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nThe automated functional and n<>,rtnrrn communication <1v"f:,,,mQ "I"NU.<:;U 

some Formal of telleco;mrnUIlicfLticln en-

In and Petri nets been the most FDTs the purpose. 

can 

not clear. Even '"~/U''''' 

2.0 now released and 

and tool 

first consideration in 

quc~StllOn to ask is one 

per'tormance model. 

semantics were 

semantics are still not clear the purpose, 

recommendation we describe in dissertation a 

communication Drl)to.cO!S "J"'''v''''"'''' 

rI<>',,<>lnTl,nlt'nf: of our IIl(':tllOO'UlO.gV '~V"V>".' the roles 

of 2.0 in the n<>"fnrrn ...... 'u"" ...... F. process. In "'","<1tinr'<1 re­

were 

(1<>v<>llrm,<>rI a semantic time model with means of <1n,p('ifuina 

communication prl)c€:ssing times in the are addressed. Environmental 

as v",:""",,,,, and buffer space can be SpE!ClIled 

are made rm~ardirlg time and 

we aimed to 

discrete-event simulation 

in order to 

nU'UT'""P a commercial model """J,.U.'F. and a 

necessary 

and 

In order to realize a 

suitable simulation and then extended 

as extended finite state machines and 

In Im]pleltIlC11tlrlg we filtered our editor and used 
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text .""UjJJ''''.'~'' for code 

our simulation 

in order to to 

the XML ompm and the need to 

):;tl:!it:'~lUl:W was found to be slgml1lca:nt nnpJleIIJlell1tat.lon 

the of 

in which the efficient short remote operELtlC)llS 

in a wireless e-commerce scenario. 

is used 

ii 



Univ
ers

ity
 of

  C
ap

e T
ow

n
Ipl'I.rnf!fi a 

my time .... '.uao",. .. ", .•• 

of 

in v~ ....... vv ••• ", 

the 

• Fellow 

• mom 

• Marelize 

• Fellow 

like to 

work. 

Professor 

of the DNA and 

I like to thank 

their 

for his ",,,,,n,,,,.,. 

In 

.... "".a .. 'u .. """, Lourens Walters 

your company. I will miss 

for me. 

to those on the .n. LI"",'.L" 

• The National Research l'ol11nljataOll. for ~ ... ~ .. ,.... this research. 

iii 

I 

me 



Univ
ers

ity
 of

  C
ap

e T
ow

n
1 1 

1.1 Problem Motivation . . . ~ ~ . . . ~ ....... 1 

1.2 to evaluation 4 

1.3 . . ~ ~ . . & • ~ • ~ • • • 6 

1.4 Limitations 7 

1.5 8 

1.6 Dissertation 8 

2 Performance with 10 

2.1 10 

2.2 11 

2.3 11 

2.4 13 

2.5 UML. 13 

2.6 14 

2.6.1 Time in . ~ . ~ . 14 

2.6.2 Issues . 15 

2.6.3 17 

2.6.4 18 

2.6.5 18 

2.6.6 19 

2.6.7 20 

2.6.8 20 

2.6.9 21 

iv 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2.6.10 

2.7 

3 Performance .t.iDigiIleeriIllg with UML 

4 

3.1 

3.2 UML l.x 

3.3 

3.4 

3.5 The 

3.5.1 Resource ..... ~/U"UU.'''' 

3.5.2 

3.5.3 The XMI in 

3.6 

UJ. ... "lU'U to Predict Communication ... ..,."io"' ....... Performance 

4.1 Introduction. 

4.2 Motivation . 

21 

21 

22 

22 

23 

29 

30 

31 

32 

34 

34 

35 

4.3 Process-Based Discrete Event '"' .. , ...... ,""" .... to Protocol Execution 36 

4.4 Validation and Verlttc,atlclD 

4.5 Network UlJ.l.'UU".lU'U 

4.5.1 

4.5.2 

4.5.3 

4.5.4 

4.6 

5 A dO!LOI'l;Y for Protocol Performance ..... 4J.64 ... "'."4 

5.1 "LVUU'J" .... ·U. • • • • • • • • 

5.2 The 

5.3 The 

5.4 

5.4.1 An h,<>1"""'" of :::ilIlrlIDCas 

5.4.2 Extensions Needed to "lIIunc:asL 

5.5 

v 

with 2.0 

36 

38 

39 

41 

42 

44 

46 

47 

47 

48 

57 

58 

62 

65 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6 The 67 

6.1 . ~ ~ . . ~ . . . . . . ~ . ~ .......... . . .. . . .. . . .. . . . 67 

6.2 2.0 to a with the 

Extension to ......... 67 

6.2.1 Removal of the File 69 

6.2.2 and 69 

6.2.3 Pid and 

sentation •••• * ••••••••• 71 

6.2.4 Finite 72 

6.2.5 Additional Trace Events . 80 

6.3 

6.3.1 A 

6.3.2 The Tau Filter .. 83 

6.3.3 The 84 

6.3.4 84 

6.4 and Conclusion 85 

7 Performance 87 

7.1 . ~ . ~ . . .. 87 

7.2 87 

7.2.1 Wireless 88 

7.3 Parameters .. . . . ~ . 90 

7.3.1 Parameters 90 

7.3.2 Parameters 92 

7.3.3 Workload Parameters 93 

7.4 Parameter 93 

7.5 The 95 

7.6 97 

8 Conclusion 99 

8.1 99 

8.2 Future 101 

vi 



Univ
ers

ity
 of

  C
ap

e T
ow

n

A An Introduction to UML 2.0 102 

A.l 2.0 102 

A.I.l and Passive 103 

Provided and 104 

Ports ....... ~~~~~~~~~ 106 

with Parts and 106 

Behaviour Ports ~ ~ ~ ~ ~ 107 

107 

107 

110 

Model-Driven 110 

XML Metadata Format 2.0 111 

B Patterns for Protocol 112 

B.l 113 

B.2 Protocol Pattern . 113 

B.3 Pattern 114 

B.4 Protocol Pattern 116 

C The Efficient Remote Protocol 119 

• ~ ~ • • • 4 119 

Service Definition 119 

121 

D The 123 

D.1 The Main 123 

D.2 The Node Template 128 

D.3 The 129 

D.4 The Machine & • * • ~ 130 

146 

vii 



Univ
ers

ity
 of

  C
ap

e T
ow

n1 

2 

The nr".tnr·n process .... 

Thep~iPoiseame!tn()aCI10e~v 

tool . 

3 1"rhitp,·tll'rl> "1.Jt::\;.LH\;i"'~R'H with UML 2.0 

4 Behaviour with UML 2.0 

5 scenario and 

The architecture. 6 

7 flow model with service times. 

8 overview 

a 9 An C;A'UUl-'lC; 

10 An C;Aa.1Ul-'1t:: 

11 An ____ ' __ y __ 

12 The 

13 The 

14 

15 Invocation 

a 

Process with "~'~n"' .. 

at modelled 

16 

17 

Invocations at the Server modelled 

18 

19 

20 

21 

vs Error Rate for 

Active class notation. 

UML 2.0 rU\.,UH'''''' 

UML 2.0 

Protocol 

notation. 

elements 

modelled 

viii 

2 

per-

49 

51 

52 

54 

60 

61 

68 

78 

79 

81 

82 

85 

89 

95 

96 

98 

104 

105 

108 

114 



Univ
ers

ity
 of

  C
ap

e T
ow

n

22 Protocol SVlsteltn Pattern . 

23 Protocol Pattern . 

24 Protocol Behaviour Pattern 

25 The ESRO Up~era1;ion Model. 

tjeCluence Diiagram for ESRO Services. 

ix 

115 

116 

117 

120 

121 



Univ
ers

ity
 of

  C
ap

e T
ow

n1 

2 

3 

ixtraDO'latE~a 7754 ........ """"5" Pr<)ce~3sirLg Times 

PelrfolrmlB-n<:e Metrics 

x 

1 . 

Daemon Nodes 

92 

92 

97 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1.1 

The of correct and UU.WJ.JlUl,,>UlJUO LU',UU'.H'ta network communi­

cation DflJtCIC01S has existed for over five in cOlltemtlor:arv 

were encountered when .... "',,.0', .... ,,'0 the first master-slave Pf()tocoLs. used 

mainframes in the net-

works in the 1960s. 

with is how to <OA',","'UL~,<;;; that are mini­

the last five 

decades Su!:mltlC~Ult have been made towards the resolution of the LUllUa.1ll~'U~i;'" 

lerns encountered in ..... ,.,.,'~.-.r·,.,. lot:I;J.'UUJ,/; to the field of ..,,,.,,,tnr.nl 

I.JLlJLU',",Ul en!~mi3erlllg process, with its of eIILClEmt 

process which encompasses the fllJlLlI,.;"'.l'-'" of 

as shown in 1, are: 

" Formal service and nr,')!".-.,." validation 

is made from an The informal " ... ,r-nnn 

prose in a similar fashion to """"''''.000 For Comments 

" auu",,,.u'u and verification, are used for exhaustive '<;;;'''''"'''',",U'U1I'::1 

" or om"u",,,'" methods are used to the 

U"'''.''UU';'' nrnr""r1t"",., rell:arliinlg time 

1 
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1. Most Common Approaell 

1: The nrr,""r'" process. 

2 
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and resources must to " .. r,"V'I'rT the automatics construction of a 

• Inlpllenne:ntl~tion gp.lnp.lrat Executable code is the 

modeL 

• to 

"'U<;IJ.rulUI') tools exists to <>U'JU'JA two 

in the yw,r'oTr,,," 

Meta ""'''''U''''U''''I''>'"' 

I;;;U~;AW;;;I;;;'"UI') process. The most 

know to 

P",efryrrn<> n ,." is a 

ware enig:lIlleelrmg l,.tA-,'V" 

states: 

are the Process 

Es-

on 

the architectural is 

soft-

measures like and re-

sponse time to 

It is 

on for the Op1Glmjza,tlon of nl>1e<lnnOTOr" 

sizes. 

that UML was not mentiloned 

in the nr","""£) 

because it is a 

a common aDor()ac:h is to map a 

and 

in pro-

.uU""" .... J.':' 1jILl:l.LIUi:l>l.U it is not 

a 

in to allow automated An alternative 

is to merge UML with a formal .U4A·I'>~'''O'"' 

tion to a lack of formal UML has not been llRIUI;;;llll,11'. real-time ",,"TO''''''' 

in in the protocol enl~inc3eri to hOlrtcorr.Linlll;s in its 

architectural <>V't:\,;lJI1LCLLllJU 

3 
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With the "Im",.",n,,,, UML 2.0 standard the appears 

to 

.... v''''.,,. .... !'. v""JJ"" .. , .... ,,""' of UML 2.0 has been 

SDL. With 

enhanced real-time architectural SpE~Ulca.tlo,n and the semantic .'I'.Ub'OU.'UI'.I 

to become the dominant Spl~Cll[lCa,tlCln 'C"'I'.Ua.~~<;; UML 2.0 appears 

in real-time ........ 'u" ..... ,1'. and n,.,"'1"-"""1 en~(lnE3erl 

A fair amount 

Estelle and is not the case with UML Therefore in this 

commu-

nication 1''11"'"'1'.1''1,''1''11 UML 2.0. 

1 

to model architecture 

.... ,.,'1-",,.."1 interactions. We and pertormance 

the eng:mel~r 

uses n<l1r.'.",·n<: 

is created in a commercial been 

verified a COJlal)OI'atllon U'~'5L''''''' /"IPlnl"t:'n,'" a simulation scenario is "'''''',,'~'/"I by the user as 

a basis for workloads and the environment. The 

In order to conduct simulation-based pelrtolrmim(:e the pro-

""1l;~1""";;" the UML 2.0 model into a simulation oli.,,,,.;'n,,. a set 

of trace messages that allow for the calculation of a 

of ,",O'"Tn'rlm"",'" statistics. In addition the tool uses the 

'{J(,'Hl.T'I.IJTJ. n'm~r()'?rh. that is advocated in the UML Profile for '"'"I,,,/"I!,, 

also uses the 

"'I5'UU~''''''" amount of research has been conducted using UML 1.x software 
n .. rrormR.ln" .. engineering MCOl, however here we are interested in the more 
field of protocol engineering and its supporting FDTs. 

4 
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at the core the simulation 

!,,\j'LL"'''' that are 
Our <>T\'n,.,,,,,,,h 

simulation rr""1<''Wr,,. 

from UML 2.0 models "'I-";""!"'-' "'<O"01U""" Tau G2. 

no'rh ... 'r ...... "'n.'o evaluation is ml1UElnc:ed 

the simulation framework we into and our associated UA"',UU'''U-

a UML 2.0 to a 

assessable simulation environment is 

"",,~'uU":".J'''O ,.,o,,,"' ..... 1r resources to Environmental 

tics such as 

made 

and buffer space can be SpElClIleo and realistic as~mD[lp1:iol[lS 

In the scenario the llUlCUU't::. 

~V<'1:Alm~ workload is 

UML 2.0 comment 

and network links 

are 

to network links contains network link 

The comment 

as loss 

network link 

acteristics are used to schedule 

cross network links must have a 

The "UJLAUJ":""'LVU framework we have 

receiver. For t::Ai!:tllJLV":;, 

n".,."ynAlr",,. in order to 

into 

a send and receive time 

of whether a 

crosses a network link or the node senolIllg the and the node 

will be for a simulated to each node's 'lJll'r;" .... ~'I, .... J 

We have the .L:JU,,, .. "". 

tocol and measures to prove 

Our and to evaluation has 

velloped in context of related work. With a tool int",.,..,,,t,; 

in which we a commercial we note that in " pp,rtl'l'Y"n1n.n,,('p En-

andB, 

made the observation: 

Future case studies and annllcS'tlOn 

to real world This will to of per-

the SDL melGnO'aOl~Jgy 

In order to better and sta­

will be necessary that ....... '0 .......... 0 ....... '" with commercial 

5 
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tools. 

1 

In ,,"'-"---.1 aim was to build a nr()U\rVT\p tool that is able to translate from 

a UML 2.0 ,...,.,.,.1-",,,,,1 "'lJ,,,o..;IJllo..;t'U"'ll to an simulation model of a 

trace messages 

In ....... ,.LA •• v .. , with UML 2.0 '~'O~'~O~l we consider 

process which nrE~ce,aes both validation the the nro'tocol """'F."'"'''' 

and peI10rmance 

aim and su:ppJlenleIlltaI aims are listed below. Note that our 

aim is to rl."r",Il1.n a J;ll()QCIIO~~Y and ""<>'Ftru·nH'" UML 

aims are centered on the theme our use tool 

aims: 

1. a set trace messages found 

The tool translate 

a assessable simulation model in which 

the characteristics of the environment a facilities nrl"lVl4nptl 

the simulation used. 

aims: 

1. To a communication ,...,.,.1-",,..,,1 our model editor, as a 

It would be beneficial to lOemllry communication ",,.',Ul,ro, 

to be used in the which nrE)Cel:leS 

2. To aUUL\,,,,,",U that is advo­

cated in the UML Profile for U"llCU.lUQ,I.JlU t'eltormance and and used 

in a number of research Therefore should be a model pro-

cessor and not a model editor and have filters to ... "'1<O.u'51 .... Tau G2. 

6 
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1 

3. To t;vtUUi!:l.~t: "UJl1U""'VJlVU libraries as or and use 

most o.UO,.o..'U5 from a UML 2.0 to a simulation 

4. To determine how a be reJ:)ref;en1~e<1 

and the .. ,,,,.u .... ,, features that are for our nriirn I'"'' nh ""I't',,,,, 

5. To determine means of <:n'>I'HV""" 

in UML 2.0 and 

such information. 

6. To use the tier 

text Lt:l,U IJJltl.LJlH); 

7. To prove the 

statistics ,-1",-;"",-1 

environmental constraints 

1'/"\.,,.11"1'1",>11 to include 

and hence use a 

process. 

as an eXI:Lmple a subset of the jJUi:3;,)!lI.Ht: 

"'<!£~~.'''''''' communication 

A signitilcaJ[lt limitation is this 2.0 was not defined for the 

":'.'''''I'>U''''&'' SPl:lCll[lCfLtlCm documents duration of the UML 2.0 eXlsltea 

and a 

UML 2.0 

which is based on versions the 

the duration of the nrr"",-1" "'''.'''.v", ... Tau 

2.1 combines UML 2.0 as "' ... 'u ..... ""u in ~"(·1"1l"m 3.4. the 

used in Tau G2.1 UML 2.0 since it is a merger of and 

2.0 and not a .nH'UI.I,:,n, 

An limitation was that ... "'.""v!'> ... stores the model in an format 

with this XML is a company internal and hence was not 

for our use. This is a limitation since we were to determine the set of elements 

may appear in the XML as as in which context the elements may occcur. 

"'''''~I'>''V Tau G2.1 should have used the XMI 2.0 format for if this were case 

user use any 2.0 to create the model. 

7 
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The nl>r'1"tYl'rn 

been 

as has been done various qUlestlorLS arise L .... ~'UL ..... ~.'" nrl"'ll~I"'I(,'I"'I nprtn,rrrHITIl"I> mod-

the resultant 

arise include the manner in 

to this Int,egrat{ld In a.U\H"'V", 

I.IL '-.u"'", and aplDrOlaCJles to pertorman(3e 

ue'ccu,,::;u in !-,prtr:,rnln.'lr'p "'U,!'UL'~UT,!.~ 

UL'J' .. ", ..... !'. process. 

is that we have creat€:a a model pr()C(:SSlng 

that were 

an in­

UML 

an 

from the various sources that are inte-

LV1,'V"'''''U the recommendation 

tools. In 

""C,'V"l'" Tau 

"'-''-'.'-A''', ..... " .., .. ,.,u,.,.",." .. framework. 

I lVJ.,U.:J'IJ;]V I which entails a ... u.,., ...... ,., 

nnDcElSSllll2: resources and "''''''''''-1''''0.\10 to PVIP"'H:'" 

ever, in '1>0,1.11.1,'''", is automated ap-

2, .... ,.""""'1",,,, an introduction to the 

of 

time in the an overview of to 

lll'-.UCUU1", issues. we review tools AU\, .. .!'''''''.,," 

is a network simulation environment that that is discussed in 4.5. 

8 
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In 3 nl>y·tnrrn 

the known sh()rt(:onlinl~s of 

then review anlDroiaclles to 

lUUUv'''', to n",et,,'rrnAnl'" models. 

and 

with is Ul~'" u",,,,,,;u We 

that are relevant in ...,v,..\u"...,v",,!'> pe:rtormallice 

which are not 

An to the formalization 2.0 

is then reviewed. We then 

the UML-RT for Performance and 

role of XMI in the this 

the M.Tl:MHI',",'" 

examines the 

determine a set 

in dissertation 

to a communication 

reqluil'eIIlents for the network 

4 

We 

work 

and a set of COlnnler'Cl and open-source va""",.!,>"',,, 

is our choice of the open-source network simulation 

In semantic time 

tecture are while are discussed in 6. With the 

a minimal of are used to 

and characteristics. The purpose of our 

is to serve as a of how to go about ....... ,"' ............. , 

tion of constraints and ,,,,,JO';;'4U'JUV nl>'rtf'll'rn 

tool we extend the ..... u" .. ,,""'" 

the 

are 

simulation 

......... ...,.J finite model. 

state lU~'''''H1U<''' 

we encountered in 

A n""rt"""Tn 

ad,dn~slnll eX1Dre:ssions. We also discuss 

"",,.h,...,,,, Tau XML in process. 

is discussed in 7. We demonstrate the 

ete:rmlining a set of ,..,"·rt,...·rrn<ln"'" statistics ''''"'''V~',II to the use of 

in a wireless e-commerce scenario. 

conclusions and su~~e:stl<)fls for future 

We also ...... 1'''''1'1" a set of AJ>P€md:lC€~S with information. An introduction 

to ...... "'u" ..... "'" A and we discuss n",1I:t",rn", for communication 

overview of the nr()tocol is in 

are used for simulation code 

are "...,.r"",i"rI in D. 

9 
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1 

In we review the 

behaviour of "."''"''',, •• 

..... " ' .... 1',"0 are 

specrll1catllon, Es­

UO::'~Il"..UUJLl". the structure and 

communication Pf()tocOllS. 

spE~citica,tion, V<"'-.", .... " .. , veI'inc:ation, functional LI::1>LIUI"', 

.l::!JXteIlaea c()mmlmi(~ating finite state machines form the basis 

.""",'0 .... 0',,0 we examine. The finite state machines are 

extended variables and data and 

or structured messages sent via ...... V-l"'''''' ... "',QVT'l'nr()Tll"'1'·,Q LJLIW.1Ut::l;:)!J..J 

The aim ","c .. ,",,,. is to ...... "',.""1',,, in the context of 

1-1"'"1 .. "' .. '",,,,,.. In the case of 

.u """"0'",'",.'' the semantics of time is ''' • .1eUr''l1 relevant when con-

We then discuss the aPlpro1acltleS 

encountered when "".,I"1 •• "1".'n 

con!lpr,ehensl'lre overview of formal methods for the spe!Cifi.cat,ion and 
F, Babich and L. Deotto is H.Vjj,lIH.U"', 

10 

of communi-
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in the context of SOL. 

The def,crllpt:lon .",,,jlllll'll u.", Estelle is Wl,""-lJlU11';U.l)UO ~1J':;""11\jtjL'lL'U of com­

an cornnlUDlicB,tiIllg extended finite state machines munication pr()tocol,s. 

and semantics which is mathematical and ImDlEimEmt 

well suited to 

"v,~, . ..,'" Interconnection 

the services and ,...,.,,,."',.."'. 

With 

model is used 

and the 

Estelle can be seen as set of extensions 

to Pascal in which ,,,,,,1-.-.,,,,, are SPElCltlea structure of 

run HW"n-PTl1:IV and communicate message exc:hall1ge 

tation 

in that communication 1.I."."'u"' ..... ,., 

.... ,o;;;UJ.o.1 behaviour of the cOlnponenl;S. 

here and 

"r,,,nlttll'1 and hence eases l"'I.m:;uJ.'~"­

"'llJLUl<,H":;U when 

COlillPion,ents can be described sepa­

For ,...,.",,, .. ',, we do not examine the 

the may consult 

Estelle has not commercial success of n""",,,,,,,,,,,· it is sup­

)ev,elolpment Toolset in 

188-220. EOT was 

at the Institut National des and consists c 
code test driver rrt>,u'r>lHW and 

ical editor other cOlnponem;s 

2 

SOL 

1976 and as such is mature 

to "n,''''''''' .... 'JIUIJ1"'.h, .'~o."'-.lJ.ll'" o.pJ!-'U"",.,'UlJ,.,. 

has been 

a broad overview of 

intended to be used 

Such COInp.1eX appll'cat:IOIIS would involve many 

11 
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concurrent processes that communicate discrete signalsl<;OllOClj. It is hierarchical in 

nature information and abstraction. An SDL sp~~cijticfLti(m can be grl'l.pluc:al 

or in a textual can be seen as 

a level prclgrELIDlniIlLg lamgluag;e. 

The LV"V>' lAJ,,," """" , ,UH"'" summarizes SP(~Cil:t1i2,ed characteristics of SDL: 

II standard - SDL was and standardised the ITU-T and it is acc:ep'ted 

the ISO. This means that SDL will be maintained and in the future. 

II formal- a formal lan,gUllge ensures that SDL SP(~cijtic~Lti(ms have the essential 

nr'"'lnl'rtjp~ needed in mission-critical aplPli(!atiions, nam.ely pn~ciljiol[l, c()nsillt,;)nc:y and 

in The formal SDL grammar ensures that tools for both the simulation 

and validation of formal characteristics can be created. 

II obje(:t-()ri.ent;ed from concep'ts for objlects 

II 

II 

with be]laviour, e.g. svsitelns, state mfLchinels, SDL includes traditional 00 features 

such as enc:aplmillticm and po].yIlJiorj)hii3m. 

hi,rhl" testable - SDL has formalisms for parallelilsII1, irltelrta~~es, communication and 

time. The result is that has a 

and open - SDL spe!Citication is not de])en,d€llt on op-

erllLtiIllg s:Y'st,ems, processors, int,er])rOICeI3s communication mechanisms or distribution 

methods. Thus a SDL spe:citi,cation can be mappfld to clifferent 

and configurations. 

architectures 

hie.hl" reusable - SDL nrc)Vi(ie~ a of reuse. This is as a result of visual 

l:11:l,ULY, t,~tabillity, 00 usage, clear interfaces and abstraction mechanisms. 

Compare:d to Estelle has enioved the grE~atest success in indlus1Gry, 

The Tau has been used in for a number of years. Due 

to market demands Tau is no a pure SDL tool and is now based on a merger of UML 

and SDL in Tau 2. At a ITU on the use of desCri1)tio'n 

techniqUE~s it was noted that in the tea,chilllg field UML is not able to re!=ilac:e 

ASN.1 and TTCN. However offered these lanlguagfls teachers 

may turn to UML due to rp~ll1llv ~nr,nn'rt in the form of books and tools. 

12 
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is 

thatcan used verification of 

can be used to detect errors in the "j.J'~"1l,1""'"1\"1l of a V""'jpt:l' 

"""T"rn" and in n",y-ti(,'I1' data communication pn>tocOIS. 

can be used as a "J1J,JWitl."~JJ. 

is not T","~:tTi('t.'rl 

an exhaustive 

It allows for the 

creation of a finite of concurrent processes. Communication occurs via message 

"""".u,,,,,,,, that can be either 

C and is used in the "j.J'~"1J,''''''"l'-'H consists of 

an initialization 

or blocked oel)eniolIlg on the process. The statements in a process are either PV,3(,11,t",' 

of the statement. 

its 

The serves as an interface to 

a has 

and llvEmel3s ... ,.",,.,,3,.,,,,:,,, 

used to make verification rWlS more eIIICUmt are the root of power and hence 

active use in the 1"'C"~<JWL"" '"V .... U1U.JL10.)' 

choice when "UJJU",,",'UJ<, '"""""'11115 in the 

COlIQtlctE~O in 1" ... 1=."1.)' and however such is 

in academic research. 

1UU'U"",1H1JLFo st:anciar1d, has signilllCaJtlt attention in 

real-time .rUlu"""U""U it is our scope to detail lartgulage, we 

a overview 

the creation of 

''''''''oU''''5''' level 

• ~.'o~'~o~ in the "TIl'Trw·,.,. domain . 

the intention was not to have a ..... ,Fo"'."'Fo'" a progrrun-

and semantics. The lack of the mentioned Lt''''"U'''''' 
code O'P1'IPTlUU)" model """""""5 and pelrlOlrm:anc:e a 

13 
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UML tool and l:l.LO<>U"'lJ..l1ll"" UML 71n.n"'_~ in to 

Such " .... , .. "", .u,L\.o"~"'''' 

the ITU-T Z.109 

and J . .ttumt>allLl:!;h and used in 

rlrIllT,rm in academic research a common Annrr"",,,'n is to map a of UML 

in to allow automated 

The and use of UML in ---.r-'----' is extensive. In MllltllOn 

numerous and papers are Real-time tools 

2 

1 

for 

the 

In 

time. 

Rational Rose RealTime. 

SDL is to det;enmIle the time taken 

t,.",n",t'",.", and process execution. It that the rl"f-in;f·i,...,., 

,nn,u".",.. semantics of SDL is loose in the sense 

execute in real time with \" .. ,:"" .... "'.", but does not !iln,3,."cv 

execution is affected this constraint. 

it is noted that has an 

;nt",.r,,."1tAtinn of time in SDL-92 is noted in 

• time is mc:relm.entE~a a clock outside the "'v~'t:",m 

• no units of time are PrE~dElfulled time may 

transfers over \" .. ,~ .... ":,." take time. • 
continuous. 

• an SDL resources. This that 

processes may actions in zero time time com-

to the duration of a 

The above ter'prleta,ticm of time unflatllsta,ctc)IY in ways: 

1. ITU recommendations not how duration of introduced chan-

is 

14 
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2. V.'"o.U.U"'.'" are not np1rTP,'T. as is assumed in may lose ''''0''''''.''' 

3. the ",,,,,, ..... ..,.;-, individual actions take ""'I"UE;UJ.,,,, time or 

in SDL-92 is addressed in 

the aSSiUDlpt;lOI1S when IU{;aCluullg semantics time to SDL: 

• transt:ers over \eU' ........... '""'''' take a over 

i:"l'.Uo..uuuc,,,, are not u<O'.av,,, ... 

• processes are to execute a actions in a time 

unit i.e. actions take time. 

• different processes may execute a UU'''L'CO''" number of actions per time unit 

i.e. processes can have rlitt",.,pnt execution OU\o<ouo. 

P1:'rc,ac:nE~S to bl'~nl'~ra 

In this .... ",'1",('11"1 we discuss arise when COIld.llct:mg ..,.",rU'l"rn 

based on We survey the pelrtO]rmIEl.Il(~e 

aD1DrCIRCJleS taken in related 

.... ""'Tir." 2.6.3 to 2.6.10 to the gelleTl,U issues that are 

context of 

here . 

n .......... '.' .. , .... J..1'<. Non-Functional Duration lJllm8;trlli 

we survey, it is common 

means 

tic time models are A""~UO''''U 

also 

Time 

Time related 

the semantic time model to be 

U."'V""J"'~' time aelDeIlmmt WS]Je(;].;s ..... "' ... " •.• -

are needed for and 

timeouts and time 

restrictions due to irn,nurl"rI of the execution environment and '''\.'U""UU1", 

execution times tasks. 

The means LU'JU'''U'',," nOJn-IUn'C{;l;:llllU r'>rn1n .... '·" a;~IJ"'\e"O are 1ll"'OU'"5 from 

as is stated Graf 

15 
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express "'H:lI.n',~ U1"U!,UU,UnllJ.£ to the 

and consist in constraints on the occurrence time 

and are ",,,.""~IDT,<>I" UU;l\;z'na 

It is this lack in the su.nn>lrn which is the ~_'_.I~'". the various ij,I-'VIIUl:t'Cll'~::> 

that we have mentioned. Each aODn)ac:h nr"",,,1,'''' a means contraints 

that for the of characteristics of the environment and 

execution time related include 3 

• Communication 

have an as!lOC:lal;ea 

All communication in occur via channels which may 

'-'LA,"' .... "'. attributes may ... "'.u .... '" a loss rate whether 

• 

is load aelPeIla{lUt or not. A communication channel p", .• "" ... ,,,."'U,A, such as 

the 

be 

rAO'"r."I",n as load while a """",,',nt,i medium would 

times: The prciceElsiIllg of a can be into U"'CL"'U); and 

treatment 

time 

,",""""''''''' The treatment time consists of pure execution and blc)cI<ang 

priJC(lSSllng time can be U1lJU<;U"U as an eXlpre:SSlon 

reJ)re:selrlting a time interval. an 

sort of behaviours duration constraints can be "'V''''-'1.UO::I.1. 

constraints associated with 

behaviour sequences 

behavioral 

transitions or ,.,r,,(',Pn, 

that arises is for 

O::A,tul,lI.JJ,O:: are durations 

processes. 

• Execution With execution we consider time passage in of 

the with no time constraints eXlonlSSled. With semantics time 

passage is as 1-'0,::>"'11>", in 

a different execution 

immediate. 

U""'",ll'" could 

actions for eXIUlllple all non time t'""",t,.",i'r1",rI be 

• Time constraints on the external environment: The 

nals from the environment must be eX!Jressible 

constraints of 

characteristics include 

response inter arrival times and 

processes in which the above mentioned 

environment can be modelled 

cnl'tra,cti~n!,tl(~s can be PYT.rp",,,,p,rl 

Susa.nne Graf in the list of non-functional time related aspects that 
are discussed. 
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• In order to rel)reSeIlt "\~UI:;U.U,U".)I; 

U".'H"'l1'" of 
answered to ",,'ruin,," 

of atomic or sequences 

in information 'f""'n" .... ''-

atomic must be n1"r,vlflpll 

be re]:)re~len1~ed in SDL is 

• time: the to express clock time and clock time 

external reference or is nn1"\n.1"J-"nJ- in U";U<"-"'-'''''''';''')I; in order to detect 

errors as livelock and between 

time and the reference time must 

SDL 

The second issue that we CO]1l81;Cler is the of the SDL spelclh.catlon is 

aIIleElueawhen a This is not m(lep,enlaeIl~ of first since 

various non-functional time "'''T\",ro"t", need to be to allow for automated 

of this ,",u",,,,,,,,,, """UI! is that if one wants a tool based on an <LI'I'HJ<L".ll to 

YUi:"'lIU'" ""." ... ",,,'"',, one would want to take SDL 

to ,","'UII"" In the 

context of issue we examine ways of teDt1p()ral and "''''I''U'tiLlI!!!'', 

to communication pf()tocOl "'1J'~"UI'''''''LlUIl!'''. 

II Pieter 

and his \"UlJ."a.!",UI~" at the of "Y''',",l.U,",'~'l\Jll'' are 

the same in 

executed. both tools the to no"rtnrrn remains 

aef,CrJlpt:lon .C,,·llUH.jlLC and does it does not affect the 

not _~"~ •. .- FDT used. a simulation of a "1"'\..U1",U in SDL 

in to derive perta,rrrlarlce measures. 

a way of uU"YP"u5 chang;illg; the 

process 

"nn1"'''''''''' a 1"\1", ... 1".("\,('("\1 

of 

execution and 

is with environmental constraints. 

Once a rnr,nrltpr! relative execution values are """0"5"10"" to 

17 
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each block while the processes within a 

which is done a 

are 

is 

The ass:lg[lmc~nt of these 

to C>llJLLUI,CL"JLUJ<, the model 

comment 

The units of the execution are actions per time unit ....... ' ......... '" the number of 

actions each process can execute process action once scheduled is Cle'terml,neCl 

its In this way is maintained simulation is advanced 

either when process instances have ex,nal11st;ea their action or process instances are 

all At each of the simulation are 

each process ... e'""",1\,,<:; 

to the semantics time when "'U''''''U''''U''J<, 

enhances the standard semantics of SDL assummg that ",u,,.,,,,,,, over channels 

and may be lost with a certain UHJU'''U' .. 

In "SDL Performance 

simulator. In the 

directives can be 

behaviour such as actions. extensions for ne>rTn,rTTI 

ment the standard SDL 

directives are in comment 

Roux ,,,,;;,,,,,'U'C;" the per-

attached to low-level 

in SDL com-

",,,,/.Il'I".HI and 

Priorities can 

be ....,",."'.,"'"' .... to each SDL process in execution ,,\,; •• 'tJU,UUll~ n,.,,,t,,,,.,,,.,,..,,, us-

nr1Inr'lT:v directives <WO,U\,;JIV. 

actions rather than transitions 

with processes. can be associated with 

contains a 

eX})ODlenlGlal and distribution 

normal. 

CL!L,U'Llt:! which is uniform 

simulation measurements are not 

to save memory usage preserve the of the simulator. It is to note 

that with Uf.L:./U'JLJ to the extensions to the SDL are used in 

em,,.,n,,,,,, and hence the models still conform to the Z.100 

M. n """".'''',." of the 

'tJU.1Ul.", •• U!'> the environment and not 

18 
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directives as is done in other "' .... ''',.r'''{''''',,, In other words a 

Users can ,n",''''!V be simulated on virtual nn:ra71m.1CP. 

processor 

case of communication 

l .. '-'U'U"'.V,,, and '-''''"UlU'' .• 

IJU.y"' ..... c .. transmission AU ... "",,,, 

are used. 

MSCs with time constraints serve as the workload 

constraints are set in MSC 

pl{!miem;aJ;IOn can 

In the 

These 

In 

user can insert into the SDL do not with 

the semantics the SPE)CltICatlOltl. These can be COlllle~ctE)d to any SDL to 

which an can be attached. Time have a name, id and time 

eXT)re!lSicln as In effect these values that are traced and 

hence of interest in the which "'U'.,,"a..'UH runs. 

1VLJU'1VL....,,,V' aP1DrClacltJ.. U'vV"'IV""'U by Bruno and his 

.c .... !', ... "'!','" is "'''''''''''H''''''''''', 

Implements an apt)rollcn to SDL-based ""'OT't",.,.,., 

evaluation aimed at U"<UH.U1l'> estimates of 

A is "".",1'1'" enc:lOs:mg the cornplete 

which the characteristics of the environment are described by 

Environmental characteristics ... " .............. '" J to the 

as pn)Ce!,Slllg channel bandwidth and buffer space are SpE3ciiied by 

user, in QU"U."VU to traffic and workload models. The :::;jJiL-spE~cijtic~tti(m with 

a 

ovnlr' ..... '1",.".., via or exhaustive <>v·nlr, ... ",t:,,.,,n 

state space 

~",.I"",'m perforrnallce is 

response time and utilization. 

""",,,1·,,,.., which has for each sym­

ameters that bol. An SDL process is a 

can be ",,"U'-,A.,,','CU with a machine a name, server HU ..... J"'. service ____ ....... _._ 

values. Each 

7PIl"II.'-"'. instruction is time LU1LH"U,u,Ul>'. a service amount attribute an op-

In this way time durations the use of resources can be with 

certain actions. For workload ra(~tens,atlon, a number distribution functions 
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are nT"""", "rt functions would be used in load which are Impl{lm'en1;ed as 

processes. 

In 11VLU.I..l'LJ Martins et. al. introduce £J:£tr::'1,£Ur::U of which is a 

delay clauses associated with transitions. 

Process­

such 

a are eXleCln;e,a unnleClla1,el'y which execution is sID>D€mdled for the Sp{lCltLed 

Unreliable communication can modelled 

substructure. 

With the 

can be "1"_""'''''''' 

an associated "m,,",p,n 

J.li\JU';;J.liUK buffer size. In 

a process 

each queue has 

process is viewed as a server which is characterized 

its service durations which are "P''''''''';;U clauses in transitions. is 

en'lI'lr'orumentl!l.l interaction channels. 

Each LV<"U""'J spE~citied Extended Finite State Machine is ••• ~.>",.._~ to a com­

bination of a model and a U.v'CAv.,,!', network. 

cOllg{lstllon of "LULl"'1>"'" ,..",n"".,r." to restricted resources. 

Tool 

describes the 

models are < .. <l.uu.'''"''J 

models and then executed. 

is an annotated version of SDL that allows for the non-

functional Such constraints include resource constaints and 

hardware lUi:l.JJIJUlll!. prUI)OSaus The annotations are embedded in SDL comment sym-

use of for "1',,,,,, ... ,,.,,,,.< ...... 

annotations are l,;!il~j.ut:U into five classes "~'''-.J Uli:LJJJ.IUl!<" resource re-

lrelme:nts and cost classes. The main contribution of 

a for the of non-functional comment 

an eXlunple of the SP()Clllca.tlon of a resource reclui!'erntenlcs 

channel bandwidth be the directive: bandwidth of channel 

cl is 200 the user the 

to <In,,",''HV both and duration ... liT'",,,,l-;,,,,,, 
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Timed F. Bause and P. to 

transitions. transition of a process has a time I'",.~u.,,,,u and 

mC)GlnCl:l.tH)nS to the are for this purpose. U""U''''-"ilo'''UJ.U> 

""'."U'-,'" constructs for av'n ... £""" 

the 

the 

transition time 

queue and state 

<wu,,,,.,,v .. of np'rf"rrn 

flow out a state. 

an extension to 

In the ____ . __ " _._v~ 

transition execution transition execution rates 

constructs are nr"";lipr! 

such constructs is to a process. The motivation 

metrics such as Dr()tocol "u,vu,,,.uu the 

serves as an !!L""'U,"''''''' to the 

time in 

network simulator. 

is addressed in the context 

simulation. Instead all'vanlClrte: when all queues as occurs 

in the time can advance at every action n£)'rtn,l"rr.a('f process. In 

and not order to reduce timed-transitions can be OJ."''''''''''''' 

state are the atomic units and are called sub-transitions. 

execution time IJ"'J,'V'''', may be associated with each 

sub-transition. used statistic 

transitions. Probes can be used variable values and can be 1',ln"'_'~t 

These are discrete simulation trace events. 

7 

In this section we have examined D!j!~"ll", n."'.HUJ..:JUrL and UML. In terms of 

in real-time 

this V"J"'"v'''~''' is ",n,,,n'pr! nv' ...... UHO tea,chilllg material and We examined 

the semantics of time as """",A"";"" as well as the deficiencies in these semantics when 

one is .... v."u ...... evaluation. In our examination 

that each aD1DrC)RCh enhances the semantic time model of and that 

we saw 

process 

means of ''',",'''''<;;;'''''''1'. ..... ,,, •• ,v ... , ... uunLUCill constraints. 
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1 

In 

terms. That 

of any 

we examine the use of 

we examine 

not nec:essaJ communication pe:rtormam~e is of 

intention is not to examine the ,.,." ... tn,rrrl<H'N> 

taken in 

abstractions 

We 

stractions used in 111'''oIJIJ11l.1t.. 

simulation models and Petri-net ... \.,u.v.", 

used. We then 

tion software 

an 

use of 

The final 

the use of 

that we examine in this \,;11<Ll-HI1::1 

PeJrlOl:mlUlc:e. and Time IJP'I::\,;1Jll\,;C' •• UIH 

'''''''''0'''''''' and features in 

a survey of the ab-

2.0 for automated communica-

are efforts the 

for the use of 

1:I.IS~)eCIL:S of real-time ",.,"TO,,.....,,, 

We VO::i:jL.",c.LO:: the model pr()CE~sslng l:l.IJIJHJa.UU advocated in •• " ....... '" ... which use of 

1 UML means UML version 1.x and roulghc)ut this chapter. 
2The meaning of a UML is examined in the l'>.l'l'",m"",,,, 
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the XML Metadata ..... '-."uo. .... """ stallOrurd in "'''',..'Fum 3.5.3. 

1.x 

Here we mention various some which are that 

in UML l.x and on the creation UML 2.0 standard. Note is is 

introduction scope of to detail UML l.x or UML a 

to UML 2.0 is in APlpenolX 

Real-time Constraints and t-"1",nn,P1"TH"'" 

was as a O'''T\.,rl~.I_T\l1rn""" H.1UU'OUiJlJ<. and as such real-time m01ummg; 

constructs were not 

recent of 

Time 

to and 

time related COllC€:ot. In o.u, ......... v .. , 

In an effort to allow 

"""I.-'I-'""U the XML Model 

as J:"O~'elalon. save UML mCloelS 

Rational 

in UML l.x 

has been extensive in this 

has not been 

UML-RT was 

for UML 2.0. 

standard UML l.x has the Time data as its 

out that a 

cOIlceots are 

as can be found in the UML 2.0 

exist. 

"u.~JI-".''''U by different the 

UML lUUU'VLJ'."O 

XMI as their native format a 

different vendors exist and this is 

version of .n.~"J..LIJlV.LU.V"'1 

between XMI written 

Sh{)rt{:OIIllnl~s in 
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itself. It is "'Vl .. ",,..t,,,rl that with XMI 2.0 o"a~.u.:u the U""io""J'" U'"<:"."U,"'ll~~" 

has aOcLresseO the short COIlrlllll?;S of the earlier XMI 

tool vendors. 

Size 

as too and "U'''IJJlCA. This excessive size 

UML UU1.'\"U'!" to has jJU1.UL";U out that the best 

to start ,.",111",..'," 

,au5u'"5''' kernel would be the 

a concise and n",'",,,,," 

of the ,,,,,.u.!,>U''''!,>''' that is used 

of the time. 

The has grown in version however as a UML 2.0 has 

been modularized into a set of "' .... ,1. ... .,.' .. & ....... 1;,"'" In addition a ....... &u .. "'&" kernel 

Kernel paA~Kage) 

must be Impl€lm4snt;eO 

"The 

Model 

Dov Kori has 

in the 

tool vendors as a minimum """l1"""'yn",,nT 

the core llnJU<:;ULJl5 CCJnc:ep·ts 

[it] is the central of the 

that model .......... ]" .. ''' •. 1 is one the main 

occurs as a result and 

Kod states: 

which 

ofUML. 

agl>1;lOm€lrates nine U1<"0.,O,"1 also called or mCloelS 

to be a standard. But such a declaration cannot replace unification of 

the COIlcepts and sets associated with the lHUU"'''', removal 

the many "Uleu".!"".," entities and notions." [Dor02] 

The crux of Kod's ""!~,U'JU""" is that not one the 

nine UML models shows the two most pn)mllltmt """,r<>1rn a;sm~ct;s. U~''''~'.' structure 

and behaviour. He a model's behavior its structure "",,,,,,.,,1,, 

an architect's model has the added 

of inl-",,,..,·,hr maintenance among the """t-""rn various mCloels 

Kori states: that other may also have to be ,uU'uu,cu 
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"even with rnChr(mli~ed and pre-

""'Tlic • .,.cr the introduction of contradictions and mi.smlat'chEls in 

model be(~Orrle U.i:tUIILU.J<. tasks 

.... 'ou\.'ul".u the model '~"'U',","V' would may still exist in UML it can be 

said that architectural lll'-'Ut;;Uli"J<. """'I.J~'UU~L1t'" of have enhanced in 

the 2.0 standard. 

Non-standard InlpJenleIltaLti()ns 

to lU'-'Ut:UUJ'1<. tool vendor had UH.jJlt:.Ult;;HL"'U the 

1.1 or any years after the UML 1.1 

standard was released. is said to be a UUi,;ijUJ!t: ¥fi",nn,;'" 

to this and been defined in the UML 2.0 standard. 

mance J.V~V'l...lLI[JJ:;:' 

In order to allow a common is to map a 

models with formal semantics. In this section we of 

survey work in UML models are to pe:rfo:rman(~e UIUU.t:l". 

In 

with "'''l''t",,'rT1'1 

a ""'U"lttL1UU 

UML Lx to software tools 

information and then rrI<,nT,ari to 

models are enhanced 

In essence the £"00",1-""'", 

lU'-)Ut:UUl)'. tool and the Workbench. 

The model is stored in format and standard XML 

are used to extract the model data. An extractor tool and a reflector tool 

act as between the two aplpli(~ationB. The extractor takes the XMI file 

when a 

for the 

model is saved and converts it to the cOJ:reEmondJlng 

He"".""''' alg:orithrns" for models from 1.x 

state and vv""" •.• vu "",rr .. ",rr,,, that are used the extractor are Dr(~sented in 

The reflector takes file and the results returned from the 

algorithms are shown to be surprisingly complex. 
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Workbench and returns a mCIOUled XMI which is then into 

results with the model. 

,:"r~ .. rw,,,,..., a tool that translates a UML net-

work ,un·>iTT.'" are used in order to obtain resource usage 

estimates. The 

interaction \ ... ,"1'. ...... " 

used are use cases, to model the class OlIlLgrl'tms, 

';"'''''''''''''''' and collaboration and de-

The focus of of a set of rules to deal with 

some of the which can be ",,,, ... ,,, ... r,,,,., when 

with UML. 

and Mirandola U","CLL.':o<, net-

work model from Performance validation consists of 

two distinct model gelleratl.on evaluation 

classical solution ."',",UllJl\., that can be used 

who are not "vy,,,,.1r,,, in the SOJutllon Lt:,",ll111ll-l 

the VUAU",,'''.V, .. , is not "'1T~nr'rH'n 

that allow software 

describe a .. n,,,U'JU\JlUj,,,'"'''''' 

of U"'Ul"'UJ.!<. network .. L""U""" 

are used to derive 

formance models from UML 

a "H.nnlna from 

cess 

.VL .... """'" model. Cortellessa and 

"."'.u(J'" ..... and automatic :o<,"".''''''''LI.VU 

In their mE~tnoOIOlOlgy Use 

are used to derive an Execution 

"'"'''O.IV''''''''''' two 'U~lnrr',." 

The first 

per­

the hard 

to a standard formalism such as a pro­

the translation ... "'" ... "'''',,, ... 

models. The second "nnrr",u" 

h"i'uT<'"n the software "C'"F.''''''' 

of a set of UML 

notation. The <>nT,,.,,,,,,h is the use of as the communication 

medium between the two 

with a."''-'''''LVU''''' notation that 

grams as .... "',eA,,'u ... "''' for '''''''''''''''''',0' n",rtnr'" 

26 
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collaboration dlagra,ms with embedded statecharts and propose UML ex1Gen,sioIDS, naJnellv 

pr()b~tbablistic choice and stochastic imres1;igiate how cOIlce'pts described in the 

UML for scl1loo'ula,bility, pelrtolrm:anc:e and time may be best to the 

extensions of stochastic and pn)baLbil.istic choice. 

Berlllndi, L)OIllatlelli and propose the use of automatic translation 

of Statecharts and Se<luence Vl,agr'anlS into Generalized Petri nets and the cOlnposition 

of the net models. Both and Petri nets are used to be able 

to asses the between the two The central contribution of their 

work is to establish between and Statecharts to 

the UML metamodel. The evaluation in is of 

three the UML are extended with annotatioIlS 

secollidly the translation of the extended UML to labelled stochastic 

Petri net models and a final of the modules into a model 

reI)re:seIlltiIllg the whole SY!ltelm behavior. 

In Lindemann and extensions to state and ac1biv:ity di~tgraruLS 

are pro'po!!led that allow the association of events with eXI)Onen1;ially dist:ribut(~d and deter~ 

ministic Their contribution is an alg;orilthlm for state space gelleI'atilon that allows 

O~ll~Litl.U~;~U semi-Markov process. Their tool con-

taiIlS filters to commercial UML and that the 

diagrams can be im])orted into their tool and additional speciti(~ations added. 

.l..Jd.Vd.Z,L.<:t, (,Jularc)ni and Ventulli have taken the common aPl)ro:ach 

a UML into a formal notation. translate UML into TRlO 

first order state and to some extent class diabgrluns. 

The TRlO is then tested a tool which the tor:mality 

of TRlO. Their automatic translation tool takes as the XMI file a UML 

CASE parses it and rules to TRlO axioms. The XMI file must 

be edited in order to make it with the UML extensioIlS have defined. The 

Generalised Railroad was used to both test UML as a real-time 

spedfication lan,gwage and as a test-bed to the of their prclpo:sed apI>roELch. 

27 
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ware I"1,Ju . ., ..... J 

As we discussed in .... oc;'_HU'U 

for the telecommunication 

.~ ...... ~.~"V yet tool vendors 

~lE~lO~~lC, work around the UH/..,"" .... 

the 

with 

"""'"'V.""" Telecommunication Union Recommendation Z.109 "SDL Combined 

2.0. Z.109 is a it 

constraints and notational elements. Z.109 defines a one-to-one 

ma,pping between a "p.,.., ...... ","'u 

Z.109 is hn'OO'P,,,pr not to use the 

with the UU!-'U"UL.,VU 

and SDL. In 

instead of 

that not every 

"The intention with 

but to use SDL combined 

in SDL has a to 

The reason Z.109 was ,..r""A.t.~>t1 in 

and and to be able to take 

is due to the core differences between 

str~:mg:tns of the res:pe1cti're '"'''F>U''''f,''''' 

offers the more concise and "", .. .vUUl.Y it is a rnTn.'rll'pfP !U1\WUUQIt:. 

When we say is more we are rpf,prr'in to vU"U'""5 several views of the 

same while SDL focuses on the and State Machine views of a svstentl. When 

we mean that it we say SDL is a ~~ ........ ~ 

execution semantics AU"'''''''''';;''', g:ra]:>UIICRl f'tpvT.l"A I grammars and a 

SPE3Clltlcaitlcm of actions. In contrast to SDL 

semantics with may variation 

.... "' •. OC;.v'j<,." has created a 2.0 I.IJ'J.V .... , Im:plementE~a in 

their Tau Generation 2.1 tool. It is based on a combination of draft 2.0 standard 

SPElCltlcaltlOllS and to be consistent with 

The Profile 

Here we mention of the Tau Generation 2.1 

in the broader context of real-time de1{elc)plneltlt 

note that it is not a but rather a n .... lynrlP't," .... " 

for IJP'''''U'''''''"AVU. In fact Tau 

associated non-~Itand:ard "UML Textual ,..."nu.v" which "is based on 

be more easy to use for and Java prc)grla.mmers" 

Profile 

' ...... ·nrn·1-o'n1" to 

Profile 

';pr,p,.,.t"ll>rl 2.1 has an 

but modified to 

is used in eXl;erltlaI 

text and in Tau SUIJpClnS model "",·,n"" and 

28 
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code itis ovy,,,,,tt>rl that have 

based on since UML does not have such a 

It is also that V~',"""J"~'''' real-time UML tool 

Rational have not taken the "'v'vAV",A" "nn ... (~"r·11 of "V"""'''W'''o 

author of numerous books on real-time 

of the risks of methods. 

A method locks the vUI~U'vv' 

Textual .... ""h.v" 

as mentioned in 3.2. 

L-J...IVl<'.A and 

and UML in a nr(~nr,,,t"rv 

has 

no available reference train-

tool which may, or 

may meet your needs. 

a final Tau-RT it is worth that makes no mention of 

its level of UML 2.0 V~~"Y~'~""V as in the UML 2.0 ::super'stl 

.LV''''V'''''' Tau does not the XMI 2.0 ""'''UI',"'' standard and it is 

that with the cor'poratlon of the n ... ".n ... ",,1: Tau-RT Profile is mini-

mal. 

we introduce UML-RT 

lUllctlCm with the 

meU'tlonJlnj:!; its 

Here 

intentions and the motivation for 

its creation. We discuss the core resource ... " ..... "' ..... ,!". in 

... ".u"' ..... ,!". in U""'_"'U'U 3.5.2. 

With the intention is for the definition of standard 

UML when "'L'U",,"""!". the .... a, " .... ".f and np·rfn.rrr'" 

The benefit of these standard f./W<1UJ'l".U'" 

• enable the construction of models that could be used to make UUd.W •• u,,1,L 

consortium consulted with various real-time domain experts 
Prof. Dorina Petriu James 
leton 

29 
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• .a."U'~,"'L'" communication of intent h";r"",,, ... in a standard way, 

• 

are createo 

of '" h!~"r:"'f'1C 

and 

a 

A 

in the 

level 

protoc,ol eltlglnee!rIDIj1; UI.llgllag~~8 such as SDL 

is notation. 

a intention is to modellers the to annotate 

a way that various will 

motivation 

notion 

domain. The 

creation SPE~clllca.tlclll was the lack 

and resources imlpedlim,ent to use of 

UML all the 

_,, __ •• _ mechanisms for aOOrElSSllllg these issues 

"n,,.,.,,,,,,. framework that "Qy,t-",." .. , the mechanisms to 

derive tenlP(lraJ t::J<:.':I..! Ul1"""'" of the SPElCULC anHJlVSIS 

method used, This frQ,Tn"UU'Irl< has a 0"'''<''''''''' np71P7'nI resource common 

model resources and at its core. 

The role the is to: 

• n".lnprn" that are T,,"~""''''~ in many rp.~Ll-I;,IIIle 

• by a common L""UUUV'V",:f cOllcentl11al framework for 

The peI'tormance 1l1VUt::lIUU!', 

section we mention 

in UML. 

characteristics, 

the nPrTn,TTn domain 

"",n"i ... ~ into these COIlcepts and 

sterecltY1JeS are £1""-,,,,,,,£1 from UVIAl"",U C4:m<:epts In this 

",,,,..\t>,,.~,, of the domain I'rWll't>'nT'" their reI)reI3en,tat 
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With UML-RT peItorma:nce 1.llVUClllU.IO occurs a 'IlP,-tm"l11,,'l,'Il./'P context spec-

Hies scenarios use of a "IJ'"'''''' set of resources. A ""o'rt" .. n; context may 

be a of time maximum processor is Each scenario 

context is into sequences are at the finest level 

of 5LO.UU"ew.. in the UML-RT and re,[>re:serLt an increment in the execu-

tion of a scenario. The level on 

it is acc:eplGOO that the level abstraction is 

that taken when Im'DlemEmtllIll!: 

nO'Ft"'Fn,,~nr'o context with scenarios 

from a 

includes 

a.U;""l''''''~ resources, prl)CE~ssjng resources, resources, "H"~'T'''f'T. V~J""Vu.u<>, open work-

UU\,.U<:lCUO:>. Each domain has a set 

to UML. attributes that can be associated with a 

tion "''''Jlua,LAU 

number of 

execution !.IH.IU<LUU! 

execu­

interval bel;w{~en TPy\Pt.·,t.lim and 

In --'r r---", 

"i.It'''lllC'' UML extensions in 

a list of associated Each instance in 

spec-

se-

fl1fJ.flrYl!rrl.R or 

scenarios. 

"t" ... "",h"~",, each of which 

ment would the "t.P"Pl1,tvy\P" detailed in the OjJ'~v""vO;~''''''' A 

the 

els. XMI l.x 

ofUML 

In the ~"".U ... <L"JlUll model pr()c~jmr~ 

31 
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is >"" •. , v'z ... " in context of a 

is used as the Dl-,mrecl;lOlllal interface 

h",i",,,,,,,3n the UML model editor processor. The un,,,,,,,,,, constructs a in a 

and annotates it with .... "'·ri",.,rTYl information """'n,'rt>£1 

processor. processor converts the UML to a domain the 

domain model and then returns the results of the 

The most UML-RT is that the process 

is automated and all the of the model prC)Ce!lsm.g is user. A detailed 

In this '"'''<01-'0''''' our aim was to 

2.0 and to 

is in 

into how could be 

into how one could map a UML 

to a simulation model. In other ",.,ni"",r,.,,,,,, with the UML model 

annotation and the UML model to no,.i""·r ..... ",,,,·o model translation processes. We have also 

LU\IO::<:>HJ:,I:I."t:U the use of in 

2.0 

context of the aims of this dissertation. 

and 

From our ""'iO'I'.GOI'V" in Section 3.3 no common set annotations 

as an 

cases. The lack of 11n;,fnrTYl annotations and 

tools in most 

I"''''r'''m~ that we found in ..."".0.'-"" 

3.3 is one of the '''''1'''''''"'' the "'1-"O'-'u ...... ,,'O.,,' .. aims to aO,OrE)SS. 

Model to Performance .LV.l',",Y',,,, Conversion 

In Section 3.3 we to from .u\., .... <;;"" to pelrfolrmlan<::e 

meth()Oc)lo~~les for mod-

els PTY1iPr,yprl and of these the most common <In·n .. ,,,,,,,'n 

int,er(~hRmQ'e format. The work done in to 

of the UML-RT spe,clhcatlOn in both an extractor model 
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to model r(\T1VP,'tpr and 

are built in to 

............ -, ....... Abstraction 

With the intention was to 

to 

we use UML 2.0 combined with 

for. 

a.lllg;mneltlt is '-'Vl.UP''''.''' 

does nrr"nrlp n,'\wP'vpr 

combined with 

llllj'UO;:;UULI', is 

lnt:pO"'A.t:,,,,,, the with the 

and the 

caters 

level of abstraction than nrn,tnt'nl 

2.0 with 

it with UML 2.0 and as such 

What the U.lVAu-.I.1C-L 

we could annotate our models 2.0 

ensures 

process. 
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1 

The .... "'· .. t ..... ,.TYI,,,'" evaluation of a communication is a process 

UVLU"I.l''''.''''''UU. In this u.u.v"", we focus on n",,.t,,.,.1T\ 

tion models. More or€:cisel we examine the use of pr~)c€~s- event simulation 

when "";U'''HUF, communication state machines. We the 

1'""o, •.• VU of simulation for our purpose and do not refer to 

workload characterization. We motivate the use of " .... ,LA"',."""." .. 

n"""'t..,p·tpr,.,.",t.ir.n or 

..n, ... " .... u,", tech-

in our context rather 

than "A"""'"'''''''' in Section 4.2. We then discuss use of or()ce'ss-ba:sed 

event "U.! .... u."".,." .. models when execution of .... ,."tro.,.. ..... 1 

SPC3ClltlCa.tlcln Ul'UF.",o,l .. "''' in Section 4.3. We discuss the 

validation in the context of simulation in Section 4.4. 

"'U".<;ill'''' in Section 

verification and 

we detail our simulation 

and select the Simmcast simulation framework for use in 

construction of our tool. 
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In contrast to as 

are G"'I'.VU~!HU1\.. abstractions that rep'resent the behaviour 

Some 

and 

• 

• 

in " .. , .• ~."'v.v .. is pnaeI:UUU:l to 

DS1[;rStCt:IOI1S and aSiSUlrn]:n are not 

a 

executed. 

• size the state space an model is too to be 

stored. 

situation in which "'''''U'.'''"'.Vll is n .. c.t;:'rr",'; is the of abstraction and 

""'<,Ull.lI.n,'VA'" in mClde.lsisnotannN~nl·,alrO 

in inter-event times are vAIi'V'J"C;L'~J<"''y can be 

is of interest. which gen-

"'v~~T.",·m'" where either a state is never reached or transient behaviour is of In 

case of communication nr'~l"n,"nIIQ is of interest since resources, 

such a buffer space, may be exhausted 

"'"LVVJU."" situation in 

,",VJ'U;"""'"'' state space of 

to readllmg a 
nr,>to1r",rI is 

.v~IUJ.JL"'U in most cases 

state space is 

and entire state space is not stored. 

state. 

1 A comprehensive discussion of when simulation is appropriate can be found in 
2In some cases transient solutions are possible analytically 

35 
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in 2, we saw that process 

extended state l!!C''';''.l!!'''' 

with COlffiIlD.UlD.icati.ng state machines can be 

event ",,,IUl,,,.,'VU. 

the state 

as 

behaviour is co!mrno:nl:y "IJ"\.,Ul"'U 

messages. A described 

discrete 

\""'''''1<.''' at instants in time and the event 

considered at these . In the case communication the n.<,,, ... >i"o 

events tend to be A contains pr()tocO! 

data or service data or timer data 

When one COJD.sl,del:S nrn,'''''''''''_ discrete event UIC'.""I, as to discrete-

event "l".lUl''''"''JU, the future event list the "U'''Ula.,v .. contains processes. 

The order in the is n01""''''''''' next event in the event sequences 

the processes. Each process of control and "p,',<"r>,.."" 

event notices and The simulation clock nr(\('P,'" which controls 

the """'UlG'.'V'U t,r,."",.r"'THT the event 

simulation time and 

execution. 

U ... , .. u'u programs are "p"pr,,,,, 

the event notice with the smallest 

'''''''P ..... .T.'''·£1 the event the 

anyone of a llU'LUU'Cl 

to 

is ITP"P"'" 

a simulation P""'-"'"I'o"', 

hidden from the modeller's view. That processes ;:)UJ'<:;uu,<:;u on the FEL and 

whenever face \.,GU".U!') one process to teIlD.P()r 

its execution while another process pn)c€:eds. is not visible to the user 

The lllUIU"'.""" a have both a basic 

the " ..... '''0·'''''''' and a detailed Ull' .. <:;.,"."'l1U.IU!') of hidden rules of of the simulation 

the no· .. tnrrrl metrics extracted from a n",· .. tnrrrl 

model will be if the model is a the real 

36 



Univ
ers

ity
 of

  C
ap

e T
ow

n

the notion nrll'>nT'p~ from we define it 

to of 

the real 

U","UU.AUll involves some abstraction in order to make 'U'H.'V""'" 

tractable and "'AU'''A''''''. 

validation 

with to the real 

1. Verification: determine 

T'prlr"""'"'t" the real 

2. all,da1GlOII1: determine 

.. .u,".',''''A the works 

rprlrA~,pnlt~ the 

In this work discrete event simulation is 

are SPElCltlC to " .. J ....... ,a. •• ,uu AU"'''',"'''''I<. some of 

ver'Inc:atlon. These techllllquies are: 

.. 
behaves as AY1-'P('t:Prl 

coupled with a set of 

a is 

of it 

can be used for 

n1l'tr\11t" are included 

.. Structured the modeller '""" ..... a. .. "" the model to 

in the process may 

.. 
made more "VA"P,'''A 

.. 
ministic values can 

.. 
uta,u ... ' lUlU and is most 

means . 

""' .. '0 .... 1." of the can 

is rMhu'pn to its minimal 

'''''"''p'""",,,, model is correct. 

modellers to see the model is 

to ." .... """,,.,, of 

behaviour and 

deter-

are in !""un".'!!l)/.. incorrect model 

......... ,'0 errors that 

.. Animation l""'AA''''''~'''vu animation is a 

is also most 

other means. 

in .. nuu,'5 the loc:atllon errors that have 

list is sourced from and discussed comprehensively in 
example program crashes or erroneous output. 

37 
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• l!lU'Ut;,UU""'" errors can be uncovered when 

rl;fF"'r'~nt random number are shown to DrI)O\lce 

• 
different values. in values 

are an indication of error. 

• for model errors for 

and workload 

• that the model is 

is the same but An of 

a would be to use two rate of a 

client. 

that should be considered when a the 

values values and conclusions. to 

model measurements and 

such as Markovian 

The use 

aims 

in 

OlljllUjlit:l.LjLVU software forms a 

One our 

a nl'{~t"hrr'<> tool \J"~'o.IJJ'" 

translate from a UML 2.0 

of 

aims was to 

as we 

lv<>rln,Q' a set of trace messages 

The tool 

in our 

found 

model in which the characteristics of the 

1':1> "'""PIIV assessable 

environment are rel)reSeIlted 

Profile ..:IUUt;'''WGLU1!lL':h Performance and 

first is to rlot'o .... n .... o the most suitable 

simulation The is to rI",t'",,.rm 

38 
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the to lU"IU .. "" are 

our in mind we review n""h.,.,..,rlr simulation 

pitl.,~ru:t~"'i:j and select a suitable }JOI""""O'" use in our """rt,., ... "., tool. 

"UIUU',,,,,",,VU. software falls into one These are 

purpose 

guages 

be 

Java 

simulation environments. 

area and animation 

pr(lgnlmlllllIlg lan­

Uld,HUU environments can 

mention very 

prclgrlllll[IllIlg "L .. O,Ua..o",,, alone. The 

nD'trD.nn simulation ""th.",,"o 

candidate may 

or may not have. For each simulation we we discuss the 

desirable criteria listed below. Note that we 

U'~iLH;L'" event simulation and some area "."ro .... , ..... ,. 

It is also to note that certain criteria are in conflict. For it is 

to use a simulation that is as as we must also consider 

the the simulation code and have limited resources . 

.. or", ""0 less 

deveJopmEmt resources manages memory 

e!tlcl~mt simulation and a '~"'b~'~b~ 

with a collector are in l'" •• n,,'. 

• Process-oriented ,,,,,, ... ,,,,t',,, Event It is clear that in our ~Yl"''''~ 

tion UVUU' .. 1 we are concerned 

we 

entities 

fJnr-cn,',f'H rl1., ...... "j-" event simulation 

" ..... l"'U'U .. "~ contains a central list of " ...... ''''UU1<O''.l 

an as!loC:Ial;ed !.JUI'''L'''' to a process 

in memory is llU:Ioll<.!'.<OU 

to deveJopmEmt resources. 

'-'''i''UL'~r 11) and Banks et. aI. 
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• Simulation .. n1ft:"" .... , .. since we will have to "''''UU.".""",,,,>u,y aXML-

into a simulation a "'u;u .. ,,"o lan-

guage or simulation pf()graIIlmllUg '~'b"~l:.~ is ... ",,.,,,;,",,,£"1 In the case of open-source 

would be to 

an "'U'UlL,IUl,'<W 

UUJl1W'"H,''' of rl1<!(',.,o1"", event simulation. 

• Cost and Technical !'oin ..... '.n .. '1':· free »",,,eu,,,,.,,u .. to academia and 

Free software may such software is since we have a I1",In",'" V'''~''~ •. 

have a cost however which comes in the form of a 

and 

• Animation 'lJi:1V""UlU our editor has animation ~-J"'-'"'' as 

• 

such 

would 

is not p..~.';P.'1I,T.Ul,L, animation in the perfa.rrrlaIlce model 

verification and validation. 

O'"",,,,,,,,,t.> simulation 

2.0 is a 7''T''l','I7''''1',...1I 'l"Pf"','I,'rP'I'1rl,P.ll 

we mean the 
able to (1'",.,,,, .. ,,,1',,, 

to extend the features of the simulation <!"ftul'!''''''' so that we are 

...... "" •• v .. Area .... l1, ..... 'n.·t 

state lU<>"",'''",,,,,, as is done in 

abstractions. In ",""rn,.,n" 

abstractions with 

finite 

have tuIlctllonal ""0""'11"U5 and 

is pro­

architectural and behavioural 

,W"U<',W",'u' in construct-

• Trace Routines: trace routines are verification and 

and the to add custom routines is 

• Statistical lGJ.1UI.Jll. number 0""""''''.''''''' and a 

distributions are The 

of random 
hnnn, .. h.nt, in 

mod-

• Protocol and Libraries: in lUU'UCUUlo a communication pro-

....... 'u".'" of ",;r""''''CI''ri service data unit and lower level 
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be 

• Wide User Base: ,,.JUl>u,,a."Vll 

is more to be correct. 

• 

• 
simulation runs 

of the 

• 

in terms of model 

a 

':""r1.,,,~ ... 1:1n'n· output 

In 

nr..·,'I,HI',mr. as it 

routines and 

automatic statistics 

of simulation programs and of 

,,."' .• u,,.,,, ..... runs, 

difficult to learn how to use and 

is a Dr4JCElSS'-orlerlte'Q, 

to use standard 

a student is 

~~b ~w 

andcostoptlnllZl~tlIJn . 

• ,;a"U"""Ult;; and execution 

fast execution and ettlcHmt 'U""U"'" as one 

OPNET ..... u'Ut;;.",. OPNET JI."'_U"UI'U!',',t;;", is said to be the I"auu"", 

IlllJ'U"U."'", environment 

of 

Defence. 
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is a simulation UA\"",,,UUA,,, environment nnlv •• n.n a """-, <>1:'\1 T<>""..",1t"""' com-

include 

editors are used to 

to academic res:eaJrch 

to 

The JU'8.phIICal 

software is free 

""'U<;,,,,,,,, at the process, 

node or ",rI,r1'T,{'In any 1'<>,.m;,r<>rl behaviour can be simulated C or 

in finite state machine transitions. 

that n1'."<rr·.,,.,,_ri, .... ,,.<>" construction or 'H£lfJJeC~',un 

Ethernet 

finite state machines open source code. In 

n1"'T"I'''1 pr<)gr'snlIllHlg with nun<1:reClS 

total openness 

are 

various network 

libraries and mo-

advertises itself as the most and enlCulllt 

Unisinos Simmcast 

at Unisinos 

awt:-iimV simulation 

UO:;'VO:;llJI.J1HI<, discrete event pf()C(~SS-

is a simulation that 

at the l"r."",·~",."nl- of 

and is a set of Java pa<;ka;ges 

::iir.nm,Cal3t is open-source software and as an nn'''''T'T' the 

::;lIlnm,Cal,t pro­

"1.J<O'''''','''_',1 des1lgnEld to be 

of discrete event "UJLlUJ'a.~'LVU software COIlcepts 

vides blocks and 

to 

according to 

multicast Df{)toICOl unicast n .... "!l-r."n simulation. An 

the features of JavaSim are provided by Simmcast we do not review JavaSim ~",,,,,,-,.,,t,,,lv 
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a set of network timer communication 

With Simmcast are 

group, are connected 

such as 

In ",,-,,un,'v •. ', a and is used to 

are 

trace results Simmcast is not 

With to Simmcast is 

to be simple to use and extend. 

is an open-source ",U' ... U1CI.LIUU environment with its prlllIll:!.ry a.VJtJ1HA:n.1Ull 

the simulation of communication nAt:wn, ... "", and Pf(ltOCOI.S. It is 

SCl~9ntmc and industrial communities. 

ronments and is "",,,n,nrt'oli 

and then assembled into 

"UJLlU,.a.~J'uu kernel can be embedded into 

and extensive 

execution 

can 

network ~Ul-'U"JF..Y 

a 

can be used with 

are connected 

modules. with :::ilIlnmcas 

vector 

<lnt1""''' .... ., that can 

envi-

'U~'U-"",v,,,,.lan-

tool, simulation 

or finite state 

is either 

bit error rate and data rate. for the SP(}Clllca,tlO>ll of 

a macros and an Tn,"\"",·1"", ... 1"I" these 

offers a few pr()tocol U!U'U"".". cannot [Var04] t"nn~n",:t", 

selection offered commercial tools such as OPNET. 

communication are the cOlffiIlllu:nity and ....... u ... " 

<:)HIlm<:asL takes an almost identical approach. 
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a lU\.'U1Jl1"Y an IPv6 "',..' .. 1',., .... ,.,1 Peer-to-Peer 

"' .. " .. " .... ". u,,' .... ~,.u, and the 

n"iru1l~"1<" reseal,ch with an "'UJ'LI"''''''I''' on 

pn)tocOI.S. A slgmlllcrunt amount of research 

conducted on itself and in addition in when ex-

enlrrarlcelmentsto iSlm:plementE~ 

"'''"r~nn.,t . .,,.;:: and cOIl1igura,ti 

in 

node creation and network 

have a fact that it is open-source and 

with network which mimic socket APIs. It Seems 

can be extended to ,..,y,,.,,,,,,,y,T 

SPElcltled using Nodes and Links. 

OTcl. node has an ""u:un""", 

does not have 

4.5.4 

and the cornpcme:nts of 

finite state machine 

have been V"".'U(~LC'J.. 

and runs on """'Cl'''' 
on various vtl. • .;.t\.l:I.;~C" 

network OLU."""'''VU 

are written 

may 

used in 

U1U.!.ILlIVll of network 

API 

is 

identifier and 

as is the case with 

J>'U.UV,," all variants of 

and 

In section we have examined both commercial and open-source discrete event simulation 

software. was the extent to a set 
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of re()UlrernCllts were a on the soltwlare fOXIGf:'YI!,aa,[}uu'IJ and U/.IltJ£O(,Ubl'UI£ 

ap'prc)ac.h to the evaluation of the simulation 1-'0.'_"",",,,,"'0 is 

and would 

1-'0.'-""'"''''''''' in our context. 

An ,rn'n""I'<l1nl' CIDnf>I<l'Cra,tlcm 

in this 

simulation model. In other 

.. "'."'."'"" from a UML 2.0 ",,.,,.1'1""" 

one of our aims 

eCl:llcfLtlcm to a 

the .,.r,rwr,,'''' a UML 2.0 editor. 

eration was an open-source solution has the benefit of nth'TiT'''' 

to learn about ce~iS-I)~ie(] discrete event simulation 

With the above mentllDnE!G rEXju.irements considerations in mind we v"",: ...... ><:;u 

When ("',."",.,." ... ,,, and 

which are vVl,"""v' it is clear that re(luirernCllts to a .... r"'Qt.>r 

extent in 

sive 

finite state machine 

the SPC!ClDlcat,lOn of 

since with the version 

ofUML 

In our open-source ""JLAU-',a.'"v" I-'''''J'''''',,",'''' and were 

shown to be suitable for our purposes, 

academic user base and thus a far crrr."t.>r 

had the benefit of .,.rnMlr •• n 

associated API. 

model libraries. 

spelClflcatlcm of FSM an 

In IN''''''''''''''''', to use nfL'rncus/, as the most suitable since 

it met what we LUl,lOl'Li'''.t;U to be our most IrelmemS to the greatest 

Simmcast had benefits of relative OUJJ.VJ~L!lu.y a of~YJ~''''_ 

open-source and In "",-,'un,.v •• , 

view. Even 

execution v ... L ..... ~ .. ".1 

ment"'.u .... "' ...... 1 re<lwrernelns when 

in memory ali()Ca,tlo,n 

are of concern. In a similar 
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with 1'.1t;!;tL't:I aeVElI01)m<ent resources and may more attractive 

In this VLJeUIJ'Lt:l C""II'.ULCU a number of A.<lr.p('lt~ r.ega.rdmg the use of simulation 

to nr<>l1"~f: communication motivated the use of simulation 

than U.L"U'IC,.u.u.'ol in our context and the use 

on)ce:ss-ba:sea discrete event simulation to execution. The use of simulation 

was found to be when 

\Ill are not or"",,,nn,,, 

\Ill the transient 

\Ill the size of the state space 'U'""UC.UHJ"" is too to be stored. 

In our 

that 

from the 

a basic 

into the use of discrete event we saw 

""'''''''0'''' must be used with care since the pr()Ce:SS-ltntl~r 

h""·"t.,,·,,, modellers must have both 

discrete event a 

of the simulation !J(1,\.;.t\.I:I,,If,t:. 

We then ""'"",'u1!".,,,,"";,,, model verification and validation. 

tive when in pe:rIOrman,~e U'V""U.u.,"" in this work we take the tool builder n<>1F"' .... "',..t-

than the tool user concern is with 

rather 

verifi-

cation in the ~<>{'hrm 4.4. we reviewed 

and open-source network oU"-'U'",,"'VU p""'-"""o .... " and selected :::innrrlcast as our 
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1 

In 

• 

we and \.u"""w,,, the 

architecture. 

communication !'lV~,tp1m!'l 

spElcltied with some Formal 

nication t::Uj",lUt::t:a 

for the purpose. 

semantic time and 

seen in 

of telecommu­

.uAJJ.VJLJ.:JJ-In. have been the most IJVIJUJ.<:U 

the most obvious 

to ask is whether one can <U><'UI.'''" one or more UML to a norrn,rTn In 

has been unsuitable to restrictions 

as semantic variation 

ITU Recommendation tightEmed semantics and that 

are in 

COltlSldelratlOn in eve:loJ)m~3nt of a lU";.l1'JU'''V~''-Y en-

ide:ntilfying the roles of 2.0 1"''''';;Ul111<. process 

coverage of UML 2.0 is beyond our scope, "1T.'''''"Tn we do provide a brief introduction to the 
language in Appendix A. 
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and our mremleuts as ",o'II-'UJ.a""u in SectiDn 1.3. In <>11"I1t-." ... 

the means of """'''1''"'''''£1" nOltl-I1lln(3"tlcma 

formance U'~'U'''UlCl5, must be ,-,v,.,''',,.,,,, 

, which are essential in per-

In Section 5.2 we for 

the 

This 

related 

of communication Pf()tO'COLS UjJ"" ...... ' .... 

sources of influence. The first source of 

"''''''',,"'''"''''U in SectiDn in which to universal 

unJu<o ...... "" issues are addressed. The second source of influence is the 

2.0. 

is 

Profile for 

tool 

Performance and Time which advocates an XMI-based 

In Dur mE~tn.oa.oI()gy we therefore u,,,,.o..;w,,,, the construction of a 

model prC)Ce!lSmlg that uses the features of an extendable simulation 

Simmcast. 

We detail the semantic time model assDciated with in Section 5.3 and then 

the architecture Df in Section 5.4. In Dur discussion of the 

tool architecture we "1'1"''' .... 1'' an overview Simmcast as well as the extensions 

that are needed to Simmcast in Drder to make it suitable fDr Dur purpDse. 

5 

The mE~tnodIDIo!gy is for the AU''''''LU,'',,", verification and np'rtnrm evaluation of 

communication "OTHxr,n-P and is prE~seltlted in 2. In our 

was to "T"~rl1rv nrnf,nro,nl 

a minimal subset of 

the executable n<>'rtnl''I'Yl 

behaviour and characteristics 

subset of U.'~'5L'C""'" are translated to 

model while other nHU' ... >lTT." are used for 

and communication between The purpDse Df our mE~tnodIDlO'gy is to serve as a 

of how to go. about nl'l"\tn,rnl ""'''''''''' SlDel:Ill{;al;llOll and the "OJ" ....... ,,"" 

of llo.U-IUlllCl;UJlla constraints and <",r~"<>,n",~nt pel,folrmian<:e In au'un,Iu',I, our 

mE~tnoa,o!O,gy serves as a UO::'.'"<:;U in Section 1.3. 

In the we advocate the use of aClceIltea "'''",'''£"", '"''!',I11':''''' best 

sp,ecillcation of enviroumental in the pertormance enj;o;mleer:m 

" __ ... "'_, we consider both the features our chosen simulation framework and 

work where SDL is used as the ",Y,::I."u,,\.,a,.,u'11 ........ E,UY'n". 

~on.-functjona.1 duration constraints are used for aspects which are relevant in per-
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2: The the ,uU'U""."JU-
mance tool 

HE!qullrE~ments Definition 

The first is to establish the 

case 

as t::UJ,,,.,,'U.JL'y 

the communication cOlrnp,on.ent. In the 

available h""~t1'XT' .. ",rn"",t may be to use 

relnellts definition we Hl€,ntIIY- suitable 

network and aP1Pli(:atilon UML 2.0 use case and sequence 

could be used to aid un.ae:rStanICllIllj:!; but these are not used the 

simulation as can be seen in 

Architecture 

next is to use a combination of 

architecture. The use of 

2. 

2.0 class and architecture to 

""""U'o'rnQ for ...... ''''t'r .... n 

is recommended at this 

and their interfaces. 

The focus of this is to idemtitv the active classes 

for Comments documents could be used here. 
4We investigate patterns for protocol system, entity and behaviour "V.'''''U.<';''','UH in ".P.I""', .... A B. 
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In 

and 

has the 

to 

of both reduced 

cOI:lcUlrreIltly while 

and 

.nlc"rt" .... " as a contract, 

2.0 an interface is a ....... .:>0" .. "'. reIlre:seDltirlg a declaration of a set of 

a classifier such as a 

Hum .... ,."'" or 

When a class 1'\1",,,,,,1,,., an interface it carries out its 

""T:UU"" to clients of instances of the class. When a class an .nlc"'rt" .... '" it means 

that it needs the services ::iVt~\.;Ult;U in the interface in order to perlorm its function and fulfill 

its ...... I'> .. u'''.,.'''' to its clients. The notation introduced interface is a 

whilst the notation introduced for a ... ",..nilrM UUlerri:l,Ce 

the architecture ........... ,'J any 

a with connectors 

that are attached to Note that are the squares to which the 

n'f'{,Vlt1"n interfaces and connectors are l;I.t;l'l;I.cne.J.. serves the 

used to group an active HH,t::Ll<LU;'" and also as 

which the services of a 

duel purpose of 

interaction can be accessed. In 

the architectural view of an active class we want to be able to ~'"U''''nU''''' between behaviour 

is U"'J''''J<.''''~'''U to the class itself and 

to a square 

Behaviour '-' J.J'''' ..... u,~''''' 

mean that 

a behaviour 

as can be seen in 

the architectural spE~ciJica.tion we 

Im,pil~mentmg state machines 

I;I.U;St;T;!l.CJ;,IOIlt; derived from 

are handled the 

is reIlre!lenlted a state attached 

3. 

of active classes 

We use ::iV,:;\JU;l.U"",U communication 

4 a 

2.0 statechart UlCI.gHUll. Note that the .... "'l"'.U!".l .... Tau UML 

derived from is co:rnJ:llel;e the <U-.tTU1l''''''' is verified facilities 

Behavioural verification 

in our case 

Tau is done 

program 

which 

the UML model. The geIler;ate(i program is 

gelleI'atilng a C code executable 

with a run-time simulation 

automatic and manual execution simulation 

modes. The execution is controlled either via a user interface or a set of console 

commands, The result model execution can be as either a textual trace or sequence 
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pro):y:R,oullrigPeerProxy [1) (1 

3: spelcmcat,lOn with 2.0 

51 



Univ
ers

ity
 of

  C
ap

e T
ow

n

[ true [ false ] 

4: Behaviour Op~i"LU_...,a."LVll UML 2.0 
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Users are to monitor variable values and execution 

sessions. 

",,,,.,,,.uo'" has their execution tracer animation vpr'lnp~r_ This 

is not correct since are, in essence, sequence 

In other words ",.I\.,l1l:l.<<1' state space "" ..... 'C\''' .. aT is not nrr,vl(1<>rl 

and neither are m()a€:l-c~ne'cKlng; facilities as one when 

Scenario :o:;p,eClnc:at 

the software has been the Tau execution facilities the np'rTn'r_ 

mance commences. With annotations are 

U",'lU<::;U in 

tools such as commercial tools 

as we discussed in oJ"'I.,.lU'U such an when one wants 

a tool to be audience. 

""""""""1<. of the environment of 

communication and server, or peer, active classes 

their associated state machines. A collaboration is then drawn up 

a simulation scenario in combination with the statechart of 

workload. 

the "U',"U'~L 

network link characteristics bandwidth and 

ministic or rallO()Ill,IV 

as~;oClal;eo with active 

distributed. The network link and prC)Ce!lSlDlg 

scenario has been COllIl]::llel;eO the tool user 

which a ;,;t:lllUJLH11L;UllY simulation model is ITP.,PrHT,,·n 

and servers and also 

and may be 

pWraIlUeI,ers are 

from 

cOlrresp()n(iin.g trace messages that the simulator is able to ".t>T't>rJ~rt> 

the set of n"" .. t"rTn statistics that can be In 

of Lr8,cc,aU;LC events we use that are found in the 
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SPEX collaboration SPEX {1/1} 

il'lYMen:ESROSJV!enager 12 

perIRP: Routing 

5: Simulation scenario and workload SPE~ClllCa,t10,n 
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Hence the simulation model should be able to .,.".-.",."t" 

the of trace u"""""5~'" for some time 

1. .LVL~'''''<.n'-' M sent via Connector C from process PI to process P2 at time ti 

2. ln~""><.!<.'" M from process read process P2 at time ti 

3. un"'''''5'' M from process arrives in queue process P2 at time ti 

4. Process P created at time ti 

5. Process P 

6. message M from PI to P2 

7. Process P has transition state to state at time ti 

8. lV1t:~::;tLgt: M from process discarded process P at time ti 

9. Timer T set to duration d in process P at time ti 

10. Timer T reset in process P at time ti 

11. Timeout: Timer T in process P at time tj 

measures that can be calculated from the of simulation traces 

... v, .• ~a.uuu!<. the above llHJU~'VL'''U messages include the 

1. Mean queue this is the average time that a in the 

queue of a process. A mean queue time means that process response 

time may be too slow or that there are too many retransmission messages in the 

queue of a process as a result of the timeout the process too 

Trace messages 2, 3 and 8 are in the calculation of this statistic. 

2. Connector this is the on a connector and trace message 1 is 

used in its calculation. 

3. Mean and maximum queue The buffers of a communication are 

often process queues. A maximum queue indicates that 

the Trace messages 2, 3 and 8 are to calculate this 

statistic. 

brevity we use the term process instead of active class 
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4. Detection of queue overflows: queue is indicated trace message 6 and 

5. 

shows that the process' are too 

a state: this statistic shows how many times a state is and 

hence which program are with a 

may indicate process bottlenecks. Trace message 7 is used in the calculation of this 

statistic. 

6. Discarded ''''e;,UOLA<l may be process 

size or as a 

and 8 show 

sent to processes that no exist. Trace messages 6 

7. List states: Process' states that are never ..... 'k""''' .... dead 

8. 

however since simulation is not 

unreachable. Trace message 7 is 

it is not 

in aeterullIllllg 

time in a state for a ""11:,""'<4. This time 

the idle time a process and records how 

Trace message 7 is in its calculation. 

a process 

is 

states. 

shows 

9. lifetime of a process: This statistic is used in other statistical 

and uses trace messages 4 and 5. 

10. reset and ratios: The first ratio is that of the number of 

timeouts set to the number of timers It shows what timeouts 

were The second ratio is that of the number of timeouts in a queue to the 

number of timers set. It shows many timeout messages in the queue to be 

reset. Both ratios show WII.,!":'.I£.-:J timeouts in the are set at "U~'-Ul~~Hnu., values 

and are very in Trace messages 

9, 10 and 11 are used in the """"."'UJ,a~ •. v .. of the TrI<>nhnn,'t1 ratios. 

any results would to either the or transient be-

haviour of the and would be 'VV""'puv"u with confidence intervals. These measures 

would then ..... ,.r'TY>.~ .. the user to either ...... ,"" •• ,'" the simulation or the model 
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When UU,LlUJLU", ,",,,,,.ho,,.,,,,,,,.T,"''' LU,"'UCli:> UML 2.0 enhanced with the Z.109 

WSI.,eCI"iS into SDL 

tions has an associated semantic 

time model and means of 

mention how these .. v".-., ..... " 

non-functional duration constraints. Here we 

time related l>Qr.pr1~Q are rCl)r€lSelntElCI in 

The semantic time model is influenced the use of a tool 'n1""'c ... ·<>1", 

a simulation framework are used where deemed appro-

is similar to the which entails a 

''''''+'1-'''''1<. from SDL l1",~,r""n1""'lnQ constructs 

models. resources and to executable 

• 

• 

with communication is associated with 

1""'''''<'''[.'' that traverse network links. Such links an associated pf()p~~ga,tlclil 

with a random 

is sent across a network 

it reaches the 

a 

size attribute. In 

and 

is aPlDll€!O in two 

process. In the 

the bandwidth and a 

is and loss 

a 

before 

is 

with drawn from a random distribution. 

mll~HlTlQ can be 

Newcastle 

which Simmcast is based upon. In Section 2.6.2 we saw that the U.CJLU.J..I.01U'J..I of 

IlY1DeI:exponClltilEl.i, normal and 

distributions are used to model pr()p~~ga,tion 

time in the <1v'n",YTl'f' semantics of SDL is in ,,"',,"',,«""" that sense that it 

v11.:>1U.1<::1,,,, but does not how the Qv~'1"plm will execute in real time 

the Qv<.1:Plm execution is ot+""i'",rI this constraint I.uJLVJ.~>."",""'1 

distributions we O'I',J"O"''' the ,.hT'no.TI'i" SDL. 

l"roceslnng times: with we use 

framework to associate a ,~"'~.n':'T'.n and r'e(;e'£1UUI,Q with active vl.,.O"",,,, 

reader is encoUI'aged to re-visit the aims of this project, stated in Section 1.3, at this 
stage. Our was not to include all features in OUI' tool and associated semantic time model or 
to a novel semantic time model. We have used the features of the simulation framework 
in the proSPEX prototype, 

is a network simulation environment that is discussed in Chapter 4.5. 
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SPElcltled have their execution UIUILAI:;U the classes that have such 

values whenever a is sent and received. In other words 

use of random 

as 

associated with an active class is ,ptt'>I't:l,.,,p1 UU'I.JL'''U to 

the is deterministic 

The choice 

~pc~lu~a •• vuofprolp~~~:lon 

lU'U"' .. " is the same 

In our examination of we saw 

that .... "e .... '. v been re-

Mitschele-Thiel and in as is mentioned 

We saw that DrC)CeiSSlIlg transitions or entire 

1Pp'r.""'''' was to determine to what extent the 

current version 

in U".'IAV.uu"", p:rocessmg 

and also to use a tool 

we have used the features 

simulation framework in our initial nuwnTVT,t> 

• Execution modes: with execution modes we consider time passage in 

"""Tt>lm with no time With and 

are time and all non-time constrained actions are UU,U''''Ul'''.'''. 

of the 

actions 

• Time 

modelled 

on the external environment: with the environment is 

processes in which characteristics can be OVlnro.",,,,,rl time 

.... vu ....... vu is not reI=lreElenltea with and is con-

trolled the 

the process event sequences. The reIlrelsentat 

information could be COllSllleI'ea in future work. 

A overview of tool is shown in 6. With 

our intention was to create a and not a model editor since ae1{elC)D-

an editor would deviate the Tau G2 

model file format which was sufficient for our purposes, 

XML 2.0 file would been jJre1ler,!!.me, 
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since this would in allow any 

process 

as[)ec1ts into data structures 

6 code 

the 

extensions and \JUl"l1)~t:l:! 

to automated "",nTl"I'" 

2.0 to be used. we can see in 

"''''''''"'1'0''' Tau and '.""'''''UJ'j<, 

for simulation 

I':)e(:tlon 5.4.1 and then lGentllrj necessary 

u,"o'"'<;;'u in order 

m(ltllcoOIOiO'.e;y, to an eXl~CUltaOle N'T~",,,,""'nt,, 

We aimed to "'PT1PrJ.~P 

simulation 

resources, as 

of an v ..... ,'" "',U5 

(>n In rln (>1,,,,1 in u """ IJ' "", 

U''''''''UJ''. would 

used in '· ... '",.,H,'·''' environments 

"',"'clU ... "'''!:;U simulation tool ",,,,a,,,,,,, is not 

pn:l.CLICa'l, since the amount of resources GlSiDe:nS(lO in a ,...,.",,,,,,. would "PI,"'''·I, 

are combined to simulated 

group, net-environment. 

and stream. of 

.... VJ""O»u,, .. O at least one thread of eX(lcutioln, are 

int<>O"",. and 

fundamental ,nt:"'"<.(>t:,onO' entities and are 

co:nnect;eo via user extends the Node 

ex1teDlded class. 

munication and timer and are as an API. 

receive (a 1)!OICKlillg receive operaLticm 

receive setTimer and 

com­

to 

As mentioned above nodes are connected which may relJfeSeIlt a queue, 

a between two nodes. Hence and nodes 

is Ut:l.111";U h"1"'.,,.o1l'1 two nodes is fetJreSellted queue which 

holds messages in transit. 

loss value and a U1\JUtLl<.l:I,.,lU'l1 
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send() 

nodes in ~~.I~~~'" 

zero and loss 

7 

nri,rnl,th"t:> is used to send a 

This 

i and .u".u.",." pro(;es;smg 

receive() 

simmcast flow model with service times. 

in the same "La."", ... ,,, the bandwidth is set to lnti, .. "j'.o the 

zero. 

model of flow in Simmcast. When the 

from node i to j, the first is for a delay to be 

which is deterministic in uw ......... ""'" 

to a 

is a.oC'V ..... IOO 

the 

with node 

the 

The ""'l.lUlU/;; queue can be set to the 

unlimited "a.J"'a.~;u'y "I-I""U'" size. Once the in is at the head of the 

queue the , are used to calculate the .qp'l'l'.fl.1'r.1.n 

or time taken to be admitted to the I-IHJI-IC')<,"'."U'" queue. Note that the loss 

p and 

is 

to the admitted to the queue. 

The is virtual in that it is not instantiated in an actual 

, which is a value taken a 

once the simulation scheduler has scheduled it to 

be is inserted in the node queue, 

to the 

when the thread executes a receive 0 call. The simulator 

does all of the above the calls and receive 0 in the 

nodes. 

In order to allow the calculation metrics the Simmcast architecture 

... ..,. •. IIZ.·" different of into groups of event which are traceable 

events. Such events are considered to be when a is and from 

7 (sq, pq, rq and is a simulator queue used the 

events which are timer .,YI·llJ'lU. 

and associated event lli:lo.LlUILlH!!'>. of trace events can be 

since it a interface the TraceGenerator 

all the simulation events are .. .oy,,,,.'''''''' 

61 

cancel­

added to 

where 



Univ
ers

ity
 of

  C
ap

e T
ow

n

and also a of concerns" . a 

tOP'010~;Y and .. " .. nptp .. ., are in the 

in Java source is also used in 

we have seen in 4. 

In our case n""""""o1' UML 2.0 U''''Ol,<:OWIO are 

concerns, in which 

is maintained 

as 

spe!CmcatlOn of 

Tn ... 'nl''''"'' and "tort",n n,<:O"'''TnIPt'O'''Q The SPE~ClIlCa,tlOn of architecture and 

""1",""'''''' rlepl:es,enl~atlorlS "1f'''l,UlI''''''':! deSll~nE~d with communication FDTs with 

is ""'""Ipri(""l'" to a textual not any additional benefit 

file. of concerns" from a simulation np!,('rj,nt.j from the 

In drawback of the simulation 1'1"",,, ... ,,, .. 1-,1(""1,, file is that no 

for node creation is must be 

" ... <,,,,u,,<;U in the simulation dellcrilptiion file. We would thus have to 

"",,Tn,,' node creation into IJUUUll;~';:" •• 

We would therefore use an in which the simulation ... ""'rlrn:wOTI file is not 

we will "'''':''UF,"'' u, ... "', .. "'cwo so that OC1.1Cl,""CU from the simulation deflCrllptlion file. 

all "LOI-IO!()g;y information could be 0 ... '" ...... "''''' in the simulation main file. 

SDL Pid Expr«~ss:ion Hp'nll"I'·!'l;PTlt.JI'Il1tj( and Im:pnClt 

With each process has access to four Pid 

which are means of G,,,,."",;:" .. I,!", 11UPH\,;,'. process These expn~SSlOI1S are 

and Their lUCGU'LU!", is _ ....... ,,,._ the sender pY1nr~·",,"()n returns 

a Pid value which to the process this instance received its most recent 

We must allow for the use of these common and means of keE~ping track 

of these variables in the state machines that are In 

a.U'.11"'UU, the Pid be .1a.U"lGCCU 

in oJAlULA,l"'''' 

Another is With that we must 

is 1UO::'G11Jl11!", that it is not necessary to the 

is not 

architecture. necessary since the '-"""OHm,o",",u 

the send action. J.:./.JI.lJll,\';iL 

is 

In an 1!UplCaU'~ll',G.'LUU 

address a.""U,",lG',,,U 

and with IJHJU1U,\,;G;::o that is sent must have a network 

L1G11;:"l,G",,11!", from the 

level 

we must determllne 

'''OHG'I> .. ',O abstractions to a lower level oJU"'H',l"'''''' 
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Architecture eDre~lellltatIon and 

With ::;lIIlmc:ast set up in the simulation de-

our 

identlJtied the need to and 

main Java source file and not in a rl",.t"T'intjon 

for this purpose, we must encode the nn)J;OC01 

extension to UUJU.u.,,-,,,",,~. reason 

from 

"'l'r,u""l'n, ... " in 

node creation and termination. For eXIUllPle 

U":<uC"''''C we allow for 

a !v.I.C'll"',~"'J process, which spawns 

child processes may do the IUlJ,UWIU>< upon from a service access 

new 

to 

In the v.l\.,UUp'V 

then sends an 

a process creates a "e~ISlO>ll child process and 

to the child In our 

extension to some work 

statement is encountered. This would ,n"'ol.",, 

the new Session 

architecture 

det.en:nmmg the nodes to and from which had 

one 

record 

elllWCleU in some 

have to be created. that we have to ,",U,,,,,"UCl with ::;inlmc:ast 

if two nodes send messages to are "n",,,u',, 

direction of communication. we need to 

may messages to l'r.,,,t:,,,'" node and which nodes may receive 

messages from the created node. 

Trace Events 

mentioned in we aimed to extend u ... , .. "'"",""',,, to allow for the geluex'SJ;:IOll of a 

be 

In this 

first 

2.0 

set of trace events. Due to ........ , .... " .. ""'. nature of DJU.UUJ.,",<L!)~ extension should 

we have ... "',..' ....... 'e"',.. on the various and of the 

veIomnellt of a in which we identified 

process. In our m€ltn,odIDlO,gy 
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we recommendations both " ... ·Vlfll." work in which is 

used as the we discussed in and the UML Profile 

which we ~'.'V~~~~"U in 3.5. 

In our mEltnOQ'O!Olgy we used architecture state machine the spec-

ification of or()toicOiS the Spt~CHICI:l,tmIIl of annotated 

constraints. 

With the semantic time model we have used the our simulation 
to r<>1 .. r<>,"<>11t time related In this model communication 

is "",o,v"",,, with that traverse links. distributed 

transmission and a loss are In 

each node in the architecture has an ""'",V\.","".<'U ""!lUlU!,> 

annotations are an and 

In the architecture of the tool which was to realize 

our and semantic time model. We identified a set extensions to ..., ...... ,.v ... ,," 

that are needed in order to be able to the Java code that reJ)re:;;en,ts a 

These extensions included those for finite state repre-

selltatlon, the removal of the simulation Pid eX1)re:SSlC>D rl3present~ttlCm 

and lU.J,VJ.J,.., .. a.UU""""'Ul~ re])reSellltatlOn, architecture re])re~selllta,t1Cill and "'v',,''',,,,"'''''.,,'';,,, and 

necessary trace events. 
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Chapter 6 

The proSPEX Implementation 

0.1 Illtl'oducr.ion 

In th;, chapter we 'how how we addressed the prcSPEX in.pJementation issues and chru­

l"n~"", that &rise in mapping from TeleJogic UML 2.0 W ~ simulation nlOdel. Such chal_ 

lenge, include ways of repr"""ntinH .ignal "dd",>«inH. the ""coding of the protocol ,y,tem 

Ol"chit.ecture and stiitfo n13chines. In iI,dditirm, the proSPEX TIm filter and code generator 

implomentation. ~re di..,u"""'<l. 

With the proSPEX implcmenlO.tion we attempt to realize the proSPEX methodology 

and ""mantic time model mentioned in OUr aims and im'eStigated further earlier in Chapter 

5. TI,e proSPEX implementation hIlS three distinct parts which axe illustrated in Figure 8. 

The first part is the pmSPEX ..:teNio" to Simmcast in which means of representinH finite 

state mllChine" arcl!it!ICture, additional tr""" event., SDL addr"","ng and other a.'p""l. ar~ 

implemented. The oocond part is the proSPEX Tall fille,-, cooe generator ana associat_a 

t_mp/ates. While the third part i, a rudimentary proSPEX GUI. 

0.2 :''1appin)l; from Teldot';ir: u-r-..n, 2.0 to a Simulation Model 

with the proSPEX Ext.ensirm to SiUllllcast 

In Ibis SllCtion we discuss the illlplementalioo of those Simillcast extensions thaI we have 

id~ntilied as being necessary in order to map from a TeJelOilic UML 2.0 n.ooel to a simulation 

modeL Our approach was to extend SimmcMt ~nd then to hand_code the ESRO Invoke 

Service protocol (which we hi«! "P""ified u,;n~ Tftu G2. 1) using our exlensions 10 Simmcasl. 
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of our extensions to are contained in a Java 7Jaj~II:/J~m".. 

Note that in <:;A"<:;" ...... ,'j<, ::S:IIIllnclast, we have ptt'F'('tIVP (lP1ilPI,"lT''''/'1 an runtime S?Lf)'I'J()'rt 

.~'I1.·",""'f1. as described and Mlllle~r-(.I1oste'rm 

" The runtime '''"",n'1>rT the im-

",..,nn .. """" the for in-

terprc)ce:ss C()mmllmCa1GlOlrl, process and timers on the ""''''",,,,,~''''r''' 

... ri1'ni'~i"'3" of the virtual .u",,-,nun:; 

motivated earlier in this we identified the need to the simu-

lation file with pure Java method in a main file. We thus created 

a ProNetwork class which extends the Network class features used in 

1'('\T\nlr\O'V and 

The 1'w,rnOI"" attributes of class ProNetwork are a ProArchi tecture network link 

a 

The architecture is stored in the ProArchi tecture 

and other 

and is used in up 

lla..UU'~a.",;y created nodes and daemon The 

U'E>"~'U' which had been sent is used in 

in the level state chart. 

Most of the methods in the ProNetwork class exist to set up and 

The most 

ov(~rc()mmg one of the 

active classes 

instances 

of these methods is addSoftwareNode which is used in 

hm:tC()mllngS; the dynaml,cal1y create 

The method addSoftwareNode is used in ProNodeThread 

contained in state charts in is in ProNodeThread 

when a process spawns a child process. 

has been lUO;:'l1""UU,v .... , we need a means of the """"",m architecture when 

""T\"",,,,,,.,t active classes. With the was 

spElcltied in the simulation file however in the extension the cw. .. , .... ,"'''-

ture would be in the simulation main file. The code would 
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code which ret)reSellts the :'IY".""lll architecture 

for the purpose. 

structures r.:rP!ar.f!fl 

With the extension to ::SlInmlcrust the architecture is SpElClIlea in two 

The first is to to a vector in a ProNetwork instance. The 

call to a to the ProNetwork vector takes as the node 

and whether instances of the in are or not. The "~AJ"'~ 

in the "P'''...,,, .. ''''', ..... , .. of the architecture is to Qn.>"ll" whether links between exist. The 

existance of a uni-directional link in the architecture 

exists node A may send !Jet,-""""",, UU.V".ULOU'VU is stored in a 

ProArchitecture instance which contains a matrix 

An tlXI:unple the SP€lC!n,cat;lOn of network architecture links is 

Session nodes are all SpE~C111ea as the second 

in the addNetworkArchLink and hence are 

ProNetwork network new n __ .,,~~ •• ~ "Esrolnvoke"); 

network.addNetworkArchNode(IIInvokerUser" 

network. addNetworkArchNode ( "-~""l'>V~ 

network.addNetworkArchNode( 

network.addNetworkArchNode("Session" , 

network.ad,dNletllOT·k 

network.addNetworkArchLink( 

The architecture is used 

"InvokerUser" , ) ; 

,"InvokerUser"); 

"~'''''~~''J created. 

In a would create a Session process upon Y'O{'o"",na 

a service the Session process been created the ProArchitecture 

matrix is traversed and to and created Session process are cn~a{;eu. 

that process, active class and node all have the same meaning; an instance with its own thread of 
control. 
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SDL Pid eX[IreSSlOllS which are 

level facilities that must be n"'''''' ... '<>11 

to low level reJ)reSeIlta.tio>lls. In the case ple:m(~m;l:nllon these may 

be to IP addresses and numbers. In our case, we must map the values returned 

such ex))reSSl()Us to values node in Simmcast has an .n1"pal~" ",,'1r1T'P"" 

...... < .. "'u<UJUUJ.& values the mentioned Pid eXl)ressi()ns is done and main-

state machine variables in the state machine n"" ... 1"n,,,,1 

that is 17l'lll'l'l'l.U'O code For "'''':''.''1-'1'' a sender ,n1"OO'I'" is 

0',"",0,."1",,,,'1 state machine. This variable is set each time a 

the state machine. if a node spawns child 

have to be 

variable is 

as a variable and set once the child 

included if the communicates with its 

TT.Q7:I'f"I!l'll.n variable may 

The ntt!~'TIri'l1.n 

nodes. 

state l11i:l,<.;UUlO;:;:;, a 

sent. We have rlT,,, .. , ...... method is called 

mented this method in the ProNode which extends the Simmcast Node An 

of the use method in is be-

We can see that 1Ja.'..<L~"~, the network ID variable 

named destination is used in the ,",ACO"AI"'"' J is the 

..... '~_'.n ... method. 

int destination = this. 

Packet sendMe = new Packet • destination, ... ); 

method relies on an data structure that is pop-The 

ulated as a 

map from a 

and A hash table is used to 

to a vector of node The 

reason a vector is T"tllT.,,,rI is because it is a 

nodes. Each node has a set of ""'J''''JU.UV that 

and this set is stored as a 

method does is to find the 

member variable. What the 

match between the vector 
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from the hash table and the nodes. the has been found the 

network ID of the node in is returned. If ll1<'."Jll"''' were found the SDL 

J.''''''''''''''''.'vu is incorrect since with the as!lurnptlO,n is that each 

has a 

A 

The 

is used in the 

'VV'","""I'. at the ~"PI1"1I.7,''"Pn 

T,," ...... ~ .... method. 

"i.,,:;lLOU11:;U in the UML 2.0 

for each active class. The JI" .. nup,",,", are all the 

that the active class in ,., ... "",t';nn can receive. its name and the node 

A code ".,.1111.J1", the 

I-'V~/U"'.'''''' of the in the case of a .... '-< ...... 'IS"'. active class is 

below. 

* 

Interface: I_UserToMan 

network. (" ) ; 

Interface: 

("invokePDU", "eero_invoke ... "" ..... ,'""' ... ) ; network. 

network. ("" .. ,,, ......... ) ; 

Interface: 

network. 

network. 

("rel_Inv _RefNu" • "esro_invoke ... "' ........ ,I."' ... 

("rel_Inv_ID"."esro_invoke. ) ; 

rep,resenting FSMs we had the case tat,em,ems, the State Pattern 

case statements to 

state "1<'''-1!.11'';''. This is because in our case 

and not Hence the PflJbl,errlS instantiation and data 

are addressed other approaches, do not 

We the core of a state "1("''-l.U'''(;. 

a ... t;;lt;;lVJ<,l" Tau FSM model of the Service to an state " .. "" ... ,,,,;; 

2 An overview of the ESRO protocol is given in ""1J1J""'U1A C and the protocol is also used in our perfor-
mance analysis case-study in 7. 
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so we C1et;enmrteC1 the the the code 

The first the state is a set which are not all "vl~ll""1c 

cOllta,inE~d in the Tau state machines. The sets of variables contained in a state 

machine are shown in the code of class SessionThread below. 

class SessionThread extends NodeThread { 

'" 
'" STATE MACHINE CONTROL VARIABLES 

'" 

int state'" 0; 

int z 0; 

int event 0; 

static final int 

static final int 

static final int 

static final int 

static final int 

boolean done = false; 

'" 
'" EXPLICIT STATE MACHINE VARIABLES 

'" 
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InvokeSDU 

int invokeRefNumb; 

InvokeProvConfSDU invPConf - new 

int '" 1500; 

* 
* IMPLICIT STATE MACHINE VARIABLES 

* 

int source" OJ our own address used when 

int sender = 0; II the address of the that sent the last "''''1<''''''''''' 

* 
* IMPLICIT STATE MACHINE VARIABLES 

* 

RECEIVING: 

SENDING: 

invokeProvConfirm - new ,..1r,~+"J',,.....,,,,, (" invokeProvConf irm") j 

== new senldSeldn'I1PDllJU
) ; 
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* VARIABLE END 

are five sets of variables in The first set of variables are those 

that are used in the state machine execution control. These store the current 

T'lr~'vj(",,, state and current event In state and event 

can be is to a value. The second set of are 

those are the user in the 2.0 the third are 

SDL state variables. state machine are to rATlTp.AATlt 

the current SDL Pid in the the sender value is 

stored since the other were not used in the FSM in The final set of 

state machine 

active class's n"",,,"'I,,rl Due to the of Simmcast each 

that can be sent and rp<'"",,,,, has to have an assocl,at{~a 

which takes name as a pruranlet,er 

the '"'~'''''''',I-'A'' 

subset of the are sp(~citied 

that are to be the 

FSM a control section and in 

me:ntell1. Each FSM has its control in an execute 0 

that is called the simulation scheduler when a 

first time. 

IJUIJJ..J. .... void execute 0 { 

II our own address used when 

source .. 

while ..... { 

{ 
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switch { 

case { 

determine what the next is .... 

Event event - (); 

switch 

case 

'" state; 

state .. nrloc~!s.i~",>",+'n 

break; 

case 

state .. 

break; 

default: 

... state; 

tracer. "' ... ,I5,u.;O'.L ........ 

} 

} 

break; 

case 

} 

break; 

default: { 

throw new 

{ 
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} 

} switch 

Here we have a successful transition from one state to another. 

* We record this in the trace. 

tracer. 

while } 

The 

outer while 

shows that we have the state machine nr""prl'''"£1 

switch statements. in the while 

an 

statement uses the state control variable to switch to the correct case statement. The 

store the initial state UML 2.0 in 

to set the initial value of the state variable to the correct state. 

After the correct case sta.ternelrlt 

could be call these input 

events in the state machine and each "transition" is 'UC'I-'I-'O;:;"" to an event variable 

associated event function. each state the first that is that 

the event a call to the Event 

is a OlOCk:llng the execution the 

is arrives at the 

a arrives the execution of the FSM continues 

in a case statement PV'>"l1tprt as can be seen in the t::.JUlUIIUlt: 

case 

state .. 

break; 

The 

... state; 

that "~j""""_'_ in all event pn)ce:sslng case statements is the ""TT."n' of the 

variable exists for purposes. The next step is the execution 

the ao.'V"'CH,,;oU event function 'PrOCIBSlsE,relllt 

all actions in the =~'UIVJltJ, FSM returns and sets the state 
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/* 
• invoke~efNumh; 

sat *1 
/* perforlll.erSAPfornow. *! 
sendHe.opVal • invSDU.opVal; 
sendHe"arq ... invSDU .. arq,; 
/* Por aod.llin~ only: *1 

9: An """''''''''V'v of a 

a break statement is vA'''',",'".",,,,,, 

based switch statement. 

passes to the outer state 

before this ha:PPEms a call to the simulation tracer is 

tracer, 

a state transition 

trace. 

to state 

. This results in 

,..",,'n,'rI,,·rI on the simulation 

The next of the state machine ImpIE~mEmtatlon that we '"''"Ui''' are the 

event pr()cessing functions r"'T~r"''''''T,t entire transitions and sometimes 

of transitions. in which event pn)CElsslng functions r"'T\r""Q,,'" of transitions are 

when are encountered. Junction 

UvE,'-'''J~" transitions. An ",,,,,,uUV'''' of a 

9, 

.ftD,Otller situation where we have found the need to 

in the is in the case of 
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$endUs_fir~Oth.r • 0, 
sendUs_seqa.~ • sendUs.seqaentWuab t 1; 

10: An a gntprnCltl 

10. may be easy to detect 

the Tau XML. 

line connects with another 

be a 

pr€lSeIlt in transition. A pr()blem we 

we 

In ,,""""H',UU, 

number 

would it be a 

our parser know which "''V'vlOJLUU 

OU.,U"LUU to this pr()blem is 

is each time one flow line meets another which we have 

down the XML tree that TPT'TPl'lPn't,!'I the state chart model. In 

of two flow as if the user had a ,nT'I'i"'inn 
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filter and code """",.<lrr, ... clom.poneltlts must thus be able to detect the mEletllne: of 

We have covered a subset the llIlP!t:nl(~Iltl:tLIUIl AJ'!TIl¥'ltl'l of From this 

substantial 

:::iec1GIOn 6.3. 

to show that oe'vellopllng the was in fact a 

of our time was devoted to the task. We will re-visit some of 

when the text are described in 

A set of trace messages, are rprll,i'rpr! to crprlpr,~tp 

metrics we are mt.erElstI90 . .nUUUJlJ':. the trace routines to ...,U .• u.",",,,,,," was easy due to :::ilIltlmlCal,t 

with that we in order to an 

our next task was to automate the process of from 

Tau model to a "'UJl1UII<HJIUll model. We have used a process, in which an 

entire program a Jack 

l1ernltlgt;on in 

done in the code 

We use a 

We use the ." .. C>lrlCl> 

t'OSleIOClll UML ... V' ... " ..... !'. 

• uu.o~ •. a~'" the use of a TTE 

---."---'0 the code .... ".''',..01''''· in our context. 

Java classes that are used as the 

architecture 

as is 

AG . 

also the that are in 
___ . ____ ... __ is to "".,,, ... 01',,, the 

l>"~1 ITl"t-""r" in 

class. We presume that 

in the 

the Tau 

CUJILl:tUleU in the LPeerToPeer 

,,1''',1'1'<.1'1 that the classes 

to be 

If we look at interface we see that 

and other classes are used as to the would have 

to each such class in the Tau XML and then each 

class is involved in. We can see the classes are in an 
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with cla", PDU ooing at the top of the hierarchy. Th'L'. proSPEX ruu,t MvigBte the Tau 

XML and find the parent cla"""" of each cl,ild cl ... ". 

,-". ~~~ , _P_T,,,.,, , 
:'~~ 

- , 
""" '''''~ .. '_f h_YOC) 

...... ""~. R""'~""""" "I 
, """', ,T"'''' 

"""""-'"'''''''' ""'_'., ...... _fOOl 
•• "",_,~ .. , ... , ' ....... ·OCl ...... ,_o~.,. ... < "*'_ ...... _fOOl " .... ,,~""..,._< ,"""ft>J) 
•• "" '"","",,,_, ""ftJ'..'1 <..."",,,,To"', 13;;T--."", 
., .... ,_o~'9''''' ,~_ "W) 

."",~ "~"""'-' """, >OJ) 

L ! eW 
, ew 

..... "' ..... """''- "M_~"""", "'''' 
I ...,.,~," "' .. .",,,v.' Q," 

,r,' "''''!'l , ' "'O''''~'''''''' 'fW~_ """_.' ~--....., ... "" ---- .. 
I . ~ 

, 
I"",. ffiO 

.".... ... _< ... ,0, ..... ,-~ f-:;;~o":" pw 
! .... _ ,_""" '''' __ ''',_ 0""' ."""""",~ 

.,."_ <)dO< '''lI ,_",'<t'J ., __ ..... o.-,~ 
" .. 0« • ., .fW,_ 0.. .... , """'"-"" "" .. , 

;t 
.-J 

. , 
S' L""""" ~ , "'9,.R ..... )"W A,'_ ffiO . '"'''''''''' -~ , fcNIJ"O ~ 

I -.~ 

_. 
.~,-- ""'" ""'",," "" "'" ... o~_QdO< -~, .. """ -<'00--"", C~.-

. 

,"::)j--,""'''.' _,",~.". Cdo< 
.'l'-Jy,«< Oct,,_' 

FigUTe II' An example uf signal PM8.In,"e.-s 

Having ""t~blishod what pTOSPEX ruust do, we inspect the Tau XML EI1ld determine 

where the required information is located, as i" ,hown in Figu'" 12_ \\'e u"" an XML viewing 

tool. XP~th ExploreT. to l""at,d on" of the child elM .... EI1ld also the clements that indicate 

th~t the oJa. .. in queation ill invol.vod in an inheritance hierarchy. With approximately II 

000 v".-J:x:,s" lines of Tau XML that rcpr""""t OIIr model, this insp""lion pr"""", is liru" 

COIl.'luming. The intuitive nature of XML huw",vC'< ht.lps "" in finding the required elements. 

We then 'L'e ~ cumbination of XPath queries derived £rOlll XPath ExploNOr (qncri"" whioh 
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can b<J used to warch in XML) ""d .rno:'>.1 (a Java x..\.jL p""""".ing library) tree na'igatioo 

to find ~ PDU elas, ,hown in Figure 11. A, e8.(:h elM. in enoountered we firMly use 

regular expre.,;,ioIlll to extract the desired tex~ It"", the cl..,., and then wd a Java object 

repr"""nting the diwoverod class to a data f>tmctllT", "lth as a linked lis\. 

Figure 12: The Code Generation Proc"", with Velocity 

The final step in the eode gener~tion proce,. ii< to u"" the Velocity TIE to generate 

the Java elas. files. Each Veloclty template file is written using the Velocity T"mpl~te 

L""gl1"ge (VTL) [Pr004; which prmidee " .imple ",,,y of incorponing dynamk content in 

pre-written wxt. VTL """ .. ari"hle re!etc"",," IMt Can refer to ""mething defined in Java 

code, such as "data "Lruc~lIre. A, &.!l example in the ,ample Jay" "ode ,ho"'"Il bdO'."O', we 

"'" a HashSU d"ta 'truc~ure heing populated wi~h SignalPaylo&d objects yia" c~l1 to 

getAllSt&11alClas~es. We iterate Ihrough lhe lisl of signal patameter el"""," and place 

them in a Velocity context. All that thi" me""s is that "" gi,,, ~he ohject a YaJ:iable name, 

in thi, ca,., sign.~lPaylo~d. thi\!. win result in all of this object" methods being available 

in ~M template. 

Sigu.!.hylo~d sighj"loa~ 

II m~ke the ~igPayload obj "ct acce"~ibl~ in tbe tGmplate. 

contut.pllt("SlgnalPayload".~ighyload); 

10 the ,""npl" VTL 00<1" ,hovm bdow, "' ... ",'e how e»eh ~igoalPayload object is acce:;se<l 
;n the tcIIlpl~te. FOr exomple. the code hignalPayload ClassName will r""ulL ;nthe elaos 
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name .H'"-,"tU in the nr''-Ul'r, text. 

class 

) extends 

#foreach ( 

lend 

lend 

#foreach ( 

#if ( 

#end 

tend 

} 

. Name 

#if ( 

.Parent lend { 

.Attribs ) 

.Name; 

o { 

.Attribs ) 

.DefaultValue != "" ) 

. DefaultValue; 

.Parent != "" 

The Tau Filter is a set of classes are for I,"'''',",UJ.)I,. 

XML data into and data structures can be 

and VTL. In so the Tau Filter makes certain ""'<'UUlV"AU1W 

that it is For Filter ov,.,,,,,,,t,, one "U""''''.IUl 

Tau 

the 

"'<OI",A".U")I,. the simulation scenario. In .. uunAVA~, the Filter assumes that all of the 

classes in the scenario are daemon classes that exists at time. 

The Filter is into classes and 

StateMachineXMLFilter. The MainXMLFilter is responsIble for 

is "UA,uaHA";U in the simulation main file. This includes the network link 
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are "V':;"'''>'''U in a comment in the main 

contained in the 

the 

the child active (or 

and nrr",,,ipri inter-

then all state machine data. 

These such as P.,.n~IPl<':I!'T,,,... 

is used to convert to 

an XML the For are LUCLV,"'<:;U 

to into are used to contain model information that is 

used in the 

Transi tion and 

• 

• 

· --.,,--_.-..... -
as 

\/",II"'f".h, ~"'ljuv,.aL<'" and the various XML 

We have created four 

process: 

~",.u"p."".'" in which the network char-

hp1r""..,,, nodes and architecture is Spl[lCl:nell. 

Hl~LVl-''''U to a Node and this 

all that are used 

• statemachine. vm: the various of Implf~mlmt,ed. as discussed in ... of-hr .... 

this teDlpHue. 

v"~a .... ",, the above m€mtLODled. ."'LUp' .... "" time 'VVJW:>uu,.u.uF. than 

the XML 

In 

this dissertation. This was 

of lines 

or other .~'~AVI'>'" 

and classes used to 1"''''.''''''1';''' the data that is in the 

the code process shown in 12 

XML the most time CODLSlllninlg in 

because we had to determine the m€:anmg 

due to a lack of documentation asa 
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6 .. 1.4 G raphical User Interface 

We created a rudim",,,tary GUI that. can be used import UML 2.0 prot.ocol Spocili.ca.tiollS, 

ge""xate the 8imulat.ion code and run simulations. The GUI consiBts of two windows, one 

",·hiel! d;"play. the simulat ion trace and one which displays simul3tion rcsulU!, "" i, "hown 

ill Figure 13. We mainly used the GUI to control our care study CXjX)rimcnU! which are 

detailed in the next chapter. We used ExwL which expects data in a comma scp<:>rated 

values (CSV) format, to plot results. 

IL.'. "'I 

I'"~ ,"oj 

Figure 13: The pn;SPEX GUI 
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(;.1 SUTlllnllry and Conclusion 

We hve ""en that proSPEX i, compriflCd of the proSPEX exten"ion to Simmc",". which," in 

essence a SDL runtime supp",t system, the proSPEX Taufilter and lastly the proSPEX code 

~ener~tor with its aMOCi~ted templ .. te •. Although we have shown t hat we CRn successfully 

gencr~t" "imul&tioo prowa"", "" have found the moot chRllenging aspecl the filtering of 

the Tau XML in which we had to determine the meaning of many thOlJljand lin"" of XML 

by in.p.",,~ion due to ~ I&clc of supporting documentation_ 'l'hi; development PI""""' i. 

bol h slov,. Bnd errOr prone and .hould only be att"rupted when pr",:e,"rin~ 'mall .uhsct" of 

models. ouch M cia. ... diagrams. In our ca"". we have att"mpted to proces. cia,.., architocture, 

state chart and collaboration diagram; which in retr-oopecl ... -as overly ambitiou. given the 

technical limitat>oll.. that ",-e hBve explained. 
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1 

In this we use the nr<)tocol in a peJrlo:rmanc:e evaluation CIU;e-~;tUiav. 

demonstrate the det;erIJnining a set of peJrIOJrml!l.n(:e 

that are useful in 

intention is to 

context of the ca:,e-:StUlUY 

to pertorma:nce 

to a scenario. The intention of this is to ",<;,,[,.., 1['" the 

and is not a in the first case. 

in a """T""'" scenario. Not 

do we need a rep,res1entati(m of the 

also a of the workload of 

We 

Our 

of 

but 

Workload characterisation is outside the scope of this dissertation. theparame-

ter 

and 

Before u"",a.u.,u~ a rarnet;ers and 

pp,en<llX C for a detailed uU,,,,W:,<>.I..' ... The service offers is a 

for wireless links when ".u .... "' ... '"'.)' is of concern. service 

on a remote that is the same as the 
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Remote V .... ";UUJL<J Call model . The ..... "' .... " .. H\..(~" ... 'u of the en<:oamg mechanism 

in use and its Basic 

is an invoker whilst the 

the are 

include ettLcumt short message ,,,',,,,,,,>rv and 

card authorization and white pages !vv'nulfJ'. 

We have SpElClIlea Invoke service 

.... "'."'."1'..,, UML 2.0 model to a map 

~ ........ ~"~ •• to nprtnrTn 

.u:a"'!U)!,lL Tau G2.1 and shown how to 

model the 

In our scenario 

nmnbl3r of clients 

is used in a card authorization aplom;atliOn in which a 

as the The 

clients are such as cell ..... nn"',.' 

wireless link between the 

while the server is a Ulll:n-Ema 

machine. server is a 

client on the server with each service 

a 

8583 standard 

message size is in e-commerce apPllll:at,10I18 which 

use the for communication between financial 14 

shows our scenario in which an e-commerce user 

COlnlllBct:ed to an e-commerce server via The e-commerce server is 

EFT transaction 

is 

with an 

is to CleteI'mlllle whether the service 

data unit In our 

the .,,~ ... w''' .... 

UU''''J'''' of transactions per 

server is able to meet a ",,,,,,,,,,,,.orl 

h ... ,,,,,rh,,,,.T at the server is taken to be to the maximum 

Il:ll.lr.tlVlfll.V is able to process. that the EFT 

Hence if EFT transaction "'<ll~.P"JAV can process 20 transactions per ""'L.U"''', 

the in the e-commerce 

20 per ,,",,"'Vll''', 

in an 

If we view the as an abstract 

we would say that the TPr,n;·rpT1nPllt. is the 

to 20 per In our we want to ensure that the 

88 

... "' .... "." rate 

a transaction 

to be 

server is able 
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Lo deli,"r a given invoke indication rate (or through.put). 

If the required thmughput cannot be roachod pcrform~nce statistics such lIS m"",n queue 

length, discarded signal. and expired time-out! cau be u.oo to dc\co:mine system bottleneck •. 

The result of analyzing the perfo<ma<K;e model would th"" be a.ct of d;"""epancie" between 

offered and required reOOUfce a.ltribut"" (Gro02J. 

The paramcterll in our £SRO Invoke Service model are lime"oul ."ttirtgll, O""'"~&~ size, 

network link characteristics, connector buffer sizes aOO nod&! processing delay, In the next 

""Coon we ""timate .uitab/e nodal processing delay parameters, network par~meters and 

""",klo~d p~ra.mct=_ Once we ha¥<) ""t"blishcd "uitable .... loos fo< the parameterll in the 

mentioned categorie:> we can determine ",-helher an ESRO provider will be able to moot the 

required service levell;, 

7.3 Model Parameters 

In this """tion we estimate the proc,,""ing, network and worklorui delay p,,-,"amct= u:;od in 

our pa:focmaI>CC model. A "UDlDlary of Ihe par~mcte" ""tiDl"toci in t h", s<c\ion is pr"'~dod 

in Section 7,4, 

7.3.1 Processing Delay Parameters 

It might seem that in the case of low bandwidth wirol""" links, proc=ing delay would be 

in.ignilicant when comparod to network delay Thl. may be the Co.'" at each client; however, 

under hc,wy loo.d proc,,""ing delay could become s.ignificant at the ..,rver, 

With SiIIlmca.t, a deterministic' or randomly distributed proc"",iDjJ delay is set foc 

each nod<!, In order to do so we investigate the protocol proc=ing that tak", pi""" and 

the protocol hardware environment . 

In the CMe of a traru5poct 1"Y"r protocol (such"" ESRO Or Tep), the time t .. ken to 

prOC"'" ~ packel at "" end_slatioo Or net",-ork node depends on protocot complexity, appli­

cation code, processor power, I/O delay, network delays and context-switch delaY", With" 

protocol such as ESRO the main sourec of delay Me marllhallini' demY", I/O delay, network 

'A det"m;nmt;" p""""";"!! "".11. prob.obly. oImpli5c .. .", of ,e&lit~. 
'When . m, thod on • , .mote ohjo"';, ;"'~, .n RPC ' Y" "'" m""kolI (w'ites M<d Iran,,,,[I-I) the 

,,-,.,thQd 1""""' ''''', ",.io. ['" tho ",."It of the ", .. hod invoc&lion.OO then unmorrn ... (,.,.do) the Mlurn 
y&lu. [MioO-l]_ 

00 
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context-switch network 

costs 

nodal architecture. 

are modelled we must estimate 

ues context-switch 

are 

UC}JClJ.UCJll. on a number of 

result from processes, it may seem 

feasible. However note 

power of the server be at least an order than 

cesislIllg power is a combination 

"~"'Y',><.a at the 

We consider the SPI[lCi:IiClltic)ns ........... -" ..... cell 

contains a 32-bit 

server hardware may 

156 mHz processor and 48 MB 

the Ericsson P900 

\.iont€:mJ)orary Internet 

be Intel Pentium 4 Xeon 3.6 

From 

the average Internet server has power that is one 

A recent 

average mobile terminal. We ensure that the prlDcElssj,ng 

to nodes of the clients in our ex]oeI'imlental scenario is an order of m~tKIllU;tlUe 

of nodes of the server. 
PrI,nrrn ,,,, r'o of and when 

in an aplpll(:atllon service prIDfession:als. 

size ranges used in 

message 

attributes and 

1351 with COInplex attributes. The cOl:re:sp()D(iing sender times 

were 6.8ms 

3.5ms resoec:tlvel 

MHz 

10.5ms rpf'lnp.'t.nrp 

measurements were taken 

J."CILU1<'. Linux. 

In 

times for a 

to use these 

message size. In process we 

"'"',oV ...... '" times were 1.6ms and 

an IBM Java Virtual 650 

eXlorl:l,lJuune to 

time ne(:OOlnl! time by fraction increase in each 

and 1351 messages. The results of this in Table 1. 

eXl,rl:lpull:ll>lIlg we 

processor MHz when 

times listed in Table 2. 

each prC)Ce!3S1tLg increase or UC'_l """"'c in 

and 3600 MHz processor to obtain the prCICe!lSllJlg 

which 

C".uu",.<:U the 

in the simulation to 

U""_VU1UJ<, times we still to determine 

the prlocElssilllg times to in the clients and 
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Increase Increase 

5.7 1.5 
1.6 

2.2 

5.7 1.5 
3.5 

2.2 

Table 1: Times 

Table 2: lVUlSSlljl;e PrIJc(~ssing Times 

server. has .lVJ.C.ual!'.o"'L Invoker User and Performer User 

The takes from the Invoker 

we set an ",U'"V'UUK in each client. 

In the server the delco(iing the is 

we set a receive time of 2.9 ms in the Performer User. 

Here we use UKs 

to in our expelmrlental 

rameter values we need are 

Sell<1Jng one 

is used 

maximum downlink and 

The nhQPr"vpri 

distribution IUllctlOIlS 

maximum 

are not 

and 

scenario. The network pa-

1 

in 

distributions in the case of 

of apl)ro:x:iIl1latEllji 

3With GPRS the transfer speed depends the number of downlink and uplink channels as well as the 
channel encoding used. The best encoding is e8-4 while the worst is e8-1. For example the maximum 
bandwidth per time slot, when using e8-4 and e8-1 is 21.4 and 9.05 respectively. 

4Note that the results given in are from transport layer measurements. 
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a second was to be common. we are UnJU"LUUI'; the Invoke ~P"v'('P we 

are interested in the The 

range was between 400 and 1300 ms. is described as rare and hard 

to a range of 0 to 0.150. 

\.,Vl,l\.,Ul .... " that we a maxi-

mum between 400 and 1300 ms 

and a between 0 and 0.150. 

From 

deliver a 

scenario we have ""U'''''11'''U that the 

indications per 

server be able to 

our 

vu,,, ... ,u. rate 

I>v'nl>'rin'I>.,t we use a rate approxilma'tely 1 

In 

indication per ""',"UU'LA. In order 

to ",,..tll",,,, 1 invoke we use 5 senldiltg an 

to n1:'>"_""n"I>!~t time 800 ms. If we are to run 

sends 113 m~rtn.oa invocation 

in that 

In order to send an invoke "I>nml>!~t at 

a random between 0 and 1 "",",v .. ,... We 

are lUI,tll'~::::SLtlU in the invoke indication llrC)Ughpl11t at the 

saturation occurs. 

The 

we 

is a summary 

UUi'l1<;' .... in ;:)e(~'tl(ms 7.3. 

server and whether resource 

model I-'"",",U,''''.''''') that 

Parameters that are u"", .... ,,'u evaluation ..... 1" .... \."", the 

and a aeSCrI])tlCln of 

• The number of active users in the is 5. 

• active user sends invoke indications with an of ms a of 

90 s. 

5With an observation window of 90 s we have a terminating simulation that is said to have a cold-start 
meaning that the initial in which the system is empty is included in the observation 

93 



Univ
ers

ity
 of

  C
ap

e T
ow

n

,. Each active user sends the first invocation __ ", __ ' __ after a random zero to one second 

,. The server indication reach 1 per 

second without resource saturation. 

We have the values are or 

,. asBllmed) A message size of 5kB is used. 

,. The maximum Pf()tOCOl data unit size is 1500 

,. a cell en(:odmg and U<J"vu.u!'. time of a 5kB 

message is 67.5 ms and 31.4 ms 

,. 
\""'.UUCL":;\"j For an internet server the en(:odmg and u<:;"vuU'o time a 5kB 

message is 2.9 ms 

,. ..,""-""'''' PDU nac:kel~s are sent from invoker to 

we set the send the cell clients at 67.6 ms and the 

receive time to be 2.9 ms at the server. 

,. In the case of the clients the send time of 67.6 ms is set each .!.V.I.(.ua,!'."" 

while the server the receive time of 2.9 ms is set for other 

in the network have the default send and receive time Oms. 

,. (assumed) The smart use "" ..... v,"'u,'!'. and are terminals. 

,. the is modelled at the we have 

a maximum a h"'t".U1""'" 400 to 

1300 ms and a loss 

The queue size "'""O"o""'U to connectors in our model is In!"'"'l'.'" 

our examination of Simmcast, 8, we saw that each Node can have a send time receive 
time in order to model processing 

7In this case we have to look out for monotonic queue size increase in the ESRO server. 
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Figure 15: Invocation Throughput at the Sel'ver modelled by pwSI'EX 

7.5 The Experiments 

Using the paramcwr. and workJood .ummarizcd in Scclioo 7.4 we conducted a uumOOJ.' of 

simulation l'unss alld plot the results. Figure 15 illust.rat.c:s the throughput (invocations 

per """ODd) received at the serveI' while Figun: 16 illustrates tl><: cumulative invocations 

received at \he server. 

Figure 15 shows that the serveI' woo able to meet the required throughput ,.aw. This is 

clear from Figure 16 "incc the gradient ""ow, no "igu of docre""inK_ If the gradient were to 

doerease .,.Iuration at the ESRO servcr would he a likely cause. 

Having established that the ESRO server can moot the roquirod throughput"'" inV<lsti­

gated queue length and wruting lime metric! . We determinod further performance metric 

valllC5 since ,yst"m 1""'''9 (determining !.he optiJ:w.l value of parameter.) may .till be pos.oi. 

ble d,,"pite the requiJ.'ements being met. We focus on the mean and maximUDI q""ue lengths 

and mean que"" waiting time at daemon nC>dc. of the server. 

'Exper;mont. ",-oro .-.po&t.od <>VOl 'hi<ty 'hno> fol ~ hl~h ""-'I of cooficleoco in results, In addition ~% 
confi~ int .... a .. are.- unl<oo! 0' .... ,. ... ated. 
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: ~ 'I ==::::::-----::._:J:-:-~""'l 
, 
o ~" , 
o ~: , 

Tim. !. :, 

Figur(1 16: Cnlllll ]"ti"c Invocations at the Scrvcr modelled by proSPEX 

We modified our mooel in order to incre,..., the load on the server. We first mMe the 

assumpt.ion t.hat the pnx"""ing JXlW"f of the server;" only double of that of the client. 

""d each !lode in the ruooellllis a proc"""ing delay ""I which honours Ihis "","mphon. We 

aJoo dOllbled the numl:>er of client' in order to increase the lood on the ..,rver. With these 

changes "" rep<'fltoo the experiment ar.d observed mean and maximum queue lengthll in 

the server and moan queue ,,1titing limes in the server. The resulting queue lengths in lhe 

daemon nod"" of the servcr (the )..Ianagcr and Routing Poor Proxy nodes) are shown in 

T"blc 3. 

In Chapter 5 ",e sa"! that the mean queue waiting time (or the ",,,"rage time that a signa.! 

spends in the queue of a pre>cess) sho,"", whether", process ha.ndles message" fast enough_ 

In addition, "high mean queue waiting time indic"!",, D",ny retm,,"mi~,ion O1=g"" in " 

I"'O<::CM quelle due t.o the tiruOCIUt of the ""nding 1"'''''''''' being too short" T"ble 3 Mows 

relat.ively low melW qUelle wHiting tirues at the "Ianager and JWuUng Poor Proxy JlOoo... 

The queue lengths, which model the bulle," of a commullic"tion system, . how the expoctoo 

buffer si"" requiroo by the system. With ~ m"-Ximum queue length of 7 packets at the 

00 
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!>Ianager Node Prrocy Node 

Mca~.~~ue Length '.00 1.33 
95% Confideuoo Int.crw.l (1.00 - 1-00) (0.79 - HS) 

Max QUClle Length '.00 '.00 
9,,% Confideu"e lntc<v;d (100·1-00) (5.34 - 7.BB) 

MC3u QUClle Waiting Tim" 1-24 5.95 
9,,% Confidence Int""v&! (0.0 _ 4.45-') (5.21-' . 8.59-') 

Table 3: Queue Ba...,,] PeIfoImauce Metric .. foI ESRO SeIveI Daemon Nod"" 

Routing Peer Proxy, the largest buffer requiro:i in the ESRO server is 10.3 kB. The queuing 

metrics we have discus.wo:! shew that the ESRO """ver is ",ble to proc= ito load without 

roquiring "ignificant system rCW\ll"CCl5. This V. partly due to the , implidty of the protO<Xil., 

but it could al.., be indicative of the ,implifying IlSsumption. and oimplicity of our model. 

As a final experiment we evoJuate the throughput of the system under vm:ying connector 

rdiabilitics and mrying timeout Iateo. We mcllSUle the average invoke indication rate (or 

throughput) at the ""IVer with 5 different nctwork link I"". pIobability voJu"" (0, 0.05, 

0.1,0.1",0.2) aud three clifferent oorvice data unit (SOU) retrau-,,,,ission tiIllEx)ut -"Cttiny. 

The I""ult. of the pJ<perinwnt, a., "hown in Fi~UIe 17, "how, the expected reductiou in 

throughput {or lower connectill reliabilitieo. The vertical axe. is conn""tor thIoughput Md 

the horiwntai axill is the packet J08/l probability. The graph shows that the {ast timeout 

e. the worSt performer, this is due to the ""nder making a retrlill,mi .. ,iou J.,.,h:e all of the 

previous PDUs of the SDU arrhing at the receiver. We alae.we that at the slow timeout 

!citing;., superior to ti;(, medium ""tling at low (0 to 5 perrA'nt) error rat'"', while the latter 

i. -,uperior at higher (G to 18 percent) error rates. 

7 .6 Cuuclusion 

We have demonstrnted the utility~ of proSPEX by determining a set of performanoo statu.­

tics of our experimental W!n..,-io. Thi" "'A'n..,-io was the u..,., of ESRO as the j;rMsporl 

layer prot(}(lOl in an a mobile e-COIIlIlleIce application. We parameterized the model with 

time-out settings, a service data unit me"""-Ile ,ne, network link charactcrilltico, connoctor 

buffer sizes and nodal procc",in~ dcle,y ""ttiny. The ~oal of the ex!"'rimeuU wa.. boll, to 

'Tho pm"""" ol t.hI. " •• (,." udy ,,'" pu"'l~ lor d<"""",,"a Li<m pu'l""<" and not on end in i(oeIf. 
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Figure l1: Throughput vs Error Rate for &SRO modclloci by proSPEX 

determine whether the ESRO wrver coold deliver a requirod throughput alld 10 examine 

the 118C of qucuin~ performance metries for "l"'tOOl tunin~. The """VIlr was . OOlVIl to be able 

to deliver the requircci throughput. 

In Older to increase the loo.d on the server we adapted the model EI1ld ill the PI""""" 

drastically rooueoo the colliputational power of the serve<. The resultant queueing statistics, 

mean EI1ld maximum queue length and mean queue waiting lime, revealoci tha.t rdatively 

insi~nificant system resource.!!, such as buffer 'pace,;" consumed by the ESRO ""rver. 

In O'.lr final experiment we compared throughput when the jl<otocol is deployed in a 

network environment with five different 1005 proba.bili\y ""tling'. In Uus experiment we 

ob.,,,,,ved variation. in the optimal ""rvice data. unit rcironslllission setting '" the error ra.t e 

incre~sed. 
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1 

With <:;1U1< .. 11,","'U SPE~cUlca.tlOin aUUl~><'" and semantic ~'O,U.~"'iU.Ul0 

2.0 appears to become the dominant "y'",",U1\""'~l,"'U ...... b ... ~f' .... used in 

<O""'.-"",u.<o 11lU!U<:;,Ul1l,,," and T"·r.i>",·,, enl~mE~rl,ng. In the field of nt'r,f'".,,, 

a fair amount research has been conducted mature T\t'.~i>" ... nl en;glIllee:rmg 

such as this has not been case with UML 2.0. in this 

dissertation we have ,"",<>"t:>(1'", 

2.0. 

"'''"Tn",.'' aim was to 

and n<>,rtn,.rro 

which could 

translate from a 2.0 "''1",-.1"''',1',,1 "y'::"U,l",a.~lU'U simulation model inte-

<:;,,"'LOLl,U,," tools. With our 

we have 

as a foundation. Performance 

2.0 enhanced with the 

With UML 2.0 

to 

guage tea~tures used in ..,,.,,.f',,,-,., 

or constraints. 

and state chart 

such as network link "'a,vh:m 

"'I.II.IU'"'''''Jl<:; since we have 

the need 

and lan-

SpE~clll.catmn and the spe:cl11catlon 

and loss 

99 

a combination 

rOIIlllEmtal character-

ua'UUJ'~'y, are SPElCitied 
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a collaboration in which a n",'rt,..,rrn scenario is SPElcltle<1 final in 

our ",'O"u'Ju,nvJ"-,Y was to int,p""'<lt,> -'-V'V'Vj<.'''' 

event ,,."LAW,.'L'"Vll 

"Hj,jUL"'L',VU u> .. ,u""w from • .".r.t''''''' 

In the lInp1eilleIlL~tLlllIl 

ulation TrHU .. 'Ull>r 

Simmcast sim-

UML 2.0 ",.(',1::('\(''''' 

extension to .::lllJLlUl\,;iU! 

mearisofreI)re:seu~l~lg 

the 

Tau 

which is ",n,,,,..1",,,,,, a SOL runtime ","nn,,,,.t """TPlm 

SOL Pid exp1reS:SlOIlS, SOL 

a.u'''''L',Vll't ... trace events. 

took 

r<>r,r<>,,,<>nt,, a 

a 

structures and a set ,,<>,nPT'<ltill.n process, 

We fOUlld that 

documentation u.ta,Gu .. ,j<. 

in a process in 

intuition and arid error. In 

and semantics of 

'''''''''WIlle, of 

a lack of 

Tau XML. This 

Tau XML elernerrts 

vision 

arid with cornmlerCl 

OCl1ment;e<1 , .. ",;Lv"""""'''' standards such as XMI 2.0 will 

of better 

2.0 

In 

arid 

Efficient Short Remote 

The ESRO 

link ,-,ue .. ""eL"'> 

with time-out 

U",,;""""L" at the server arid a maximum POU 

be about lOkB. 

In we believe 

100 

e-commerce scenario in w Wch 

asa 

a service data unit 

of 7 

size 

set for it. 
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A number future to the semantics time model and ... no ..... "u ..... -

ogy that would be beneficial in future are listed and discussed below. 

1. The we have used 

architecture and collaboration the purpose of these 

'''''''' "'" is to aid in unIQm:stl3.n<1mg and communication. In the context 

the use of pure 

and not 

the 

is taken 

2.0 architecture have not 

architecture "H."T'..,"" In future we would recommend 

, as described in the Z.100 standard 

to describe the ar(!1ll1CectUlre 

to describe static This <>n'n .. ,,,,f' 

in their tool. 

2. The in the need to ex-

3. 

tend :::iUnIr.lCast to allow the represlantla.tic)ll finite state 

machine In a future version 

state machine 

be considered. 

I,'IunL,'<I,'¥?,,'U case-studies: is 

with industrial mod-

case studies are 

test "."'TIP,.,t", such as wbLetller and 

met. are not mentioned or considered in most related 

in order to 

renlen.ts are 

in which 

is used as the Spj3clltica,tlC)n .. Lu!!',ua,o",. 

101 
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In we and UML 2.0 are 

lar in 

In we examine the 

at in 

and 

1 

In to 

ties. UML2.0 structures toUML 

in terms of its 

in The are 

of UML 2.0 

lit InternalStructure " structures 

of an instance of a 

" 

lit Ports " for a from its 

environment. " 
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A offers a view of "'1' .. ",,,.,, .. ,, instances 

role in the interac­

communication 

with each instance a 

tion. ~Clnn~CtOl:S between 

must exist to 

• " the repres.ent:atlC)ll of that 

may as well as internal structure." 

• " ... adds actions that are ,,, .... , .... 1-, ... to features introduced 

e.g., the "".",.uu", of messages via 

We .... '''''''".''','''~''' the most of the _____ g-' ___ • structure i''''''J''''''I'>''''' in 

"""J~"J", with a focus on active classes 

The class is the Wl'UaJ:neIUcl.1 classifier in the OD.Ject-one:nt€IG n"'''~1111t:l'm and is spElcitied in 

Kernel i'<IA;"",,,~;'" in the UML 2.0 The set of vv'"~.''' that are of a 

ular class can either """"""""1' or active. In essence an of an active 

own 

follows: 

of control and an 

data "t-l"""'tc",""" 

class is an information store 

has its 

used 

areas 

class: A classifier that U."","111"''';'' a set of that the same SP€iCllllCal;lOIls of 

and semantics. 

An that may execute its own without 

invocation. is sometimes .,.pt·p,-,"pr! to as "the its own thread " 
at which an active ,-p,:nrmrl", to communications from '"''''1''''' are 

determined and not 

uUl''''~'' that an active is both autonomous and interactive to some 

an active class is class vertical bars 

n .... "''''''' on the side of an active class as in 18. 

lSee Chapter 9, Composite Structures, of the UML 2.0 Superstructure Sp'3Citica1tiorl[Gro03j for compre­
hensive details. 
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has the benefit of both 

tributed teams the as a contract. In 

UML 2.0 an interface is a ClaSSllrler re}:)rel3eD:tiD,g a declaration of a set of 

a classifier such as a class. When a class 

of instances the 

that it needs the services in the interface in 

its own UU)"",.,.v • .., to its clients. 

Protocol en;gmlee:rs e:x:p.~rl(3fl(:ed in the use 

processes via channels 

'Tl',",' ... ,U'H or 

an interface it carries out its 

to n .. rtn,rTn its function and 

would be accustomed to 

the processes are different 

In addition the of 

ex-

or 

are 

In 2.0 a Int:prT:R"'p of an 

active class rl'r.rp~ll'nt.l'l 

interface rpr.rp_,~pntl'l 

container class or peer 

2.0 architecture 

from its environment whilst 

tion 

discussed in 

it can send to its environment. The environment is either a 

e.g. two peers CmnrrlUI:licfLtlIlg via a network link. The UML 

which active ".a."""", 
"'AI';U~'U"'.<:; between the of the active class. Hierarchical __ "_"_Y" ___ is 

can be seen in an architecture Ul<l,j<,uuu, the notation UUULIC'tl for a pro-

vided In!,prt:R'''p is a full-circle '_"'Y~'Y 

is a semi-circle 

connected are 

The squares to 

which we examine next in 

104 

interfaces are 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Service: {111 } 

PI 

19: UML 2.0 ArchltElcture 
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Ports serve the purpose of 

as interaction 

architectural 

A 

interaction with the 

It is nnnn,,.t:,.nt: 

its environment 

to note 

used to group an active class's also act 

"U',VU,F," which the services of a class can be accessed. In 

are COIllle!ctE~d 

as its sole interaction 

not via 

have the role 

as interaction 

11"':'/:1.11.111)', that any 

an active class from 

the active class to be ,",,,,,un:'u lIldelpend1ent,1:y 

environment. This mclep,en ldeIlce 

of its 

"'UO'o.uu:; in any environment that 

the interaction constraints ''' ... If''',.'''''£1 its 

In 19 we see a bi-directional attached to the active class which 

has one ,.",rn,;,r<>rI interface 

A port may also be and if it has a interface this means that 

can be sent to the class can be sent 

return values a reClUll:ed 

In attention has been 

sm~cltv the internal structure classes in a Hn.IUU,'o., 'Q.OI1HIJll. 

can not internal structure. 

a class with 

(';n:mr.I().~'1.tp: structure nUl"nr,'1"n in re]:>reI5en.tinlg the internal structure an 

active can be defined as an abstract whose behaviour can be or 

a collaboration owned or 

The in architecture collaborations 

instances. an is 

Note that the instance's 

are linked with connectors. A connector a communication link between 

two or more instances. It is TnY,,,,."'''''' to note that the link could an instance of 

an association "'''''0'''''''''' J or the mere of 
able to communicate. This j.lv,,,,,.UUH.Y may be borne out of linked instances 

each other's identities due to in as held in created 

l1o.11U,",o..UY, or since the ,",VlIUAJllU1LU,",'" instances are the same instance. In the concrete 
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software the model TprITP~,pn't!'l the &v,."""vu. as a retenmc:e or a nt>'tur,..,,.1e 

connection. The dltter;Bnc:e Oetvve€tn a connector and OO"'V""",,:,.,,vu is a connector "''':'' .. LJ"t;;., 

links Oe1~wE~en instances the COIlnetC"(;€iQ 

exist hpj',"'r~'''n any instances of the =~'V,,",i'''' 

In also note the of .. U, .... JvL of 

classifier. The instances are 

time. 

In UML 2.0 we 

view we 

lUllJ'l~;1U'::l1L'i:I.~llUll is 

within an instance of the "'UJ"~i:I,J.!uu", 

I'T"""T<.r! when the "'UJll~""'UI,U'" is created or at a later 

box view and a box view of a class. With 

interfaces. the box view the 

we see the C1elcOInpoSltIo,n into 

its and the connectors J~"""'b as we saw in view 

we want to able to C11SitlDlgUlSh hptwPf'n n,,,n,,,,,,.,, 

and 

mean "",VJ ... ".,,,,'Uo class. l'lO'tatllOnlotHy a 

behaviour attached to a square 

a state the Port 

In 

in vV'LLUJLAU"uv",."Vll nTI'\T."""'''' "'111"''''''''';;'' 

also mention 

.va •• I.<H .. :> mentioned in this section were not ImplElmIBn1;eC1 

duration this ,,,,,,,,,'ru, 

the duration of this thesis was Tau Generation 2.1 which imIJlenllents 
as discussed in Section 3.4 
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11] 

20: UML 2.0 behaviour notation. 
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Interactions 

fall under a set UML 2.0 called interactions. 

V'-"llJl'"UU.A"'_""OlVU ""''''''o''''"'U-'' Interaction Overview h",y,."·",, and 

Interaction are all interactions. In the detailed interactions may 

ers'tanom,g purposes. In the to "''''''1'''"'' 

traces (event occurrence "01"" on 1'<>'" execution can U<l.l,n,<;;;u as 

interactions. 

stances in a ,",VAA"",'VA 

structural context of the ,"V'''''''.JVA 

UML 2.0 

The most sigrn1ilcaJ!lt einhlmcemLen1~s to 

constructs that have been ;"'1' ...... ,-111 

• 

• 

• ........ , ....... "" .. ,";:; Termination 

• Protocol 

communications nPlrur,,,,n in-

messages. All interactions occur in the 

The is encourage to consult the 

of interaction 

state machines in terms of new m()Ql:mIJiJl,; 

The most OI'!'i,"'"U"\-, ...... enhancements to UV.""',AV1.ACU elements are 

• Action 

• Lists 

none of the mentl'OntlQ UML 2.0 

tool 

state machines into 

the 

2.0. 
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be 

elCIDDileIlt with executable .. , .. ''"''" .. , is at the 

In order to make ......... , .... :;", <>"Ir.,(>n't~'h 

Driven 

actions must 

mentilollE~d in """',HU'll 3.4 UML is not f'flT:rI!n/ptp ... <:'''' ..... 0 that it cannot be used 

as a prC)grf~mlninlg In order to use it as a pn)grarrlmllllg are 

.'1'.".";" the semantic variation 

with basic data an action 

for users to able to use actions included in the The 

Tau-RT discussed in 3.4 has all the ro",n, .. ,:", nleIlltwlned above that turn 

• Model verification: the ,",V"U>'Fn can be at 

• With exe,CUl;aO:le models 

.,,~ ... u"n! , .. c" such as state space 

the ~"::;''''U''VL''' or livelock. 

• 
than most pr<)grarrlmilng 'C""'E>U""'E>"" it is IJV;~""'"'' to ".-, •• .-,Ii"" • ..., 

• Performance 

tics used to 

the model.. 

Execution traces can be used to derive op."rrnrrn 

vu.,cu." at an of 

V>l.lr1P':V of 

statis-

.n.'" .... u!<,u it is models to be "'A'~""U'."'U'" one note that 11lU'U""'-1.ll 

Ue'l'elC)DlneIlt does not that the models are 

Ue'l'elC)prneIlt make it clear that the essential '''1<.'"''''''''''.'. a 

as the two "The term mc)Ueli-dllT\'en 

is at the centre ""VP"'''''''., and is as the 

ImJ)llcltly an abstraction of the real system and therefore at a variably higher level. 
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the two" 

" ... the pnltllaJry 

amrelClpnlent, an l'I.n, ... rn<l ... h to ae,relO'pmlg "'~Th"Q1'''' 

code to u .... , .... "' .. , 

XML Metadata 

or-inclepefll:1eIlt way for UML tools to 

v",,,.uvu, save UML models 

OetweEm XMI written 

and is 

UML 2.0 is 

the 

,;;""'''vu.".u~ between 

XMI models as a 

U""'COL'.U' vendors exist 

of UML 2.0, the the short ,",UJ,llU'O" the 

XMI ",.""llUCUU. 
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The common 

tation can be 

found in communication and L"""UL'''a.LL~ U.J.1I.1'<O!JU<OlJ.-

Patterns are associated with 

pa1~telms are 

as is done in this section. 

common for not new 

prcltO(!Ols but also for the and their 

mechanisms and as CA],ILa.UJ.t:;U 

A nattern Yl77m7.1'lf",.~ a common solution to a common '1l'l'"/1n/,;:>m. in a context. 

A that to a classes. A fTY'.nu'_ 

work is an architectural that an extensible 

within a domain. 

We use that "VJLU!.UU..L ..... a.~,.VU pn>tocol archi-

tecture. These "'H_U!~<O',~ of 

this section we ""'1',,,.,,,11<> a brief overview of three "',,.,,'" "" for DnJtocOl ",,,,,1'<>,rn 

J. Parssinen and M. 'TUrunen and 

borrow from and the interested reader is urged to consult this more comprehensive paper. 
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TUll,,,,',rn,, we the Protoclol 

while the Protocol models the active 

Behaviour ,..."j-jo<>.'" nlOOlelS communication npltwI",n 

of an un<ler:stanOltng and ""YlfJU\,,,,,,,,vu of the 

in this section are: 

III and hence 

ImPl€~mcmt and maintain. 

consistent and effi-

cient to 

III of nr"""f',,1 cOl:np,onen1~S IJ,'V~'U"'VY. 

tation 

III in ~ __ ..... "' ..... Drot:OCIDI UUjJJlt:U"t:U~<:U,'uu tools. 

1 

A retc~relnce UW~L'~'UIL vu'~a.j..'''U,'a..'"" the common in nrl)tocol 

Im'Dleme:ntl'l.tH)llS is U!C'l'.L""U has similarities to the 

a ditt(m~nt DrI)Olem 

or set 

are proven to 

in section. 

The Protocol and n",!rtp'rn" model static 

is COl:np,on,enlts and their interconnections. 

"',.,"~'~U level view of the of a nr"tn,,.r.1 as well as the interfaces to its 

environment. 

one can seen in . ... ."np'''' is ,..",.,.,,...,,,,,,,-1 of one or more 

Entities each of which rprlrp"pnlt." a nr"t(l,('()1 '11.1,1"'1"111.""'.'< define 

allowed and messages between Protocol Entities 

same A Protocol has one or more Environment and act as a 
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, , ,/ ~OC~_y 

u ,IU C 

pI __ • 

, D lS? eolSynwiloc< 
, -, 

u: rJ- --- [U' T 

LJ~ ~, H~ 
\ 

I 
~.rtu.l IT""..." p>th 

p!!~ "',,'.ect»" 

Figure 21: Protocol implementation elements 

message source for incoming: external messages and "" a meffiage .ink for outgoing messages. 

An Environment Interface h"" Communication Interface and Auxiliary Interface subdasses. 

A Communic .. lion Inlerface "pocifies the me"""l(es related 10 uormol rommunicaiion with 

Ihe enviroWll.ent while 8.!l Auxiliary Inler{ae<) "pecifies t"", o.nd management """,sages 

B.3 Protocol Entity Pattern 

A Protoool Entiill can ""nd (Uld r,>ccive mes>ag'" and h .. , an WIler "/.ate while doing ",,_ 

Each enlily has a virtual mcss"-ge path to illl peer entity and roo! message paths to iI. 

IIdj"-"ellt entity or environment as shown in Figure 2l. 

The Prot<:>eol. Entity pattern. shown in Figure 23, contain. lhe Protocol EMily, Storay" 

and Pro/oco/ B"lta~jo .. r, Eoch Prot.ocol Entity roquir"" (me.) and provide. Entill! int,,/aces 

and Pur Interface •. 

The Protocol EntIty i. l\ ,iug!" protocol la)"lt md the Protorol Behaviour, detailed in 

the Protoco!llehaviour Pattern in Section EA. is the source of protocol functionality. The 

Stora!l" contains all the persistent and non-lX'r>listent d"t~ of l\ protowl entity. Th;" data 

'" " 
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'" ,,100, 
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'---
ltMtJ I"""", ... ""'] 
•• • J .• 

.,c 
Te" 

I""","" 
'._"""'" i """r,,, ; 

, 
Protocol S"tem 

, 
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« ffim=crt» 
Protoc ol Enti", 

Protocol lliUty 
Protocci Bobw;,"," 

Stcn~, 
Entity Jnter1Xe 
Pee< lntorfo.oe 

p')\OCct 

Figure 23: Protocol Entity Pattern 

could be divided into communication ....,.;ion specific parts. Two Entities in the sarne 

protocol system communicatc via an Entity Interface. Tbe E"tity implementing the Entity 

lmorf""" interp<et.s Entity llleSSftg"" reooived from anotber Protocol Entity and produo,," 

Entity message" selll to Mother Entity in the same syElem. Similarly a Peer Interface 

:specific. the mess...gc, Ih.o..t are int.erpretoo when received and sent by Entities in the ... me 

system. 

B .4 Prot.oco] Behaviuur PaUerll 

The Protocol Behaviour Pattern can be used to implement entity functionality in a COD1-

municft tion protocol system. The communication is cither connoclion]"", 0< connect.om­

orientoo. 

'" 
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r;'i~OlTe U: Protocol Bchnviour P~t1crn 

Fijl;ure 24 "ho,,-, the Protocol Behuviour components, thai is zem Or more Rout,"", . ern 

n. """ Commttnicatum Manager ."d zero or more Commltnjmtion Se .. ion •. 

A Router i. l!Sed when multiple CrJmm1!nico.tion SessIOns em ",<rive mcssagCll coming 

fl.'om " ,ingle entity interface. The Romu nMlt", m=~~", to the """ract CrJmm1<nic4tlOn 

Session or to the Communication Mana.fler. A Communication Manf1B,r wo"ld rnwtly, but 

not cxchlllivc\y, be usod in connection-oriented pl'Otocols in which it would create, cOIltrnl 

unci terminate Sessions I\S is l'equired. Communic~tion belwOOll poor entities is handled by 

Communicat"", S,.,.ion,' 

There is ll. di.tinctiou bt,tweell the """ uf the Protocol Beh"vi(Mlr p"ttcrn in the c"'"' of 

connectionless and cOllllcctiOll-oriented proto"ols. With {~mn"ctionl"sJ pm/"",,~ the Pro­

tocol Bch"viollr (occ Figure 24) gcl>Orlllly conttolns one Commtmic!J!ion Be •• ion handling 

ull emIlIllllnica.ti(>Il. The exception to this rule is wh""e t he Protocol Entity should b~ 

uble tn serve Illultiple simultaneous roquest~ in which ""dl request could take moderlltely 

lOll!';. In this c"",, the Protocol BchuvioUI ha, a Communication M4n<l:<)Cr which Cl'eates a 

Commumcation S-!JS;<m!J 1.0 oon-e ea.ch individual roqll""t, 

With crmn",/"Jl'I_orimtro prntoc(~" the Prntocnl Bch"viour generally comains two Ro'llicr!J, 

nile Comm"niruHon M<>IIagu and zero or more Communication s.".nrJl'l,', Olle Rout"" is 
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use<! to rout~ Service Data Unit. (SOUs) to the oor=t Protocol Entity u""r while the other 

routes Protocol Data Unit. (PDUs) to the corr"",t Communication S ... ion 

U8 
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Appendix C 

The Efficient Short Remote 

Operations Protocol 

C.l hltl'oduction 

Tho Effieient Short Remote Op~~'atioIl' Protocol (ESRO) savke, specified itl RFC 2l1l8 

!Nod97], i" 'imilar to thai provided by R<'IDOtc Procedure Call (RPC) services. \Vith the 

ESRO ,el'iiee and pl'Olocol the target oetwork enviromnoD; is "ireless and hence the em­

ph,,-';" i, on efficiency. ESRO providCtJ a reliable o,lIlIloct;rmlo.", r~mote operation ""nice 

wbioh 8it.8 on top of any data!(rlml (non-reliable and C<JIlllOcliolll"",,) traIl>lpo;rt ,,",vice, .uch 

as vDP, The ESRO "en-i<;o cun be u""d "ith either a z.way or 3-way haarnhaxe pnltocol, 

thereby offering varying degr"". of ~fRejcncy and rcliability, 

C.2 Tlw /<;SIlO S{'rvice D efinition 

A LIS"" of ESRO oitlu,,, " ,"urn'". to role of operation invoker or op<lrat.ion p",!orme, ("ee 

Figure 25) whioh ill turn det"rrnine./i t,h" behaviour and 8Cl"vices offered by the two peer 

ESRO ,ublaycrs. Having received notice of an 0P<'~'''-tion thai i" to be performod. the 

p.".former UOiCr i:< cxpoctoo to report the result of the ope,"".\ioll Or an err<>r, The op'''ation 

at the invok", ",er would ";ther have beeu sllCCes,ful or have resultoo in an errol.' and .. , "­

consequence a result or errol.' r"ply would be deliy~red to the p"'rformer "'~r. Operations arc 

geneully perftl<med ""yoohroI">nu"ly althoogh ,yochrooous qlerations arc ,,100 SUppOl.'ted. 

The ESRO service primitiv"" "'" =-.1 through an ESRO S(·l"vie~ Acee.,; Poiut 

n9 



Univ
ers

ity
 of

  C
ap

e T
ow

n

"'00 h"-"" 

Figure 25: The ESRO Operation Model. 

(ESRO-SAP). Th""e "CIV;Oe pr;m;t;""" arc the ESROS-INVOKE.req"""t, ESROS-INVOKE­

P.oonfirm, ESROS-RESULT ,req"""t, ESROS_ERROR.request and ESROS-F AILURE,iwllo&\iuu 

primitive •. The ""quence diagram in Fi~ 26' gi""" an overview of the 1.I:'le of the ESRO 

In the event of no errClt. ocourring at the ESRO pro'lider or performer ""er, the usage 

of £:SRO would he as foUows. Firstly the ESRO Inmker user would, via its ESRO Invoker 

SAP, use the ESRO-INVDKE.request servicc to "'QIl"t a method invocation. The ESRD 

Provider wollid ll.Cknowledge receipt of the ESRO_INVOKKreq"""t operation by deliver­

ing a Provider initiated ESRD-INVDKE-P.conlirm lYJef<Sagcl . .once the ESRO protocol 

has "ucccssfully delivered the data ""inl< one or more UDP Packets, the ESRO Provider 

would deliver a method inmlre ilKiication m"".age IlIling the ESROS·INVOKE.indication 

primitiv", Once the operation has been successfully executed, the ESRO Performer user 

would, via it. ESRD PerfCltmcr SAP, use the ESROS-RESULT.requC5t primitiv" to "'QIl' st 

delivery of the millit to the IllVUker 1.I:'ler. Having received the ESROS-RESULT.reque. t, 

the ESRO Performer Provider would deliver the romlt to the ESRO Inroker Provider. The 

'The -."""'" diatr"'" in Fi~ .. 2~ -. i_rat"" by to. p<Jj>ulo.:r P"",imn Tool by Gent""', .. AG. 
We Iu:.,e u..:xl ,he P"""kioll Couullunity Edihon, \Vhk~ """ tho i:><nefi" of t..in, rr""ly diollibu«d, .tc<itli[ 
di"",~"" .. cl""ivcl~ "'""lI XMI 2,0.00 .. ,ill, u;.,;,."", ln Eoc.pOulated P""t.oc,;pt "'",&1. 

'Tho P in ESRO-INVQKE-P,confi,m ".nu. Ioc ['ro",d,,- in,"""d, 
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1·" .. ··11., 1 , 

,.--._._, 
"i'o",..,....".,,'" ", 

I 

, 

F\o;ure 26: Soqucnce Diawrun for ESRO Scrvi=_ 

ESRO Invoker Provider would then scnd ~n ESROS·RESULT-indic~\ion m",",,,!!e to the In­

vol<cr Csc<. Finally, the ESRO PerfO<IIler Provida: would """d an ESROS-RESVLT .confirm 

m~ to the Pa:forull'r U""r. 

In tho event of errOr (whlch would (>Cell either "t the ESRO Perior"",r COOl, the 

ESRO Provider, or due to network related ev"ntualitiesj the ESROS.ERROR &1ld ESROS· 

FAILURE primitives would he usod. 

C.3 The ESRO Relllote Ol-'el'Htio" ~ P"oi,ocol 

The ESRO Scrvi=, which we mClltioooo in the previ<Ju. ,,,",hon, "re realizoo by the ESROS 

protocol. In o<dor to u",", ESRO Serv;ceo, the user binds to an ESROS SAP and specifies 

either" 2_ W"y Or 3-W~y handiliake Funclional C nil. 

The protocol uood fo< tnmsmitting Service Dat~ Cnit. (SDU.j ill extremely simple due 
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to its retransmission an 

transmission "'."""' .• ",v is not to 

the re­

the loss of a 

retransmission of the entire The number of retransmis­

be on sions and retransmission interval is and 

network statistics. FUrther of the n ... (~Tn('nl PDUs and finite state ... """" ... u"''' 

are in the 

122 
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1 

The "".., .. " .... "'"'" main. vm is used to ".",v,,,,,.,,,",,, the simulation main file. 

JavaSim.Distributions.*; 

prospex.*; 

util.Vector: 

simmcast.trace.SimmcastTraceGenerator; 

simmcast.stream.FixedStream: 

simmcast.node.NodeVector: 

class { 

static final int UNLIMITED = -1; 

* NETWORK and SOFTWARE PATH characterisitics. 

static int ... UNLIMITED; 

123 
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static double .. UNLIMITED; 

static double .. 0.0: 

static FixedStream .. new 

static int '" UNLIMITED; 

static int net_bandwidth .. 

#if ( && ) 

static double 

static double 

static UniformStream net_stream .. new 

#else 

static 

static double 

tend 

} 

static void 

{ 

'" 

o { 

args []) { 

* PRE-LIM STEP 1: Create the ProNode classes that are able to call 

* the method network.addSoftwareNode 

* STEP 1: Create the ProNetwork. 

124 
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ProNetwork network - new ) ; 

* STEP 1.5 Create simulation collaboration scenario what 

* simulation file 

SimmcastTraceGenerator tracer = new SimmcastTraceGenerator(); 

network. 

tracer.setFile( ); 

network.nodes new 

* NOTES: The constructor of extended Node say creates the 

* NodeThread.initializeNode() schedules the EventScheduler associated 

* with this node NOW. 

Since 2 detected in Collaboration 

of each ..... 

#foreach ( in 

• we have 2 

) 

. NodeClas sName .NodeName '" new 

network.initializeNode 

network.nodes.addNode 

network.tracer.node 

125 

0; 
) ; 

...... ',ynT'I(". obtainUnicastAddress 0) ; 
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#end 

*' Add SOFTWARE 

#foreach ( in ) 

#end 

*' Add NETWORK 

#foreach ( ) 

#end 

*' STEP 2: Add node daemon info to the created ProNetwork. 

#foreach ( in ) 

network.addNetworkArchNode( 

netArchNode.u~'~w"uu 

#end 

126 
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'" STEP 3: Add 

#foreach ( 

network. 

tend 

'" STEP 3: Add the 

to the created ProNetwork. 

) 

and their associated classes to 

'" the network's . This information is drawn 

'" from the UML 2.0 interfaces. Note that if a class 

'" can receive 2+ with the same name, we the of the 

'" 

#foreach ( 

network. 

tend 

name 

'" STEP 5: Run the simulation! 

network. "network"): 

! ") ; 

} catch { 

,",""T.<:.m. err. 

127 

too!). 

) 

" + e. 

" • 
) ; 

" , 
) ; 
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e. 0; 

} 

} 

} 

The ---'-r.'--- the classes. Each 2.0 active is 

and associated NodeThread class. The contains the 

the state machine 

.java 

* 

prospex.ProNode; 

class extends 

* Thread that runs the server 

thr; 

o { 
thr ... new 

} 

void ) { 

thr. ); 

128 
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} 

} 

The template 

* CO 

* 

class 

) extends 

#foreach ( 

tend 

tend 

. vm is used to that form the 

.java 

#if ( 

.Parent tend { 

.Attribs ) 

.Name; 

o { 

.Attribs ) 

.Parent != 1111 

#foreach ( 

#if ( .DefaultValue ! .. "" ) 

tend 

tend 

} 

.Name .. . DefaultValue; 

129 
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* 
* GETTERS / SETTERS 

* 

} 

The ~"'l11!.1'a.~", statemachine . vm is used to ".",..,," ... , state machines. 

130 
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'" 
'" 

simmcast.node."'; simmcast.network.*; 

prospex.*; 

due to use of addSoftwareNode 

reflect.*; 

'" Included to solve division 

java. 

class extends NodeThread { 

'" 
'" STATE MACHINE CONTROL VARIABLES 

'" 

int state .. 

int 

int event 0; 

#if ( .InitialTask ) 

static final int STATE_O = 0; 

131 
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lend 

#foreach ( in ) 

static final int 

lend 

#foreach ( in eID~S~IDat.Events ) 

static final int 

lend 

~r"T·rAl'T.~~MTI~T..Daemon 

#if ( . Daemon ..... "false" ) 

The variable done is used in non-daemon active classes. 

* It tells the state machine 

* when to for 

boolean done'" false; 

lend 

Need a time-out to be used in onTimer. 

... new 

* 
* EXPLICIT STATE MACHINE VARIABLES 

* 

IMPORTANT; Code correlates variable names 

* in order 

* to the ..... 

132 
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and variable 
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* 1. event variable names 

* 2. ects 

* 3. for this. 

* 
* rule: variables that are classes are instantiated here, when declared. 

#* NB: NO timers .... *# 

#foreach ( 

#if 

#if 

#elseif 

#if 

#else 

lend 

#else 

in $cl11n:entSIIDalt. Variables ) 

. IsTimer 

o .. new 

## true if not null 

o .. new 

o -~· .... ··-~o .. new 

#if ## true if not null 

#else 

lend 

lend 

tend 

tend 

* 

o 0 .. 

o 0; 

* IMPLICIT STATE MACHINE VARIABLES 

133 
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* 

int source'" OJ 

int sender ... OJ 

int .. 0; 

* 

our own address used when 

the address of the that sent the last 

the address of the latest child node that this class 

created. 

* IMPLICIT STATE MACHINE VARIABLES 

* 

NOTE: The names below are derived from the interfaces. 

* If there are two ..... l!'> .... ~ .... '" with the same name we 

* the of the to the name to 

* make it 

RECEIVING: 

#foreach ( in o ) 
o ... new (II 0 ) j 

tend 

SENDING: 

#foreach ( in ) 

o .. new (II 0 ) ; 

134 
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} 

* 
* 
* 

tend 

variables 

is a field that is for classes that form 

* the network links, it is used when 

* the Simmcast Packets before are sent. 

* must track of whether 

* a travels across network links or not!!! If a Packet does 

* not cross network links its is set to 

static final int = 0; 

* VARIABLE END 

{ 

super \"" .... ,,_, 

daemon '" 

void execute() throws { 

135 
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setName( " + node. 0) j 

DecimalFormat f2d .. new DecimaIFormat("OOOO"); 

node. 

source 

* 

o + ". node " + node. 

thread " + 

) ; 

our own address used when 

* START STATE MACHINE CONTROL 

* 

while { 

switch { 

#if ( .InitialTask ) 

case { 

A call to initialStateActions can appear in the transition 

* to the initial state. Such a call occurs if actions are 

* taken BEFORE we enter the initial state. It is then 

* to wait for in the initial state. 

.. state; 

state = initiaIStateActions(); 

} 

break; 

#end 

#foreach ( in o ) 

136 
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case }: { 

determine what the next is .... 

Event event .. 0: 

0) { 

#foreach ( in 0 ) 

case 0 O}: 

... state: 

state .. 

0 O} 

break; 

lend 

default: 

this. . network. tracer. 

event. o ,this. 

} 

} 

break: 

lend 

default: { 

throw new "There is 

no default state. II); 

} 

} switch 

Here we have a successful transition from one state to another. 

137 
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* We record this in the trace . 

this. . network. tracer. 

} I I while 

,",'IT!~T:.,'m. out. is DONE!"); 

* 
* END STATE MACHINE CONTROL 

* 

} 

* Blocks for a , once it receives it checks what 

* of it is, the of the determines what EVENT is 

* returned. It is for a state machine to receive a in a 

* state that it cannot process in that state, such 

* SDL These semantics are 

are discarded 

in the state machine 

* control in function "execute" default 

* in each state. 

Event o throws { 

Packet '" receive 0 ; 

II Set the SDL variable .... 
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sender .. 0: 

",,,,·~,, ..... ,,,o . » : 

The that we receive here could be a time-out In which case 

* we would have a time-out . The ect contents of the --,-,._.+ 

* would tell us what of time-out occurred. 

* NOTE: The used when D~J~UJ'U~ 

* threads must be correlated with the text in this 

* function. 

#set 

#foreach 

#if 

#if 

if 

'" 
.Events ) 

0) 

o. 

in all active class 

) { 

* We know that some time-out occurred. But we need to create an event 

* the state machine control know the of the time-out 

* occurred. This information is contained as ect 

* of the received This must match with one of the 

* variable of this class. 

) ; 

Event returnMe null; 
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* TODD: Fill in the time-out 

if 

the 

returnMe new Event 

} 

#else 

else if 

returnMe .. new Event 

} 

lend 

#set 

lend 

lend 

#if > 

else { 

} 

return returnMe; 

} 

lend 

#foreach 

#if 

+ 

below! 

o ) "' .. { 

as null. since it has served its purpose. 

tEventNumlber 0 

o 

o ) ..... { 

o 

.Events ) 
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#if == 
if 

Event returnMe new Event 

return returnMe; 

} 

#set + 1) 

#else 

#end 

tend 

tend 

#if 

else { 

this. 

else if o. 

Event returnMe = new Event 

return returnMe; 

} 

! ... 

. network.tracer·g~!SUCL~ 

o ) { 

o 

o ) { 

,this . 

* We received a and it. Now we must 

* return a valid Event, so we call the method we are in 

141 
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} 

} 

lend 

return 

void onTimer 

0; 

ect 

this. . network. tracer. time_out 

{ 

,this.state, 

message_. 

* When onTimer is called, this thread must be 

* to receive a We want to 

) ; 

a TIMEOUT n"'CKHr. with a name into this node's 

* ...... see EventScheduler.man~~el~vE'nt 

1. ADD Packet to Node's 

II send a time-out Packet to 

int destination - source; 

The message_ contains a 

* occurred. 

Packet timeOut new Packet , destination, 

which of time-out 

,0, 

the idea for 

where its 

the code below comes from EventScheduler.man~~el~vEln~ 

with an ArrivalEventltem 
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} 

'" 

2. UNBLOCK NodeThreads. 

Iterator iter '" . scheduler. 

while 

( 

.hasNextO) 

iter.next()).unblock(); 

3. Clear the list. 

. scheduler. . clear 0 ; 

'" END STATE MACHINE CONTROL Functions 

'" 

'" 
'" EVENT t'rl::lC'~SS Functions 

'" 

#foreach 

#foreach in 

143 
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#set 

#set 

Processed in State: 

* Next state: ? 

o 

Must set the state at end of function ... 

int nextState = -1; 

#* Need to 

* ie is it a timer? 

*# 

#foreach 

We have param: 

#end 

## #set 

## 

in 

* TRANSITION CODE GOES HERE. 

} 

Must do .... 

nextState .. ?; 

return nextState; 

144 
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} 

lend 

lend 

Processed in State: 

'" Next state: ? 

int 

Must set the state at end of function ... 

int nextState -1: 

Packet receivedPacket = event_. 

'" TRANSITION CODE GOES HERE. 

Must do .... 

nextState = 

return nextState; 

145 
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throws 
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receivedPacket. ) ; 
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