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SOFTWARE QUALITY ASSURANCE (AKA TESTING)

Processes and procedures
alming to assess the quality,
performance, or reliability
of the software

ideally before it is delivered.

[loBepsin, Ho npoBepsan - Trust, but verify

(otherwise, you are just gambling)
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WHY SQA? TO MINIMIZE RISK

a situation involving exposure to danger:
The possibility that something unpleasant or unwelcome will happen
A person or thing regarded as a threat or likely source of danger
a possibility of harm or damage against which something is insured.

person or thing regarded as likely to turn out well or badly in a particular
context or respect

the possibility of financial loss

Per https://en.oxforddictionaries.com/definition/risk:



https://en.oxforddictionaries.com/definition/risk
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RECALL FROM BEFORE - THESE ARE OUR
TECHNIQUES FOR EVALUATING SOFTWARE

Requirements Requirments Arhite.ctural Deta?led Un_it Itgr?tion Mo
gn Design
S e nalysis
(dynamic verification) e
7 (static or dynamic)

s § Inspect architectural design ; g
>

(‘% [ Inspect detailed design |

Generate system test |

§ [ Generate integration test |

12}
f
o @©
% © [ Generate regression test |
(O]

[ Update regression test |

Design scaffoldipg

Design oracle

Inspections

Proofs

(static verification) (static verification)

! Execute regréssionr test

| Collect data on faults |

Improve
Process

[ Analyze faults and improve the process |
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THE CURSE OF FUNCTIONAL TESTING

Dijkstra’ Curse: Testing can
show the presence listic
but not the absence of errors uracy

 possible runs .
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ITS STRUCTURAL TESTING COROLLARY

a proof

Zeller’s Corollary: Static Analysis
can confirm the absence but not
the presence of errors
non-simplified
properties

abstraction

 possible runs
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COMBINING METHODS

abstraction

unverified
properties

 possible runs
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WHY IS SOFTWARE VERIFICATION
HARD?

= Many different quality requirements
= Evolving (and deteriorating) structure

» |[nherent non-linearity
= Uneven distribution of faults
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WHY IS SOFTWARE VERIFICATION
HARD?

= Many different quality requirements
Evolving (and deteriorating) structure

» |Inherent non-linearity
= Uneven distribution of faults
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WHY IS SOFTWARE VERIFICATION
HARD?

= Many different quality requirements
= Evolving (and deteriorating) structure

» |Inherent non-linearity
= Uneven distribution of faults

NN NEEEEIITT
i
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A TESTING PROGRAM INVOLVES TRADE-

OFFS

Theorem proving:
Unbounded effort to
verify general
properties.

Perfect verification of
arbitrary properties by
logical proof or exhaustive
testing (Infinite effort)

Model checking:
Decidable but possibly
intractable checking of

simple temporal

properties.

| Data flow
, analysis

techniques

Precise analysis of
simple syntactic
properties.

Simplified
properties

Optimistic
inaccuracy

Pessimistic
inaccuracy

= \We can be inaccurate
(optimistic or
pessimistic)

= or we can simplify
properties...

* put you cannot have it
all!

11
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TYPICAL STRATEGY FOR
JUDGING WHEN YOU ARE DONE
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TYPICAL STRATEGY FOR
JUDGING WHEN YOU ARE DONE

We built it!
ERGO,
FACTUM!

factum: Latin for it’s done
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IF YOUR JOB/MONEY DEPENDED ON SUCCESSFUL
DEPLOYMENT, SHOULD YOU DEPLQOY THE SYSTEM?
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DEPLOYMENT SHOULDN’T BE A HORROR SHOW
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BUT IT STILL CAUSES FUD IN MANAGEMENT

FUD = Fear, Uncertainty, and Doubt
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SIDEBAR: QUALITY AND RELIABILITY ARE
ACTUALLY DIFFERENT

Quality Assurance Reliability

Whether a software component or  Probability of failure-free software

system produces the operation for a specified duration in
expected/correct/accepted behavior a particular environment
or output relationship given a set of
inputs

Cool phrases
Five 9's (5.25 min/yr downtime)

Assessing features of the software No down-time
(UX) Continuous operation

g
g
[
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TO ANSWER THIS QUESTION, WE NEED TO FOCUS
ON THE CONSTRUCTION PHASE

Communication
project initiation
requirements ge

Planning

estimating
scheduling
tracking

Modeling

analysis
design

Construction

code
test

Deployment

delivery
support
feedback
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IMPORTANT TERMS FOR JUDGING A SYSTEM:
VALIDATION AND VERIFICATION (AKAYV & V)

Ensuring that software has been

Validation

built according to customer

requirements

-

-

Are we building
the right product
or service?

~

4

Verification

Ensuring that software correctly
Implements a specific function

e

-

~
Are we building

the product or
service right?

3
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VALIDATION AND VERIFICATION

—> System

Actual

Requirements

~_

Validation

Involves usability testing, user
feedback, & product trials

~._

Verification

Includes testing, code
Inspections, static analysis,
proofs
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VALIDATION

“if a user presses a request button at floor i, an available elevator must arrive at
floor i soon”

P———*

not verifiable, but can be validated
by interviewing subjects
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VALIDATION VERSUS

“if a user presses a request button at floor i, an available elevator must arrive at
floor i soon”
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VERIFICATION

“if a user presses a request button at floor i, an available elevator must arrive at
floor i within 30 seconds”

P———*

Can be verified through
objective testing
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CORE QUESTIONS

When does V&V start? W

nen Is it done?

Which technigues shoulc

be applied?

How do we know a product is ready?

How can we control the qual
releases?

Ity of successive

How can we improve development?
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WATERFALL SEPARATED CODING FROM TESTING
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FIRST CODE, THEN TEST ’
1. Developers on software sho In

2. Software should be “fss r Ayva
strangers who will t sl

3. Testers 13\ W the project only
Wh‘es t In
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V MODEL

Actual Needs and
Constraints

User Acceptance (alpha, beta test )

<

Srata-m System Test
Specifications
Analysis /
Review
s Eupsyshm Integration Test
Design/Specs
Analysis /
Roviw
A Unit/
4 Co nt
'E“pfur: <MOdU|€ Test </erification
. : <

LUser review of external behaviorasitis
determined or becomes visible
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UNIT TESTS

AIms to uncover errors at module boundaries
Typically written by programmer herself

Should be completely automatic
(which enables regression)

Unit/
Component < Module Test
Specs
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TESTING COMPONENTS: STUBS AND DRIVERS

Unitf
Component
Specs

Stub

Stub

A driver exercises a
module’s functions

A stub simulates not-yet-
ready modules

Frequently realized as mock objects
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PUTTING THE PIECES TOGETHER:
INTEGRATION TESTS

General idea: Construct software while conducting tests

Choices: Big Bang or Incremental Construction

Subsystem Integration Test
Design/Specs
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BIG BANG APPROACH

All components are combined
In advance

The entire program Is tested
as a whole
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BIG BANG APPROACH

All components are combined
In advance

The entire program Is tested
as a whole

CHAQS RESULTS!

For every failure, the entire program must be taken into
account
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TOP-DOWN INTEGRATION

Top module is tested with
stubs (and then used as

Stub Stub driver)

Stubs are replaced one at a
time (“depth first”)

As new modules are
Integrated, tests are re-run

Allows for early demonstration of capability
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BOTTOM-UP INTEGRATION

Bottom modules implemented
first and combined into
clusters

Drivers are replaced one at a
time

—

Allows for early demonstration of capabillity,
but it may be hard to see the forest

Removes the need for
complex stubs
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BEST OF BOTH: SANDWICH INTEGRATION

k Combines bottom-up and top-

B [swb Stub down integration

Top modules tested with
stubs, bottom modules with
drivers
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TETO PRINCIPLE

Test Early, Test Often
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WHO TESTS THE SOFTWARE?

Developer Independent Tester
understands the system must learn about system
but will test gently will attempt to break it

driven by delivery driven by quality
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ACTUALLY EVERYONE IS A TESTER!

Experienced Outsiders and Clients
Good for finding gaps missed by developers, especially domain specific items

Inexperienced Users
Good for illuminating other, perhaps unintended uses/errors

Mother Nature

Always finds the hidden flaw!

(usually waits for the boss or an
important client/customer demo
before announcing herself)
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THE IDEAL TESTER

A good tester should be
creative and destructive
— even sadistic in places.

— Gerald Weinberg, “The psychology of
computer programming”
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CONFLICT BETWEEN DEV AND TEST

There is a natural tension
Dev is incented by release

Test often is a barrier to release

Both actually (usually?) want
the same thing
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MUTUAL RESPECT

There is a natural tension
Dev is incented by release

Test often is a barrier to release

Both want the same thing

QUALITY DEPLOYED
CODE
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SCREEN BLINDNESS

A developer is unsuited to test his
or her code.

As humans want to be honest with
themselves, developers are
blindfolded with respect to their own
mistakes.

‘seen again and again in every
project” (Endres/Rombach)

From Gerald Weinberg, “The psychology of
computer programming”
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DEVELOPERS SHOULD BE TESTERS

Functional testing enables

developers to be testers

= Develop tests before code
No code: no bias, no ego

Reviews!

» Paired Programming
= Formal reviews

Quality code as a culture
= Especially when time is tight
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INTEGRATION AND SYSTEM TESTING

Emphasizes interactions between components/systems and
flows through the system

User Acceptance (alpha, beta test) -

Actual Meeds and
Constraints

System ' System Test
Specifications|
Analysis /

Review

Integration Test

Analysis /

<"

User review of external behavior as itis
determined or becomes visible




>

Will be a complete and

utter waste If
components are not
thoroughly tested

—
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ONE DIFFERENCE FROM UNIT TESTING:
EMERGENT BEHAVIOR

Sometimes, behavior is only
clear when you put
components together

This has to be tested too,
although it can be very
hard to plan in advance!

Usually this is identified after the fact,
causing test suites/cases to be refactored.
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A SECOND (NON-TECHNICAL) DIFFERENCE:
INTEGRATION TESTING IS A TEAM SPORT

Integration testing is often more complicated than .
merely putting the pieces together and then
evaluating them in an orderly manner

While this should be the case,

this is a group activityz+

BUT not everyone is always engaged or even
knows mtegratlon |s gomg on .-

T s —
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ERRORS MAY CAUSE THE BLAME GAME
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IT CAN BE LIKE HERDING CATS

How to maintain momentum when not everyone is at the table,
partners don’t share your priorities, or no-one “owns” the code?
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PERFORMANCE TESTING

Measures the system’s capacity to
process a specific load over a
SpeCIfIC tlme-span, usually: Sorry, theres a problem with our system
1. number of concurrent users
2. specific number of . D

concurrent transactions

OUll need the

Involves defining and running
operational profiles that
reflect the expected use
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FOUR MAJOR TYPES OF PERFORMANCE TESTING

1. Load

Aims to assess compliance with
non-functional requirements

2. Stress
Identifies system capacity limits
3. Spike
Testing involving rapid swings in
load
4. Endurance (or Soak)

Continuous operation at a given
load

Ideally the system should degrade gracefully rather than collapse under load

Under load, issues like protocol overhead or timing issues take center stage
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WHY DO PERFORMANCE TESTING?

OUR PRODUCT PLACED L oER
ALL OF MY
LAST IN OUR OWN PROBLEMS
BENCHMARK TESTS. WERE THIS

‘,o\s*‘- EASY TO

63010 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

Dilbert.com DilbertCartoonist@gmail.com

1. The requirements demand it!
There are non-functional requirements specifying performance

2. It can compare two systems to find which performs better
3. May identify which parts of the system are the “weak links”

4. 1t can identify workloads that cause the system to perform badly
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WHAT TO OPTIMIZE?

» For Throughput or Concurrency?
Getting the most data processed
Greatest number of simultaneousstransactions

2000 ~
= For Server response time? 1500 =

1000 ~

= For Service request round-trip time?  sw -
= For Server utilization?

= For End-User Experience?

= [For Cost?
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SECURITY TESTING — ASSESSING IF THE SYSTEM
IS ADEQUATELY PROTECTED

It's more than penetration testing (PEN tests). This
assesses:

1. Confidentiality
Information protection from unauthorized access or disclosure

2. Integrity
Information protection from unauthorized modification or destruction

3. Avalilability
System protection from unauthorized disruption
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HOW DO WE KNOW WHEN A PRODUCT IS READY?

Room ook fizh, shelfizh, lamb and

beefto at least 145°F; Hot
Holding Temperature for all
bt food 140* F or abowve.

Pork (145° F
Ground beef (15597 F)

Final cook for poulthy
(165" F)

Feheating temperature
for all foods

kKeep foods
colder than .y
417 F and hotter
than 140° F
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FIRST APPROACH: THROW IT AGAINST THE WALL
AND SEE IF IT STICKS

Let the customer test it and if
they don’t complain or return
it, it's done!

Or

If we get a lot of likes, it's
done

B0 Like — WWWwLy
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SECOND APPROACH: KEEP GOING UNTIL YOU RUN
OUT OF TIME OR MONEY

We're running out of
time!

We're running out of
money!

Ship it!
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THE IDEAL

Relative to a theoretically sound and
experimentally validated statistical model, we
have done sufficient testing to say with

95% confidence that the probability of 1,000
CPU hours of failure-free operation is =2 0.995.

FI'
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THE IDEAL

Relative to a theoretically sound and
experimentally validated statistical model, we
have done sufficient testing to say with

95% confidence that the probability of 1,000
CPU hours of failure-free operation is =2 0.995.
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LOTS OF REGRESSION TESTING IS KEY

Reasserting that changes to system haven’t broken previously working parts

==
JUnit
1. Retest everything = P;_ — S|
v| Reload classes every run 1unit
Runs: f;4 X Errors |U(::L'I'(e:1$s - [=] ,:I Run |
2. Retest using only selected tests S s =
Tester specifies what test cases/suites e — e
get run et i
Wered 5

3. Retest using priority orders —
Tester defines priorities against test

4+ Test Hierarchy |

at URLT est testPath(URLT st java:41)

flart Dialanatinahiatho

junit.framework. ComparisonFailure; expected: </...> but was; <

at sun. reflect, MativeM ethodAccessarimplinvokediMative Method)

1 cun r
[

cases/suites. Tests are run in a greedy manner for

[Finishect: 0.102 seconds

some time period.

Priorities may be set up against specific system or module versions.
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REGRESSION TESTS: ASSERTING CHANGES
HAVEN’T BROKEN WHAT WAS WORKING

1.

Set up automated tests
" using, e.g., Junit

Ideally, run regression tests
after each change

If running the tests takes too

long:

a. prioritize and run a
subset

b. apply regression test
selection to determine
tests that are impacted
by a set of changes

Junit
Test class name:
[URLTes <[5 X
vl Relog] JUNIt
Test class name:
Runs: 4 |URLTest_ | '| | | | Run |
Results: [vl Reload classes every run
T uRLT JU
r"‘te Runs: 44 X Errors : 0 “ Failures: 1
e
e Results:
" 1ad |3 URLTest 1= | Run
X! Fail i testProtocol e
------------------------ i testHost 3
% 1estPath &
rftestQuerv -
[ "X Failures l J* Test Hierarchy |
< junit.frame: .ComparisonFailure: expected: < /... > butwas: <., >

at URLTest.testPath(URLTest. java: 413
at sun.reflect. MativeM ethodAccessordmpl invakeO{Mative Method) =
at sun.reflect. MativeM ethodAccessormpl. invoke(NativeMethodAccessi—

61
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AN OBVIOUS ISSUE WITH REGRESSION TESTING

Becomes very expensive as test suites grow and code change velocities
are high.

It may be that regression test cycles keep getting disrupted by continual code
changes

Is a great way to put idle machine cycles to work
especially if you own the machines (versus renting them)

“Also as a consequence of the introduction of new bugs, program maintenance requires far more system
testing per statement written than any other programming. Theoretically, after each fix one must run the
entire batch of test cases previously run against the system, to ensure that it has not been damaged in

an obscure way. In practice, such regression testing must indeed approximate this theoretical idea, and it

is very costly.”

- F. Brooks, The Mythical Man Month
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HOW TO CONTROL QUALITY OF SUCCESSIVE
RELEASES AND HOW TO IMPROVE DEVELOPMENT?
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FIRST, YOU HAVE TO COLLECT DATA

Mozilla Vulnerabilities |
security I il content [
nss base | imap base 1 xslt xul canvas3d |webservice [python [spelich pr i
lib src util src src ] src temp |doc src soap |pro |ixpco | | src src tests t
libpkix freebl ftok 11T xsit |xpath| | src ||src md
pkix_pl_nss Impl e [T L] JIIIH t:m 1T e = sche W |! [wallejuniv [sche i TR
modu | pki sy HoHH— = SEATCH == ont java @ & ig] olb
] “’— . i Wa svg events [xml xpcom | met|pre lins |typ | |2 o
pkix [incl | ssl util |certd |smim i import html | content || src _[|id orms s L include
top luti | src src outl | src content src xtf xmiterm aut wis p thricp m
jom| e Src src xbl (— baseline s:l cools o mg
] a =
Gt | pki Jplca Jde H eud src n ) el
ckfw [ xpcom directory db ef xpinstall
bt [ca | | PkLwr [HE So0 e [l lnews - m salite3 Compiler [Utilitie wizard
o LT Tokin [ TP e STC :f_'l src Code [Front |[Gener ||| windows [libxpne
certhig Bas lasn bis L 1 - Tqa setup |uni| GUSI
mapi b || reflect |string [typelib T x [T]iPrimi c [ —
cmd t old_|ma xptcal [x |[pu Jsr]/xpi|x & 052 e
t
zlib_[iib[m [pk]si [fips[pk [ce[c CaUIes B "::: srjrunim |_ge Pack || setup unix
crlublt S oif T plugin ds base | tests . [l SYSte fitsr fi ot
manager iss s tests  Jsr|[ tools |[sam md || ¢ N [C || Tools i
org src test |s s |[def %bulld compo Ex D
ayout INI CILOIEIC) thr |pr editor
generic style [ xul C |Arr[A [C Se < MoreFi |- libeditor txm |
l l [ base JAC | L e htmi  [base | place
I - libimg | libfont |libprOn | zlib o . com Ji src
— 11 - pne e Juecls § i mac gtk2 text |tXtsv
o - e
——H — e locale I e
] i - calendar parser accessible
e tables '";;:e"“ OuT l- od libre [libpllibbill... g src |][src libical htmiparser [expa [trace- |codes [re src
rdf o By L chardet src_ p|[lib i atk [bas[ht [xu
[1 Sre src fibjar (X! |3 [ii reld [f [p fuslllls
L svg pro xpwi |qt_|ph e [jp ms
m base [re|prin |in ht ot gtk msgs ccl gc
STC % xlib |colg |g src C expat |muc| boehm
is ps [ xiib | mac [theb [xiib oase protocol | {if=="===17p Jlic
src | tamarin embeddi
xpconnect [I_iveco core == qt |phot 9 plugin  |uriloader | camino pc
I 11 (nnz:l)
= ke —{1 v gtk indo be [xp [sh||| activex | gtk |phot other-license i ojIM extha b] src Ipcd
| T8 TR src src [IC_1] 7zst Jiibart_ pz lEN]] S
dlib S p xpr co |co web src lib |mston |view | mail
pcre  |code MM Al ) b
l cairo thebe || plu |pI || POWerP o Java 7zi mac || src_|[src | |[com
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REMEMBER PARETO’S LAW

Approximately 80% of defects

come from 20% of modules
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BEST PRACTICES

1.

2.

Specify requirements in a quantifiable manner

State testing objectives explicitly

Understand the users of the software and
develop a profile for each user category

Develop a testing plan that emphasizes “rapid
cycle testing”



Northeastern University

BEST PRACTICES

5. Build “robust” software that is designed to test itself
Remember to build in the “little red/green light”

6. Use effective formal technical reviews as a filter prior to
testing

/. Conduct formal technical reviews to assess the test
strategy and test cases themselves

8. Develop a continuous improvement approach for the
testing process
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DESIGN FOR TESTING

1. OO design principles also improve testing
Encapsulation leads to good unit tests

2. Provide diagnostic methods

Primarily used for debugging, but may also be useful as regular
methods

3. Assertions are great helpers for testing
Test cases may be derived automatically
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HOW DO YOU KNOW IF YOUR TESTING PROGRAM
IS ANY GOOD?
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YOUR TESTING IS GOOD ENOUGH UNTIL A
PROBLEM SHOWS THAT IT IS NOT GOOD ENOUGH

It is hard to know when you should feel enough confidence to release the
system

Confidence comes on the sub-test of possible tests selected and
perception of the team
A high

ny defects 1) few defects founﬂ

<€ >
lo

high
W defects fou
4

v low
Test Quality

Software
Quality

few defects found
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AN APPROACH: MUTATION TESTING

Introduce small changes to the code and see Iif testing catches it
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INTENT IS TO IDENTIFY REGIONS OF CODE THAT WEREN'T
TESTED AND TO CATCH “DUMB MISTYPING” BUGS

Statement Mutation — changes to lines of code (adds, removes, changes)
Value Mutation- changes parameter values are modified

Decision Mutation- changes to control statements

Original Mutant
c=ah; > c=ath;
If (@a==10){ =2 If (a==11){

fa==b){ > If(al=b){
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WHEN DO TEST SUITES NEED REFACTORING?

Generate a set of mutants (M)

If testing catches the mutant, it is considered killed (M,)

If testing does not catch the mutant, it is considered an mutant
equivalent (M)

= Different code, same accepted result

Mg

Measuring effectiveness (Mutation Score) MS =

Anything less than MS = 1 is bad
and means test suites need refactoring to cover Mg
Mg approaching M is bad

Mr—ME
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PUTS AND TAKES ON MUTATION TESTING

Advantages Disadvantages

+ Can nicely cover the original source - Mutation testing is extremely costly and

+ Finds ambiguities in the source code time consuming to pursue

+ May detect all the faults in the testing - Requires generating many mutant
regime programs

- Each mutation runs the original test
suite(s), which may involve many test
cases or run tests that take a long
time — or both

Creates a potentially huge number

Back in vogue because of the explosion in of test suites to run.
compute capacity

Originally proposed in the early 2000’s

- Requires additional tech to manage
mutation generation and detection
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ANOTHER APPROACH: DEFECT DENSITY

= Using the past to estimate the future

= Judges code stability by comparing past number of bugs per code
measure to present measured levels

Poor Software

_ BugsFound(prerelease;) + BugsFound(postrelease;) 10 95 Quality
BugDenSltYrelease(i) =
CodeMeasure(release;) Expected
3 7 Quiality
. . . >
Release, is a candidate for release if Z & Poor Test
min(BugDensity eiease(1.i-1)) < BugDensity,eieqse(iy < max(BugDensity eieqse(1.i-1)) holds 8 Coverage/Quality
B
If density for the next release’s additional code is within ¢ 4
ranges of prior releases, it is a candidate for release e
2
provided test or development practices haven’t improved
0

Release m1m2

In other words, this version is as bad as previous versions,
but it's ok because we released those
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MANY, MANY WAYS TO MEASURE CODE

Approach 1: Count lines of Code

1.
2.
3.

Lines of code
Count only executable lines.

Count executable lines plus data
definitions.

Count executable lines, data
definitions, and comments.

Count executable lines, data
definitions, comments

Count lines as physical lines on an
input screen.

Count lines as terminated by logical
delimiters.

Count only shipped lines
Count only new/changed lines

Approach 2: Count function points

1. Using a standard notion of a
function/object/component, use a
weighted function over

1. Number of external interfaces
2. Number of inputs

3. Number of outputs

4. Internal complexity

5. Configuration complexity

= The weights may consider:
1. Data communications
2. Performance
3. Transaction rate
4. Reusability
5. Installation ease
6. Operational ease
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A THIRD APPROACH: CAPTURE-RECAPTURE

Uses a technique for predicting wild-life populations to estimate the
number of defects

Example: Estimating Turtle Population (assuming turtles don’t migrate)

You catch and tag 5 turtles. Then, you release them.

You later catch 10 turtles, and two have tags.

Total # of turtles _ 10 turtles

5 turtles 2 turtles
10 turtles = 5 turtles

Total # of turtles = = 25

2 turtles

= Uses data collected by two or more independent collectors
= Collected via reviews or tests
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CAPTURE-RECAPTURE

=  Each collector finds some defects out of the total
number of defects

» Some of these defects found will overlap
= Method

1. Countthe number of defects found by each
collector (nq, n,)

2. Count the number of intersecting defects found
by each collector (m)

3. Calculate defects found = (n; + n,) —m

4. Estimate total defects = 42

5. Estimate remaining defects

remainder = (nl—::lZ) —(n; +ny) —m

= If multiple collectors, assign A to the highest collected
number and set B to the rest of the collected defects.
When multiple engineers find the same defect, count it
just once.

Figures taken from http://leansoftwareengineering.com/2007/06/05/the-capture-

defects discovered

by first reviewer defects discovered

by second reviewer

defects discovered
by both reviewers total population

of defects

When most findings overlap

defects discovered
by second reviewer
defects discovered
by first reviewer

total population
defects discovered of defects

by both reviewers

When there is little overlap

recapture-code-inspection/



