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/*** rate and constant definitions ***/
I. INTRODUCTION rate 11 = 0.5;

. . . . rate 12 = 0.1;
Symbolic data structures, such as binary decision diagramge mu = 4.3:

(BDD) [1] and variants thereof have proved to be suitable forint max = 15;
the efficient generation and compact representation of Veryw« sysiem specification **/
large state spaces and transition systems. The key to sucjystem = ( Arrivall || Arrival2 ) |[enq]| Server(0)
. . T . rrivall (tau,l1); (tau,l1); (enq,ll); Arrivall
compact representation is the exploitation of the composmonaﬁ,rivam = (taul2): (enq,l2); Arrival2
structure of a given specification [2], [3]. It is also known that Server(n [max]) := [n < max] -> (enq,1); Server(n+1)
in addition to functional analysis, performance analysis and the [n >0 > (serve,mu); Server(n-1)
verification of performability properties can also be carried out/** measure definition ***/
on such symbolic representations [4], [3]. ihroughpuimeasure. Senvce . tato serve.
In this note, we describe the current status of our toolmeanvalue Occupancy Server(n)
CASPA which offers a Markovian stochastic process algebra
language for model specification. CASPA uses multi-terminBlg. 1. Specification of a small queueing system example
binary decision diagrams (MTBDD) [5], [6] to represent the
transition systems underlying a given process algebra spec-
ification. All phases of modelling, from model constructiorpize are defined. The last three lines of the example show
via numerical analysis to the computation of performanégat CASPA supports the definition and computation of three

measures, are based entirely on this symbolic data structufkifferent types of performance measures:
A state measurés defined as the probability of the system

being in a specific state or in a well-defined subset of the

state space. Such sets of states are defined by referencing to
The modelling language of CASPA is essentially the samgocess names, thereby possibly using Boolean operators and

as the Ianguage Supported by TIPPtool [7] Itis a StOChasgﬁnditioning on process parameter ranges.

process algebra where all actions have an exponentially disa throughput measurés defined as the mean number of

tributed delay. The language provides operators for prefixingecurences of a specific named action per unit of time.

choice, parallel composition, enabling, disabling and hiding. A mean value measuiis defined as the expected value of

Infinite (i.e. cyclic) behaviour can be specified with the helg certain process parameter, taken over all reachable states.
of defining equations. The technique used for symbolic model

representation (cf. Sec. Ill) works only for finite state spaces.
Therefore the grammar of the input language is such that
recursion over static operators (i.e. parallel composition and
hiding) is not allowed, which ensures that the underlying state CASPA translates a given process algebra specification
space is finite. directly to an MTBDD-based symbolic representation of the
CASPA allows the specification of parameterised processasderlying state space and transition system. It uses the CUDD
i.e. processes which carry one ore more integer parametditgary [8] which provides support for the construction and
This feature is very useful for describing the behaviour ahanipulation of BDD-based data structures. The translation
gueueing, counting, or generally indexed processes. Withinplements the denotational semantics described in [9], with
a parameterised process, the enabling of actions may dmmne extensions and optimisations. The basic idea of this
conditioned on the current value of the process parametdranslation is as follows: In a first step, the parse tree of the
We demonstrate the use of the CASPA modelling language psocess algebra specification at hand is constructed. Then the
means of a small example shown in Fig. 1. It is a queueiddTBDD representation of the underlying transition relation is
system, consisting of two arrival processes (inter-arrival timesnstructed in a compositional fashion, starting with sequential
have Erlang-3 and Erlang-2 distribution) and a service cenfaocesses (i.e. processes which do not contain the parallel
with finite capacity buffer and exponential service times. lnomposition operator) which are located close to the leaves
the first three lines the rate parameter values and the bufférthe parse tree. Finally the MTBDD for the overall process

Il. THE MODELLING LANGUAGE

I1l. CONSTRUCTION OF THE SYMBOLIC STATE SPACE
REPRESENTATION



N reachable MTBDD MTBDD numerical

is built from the MTBDDs of its components by applying the states nodes | generation| analysis
rules for symbolic parallel composition (see, e.g, [3]). Thisz 454 475 3990 0.17 sec. | 20.41 sec.
construction procedure is completely symbolic and composi-5 2,546,432 5392 0.42 sec. | 184.44 sec.

; ; _ At ; ey 11,261,376 8086 0.89 sec. | 1191.46 sec.
tional, i.e. each sub-process of the specification is represe e 21644800 10380 =7 sec. >Th

by an MTBDD, which is then used as an operand during theg 133865325 | 13998 | 3.28 sec. .

construction of the higher-level processes. 9 384,392,800 17762 | 5.23 sec. -
Already during its construction, the parse tree is annotatedO | 1,005,927,208 | 23231 | 8.94 sec. -

with information concerning the performance measures to be TABLE |

derived. For example, nodes associated with a process name RESULTS FORKANBAN SYSTEM

that occurs in a state measure specification are marked, and

subsequently a BDD s constructed which encodes exacBhspa is very efficient, it is several orders of magnitude

the states which are relevant for that state measure. No@gﬁer than that of TIPPtool which uses an explicit (and
associated with a parameterised process for which a Mg efore much less space efficient) representation of the state
value has to be computed are also marked, and subsequegillyce ang transition system. The numerical solution with

an MTBDD is constructed which encodes the relevant statgs, algorithms from PRISM achieves an efficiency which
and associated parameter value. is almost comparable to state-of-the-art sparse solvers. Once
IV. NUMERICAL ANALYSIS AND COMPUTATION OF the state probabilities he_lve been computed,.the derivation of
PERFORMANCE MEASURES performance measures is very fast, in fact it is much faster

, . than for TIPPtool.

CASPA supports steady state and transient analysis. FO{ye are cyrrently extending CASPA to a stochastic model

steady state analysis Power, Jacobi, Pseudo-Gauss-Seidelgady e which supports specification and verification of com-

thgir ovgrrglaxgd versions can be used. For transient anal Bx performability properties of stochastic systems, specified
uniformisation is employed. The rate matrix of the CTM ith the help of the temporal logic sPDL [12].

is obtained from the symbolic representation of the transition

system by abstracting from the action labels. This abstraction REFERENCES
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