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Architecture Topics

• Architecture Frameworks

• Physical

• Functional

• Software

• Interfaces

• SOS

• Analysis

• Relationship to other SE areas

• Places to go for further information
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Architecture Frameworks
• Define various views 

of the architecture

• Columns are attributes
– What

– How

– Where

– Who

– When

– Why

• Rows are level of 
abstraction from 
system to component

• Other Frameworks
– DODAF

– MODAF

– TOGAF
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Physical Architecture

4

Schematic Block Diagram (SBD)
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User View

• Tsunami Alert System
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System View
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Component View
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Typical Physical Architecture Diagram
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SW Architecture
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Data Architecture
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TSUNAMI FORECASTING SYSTEM
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Donald W. Denbo, et al

Software design 

and implementation 

using service 

oriented 

architecture



Deployment Diagram
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But what is missing?
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Functional Architecture
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What the Functional Architecture Defines

• What the system does

• How (functionally) it does it
– Series or parallel

– Push or pull

– Demand or schedule

– Simple transmission or “ack-nack”

– Data storage or process and discard

– Command movement or exception-only control

– Discrete/flood search/other (telephone)
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Functional Flow Block Diagram
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Sequence and control flow is defined 

in the basic FFBD

• Blocks in sequence do not overlap

• Parallel, iteration, loop, etc.
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Data or Object Flow
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Data flow is the principal concern of 

IDEF 0 and the Data Flow Diagram

Sequence is only 

indirectly shown

IDEF 0

Data Flow Diagram
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Enhanced FFBDs
• EFFBDs or Behavior Diagrams provide full, executable modeling of functionality with loops, decisions, replications, 

and other constructs.  
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Sequence Diagram

: Scientist : ScientistInterface : DataSet : Sample: EnvironmentInterface

MAIN SCENARIO:

Steps 1 and 2 may be in 

any order...

1. Scientist selects data 

set

2. Scientist selects 

analysis

3. Scientist receives 

analysis results (data set)

Select data set

Select analysis

return results

Analyze

Get samples
Get samples

Get sample data

Sequence Diagrams provide limited combination of sequence and data
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System Summary Use Case

Civil Warning Centers Institute Scientist

System Controller
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Use cases also emphasize 

Data Flow
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Use Cases
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ID: [Unique ID of this use case]

Title: [Enter the goal of the use case - preferably as a short, active verb phrase]

Description: [Describe the goal and context of this use case. This is usually an expanded version of 

what you entered in the "Title" field.]

Primary Actor: [A person or a software/hardware system that interacts with your system to achieve the 

goal of this use case.]

Preconditions: [Describe the state the system is in before the first event in this use case.]

Postconditions: [Describe the state the system is in after all the events in this use case have taken place.]

Main 

Success Scenario:

[Describe the flow of events from preconditions to postconditions, when nothing goes 

wrong. This is the meat of the use case.]

Extensions: [Describe all the other scenarios for this use case - including exceptions and error cases.]

Frequency of Use: [How often will this use case be used?]

Status: [Development status]

Owner: [Who owns this use case, in your project team?]

Priority: [Priority of this use case]



Interfaces

Types

• Physical

• Functional

• Human

• Enterprise

• Logistics

• Manufacturing

• …

Considerations

• Direct/Indirect

• Control/don’t control

• Standards

• …
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Defining Interfaces with the EFFBD

n.1

Request

Withdrawal

n.5

Process

Request

n.6

Confirm
OK

n-1 (Ref)

Prior

Function

n.8

Determine

If OK

Y

N

n+1 (Ref)

Next

Function

Withdrawal 

Request
Cash

OK or 

reject

Approval/

disapprov

al

Withdrawa

l Notice

n.7

Pay

n.3

Decide
Retry

n.2

Read 
Response

n..4

Collect 
Cash

Y

N

Y

N

ITIT

ATM

Customer

Bank

Interface

Interface

23
www.incose.org/symp2023



System of Systems 
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SOS Example
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Architecture Analysis

• Commonality – internal reuse level

• Modularity – ease in upgrade to component or function

• Standardization

• Complexity – cyclomatic complexity, McCabe

• Failure analysis – physical, functional 

• Maturity
– Technology Readiness Levels

– System Readiness Levels (TRLs + Integration Readiness Levels)

• Timing

• Peak loading

• Risks
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Don’t wait until built to find out it won’t work



Conway’s Law

• Generalized as:
– Any organization that designs a system (defined broadly) will produce a 

design whose structure is a copy of the organization's communication 
structure.

• Main point:
– System interface issues are likely to occur where organizational interfaces 

have issues

• Example of problem: Mars Climate Orbiter
– Spacecraft expected metrics

– Ground sent ‘English’ (feet)

• Lesson: Pay close attention to the Enterprise Architecture
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Putting the Pieces Together
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Architecture and other SE activities

• Requirements – Defines what a successful Architecture does 
and how well 
– Architecture choices may change or add to requirements

• Integration – Putting the pieces together
– starts with integration analysis of the architecture

• Verification & Validation – is it correct
– Meets both requirements and user needs

• Risk/Opportunity – likelihood of success 

• MBSE – A way of expressing, communicating, and analyzing 
architectures
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Places to go for more information

• INCOSE SE Handbook

• ISO/IEC/IEEE 15288:2015 Systems and 
software engineering -- System life cycle 
processes

• ISO/IEC/IEEE 12207 Systems and software 
engineering – Software life cycle 
processesThe Art of Systems Architecting 
– Maier

• Most SE textbooks

• Various Frameworks

• https://sebokwiki.org

Jim’s contributions

• SE Methods Compared, INCOSE IS 
1993

• Failure Mode Analysis in SE, INCOSE IS 
1995

• Functional Architecture’s Mental 
Roadblocks and Other Things Your 
Mother Didn’t Tell You, INCOSE IS 2013

• Contact for questions

– jimarmstrong29@aol.com 
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