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Nature of Systems

Systems typically contain 10’s, 100’s, and
sometimes 1000’s of objects.
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Systems and Size

This number of objects makes understanding and
building the system a significant problem.

Will it
ever

work?

Where do 
I start?

Who 
does 
what?

When am 
I done?

How do I 
keep track
of things?
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Managing Size
 An effective way to manage size is to partition a

large problem into distinct, smaller problems.

Divide
and 

Conquer!!
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Partitioning Issues

u Components - What’s the criteria for partitioning?

u Interfaces - How do the partitioned elements interact?

u Representations - How do we document the partitioning?

When something is partitioned, however, the
following issues arise.
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Partitioning a House

House 
Specification

(model)

• structural
• plumbing
• electrical
• heating

Components

heating blueprint
electrical blueprint

plumbing blueprint

Representations

structural blueprint

heating

Interfaces

electrical

plumbing

structural
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Partitioning Software

Software
Specification

(model)

Components
Domains based on Subject Matter

Interfaces
Bridges based on modeled interactions 

Representations
Domains represented as UML packages

Bridges represented as UML package dependency

With the OOA/RD:
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But Suppose for a house...

House 
Specification

(model)

living room
• structural
• electrical
• plumbing
• heating

family
room

• structural
• electrical
• plumbing
• heating

master bedroom
• structural
• electrical
• plumbing
• heating

bedroom
• structural
• electrical
• plumbing
• heating

dining room
• structural
• electrical
• plumbing
• heating

Components ...the partitioning criteria
was rooms? hall

• structural
• electrical

kitchen
• structural
• electrical
• plumbing
• heating

pantry
• structural
• electrical
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Thus...

Proper partitioning is essential
for reducing complexity

House 
Specification

(model)

• structural
• plumbing
• electrical
• heating

Components

heating blueprint
electrical blueprint

plumbing blueprint

Representations

structural blueprint

heating

Interfaces

electrical

plumbing

structural

living room
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• plumbing
• heating

family
room

• structural
• electrical
• plumbing
• heating

master bedroom
• structural
• electrical
• plumbing
• heating

bedroom
• structural
• electrical
• plumbing
• heating

dining room
• structural
• electrical
• plumbing
• heating

Components
hall

• structural
• electrical

kitchen
• structural
• electrical
• plumbing
• heating

pantry
• structural
• electrical

Representations

Interfaces
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What to do? What not to do?
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          Non Subject Matter Partitioning

u Functional
u Hardware Components
u Execution Units
u Organizational Boundaries

I’ve been partitioning
systems for years. I

know what I’m doing!
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“Senior” Developer
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Segment of Functionally
Partitioned “Domain Chart”

The Functional Approach

Material
Handling 

Controller/Mgr
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. . .

• factory floor
• workstation
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Segment of Subject Matter
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. . .

Workstation
Carts
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Non Subject Matter Partitioning
Segment of Functionally

Partitioned “Domain Chart”
Material
Handling 

Controller/Mgr

Workstation
Controller/Mgr

Factory Floor
Controller/Mgr

Warehouse
Controller/Mgr

Factory Floor
Conveyors

Factory Floor
AVGs

Factory Floor
Carts

. . .

Workstation
Carts

u Model the same, or similar, thing in many places
u Significantly increases the effort, size and complexity

Results:

u Repartition based on subject matter
u Offer the “senior” engineer early retirement

Recovery:

u Common habit
u Poor/No abstraction

Driven By:
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        UI mixed into the Application

Thrust Reverser System

* Engine Number (R1)
- Arm Request
- Arm Status
- Deploy Status

Translating Structure

* Engine Number (R2)
- Fail Status

Reverse Thrust Lever

* Engine Number (R3)
- Power level angle

Landing Gear System

* Aircraft ID (R7)
- Weight on Wheels

Aircraft

* Aircraft ID
- various global attributes

Engine

* Engine Number
- Fan
- Turbo
- Aircraft ID (R8)

Main Thrust Lever

* Engine Number (R10)
- Power level angle

travels on
runway using

supports runway
travel for

powers movement of has forward thrust
commanded by

commands forward
thrust of

commands reverse
thrust of

has reverse
thrust commanded by

activates and
deactivates

is deployed and
stowed by

regulates action of

action is
regulated by

movement is
powered by DEPLOY

1
DEPLOY

1
ARM

1

ARM

OFF

ARM

OFF
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UI and Application Separated
Internal Events External Actions

PIO 1 : TR Unarmed Turn Arm Lights OFF
PIO 2 : TR Armed Turn Arm Lights ON
PIO 3 : TS Deployed Turn Deploy Lights ON, Release Reverse Thrust Lever Idle Lock
PIO 4 : TS Not Deployed Turn Deploy Lights OFF
PIO 5 : TS Stowed Release Main Thrust Lever Idle Lock

TR 8 : Deploy Reverse Thrust Lever Pulled UP
TR 11 : Stow Reverse Thrust Lever Pushed DOWN
TR * Set Arm Request ON/OFF Arm Switch ON/OFF

EN 1 : New Thrust Change Main or Reverse Thrust Lever Angle
EN 3 : Enter Idle Main or Reverse Thrust Lever enters IDLE position

APS 1 : Arm for Deploy Open hydraulic selector valve (simulate)
APS 2 : Deploy TR Set timer, trigger deploy sound
APS 3 : Stow TR Set timer, trigger stow sound
APS 4 : New Forward Thrust Adjust engine sound
APS 5 : New Reverse Thrust Adjust engine sound
APS 6 : Disarm for Deploy Close hydraulic selector valve (simulate)

*  This designates an event which triggers asynchronous action, so there is no event number
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Leon’s rule for separating
the UI from App

u Start with the feature in question
u Assume multiple interfaces (GUI, TUI,

RUI, VUI) even if they don’t exist
u Then ask the question “Must the proposed

feature exist in each xUI?”
u If the answer is “yes”, then it’s in the

Application!
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        Poorly Factored Behavior

Handling 
Equipment

Process
Input/Output

. . .

Segment of Subject Matter
Partitioned Domain Chart

• H/W periodically samples data

• PIO synchronously updates

Common behavior pattern.

• Handling Equipment
acts on changes in data

• It polls looking for
changes
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Refactoring Behavior

Handling 
Equipment

Process
Input/Output

. . .

Segment of Subject Matter
Partitioned Domain Chart

Common behavior pattern.

• H/W periodically samples data

• PIO synchronously updates

• PIO generates events on
specified changes

• Specifies event criteria

• Waits for PIO events



© 1999 Model Integration, LLC 19

Poorly Factored Behavior

u Repeating model pattern in the client domain
u Moderately increases the effort, size and complexity

Results:

u Factor the behavior pattern out of client
u Place behavior pattern in service

Recovery:

u Literal modeling of real world
u Separate groups doing domains

Driven By:
Handling 

Equipment

Process
Input/Output

. . .

Segment of Subject Matter
Partitioned Domain Chart
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Time control mixed
into the App

Heater

* ID
- Setpoint temp
- Actual temp
- Start_time
- End_tiime Flow Regulator

* ID
- Setpoint flow rate
- Setpoint pressure
- Detected pressure
- Computed flow rate

Pump

* ID
- Power_ON

Pump Step

* Number
- Time_duration
- Power_setting

is programmed
by

programs

Regulator Step

* ID
- Flow_time
- Flow setting
- Pressure_time
- Pressure setting

is programmed
by

programs

Gas Chromatograph
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Concentrate time control in one place
Heater

* ID
- Setpoint temp
- Actual temp

Flow Regulator

* ID
- Setpoint flow rate
- Setpoint pressure
- Detected pressure
- Computed flow rate

Pump

* ID
- Power_ON

Device Sequencer

Set Parameter
      (Entity = 32, Type = Pump, Value = ON)

Set Parameter 
      (Entity = 4, Type = Heater, Value = 270)

Setpoint_temp = 270
      

Power_ON = OFF
      

Timeline
Event

Ramp
Parameter
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         Overachieving Object

“Everything There is
to Know About Wafer”

Domain

• wafer map
• die geomety
• defects

• movement
• alignment
• orientation

• scan area
• scan geometry
• scan parameters

Wafer 
Inspection



© 1999 Model Integration, LLC 23

• scan area
• scan geometry
• scan parameters

Laser
Scanner

Scan Set

Counterpart Objects
A single physical
object can have

multiple
manifestations within a

system.

A single physical
object can have

multiple
manifestations within a

system.

Metrology
Application

• wafer map
• die geomety
• defects

Wafer

Robotic
Transfer

• movement
• alignment
• orientation

Substrate
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Over Achieving Object

u Mixing multiple subject matters in single domain
u Significantly increases the complexity of the model

Results:

u Abstract the object at multiple levels
u Ensure counterpart linking

Recovery:

u Literal modeling of real world

Driven By: Everything There is to
Know About Wafer

Domain

• wafer map
• die geomety
• defects

• movement
• alignment
• orientation

• scan area
• scan geometry
• scan parameters



© 1999 Model Integration, LLC 25

Critical System Services

Diagnostics

Initialization

Configuration

These are not Domains!
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It’s all in the objects

Elevator

* ID
- Model number (R2)
- Current floor (R4)
- Next floor (R5)
- Motion status

Door

* Elevator ID  (R1)
- Time until close
- Number of retries
- Service status

permits
access to

R1 - access is
permitted by

Elevator Configuration

* Number
- Home floor
- Passenger load time
- Obstruction clear time

R2 - specifies

is specified
by

R3 - is below
c

Floor

* Number
- Next floor (R3)
- Up request
- Down request

 R4 - is directly over

is directly under

will be visted
next by

R5 - is going to

Configuration

Diagnostics

Initialization
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A Good Domain Chart
is a High Leverage Item

u Invest time up front
u Review as modeling proceeds
u Revise when necessary

Don’t leave it to luck! u Functionally partition
u Mix subject matters together
u Model the world too literally

Do...

Don’t...

u Leave it to luck!
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A common mixed UI / App
Elevator Cabin

* ID

Button

* ID

Floor

* ID

is controlled withcontrols

is used by

uses

Floor-1

Floor-2


