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Abstract:

SDL provides powerful capabiliti es for verificaion! and validatior? of a system's behaviour
and for automated code generation. This allows to perform system validation at a higher level
of abstradion and ealier in the development life g/cle. However, ore needs to be caefully to
redly gain advantage of such capabiliti es, espedally when applying SDL to a broader classof
applicaions which may be cdled "dedsiorrmaking, distributed systems'. Firstly, state
explosion may prevent to get any benefit from exhaustive smulation a much effort is
required to limit the number of states thereby loosing most of the alvantages of automated
testing. Secondy, the arrent means of SDL and d SDL tools may nat be sufficient to identify
all bugs of a system's edficaion and design. Even when exhaustive simulation daes not
report any error, the system may not run corredly on the target, or vice versa, the optimum
pradicd solution may be rejeded as erroneous. This paper will analyse the situation, povide
with asolution for tuning of system development which is based onan additional layer, cdled
EaSySimll, on top of the ObjectGEODE tool, and will identify future issues.

1. Introduction

Compared with ather languages a major advantage of SDL and MSC is their cgpability to
provide on an abstrad and formal level the means for definition d (a) information exchange
between a system's comporents by MSC's (Message Sequence Charts) and (b) a system's
behaviour by FSM's (Finite State Madhines). This alows to automate verificaion o
information exchange and d behaviour. In consequence, verificaion can be performed at a
higher level of abstradion and ealier in the development life g/cle. This helps to save @sts
and to reduce risks.

1 "verification" means to check if the system is built right.

2 "vadidation" means to confirm that the right system is built. Hence validation refers to all system properties, while
verification may only refer to some properties.



Due to these alvantages SDL was sleded duing the projed OMBSIM [1] which was
execeauted for the European Space Agency ESA/ESTEC in ader to define an alternative
system life ocle [2,3,4,9. As it was aready known by previous adivities [6] that
consideration d performance impads is a "must" for system validation the SDL toadl
ObjedGEODE [7] was complemented by performance analysis and simulation capabiliti es
provided by the SES/workbench tod [8]. The resulting tod environment was cdled
"EaSySim" (Early System Validation Simulation” environment). This environment has been
improved significantly in mean time by BSE and a @mmpletely new implementation
"EaSySim II" [9] is now avail able which overcomes all the weanessof the first environment
and provides new capabiliti es for system validation. It is based on ObjedGEODE, the adual
version d GEODE used, and provides the performance simulation cgpabiliti es by SDL means
and additional suppat functions which are implemented as operators in C. EaSySim I still
provides accessto SES/workbench, but also to ather todls and (user) software in a transparent
manner.

A number of adivities have been exeauted since 1992when the first ESTEC projed HRDMS
[10] on system validation started, which espedally concentrated on performance matters.
Since 1992the development approach has been continuouwsly improved and the productivity of
development steadily increased, mainly based onthe powerful cgpabiliti es of SDL, bu also by
proper organisation of the development steps [5].

This experience now alows to give recommendations for tuning of system development, howv
to oltain corred verificaion results or how to increase system quality. Although extending the
verificdion processto performance properties, verificaion becomes much simpler becaise
nation d time and shared resources introduce an ordering scheme which reduces the number
of system states. This helps to avoid state explosion and to master exhaustive simulation in
such cases when it is not posshble otherwise. Moreover, it was recognised that the number of
system states may be taken as a measure for system quality indicating how well defined a
system really is.

To conclude: when extending the verificaion processtowards performance matters this does
not only lead to more reliable results, bu it also simplifies g/stem validation and hence dl ows
to tackle more complex systems.

While SDL is more aldressng an abstrad, mathematica system, the EaSySim Il environment
concentrates on a red, physicd system and its properties. This extension d the scope is
needed when dealing with a more general class of distributed systems with SDL.

2. The Impact of Performance on System Validation

This sdion identifies the risks which arise when the SDL cgpabiliti es for behavioura
verificaion are gplied to alarger classof distributed systems withou considering all relevant
system aspeds such as performance Otherwise arorsin asystem may remain hidden and may
cause sporadic or permanent faults during later system operation.

2.1 An Extended Application Domain Requires An Extended Scope of Validation

In the past, SDL was mainly applied to telecommunication applicaions. Such applicaions
form a sub-classof "distributed applicaions’ which often can be dharaderised as a sequence
of "one-paint-to-one-point” communicaions. Many such communicaions may occur a the



same time and they may compete for resources. But they do nd disturb ead ather during
execution of a protocol sequence, because there is no signal exchange between them.

Usualy, no such communication request has a higher priority than any other, and the next
adion will not start before the previous adion hes been completed. This makes it reasonable
to ignore time and to assume that a state transition daes not take ay significant time & all.
Performance apeds may be important but they only impad the consumption d resources and
the duration of activities, and not the system behaviour.

However when taking into aceurt a more general classof distributed systems for which "n-
point-to-m-point” conredions ("anybody can communicae with anybody else & any time")
are dlowed, time plays a more important role: performance of the (red) distributed system
may impad the validation pocess and the results may not match the (physicd) system
architecture.

The reasonis: signals may not propagate with the same (average) transmisgon rate through a
network. When they take diff erent paths (1) the transmisson rate may depend onthe path, (2)
the number of processng steps may be different. If transmisson rate is assumed to be infinite
(zero propagation time) this dependency is nat recognised. Also, in case processng time is
ignored the number of processng steps do nd impad the final arrival time of a signal. But
consumption d time makes the difference between "ided" and plysicd systems. And this
difference makes validation herder in case of distributed systems with arbitrary
communications.

Due to zero-propagation time signals arrive in a order in a process queue which may be
different from the order in the physicd system. Consequently, the red sequence on the
physicd architedure may never occur during simulation. Hence successul verification by
simulation with SDL and SDL tods does not necessarily mean that the system will work
corredly on teh architedure becaise the impad by performance is not known: whether it
invalidates the result or not.

Asitis downin sedion 2.2even in case of a synchronows master-slave protocol which isrun
ontwo un-dirediona lines, time cmnsumption d transmisgon and data processng canna be
neglected.

Hence in order to oltain results which are cmpliant with the red, physicd system we neal
to consider performance matters already during system validation by simulation.

Several adivities are known which introduce notion o time in SDL [11,12,13,14 bu they
only concentrate on aspeds like dannel delays and resporse times or violation o
performance onstraints, bu do nd consider that time may impad system behaviour. They
analyse time delays e.g. in the queues of applicaion processes although the signals may not
have to wait there, but e.g. in the network or the on the procesors. Behaviour remains the
same when time consumption in physical resources added.

As SDL todls aready provide the caability of exhaustive simulation and suppat a priori
distributed systemsiit is possble to extend tod capabiliti es such that a more genera class of
distributed systems is covered. The EaSySim Il environment provides such enhanced
cgoabilities on top d the ObjedGEODE tod: consequently, a user can exploit the
performance of a cetain system architedure and can validate such a distributed system under
realistic conditions.



2.2 A Protocol Example: Succeeding with Validation of an Erroneous System

The protocol shown by Fig. 2a has been used duing the projed HRDMS [10] and in mean
time it turned ou that it is a very good example to demonstrate (a) violation d validated
behaviour when introduwcing timing aspeds, (b) the wedkness of vaidation d system
properties under artificial (simplified) operational condtions, (c) the interadion between
system tuning and corrednessof results of exhaustive simulation, (d) the significant reduction
of system states when introducing performance aspects into exhaustive simulation.

The protocol is completely deterministic and synchronows from alogicd point of view, which
is the reason that people believe that performance matters can redly be ignored for its
validation. When taking exadly the sequence of signals as shown by Fig. 2a the protocol will
neve runfreeof errors on the system architedure of Fig. 2b. And thisisthe good pont of its
determinism. When starting to remove the bug (by varying the sequence of the signals and
playing with timing) the protocol may loose its determinism due to performance and
environmental impacts and it becomes even harder to identify the bug.

Processor Device X Device Y
(Master) (Slave) (Slave)
Initiator Source Sink
poll sink _
poll source
sink ready variation of sequence
<4 allowed for eqivalent
¢ source ready signals !
condition sin ready signals may
k} arrive in any order

condition sourie

request dat —

p transmit data transmit dat$

request dat

transmit data transmit data> Requirements for transmission:
N - data must arrive in requested order

request dat . .

- _ - any sequence of request/transmit signals|is
P transmit data transmit dat$ allowed which matches this requirement
| more | requests |
check sink
p- variation of sequence
| check SOUVCB allowed for egivalent
sink ok signals !

| ok signals may arrive
4 source ok in any order

Problem:
[Due to varying propagation times in a network the inital sequence of signals may not be the final seqt}ence!

Fig. 2a: A Sample Protocol

From alogicd point of view this protocol seams to be free of conflicts. However, conflicts
arise from the given architedure: one nedals to exeaute it under red condtions to identify the



conflict. In consequence ore can rever be sure that no error will occaur in the red
environment when performance aspects are ignored during system validation by simulation.

The goa of the protocol shown by Fig. 2ais to exchange data between the source and sink
devices. This transfer is initiated and supervised by the processor (master) for ead data
request. Asit is atypica "master-slave" protocol it shoud be freeof conflicts. But thisis not
true.

The procesor palsthe source and sink devices whether they can provide data or whether they
are realy to accept data, respedively. If both respondwith ‘ready’ the procesor condtions the
devices and requests data, cycle for cycle. At the end d data transmisson the processor
cheds the source and sink devices whether all data have been transmitted corredly. And this
final checking sequence causes the problem (Fig. 2c)

When ignoring

Processor transmisgon time dl

(Master) C(S)Ir%\é?un?clzg\{l%n transmitted data arive

AlIR B/RS controled by before the final chedks.

from_proc to_proc master This is different when

. / shared resources like

t + Response (RS) | bus or processor cycles
master I i Slave

request+ + + + Interrogation (IR) + response are (Dr‘sumed onared

, . , architecure like the one

Device 1 pevice 2 Device n shown by Fig. 2b. Then

(Slave) (Slave) (Slave) the signal sent from the

Source Sink source device to the

sink device is

Fig. 2b: System Architecture synchronised with the

bus cycles. This causes
the last data sent from the sourceto the sink to arrive later at the sink device than the dedk
signal issued by the processor directly to the sink device. This confirms (a).

The reason is that data coming from the source ae delayed by two bus cycles before they
arrive & the sink. During the first bus cycle the request signal is processed by the source
device and the data ae written to the output registers. During the second cycle the data is
transmitted to the sink device However, the chedk signal is diredly sent from the procesr to
the sink device and is therefore one cycle faster.

To solve this problem an idea ©uld be to change the sequence of the ded signals (chedk
sink, then chedk source, seeFig. 2a8) and to add a further cycle between the last data request
and transmisson d the ded signa for the device because this will delay the diedk sink
signal by two cycles which are needed according to Fig. 2c.

However, as mentioned arealy abowve this will make life even harder. For a cetain test the
protocol may run corredly, bu not in al cases. If severa transmissons are initiated on the
processor, the delay of the cdhedk signal will provide an empty bus dot which may be used by
another protocol sequencerunning in peralédl. If this sequence aldresses the same sink device,
the sink will again identify an error due to incompatibility of its gate with the incoming data
(in best case) or it will accet the wrong data (in worst case). This confirms hypotheses (b)
and (c). In consequence, exhaustive simulation exeauted with filter condtions will deliver
wrong results because such side effects may not be detected due to filtering of side effects.
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Fig. 2c: Timing Aspects

Hence the behaviour of the protocol changes from "completely deterministic’ to "non
deterministic" dueto performanceimpads and pdential side dfeds from other data transfers.
Only the two constraints (1) "two cycles delay between request of last data and transmisson
of the dhedk signal for the sink device' and (2) "no further signal must be transferred to the
sink device between the last data request and transmisson d the ched signal" solves the
problem and the protocol can always be executed completely deterministic and correct.

The protocol of Figs. 2a-2c has been implemented
Processor in SDL for several implementations of the bus as
shown by Figs. 3 - 7. The principal system

uspee] structure (Fig. 3) has always been kept and mainly
! N the bus implementation was changed. For
i optimisation d system performance the timing of
[Bus_DaTa 3] data requests in the processor was aso varied, e.g.

the next request may be sent before the data of the
previous request arrives.

[Bus_pats g] [BUs_DeTe_5] If processng time ad transmisson time ae

ignored system performance does not matter at all.
sink_Bus So the simplest solution is to send the next data
request (or the final chedk) only when the
requested data have been receved. This ensures
exeaution d the protocol freeof errors as long as
no aher data transfer is running in paralel which
may use the eampty bus dots and may cause astate
Fig. 3: Principal System Structure mismatch in the source or sink devices. However,

Source_Bus

[BUS_DATA, 5] [BUS_DATA, 5]

Source

when introducing time cnsumption this way of
protocol processng bewmmes very inefficient because three gcles are dways neeled per data
request yielding a bus utilisation of only 33% at most.



To adhieve ahigher bus utilisation, all signals following the ready signals could be issued
immediately by the processor becaise it shoudd be amatter of the bus interfaceto queue dl
such signals. But with SDL one canna always proceal in this manner. If transmitting all the
signals by a single burst they will be stored in a SDL queue and seleded from this queue
depending on which mode is used for simulationin atod. In case "random simulation mode"
is applied the sequence of the signals will be dianged and the SDL simulator will deted errors
in the protocol, although in practice they will not occur.

Knowing abou this problem the bus clock can be used to transmit request by request
synchronouwsly from the procesor not waiting for a resporse. Then bus utili sation remains as
efficient as in case of a burst.

Such processng aso reduces the number of system (SDL) states. the queue lengths are
reduced to ore dement only at a cetain time and this smplifies sgnificantly exhaustive
simulation because instead of n! mutations only 1! are considered by the tool.

Figs. 4- 7 (Figures 5b-7 and the tables follow on the next pages) show severa representations
of the bus, changing from a very simple bus representation to the red bus architedure
consisting of two un-dirediona bus lines and a bus clock. Table 1a gives the results of
verificaion by exhaustive simulation for the simple bus models (Figs. 4, %a-c) which do na
take into acourt timing aspeds. Table 1b shows the results for the full bus architedure based
on synchronous transfer of the data related to Figs. 6a-c and 7.
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Fig. 4: Simple Bi-Directional Bu
with Broadcasting

Fig. 5a: Bus with Two Uni-Directional Bus Lines

Two cases have been investigated for the full bus architedure of Fig. 6: (1) the period d the
bus clock has been set to a non-zero value (the expeded case) or (1) it has been set to a zero
value in order to ignore transmission time.

In case of Fig. 7 an equivaent "functional” bus architecure withou clock is used in order to
get a ommparison between nonzero bus time slots and equivalent transmisson steps with zero
transmisson time. This means that in case of Fig. 7 asignal is immediately transferred after
its reception without waiting for the bus clock.



Fig. 6a: Fully Representative Bus

Fig. 5b: Device-to-Processor
Line (RS bus)

Fig. 6b: Uni-Directional Bus Line with Clock

(Device-to-Processor Line) Fig. 6¢: Bus Clock

Fig. 4 shows the simplest implementation d the bus. the bus just distributes the receved
signa to al conreded devices (the sending device excepted) and ads as a bi-diredional bus
with ore bus line. The bus $rown by Figs. 5a- 5b introduce two un-diredional bus lines. So
the bus of Fig. 5 already represents the real architecture but it still ignores time consumption.



In the next step shown by Figs.
6a - 6¢c abus clock is introduced
driving both bus lines. This busis
afully representative model of the
red bus w.r.t. the required degree
of detail. The IR bus (bus A in
Fig. 2b) transfers the signals from
the procesor to the devices and
the RS bus (bus B in Fig. 2b
takes the oppasite diredion. Fig. 7
shows a representation which is
functionaly equivaent to the one
of Fig. 6b when the bus period is
set to zero, bu gives different
simulation results.

Table la shows the results of
simulation for three simple bus
types. No error is deteded, bu the
system has low performance The
Fig. 7: Uni-Directional Bus Line (w/o clock) low utilisation o the bus will be
(Device-to-Processor Line) recognised  later  when  the
software is exeauted onthe red hardware. However, then it is very expensive to change the
processing algorithm for the protocol.

Although system representation for test 3 is more wmplex due to the two bus lines, less
system states were generated. This confirms that more wmplex systems do nd necessarily
have ahigher number of system states. It is a matter of passble paths through the system, and
obviously the bus of Fig. 5is more acarately defined than the one of Fig. 4. This tuning
asped is discussed in more detail in sedion 3. Table 1b gives the results for six different
timing approaches.

In case of test 4 the same dgorithm as for tests 1 - 3 was used. As the next data request is only
issued when the resporse for the previous request arrives no error was observed, bu bus
utilisation is gill poar. It is surprising that the number of system states is again much lower
compared to tests 2 and 3 athough the bus is more complex. The reduction d system states
ocaurs because the dock synchronises the processng steps and ambiguities in system
behaviour are removed. This confirms hypothesis (d) given at the beginning of this section.

A burst of datarequestsisisaied for test 5. The SDL spedfic queueing medanism caused an
error during randam and exhaustive simulation. Although the dgorithm is corred (it includes
the required delay between data requests and chedks), SDL simulation will reed this
algorithm because the way the SDL tool is simulating the system is the same as in real world.

Test 6 adjusted the dgorithm to the neals of the SDL tod and transferred the data requests
synchronouwsly with the bus clock. The missng delay between data requests and cheds was
deteded. For test 7 the bus period was %t to zero. This increased the number of system states
and exhaustive simulation did not terminate because computer resources were exhausted.



# Functionality | Ref.| Bus | # Bus| States| Trans.| # Errors| # Errors| Bus | Correct Result
to | Period| Cycles Random| Exhaust.| Util.
Fig. Sim. Sim. %

1 | simple bus - n/a n/a 184 329 0 0 33 yes
next data request but low
or chedk when performance
previous data protection
received needed agains
3 data requests side effects

2 |simple bus with| 4 n/a n/a 830 | 1910 0 0 33 yes
broadcasting but low
next data request performance
or chedk when protection
previous data needed agains
received side effects
3 data requests

3 |simple bus with| 5 n/a n/a 617 | 1320 0 0 33 yes
broadcasting and but low
two uni- performance
directional lines protection
next data request needed agains
or chek when side effects
previous data
received
3 data requests

Table 1a: Results of Protocol Validation for Functional Bus Representations
Exhaustive simulation was aborted and the error in protocol processing was not yet identified.

Test 8 repeded test 7 with the equivalent bus implementation o Fig. 7 which dces nat use the
bus clock. Again, the number of system states is sgnificantly higher when performance
aspeds are ignored, kit exhaustive simulation terminates. The neeal for the alditional delay
was nat deteded. Test 9 runs the @rred algorithm under red timing condtions and the
correct result is obtained.

3. Tuning of System Development

In the previous chapter the risks and chances for system development were discussed: (1) if
nat all system properties (like performame) are subjed of verificaion and validation the
system will not run corredly in the red environment although no errors have been identified
during the verificaion and validation process (2) if inappropriate verificaion and validation
procedures are gplied corred implementations may be rgeded, (3) consideration o
performance apeds smplifies the verificaion and validation steps becaise ared, physicd
system behaves much simpler than an abstract, mathematical system.

Although SDL provides already powerful cagoabilities for verificaion and validation o
distributed systems, means are missng which allow for detail ed and representative modelli ng
of timing. In consequence, SDL has to be enhanced such that the needs of verificaion and
validation of a real (distributed) system will be met.

Acoording to above conclusions (1) - (3) capabiliti es for performance analysis and simulation
and the scheduling pdlicies like priority-based, pre-emptive scheduling need to be alded.
EaSySim |l does it on top of ObjectGEODE.



# Functionality | Ref.| Bus | # Bus| States| Trans.| # Errors| # Errors| Bus | Correct Result
to | Period| Cycles Random| Exhaust.| Util.
Fig. Sim. Sim. %

4 |real bus 6 non- 24 470 | 990 0 0 33 yes
architecture zero but low
next data request performance
or chek when protection
previous data needed agains
received side effects
3 data requests

5 [real bus 6 non- n/a 715 | 1556 1 1 ® no
architecture zero | (due 100 | data requests a
burst of 3 data to not processed i
requests, delay error) the right order
before checks

6 |real bus 6 non- n/a 558 | 1153 1 1 ® yes
architecture zero | (due 100 | missing delay
synchronous to before checks
transfer of error) caused an erro|
requests and
cheks, no delay
between last
request and
checks

7 | same as above 6 zero n/a |20971|80185 0 0 ® no

50 50 100 | missing delay
not identified
exh. sim. does
not terminate

8 | same as above 7 n/a n/a |18130| 56760 0 0 ® no
but with 100 | missing delay
equivalent not identified
architecture,
no clock

9 [red bus| 6 non- 17 ® yes
architecture zero 100 protection
bugt of 3 daa needed agains
requests, 2 hus side effects
cycles delay
between last data
request and first
ched (chedk
sink)

Tab. 1b: Results of Protocol Validation for Fully Representative Bus

But tuning of system development can also be dore in view of quality and feasibility. It was
reagnised that the number of system states provides a feedbad< on ambiguities left open in
system definition: if undesired paths through a system's FSM's are removed then the number
of system states deaeases. Reduction o number of system states by more acarate
implementation and by consideration d performance matters all ows to master verificaion and
validation of systems for which exhaustive simulation would not terminate otherwise.



In fad, state eplosion is a
criticd point of exhaustive
simulation. It does not help at
al to have such a powerful
cgoability, bu to fal for
practical cases.

As was mentioned in sedion 2
filtering is not a good idea to
make exhaustive simulation
feasible because it may exclude
criticd Ccases, espedally
interadion with paral e
adivities. To take red
advantage  of exhaustive
simulation ore neals to reduce
system states by other measures.

Fig. 8: Dependence of System States on Number of ~

number of system states w.r.t.
to number of proceses for different implementations of an applicaion. For case 4
performance apeds have not been considered. In this case systems of upto 15 pocesses may
be validated by exhaustive simulation. It is believed that EaSySim |l represents already an
approach which creaes a minimum number of system states (cases 1-3). But even in case of
EaSySim Il the number of processes are limited to about 20 - 25 pocesss3. The feasibility or
unfeasibility of exhaustive smulationis aso impaded by the simulation time which is abou 8
hours for case 4 and 12 processes and about 1 hour for cases 1-3 and 18 processes.

3.1 Means for Tuning Verification and Validation

For tuning of verificaion and validation with SDL four different measures have been
identified which reduce the number of system states and increase quality of a system:

1. use of a subset of SDL,
e.g. avoid to dstribute timers al over the SDL model, to use VIEW/REVEAL and
EXPORT/IMPORT because such constructs may generate alot of badkground traffic
and a number of system states you can't control

2. enhancement of SDL tools by means which are alequate for the system under
development
EaSySim Il provides optimised time managment and supports scheduling policies

3. consideration of performance aspects as described in the previous sections,

4. unambigous (and error freg definition d a system's behaviour by FSM's by evaluating
the feedback from exhaustive simulation.

3 In sedion 32 the means will be described which are provided by EaSySim Il to escgpe from this limitation:transparent
partitioning of a SDL system.



A reduction by a dou four orders of magnitude was achieved for a sample gplicaion. The
reduction at the beginning was obtained by means (1) and (2), while means (3) and (4)
contributed to "fine tuning" at the end.

This experience is reflected by the EaSySiﬂi)—Elpproacﬁ which is shown by Fig. 9.

EaSySim 1l extends ObjedGEODE. It
provides suppat functions which help
to organise aSDL system such that the
number of system states can be reduced
and resources can be @nsumed. Also,
by this organisation a system can easily
Access of External Tools, Access of External Toold pe distributed in a transparent manner.
Resoube Accessy Resource Access, | Moreover, this mechanism alows to
Scenarios Scenarios communicae with aher simulation
tods sich as SES/workbench o other
software like windov  managers,
database systems and aher EaSySim |l

Resource,
Scenario

&
Interface Mgt.

EaSySim Il
Modelling
Approach

Functional Communication .
Components — Network environments on the same or on remote
Application Data processors.
N _ ~ EaSySim Il divides a system into three
Fig. 9: The EaSySim E-Approacl# principal parts: (1) a management part

which drives the tests and system operation and provides an interfaceto the outside world, (2)
a "functional" part which covers functional, behavioura and performance apeds of the
applicaion, and (3) a "communication" part which represents the network of the gplication
through which the functional comporents are communicaing with eah oher under
consideration of performance.

It is aso possble to change the
communicaion topdogy at runtime.
This alows to perform redundancy
switching for a fault-tolerant system
after occurence of a fault. Hence the
Fault Identificaion and Remvery
Procedure (FDIR) can be subjed of
exhaustive simulation.

Fig. 10 dcemonstrates the impads of (3)
and (4) on number of system states
during exhaustive simulation. A red,
physicd system is adivated by
switching on its comporents one dter

the other. In SDL all start transitions are
exeauted at time "Tq". This causes a lot
of additional system states as is dhown
by Fig. 10. The same happens when terminating a system immediately. EaSySim Il provides
the means to adivate or de-adivate aSDL system like aphysicd system and this reduces
significantly the number of system states. The medhanisms provided by EaSySim Il ad like a
capacitor connected across the poles of an electrical switch.

Fig. 10: Impact by Logical Faults and Performanc
Aspects



Moreover, it was observed that number of system states is also reduced when alogicd fault is
removed like an illegal path through the FSM's, a deadlock or an exception.

3.2 Means to Tune Efficiency of System Developmen

It was aready pointed ou that SDL provides powerful capabilities to make system
development more dficient e.g. by means of formal description d behaviour, exhaustive
simulation and automated code generation. Such capabiliti es have to be cmplemented when
applying SDL to a broader class of distributed systems as discussed above.

Early transition to the target system will confirm the simulation results and hence is
recommended. Fig. 11 shows the steps through such alife g/cle and hawv the implementation
approaches more and more the final system in the host and target environment.

EaSySim Il provides such means
which simplify the transition
between host and  target
environments, between simulation

Simulation Platform Target Code

( R

Specificatiopy =
e and generated code. It provides an
automated procedure for code
generation from SDL code
Life Cycle Host System Target System including automated credion d the
Phases libraries peeading up the whde
 : process to 15 mintes only.
Design i Z @ Moreover, EaSySim |l tods

|

remove performance instrumen-
tation automatically.

Not  all details  of an
implementation do contribute to a
system's behaviour. To avoid state
explosion ore ather neals to
Fig. 11: Two-Dimensional Life Cycle follow above suggestions or one
aso may expot (or neels to

export) some details to other languages such as C dr Ada

This applies to the set of (large) data structures, which may also be divided into a SDL part if
relevant for behaviour and a C/Ada part if not relevant. If e.g. avariable x defined in SDL is
only nealed to make adedsion like "x>0" then (the red variable) x shoud na be dedared in
SDL but the bodean SDL operator testx could be used which imports the result of the
comparison "x>0" from C/Adato SDL. In this case nat al values of x are made visible to the
exhaustive simulator but only such values which impad behaviour. This yields a significant
reduction of SDL system space.

EaSySim Il suppats transparent partition d a system (not impading its architedure): system
proceses my be included in more than ore EaSySim Il environment. So the scope of
exhaustive simulation can be limited to some parts only, and exhaustive simulation can
sequentially be applied to all system parts one after the other.

Hardware-
Software
Integration

4 The author has already successfully implemented SDL operators in Ada [15].



4. Future Issues

Currently, exhaustive simulation concentrates more on the combinatorial exploration d state
space When introducing performance, shared resources and more sophisticaed scheduling
pali cies multiple occurence of events nealy disappeas and hence the need for combinatorial
exploration becomes less important. What neeals more detailed investigation is the timed
exeaution d events and its consideration by exhaustive smulation, peferably in a more
formal manner. When considering performance, interference between perallel system
activities becomes much more important for system verification and validation.

Also, in order to master state explosion a more astrad interface shoud be introduced for
implementation d behaviour. The objed-oriented paradigm seems to be gpropriate to cover
this paint: information hding shoud be gplied to such parts of an (SDL) implementation
which do nd impad a system's behaviour. More principal considerations are nealed in this
context.

5. Conclusions

Potential risks have been dscussed which occur when SDL is used for development of a more
general type of distributed systems and means were identified to master such risks. It was
described howv wrong conclusions may be derived on the orredness of an SDL
implementation: a SDL system may be cnsidered as corred after verificaion by SDL
simulation, although it will never run corredly under red condtions. Vice versa, a orred
implementation may be rejeded by the SDL simulator. This is very disstisfying and
dangerous in case of safety-critical systems.

The EaSySim Il environment was presented as a solution for most of the problems which are
currently not solved by SDL and for optimisation of development of distributed systems.

Performance matters were identified as the main reason for such wegness of verification.
Hence verificdion and validation withou consideration d performance is meaningless
because one does not know abou its potential impad. Implementations which are wnsidered
as completely deterministic and corred may turn ou as nondeterministic and incorred in
pradice, even when people believe to be sure that the implementation is corred and
performance cannot cause any problem.

Moreover, it was $iown that consideration d performance apeds do simplify verificaion
and validation significantly and help to master state explosion. So the extension d verification
and validation from purely behavioural to performance apeds does not complicae system
development, but eases it and reduces risks at early life cycle phases.

The number of system states and state transitions $houd be considered as a representative
figure for quality of an implementation. A high figure may indicae that the system is not yet
well defined.

The caabiliti es neaded to complement SDL and SDL todls by performance evaluation issues
can be provided as add-on's. However, more formal consideration d performance apeds and
better support by the language to master state explosion are needed.
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