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Basic description

* Allows model execution of state machines,
activities, interactions and parametrics

* EXxecution can occur along simulated time

Why do this?

— To validate the model by simulating triggers and seeing
whether the modelled system responds as intended

Caveat
— Only a subset of SysML elements is supported
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Tool

« Cameo Simulation Toolkit

— An package that needs to be bought and used
in addition to Cameo Systems Modeller

Exploring the Universe with the world's largest radio telescope 4



Process logic (a ‘non-exhaustive’
description)

” Updates in value ~ Updates in value
properties stimulate properties can
Activites update updates in other comply with or
value properties value properties violate constraints,
through parametric derived from
) B ~behaviours—

requirements
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Example 1- Description (notin model)

1. Atelescope operator changes several
administrative states for a Dish

2. INFRA detects strong winds, leading TM to
put a Dish into a stow-lock state

Citation: Dish state machines (draft) by Corrie Taljaard
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Execution colour key

> An element that is currently
being executed

> The last visited element

> A visited element

http://mynutratek.com/blog/

Exploring the Universe with the world's largest radio telescope 7
BN RTINS e e



o

SI.I

SOUARE KILOMETRE ARRAY o

Execute!

S'lnula_te triggers

£} sKa1Mid
SKA1 Mid X

- operator

PRESS

Not Fitted Selection-Op | [  Disable Selection-Op | [ Central Control-Op |

—
Fitted Selection - Op D Enable Selection - Op ]

ra SA

Strong Wind

Exploring the Universe with the world's largest radio telescope 8




S

SQUARE KILOMETRE ARRAY i

(s tate machine Operator [ @ Operatorﬂ

Central Control - Op / Central Control - Op  Disable Selection - Op / Disable Selection - Op

[}

Op Operate Dish MID

7

D Enable Selection - Op / Enable Selection - Op

v oV

Not Fitted Selection - Op / Not Fitted Selection - Op Fitted Selection - Op / Fitted Selection - Op
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(activity Fitted Selection - Op [ @ Fitted Selection - OPU

result
T

[ «readSelf» J
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class SKA1Mid [ [ SKA1 Mdy

operator : Operator

[

l

«proxy»
op TM

«proxy»
T™ op [

|

i

tm MID: TM MID

«proxy»
TM Dish

«proxy»

Dish_TM[

| 1
L

.
TM_INFRA

kproxy»

kproxy»
NFRA_TM
|

|
infra SA : INFRA SA

P

dish MID : Dish MID [133]

New triggers can
travel between

structures through
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* A similar sequence occurs for the block "TM
MID’, which also owns a state machine

* The triggers for each of its transitions are
also linked to activities

This results In:
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class SKA1Mid [ [ SKA1 Mdy

operator : Operator tm MID: TM MID dish MID : Dish MID [133

«proxy» «proxy» «proxy» «proxy»
I:—lop_TM ™ op [} J [: TM Dish Dish_TM |

L

1

TM_INFRA
KProxXy»

proxy»
NFRA_TM

B ]
- |

infra SA : INFRA SA

New triggers can
travel between
structures through
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Fitted Selection

Not Fitted Selection

Dis h Fitted State

Dish Disable State

v

"|Disable Selection  |Enable Selection

Dis h Enabled Mode

Engineering State (Local
Control)

Central Control

d

o=

c: Dish Availability State }

Dish Stow-Lock State

7 [stow ==1]

Motion State  Slow -Lock State

[stow ==0]

a: Dis h Motion State




The sequence of triggers:

‘Enable Selection — Op’ = ‘Central Control —
Op’
results in:



-,
*

ML

Fitted
State

—_—
Dish Not

Fitted Selection

Dis h Fitted State

7 1[ Dish Disable State ]

7R
Disable Selection Enable Selection

Not Fitted Selection

N

Dis h Enabled Mode

Engineering State (Local

. Control)

Central Control

d
. c: Dish Availability State

o=

Dish Stow-Lock State rJ

[stow ==1]

Motion State  Slow -Lock State

[stow ==0]

|‘ a: Dis h Motion State I
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(s tate machine Dish Mbtion State [ @ Dish Motion Stateﬂ

¢

Ready
4
To Ready To Ready |[To Slew To Settle To Ready To Scan
Track Repeat Slew Repeat
Track To Slew | Slew | To Settle Settle To Settle Scan
[ _ — G
Scan Repeat

ToTrack
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Then. The trigger:
‘Strong Wind’

results in an interaction between the blocks
INFRA SA, TM MID’, and ‘DISH MID’

which results In:
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.fstate machine Dish MD[ @ Dish MDy
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Dish Not Dis h Fitted State
Fitted
State
[ Dish Disable State
[ ] [ ; ; ‘ )
Fitted Selection Disable Selection Enable Selection
[

Dis h Enabled Mode

Engineering State (Local

. Control)

Central Control

4

d
. c: Dish Availability State

Not Fitted Selection .

Al

Dish Stow-Lock State

[stow ==1]

‘[_E] Motion S:ate  Slow -Lock State
‘ 1
[stow ==0]

” a:Dish Motion State j 777:1—9——7




Example 2 (not in model)

 While the Dish is in stow-lock state, a
systems engineer decides to do a cost
rollup

* The systems engineer does this as follows:
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« Areasoning pattern is defined by first creating a

specific block and constraint block pair

«se2 DefinitionDiagranm
package Dish MID_Constraints [ Dish MID_Constraints_Definition

)

«block»
CostRollUpPattern
constraints
sum: total

parts

subcost : CostRollUpPattern [*]

values
cost: Real [1]
totalCost : Real

]
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«constraint»
total

constraints

{total=parent + sum{(child)}

parameters
chid : Real [*]
parent : Real
total - Real

21
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« A parametric diagram is then used to relate these
two blocks

class CostRollUpPattern [ CostRollUpPattern u

cost : Real [1]

«equal»

parent : Real
s U ™\

«constraint»
subcost : CostRollUpPattern [*] sum : total

kequal» child - Real [*] ﬁotaI:parent + sum(child)}

total - Real «equal» totalCost: Real

totalCost : Real

4

Dish MID_Constraints_Definition
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 APBS is then created, and the reasoning pattern is
applied to this PBS

package Dish MID_Structure[ [5L) Dish MID PBS ]/I

«block»
Dish MID
values
stow : Integer =0
cost : Real{redefines cost}
totalCost : Real{redefines totalCost}

]
spf receivers_1 |{subsets subcost} dish stru
«block»
SPF Receivers
values
cost : Real{redefines cost} cost : Re:
totalCost : Real{redefines totalCost} totalCost
receiver pedestal unit_1 |{subsets subcost} indexer unit 1_1 | {subsets subcost} turn
«block» «block»
Receiver Pedestal Unit Indexer Unit 1
values values
cost : Real{redefines cost} cost : Real{redefines cost} cost: Re: 23
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« An instance of this PBS is generated and cost value
specified for all component instances

«block» Q
dish MID.s pf receivers_1 : SPF Receivers

cost=1.0

indexer unit 1_1 = dish MID.spf receivers_1.indexer unit 1_1

receiver pedestal unit_1 = dish MID.spf receivers_1.receiver pedestal unit_1
subcost = dish MID_spf receivers_1.subcost[1]

totalCost = 0.0

«block» E
dish MID.s pf receivers_1.receiver pedestal unit_1: Receiver Pedestal Unit

cost=20

receiver / pedestal enclosure_1 = dish MID.spf receivers_1.receiver pedestal unit_1.receiver / pedestal enclosure_1
subcost = dish MID._spf receivers_1.receiver pedestal unit_1.subcost{1]

totalCost = 0.0

tranceiver module_1 = dish MID_spf receivers_1.receiver pedestal unit_1.tranceiver module_1

«block»
dish MID.spfreceivers_1.receiver pedestal unit_1.receiver / pedestal enclosure_1 : Receiver / Pedestal Enclosure

cost=3.0
subcost = dish MID_spf receivers_1.receiver pedestal unit_1.receiver / pedestal enclosure_1.subcost]1]

totalCost = 0.0

«block» Q

Jish MID.s pf . I . Jestal unit 1  pedestal encl Lsul [1] : CostRollUpP

«block» Q
dish MID.spfreceivers_1.receiver pedestal unit_1.tranceiver module_1: Tranceiver Module




« Lastly, execute!

snlllnz KILOMETRE ARRAY

g variables X |

R

Name Value

El-E] Dish MID [Dish Not Fitted State] dish MID : Dish MID@390c40e9
(-2 sum : total {total=parent + sum(child)} total@42fe 1cab

-8 subcost : CostRollUpPattern [*]

[CostRollUpPattern : CostRollUpPattern@301da841, Dish ...

. B

- [ stow : Integer 0

)-8 dish Imc_1 : Dish LMC {subsets subcost} Dish LMC : Dish LMC@1dfb154f

(- [ sum : total {total=parent + sum(child)} total @6c7c7d47

(-8 subcost : CostRollUpPattern [*] [CostRollUpPattern : CostRollUpPattern@612e27dc, LMC ...

o
(-8 Imc hardware_1 : LMC Hardware {subsets s... LMC Hardware : LMC Hardware @6 104f7f5
(-8 Imc software_1 : LMC Software {subsets su... LMC Software : LMC Software @78b861fa
-1 cost: Real 12.0000
-1 totalCost : Real 33.0000

(-8 dish infrastructure_1 : Dish Infrastructure {sub... Dish Infrastructure : Dish Infrastructure@b047b59
()-8 spf_1: SPF {subsets subcost} SPF : SPF@5379%e41

-8 spfreceivers_1: SPF Receivers {subsets subc... SPF Receivers : SPF Receivers@6f3134e0

()-8 dish structure_1 : Dish Structure {subsets subc... Dish Structure : Dish Structure @62f85035

-1 cost: Real 0.0000

A
= totalCost : Real 1610000 GOl I
‘.. o Dish_TM
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"We've done a computer simulation of your projected
performance in five years. You're fired."

THANK YOU
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