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2 Jalk - Overview

= Brief about who we are

= Challenges and opportunities
— Towards reusability

= Specific problem areas
— Reuse across all phases of development lifecycle
— Solution approach — MDE approach with a focus on knowledge

reuse

= Conclusion
— Where are we going with this — towards knowledge based systems
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2 Who we are — System Map Maker

TCSL

TRDDC - One of Many
innovation Labs

System Map
Maker — O Q
Research team

Murali Puneet Amar

N |

Subhro

Broad area of focus:

= Integrated family of models that capture all the systems engineering
information related to a particular system

— Work out information architecture to facilitate System Engineering

TATA CONSULTANCY SERVICES

ICALEPCS 2015, Melbourne, Australia



CoDR SKA
Year: 2010-11

Translate the ITER CODAC
architecture into design

* Demonstrate using prototype

*  Build Mini CODAC

Part of SKATM
— 2013-Till date

Participate in the
creation of the
Concept of Design
for SKA
Supervisory
Control System

-—

Participate in the
capacity of TM Project
Engineer and TELMGT
Lead

Create detailed design
and prototypes for TM
of SKA

Engagement

ITER
Year: 2007

with

.

Collaboration with
GMRT

Year: 2008-09
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Architect the
NextGen GMRT
Control system
Develop reusable
architecture and
environment

—



2 Key observation — Opportunity/Motivation

= Very robust solutions available for reuse for the purpose of
implementation
— EPICS, TANGO, ACS and so on

= Challenges and areas of opportunities

— Significant amount of time spent in the early design life cycle
o E.g.—"~ 3 years to design TM

— Each project recreate the design thinking from scratch — and reinvent
common M&C concerns, requirements, solution concepts and so on.

o Usage of SysML does help communicate better, but still falls short on the
reusability aspect !

— Much of the knowledge reside with the domain experts
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Solution opportunity — Start with reusable

é-r!éhitecture VI&C

Can we create a common solution architecture for M&C - requirements, non functional
concerns, functional blocks and so on
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Solution opportunity — Start with reusable

architecture M&C

Can we create a common solution architecture for M&C - requirements, non functional
concerns, functional blocks and so on

Data Events / Alarms Commands

Command
Receiver &
Validator

Control
Logic [ ormne
Plug-ins,

HPC Command
Distributor

vy oy

Events /Alarms  Command Distribution

" Rule
enqgine

engine

Data

Independent of implementation technology,
Retargetable to multiple off the shelf options
Completely Data Driven
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2 |dentification of the input data

—_— Command

- --- Event

1# Oata
55 Subsystem

Devize
SACE Mode

Controller
SACE Hode

Solution to each control problem created
through the composition of such nodes

sz || ss || ss = ss| = | =
A v At AT Ay At At

Sensors and Actugtors
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2 |dentification of the input data

—_— Command
Controller
SACE Hode

Solution to each control problem created
through the composition of such nodes

- --- Event

.h Data

55 Subsystem
Devize
SACE Mode

25 25 25 25 SSl SS 25
A1 v At AL AT AT MY

Sensors and Actugtors

Dewvice
SACE Hode

Dewvice
SACE Hode

fEame configured using its Self Description

————————————————————————————————————ﬁ
I CETERET Action Name Parameter Values I
I atasimAmpliude 60
tainrena R REmm AN DataSim:Offset 40 I
I <Command Name = "PUMPDOWN"/= DataSimFrequency 1
{COI‘I‘IIT'IEI"Id NEH‘IE - "CUDLDDWNHI} VACULJMiACHIE\.//“/{ol sendCommandloDevice Datasunsme 1 I
I =Command Name = "PREPARETF"= COOLDOWN|/01.sendComma PUMPDOWN DAt :S ] I
<CommandAttachment Name = "PowerSUupPLy . uoom st ecmcdmondobere a3 !m: (uare -
I </Commandx T DataS!m.Tnangle I
I <Signal Name = "Cryo_Vacuum Pressure" Type DataSimUpdateF requency |
{Updateﬁate "hl'a]_ue — 1@"!,!’:, coo |NG_ACH\EVED,tul,ss;dcs#andmb ce Datasim:Ramp
I </Signal= —— / DataSimAmpliude 15 I
DataSim,Offset 7
I DataSim Freguency 1 I
I Device Name Stream Name Byteatlocation|Hasvalues | Evenl _ cnoinown DaaSimSing 1 I
MagnetSystem Cryo Vacuum Pressure 24[VACUUM ACHIEVED DataSim Square !
I IMagneiSystem TF Temperature 20|QUENCH OCCURRED NataCim Triannla I
I MagnetSystem Cryo_Vacuum_Pressure OICOOLING_ACHIEVED I
S |
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2 |dentification of the input data

—_— Command

. Evert Controller Solution to each control problem created
Dtz el through the composition of such nodes

55 Subsystem

Devize
SACE Mode

%e configured using its Self Description

sz || ss || ss = ss| sé
v AV AY AV Ay A4

Sensors and Actugtors

____________________________________ —_
I CETERET Action Name Parameter Values I
I I / atasimAmpliude 60 I
1
I <Command Name = "PI ll
<=Command Name = "Cl . o :
| <comand hame - 7 1he€re might be thousands of such specifications and 4
C dAttach o o 0 ,
| <comands hence needs support to maintain consistency - |
<Signal Name = "Cr! 2 3~ F ]
| “UpdateRate Va A development environment in its own right!! |
I </Signal= 15 I
LaldsIm.UTsel 7
I ‘ DataSim Freguency 1 I
I Device Name Siream Name Byte at location [Has values Evenl | cooLpown DataSim Sine 1 I
MagnetSystem Cryo Vacuum Pressure 24\VACUUM_ACHEVED Datasim Square 1
I IMagnetSystem TF Temperature 20|QUENCH OCCURRED Matalim Triannla I
I MagnetSystem Cryo_Vacuum_Pressure OICOOLING_ACHIEVED I
_————— - - —_——_ —_—_—_—_ e—_—_ e e e e e e e e e e — e — — — — — —— — — — — — -l
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Architecting Environment — Domain Driven Engineering

Control system designer

Specifies
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IVI&C Architecting Environment —Implementation

Control system designer
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» Areas covered in the DSL as of now

. pe . = comma ndad s

= Specification of control structures — L > Start[

— Control nodes , ]

— Commands, parameters § detafolint= {

— Responses ¥

= events{
— EventS, A|armS eventl[ ]
¥
— Data streams - alamsE]
it i
— States N ¥
1 < ControlNode regaticnhode

" BEhaVIOr - tAssociat‘:EEInEe:-Fac:ODeicription : GMRT.Controller ID

— Dependencies-Control Hierarchies childodes (GHRT.Controller)

— State machines h e s (Pocsints vitves = (5, 16, 22))]

— i 1 1 = statemachine AgnstMc

Command Valldatlon Ioglc = ! tstate ﬂmﬁiiﬁrt‘riller‘_ln.ﬂtart
. . [
— Alarm detection logic transitions
event GMRT.Controller ID.BOOT Performed => state GMRT.Controller ID.Conne:
— Alarm handling specifications ) ]
— Data processing ,  !SalamConditions
= alarmHandling
= Pl&CEhOlder 4|  "ScommandTranslation
I= dataPointHandling
- EXterna I/d etal IEd IOgIC Problerr “% E'-'E”tTfﬁf'IF'EtiOﬂ nning class ControllerTest
TATA CONSULTANCY SERVICES D o orehode
| I= responseValidation




» Process — Working of the environment

Model GMRY
InterfaceDescription ID_IF(
dataPoints{
float IFf_healthStatus = 10.0
} Controléode IF Controller(
‘“‘;3;’:5{[ Associated Interface Deseripticn : 10 IF
parsseter fnt bwl = 1 statesachine IF_SH{
parameter int bw2 = 10 state GRT.ID_IF.Seart]
parameter int alcl = @ tramitions
) parameter int alc2 = © eveot GRT,ID_IF.D0SET_Perfereed »> state GRT.I0_IF.Subscrite
) ‘ y
responses
RES_DOSET([ commandvalidation]
parameter int Devicelo = 10 comsand GRT.ID_IF.D05ET |
parameter int CmdStat = O parameter bl (Possible Valses = (5, 1¢, 12)
parameter string SETStr = °° Rax Value + 32 Nin Yalue » 6)
} ) parsseter bl (Possible Valwes = (¢, 15, 12)
events{ max Valoe « 22 Min Valee = 1)
DOSET_Performed|) ]
} ]
states{ tod
start(] olar::v{dmou{
Subscribe[)
dataPoint IF healthStatus ( Mia Velwe o3 )
commandResponseMap{ fireAlars © GRT,I0_IF.A
command DOSET => expectedResponse RES_DOSET 1
g - RN
commandEventMap( } %]
command DOSET > event DOSET_Performed )
H
alarms{
Al[ level : 5) |
» Specify M&C solution description using DSL — M&C ML
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»» Process — Working of the environment

m::f:::ki<riptlon WIEC E SYStEITI AST - Meta MOdeI
d“"’;‘;:::‘gv_mmmuu’ Sua [.]'"E ControlNode - System EI Part
Centroldode IF Contreller( o -
(mogsd: ¢ : pemorale il AP H InterfaceDesaiption - System H EventBlack
Secaetar: Sot: i -3 statesschse PS4 ] - H Abstractinterface tems (e | Event -» Abstractinterfaceltems, Subscribableltems
parameter int bw2 = 10 state GRT.ID_IF.Start| g : :
parsmeter int alcl = @ trasitions ] SR AbstractOperationableltems - H EventCondition
arameter int alc2 = 0 1D IF. " . F. . :
) y P e : event GRT,ID_IF.DOSET Perforsed »> state GRT.ID_IF.Subscrite []E OperatingState a EventTrandation
responsest ) B - H CommandResponseBlock - H EventTranslationRue
RES_DOSET( commandalidation : ;
parameter int Deviceto = 19 comsand GWRT.I0_IF.005¢T | - 5 Command -» Abstractinterfaceltems - 5 EventHandin
d
o e e e SO pacameter bl (Pessible Valses = (¢, 16, 1) ; i, ?
| paremeter string R Valse < 32 ia Yalse » 0} - H CommandValidation -5 Alarmblock
raseter bed (Pessible Valses = (5, 12, FAPE : .
- R v ““Parse in t@ﬁ CommandDistribution - Alam -» Abstractinterfaceltems, Subscribableltems
i ; ) 25 CommandTrandiation - AlamConditon
Raa S -hr::{ditiw{ dﬁ ParameterTransiation - H AlarmiTranslation
; Subscribe() dataPoint TF heslthStatus ( Mia Velee =5 ) - B Transion £ AlamiTranslatiorRule
espons ireAlars « 110 IF. : :
‘“:ﬁmmoos?& expectedResponse RES_DOSET , P SRR - | Respanse -» Abstractinterfaceltems - H AlarmHandin
: ; g
commandEventMap( } #- H RespanseValidation - H DataPointBlock
command DOSET «> event DOSET_Performed E RESpOﬂSEDiStributioﬂ a DataPaint -5 Abstractiterfaceltems., Subscribablelte
~H DataPoint -» Abstractinterfaceltems, Subscribableltems
alarms{ : :
AL{ level : 5] ) o . : ﬁ ResponseTranslation - H DataPontCondition
» Specify M&C solution description using DSL — M&C ML || & 3 respnsetasiiose
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»» Process — Working of the environment

m::f::;ei<rip!lon IIFC T E System AST - Meta MOdel
d“.?l’c‘»z?gr_heolthsutus - 10.0 [:]"H Controlode -> System EI Port
. mint (“’T;i:ffé}imﬁfémmm - - B InterfaceDescription -> System (&[] EventBlack
“mﬂr.-.m int bl = 1 sateschime FSH ] e H Abstractinterface tems ¥ H Event -» Abstractinterfaceltems, Subscribableltems
parameter int bw2 = 16 state GRT.ID_IF.Seart] " w : : -
parsmeter int alcl = o tramsitios || 5 abstractOperationableltems - EventCondition
y parameter int ale2 = 0 | event GRT,ID_IF.DOSET_Perfersed »> state GRT,ID_IF.Subscride []'"E OperatigState a EyentTransiation
} : :
responsest 3 it -5 ConmandResponselock - EventlransitionRule
“parameter int Deviceto = 19 comand GWRT.ID_IF.005ET [ - E Command -» Abstractinterfaceltems #-H EventHanding
et g ST parsmeter b, (Possible Valees = (¢, 14, 1) | " |
| paremeter string - R Valse < 32 ia Yalse » 0} - H CommandValidation -5 Alarmblock
romet ible Valses = (5, 15, A o = .
Y et TR 9y ““Parse in t@ﬁ CommandDistribution ﬁ Alarm - Abstractinterfaceltems, Subscribableltems
i ) . H CommandTrandition - H AlamCondition
Rdas eSS0 e ti- B ParameterTransiton -6 AlarmiTranslation
) “databoint TF healthStatus ( Mia Valse +5 ) ¥ H Transition - H AlamiTranslationRule
s 13 ireAl . T.I0 IF. H :
‘“‘:?d.-:.mmoosegpf> expectedResponse RES_DOSET , P ARa E Response - Abstractinterfaceltems (£ | AlarmHanding
commandEventMap( } E Remﬂseualidaﬁﬂﬂ a DataPointBlock
command DOSET «> event DOSET_Performed : o :
B ﬁ RespanseDistribution i#- H DataPoint - Abstractinterfaceltems, Subscribableltems
M[ level : 5] . o . ; - ResponseTranslaton - H DataPontCondition
» Specify M&C solution description using DSL — M&C ML || & § regmeansairnic

Validation, M2M/T Translation...

2 -
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»» Process — Working of the environment

Model GMARY
InterfaceDescription ID_IF(

dataPoints{

float IFf_healthStatus = 10.0

ControlNode IF_Contreller(

[] H Contralode -> System - Port

AST — Meta Model

(mogsd: ¢ : premsrsde i LTS - InterfaceDescription -» System H EventBlack
Secaetar: Sot: i -3 statesschse PS4 ] - H Abstractinterfaceltems H Event -» Abstractinterfaceltems, Subscribableltems
parameter int bw2 = 10 state GRT.ID_IF.Start| :
peremeter :n: .icz -a transitices oo e e | | H C ﬁ EventCondition
arameter int alc2 = 0 1D IF. » . F. . :
) ) P : event GRT,ID_IF.DOSET Perfersed »> state GRT.ID_IF.Subscride []E UDEFBUHQSE'EE a EvenfTransiation
responsest 3 it - 5 CommandResponseBlock H EventTranslationRue

parameter int DeviceMo = 10
parameter int CmdStat = O
parameter string SETStr = °°

comsand GWRT.ID_I7.D0SET [
porameter bul (Possible Valves = (£, 1€, 12)

-H Command -» Abstractinterfaceltems ﬁ EventHanding

E

) Rax Value « 32 Win Value » 9) - B CommandValidztion ﬁ AlarmBlack
smeter b2 (Possible Valses = (5, 12, : : _

lvenh( g :(-s:‘;.z:e . T ( Parse In t@ﬁ CommandDistribution H Alam - Abstractinterfaceltems, Subscribableltems
i ; ) % H CommandTranslation H AlarmCondtion
pas - T alarsConditions{ - ParameterTransiztion - H MlarmiTranlation

Subscribe[) Ll s ol " )

dataPoint IF healthstatus ( Mia Velse =5 ) H Transition - H AlamiTranslationRule

ndR eta fireAlars +> GRT.10_1F, = i

‘m:oul:::mo;stfp£> expectediesponse RES_DOSET ] S rea— E RESPOHSE -» Abstractinterfaceltems a MBI’I'I'IHBI"Id"I"Ig

commandEventMap( }
command DOSET «> event DOSET_Performed

E RespanseValidation
b it ﬁ RespanseDistribution
Al[ level : 5] #- | ResponseTranglation

» Specify M&C solution description using DSL — M&C ML - ] ReoseTendatorhue

H DataPointBlock
: H DataPoint - Abstractinterfaceltems, Subscribableltems
- H DataPointCondtion

E0evice

public class Controller {
private static final Logger logger = Loggerfactory.getlogger(Controller.class);
private static final Xiogger xlogger = XLoggerFactery.getXilogger(Controller.class);
private String className = this.getClass().getName();
private static String deviceName = “nodes/Controller/test™;

s 3:?:::[?’2:233252:';;::;-"('??"/Lm""- Tra ns I atl on | nto
TANGO implementation

/*Dgcialire Variables Here
public final void initDevice() throws DevFailed{
xiogger-entry();
Lmer debug(“init™);
fCommand(name = "DOSET")
public synchronized String DOSET(String parameters) throws DevFailed {
System.out.println(~Executing command DOSET ([mnctodel.impl.SimpleTypelmpl@73a46¢ (name: bwl
String inCommand = new CommandHandler().getCurrentMethod(this);
if (new NodeCommandResponsevalidation().validateCommand(inCommand,parameters)) {
String responseReceived = new ControllerSimulator().sisulateResponse(inCommand, parameters);
Code To Be Written

if (nqu nodeco-ondkesponsevaudnlion() validateResponse(inCommand, responseReceived)) {

m Validation, M2M/T Translation...

Variables Declairation Ends =

e e L Initialization Code--------

Ev Trigger
re!urn respoﬂseﬂecelvtd
Yelse{
return new String(“BAD RESPONSE™);
}
} else {
return new String("BAD COMMAND™);
b4

) 17
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»» Process — Working of the environment

1
mzsf%s:ripttm WIEC E SYStEITI AST - Meta MOdeI
et I hoelbhenatie o dble [] H Contralode -> System - Port
} CentrolNode IF_Controller(
(moggzg : premsrsde i LTS - InterfaceDescription -» System H EventBlack
Seconetar: Sot b = 2 atesschine FSY ] e H Abstractinterface tems H Event -» Abstractinterfaceltems, Subscribableltems
parameter int bw2 = it state GRT.ID_IF.Start| :
parameter :nt aicl - @ traegitions ] ™ E C a EventCondition
parameter int alc2 = 0 1D IF.DOSET Perforsed » & F. r X :
) ) : evest GRT.ID_IF.DOSET Perfe » state GRT.ID_IF.Subscribe []E OperatingState a FventTranslation
res ) '
el A H CommandRespanseBlock ; H EventTranslationRue
parameter int Deviceho = 1 comsand GRT.ID_IF.D06ET [ i Command -+ Abstractinterfaceltems - EventHanding
parameter int CedStat = O e parameter bl (Possible Yalves = (£, 1€, 12) : :
| paremeter string SETStr - Jox Valoe « 32 in Yoloe » 0) - B CommandValdation -5 Alarmblock
smeter b2 (Possible Valses = (5, 12, : : _
- g ;(-sr:'.z:e:"? ““Parse in t@ﬁ CommandDistribution H Alarm -» Abstractinterfaceltems, Subscribableltems

DOSET_Performed() ]

: 2 ! . H CommandTrandition H AlarmCondition

states{

start(] slarsConditions{ - ParameterTrangiation - AlamiTransiation
Subscribe[) 2 ; - .
} dataPoint IF healthstatus ( Mia Velse =5 ) ¥ H Transition - H AlamiTranslationRule
commandResponsedap( fireAlars > GRTID IF.A1 : : )
command DOSET => expectedResponse RES_DOSET 1 - E Response -» AbstractInterfaceltems a MBI’I'I'IHBI"Ith"Ig
commandEventMap( ! 2] E RESPOHSE"ilahdahﬂﬂ a DataPointBlodk

command DOSET «> event DOSET_Performed

: H DataPoint - Abstractinterfaceltems, Subscribableltems
- ResponseTranglation - H DataPontCondition

» Specify M&C solution description using DSL — M&C ML - ] ReoseTendatorhue

¥ H RespanseDistribution
alarms{ :
Al[ level : 5) [+

E0evice
public class Controller {
private static final Logger logger = LoggerFactory.getlogger(Controller.class); a I a Ion ranS a Ion R
private static final Xiogger xlogger = XLoggerFactery.getXilogger(Controller.class);
private String classNase = this.getClass().getName();
private static String deviceName = “nodes/Controller/test™; - .
D ivate String sorintDevicotat = "Go0es/ N/ test™s . . Generat|on Of S| u |ato re
prwne String[] chxldbeviceua-e ={} <
e Seliet] ttiomd I i m
= o ~—  —and Test Cases
: S ~TANGO |mp|ementat|ovm R
- Dovn s[4\ nes oonoun (1" allow
£33 Fanitoring peathstatun s
"

£ Tess e Tt Summmany
£Init(lazyioading = false)

= DROD (10495) Al pare
blic final void initDevi th Dey nedionobect « (J3DNORIEct) svalus . & ¢ flrebogon
i rl;gge:'en:ory() 2 =0 e . Fa‘lgd{ Objeﬂ objec\:[] m‘z.\so.xnl.?fgnc’b\mxzi?})s(:(() :Or\!ﬂp() e "[ '.1.'WITYR"'N"'NIMM'.'W_M'H' LT e ':':Magi'}{‘mme‘."zt‘pa
Logger- debug(“init™); X DIV, e Type .t parame”."cme]_no'} P2’ Ty e parhane . g gVl g
SCommand(name = "DOSET~) "’?“‘*"“’ " ¢ Saonki et wei? e a1, prType' e, e e’ Tyt e ‘g, e 7,
public synchronized String DOSET(String parameters) throws DevFailed { © eturn *RESPONSE RECETVED FOR “scomsandiane. touppercass(}; 2 COwC ek, parType "€, prkame” o', a2 arType B, partame ondary 1), e, o
System.out.println(“Executing command DOSET ([mncModel.impl.SimpleTypelmpl@73a460 (name: bwl ) 51 DR pRrvae"cL, e Type i arkame”s"cml o', "parvaue" 2 DarType Wi parhane omdang ) DRVl 2,
String inCommand = new CommandHandler().getCurrentMethod(this); 250MObdect mlk = (J50MObisct) dsonarr.get(0); = B DSCOMECT (00699
if (new NodeCommandResponsevalidation().validateCommand(inCommand,parameters)) { e e ¢ ) 3501vel se(comuniParametera); oo (0011
String responseReceived = new ControllerSimulator().sisulateResponse(inCommand, parameters); 3% (Je Te milly ! w ) s . o
Code To Be Written T5ck TixedRecp = (IS0000IRCE) Jro-get("FixedResponse”)s 7" "isconmect" ] redResporse'."Response”“RES_DISCONNECT')' (1015)
if (neu node(o.oadkespoasevalldatlon() validateResponse(inCommand, responseReceived)) { {< edRespl-null) B *{"Dscomnect" )" (0015)
Calling Ev Trigger Setestring map - fixedRespkeySet); 1 ["Dsconnect" ] edResporse':{"Resporse”“RES_DISCONNECT'" (101 5)
I return responsenecciwd fatorciueing feerat - - i & [ Dscomnee ) (00685)
return new String("BAD RESPONSE™); £l DOCH (D029
451" "DOMON" ] BeedResponse’:{ Resporse”'RES_DOMON, Deiceh3, CdStt™ 6] (10L)
}
} else { . 1 {52 "{'DOMON" ) BeedResponse”{ Response's'RES_DOMON, Deiceha"3, CmdSet ™ 1)} (1008 5)
z return new String( "BAD COMMAND™); )- o+ mmt " "+ ixedResp. ge T !'_'."Douou'ﬂ)‘ (0.008s)

}

)
Systen.cut.println(hiy;
n hhs
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2 Factors influencing DSL design
Key drivers to the DSL design

= Important to understand the stakeholder concerns
— In our case M&C designers
— Leave out the details of the application domain (e.g. Astronomy), projects specifics
= Understanding and extracting key concerns from the domain
— Important input is the vocabulary using while specifying M&C design
= Capturing the underlying architecture pattern
— SACE suggests a strict hierarchical
— Hence the flow of the DSL reflects the same
— However, cant be applied to other patterns, such as Agent based systems
= Decoupling the meta-modeling from the grammar definition
— Capture the domain concerns in a structured form with relations
— Don’t worry about the language syntax while doing so
= Careful analysis of the user intuitions for language syntax definition
— Can be based on the combination of functional building blocks and architecture flows
= Extensibility
— Support for incremental domain specific validations
— Incremental addition of concepts (e.g. Radio telescope) and separation of concerns
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Future direction — knowledge based engineering

environment and conclusion

= We plan to try this our for uGMRT, SKA

= Such an environment is a stepping stone towards identification of
domain models and capturing of knowledge —

— Technical domain such as M&C, Networks, Security and so on
— Application domain such as Radio astronomy Nuclear fusion

= Learnings can be used to build similar domain environment or
contribute towards general capability such as SysML and so on.
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Thank You!

TATA CONSULTANCY SERVICES 21

ICALEPCS 2015, Melbourne, Australia



