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L“{‘.‘,‘;{’,}E‘E concept of stakeholders

= Stakeholders may include:

=the person responsible for interacting with (or who is impacted
by) the software—the customer, the “innocent bystander”

=the person responsible for deploying the software—the end
user

=the person responsible for purchasing the software—the end
users’ management

=the person responsible for managing the data repositories
used by the system—the system administrator

=the person responsible for modifying the runtime functions of
the system—the developer

=the person responsible for assuring appropriate use of the
software—the regulators/monitors

=the person responsible for approving new requirements for the
system, etc

UNIVERSITY OF MASSACHUSETTS AMHERST ++D)




CMPSCI 520/620

L“{‘.‘;‘:{’,}E‘E What Are the Stakes?

= Customer:
=Easy to get it to do what it is supposed to do
=Cost (time to learn, ease of use) is consistent with benefits
= End User:
=Does what it is supposed to do
=Easy to learn, use, support and adapt (as customers’ needs change)
=Maintains job security
= Developer:
= |t is always “under control”, and easy to modify
= |t clearly does what it is supposed to do
= Management
= Progress is visible and satisfactory
=Doesn’t cost too much, or more than expected
=Improves and optimizes business practices
= Innocent Bystander:
= |t does no harm

UNIVERSITY OF MASSACHUSETTS AMHERST 4D

L“!‘.',':{’,}E'E Central Problem(s) of SE

*How to manage the creation and maintenance of a
software product that satisfies all needs of all
stakeholders?

*Implies understanding who stakeholders are; what
questions they need answered; to what degree of
thoroughness

=Implies supporting reasoning needed to provide
adequate answers to stakeholder questions (at
acceptable cost)

=Implies need for representation(s) of product sufficient to
support such reasoning; and reasoning techniques

UNIVERSITY OF MASSACHUSETTS AMHERST ++D)
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L“ﬂ;’:‘;’,}&'{ Interconnections Among Components

= Vehicles for answering stakeholder questions
=Define what it means for product to be “correct”
= [deally
=Specified early in project
=Created incrementally as product is built
=Keep stakeholders satisfied continually
= Some examples

=Test results must be consistent with expectations (ie. The
manual is right)

=Executables must correspond to source

=Code must implement design

=Lower levels of design must be elaborations of higher
=Test data must really represent expected usage
=Proofs of concepts really connect proofs to concepts

UNIVERSITY OF MASSACHUSETTS AMHERST 4D

L“ﬂ;’:‘;’,}&'{ What do Stakeholders Want to Know?

= Some examples of understandings needed:
=\What does the product do and how do we know
=\What is the product supposed to do
=How does it work
=\What would happen if | did .....
=Suppose we change ....
= There are infinitely many such questions
=For each there are endless varieties of answers
=The answers themselves form key parts of the product
= Superior products are tightly interconnected bundles of:
=Component artifacts, used as the basis for:
= These questions
= Their answers
= Solid basis for believing the answers

UNIVERSITY OF MASSACHUSETTS AMHERST ++D)
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L’“{‘},‘;{',}&E A Useful (?) Example -- TCAS

=*TCAS is an airborne system developed by the
FAA that

=operates independently from the ground-based
Air Traffic Control (ATC) system

=designed to increase cockpit awareness of
proximate aircraft and to serve as a "last line of
defense" for the prevention of mid-air
collisions.
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Two levels of TCAS systems

UNIVERSITY OF MASSACHUSETTS-AMHERS

=TCAS | was developed to accommodate the
general aviation (GA) community and the regional
airlines.
= issues ‘Traffic Advisories’ (TAs) to assist pilots in visual
acquisition of intruder aircraft.
= mandated on aircraft with 10 to 30 seats, although
TCAS Il may be installed instead.
=TCAS Il is a more sophisticated system which
provides the information of TCAS
» analyzes the projected flight path of approaching aircraft

and issues ‘Resolution Advisories’ (RAs) to the pilot to
resolve potential mid-air collisions

= required internationally in aircraft with more than 30
seats or weighing more than 15,000 kg.

LOMPIITEII
SCIENCE

TCAS overview
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L“M,';{’,}.‘,E TCAS Overview

Iniruder TCAS
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Aremna  TCAST Traffic Advisory Only

TCAS I WVertical Fesolution & dywisories (escape
rnaneuvers provided by the TCAS unit to
the pilot to solve a conflict)
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L’“«".‘,‘i‘;’,}.‘,‘;‘ Stakeholders in TCAS

=the “innocent bystander” = passengers,
people living near airports

=the customer & the end user = commercial
and private pilots; air traffic controllers
sthe end users’ management = airlines

=the developer = FAA, contractors (system,
software), consultants

=the regulators/monitors = NSTB, FAA,
Congress
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ONTHER Answers to Stakeholder Questions

=Problem of Providing Satisfactory answers
= Many important questions are vague

=|s this software user-friendly? How to design appropriate pilot
interfaces?

Displays (|Page 16)

Collision avoidance maneuver advisories and traffic advisories may be displaved to
the cockpit crew on one or more dedicated displays, on displays integrated with
other instruments such as instantaneous Vertical Speed Indicator (TVSD), or on &
CIT fighe instrument.

Traffic displays may take several forms: Independent, stand-alone, integrated
and time-shared with digital color radar, integrated with the flighterew’s [nstan-
taneous Vertical Speed Indicators (IVSI), or integrated with other displays such
as Electronic Horizontal Sitnation Indicators (EHSI), navigation, or other multi-
function displays.

[1.13]

If the traffic display uses a multi-function display that is shared with other
serviees such as ACARS, the traffic display function shall be immediately
available for display by a single selection accessible to hoth pilots.,

IVERSITY:OF MASSACHUSETTS ANMHE

ONTHER Answers to Stakeholder Questions

=|s this SOﬂware Aural Alerts (—FTA-520, |2.75

user-friendly? 14
H Aural alerts shall be presented by voice anneuncements only. These an-
HOW tO deSIQ n nouncements are of a preseribed duration.
appropriate pilot 3
Inte rfaces? Aurfal _stlc'ns shal.l bc \atmounccd in a_h]gll ﬁdcjh_ty dl:ﬂ.tngu.sha ble voice, Au
tomatic volume adjustment for ambient conditions is desived.
[1.6]
RA messages consisting of a single word shall be spoken three times; longer
messages shall be spoken twice. If a logic change oeeurs before the aural
alert is complete and a new alert is warranted, the original alert shall be
terminated immediately and the new alert started.

.7

Corrective RA messages that indicate that a previously announced corrective
TA must be increased in strength or reversed shall be spoken with a sense
of urgency.

Visual Alerts ([2.81)
[1.8]
A red visnal alert shall be provided in the primary field of view for each pilot
for resolution advisories [ | 2.80),

[L9]
If a written message is shown on the display, it should flash or atherwise be
bighlighted. 1t must be consistent with the aural RA annunciation. Whether

UNIVERSITY-OF; MASSACHUSETTS AMHE
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L“!‘.','i{’,}&'{ Answers to Stakeholder Questions

= Most important questions have open-ended answers

=How fast is this system? Different platforms, situations,
conditions

= Different stakeholders require different degrees of assurance

= Affects the degree of thoroughness of (eg.) testing -- Some
functions more critical than others

= Different stakeholders have differing degrees of technical
sophistication
= Affects the choice of formalism in which to couch answers

=\We’'ll come back to the issue of representation!

UNIVERSITY OF MASSACHUSETTS-AMHERST 7+ DE

L“{‘.‘;‘:{’,}E‘E Process

*Need a process for:

»Order of activities

»Product delivery (what, when)

=Assignment to developers

=*Monitoring = Measuring = Planning
=Cannot be (easily) codified or standardized
=|terative and incremental

UNIVERSITY OF MASSACHUSETTS: AMHERST ~+DE
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L’“{‘};‘i{’,}ﬁ'ﬁ Software Processes

=*\What do people want to do with (to) a product?

*Find out what it does (quickly, easily):
UNDERSTANDING

=Get it to do what is needed (quickly, easily):
USAGE

=*Not worry about it:
UNDERSTANDING, EVALUATION, STRESS TESTING

=Build it (quickly, easily, at low risk):

DEVELOPMENT
=Change it as needed (quickly, easily
MODIFICATION What are the
=Improve it (quickly, easily): (sub-)proce
EVOLUTION it must Supf

UNIVERSITY OF MASSACHUSETTS AMHERST < DEPAR

L’“{‘};‘i{’,}ﬁ'ﬁ Process

=Current Strong Emphasis on Process
*Process and Product complement each other

=*More past focus on product

*Process focus has been less technical
=More managerial

UNIVERSITY OF; MASSACHUSETTS: AMHERST ~+DEPAR:
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ice 1raditional process models

=Code & test
=\Waterfall

= Prototyping

= Transformational
=Spiral

UNIVERSITY OF MASSACHUSETTS AMHERST - DEPARTME! 7
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L’“{‘,‘,‘;{’,}E‘E Early waterfall model

=Earliest design and test

Feasibility

Requirements Specification

Architecture | s

Preliminary
Design ™

Detailed
Design

sorder -- "what shall we do next?” Unit Test|==
Integration

stransition criteria -- "how long shall we do it?" FERELT

UNIVERSITY OF MASSACHUSETTS: AMHERST ~+DEPARTVE]

What’sl
wrong
with this

System

Testing
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ueg 1970's

=Recognition of feedback loops
=Confined to successive stages

=“Build it twice”

=Early prototyping

What'

Feasibility wrongsl
S

with thi

Requirements Specification

Architecture | s

Wl Preliminary
Design ™™
Detailed
Design
Wl Code &
Unit Test ™=
Wl [ntegration
Testing
A | System
Testing

UNIVERSITY OF MASSACHUSETTS AMHERST < DEPARTMEN

L’“{‘{;’i{’,}ﬁ'{ Reuse model

technical issues
« create/recognize reusable component
« cataloging & representation
« Composition

management issues

* NIH syndrome

« development under T&M

« granularity

« CM across many reuses

« ownership

Feasibility

Requirements Specification

SN

Architecture | s

M Preliminary

Design
Detailed
Design

Code &
Unit Test ™=

Integration

i Testing ™
e - SysiE
with this? Testil

Repository

UNIVERSITY OF; MASSACHUSETTS: AMHERST ~+DEPARTVMEN
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COMPUTER "Throwaway" prototyping

- technical issues
B « rapid prototyping may create very
Feasibility different artifacts at each stage

« draw on many reuse repositories
- management issues

* when to stop throwing away -- when

is a prototype not a prototype

ArchiteClure] * how to get the prototype back from
the customer

Requirements Specification

S Preliminary
Design ™=
W Detailed
Design
Code &
PrototypeS B Unit Test =
Prototypes Wl Integration

- Testing
roto
Prototypes ¢ - Systelg

Testing
Prototypes Prototypes

What's ] Prototypes (| Prototypes
W??ll‘gotﬂls? Prototypes

UNIVERSITY OF MASSACHUSETTS AMHERST - DEPARTME!

Jtitnet Evolutionary prototyping

« technical issues

. * "ILITY" at each level
easbifg « documentation
« timeliness .
Requirements Specification: * ”Sk rﬂ?nagement, e-g-, feature
L creep

] « temporary "work arounds" become
Architecture | =" permanent

Preliminary.

Design |~ * management issues
Detailed .
Design e risk
Code & »when to stop
What's Unit Test | = + CM for this many artifacts
wron

g Integration
\ Architecture == Testing
2
W|th th|$ H Preliminary Sysu_em
Design |~ Testing
Detailed
Design

Specification
Unit Test =
Architecture (== Integration
Testing
Preliminary
Design
Detailed
Design
| Code &
Unit Test =
Wl |Integration
Testing

System
Testing

System

Testing
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scieNee Transformational Model

. . concrete
Ir’:‘azomrnm'rcg_}> req.anal. |—}>| informal spec | —>| Cofe | —>| source code
A
B | valication _j+—]
: "code"
l test ]
validation i ¢——  profotype
(variation of) Traditional Life Cycle i
maintenance
ecnsr'ons,’
"Transformational" model rationale
v | tornaree |
[reqona. | =3[ formalspec | —— [ aprmizatin |

L
source code

E Reéosi‘rori i

What’s
wrong
with this?

UNIVERSITY OF MASSACHUSETTS' AMHEE_

L“M,';{’,}.‘,E Boehm's Spiral Model

cost (cumulati

risk\gnalysis

risk
anal

\) proto |

Concepts
ofP

models

operation

plan next phase

acceptance  develop & verify
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LQBMPUTEB Boehm's Spiral Model
SCIENGE

application rgmnts = low risk
budget, schedule = high risk

stable apﬁl. rqmts & budget
errors = high risk

application rgmnts = high ris —_—
budget, schedule = low risk :

UNIVERSITY OF MASSACHUSETTS AMHERST 4D

L“!‘.';'i{’,}&'{ Increase in cost

«to fix or change throughout lifecycle

1000 A

500 le)

200

p = 1.
z}izi

1

IBM-SSD A
GTE @)
Safeguard [
Boehm Sm ‘

TRW I

Rgmnts Design Code Devel. Test Accept. Test Operation
Phase in which error was detected & corrected

UNIVERSITY OF MASSACHUSETTS AMHERST ++D)

Barry Boehm Software
Engineering Economics
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What is a Process?

=Device for:
=Producing a product
=Getting jobs done
= |ndirect nature
=A process is an instance of a process description

=A process description is created to describe wide class
of instances

=A process instance creates product/solves problem
»Humans create process descriptions to solve classes of
problems
Sounds like our intuitive notion of computer
software!!!

UNIVERSITY OF MASSACHUSETTS AMHERST 4D

LQBMPUTEB
)SCIENGE

Process is Universal

=Commonly acknowledged processes:
»*Manufacturing processes
*Management processes
»Software development processes
»Business practices
=Military protocols

*There are MANY perspectives on process

UNIVERSITY OF MASSACHUSETTS AMHERST ++D)
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Are processes software?

UNIVERSITY OF MASSACHUSETTS AMHERST < DEPART!

= Similarities
»Both produce a product/get important work done
=Both products are large, complex, abstract
=Both need instantiation and binding to execute
*Both are implemented from designs

»Both arise from, must be measured against
requirements

=Both need continuous improvement
=Parallels striking for Software Development Processes

=Software technologies may be applicable to
development process technology ... and vice versa,
BUT

= Differences
=|dentify them
*Grasp the implications

LJIMPIITEII
®SCIENCE

Product Template

OTHER INSTANCES
OF THE PRODUCT

\\\\\\\\

EXECUTOR

QNPUT

USER

UNIVERSITY OF MASSACHUSETTS: AMHERST ~+DEPART

Rick Adrion

S~

AN

/

4UT

TO
EXECUTORS

PROCESS
EXECUTORS
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L“{‘.‘;‘i{’,}f,‘;‘ (Software) Processes Are Software Too

»Hypothesis:

=Significant software product technology is
directly applicable to developing software
processes -- and executing them

»Process Programming

=Application of classical software development
technology to the development of software

processes
»Software Process Programming

=Using classical software development
technology to develop the processes that are
used to develop application software

UNIVERSITY OF MASSACHUSETTS AMHERST  DEPA

L’“{‘.‘;‘i{’,}f,‘{ Software Process Instantiation

sw product
Fr,

OTHER INSTANCES process
OF THE APPL w Q
/ code N
= template 50f1‘war‘e
Process
Developer

Software
A OTHER INSTANCES
Practioner of Thg probUCT
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L’“«";‘-‘i{’,}ﬁ'{ Processes as Software

»Processes should be developed using a (Process)
development process
=Process Requirements
=Key to designing suitable process
=Basis for evaluation and improvement of process
*Process Specification/Modeling/Design
=Helps conceptualization, communication, visualization
= Can be management aid
*Process Code
=Provides rigor and complete details
»Basis for execution/tool support and integration
=Process Measurements and Evaluation
=Results of Static Analysis and Dynamic Measurement
»Basis for Process Maintenance (Process Improvement)

UNIVERSITY. OF MASSACHUSETTS ANMHERST: #/ DEE

L“ﬂ-‘;‘;’,}ﬁ'{ Development Process Requirements

 Software process development must start with
specification of software development process
requirements
* Provides basis for software process modeling
and design
» And the basis for effective process evaluation
« Different requirements should be expected to
lead to different software development processes
* There is NO Single, "Ideal" Software
Development Process
sjust as there is no single, fixed, ideal software
product
=in both cases, the software must be developed to
satisfy previously specified requirements

UNIVERSITY OF MASSACHUSETTS:AMHERST
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L“ﬂ;’:‘;’,}&'{ Development Process Requirements

*Product specifications are process functional
requirements

=Development schedules are process speed
requirements

*There are also robustness, visibility, interface,
etc. process requirements

UNIVERSITY. OF MASSACHUSETTS - AHERST + DE!

L“{‘.‘,‘i{’,}&'{ Other SW Process phases

= Software Process Modeling/Design Goals
=analogous to product design

=basis for improved intuitive understanding, visualization, early
analysis and validation of requirements, deeper
understanding & conceptualizations of key software processes

=helps demonstrate effective approach to satisfying product
requirements

= Software Process Code
=Uses languages with execution semantics
=Provides details and elaborations upon process design; helps
to grapple with details omitted from model/design
=Vehicle for meshing process control with product data at
arbitrarily low levels of detail
=Provides superior visibility enabling better control
= Basis for better predictability
= Basis for process execution
=Blueprint for tool integration

UNIVERSITY: OF MASSACHUSETTS AMHERST = Dt
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L’“{‘,‘{;{’,}E‘E Other SW Process phases

= Software Process Measurement and Evaluation
= An analogy to application software measurement and
evaluation seems very useful here

= Dynamic monitoring of process execution is
analogous to interactive debugging of application
software

* Need to support analysis of processes too

UNIVERSITY OF MASSACHUSETTS AMHERST < DEPART!

L“{‘.‘:‘i‘;’,}&% Softwarg rement & Evaluation

process
requirements

process N\
Process
Developer

aaaaaaa

Software
Practioner

OTHER INSTANCES

UNIVERSITY OF MASSACHUSETTS AMHERST ~+DEPARTVE]
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Process Maintenance (Improvement)

»Process maintenance takes place over an extended
period of time--can be expected to be more costly and
important than process development

=Improvement efforts should always be
srelative to stated goals
maimed at progress toward process requirements and
improvement goals
smeasured to assure progress is made and improvement
is underway
*These argue for the importance of process
requirements specification and precise process
measurement

= Greater rigor can lead to more effective improvement

UNIVERSITY OF MASSACHUSETTS-AMHERST

L;ﬂMPII'I'EII
)SCIENGE

Capability Maturity Model (CMM)

« Structure for modeling the effectiveness of
organizations in developing software

» Developed and promulgated by Watts
Humphrey at the CMU Software Engineering
Institute

» Based on work on industrial statistical
process control by Deming and Juran
(decades ago)

* Hypothesizes a "normative model" of how
software should be developed, using a
comprehensive profile of activity areas

* Hypothesizes five levels of process maturity

UNIVERSITY OF MASSACHUSETTS:AMHERST
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127 c

Level 5

Improve Optimizing
process change -
management Continuous process
improvement in place.
Level 4
Improve / Managed
process
metrics Metrics used to
control the process.
Level 3
Improve Defined
process
definition Both management and engineering
processes are codified and followed.
Level 2

Improve Repeatable
process -
discipline Repeatable project management;
consistent time and effort predictions for similar projects.

Level 1
Initial

Unpredictable and undisciplined process
that depends on the current staff- © Addison Wesley

UNIVERSITY:OF MASSACHUSETTS AMHERST: ]

L“!‘};T{’.IE'E CMM Attempts to Evaluate Predictability

 Highly mature processes are those that offer
assurance of predictable results

» Highest levels of process maturity also
demonstrably offer expectation of continuous
process improvement

* Higher maturity seems easiest to attain when
software development is in a restricted
domain

UNIVERSITY OF; MASSACHUSETTS:AMHERST:
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L!'i".,';'g,}.f,'g 1ISO 9000

=Quality management
*Process
=|SO standards are about
=\What must be accomplished
*Not about how
=Certification
=Company must document and record its
activities
=On-site audit by an ISO registrar

UNIVERSITY OF MASSACHUSETTS AMHERST 4D

Loy,lg;g,}glg Key Elements of SE

= Focus on product and process
= Product is output of process
= But process is a product too (of a different process)
= How processes create products
= How product requirements dictate process
= Continuous iterative synthesis and analysis
= Build a little check a little
» |nterconnection specifications are products too
= All of the above will have to evolve: Plan for it

UNIVERSITY OF MASSACHUSETTS AMHERST ++D)

roduct (process) that is:
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L“{’.‘;’i‘;’,}&'{ Problems Posed by SW Products

=How can you control it if you can’t see it?

*How can you tell if it is on target if you can
see the target?

=\What intuitions apply to something that does
not obey any laws of Physics, Chemistry,
Biology, Sociology.....

= ... Mmore

UNIVERSITY. OF MASSACHUSETTS AMHERST '+ DEE?
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