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CMMI® Model V1.2
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Verification

to ensure that selected work products meet their specified requirements

»SG 1 Prepare for Verification

v'SP 1.1 Select Work Products for Verification
v'SP 1.2 Establish the Verification Environment
v'SP 1.3 Establish Verification Procedures and Criteria

»SG 2 Perform Peer Reviews
v'SP 2.1 Prepare for Peer Reviews
v'SP 2.2 Conduct Peer Reviews
v'SP 2.3 Analyze Peer Review Data

»SG 3 Verify Selected Work Products

» Selected work products are verified against their
specified requirements.
v'SP 3.1 Perform Verification
v'SP 3.2 Analyze Verification Results

wkc 10/48 5 E



Appraisal Considerations for VER

» SG 1 Prepare for Verification

» SP 1.1 Select the work products to be verified and

the verification methods that will be used for each.
v"Work products are selected based on their contribution
to meeting project objectives and requirements, and to
addressing project risks.

v"Methods of verification include, but are not limited to,
Inspections, peer reviews, audits, walkthroughs,
analyses, simulations, testing, and demonstrations.

wkc 11/48 5 E



For Software Engineering

» Examples of verification methods include the

following:
v'Path coverage testing
v'Load, stress, and performance testing
v'Decision-table-based testing
v'Functional decomposition-based testing
v’ Acceptance tests
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12/48



binarySearch() Example

public int binarySearch(int sortedArray[ ], int searchValue)

{ 1
[ int bottom = O; l
int fop = sortedArray.length - 1;
int middle, locationOfsearchValue; 2 2
1 { boolean found = flase;
locationOfsearchValue = -1; /* the location of searchVatte in the sor’redAr'rai */

at searchValue is

£ 3 I %/

l

4

/* location = -1 means

{
{ middle = (top + bottom)/2; 3
4 if (searchValue == sortedArray[ middle ])

{
5 found = true;
locationOfsearchValue = middle;
}

O else if (searchValue < sortedArray[ middle ])
top = middle - 1;

{else T

8 bottom = middle + 1;

} // end while — 9

10 return locationOfsearchValue; 10
}

\ while ( bottom <= fop && !found)
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Basis Path Testing

» Flow graph notation (control flow graph)

v'Node represents one or more procedural statements.
X A sequence of process boxes and a decision diamond can
map into a single node
X A predicate node is a node with two or more edges
emanating from it
v'Edge (or link) represents flow of control

v'Region: areas bounded by edges and nodes
* When counting regions, include the area outside the graph
as aregion

wkc 14/48 5 E



Cyclomatic Complexity

» Three ways to compute cyclomatic complexity:

v'The number of regions of the flow graph correspond to
the cyclomatic complexity.

v'Cyclomatic complexity, V(G), for a flow graph G is
definedas V(G) =E-N+ 2
where E is the number of flow graph edges and N is the
number of flow graph nodes.

v'Cyclomatic complexity, V(G) =P + 1
where P is the number of predicate nodes contained In
the flow graph G.
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For Software Engineering

» Examples of verification methods include the

following:
v'Path coverage testing
v'Load, stress, and performance testing
v'Decision-table-based testing
v'Functional decomposition-based testing
v’ Acceptance tests
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Decision-table-based Testing

» Consider an ATM system for providing withdrawal

transaction service. The relevant conditions and

actions of the system are:
v'C1: The ATM card is valid
v'C2: The password matches
v'C3: There is enough money in the ATM machine
v'Al: Dispense money
v A2: Prompt to indicate “not enough money”
v'A3: Prompt to indicate “invalid ATM card or password”
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Decision-table-based Testing (cont’d)

» The decision tab

els

1

Cl

C2

C3

||

Al

X ||| d|w

A2

- denotes a condition

> C

» A: denotes an action

» T: denotes true

» F: denotes false

» X: denotes action to be taken.
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Decision-table-based Testing (cont’d)

» Action Al is performed when conditions C1, C2, and C3
are true

» Action A2 is performed when conditions C1 and C2 are
true and C3 is false

» Action A3 is performed when condition C1 is false or C2 is
false

wke 20/48 53



For Software Engineering

» Examples of verification methods include the

following:
v'Path coverage testing
v'Load, stress, and performance testing
v'Decision-table-based testing
v'Functional decomposition-based testing
v’ Acceptance tests
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normalize numeric expression

» The module reformats a numeric expression

entered on a CRT.

v'remove all commas, the sign, and the decimal point
v'check the validity of the input expression

> Input
XA character string of length 25 called NUMERIC-
EXPRESSION contains a numeric expression.
Xexpression must contain at least 1 digit, may contain no
more than 14 integer digits and no more than 4 fractional

digits
v'Any of the following examples would be valid entries:
+0
1234.
-.012
12,345.
wkc o 22/48 o



normalize numeric expression
Module test case specification

» 3. Input specifications
v 1,234. in NUMERIC-EXPRESSION

» 4. Output specifications

+12340000 in ALIGNED-NUMERIC-VALUE
NORMALIZATION-OK in RETURN-CODE
4 in INTEGER-DIGIT-COUNT

0 in FRACTIONAL-DIGIT-COUNT

N-0 in WAS-S5IGN-FOUND

YES in WERE-COMMAS-FOUND

YES in WAS-DECIMAL-POINT-FOUND

wkc 23/48 5 E



normalize numeric expression
Module test design specification

» 2. Features to be tested

Individual Features

2.1 Digits Only Processing
2.2 5Sign Processing

2.3 Decimal Point Processing
2.4 Commas Processing

Combinations

2.5 5ign and Decimal Point
2.6 5ign and Commas
2.7 Decimal Point and Commas

2.8 5ign, Decimal Point and Commas

wke 24/48



normalize numeric expression
Module test design specification

» 3. Approach refinements

v'Test case selection rationale.

* Input constraints:
¥ (1) No more than 14 integer digits
¥ (2) No more than 4 fractional digits
¥ (3) No more than one decimal point
¥ (4) Between 1 and 3 contiguous digits to the left of each comma
¥ (5) Exactly 3 contiguous digits to the right of each comma
¥ (6) No commas after the decimal point

wkc 25/48 5 E



normalize numeric expression
Module test design specification

> 4. Test identification

Drigits Only
Valid
14 integer digits NNE. TC.001
centered 6 integer digits NNE. TC.002
left justified 1 integer digit NNE. TC.003
Invalid
15 integer digits NNE. TC.010
digit string with imbedded space NNE. TC.011
digit string with leading invalid character NNE. TC.012
digit string with imbedded invalid character NNE. TC.013
digit string with trailing invalid character NNE. TC.014
Sign
Valid
right justified + signed 14 integers NNE. TC.020
— signed integers NNE. TC.021
Invalid
imbedded sign NNE. TC.030
trailing sign NNE. TC.031
sign alone without digits NNE. TC.032
2 leading signs NNE. TC.033
2 separated signs NNE. TC.034
Decimal Point
Valid
leading point with 4 fractional digits NNE. TC.040
embedded point with 1 fractional digit NNE. TC.041
trailing point with 14 integers NNE. TC.042
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normalize numeric expression
Module test design specification

> 4. Test identification

Sign and Commas

Walid
sign and comma with 14 digits NNE. TC.100
sign and comma with 4 digits NNE.TC.101
Invalid
sign adjacent to comma NNE.TC.110
Decimal Peint and Commas
Walid
comma with 14 integer digits and 4 fractional digits  NNE.TC.120
one comma with 4 digits and trailing point NNE.TC.121
Invalid
no digits between comma and point NNE.TC.130
4 digits between comma and point NNE.TC.131
comma following point NNE.TC.132
Sign, Decimal Point, and Commas
Walid
longest valid expression NNE.TC.140
shortest valid expression NNE.TC.141
representative valid expression NNE.TC.142
Invalid
15 integer and 4 fractional digits NNE.TC.150
14 integer and 5 fractional digits NNE.TC.151
wke 27/48 i E



normalize numeric expression
Module test case specification

» 1. Test case specification identifier
v NNE.TC.121.01
v' One comma with 4 digits and trailing point.

> 2. Test items

v Normalized Numeric Expression Subroutine
*This routine strips signs, commas, and decimal points
from numeric expressions.

» 3. Input specifications
v’ 1,234. in NUMERIC-EXPRESSION

> 4. Out put spec ifications [+12340000 in ALIGNED-NUMERIC-VALUE

NORMALIZATION-OK in RETURN-CODE
4 in INTEGER-DIGIT-COUNT

0 in FRACTIONAL-DIGIT-COUNT

N-0 in WAS-SIGN-FOUND

YES in WERE-COMMAS-FOUND

YES in WAS-DECIMAL-POINT-FOUND
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Verification

to ensure that selected work products meet their specified requirements

»SG 1 Prepare for Verification

v'SP 1.1 Select Work Products for Verification
v'SP 1.2 Establish the Verification Environment
v'SP 1.3 Establish Verification Procedures and Criteria

»SG 2 Perform Peer Reviews
v'SP 2.1 Prepare for Peer Reviews
v'SP 2.2 Conduct Peer Reviews
v'SP 2.3 Analyze Peer Review Data

»SG 3 Verify Selected Work Products

» Selected work products are verified against their
specified requirements.
v'SP 3.1 Perform Verification
v'SP 3.2 Analyze Verification Results
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SP 1.3 Establish Verification Procedures and Criteria

» Establish and maintain verification
procedures and criteria for the selected work
products.

» Typical Work Products
v'1. Verification procedures

v’ 2. Verification criteria
X Verification criteria are defined to ensure that the work
products meet their requirements.
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Research Issues

» Test adequacy criteria

» Stopping rule determinates whether sufficient

testing has been done
v"How do you know when you have tested enough?
v'"How do you pick test cases?

wke 36/48



Enhanced Coverage Indices

» Control flow coverage criteria
v'Statement coverage
v'Edge coverage
v'Condition coverage
v'Path coverage

» Functional coverage criteria
v'Requirements coverage
v'Use cases coverage
v'Decision-table coverage

wkce 37/48



FECMMIZE g2k 5 48 p] 2

<
>
‘/‘Q\." = /n\ 3 ]% {V/
> CMMI #7338
> %22 (Verification) it 4247 4
> BT RAL
VIR E
— > & * fi-3% (Usage Model)

51 >
> 25

-nu\

wke 38/48



zero-defect development—cleanroom approach
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Customer reciuirem ents

Specification

pr—
Eunction Usage
Functional specification Usage specification
Incremental
—
development
planning
Incremental

R, M

Box Structure

development plan

— )] specification&design N Usage modeling
Correctness Test case generation
verification
Source code  —— Test cases
> S Statistical testing
Failure data
sy .
Improvement feedback Quality
s& certification
model
MTTF estimates
. = 2,
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v H258 structure analysis
Xstate coverage
Xarc coverage
*no of test cases
Xtest script length

v'generate test script
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Recent Research

» Practical stopping criteria for validating safety-

critical software by estimating impartial reliability

v’ Applied Mathematical Modelling
v'2007 July, 31-7 1411-1424
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v'Schedule

v'Budget

v'Risks

v Implemented techniques
v'Reality trade-off
v'Quality demands

William Shakespeare:
Time does not have the same appeal for everyone.

Quality does not have the same appeal for everyone.

HAEFOR L, B BB R
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» CMMI Product Team. CMMI for Development,
Version 1.2, CMU/SEI-2006-TR-008, Pittsburgh,
PA: Software Engineering Institute, Carnegie
Mellon University, 2006/08

» Practical stopping criteria for validating safety-
critical software by estimating impartial reliability,
Applied Mathematical Modelling, 2007/07, 31-7,
1411-1424

> %, 2009/02
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