Assignment 4 Thomas Adam, Stephan Brumme, Haik Lorenz June 11", 2003
master, 1% semester, 135071, 702544, 702527

Problem 1

Install the OMNet++ discrete event simulation package in the latest version on your computer and run the test
simulations. You can find the software at http://whale.hit.bme.hu/omnetpp/. Read the Manual.
Set up a M/M/2 simulation. Vary the load p as p{ 0.1,02,03,04;05,06,0.7,08} (assume a

servicerate 4 of one customer per second and vary A accordingly). For each 0 create 10000 customers (the
initial number of customersin the systemis zero).

= determine the mean system response time for all the customers (sample mean)

= Jook every 0.1 seconds at the system, observe the number of customers in the system at each sampling

point and count how often exactly K customers are found (K = 0). Plot the relative frequencies in a
histogram.

Compare your simulation results with analytical results. Submit your code (C++), your simulation results and
the correct analytical results.

Even though OMNet++ was originally designed for }Jhinux systems, the new installer (latest version
2.3b2, dated March 172003) set up the system flawlessly on our Wind2@@0 and XP machines.
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The relationshippo = m/‘—u/ while £ =1 and m= 2 leads toA D{ 0.2;04;0.6; 0.8;1.0;1.2;1.4;1.6} ,

e.g., we have to evaluate eight different systems.

First, we analyze the problem in a mathematicalmeamo get an idealized result. The so-called “ptulity
of queueing” — better known as Erlang’s C formul@ras out to be:
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We need to knowt, before performing any further calculations. Acdogrto literature:

[y, (mp)" | E(mo) |
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Using the given sequence @f we obtain:

11'3'13'7'3'4'17°9
~{0.819,0.667,0.538,0.429,0.333,0.250,0.176,0.1173

{1198194932}
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{92731131}
0

55'15'65'35'3'20'85 45
= {0.018,0.067, 0.138,0.229,0.333,0.450,0.576, 0.71]}

Little’s Law gives:
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The picture below shows the steady-state queu¢Hersgcomputed by Excel:

Analytical steady-state queue length
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Assignment 4 Thomas Adam, Stephan Brumme, Haik Lorenz June 11", 2003
master, 1% semester, 135071, 702544, 702527

The OMNet++ suite comes along with a few compreivendemos explaining a M/M/1 queue in detail (ie th
subdirectorysamples/fifol). We used the provided code and modified it to/MM queue. Most of the source
code files have been generated so we avoid to alliof them. Nevertheless, the core functionatiéy be found
in fifol.cpp:

/'l file: fifol.cc
/1 (part of Fifol - an OWNeT++ denp simul ation)

#include "fifol. h"
#i ncl ude <fstreanr

usi ng nanespace std;

voi d FF2AbstractFifo::activity()

{
nsgServi cedl = NULL;
nmsgServi ced2 = NULL;
endServi ceMsgl = new cMessage("end-service-server-1");
endServi ceMsg2 = new cMessage("end-servi ce-server-2");
recor dH st ogram = new cMessage("record- hi stogrant');
queue. set Nanme(" queue");
hi st. set Range(0.0, 50.0);
hi st . set NuntCel | s(51);

/'l send record request
schedul eAt ( sinline(), recordH stogram);

for(;;)

{ .
cMessage *nsg = receive();
i f (nmsg==endServi ceMsgl)

/1 server 1 has finished a job
endServi ce( msgServicedl );

if (queue.enmpty())
{

nsgServi cedl = NULL;
}
el se
{
/1 new job available => catch it
nmsgServi cedl = (cMessage *) queue. pop();
sinmime_t serviceTime = startService( nmsgServicedl );
schedul eAt ( sinili me() +servi ceTi me, endServi ceMsgl );

}

else if (msg==endServi ceMsg2)

{
/1 server 2 has finished a job
endServi ce( nsgServiced2 );

if (queue.enmpty())

{
nsgServi ced2 = NULL;
}
el se
{
/1 new job available => catch it
nsgServi ced2 = (cMessage *) queue. pop();
sinmime_t serviceTime = startService( nmsgServiced2 );
schedul eAt ( si nili me() +servi ceTi me, endServi ceMsg2 );
}

el se if (nsg==recordH stogram

/1 record current queue |ength

hi st. col | ect (queue. | ength());

/1 resubmit nmessage for next record 0.1s later
schedul eAt ( si nli ne()+0.1, recordH stogram);

else if (!msgServicedl)

/'l new job arrival and server 1 is idle => start there
arrival ( msg );

Performance Evaluation Techniques 3
summer term 2003



Assignment 4 Thomas Adam, Stephan Brumme, Haik Lorenz June 11", 2003
master, 1% semester, 135071, 702544, 702527

nsgServi cedl = nsg;
sinmime_t serviceTime = startService( nmsgServicedl );
schedul eAt ( si nili me() +servi ceTi me, endServi ceMsgl );

else if (!msgServiced2)

{
/1 new job arrival and server 1 is active, server 2 is idle => start on
server 2
arrival ( msg );
nmsgServi ced2 = nsg
sinmime_t serviceTime = startService( nmsgServiced2 );
schedul eAt ( sinili me() +servi ceTi me, endServi ceMsg2 );
}
el se
{
/1 new arrival but no idlle server => queue it
arrival ( msg );
queue.insert( nmsg );
}
}
}
voi d FF2AbstractFifo::finish()
{
ev << "*** Npdule: " << fullPath() << "***" << endl
ev << "Stack all ocated: " << stackSize() << " bytes"
ev << " (includes " << ev.extraStackForEnvir() << " bytes for environment)" <<
endl
ev << "Stack actually used: " << stackUsage() << " bytes" << endl

of stream of (par("hist_file"), ios::app);

int sanples = hist.sanples();

int i =0

int s =0

of << endl << endl < "FFFFFEEEEEE ey ryun FFREFFFFFEEEET <<endl << endl << "count:
<< sanpl es << endl << "bucket, count, rel. perc" << endl

while ((s<sanples) & (i<hist.cells())) {

of << i << ", " << (int) hist.cell(i) << ", " << hist.cell(i)/sanples << endl
s+=hist.cell (i);
i ++;
}
/*
FILE *f;
f=fopen(par("hist_file"),"a+");
hi st.saveToFil e(f);
fclose(f);*/
}
e

Def i ne_Modul e( FF2PacketFifo );

sintime_t FF2PacketFifo::startService(cMessage *nsg)

{
ev << "Starting service of " << nmsg->nane() << endl
return par("service_tinme");

}

voi d FF2Packet Fi f o: : endSer vi ce(cMessage *nsgQ)

{
ev << "Conpl eted service of " << msg->nanme() << endl
send( nmsg, "out" );

}

Remark: The complete program is included in the accomphgip archive incl. a Windows binary.
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The analysis of the data generated by our OMNetegnam was done using Microsoft Excel for a second
time:

Lambda 0.1
2

3ol

2

& 04 1|

B " N Length Zsf Queue h B B
run 1 2 3 4 5| calculated
av. SRT 1,02402 1,00154 1,00481 1,00815 0,992099 1,010101
wO 0,998412 0,998116 0,99815 0,99825 0,998166 0,998182
wl 0,001417 0,001711 0,001741 0,001534 0,001714 0,001636
w2 0,000171 0,000129 0,000109 0,000211 0,00012 0,000164
w3 0 4,37E-05 6,01E-06 1,64E-05
w4 1,64E-06
w5 1,64E-07
w6 1,64E-08
Lambda 0.2
1

> ]

2ol

g

" " N W3I_ength :; QueueW5 " N "
018203 w4 05 8 cdauaed
run 1 2 3 4 5| calculated

av. SRT 1,03434 1,03008 1,02436 1,04157 1,0408 1,041667
wO 0,987497 0,987126 0,987842 0,987223 0,988154 0,986667
wl 0,010006 0,010218 0,009724 0,010401 0,009443 0,010667
w2 0,001966 0,001992 0,00198 0,00187 0,001971 0,002133
w3 0,000424 5,66E-04 0,000337 0,000413 0,000385 0,000427
w4 9,51E-05 8,55E-05 0,000104 5,67E-05 3,93E-05 8,53E-05
w5 1,19E-05 1,22E-05 1,2E-05 3,64E-05 7,85E-06 1,71E-05
w6 3,41E-06
w7 6,83E-07
w8 1,37E-07
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Lambda 0.3
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wo wl w2 w3 w4 w5 w6 w7 w9 wio wil
Length of Queue
O1m203 m4 05 @ calculated
run 1 2 3 4 5| calculated
av. SRT 1,08738 1,09529 1,1064 1,11825 1,09652 1,098901
w0 0,961931 0,959802 0,958691 0,957746 0,95728 0,958462
wl 0,027306 0,028887 0,028284 0,029093 0,030037 0,029077
w2 0,007599 0,007985 0,008574 0,008587 0,009227 0,008723
w3 0,00241 2,23E-03 0,003124 0,002943 0,001875 0,002617
w4 0,000497 0,000705 0,001053 0,001016 0,000775 0,000785
wh 0,00017 0,000344 0,000274 0,000467 0,000313 0,000236
w6 8,19E-05 4,74E-05 7,09E-05 0,000385 7,07E-05
w7 5,85E-06 7,68E-05 7,21E-05 2,12E-05
w8 3,61E-05 6,36E-06
w9 1,91E-06
w10 5,72E-07
wll 1,72E-07
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Lambda 0.4

Probability

wa

w5 we w7

w8 w9 wio wil w2 wi3

Length of Queue

01m2 03 m4 05 | calculated

w4 wi5

run 1 2 3 4 5| calculated
av. SRT 1,15899 1,1926 1,20358 1,21632 1,21632 1,190476
wO 0,913339 0,909849 0,90775 0,909676 0,900912 0,908571
wil 0,055638 0,056616 0,052665 0,053519 0,058087 0,054857
w2 0,019999 0,021873 0,021556 0,022484 0,02491 0,021943
w3 0,007541 7,29E-03 0,0094 0,008393 0,009373 0,008777
w4 0,002351 0,002361 0,00474 0,003441 0,004133 0,003511
w5 0,000813 0,001532 0,001687 0,001137 0,001509 0,001404
w6 0,000183 0,000426 0,000908 0,000596 0,000835 0,000562
w7 6,38E-05 5,53E-05 0,000603 0,000469 0,000241 0,000225
w8 7,17E-05 0,000386 0,000238 8,99E-05
w9 0,000177 4,77E-05 3,6E-05
w10 5,62E-05 1,44E-05
wll 8,03E-06 5,75E-06
wl2 6,43E-05 2,3E-06
wil3 9,2E-07
wil4 3,68E-07
wl5 1,47E-07
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Lambda 0.5
09
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07
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w4 ws w6 w7 w8 wo wiD wll wR w3 w4 wls wh wl
Length of Queue
018203 W4 05 @ calculated
run 1 2 3 4 5| calculated
av. SRT 1,32481 1,27708 1,37664 1,32088 1,36301 1,333333
wO 0,83897 0,844304 0,824401 0,836303 0,82916 0,833333
wl 0,080885 0,080029 0,083138 0,076712 0,083413 0,083333
w2 0,039856 0,040891 0,046105 0,043199 0,042336 0,041667
w3 0,020864 2,01E-02 0,023788 0,024046 0,020544 0,020833
w4 0,011486 0,007806 0,010785 0,011128 0,011833 0,010417
w5 0,005142 0,004162 0,005272 0,00542 0,006105 0,005208
w6 0,001714 0,001583 0,003084 0,002218 0,002517 0,002604
w7 0,000719 0,000946 0,001572 0,000746 0,002309 0,001302
w8 0,000227 0,000139 0,000665 0,000229 0,000892 0,000651
w9 0,000108 9,96E-06 0,000312 0,000783 0,000326
w10 1,97E-05 0,000171 0,000109 0,000163
wll 9,85E-06 0,000151 8,14E-05
wl2 0,000181 4,07E-05
wl3 0,000242 2,03E-05
wl4 0,000131 1,02E-05
wl5 5,09E-06
w16 2,54E-06
wl7 1,27E-06
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Lambda 0.6

Probability

wo wl w2 w3 w4 ws w6

Length of Queue

01®2 03 ®4 05 B calculated

w7 w8 w9 wh wil wR wB wMd wh wlh w7 wiB wld w20

run 1 2 3 4 5| calculated
av. SRT 1,49692 1,54439 1,51567 1,46048 1,50551 1,5625
w0 0,746341 0,736754 0,736558 0,747135 0,743439 0,73
wl 0,10665 0,104946 0,112284 0,111574 0,103917 0,108
w2 0,06185 0,059902 0,06448 0,060567 0,063141 0,0648
w3 0,037117 3,95E-02 0,038074 0,036945 0,037634 0,03888
w4 0,021045 0,02539 0,022091 0,021149 0,021567 0,023328
w5 0,012255 0,015456 0,012492 0,012821 0,012592 0,013997
w6 0,006587 0,00861 0,006407 0,005747 0,007986 0,008398
w7 0,004006 0,003935 0,00306 0,002927 0,005296 0,005039
w8 0,001862 0,001765 0,001829 0,001004 0,002345 0,003023
w9 0,001473 0,000894 0,000873 0,000131 0,000738 0,001814
w10 0,00033 0,000584 0,000586 0,000488 0,001088
will 0,000436 0,000692 0,000657 0,000214 0,000653
wl2 4,71E-05 0,000286 0,000323 0,000333 0,000392
wl3 0,000656 0,000263 0,000131 0,000235
wil4 0,00031 2,39E-05 0,000179 0,000141
wl5 2,39E-05 8,46E-05
w16 0,000167 5,08E-05
wl7 0,000143 3,05E-05
wl8 1,83E-05
w19 1,1E-05
w20 6,58E-06
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Lambda 0.7
07
06 1
05 1
2 oa
g 03
02 1
il
. III[JII[JII[JII[MN-
wo wli w2 w3 wd ws w6 w7 w8 wo wiD wil w2 wid3 w4 wis wib w7 wiB wi9 w20 w2l w22 w23 w24
Length of Queue
01m2 03 m4 05 Wcalculated
run 1 2 3 4 5| calculated
av. SRT 1,94744 1,73237 1,85033 2,11762 2,02985 1,960784
wO 0,610013 0,63815 0,626592 0,576754 0,58784 0,596471
wl 0,113243 0,1201 0,118877 0,114911 0,122949 0,121059
w2 0,081168 0,08249 0,079957 0,082945 0,085848 0,084741
w3 0,057609 5,54E-02 0,05292 0,056376 0,060255 0,059319
w4 0,042346 0,033206 0,040474 0,044263 0,040221 0,041523
w5 0,02899 0,023222 0,023627 0,033797 0,030176 0,029066
w6 0,021269 0,0176 0,017301 0,023516 0,019087 0,020346
w7 0,01455 0,012947 0,012446 0,018929 0,013542 0,014242
w8 0,009243 0,007159 0,008843 0,012965 0,013375 0,00997
w9 0,007624 0,004653 0,006065 0,010523 0,007147 0,006979
w10 0,004388 0,002326 0,005075 0,006404 0,005949 0,004885
wll 0,00266 0,001288 0,003424 0,005098 0,00333 0,00342
w12 0,002578 0,000983 0,002104 0,003323 0,002619 0,002394
w13 0,0024 0,000388 0,000839 0,003053 0,001909 0,001676
wl4 0,001358 9,69E-05 0,000935 0,002528 0,001658 0,001173
wl5 0,000357 0,000303 0,001463 0,001769 0,000821
w16 5,49E-05 9,63E-05 0,000866 0,001435 0,000575
wl7 0,000151 9,63E-05 0,000866 0,000641 0,000402
w18 2,75E-05 0,000426 0,000251 0,000282
w19 0,000611 0,000197
w20 0,000227 0,000138
w21 0,000156 9,66E-05
w22 6,76E-05
w23 4,73E-05
w24 3,31E-05
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Lambda 0.8

Probability

E TEINTFIST Y TS
Length of Queue
run 1 2 3 4 5| calculated

av. SRT 2,79439 2,7958 2,77929 2,72989 2,48392 2,777778
wO 0,409483 0,438591 0,434795 0,434183 0,469562 0,431111
wil 0,106806 0,109193 0,109057 0,111276 0,120165 0,113778
w2 0,087305 0,087868 0,089183 0,095588 0,095466 0,091022
w3 0,081671 7,11E-02 0,070162 0,075629 0,071972 0,072818
w4 0,070209 0,057887 0,05555 0,061492 0,054788 0,058254
w5 0,051789 0,048431 0,043111 0,05172 0,041598 0,046603
w6 0,038115 0,038927 0,037318 0,04286 0,030977 0,037283
w7 0,032142 0,0288 0,02961 0,030114 0,023589 0,029826
w8 0,026815 0,022027 0,026005 0,02191 0,01988 0,023861
w9 0,022795 0,01888 0,023414 0,017032 0,015599 0,019089
w10 0,018533 0,013386 0,017766 0,011691 0,010558 0,015271
will 0,014061 0,013066 0,014322 0,008156 0,008783 0,012217
w12 0,009412 0,009712 0,012053 0,004334 0,008862 0,009773
wl3 0,006361 0,007971 0,008416 0,003007 0,007181 0,007819
wil4 0,004762 0,006182 0,005616 0,003262 0,004899 0,006255
wl5 0,004908 0,004504 0,006002 0,001983 0,00363 0,005004
w16 0,004117 0,004776 0,004586 0,001583 0,004153 0,004003
wl7 0,002648 0,004185 0,002349 0,001519 0,001982 0,003203
wl8 0,002502 0,00337 0,00243 0,001775 0,000935 0,002562
wl9 0,001453 0,002156 0,001802 0,002415 0,000713 0,00205
w20 0,001227 0,001949 0,001545 0,002639 0,000999 0,00164
w21 0,001227 0,001262 0,001625 0,002943 0,001189 0,001312
w22 0,00071 0,001454 0,001143 0,003135 0,001046 0,001049
w23 8,07E-05 0,000926 0,000949 0,002207 0,000856 0,00084
w24 4,84E-05 0,000671 0,000628 0,000992 0,000285 0,000672
w25 0,000371 0,00024 0,000434 0,000848 0,000254 0,000537
w26 0,000178 0,000128 9,66E-05 0,001407 7,93E-05 0,00043
w27 0,000161 0,000463 3,22E-05 0,001743 0,000344
w28 4,84E-05 0,000639 0,0008 0,000275
w29 6,46E-05 4,79E-05 0,000432 0,00022
w30 0,000256 0,000416 0,000176
w31l 0,000272 0,000352 0,000141
w32 0,000144 0,00032 0,000113
w33 0,000272 0,000112 9,01E-05
w34 0,000192 0,000128 7,21E-05
w35 6,39E-05 5,77E-05
w36 4,62E-05
w37 3,69E-05
w38 2,95E-05
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25

average System Response Time

[%2]
e}
S 15
3
]
05
0
0.1 0.2 03 04 05 06 07 08
lambda
0l®m2 03 m4 05 @ caculated
run 1 2 3 4 5| calculated
0,1 1,02402 1,00154 1,00481 1,00815 0,992099 1,010101
0,2 1,03434 1,03008 1,02436 1,04157 1,0408 1,041667
0,3 1,08738 1,09529 1,1064 1,11825 1,09652 1,098901
0,4 1,15899 1,1926 1,20358 1,21632 1,21632 1,190476
0,5 1,32481 1,27708 1,37664 1,32088 1,36301 1,333333
0,6 1,49692 1,54439 1,51567 1,46048 1,50551 1,5625
0,7 1,94744 1,73237 1,85033 2,11762 2,02985 1,960784
0,8 2,79439 2,7958 2,77929 2,72989 2,48392 2, 777778
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Assignment 4 Thomas Adam, Stephan Brumme, Haik Lorenz June 11", 2003
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Problem 2

Use the Pollaczek-Khintchine mean value formula to show that a M/M/1 system has twice the expected number
of customersin the system asthe M/D/1 systemas 0 — 1 (p <1).

The Pollaczek-Khintchine mean value formula:

p? L+

=0 )

That formula can be applied to both the M/M/1 amel ¥/D/1 case. The terrﬁb2 differs, in the M/M/1 case:
1
Cl)2 = /]—2 D*lz =1
And for M/D/1:
0

c?=
S,

=0

We find that the expected number of customershiNd/1 system is determined by:

EM/M/l[n] = p"’%

2
2

201- p)

_P_
1-p
Simplifying the Pollaczek-Khintchine formula of a/®I1 system:

p’ i+0)

EM/D/l[n] = p"‘m
_p2-p)

2if1- p)

Performance Evaluation Techniques 13
summer term 2003



Assignment 4 Thomas Adam, Stephan Brumme, Haik Lorenz June 11", 2003
master, 1% semester, 135071, 702544, 702527

Let’s compute the limit:

P
IimEM/M/l[n]: 1-p
p“lEM/Dll[n] ,O[ﬂz—p)
20{1-p)
__p 2t-p)
1-p p2-p)
__ 2P
pd2-p)
2
2-p

IS

NN
|
=

Indeed, a M/M/1 system has twice the expected nurabeustomers in a system as the M/D/1 system for

large 0 (0 - 1, p<1).
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Problem 3
Consider the M/IM/N/N loss system ( N = 1) with arrival rate A and 4 being the rate of a single server.
=  Draw the state diagram

*  Givethe generator matrix Q

= Find the steady-state vector 77 = (77, 71, ...,77,, )

A
» Using this, show that with 0 = —:
U

N
P Customer loss'] = 7z, P ol isistheErlang lossformula)
N| N ,Ok

ko K!

*  Assume P :i =5 and evaluate Pl{"Customer IOS'S"] for N=1,23...,20.
U

=  How might a telephone company use this formula ?

If any of the servers in the M/M/N/N queue is idllee arriving job is serviced immediately. If afirger are
busy, the arriving job waits in a queue. The std#tehe system is represented by the number of jolibe

system. Thus the state transition diagram looKslbmvs:

A A A
3

A A
2p

U 1/ (n-Du ny

The corresponding{n +1)><(n +1) generator matrixQ can be derived instantly from the diagram shown

above:
- p) 0 0 0 0 0
u —(A+p) A 0 0 0 0
0 2u  —(A+2u) A 0 0 0
0 0 3u —(A+3u) A 0 0
Q= :
0 0 0 0 0 ~(A+(n-2)my) p)
0 0 0 0 0 (n-1)u ~(A+(h-1))
0 0 0 0 0 0 nu

o O o ©

A
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The steady-state vector can be inferred fiQsince each row equals zero. Therefore:
0=nlQ
And more in detail:

O=umn, —An,

0=um, _(/] +,U)D71+/]770
0=2um, _(/] +2,LI)UT2 +Am
0=3urm, —(/1 +3,u)DT3 + AT,

0=num,,, —(A+nu)0r, + AT,

Solving these equations depending Ay yields:

A
m= ; Lz,
AZ
T, = 20 Lz,
/13
ITB = 6_/13 DTO
/14
T, =
o4t T
_ A
n— nlu[n 0
A closer look to the diagram reveals that a M/M/Njdeue is a birth-death process. Therefore:
A =2
M =it
A
m=—UT,
H
A
T
/1i
-— DTO
iy

According to the normalization condition:
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We solve for 7z, :

N
=Gt Zﬂk
k=1
N /1k
k
i M K

N /]k
s
i M K

N k \1
T, = (1+ f }
a i K

k

=7t 0

Since — = 1 for k =0 the sum can be extended to:
Nk 1
M, = (é ,u" Eﬂ(']
Using 77,
Ai
BTN
i1 %#k 2

. A .
Substitutingp = — andi = N :
U

N

Y,

m=—r

N k

0
NIED
k=0 K

That way we proved Erlang’s loss formula. Similarke get the steady-state vector:

2 3 N

0

1
N oo N gkt N gkt Nkt N o
PSP NP gy P NI P
20 X g e D
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A modern math suite computes the customer loss geigkly. We wrote a short program for Maple 8 Tria
version. Its two lines are:

rho: =5:
erlang: =N->r ho"N (N *sum( (r ho”*k) / k!, k=0..N));

The program is targeted at high precision computatand therefore outputs chunky ratios. Howeveraiso
wanted to obtain rounded values:

result:=seq(erlang(N, N=1..20);

esult .9 25125 625 625 3125 15625 78125 390625 390625

" 6’ 37'236'1569 2194'16289'129648'1115309'10428406 21247437
1953125 9765625 48828125 244140625 244140625

2356749322837864809369410706425174191296131552501529464

122070312 610351562 3051757812 15258789062
248412451745494223072714829587601561404271369144429819269046636
152587890625
577719429664077169

resultf:=eval f(result);

resultf :=0.833333333, 0.675675675, 0.529661016, 0.398342893, 0.284867821,
0.1918472589 0.1205186351 0.07004785221 0.0374577859¥83B457034
0.008287368467 0.003441187533 0.001321784240 0.00830192,

0.0001572562863 0.00004914017459 0.0000144527836414646005 10,
0.1056484675 18, 0.2641210989 19

In a M/M/N/N system, queueing is not necessary esititere are as many servers as customers. So if a
customer is able to actually enter the system tiedshe will be served, too. Otherwise, he/she vdlrejected

and does not enter the system at all.

The capacity of a telephone network (a backbonghbto be as high as needed in order to mastecake
that each customer calls/arrives at the same timeég N calls). In reality that case was never observedca,
the companies reduce their capacities to the typase in order to cut lots of costs.

The telecommunication companies aim to serve asyneastomers as possible and to refuse as few as
feasible. Due to long-term observations, it is agpnately known in advance how many new calls jpaet
have to be served and how long they last in averdger the companies define some percentages tkeytdi
achieve, i.e., there are 1,000 new calls per mjrthey last about 10 minutes each and only 0.0184ldhbe re-

jected. Then:

The final step is to find the smalle where Pl{"Customer IOS'S"] < 001% according to Erlang’s loss
formula. ThatN then denotes the lowest capacity needed to acthieveroposed service availability.
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If one has to estimate the loss using a given égpdbroughput and arrival rate, he can utilizéaBg’s loss
formula, too. As an example, a telephone company gechance to approximate how many calls are(iost
average) with their current telephone exchangeyatch). If that number is too high, the compangdl calcu-
late how many of the lost calls may have been sebyeinstalling an additional exchange. Hence,ateome
of all these calculations are future investmertie (hew telephone exchange) and upcoming earnilegeets

calls). The responsible manager then can decida these facts whether he admits to the new invedsrar
not.
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Problem 4

Consider the fully Markovian queueing network shown in thisfigure:

queue 1 queue 2

= Find a stability condition for this system.
»  Find the mean time for a customer to proceed through the system.

From the diagram we infer that the given networlaiis open network and apply Jackson’s theorem. The
system’s routing probabilities can be described as:

Pos =1 Po2 =
Py =0 Py =0 P =
Py =025 p,; =05 p,, =025

The traffic equations:

€ = Post Pyl + Py le
€ = Poo t P [& + Py, [&,

Reduced:
e =1+ 05[¢,
e, =e + 0250e,
Solved:
e =3
e, = 4
A =g A =3)
A, =e, N =4)

Queue 1 has to process the tasks three times tasierthey enter the system while queue 2 has tevba
quicker: it must be able to handle four times thenbher of arrivals. Now we examine both M/M/1 quesepa-

rately. Each node has to fulfill the stability citiwh A, < (/.. Due to; = {1, = (L we find £ > 4A .

The mean time for a customer to proceed througlsyetem is the outcome of the equation:

Elt] = & CE[T,] +e, CE[T,
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Until now, the visit ratios are known but we needurther investigate the estimated time in eaatfeno

1 1

E[Tl] ) = A ) H=3A

1 _ 1
E[TZ]_ My = Ay ) M =44

Hence:

ef]=—> 1
H=31 u-4A

Tu—24A

" (-3 -44)
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