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Alejandro Salado € @AlejSalado

A good architecture may end up being
instantiated by a good design or a bad
design.

A bad architecture is hardly ever
recoverable through design.

£} Share and follow Dr. Alejandro Salado for more content like this.

Dr. Alejandro Salado - seguindo %
Helping engineers master complexity throu...
8 h - Editado - ®

WHERE DOES ARCHITECTURE END AND DESIGN
BEGIN?

The discussion, moderated by Bryan Mesmer, featured
valuable insights from my fellow panelists, Marcell
Padilla, Mike Watson, and Garima Bhatia, Ph.D.

Despite our engaging dialogue, | find myself reflecting
on whether architecture and design exist on a
continuum or if there's a distinct separation between
them.

Here's my current perspective:

E Architecture is strategic. It deals with structure,
concepts, and relationships, all of them being formless.
£ Design is tactical. It transforms those architectural
choices into tangible implementations, giving form to
the structure and relationships.

For example:

- Architectural decision: "We will use standard
interfaces."

- Design decision: "We will use USB 3.0."

Seems straightforward, right?

But...

Where do we formally draw the line?

While examples are helpful, precise definitions are

accantial tn diffarantiata architartiira fram dacinn in a

https: //www.linkedin.com/posts/alejandrosalado_where-is-the-line-between-architecture-and-activity-7308492567338229760-7RHc
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*Principle of Emergence:

As the entities of a system

are brought together, their
interaction will cause

function, behavior,
performance, and other

intrinsic properties to e
emergqge.



http://n9neo.wordpress.com/2013/09/05/sep-5th-13-line-app-new-paid-stickers/mickey-mouse-wizard
https://creativecommons.org/licenses/by-sa/3.0/

%Jetﬁ * Emergence is the power and the magic of systems. Emergence refers to
what appears, materializes, or surfaces when a system operates.
Obtaining the desired emergence is why we build systems. Understanding
emergence is the goal—and the art—of system thinking.

=t

* What emerges when a system comes together? Most

obviously and crucially, l unc ti on emer g es.

TABLE 2.1 | Types of emergent functions

Anticipated Emergence Unanticipated Emergence
Desirable Cars transport people Cars create a sense of personal
Cars keep people warm/cool freedom in people
Cars entertain people
Undesirable Cars burn hydrocarbons Cars can kill people




Function

Function i1s what a system does. Function is about activity, in contrast with form, which is about
existence. As indicated by Box 5.1, function involves operations, transformations, or actions.
Performance (how well a system performs) is an attribute of function.

Definition: Function

Function 1s the activity, operation, or transformation that causes or contributes to perfor-
mance. In designed systems, function is the actions for which a system exists, which ulti-
mately lead to the delivery of value. Function is executed by form, which is instrumental in
function. Function emerges from functional interaction between entities.

Function 1s a product/system attribute.
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=&~ Boundaries

* Boundary is understood to be a
more or less arbitrary border Environmental sysiem
between the system and its E—
surroundings or the environment
in which it is embedded.




= |nternal functions

 Within a system, there are internal functions and relationships among
these internal functions.

* Together these define the functional architecture of the system.

* The externally delivered function, performance, and “ilities” emerge from
these internal functions and relationships.

* The key task is to identify the entities of internal function.



|

- l[dentifying Internal function

* How did we identify the internal functions? There are
several approaches, including reverse engineering of
the form, standard blueprints, and metaphor.

* We reason, “What do these elements do?”

e Often, just observing operations is valuable too. In
applying these approaches, we must first focus on
the internal processes that lead to the creation of
value. We must also apply domain knowledge and
experience.

Dough I.-"f-_ T |
| - bakin P
[ A
.-"---- |
- |
I -l o
L -
Bread {  Cutting
| S

l—— — - J

_‘_.--""' ];ruduc;’;mcm boundary

Shices

FIGURE 5.10 Internal functions of bread
slice making.



= External functions

* Delivering value

* First, the function must be externally delivered; it must cross the boundary of the
system and influence something in the context.

* Function delivers value when it acts externally to the system. It is important that
the function is externally delivered, that it is not only internal to the system.

* Environment Constraint

* External elements can also restrict/conduct the system.

* Those functions are (usually) uncontrollable and are source of STATES/MODES to
the system.
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Functional modeling



* Functional modeling in Systems Engineering is a structured representation
of functions (i.e., activities, actions, processes, operations) within the
modeled system.

* The purpose of the functional model is to
* (i) describe the functions and processes,
e (ii) assist in the discovery of information needs,
e (iii) help identify opportunities, and
* (iv) establish a basis for determining the costs of products and services.

15
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+ FM: Functional partitioning

* Functional partitioning is the process of grouping functions that logically
fit the components that are likely to be used and to minimize functional

interfaces.

* Partitioning is performed as part of functional decomposition. It
identifies logical groupings of functions that facilitate the use of modular

components and open system designs.

* Functional partitioning is also useful for understanding how existing
equipment or components (including commercial) will work with or within

the system.

16



= FM: "Reconstructability”

* Functional decomposition refers
to the process of resolving a
functional relationship into its
constituent parts in such a way
that the original function can be
reconstructed from those parts.

17



+ FM: Understanding

* In general, this decomposition process is
carried out for the purpose of obtaining
information about the identity of the
constituent components or for the purpose
of obtaining a compressed representation
of the global function — a task that is only
feasible when the constituent processes
have a certain level of modularity.




- FM: Atomic function

* In functional decomposition of systems, which
is a method for analyzing systems, the basic
idea is to try to divide a system in such a way
that each block of the block diagram can be
described without using the words 'and’ or 'or'.

* This exercise forces each part of the system to
be given a pure function.




= EM: Simplicity

* When a system is composed of pure functions, they can be reused or
replaced.

A common side effect of such a composition is that the interfaces between
blocks become simple and generic.

* Because interfaces often become simple, it's easier to replace a pure
function with a related, similar function.



-+ FM: Functional decomposition

21
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Functional architecture



* Functional architecture is (usually) a top-down decomposition of the
functional and performance requirements of the system.

* The architecture shows not only the functions that must be executed, but
also the logical sequencing of the functions and the performance
requirements associated with the functions.
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onal architecture example

First Level:
Basic Functional
Requirement

Second Level:
Transport and
communicate
showing as
parallel functions

Third Level:
Showing decom-
position of the
transport func-

Perform Mission

4

—)| Transport

Communicate 3
Required transport

requirements allocated
from mission requirements

lsn km 90 min h

Load )| sStart ) Move —}| Stop —)| Unload

tion 8 min 1 min 75 min 1 min 5 min
0 km 0 km 50 km 0 km 0 km
A Simple Rule: Performance Allocation:
mpe e Performance requirements

Look to see if all the functions are verbs. If there is a function identified as
a noun, then there is a problem with the understanding of the functions.

allocated to functions

The Marine Corps has a need to transport troops in squadron-level units over a distance of 50 kilometers. Troops must be transported
within 90 minutes of the date of arrival of the transport system. Constant communication is required during troop transport.




* From the CONOPs...

25



Embark
Passengers

_|

I Load Cargo
I And Baggage

Service
Aircraft

IPushhack

Example scenario — “Happy day”

— e

Pre-flight
Aircraft

_|

——| Takeoff

Climb |—| Cruise

Descend |—

Taxi

o o e

Park at

Disembark

Passengers

Unload Cargo

Gate

“Happy Path” is a default scenario featuring no

exceptional or error conditions.
26

And Baggage

Post-flight

Aircraft

Service
Aircraft




Example scenario — “Rainy day 1”

Embark
Passengers
Service Load Cargo | | _
Pre-flight
Aircraft

Off-Nominal scenarios )

) Disembark
cover fallures, low Passengers
performance, unexpected

environmental conditions, Taxi Parkat | | |unioad cargo [
Gate I I And Baggage
or operator errors.

Post-flight
Aircraft

27
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(enhanced) Functional Flow Block
Diagram



8 2
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. FFBD overview (first)

* A Functional Flow Block Diagram (FFBD) is a multi-tier, time-sequenced,
step-by-step flow diagram of a system’s functional flow.

e The FFBD is

* FFBDs are also referred to as functional flow diagrams, functional block
diagrams, and functional flows.

* In the 1960s it was exploited by NASA to visualize the time sequence of
events in space systems and flight missions and thus adopted by the
aeronautics as a whole.

29
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-+ Function Flow Block Diagram

* FFBD is to describe system requirements in functional
terms.

e The FFBD is —hnot solution oriented.

» The process of defining lower-level functions and sequencing
relationships is often referred to as functional decomposition. It
allows traceability vertically through the levels.

* It is a key step in from
which designs may be synthesized.

30



Development of FFBD

* FFBDs can be developed in a series of levels.

* FFBDs show the identified through
and display them in their logical,
sequential relationship.

* The FFBD also incorporates alternative and contingency operations,
which improve the probability of mission success.

* The flow diagram provides an understanding of total operation of the
system, serves as a basis for development of operational and contingency
procedures.

31



Top Level

1st Level

2nd Level

1.0 2.0 3.0
L) LY
\ \
M \
System Function |
v LY
\\ \ .
L |
LY 1
1.1 12 —O— 13 1.6 1.7 2.6 2.7
2.8
Subfunction 1.0
_ - »
1.5.31.5.4}1.5.5
1.4.1

1.4.5
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Example: Planetary Defense Program

[ Planetary Defense ]

[ 1. Detect Threat ] [

2. Eliminate Threat

1.1 Coordinate Assets

1.2 Monitor Sky

1.3 Confirm Sighting(s)

1.4 Determine Composition

1.5 Determine Size

1.6 Determine Velocity

1.7 Determine Orbital Elements

1.8 Run Simulation(s)

1.9 Establish Level of Threat

1.10 Decide on Action

] [ 3.Re-evaIlIJate Threat ]

2.1 Track Target

~

2.2 Run Simulation(s)

2.3 Prepare Delivery System

2.4 Prepare “Payload’

2.5 Implement Response

-

3.1 Monitor Impact

3.2 Ref. Detect Threat

3.3 Confirm Success/Failure




anetary Defense Level 1 Functional Flow
ock Diagram For Threat Detection

1
| Ref. 3 !
1
' Reevaluate |
1
| Threat (b) !
| S - m=——-——-—-
i
———————————————————————————————— I— ———————— e e R e e e R e R R e e e e R R e e e e e e e e e e R e e e e e
1 v 1
! 1. Detect Threat : .
1
i ! 1.4 Determine _ '
' ! Composition i 1
1 ' :
1 X .
[} : 1
: v 1.5 Determine . :
! " Size " i
: 1.1 Coordinate .| 1.2 Monitor .| 1.3 Confirm and and 1.8 Run .| 1.9 Establish :
. Assets i Sky "l sighting(s) Simulation(s) Level of Threat !
: 7y i .| 1.6 Determine o :
1 X " Velocity " 1
1 | A 4 |
1 1
| 1
: ! 1.10 Decide on :
: i | 1.7 Determine o Action 1
1 : "| oOrbital Elements " :
1 1
1
1 X 1
| : !
1 1 or 1
1 1
1 | 1
g -
1
1
Pt Foees !
! Ref. 3. ' Ref.
! Reevaluate | 2. Eliminate
! Threat (a) | Threat
Lo ] 1
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anetary Defense Level 1 Functional Flow
ock Diagram For Threat Elimination

TTTTTT

TTTTTT

eeeeeeeeeeeeeeee
TTTTTT
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anetary Defense Level 1 Functional Flow
ock Diagram For Threat Reevaluation

3. Reevaluate Threat
Success Ref

. Detect
Threat (a)
Ref. 2. Eliminate L Monitor Impact .| Ref.2.Detect .| Confirm Success i °
Threat ! " P " Threat (b) " or Failure '
e R e IR T Ref. Eliminate
Failure Threat

36



(e)FFBD Language



Symbology

* A function must be represented by a rectangle containing the title of the

function (@n action verb followed by a noun) andiits

unique number.

Unique decimsl

TEMPLATE / gl \ EXAMPLE
Fl1.1

[Fanction Number]

Action Verb followed

[Function Title] < ke o Fous Phiasc. ™ Display Instructions

[Function Number] F1
4 Reference Function ———p

ion Title
[Function Title] Maintsin ATM

38




* Function block: Each function on an FFBD should be
separate and be represented by single box (solid line).
Each function needs to stand for definite, finite, discrete
action to be accomplished by system elements.

39



* Function numbering: Each level should have a consistent
number scheme and provide information concerning
function origin. (E.g., top level—1.0, 2.0, 3.0, etc; first
breakdown (level 2)—1.1, 1.2,1.3, etc; second breakdown
(level 3)—1.1.1, 1.1.2, 1.1.3, etc.).

* These numbers
that will carry through all Functional Analysis and
Allocation activities and facilitate traceability from lower

to top levels.

40



* Functional reference: Each diagram should contain a
reference to other functional diagrams by using a
functional reference (box in brackets).

41



* Flow connection: Lines connecting functions should only
indicate function flow and not a lapse in time or
intermediate activity.

42



: Diagrams should be laid out so that the
flow direction is generally from left to right. Arrows are
often used to indicate functional flows.



* Summing gates (control gates): A circle is used to denote
a summing gate and is used when AND/OR is present.

* AND is used to indicate parallel functions and all conditions
must be satisfied to proceed.

* OR is used to indicate that alternative paths can be satisfied to
proceed

44
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hummmm

ffbd _Perform Command Center Function%

Ref.

Ref.

| Perform Geospatiall
Library Functions

FM.21

In Inventory

Check Product
Inventory

Command Center

Mot In Invento:

FN.2.4

FN.2.2 FN.2.3
- Determine
RS s Collector Mix

-6

Command Center

Command Center

Notify User Of
Estimated S...

Command Center

FM.28

Get Product From
Inventory

@

Command Center

FN.25

FN.2.6 FN.2.7
Accept And Put Product In
Format Collect... Inventory

Command Center

Command Center

Task Collectors

Command Center

Ref.

Ref.

| Perform Geospatial
Library Functions




> Logical conditions: and

* AND: A condition in which all previous or successive paths are required.

F1 F4

Function #1 : - Function #4

Function #3

46



~* |t can also be called concurrent/simultaneous or
parallel

effbd Concurren cgy act Concurren c;ﬂ




S | 2

~+ | ogical Conditions: or exclusive

* Exclusive OR: A condition in which one of several preceding or succeeding
paths is required, but not all.

— Function #1

\ F4
Function #1 _>@9 F3 ® Function #4

> Function #3

Fl

48
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It can also be called select

effbd Select.]

act 5E|ECtJ




S | 2

~+ | ogical conditions: or inclusive

* Inclusive OR: A condition in which one, some, or all of the preceding or
successive multiple paths are required.

Function #2

Function #3

- Function #1 (‘%E)

Function #2

Function #3

50
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Loop

has output condition

effbd Loop ,I

Ref.

Exit_001

Function A

Exit 002

Functicn B

Function C

Ref.

act Loop.l

Function A

[Exit_001] |

P ————

Function B

[Exit_002] |

P T

Function C
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Abbreviations/Notes:

“And” Gate: Parallel Function
“Or” Gate:  Alternate Function

3.5 Ref @

1.1.2 Ref[— P

Interface reference

Functional
description

:-Ref 9.2, Provide guidance

block (used on first- |

and lower-level
function diagrams
only)

Scope Note:

: See Detail Diagram

Function

Wuber Summing
gate

921

—>

.
©

|
922 '
Go flow\ :
|
Parallel G I Ref.

functions 0 I > 11.3.1
923 :
|
|

See Detail Diagram

Alternate
functions

924

Sys
Malf.

Leader notej See Detail Diagram

[\t A e et ) )
Ly I |
| | |
| e e Yal
' Tentative
: function
|
o

Flow level designator —————»2nd Level

Title block and standard drawing number ——J§»

Functional Flow Block
Diagram Format
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Orbit Injection and Deploy 0OPS Orbit ations sTs t Spacecra La
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- 5.0 a
- ~
- Contingency ~—
- Operations B —
SECOND LEVEL e
(3.0) Ref. 4.1 4.2 43
Transfer to N Provide |, Provide N Provide
OPS Orbit Electric Power Attitude Themal
Stabilization Control
44 4.5 4.7 4.8 4.10 (6.0) Ref.
Transmit Pay- Transfert
Provide Orbit Receive Store/Process Acquire _@_, ransfer to
— OR - . OR i
Main Command Command Payload Data load & Sub STS Orbit
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— e
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) Acquire Transmit
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» Status Data Data T~
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[4.?_n Ref. Transmit Pay-
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- enhanced Functional Flow Block Diagram

1 2 3
Function :
Ref —> Source of | —¥| —> Sink of —> Ref
External Input Decomposed External Output
In Figure 2

External
Output

External
Input

Figure 1. Enhanced functional flow block diagram context for Figure 2.

54 https://tsapps.nist.gov/publication/get pdf.cfm?pub id=822057



https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=822057

COMPLETION >3
CRITERION T cc#1 | Function in
IN FUNCTION 2 —® Multi-exit

Construct

2.2
DATA FLOW i
(TRIGGERING) —*  Multi-exit @

Function B

|
DATA FLOW

2.5 (NON-TRIGGERING)
FUNCTION
cc#2 L
o Function in /
\ Iterate
1 2.1 [2.6 ]

3

Source of Sink of

—P . .
External Input Serial Function (AND R CONCURRENCY @ Output Function ¥ External Output

2- 3
External > L
Input Function in
Concurrency

Figure 2. Enhanced functional flow block diagram for function 2 in Figure 1.

External
Output
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Cohesion and Coupling



One of the most important criteria for judging the
goodness of a design:

coupling and

together, these two concepts form the central theory
of design.

Laplante, P. A. and Ovaska, S. J. Real-Time Systems Design and Analysis. 4th Ed. 2012.
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Coupling and cohesion

Coupling and cohesion are outcomes of structured design, and are largely credited
to the work of Larry Constantine, a distinguished researcher at MIT and IBM.

Constantine formulated the metrice of coupling and cohesion in the late
1960s, presenting his work in 1968 to the Mational Symposium on Modular

Programming. <

John C. Goodpasture. Project Management the Agile Way: Making it Work in the Enterprise. 2010.




=

- Definition of Cohesion

* Cohesion is the evaluation of the related functional strength of a module.

In simple words, it is the

. The cohesion is all about integration where the actions are
grouped in the most suitable way, actions present in the form of functions.
It is basically the interaction within the functions inside a module.

* Cohesion is the enhancement in the concept of information hiding,
which describes that the modules must be and designed in such
a manner that the other modules can not access the information
contained within the modules.

59
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-+ Definition of Coupling

* Coupling is the term used for representing the extent of
. If the massive amount of data is exchanged
between the modules, then they are considered as interdependent.

* The coupling between the modules relies on the complexity of the
interface, from where the entry or reference is made to the module.

60
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-+ Difference Between Cohesion and Coupling

* Cohesion and coupling are used as the to specify
the interactions within and between the system elements.

e e.g. In software engineering we know that software could contain
thousands of lines of code or even more than that, which could result in
an unanticipated increase in the code complexity. To stabilize the code
complexity, the concept of modularization is introduced. The
modularization is the method of splitting the software into smaller
isolated pieces known as modules.

* Cohesion is used to describe the interaction within the modules whereas
the coupling specifies the interaction between the modules.

61



Cohesion is about how well elements within a module belong together
and serve a common purpose.

Coupling is about how much one module depends or interacts with

other modules.
Modules

e
‘\

62 Cohesion
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BASIS FOR
COMPARISON

Basic

Indicates

Designing criteria

Type of approach

Extent

COHESION

Interconnections within

modules

Module's relative functional

strength.

Cohesive component must
emphasize on the individual
task with a low interaction with

other modules.

Intra-module

High

COUPLING
Connectivity between
modules

Relative
interdependence among

the modules.

Focuses on generating
low dependency

between the modules.

Inter-module

Low



=% *When a large system is decomposed into smaller
entities, it's inevitable that these entities will interact
with one another.

e |If the of these have been
, then the entities will and
with

*In a poor design, it might also happen that properties
and functions within a entity perform diverse tasks and
therefore don't seem to belong together.

64



i System structures with (a) high cohesion and low coupling, and (b) low cohesion and high coupling.

A RNVEN g

65 Laplante, P. A. and Ovaska, S. J. Real-Time Systems Design and Analysis. 4th Ed. 2012.
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“The wrong way”: high coupling and low cohesion

Laplante, P. A. and Ovaska, S. J. Real-Time Systems Design and Analysis. 4th Ed. 2012.



|
%~ e<(Cohesion is a quantitative implication of the degree to
which a module concentrates on just a thing.

*On the other hand, the coupling is a qualitative
implication of the level to which a module is linked to
other modules and the external world.

*In an ideal case for achieving better modularity and
functional independence, the number of

while the
interaction within the modules (Cohesion) should be
higher.

67
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Final Considerations
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