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Agner Krarup Erlang (1878-1929)
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HekoTopble TEPMUHDI

 TpeboBaHue (arrival) < CpeaHee BpemH

Bpemsa obcnyxmBaHus OXNOaHUH

(holding time) obcnyxuBaHns
Cepsep (server) (average waiting time)
» CpenHee BpeMmS

BepoATHOCTL
6rokuposku (blocking ~ O0CTyxuBaHusa
orobability) (average service time)

* CpenHee BpeMms
npebbiBaHUA B
cucrteme

Odyepenb (queue)
Cucrtembl ¢ ovdepeaamm
(queueing systems)
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3 cepsep

2 CepBep

[narpamma [aHTa

1cepsep

1 cek

2 cek

Jcek 4 cex
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5 cex

6 cek

7 cek

8 cex

9 cek 10 cek
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1amepeHunsa Tpaduka

Call start Call end Duration Call sum
(min) (hour)

08.20 08.23 3 0.05

09.00 09.10 10 0.2166

17.15 17.18 3 0.2666
17.20 17.22 2 0.3

17.25 17.29 4 0.3666

- \\m i 18.30 18.40 10 0.5333
0T ATC g KTAO 19.10 19.20 10 0.7

i 19.30 19.56 26 1.1333
20.00 20.15 15 1.38
20.30 20.37 7 1.5

21.05 21.15 10 1.6666
22.00 22.05 5 1.75

22.30 22.43 13 1.9666

23.00 23.02 1 1.9833
KpbirioB B.Bs.3o 2331 1 2.0




Ouarpamma NaHTa

. ] E - ® OEGNDO O O WO b

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 0:00
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Pe3ynkratbl MOHUTOPUHra

Cpennue 3Ha4eHHS] THTEHCUBHOCTHU TpaduKa 1Mo 15-MUHYTHBIM HHTEpBaJIaM

8.00-8.15 0.0 19.00-19.15 0.333 21.45-22.00 0.0
8.15-8.30 0.2 19.15-19.30 0.333 22.00-22.15 0.33
8.30-8.45 0.0 19.30-19.45 1.0 22.15-22.30 0.0
8.45-9.00 0.0 19.45-20.00 0.733 22.30-22.45 0.866
9.00-09.15 0.666 20.00-20.15 1.0 22.45-23.00 0.0
09.15-17.15 0.0 20.15-20.30 0.0 23.00-23.15 0.066
17.15-17.30 0.666 20.30-20.45 0.466 23.15-23.30 0.0
17.30-17.45 0.0 20.45-21.00 0.0 23.30-23.45 0.066
17.45-18.00 0.0 21.00-21.15 0.666 23.45-08.00 0.0
18.00-18-15 0.0 21.15-21.30 0.0 23.30-23.45 0.066
18.30-18.45 0.666 21.30-21.45 0.0
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[narpamma Knsmara

{0:15-1:15)

A5)

(18:15-19:15)

*

AAS2
NS

(6:15-7:115) 0%




CommView

CommView - Evaluation Yersion

File Search Yiew Tools Settings Rules Help

P e & W-D-

IP Statistics | {0y Packets | [ Logging | [}, Rules | (&) Alarms |

Local IP “  Remote IP In Out Direction Sessions Ports  Hostname Bytes
195.122.2... 62.159.28.... 13 13 Pass 1 1480... 1,800
192,168.2... 62.159.28.... 0 3 Out 1] 137 276
195.,122.2... 212.87.38.... 0 6 Pass 1] 1481... 372
195.122.2... 205.188.11... 25 29 Pass 1] 1169... 8,639
192,168.2... 205.188.11... i} 3 Out o 137 276
192,168.2... 212.87.38.... 0 3 Out 1] 137 276
195.122.2... 129.82.74.... 9 9 Pass 1] 1483... 1,098
192.168.2... 129.82.74.... o 3 Out 1] 137 276
192.168.2... 195.122.22... 16 16 Pass 1 445,... denisenko.... 4,788
195.122.2... 195.122.22... 2 3 Pass 1] 53,1... denisenko.... 648
192,168.2... 192.168.29.1 8 g Out 1] 1900  gw.lanunc.... 3,016
195.122.2... 213.177.11... i} 3 Pass 1] 1486... nat.tecom.... 186
195.122.2... 195.122.22... i} S Pass o 138,... u63.unc.sci... 771
192.168.2... 192.168.29... 4 4 Out 1] 53 main2.lan.u... 1,103
213.177.1... 195.122.22... 0O 3 Pass 0 denisenko.... 270
192,168.2... 192.168.29... 0 3 Pass a 137 276
213.177.1... 195.122.22... 2 2 Pass 1] 1983... denisenko.... 240
195.122.2... 213.177.11... 27 24 Pass 3 1499... prime.teco... 9,250

» 195.122.2... 66.210.158... S S Pass 1] 1500... corp-ftp.or... 610

Pkts: 13in / 25 out / 265 pass Auto-saving: OFff Rules: Off Alarms: Off 13% CPU Usage

&§ Teopua Tenetpadm
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ommView Report
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@ General | IP Prot. | IP Sub-prot. | Sizes | LAMN Hosts(MAC) | LAMN Hosts{IP} | Errors
[l & = = .
MICPOSOED MICFOSOED GO VA
OO0 ACLIVESYIIC Packets per second

Average:
100k

g Average:

WINWORD Shortcut to

Reader 5.0 Yisio

Inbound Outbound

Pass-through
Pocket_PC My ,

2,1
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ATHBIH

SanEil Sielely
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1 ]

Current network
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Capture time elapsed since last reset (hh:mm:ss): 00:05:43
[] Apply current rules

pc_info.txt  japan_cente...

m-g-1.doc
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CBouncTtBa nyacCoHOBCKOro NOTOKa

(P1,p2,p3)

Al=pl*i
P Al
p1

p2 > A2=p2*A A2

p3
A3=p3*), 23
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[MPUMNTUBHBLIN NOTOK

A=A =a(N-k)
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PasHomepHoe pacripeoderieHue

0, x¢|a,b]
P(x)=4 1

ba’ x €la,b]
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TpbeyaornbHoe pacripederieHue.

Ro Dix)
2 . 1 -
1.5 \C 0.8 s
‘ 0.6 '/"/
l 4
0.4 /
0.5 . : /
R R T VR z ';,. R B TR Y DA
Z(X—Cl) Jora<x<c | (x—a) fora<x<c
(b-a)ec-a) _J(b-a)e-a)
P()C):< Z(b ) D(x)—< (b x)2
_x —_
<x<b - forc<x<b
B_a)p-c) =T T -a)o-o)
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HopmaribHoe pacrnipederieHue

1 2 (2
P(x) = g~ lae?) __ 1 [otewrile)
( ) G\/E D(x) S J;Oe dz
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bema pacnpeodeneHue

.'Il ( l‘ 3‘ \ ¢ f//

_(=x)""x"" _ T(a+p) IRV RS
PO b rar(p)

[(x)= j e dz
o Kpbinos B.B. 21



JloeHOpMaribHOE pacripedernieHue

Flx)

|

Dl x)

1 —(lnx—lna)/(Zaz)

e
OA~N21
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PacrnipedeneHue Cmbro0eHmMa

FunBCL D, RL
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F-pacripederneHue Quuwepa

P(x) D(x)

P F (x)= ( -
| F(njf(mj m ( nxj2
9) ) 1+—
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PacnipeoeneHue [lapemo

PHL DHc L

ab“ )
P D(x)=1- (—j
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OueHnBaHMe napameTpa XepcTa

lg{ R/S)

20 -
20 -
10 -
10—

00 -
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CamonoaoOHble (chpakTanbHble
Moaenu Tpadpuka
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[ eomeTpuyeckmne pakranb

Kpbinos B.B. 28



OCHOBHbIE NPUHLIUMbI
MOAENNPOBaHUS NMOTOKa CODbLITUN

X; =3x

x,=1  oooo01

x, =3 00011

x,=9 01000
X, =27 11011

x, =8lmod32=17
x; =51mod32 =19

X, =57mod32 =25

X, =75mod32 =11

i—1°

mod(32)

U=1/32=0.03125

U=3/32=0.09375
U=9/32=0.28125

U=27/32=0.84375

10001 U=17/32=0.53125
10011 U=19/32=0.59375
11001 U=25/32=0.78125
01011 U=11/32=0.34375
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GENERATE A,B




GENERATE A,FN$SEXPON

EXPON FUNCTION
0,0/0.1,0.104/.2,.222/.3,.355/.4,.509/.6,.915/.7,1.2/.75,1.38/.8,1.6/
.84,1.83/.88,2.12/.9,2.3/.94,2.81/.95,2.99/.96,3.2/.97,3.5/.98,3.9/.99,4.6/.995,5.3/.9
98,6.2/.999,7/.9998,8

Kpbinos B.B. 31



MoaenupoBaHue caMmonoaoOHbIX
npoueccos

X WHTeprionaLms [obasneHve
| —> —» Mo COCEAHNM —> CMELLIEHMIA
| TOYKaM K TOYKaM
[,

PaBHOMEDPOHO HopmanbHo *

pacnpeaeneHHas pacnpeaeneHHas

chyyainHas cnyyanHas

BeNMYMHA BeNMYMHA

HopmuposaHve -
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Queuing System
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Ouarpamma paboTbl cUCTEeMbI
MacCoOBOro obcrnyxmBaHus.

4 Ch Cn+l Ch+2
Cn‘t#: ¥n L Xn+1 Kn+2
Oﬁcnyxusamu.w

npubap
Cn Cn+1 Bpema_
Ouepeat . Tyt Tt
I“tn+ 4 th+2 E,
Cn  Cn+l Cn+2
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®opmyna Jluttna



JFIOK-CXemMa anroputmMma MMMTaLMOHHON
moaenu U/D/1

rho=0.9, gsize=0,busy=0,
stime=0.9,
atime=2 htime=10,
ctim realmax,
alfa=2stim efrho

S

e atime=htime

— yesﬁ
A

Cevent=1

Aevent=1

no‘l no

ves gsize=qgsize+1

]

Busy=0

Busy=1

! I

ctim e=realm ax

ctim e=atime+stime

Atim e=atim e+alfa*rand([1]

gsize=qgsize-1

l !

ctime=ctim e+stime Kpbl atime=htime No —

yeES —i| stop ;

Y



roh=0.9
qsize=0
busy=0
ctime=realmax
stime=.90
htime=50
atime=2
alfa=2*stime./roh
while atime<=htime|ctime<=htime
if atime<=htime&atime<=ctime
aevent=1
if busy==
busy=1
ctime=atime+stime
else
gsize=qsize+1
end
atime= atime+alfa.*rand(1)
else
cevent=1
if gsize==
busy=0
ctime=realmax
else
gsize=qsize-1
ctime=ctime+stime
end
end

Kpbinos B.B. 38



MopenunpoBaHne cobbITUS

aevent=1

atime=atime+alfa*rand(1)
atime htime

i >< >

Kpbinos B.B. 39



Ouarpamma padoTtbl Mogenu

A
A
S -~ _
-« * stime
K A ctime
Ifusy=0 | Tbusy=1
qgsize+1 gsize-1
Q /
/
A
aevent=1 atime atime+rnd(1)
: |
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[lnHamunka oyepeau

qsize
PO

i

gsize(t)

O Series1

A0 D 070 0 H

L

15 9 1317 21 25 29 33 37 41 45 49 33 57 61 65 69
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OcHoebl MoodesiupoesaHuUsi
cpedcmeamu si3bika GPSS

* Model Objects, Simulation Objects, Report
Objects, Text Objects.

 blocks label, operator, operand,
comment

* 10 ADVANCE 10,4

« GENERATE 5,,,17
 hitp://www.minutesoftman.com
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U/D/1 GPSS Model

GENERATE 12,3
QUEUE IN_BUFFER
SEIZE ROUTER
ADVANCE 10,0
RELEASE ROUTER
TERMINATE 1

Kpbinos B.B. 43



[lpocTan ceTb [leTpn

Q2
k!
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B copepxaTtenbHOM nraHe, nepexoAbl COOTBETCTBYHOT COOLITUAM,
NpUCyLWKUM nccnegqyemMon cucteme, a NO3MLUMU — yCrOBUAM UX
BO3HUKHOBeHMUS. lNepexon (cobbITUE) XapakTepusyertcs onpenesrieHHbIM
YUCIIOM BXOAHbLIX U BbIXOAHbLIX NO3ULUW, COOTBETCTBYIOLWMUX NPeayCcrioBUIO U
NOCTYCNOBUIO AAHHOIo coobITUA. COBOKYNHOCTb nepexoaos, No3MumMn n ayr
NoO3BOJIAET OonNnucaTb CTaTU4YeCKyr cuctemy. [ins onucaHna AUHaAMUKMU,
BBOAUTCS elle OAUH OOBLEKT — Tak Ha3biBaeMbiU Mapkep (token), unm metka
Nno3nummn, KotTopasi COOTBETCTBYET BbINONMTHEHUIO TOrO UM UHOIO YCIIOBUA
(o603HavYaeTcsA TOUKOM BHYTpPU no3unummn). PacnonoxeHne mapkepos B
no3numax HasbiBaeTcAa pa3meTkon ceTu. lNepexoa cuMTaeTcsl akKTUBHbLIM, €CNun
B KaXXO0MW ero BXoAHOW No3nuumn ectb XoTs Obl OOUH MapKep, 4TO
pPaBHOCUNBLHO BbINOSIHEHUIO BCEX HEOOXOAUMbIX YCITOBUN ANSA HACTYNJIeHUA
coobiTuA. HactynneHue cobbiTua B TepMMHax ceteun lNetpu npeacraesnsaeTcs
cpabaTbiBaHMeM nepexona, Npyv 3TOM MapKepbl U3 BXOAHbIX NO3ULUA
U3bIMaKTCA U A00aBNAIOTCA B KaXXAy0 BbIXOAHYIO No3nuuio. Tekyuiee
COCTOSIHMe uccrieayeMou cMctemMbl onpeaensaeTcs pacnpenerneHuem
MapKepoB Mo NO3uLMsM CeTU, a AMHaMnKa noBefeHUs CUCTeMbl
oTOOpa)kaeTcs nepemMeLieHneM MapKepoB Mo NO3ULIUAM CETU

Kpbinos B.B. 45



Cetun leTpun Kak apdeKkTnBHas
moaens CMO

 [1pun rpadomnyeckon nHTepnpetTaumm cetb [leTpu
npeacrasnseT cobon rpad ocoboro Buaa,
COCTOALLMN U3 BEPLLUMH OABYX TUNOB — NO3MNLIUA
(position) n nepexonos (transition),
COE€AUNHEHHbIX OPUEHTUPOBAHHLIMN Ayramum,
NpuYeM Kaxxgasa gyra MOXeT CBs3blBaTb NULLb
Pa3HOTUMHbIE BEPLLUMHBI (MO3ULMIO C NEPEXOOOM
UNn nepexoq c nosnuuen). BepLnHbI-nosnymnm
0003Ha4alTCAa KPpYyXKaMun, BEPLUMHbI Nepexoabl —
NPAMOYrofnbHUKaMun (U1 YepTovKamu

Kpbinos B.B. 46



MapkupoBaHHas cetb [leTtpu. lNpumep nameHeHua

pa3MeTKu ceTu Npu cpabaTbiBaHUM NepexoaoB

/0* - @

T3
|

cocToaHME 1

Kpbinos B.B.
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CeTtb lleTpn mogenupytoliasa nosegeHne teneoHHOro

abOHEeHTa CO CTOPOHbI NMOSib30BaTENS

/f‘@@?\\

T11
He pepblBHbl:jﬂOK




CeTtb lleTpn mogenupytoliasa nosegeHne teneoHHOro

aboHeHTa co cTopoHbl ATC

((ﬁfﬁf'@

T10 TS T6 T8 TH1

A A A I i
a, ata, BanaT\— ' 5

! TS5

(aj;a,.Ll'

L CoeapHeHRe
(ve
- /

/
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Mopenb npoctenwien CMO B Bmnae
cetu [letpu

............................................................................................................................................................................................

T __L,@_, T2 > TS >

...........................................................................................................................................................................................

......................................................
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ALPHA/Sim Comm High-level Petri Nets ; Petri Nets with Time -
Graphical Editor; Token Game Animation; Fast
Simulation; Simple Performance Analysis — SunOS;
Solaris ; MS Windows NT
ARP Free of [ Place/Transition Nets ; Petri Nets with Time - Fast
charge Simulation; State  Spaces; Place Invariants;
Transition Invariants; Structural Analysis; Simple
Performance Analysis - MS DOS
Artifex Comm. Object-oriented  PNs;  High-level  Petri  Nets;
(acad. Place/Transition Nets; Petri Nets with Time -
disc.) Graphical Editor; Token Game Animation; Fast
Simulation; Structural Analysis; Advanced
Performance Analysis - Sun, SunOS; HP, HP-UX;
Silicon Graphics, IRIX; PC, Linux; PC, MS Windows
NT; PC, MS Windows 2000; PC, MS Windows XP
CoopnTools Free of | High-level Petri Nets - Graphical Editor; Fast
charge Simulation; Structural Analysis — Java
CPN-AMI Free of | High-level Petri Nets; Place/Transition Nets -
charge Graphical Editor; Fast Simulation; State Spaces;
Place Invariants; Transition Invariants; Structural
Analysis; services for modular modeling - Sun;
Linux; Macintosh
Visual Petri | Free of | OreuecrBeHHas pa3paboTku HHCTUTYTA
charge TeopeTudeckoi mexanuku PAMH.
CPN Tools Free of | High-level Petri Nets; Petri Nets with Time - Graphical
charge Editor; Token Game Animation; Fast Simulation;

Interchange File Format - MS Windows

Kpbinos B.B.
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Cuctema moagenn DOBAHNA Artlfex

»( Artifex.Model Manager ‘ =10| x|

E’-ﬁ I’E’E IT IE

hhA2

- rootDir: ChdHifex
X objDir: obj_mm?2
¥ exeDir: exe_mm?2
[O]toplevel: M2

= Artifex.Model units
B T e e d |
' @MMQ 3
:—:—%rﬁ fex Vaiidate units -
£mm?2

—{&] Artifex. Data units
—{a] Artifex.GUI units
—{E] Artifex. OLE units
—{2] Artifex. Deploy units
—{ <] Sources units
—{h] Include units

(—Ib] System Include units

L—_]other units

Kpbinios B.B. 52



[ padnyeckn pegakTtop Mmoaenen

F Atdex Model

Flla Edit WView DOrany Tools Help

z|Bla] & sn|m| o]« als] 2o | |a[w]

(3 CLIENT) 2 Subnet: MAIN_SU cefly: 0 Page E

Il S

Driawing
area

i
i -
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[ padpnyeckas modenb NPoCTeEULLEN
CMO B Artifex.

cepeep -

SERVER) SEA";'ER!_IDLE'TOP?EN END:TOKEN

r—r{. . - 2 - S L
~\ FROM_SERVER] ;

SERVERY_BUSY(Y)

y[N S0 O@e|e Olelal=

4 |

i
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CBouncTtBa nepexona
«GENERATE»

¥ Transition GENERATE in MM1 =10| x|
_ Basic Attributes Predicate Action Description |

double wvalue;

double lambda = 10;

value=xu RndNExp(lambda);

x¥_ fdelay (HT GENERATE,value);
“||lxx_copytoken(TO SERVER, START) ; o

& 5l

~ Line: 5 Column: 1

Kpbinos B.B. 55



CBounctea nepexoga «SERVER1»

=101 x|

Basic Attributes | Predicate | Action Description |

double wvalue; —~
double lambda =10.5;

value=xu RndNExp(lambda);

xx_rdelay(HT SERVERL,value);

TO SERVER->timel=xx gettime(); e
XX _copytoken(SERVERL1 IDLE, TO SERVER);

e o

Line: 6 Column: 38

Kpbinos B.B. 56



[1obaBneHne nonb30BaTeNbCKOro
napameTpa U3MepeHus

I artifex.Model : MM1 i =101 x|
File Edit View Draw Tools Help

"
]

B8] %] s[nd| o« ala] sl /| w[=]
[ MM1 (C++) 1= : Subnet: MAIN_SUBNET Priority: 0 Page: MAIN_PAGE
f—]—@lnterface ’E - - - : - : - : . - Al
—Q) Input @ ................................................................................
—-@.Dutput E
O Fortsets 1T | e
[R]|CMN Units D RN L SO O T WV, SOV 0, SO 0, SODL | O WINDL O | B,
—%, Parameters &
L[] Description —©)— ................................................................................
EHE] Body [l 5 e B ey e end o B e B e o s B e e B e
—@Include @ . SERQER1 5ERUER1_IDPEiTOKFN‘ ENDTOKEN X :
L[| Used Units O ' r a
B, Local Variables o : : |
=
EHE] Code Sections — T A R A L A e At U e
i ETEY
7 Code Desctiption
_é_ HH->msl_id=xx_initmeasure("Service time for Serverl"); ﬁ'l
[Token Types ‘ _'er
—[E] Description Line: 1 Calumn: 1
MAIN_SUBMNET
W PAG Ok | Print... ] Cancel | Help I
4 | < | »
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OKHO BbIBOAa MHOpMaLIMK O
KOMMMNAUMM MOaenu

[ Build "mm1" {(mm1): command successfully completed

Artifex.VUalidate VUersion 4.2-2
Copyright <(c> 1989-1999 ARTIS S.».1.
I — Uriting file C:N\Artifex\ProjectsNobj_mmi\xv_mmi\makefile

Translating AXC unit MM1 to HA"Y

Translating AXC unit MM1 to CV

Generating model’s top—level module MM1"

All sources for Ualidate have been produced."

All files for VUalidate have been updated."

Compiling Artifex class MM1Y
Compiling model’s top—level (MM1)>"
Linking executable C:\Artifex\Projects\exe_mmi\x0_mm1i"
" C:NArtifex\Projects\exe_mmi\x0_mml .exe
> Simulator of model MM1 has been updated."

Press any key to continue . . .
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Cpena mogenupoBaHnsa CUM
Artifex

> Artifex.validate:

File View Simulation Sample Tools Help

= 2| & %= :ujl ®| ©| End | trace | | =1 | | | > |.°° L .I_I'I
Seszion: sessionl | Current State: RACTIYE trace off | Current Time: NT = 0.0 stop at T/T,
Stop at +AT
{Stopat T_)
STARTTOKENLT) GEMERATE,T T0_SERVERTOKEN SERVER! _ SERVER1_DLETOKEN ENDTOKEN,

e M O

1

FROM_SERVER1

[ )

SERVERI_EUSY(1)

-
1] | 3
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Artifex.Measure: MM1




[padunk napameTpa “service time
for server1”
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CtaTucTuka no 3agepxKke mexay ABymMs
Mapkepamu gnsa nepexoaa Generate.

5 [
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CTaTuCcTuKa No BPEMEHU OXKMOaHUSA
mMapkepoB B no3vumn TO SERVER
> Places Token wait time in run run001 ' P ] it
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