sit pro pripad, Ze vSechny vstupni toky jsou
Poissonovské a doby obsluhy ve vSech uzlech maji exponencidlni rozdéleni.
Vypoctené hodnoty ovérte vlastnoru¢né vytvofenym simulaénim programem.
Pouzijte simula¢ni knihovnu C-Sim nebo J-Sim.

Dale uvaZujte ptipad, kdy vSechny nahodné casové intervaly v modelu (pfichody,
obsluhy) maji Gaussovské pravdépodobnostni rozdéleni N(a, ?) s (rdznou) sredni
hodnotou zvolenou v bodé 2. Vytvorte generadtor tohoto rozdéleni jako funkci v
jazyce C nebo Java (s parametry napt.a, ?) a testovanim ovérte spravnou funkci
generatoru - chce se tedy po Vas vytvoreni a prokdzan spravné funkce gneratoru,
ktery napiSete VY - wvyuZit muUZete pouze knihovni funkce pro generovani
rovnomeérného rozdéleni (jako v prabéiném prikladu €. 1). PouZiti knihovni funkce
pro Gaussovo rozdéleni z J-SIMu se nepocita!

Simulaci ovérte chovani sité (tj. uréete stejné veliciny jako v bodech 3) a 4) pro
pfipad, Ze vSechna rozdéleni (prichody, obsluhy) budou mit hustotu N(a, ?) se stejnou
stfedni hodnotou jako pro exponencialni rozdéleni alespon pro 3 rGzné hodnoty
koeficientu variace C=?/a. Pokuste se o pomérné odlisné koeficienty, at je vidét rozdil
v chovani systému (napt. 0.05 - tj. skoro konstantni generator, 0.2 a 0.7 - ale to je
pouze priklad). Pozndmka: Simulacni program je stejny jako v bodé 4, ale vol3 se jiny
generator podle bodu 5.

Simulacni program upravte pro sledovani dalsi individualné zadanych vykonnostnich
charakteristik sité.

Redeni zpracujte formou pisemného referatu (cca 10 stran, grafy, tabulky, barevné
obrazky, hudebni vlozky, multimédia ap. - berte to jako pfipravu na diplomku, navic
vlastni referat Ize vyuzit pfi zkousce).

Dokumentace bude mimo jiné obsahovat vSechny body, které méla obsahovat priibézna
semestralni prace Cislo 4 - tedy detailni analyzu, ddle pak popis pouZitého algoritmu
generovani nah. Cisel, vysledky simulaci pro rGzné vstupni parametry a jejich srovnani s
teoretickymi vypocty, zavér, atd...
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2. Sit front, parametry sité

Simulace Uradu:

1 - Podani zadosti elektronicky (terminal na uradé)
2 - Podani zadosti papirové

3 - Zakoupeni kolku

4 - Potvrzeni zadosti

1-p1
H1 Hs
M A ® 5
p1
1-p,
|25 Uy
/12 p3
— 2 > = >
D2
1—-p3
/11 - 1
AZ = 0,8
pl = 0,6
pZ = 019
P3 = 0,95
py =2
U, = 1,4286
Uz = 3,3333
Uy = 2;5
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3. Hodnoty v siti

Stredni doba obsluhy
T —1—1—05
51_.“1_2_ '
T—l— ! =0,7
2, 1,4286
T—l— ! =0,3
8 s 33333
T, = L =0,4
53_.114_2’5_ '

Stredni frekvence tokii v uzlech

A=A =1
A, =A=0,8

A=A +(1-p) I\, =1+(1-0,6) A, =1,6666

A, =4 +(1-p,) I, +(1- p,) I\, =0,8+(1-0,9) i\, +(1-0,95) 11,9277 =1,0309
A, =p, I\ +p, [\, =0,601,6666+0,9[1,0309=1,9277

A, =N, =1,9277

Zatizeni uzli

p, =\, T, =1,6666[0,5=0,8333
p,=A, T =1,030900,7=0,7216
p,=A,T =1,9277[,3=0,5783
p, =N, ET =1,92770,4=0,7711

Zatizeni je v intervalu (0,5;1) , Cili je ve stabilnim stavu.
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Stredni pocet poZadavkii v uzlech

L =P = 08333 54509
% 1-p  1-0,8333
= = 0726 55950
“ 1-p, 1-0,7216
=P = 078 a5
“ 1-p, 1-0,5783
=P = 077 53489

“ 1-p, 1-0,7711

Stredni délka fronty

L =L —p =50000-0,8333=4,1667
[’ 1

wy

L =L —-p =2,5920-0,7216=1,8704
q, 2

L, =L -p,=1,3715-0,5783=0,7932

W3

L =L -p, =3,3689-0,7711=2,5978
w, q, 4

Priimérna doba priichodu poZadavku uzly

L

= 220000 _5 550
“ N, 1,6666
_i_M_2,5143
“ A, 1,0309

L

=l 13715 =0,7114
“ N, 1,9277

L
_i_m_1’7476
%N, 1,9277
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Priimérna doba priichodu poZadavku frontou

L
T =L—ﬂ—2,5001
" A, 1,6666

L

= LOT0 g g143
"+ A, 1,0309

L

D 07932 400
"N, 1,9277

= 2 29978y 5476

Stredni pocet poZadavkii v siti

4
L ZZL =L +L +L +L =5,0000+2,5920+1,3715+3,3689=12,3324
q = q; 9, a, I3 s

Stredni doba priichodu poZadavku siti

L, L, 12,3324
TN A +A 1408

=6,8513
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4. Simulace

Pouzil jsem program z okruhu 4 pouze s minimalnimi zménami. V dobé psani semestralni
prace nebyl okruh 4 jesté opravny, proto predpokladam a doufam, Ze uUloha byla spravné.

Zakladni popis trid

packgage vsp
CommandLine

Parsuje a uchovava parametry prikazové radky

Generator

Generator transakci

QueueWithServer

Fronta s pfidélenym serverem

Server

Obsluzny server

Statistics

Shromazduje a vyhodnocuje statistiku fronty na kolek

Transaction

Transakce ke zpracovani

Vsp

Hlavni tfida, ktera spousti celou simulaci

package vsp.config

Config — interface

Configexp implements Config

Konfigurace pro exponencialni rozdéleni

ConfigGauss implements Config

Konfigurace pro Gaussovské rozdéleni
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package vsp.readConfig

ReadConfig — abstract class

ReadConfigexp extends ReadConfig

Nacteni konfiguracniho souboru pro exponencialni rozdéleni

ReadConfigGauss extends ReadConfig

Nacteni konfiguraéniho souboru pro Gaussovské rozdéleni

package vsp.gaussi an

Box

Uklada zakladni informace pro vyluc¢ovaci metodu
Gaussian

Generuje Gaussovské rozdéleni
Histogram

Generuje histogram, ponechano z historickych diivodu
Params

Parametry prikazové radky, ponechdno z historickych divodu
RandomGenerator

Generator nahodného ¢isla
Vsp

Spusténi ulohy z okruhu 1

Pocet pozadavk( ve fronté je méren kazdych 10 ms. Na zakladé téchto méreni se, po
dokonceni simulace, vypocitd stfedni hodnota a rozptyl a vygeneruje histogram. Interval
scanovani je samoziejmé uzivatelsky definovatelny.

Podrobnéji viz JavaDoc v JAR archivu, vném jsou popsany detailné vSechny trfidy s jejich
atributy a metodami. Komentare jsou samoziejmé i u privatnich atributl a metod.
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Nasimulované hodnoty

Vidy generuji 100 000 krok(i. Nasimulované hodnoty zhruba odpovidaji vypoctenym
hodnotam

Simulace 1

Simulation interrupted at time 9954.859145527127
Generator electronics generated transactions: 10024
Generator paper generated transactions: 8052
Queues statistics:

Queue electronics request: Lw = 5.224928979974991
Queue paper request: Lw = 2.3510289563195834
Queue for stamp: Lw = 1.3251920934891614

Queue for validation: Lw = 3.08631679828615
Servers statistics:

Server electronics request: Tq = 5.190009061158532
Server electronics request: load = 0.83614939690292 a7
Server paper request: Tq = 3.323866343231446
Server paper request: load = 0.7081437083109378
Server for stamp: Tq = 5.000341026796567

Server for stamp: load = 0.571985406002302

Server for validation: Tgq = 6.6030456754325035
Server for validation: load = 0.765617495978016
Global statistics:

Lq = 2.22942377333828

Tq =5.281336217548087

Total number requestes: 18076

Total number of accepted requestes: 18070

Total time of requestes at the office: 119317.03535 506534
Statistics of queue: Queue for stamp

Median: 1.61328125

Variance: 3.2215423583984375

Sigma: 1.7948655544074708

Min items in queue: 0

Max items in queue: 10

Histogram:

count in queue - real count - histogram

00 - Q71 - x¥x¥xx x x x * * * * * *hkk

01 - 095 o Kkhkkkkkkkkkkkkkkkkkkkkhkkkhhhhhhhhhhhhhix Khkkkhkhkhkhkhkhhhhrrrrrrr

02 - 032 _ kkkkkkkkkkkkkkkkkkkk

03 - 026 _ kkkkkkkkkkkkkkkk

04 - 009 - *+x
05 - 009 _ kkkkk
06 - 008 - kkkkk
07 - 004 - **
08 - 000 -

09 - 001 -

10 - 001 -
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Simulace 2

Simulation interrupted at time 9972.639968009697

Generator electronics generated transactions: 10057

Generator paper generated transactions: 8083

Queues statistics:

Queue electronics request: Lw = 5.0834221061300475

Queue paper request: Lw = 2.380713832012984

Queue for stamp: Lw = 1.3199409876257893

Queue for validation: Lw = 3.4694461622539707

Servers statistics:

Server electronics request: Tq = 5.040578880592179
Server electronics request: load = 0.83417639486076 81
Server paper request: Tq = 3.326511626512299

Server paper request: load = 0.708360752836532

Server for stamp: Tq = 4.919287167338648

Server for stamp: load = 0.5745180474824553

Server for validation: Tq = 6.7378905112935055

Server for validation: load = 0.7750672287169269

Global statistics:

Lg = 2.225391342829675

Tq =5.271180943253009

Total number requestes: 18140

Total number of accepted requestes: 18132

Total time of requestes at the office: 122171.43075077384
Statistics of queue: Queue for stamp

Median: 1.5098039215686274

Variance: 2.68911956939638

Sigma: 1.6398535207134752

Min items in queue: 0

Max items in queue: 8

Histogram:

count in queue - real count - histogram

00 - 075 - kkkkk Fhkkhkkhkkhhkkhkkhhkkdhkkhhrkhdrkdhrhrrrhrrhrx

o e B T
02 - 036 - HHEEREAAKAAKKRRRRAK IR

03 - 025 - kkkkkkkkkkkkkkkk
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06 - 007 - ****
07 - 001 -
08 -002-*
( N
Histogram simulace 2
91
75
36
25
8 10 7
1 2
o b o -
0 1 2 3 4 5 6 7 8
L J

5. Gaussovské pravdépodobnostni rozdéleni

Pro generovani gaucovského rozdéleni jsem pouZil program, ktery jsem omylem napsal pro
okruh 1 (Spatné jsem se podival na Cislo zadani). Nebylo tfeba v ném délat zadnou zménu,

kromé tichého mddu aby nevypisoval histogram.

Priklad simulace

Simulation interrupted at time 13422.13892986405
Generator electronics generated transactions: 8975
Generator paper generated transactions: 6720
Queues statistics:

Queue electronics request: Lw = 2.485031454278636
Queue paper request: Lw = 0.46613760142623634
Queue for stamp: Lw = 1.1089857495895208

Queue for validation: Lw = 0.6710511336211907
Servers statistics:

Server electronics request: Tq = 3.716754046667764
Server electronics request: load = 0.88034801702922

48

10



Jan Tichava Vykonnost a spolehlivost islicovych systému
A07103 Standardni zadani

Server paper request: Tq = 1.2833945323388898

Server paper request: load = 0.4346699204412745

Server for stamp: Tq = 3.5136280827098454

Server for stamp: load = 0.73709258713458

Server for validation: Tq = 4.0466607020658785

Server for validation: load = 0.6126065145477337
Global statistics:

Lqg = 3.4928450474899897

Tq = 3.379500005547063

Total number requestes: 15695

Total number of accepted requestes: 15692

Total time of requestes at the office: 63500.199736 81776
Statistics of queue: Queue for stamp

Medi an: 1.0456140350877192

Variance: 0.710200061557403

Sigma: 0.8427336836494689

Min items in queue: 0

Max items in queue: 4

Histogram:
count in queue - real count - histogram
00 - 074 - kkkkkkhkhkkkhkhkkhkhkhkkkhhkkkhhkkkhk
01 - 142 - kkkkkkhkkkhkhkkhhkkhhkkkhkhkkkkk kkhkhkkkhkhkkkhkhkkhhkkhhkkkhkhkkkik
02 - 054 - *kkkkkkkkkhkkkkhkkkhkkk
03 - 012 - ##xxx
04 -003 - *
[ N
rd 4 I d
Gaussovskeé rozdéleni
142
12
3
— —
0 1 2 3 4
L J

11



Jan Tichava Vykonnost a spolehlivost islicovych systému
Standardni zadani

A07103

6. Chovani site

Koeficient variace = 0,05

Simulation interrupted at time 8297.624521504315
Generator electronics generated transactions: 8296
Generator paper generated transactions: 10378
Queues statistics:

Queue electronics request: Lw = 1.4970602204663916
Queue paper request: Lw = 300.7519132661702
Queue for stamp: Lw = 0.8381357339833909

Queue for validation: Lw = 1.5850644289008098
Servers statistics:

Server electronics request: Tq = 1.4975078835058828
Server electronics request: load = 0.83819736740961 1
Server paper request: Tq = 229.79844649122296
Server paper request: load = 0.9999330369938355
Server for stamp: Tq = 130.44340536943722

Server for stamp: load = 0.6869119760100524

Server for validation: Tq = 131.08358938084208
Server for validation: load = 0.9148373555825687
Global statistics:

Lg = 1.7997356658261259

Tq = 130.52830677066746

Total number requestes: 18674

Total number of accepted requestes: 18063

Total time of requestes at the office: 2367762.8749 86151
Statistics of queue: Queue for stamp

Median: 0.8253424657534246

Variance: 0.3633303621692611

Sigma: 0.6027689127429028

Min items in queue: 0

Max items in queue: 2

Histogram:

count in queue - real count - histogram
00 - 083 o kkkkkkkkkkkkkkkkkkkkkkkkkhkhik

0L - 177 - HORRRmesnssrssko 000 ok
02 - 032 - *rxkkrkkek

12
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Koeficient 0,05

177

83

N

32

Koeficient variace = 0,2

Simulation interrupted at time 8363.109349667755
Generator  electronics generated transactions: 8364
Generator paper generated transactions: 10472
Queues statistics:

Queue electronics request: Lw = 1.5764953401085726
Queue paper request: Lw = 319.360684450769
Queue for stamp: Lw = 0.9267348795578385

Queue for  validation: Lw = 1.965772164558887
Servers statistics:

Server electronics request: Tq = 1.5765159534341355
Server electronics request: load = 0.83412647454940
Server paper request: Tq = 242.2587851523593
Server paper request: load = 0.9998859576298279
Server for stamp: Tq = 137.5496393914983

Server for stamp: load = 0.6882007455101261

Server for validation: Tq = 139.04067116174187
Server for validation: load = 0.9105467173459251
Global statistics:

Lg = 1.798509761887657

Tq = 137.8926719428533

Total number requestes: 18836

Total number of accepted requestes: 18195

Total time of requestes at the office: 2529845.0117
Statistics of queue: Queue for stamp

Median: 1.0267558528428093

Variance: 0.547779107616245

Sigma: 0.7401210087656241

Min items in queue: 0

Max items in queue: 4

Histogram:

count in queue - real count - histogram

00 - 066 - *kkkkkkkkkkkkhhhhhhhkkk

01 - 169 -
02 - 056 - RRRRRR Rk

03 - 006 - **

04 - 002 -

54

878933

*kkkkkkkk
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Koeficient 0,2

169

Koeficient variace = 0,7

Simulation interrupted at time 9661.822203844551
Generator electronics generated transactions: 9732
Generator paper generated transactions: 12255
Queues statistics:

Queue electronics request: Lw = 3.894195710671854

Queue paper

request: Lw = 436.3128155589974

Queue for stamp: Lw = 4.779745387944079

Queue for validation: Lw = 568.4963782376884

Servers statistics:

Server electronics request: Tq = 3.8637037688429934

Server electronics request: load = 0.88846909549094 37

Server paper

request: Tq = 346.2292834967088

Server paper request: load = 0.9996123770023208

Server for stamp: Tq = 198.0629395926253

Server for stamp: load = 0.9130560006492664

Server for validation: Tq = 440.9173743392786

Server for validation: load = 0.9994744846813348
Global statistics:

Lg =1.7811873492833574

Tqg = 273.3000387704801

Total number requestes: 21987

Total number of accepted requestes: 20158

Total time of requestes at the office: 8888012.4319 31177
Statistics of queue: Queue for stamp

Media n: 4.466019417475728

Variance: 15.763408426807446

Sigma: 3.970315910202543

Min items in queue: 0

Max items in queue: 23

Histogram:

count in queue - real count - histogram

00 - 026 -
01-051-
02 - 052 -
03 -032 -

kkkkkkkkkkkkkkkkhkkkkhkkkhkkkkhkkk

*kkkkkkkkkkkkhhhhhhhhhhhkix

*kkkkkkkkkkkkkhkhhhhhhhhhiix *

*kkkkkkkkkkkkkhhhhhhhhhhhiix * * * * *%kkk

kkkkkkkkkkkkkkkkhkkkkhkkkkhkkkhkkkkhkkkkk

*kkkkkkkk
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04 - 023 - S e e

05 - 025 - B e e

06 - 021 _ F*khkhkhkhkhkhkhkdkhx Fkkk
07 - 024 - *ekkbiibiinikkikkokiokk

08 - 013 _ Kkkkdkkkkkkkkkkk

09 - 005 - kkkkk
10 - 011 _ kkkkkkkkkkhkk
11 - 007 _ kkkkkkkk
12 - 006 = *kkkkk
13 - 004 - ****

14 -001-*
15-002 - **

16 - 000 -

17 -002 - **
18-001-*
19-001-*
20-001-*
21-000 -

22 -000 -
23-001-*
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51 52
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Koeficient 0,7

01 2 3 45 6 7 8 9 101112 13 1415 16 17 18 19 20 21 22 23
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Srovnadvaci tabulka:

0,05 0,2 0,7
Time 8297,6245 8363,1093 9661,8222
Electronics 8296,0000 8364,0000 9732,0000
Paper 10378,0000 10472,0000 12255,0000
Lus 1,4971 1,5765 3,8942
Lus 300,7519 319,3607 436,3128
Lus 0,8381 0,9267 4,7797
Lua 1,5851 1,9658 568,4964
To1 1,4975 1,5765 3,8637
D1 0,8382 0,8341 0,8885
T 229,7984 242,2588 346,2293
0 0,9999 0,9999 0,9996,
Tos 130,4434 137,5496 198,0629
03 0,6869 0,6882 0,9131
To 131,0836 139,0407 440,9174
P4 0,9148 0,9105 0,9995
Lq 1,7997 1,7985 1,7812
Tq 130,5283 137,8927 273,3000
Requests 18674,0000 18836,0000 21987,0000
Accepted 18063,0000 18195,0000 20158,0000
Requests time 2367762,8750|  2529845,0118] 8888012,4319
Median 0,8253 1,0268 4,4660
Variance 0,3633 0,5478 15,7634
o 0,6028 0,7401 3,9703
Min items 0,0000 0,0000 0,0000
Max items 2,0000 4,0000 23,0000

16
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7. Individualni parametry sité

Je moZné zadat jako treti parametr nazev souboru s konfiguraci sité. Pfi zadani nevhodnych
hodnot se mohou zpravy zadit v siti hromadit a sit se nebude chovat spravné.

MozZnost zadavat parametry interaktivné za béhu programu jsem po Uvaze zavrhnul, protoze
v pfipadé malé zmény je nutné vSe opét zaddvat znovu.

Prazdné radky se preskakuji a celou fadku je mozné oznacit jako komentar znakem # (musi
byt jako prvni znak na fadce).

Format souboru pro exponencidlni rozdéleni:

100000 Pocet kroku (vyssi priorita nez kroky z prikazové radky)

10 Snimaci interval pro statistiky
0.6 P1

0.9 P2

0.95 P3

1 A elektronicky vstup

0.8 A papirovy vstup

0.5 Ta

0.7 To

0.3 T

0.4 T

Formadt souboru pro Gaussovo rozdéleni:

100000 Pocet kroku (vyssi priorita nez kroky z prikazové radky)

10 Snimaci interval pro statistiky
0.6 P1

0.9 P2

0.95 P3

1 u elektronicky vstup
0.7 o elektronicky vstup
0.8 L papirovy vstup
0.7 o papirovy vstup
0.5 H1

0.7 o

0.7 o

0.7 o,

0.3 3

0.7 o5

0.4 "

0.7 o4

17
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8. Testovaci konfigurace

0s: Windows Server 2008 Enterprise 64b ENG
Java: SunJava 1.6.0_11-b03 64b
IDE: Eclipse Ganymede 3.4.1

9. Ovladani

Moznosti spusténi:
java —jar po cet_krok U EXP|GAUSS [filename.ext]

Spusti standardni simulaci na exponencidlnim rozdéleni
java —jar Vsp.jar 10000 EXP

Spusti standardni simulaci na Gaussovo rozdéleni
java —jar Vsp.jar 50000 GAUSS

Spusti simulaci na exponencialnim rozdéleni s danymi parametry
java —jar Vsp.jar 1 EXP filename.ext

Spusti simulaci na Gaussovo rozdéleni s danymi parametry
java —jar Vsp.jar 1 GAUSS filename.ext

Pokud se Ctou parametry ze souboru, je parametr s po¢tem krok( ignorovdn, ale presto
vyzadovan. Na nacitani parametrl mam velice jednoduchy parser, ktery by obtizné
rozhodoval, jestli chce uZivatel 1000 krok( nebo otevfit soubor s nazvem ,,1000“.

Poznamka: Pravidelné se vyskytuje vyjimka:

cz.zcu.fav.kiv.jsim.JSimProcessDeath: J-Sim interna | exception. Do not
throw it, do not catch it, do not care about it.
at cz.zcu.fav.kiv.jsim.JSimProcess.mainSwitchingRou tine(Unknown Source)
at cz.zcu.fav.kiv.jsim.JSimProcess.passivate(Unknow n Source)
at vsp.Server life(Server.java:151)
at cz.zcu.fav.kiv.jsim.JSimProcess.run(Unknown Sour ce)

Zachoval jsem se dle zpravy ve vyjimce a nevsimal jsem si ji.
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10. Zaveér

Semestralni prace byla ponékud vétsSiho rozsahu, ale vzhledem ke znalostem z dil¢ich
semestralnich praci prace sla docela rychle. Dokonce jsem mnohdy vyuzil i celé zdrojové
kody bud beze zmény, nebo s minimalnimi zménami.
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