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;"9 .1 M)st rctmn

f When you consrder a modular solution to any problem many levels of abstractron can
be posed At the hlghest level of abstraction, a solution is stated in broad terms using
 the ]anguage of the problem environment (e.g., a user story). At lower levels of
“abstraction, a more detailed description of the solution is provided. Problem-oriented
termmology is coupled with implementation-oriented terminology to state a solution
(e.g., use case). Finally, at the lowest level of abstraction, the solution is stated in a' :
‘manner that can be directly implemented (e.g., pseudocode). F
~ As different levels of abstraction are developed, you work to create both procedural -
iand data abstractions. A procedural abstraction refers to a sequence of instructions
 that have a specific and limited function. The name of a procedural abstraction implies
~ these functions, but specrfrc details are suppressed. An example of a procedural
 abstraction would be the word use for a camera in the SafeHome system Use 1mplres'
~ a long sequence of procedural steps (e.g., activate the SafeHome system on a moblle_ .
“device, log on to the SafeHome system, select a camera to preview, locate the carnera
| "controls on mobile app user interface, etc.).’ - -
A data abstractzon is a named collection of data that describes a data object Inft
j“the context of the procedural abstraction open, we can define a data abstraction called
‘camera. ere any data object, the data abstraction for camera would encompass a
- set of attr1butes that describe the camera (e.g., camera ID, location, field view, pan

angle, zoom) It follows that the procedural abstraction use would make use of infor-
mation contamed 1n the attr1butes f the data abstractron camera. .




Software architecture alludes to “the overall structure of the software and the ways in
which that structure provides conceptual integrity for a system” [Shal5]. In its sim-
plest form, architecture is the structure or organization of program components (mod-

ules), the ways in which these components interact, and the structure of data that are

6 Tt should be noted, however, that one set of operations can be replaced with another, if the
function implied by the procedural abstraction remains the same. Therefore, the steps
required to implement use would change dramatically if the camera were automatic and

attached to a sensor that automatically triggered an alert on your mobile device.

PART TWO MODELING

used by the components. In a broader sense, however, components can be geném' leed
to represent major system elements and their interactions. =

F)ne goal of software design is to derive an architectural rendering' of a systéni.
This rendering serves as a framework from which more detailed design activities are
conducted. A set of architectural patterns enables a software engineer to reuse design-
level concepts.




following manner: “A pattern is a named

. V'Brad Appleton defmes a design pattern in the
 nugget of insight which conveys the essence of a proven solution to a recurring prob-

- lem within a certain context amidst competing concerns” [App00]. Stated in another
s a design structure that solves a well-defined demgn

way, a design pattern describes
o problem within a specific context and amid “forces” that may have an lmpact on the .

o manner in which the pattern is apphed and used.

7 These famlhe of related software products sharlng common features are called saﬂware =

= ; ;165 '

CHAPTER 9 DESIGN CONCEPTS

savmg de51gn tlme), and (3) whether the patter:n can

‘the pattern can be reused ( 1en
" :smnlar but functlonally or structurally d:fferent,

serve as a guide for deve10p1




:'_;'sophtstlcatton to pred1ct M with assurance.

' _:‘\“Modulanty.ts the most common mamfestatlon of separauon of concerns Software -
s divided into separately named and addressable components sometlmes called

j‘-‘_}“_modules that are integrated to sat1sfy problem requirements. .
It has been stated that “‘modulanty is the single attribute of software that allows a

‘program to be 1ntellectually manageable [Mye78] Monolithic software (i.e., a large
~ program composed, ofi“‘;‘t“ smgle“ module) cannot be easily giasped by a software engi-

I | il L l
neer. The number of con ‘

ntrol paths, span ¢ of reference, number of variables, and over-

~all complexity w!‘ould ‘ake ndegstundmg close to impossible. In almost all instances,
to many modules hoping to make understanding easier

i N il |
‘1ll‘d‘th‘e ,“Softwar‘e,_‘ L |
sepalu*utmn of concerns, it is possible to conclude that

you should break the' ‘ "g
and reduce th¢ . ‘\ ) | ‘
Recalhng‘ our dlo,cuSSl i “‘Iidf‘

if you su_bdi\{lde softhuel m eflmt ly th‘é ‘effort requlred to develop it will become

negligibly small' Unfortun t'elly, 0 ther forces come into play, causing this conclusion
to be (sadly) ‘intfalld Rel"el ng to Flgure 9 ‘2 the effort (cost) to develop an individual

i il | | |
‘d 1 ten nd “crease as the total number of modules increases.

software modu
Given the Same set I ‘quu'ements‘ the more ‘modules used in your program means

smaller mdwtduhl SlIIZ‘Q”S‘l Ho\lvever as the number of modules grows, the effort (cost)

associated w1th‘1htegmtl1n‘g” nodules W1th each other grows. These characteristics lead

~ to a total cost or effort” curv s‘hown in thure 9.2. There is a number, M, of modules

 that would result in mmlmum developmentl cost hut we do not have the necessary
il ‘

. The curves shown 1n F1gure 9 0 do‘ prov1de useful quahtattve guldance when mod-
:gulartty is considered. You‘ l‘should modularlze, but care. should be taken to stay in

-”:'-"Ithe V1c1mty of M Usmg too few modules or t00 :many modules should be avoided.




9.3.6 Inforn o
 The concept of modula1 ity leads ou to a fundi‘menml juestion: ° How do 1 decompose
‘ & i Al

a software snlunc)n to obt»‘ 1 the best set;ofhw‘ odule‘;”” The pr1nc1p1e: of information

hiding [Par72] suggeste itha;h 1ﬂ8dule§ should e ;charactemzed by design decisions

that (each) hides from all. OthBlS. In other words lmodules should be speaﬁed and:,

designed so that 1nf01mat10n (algorlthms and data) contamed within a module is mac-
' CBSSlble to other modules‘ thati*ﬁhave no need for gugh lnformatlon,

: ,by the module [Ros75]

- ~The use of information hldlng ae,‘ 1 demg 7cr1ter10n for modular systems provxdes‘,
fr;j;;rthe greatest benefits when modlflcatmns are requn'ed durmg testmer and Iater during
,;;software maintenance. Because moqt data and procedural detail are hldden from other |

- parts of the software, inadvertent. errors introduced dunmT modlﬁcatmn areiless,hk’ Iy o
to propagate to other locatlons W1th1n the software i




]"9% f ﬁ‘n ru‘tn 1al Ind éi“i“““”tm”’w

I“The concept of functional independence is a drrect outgrowth of separatron of con-
~cerns, modularity, and the concepts of abstraction and information hiding. In landmark
| papers on software design, Wirth [Wir71] and Parnas [Par72] each allude to refine-
- ment techniques that enhance module independence. Later work by Stevens Myers
- and Constantine [Ste74] solidified the concept. e
Functional mdependenee is achieved by developmg modules with szngle—mrnded”
function and an “aversion” to excessive interaction with other modules. Stated another
way, you should des1gn software so that each module addresses a specific subset of
requrrements and has a &mple”'nterface when v1ewed from other parts of the program
structure. : e h =
It is fair to a_sk why ::_ndependence is 1mp0rtant Software with effective modulanty
that is, 1ndepend 'tf'rnodules, is easier to develop because function can be compart-
mentalized and 1nterfaces are s1rnp11f1ed (conSIder the ramifications when development
is conducted by al t‘earn) Independent modules are easier to maintain (and test) because
secondary effects caused by de51gn or code modification are limited, error propagation
is reduced, and reusable modules are poss1b1e To summarize, functional independence
is a key to good deslgn, and de51gn is the key to software quality. Evaluation of your
CRC card model (Chapter 8) can help you spot problems with functional mdependence
User stories that contain many instances of words such as and or except are not Iikely ,
- to encourage you to de31gn modules that are “single-minded” system functions.
- Independence is assessed using two qualitative criteria: cohesion and coup]lng
_ Cohesion is an indication of the relative functional strength of a module Couplmg is

~ an indication of the relative 1nterdependence among modules.

L other components m other parts of a plogr

o Cohesion is a natural extension of the mformatlon hldmﬁ concept descrlbed in Sec-
~ tion 9.3.6. A cohesrve module performs a single task requiring little interaction with
am Stated snnply, a cohesrve module should




on t ﬂwxf‘*g}‘et“l‘atftt‘m et*

‘j‘.}‘jThe concept of functtonal 1ndependence 1s a drrect outgrowth of separatlon of con-

o _‘cerns modularlty, and the concepts of abstractlon and information hiding. In landrnark

papers on software deswn Wirth [Wir71] and Parnas [Par72] each allude to refine-
- ment techniques that enhance module independence. Later work by Stevens Myers |
~ and Constantine [Ste74] sohd1f1ed the concept. b
Functional mdependence is achieved by developing modules with smgle nnnded”,' ’
function and an “aversion’ to excessive interaction with other modules. Stated anotherf"'?
way, you should desrgn software so that each module addresses a specific subset of =
requirements andhas‘ a s1mp1e 1nterface when Vlewed from other parts of the program
structure. e |
It is fair to. ask;_ Y“rndependence 1s 1mportant Software wrth effectrve modulanty ,
that is, 1ndependent modules",, , eas1er to develop because function can be compart-
mentalized and 1nterfaces are 31mp11f1ed (consider the ramifications when development
is conducted by a team) Independent modules are easier to maintain (and test) because
secondary effects caused by desrgn or code modification are limited, error propagation
is reduced, and reusable modules are. poss1b1e To summarize, functional independence
is a key to good design, and deslgn is the key to software quality. Evaluation of your
CRC card model (Chapter 8) can help you spot problems with functional independence.
User stories that contain many instances of words such as and or except are not likely
to encourage you to design modules that are “single-minded” system functions.
: Independence is assesqed usmg two qualitative criteria: cohesion and coupling.
 Cohesion is an indication of the relative functional strength of a module Couplmg is
. an 1nd1cat10n of the relative interdependence among modules.
i Cohesron is a natural extemlon of the mformatlon—hldlng concept described in Sec-
'f tton 93.6. A coheswe module performs a smgle task requlrmg little interaction with
"'-;’f‘:‘other components m other parts of a program Stated sn'nply, a coheswe module should




59,.38 | “wtetw‘tw Refinement o g
Stepwwe refinement 1s a Op- -down des1gn strategy ortgmaﬂy proposed by Nﬂdaus
Wirth [Wir71]. Successively refining levels of procedural detail is a good way to
develop an application. A hierarchy is developed by decomposmg a macroscopm :

statement of function (a procedural abstraction) in a stepwise fashlon untﬂ ptogram- o

ming language statements are reached.
Refinement is a. process of elaboratio
description of mfor_matton) that is defined at a

n. You begin with a statement of functlon (or .
high level of abstraction. That is, the ;.

PART TWO MQ‘D‘ELtNG“"‘ i

statement descrtbes functton or 1nf01mat10n conceptually but provides no mchcatmn
(\){f thehmternal workmgs of the functton or the internal structure of the information.
ou then elaborate on the ortgmal statement
prov1d1ng more detail as eac
refmement (elaboratlon) occurs Wi g

o
e el



s high cohesion. Th

tivity suggested for “‘m(my ‘
ing is a reorgamzatio te ‘1que that *~:1mptfU
without chanolng 1t§ ‘ (
followmo mannei “Re ‘nctonng is the process iof.'?‘:changmg a software system in such

a way that it does not al er the external behavmr of the code [deSIgn] yet unprcves
"f;:ltS internal structure o ~
~ When software is refactored,‘l
- :j;unused design elements, 1neff101e
- nappropnate data structure.j

component should,b

~ and easier to maintain.

~ Although the intent of 1 .
‘,alter its external behavior, 1n dv rtent 81de effects can and do occur Refactormfr toals —

[Soal0] are sometimes used to -:analyze code changes automatlcally and to “venerate .
a test sulte su1table for detectmg behav1ora1 changes ' _- .
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Black box testing techniques - (1)_Graph-
Based Testing Methods

» The first step in black-box testing is to
understand the objects that are modeled
in software and the relationships that
connect these objects.

e Once this has been accomplished, the
next step is to define a series of tests that
verify “all objects have the expected
relationship to one another”.

Node we\ghl

value
Parallel links' !

Attributes:

Conains Sigrt dimension: defoult seming
or preferences
Background color: white
Text color: defoult color
or preferences

» Graph Representation

« A collection of nodes that
represent objects,

 Links that represent the
relationships between objects,

» Node weights that describe
the properties of a node (e.g.,
a specific data value or state
behavior),

 Link weights that describe
| e e



« The symbolic representation
of a graph is shown in Figure.

« Nodes are represented as
circles connected by links that
take a number of different
forms.

* A directed link (represented
by an arrow) indicates that a

relationship moves in only one
direction.

* A bidirectional link, also
called a symmetric link,
implies that the relationship
applies in both directions.

« Parallel links are used when a
number of different

relationships are established
between graph nodes.

Black box testing techniques - ¥3)
Equivalence Partitioning Method

« Equivalence partitioning is a black-box
testing method that divides the input

domain of a program into classes of data
from which test cases can be derived.

* An equivalence class represents a set of
valid or invalid states for input conditions.

* Equivalence classes guidelines
* If an input condition specifies a range,

* one valid and two invalid

equivalence classes are
R R



« one valid and two invalid
equivalence classes are
defined

e Inputrange: 1 - 10 Eq
classes: {1..10}, {x < 1}, {x >
10}

« If an input condition requires a specific
value,

 one valid and two invalid
equivalence classes are
defined

« Input value: 250 Eq classes:
{250}, {x < 250}, {x > 250}

« If an input condition specifies a member
of a set,

 one valid and one invalid
equivalence class are defined

e Input set: {-2.5,7.3, 8.4} Eq
classes: {-2.5, 7.3, 8.4}, {any
other x}

« If an input condition is a Boolean value,

e one valid and one invalid class
are define

o Input: {true condition} Eq
classes: {true condition},
{false condition}

Value Analysis Technique



» A greater number of errors occurs at the
boundaries of the input domain.

« Itis for this reason that boundary value
analysis (BVA) has been developed as a
testing technique

» Test both sides of each boundary
» Look at output boundaries for test cases

o Test min, min-1, max, max+1, typical
values

» Example : 1 <= x<=100

e Valid: 1, 2,99, 100
e Invalid : 0 and 101

» Guidelines for BVA

« If an input condition specifies
a range bounded by values a
and b, test cases should be
designed with values a and b
and just above and just below
aand b.

« If an input condition specifies
a number of values, test cases
should be developed that
exercise the minimum and
maximum numbers. Values
just above and below
minimum and maximum are
also tested.

Black box testing techniques - (4)
Orthogonal Array Testing




Orthogonal Array Testing

» Orthogonal array testing can be applied
to problems in which the input domain is
relatively small but too large to
accommodate complete testing.

e The orthogonal array testing method is
particularly useful in finding region faults
— an error category associated with
faulty logic within a software component.

» Consider a system that has three input
items, X, Y, and Z. Each of these input
items has three discrete values
associated with it. There are 323 = 27
possible test cases.

» Phadke suggests a geometric view of the
possible test cases associated with X, Y,
and Z illustrated in Figure...

» Used when the number of input
parameters is small and the values that
each of the parameters may take are
clearly

 To illustrate the use of the L9 orthogonal
array, consider the send function for a fax
application.




o Four parameters, P1, P2, P3, and P4, are
passed to the send function. For example :
Function (p1,p2,p3,p4)

e Each takes on three discrete values P1
takes on values:

e P1 =1, send it now
e P1:=2, send it one hour later

« P1 =3, send it after midnight

e P2, P3, and P4 would also take on values
of 1, 2, and 3, signifying other send
functions.

o If a “one input item at a time” testing
strategy were chosen, the following
sequence of tests (P1, P2, P3, P4) would
be specified: (1,1,1,1),(2,1,1,1), (3,1, 1,
1,(1,2,1,1),(1,3,1,1),(1,1,2,1), (1, 1,
3,1),(1,1,1,2),and (1,1, 1, 3).

The L9orthogonal array testing approach enables
you to provide good test coverage with far fewer test
cases than the exhaustive strategy

es! Test parameters
cose L




fest Test parometers
case ' po
I
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Black Box Testing - Advantage &
Disadvantages

« Advantage

 Find missing functionality

 Independent from code size
and functionality.

 Disadvantages

« No systematic search for low
level errors.

 Specification errors not found.

at
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