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Plato’s Advice                

Applies very much to Systems & Software Engineering  

“The beginning 
is the most important part 

of the work”



My Last Six years …

• Failure to squarely address the 
problems of scale and complexity

• Failure to resolve the imperfect 
knowledge associated with large
sets of requirements for systems.

• Failure to build the “right” system.

• Failure to keep team productive.

Large Projects … Greatest Risks
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Deficient
Requirements

Quality
Software

Complexity/
Scale ?

?
Satisfying

Requirements ?
These Problems are all interdependent

Threats to Project Success



Scale + Interaction =>  Complexity

Problem 1 - Complexity
4.4.8.6 Report XXXXXXX 
 
XXXX health information is requested to aid in planning required XXXX 
maintenance.  
 
CG2) The XCS shall process each HR (XXXX health request) command message 

received from the YCS.  
 
CG2.1) An HR command message shall be the first message received after the 

initiation of each "Manage XXXX" transaction.  
 
CG2.2) The XCS may receive a XXXX health request message anytime during a 

"XXXX " transaction. (Describes order during transaction.)  
 
CG2.3) A XXXX health request command message will only be accepted by the XCS 

during an active "XXXX " transaction. (Describes condition under which an HR 
may be received.)  

 
CG3) The XCS shall prepare and send an HA (XXXX health acknowledgment) 

message to the YCS in response to an HR (XXXX health request) command 
message.  

 



“Deficient Requirements are the single 
biggest cause of project failure”

Problem 2 – Deficient Requirements



Stakeholder-01

Vocabulary-01

Understanding-01

Assumptions-01

Needs-01

Requirements-01

Stakeholder-02

Vocabulary-02

Understanding-02

Assumptions-02

Needs-02

Requirements-02

Stakeholder-0N

Vocabulary-0N

Understanding-0N

Assumptions-0N

Needs-0N

Requirements-0N

• • •

Brooks'
Tarpit

Requirements
Integrated Views

Behavior
Trees

Composition
Tree

Shared Vocabulary
Shared Understanding
Shared Assumptions

Shared
Conceptualization

Imperfect Knowledge

Inconsistencies among stakeholders – major issue      

Problem 2 – Deficient Requirements
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Use-case   ---
Statechart Representation

VOCABULARY CHANGES
1. “Course” omitted
2. “Participants” introduced
3. “Attendees” omitted
4. “Predetermined length of time” omitted
5. “Setting up” introduced
6. “Entry” introduced
7. “Do” introduced
8. “Call for” introduced

USE-CASE

State-Chart

Loss of original intention – major issue

Claimed to be 
“equivalent” to
text version on
page .226

Problem 3 - Satisfying Requirements - Example

Course???
Attendees???

Participants?



“The hardest single part of building a 
software system is deciding what to build, 
… No other part of the work so cripples 
the resulting system if done wrong. No 
other part is more difficult to rectify later”

F.P. Brooks

Problem 3   – The “Right” System ?



?
Imperfect Knowledge

Large Teams Involved

Scale & Complexity

The Greatest Challenge

The
Right

System

4.4.8.6 Report XXXXXXX 
 
XXXX health information is requested to aid in planning required XXXX 
maintenance.  
 
CG2) The XCS shall process each HR (XXXX health request) command message 

received from the YCS.  
 
CG2.1) An HR command message shall be the first message received after the 

initiation of each "Manage XXXX" transaction.  
 
CG2.2) The XCS may receive a XXXX health request message anytime during a 

"XXXX " transaction. (Describes order during transaction.)  
 
CG2.3) A XXXX health request command message will only be accepted by the XCS 

during an active "XXXX " transaction. (Describes condition under which an HR 
may be received.)  

 
CG3) The XCS shall prepare and send an HA (XXXX health acknowledgment) 

message to the YCS in response to an HR (XXXX health request) command 
message.  

 



Current Software Engineering - Strategy



Comment – Perhaps a “smaller” miracle        

Imply: other methods require a “miracle” to
go from requirements to code (p.611)

Claim: “Catalysis reduces such magic”
but you need to read 688 pages to find out

Advocate: “Treat your system as a single
object, define the type of any system
implementation that would meet the
requirements” (p.596)

Example: “Catalysis” – D’Souza & Wills (1999) 



Current SE Methods      – Fail to consistently deliver       

Current Software Engineering - Strategy
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Most organizations try to hide their failures
A recent “Hall of Shame” IEEE Spectrum, Nov. 2005:

(in $US millions) 
FBI 100
UK Inland Revenue 33
Ford Motor Company 400
Sainsbury’s 527
Sydney Water Corp 32.2

Recent Australian problems include:

National Australia Bank’s ERP project, 
RMIT’s Academic Management System, 
Victoria State’s Infrastructure Management System, 
Federal Government’s new sea cargo import reporting system
But there are many more…….

Current methods buckle under complexity

Recent Failures – June Verner (NICTA)
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We need an
Alternative way 

of Thinking



“All mathematics exhibits in its conclusions
only what is already implicit in its premises
-- all mathematical derivation can be viewed
simply as change in representation,
making evident what was previously
true but obscure.”

- Herbert Simon

Treat Requirements like Premises     

A Lesson From Mathematics



Alternative Way of Thinking

REPRESENTATION – is the key to doing this



Alternative Way of Thinking

REPRESENTATION – is the key to doing this

Implies can deal with
ONE Requirement

At a time



Deficient
Requirements

Quality
Software

Complexity

? Deal with ONE
Requirement

at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

PROBLEMS Strategy

Satisfying
Requirements

Tackling Complexity Head-on  

Behavior  Engineering
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Tackling Software Engineering’s Problems Head-on    

Deficient
Requirements

Quality
Software

Complexity

Deal with ONE
Requirement

at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

PROBLEMS Strategy/Process

Satisfying
Requirements

Integrated
Behavior

Tree
(IBT)

Integrated
Composition

Tree
(ICT)

Integrated Views

Behavior  Engineering



Behavior  Engineering



The stumbling block 
with complexity 

is the limitations of

Human Short-term 
Memory



People don’t
mind dealing with complexity 

provided it is

Localised



The Starting Point



Formalization - Modelling our only hope        

Large numbers of requirements overflow our 
short-term memory

Ambiguity, and many other types of defects
are not “visible” in sequential text

Can’t grasp what system does as a “whole”

How do we organize teams to work 
productively?

Requirements in Natural Language 



• Accuracy – How to preserve original intent?

• Validation – Understandable by stakeholders?

• Complexity – Avoid short term memory overflow

• Defects – To make defects “visible”

• Comprehending – To see as a “whole”

• Dividing up the work – Productive teams?

Formalization Strategy ???

Formalization - Challenges



How do we do all this?



REPRESENTATION – is the key to doing this         

Strategy



Requirements Describe Behavior

Systems BehaviorExhibit

Requirements Systems Behavior

The Link – Build systems out of requirements          



OVEN
[  Cooking ]

• Component behavior –
component acting

• Network behavior –
components interacting

The soccer player behavior versus soccer team behavior       

Two Types of Behavior  



OVEN
[  Cooking ]

Component behavior –
component acting

AIRCRAFT
[ Taking_Off ]

AIRCRAFT
[ Landed ]

AIRCRAFT
[ Airborne ]

Realizing a STATE
Changing STATEs

Formalization Using Behavior Trees 



OVEN
[  Cooking ]

Network behavior –
components interacting

DOOR
[Open]

LIGHT
[On]

Passing Control or Data

Formalization Using Behavior Trees 



“Whenever the door 
becomes open it 
causes the light 
to go on”

Components?

States?

TEXTUALLY GRAPHICALLY

DOOR
[Open]

LIGHT
[On]

Behavior Tree

Informal  =>  Formal  : by  Translation

Informal               
Potentially Ambiguous

Formal Semantics       
Unambiguous





When a car arrives,
if the gate is open the car proceeds,

otherwise if the gate is closed, when the driver
presses the button

it causes the gate to open

Requirements Translation                  Behavior Tree

Functional Requirement



1 CAR
?? Arrives ??

1 GATE
? Open ? 1 GATE

? Closed ?

 Functional Requirement
When a car is arrives,

if the gate is open the car proceeds,
otherwise if the gate is closed, when

the driver presses the button
it causes the gate to open 1 CAR

[ Proceeds ] 1 DRIVER
??[[Presses]Button]??

1 BUTTON
[ Pressed ]

1 GATE
[ Open ]

Behavior TreeBehavior Tree

Informal  =>  Formal

Requirements Translation





Original
Requirements
Information
(Informal)

Requirements
Behavior Tree

(Formal)

TRANSLATION
Defect Detection

Correction

GOALS of Translation:

To Preserve meaning
 To Clarify meaning
 Not to Add anything
 Not to leave out anything
 Not to modify anything
 Not to change vocabulary

Requirements Translation



Informal  =>  Formal

Requirements Translation - Ambiguity

There are at least three interpretations of this 
behavior – each has a different formal 
representation – author must validate which 
one is intended.



2.2.1 Report Satellite Health 
 
Satellite health information is requested to aid in planning required satellite 
maintenance.  
 
MG2) The SCS shall process each HR (satellite health request) command message 

received from the GCS.  
 
MG2.1) An HR command message shall be the first message received after the 

initiation of each "Manage Satellites" transaction.  
 
MG2.2) The SCS may receive a satellite health request message anytime during a 

"Manage Satellites" transaction. (Describes order during transaction.)  
 
MG2.3) A satellite health request command message will only be accepted by the 

SCS during an active "Manage Satellites" transaction. (Describes condition under 
which an HR may be received.)  

 
MG3) The SCS shall prepare and send an HA (satellite health acknowledgment) 

message to the GCS in response to an HR (satellite health request) command 
message.  

 

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??<HR>??

MG3 SCS
[HA-Prepared]

MG3 SCS
< HA >

MG3 GCS
> HA <

MG2.3
C

SCS
[ HR-Processed ]

MG2.3
C

SYSTEM
?Manage Satellites?

HR : Undefined

HA : Undefined

MG2.3
C

SCS
[HR-Rejected ]

MG2.1
C

SYSTEM
[Manage Satellites.1]

MG2 SYSTEM
[HR-Processed.2]

MG2.3
C

SYSTEM
?NOT: Manag e Satellites?

MG2.3
C

SYSTEM
???

2.2.1 Report Satellite health

2 DOOR
[Closed]

2
USER

??Door-Closed?
?

2 LIGHT
[Off]

IP DOOR
[Open]

1
USER

??Door-Opened
??

1 LIGHT
[On]

2.2.1 Report Satellite Health 
 
Satellite health information is requested to aid in planning required satellite 
maintenance.  
 
MG2) The SCS shall process each HR (satellite health request) command message 

received from the GCS.  
 
MG2.1) An HR command message shall be the first message received after the 

initiation of each "Manage Satellites" transaction.  
 
MG2.2) The SCS may receive a satellite health request message anytime during a 

"Manage Satellites" transaction. (Describes order during transaction.)  
 
MG2.3) A satellite health request command message will only be accepted by the 

SCS during an active "Manage Satellites" transaction. (Describes condition under 
which an HR may be received.)  

 
MG3) The SCS shall prepare and send an HA (satellite health acknowledgment) 

message to the GCS in response to an HR (satellite health request) command 
message.  

 

2.2.1 Report Satellite Health 
 
Satellite health information is requested to aid in planning required satellite 
maintenance.  
 
MG2) The SCS shall process each HR (satellite health request) command message 

received from the GCS.  
 
MG2.1) An HR command message shall be the first message received after the 
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MG2.2) The SCS may receive a satellite health request message anytime during a 

"Manage Satellites" transaction. (Describes order during transaction.)  
 
MG2.3) A satellite health request command message will only be accepted by the 

SCS during an active "Manage Satellites" transaction. (Describes condition under 
which an HR may be received.)  

 
MG3) The SCS shall prepare and send an HA (satellite health acknowledgment) 

message to the GCS in response to an HR (satellite health request) command 
message.  

 

FR-01

FR-02

FR-M

IN1 GCS
??<IN>??

IN1 SCS
> IN <

IN1 SCS
[IN-Executed]

IN1 SCS
[Initialized]

IN2 SCS
<INA>

IN1 GCS
?? Time-Period-Elapsed ?? IN1 GCS

??System-Error ??

IN2 GCS
> INA <

IN : Undef ined

INA : Undefined

IN1 SYSTEM
[Start-restart.1]

IN2 SYSTEM
[Initialized.1]

IN1 SYSTEM
[ New -Time-Period.1 ] IN1 SYSTEM

[ System-Error.1 ]

IN1 SYSTEM ^
[ Start-restart.1 ] IN1 SYSTEM ^

[ Start-restart.1 ]

MG

MG1.1
Maintenance-Duration

MG1.2
C

SCS
> MG <

MG1.2
C

GCS
??<MG>??

MG1
SCS

[MG-Processed]

MG1.2
C

SYSTEM
??Initialized??

MG1.2
C

SYSTEM
??Transmit-Data-Ended??

MG1
SYSTEM

[Specified-Maintenance-Time-
Slot ]

Specified maintenance
Time-slot

MG1
SYSTEM

[Manage-Satellites.1]

Behavior Tree

Behavior Tree

Behavior Tree

Behavior Tree

When Lots of Requirements





1 CAR
?? Arrives ??

1 GATE
? Open ? 1 GATE

? Closed ?

1 CAR
[ Proceeds] 1 DRIVER

??[[Presses]Button]??

1 BUTTON
[ Pressed ]

1 GATE
[ Open ]

Behavior Tree

Event

Behavior Tree  Notation



1 CAR
?? Arrives ??

1 GATE
? Open ? 1 GATE

? Closed ?

1 CAR
[ Proceeds] 1 DRIVER

??[[Presses]Button]??

1 BUTTON
[ Pressed ]

1 GATE
[ Open ]

Behavior Tree

Condition

Behavior Tree  Notation



1 CAR
?? Arrives ??

1 GATE
? Open ? 1 GATE

? Closed ?

1 CAR
[ Proceeds ] 1 DRIVER

??[[Presses]Button]??

1 BUTTON
[ Pressed ]

1 GATE
[ Open ]

Behavior Tree

State
Realization

Behavior Tree  Notation



1 CAR#
?? Arrives ??

1 GATE
? Open ? 1 GATE

? Closed ?

1 CAR#
[ Proceeds ] 1 DRIVER

??[[Presses]Button]??

1 BUTTON
[ Pressed ]

1 GATE
[ Open ]

Behavior Tree

1 CAR#
[ Proceeds ]

1 CAR#  ^
?? Arrives ??

1 CAR#  ^
?? Arrives ??

Another "#"
Car arrives

Reversion

Reversion

Reversion = “^”
Revert back and repeat
earlier behavior

Behavior Tree  Notation



SENDER
<  Data  >

RECEIVER
> Data  <

Data-flow

Behavior Tree  Notation



TELEPHONE
[ On ]1. The telephone is on ...

TELEPHONE
?? Rings ??2. When the telephone rings ...

TELEPHONE
? On ?3. If the telephone is on ...

TELEPHONE
<  Message  >4. The telephone sends message ...

TELEPHONE
>  Message  <5. The telephone receives message...

 State Realization

 Event----------------

 Condition---------

 Data-out-----------

 Data-in-------------

TELEPHONE
[ Number := 55040]6. Telephone number assigned ...  Attribute set--

Behavior Tree  Notation

Core Elements



Behavior Tree  Notation

Core Elements

Component-State Label                      Semantics                         Composition Examples

tag Component
[ State ]

State -
Realization

Component realizes State
then passes control to its
output.

tag Component
[ Attribute := Value]

Attribute-
Assignment

Component assigns a Value
to one of its Attributes. Tag
traces to requirement

tag
Component
??  Event  ??

Event -
flow of control

Component only passes control
when and if  Event happens after
reaching this component-state.

tag
Component
< Data_Out  >

Data Output
State

Component outputs Data_Out
to the receiving component
connected to its output

tag
Component

? Condition ?
Conditional -
flow of control

Component passes control
to its output only i f
Condition is TRUE.

System-State
Realization

System component
real izes State then passes
control to its  output.

tag
Component

??? State ???
Guard -
flow of control

Component passes control when
State is real ized an another thread
or  has  happened prior to reaching
this  component-state.

tag
System
[ State ]

tag
COMPONENT
> Data_Out <

Data Input
State

Component inputs Data_Out
from the sending component
connected to its input

tag A
[ S1 ]

tag B
[ S2 ]

Sequential Composition

tag A
[ S1 ]

tag B
[ S2 ]

Concurrent  Composition

tag C
[ S3 ]

tag A
[ S1 ]

tag B
?Condition1 ?

Alternative  Composition

tag C
?Condition2?

tag A
< Data >

tag B
> Data <

Data-flow Composition



The BT notation captures in a simple tree-like
form of composed component-states what 
usually needs to be expressed in a mix of
other representations.

The language elegantly captures three types
of inter-process communication: shared variable,
synchronization and message passing.

BTs have been given a formal semantics based 
on a low-level process algebra, BTPA.

BTs can be used to support model-checking
simulation and code generation.

Behavior Tree  Notation



Where to Next?



Putting the pieces together



The pieces of a jigsaw puzzle 
(and model toy kits) have the 
interesting (genetic) property 
that:

they contain enough information
to allow the pieces to all be 
assembled one at a time.

Observation – Jigsaw Puzzles



• Order is not important BUT position where placed is
• Information about “f” is spread across THREE pieces
• Only see there are missing pieces when integrate pieces
• Only see some pieces don’t fit when integrate pieces

Creating an Integrated View

Same IDEAS apply with requirements               



QUESTION

Proviso - you need to use the right representation          

A set of requirements also: 

contain enough information to allow 
them to all be assembled

into an integrated view which 
becomes a precursor to the 
system design

Creating an Integrated View



QUESTIONEnabler  - Precondition Axiom

BT-01

P-01

BT-03

P-03

BT-02

P-02

BT-N

P-N

Each and every functional requirement 
expressed as a behavior tree BTi has 
associated with it a precondition Pi that 
needs to be satisfied in order for the 
behavior encapsulated within it to be
exhibitable

•••



BT-03

P-03

BT-X

Px

Px

Matching
Precondition

QUESTIONEnabler  - Interaction Axiom

Behavior Tree

Behavior Tree

Root Node



R5 IGNITION
[on]

R5 HAND-BRAKE
?On?

R5 BRAKE-LIGHT
[On]

R1 DRIVER
?? [[Inserted]Key] ??

R1 DRIVER
??[ [Turned]Key] ??

R1 CAR-SYSTEM
[ Park ]

R1 CAR-SYSTEM
[ Started ]

R1
+

IGNITION
[ on ]

R1 KEY
[Turned]

R1 KEY
[Inserted]

QUESTIONRequirements Integration

Root Node

Matching Node



R1 DRIVER
??Inserts-Key??

R1 DRIVER
??Turns-Key??

R1 CAR-SYSTEM
[ Park ]

R1 CAR-SYSTEM
[Started]

R1
+

IGNITION
[on]

R5 HAND-BRAKE
?On?

R5 BRAKE-LIGHT
[On]

Point of
Integration

QUESTIONRequirements Integration



Find where root node of 
one tree occurs in another 
tree – JOIN at that point.

QUESTIONRequirements Integration

Tree Composition Rule              



How does this help?

If we have a large number of 
requirements each can be 
INTEGRATED into a behavior 
tree

ONE AT A TIME

How Does This Help ?

It allows us to deal with complexity          



How does this help?



R1 STATION
[  NOT : Occupied  ]

R1 NORT H_SIGNAL
[  Green ]

R1 NORT H_DETECT OR
?? T rain[Detected ]??

R1 NORT H_SIGNAL
[  Red  ]

R1 TRAIN#
??Approach{From_North}??

R1 TRAIN#
[ Detected ]

R2 NORT H_DET ECTOR
?? T rain[Detected ]??

R2 T RAIN#
[ Detected ]

R2 EXIT _LIGHT
[Green]

R2 BOOM_GAT ES
[Lowered ]

R2 CROSSING_LIGHT S
[Flashing_Red ] R2 T IMER

[ Starts_T im ing ]

R2 T IMER
?? T im es-out  ??

R3 NORT H_DET ECTOR
?? T rain[Detected ]??

R3 T RAIN#
[ Detected ]

R3 DOORS
[ Open ]

R3 T RAIN#
??[ Arrived_at ]Station ??

R3 DOORS
?? Close ??

R3
+

STATION
[ Occupied ]

R3 PEOPLE
[ Disembark ]

R4 DOORS
?? Close ??

4 BOOM-GATES
[ Raised ] R4 EXIT_LIGHT

[ Red ]

4 X-ING LIGHTS
[NOT:Flashing-Red]

R4 EXIT_DET ECT OR
??T RAIN#[ Detected ] ??

R4 T RAIN#
??[ Leaves] ST AT ION ??

R4 NORTH_SIGNAL
[ Green ]

R4 STATION
[ NOT  : Occupied ]

R4 CROSSING_LIGHTS
[ NOT :Flashing_Red ]

R4 BOOM_GATES
[ Raised  ]

R4 EXIT_LIGHT
?? Green ??

Integration
     Point

Integration
     Point

Integration
     Point

R1

R3R2

R4

Requirements Integration



R1 STATION
[  NOT: Occupied  ]

R1 NORTH_SIGNAL
[  Green ]

R1
@@

NORTH_DETECTOR
?? Train[Detected ]??

R1 NORTH_SIGNAL
[  Red  ]

R1 TRAIN#
??Approach{From_North}??

R1 TRAIN#
[ Detected ]

R2 EXIT_LIGHT
[Green]

R2 BOOM_GATES
[Lowered ]

R2 CROSSING_LIGHTS
[Flashing_Red ] R2 TIMER

[ Starts_Timing ]

R2 TIMER
?? Times-out  ??

R3 DOORS
[ Open ]

R3 TRAIN#
??[ Arrived_at ]Station ??

R3
@@

DOORS
?? Close ??

R3
+

STATION
[ Occupied ]

R3 PEOPLE
[ Disembark ]

4 BOOM-GATES
[ Raised ] R4 EXIT_LIGHT

[ Red ]

4 X-ING LIGHTS
[NOT:Flashing-Red]

R4 EXIT_DETECTOR
??TRAIN#[ Detected ] ??

R4 TRAIN#
??[ Leaves] STATION ??

R4 NORTH_SIGNAL
[ Green ]

R4 STATION
[ NOT : Occupied ]

R4 CROSSING_LIGHTS
[ NOT:Flashing_Red ]

R4 BOOM_GATES
[ Raised  ]

R4 EXIT_LIGHT
?? Green ??

Requirements Integration

Build system out of its requirements          





TRAIN-STATION PROBLEM (Sherwood Station)

Develop a system to model the behavior of a Train-Station. You need to model a train entering the station from the north and
then leaving the station to the south. A crossing with boom gates and flashing red lights is located just south of the station.
There is a signal to the north of the station that only allows a train to enter when the station is not occupied, that is, when the
north signal is green.  There is also an exit signal light that ensures the train can only leave the station when the boom gates
are down. There is also a north detector that can detect the train approaching the station region from the north. And, there is
an exit detector that detects when a train leaves to the south.

1. Initially the station is not occupied. The north signal turns green whenever the station is not occupied. Whenever the
north signal is green a train may approach from the north. When approaching from the north a train is detected, by the
north detector, which causes the north signal to turn red.

2. When the north detector detects a train it causes the crossing lights to start flashing red. At the same time, a timer starts
timing and when it times out it causes the boom gates to be lowered after which the exit light turns green.

3. After the train is detected the north detector, it subsequently arrives at the station, the doors open, the people disembark,
and then the doors close.

4. After the doors close the train may leave the station only when and if the exit light is green. When the train leaves the
station, heading south, it is detected by the exit detector which means the station is again not occupied. This causes the
north signal to turn green and the exit light to turn red.  When the exit detector detects the train leaving, it also causes the
boom gates to be raised and then the crossing lights to stop flashing red.

For the purposes of the exercise ignore trains approaching the station from the south. This additional requirement can be
integrated later as a separate exercise. Also ignore situations where the train does not stop at the station - this too requires
some refinements to the design.

Example – Train Station System





1 STATION
[ NOT ( Occupied  ) ]

1 NORTH-SIGNAL
[ Green ]

1 NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

1 TRAIN#
??Approaching/??

where
[from] North

REQUIREMENT-R1
Initially the station is not occupied. The
north signal turns green whenever the
station is not occupied. Whenever the
north signal is green a train may
approach from the north. When
approaching from the north,  a train is
detected by the north detector,  which
causes the north signal to turn red.

R1 – Translated Behavior Tree



2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ]2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

2 NORTH-DETECTOR
?? Train[Detected ] ??

REQUIREMENT-R2
When the north detector detects a train it
causes the crossing lights to start
flashing red. At the same time a timer
starts timing and when it times out, it
causes the boom gates to be lowered,
after which the exit light turns green.

R2 – Translated Behavior Tree



REQUIREMENT-R3
 After the train is detected by the north detector, it
subsequently arrives at the station, the doors open, the
people disembark, and then the doors close.

3 DOORS
[ Open ]

3 TRAIN
?? Arrived / ??

3 DOORS
?? Close ??

3
+

STATION
[ Occupied ]

3 NORTH DETECTOR
??Train[Detected]??]

3 PEOPLE
[ Disembark ]

where
[ at  ] STATION

Implied (+)

R3 – Translated Behavior Tree



REQUIREMENT-R4
After the doors close the train may leave the station
provided the exit light is green. When the train leaves the
station, heading south, it is detected by the exit detector,
w hich means the station is again not occupied. This
causes the north signal to turn green and the exit light to
turn red. When the exit detector detects the train , it also
causes the boom gates to be raised and then the
crossing lights to stop f lashing red.

4 DOORS
?? Closed ??

4 BOOM-GATES
[ Raised ] 4 EXIT_LIGHT

[Red]]

4 X-ING LIGHTS
[NOT:Flashing-Red]

4 EXIT-DETECTOR
??Train[ Detected ] ??

4 TRAIN
??[ Leaves] Station ??

4 NORTH- SIGNAL
[Green]

4 STATION
[ NOT ( Occupied ) ]

4 CROSSING_LIGHTS
[NOT(Flashing-Red ) ]

4 BOOM-GATES
??  Raised  ??

4 EXIT_LIGHT
?? Green ??

R4 – Translated Behavior Tree



Putting the pieces together



1 STATION
[ NOT( Occupied ) ]

1 NORTH-SIGNAL
[ Green ]

1 NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

1 TRAIN#
?? Approaching / ??

where
[ from ] North

Integration – Base Case



1 STATION
[ NOT ( Occupied )]

1 NORTH-SIGNAL
[ Green ]

1 NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

1 TRAIN#
??Approaching / ??

where
[ from ] North

2 NORTH-DETECTOR
?? Train[Detected ]??

Integration of R2 with R1



1 STATION
[ NOT ( Occupied )]

1 NORTH-SIGNAL
[ Green ]

1
@@

NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

1 TRAIN#
??Approaching / ??

where
[ from ] North

Point of
Integration

Integration of R2 with R1



1 STATION
[ NOT( Occupied  ) ]

1 NORTH-SIGNAL
[ Green ]

1 NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

Point of
Integration

1 TRAIN#
??Approaching / ??

where
[ from ] North

3 DOORS
[ Open ]

3 TRAIN
?? Arrived / ??

3 DOORS
?? Close ??

3
+

STATION
[ Occupied ]

3 NORTH DETECTOR
??Train[Detected]??]

3 PEOPLE
[ Disembark ]

where
[ at  ] STATION

Integration of R3 into IBT



1 STATION
[ NOT( Occupied  ) ]

1 NORTH-SIGNAL
[ Green ]

1
@@

NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

Point of
Integration

3 DOORS
[ Open ]

3 TRAIN#
?? Arrived / ??

3 DOORS
?? Close ??

3
+

STATION
[ Occupied ]

3 PEOPLE
[ Disembark ]

1 TRAIN#
??Approaching / ??

where
[ from ] North

where
[ at ] STATION

Integration of R3 into IBT



1 STATION
[ NOT( Occupied  ) ]

1 NORTH-SIGNAL
[ Green ]

1
@@

NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

Point of
Integration

3 DOORS
[ Open ]

3 TRAIN#
?? Arrived / ??

3 DOORS
?? Close ??

3
+

STATION
[ Occupied ]

3 PEOPLE
[ Disembark ]

1 TRAIN#
??Approaching / ??

where
[ from ] North

where
[ at ] STATION

4 DOORS
?? Closed ??

4 BOOM-GATES
[ Raised ] 4 EXIT_LIGHT

[Red]]

4 X-ING LIGHTS
[NOT:Flashing-Red]

4 EXIT-DETECTOR
??Train[ Detected ] ??

4 TRAIN
??[ Leaves] Station ??

4 NORTH- SIGNAL
[Green]

4 STATION
[ NOT ( Occupied ) ]

4 CROSSING_LIGHTS
[NOT(Flashing-Red ) ]

4 BOOM-GATES
??  Raised  ??

4 EXIT_LIGHT
?? Green ??

Integration of R4 into IBT



4 BOOM-GATES
[ Raised ] 4 EXIT_LIGHT

[Red]]

4 X-ING LIGHTS
[NOT:Flashing-Red]

4 EXIT-DETECTOR
??Train[ Detected ] ??

4 TRAIN#
??[ Leaves] Station ??

4 NORTH- SIGNAL
[Green]

4 STATION
[ NOT (  Occupied  ) ]

4 CROSSING_LIGHTS
[NOT (Flashing-Red ) ]

4 BOOM-GATES
??  Raised  ??

4 EXIT_LIGHT
?? Green ??

1 STATION
[ NOT( Occupied  ) ]

1 NORTH-SIGNAL
[ Green ]

1
@@

NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ??

Point of
Integration

3 DOORS
[ Open ]

3 TRAIN#
?? Arrived / ??

3
@@

DOORS
?? Close ??

3
+

STATION
[ Occupied ]

3 PEOPLE
[ Disembark ]

1 TRAIN#
??Approaching / ??

where
[ from ] North

where
[ at ] STATION

Integration of R4 into IBT



82

+
XX SERVER

[ Ready ]

7.1.1
XX SERVER

[ Load Configuration Information ]

7.1.1
XX SERVER

[ Process Configuration Information
& Initialize Data Structures ]

7.1.15
XX SERVER

[ Initialize Connection
RTOA # ]

7.1.15
XX SERVER

? Connection Success ?
7.1.15

XX SERVER
? NOT: Connection Success ?

7.1.15
XX SERVER ^

[ Initialze Connection
with RTOA # ]

7.1.2
to

7.1.4

P SERVER
[ Load & Process all other
information & databases ]

7.1.6
XX SERVER

? Error ?

7.1.14
XX SERVER
[ Log Errors ]

7.1.6
XX SERVER

? NOT: Error ?

7.1.6
XX SERVER

[ Initialize Server Sockets
7111,  7112, and 7113 ]

7.1.7
XX SERVER
[ Log Errors ]

7.1.7
XX SERVER

? NOT: XX Server Stoped ?
7.1.7

XX SERVER
 ? XX Server Stoped ?

7.1.7
XX SERVER

[ Display Error & Terminate ]
7.1.8
7.1.13

XX SERVER
< Alarm & LED Status >

7.4.20
XX OPERATOR

> Alarm & LED Status <

7.1.10
XX SERVER

[ Process Timebale ]
7.1.14

XX SERVER
?? Midnight ??

7.1.14
XX SERVER

[ Archive Day Log Files ]

7.1.14
XX SERVER

[ Create New Log Files ]

+
XX SERVER ^
[ Process Time ]

7.4.2
XX OPERATOR

[ Create Client Socket ]

7.4.2
XX OPERATOR

? NOT: Success ?
7.4.2

XX OPERATOR
? Success ?

7.4.2
XX OPERATOR

[ Display Error & Terminate ]

7.4.2
XX OPERATOR

[ Return Socket Descriptor ]

7.4.14
XX OPERATOR

?? Create Daily Schedule ??

7.4.14
XX OPERATOR

[ Enter Schedule Details ]

7.4.14
XX OPERATOR

[ Save Schedule on Local PC ]

7.4.21
XX OPERATOR

[ Log Errors ]

7.4.1
XX OPERATOR

[ Startup ]

7.4.1
XX OPERATOR

[ Load Config Information ]

7.4.1
XX OPERATOR

? Valid ?
7.4.1

XX OPERATOR
? NOT: Valid ?

7.4.21
XX OPERATOR

[ Log Errors ]

7.4.1
XX OPERATOR

[ Parse Initialisation Files ]

7.4.3
XX OPERATOR

< Request Config Information >

7.1.5
7.1.16
7.1.17

XX SERVER
> Request Config

Information <

7.1.5
7.1.16
7.1.17

XX SERVER
< [ Process Config Information ] >

7.4.3
XX OPERATOR

[ Store [> Config Information <] ]

7.4.6
XX OPERATOR

[ Check Mode of Operation ]

7.4.12
XX OPERATOR

?? Display Presentation Details ??

7.4.12
XX OPERATOR

< Request List of Presentation >

7.4.10
XX OPERATOR
?? Depart YY ??

7.4.10
XX OPERATOR

[ Select YY for Departure ]

7.4.10
XX OPERATOR

< YY Information >

7.1.9
XX SERVER

> YY Information <

7.4.16
XX OPERATOR

?? Publish a Schedule ??

7.4.16
XX OPERATOR

[ Select Schedule from Local PC ]

7.4.16
XX OPERATOR

[ Enter other details ]

7.4.17
XX OPERATOR

?? View Schedule for each PLI ??

7.4.17
XX OPERATOR

[Select PLI]

7.4.17
XX OPERATOR
< PLI Details >

+
XX USER ^

[Input]

7.4.15
XX OPERATOR

?? Modify Daily Schedule ??

7.4.15
XX OPERATOR

[ Select Schedule from Local PC ]

7.4.15
XX OPERATOR

[ Make Changes to Schedule ]

7.4.8
XX OPERATOR
?? Create YY ??

7.4.8
XX OPERATOR

 [ Enter Details of a New YY ]

7.4.8
XX OPERATOR

< Details of a New YY >

+
XX OPERATOR ^

[ Ready ]

7.4.9
XX OPERATOR
?? Delete YY ??

7.4.9
XX OPERATOR

[ Enter YY Details ]

7.4.9
XX OPERATOR
< YY Details >

7.1.19
XX SERVER

> YY Details for Deletion <

7.4.11
XX OPERATOR

?? Edit Details of YY ??

7.4.11
XX OPERATOR

[ Select YY ]

7.4.11
XX OPERATOR

[ Modify YY Details ]

7.4.13
XX OPERATOR

?? Import Presentation File ??

7.4.13
XX OPERATOR

 [Select Presentation File]

7.4.13
XX OPERATOR

< Presentation File Details >

7.4.22
XX OPERATOR

?? Apply Template Changes to Mxd
YYs  ??

7.4.22
XX OPERATOR

[Edit YY Stopping Pattern]

7.4.22
XX OPERATOR

[Select YY to Apply Changes]

+
XX USER ^

[ Input ]

7.4.19
XX OPERATOR

?? Manually Edit XX PLI # ??

7.4.19
XX OPERATOR

[ Select XX PLI # ]

7.4.19
XX OPERATOR

[ Enter Manual Edit
Text and Mode for XX PLI # ]

7.4.21
XX OPERATOR
?? Mid Night ??

7.4.21
XX OPERATOR

[ Archive Error Log Files ]

7.4.21
XX OPERATOR

[ Create New Log Files ]

+
XX OPERATOR ^

[ Proces Time ]

7.4.22
XX OPERATOR

< Send New Template >

7.4.22
XX SERVER

> New Template <

7.4.19
XX OPERATOR

< XX PLI # Manual Edit
Information >

7.1.23
XX SERVER

> XX PLI # Manual Edit
Information <

+
XX OPERATOR
[ Process Time ]

7.4.17
XX SERVER

< Schedule [> PLI Details <] >

7.4.17
XX OPERATOR

[Display [> PLI# Schedule <]

7.4.16
XX OPERATOR

< Schedule Information >

7.1.12
XX SERVER

> Schedule Information <

7.1.19
XX SERVER

> Details of a New YY < 7.4.11
XX OPERATOR
< YY Details >

7.4.19
XX SERVER
> YY Details <

7.4.13
XX SERVER

> Presentation File Details <

+
XX OPERATOR
? Local Mode ?

+
XX OPERATOR

? Remote Mode ?

To Connect with
the Server (XX Server)

+
XX ZZ

[ Ready ]

7.2.2
XX ZZ

[ Create Client Socket ]

7.2.2
XX ZZ

? NOT: Success ?
7.2.2

XX ZZ
? Success ?

7.2.2
XX ZZ

[ Display Error & Terminate ]

7.2.2
P ZZ

[ Return Socket Descriptor ]

7.2.11
XX SERVER

?? Midnight ??

7.2.11
XX SERVER

[ Archive Day Log Files ]

7.2.11
XX SERVER

[ Create New Log Files ]

+
XX ZZ ^

[ Process Time ]

7.2.11
XX ZZ

[ Log Errors ]

+
XX ZZ

[ Process Time ]

7.2.1
XX ZZ

[ Startup ]

7.2.1
XX ZZ

[ Load Config Information ]

7.2.1
XX ZZ

? Valid ?
7.2.1

XX ZZ
? NOT: Valid ?

7.2.11
XX ZZ

[ Log Errors ]

7.2.1
XX ZZ

[ Parse Initialisation Files ]

7.2.4
P ZZ

< Configuration Number >

7.1.24
P SERVER

> Configuration Number <

7.2.4
P ZZ

? Correct Version ?

7.1.24
P SERVER

[ Process Config Information ]

7.1.24
P SERVER

< Latest Config Information >

7.2.4
P ZZ

> Latest Config Information <

7.2.4
P ZZ

? Incorrect Version ?

7.2.4
P ZZ

[ Store Latest Config Information ]

7.2.4
P ZZ

[ Terminate ]

7.2.6
XX ZZ

?? Day Change ??

7.2.6
XX ZZ

< XX PLI# Schedule
for Presentation >

7.5.2
XX DIAG

[ Select XX System ]

7.5.2
XX DIAG

? NOT: Success ?

7.5.2
XX DIAG

[ Create Sockect Connection ]

7.5.2
XX DIAG

[ Display Error & Terminate ]

7.5.2
XX DIAG

? Success ?

7.5.10
XX DIAG

[ Log Errors ]

7.5.1
XX DIAG
[ Startup ]

7.5.1
XX DIAG

[ Load Config Information ]

7.5.1
XX DIAG
? Valid ?

7.5.1
XX DIAG

? NOT: Valid ?

7.5.10
XX DIAG

[ Log Errors ]

7.5.1
XX DIAG

[ Parse Initialisation Files ]

7.5.3
XX DIAG

< LED Status >

+
XX USER
[ Input ]

+
XX USER

?? Select View
Statistics of Connection History ??

+
SYSTEM
$ startup $

7.1.1
XX SERVER

? Process Success ?
7.1.1

XX SERVER
? NOT: Process Success ?

7.1.14
XX SERVER
[ Log Errors ]

7.1.1
XX SERVER

[ Display Error & Terminate ] 7.1.1
XX SERVER

? Operate in real-time mode ?

+
SYSTEM

?? XX Server Error ??
+

XX SERVER
[ Process Time ]

+
XX USER
[ Input ]

+
XX USER
[ Input ]

7.1.19
XX SERVER

[ Update Mx file ]

7.1.19
XX SERVER

[ Enter Event on Server Log File ]

+
XX USER
[ Input ]

7.1.19
XX SERVER

[ Update YY Information ]

7.1.19
XX SERVER

[ Enter Event on Server Log File ]

+
XX USER
[ Input ]

7.1.21
XX SERVER

[ Add/ replace/ delete Presentation ]

7.1.21
XX SERVER

[ Enter Event on Server Log File ]

+
XX USER ^

[ Input ]

7.1.23
XX SERVER

[ Set Manual Edit Information
for XX PLI # ]

7.1.23
XX SERVER

< XX PLI # Manual Edit
Information >

+
XX OPERATOR #

> XX PLI # Manual Edit
Information <

+
XX USER ^

[Input]

7.1.22
XX SERVER

> List of Presentation <

7.1.22
XX SERVER

 < Presentation >

7.1.22
XX OPERATOR
 > Presentation <

7.1.22
XX SERVER

[ Enter Event on Server Log File ]

+
XX USER ^

[ Input ]

7.1.19
XX SERVER

[ Remove YY fromMx ]

7.1.18
XX SERVER

[ Enter Event on System Log File ]

+
XX USER
[ Input ]

7.1.12
XX SERVER

[ Process & Store default
Schedule ]

+
XX USER ^

[Input]

7.1.26
XX SERVER

<> Presentation Files <>

7.1.26
XX ZZ #

> Presentation Files <

7.2.6
XX ZZ

[ Check & Remove Outdated
Presentation ]

+
XX ZZ ^

[ Process Time ]

7.1.9
XX SERVER
[ Process Mx]

+
XX SERVER ^

[ Monitor RTOA # ]

7.1.9
XX SERVER
? YY Depart ?

7.4.20
XX OPERATOR

? Remote Mode ?

7.4.18
7.4.20

XX OPERATOR
[ Display Alarm & LED Status

Resolve Error, Disable Operator ]

7.4.20
XX OPERATOR

< Acknowledge Alarm >

7.4.20
XX SERVER

> Acknowledgement <

7.4.20
XX OPERATOR

[ Enable Operator ]

+
XX SERVER ^

[ Ready ]

7.1.8 - Alarm
7.1.13 - LED

7.4.18 - LED
7.4.20 - Alarm

7.1.10
XX SERVER

? NOT: Operate in real-time mode ?

7.2.8
XX ZZ

? Update XX PLI # Presentation ?

7.2.8
XX ZZ

< Update XX PLI # Presentation >

+
XX ZZ

[ Process XX PLI # Schedule ]

7.2.9
XX ZZ

?? XX Server Communication
Error??

7.2.9
XX ZZ

< Error Communicating with
XX Server >

7.3.9
XX PLI

> Error Communicating with
XX Server <

+
XX ZZ ^
[ Ready ]

7.3.9
XX PLI

[ Display Default Presentation ]

7.2.11
XX ZZ

[ Log Errors ]

7.2.10
XX ZZ

< Error Description/ Alarm >

+
XX ZZ ^
[ Ready ]

7.1.7
XX SERVER

> Error Description/ Alarm <

+
XX ZZ

?? XX PLI # Communication
Error ??

7.1.7
XX SERVER

[ Log Alarm Details ]

7.5.3
XX DIAG

> Alarm & LED Status <

+
XX DIAG ^
[ Ready ]

7.5.3
XX DIAG

[ Display LED status ]

7.3.8
XX PLI #

> XX PLI # Changes <

7.3.8
XX PLI

[ Create New Slide ]

7.3.4
7.3.11

XX PLI
[ Display Presentation ]

7.3.8
XX PLI

? Error in Processing ?

7.3.8
7.3.12

XX PLI
[ Log Errors ]

< Error Message >

7.3.8
XX ZZ

> Error Messge <

7.2.11
XX ZZ

[ Log Errors ]

7.1.8
XX SERVER

< Alarm Details >

7.2.1
XX ZZ

[ Display Error & Terminate ]
7.4.1

XX OPERATOR
[ Display Error & Terminate ]

7.1.6
XX SERVER

[ Display Error & Terminate ]

7.5.1
XX DIAG

[ Display Error & Terminate ]

To communicate with the
XX Server

7.4.5
XX OPERATOR

[ Select ZZ ]

7.4.5
XX OPERATOR

[ Display PLI Information ]

7.4.5
XX OPERATOR

[ Process PLI display Information ]

7.4.6
XX OPERATOR

[ Select ZZs ]

+
XX SERVER ^

[ Monitor RTOA # ]

7.4.7
XX OPERATOR

[ Process Mx for Display ]

7.4.7
XX OPERATOR

[ Display PLI list & Mx ]

7.4.7
XX OPERATOR

[ Process Mx for Display ]

7.4.7
XX OPERATOR

[ Display PLI list &Mx ]

7.4.4
XX OPERATOR

< Presentation Files >

7.1.22
XX SERVER

< > Presentation Files < >

7.4.4
XX OPERATOR

[ Store [ > Presentation Files < ]

Presentation Files that are not
in the local PC must be loaded
from the XX Server

To the selected
XX Server

7.1.13
XX SERVER

 > LED Status <

7.5.3
XX DIAG

[ Display [ > LED Status < ] ]

7.1.13
XX SERVER

< LED Status >

7.4.22
XX SERVER

[ Process Template Changes ]

7.4.22
XX SERVER

? Changes Needed ?

7.4.22
XX SERVER

[ Apply Changes ]

7.2.6
XX ZZ

[ Process XX PLI # Schedule ]

+
XX ZZ ^

[ Process XX PLI # Schedule ]

7.2.8
XX ZZ

? NOT: Update XX PLI # Display ?

7.3.5
XX PLI #

? Change Presentation ?

7.2.3
XX ZZ

? NOT: Init. Success ?
7.2.3

XX ZZ
? Init. Success ?

7.2.3
XX ZZ

[ Initialize Server Socket 7114 ]

For Clients (XX PLI)
to Connect

7.2.11
XX ZZ

[ Log Errors ]

7.2.3
XX ZZ

[ Display Error & Terminate ]

7.3.2
XX PLI

[ Connect to XX ZZ ]

7.3.2
XX PLI

? NOT: Success ?
7.3.2

XX PLI
? Success ?

7.3.2
XX PLI

[ Display Error & Terminate ]

7.3.2
P PLI

[ Return Socket Descriptor ]

7.3.1
XX PLI

[ Startup ]

7.3.1
XX PLI

[ Load Config Information ]

7.3.1
XX PLI

? Valid ?
7.3.1

XX PLI
? NOT: Valid ?

7.3.1
XX PLI

[ Log Errors & Terminate ]

7.3.1
XX PLI

[ Parse Initialisation Files ]

7.3.9
XX PLI

? Internal Error ?

7.3.9
XX PLI

[ Display Default Presentation ]

7.3.9
XX PLI

< Operating in Error Mode >

+
XX PLI

[ Ready ]

+
XX PLI

?? Error ??

7.2.10
XX ZZ

< > Operating in Error Mode < >

7.2.7
XX ZZ

? NOT: Valid XX PLI# ?
7.2.7

XX ZZ
? Valid XX PLI# ?

7.2.11
7.2.7

XX ZZ
[ Log Errors & Terminate ]

7.2.7
XX ZZ

[ Assign Descriptor ]

7.3.3
P PLI

< Display Information >

7.2.13
P ZZ

> Display Information <

7.2.13
XX ZZ

< Display Information >

7.3.3
XX PLI #

> Display Information <

7.3.9
XX PLI

? Communication Error with
XX ZZ ?

7.3.9
XX PLI

[ Display Default Presentation ]

7.3.12
XX PLI

[ Log Errors ]

7.3.12
XX ZZ

[ Log Errors ]

7.2.6
XX ZZ

< XX PLI # Presentation Files >

7.1.26
XX SERVER

<> Presentation Files <>

7.2.6
XX ZZ #

> Presentation Files <

7.2.6
XX ZZ

? Processed all XX PLI #
Schedules ?

7.2.6
XX ZZ ^

[ Process XX PLI # Schedule ]

7.2.6
XX ZZ

? NOT: Processed all XX PLI #
Schedules ?

7.1.9
XX SERVER
[ Process Mx ]

7.2.14
XX ZZ %

> Display Information <

7.2.14
XX ZZ %

< Display Information >

7.3.6
XX PLI %

> Display Information <

7.3.6
XX PLI %

[ Insert New Display Information
into Current Presentation ]

7.1.25
XX SERVER

< Display Information >

7.1.25
XX SERVER

? Display Update Required ?

7.1.10
XX SERVER ^

[ Process Timebale ]

7.1.25
XX SERVER

? Display Update Required ?

7.4.7
XX OPERATOR

> Display Information <

7.4.7
XX OPERATOR

[ Display Mx Information ]

7.1.7
XX SERVER

[ Process System Error Event ]

7.4.20
XX OPERATOR
> Alarm Details <

7.4.20
XX OPERATOR

? Remote Mode ?

7.4.20
XX OPERATOR

[ Display Alarm Resolve Error
and Disable Operator ]

7.4.20
XX OPERATOR

< Acknowledge Alarm >

7.4.20
XX SERVER

> Acknowledgement <

7.4.20
XX OPERATOR

[ Enable Operator ]

+
XX SERVER ^

[ Monitor RTOA # ]
7.1.10

XX SERVER ^
[ Process Timebale ]

+
XX USER ^

[ Input ]

+
XX USER ^

[ Input ]

+
XX PLI

[ Error State ]

7.1.7
XX SERVER

Process [ > Error < ]

+
XX PLI

[ Error State ]

7.2.15
XX ZZ #

[ Store [ > XX PLI # Manual Edit
Information < ] ]

7.2.15
XX ZZ #

< XX PLI # Manual Edit
Information >

7.5.4
XX USER

?? Select ZZ ??

7.5.4
XX DIAG

< LED Status XX ZZ # >

7.1.13
XX SERVER

> LED Status XX ZZ # <

7.5.5
XX USER

?? Select Operator??

7.1.13
XX SERVER

> LED Status XX Operator # <

7.1.13
XX SERVER

< LED Status of XX Operator # >

7.5.5
XX DIAG

< LED Status XX Operator # >

7.5.5
XX DIAG

> LED Status of XX Operator # <

7.1.13
XX SERVER

< LED Status of XX ZZ # >

7.5.4
XX DIAG

> LED Status of XX ZZ # <

7.5.4
XX DIAG

[ Display LED Status of
XX ZZ # ]

+
XX USER ^

[ Input ]
+

XX USER ^
[ Input ]

7.5.5
XX DIAG

[ Display LED Status of
XX Operator # ]

7.5.6
XX DIAG

[ Process XX Server
Alarm List ]

7.5.6
XX DIAG

[ Plot Graph XX Server]

7.5.7
XX DIAG

?? XX ZZs # selected ??

7.5.7
XX DIAG

[ Process XX ZZ #
Alarm List ]

7.5.7
XX DIAG

[ Plot Graph for XX ZZ # ]

7.5.8
XX DIAG

? XX Operator # selected ?

7.5.8
XX DIAG

[ Process XX Operator #
Alarm List ]

7.5.8
XX DIAG

[ Plot Graph for XX Operator # ]

+
XX USER ^

[ Input ]
+

XX USER ^
[ Input ]

7.5.6
XX DIAG

?? XX Server selected ??

+
XX USER ^

[ Input ]

7.5.9
XX DIAG

? XX PLI # selected ?

7.5.9
XX DIAG

[ Process XX PLI #
Alarm List ]

7.5.9
XX DIAG

[ Plot Graph for P PLI # ]

+
XX USER ^

[ Input ]

+
XX USER

?? Select View
Current  LED Status ??

7.3.4
XX PLI #

[ Display Presentation ]

7.3.7
XX PLI #

? NOT: Change Presentation ]
7.3.7

XX PLI #
? Change Presentation ?

7.3.7
XX PLI #

< Request Presentation Files
for XX PLI# >

7.3.7
XX PLI

> Presentation Files <

7.3.7
XX ZZ

> Request Presentation Files
for XX PLI# <

7.2.13
XX ZZ

< Presentation Files >

7.2.13
XX ZZ

[ Process Presentation Files ]

7.3.7
XX PLI #

[ Check Presentation File ]

7.3.7
XX PLI # ^

[ Check Presentation File ]

7.3.11
XX PLI

[ Format Presentation ]

7.3.7
XX PLI #

< Request XX PLI # New
Presentation File >

7.3.7
XX PLI

> Presentation File <

7.2.13
XX ZZ

> Request XX PLI # New
Presentation File <

7.2.13
XX ZZ

< Presentation File >

7.2.13
XX ZZ

[ Process Presentation Files ]

7.4.14
XX OPERATOR
? Name Exists ?

7.4.14
XX OPERATOR

[ Rename & Save ]

+
XX USER ^

[Input]

7.4.15
XX OPERATOR

[ Save Schedule on Local PC ]

+
XX USER ^

[Input]

7.3.5
XX PLI #

> Update Presentation <

7.3.8
XX PLI

? Error in Processing ?

7.3.12
XX PLI

[ Log Errors ]

7.3.8
XX ZZ

> Error Messge <

7.3.5
XX PLI

[ Display New Presentation File ]

7.3.5
XX PLI

[ Delete Old Presentation ]

+
XX ZZ

[ Process XX PLI # Schedule ]

7.3.11
XX PLI #

[ Format Presentation ]

7.3.8
XX PLI

[ Create New Slide ]

7.3.8
XX PLI

[ Add Slide to Presentation ]

7.3.8
XX PLI

< Error Message >

7.3.8
XX PLI

? NOT: Error in Processing ?

7.1.27
XX SERVER

> Update XX PLI # Presentation <

7.1.27
XX SERVER

[ Update XX PLI # Presentation ]

7.1.27
XX SERVER

< XX PLI # Presentation >

+
XX OPERATOR

> XX PLI # Presentation <

+
XX ZZ

[ Process XX PLI # Schedule ]

+
XX ZZ

[ Process XX PLI # Schedule ]

7.2.14
XX ZZ %

> Display Information <

7.2.14
XX ZZ %

< Display Information >

7.3.6
XX PLI %

> Display Information <

7.3.6
XX PLI %

[ Insert New Display Information
into Current Presentation ]

7.1.25
XX SERVER

< Display Information >

7.1.25
XX SERVER

[ Create Display Information ]

7.4.7
XX OPERATOR

> Display Information <

7.4.7
XX OPERATOR

[ Display Mx Information ]

7.2.14
XX ZZ %

> Display Information <

7.2.14
XX ZZ %

< Display Information >

7.3.6
XX PLI %

> Display Information <

7.3.6
XX PLI %

[ Insert New Display Information
into Current Presentation ]

7.1.25
XX SERVER

< Display Information >

7.1.25
XX SERVER

? Display Update Required ?

7.4.7
XX OPERATOR

> Display Information <

7.4.7
XX OPERATOR

[ Display Mx Information ]

+
XX USER ^

[ Input ]

7.1.25
XX SERVER

[ Create Display Information ]

7.1.25
XX SERVER

[ Create Display Information ]

7.4.10
XX OPERATOR
? Depart YY ?

Integrated Behavior Tree

Larger system – 40 pages





Satellite Control System 
Case Study



2.1
IN1

GCS
 < IN :: >

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA:: >

IN2 GCS
> INA <

IN1
+

SYSTEM
[Start-restart]

IN2 SYSTEM
[ SCS [Initialized ]]

IN1
C+

SYSTEM ^
[ Start-restart ]

- ::  Undefined

- :: Undefined

2.1
IN2

SCS
[ INA[Prepared]]

IN1
C

SYSTEM
???  System-Error ???

IN1
+

SYSTEM
?? Time-Period[Elapsed] ??

THREAD
IN1
+

SYSTEM
[Operating ]

Here the Time period needs to
be independent of any restarts
that the system may have. It is
set up as an independent
thread it w ill kill off all other
behavior w hen it reverts.

IN1
+

SYSTEM ^
[Operating ]

NOTE: Have assumed a System-error
reversion does not kill of f the periodic
time-out of the system.

INT-01 (Base Case 2.1 Initialization) 



MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage-Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN1
-

GCS
??System-Error ??

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

IN1 SYSTEM ^
[ Start-restart ]

: -  Undefined

: - Undefined

2.1
IN2

SCS
[ INA[Prepared]]

Constraint that applies
globally.

IN1 SYSTEM
{ System-Error }

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM ^
[Operating ]

INT-02 ( Integrating 2.2 Manage Satellites)



MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undef ined

: - Undef ined

2.1
IN2

SCS
[ INA[Prepared]]

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

NOTE:
HR[Processed]
is a sub-state of the
system state,
i.e., ] ... [

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD

IN1 SYSTEM
[Operating ]

IN1 SYSTEM ^
[Operating ]

INT-03 ( Integrating 2.2.1 Report Satellite Health)



MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undefined

: - Undef ined

2.1
IN2

SCS
[ INA[Prepared]]

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
 ] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM  ^
[Operating ]

INT-04 ( Integrating 2.2.2 Report Satellite Health)



MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undef ined

: - Undefined

2.1
IN2

SCS
[ INA[Prepared]]

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA  : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

MG6.1
SYSTEM ^

[Start-Restart]

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

MG4.1
C

GCS ^
??<FR>??

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

MG6.5
C

SYSTEM
? Manage Satellites?

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM ^
[Operating ]

INT-05 ( Integrating 2.2.3 Maintain BL Table)



- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undef ined

: - Undef ined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,
Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

MG6.1
SYSTEM ^

[Start-Restart]

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

MG4.1
C

GCS ^
??<FR>??

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Start-restart ]

MG6.5
C

SYSTEM
? Manage Satellites?

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ]Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection [

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
]Time-slot[Cancelled[]

TG1
GCS

?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

IN2 SCS
[ WasInit := FALSE ]

Need to
distinguish
Initialization
from Data
Transmission
Ended

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM  ^
[Operating ]

INT-06 ( Integrating 2.3.1 Establish Uplink and Downlink Site Connection )



INT-07 (Integrating 2.3.1A Report Site Readiness)

- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undefined

: - Undef ined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

MG6.1
SYSTEM ^

[Start-Restart]

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

MG4.1
C

GCS ^
??<FR>??

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

MG6.5
C

SYSTEM
? Manage Satellites?

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
Time-slot[Cancelled []

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2
SCS

> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

Here if not
"Transmit Data"
then this thread
dies if not
new time
period.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1
SCS

[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2
GCS

> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN2 SCS
[ WasInit  := FALSE ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM  ^
[Operating ]

INT-07 ( Integrating 2.3.2 Report Site Readiness )



INT-08 (Integrating 2.3.2 Uploading-Downloading Packets)

- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undefined

: - Undefined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA  : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

MG6.1
SYSTEM ^

[Start-Restart]

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

MG4.1
C

GCS ^
??<FR>??

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

MG6.5
C

SYSTEM
? Manage Satellites?

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
Time-slot[Cancelled []

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2 SCS
> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

Here if not
"Transmit Data"
then this thread
dies if not
new time
period.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1 SCS
[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2 GCS
> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN2 SCS
[ WasInit  := FALSE ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

DG2 SYSTEM &
 ?? DownLink-Ready??

DI3 UpLink-Site
<DI:>*

D13 SCS
> DI <

D13 SCS
< DI >

DI3 Dow nLink-Site
> DI <

DI4 SYSTEM
] Packet-Received [

DI3 SYSTEM
? Transmit-Data ?

D13
UpLink-Site ^

 <DI> *

DI2
(3)

GCS
? TE-Sent ?

: UpLink-ID

; Dow nLink-ID

; Packet-ID

; Packet-Data

DG2 SYSTEM &
 ?? UpLink-Ready??

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM ^
[Operating ]
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INT-09 (Integrating 2.3.3 Handling Data-packet Errors)

- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undefined

: - Undef ined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,
Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

MG6.1
SYSTEM ^

[Start-Restart]

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

MG4.1
C

GCS ^
??<FR>??

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

MG6.5
C

SYSTEM
? Manage Satellites?

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
Time-slot[Cancelled []

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2 SCS
> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

Here if not
"Transmit Data"
then this thread
dies if not
new time
period.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1 SCS
[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2 GCS
> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN2 SCS
[ WasInit  := FALSE ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

DG2 SYSTEM &
 ?? DownLink-Ready??

DI3 UpLink-Site
<DI:>*

D13 SCS
> DI <

D13 SCS
< DI >

DI3 Dow nLink-Site
> DI <

DI3 SYSTEM
? Transmit-Data ?

: UpLink-ID

; Dow nLink-ID

; Packet-ID

; Packet-Data

DG2 SYSTEM &
 ?? UpLink-Ready??

2.3.
3

Dow nlink-Site
<PB: >

PB1 Dow nLink-Site
? DI [Bad] ?

2.3.
3

Dow nlink-Site
[PB [Prepared]]

PB3 SCS
<PB>

PB4 SCS
> PB <

PB3 UpLink-Site
> PB <

PB5 SCS
[PB [ Stored] ]

PB5 Dow nLink-Site
? DI [Readable] ?

2.3.
3

SYSTEM
]Process-Packet [

2.3.
3

SYSTEM
[Process-Bad-Pcket]

PB4 SYSTEM
? Transmit-Data ?

PB5 Dow nLink-Site
?DI [ Replacement] ?

PB5 Dow nLink-Site
< DI, Delete >

PB5 SCS
[PB [Deleted]]

2.3.
3

Dow nLink-Site
? Else?

PB5 SCS
> DI, Delete <

: Uplink-ID

; Dow nlink-ID

; Packet-ID

PB3 SYSTEM
]Request] Replacement [

PB4 SYSTEM
? Transmit-Data ?

D13
UpLink-Site ^

 <DI> *

D13
UpLink-Site ^

 <DI> *

D13
UpLink-Site ^

 <DI> *

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM  ^
[Operating ]
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INT-10 (Integrating 2.3.4 Completing Transmit Data Transaction)

- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

: -  Undefined

: - Undefined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

MG6.1
SYSTEM ^

[Start-Restart]

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

MG4.1
C

GCS ^
??<FR>??

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

MG6.5
C

SYSTEM
? Manage Satellites?

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
Time-slot[Cancelled []

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2 SCS
> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

Here if not
"Transmit Data"
then this thread
dies if not
new time
period.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1 SCS
[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2 GCS
> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN2 SCS
[ WasInit  := FALSE ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

DG2 SYSTEM &
 ?? DownLink-Ready??

DI3 UpLink-Site
<DI:>*

D13 SCS
> DI <

D13 SCS
< DI >

DI3 Dow nLink-Site
> DI <

DI3 SYSTEM
? Transmit-Data ?

: UpLink-ID

; Dow nLink-ID

; Packet-ID

; Packet-Data

DG2 SYSTEM &
 ?? UpLink-Ready??

2.3.
3

Dow nlink-Site
<PB: >

PB1 Dow nLink-Site
? DI [Bad] ?

2.3.
3

Dow nlink-Site
[PB [Prepared]]

PB3 SCS
<PB>

PB4 SCS
> PB <

PB3 UpLink-Site
> PB <

PB5 SCS
[PB [ Stored] ]

PB5 Dow nLink-Site
? DI [Readable] ?

2.3.
3

SYSTEM
]Process-Packet [

2.3.
3

SYSTEM
[Process-Bad-Pcket]

PB4 SYSTEM
? Transmit-Data ?

PB5 Dow nLink-Site
?DI [ Replacement] ?

PB5 Dow nLink-Site
< DI, Delete >

PB5 SCS
[PB [Deleted]]

2.3.
3

Dow nLink-Site
? Else?

PB5 SCS
> DI, Delete <

: Uplink-ID

; Dow nlink-ID

; Packet-ID

PB3 SYSTEM
]Request] Replacement [

PB4 SYSTEM
? Transmit-Data ?

D13
UpLink-Site ^ =

 <DI> *

D13
UpLink-Site ^ =

 <DI> *

D13
UpLink-Site ^  =

 <DI> *

TC1 Uplink-Site
< TC : >

TC2 SCS
< TC >

TC2 GCS
> TC <

TC1 SCS
> TC <

2.3.
4

SYSTEM
[Trans-Complete]

TC1 SYSTEM
] UpLink-Finished [

TC3 SCS
? PB*[Replaced] ?TC3 SCS

?NOT:PB*[Replaced]?

UB2 SYSTEM
???

TC3 SCS
[TC [Ignored]]

: Undef ined

TC1 SYSTEM
? Transmit-Data ?

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

THREAD
IN1 SYSTEM

[Operating ]

IN1 SYSTEM ^
[Operating ]

INT-10 ( Integrating 2.3.4 Completing Transmit Data Transaction)



INT-11 (Integrating 2.3.5 Terminate Customer Time Slot)

- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

: -  Undefined

: - Undefined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA  : ]

MG5
FA : Status-Code,
Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ̂

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

MG6.5
C

SYSTEM
? Manage Satellites?

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
]Time-slot[Cancelled

][

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2 SCS
> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

Here if not
"Transmit Data"
then this thread
dies.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1 SCS
[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2 GCS
> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN2 SCS
[ WasInit  := FALSE ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

DG2 SYSTEM &
 ?? DownLink-Ready??

DI3 UpLink-Site
<DI:>*

D13 SCS
> DI <

D13 SCS
< DI >

DI3 Dow nLink-Site
> DI <

DI3 SYSTEM
? Transmit-Data ?

: UpLink-ID

; Dow nLink-ID

; Packet-ID

; Packet-Data

DG2 SYSTEM &
 ?? UpLink-Ready??

2.3.
3

Dow nlink-Site
<PB: >

PB1 Dow nLink-Site
? DI [Bad] ?

2.3.
3

Dow nlink-Site
[PB [Prepared]]

PB3 SCS
<PB>

PB4 SCS
> PB <

PB3 UpLink-Site
> PB <

PB5 SCS
[PB [ Stored] ]

PB5 Dow nLink-Site
? DI [Readable] ?

2.3.
3

SYSTEM
]Process-Packet [

2.3.
3

SYSTEM
[Process-Bad-Pcket]

PB4 SYSTEM
? Transmit-Data ?

PB5 Dow nLink-Site
?DI [ Replacement] ?

PB5 Dow nLink-Site
< DI, Delete >

PB5 SCS
[PB [Deleted]]

2.3.
3

Dow nLink-Site
? Else?

PB5 SCS
> DI, Delete <

: Uplink-ID

; Dow nlink-ID

; Packet-ID

PB3 SYSTEM
]Request] Replacement [

PB4 SYSTEM
? Transmit-Data ?

D13
UpLink-Site ^ =

 <DI> *

D13
UpLink-Site ̂  =

 <DI> *

D13
UpLink-Site ^  =

 <DI> *

TC1 Uplink-Site
< TC : >

TC2 SCS
< TC >

TC2 GCS
> TC <

TC1 SCS
> TC <

2.3.
4

SYSTEM
[Trans-Complete]

TC1 SYSTEM
] UpLink-Finished [

TC3 SCS
? PB*[Replaced] ?TC3 SCS

?NOT:PB*[Replaced]?

UB2 SYSTEM
???

TC3 SCS
[TC [Ignored]]

: Undef ined

TC1 SYSTEM
? Transmit-Data ?

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

TE1 SCS
> TE  <

TE1 GCS
 <TE >

TE3 SCS
[TE [Accepted]]

TE2 SCS
< TE  >

TE2 UpLink-Site
> TE  <

TE3 SYSTEM
? Transmit-Data  ?

THREAD

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

Requirement says send back
to GCS but this does not make
sense. Must be to UpLink-Site

Here if not Transmit
Data, this thread dies

IN1 SYSTEM
[ Operating ]

The thread for the
new Time period
needs to be
independent of
any restarts.

No provision for termination
when all customers have
been processed

No provision for termination
when all customers have
been processed

Unclear what
to do if not all
PBs have
been replaced

IN2 SCS ̂
?NOT : WasInit ?

MG6.1
SYSTEM ^

[Start-Restart]

MG6.1
SCS

< Table_Entry# > *MG6.1
SCS

< Table_Entry# > *

MG6.1
SCS= ^

< Table_Entry# > *
MG6.1

SCS= ^
< Table_Entry# > *MG6.1

SCS= ^
< Table_Entry# > *

IN1 SYSTEM  ̂
[ Operating ]

TE SYSTEM ||
??Transmit-Data[Time-out]]??

MG5
SYSTEM

?Manage Satellites?

MG7
SYSTEM

?Manage Satellites?

If time period
elapsed this
thread will
die here

If time period
elapsed this
thread will
die here

INT-11 ( Integrating 2.3.5 Terminate Customer Time-slot)



- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Tim e
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

: -  Undefined

: - Undef ined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA  : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ̂

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ OPerating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating  ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ̂
[ Start-restart ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

MG6.5
C

SYSTEM
? Manage Satellites?

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ̂
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
Time-slot[Cancelled []

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2 SCS
> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ̂
[ Operating ]

Here if not
"Transmit Data"
then this thread
dies if not
new time
period.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1 SCS
[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2 GCS
> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN2 SCS
[ WasInit  := FALSE ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ̂
[ Operating  ]

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

DG2 SYSTEM &
 ?? DownLink-Ready??

DI3 UpLink-Site
<DI:>*

D13 SCS
> DI <

D13 SCS
< DI >

DI3 Dow nLink-Site
> DI <

DI3 SYSTEM
? Transmit-Data ?

: UpLink-ID

; Dow nLink-ID

; Packet-ID

; Packet-Data

DG2 SYSTEM &
 ?? UpLink-Ready??

2.3.
3

Dow nlink-Site
<PB: >

PB1 Dow nLink-Site
? DI [Bad] ?

2.3.
3

Dow nlink-Site
[PB [Prepared]]

PB3 SCS
<PB>

PB4 SCS
> PB <

PB3 UpLink-Site
> PB <

PB5 SCS
[PB [ Stored] ]

PB5 Dow nLink-Site
? DI [Readable] ?

2.3.
3

SYSTEM
]Process-Packet [

2.3.
3

SYSTEM
[Process-Bad-Pcket]

PB4 SYSTEM
? Transmit-Data ?

PB5 Dow nLink-Site
?DI [ Replacement] ?

PB5 Dow nLink-Site
< DI, Delete >

PB5 SCS
[PB [Deleted]]

2.3.
3

Dow nLink-Site
? Else?

PB5 SCS
> DI, Delete <

: Uplink-ID

; Dow nlink-ID

; Packet-ID

PB3 SYSTEM
]Request] Replacement [

PB4 SYSTEM
? Transmit-Data ?

D13
UpLink-Site ̂  =

 <DI> *

D13
UpLink-Site  ̂=

 <DI> *

D13
UpLink-Site ^  =

 <DI> *

TC1 Uplink-Site
< TC : >

TC2 SCS
< TC >

TC2 GCS
> TC <

TC1 SCS
> TC <

2.3.
4

SYSTEM
[Trans-Complete]

TC1 SYSTEM
] UpLink-Finished [

TC3 SCS
? PB*[Replaced] ?TC3 SCS

?NOT:PB*[Replaced]?

UB2 SYSTEM
???

TC3 SCS
[TC [Ignored]]

: Undefined

TC1 SYSTEM
? Transmit-Data ?

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

TE1 SCS
> TE  <

TE1 GCS ||
?? <TE > ??

TE3 SCS
[TE [Accepted]]

TE2 SCS
< TE  >

TE2 UpLink-Site
> TE  <

TE3 SYSTEM
? Transmit-Data  ?

THREAD

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Requirement says send back
to GCS but this does not make
sense. Must be to UpLink-Site

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ̂
[ Operating ]

Here if not Transmit
Data, this thread dies
if is not a new time
period. The same
applies in a number
of other situations

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ̂
[ Operating ]

If New Time Period
then this takes precedence
over terminating a customer

IN1 SYSTEM
[ Operating ]

The thread for the
new Time period
needs to be
independent of
any restarts.

No provision for termination
when all customers have
been processed

No provision for termination
when all customers have
been processed

Unclear what
to do if not all
PBs have
been replaced

IN2 SCS ^
?NOT : WasInit ?

MG6.1
SYSTEM ^

[Start-Restart]

MG6.1
SCS

< Table_Entry# > *
MG6.1

SCS
< Table_Entry# > *

MG6.1
SCS= ^

< Table_Entry# > *
MG6.1

SCS= ^
< Table_Entry# > *MG6.1

SCS= ^
< Table_Entry# > *

INT-11 - Final Design 





The process of creating an integrated 
behavior tree does a sophisticated 
re-ordering of the original textual 
information needed so that it can be 
understood deeply, accurately and 
quickly without taxing and exceeding 
the limits of our short-term memory.

Integrated View => Understanding



A second important advantage of 
the IBT  representation is that 
the process of translation and 
integration uncovers incompleteness,
inconsistency and redundancy 
defects in the  original text that are 
otherwise very hard to discover 
because of the limitations of our
short-term memory.

Integration => Defect Detection



FR5 CAR-SYSTEM
[Locked]

FR5 CAR-SYSTEM
[Unlocked]

FR5 DRIVER
??Presses-Key??

FR5 KEY
[Pressed]

FR5 DOOR
[Unlocked] FR5 SECURITY-ALARM

[Off]

FR4 SECURITY-ALARM
[On]

FR4 WINDOW |
??Broken??

FR4 DOOR |
??Forced??

FR4 SECURITY-ALARM
[Sounding]

FR1 DRIVER
??Inserts-Key??

FR1 DRIVER
??Turns-Key??

FR1 CAR-SYSTEM
?Park?

FR1 CAR-SYSTEM
[Started]

FR1 IGNITION
[on]

FR2 SEAT
??Occupied??

FR2 SEAT-BELT
?Not-Fastened?

FR2 DASH-LIGHT
[On]

FR3 HAND-BRAKE
?On?

FR3 BRAKE-LIGHT
[On]

 PROBLEM STATEMENT
 It is required to do an analysis and high-level design for part of the functional
 requirements for a computerised Car  System with an automatic gear-shift. The
following details apply:

 The car can only be started if it is in the PARK state when the driver inserts the key in
the ignition and turns it on. A dashboard light remains on if the driver's seatbelt is not
fastened when the driver is seated and the ignition is on. If the handbrake is on when
the ignition is on, the brake-light turns on.  The security alarm is on when the car is
locked, and if anyone tries to break in by breaking a window or forcing a door the alarm
will sound. When the driver, on approaching the car, presses the key-button it unlocks
the door and turns the security alarm off.

Model the whole process from the driver pressing the key-button, to the driver seated,
to having started the engine.

FR1

FR1

NOTE: 
First sentence – in text
Near bottom of Behavior Tree

FR2

FR3

FR5FR4

Text  Integrated Behavior Tree (IBT)

Integrated View  =>  Direct Traceability to Text



FR1 DRIVER
??Inserts-Key??

FR1 DRIVER
??Turns-Key??

FR1 CAR-SYSTEM
?Park?

FR1 CAR-SYSTEM
[Started]

FR1 IGNITION
[on]

FR2 SEAT
??Occupied?? FR3 HAND-BRAKE

?On?

 PROBLEM STATEMENT
 It is required to do an analysis and high-level design for part of the functional
 requirements for a computerised Car  System with an automatic gear-shift. The
following details apply:

 The car can only be started if it is in the PARK state when the driver inserts the key in
the ignition and turns it on. A dashboard light remains on if the driver's seatbelt is not
fastened when the driver is seated and the ignition is on. If the handbrake is on when
the ignition is on, the brake-light turns on.  The security alarm is on when the car is
locked, and if anyone tries to break in by breaking a window or forcing a door the alarm
will sound. When the driver, on approaching the car, presses the key-button it unlocks
the door and turns the security alarm off.

Model the whole process from the driver pressing the key-button, to the driver seated,
to having started the engine.

FR1

FR1

NOTE: 
First sentence – in text
Near bottom of Behavior Tree

Integrated View  =>  Direct Traceability to Text

Text  Integrated Behavior Tree (IBT)



Satellite Control
System
Integrated View

23-page document
of functional
requirements

Compared with

- SYSTEM ||
?? Maintenance[Elapsed] ??

MG1.2
SCS

> MG <

MG1.2
C

GCS
??< MG: >??

MG1
SCS

[MG[Processed]]

MG1.2
C

SYSTEM |
??Initialized??

MG1
SYSTEM

[Manage Satellites]

: -  Maintenance_Time
Slot Duration

MG1.2
C

SYSTEM !
??Transmit-Data[Ended]??

2.1
IN1

GCS
??< IN : >??

2.1
IN1

SCS
> IN <

2.1
IN1

SCS
[IN [ Executed]]

2.1
IN1+

SCS
[Initialized]

2.1
IN2

SCS
< INA: >

IN2 GCS
> INA <

IN1 SYSTEM
[Start-restart]

IN2 SYSTEM
[Initialized]

IN1 SYSTEM ||
?? Time-Period[Elapsed] ??

: -  Undefined

: - Undefined

2.1
IN2

SCS
[ INA[Prepared]]

THREAD

THREAD

MG2.2
C

SCS
> HR <

MG2.1
C

GCS
??< HR: >??

MG3 SCS
[HA [ Prepared] ]

MG3 SCS
< HA: >

MG3 GCS
> HA <

MG2
SCS

[ HR [ Processed ]]

MG2.3
C

SYSTEM
?Manage Satellites?

MG2 SYSTEM
] HR [ Processed ] [

: - HR Undefined

: - HA Undefined

MG5 SCS
[FA [ Prepared ]]

MG5 SCS
<FA>

MG5 GCS
> FA <

MG5 SCS |
? FR [ Successful ] ?

MG5 GCS
? FA/Status_Code = 2 ?

MG5 GCS
? FA/:Status_Code=1 ?

MG4.2 SCS
[FR [Accepted]]

MG4.1
C

SCS
> FR <

MG4.1
C

GCS
??<FR>??

MG4.2 SCS
[FR [ Executed ]]

MG4.2
C

SYSTEM
?Manage Satellites?

MG4 SYSTEM
] FR [ Processed ] [

MG4 SYSTEM ^
[Start-restart]

: - FR Undefined

: Status_Code := 1

MG5 SCS
[ FA : ]

MG5 SCS |
? FR [ Failed ] ?

: Status_Code := 2

MG5 SCS
[ FA : ]

MG5
FA : Status-Code,

Fuel Pressure Data

MG5 GCS
[[System-Error/FR]

MG6.4
C

GCS
  <BR/ >

MG6.4
C

SCS
> BR <

MG6.5
C

SYSTEM
? Manage Satellites?

MG6.1 BL Table
? Table_Entry#[Present] ?

MG7 SCS
[BA[Prepared]]

MG7 SCS
<BA>

MG7 GCS
> BA <

MG7 GCS
?BA/StatusCode=2?

MG7 GCS
?BA/StatusCode=1?

MG6.5 SCS
[BR [Accepted]]

MG6.1 BL Table
? ELSE?

MG6.1 BL Table
[Entry#[Entered]]

MG6.1
SCS

< Table_Entry# > *

MG6.1 BL Table
[Entry#[Replaced]]

MG6.1
SCS= ^

< Table_Entry# > *

/ Table_Entry/+*
/ Sender , Receiver

MG6.1 BL Table/
> Table_Entry#/ <

/ Entry[1 .. 9999 >

All entries passed
to SCS then
terminates

MG7 SCS = |
? BL[Updated ]?

MG7 SCS
[ BA / ]

/ Status_Code := 1
MG7 SCS  |

? BL[ Full ]?

MG7 SCS
[ BA / ]

/ Status_Code := 2

MG7 GCS
[ System-Error ]

MG6.1
SCS= ^

< Table_Entry# > *

MG7 SYSTEM
] BR[Processed ] [

IN2 SCS
[ WasInit := TRUE ]

IN2 SCS
? WasInit ?

IN2 SCS
?NOT : WasInit ?

Requirement is that table gets updated
after initialization or a restart which
implies initialization

Assume that after updating
table can still get a firing
request

Assume if Transmit-Data is ended
then do not update BL Table

Needed to distinguish between
Initialized and Transmit Data ended
in terms of whether BL Table
needs to be updated

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ OPerating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating  ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Start-restart ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

MG6.5
C

SYSTEM
? Manage Satellites?

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

TG
3

BL Table
[Look-up]

TG
3.2

BL Table
?UpLink-Only?

TG
3.1

BL Table
?UpLink-Dow nLink?

TG
3.2

BL Table
?Dow nLink-Only?

TG
3.2

SCS
[ TSCAN

TG
3.1

SCS
<TG>

TG
3.1

Dow n-Link-Site/D-ID
>TG <

TG
3.2

SCS
[ TSCAN ]

TG
3.1

UpLink-Site/U-ID
> TG <

TG
3.2

BL Table
?ELSE?

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
 > TSCAN <

TG
3.2

SCS
[ TSCAN ]

TG
3.2

SCS
<TSCAN>

TG
3.2

SCS
<TSCAN>

TG
3.2

GCS
> TSCAN <

TG
3.2

GCS
>TSCAN <

TG3 SCS
<TG>

TG2 SCS
> TG <

TG
3.2

SYSTEM =
 ] Time-slot[Cancelled] [

TG
3.2

SYSTEM
 ] Est-Connection[

TG
3.2

SYSTEM =
]Time-slot[Cancelled][

TG
3.2

SYSTEM =
Time-slot[Cancelled []

TG1 GCS
?? <TG: > ??

: Uplink_Site_ID

; Dow nlink_Site_ID

; Time_slot_Duration

/ Status-Code := 3 / Status-Code := 2 / Status-Code := 4

TG3 BL Table
> TG <

TG2 SYSTEM
[Transmit-Data ]

DG1 Dow nlink-Site
<DG>

DG2 SCS
> DG <

DG1 Dow nlink-Site
?Ready-to-Receive?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ DG [Accepted ]]

DG2 SYSTEM
 ] Dow nLink-Ready [

UG1 Uplink-Site
<UG>

UG2 SCS
> UG <

UG1 Uplink-Site
?Ready-to-Send?

DG2 SYSTEM
 ? Transmit-Data ?

DG2 SCS
[ UG[Accepted ]]

DG2 SYSTEM
 ] UpLink-Ready [

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

Here if not
"Transmit Data"
then this thread
dies if not
new time
period.

Need to make these
system sub-states as they
are part of "Transmit Data"
system state.

UB1 Uplink-Site
<UB>

UB1 Uplink-Site
?NOT:Ready-to-Snd?

UB1 SCS
[UB [Received ]]

UB2 SCS
[TSCAN [Prepared ]]

UB2 SCS
<TSCAN>

UB2 GCS
> TSCAN  <

UB2 SYSTEM =
] Terminate-CTS [

UB1 SCS
> UB <

UB1 SYSTEM
] UpLink-Status[

UB1 SYSTEM
? Transmit-Data ?

DB1 I think it should be
"receive" data not send.

UB2 SCS
[TSCAN/]

/ Status := 0

DB1 Dow nlink-Site
<DB>

DB1 Dow nlink-Site
?NOT:DownLink-Ready?

DB1 SCS
[DB [Received ]]

DB2 SCS
[TSCAN [Prepared ]]

DB2 SCS
<TSCAN>

DB2 GCS
> TSCAN  <

DB2 SYSTEM =
] Terminate-CTS [

DB1 SCS
> DB <

DB1 SYSTEM
]Dow nLink-Status[

DB1 SYSTEM
? Transmit-Data ?

DB2 SCS
[TSCAN/]

/ Status := 1

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN2 SCS
[ WasInit  := FALSE ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating  ]

MG1.2
C

SYSTEM
[Transmi t-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Assume when
terminate revert
to Manage
Satellites

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

DG2 SYSTEM &
 ?? DownLink-Ready??

DI3 UpLink-Site
<DI:>*

D13 SCS
> DI <

D13 SCS
< DI >

DI3 Dow nLink-Site
> DI <

DI3 SYSTEM
? Transmit-Data ?

: UpLink-ID

; Dow nLink-ID

; Packet-ID

; Packet-Data

DG2 SYSTEM &
 ?? UpLink-Ready??

2.3.
3

Dow nlink-Site
<PB: >

PB1 Dow nLink-Site
? DI [Bad] ?

2.3.
3

Dow nlink-Site
[PB [Prepared]]

PB3 SCS
<PB>

PB4 SCS
> PB <

PB3 UpLink-Site
> PB <

PB5 SCS
[PB [ Stored] ]

PB5 Dow nLink-Site
? DI [Readable] ?

2.3.
3

SYSTEM
]Process-Packet [

2.3.
3

SYSTEM
[Process-Bad-Pcket]

PB4 SYSTEM
? Transmit-Data ?

PB5 Dow nLink-Site
?DI [ Replacement] ?

PB5 Dow nLink-Site
< DI, Delete >

PB5 SCS
[PB [Deleted]]

2.3.
3

Dow nLink-Site
? Else?

PB5 SCS
> DI, Delete <

: Uplink-ID

; Dow nlink-ID

; Packet-ID

PB3 SYSTEM
]Request] Replacement [

PB4 SYSTEM
? Transmit-Data ?

D13
UpLink-Site  ̂=

 <DI> *

D13
UpLink-Site  ̂=

 <DI> *

D13
UpLink-Site  ̂ =

 <DI> *

TC1 Uplink-Site
< TC : >

TC2 SCS
< TC >

TC2 GCS
> TC <

TC1 SCS
> TC <

2.3.
4

SYSTEM
[Trans-Complete]

TC1 SYSTEM
] UpLink-Finished [

TC3 SCS
? PB*[Replaced] ?TC3 SCS

?NOT:PB*[Replaced]?

UB2 SYSTEM
???

TC3 SCS
[TC [Ignored]]

: Undefined

TC1 SYSTEM
? Transmit-Data ?

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ^
??Transmit-Data[Ended]??

TE1 SCS
> TE  <

TE1 GCS ||
?? <TE > ??

TE3 SCS
[TE [Accepted]]

TE2 SCS
< TE  >

TE2 UpLink-Site
> TE  <

TE3 SYSTEM
? Transmit-Data  ?

THREAD

MG1.2
C

SYSTEM
[Transmit-Data[Ended]]

MG1.2
C

SYSTEM ! ^
??Transmit-Data[Ended]??

Requirement says send back
to GCS but this does not make
sense. Must be to UpLink-Site

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

Here if not Transmit
Data, this thread dies
if is not a new time
period. The same
applies in a number
of other situations

IN1 SYSTEM
? Time-Period[Elapsed] ?

IN1 SYSTEM ^
[ Operating ]

If New Time Period
then this takes precedence
over terminating a customer

IN1 SYSTEM
[ Operating ]

The thread for the
new Time period
needs to be
independent of
any restarts.

No provision for termination
when all customers have
been processed

No provision for termination
when all customers have
been processed

Unclear what
to do if not all
PBs have
been replaced

IN2 SCS ^
?NOT : WasInit ?

MG6.1
SYSTEM ^

[Start-Restart]

MG6.1
SCS

< Table_Entry# > *MG6.1
SCS

< Table_Entry# > *

MG6.1
SCS= ^

< Table_Entry# > *
MG6.1

SCS= ^
< Table_Entry# > *MG6.1

SCS= ^
< Table_Entry# > *

Text  Integrated-Behavior-Tree (IBT)



Scaleability => Translation + Integration

We have applied the processes of  requirements
translation and integration to a large number of
systems – the largest system we have worked
on had 1500 requirements.

We have been encouraged by the results we
have obtained from these trials.

It is clear that we need a tool-set that makes it
practical for teams of people to apply the 
method.





Result of integrating eight 
functional requirements

Integrated
Behavior Tree

3C OVEN
[Open]

2 OVEN*
[Cooking]

2 OVEN
[Extra-Minute]

1 OVEN
[Cooking]

2 BUTTON
[Pushed]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

6 USER
??Door-Closed??

IP DOOR
[Closed]

6 LIGHT
[Off]

IP OVEN
[Idle]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON@

[Disabled]

5 DOOR
[Open]

3C BUTTON@
[Disabled]

5 OVEN
[Cooking-Stopped]

7 OVEN
[Cooking-Finished

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

6 OVEN
[Open]

Functional Requirements are Localized in IBT             

Requirements View

R2 R7

R6



Integrated
Behavior Tree

7 OVEN
[Cooking-Finished

6 OVEN
[Idle]

3C OVEN
[Open]

2 OVEN*
[Cooking]

2 OVEN
[Extra-Minute]

1 OVEN
[Cooking]

2 BUTTON
[Pushed]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

6 USER
??Door-Closed??

6 DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON@

[Disabled]

5 DOOR
[Open]

3C BUTTON@
[Disabled]

5 OVEN
[Cooking-Stopped]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

6 OVEN
[Open]

Components are Dispersed across requirements             

Result of integrating eight 
functional requirements

=  DOOR

Component View

R6

R8

R5



2 OVEN
[Extra-Minute]

2 BUTTON
[Pushed]

2 OVEN*
[Cooking]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

1 OVEN
[Cooking]

1 USER
??Door-Closed??

1 DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON

[Disabled]

3C OVEN
[Open]

5 DOOR
[Open]

3C BUTTON
[Disabled]5 OVEN

[Cooking-Stopped]

1 OVEN
[Cooking-Finished

1 OVEN
[Idle]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

1 OVEN
[Open ]

Oven Component = System Component           

Component Behavior Projection

Component Projection



System 
Component 
Projection

6 OVEN
[Idle]

1 OVEN
[Cooking] 3C OVEN ^

[Open]

7 OVEN
?? Timed-Out ??

1 OVEN
[Cooking-Finished

2 OVEN
[Extra-Minute]

2 OVEN*
[Cooking]

5 OVEN
[Cooking-Stopped]

6 OVEN
[Open]

Component Behavior Projection

Oven Component = System Component           

Component 
Projection

2 OVEN
[Extra-Minute]

2 BUTTON
[Pushed]

2 OVEN*
[Cooking]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

1 OVEN
[Cooking]

1 USER
??Door-Closed??

1 DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON

[Disabled]

3C OVEN
[Open]

5 DOOR
[Open]

3C BUTTON
[Disabled]5 OVEN

[Cooking-Stopped]

1 OVEN
[Cooking-Finished

1 OVEN
[Idle]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

1 OVEN
[Open ]



2 OVEN
[Extra-Minute]

2 BUTTON
[Pushed]

2 OVEN*
[Cooking]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

1 OVEN
[Cooking]

6 USER
??Door-Closed??

IP DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON

[Disabled]

3C OVEN ^
[Open]

5 DOOR
[Open]

3C BUTTON
[Disabled]5 OVEN

[Cooking-Stopped]

1 OVEN
[Cooking-Finished

IP OVEN
[Idle]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

6 OVEN
[ Open ]

Component Behavior Projection

User-Interface Component                          

Component Projection



1 USER
??Door-Closed??

1 USER
??Button-Push?? 8 USER

??Door-Opened??

2 USER
??Button-Push?? 5 USER

??Door-Opened??

Component Behavior Projection

User-Interface Component                          

USER 
Component 
Projection

Component 
Projection

2 OVEN
[Extra-Minute]

2 BUTTON
[Pushed]

2 OVEN*
[Cooking]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

1 OVEN
[Cooking]

6 USER
??Door-Closed??

IP DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON

[Disabled]

3C OVEN ^
[Open]

5 DOOR
[Open]

3C BUTTON
[Disabled]5 OVEN

[Cooking-Stopped]

1 OVEN
[Cooking-Finished

IP OVEN
[Idle]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

6 OVEN
[ Open ]
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1 DOOR
[Closed]

3C BUTTON
[Enabled]

USER

DOOR

LIGHT

BUTTON

OVEN

POWER-TUBE

BEEPER

System  – Network of Component Interactions   

All behaviors
merged in 
together

Architecture Transformation

R1
@

BUTTON
[Pushed]

R1 POWER-TUBE
[Energized]

R1 USER
??Button-Push??

1 OVEN
[Cooking]

1 OVEN
[Idle]

R2 BUTTON
[Pushed]

R2
+

USER
??Button-Push??

R1
@

OVEN
[Cooking]

R2
+

OVEN ^
[Cooking]

R2 OVEN
[Extra-Minute]

R5
+

USER
??Door-Opened??

R5
@

DOOR
[Open]

R5 OVEN
[Cooking-Stopped]

R5
+

POWER-TUBE
[Off]

R6
+

USER
??Door-Closed??

R6
@

DOOR
[Closed]

R6 LIGHT
[Off]

R6
@+

OVEN
[Idle]

R6
+

OVEN
[ Open ]

R7 LIGHT
[Off] R7 POWER-TUBE

[Off]

R7 BEEPER
[Sounded]

R7 OVEN
?? Timed-Out ??

R7 OVEN
[Cooking-Finished

R8
-

USER
??Door-Opened??

R8
-

DOOR
[Open]

R8
-

BUTTON
[Disabled]

R8
-

OVEN ^
[Open]

R3
C+

BUTTON
[Enabled ]

R3
C

BUTTON
[Disabled ]

R4
C

LIGHT
[ On ]

R8
-

LIGHT
[ On ]

R7 OVEN ^
[ Idle ]R7 OVEN ^

[ Open ]

Feedback

Feedback Feedback

Each Component 
Occurs MANY times

Each Component 
Occurs just  ONCE
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1 DOOR
[Closed]

3C BUTTON
[Enabled]

USER

DOOR

LIGHT

BUTTON

OVEN

POWER-TUBE

BEEPER

System  – Network of Component Interactions   

All behaviors
merged in 
together

Architecture Transformation



6 OVEN
[Idle]

1 OVEN
{ Cooking} 3C OVEN ^

{ Open}

7 OVEN
{ Timed-Out  }

1 OVEN
[Cooking-Finished

2 OVEN
{Extra-Minute }

2 OVEN ^
[Cooking]

5 OVEN
{Cooking-Stopped}

6 OVEN
[Open]

Microwave Oven -
High-Level Behavior
( System States Only)

High-Level Behavior



2 OVEN
[Extra-Minute]

2 BUTTON
[Pushed]

2 OVEN*
[Cooking]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

1 OVEN
[Cooking]

1 USER
??Door-Closed??

1 DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON

[Disabled]

3C OVEN
[Open]

5 DOOR
[Open]

3C BUTTON
[Disabled]5 OVEN

[Cooking-Stopped]

1 OVEN
[Cooking-Finished

1 OVEN
[Idle]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

1 OVEN
[Open ]

Microwave Oven -
Detailed Behavior
(System States + Component States)

System-states are embedded

Detailed Behavior
System State

System State



Car-booking System -
High-Level Behavior
( System States Only)

High-Level Behavior
BFR10 GUVMS

[Terms & Conditions]

BFR10 GUVMS ^
[Login]

BFR71 GUVMS
[Login]

BFR71 GUVMS
[Invalid Details]

BFR71 GUVMS
[Admin Home]

BFR71 GUVMS
[User Home]

BFR71 GUVMS ^
[Login]

BFR11 GUVMS
[Registration Instructions]

BFR11 GUVMS ^
[Login]

BFR83 GUVMS
[Select Campus]

BFR2 GUVMS
[V. Availabilty Report]

BFR2 GUVMS
[V. Availabilty Report]

BFR3 GUVMS
[Car Pooling Report]

BFR3 GUVMS ^
[V. Availability Report]

BFR87 GUVMS
[V. Booking Report]

BFR87 GUVMS ^
[Admin Home]

BFR3 GUVMS
[Car Pooling Report]

BFR3 GUVMS ^
[User Home]

BFR4 GUVMS
[Request Booking]

BFR4 GUVMS ^
[User Home]

BFR6
GUVMS

[Request Booking
Cancellation]

BFR6 GUVMS ^
[User Home]

BFR9 GUVMS
[Request Change Password]

BFR9 GUVMS ^
[Admin Home]

BFR9 GUVMS
[Request Change Password]

BFR9 GUVMS ^
[User Home]

BFR12
GUVMS

[View Pending Booking
Requests]

BFR12 GUVMS ^
[Admin Home]

BFR13 GUVMS
[Request Accepted] BFR13 GUVMS

[Request Rejected]

BFR13
GUVMS ^

[View Pending Booking
Requests]

BFR13
GUVMS ^

[View Pending Booking
Requests]

BFR14 GUVMS
[Invalid Details]

BFR14 GUVMS ^
[User Home]

BFR23 GUVMS
[View Cancellation Requests]

BFR23 GUVMS ^
[Admin Home]BFR24 GUVMS

[Cancellation Processed]

BFR24 GUVMS ^
[View Cancellation Requests]

BFR25 GUVMS
[Cancellation Processed]

BFR25 GUVMS ^
[V. Booking Report]

BFR32 GUVMS
[V. Booking Update]

BFR32 GUVMS ^
[V. Booking Report]

BFR37
GUVMS

[Recurring Booking
Processed]

BFR37 GUVMS ^
[Admin Home]

BFR41
GUVMS

[Non-Recurring Booking
Processed]

BFR41 GUVMS ^
[Admin Home]

BFR53 GUVMS
[Reports]

BFR53 GUVMS
[Faculty Bookings Report]

BFR53 GUVMS ^
[Admin Home]

BFR54 GUVMS
[Destination Report]

BFR54 GUVMS ^
[Admin Home]

BFR56 GUVMS
[Cancellation Report]

BFR56 GUVMS ^
[Admin Home]

BFR57 GUVMS
[Expired License Report]

BFR57 GUVMS ^
[Admin Home]

BFR80 GUVMS
[Add Administrator]

BFR80 GUVMS
[Not Authorised]

BFR80 GUVMS ^
[Admin Home]

BFR80 GUVMS ^
[Admin Home]

BFR47 GUVMS
[Add New Vehicle]

BFR47 GUVMS ^
[Admin Home]

BFR49 GUVMS
[Modify Vehicle Details]

BFR49 GUVMS ^
[Admin Home]

BFR50 GUVMS
[V. Maintenance Booking]

BFR50 GUVMS ^
[Admin Home]

BFR86 GUVMS
[Find Booking]

BFR86 GUVMS
[Display Booking]

BFR86 GUVMS ^
[Admin Home]

BFR72 GUVMS
[Add User]

BFR72 GUVMS ^
[Admin Home]

BFR76 GUVMS
[Modify User Details]

BFR76 GUVMS ^
[Admin Home]

BFR12 GUVMS
[Bookings]

BFR47 GUVMS
[Vehicle Administration]

BFR72 GUVMS
[Administration]

BFR83 GUVMS ^
[Select Campus]

BFR41
GUVMS

[Non-Recurring Booking
Processed]

BFR41 GUVMS ^
[Admin Home]

BFR41 GUVMS ^
[Admin Home]

BFR94 GUVMS
[Logout]

BFR94 GUVMS ^
[Login]

BFR94 GUVMS
[Logout]

BFR94 GUVMS ^
[Login]

BFR89 GUVMS
[Specify Holiday Dates]

BFR89 GUVMS ^
[Admin Home]

BFR67 GUVMS
[V. Mileage Update]

BFR67 GUVMS ^
[Admin Home]

BFR55 GUVMS
[Mileage Report]

BFR55 GUVMS ^
[Admin Home]



Car-booking System -
Detailed Behavior
(System States + Component States)

System-states are embedded

Detailed Behavior
BFR71 GUVMS

[Login}

BFR71 LOGIN
[Display Login Form]

BFR71 USER
??Submits Log in??

@ required fields valid

Required Fields =
staff#

password
campus

BFR71 LOGIN
?Login Valid?

BFR71 LOGIN
?NOT: Login Valid?

BFR71 GUVMS
[Invalid Details]

BFR71 GUVMS ^
[Log in]

BFR71 LOGIN
?Is Admin?

BFR71 LOGIN
?NOT: Is Admin?

BFR71 GUVMS
[Admin Home]

BFR71 GUVMS
[User Home]

staff#, password,
campus choice

BFR10
USER

??Selects Terms &
Conditions??

BFR10 GUVMS
[Terms & Conditions]

@ go back [DisplayLogin
Form]

BFR11
USER

??Selects Registration
Instructions??

@ go back [Display Login
Form]

BFR11
LOGIN

[Display Registration
Instructions]

BFR11 GUVMS
[Registration Instructions]

BFR83 GUVMS
[Select Campus]

BFR83 GUVMS
[Campus Set]

BFR71 GUVMS
[Admin Authenticated]

BFR71 GUVMS
[User Authenticated]

BFR83 USER
??Selects Change Campus??

BFR83 GUVMS
[Change Campus]

BFR83 CHANGE CAMPUS
[Display Campus Choice]

BFR83 USER
??Submits Campus Choice??

BFR83 CHANGE CAMPUS
[Campus Updated]

BFR83 GUVMS
[Campus Set]

BFR83 GUVMS ^
[Admin Home]

@ go back [Admin Home]

BFR94 USER
??Selects Logout??

BFR94 GUVMS ^
[Log in]

BFR94 USER
??Selects Logout??

BFR94 GUVMS ^
[Log in]

BFR94 GUVMS
[User Un-authenticated]

BFR94 GUVMS
[User Un-authenticated]

BFR9 USER
??Selects Change Password??

BFR9 GUVMS
[Request Change Password]

BFR9
CHANGE PASSWORD

[Display Change Password
Form]

BFR9 USER
??Selects Submit Change??

@ go back [Admin Home]

@ required fields valid

BFR9 CHANGE PASSWORD
[Update Password]

BFR9 CHANGE PASSWORD
<<confirm message>>

@ go back [Admin Home]

correct old password,
2 x matching new password

BFR9 USER
??Selects Change Password??

BFR9 GUVMS
[Request Change Password]

BFR9
CHANGE PASSWORD

[Display Change Password
Form]

BFR9 USER
??Selects Submit Change??

@ go back [User Home]

@ required fields valid

BFR9 CHANGE PASSWORD
[Update Password]

BFR9 CHANGE PASSWORD
<<confirm message>>

@ go back [User Home]

correct old password,
2 x matching new password

BFR80 GUVMS
[Administration]

BFR80
USER

??Select Add/Remove
Administrators??

BFR80 GUVMS
[Add/Remove Admin]

BFR80 ADD/REMOVE ADMIN
?User PrimaryAdmin?

BFR80 ADD/REMOVE ADMIN
?NOT: User PrimaryAdmin?

BFR80 GUVMS
[Not Authorised]

BFR80 GUVMS ^
[Admin Home]

BFR80 ADD/REMOVE ADMIN
[Display Add or Remove]

BFR80 USER
??Select Add?? BFR80 USER

??Select Remove??@ go back [Admin Home]

BFR80 ADD/REMOVE ADMIN
[Display Add Form]

BFR80 USER
??Submits Add Form?? @ go back [Admin Home]

@ required fields valid

Required Fields =
staff #, f name, l name,

isPrimaryAdmin?
Opt = faculty, license #, license exp

date, contact details, email

BFR80 ADD/REMOVE ADMIN
?NOT:New Admin Known?

BFR80 ADD/REMOVE ADMIN
?NewAdmin Known?

BFR80 ADD/REMOVE ADMIN
[Administrator Added]

BFR80 GUVMS ^
[Admin Home]

BFR80 GUVMS
[Invalid Details]

BFR80 ADD/REMOVE ADMIN ^
[Display Add Form]

BFR80 ADD/REMOVE ADMIN
[Display Remove Form]

BFR80 USER
??Submits Remove Admin?? @ go back [Admin Home]

@ required fields valid Required fields =
staff # / name

BFR80 ADD/REMOVE ADMIN
[Admin Records Updated]

BFR80 GUVMS ^
[Admin Home]

BFR80 ADD/REMOVE ADMIN
<<confirm message>>

BFR80 ADD/REMOVE ADMIN
<<confirm message>>

BFR72 USER
??Select Add User??

BFR72 GUVMS
[Add User]

BFR72 ADD USER
[Display Add User Form]

BFR72 USER
??Submits Add User?? @ go back [Admin Home]

@ required fields valid

BFR72 ADD USER
?New User Known? BFR72 ADD USER

?NOT: New User Known?

BFR72 GUVMS
[Invalid Details]

BFR72 ADD USER ^
[Display Add User Form]

BFR72 ADD USER
[New User Added]

BFR72 GUVMS ^
[Admin Home]

Add new faculty if
required;

Set password to
license if there, else

set to staff #

Choice of all
faculties, OR enter

new facul ty.

Required Fields =
staff #, f name, l name,

Opt = faculty, license #, license exp
date, contact details, email

BFR72 ADD USER
<<confirm message>> Indicate password

that was set

BFR47 GUVMS
[Vehicle Administration]

BFR47 USER
??Select Add Vehicle??

BFR47 GUVMS
[Add New Vehicle]

BFR47 ADD VEHICLE
[Display Add Vehicle Form]

BFR47 USER
??Submits Add Vehicle?? @ go back [Admin Home]

@ required fields valid

BFR47 ADD VEHICLE
?Vehicle Known?

Required Fields =
Reg #, type,

campus

BFR47 ADD VEHICLE
?NOT: Vehicle Known?

BFR47 GUVMS
[Invalid Details]

BFR47 ADD VEHICLE ^
[Display Add Vehicle Form]

BFR47 ADD VEHICLE
[Vehicle Added]

BFR47 GUVMS ^
[Admin Home]

Choice of all types, or enter a new type;
Choice of all campuses, or enter a new

campus

Add new type if
required;

Add new campus if
required;

BFR47 ADD VEHICLE
<<confirm message>>

BFR2 GUVMS
[Bookings]

BFR2 USER
??Select Vehicle Availability??

BFR2 GUVMS
[V. Availability Report]

BFR2 V. AVAILABILITY
[Display Avai lability Form]

BFR2
USER

??Submits Availability
Request??

@ go back [Admin Home]

@ required fields valid

Required Fields =
Preferred Type, from date

& time, to date & time

BFR2 V. AVAILABILITY
[Availability Info]

Exclude out of
service vehicles

BFR2 V. AVAILABILITY
[Display Report]

@ go back [Admin Home]

BFR2 USER
??Select Request Booking??

BFR2 GUVMS
[V. Availability Report]

BFR2 V. AVAILABILITY
[Display Availability Form]

BFR2
USER

??Submits Availability
Request??

@ go back [User Home]

@ required fields valid

Required Fields =
Preferred Type, from date

& time, to date & time

BFR2 V. AVAILABILITY
[Availability Info]

BFR2 V. AVAILABILITY
[Display Report]

@ go back [User Home]

Exclude out of service vehicles &
vehicles already booked (unless

booking cancelled)

@ validate

@ validate

@ validate
@ validate

@ validate

@ validate

@ validate

@ validate

BFR4
USER

??Select Proceed With
Booking??

BFR4 V. AVAILABILITY
<Booking Request Details>

BFR4 GUVMS
[Request Booking]

BFR4 REQUEST BOOKING
>Booking Request Details<

Details =
dates, times, type

BFR4
REQUEST BOOKING

[Display Booking Request
Form]

BFR4 USER
??Submits Booking Request?? @ go back [User Home]

@ required fields valid

BFR4 GUVMS ^
[User Home]

Required Fields =
V. type, dates, times, destination;

Opt =Driver ( if not self),# passengers

Choice of all
destinations, or enter new

destination

BFR4 REQUEST BOOKING
<<confirm message>>

@ validate

BFR12
USER

??Select View Pending
Bookings??

BFR12
GUVMS

[View Pending Booking
Requests]

BFR12
PROCESS BOOKING REQUEST

[Booking Request Info]

BFR12 PROCESS BOOKING REQUEST
[Display Booking Request Info]

@ go back [Admin Home]

@ validate

BFR13 USER
??Accept Booking??

BFR13 USER
??Reject Booking??

BFR13 GUVMS
[Request Rejected]

@ go back [View Pending
Booking Requests]

@ go back [View Pending
Booking Requests]

BFR14 REQUEST BOOKING
?User License Current? BFR14 REQUEST BOOKING

?NOT: User License Current?

BFR14
REQUEST BOOKING

[Update Pending Booking
Requests]

BFR14 GUVMS
[Invalid Details]

BFR14 GUVMS ^
[User Home]

BFR15
PROCESS BOOKING REQUEST

[Available Vehicles Info]

BFR15 PROCESS BOOKING REQUEST
?# Vehicles > 0? BFR15 PROCESS BOOKING REQUEST

?NOT: #Vehicles > 0?

BFR15 PROCESS BOOKING REQUEST
[Display Vehicle Choice]

BFR15 USER
??Selects Vehicle??

@ go back [View Pending
Booking Requests]

BFR15 PROCESS BOOKING REQUEST
[No Vehicles Available]

BFR15 USER =
??Reject Booking?? BFR15 USER

??Leave as Pending??

Exclude out of service vehicles &
vehicles already booked (unless

booking cancelled)

BFR15
GUVMS ^

[View Pending Booking
Requests ]

Advise User

BFR16 GUVMS
[Request Accepted]

BFR16
PROCESS BOOKING REQUEST

[Create a Booking]

BFR16 PROCESS BOOKING REQUEST
[Update Vehicle Availabilities]

BFR16 PROCESS BOOKING REQUEST
[Remove Request]

Administrator, driver
name, staff #, Vehicle,

dates, times, destination,
#passengers

BFR16
PROCESS BOOKING REQUEST

<<confirm message>>

BFR30 PROCESS BOOKING REQUEST
[Confirm Rejection]

BFR30 USER
??Confirms Rejection?? BFR30 USER

??Do Not Reject??

BFR30 PROCESS BOOKING REQUEST
[Remove Request] BFR30

GUVMS ^
[View Pending Booking

Requests]

BFR30 PROCESS BOOKING REQUEST
<<confirm message>>

@ notify booker

BFR17 PROCESS BOOKING REQUEST
[Update current bookings]

@ notify booker

BFR6 USER
??Select Cancel Booking??

BFR6 GUVMS
[Request Cancellation]

BFR6 REQUEST CANCELLATION
[User Bookings Info]

BFR6 REQUEST CANCELLATION
[Display User Bookings]

@ go back [User Home]BFR6 USER
??Request Booking Cancel??

BFR6 REQUEST CANCELLATION
[Confirm Cancellation]

BFR6 USER
??Confirms Cancellation?? BFR6 USER

??Do Not Cancel??

BFR6
REQUEST CANCELLATION

[Update Cancellation
Requests]

BFR6 REQUEST CANCELLATION
<<Confirm Message>>

BFR6 REQUEST CANCELLATION ^
[Display User Bookings]

BFR6 REQUEST CANCELLATION ^
[Display User Bookings]

Non-cancelled (or not
cancellation pending)

bookings where booking
date >= current date

@ validate

BFR23
USER

??Select View Cancellation
Requests??

BFR23 GUVMS
[View Cancellation Requests]

BFR23
PROCESS CANCELLATION

REQUEST
[Cancellation Request Info]

BFR23
PROCESS CANCELLATION

REQUEST
[Display Cancellation Requests]

@ go back [Admin Home] BFR24 USER
??Accept Cancellation??

BFR24
PROCESS CANCELLATION

REQUEST
[Update Cancelled Booking]

BFR24 GUVMS
[Cancellation Processed]

BFR24
PROCESS CANCELLATION

REQUEST ^
[Display Cancellation Requests]

BFR27 @ notify booker

BFR28 BOOKING MAINTENANCE
[Update Vehicle Availabilities]

BFR29 BOOKING MAINTENANCE
[Update Current Bookings]

BFR41 USER
??Select Make a booking??

BFR41 NORMAL BOOKING
[Display Normal Booking Form]

BFR41
USER

??Submits Non-recurring
booking??

@ required fields valid

BFR41 NORMAL BOOKING
[Available Vehicles Info]

BFR41 NORMAL BOOKING
?#Vehicles > 0? BFR41 NORMAL BOOKING

?NOT: #Vehicles > 0?

BFR41 NORMAL BOOKING
[Display Vehicle Choice]

BFR41 USER
??Selects Vehicle??

BFR41 NORMAL BOOKING
[Create a Booking]

BFR41 NORMAL BOOKING
[Update Vehicle Availabilities]

BFR41
GUVMS

[Non-recurring Booking
Processed]

BFR41 GUVMS ^
[Admin Home]

BFR41 GUVMS
[Invalid Details]

BFR41 NORMAL BOOKING ^
[Display Normal Booking Form]

Exclude out of service vehicles &
vehicles already booked (unless

booking cancelled)

@ go back [Admin Home]

@ go back [Admin Home]

Include choice of all user names
(staff#), user name field (text); Choice

of all destinations, or enter new
destination

Required Fields =
dates, times, (staff# OR user name);
Opt =destination, Driver (if not self)
driver license details, # passengers

@ val idate

BFR41 USER
??Select Make a booking??

BFR41 NORMAL BOOKING (=)
[Display Normal Booking Form]

BFR41 V. AVAILABILITY
<Request Details>

BFR41 NORMAL BOOKING
>Request Details<

BFR76
USER

??Selects Modify User
Details??

BFR76 GUVMS
[Modify User Details]

BFR76 MODIFY USER DETAILS
[Display Select User Form]

BFR76 USER
??Selects User?? @ go back [Admin Home]

BFR76 MODIFY USER DETAILS
[User Information]

BFR76 MODIFY USER DETAILS
[Display User Details]

BFR76 USER
??Submits New Details??

@ go back [Admin Home]

@ required fields valid

BFR76 MODIFY USER DETAILS
[User Details Updated]

BFR76 GUVMS ^
[Admin Home]

Include choice if
user is current

staff#, fName, lName
not empty, all other

fields valid

@ validate

BFR78 USER
??Selects Reset Password??

BFR78 MODIFY USER DETAILS
[Confi rm Reset Password]

BFR78 USER
?Do not Reset? BFR78 USER

?Confirms Reset?

BFR78 MODIFY USER DETAILS ^
[Display User Details]

BFR78 MODIFY USER DETAILS
?License Recorded? BFR78 MODIFY USER DETAILS

?NOT: License Recorded?

BFR78 MODIFY USER DETAILS
[Set Password = License] BFR78 MODIFY USER DETAILS

[Set Password = staff#]

BFR78
MODIFY USER DETAILS

<<confirm message
(password)>>

BFR78
MODIFY USER DETAILS

<<confirm message
(password)>>

@ notify user @ notify user

@ go back [Admin Home] @ go back [Admin Home]

BFR57 GUVMS
[Reports]

BFR57 USER
??Selects Expired License??

BFR57 GUVMS
[Expired License Report]

BFR57 EXPIRED LICENSE REPORT
[License Info]

BFR57 EXPIRED LICENSE REPORT
[DisplayExp License Report]

@ go back [Admin Home]

@ validate BFR56
USER

??Selects Cancellation
Report??

BFR56 GUVMS
[Cancellation Report]

BFR56 CANCELLATION REPORT
[Display Date Range Form]

BFR56 USER
??Submits Date Range?? @ go back [Admin Home]

BFR56 CANCELLATION REPORT
[Cancellation Info]

BFR56 CANCELLATION REPORT
[Display Cancellation Report]

@ go back [Admin Home]

cancellation by
"non-appearance"

only

group by
-faculty
-user

@ validate

BFR54 USER
??Selects Destination Report??

BFR54 GUVMS
[Destination Report]

BFR54 DESTINATION REPORT
[Display Date Range Form]

BFR54 USER
??Submits Date Range?? @ go back [Admin Home]

BFR54 DESTINATION REPORT
[Destination Info]

BFR54 DESTINATION REPORT
[Display Destination Report]

@ go back [Admin Home]

The number of tr ips for
each destination within

date range

@ validate
BFR53

USER
??Selects Faculty Bookings

Report??

BFR53 GUVMS
[Faculty Bookings Report]

BFR53
FACULTY BOOKINGS

REPORT
[Display Date Range Form]

BFR53 USER
??Submits Date Range?? @ go back [Admin Home]

BFR53
FACULTY BOOKINGS

REPORT
[Faculty Bookings Info]

BFR53
FACULTY BOOKINGS REPORT

[Display Faculty Bookings
Report]

@ go back [Admin Home]

# Bookings per
faculty for date range

@ validate

BFR55
USER

??Selects Vehicle Monthly
Summary??

BFR55 GUVMS
[Mileage Report]

BFR55 MILEAGE REPORT
[Display Month Choice]

BFR55 USER
??Submits Month/Year?? @ go back [Admin Home]

BFR55 MILEAGE REPORT
[Mileage & Destination Info]

BFR55 MILEAGE REPORT
[Display Mileage Report]

@ go back [Admin Home]

For each vehicle
-total mileage,
-destinations

Month & Year

BFR37
USER

??Selects Make Recurring
Booking??

BFR37
RECURRING BOOKING

[Display Recurring Booking
Form]

BFR37
USER

??Submits Recurring
Booking??

@ required fields valid

BFR37 RECURRING BOOKING
[Derive Booking Occurrences]

BFR37 RECURRING BOOKING
[Get vehicles]

BFR37 RECURRING BOOKING
<Booking Occurrence>*

@ go back [Admin Home]

User;
day(s) of week;

start time, end time;
start date, end date

BFR37 RECURRING BOOKING
[Candidate booking]

BFR37 RECURRING BOOKING
[Assign Vehicle to Candidate]

BFR37 RECURRING BOOKING ^
?LAST <Booking Occurrence>?

Where possible, assign the same
vehicle as previous iteration.  If no
vehicles available, assign the first
candidate and flag as conflicting .

BFR37 RECURRING BOOKING
[Display Candidates]

BFR37 USER
??Commit Bookings?? BFR37 USER

??Cancel Recurring Booking??

BFR37
RECURRING BOOKING ^
[D isplay Recurring Booking

Form]

BFR37 RECURRING BOOKING
<Candidate Booking>*

BFR37 RECURRING BOOKING
[Create a Booking]

BFR37 RECURRING BOOKING ^
?LAST <Candidate Booking>?

BFR37
GUVMS

[Recurring Booking
Processed]

BFR37
RECURRING BOOKING ^
[Display Recurring Booking

Form]

Distinguish
conflicting
bookings

@ validate

BFR38 RECURRING BOOKING
[Update Vehicle Availabilities]

BFR39 RECURRING BOOKING
[Update Current Bookings]

BFR49
USER

??Selects Modify Vehicle
Details??

BFR49 GUVMS
[Modify Vehicle Details]

BFR49 MODIFY VEHICLE DETAILS
[Display Select Vehicle Form]

BFR49 USER
??Selects Vehicle??

BFR49 MODIFY VEHICLE DETAILS
[Display Vehicle Details]

BFR49 USER
??Submits New Details??

@ go back [Admin Home]

@ required fields valid

BFR49 MODIFY VEHICLE DETAILS
[Vehicle Details Updated]

BFR49 MODIFY VEHICLE DETAILS
<<confirm message>>

BFR49 GUVMS ^
[Admin Home]

@ go back [Admin Home]

Al l details;
include choice for out-of-service

(from a certain date);

@ validate

BFR89 USER
??Selects Set Holidays??

BFR89 GUVMS
[Set Holidays]

BFR89 SET HOLIDAYS
[Holiday Info]

BFR89
SET HOLIDAYS

[Display Add/Remove Holiday
Form]

BFR89 USER
??Selects Add?? BFR89 USER

??Selects Remove??

@ required fields valid BFR89 SET HOLIDAYS
[Date Removed]

BFR89 SET HOLIDAYS
[Date Added]

BFR89 SET HOLIDAYS ^
[Holiday Info]

BFR89 SET HOLIDAYS ^
[Holiday Info]

@ go back [Admin Home]

day month year

catch db "exists"
error

BFR87 USER
??Selects View Bookings??

BFR87 GUVMS
[V. Booking Report]

BFR87 V. BOOKING REPORT
[Display Date Input Form]

BFR87 USER
??Submits Dates??

BFR87 V. BOOKING REPORT
[Booking Info]

BFR87 V. BOOKING REPORT
[Display Booking Report]

@ go back [Admin Home]

@ go back [Admin Home]

Option for "current
7 days" or

start/end dates

Identify booked out, returned, need more
user details, need driver details,

conflicting bookings;
Background: distinguish weekends and

holidays.

@ validate

BFR32 USER
??Selects Booking??

BFR32 V. BOOKING REPORT
?Current Booking? BFR32 V. BOOKING REPORT

?NOT: Current Booking?

BFR32 BOOKING MAINTENANCE
[Display Booking]

BFR32 SHOW HISTORIC BOOKING
[Display Booking]

@ go back [Admin Home]

BFR32 USER
??Select Modify Duration??

BFR32 BOOKING MAINTENANCE
[Display Duration Form]

BFR32 USER
??Submits New Times??

@ required fields valid

BFR32 BOOKING MAINTENANCE
[Update Booking]

BFR32 GUVMS
[V. Booking Update]

Display all booking details;
user details if user known,

else choice of users

@ go back [V. Booking Report]

includes date
range

not marked as
"returned"

BFR61 USER
??Selects License Sighted??

BFR61 BOOKING MAINTENANCE
[Update Booking]

BFR61 GUVMS
[V. Booking Update]

BFR61 GUVMS ^
[V. Booking Report]

@ validate

BFR62 USER
??Selects Driver Details??

BFR62 BOOKING MAINTENANCE
[Display Driver Details Form]

BFR62 USER
??Submits Driver Details??

to record details of
nominated driver
other than booker

@ required fields valid

BFR63 BOOKING MAINTENANCE
[Update Booking]

BFR63 GUVMS
[V. Booking Update]

BFR63 GUVMS ^
[V. Booking Report]

BFR64 USER
??Selects In Progress??

BFR64 BOOKING MAINTENANCE
[Update Booking]

BFR64 GUVMS
[V. Booking Update]

BFR64 GUVMS ^
[V. Booking Report]

BFR65 USER
??Selects Return??

BFR65 BOOKING MAINTENANCE
[Update Booking]

BFR65 GUVMS
[V. Booking Update]

BFR65 GUVMS ^
[V. Booking Report]

BFR86 USER
??Selects Find Booking??

BFR86 GUVMS
[Find Booking]

BFR86 FIND BOOKING
[Display Search Form]

BFR86 USER
??Submits Search??

@ required fields valid

BFR86 FIND BOOKING
?Info found? BFR86 FIND BOOKING

?NOT: Info found?

BFR86 FIND BOOKING
[Display Bookings]

BFR86 USER
??Selects Booking??

BFR86 FIND BOOKING
?is Current Booking? BFR86 FIND BOOKING

?NOT: is Current Bookint?

BFR86 BOOKING MAINTENANCE =
[Display Booking]

BFR86 SHOW HISTORIC BOOKING
[Display Booking]

marked as
"returned"

@ go back [Admin Home]

ID OR (ID, Date) OR
(VehicleID, Date, Time) OR

(VehicleID, Date)

@ go back [Admin Home]

@ go back [Display Search
Form]

BFR86 FIND BOOKING
<<not found message>>

BFR86 FIND BOOKING ^
[Display Search Form]

all details

@ validate

@ validate

BFR25 USER
??Selects Cancel Booking??

BFR25 BOOKING MAINTENANCE
[Confirm Cancellation]

BFR25 USER
??Confirms Cancellation?? BFR25 USER

??Do not Cancel??

BFR25
BOOKING MAINTENANCE
?NOT: Cancel Series AND

Recurring booking?
BFR25

BOOKING MAINTENANCE
?Cancel Series AND
Recurring Booking?

BFR25 BOOKING MAINTENANCE ^
[Display Booking]

BFR25 BOOKING MAINTENANCE
[Series Cancelled]

BFR25 GUVMS
[Cancellation Processed]

@ go back [V. Booking Report]

BFR25 BOOKING MAINTENANCE
[Update Cancelled Booking]

BFR25 GUVMS
[Cancellation Processed]

@ go back [V. Booking Report]

Includes cancellation
type; individual or series

BFR27 @ notify booker

BFR67 USER
??Selects Enter Mileage??

BFR67
V. MILEAGE UPDATE

[Display Select Vehicle/Month
Form]

BFR67 GUVMS
[V. Mileage Update]

BFR67 USER
??Selects Vehicle & Month??

@ required fields valid

BFR67 V. MILEAGE UPDATE
?Month Mileage Exists?BFR67 V. MILEAGE UPDATE

?NOT: Month Mileage Exists?

BFR67 V. MILEAGE UPDATE
[Display Mileage Form]

BFR67 USER =
??Submits Mileage Details??

BFR67 V. MILEAGE UPDATE
[Display Mileage Form]

BFR67 USER
??Submits Mileage Details??

@ required fields valid

BFR67 V. MILEAGE UPDATE
[Vehicle Mileage Updated]

BFR67
V. MILEAGE UPDATE ^

[Display Select Vehicle/Month
Form]

mileage in editable
fields

current (default) or
previous year

@ go back [Admin Home]

@ go back [Admin Home]

BFR3
USER

??Selects Car Pooling
Report??

BFR3 GUVMS
[Car Pool ing Report]

BFR3 CAR POOLING REPORT
[Display Car Pool Form]

BFR3 USER
??Submits Car Pool Form??

@ required fields valid

BFR3 CAR POOLING REPORT
[Car Pool Info]

BFR3 CAR POOLING REPORT
?NOT: Matches Found? BFR3 CAR POOLING REPORT

?Matches Found?

BFR3 CAR POOLING REPORT
[Display Car Pool Report]

@ go back [Display Car Pool
Form]]

BFR3 CAR POOLING REPORT
[Display No Matches]

@ go back [User Home]

@ go back [User Home]

Date
Destination

# passengers,
destination,

name/contact details

BFR3
USER

??Selects Car Pooling
Report??

BFR3 GUVMS
[Car Pooling Report]

BFR3 CAR POOLING REPORT
[Display Car Pool Form]

BFR3 USER
??Submits Car Pool Form??

@ required fields valid

BFR3 CAR POOLING REPORT
[Car Pool Info]

BFR3 CAR POOLING REPORT
?Matches Found? BFR3 CAR POOLING REPORT

?NOT: Matches Found?

BFR3 CAR POOLING REPORT
[Display Car Pool Report]

@ go back [Display Car Pool
Form]]

BFR3 CAR POOLING REPORT
[Display No Matches]

@ go back [User Home]

@ go back [User Home]

Date
Destination

# passengers,
destination,

name/contact details

BFR33 BOOKING MAINTENANCE
?Conflicting Booking? BFR33 BOOKING MAINTENANCE

?NOT: Conflicting Booking?

BFR33 BOOKING MAINTENANCE
[Display Conflicting Booking] BFR33 BOOKING MAINTENANCE

[Display Confirm Message]

@ go back [Admin Home] @ go back [Admin Home]

BFR34 USER
??Selects Change Vehicle??

BFR34 BOOKING MAINTENANCE
[Display All Vehicle Choice]

BFR34 USER
??Selects Vehicle?? @ go back [Display Booking]

BFR34 BOOKING MAINTENANCE
[Update Booking]

BFR35 BOOKING MAINTENANCE
?Conflicting Booking?

BFR35 BOOKING MAINTENANCE
[Display Conflict Message]

BFR35 BOOKING MAINTENANCE
?NOT: Conflicting Booking?

BFR35 BOOKING MAINTENANCE
[Display Confirm Message]

@ go back [Admin Home] @ go back [Admin Home]

BFR50
USER

??Selects Maintenance
Booking??

BFR50 GUVMS
[V. Maintenance Booking]

BFR50
MAINTENANCE BOOKING

[Display Maintenance Booking
Form]

BFR50
USER

??Submits Maintenance
Booking??

BFR50 MAINTENANCE BOOKING
[Create Booking]

BFR50 MAINTENANCE BOOKING
[Update Vehicle Availabilities]

@ go back [Admin Home]

@ go back [Admin Home]

Vehicle Choice
Times, Dates

Place

@ required fields valid

user =
administrator

BFR42 USER
??Selects Assign User??

@ required fields valid

BFR42 BOOKING MAINTENANCE
[Update Booking]

BFR42 GUVMS
[V. Booking Update]

BFR42 GUVMS ^
[V. Booking Report]

user selected

associate chosen
user to this

booking



Behavior – Including System States 

R7 OVEN
[Cooking-Finished

SYSTEM-State

SYSTEM-State

R7
+

OVEN
[Cooking ]

R7 LIGHT
[Off] R7 POWER-TUBE

[Off]

R7 BEEPER
[Sounded]

R7
+

OVEN
[Cooking ]

R7 TIMER
?? Timed-Out ??

R7 OVEN
[Cooking-Finished

Abstract versus expanded
description of behavior





• Inspection/defect detection
• Model-checking
• Defect correction
• Refinement => Specification => Design

And then:
• Component Behavior Projections
• Component Interface Specifications
• Architecture Transformation
• Integration specification
• Code Generation

Integrated View => Specification
Actions On



120

Informal Requirements

Integrated Behavior Tree

Requirement Behavior TreesRequirements Translation

Simulation

Verification
Component 
Behavior Tree

R1. There is a single control button available for the user of the oven. If the oven is idle 
with the door closed and you push the button, the oven will start 
cooking (this is, energize the power-tube for one minute).

R2. If the button is pushed while the oven is cooking it will cause the oven to cook for an 
extra minute.

R3. Pushing the button when the door is open has no effect (because it is disabled).

R4. Whenever the oven is cooking or the door is open the light in the oven will be on.

R5. Opening the door stops the cooking.

R6. Closing the door turns off the light. This is the normal idle state, prior to cooking when 
the user has placed food in the oven.

R7. If the oven times-out, the light and the power-tube are turned off and then a beeper 
emits a sound to indicate that the cooking is finished.

Requirements Integration

Implementation

Building Dependable Systems



Part 1



Where Are We Up To

Integrated View  - Integrated Behavior Tree 

Scale & Complexity

Build Right System

Imperfect Knowledge ×

Productivity ×



Behavior  Engineering



Stakeholder-01

Vocabulary-01

Understanding-01

Assumptions-01

Needs-01

Requirements-01

Stakeholder-02

Vocabulary-02

Understanding-02

Assumptions-02

Needs-02

Requirements-02

Stakeholder-0N

Vocabulary-0N

Understanding-0N

Assumptions-0N

Needs-0N

Requirements-0N

• • •

Brooks'
Tarpit

Requirements
Integrated Views

Behavior
Trees

Composition
Tree

Shared Vocabulary
Shared Understanding
Shared Assumptions

Shared
Conceptualization

Inconsistencies among stakeholders             

Problem 2 – Imperfect Knowledge



R7 OVEN
?? Times_out ??

R7 POWER_TUBE
 [ Off] R7 LIGHT

 [ Off ]

R6
+

USER
?? [Closes ] DOOR ??

R6 DOOR
 [ Closed]

R6 LIGHT
[ Out]

R6. If you close the door, the light goes out. This is the normal  
configuration when someone has just placed food inside the oven but 
has not yet pushed the control button.  
 R7.  If the oven times out, it turns off both the power tube and the 
light. It then emits a warning beep to tell you the food is ready.  

Independent Translation

Imperfect Knowledge - Aliases

Inconsistency



R6. If you close the door, the light goes out. This is the normal  
configuration when someone has just placed food inside the oven but 
has not yet pushed the control button.  
 R7.  If the oven times out, it turns off both the power tube and the 
light. It then emits a warning beep to tell you the food is ready.  

Imperfect Knowledge - Aliases

Implication
We could formalize each requirement
independently but we would end up 
with an inconsistent vocabulary.

- We have to overcome this problem.
- Challenge when 100s requirements



We use a second
Integrated View

to solve problem

Imperfect Knowledge - Aliases



We saw earlier



Requirements Describe Behavior

Systems BehaviorExhibit

Requirements Systems Behavior

The Link – Build systems out of requirements          



Increase Order  =>  Remove Imperfections           

Requirements Contain Information
(poorly ordered)

Systems Information
(well-ordered)

Contain

Requirements Versus Systems



Requirements for systems
contain INFORMATION.

Systems that satisfy
requirements contain
INFORMATION

The Link – Build systems out of their requirements

Requirements Versus Systems



• Confronted with a statement of requirements our 
job is to systematically and effectively increase our
understanding of the problem to be solved.

• To increase understanding we need to create useful,
usable, new order in a repeatable, constructive way.

• It turns out that constructing the system composition
is probably the most effective way to do this and
thereby initiate the analysis/design phase.  

Where to Start => Understanding 

ROLE OF SYSTEM COMPOSITION          



Composition is a concept that is
widely used in a number of 
disciplines to provide useful
summary information about an
entity.

Composition

Useful summary information



HOUSE:     4 bedrooms, 2 bathrooms, ...

ETHANE: C2H6

DICTIONARY:
Table: " A piece of furniture consisting of a
flat top set horizontally on legs"

Relevant for analyzing/design of large systems

Examples

Composition



COMPOSITION C2H6
1

STRUCTURE2 C C
H
H

H

H
H
H

BEHAVIOR
Detailed

description
of behavior

3

Ethane MoleculeRepresentations

A Way to Look at Things - Chemistry



Composition is a fundamental 
property of a system.

Composition is a fundamental 
property of a set of functional 
requirements of a system.

Properties can be identified repeatably

What is Important About Composition



It should be UNIQUE 
for a given statement 
of requirements.

What is Important About Composition



The System Composition plays a role 
in  system design of comparable 
importance to the role  laying the 
foundations plays in constructing a 
house – it comes first and it supports 
all subsequent activities.

System Composition

System Composition => Built on System Vocabulary

Complete Vocabulary  Well-defined Property



The problem we face in attempting to build an
understanding of the components in a system is
that in statements of requirements for a system,
information about an individual component in 
the system is usually widely spread throughout 
the set of requirements.

What Composition Addresses

Component composition => System Composition



The Problem We Face

Integrated
Behavior Tree

7 OVEN
[Cooking-Finished

6 OVEN
[Idle]

3C OVEN
[Open]

2 OVEN*
[Cooking]

2 OVEN
[Extra-Minute]

1 OVEN
[Cooking]

2 BUTTON
[Pushed]

7 OVEN
?? Timed-Out ??2 USER

??Button-Push??

4C LIGHT
[On]

5 USER
??Door-Opened??

7 LIGHT
[Off]

7 POWER-TUBE
[Off]

7 BEEPER
[Sounded]

1 BUTTON
[Pushed]

1 POWER-TUBE
[Energized]

1 USER
??Button-Push??

6 USER
??Door-Closed??

6 DOOR
[Closed]

6 LIGHT
[Off]

8 USER
??Door-Opened??

8 DOOR
[Open]

4C LIGHT
[On] 3C BUTTON@

[Disabled]

5 DOOR
[Open]

3C BUTTON@
[Disabled]

5 OVEN
[Cooking-Stopped]

3C BUTTON
[Enabled]

5 POWER-TUBE
[Off]

6 OVEN
[Open]

Result of integrating eight 
functional requirements

=  DOOR

DOOR Component 
Mentioned in R6, R8, R5

Individual Component Info dispersed across requirements

R6

R8

R5



Information about “f” is spread across THREE pieces

Creating an Integrated View

Integrated View – Component “Picture” Emerges





Composition
Tree

Encapsulated
Component
Hierarchy

Encapsulated
Information
Vocabulary

Component-01

Encapsulated
Behavior

Vocabulary

Component-01
Interaction
Vocabulary

Component-02 • • •

Only present if
Component-01
is a "system"
component

Composition Tree Form



Train_Station
System

R1 STATION

R1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR R2 CROSSING_LIGHTS R2 TIMER R2 BOOM_GATES R2 EXIT_LIGHTR3 DOOR*

R3 PEOPLE*

R4 EXIT_DETECTOR

Component
Hierarchy

Composition Tree – Station System

System-of-Systems Integrated View



Train_Station
System

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR
R1 TRAIN

[ Approaches / ]

Relations

w here
[from] North

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R1 TRAIN

[ Detected / ]

how
[ by ] NORTH_DETECTOR

R2 CROSSING_LIGHTS

R2 [ Flashing_Red ]

States

R2 TIMER

R2 [ Timing ]

States

R2 [ Timed_Out ]

R2 BOOM_GATES

R2 [ Low ered ]

States

R2 EXIT_LIGHT

R2 [ Green ]

States

R3 TRAIN
[ Arrives / ]

w here
[ at ] STATION

R3 DOOR*

R3 [ Open ]

States

R3 [ Close ]

R3 PEOPLE*

R3 [ Disembark ]

States

R3
+ [ Occupied ]

R4 TRAIN
[ Leaves / ]

w hat STATION

R4 EXIT_DETECTOR

R4 EXIT_DETECTOR
[ Detects / ]

Relations

w hat TRAIN

where
[heading] South

R4 [ Red ]R4 [ Raised ]R4 [ NOT(Flashing_Red) ]

Complete
System
Vocabulary

Composition Tree – Station System



Train_Station
System

R1 TRAIN

R1 TRAIN
[ Approaches / ]

Relations

w here
[from] North

R1 TRAIN
[ Detected / ]

how
[ by ] NORTH_DETECTOR

R3 TRAIN
[ Arrives / ]

w here
[ at ] STATION

R3 DOOR*

R3 [ Open ]

States

R3 [ Close ]

R4 TRAIN
[ Leaves / ]

w hat STATION
where

[heading] South

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL R1 NORTH_DETECTOR

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN

R2 CROSSING_LIGHTS

R2 [ Flashing_Red ]

States

R2 TIMER

R2 [ Timing ]

States

R2 [ Timed_Out ]

R2 BOOM_GATES

R2 [ Low ered ]

States

R2 EXIT_LIGHT

R2 [ Green ]

States

R3 PEOPLE*

R3 [ Disembark ]

States

R3
+

[ Occupied ]

R4 EXIT_DETECTOR

R4 EXIT_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R4 [ Red ]R4 [ Raised ]R4 [ NOT(Flashing_Red) ]

Composition Tree – Station System

All Information about a 
single component is in
one place

Train

Station



• Provide an integrated view of data requirements
• Provide integrated knowledge of each component
• Provide a systematic way of finding many types of defects
• Approach repeatability of construction
• Provide information that supports subsequent steps
• Provide an important perspective of the size/dimensionality

of the a large system 
• Provide vital information that supports understanding

and subsequent maintenance of the system
• Provide information that can be easily and usefully

refined during later stages of development
• Identify important system architecture information
• Serve to construct the vocabulary of a system

Composition Trees



Text     Behavior
       Trees

Earlier We Saw



Text Composition
       Trees

Now We Want to Consider



Composition Tree

Process for Construction





TRAIN-STATION PROBLEM (Sherwood Station)

Develop a system to model the behavior of a Train-Station. You need to model a train entering the station from the north and
then leaving the station to the south. A crossing with boom gates and flashing red lights is located just south of the station.
There is a signal to the north of the station that only allows a train to enter when the station is not occupied, that is, when the
north signal is green.  There is also an exit signal light that ensures the train can only leave the station when the boom gates
are down. There is also a north detector that can detect the train approaching the station region from the north. And, there is
an exit detector that detects when a train leaves to the south.

1. Initially the station is not occupied. The north signal turns green whenever the station is not occupied. Whenever the north
signal is green a train may approach from the north. When approaching from the north a train is detected, by the north
detector, which causes the north signal to turn red.

2. When the north detector detects a train it causes the crossing lights to start flashing red. At the same time, a timer starts
timing and when it times out it causes the boom gates to be lowered after which the exit light turns green.

3. After the train is detected the north detector, it subsequently arrives at the station, the doors open, the people disembark,
and then the doors close.

4. After the doors close the train may leave the station only when and if the exit light is green. When the train leaves the
station, heading south, it is detected by the exit detector which means the station is again not occupied. This causes the north
signal to turn green and the exit light to turn red.  When the exit detector detects the train leaving, it also causes the boom
gates to be raised and then the crossing lights to stop flashing red.

For the purposes of the exercise ignore trains approaching the station from the south. This additional requirement can be
integrated later as a separate exercise. Also ignore situations where the train does not stop at the station - this too requires
some refinements to the design.

Example – Train Station System



REQUIREMENT-R1
Initially the station is not occupied. The
north signal turns green whenever the
station is not occupied. Whenever the
north signal is green a train may
approach from the north. When
approaching from the north,  a train is
detected by the north detector,  which
causes the north signal to turn red.

Translation to Composition TreeComposition Tree 

Requirements Translation



Train_Station
System

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR
R1 TRAIN

[ Approaches / ]

Relations

w here
[from] North

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R1 TRAIN

[ Detected / ]

how
[ by ] NORTH_DETECTOR

Requirements Translation  - One at a time

Translation to Composition TreeComposition Tree – R1 



REQUIREMENT-R2
When the north detector detects a train it
causes the crossing lights to start
flashing red. At the same time a timer
starts timing and when it times out, it
causes the boom gates to be lowered,
after which the exit light turns green.

Translation to Composition TreeComposition Tree – Integrating R2 

Requirements Translation  PLUS Integration



Train_Station
System

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR
R1 TRAIN

[ Approaches / ]

Relations

w here
[from] North

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R1 TRAIN

[ Detected / ]

how
[ by ] NORTH_DETECTOR

R2 CROSSING_LIGHTS

R2 [ Flashing_Red ]

States

R2 TIMER

R2 [ Timing ]

States

R2 [ Timed_Out ]

R2 BOOM_GATES

R2 [ Low ered ]

States

R2 EXIT_LIGHT

R2 [ Green ]

States

R2

Integrating

Translation to Composition TreeComposition Tree – Integrating R2 

Requirements Translation  PLUS Integration



REQUIREMENT-R3
 After the train is detected by the north detector, it
subsequently arrives at the station, the doors open, the
people disembark, and then the doors close.

Translation to Composition TreeComposition Tree – Integrating R3 

Requirements Translation  PLUS Integration



Train_Station
System

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR
R1 TRAIN

[ Approaches / ]

Relations

w here
[from] North

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R1 TRAIN

[ Detected / ]

how
[ by ] NORTH_DETECTOR

R2 CROSSING_LIGHTS

R2 [ Flashing_Red ]

States

R2 TIMER

R2 [ Timing ]

States

R2 [ Timed_Out ]

R2 BOOM_GATES

R2 [ Low ered ]

States

R2 EXIT_LIGHT

R2 [ Green ]

States

R3 TRAIN
[ Arrives / ]

w here
[ at ] STATION

R3 DOOR*

R3 [ Open ]

States

R3 [ Close ]

R3 PEOPLE*

R3 [ Disembark ]

States

R3
+ [ Occupied ]

R3

Integrating

Translation to Composition TreeComposition Tree – Integrating R3 

Requirements Translation  PLUS Integration



REQUIREMENT-R4
After the doors close the train may leave the station
provided the exit light is green. When the train leaves the
station, heading south, it is detected by the exit detector,
w hich means the station is again not occupied. This
causes the north signal to turn green and the exit light to
turn red. When the exit detector detects the train , it also
causes the boom gates to be raised and then the
crossing lights to stop f lashing red.

Translation to Composition TreeComposition Tree – Integrating R4 

Requirements Translation  PLUS Integration



Train_Station
System

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR
R1 TRAIN

[ Approaches / ]

Relations

w here
[from] North

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R1 TRAIN

[ Detected / ]

how
[ by ] NORTH_DETECTOR

R2 CROSSING_LIGHTS

R2 [ Flashing_Red ]

States

R2 TIMER

R2 [ Timing ]

States

R2 [ Timed_Out ]

R2 BOOM_GATES

R2 [ Low ered ]

States

R2 EXIT_LIGHT

R2 [ Green ]

States

R3 TRAIN
[ Arrives / ]

w here
[ at ] STATION

R3 DOOR*

R3 [ Open ]

States

R3 [ Close ]

R3 PEOPLE*

R3 [ Disembark ]

States

R3
+ [ Occupied ]

R4 TRAIN
[ Leaves / ]

w hat STATION

R4 EXIT_DETECTOR

R4 EXIT_DETECTOR
[ Detects / ]

Relations

w hat TRAIN

where
[heading] South

R4 [ Red ]R4 [ Raised ]R4 [ NOT(Flashing_Red) ]

R4

Integrating

Translation to Composition TreeComposition Tree – Integrating R4 

Requirements Translation  PLUS Integration



Translation to Composition Tree



Tackling Software Engineering’s Problems Head-on    

Deficient
Requirements

Quality
Software

Complexity

Deal with ONE
Requirement

at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

PROBLEMS Strategy/Process

Satisfying
Requirements

Integrated
Behavior

Tree
(IBT)

Integrated
Composition

Tree
(ICT)

Integrated Views

Translation to Composition TreeTwo Integrated Views 



4 BOOM-GATES
[ Raised ] 4 EXIT_LIGHT

[Red]]

4 X-ING LIGHTS
[NOT:Flashing-Red]

4 EXIT-DETECTOR
??Train[ Detected ] ??

4 TRAIN#
??[ Leaves] Station ??

4 NORTH- SIGNAL
[Green]

4 STATION
[ NOT (  Occupied  ) ]

4 CROSSING_LIGHTS
[NOT (Flashing-Red ) ]

4 BOOM-GATES
??  Raised  ??

4 EXIT_LIGHT
?? Green ??

1 STATION
[ NOT( Occupied  ) ]

1 NORTH-SIGNAL
[ Green ]

1
@@

NORTH-DETECTOR
?? Train[Detected ]??

1 NORTH-SIGNAL
[  Red  ]

2 EXIT-LIGHT
[Green]

2 BOOM-GATES
[Lowered ]

2 CROSSING-LIGHTS
[Flashing-Red ] 2 TIMER

[ [Starts]Timing ]

2 TIMER
?? Times-out  ?? 3 DOORS

[ Open ]

3 TRAIN#
?? Arrived / ??

3
@@

DOORS
?? Close ??

3
+

STATION
[ Occupied ]

3 PEOPLE
[ Disembark ]

1 TRAIN#
??Approaching / ??

where
[ from ] North

where
[ at ] STATION

Translation to Composition TreeIntegrated Behavior Tree - IBT 

First Integrated View

See system behavior as a whole 

Integration  - detects requirements defects

Can refine => Specification => Design

Model-checking, simulation, code-gen.

Aids component design & implementation

Benefits of Behavior Integration



Train_Station
System

R1 STATION

R1 [ NOT (Occupied) ]

StatesR1 NORTH_SIGNAL

R1 TRAIN

R1 NORTH_DETECTOR
R1 TRAIN

[ Approaches / ]

Relations

w here
[from] North

R1 [ Green ]

States

R1 [ Red ]

R1 NORTH_DETECTOR
[ Detects / ]

Relations

w hat TRAIN
R1 TRAIN

[ Detected / ]

how
[ by ] NORTH_DETECTOR

R2 CROSSING_LIGHTS

R2 [ Flashing_Red ]

States

R2 TIMER

R2 [ Timing ]

States

R2 [ Timed_Out ]

R2 BOOM_GATES

R2 [ Low ered ]

States

R2 EXIT_LIGHT

R2 [ Green ]

States

R3 TRAIN
[ Arrives / ]

w here
[ at ] STATION

R3 DOOR*

R3 [ Open ]

States

R3 [ Close ]

R3 PEOPLE*

R3 [ Disembark ]

States

R3
+ [ Occupied ]

R4 TRAIN
[ Leaves / ]

w hat STATION

R4 EXIT_DETECTOR

R4 EXIT_DETECTOR
[ Detects / ]

Relations

w hat TRAIN

where
[heading] South

R4 [ Red ]R4 [ Raised ]R4 [ NOT(Flashing_Red) ]

Translation to Composition TreeIntegrated Composition Tree - ICT 

Second Integrated View

All information about a component  - is in ONE place

Aids component design and implementation

Integration  - Helps detect inconsistent information

Provides complete system vocabulary – all in context

Benefits of Composition Integration



Deal with ONE
Requirement

at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

Strategy/Process

Integrated
Behavior

Tree
(IBT)

Integrated
Composition

Tree
(ICT)

Integrated Views

System Vocabulary

System-of-Systems Hierarchy

Components' Compositions

Components Interfaces

Component Behavior

Components Interactions

Integration Specification

Work Products

Where We Are Up To

Two Integrated Views 



Where Are We Up To

Integrated Views of Behavior & Composition          

Scale & Complexity

Build Right System

Imperfect Knowledge

Productivity ×



Behavior  Engineering



Collaborative Editing

Development
By

Teams

Integrated Composition Tree + BTs in Parallel



Translation to Composition TreeCollaborative Editing - Advantages 

Potential for significant productivity gains

Team members translate subsets of requirements.

Integrated Composition Tree provides strict
progressive vocabulary consistency.

Each team member sees dynamically how the 
work of others affects their work.

Practical, transparent way to combine the work
of individual team members.

Reduces project team communication overhead.



Translation to Composition TreeCollaborative Editing 

Requirements Translation

R1.  There is a single control button available for the user of the oven. 
If  the oven door is closed and you push the button, the oven will cook 
(that is, energize the power-tube) for 1 minute.  
R2.  If you push the button at any time when the oven is cooking, you 
get an additional minute of cooking time. 
R3.  Pushing the button when the door is open has no effect. 
R4.  There is a light inside the oven. Any time the oven is cooking, the 
light must be turned on. Any time the door is open, the light must be 
on. 
R5.  You can stop the cooking by opening the door. 
R6. If you close the door, the light goes out. This is the normal  
configuration when someone has just placed food inside the oven but 
has not yet pushed the control button. 
 R7.  If the oven times out, it turns off both the power tube and the 
light. It then emits a warning beep to tell you the food is ready. 
 

Microwave Oven – Functional Requirements

After Shlaer and Mellor, Object Life Cycles, p.36

Finding
Alias Defects



Translation to Composition TreeCollaborative Editing - ICT 

Requirements Translation – R6

Composition
Tree

OVEN_SYSTEM
Composition-Tree

R3 DOORR1 OVEN

States
States

R1 Closed

R1+ NOT(Cooking)

R1 POWER_TUBE

States
R1 Energized

Relations

R1 USER

how
[for] One_Minute

R1 OVEN
[ Cook  /]

Relations

R1 BUTTON

States
R1+ Pushed

R1
+

USER
?? [ Push ] BUTTON ??

R2 Cooking

how
[for] Additional_Minute

R2+ OVEN
[ Cook  /]

Alia - R1 CONTROL BUTTONAlias- R1 YOU

R3 Open

Alias- R1 OVEN_DOOR

R4 LIGHT

States
R4 On

R5 Cooking{ Stopped }

R1
+

USER
?? [ Opens ] DOOR ??

R6 Out

Requirement-R6
If you close the door the light goes out.
This is the normal configuration when
someone has just placed food inside the
oven but has not yet pushed the control
button.

Alias- R6 SOME_ONE

R6
+

USER
?? [ Closes ] DOOR ??

what Food

R6+ OVEN
[ Has_Placed /]

where
[Inside] OVEN R6

+
USER

?? Places ??

what Food
where

[Inside] OVEN

R6
+ Configuration{Normal}

R3+ Unpushed

Finding
Alias Defects

Finding
Alias Defects



Translation to Composition TreeCollaborative Editing - ICT 

Composition
Tree

OVEN_SYSTEM
Composition-Tree

R3 DOORR1 OVEN

States States
R1 ClosedR1+ NOT(Cooking)

R1 POWER_TUBE

States
R1 Energized

Relations

R1 USER

how
[for] One_Minute

R1 OVEN
[ Cook  /]

Relations

R1 BUTTON

States
R1+ Pushed

R1
+

USER
?? [ Push ] BUTTON ??

R2 Cooking

how
[for] Additional_Minute

R2+ OVEN
[ Cook  /]

Alia - R1 CONTROL BUTTONAlias- R1 YOU

R3 Open

Alias- R1 OVEN_DOOR

R4 LIGHT

States
R4 On

R5 Cooking{ Stopped }

R1
+

USER
?? [ Opens ] DOOR ??

Alias -
R6 Out

Alias- R6 SOME_ONE

R6
+

USER
?? [ Closes ] DOOR ??

what Food

R6+ OVEN
[ Has_Placed /]

where
[Inside] OVEN

R6
+

USER
?? Places ??

what Food
where

[Inside] OVEN

R6
+ Configuration{Normal}

Requirement-R7
If the oven times out, it turns off both the
power tube and the light. It then emits a
warning beep to tell you the food is ready.

R7
+

OVEN
[ Emits / ]

what Beep.Warning

R7
+

OVEN
[ Food [ Ready ]]

R7 ?? Times_out ??

R7 Off
R7 Off

R3+ Unpushed

Alias- R7 IT

Finding
Alias Defects

Finding
Alias Defects

Finding alias defects



Behavior  Engineering



My Last Six years …
• Behavior Engineering trials on a series of 
large projects with one  large company
consistently found 10 – 15% 
of requirements analyzed contained
significant defects not found by their
review processes.

• Company is a CMMi company with mature
processes.

• Similar statistics on projects for other large
companies and organizations

Work With Industry



My Last Six years …

 
 Recent Project- RP Last 3 Projects – (RP excluded)  

     Total Ave   
Number of Pages Analysed: 101pages 265 88.33 pages 

Number of Requirements Analysed : 920requirements 3142 1047.33 requirements 

Major Defects Only 128defects 412 137.33 defects 

Incompleteness 73 57.03% 260 86.67 63.11%

Inconsistency 3 2.34% 30 10.00 7.28%

Ambiguity 19 14.84% 93 31.00 22.57%

Redundancy 31 24.22% 13 4.33 3.16%

Inaccuracy 2 1.56% 16 5.33 3.88%

Number of Queries: 7queries 98 32.67 queries 
Effort (Includes reporting, analysis, 
modeling) 94Person-hours 325 108.33 Person-hours 

 

The following table contains statistics on recent projects 
where we have applied the method.

What the results show is that the Behavior Engineering method consistently finds
130 major defects per 1000 of requirements after normal reviews and correction have
been carried out. In addition the integrated work products constructed to detect defects
can subsequently be corrected and refined to create an executable design.

Work With Industry



Where have we got to?



Deficient
Requirements

Quality
Software

Complexity/
Scale ?

?
Satisfying

Requirements ?
These Problems are all interdependent

Threats to Producing Quality Software



Deficient
Requirements

Quality
Software

Complexity

? Deal with ONE
Requirement

at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

PROBLEMS Strategy

Satisfying
Requirements

Tackling Complexity Head-on  

Behavior Engineering



Deficient
Requirements

Quality
Software

Complexity

Deal with ONE
Requirement

at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

PROBLEMS Strategy

Satisfying
Requirements

Tackling Deficient Requirements Head-on

Behavior  Engineering



Deficient
Requirements

Quality
Software

Complexity ?
? Deal with ONE

Requirement
at a time

Build System
OUT OF

Requirements

Requirements
Translation

&
Requirements

Integration

PROBLEMS Strategy

Satisfying
Requirements

Tackling Verification & Validation  Head-on 

Behavior  Engineering



181

Informal Requirements

Integrated Behavior Tree

Requirement Behavior TreesRequirements Translation

Simulation

Verification
Component 
Behavior Tree

R1. There is a single control button available for the user of the oven. If the oven is idle 
with the door closed and you push the button, the oven will start 
cooking (this is, energize the power-tube for one minute).

R2. If the button is pushed while the oven is cooking it will cause the oven to cook for an 
extra minute.

R3. Pushing the button when the door is open has no effect (because it is disabled).

R4. Whenever the oven is cooking or the door is open the light in the oven will be on.

R5. Opening the door stops the cooking.

R6. Closing the door turns off the light. This is the normal idle state, prior to cooking when 
the user has placed food in the oven.

R7. If the oven times-out, the light and the power-tube are turned off and then a beeper 
emits a sound to indicate that the cooking is finished.

Requirements Integration

Implementation

Building Dependable Systems



Accuracy – individual requirements translation

Validation – preserve original vocabulary

Complexity – deal one requirement at a time

Defects – rigorous translation, integration, MC

Comprehending – requirements integration

Dividing up the work – single requirement focus

Translation to Composition TreeSimple, Scaleable Development 

Towards Quality Software



Translation to Composition TreeAudience – Acquiring New Knowledge

Consistently much higher defect detection rates

“There are two ways of acquiring 
knowledge  … Argument reaches 
a conclusion and compels us to 
admit it, but it neither makes us 
certain nor so annihilates doubt 
that the mind rests calm in the 
intuition of truth, unless it finds 
this certitude by way of experience”

- Roger Bacon, 1268 AD



… and more information

www.behaviorengineering.org
www.accs.edu.au

Translation to Composition Tree



I would like acknowledge the contribution of my
colleagues at the ARC Centre for Complex
Systems at University of Queensland and my
colleagues and students at Griffith University 
who have contributed to this work.  I would
also like to thank the many people in Industry 
and academia who have supported and 
encouraged me in progressing this work over 
the last seven years.



“If you keep doing what you have 
  always done, you will keep getting 
  what you have always got”.                      
–                           W. Edwards Deming 

Translation to Composition Tree



Translation to Composition Tree

“I believe that failure is less frequently
attributable to either insufficiency of
means or impatience of labour than 
to a confused understanding of the

thing actually to be done.”

John Ruskin

Take-home message 


	Recent Failures – June Verner (NICTA) 
	Behavior Tree  Notation
	Behavior Tree  Notation
	Observation – Jigsaw Puzzles
	QUESTION
	QUESTION
	QUESTION
	QUESTION
	QUESTION
	  How does this help?
	Requirements Integration
	Satellite Control System �Case Study
	
	

