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Abstract—

The paper aims to present that another high-level
specification tool Statecharts may also be used to represent
performance models. Statecharts may be considered as an
extension of state-transition diagrams added with the concepts
of hierarchy and parallelism. The Statecharts specification has
to be treated in the sense performance measurements are to be
obtained. This is done by generating Statecharts equivalent of
state-transition diagrams. By associating the resulted siate-
transition diagrams to a Markov chain and using an analytical
numerical method, performance measurements are obtained,
A performance model represented in queuing networks, Petri
nets and Statecharts will be discussed.

Keywords— Performance Models, Specification tools,

Statecharts, Analytical methods, Markov chains

L INTRODUCTION

In general, a system behavior may be studied by
modeling it and evaluating its performance. It is possible to
detect some bottle-necks during its evaluation. Modeling
has become an important topic of research as the
representation of a given system allows an insight of how
the system behaves before it becomes ready. As examples,
distributed systems, manufacturing systems and many
others may be mentioned.

The scope of this work concentrales on sysiems that are
known as complex as they are reactive. Reactive systems

are those that the behavior of the system changes at a given
instant according to a perturbation of the system. These
type of systems are everywhere in the daily routine such as
telephones, cars, communication networks, operating
systems, elc. e
In order to evaluate the performance of a given system
two categories of solutions are used. The first oIl ié
simulation and the other category is analytical method
The scope of this paper is ¢ : s
cop paper 1s concentrated on solutions vi
analytical methods. Usually, the analytical me TR a
based on Markov theory. It is essential 1o denote tha are
main concern of this paper is the modeling of at the
System in a clear manner and at the same {ime it Sha_ glven
possible to be treated computationally. ould be
A very first natural solution of repr : .
systern is by selecting slalcvlransitignessi’;ung a Teactiye
events among the states follow an exp{)nenﬁff :."3: ,___If the
then this structure may be considered as a M 'Sm_b_'-llinﬁ
Once a system is represented by S‘&te-*tr&néitioa;' OV chajn’
and by applying appropriate numerical meth Tl_s d] By
and [SIL 92). one can determine lh;eds °HI 9y
probabilities with which performance e % stead}'-—at ]
be obtained. However, the use of stm@,masﬁg T ntam
may be cumbersome especially when deal; _s_'_tlﬂn diaor. ay
G.Qmpt':-ncntsaslhcy may lead tDtK—DDnEﬁu'?m With p@ﬂm S
mode]. This problem leads 1o the necesg Ell .blﬁw_.;h &ral
with better representation tools. SEy of cm,}:lqrthe
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state until a job is fed thus changmc

f
plores the use of a new g
 [HAR 87a], [HAR 87b], ?{Tﬁ“ﬁh
represent performance models,
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“measurements. The snlut:on is 10
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to determine  the
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_‘Wamng’ to “Processing” state in which the

ocessed. The end of service may be considers
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) tem should rﬁtum to Walllna In case
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the _mcﬂwd used to (reat |
to obtain the perform
fs devoted to show

ponents in the system. This is done by Pm“d'“
{ rty Aﬂt‘[ﬁn may be a change of an ﬂxprSSI
ige of a variable or even events that are fircd in 0%
onal components. This is associated to the I!':;
caning that once the event is fired, the system s stale 83
ed and the given action is execu
1’s state is continued to be ¢
~ provide some special events such as true (¢
- dition), entered(X) and exited(X)
s are abbreviated in the Statech spectively) 1%
col ), fs(condition), en(X) and el rcfj[; stem.
e Up with the internal logic of the modfﬁmc Condnm
~ first two ané ‘respectively true and false ! -
‘evaluated to be true and false. The last l\‘-‘lf.ll
~ state X in which the event en(X) 1s s alatc
tered whereas the event ex( X) is Sumuecr
ere is an exit from state X. These fﬂu[::fns that
sidered as immediate events iy mll:rr in any
;ﬁrst to be reacted and automa

(these bl?cc"’t
arts formalism &




Stai.echaﬂs formalism classifies
categories: external and internal even
‘pwtgfuf;nrlr:ng] :Eﬁlgs;;; &sn ic:f:cidcd to keep these categories

; ions. External events are the
stochastic events (where time between their activation and
::c:e m::;:t;ﬁﬂ; Z?llll;::; a sdmchas_tic distribution) that have
Internal events are mam i diint m?‘ﬁgumums.

; ose special (immediate) events
mentioned above (true (condition), false (condition),
entered(X) and exit(X)) where they are always checked and
continuously reacted until none of them are active. Actions
are also considered as internal events. This discussion will
be detailed in the next chapter,

Transition is the physical representation to denote a
change of a state within a system. Transitions are
represented by arrows. A label is provided on the arrows to
indicate the events that change the state of a system
behavior. By making use of the example of the machine,
there would be an arrow from “Waiting” (W) state to
“Processing” (T) state. The label of the arrow could be the
event arrival of a job (a) indicating that a transition from
“Waiting” state to “Processing” state has occurred when the
event has been fired. This is shown in Figure 2. The full
syntax of a label along a transition is: ev/c]/a. Event ev is
fired if the condition ¢ is satisfied and when this ev is fired,
a change of system’s state has occurred. Then the action a
is executed by changing again the system'’s state (in other

components). The Figure 2 also shows other events to
indicate end of service (s), failure (f) as well as end of
correction (c).

events into 1wo
ts. In the case of

Fig. 2 States, Events and Transitions
The main features of the Statecharts by using the above
mentioned entities will be discussed in the following
sections. These features provide appmprigte: resources 1o
specify a reactive system in a clear and realistic manner.

A. Hierarchy of States.

In Statecharts, a state may contain sub-states. This is
very useful in performance models when events trigger th;
same transition from dif{erem §tatcs. Instead ©
representing a physical transition leaving from kiaCh 5?;2
just an arrow Jeaving from the fat'her state amlsc. “fn\.[;nﬂ e
super-state is sufficient. .In this ;a&eﬂs sicm nmﬁng 5
transitions in the diagram 1S reduce p

representation of the model.
Figure 3(a) shows @ =

representation of a model t:d’:;:r m =

of jobs. The possible states 10f

state-transition  diagram
hine to execute (wo Lypes
¢ machine are: idle (W),

workin s
: of
Ol . The Iransitions can be fired by one

L] T f
(82). enq o ; EMS: arrival of 4 jo of type 1 (al) or tYP®
I:ﬂdur Lype 1 (s1) or type 2 (s2), machine
execlte only if Of repair (c), It is assumed that @ job 1S
machine j, not the machine s idle and, when idle. the

Subject to failures,

alj :_;:;\
| Hﬂ\
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Fig. 3 Example of Hierarchy

In Figure 3(b), the states W, T1 and T2 are clustered in
state A (Available). The state A is said to be a macro-state
or a super state of type XOR. The semantics of A 15
interpreted as whenever this state is active, one and'ﬂl:ﬂ!l’
one of its sub-states is active. The event f takes the machine
from “available” state to “failure” state F. In order 1o
represent the fact that the machine is not subject to failures
when idle, the condition [not in(W)] is added to the
transition label from A to F. To be more precise the
condition must be correctly written as [not in (AW)] -
(indicating state W within the macro-state A) - to avoid
ambiguity whenever state names are repeated. However,
here this is not necessary as the figure shows no ambiguity
in the names thus making the syntax to be formalized as
[not in (W)]. This notation — macre-state.sub-state — has
been adopted for the proposed wu;k}mly \ﬁ:hl.?.[:l necessary)
as no satisfactory notation for avoiding ambiguity has been
found in the literature that has been read.

In gcnr:r';ﬂ it is IIE':CtSSE!I}I' that some state must be a
default or initial state in order to dem_:te that some state is
the starting point Whenever  sysiem is to be observed for
its dynamics. It 1s very common in Statecharts terminology
Biise “a system 18 entered meaning that a macro state i
switched on or active. In order to represent an initial state,
Statecharts provide the cnncspt_of Eﬂ:;l'}' by default. Tn
Figure 3(0). he bent arrow pointing (0 {he Sate Wi mcans
that this stalc is the 1mt_1a| point of entry within state A

he system enters in A, one of its sub-states must he
W}f“"n - “‘15;, case W is activated due to entry by defauly.
GELE, [N r;: 3(c), when the A macro-state is aﬁh\fe

I::' Fiiu .arlier, only one of its sub-states s B-Ghve,‘, a{:
mentionc *l‘] o active states of a given system are popo »
States:hafﬁﬂu[mim_ Therefore, one cansaymatlh&_;:ﬂ

g RV
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Fig. 6 Synchronization and Independence

C. Entry by Condition.

Statecharts tool provides facilities for more complicated
entries to sub-states other than Entry by History. One of
them is Entry by Condition represented by symbol c. This
feature is shown through Figure 7 in which the event to be
taken depends on the condition that is to be satisfied. The
figure represents a Machine (T) that processes a job cither
on T1 or T2 according to the conditioned event a. Figure
7(a) shows this aspect. By using the connector of Entry by
Condition, the number of arcs may be reduced and this 15
shown in Figure 7(b). This means that even the event
oceurs, the condition attached is to be evaluated to move (0
the destination state. In the Figure below, on occurring the
event a , the conditions cland c2 are evaluated. The
destination state would be selected based on which
condition (c1 or ¢2) is satisfied. Obviously, if no condition
< satisfied the transition (through event a y will not be

Fig.7 Entry by Condition

1. CONSTRUCTION OF A CONTINU
MARKOV CHAIN FROM A STATECHARTS MODEL

OUS-TIME

executed if tl

AM
5 arkg
this worl, . Chaip _
transiu;,k‘ & Contjny e mOre precisely, within the SCOPS of
0 ray GnUS“Timc Markoy Chain - consisting of
tids B states is the input to the available

stat . HI 92 o
has'c Probabilities ] and [SIL 92] to determin®

. n :

COTTESpondenc, Ua&hm"" mentioned that a one-lo-on¢
Markoy Chaip andr;hc made between a Continuous-11me
problem of ¢, 2 SAC-ransition diagram, Therefores the
8 M0de) ropyeee e b e Markov model will b solved i

Statechar(s o, sented in the high-level specification tool
c.oﬂt.*spﬂndq? Ncrates the state-transition diagram that
the Slme,h-_an? the specified model. As can be seen with
transition maz:;ﬂ? d'agm'_“- it is possible to produce the
determined it rom which steady-state probabilities are

hese probabilities i :
< are the basis to calculate
the gﬁ:rf{)rmunm measurements e
nce =

i the model is specificd in a Statecharts
E‘;ﬁ“ﬁi’:,“ﬁj"“ﬁm enabled c\?;ls. must be stimulated SO
e Eﬂ igurations are yielded, Internal e.vems are
: ed by Statecharts semantics and considered as
lﬂ:lmtdtalc events in the sense they are immediately
stimulated when the model reaches a configuration where
they are active. Events can also be triggered by actions
associated to transitions and they (actions) are stimulated as
soon as the transition is fired. External events are events
that are not generated by the Statecharts semantics and
therefore they must be stimulated for describing the
dynamics of the modeled system behavior. In order to make
the association of Statecharts model with a Markov chain
possible, the only type of external events that can be
considered are stochastic events. These events are those that.
the time between their activation and their occurrence
follows a stochastic  distribution. In particular, for
Continuous-Time Markov Chains, this distribution has to
be expnnen'[iill distribution. .
Once the model is specified in  Statecharts
representalion, the first step is 1o take the initial
configuration provided by entries by default, In other words
all the initial States of ca;h mll_fmgnnal component are
taken, A reaction; that is stimulation of events to yield a

new cmﬁguralim, is first done by stimulating the so called

immediate events .S'IJCh .3-5 fmffm'#iﬁoﬁ] and
fahe(cm!dfi‘mu). This _reacton results in ° o SEnew
conﬁgurtlliﬂﬂ- If there an.: actions ?_ssucxal.e_d \‘.\"Ith- these
immediatc gvents, these are ired vielding new

. .o This process of reacting to immediate events
zgﬁgﬁﬂ:ﬁf; (akes place unti! a coqﬁgu:aﬁun lﬁabtﬁlel?et;
and it is Such that nO MOfe immediate events are active,
Now. a lis! of stochastic events is obtained based on the
B configoration: BV configwration is generated
; each stochastic event of the list. Actions ar
reacting 9 . are associated with these Slmhaﬁﬁfg"ﬁf a:::

it onfiguration is checked against any
ew con ; NSt any g
;Ifhlseéliﬂw ovents. This Process goes on until qiy

the
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processor queue, After a request has been processed, it may Fig, 15 i
leave the system with a probability of 0.6 or it may use the © S¥stem specified using Statecharts
disc with a probability of 0.4. The disc also makes use of a The input 4

queue, 'disc queue, for storing the requests whenever the measurem ey -
disc is in use. After the request finishes occupying the disc
service, it is returned to the processor. Figures 10, 11and 12

ala used 1o mance
s : produce the perfor
¢ shown in Table 1.

show the specification of the File System in queuing _INPUT DATA R TABLE |
neiworks, Petri nets and Statecharts respectively. ival ;Etﬁ__—"—c'—gﬂﬁ SPECIFIED SYS’;’EM
o i
File System
ey of leaving the s
P = : ystem p
2 1, “obability of using the Disc = 1p
. P
1 - : ;{h 5 rt.‘:Sulu,-_ of performance measurements obtained for
processor q €deh Specification are shown in Table I1.
_ Hy ;
; ©IE | TABLEII
;' iz PERFORMANCE MEASUREMENTS
disc |States | Queuing networks | Petri nets | Statecharts
E , . i Processor 0.800 0.799 0.800
Fig. 10 File system specified using Queuing networks Busy
Processor Idle 0.200 0.200 0.199 |
Disc Busy 0.400 0.401 0.400
Disc Idle 0.600 0.598 0.599

The results of performance measurements using quwing
networks were based on Jackson networks whereas Petri
net solution were derived from simulation. In case of
Statecharts, as inclusion of probabilities among the
transitions has not yet been added to the prolotype a
specific program was used. The buffer limits to store the
requests in both the Processor and Disc queues were
considered unlimited in the case of Queuing networks and
Petri nets. However, this is not possible yet using
Statecharts. Therefore, the results obtained using
Statecharts specification in Table II used the buffer limits as
40 for the Processor quete anc} 2{) for the Dmc queue,

By changing the buffer limits -:':llht:r_ interesting limits
4 for Statecharts specification. These results

were obtaine
are shown in Table 118
] TABLE III
NCE MEASUREMENTS WITH BUFFER
PERFORN\ L 1T FOR STATECHARTS

[ Processor QUett —— _f, 1.: i‘.;'. 3 ]

= 15

e 0.728 | 0.781 | 0.798 | 0.800
Froeessof 0.384_| 0397 | 0.400 [[0.4007]
[Fomty | : W 0271 | 0218 [ 0201 [ 0.1997]
m . Mﬁls 0.602 u'swﬁ—-___ﬁ’:

o [11 shows that the Processor rmﬂiﬁ&iﬁ“sy 3

puffer size for storing th*:'. PrOCESSOr requecre.
ar queue. However, this is_ not &ut?u'gt:;
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increasing 1°
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