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Honartox b JlictuHr KoAy AepeBa NPUAHSITTS PillIeHb

var dt = (function () {

/**

Creates an instance of DecisionTree

@constructor
@param builder - contains training set and
some configuration parameters

*
*
*
*

*/
function DecisionTree(builder) {
this.root = buildDecisionTree({
trainingSet: builder.trainingSet,

ignoredAttributes:
arrayToHashSet(builder.ignoredAttributes),

categoryAttr: builder.categoryAttr || 'category’,

minItemsCount: builder.minItemsCount || 1,

entropyThrehold: builder.entropyThrehold || ©.01,
maxTreeDepth: builder.maxTreeDepth || 70
1)
}

DecisionTree.prototype.predict = function (item) {
return predict(this.root, item);

}

/**

* Creates an instance of RandomForest

* with specific number of trees

%

* @constructor

* @param builder - contains training set and some
* configuration parameters for

*

building decision trees
*/
function RandomForest(builder, treesNumber) {
this.trees = buildRandomForest(builder, treesNumber);

}

RandomForest.prototype.predict = function (item) {
return predictRandomForest(this.trees, item);

}
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/**
* Transforming array to object with such attributes
* as elements of array (afterwards it can be used as
HashSet)
*/
function arrayToHashSet(array) {
var hashSet = {};
if (array) {
for(var i in array) {
var attr = array[i];
hashSet[attr] = true;
}
}

return hashSet;

}

/**

Calculating how many objects have the same
values of specific attribute.

k
k
k
* @param items - array of objects
k
* @param attr - variable with name of attribute,
* which embedded in each object
*/
function countUniqueValues(items, attr) {
var counter = {};

// detecting different values of attribute
for (var i = items.length - 1; i >=0; i-—-) {
// items[i][attr] - value of attribute

counter[items[i][attr]] = ©;

}

// counting number of occurrences of each of values

// of attribute

for (var i = items.length - 1; i >=0; i-—-) {
counter[items[i][attr]] += 1;

}

return counter;

/**



*
*
*
*
*
*
*

*/

fun

}

/**
*

attribu

%

¥ OX X X X X X X X X X X ¥ X ¥ ¥

*
~
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Calculating entropy of array of objects
by specific attribute.

@param items - array of objects

@param attr - variable with name of attribute,
which embedded in each object

ction entropy(items, attr) {

// counting number of occurrences of each of values
// of attribute

var counter = countUniqueValues(items, attr);

var entropy = 0;

var p;

for (var i in counter) {
p = counter[i] / items.length;
entropy += -p * Math.log(p);

}

return entropy;

Splitting array of objects by value of specific

te,
using specific predicate and pivot.
Items which matched by predicate will be copied to
the new array called 'match', and the rest of the items
will be copied to array with name 'notMatch'’
@param items - array of objects
@param attr - variable with name of attribute,
which embedded in each object
@param predicate - function(x, y)
which returns 'true' or 'false'
@param pivot - used as the second argument when
calling predicate function:

e.g. predicate(item[attr], pivot)
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function split(items, attr, predicate, pivot) {
var match = [];
var notMatch = [];

var item,
attrValue;

for (var i = items.length - 1; i >=0; i-—-) {
item = items[i];
attrvalue = item[attr];

if (predicate(attrValue, pivot)) {
match.push(item);

} else {
notMatch.push(item);
}
}s
return {
match: match,
notMatch: notMatch
}s5
}
/**

* Finding value of specific attribute which is most
frequent

* in given array of objects.

k

* @param items - array of objects

k

* @param attr - variable with name of attribute,
k

which embedded in each object
*/
function mostFrequentValue(items, attr) {
// counting number of occurrences of each of values
// of attribute
var counter = countUniqueValues(items, attr);

var mostFrequentCount = 0;
var mostFrequentValue;

for (var value in counter) {
if (counter[value] > mostFrequentCount) {
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mostFrequentCount
mostFrequentValue

counter[value];
value;

}s

return mostFrequentValue;

}

var predicates = {

'==": function (a, b) { return a == b },
'>=': function (a, b) { return a >= b }
}s
/**
* Function for building decision tree
*/

function buildDecisionTree(builder) {

var trainingSet = builder.trainingSet;

var minItemsCount = builder.minItemsCount;

var categoryAttr = builder.categoryAttr;

var entropyThrehold = builder.entropyThrehold;

var maxTreeDepth = builder.maxTreeDepth;

var ignoredAttributes = builder.ignoredAttributes;

if ((maxTreeDepth == @) || (trainingSet.length <=
minItemsCount)) {
// restriction by maximal depth of tree
// or size of training set is to small
// so we have to terminate process of building tree
return {
category: mostFrequentValue(trainingSet,
categoryAttr)
}s
}

var initialEntropy = entropy(trainingSet, categoryAttr);

if (initialEntropy <= entropyThrehold) {
// entropy of training set too small
// (it means that training set is almost
homogeneous),
// so we have to terminate process of building tree
return {
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category: mostFrequentValue(trainingSet,
categoryAttr)
¥
}

// used as hash-set for avoiding the checking of split
by rules

// with the same 'attribute-predicate-pivot' more than
once

var alreadyChecked = {};

// this variable expected to contain rule, which splits
training set

// into subsets with smaller values of entropy (produces
informational gain)

var bestSplit = {gain: 0};

for (var i = trainingSet.length - 1; i >= 0; i--) {
var item = trainingSet[i];

// iterating over all attributes of item
for (var attr in item) {
if ((attr == categoryAttr) ||
ignoredAttributes[attr]) {

continue;
}
// let the value of current attribute be the
pivot
var pivot = item[attr];
// pick the predicate
// depending on the type of the attribute value
var predicateName;
if (typeof pivot == 'number') {
predicateName = '>=";
} else {
// there is no sense to compare non-numeric
attributes
// so we will check only equality of such
attributes

predicateName = '=="';
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var attrPredPivot = attr + predicateName +
pivot;
if (alreadyChecked[attrPredPivot]) {
// skip such pairs of 'attribute-predicate-
pivot',
// which been already checked
continue;

}
alreadyChecked[attrPredPivot] = true;

var predicate = predicates[predicateName];

// splitting training set by given 'attribute-
predicate-value'

var currSplit = split(trainingSet, attr,
predicate, pivot);

// calculating entropy of subsets

var matchEntropy = entropy(currSplit.match,
categoryAttr);

var notMatchEntropy =
entropy(currSplit.notMatch, categoryAttr);

// calculating informational gain

var newEntropy = 0;

newEntropy += matchEntropy *
currSplit.match.length;

newEntropy += notMatchEntropy *
currSplit.notMatch.length;

newEntropy /= trainingSet.length;

var currGain = initialEntropy - newEntropy;

if (currGain > bestSplit.gain) {

// remember pairs 'attribute-predicate-
value'

// which provides informational gain

bestSplit = currSplit;

bestSplit.predicateName = predicateName;

bestSplit.predicate = predicate;

bestSplit.attribute = attr;

bestSplit.pivot = pivot;

bestSplit.gain = currGain;



}

if (!bestSplit.gain) {
// can't find optimal split

return { category: mostFrequentValue(trainingSet,

categoryAttr) };
}

// building subtrees
builder.maxTreeDepth = maxTreeDepth - 1;

builder.trainingSet = bestSplit.match;
var matchSubTree = buildDecisionTree(builder);

bestSplit.notMatch;
buildDecisionTree(builder);

builder.trainingSet
var notMatchSubTree

return {
attribute: bestSplit.attribute,
predicate: bestSplit.predicate,
predicateName: bestSplit.predicateName,
pivot: bestSplit.pivot,
match: matchSubTree,
notMatch: notMatchSubTree,
matchedCount: bestSplit.match.length,
notMatchedCount: bestSplit.notMatch.length

}s

}

/**
* Classifying item, using decision tree
*/
function predict(tree, item) {
var attr,
value,
predicate,
pivot;

// Traversing tree from the root to leaf
while(true) {

if (tree.category) {
// only leafs contains predicted category



83

return tree.category;

}

attr = tree.attribute;
value = item[attr];

predicate = tree.predicate;
pivot = tree.pivot;

// move to one of subtrees

if (predicate(value, pivot)) {
tree = tree.match;

} else {
tree = tree.notMatch;

}
}
}
/**
* Building array of decision trees
*/

function buildRandomForest(builder, treesNumber) {
var items = builder.trainingSet;

// creating training sets for each tree

var trainingSets = [];

for (var t = 0; t < treesNumber; t++) {

trainingSets[t] = [];

}

for (var i = items.length - 1; i »>=0 ; i--) {
// assigning items to training sets of each tree
// using 'round-robin' strategy
var correspondingTree = i % treesNumber;
trainingSets[correspondingTree].push(items[i]);

}

// building decision trees

var forest = [];

for (var t = @; t < treesNumber; t++) {
builder.trainingSet = trainingSets[t];

var tree = new DecisionTree(builder);
forest.push(tree);
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return forest;

}

/**
Each of decision tree classifying item
('voting' that item corresponds to some class).

This function returns hash, which contains
all classifying results, and number of votes
which were given for each of classifying results

* X ¥ * ¥ ¥

*/
function predictRandomForest(forest, item) {

var result = {};

for (var i in forest) {
var tree = forest[i];
var prediction = tree.predict(item);
result[prediction] = result[prediction] ?

result[prediction] + 1 : 1;

}

return result;

}

var exports = {};
exports.DecisionTree
exports.RandomForest
return exports;

NO;

DecisionTree;
RandomForest;
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aMepuKaHCbKMIt BueHnit Tom MiTdernn 3anpoBafyB MMPOKO IIMTOBaHe (hOpMabHi-

e BU3HAYEHHA aHI‘OpHTMiB, o D;OCIIi,Il}KyIOTb Y I‘a]IYSi MAalIMHHOrO HaBYaHHA: «Ka-

XKYTb, IIJ0 KOMIT F0TepPHA IIPOTrpaMa BYMTh-
¢ 3 fgoceiny E mo BigHOIIEHHIO N0 AKO-
TOCh Knacy 3apa4 I’ Ta MipM IpomyKTHB-
HocTi P, AKmo ii NPORYKTMBHICTH ¥y
3agavax 3 1, BuUMiploBaHa 3a JOIOMO-
row P, mokpamyerbes 3 gocsigoM Ex [1],
BUXOIAYNM 3 BM3HAYeHHsA ToMma, MOXKHa
cKasaTw, mo 6yab AKMi BUJL [IiSTBHOCTI,
IO MOXKHA IIEPEKIAcTH Y ITommHEy «Ma-
TeMaTUIHOTO JHOcBimy» Oyhe MaTy IOTeH-
LiifiHe Miclle AJIA BUKOPHUCTAHHA aITOPHUT-
MiB, METOZIB Ta IPaKTMK MAaIUVHHOIO Ha-
BYaHHS U aBToMaru3ailii mporecie abo/
Ta OTPMMAHHA KpallX pe3ynbTaris.
SIKicTh po3po6KM mporpaMHOTro 3a6e3-
IIeYeHH: 3a/IEKNUTh Bifl 0araTbox acleKTiB,
ajie yepes JIeAKHI Yac iCHyBaHHsA Ta po3-
BUTKY IIPOrPaMHOIO IPOAYKTY, ONHUM 3
HAWrONOBHINIMM KPUTEPiiB AKOCTI Ipo-
rpamMHOro 3abesredeHHs € Oro Iporpam-
HUI KOJT HAMMMCAHMIT KOMaH/IOK0 po3pob-
HukiB. SIKicTb KOmy — Lle MaTeMaTH4Ha Ta
06uYMCIIOBaNbHA BETMYMHA, TAK SIK € Oara-
TO TIPaBW, TEXHIK, MabmoHiB, Tommo, AKi
ONMCYIOTh CTAHAAPTH HAMMCAHHA TAPHOTO

NIPOTPaMHOTO KOAY, OOUMCIIEHHs CKIaf-
HOCTI, BUABNEHHA CTabKUX MicI[h, TO TIPO-
6/1meMy HaIMCaHHA TapHOTO IIPOTPaMHOTO
KOJIy MOKHa BUJUINTH Y OKPeMMIl Kiac
3aBfaHb I, KOXKHA 3 I 3a/jad Hece ¥ cobi
fiesIKy Mipy npoflyKTHBHOCT P, (y KOHTeK-
CTi AIKOCTI IIPOrpaMHOTO KOAY — 11e 6yAyTh
3arajbHi TpaBIIa, O3HAKM Ta MeTPUKH
9IICTOTO JIETKOTO Y MiATPMMYBAaHOCTI
KOZY), BIXOJ[YM 3 I[bOTO, PisHi koMOiHa-
uii BupimenHs safgag 6yAyTh gaBath pisHi
BenM4aMHN pocsiny E.

¥V AKocTi pKeperna HaBYaHHA BUKOPIC-
TOBYIOTbCA 3a3falerifib MiAroToBeHi ab-
CTPAKTHi CMHTaKCHYHi iepeBa, AKi Ommcy-
10Tb Ti 4K iHmi wabmoHu abo paKTUKK
HaNMCaHHA MPOTPaMHOTO KOAY, a Ha JIari
BUKOPJCTOBYBATH BX€ HAaTPEHOBaHi MoO-
meni mpu aHamisyBaHHI KOIOBOI 6asy KiH-
neBux kopucrysadeil. JocuTb BaromMmm
TUTIOCOM CHCTEM MAUIMHHOTO HaBYAHHA €
THYYKiCTb, TOMy KOPUCTyBadi MOKYTb 3
NeTKIiCTIO 3aIIpOBAZIUTU CBOI MPaKTUKU Ta
mMa6IOHN CTAHAAPTH30BAHOTO KOTY.

OCHOBHUM METOJIOM BUKOHAHHS aHa-

42

Pucynok B.1 — Cropinka 1
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TECHNICS AND TECHNOLOGY. #16

M3y y cucTeMi MAalIMHHOTO HaBYaHHA BU-
KOPMCTOBYETbCS IIJXif] «[jepeB pillleHb».
[Hy4kicTh Ta IIBUAKICTH AepeB pillleHHA
NO3BOJIAE CTBOPIOBATH JIy>Ke CKJ/IaJIHi /IaH-
ITFOXKKIM aHAJTi3y 3 MOXK/TUBICTIO TIOBTOPHO-
ro BUKOPMCTAHHA Ta po3MMpeHHA. JIucT-
KaMM LMX JiepeB € npemukaru, abo Habip
IpenMKariB, sAKi 6a3younch Ha BXiTHOMY
abCTpaKTHOMY fiepeBi B 3M03i BU3HAUNTHI
MOPYIIEHHA TH UM iHIIMX IIab/MTOHiB, mMpa-
BIUI Y/ CTAHMAPTIB HalMCAHHA CTaH[ap-
TU30BAHHOTO IATPMMYBAHOIO IIPOrpaM-
HOr'O KOy i cTBOpuTH Habip HeoOXigHMX
KPOKiB /I pepaKTOpPMHTY.

JlaHHa crcTeMa MAIIMHHOTO HaBYaHHSA
MOke O6yTHM BMKOPMCTaHa B HACTYITHUX
ramyssax:

Junamivni ananisaropu xony. Lla cuc-
TemMa Mo)ke Oyt mpencrasneHa Ak CLI
YTU/IiTa, KA CKaHyBaTUMe IPOEKT Ta BU-
BOMUTUME 3HAlEeHi TOMUIKI Y PO3TOp-
HyToMy opMarti Ha Be6 CTOpiHII;

InTerpyBanns y posnopineni cucremu
KOHTpPONI Bepcii, Taki sk Atlassian
Bitbucket, GitHub, GitLab, Tomo. IT5o crc-
TEeMy MOXXHAa BUKOPMCTOBYBATH IIiJ] 4ac
OITLANY KOy KOMaH/[OI0, 10 MOXKE 3HAYHO
CIIPOCTUTH Ta CKOPOTUTM CaM IIpOLEC, a
TAKOXX CYTTEBO 3MEHLUMTH KUIBKICTD I10-
MWJIOK, JOITYILleHHUX JIIO[VIHOIO;

Sx Bxe 6ymo 3a3HaveHo, I CUCTeMa
NOCUTh THYYKa i MOXKe «IIijylalliTOBYBa-
THCBH» MiJl CTAHAAPTH, IPAKTUKM, MIabmo-
HJ, TOLIO, 3a/laHi KOHKPETHOI KOMaH/IO0
PO3POOHUKIB 11 KOHKPETHOTO TIPORYK-
TY, TOMY Lie BifjKpuBae 1me 6inblre apepeii
IO HaIlMICaHHA YMCTOTO Ta CTaHAAPTU30-
BaHOTO KO[Y.

Takox crip 3a3Ha4MTH, IO BUKOPHC-
TaHHA a0CTPaKTHUX CMHTAKCUIHIX JIepeB
Ta poboTa 3 06’€KTHO-OPIEHTOBAHUM Ce-
PeROBUIEM BifIKpMBAE IeAKI MOXK/IMBOCTL
IV TIOKpallleHHA 3arajJibHOTO KiHIIEBOTO
LOCBily KOPUCTYBaHHA, HAIIPUK/IaJ, TeHe-
pyBaHHA fiarpaM KiaciB Ta 00’ekTiB, Ha
AKMX OYAyTh 3a3Ha4YeHi 3B A3KM MDK KOM-
IIOHEHTAaMM Ta JIETA/JIbHO OIMCAHI IIOpY-
IIIeHHS JIeIKUX TIPaBIT 260 mabIoHiB.

1lle omHMM IOCUTD LiKaBUM BapiaHTOM
IIOKpallleHHA W€l cucteMut € «I[Iporuosy-
BaHHA», aHAII3yI04M KOpoBi 6asm Oara-
THOX IPOEKTIB Ta 06YMC/TIONYY iX 3arab-
HMI piBeHb AKOCTi, MOXHA HAaBUYUTHU I[IO
CHCTEMY 3a3JlaJIeTifib MPOTHO3YBATH JIEAKi
IIOTEHIINHI 3MiHI y CTPYKTYpi Iporpam-
HIX KOMIIOHEHTIB Ta CBOEYaCHO IOIepen -
JKaTK BJIACHMKIB KOJ{OBMX 0a3, IIOJO TMX
3MiH, HaJJal04 KOPUCHI IIOpafy Ha OCHOBI
BXKe IIPOaHaIi30BaHUX IIPOEKTIB, TUM ca-
MMM 3HAaYHO MiHIMiSyBaTV PM3MK IIif] 9ac
PO3pOOKM Ta IiIBMIMTH 3araibHy Oes-
IIEeKy Ta HaJifHICTh YCbOI'O IIPOIrPaMHOIO
IIPOAYKTY i 10OT0 KOMIIOHEHTIB.

Pobnssau BMCHOBOK, Crif 3a3HaduTH,
IO HANMCAHHA AKICHOTO IPOrpaMHOTrO
KONy € MaTeMaTMYHOI0 3afjadyelo, TOMY
MO)Ke OyTH IlepeHeceHO Y MaTeMaTH4YHy
IVIOIIMHY, BUXO[AYM 3 LIbOTO, € MOXK/IM-
BiCTb HOKpAIIeHHA Ta CIPOIIEHHS IPO-
1[eCy HANlMCAHHA 3a JJOMOMOTIO0 MPaKTUK
Ta METONIB, AKi IIPOIIOHYE raay3b MAIllMH-
HOro HaBYaHHA.

JIireparypa
1. Nils J. Nilsson, Introduction to Machine
Learning, Stanford University
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B.2 JlonoBias Ha xoHpepenttito "Verification and Al

CODE QUALITY ANALYSIS SYSTEM BASED ON GENERAL UML
DIAGRAMS WITH SUPPORT OF MACHINE LEARNING

Ostapenko D.S., master of PE department, e-mail: denys.ostapenko@nure.ua
Academic adviser: Dean of the Faculty of Computer Science, D. Sc., Professor
Andriy L. Yerokhin

Kharkiv National University of Radio Electronics

The suggested system provides an ability to evaluate the quality of given codebase
drawing on well-known rules and principles like S.O.L.I.D, Clean Architecture, etc. A
performed analysis is visualized in generated main UML diagrams which indicate clearly
whether any rule was violated, thereby the amount of badly written code should be reduced
dramatically.

Application development involves creating a computer program, or set of
programs to perform tasks, from keeping track of inventory and billing
customers to maintain bank accounts, speeding up business process and, in fact,
even improving application effectiveness. Unlike vanilla programming,
application development involves higher levels of responsibility (particularly for
requirement capturing and testing) [1]. But the main parts of each software
development phase process are design and coding.

The design represents the process of discussing the software architecture
and documenting of it. During a design phase, a team headed by an architect
clarifies software requirements, chooses appropriate technology and builds the
basic architecture using different diagrams, flowcharts, and other auxiliary
Iresources.

The coding phase follows the design one and usually continues much
longer time. Basically, the coding is the process of writing a program code by
developers in order implement some features or prepare the ground for
implementing other functionality. Here are the main criteria which affect the
code quality:

1. Time. As the time flies, each day new technologies, frameworks,

development practices, and approaches are coming so it becomes quite
important to maintain existing applications;
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2. Team members experience and skills. The more skillful a team is the
better code quality is fair to expect. Overall team qualification is the
crucial attribute;

3. Established and adjusted the coding process. Usually, this derives from
the item # 2. Customized coding practices, regular detailed code reviews,
and knowledge sharing sessions help to improve an overall codebase

quality.

In fact, the reality is far from ideal and as a result developers don’t have
much time for adapting existing code base to some modern technologies,
development teams are not staffed properly (lack of seniors) and inside them
there is no precise development process which would cover the code quality
issue. Mostly, software developers can not do pretty much in this situation and
that is why the code quality remains the same or even is worsening over the
time.

Basing on the stated above, it’s possible to emphasize the main
motivation of the system - providing an ability to control and evaluate the code
quality of given codebase so that aforementioned risks related to code quality
could become negligible. Here is the detailed explanation how this system is
solving the issues

1. Time. Let’s say there is a version A of some language and assume that
version B has drastic improvements related to Open-Closed principle, so
it does make sense to create rules which would simplify the migration
process and it would be possible to fed them into Machine Learning
software so that respective diagrams will be generated and team can start
to plan their further refactoring process accordingly;

2. Probably, this software will not turn junior developers into seniors
instantly, but it definitely helps with seeking and identifying potential
problems. As a bonus it can help junior developers to learn and
understand new practices a bit faster;

3. Established and adjusted the coding process. Since the better part of code
quality issues could be covered programmatically a senior developers are
able to spend less time reviewing a regular code changes and focus on
challenging tasks or global improvements. Also, Machine Learning
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system could be expanded with some custom rules and standards, this
should help teams to stay on the same page and experiment with new

coding ways.

Hopefully, Machine learning technologies had a terrific development
boost in past few years and it become possible to make sophisticated analysis
and predictions.

The algorithm how this system evaluates the code quality and builds
diagram is illustrated in figure 1.

Provide source code

v

Analyze given code

lterate through defined code quility model

Continue iteration

Case maiched? p------- Ng==-=-rm===mmmemees :

Yes

Prepare
---» coresponding
diagram

RS LR Display gotten results

Figure 1 - Code quality evaluation simplified algorithm
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Let’s look step by step at provided flowchart in more detail.

1. Ideally, analysis shouldn’t be applied to the whole project because that
can be prone to delays and low efficiency, so taking that fact into account,
the preferable way of usage of this system is handling of moderate
changes and that is making this system a very good candidate for
embedding into web-based hosting services for version control Git like
Github or Bitbucket. The command language interface tool will be
supported as well.

2. Once a user provided the code the analysis phase starts. Basically,
analysis consists of parsing given codebase in order to get abstract syntax
trees and then the matching the received trees with already defined
models which represent either good practices or bad practices
(antipatterns). All good or bad patterns and practices are represented as
sets of abstract syntax trees and relations between them. In order to find
the violation of some architectural principle or usage of an antipattern the
system will be using decisions tree technique[2]. The system contains
metadata for each case so that it will choose an appropriate diagram to
show found code issue. Supported diagrams are: Class diagram, objects
diagram and calls graph[3].

3. After the analysis is completed and data is gathered the system will
output generated diagrams, mark there all founded issues so that
developers will be able to investigate generated charts and clearly
understand the code issues.

Also, there is a pivotal feature which will be available in future releases,
this is an auto fixing. Once the system has found some problem in given
codebase it can try to refactor the code according to ‘good models’ so that
identified problem will be fixed. That feature should drastically improve the
overall code quality and significantly reduce the number of delays in software
development.

Since any Machine Learning based system is not able to give precise
answers out of the box[4] and must be trained on some real-world data this
system can complement already existing collections of defined models with
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slightly altered versions of users models, as a result, the system will catch more
issues and diagrams will show more detailed and articulated messages and at the
end of the day exactly this capability will make possible to provide auto fixing.

Making a conclusion it’s worth to note that currently there are no analogs
on the market which could provide close functionality so there is a leaves a huge
potential for this project.

Sources:

1. Kit, Edward (1992). Software Testing in The Real World.
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