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Abstract: At the beginning of system development system engineering has to ensure that the goals given by the
customer will be met at the end of development. All system aspects have to be considered in ancaheegnt
Properties and interfaces can be expressed in a manner human beings can understand in case of e.g. mechanical
structures or electrical circuits. However, system operations do not have a physical shape. Hence it is difficult to
understand what a system will really do before components are integrated and a system is in operation.

Therefore the goal of th®MBSIM study[1] was to define arapproach (called EaSyVaDe: EaiBystem
Validation of Design) for early validation ofystem operations, i.e. validation at the beginning of a
development lifecycle. System operati@re identified byspecification, represented by a designd provided

by hardware andoftware.Their services must be availablight in time andhey must correctlynteractover
time. Also, they must ensure that a system is dependable and remains it in case of non-nominal conditions.

A system's feedback is the "shape" which we need to assess wheyktama fulfills a user's needsmot. Such

a feedbachknust be provided in an understandabl@nner byexecutabléhardware andoftware components in
order to be able to prove a system's correctaagzompleteness foall suchaspectsiuring specification and
design.

In the OMBSIM project it was decided to use SDL for implementation of executable behavioural dusite)s
specificationand design. Thisllows to prove correctness of operatiaither by execution of operational
scenarios or by automated analysis of state transitionsoVer performanceand resource aspectnd to
introduce a system's architecture performance madelssed in addition. ASDL is a formalanguage w.r.t.
interfaces and behaviour tools can support the verification process.

The coherent use of SDL for specificat@nddesign allows a consistetnansition fromspecification to design
andfrom design to specification when refiningsgstem'shierarchy. Moreover, a model representsyatem
property, not hardware @oftware.The hardware-softwarieade-offcan bepostponed to #ater time.System
developmentan bedone more coherently. There is no néadseparatdifecycles forhardware andoftware
right from top level.

This development approach has been applied to an excercise and first results are awaildidpping of the
methodology ontohetool environmenhad to belefined. Decisionfad to bemade howthe correcbehaviour
can bespecifiedand how the architectureand hardwargroperties have to be introduced when making the
transition fromspecification to design. Subcontracticgn beeased if it is acceptetiat such models serve as
contractual specifications and entities instead of informal textual requirements.
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1. INTRODUCTION

Via operations a spacecraft providbe capability to a user to defirend control thesuccess of anission. Its
operations are implemented by hardware and software. For correct implementation different aspects like desired
functionality, behaviour undemominal and non-nominaonditions,and consumption of timingand sizing
resources have to be considered.

Implementation of largesystemsmust be managed by decomposition afyateminto smaller components,
which may be subcontracte@he development lifecycletarts with specification afystem capabilities from a
user's point of view and continues with design which describes fully the actually provided capabilities.

Currently, the hardware-softwat@de-off is doneatherearly causing separate development of hardware and
softwarewith final integration at the en@&pecification is given in terms of textual requirements which do not
allow to provide a feed-back on what they represent really. Also, software design concentifageiioctional
aspects, leaving the proof for correct performance up to the final lifecycle phases.

The current development approach bears a reasonable risk not to meet the requirements or to haeagiven
or incomplete requirements due to late validation. In @MBSIM study[1] it was investigatechow the
current development approaatan be improvedMain aspects were coherent consideration of functionality,
behaviour and performance, hardwarel software,and acoherent transitiobetween specificatioanddesign
and traversing through system hierarchy levels.

In the course ofthe OMBSIM study the methodology EaSyVaDe was defineohd the supporting tool
environment EaSySinwas implemented. As no tools were available on commentéaket whichcovered
sufficiently functionaland performance aspects together with aspects of verificatimhvalidation two tools
were coupled. For behaviourahdfunctional aspectthe SDL-tool GEODE [2] from Verilog is used extended
by the performance simulatiagnol SES/workbencHi3]. Add-on softwarehad to bedeveloped to complement
the tools by additonal validation capabilitieand to provide tool couplingl4]. By a pilot application the
consistency of the methodology and its mapping onto the tool environment were investigated.

The methodologyand thetool environmentre introduced in chapter 2. In chapter 3 the pilot application is
describedand results are presente&ieedback fronmthe pilot application is given in chapter 4. Chapter 5
summarizes the experience.

2. THE EASYVADE APPROACH

The approach deals with theethodology EaSyVaDand thetool environment EaSySim supporting the
methodology.

2.1 The Methodology EaSyVaDe

EaSyVaDemeans "Early Validation of Design", i.e. tineethodologyaims togive an early proothat the
systemunderdevelopment will meethe user needs later on. It guides an engiheerto do stepwise system
validation during successive specification and design phases.

The cornerstones of EaSyVaDe are:
1. models are executed with scenarios right from the beginning
2 a feedback is provided on system operations by model execution
3. a system is hierarchically decomposed into sub-components
4. object-oriented principles are applied for definition of components
5 all system aspects are addressed:
- functionality and behaviour
- operations (in terms of user interaction)
- interfaces between system components
- performance and resources needs and consumption
- interference of functions over time (phasing)
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- dependability
in terms of
-- formalisation of interfaces and behaviour over time and related verification
-- consideration of nominal and non-nominal cases
with powerful non-destructive analysis capabilities by simulation

6. formalisation of sub-contracting

by means of formal models instead of informal textual requirements
7. unique consideration of hardware and software both expressed by executable models
8. automation of code generation and hardware manufacturing from design.

Steps 3 and 4 are compliant with the principal ideas of HOOD [5].

2.2 The Tool Environment EaSySim

The proof for correctness and consistency of specificatimitdesign shall be given kaxecution of models and
operational scenarios, i.e. by means of simulation. Four principal aspects have to be considered:

1. functional and behavioural simulation

2. performance simulation

3. verification and validation

4. derivation of target code and VHDL code from the validated models.

No commerical tool is currently available whicbvers sufficientlyall four aspects. Therefore candidébels
were evaluated and two tools were finally selected: GEODE/SDL for

- functional and behavioural verification by formal checks,
- validation of behaviour by execution of operational scenarios
and SES/workbench for
- validation of performance by execution of test scenarios and performance models.

The two commercial tools of EaSySimwan still be operated in stand-alomede. Inthis mode SDL/GEODE
verifies interfacesandbehaviour, SES/workbench allows to evaluate architecamdsisualisation ofsystem
activities overtime. The main starting point imodelingand verification with GEODE. Afterthat complete
system validation is performed in coupled mode.

By simulation nominal and non-nomina&lsescan be
executedand evaluated. Add-on software extends the
functionality of thetools towards execution of operational
scenarios, model reusand implementation oftool
coupling. Fig. 2-1 lists the operatimgodes of EaSySim as

seen from SDL.
SDL extended as defined by engineer

+ The SDL environment is the master environmedmm
preparation for coupling]| which the targesystem(targetcode or VHDL code) are
derived. Specificatiomnddesign modelsre expressed by

Verification Steps

SDL stand-alone as defined by engineer

SDL coupled as defined by engineer|| SDL. Specification modelare refined to DesigiModels
+ by replacing anSDL block (process) byanother SDL

preparation for coupling | block. This procedure introduces Specification Models for
+ the nextlower level whichare included in thélock of the

activation of coupling Design Model.The selectedmappingprocess forthe tool
environment ensures stability of interfaces when refining
blocks or changing their internals.

Figure 2-1: EaSySim Operating Modes

The architectureand timing and sizingbudgets are
represented by SES/workbench models. It is master of time. The SDL modelling enviromenineatified or
enhanced in the following manner when SES/workbench is attached:

- an SDL process may be replaced by a corresponding performance model,

- an SDL channel may be replaced by a performance model,
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- an SDL task may be replaced by a performance model,
- an SDL timer may be mapped onto a delay in SES/workbench.

A user justhas tospecifythe mappingetween SDlentitiesand performance models. TH&DL source code is
prepared automatically for tool coupling by EaSySim. Routing of commandsdatafrom SDL to the
performance simulation environment and back to SDL is done automatically by the add-on software.

GEODE allows to generateode from SDLwith interfaces to real-time operatirgystems. SES/workbench
allows to generate behaviourdHDL. Recently, a steghas been made byornier towards an automated
transition fromSDL to VHDL [6] from a system'point of view based orthe experience fronprevious
activities [7,8].

More information about EaSySim can be found in [4] and [9].

3. THE PILOT APPLICATION

As pilot application theFDIR component of the
DMS . CLUSTER Data ManagementSystem (DMS) was

‘ o ‘ selected. Althoughhis component represents only a
small part of theCLUSTER on-board DMS, the
complete DMShad to bemodeled in a representative
manner. Thisincludes uplink and downlink with
telecommandand telemetry units, power subsystem,
‘ ‘ all the other subsystems and payloads as
. WBD : complementing parts of the spacecraftd the DMS

‘1 Y

Command
Decoder

1 Power

e - itself consisting of command decoder, tape recorder,
S processor, OBDH bus and connected devices.

" other . other Consequentlyall principalon-board operationsad to

L SSs L PLLs be considered.

Specification Models were estabished on fystem
level based on CLUSTER documentatidien these
Figure 4-1: CLUSTER DMS (High Level View)] models (SDL processes) were refinedniext lower
level level (subsystem level). Feach SDL process a
Finite State Machine (FSMyas implemented. Message Seque@barts(MSC) were defined for specification
of the data and command flow.
ot Lomide meiemasr  midmads  meisiwns.  misone || BY €Xxecution ofthe SDL models
= - i ' ’ MSC's were generated. The
specified MSC's were compared

P )
W"gﬁﬁfﬁ ot PROCESS PROCESS 1 PROCESS
9 _cidilgllﬁﬁg‘l?.k?g,(\ln)\‘QJ wl%qgff%?ncapé}dbd, i _ g
with the obtained MSC's toheck

\) cmd_uplink( (.]3,2,im,pl_wbd,5100,cnd_pl_wbd,0.) ) for Compllance Of Imp|emel’ltatl0l’l
\) emd_dec( (. 3.2}im,pl_wbd 5100,cmd] pl_wbd,0 ) ) with SpeC|f|Cat|0n. Flg 4-3hows

a sample MSC generated by
\) omd._dec((- 32/Im.pLwbd,5100.cm¢ pLWb0.0.)) execution of models. It describes
— the commandlow from uplink via

cmd_pl_wbd( (. dmd_pl_wbd,0,0.))

D DR command decoder, command

cmd_uplin| ,2,im,pl_other,! ,cmd_pl_other,0 . . . .
T processing and distribution to

\) cmd_uplink( [. 3,2.im,pl_other,5609,cmd_pl_other,0.) ) pay|0ad5_

T y|  cmoces(opimpLotmersoo0ca pLotmero ) Several operational scenarios for
S R . initialisation, data acquisition and
I T Ay I fault injection with reconfiguration
— ( ) were definecandfed into the SDL
[ crepene e panenoe. environment.  After  logical
> validation, i.e. validation o$ystem
behaviour W.I.t. functional,
interface and operational
requirements, the performance
[ g I T e e models werattached by replacing
the simple SDL channels by
Fig. 4-2: Generated MSC performance models of buses,

inslflmhwfemu- inst_1_uplink_p

_p P N
PROCESS PROCESS PROCESS
data_dist_p(1) pl_wbd_p(1) pl_other_p(1)
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This allowed to create timing diagrams of command andfitatathroughcomponents like command decoder,
data acquisition, data monitoringyusesand devices. Alsohistograms andtatistics were created on latencies

1

10
12

17

l

stay in
Red.Surv.Mode

;no

other CTU O

| SET TDA-Mode [L

|
[SET TDA-Mode 9D

|

DUMP CHRONO
HISTTORY BUFFER

Figure 4-3: Validation Scenario

of data acquisition, length of exchangetessages and
gueue lengths.

Correct behaviour of thenodels and their FSM's was
verified by exhaustive simulation, a capability provided by
GEODE. Afeed-back onthe actual implementation was
possible by MSC'stiming diagrams, histograms and
statistics. Faults were injecteénto the processorand the
bus. Reconfiguration wasnitiated after a fault was
detectedand itscorrectness was verified by visualisation
means.

Validation was done by execution of scenarios causing
execution of systenoperations. They were derived from
commandlow charts like the one shown in Fig. 4-3. Such
a flowchart gives aough idea of what has to dene e.g.
during DMS initialisation. For validation thissequence
has to bemore accurate because for modeling one needs
exactly to knowwhat to do. Therefore the commafhaiv

has been refined to a sequence shownFig. 4-4. This
flow formedthe inputfor the operational scenarfed into

the system.

Visualisation ofsystem operations igery important for
validation. Timing diagrams arevery powerful for
visualisation. They inform orthe state of the DMS
components like poweunit, commanddecodergnominal
and redundanbne), RTU,the OBDH bus, CTU's, tape

recorderand solid state recorder. Fig. 4-5 to 4sowwhat is happening in theystem. For sake afood
demonstration the time hdseen compressed from minutes to secondstifer non-interesting operational
phases like "wait's". Therefore the timing of Fig. 4-4 is rescaled. The time units on the X-axis if figures 4-5 - 4-
7 mean "milliseconds" Figures 4-5 - 4-7 hdexn generated by execution of SDL modeid routing of the

SDL signals to performance models by which the activities are visualised.

1) Set RTU ON

send PAPCMD: RTU_ON
Priority 1 Mode 1/2 commands
2) wait 1 second (for RTU power on)

3) Set CTU ON

send PAPCMD: CTU_ON
Priority 1 Mode 1/2 commands
4) Wait 1 Minute
(to complete CTU Bootstrap and Initialization run)

send PAPCMD: TDA_MODE11
send PAPCMD: FDIR_PAR
send PAPCMD: ACQ_T_E
send PAPCMD: MON_T_E
5) CTU now in Reduced Survival Mode, TDA-11

no TM link available
6) Set TDA-Mode 1 to get TM contact

send TDA_MODE1
7) wait 15 seconds to get TM (VCO frames)

8) Verify VCO data

CDMU current

RTU current

CHB - number of entries = 2
DH quality word

9) RSM (Reduced Survival Mode) is reached

CTU Switch Over disabled
CTU Reboot disabled
RTU Switch Over disabled
10) If target mode is NM (Nominal Mode) then switch CTU, Priority 1, mode 1/2.

If CTU A'is ON: send command CTU B ON
If CTU B is ON: send command CTU A ON
11) Wait 1 minute (to complete CTU Bootstrap and Initialization run)

12) CTU is now in Nominal Mode with TDA-11

no TM link available
13) Set TDA-Mode 1 to get TM contact

14) wait 15 seconds to get TM (VCO frames)
15) Verify VCO data

CDMU current
RTU current
CHB - number of entries = 4
DH quality word
16) switch over and Reboot Condition settings

CTU Switch Over disabled

CTU Reboot disabled

RTU Switch Over disabled
17) Set TDA Mode 90

18) Dump CHB

Fig. 4-4: Refined Command Flow
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Fig. 4-5 shows activation and deactivation of componamtprocessing of the commands of step 4 of Fig. 4-4
on the active processor CTUA.

"Low level" of the status trace meariBat the component is deactivated, in case of "medium level" a
component is powered, bobt ready,'high level" means it is readyMost ofthe componentgexceptthe tape
recorder) switch automatically oveénto the ready state after a delay when power&te occurence of
commands on CTUA is visible by a peak caused by their processing time.

Samples

— 00 status:dev_power_un

01 status:dev_cmd_dec_
fffffffff 02 status:dev_cmd_dec_
———- 03 status:dev_rtu{0}
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —--—--— 04 status:bus_ir_obdh_k
——————————————————————————————————————————————————————————————————— - ---—--- 05 status:bus_rs_obdh_|
T . . — 06 status:dev_ctu_a{0}
= b — 07 status:dev_ctu_b{0}
L 08 status:dev_tape_rec_
Y A 09 status:dev_ssr{0}

T ———- 11 cmd_tda,dev_ctu_a{(
N —ee — 12 fdir,dev_ctu_a{0}

s N (S 13 acq,dev_ctu_a{0}

e e 14 mon,dev_ctu_a{0}

—— 15 cmd_tr,dev_ctu_a{0}

1E04 2E04 3E04 4E04 5E04
Time
Fig. 4-5: Visualisation of Initialisation Command Sequence

Fig. 4-6 shows details of tape recorder operatiofise top trace (00) represents its status. Four states are
indicated by the trace. "zero" means itdispowered. "1/3" levetneans it ispowered. In powered mode it
receives a "reassign” command which causes an immediate switch to "2/3" level.sdifier delay it
automatically switches in stand-by mode indicated by "highest" level.

Samples
—— 00 status:dev_tape_rec_
77777777777777777777 [ I 01 kill_device:dev_tape_
il I e 02 wrong_command:dev
e I e — === 03 rec_repro:dev_tape_l
******************* —--—--— 04 rec_data,dev_tape_re
ffffff 05 rep_data,dev_tape_r¢
— 06 FF_REW:dev_tape_r
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —— 07 buffer_usage:dev_tag
****** 08 status:dev_ssr{0}
fffffffff 09 wrong_command:dev
e, ———- 10rec_repro:dev_ssr{0}
- — 11 rec_data,dev_ssr{0}
N R | Cliliniild e 12 rep_data,dev_ssr{0}
e R —— 13 FF_REW:dev_ssr{0}
******************************** —— 14 buffer_usage:dev_ssI

0 1E04 2E04 3E04 4E04 5E04 9 ops.dev_cmd._dec.2|
e R 16 ops,dev_cmd_dec_b{
Time

———- 17 ops,dev_rtu{0}

Fig. 4-6: Tape Recorder Commanding
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The nexttwo traces (01, 02show anomalies like (desired) fault injection or (unexpected) wrong commands,
i.e. commands which are not compatible with the current state.

The fourth (03) tracshowsthe status of recordingndretrieval (reproduction) of data. Mediukevel means
stand-by mode, imigh level data arerecordedand inlow level data are retrieved. When the tape recorder
receives a "recording" or "reproduction" command it switches im@nmediate statbefore it automatically
reaches the final state afteome delay. Suclparameters aslelay can bespecified bydata file for each
component.

Thetwo nextlower traceg04, 05) indicate data recording or reproduction. Traceh@wsthe amount of data
("buffer_usage") already stored. thte timefor which wrong commands occthre first time(seetrace 02) the
storage capacity (s€¥) is exhaustednd thetape recorder switches baicko stand-bymode (se€3). But in
stand-by mode nalata recording isallowed. Thereforethe following recording commandsre wrong
commands(see 02).

Later on, the recorder is switched into reproduce mode and data are read: the amount of data decreases (see 07).
Now, data are read until thetorage is exhausted: the tape recoswgtches automatically after sondelay

back to stand-by mode (s&8). Therefore thdollowing reproduce commandre illegal and marked as
erroneous (see events0R2). Sometime later again it iswitched into recordingnodeand the amount of data
increases agaifsee07). At about t=29000 ms a fault is injectgstte seconttace 01) which causeke tape

recorder to fail completely ("kill device") (see trace 00). The state switches down to "power off".

Therefore the redundannit "SSR" (Solid State Recorder") is powerethd switched to stand-by mode (08).
Again data are recorded (see 11) and the data storage gets data (see 14).

Trace 13 is an indicator for fast forwaaddrewind of theSSR.The mediumevel again indicates thstand-by
mode. The recorderreceives first a Rewindnd then aFast-Forward command (sde3) before data are
retrieved (see 12). Again, a wrong command appears (see 09) because the storage is exhausted.

The lower traces show processing of commands in the command decoder (traces 15, 16 and 17).

An importantfeedback orrecorder operations wadkat mostly it was forgotten to switcimto stand-bymode
before a new mode command was issued. Then the "wrong command" traces itkdataaedmmandand the
actual state were not compatible.

Each of such traces is also available in a more detaibther, i.e. there areaces for whichthe name is
expanded by additional information like commaggde, sourceand destination of theommand. So a lot of
information on propagation of data and commands can be obtained and visualised.

01 busy:dev_cmd_dec ¢
02 busy:dev_cmd_dec_t
fffffffff 03 busy:dev_rtu{0}

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff ———- 04 busy:bus_ir_obdh_bu

I 1 Samples

- m — - — 05 busy:bus_rs_obdh_bi
777777 - I ————-— 06 busy:dev_ctu_a{0}
- -7 77777777 7_ 77777777777777777777777777777777 _ — 08 busy:dev_tape_rec_1

W . Do ‘ ‘ 09 busy:dev_ssr{0}
B O U T 5 10 emd_gendey ctu_af
L R .

[ ]

| | | | |
1E04 2E04 3E04 4E04 5E04

Time
Fig. 4-7: Busy Status of Components
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Fig. 4-7 showsthe busy state of components like command deco@BDH bus(interrogation andesponse
bus), CTU's and tape recorder. The RTU is inactive altough datiawaireg through thebus. Obvioushthis is
a fault, probably a modelling bug. Hence, modelling faults are also visualised.

Above examples give an impression time visualisationpower of EaSySimThe traces can be correlated
arbitrarily in a figureand can be inserted insgveral figuresThis allows to analyse correlation of events or to
detect missing or wrong correlation. By sughtterns it is much easier tetect functionaland timing
inconsistencies in a system wrong commanding sequences (scenarios).

The simulation environment allows to analyse more parameters and system properties than would be possible in
a real system.

4. FEEDBACK

Implementation of the pilot applicatiayave a firsteedback ormodelling issues, use tfie tool environment
and project management.

4.1 Modelling Issues

4.1.1 Abstraction from Hardware and Software

Some properties of a systdike "to be poweredaremostly considered asraatter of architecturanddesign.
As a system or one d@fs componentganonly be powered when it is mapped to a physical component one
could believe "powering" is a matter of design or of representation of hardware.

However, the property of a component to provide a service atoeshot depend really on a physical property.
It is an abstracsystem propertyvhich should already be considergdring specification. For validation of a
specificationand itsrelated scenario it is essential to consider the state of a componentspieniiedthat it
must be activated ithay mean it should be continusly lpewered orthe contractomay omitthe activation
command even he should not do it.

Hence, forthe correctness of gpecification consideration of activation or de-activation is essential. tiso,
easeghe transition fronspecification to design. If such a capability is already introdggthg specification
there is no potential conflict concernitige system's structure idesign. That part representing thtate can
just be mapped onto an architectural item.

The difference between specificatioend design is the correlation with time. Durirgpecification each
component is independent concerning its activation or de-activation. Having introduced an architecture a
dependency is introduced when differegstem componentre mapped e.gqanto the same chifhen their
activationandde-activation is depending on thewer supply ofhat chip. Ifcomponentgre on the same chip

they are powered or they fail simultaneously. If not, they are independent and may fail at different instants.

Similarly, it is with faultsandfault injection. A fault analysis duringpecification considers onthat a fault
canoccur. Multiple faultscan also be considered, of course. the completeerror scenario can already be
executed. After desigtine faults are correlatetlie to the architecturélow the probability for combinations of
faults may be weighted by probabilities depending on the architecture.

To summarize: to avoidestructuring of asystem decompositioand toenforce consideration of states and
faults alreadyduring specification, a system componeshiall be represented by tfalowing three principal
parts which shall be separated from each other:
1. an operational component
which provides the desired functionality and performance,
e.g. the capability to transmit data in case of a bus
2. a management component
which represents the inhergsttysical state of a component migible from an operational point
of view and possibly separated by architecture from the operational component,
e.g. power circuits which impact the operational component (activation and de-activation)
3. an environment or simulation component
which represents the environmental impacts or test management during validation by simulation,
e.g. the ability for fault injection or restart of simulation.

-9-
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4.1.2 Allocation of Management and Simulation Components

In case a modethall be translated to hardware, management of the &atwe, not active etc.) of a
component is no longer needbdcause it is directlgdriven by the hardware properties. Whaowered, the
component is alive, if not doesnot respond. So the managemantl environmentadomponents can/must be
dropped. If software is derived we would still need the part for management of a component.

Consequently, we have to care about sqmaets whichmay be removedater on together with their
communication channels. In order to redtleeeffort needed to remowde additional parts and channels, the
operational channels shall baesed for
communication with such parts. This
means that abuch components have to be
v placed at a central location from which the

related operational componentan be

| accesed.
v WB Event Injector This location is the interface with ground
aultevents in case of an on-board DMS because all
| A HWO . . HWn components will directly or indirectly
) [operational events receive commands via TC froground or
. deliver data via TM to ground. Fig. 4-8
HW Emulation HW Emulation showsthe solution asused forthe pilot
l T T appollication for stand-alonend coupled
mode.
TC ™
In stand-alone modthe "HW Emulation”
B S -, Sl R component manages itseffie states. In

coupled mode such statase managed by
the performance models which are
accessed from "HW Emulation”.

GEODE GEODE

4.1.3 Reduction of Modelling Effort

A lot of effort was saved due to use of
Figure 4-8: Organisation of Hardware Emulation model types in SES/workbench. In fact,
only three modeltypes were needed to
represent all th®MS components from a performance poinvigiw. Fig. 4-9 showsthe correlatiorbetween

specification design

model typesand derived instances. The
model type instances advantage of usingypes isthat only at
one place - in théype -changes have to
device ctu_a, ctu_b, cmd_dec_a, cmd_deg bbe mglde, if needeeéll.p g
taperecorder tape_recl, ssr The operational part otype "device"
obdh bus ir obdh bus, rs obdh bus causes a delay accordingtte length of
= = = = incoming data. The bus type is similar but
Fig. 4-9: SES/WB models used in the PAP the delay depends othe bus data rate.

Furthermore, one needs to monitor other
properties or to generate other timing diagramd histogramsompared to thdevice type. Thereforanother
model type was derived for the bus from the device type.

The tape recorder type needs more intelligence for panperealistic operation. Therefore amn typehad to
be created based on the templates taken from the device type.

In SDL, process instances can be derived from a process type.

4.2 Lessons Learned

CLUSTER was selected as pilot application because it was betleaednalready existing DMS desigmould

allow a comparison ofhe new development approach withe conventional oneSpecification shouldstart
with the CLUSTER DMS specifications documents ortowever, it wasecognizedathersoonthatonly few
detailed information on th€DIR component was included in CLUSTER specifications. Maitilg, FDIR

requirementswvere generic. Therefore the already available design documenta#idnto beconsidered in
addition.
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However the final design documentatiovas already todetailedand alot of effort was needed textractthat
information which is adequate to enhance @&JSTER specification othe FDIR component on top level.

This showsthat in theconventional developement approach at least incomplete information is provided for a
specification, which is enhanceldiring thefollowing phases byhe contractor by interpretation of the general
(generic) requirements. Adding of more precise behavioural requirements is contrdidgatlyorihe general
requirements, butnay be ambigious. It alsmeans thatasks are shifteflom earlierdevelopment phases to
later ones. And the same happduos the risk becausetransformation of the possibly incomplete and/or
inconsistent generic requirements into detailed ones may cause conflicts with already existing requirements.

It was also recognizethat more add-on softwarthan plannedvas needed for better support of feeding in
operational scenarios. Therefotieis functionality was added to EaSySim, whenplementing the pilot
application.

As explainedabove somenore effort was needed féinding of the righttextual requirements as starting point

for formalisation. Also, additionaffort wasrequired to find the right mapping BaSyVaDe to EaSySim. But

this is quite normal irtase of a pilot applicatiohis causedthat theprocedure for refinement frosystem

level to subsystem levaind from specifcation to design coultbt be applied in the plannedannerdue to
resourceand time limitations in th@roject. Therefore after definition of specification modelssgsiem level
immediately the subsystem level models were derived and the architecture was introduced. Logical validation of
specification and complete validation of design were done on subsystem level.

It is now planned to apply the full procedure to the telecomraadtelemetry component to investigatad to
demonstrate thefficiency of the EaSyVaDeapproach and of th&aSySim tool environmerttaving now
available the required guidelines.

4.3 Impacts on Project Management

The appliedmethodology uses executable, formal models for specificationdesignThey allow to express
customer requestsand contractor response unambigously. Implementation of models requires effte
during specificationand design phase, but gavestime in later phases. It implies definiti@md execution of
acceptance tests. Therefatlee laterlifecycle phases will be shortegspecially whencode isgenerated
automatically from the validated design mod&§ort is shifted fromlater phases to earlier phases with a
decrease of the total effort.

However, project management has to accept that
1. more effort and time has to be planned for the earlier phases,

2. executable models instead of informal, ambigous textual requirements are a contractual matter.

5.  CONCLUSIONS

By the pilot application it has been shown that and how the methodology awdlteavironmentan beused.
Someiterationswere needed ttind the bestway toimplement a hierarchicalbject-oriented approach for the
system components and to combine both tadie. current GEODE version imased on SDL88 which provides
some object-oriented features like Abstr@ata Types. It is expectethat the nextversion ObjectGEODE
which implements SDL92 will better fit with the object-oriented ideas of the methodology.

An essential advantage of modeliagd simulation is theisualisation of operational processes by MSC's,
timing diagrams, histograms, statistensddebuggersind theanalysis of behaviour based on stagnsitions.
Experience is that a lot of indicators for faults exist whichpaogided bythe visualisation menas. So itaasy

to detect occurence of a fault. But for identificationtlué fault one needs more details in moases which
means that the internals of tperformance models may have to dhanced continously with increasing
quality of models (less bugs) and increasing complexity of remaining bugs.

For efficient modelling appropriate techniques have to be identfieldpplied. Especially, design for reuse is
essential, but not seasy toachieve. Therefore onkas carefully to consider modelling progressd to
introduce better techniques, when needed. By the activities perféom@&dIBSIM and thepreviousHRDMS
project [10] sufficient experience on this subject is available now.

Moreover, it was identified that activation - deactivation of a component is not a matter of the arcbitggure
but also a matter of design. This has to be applied consequently.
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