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ABSTRACT

=4
The occurrence and detection of software errors was stu=

adiea in four software orojects. Errors were analyzed with
respect to complexity measures of incividual subroutines.
This oaper also orovices definitions of error categories and
types. The detailed cccumentation of the software oroduc=

tion effort allowed both a qualitative and auantitative

analysis of software errors with respect to errcr typcese.
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I. INTRODUCTION

In a recent SHARE study the annual growth rate of
software ademands over the years 1957 < 1985 was estimated to
be as hiagh as 21=23% [15). The same study indicates that
software production may develoo at a growth rate of only
11.5=17%.

Besides this quantitative aao, Boebm (7] points out the
following aualitative deficiencies: Since software is in=
cregsingly used for important functions such as defense sys=
tems, traffic control systems, and medical ourposes,
software is needed which can be trusted. Although 80% of
the money wused for the oroduction of the Apcllo “anned
Spaceflignt Prcgram was devoted to testing [12), scftware
errors occurred in Acolln 8, 11, and 14, One critical error
even occurred during the lunar landing ohase,

Software encineering (for definition see (Chaoter II) may
be accepted 3s the method which yields the answer to tne
problem of oroducing reliable software at reasonable cost
[7). Little is known about software errors besices their
existence and their negative influence on cost and poerfor=
mance. Increasing cifficulties to croduce sufficient
amounts of hiah auality software make it mandatory to invent
software develooment methods which are gesigned to avoia the

most common software errorsy achieve easier testing and




debu3zging and improve methods of error getection.

This cannot be aone without detailed studies about the
occurrence of software errorse. Only this knowledge will
help to iagentify the nature of errors anad finally lead to
imorovements of software methodoloay. UOther motivating fac=
tors for this stuay were:

l. Lack of currently available data to support analysis

and research in the area of error ocurrence and
detection.

2. The need to examine existing software error models.

The objective of the experiment was to gather accurate
and complete information about errors, their occurrence and
detection throughout the entire orocess of software develco=
ment. Limitations of the experiment were the relatively
small number of projects and the lack of exoerienced pro=
grammerse. The use of the experimenter as the subject pro=-
grammer and evaluatcr introduced biases also. The sccpe of
the experiment did nct include the orogram maintenance
phase. It was felt to be of areat importance to recora all
errors, even trivial errors which could hurt the imaqge of
the oroarammer. A getailed description, of the experiment
and the error data is aqiven in chaoters 4 thru S and in tne

appendices.
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II. CONCEPTS AND KEYWORDS

Communication among comoputer scientists is hindered by
the lack of common terminoloay. In order to avoid misuncer=
standing, the most imgortant keywords will be defined Yy
this <chapter. Nherever possible definitions are adopted

from other publications.

A, SOFTWARE ENGINEERING TERMS

1. Software Enaineering

"lThe oractical acplication of scientific knrowledage
in the design and construction of computer programs and
the associated documentation recuired to develoo,

operate and maintain them", [7]

2. Too=Cown Desicn

A program design method which starts at a very gen=-
eral level cy igentifyina major functions and oroceeds
steowise to lower levels to the identificaticn of lesser
functions that derive from the majcr ones. "Tco=down

desian” and "hierarchical orogram desian" are eguivalent

terms. (12]

-




3. Structured Proaramming

Although this term is used in numerous oublications
its wunderstanding varies pecause of its conceptual na-
ture. As proposec by Dijkstra as early as 1965 (30], it
first was a3 conceot to eliminate GO TO statements.
Later on it was combined with the idea of top=down
design. (31}

Rather than orovidina a formal definition, Yourdan
[12) and Auerbach [27] describe structured programming

"

by its objectives: "increase of readability" and ge=
crease of testina problems." The following definition
of structured orocrammina as it apolies to this paper is

derived from Kirchgaessner's description. [28]

Structured oprogramming is a methoa of ceveloping
orograms for which the underlying concept 1S a8 too=down
adesign which eventually leads to a moaular structure of
the program. A1l algorithms are designed using the five
major constructs allowed in structured orogramming:

- Sequential statement

IF THEN ELSE statement

MHILE looo (conaitional looe)

FOR loop (iterative looo)

CASE statement

In aadition to this definition should oe

- |f =
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emphasized that structured oroqQramming is a8 agesign dis=
cipline rather than a way of writing code. Therefore
it should not ©bpe defined as “coding without GO T0

statements.,"

Methods have been develored to implement
structured designs in FORTRAN, [(12] However, it is
easier, and more readable to wuse a block structured

lanauage, such as ALGOL, to imolement a structured

design.

4, Directed Grach
“A airected graph is a gecometric graph, consisting
of nodes and arcs with a direction of traversal associ=

ated with each arc." [16])

S. Module

"A module is a ohysical <compination of orcgram
instructions that is independent of others with respect
to compiling, assembling and loaaina and which performs
a soecific function." (16] "Each module has a small

number o0f interactions with other modules.” (4]

6. Froaram

A proaram i3 a set of integratecd modules. (16]

7. Software Develooment Prncess

The software Adevelooment process includes the

-« 12 =
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following staaes:

- Problem Analysis

- Design and Desiar Review
- Coding

= Debugging

- Testing

- Intearation

- Implementation

- Maintenance

Despite minor differences with other publications

such as Auyerbach (2} the above view of the software

develooment orocess will pbpe adopted as the cefinition of

the software develooment oprocess for this thesis.

Althouah the development staaes are listea sequentially

it should be noted that software prodauction in general

is viewead 3s a aymamic orocess including feecbacks to

2arlier stages of a oroject. Thus none cof these phases

may be comnsiderea to be comoleted when the Subseaquent

ohase has starteag. In some orojects, testinrg itself is

preceded by activities such as the writing of test

specifications ana test procedures. Fiagure 1 indicates

oossiole feeaback situations within a complex oprogram

Jevelopment DroCesS.
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FIGURE 1

X CYCLES DURING A SOFTWARE DEVELOPMENT PROJECT

Data

Data is data which is used by several




B'

TESTING, DEBUGGING AND ERRORS

1. Oebuagina
(a) Debugging is the action to check subroutines and
modules as to whether or not they ocerform according
to o©orocgrammer expectations. It is also the action

which one takes to locate and correct known errorse.

(b) Testina is the action taken after modules have
been integrated to check whether or not the proaram
meets specifications. As statec by COCijkstra (291,
testing can only estaplish the cresence of errors,

not their absence.

2. Software Error

A software error is 3 misStake made guring Software
develo;ment, which leags to an ircorrect action or
result with respect to the proaram soecifications within
the program,. (1o} Errors made in the specification
ohase of the prcgram, hardware errors and compiler er=
rors (i.e. errors within the compiler orogram) were not
studied durina this exoeriment, Cateqorization and

definitions of software errors with respect to their

occurrence are aiven in chaoter 3.

B——




SOFTWARE RELIABILITY AND CORRECTNESS

1. Software Reliability

"Software reliability is the probability that a com=
puter program will perform its (user) intended function
for a specified time interval under stated operating

congitions." [17)

2. Software Correctness
"The feature of software that rencers it operation=
ally useful for its intended functions is its correct=

ness. Correct software does the thinas intended by

desian." [9]




ITI. DEFINITION OF ERROR CATEGORIES AND TYPES

Wwhen analyzing the causes of errors in software produc=
tion there is an obvious need to oreC1se}y describe an error
in accordance with its category and tyope. Une of the objec=
tives of this stuady was to identify errors with respect to
their occurrences anad causes.

It was was found that many errors in software oroduction

belong to one of the followina major categories:

1. Problem Scecification Errors
2. System Desiagn Errors

3. Program Desian Errors

4., Codinag Errors

S. Clerical Errors

o, Debugacina Errors

7. Testina Errcrs

Se Implementation Errors

A, DEFINITONS OF ERRCR CATEGURIES

l. Froblem Soecification Error

Any mistake or deficiency which ocCccurs in the
analysis of the proaram aoplicaticr or in specitying the
software reagquirements with respect toc the intendea oro=

aram aoplicatioen such as incomolete, erroneous or

- p .
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ampDiguous statementse.

2. System Vesian Error
An error mace in the transformation of the user=
originated program specifjcations 1into systems design

specifications.

3. Program Design Error
A program desicn error is one made in the transfor=
mation of the system design into specific alaorithms anag

1ata structures.

4, Coding Error
A coding error 1S one which 1is maqe guring the

transformation of a program design into source lanauacge,

S« Clerical Error

A clerical error is numan failure which is mace dur=
ing the transformation of any ohysical representation
(such as a coding sheet) of the proaram or oarts of the
program to another physical recresentation (such as

ounch cards)e.

6. Debunqing Errcr
Inaocorooriate use of debuagina tonols, insufficient

or inaporopriate selection of test cases, test adata or

- |/ =




misinteroretation of deougaing results.

7. Testing Error

Inappropriate or insufficient test cases or test
data, misunderstanding of functional reguirements of the
program, deviation from test olan or misinterpretation

of test results.

8 Impiementation Error

Unexpected environmental problem ~«hiCh OCCursS cSuring
the implementation of a orogram which coulad not have
been anticicated inm a orevious stace of the software
develooment. This includes cases such as changes of

haraware by the manufacturer and cerformance problems

with operatina systems.

Accordinag to the cefinition of software errors, an error
which daoes not lead to an incorrect action or result within
the program cannot be identifieg as a software error. For
example insufficient test cases during acebuggina of a
subroutine may not lead to a software error. However, the
potential exists for undetected software errors when test
cases are insufficient. Accorging to the aqefinition of
debuagino errors, errors of this category do not necessarily
affect the prcaram. Therefore decucaing errors will not be

aetectea very often; however, because of being a potential

- [9 =
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error source, errors cf this category were considered to be
important. During the experiment described in chapter 4 al]
debuaging errors were reccrded, Similarly design errors,
which were detected during a design reviews or faulty com=
ments were recorded. This was of great importance, since it

yields significant information about error sources.

Be OEFINITION OF ERRCR TYPES

The 1list of error type gefinitions given below igenti=
fies the most common types of errors within the major ca=
tegories of software errors., If approcriate, examples are
given for clarity,

These aefinitions are imoortant because it has been
discovered that without a aefinition of error tyces, errors
of the same type cculd be recorded in aifferent ways, not
only by different orogrammers, but also by the same person

at different times.

l. Oesian Errors
The following tyoes of errors apoly to both ca-
teaories "Svstem Design Errors" and "Program Design

Errors":

Ni ¢ Communication Errcr

An error occurs due to improoer communication

- 20 =




between members of a proaramming team or due to

inaopropriate systems design specifications. Typi=-
cal cases are conflicting interpretaticon of common
data and misunderstandina of mocule functions.

D2 ¢ Design Negligence

D;rts of orogram or svstem design specifcations are
neglected or necessary ccoperation with the
originator(s) of the soecification have been omit=
ted, such as neglecting desired outout formats or
lack of documentation,

D5 : Forgotten Cases or Stecs

vihile solving the problem one or more cases have
not been considered, such as nealecting leap vyears
for calculation of dates or necessary step(s) to
solve the oroplem have been omitted, such as deter=
mining the status of pericheral devices before open=
ing I/C, or forgotten conversion from decimal to
binary or vice versa.

Dd ¢ Timing Frooblems

Miysconceotion in scheduling crogram events, such as
assianing inacpropriate criorities or chanqing data
before comoletion of [/0.

DS ¢ Errors in 1/0 Conceots

Errors mage in the desiagn of input or output, such
as misunderstanaing of haraware reauirements of [/0

Jevices or channels. Tyoical cases are




misunagerstanding of the capabilities of terminals or
graphics devices, neglectina the size of lines on a
lineprinter or the interruot capabilities of peri-
oheral devices.

De : Data Design Error

The data design does not fit the needs of the pro-
grame. JTypical examples are wrona sizes of arrays,
puffers or freelists. Also cases of inappropriate
data cefiniticns, such that the chosen cata types do
not accomplish the desired orecision, This error

tyoe also includes dgesign of inaporopriate [/0 for=-

mats anc imorcoer design of common data.

D/ ¢ Inmitialzation Error

Mrong or incomplete initialization such as forgotten
initialization of clobal pointers, arravys or flag
variables or foractten initialization of interrupt
handlers.

Do ¢ Inadequate Checkina

Checking of variacles or input data is incomplete or
wrong according to orogram specificationse.

PG : Extreme Conditions Neglecteaq

Data or macnine gependent extreme conditions are

nealected, such as numeric values which cause un=
derflows, overflow, excess of array limits or maximum
values of real numbers or i1ntegers, ana occurrence

ot zero or negAative values adue to round off.

.22.
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D10: Seaquencing Error

Program events or decisions scheduled in wrong se=
quence such as transformation from problem statement
into a sequence of operations.
Di11: Indvexing Error
Faulty index calculation such as designinQ an er=
roneous alaorithm for accessina array elements or
items of a table.
D12: Looo Control Errors
Error in controlling either an iterative or condi=
tional reoetitive algorithm, such as btasing exit or
break decisions cn conditions which can never occur.
D13: Misuse of Boolean Expression
An error is made in usina Boolean operators, such as
constructing a false inverse of an expression. A
trivial examole of this error tyoe 1s solving

€x ¥ y)" x 3 = (3" + y') * 2
instead of:

Cx # yi' = 7 = {x' *® 9') % 3
where +, *, ' are the Roolean operators "OR", "AND",
and "“NOT" rescectively.
Di4: Mathematical Error
The mathematical solution of a oroblem within the
programming project does not or not always represent
the correct result according to the program speciti=

cations. This incluaes cases in which a

- 23 =
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mathematical eaquation is simply wrong, like a wrong

formula for calculating a mean or variance cf given
set of numbers and cases 1n wnich the mathematical
solution does not apcoly for all cossible tnouts,
such as solving a square root for negative expres= |
s10ns.

D1S: Representation Error

An error is made in the orccess of the physical
representaticn cof thoughts, such as writing design
documentation different from wnat the designer had

intenged.

D16: Misunderstanding of Proolem Scecifications
Error resulting from misunderstanding the pcroblem
specifications. For example a decision table,
develooed during desian, includes some ungesired
combinations of actions.

D17: Other Desian Errors

Any other desian error which is not one of the tyces

listeag above.

2. Coding Errors

Cl ¢ Misunderstanadina of Desian
An error mage in interoreting the desicn sopecifica=-

tions, such as misunderstanaina an algorithm, data




B b kel e o

descriptions or critical! terms, such as mathematical

expressions which leads to an error in imolementa-
tion of the underlying gesian.

C2 ¢ Nealigence

Parts of the design are neglected or necessary
cooperation with the designer(s) is omitted. This
Wwill includge cases where proarammers are uncertain
about the design or oarts of it and fail to take
appropriate action, such as reguesting an explana=
tion from the desianer(s) or cbtaining the missing
information from other sources such as project
specifications, hardware or software manuals.

€35 o 170 Eormat Ecror

Yse of improocer I/0 formats in cocding, such as using
formatted 1/0 when nonformattec I/0 is soecifiea or
usina inaporooriate record lenaths.

Cd4d ¢ Misplacea Nata Declaration

Error made in declaring data either in the wrong
block level (while <coding in a8 block structured
langquaae) or in an inaporooriate position within the
source code.

CS ¢ Multipole Data Declaration

Multicle aeclarations of same data.

Co ¢ Missing Data Declaration

Necessary data ageclaration left out.

el ¢ [nadequate Data

i
|
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Error made in choosina size or type of adata, such as
odeclarina single precision instead of couble preci=
sion.

C8 ¢ Initialization Error

Wrong or forgctten initialization.

C9 : Error in Parameter Passing

Passing of parameters is incomplete, wrong or types
do not match.,.

C.l0e Inadeauate or Forgotten Checking

Checking of 1inout s either incomplete or wrong
accorging to program design specifications, such as
not <checkina for invalic inout within a subroutine
which receives characters from a3 user terminal., A
typical <case of this error tyce 0oCCUrS w#hen numeris=
cal inmout i1s expected and s converted to binary
without <checking the valiagity of the inmnput charace=
ter. Ancther case is an inadequate check of the
si;e of the 1input numper.

Cll: Level Problems

Ahile coaing in a block structured language an error
results from confusing block levels, such as
misungerstanding the scoce of variables, e.qg. 3n
ALGCL programmer tries to use variables or c2ata of
a Jlower Jlevel wWwithin the main level (level 1) of a

orogram.

Ci2: Missing Declarations of Block Limits

- 26 =
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Ahile coding 1n a pblock structured language mandato-

ry declarations of block level limits such as BEGIN,
END are left cut.

Cl3: Case selection error

An error is made in connection with 3 CASE statement
or comouted GO T0O statement or an ecuivalent con=
struct. For examole in an implementation of a GO TO
SwITCH in C¥S=2 an error occurs due to wrong se=
quence of labpels. C(C4S=2 is a proaramming language
used for tactical programming within military aooli:
cations (361,

Cid: GO TC Problems

Ar error is made in connection with the use of a GO
TO statement.

C1S: Comment Error

Stating a faulty or misleading comment.

Clb: Forgotten Delimiter

Delimiter left out.

Cl17: Inconsistency in Namina

An error is made when naming an igentifier in dif=-
ferent ways. For example a subroutine aeclared as
GETCHAR is called by using GETCH,

C18: Aronac Use of Nested [F Statements

An error is mace durinag the construction of a nested
IF statement., Errors of this type occur in

transforming a flowchart or decision tabple logic
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into nestea IF statements or using an incorrect for=
mat which will cause a compile error or associating
any of the ELSE cases with a wrong IF clause.
€193 Inaexing Error
Indexing is not aporopriate or left oute.
C20: Inconsistent Use of Variables or Data
An error occurs because variables or data are wused
for conflicting purposes. For example usage of a
temoorary storage location in different parts of the
program coulc ©be implemented in such 3 manner that
information is overwritten by some subroutine but
still be needea by another subroutine. Another
example is the ysaqe of common varijiables for dyif=
ferent purooses like pointer and i1ndex.
C21: Seaquencing Error
An improper secuence of statements which leaas to an
error. For example an exchange of array elements 1s
programmed

TEMP « A(i)

A(Cj) e TEWVP

ACi) € AC(j)
which does not accomplish the gdesired exchange of
the two elements.
Ce22: Flag usaae Problems
An error 15 made in usina flaas in order to control

crogram loaic.




C23: Syntax Error

Violation of syntax rules of the programming
lanquage. This includes errcrs in connection with
transformation of boolean exoressions and arithmetic
expressions.

C24: Loce Control Error

Error in imolementing the cortrol structures of an
iterative or conditional repetitive alaorithm.

CeS: Incorrect Exit from Subroutines

Arn  error occurs in the impolementation of an exit
from a3 subroutine,

Céb: Languace Usane Problems

An error is made due to idiosyncrasies of the oro-
aramming lancuaae which are not thoroughly uncer=
stood by the crogrammer.

Cé7: Forgotten Statements

An error is made by leavina out a necessary state-=
ment which the procrammer knew waS necessSarye.

C28: Reoresentation Error

A codina error which is introoucea guring the pro=
cess of the ghysical recresentation of thoughts,
Such as writina a statement different from what one
intended.

€C29: Contro) Seauyence Error

An error is made which causes the orogram to follow

a wrona branch after a decision,

-« 29 -
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C30: Incorrect Subroutine Usage

Using the wrona subroutine or using a subroutine
inaporcpriately, e.g. a programmer's expectation of
what a subroutine will accomplish is different from
what the subrcutine actually does.

C31: Other Cocing Errors

Any other coaing error which is i3 not one of the

types listed above.

%« Clerical Erirors
Al : Manpual Error
An error resulting from lack of motcric skill or
temporary manual misfunction, such as
« Errors of Commission (e.a, writing or typing
"busu” instead of "busy")
« Errors of OUOmission (e.q. writing orf typing
*“BOWN" instead of "BROWN")
- Errors of Transposition (e.3e. writing OF tyoing
"hte" instead of “the")
E A2 ¢ Mental Error
i An error resultina from a mental misfunction, such
| as
- Perceptual Errors (e.q. reaaino "0" irsteagd of
"0", 11 instead of !l or "DOG" insteaa of "0DOD")
« 30 =
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- Expectation Frrors (e.g. in A given context a
certain word or expression is expected and the
actual word or expression is overlookea, such as
assuming "FOR I:=N STEP | UNTIL ¥ DC" where "FOR
M:=1 STEP =1 UNTIL M DO" is the the actual im=
plementation of 2an iterative looo in ALGOL W.)

A5 3 Procedural Errors

Given a proper assianment for a clerical task which
imolies some well defined secuence of actions which
could be excectea from the assignment, some of the
steps are either foraotten or not carried out oroo=
erly, such as some lines of coce on 3 cocdinc sheet
are omitted by tne keyounch cperator or carag correc=
tion procedures are not followed aooropriately or
inserted cards are misolaced.

Ad ¢ Other Clerical Errors

Any other clerical error which is not one of the

tyces listea above.

Debuagina Errors

B1 ¢ Inaporocriate !'se of Debugaing Tools
virona selection of debuggina tools, such as traces.
snapshots or gumps OF USINg them 11nacoropriateliy,

For example using a snapshot pefore instead of after




a certain instruction or taking a dump of wrong

memory locaticnse.

B2 ¢ Insufficient or Inacpropriate Selection of
Test Cases or Test Data

The test cases or test data provide insufficient

test coverage of the proaram or fail to crovide

testina of critical oparts of the orogram,

R3 : Misinteroretation of Debugoing Results

An inaporopriate action s taxkxen due to misine

terpretation of debugging results, such as a wrong

result is overlooked or Misunderstanéing of a

correct result leads to additjonal errors.

Bd ¢ Misinterpretation of the Error Source

An inaporopriate action in ccorrectina a discovered

software error that results from wrona assumptions

about the error source, such as correcting the symo=

toms of an error rather than its cause or the opro-

grammer fails to foresee the impact of 3 change on

other par*s of the proaram and inserts 3gditional

errors into the orogram,

RS 3 Nealigence

Errors resultina from nealigence in cgebuaaging. For

examole the implementation of an error correction is

assumed to be error free without further checking.

Ro ¢ Other Debunaing Errors

Any other Jebtuagina error which 1S not one of the

e e i . ottt




types listed above.

Testina Errors

Tl ¢ Inadeauate Test Casel(s) or Test Data

Selectecd test <case(s) or test data do not prooerly
test the orogram.

T2 ¢ Misinterpretation of Test Results

An inacprooriate action is taken gue to misunder=
standing of test results, such as a wrong result 1s
overlookea or misunderstanding of a correct result
leads to an implementation of aaditional errors.

T3 ¢ Misinterpretation of Problem Specificaticns
Errcr(s) resulting frcm misunderstanding the program
specitfications, such as incorrect interpretation of
user definea functions which leaads to an insertion
of an error or to over looking an existing error.

Ta ¢ Neagligence

Errors resultina from negligence in testina. For
examole a tactical real time system is merely tested
within specified limits anao tests fail to examine
the ©pehavior of- the system for cases where limits
are exceded. In this particular example negligence

can cause serjous results in critical situations.




TS ¢ Other Testing Frrors

Any other testina error wWwhich is not one of the

tyoes listed above.

In order to get meaningful results, the abcove defini=
tions were used throughout the project. This list 1is not
considered complete. However, it permitteo icentification
of software error tymes for the curpose of this experiment,
Scme of tne listed error tvoes coulad be further suboivided
into subsets cf eacn type if this were Zesired.

Te contribute tc analysis of errcr sources, it was
dgecided to list the same error typce which occurs in ¢aif=
ferent software development chases wunder aifferent ca=-
tegoriese. For example one type ot error which has the same
name (locoo control error) may occur in both design and cod-
ing phases. However, the cause of the error coula be aif=
ferent.

Error severity is related to the effect of the error on
system operation. There is no direct relationship between
error tyoe ana severity. For examole mistyping of a single
character of a variable name in FORTRAN can cause strange
results, whereas the same error made in 3 comment may nct
affect the oroaram at all, The <consiceration of error

severity was veyond the scope of this oporoject.




IVe EXPERINENT DESCRIPTION

A, GENMERAL REMARKS

fError data were gatherea in four orogramming projects
ranging from small to large. DQuring 280 man hours cf total
oroject time more than 2000 source statements were oroduced.
A total of 173 errors were recorded.
The scoce of the proaramming projects was limited to the
followina software developoment ohases:
- Desian and Design keview
= Coding
- Debuggina

- Testing

B. DESIGN OF THE EXPERIMENT

The experiment was aesianed to guarantee the most accu=-
rate recordina of relevant error infecrmation. Therefore,
for each of these ohases, an aoorooriate form was Jdesigned
to give a firm auiceline to the experiment orogrammer for
recordina the entire develooment of a orogram including
necessary details about errors. The error data which were
recordea on these forms for oroject 1, 2, 3 and 4 are girven

in Agpendices A, B, C ana D respectively. For each project
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the recorded data was analyzed with respect to the following
factors:
- Number of scurce statements oroducead
= Man hours scent on the project
- Man hours scent in each of the séftware
development chases
- CPU time used for compiles
- CPU time used for test and debug runs
- Number of test ana debuQqing steps neeced
- Project time used to correct errors
- Project time between error detections
- Occurrence cf errors with resoect to software
development ohases
- Detection of errors with rescect to software
develooment ohases
- Time history of error detection anag correction
- Complexity measures of subroutines
A summary of this analysis is documented at the end of
each aopendix.
Since it would be too adifficult to obtain error gata in
a commercial environment, it was neccessary to obtain the
data {bv using a carefully controlled experiment 1n an
academic environment, The considerable overhead necessary
to recora all relevant data was not included in project
time. It orobably would not be feasible to conduct this

kind ot exceriment in a commercial environment because:
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- The overhead woulo be very costly. It is unlikely that
management woulad supoort an experiment of this type.

- Competition among programmers would orobably not allow
accurate results to be obtained,

- Programmers may feel that the error data would pe

useda for performance evaluation.

In addition to aathering aquantitative error data an
attempt was made to obtaim other information acout the na-
ture of errors such as "why was the error macge?" or "how was
the error discovered?". This information could help to dev=
ise metheds for avoicina certain tyoes of errcrs. For each
subroutine a directed araph representaticn was analyzed with
respect to the following complexity measures:

~ Mumtber of MNodes

~ Numter of Arcs

~ Number of Statements
= Number of Paths

~ Reachability of Modes

- Cyclomatic Number [32]

A
;

The results of this 3palysis are shown together with the
directed graph representatijon of the orograms in the appen=
dices. For some structures these measuyres are not shown
because the number cf oaths and the reachability index was

too large to calculate,




C. PROGRAMMING ENVIRONMENT

The underlying orcqram specifications of all orcjects
were well defined and not known by the experiment crogrammer
before the experiment. The experiment programmer was fami-=
liar with the objectives of the experiment and willina to
record accurate data to the pest of his knowledge, even if
recordea facts seemed to be unfavcraole for himself.

Throughout the experiment software develooment was done
in a structured and nhase oriented aoproach using structured
programmina and known software development techniques, such
as too=gown design, modularization, decision tables, etc..

As 3 progoramming environment the 0S/360 system was
chosen as one of the most representative tatch processing
systems available. Hratch orocessing was always usea exceot
for the final test anma debug runs for oroject 3 4, because
this program was desicned to run in a time sharing environ=
ment. DLurinc the exceriment all environmental factors, such
3as ooerating system and equipment being used and the pro=-
aramming lanauage remainead unchanaed. Factors related to

the experiment proarammer, such as ability, knowledae, and

experience did not vary consicerably curinc the experiment.
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V. GQUANTITATIVE RESULTS
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phases. A summary of these tables

the software development

is presented

in Table 2.
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C. ERROR CORRECTION TIME AND TIME BETWEEN ERRORS

1. Error Correction Time
The mean time to correct an error calcuiatec over
all 173 errors was 12.2 man minutes.
2. Time Between Error Detections
The mean time petween error detections calculated

over all projects ~as b5l.6 man minutes.

D. ERRCR TYPES

All errors which occurred during the exoeriment cculd be
identified by one of the creviously defined error types. An
overview of error tvoes with respect to their frequency of
occurrence is oresented in Table 3. Error tyoes which digd
not occur are not listed. In adgition to the information

given in Taole 3 a bar chart (Table d) 15 shown which iden=

tifies the most common error tvoes.
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MOST FREQUENT ERROR TYPES
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E. ERRQOR OCCURRENCE RELATED TO COMPLEXITY MEASURES

NOne of the objectives of the experiment was to determine
the relationshio, it any, between error occurrence anc the
structural oroperties of subroutines, O0f oparticular 1in=
terest was the analysis of structural progcerties with
resoect to the error simulation w~ork cone by Schneicewind,
Howard and Kirchagaessner [(331. In adgition the cyclomatic
number as defined by McCabe [32] for socftware -engineering
curooses, was used in the analysis. The results of this

analysis are shown in Table S, The followina agefinitions
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and terms are usedg

in Table S:

Number of Paths (minimum number of paths: no

loopo traversed more than once

Cvclomatic Number: number of

independent circuits =

in succession)

number of arcs = number of nodes + 2

Reachability: summation,

of ways of reaching a node

Averaae reachability:

Number of Source Statements

Number of Errors Found

Lacor Time Reguired to

(Since Previous Error

Lacor Time Reauired to

211 of the above are with rescect*

gefinition of V includes an

in Actual

Netection)

over the nodes, of numtber

R/nurmber cf nodes

Program

Find Errors

Correct Error

to a single ©orcgram,

imeglicit arc connecting the

and terminal noces (stronaly connected grach).




TABLE S

COMPLEXITY MEASURES VS,

Part A - Procedures kith O

COMPLEXITY MEASURES

Project/

Procedure No v R r
171 2 2 7 1.4
175 * 6 * N
1/0 * 5 * *
1/8 * S x *
1/9 2 2 8 1333
2/1,19 1 1 2 1.0
2/1.23 i 1 2 1.0
2/22 2 1 4 1.0
2/7 35 2 & 1.4
2/9 72 8 370 19.474
2/10 9 4 25 2.1178
2/11 * 6 * *
2/12 S 2 13 1.444
2/15S * 4 * *
2/1lo * 5 * *
2/ LB 12 d S0 2,941
2/21 * 16 * *
3/3 2 2 6 1.5
* Vvery large value

ERROR PROPERTIES
ne or More Errors

ERRCR PROPERTIES

2T¢ 2Tc

(Man= (Man=-

S e mins) mins)
14 1 55 10
26 S 95 53
7 2 37 35
2 1 35 1S
6 1 115 20
3 1 10 10
il 1 110 10
3 1 15 10
1S 3 230 4s
45 3 1d0 185
18 1 10 S
54 3 950 65
34 P 300 30
19 1 S 1
30 e 150 20
26 1 - 15
9y 8 750 149
13 1 60 5

NS V———
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TABLE S
(continued)

Part A = Procedures Nith One or More fErrors

PE; dTc

Project/ (Man= (Man=
Proceaure Mo v R r S e mins) mins)
q/7 49 5 151 3.438 83 { 120 S
4/13 16 5 od 4,267 28 1 20 . 15
4/14 * (s * * 37 5 2959 65
4/15 4 3 12 2.0 13 2 49 35
4/21.3% Vi 3 34 4,857 1o 1 0 S
4/22 * 7 * * 34 1 1o0 30
4/23 18 S 00 4,615 24 { [25 10
4’27 S 4 23 2.091 18 3 360 120
4’28 * 5 * * 35 2 90 S0
4s29 321 13  14d»n8 S4,370 49 S 1125 160
4/30 5 4 24d 2.d 19 1 60 30
4731 * d4 * * e 1 30 10
4733 14 d 76 10 i 2 135 19

*x Very larae value




TABLE S
(continuea)

Part B = Complexity Measures for Procedures
n#ith Zern Errors

Project/
Procedure Np
1/2
1/3.1
1/3.2
1/3.3
1/4
VL7
2/ ) e}
2/1.2
)
2/1+4
2l LS
2/1.6
2/1.7
2/1.8
2/1.9
271 .10
271 11
2/ 112
e/ltel3
2/1.14
e/1.15
2/1.16
A
2/1.18
2/1.20
4/1.1
4/1.2
4/1.3
4/1.4
47t eS
4/1.06
/17
4/1.8
d4/1.9
4/1.10
4/1.11
4/1.12
4/1.13
4/1.14
/115
47116
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Part B = Complexity Measures for Proceaures
with Zero Errors

Project/

Procedure Ne

4/1.18
471.19
4/1.20
4/1.21
4rs1.22
4/1.23
4/2.1
us2.2
/2.3
4/3
4/4,1
4/4,2
4/9
4/6
4/8.1
4/8.2
4/8.3
4/8.4
4u/8.5
4/9
4/10
4/711
4/12
4/716.1
4/16.2
4/16.3
4/16.4
4/17
4/1R
4/19
4/20
d/21.1
4/724
4/725.1
4/25.2
4/725.3
u/26
4/32
4/34

* Verv

TABLE S
(continued)

"
[AVE AV VR VIS NI ) Ve SRV VIR ) VI A VIR A VI ) VIRV =3 < I ) VIR s VRN VAN A VIR AV I ) VR il e i

NVWWMN U NNWNOWLE—TUNVMNUNDLE WUV NN — £ NN N = s e e e e e e | <

NNNWNUVNVNOD NWE DO

larce value

48

SN S S A VI A VIR AV VIR ) VI VIR I o]

™ M P DMPLO V®OIDO

Ll S

00 0 O0COCOONO O

17

o
c
(2]

ONE OO XXO DO VNN W I W

14

10
e
9
15
15




Using the results of Part 4 in Table S, the following

correlation coefficients were calculateg:

V vs. e : . 7834
S vs. e .5880
V vs. 2Tt .6734
V vs. 2le &+ 7229
S wvs. ZTf @ 5902

S wvs. Zlc ¢ <5091

V' vese S 2 e 1903

The relationship between mean comolexity values and

error occurrence is shownr in Table 6.

lero Errors One Or More Errors
R1 Proceaures 31 Procedures
Mean Cvyclomatic
Number (V) 1.68 4.74

“ean Number of Source
Statements (S5) 9353 2ls23

TABLE o

RELATIONSHIP BETWEEN MEAMN COMPLEXITY

VALUES AMD ERRORS FOUND
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Vl. SU™MMARY AND CONCLUSIONS

A, GENERAL REMARKS

Due to limited man power anc time constraints the amount
of test data was too small to allow major conclusions.
Furthermore the scope of the experiment did not incluce some
important orogrammina problems such as real time and
matnematical oroblems, However, taking all constraints into
consideration some qQualitative aspects were recoanized which

could te important factors in subsequent studies.

B. SIGNIFICANCE OF ERROR TYPES

Althouc~ the <categorization ana definition c¢f error
tyoes was no” consinered compolete, all errors detectedg in
the experiment could be identified usinag these error gefini=
tions. The most freauent error type "Al" (Manual Error)
seems to De relatec to the number of source statements
whereas the frecuencies of the remaining errors seem to oe
relatea to the complexity of the proaramming problems.

The recording of errors with respect to their tyoes con=-
tributes to a learnina orocess which enables the orogrammer
to reduce the number of errors made on subsecuent opreojects.
It was felt that this concect could also be effectively usead
in a commercial software croduction environment, The error

recordina woula have to be private to the indiviaual
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programmer and used by the programmer alone. Otherwise it
would have a negative influence on workina atmoschere andg
performance. If the evaluation process w~ere assisted by
appropriate software packages, the overhead in analyzing
errors would be reduced to a great extent. The overheaa of
recordina the errors for the individual orogrammer tends to

decrease after the recnrding svstem has been learned.

C. COMPLEXITY MEASURES

Several measures of comolexity calculated for each
subroutine are presentea in the apbpencencis tocether with
suoroutine directed graoh reoresentation. when the number
of errors found in orocedures was correlated with cyclomat-
ic number and number of source statements, the correlation
coefficients were hiaher than for other comclexity measures
[34). It 2lso apoearen that these two measures were related
to the total error detection and total error correcticn
times. It was learnen that tryina to keeo the cvclomatic
number small not only reduced the numper of errors pbut alsc
contributed to the reduction of gebugaing ana testing ef=
fort. This experience suooorts the results of McCabe's
analysis of structural oroperties of programs w~ith respect
to ditficulties in testing and debugaing (32]. It should be
noted that the influence of other factors such as usage of
structurea oroaramming techniaques anad working habits of the

experiment ocroqgrammer also contributed to these results,
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D. SOFTWARE ENGINEERING ASPECTS

Throughout the experiment comments were made to indicate
possiole clues about error sources Oor wadys to avoid certain
types of errors. An evaluation of these comments showegd
that some of these errors would have been avoidged by the
usage of decision tables or acplyirg a proper desk test.
Many key punch errors of tyne "A1" 4ere not recognized dur-=
ing the orocess of ourchina caras, because the gesign of the
key punch machines (IBM 29) does not orovige an immediate
control of characters being ounched. It is agesirable to see
the result of each xey stroke instantaneocusly. The frecuen=
cy of error occurrence of type "Manual Error” in former pro=-
jects aone by the 3ame prcocgrammer using console editing was
considerably lower than the error frequency aiscovered 1in
this experiment.

Software engineering conceots such as tco=cown aesign,
desiagn review and Structurea walk Throuah were wused
throuahout all projects. These methoas haoc a major influ=
ence on the software cevelopment process and were considered
to be extremely useful.

The wusage of ALGOL & hao a major influence on the pro-
gramming style. varianle names were chosen to make programs
sel f=dccumentina to & areat extent, Therefore most proaram
parts were éasy to read and to uncerstand which implied a

reauction of the depuceing effort,




Another concept which was successfully employed was the
iydea of using identifiers which gi1ffer by two or more char=
acters. The idea of implementing some kind of "hamming Dis-

tance" [35] between identifiers was derived from titter

experience in former grojects and helced to avoid errors

which o©cccur when a single error of tyoce "Manual Error” or
"Mental Error" produces 3 gifferent igentifier which matches
with one of the previously defined identifiers. Thus this

kind of error a9id not cccur during the compiling process.

E. CONCLUSIONS

Errors in software orojects acoear to ke related to pro-=
gram structure angd to the number of source statements.
Although this experiment was not larae engugh to state these
relations in a formal manner, the results were encouraging.
Cyclomatic number ard number of source statements coulad
prove useful as quidelines for managina proQramming cro=
jects.

The usage of too=down cdesian, structured proaramming
techniaues and other software development tools shoulo be
mandatory for DOroQrammina Drojects. The recording andg
evaluation of software errors would be a reasonable acoroach
to avoid errors in prcgramming Orojects ang to reguce coste.

Detailea debuaaina on a3 modular btasis ans agevelooment of
large orograms by stecwise intearation of thoroughly de=

buagead modules seems to be a qgood strateqy to achieve

PvT—




reliable programs.

F, RECOMMENDATIONS

Similar experiments would reveal more of the relations
between software errors and complexity of programs. More
definite information about the utility of complexity meas-
ures could be obtainec by usina these measures on large=
scale software projects in a commercial production environ=

ment .,
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APPENDIX A

PROJECT DESCRIPTION
Project # : 1
Project title : PALINDROMES
Programmer : HOFFMANN
Programming Language : ALGOL
Programming environment: IBM/360/67,0S/MVT,B8ATCH
Desian notes : see ANNEX A
Program listing : see ANNEX B
Coding notes : see ANNEX C
Debugging notes : see ANNEX D
Error Listing @ see ANNEX E
Final statistics ¢ see ANNEX F
Graohical reoresentation ! see ANNEX G

Test phase description: see ANNEX H

Starting date: 28 JAN 77 Ending gate: 6 FEB 77

EXPERIMENT DESCRIPTION

1. Project description:
FIND PALINDROMS
A palindrome is defined as a character string of lengtn

n, which has the following characteristics:

character(il = characterln = i = 1] for all i from

i=0 to i=n/2 (integer division) anrd n >= 2

- §§ =

DR




Given an input string of length n, where 2 <= n <= 256,

find all occurrences of palindromes.

The input is given in form of punched cards.

The length of the string ("1") preceeas the input of the
character stringe.

A1l information being read should be printed.

Give as a result the number of palindromes of each length
and the position of the starting character of each cpalin=
drome in card number and character position.

Find only maximal length palindromes. (i.e. "ABC CBA" shoula
be recorded as the palindrome of maximal length, whereas the
included palindromes "BC CB" angd "C C" should be exclud=

ed.)

2. Programmer's background:

a) Experience in programming:
Cect 1970 = May 1971 Proaramming courses
May 1971 =« April 1972 Module Programmer
May 1972 = June 1974 work in Test and Simulation Depart=-
3 ment at the
; NAVAL COMMAND AND CONTROL SYSTEMS
] COMMAND (FEDERAL GERMAN NAVY)

Testina of tactical real time systems




March 1975 = Jan 1977 Student at the NAVAL POSTGRADUATE

SCHOOL, Monterey, Computer Science

b) Experience in testing:

Two years of work in testing and simulation.

c) Experience in the area of the given problem: None.

d) Experience in the progamming language being used:
Experience over a period of 18 months in more than 10
orogramming orojects. (Total number of source statements

oroduced durina that time was more 4000,)

3. Psychological factors:

a) Did the programmer like the project? Yes.

b) How does the orogrammer like the programming
language?

Favorite programming language.

c) wWas the programmer satisfied Oy tne way the orotlem
was specified?

Only minor criticism.

d) How dic the programmer like the orogramming environ=
ment?
The facilities (study room, card punch room) were not

conducive to efficient oroaramming because of restricted

e §7 -




space, bad lighting and noise.

e) Other factors:

The recording of the experiment's data during

ject affected speed and concentration considerably.

the

pro=




4, Comments on Documentation

For the documentaticon of each software agevelocment phase a
special documentation form has been developea. These forms
are designed to provide a firo cuideline for the experiment
programmer to record all data of interest for subseguent
error analysis, .

- Begin and end of each step was recordecd with respect to
day and time.

- Each error was recorded when it is aisccverec. The error
was then identified by a wunique error number (1,2/7¢0¢).
Furthnermore the time of discovery and the error tyoe (using
error types listed in ANNEX F) were recordea.

- It aoprooriate, cOmments about error discovery, reason why
the error was made, etc. were documented in ANNEX EZ2.

- For each error the chase in which the error was made, the
phase 1in which the error was discovered and the time spent
to correct the error was recordead in AMNEX El.

- For each step in any one of the scftware development
phases the day/time of beain and end was recorded. In adai-
tion, the time (in man hours) for each step was recorded.
This excludes the overhead used for <documentatior of the

experiment gata.

-SQ-
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ANNEX A Page | of 4

WORKSHEET FOR DESIGN PHASE AND OESIGN REVIEw PHASE QF PROJECT ¥ 1

§ ! \ OMAN !
STEP! PROBLEM AND PLANNED SOLUTION ; ALTERNATE JDAY I{HOURS!ERROR! COMMENT
[ i SOLUTIONS {TIMEL/STEPY & |

(] + '
H

1 ’ 1]

1 , L . .

1 |} Too=Down Design: ! 117281 ' H

! Use the following dbuildina - 110401 H H

' blocks: H ' H H H

t=lnitialization - H ' ' H
t=Reaq and r~ite Inout Carns H H \ H

t=Fimad 31! Pa) naromes which i H v 109 4 H

. } are pot totallv included ia | ! \ : !

! & larger calinarome ! =00 not allow | H H H

y Find also oalindromes ! overlappina H ' H H

! «hich are overlapoing: { palingromes, H H H '

\ ABBAXA 4il| pe recorded as ! This allows two! H H H

' two palindromes: { solutions: H ' H H

! 48BA anq AxA ‘1. Always recoral H ' H

{ewrite all palindromes beina jthe firsgt palin=! ' H H

v found idrome, H H H H

!~The necessary inputs 2., Always recora; ' H !

' 1. length of string ithe larger oa= | H H '

! 2. character string of given (lindrome, [f oca=| H H H

H length ilindromes are of) ! H H

\ are expected from cards, ‘eayal lenath, ' : } :

' ithen record the ;1/28. ' \

[ Ifirst one. 11330} H !

’ ‘ | + ' ’

’ ' . L} . L}

2 | Soecify Initialization: | L1728% H '

t=Initialize all arrays and ' 11330 H 3

!\ variables ' H H ! H

i=Write exolanatory text H H H H '
{=Read length of inout strima ! . ! !

' and check(assert 2<= length | H H \ H

1 of string <= 256) ! t H H H

t1=Set integer field size to S | H ' ' H

t=Use all 80 columns of the H ' AL |

{ input cards (specify as com= | Caralimit could! H ' H

} pile parameter CARDLIMIT) | be specitied bvi ! ' !

H ' user via inpout 17281 H !

' { parameter. 11400} ' '

Remarks!

Becayse of the sma)) size of the project the system design phase
is omitted.

Total man hours scent in design: 5.0




ANNEX A

WORKSHEET FOR CESIGN PHASE AND DESIGN REVIEW PHASE

’
STEPi PROBLEM ANU PLANNED SQLUTION
L !

ALTERNATE
SOLUTIONS

Page 2 of 4

OF PROJECT

TOMAN
1 DAY
{TIME|/STEP! =#

VHOURS{ERROR

1

COMMENT

’
'

P L b e L L R R R R L R L L R R R L L LD Ll

L]
3 | Soecify Reading and wAriting
! of Inout Caras:
t=Number of input cards is de=
‘oengent on CAROLIMIT anc soe-
icifiea length of character
istring.
‘It is calculatea:
iNumber of inout carass
1(length of string =1)/carc=~
Vlimit o+ 1
\=Maintain a carg counter
{="ead and write each card cre=
'ceeded Dy the aporooriate
‘carg numoer.

.
1}
H
'
'
'
H
’
'
.
H
H
'
:
]
.
'
E
:
'
H
'
E
'
:
Data Design: !
-yse a text nuffer (Text) H
(String Array [ndexing from 1 |
through 256) H
)

'

:

\

L}

1

E

‘

'

)

]

:

¢

'

'

L

'

'

'

!

:

'

L}

-yse an 1/0 buffer(Carabuffer)
j=Use two integer arrays to re-
‘cora tbegin ang eng oositions

tof all palindromes.

i (Begin=of=paligrome,Ena=of=
! palindrome)
i=Use other self documenting
{ common Jata:
! (Caralimit, Length=ot=text,
\ Buffercosition, Cardcounter,
i\ Palindromecounter)
i=Use Index variaoples IX,JX
1=Use Local variables as needec
Remarks:
Error #1 was made during step 2.

'
1728}
1400}

Py
N
LY
m

—
U
<
o

twi1ll pe
\redesigneaq
icuring
\gesign
ireview(D3)




ANNEX A

NORKSHEET FOR DESIGN PHASE AND DES

STEP! PROBLEM AND PLANNED SOLUTION

Page 3
IGN REVIEAN PHASE

’

i

! ALTERNATE
i SOLUTIONS

v e e

[l

L

1Fing Palingromes:

'!=3can text from left ro right,
11t palindromes of minimal
tlength (i.e. lenagth is 2 or 3)
vare found, ¢3l) a sucroutine
iwnich cnhecks whether or not
ithe paiindrome 1s the center
lof a larger oalinarome.

5

Recoraing of Palingrormes:
=Recora 3 oalindrome only if
11t is not entirely incluced
tany of tne previously recorde
icalinaromes,
1=It i1s also necessary *o check
iwhether any of the previously
\recaorced oalindromes is en=
itirely includea in the palin=
!drome last cetected.,
~A flag should be set to make
sure tnat only maximum lenatn
oalinaromes w~1!1 be orintea.

'
'
(]
'
'
'
[l
’
[
'
[
‘
[
'
'
'
]
'
i
'

in
-

arite all Palindromes:
~Icdentify tne positicn of each
palinarome Dy dDecin and eng
with rescect to i1nout cara
mumter and position on the
jcarc.

i=Using the position
itext string and the
tCARDLIMIT the input card nume-
iber ang the desired character
ioositions can te calculatea.
’

in the
oarameter

Remarks:

Scan text from
eft to right,
Coansider avery
ic¢haracter as the
ioossible negin=-
ining of a calin=
idrome.

‘Check for all
ioossible lengths
1g0ing backwara
tfrom the era of
ithe text string
ldown tc a string
ilenath of 2.

'
'
'
S
H
'

62

of 4

OF PRQJECT = 1

! T OMAN !
+DAY (HOURS|ERROR|
‘TIMELI/STEP) 2 )

COMMENT

e A
117281
11530}

.5
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AORKSHEET FOR DESIGN PHASE AND DESIGN REVIEw PHASE OF PROJECT # 1

TU
AY !HOURS!ERROR| COMMENT

1 )

. .
STEP!{ PROBLEM AND PLANNED SOLUTION | ALTERNATE
: IMEI/STEPY & |

L ! SOLUTIONS

y 40O

P L L L T R T T R

B L L L L

:
.
L
'
H H H H H
8 | Design Review: H 11728 H H
t=Input carads will be stored ' 12100 i | Forgotten
tinto TEXT(string array) con= | H - H {1 action in
isidering CARDLIMIT. H H ' H \ step 2
' \ ' H H '
i=Preceeding the writing of tne) L BT i 2 | Forgotten
irecorded oalindromes a procer | i H H } action in
itheagline should be orinted. \ 1 H \ \ steo & (D3)
1 (TEXT2) ! H | | H
' ' H ! ‘ H
1=lf no oalinaromes have teen ) ' ' H i
! feuna, write eguivalent mes= | H ' H .
} sage. (TExT3) : H A T !
! ' . 1 L .
L} Al [ ] 1} . L]
t1=Design of orintout format. ' 117284 ' i See remarks
. 1 ' . : 13
' ' 122001 H H
Remarks:
Design of Printout Format:
Palindrome Begin Engd
Humcer Cara (Character Carc Character
Mymper Position Number Position
e en R - 0 o
n onc beo ecn eco

<palindrome>

B e R T L Rt

Ahere n is the sequence number
pen is the cara numober of ocalinsrome begin
bcp 1S the character position of oalincrcme tegin
ecn is the card numoer of palindrome end
ecp i8S the charcter cosition of palindrome end.
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Program Listing of Project # 1
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ANNEX C Page 1 of |

WORKSHEET FOR CODING PHASE OF PROJECT # : 1
8eginning of Coding (day/time) : 1/28/2200
End of Coding (day/time) ¢ 1/31/1220

Man hours : 7.0 (including punching of cards)

1)
CODING { PROGRAM PART {ERQQR (DAY | COMMENT
BEGIN - END H y 2 ITIME! (incl. coced arror types)
DAY/TIME | DAY/TIME | H H H

R s PR g A
1) Record when errcer is
Jetecteg.

L} . Ll 1 L
l . 1 1 1
1/28/2200 | 1=Data Definitioni '
H t=Initialization | H i
H H v 3 122054 €23
H ' V4 22190y €23
1172872300 | H t '
] . 1 1) 1
L .  } . L}
173071335 | i=Utilities H H H
' t (texts, [/0 S Y13ugl €10
H i sucroutines) } 6 j1d0o0! C8
H ' t 7 11405 Ce
H ' ' B y1a30§ €23
H H § 9 NS ea cad ;
H ' ' 19 Y1Sstod B3 |
1 1/30/1530 1 ' H !
) 1} ' 1] .
1 ’ . 1 '
173071615 1=Palinarome H ' '
H ! checx V11 116301 Cl Misuncerstanaing {
H H H ! \ of design |
1173071700 ¢ ! H H
' [ ' ) .
’ L} . ' .
1/30/1700 ! ! Coding Review ! 12 11710¢ C1l
H ' 113 11710) C1l (wrong incentation)
' H ' 16 i1720f CL7
H H A4S fnresy €ev
1173071730 H ' H
1] 1 1] 1 .
' { ‘ ' ’
173170930 ! \ Puncning Caras | 16 11030} C1S
| ' LT Ltesol Cd
' ' t 18 J1110f €2o
H H F 19 111LSE Ces’
H H v 20 Hryas: w2
3 ' ' 1 21 1125 €19
i H H § 22 §1130% Ced
H H IR R 1 6 L 8
' ' V24 11140y Ced
1173171220 | ' H '
Remarks: |
t 4an hours scent for ounching caras: 2.8 |
‘ -« 70 =




ANNEX O Page 1 of 4

NORKSHEET FOR DEBUGGING PHASE
PROJECT & : 1 DEBUG Run # : |
Begin of Debug Run (cay/time) : 1/31/1334
End of Debug Run (gay/time) : 2/04/1200
% of Debug Steps incl. in Debua Rum: 3 CPU time for Debug

CPU time for necessary comoiles (sec) : S.31

a) 1.69 b) 1.49 c) 2.13 a) e) f)
Man hours for tnis Debug Rum : .9 (excluoging cverneaa)
VAN
STEP!PROGRAM! 0BJECTIVE anND EXPECTED | ACTUAL | DAY |HCURS}:
2 | PART ! RESULT t RESULT {TIME}/STEPR|

' ' ' ' ' '
P L T T R L L R R R R R R L R R L L

'
'
'
]
'

Al 1 L} 1}
Ll ' L L] L}
. { ' 1 ’
' ' 1 1 L
' ! ! ! H
1 Y AN y Get errorfree comoile '8 comoilejl/31} .3 |
y oarts | { errors (1335} :
H H H ' ' H
. . 1 1 . 1)
' L} ' . i 1
1 ‘ 4 ' ' )
. L} ' . 1 .
’ 1] 1 . i 1
. 1 { L} . .
L] L ' 1 1 ]
[ . Ll ' i '
1} 1} . I3 I '
1 L] L . ’ 1
H H H H H '
H H H L7310 \
' ' : {1400} :
’ 1 ) 1 ) '
' . t ’ 1] L}
2 1 Al i Get errorfree comoile 12 comoileil/31) .2 |
! parts | i errors {1806} \
' : ' S/ ;
H ' i 118304 '
' . . 1 ) 1]
' L} L Ll L) 1]
30 an1 ! Get errorfree comoile i D.K. 12/0u) .4
} oarts | i A B H
' ' ' 12704 ¢
' ' H 11200} H
) ' 1} 3 1} '
’ . L} ' 1 Ll
s 1] =

run (sec): .02

!
ERROR
2

cecscacecscncscncacane-

25
26

=
28
29
30
3
32

35
34

35

P e

COMMENTS
AND COODED
ERROR TYPES

1) Record when
error
ocecurs

4y
s
E12
42
ca3
c12
cit
Al

€25
Ae




ANNEX O Page 2 of 4

WORKSHEET FOR DEBUGGING PHASE
PROJECT 3 : 1 DEBUG Run # : 2
B8eqin of Debug Run (qay/time) ¢ 270571330
End of Debug Run (day/time) : 2/05/1500
% of Debug Steos incl, in Debug Run: 4 CPU time for Debug run (sec): .08
CPU time for necessary comoiles (sec) : 4.99
a) 2.1 B) 1.40 c) 1,42 e) e) ) q)

Man hours for this Debua Run : 1.7 (exclyding svernead)

MAY 1)
STEP!PROGRAM! QRJECTIVE AND EXPECTED ! ACTUAL |} DAY!RQURSIEFRQR) COMMENTS
2 |}  PART | RELULT ! RESULT ITIME}/STEP} =2 | AND CODED
' ' ! ‘ ' ¢ { ERROR TrPES

B R L L kL e e P e LR L R R R R LR R Rt i e

11) Recard wnen

H ' ' ' d H H
H H ' i H \ H error
' H H : H ' H occurs
1 } Jtilie! Test all Texts exect + Run /0S5 w6} o f DY
i ties | TEXT3 (all texts should | error 113458 \ '
‘ | te crintea as Jdesianea ) | ! H H H
H ' ' §e/ 05 ' i
' H ' 11420 ' i
' H H H } ' '
2 ) Utili=} Repeat steo | \ Qun 1240S5F S 1 3T ; CAB
\ ties | \ error 11420 ¥ 38 § €27
H ' H H ' ¥ 39 €20
' H ! 12705} H H
' ' ' 11445 : !
H H ! H ' ! H
3 1 Utili=! Repeat steo 1| ' Spacing 12/0S! .6 | H
P ties | \ oroblemsi (445, T 40 | €28
4 | Utili=) Test spacing and orinting. H H H H
\ ties |} of blanx lines H QK H H H
' ' (all formats snoulag aoc= | ' ' ' H
H |\ pear as gesignea) H H H H H
S ) Utili=} Test calculation of num~ | H H H '
\ ties | pber of inout cards for i Geka H ! H
! { minmum lermgth of input H H H ' H
H } string (2 characters) H ' ' ' H
' i (oroaram shoula reaa on=~ ! ' ' H H
. ! ly one carad) H \ H \ H
6 | Utili=} Test detection ana writ~= | i H ! |
! ties | ing of a palindreme of ! ! ! ! !
[ ! minimum length H DKo | H ' H
H i (palingrome shouls be de=| \ ' ' |
' | tected anmg listed as se= | i ' ' '
H ! signea) ' ' ' ' H
' ' ' 12708, ' H
H H ' 11500 ' ;




ANNEX 0O

PROJECT =

Page 3 of d

WORKSHEET FOR DEBUGGING PHASE

3 1

B8egin of Oebug Run (gay/time) @

End of Debug Run (

4 of Debug Steps inc

CPU time for mecessary

a)

151

b) 1.S5e

Man hours for this Dezua Run : .

STEP!PROGHA™ !
PART
'
:

'
’
»
’

Bk b

'

'

:

'

'
Utili={ Test calculations of mum=
ties | oer of inout caras fcr

\ maximum strina fencth

i (i.e. 250 characters)

i (gcrogram shoula reaa 4

i carcs)
Palin={ Test cetection and writ=-
drome | ing of 3 oalidrome cf
Check | maximum length

+ (PALIDROME CQUNTER shoula

! be |, palidrome shoula ne

i detectea and orinted as

i agesigned)

H

1

!

H

! Repeat steps ! and 2
Palin=; Test detection ana writ=
arome | ing of maximum numcer of
check | palindromes of minimum

i length

} (PALINDRQOME COUNTER

\ should ve 123, all 122

' palindromes should be

' listed as designed)
Palin=} Test for string without
drome |} calindromes
check | (TEXT3 should be printed)

'

'

'

.

'
ks: "run error”

C8JECT

DEBUG Runm 2 : 3
2/05/1500
day/time) : 2/0%/1600
e in Debug Run: S CPU time for Debug
compiles (sec) : 3,07
¢) c) e) f)
9 (excluaing overneaqa)
MAN
IVE AND EXPECTED ACTUAL | DAY !HGURS!
RESULT RESULT {(TIME!/STER!
. ‘ 1

; ' '
H T L
' YIS0
E e el
' run 115004
{ error H H
' : H
: P
H 12/705%
: 11530
) 1 1
' Q.¥. 12705} .4
' 11530
H OeKe 4 |
) ) 1}
L ' 1
E E
: £
i TEXTS 11530
tnot orin=11530}
\ ted H H
' 12705}
H 11800}

indicates terminatiaon due to excess of

73

cewcecccceccnewcence=

'
'
‘
'
|
i
.
'
'
'
'
'
'
1
]
t
'
:
il
'
H
]
'
'
'
]
'
[l
i
[l
1
[l
'
[l
'
'
'
[
'
Il
'
Il
'
'
'
l
\
‘
'
T
'
'
'
'
'
]
‘.
]
1
]
'
'
'
‘
'
[l
‘
a

run (sec): 8,79

ERRC

41

42
43

rray

g)

R
P SY )

COMMENTS
AND CODED
ERROR TYPES

1) Recorgd when

error
occurs

33
ces

imits,




ANNEX O Page 4 of 4

WORKSHEET FOR DEBUGGING PHASE
PROJECT # : 1 DEBUG Run # : 4
Begin of Debug Run (gay/time) :  2/05/1600
End of Debuag Run (qay/time) : 270571700
# of Debug Steps incl. in Debug Run: 2 CPU time for Debug

CPU time for necessary compiles (sec) : 1.67

a) t.e7 b) c) cl e) f)
Man hours for this Deoug Run ! .5 (eaxclucimrg overneaq)
VAN
STEP!PRNGRAM! OBJECTIVE AMD EXPECTED ¢ ACTUAL | DAY !NOURS!
2 | PART ! QESULT ! RESULT VTIMEL/STERP!
. L + ’ ’ ;

P Lk b R e R L R E LR

’ . . 1 .
L Al ' . .
' ’ 1 . Ll
H H ! ' '
' . ) \ ¢
. . . ' .
1 § Initi=} Test for inout of illegal} 1274957 5 ¢
i aliza=! string lengtn ' Nekoe 11500 :
i tion | (orogram shoula orint a ! ! !
! ! marning ang terminate) : : ] '
1} L] 3 . 1 1
L . . Ll . 1
2 | Palin=} Test for overlaoccina oa= | H ' H
i\ arome | lindrcmes H H H H
! check | (shoula be recordea as 1 OeKe 1§ ' |
' } two oalindrames) ' 12705} H
H H ' 116301 H
- T4 =
oo AR S
e ————

run (sec): .22

g)

1)
ERROR|
2

'

B R

COMMENTS
ANC COUED
ERRCR TYRPES

1)

Recora anen
errar
ocgcurs




ANNEX E1

ERROR LISTING

PROJECT = : 1

Begin of Project (day/time) ¢ 1/28/1040
End of Project (day/time) : 2/06/1620
Man hours for total project : 21.8
ERROR! PHASE | PHASE ERRGQR
2 t in which! in which} TYRPE
VEQROR was!EXROK was: (see ANNEX F)
H gis= | made |
i covered \
. ‘

B R e e e e e ettt

1] * s
1 | Design | Nesign | 03
2 | Design | lesi3n  C3
3 | Coding ¢ Coging 1§ €23
4 | Coding | Codimng | C23
S  Coding  Coging | Ci0
6 + Coaing | Ceding | C8
? & Coaing | Ceding 1§ L6
8 1+ Coaing | Coding | C23
9 1 Cocing  foaing | C23
10 ! Coging | Design | D3
tt 1 Coaing | Cogding | CI
) t Coding | Coaging | Cl!
13 | Coaing | Coding | Cl1
14 § Coasing | Coding 1 €17
1S | Coging | Coding | C27
¢ § Cading | Coding 1§ C1S
17 | Coding | Coding | C4
18 | Coaing | Coaing | C20
19 | Coding | Coaging | C238
20 | Coging | Coging 1 Cl2
21 | Coding | Cozing | C19
22 | Coaing | Coding | C24
23 | Coging | Coding | Cl2
24 | Cooing + Cooing |} C24
1 [} [}
. 1] ’
25 \Debugginrgi Coding | Al
1] ' 1]
26 !'Debugaingi Cezing | CS
27 i0ebugaing! Coaging | Cl2

Page 1 of 2

' TIME 2 of QTHER
isoent to | STATEZMENTS CR
itsolve the; PARTS OF THE
1 ERROR : PROGRAM

v (Man H AFFECTED
Voming) '

S
S
S

o
QO N U N

— — ~
NHW AU NN o

—
(=]

w

i1Data input only
tData crintout
tInzZexing within
isubsecuent suD=
iroutine

3 statements

Ahole sucrou-
tine affectec
Anole subrou=
tine affectec

Wwhole subrcu=
tine affectea




-

ANNEX

PROJE

Begin of Project (day/time)

End o

Man hours for total

ERROR
)

D e e P e R R L LR L R R R L L R L R

28
29
39

34
32
33
34
39
36
37

38
39

40

a1
42
a3
I

E1l

CT # :

f Project

1 PHASE
! in which)
JERROR was
H dis=- |\
\ covered
.

1] t
. .
{Debugaing!
1Detugainag,
1Deougging!
H H
IDebugging;
1Debugaing!
i1Debugging!
1Decuecging,
‘Debugqing.
1Decugaingi
1Deougging
’ 3
L} 1]
iDepuaaging;
iDebugging:
H H
iDebugging)
'
'
Debugging!
Debugaingi
Debuggingi

Testing

[]
'
]
'
]
'
]
'
' )
'

»

'

ERROR LISTING

(aay/time)

PHASE
in whicn
ERROR was

made

Coning
Coating
Coaing

Ccaing
Coaing
Coainag
Coding
Desian
Design
Coding

Coaging
Coaing

Coding

Coaing
Debugging

Cooing

Design

project

.
.

172871040

270671620

21.8

ERQCR
TYPE

(see ANNEKL F)

A2
€23
€12

cLt
A1
€23
A2
€28
ot1
cs8

c27
c20

c28

€28
83
c2s
09

76

Page 2 ot 2

TIME
spent to
solve the

EPROR
(Man
min,)

[V RVRV ]

—_ N e —
w o o wn O U O WU U

N —
o w

8 of OTHER
STATEMENTS OR

FROGRAM
AFFECTED

'
| PARTS OF THE
‘
'

ilinagromes

tAriting of pa-

ilindromes

‘4hole subrou=
itine affected

iWritina of ca=-




ANNEX EZ2 Page 1 of 2

ERROR LISTING (COMMENTS)

ERROR} DAY | COMMENTS
# y TIME! (EVIDEMCE, THOUGHTS, aHY wAS THE ERROR MADE?
H +  WHY ANMD HOW wAS THE ERROR DISCOVERED?
H + ERROR BLOCKING, etc.)
' 17281
T i Lack of concentration (step left out, which the programmer
' 150S) was aware of)
2 1 211S}) This gesign step w~was costooned and foraotten later on.
3 1 2205! Programmer dig not cnecxk the manual. (2iscoverecd w~hile
y } examining the soluticn of 3 similar orcolem in an old program,)
4 ) 2210 same as 3
Y 1430
S 1 1340,
6 1 1400;
7 v 1408
3 ) 1430} trror was found while examining the list of arrcr tyces
H i in connection w«ith errars 3 anag 4,
9 } 1S00) Error was founa while rea3ging the oragramming manual.
10 | 1510} Errors 10 ana 11 <siscevered curing a cesk test,
11 ) 1630} see 10
12 | 1710! (wrong incentation coull Jlead to orogramming errors)
13 ) 1710} see 12
14 1 1720}
£S5 & Era2sy
[ AL
16 ¢ §030!
17 ) 1050} This statement was inserted between the wrong lines.
| i It was cetected in tnis early stage of the oroject
' ! because the programmer was ounchina carss himself, ~hich
H i allowed him to review N1s source statements.
18 | 1110} Programmer did not locx at the declaration of the variaole.
19 ¢ tL1Sy
20 ) 1120! (missing mandatory declaration)
21 1 1125% (wreong format)
22 & 11507
23 | 1135] same as 20
24 1 1140¢
¥ YA
25 | 1335, spvecial character (") was expected to be necessary due to
' I similarity with other uses of ARITE/WRITEON, however this
H } assumption was wrong
26 ) 1335) (previously declared variable declared twice)
27 1 1335} same as 20
28 | 1335]
29 ) 1335} Programmer dic not check the precgramming manual.
30 % 13351 see 20
31§ 13350
32 ¢ 133S%




ANNEX E2

ERROR{ DAY |
8 !} TIME}
H H

H H

H H

' 1/31)

33 ) 18061
34 | 1806¢
V2704

395 4 tt22;
H H
HE-YA N

36 1 134S]
37 4 142014
38 ) 1420,
39 ) 1420}
! 2705}

40 to144s)
v 24054

41 1 15004
42 ) 1530}
43 & 15304
' 27001

44 3 152S¢

Page 2 of 2

ERROR LISTING (COMMENTS)

COMMENTS

(EVIDENCE, THCUGHTS, wHY #4AS THE ERROR MADE?
WHY AND HOwW WAS THE ERROR DISCOVERED?

ERROR BLOCKING, etc.)

Error could have been avcined by loocing at previgus dlock of

Porgrammer hac correct cesign concept cut di3 not coce
correctly.

Bouncary conlitions had ngt been cneckec befcre,

Trivial errcr ~as made, Teacause Drogrammer was tireq.

Design was not statea well,
same as 40

code.




ANNEX F FINAL STATISTICS

PROJECT = 1

FINAL STATISTICS
Project name : PALINDROMES
Short descriotion:

Given an imout strinc of length n, «here 2 <= n <z 2S5,
fing all occurences of ©oalindromes anmna list them witn
respect to their beginning anad ending Scsitions cn t-e inout
cara.

Inout?: via ounch caras
Qutcut: via line orinter
Juantitative measures:
l. 8 of source statements @ 1d1
2. Total man hours ¢ar orcject : 21.58
3. Man nours scent in

a) Desian ¢ S.0

o) Cocding ¢ 7,0

¢) lebuggina ¢ 4.0

g) Testing ¢ S.8
4, CPU time for comoiles: 20.22 sec.
S. CPU time for cedbug ryns: 9,11 sec.
6. CPU time for test runs: 13,98 sec.
7. 3 of test ana deoug runs: S
8. # of test and decug steos: 23

9. 8 of errors found: dd

10, Total man hours used to correct errors: b6.73




ANNEX F

11. Error Detection:

FINAL STATISTICS

a) Mean time between error detections: 20.3 man min.

2 of
Errors

t
'

24 (xxxxeR
4 *
b %
- *

20 ¢+ »
' *
2 *
L *
H »
+ *
4 ®
: *
} *
H *
Y =

10 » x
¢ RAERARR
) * *
5 - *
H * *

S 4 * rRAEERR
[ * * *
4 x * *
b * - IZEEEEE 2
' * * * X R TR 2 ARRERRRER R RO rreREE
eecccetemmcate e e e et et e m e m et mamaatemmmas L, , teece=ta=)
0 «1S 16=30 31=dS U4b=60 &1=75 76<3Q 91=105 106=130 1S1=17S man min.

of
oroject time

TIME BETWEEN ERROR DETECTIONMS

(measured from coint

in time of detection ot orevious error)

e




ANMEX F

12.

FINAL STATISTICS

Error Correction:

3) Mean time to correct an error: 7.8 man min,

% of
Errors
corrected
T
i
L %
H *
20+ *
H *
L *
. «
4 *
15+ *
5 *
: *
H «
5 *
10+ =
¢ "
s *
4 * ” *
H x ® «
S+ * x *
4 * * *
3 « * - .
' « * * * *
11 = =« * * . * * .
r-#-o-b-o---------0---------9--~--—---¢—-------~o----.----¢--->
2 349 10 £S 20 25 30

man minutes
st pcroject time

TIME TO CORPECT ERRORS
(measured from point in time of detection)




ANNEX F

13.

a)
b)
c)
e)

£)

Nhen

anuana
o
-

"
o
-

Nhen

of
of

R uuaR

ct

errors

errors
errors
errors
errors
errors

errors

errors

errors
errors
errors
errcrs
errors

errors

were

found
found
found
founa
found

found

were

made
mace
mage
mace
mace

ma“te

founa:

during
during
during
during
during
test o
during

maade:

during
auring
auering
during
during
test or
Qquriraq

FINAL

design phase:
design reviews
coding:
gebugaing:?
writing of
rocecures:
testing:

nesign phase:
design review?
codira:l
Jebugcing:
writina of
ocegures:
restina:

ge =

STATISTICS

22
19

44

q4d

0w uun

0wounn

PR R SO

e

ot 3 4T L2

et et




ANNEX F ’ FIMAL STATISTICS

1S. TIME HISTORY GRAPHS :

Errors ¥
T |
: i
H Error Tyoes:
H A: Clerical error
H B: Depugging error
' C: Coaing error
' D: Design error
3 + A
! £
' €
SEEe c A
' CRC
' C € € €€ €
H EME i CCC €A € 8
L 0 D€ ECEEEEE  CCC ACDECEE (o)
B T e T b T R
1 2 345 10 1S 29 man Aours

«elesign...CodiNgeseeece..Cebuaging..Testing..,
(Software Develeocment Phases)

NUMBER OF ERKORS FOUND VS PROJECT TIME =

8 of b ‘

Errors
*
'
S + »
H E
H * * xk 4
H xw ** FER RN RRRRRE o
- * EEREE FRANC AR R R AR AR * 3
B e e R T ]
12345 10 15 29 man nours

NUMHBER OF ERRQRS CORRECTED ¥S PROJECT TIME




ANNEX F

1.

2.

ERROR CATEGORIES AND TYPES

Design Errors

The follwing types of errors acply to both <categeries
"System Design Errors® ana "Program Design Errors™:

Coai

01
o}
03
D4
DS
06
D7
na
09
D10
o1l
{54 (=481
D13
014
A (=
Ni6:
DLTe

s 80 se o3 s es se s se

Communication Error

Desian Negligence

Forgotten Cases or Stecs
Timing Proolems

Errors in I/0 Conceots

Data Uesign Error
Initialization Error
Inageaquate Checking

Extreme Conaiticons Neglected
Seaquencing Error

lnaexing Errcor

Looo Control Errors

Mjsuse cf Roolean Exprassion
Mathematical Error
Reoresentation Error
Misuncerstanding of Propler Specifications
OQtner Desian Errors

ng Errors

Misunderstandiro of Design
Negligence

1/0 Format Error

Misolaced Data Ceclaraticn
Myltiole Data Declarations
Missing Data Declaration
Inacecquate Data

Initialization Error

Error in Parameter Passing
Inadeguate or Forgotten Checking
Level Problems

Missina Declarations of Bloce Limits
Case seleaction error

GO TJ Proplems

Comment Error

Forgotten Dmlimiter

Inconsistency in Naming

wrong Use nt Mestec [F Statements
Indexing Error

Inconsistent Use of Variables or Data
Sequencing Error

Flag Usage Problenms

Syntax Error

Looo Control Error

Incorrect Exit ¢rom Sucrcutines
Languace Usaae Pronlems

{
|
|




ANNEX F

ca7:
cen:
€e9:
C30:
E3Is

3. Clerical

Al
a2
A3
Ad

e oo s ve

4, Debugginag

@
&
s o4 es oo

S. Testing £

iy
e
1081
Td
1

ERROR CATEGORIES AND TYPES

Forgotten Statements
Representation Error
Control Seauence Error
Incorrect Subroutine Usaqe
Other Coding Errors

Errors

Manyal Errar

Mental Error
Procedural Errors
Qther Clerical Errars
Errors

Inacorocpriate Use of Depugeing Tcols

Insufficient or Inacorcoriate Selection

of Test Cases or Test Data

Misinteroretation 2f Detugaing Resuits

Misinteroratation of Error Source
Negligence
Other Debucging fErrors

rrors

Inaceguate Test Case(s) or Test Data
Mijsintercretaticn of Test Results

Misinteroretation of Program Scecification

Neqgligence
Otner Testing Errors

i
|
|




ANNEX G

PPCJECT = :

Program part

DIRECTED GRAPH REPRESENTATION

1

COMPLEXITY MEASURES:

NUMBER OF
AUMBER
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ANNEX G

PROJECT =

Program cart

DIRECTED GRAPH

SLAMNK LINES

COMPLEXTITY MEASURES:

NUMRER QF
NUMRSR CF
NUMRER CFE
NUNMBER CF
CYCLCMAT IC
REACFABILI
NCCE 1
NCCE 7
\GCE 2
ACCe 4
NCCE =
NCCE &
SuM:
REACFABILI
€5 DIRZCTE

e W
Zeeul
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ve te 0nee <
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ANNEX G
DIRECTED HRAPH 2EDRESENTATION
PRQJECT =3 : it

Program part : TEXTL, TEXTZ, TEXTY

COMPLEX[TY YFASURES:

NUMBER OF
NUMRER (CF
NUMESR CF
AUMBER CF
CYCLCMATI I
RTACHABIL A
NSCe 1 1
NCEE 2 L
SUM: _2.CE
REACHARTILITY INCEX
SF DIRSCTES GRAFPE: 1.83CACC

Paae 3

of
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DIRECTED GRAPH SEPRKFESEMTATION

PROJECT = ¢ 1

Srogram oarr : #RTTE ALL DAL INDROMES

a)
c)
c)
a)
a)

£)

2 of noges: IS

3 gt arcs © 19

2 a2t stataments: 2o

2 o9f patng: ¢
Raachaotlizy: ¢
Cvelomaric nymoer! o
Humoer aof patns
ara reacmaoiliry

are very large,

“aae 5 af 9§




ANNEX G Page 5 of °

DISECTED GRAP~ REPRESENTATICN
PROJECT = : 1

Program oart @ SALINDROME CrECH

a) 2z ot noaes: 1)

b) 2 of arcs ¢ 13

¢) = ot sratesments:?

a) 3 of oatns: *

@) Raachaocrlitvi ¢
Cyclomatic numoer: S
Numper ot £atns

3ng reacraor ity

are very larze.
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Program part
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f ANNEX G 2a3ce A of

DIRECTED (RAPY REPRESENTATICH
PROJECT =& ¢ 1

Proaram oart : RECORC PALI%ODROHE

a) 3 of nodes: 9

of arcs @& L&

"

o)
c) = of statemenmts: 2!
g) = of caths: «
@) Seacnraoility: ¢
f) Cvclomatic numzer: S
* ‘iymoer Of Datns

ang reachgorlityv

are very larne,




ANMEX G

PRJJECT =

Program oa

COMPLEXITY

X

NIVR.]
NVLE
&uwc
A ne
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rm-nun m
<J'24 X
-—uﬂ(‘\f‘l (=
—nnum m
(g}

(g
~<C
("l

T
>
)
-

ZZzrzZN
o0 On00m
OO0 OO0
mm mmmino
AR oo

Ry
mm
-
o0
PR el o
mm€
Omeoe
-
M

2T

DIPECTED GRAPH REPRFSENTATIONM

i

Fror o MALN

MEASURES:

STATEMENTS: b
NCCES: ¢
ARCS ¢ kS
PATERS: 2
NUMEER:  VI(C
TY CF ANCCES:
s i
: 1
3 1
G L
: 2
S 2
§.CCCACC
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ANNEX M Page | of 2

TEST PHASE DESCRIPTION

Project # : 1
Test run # ¢ 1 Inclucing 7 Test Steos
B8egin of Test (dav time) : 2/06/1430 End of Test (agay/time) : 2/06/1620

CPU time for necessary c¢omoi'es (in sec.): S.18
a) 1«69 b)) EFL el Li78 di e) f) g)

CPYU time for TEST run (sec) : 13.98

Man Hours in Testina ¢ 5.8 (inclyuding orecaratinn of tests)

1) ;
TEST OBJECTVE ! EXPECTED VACTUAL |ERRORIDAY | COMMENTS
STERY ¢ RESULT IRESULT! = ITIME! AND
H y (TOLERANCE) H H \ i CODED ERRCR
: ' H : | + TYPES
; H H H ' i\ 1) Record when
' H ' f H ' error OCCUrS.
{ | Check program fari 3211 ocalingromnes | : 12/06}
' small palindromes: are cetecten arg. H 114301
\ (3) palindrome of} recorded as sce=| ' H H
§ lenqtn 2 i cified bv pro= | H H H
i (b) palinarome ot 3ram scecifi=- H H H \
' lenqth 3 ! cations ! O«Ke | ! i
2 | Check for large | H H H '
! palidromes { same as | ' H i ¥
i (3) palindrome of| toragr.i 44 1152S5¢ 09
s length 2SS H terror | H H
! (b) palindrome of! ' H ' H
H length 256 H H H H H
3 | Tast correction | ! \ H H
} Repeat steps 1,2 | same 3s | i job | {1550 Impolementation
H H ttermi=} H \ error (time
i H tnatea | ' | estimate exceeced)
4 | Test correction | ' H H H
! Repeat steps 1,2 | same as | V OuKe | H \
S | Check palindromes! should be de= H H H '
! which cross cara | dected ang prin=| H H '
! boundaries } ted as specifieal O.X, | H '
6 ) Checx for palin= | same as S H H \ |
{ dromes of various: H H H H
! lengths and sizes! v 0WK. H '
7 | Check for invalidi Narning and ter=| ' H i See rotes
! inout (string ! minaticn y Ouls 127004
' lenath = 1) H H H 11020}

Motes: Other inyalid inouts were exhaustively tested curing
debugaina phase.
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ANNEX H

Choice of Test Data:
Some test data were chosen to check the program for boundary

conditions. Other test data were selected to check random

size and numbers of palindromes.




APPENDIX B

PROJECT DESCRIPTIUN
Project # : 2
Project title: PATH ANALYSIS IN DIRECTED GRAPHS
Programmer : HOFFMANN
Programming Language : ALGOL

Programmina environments: [BM/360/67,08/MvT,RATCH
and TIME SHARING (CP/CMS)

Desiagn notes : see AMNNEX A

Program listina : see ANNEX B of APPENDIX C
Coding notes : see AiNEX C

CLebugging notes : see ANNEX D

Error Listina : see ANNEX E

Final statistics : see ANNEX F

Graphical reoresentation & see ANNEX G

Test phase descriotion: see ANNEX H

Starting date: 1| MAR 77 Enaing acate: 17 MAR 77

EXPERIVENT DESCRIPTION

1. Project dgescriotion:

A, General Descrioticn

This program is agesigned to find and write all opossible
paths of minimal lenoth (i.e. if a directed grach contains
loops, no looco may be traversed more than once in succes=

sion) throuah a airected graph.

“- Q7




Inout Descriotion:

(a) Batch Processing

Carg 1t 1| in card column | followed by any text
(this text will identify the graph and will
be printed as a headline preceding the input
documentation)

Card 2: t in card column 1 followed by one blank,
where t specifies the tyce of oath listing
desired.
t=0 => all caths are listed during analysis

(recommended only for a very large
number of paths, i.e. more than 500
caths expected)
t is nonzero => paths are listeg after
analysis has been compoletec
(any additicnal information will
not be interpreted ty the oroagram)
Card 3: s in carc column 1 followed by one blank
where s specifies the number of digits
of the largest node name used in the directeo
araph and <= s <=3
(any acditional information 4ill not be
interoreted by the orogram)
Card 4t 1 n sl 52 eee sn
~here 1 is the node name of the entry node

and may be ounched in any column

« 9f =

Ol i . .
b i i




n is the number of successors

and 0 <= n <= 14
si (i=1,2, ««. Nn) specifies the name

of the ith sucessor of node 1

Card S thru Cara m+3:

where m specifies the number of nodes in

in the directed graph

Format: j n s1 s e sn

MOTE 2

(a) AlI

where j specifies the node name of the rcde

being described on this card
and 2<= j <= 999; j may be puncheag
in any column.

n s number of successcrs
ana 0<= n <= 14

si (i=1,2 ... n) specifies the name cof
the iths successor (1 <= si <z 999)

1f n=0 => no entry necessary

entries are integers and must be separatec bty at

least one blank.

(o) A}l

information about any node must e on one card.

(¢) Carc column B0 must contain a blank character or an

additional blank card has to be inserted.

Card 4 + m: 99999 fpollowed by at least one blank

(this input indicates that all information of

the oreceedina directed graph has been input)

- 98 e




NOTE: Following this description any number of directed
graphs may be specified and submitted to the program. After
the last descriotion cf a directed graoh a termination card
has to be added which contains any integer different from

"1" in card column 1.

Sample Input:

1 (FIRST GRAPH)
0 TOGGLE
ol MAX NCDE NAME
1 1 2
2 2 3 4
3 0
4 1 S
S 0
99999
1 (SECOND GRAFH)
1 TOGGLE
1 MAX NODE NAME
1 2 5 e
2 0
3 1 4
4 2 1 5
5 0
99999
=it TERMINATE

(b) Input under CP/CMS:

The input seauence under CP/CMS is similar as unaer
batch orocessina. There is only one exception: Any other
inout than the inpout requested by the orogram will terminate
the orogram. The user can only 1input integers, additional
blanks are not alloweaqg.

Under CP/CMS instructicns are dispolayea At the terminal

which makes the use of the proaram almost self=explanatory.




NOTE @

(a) Login with 5S40k
(b) Follow the directions of the orogram porecisely.

(c) Input only integers.

C. Error Messages:

All error messages are self-explanatory.

Errors 3, 8, 9, 10 refer to invalid or incomplete inout.,
Errors 8 and 9 will cause the porogram to terminate.

Error 2 indicates the limit of the oroaram. If error 2 oc-
curs it is most likely that the directed graph has an infin=-
ite number of paths. The user may try the same input using
"0" as input on the second card. Error 1 will enly occur if
more than 30 ncdes have been scecified having 14 successors
each.

A1l other errors will indicate an error which has not
been founa during testina and debugging or will be due to
some ahnormal usage of the program. In either case i1t might
be possible to locate the problem by examining the program

listing or retrying the oroqram.




Oct
May

May

Programmer's background:

a) Experience in programming:

1970 = May 1971 Programming courses

1971 = April 1972 Mooule Programmer

1972 = June 1974 Work in Test and Simulation Depart~-
ment at the
NAVAL COMMAND AMD CONTROL SYSTEMS
COMMAND (FEDERAL GERMAN NAVY)

Testing of tactical real time systems

March 1975 = Jan 1977 Student at the NAVAL POSTGRADUATE

SCHOOL, Monterey, Cocmputer Science

b) Experience in testing:

Two vyears of work in testing ana simulation.,

c) Experience in the area of the given problem: None.

d) Experience in the proaamming languaqe being used:

Experience over a period of 18 months in more than 10

programming orojectsS. (Total number of source statements

produced during that time was more 4000.)

Psychologica! factors:

a) Dia the proarammer like the project? VYes.

b) How does the oroarammer like the programminag




language?

Favorite programming lanquaqge.

c) WNas the programmer satisfied by the way the problem

was soecified?

Only minor criticism.

1) How dicd tne proarammer like the orogramming envircon=

ment?

Tre facilities (studvy room, card punch room)

were

not

conducive to efficient orcogramming because of restricted

space, bad lighting ard noise,
e) Other factors:

The recording of the experiment's data during

ject affected spoeed anmd concentration consicerably.

e 0% =

the

pro=




4, Comments on Documentation

For the documentation of each software development phase a
special documentation form has been developed. These forms
are designed to provide a firm quideline for the experiment
orogrammer to record all cgata of interest for subsequent
error analysis.

- Begin and end of each steo was recorded with respcect to
day and time.

- Each error was recorded when it is discovered., The error
was then identified by a wuniaue error number (1,27ee.).
Furthermore the time of discovery and the error type (using
error tyces listed in ANNEX F) were recorded.

- If aopropriate, comrents about error discovery, reason why
the error was made, etc. were documented in ANNEX EZ2.

- For each errcr the phase in which the error was made., the
phase in which the error was discovered and the time spent
to correct the error was recoraded in ANNEX E1l.

- For each steo in any one of the software develcpment
phases the cay/time of begin and end was recordecd. Imn aadi-
tion, the time (in man hours) for each step was recorded.

This excludes the overhead used for documentation of the

experiment data.




ANNEX A

NORKSHEET FOR DESIGN PHASE AND DESIGN REVIEw PHASE OF PROJECT #

- o =-

STEP 1DAY
LI / i SOLUTIONS {TIME/STEP!
! JAmalyzing structures with 34018
irespect to minimum number of 11900}

ipaths.

'The minimum numper of paths
}incluages all possible oatns
tstarting at the entry noace (1)
tand ending at any node which
‘thas no successor. The minimum
inumber excludes all paths ha=
tving regetative traversals of

Two freelists are used to supoly storage space to keepC
and the structure of the ungerlyinag aoirecteq grach.

oaths

Items
used for:

a)

Successor
Information

(element

in forward
linked list)

b)

Header of
successor
list

c)
Freelist
Headger
(Item 0)

g
.

PROBLEM AND PLANNED SOLUTION | ALTERMATE
.,

Page 1 of

1
L
]

i1ocps, such that any seqguence
tof arcs is traverseg more than
lonce in a row. 3/0
H 240
‘
2 Design of Data Structures: 3/0
\ 119
H 370
' 190
Remarks:

FREELIST 1 (M])
(4S1 Items of ¢ bytes each (32 3its)]

< 2 dytes > < 2 Bytes >

.
\ .
. '
|ecmcmccccccsccccacaal
.

isuccesscr name iotr next successor

|eececceccccvacocccns|ccsencencccacecnnnan

T R L R T R

.
.
.
.

e R L S L P S L R e Lt

reachaoility parent otr successor list

e R L L L L L L

1
'
'
'
.
|
0 iotr next free jtem

B L L L L T A L L T

]

1

[

l

[l

’

'

' '

- JoS -

'HOURS | ERROR

S

o e O L

information abcut




| ANNEX A

Items
used for:

a)

Node

Information
| (guclicate)

o)
| Pathneacer
Information

| c)

| Node

| Noge
Informaticn
(or13inal)

| 1)
Freelist
Heager
(Item J)

Page la of S

FREELIST 2 (“2)
{20001 Items of 8 Bytes each (64 8its)]

< 2 Bytes >

)
'
'
'
\pointer to original
lescecccceccncencaccaae =
L}

iotr to successor

| eeeeccccccsaneccaacoa

1}
H
leccceccccccncccaaexs
tptr to orevious gatn

icter to beain of path

| eemecncccrnccnaneney

ipointer to oariginal
)
.’

12 of successors

0

0

]
'
]
'
'
'
'
'
[}
'

.
'
i
'
)
‘
'
il
'
T
"

node name

otr to Oreqgecessor

cath isentitication
e e

ctr to next oath

node name

otr successor list

L L L R L

0

otr next free jtem

esceceececcccmecmcee)sccccccenccncnnamana
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Typical usage:
a) Original mode with successor list

o} i
cccmalecanns!

Niptresescccca=)

cmcenloncan! cccaelevaaw?

f:DtP"""

) ptrececea==>

dherel

i, j+» k are noce names

r represents reachapility of ncae i

o is the storace location within Y2
NIL incicates the end of a linxked list

n) Doubly linked list of path heacers:

:-.—--:-----

‘ ' ’
' L} *
Cmm==ptr i ) Ceweweceemegtr | i+l |
: !

'

v v
peginning peginning
of cath 1 of ocath i+l

dnere i and i+l are path 1dentificaticns.
¢) Noces (duplicates) being elements of a path

[
HEE R

original <m=e==e-eptr] o
of i [
otr (ptreeces

t oredecesscr of node i
H
'

H

lew!lce!l canes
' | '

1

H

H

4 H

|emene | conea ]

' ¢ 4 H

original Ceee===ptr! it
of j lecenelcanea !

.

-':‘-:----':

!
i pthiptrsssss
.
'

< - -

dhere § 3and | are successive nodes on a oath.

e T
ki NIL §
)

B R
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NQRKSHEET FOR DESIGN PHASE AND CESIGM REVIEwW PHASE OF PROJECT # e

: = PoMAN | !
STEP! PPOBLEM AND PLANNED SOLUTION ! ALTERNATE DAY {HOURS!ERROR! COMMENT
$ 1 ! SOLUTIONS TIME!/STEP} # !

1

L

‘

1

'
H H H H H
3 ITOP = DOWN Design: H 137054 ' '
iDefine the following program | 11500} } H
‘parts: H H H - !
t=0ata structures H \ H ' H
t=Primitives to supgort zata ! ' H ' H
istructures ' ' ' ' H
f=Utilities to sucport data H ! i ' H
‘structuyres H H i H i
i=Logical orocedures tc supoort, ' il T H
tanalysis of directed graohs ' ' ' H '
t=Subroytines to sucoort 3nalve=! H H H }
isis of cossidble caths tnrouan: | V H i
la directea araon H ) ; H H
i=lnout of aata H ' ) H H
i=Jdutout of cata ) ' H H '
\=Error messaqes ana relevant | \ H ' H
!oiagnosrics tc support error | H ' H H
rerror investigation H 13705 A H
\ 11000} ' H
\ ' 1 [ .
\ L} 1 1] il

]
—
o
@

]

%
z
E
}
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|

NORKSHEET FOR DESIGN PHASE AND DESIGN REVIEW PHASE OF PROJECT # 2

f g lJ )

| H H ' i Man I
E STEP} PROBLEM AND PLANNED SOLUTION | ALTERNATE {DAY (HOURSIERROR} COMMENT
| 8 | ! SOLUTIONS {TIMEI/STEPT & |

L
4 iDefine Data Structures

ta) Use Freelist (M1) of 4S1

‘4 byte woras used to orovide

tinformation about successors

1of parent nodes (each of max.

'30 parent nodes may nave up to
g 114 successors)
i1b) Use Freelist (M2) of 20001
1% byte items to keep informa-=
y1about original noces, oath
theagers and ocossible paths
ithrough the girected graoh
ibeing analyzea.
i1(each item is designed to holal
14 integer values oetween 0 ang:
165539)
1}

/
6

Mt e L Ui o s

see also
remarxs
H on cace 1
S iDesian of orimitives and
tutilities to supoort gata
istructures
1a) Primitives for Freelist 1:
t=Initialize Freelist 1
t~Carl, Ccrl (retrieval of
integer valuyes)
~Setcarl, Setcarl (set values)
~Allocatel, Freel (aliccate/
free elements of M1)

b) Primitives for Sreelist 2:

~Initialize Freelist 2

«Car2, Car2 (retrieval of
integer values)

{~Setcarl, Setcar2 (set values)

i~Allocate2, Free2 (ailocate/

ifree elements of M2)
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WORKSHEET FOR DESIGN PHASE AND DESIGN REVIEw PHASE OF PROJECT # 2

I MAN | H
AY 1HOURS!ERROR| COMMENT
IME'/STEP) 2 |

ALTERNATE

.

L]
STEP} PROBLEM AND PLANNED SOLUTION
a8 | { SOLUTIONS

" 40

H
'
'
H H H H
6 I!Define Algorithms for Utili= | 13/00} ' H
ities to support structures H 118001 H H
tusing M1: H H (S f
i=Name, Setname ' ' ' H H
i=8rother, AqQcbrother g 137001} H H
t=Son(i) (get name of ith son) | 118301 ' H
' 1} 1] ’ ] 1
' ' [ ' [ 1
7 iDefine Algorithms for Utili= | 13707 ' H
ities to suyooort structures ' 11000} H i
lusina M2: ! ! v 250 H
ta)Support of linked list of H H H H H
‘cath heagers: | } H ' H
}=Set Patn [0, =~Patn ID 1 ' H ' H
t=Linkpath(fcrwara/tackwarad) ' ' H H !
t=Initialize Patnlist H | i H H
i=Next oath, =Previous Path H H ' H '
ib) Supoort of oath structures:| ' ' H !
i=Name of (retrieve node name) | H | H H
\=Predecessor ' H | H '
t=Successor i ' H H '
i=Numper of Successors ' | H H '
1=Linking of nodes(forwara ana | { H H s
' cackward) ' H | H !
!=Duplicate(set auplicate noge)! | \ H i
i=Addnode ' ' H ' H
i=ODuplicate a Path H H H H i
i=Implementation of alternative| 13707 H i
1oath H 11200} ' H
' ' H H ' :
3 (Detine Procedural Algorithms: | 13708} H H
i=Remove a Patn ' 11500¢ .S | !
t=List Pathn ' ' ' ' '
t=List all Patns H ' ' H H
1 t=Find Ena ot a Path ! 11505 v 17 D9 former
t=Find Original H 137081 H tanalvsis
i H 11530% ' 1aid not
H H H H H Vincluage
H H ' H H ttrivial
H H H H ' icase

e e ——— e

- 110 =




ANNEX A

WORKSHEET FOR DESIGN PHASE AND DESIGN REVIEW PHASE

.
Al
STEP{ PROBLEM AMD PLANNED SOLUTION

PR e e e e P R T D R AR T R R LR L R

10esign Review:

1Define global cointers:
{=Pathheaaqa

t=Currentpath

t=Lastpath

i=Currentnoce

i=Lastoccurence

1Define algorithm for path
tanalysis:

1=Set Paths

1Spoecify logical algoritnms:
‘=O0ccurs Twice (noce ~ith same
iname on same oath)

{=0ne Way (locp without alter=
irative branches)

1=Match (same seguence of noces
tauolicatea on current oath)
t=Checxkpback (check for invalida
talternatives)

OF PROJECT =

1 HOURS | ERROR

—
- N

s ae G a% am m= Am % mpen va me = ee oo Pe 2% oo 2o o o=




ANNEX C Page 1| of 2

WORKSHEET FOR CODING PHASE OF PRQJECT # : 2
8eginning of Coding (day/time) : 3/06/1500
End of Coading (day/time) ¢ 3/10/1730

Man hours : 26 (including punching of cards)

1)
CODING ! PROGRAM PART |ERRORIDAY | COMMENT
BEGIN H END H 2 STIME]
DAY/TIME | DAY/TIME | ' H ;
H H H H 1) Recorg when error is
H H H | H dJertectec.
03/06/1500} 1=Data Definition: 13700
H t=Primitives v 1 11s30ic28
s i=Error Randling | 2 11540iC248
' t=Initialization | 3 11620:1C23
103/00/1630! H H H
0370671630} \=Punching caras | H H
H H ) 4 11740:C28
103/06/1800} ' ! '
93/06/1830¢ i1=dtilities H H H
10370672030 ' ' '
0370771200 i=Utilities H t 3L0T )
H H Y 5 11305109
10370771400 H H H
03/08/1000 t=Punching caras | 13708,
' t (Utilities) t 10 11000:iCi2 (missing BEGIN)
H H {11 1100SiC28 (mispelling of
H ' H H H procecure name)
' ' 12 :IOOSlC23
H H ¥ 13 1101 0¥ELs
' ' V14 j102sict
' ' YOS Llo30ELT
H H ' 16 11030:Ct7
103/08/1200! H H \
03/708/1530} 1=Coding of oro= | { !
H \ cedural suorou=) 18 11033i09 (gesign dia "ot
H ! tines ' ' \ consicer removal of
103/08/1800 H | v first and last ocath)}
0370871900} t=Coding of oro= | H \
H i cedural) subrou=; H H
10370872000} tines ' ' \
0370972000} t=Punching cards | H H
E H H V19 '2130 011 (faulty desian
1 H ' H ! 6t index calculation)
1 H H ' 20 .2150 C10 (faulty condition
; ' ' H H ! "Not Equal™ insteag of "="
103/08/2200} ' ' '




R— B i i

ANNEX C

Page 2 of 2

WORKSHEET FOR CODING PHASE OF PROJECT » : 2

Beginning of Coding (dav/time) : 3/06/1500
End of Coding (day/time) ¢ 3/10/1730
Man hours : 26 (including punching of cards)
1)
CODING

BEGIN H END ' HI
DAY/TIME | DAY/TIME H

PROGRAM PART

ERRORINAY

i COMMENT
‘TIME!L
' '

R L L e R R T

0370971200 =Coding of [/0
subroutines
0370971300

2370971300 -Pynching caras

H ' '

H ' H

H H H

' H H

H ' H

' H v 34

10370971500 '
0370671500} 1=Coadina of Logi=i

| i cal orocecyres | 35

H H V36

103704971730 H
33/09/2000} t=Punching caras |

' H L)

103/09/2100! :
23/09/2100 1=Coding of path |

' ! analyzing algo=i 42

H ! rithm("Set H

103/09/2300! paths™) '

' * ’
9371071000} \=Punching cards |

H H Voud

10371071100 H
0371071100 t=Coding of 170 |

H | subroutines H

103/710/1200! '
03/10/1630} i=Punching cards |

' H HEC Y

103/710/1730 H

H H '

« 113 =

11) Record when error is
H detected.
3/09!

1440iCit
'

1530109
1615109

2030

2200

-

040

|
H
H
5
/1014
L}
H
1
.




ANNEX D Page 1 of 11

WORKSHEET FQR DEBUGGING PHASE
PROJECT & : 2 DEBUG Run # : 1
Begin of Debug Run (day/time) : 03/06/1800
End of Debug Run (cday/time) ¢ 03/07/1400
# of Debug Steps incl, in Debuag Run: 4 CPU time for Debug run (sec): 1.82

CPU time for necessary compiles (sec) : 4,33

a) 0,89 o) 1.76 ¢c) 1,68 a) e) $) q)
Man hours for this Cecug Run ¢ 4.0 (inciuding porecaration of detug run)
AN 1)
STEP!PROGRAM) OBJECTIVE AND EXPECTED | ACTUAL | DAY!HOURSIERROR! CCMMENTS
2 | PART ! RESULT t RESULT !TIME|/STEP! = |} &ND COODED
. ., ' 1 .

H ‘ i i ERROR TYPES

D L L T T T R R R R R R R R L R R S L b Lt b g

i1) Record when

' ' H H '
' H : | H § error
H : H H H H occurs
1 iPrimi= !Get arror free comoile '3 compilei3/ds) i |
itives | lerrors F18ILY 13 ¢ S (Al
tandg \ ' H ' i &6 4Eea3
ipart of} ' : H v R
tutili= ! H 13706} H H
ities H ' 11930} ' H
2 ¥ i{Repeat stepo ! ¢ DK 34078 1.2 | '
H H H 111108 H '
3 Primi= |Check initialization, H H t DS | {
itives jallocation ang freeing of | ' H H H
' iitems in poth freelists., | H ' H |
{ {Check parameter imolemen= | H H : H
' itation. ' ' H ' !
H iCheck writing of blank H H H H H
. 1lines. H H H H '
{ (pointers of frealists iuooer 11250} t & (Al (“el®
H 1must be set aporcoriately,inalf of | ' ! ileft out
' tallocated elements must beiallocateaq: ' H imhile oun= 1
H vfilled with 2eroces., relement | ' H leching caras :
H tallocatea items mnust te iof M2 noti ! H H :
H tunlinkea, ytillea H H H H
H 1after freeing an element la«ith H H H H
H ‘becomes part of the free=- |zeroces ' ' ' ' !
' tlist again, ' t ' ! ' !
H iparameters should be set | ' H ' H
' tas gesigned) H H ' H '
4 ‘repeat steos | and 3 v 0.K, 137070 1.0 § A
H ' H 11400} H H
- 114 =




ANNEX D Page 2 of 1!

NORKSHEET FOR DEBUGGING PHASE
PROJECT # : ¢ DEBUG Run # : 2
Begin of Debug Run (day/time) ¢ 03/08/1000
End of Debug Run (day/time) ¢+ 037/08/1700
4 of Debug Steps incl. in Debua Run: 2 CPU time for Debug run (sec): .46
CPU time for necessary comoiles (sec) : 2.23
a) 2.23 5) c) c) e) f) g)

Man hours for this Debug Run : 2.5 (incluaing orecaratinn of dedbug run)
AN 1)
STEP,PROGRAM} QBJECTIVE AND EXPECTED ! ACTUAL | DAY!HOURSIERSOR! CCMMEMTS
3 | PART ! RESULT ! RESULT ITIME/STEP} & | AMD CODED
: ‘ ! ; ‘ \ ERROR TYPES

1) Recora anen

1 . 1 ‘
. L} " 1 . )
' ' H H H i errcr
H H | H ' H eccurs
1 1Primi= {Check maximym numper of ! 13708 H H
itives ‘allccations in toth frea= | 11000 H } &€ man nours
tand 1lists. ! H i 043 ! !scent 11
ioart cflilall elements exceot fraee=) Ok & H H \creparaticn
tutili= jlist neacers are ailcca~ | H H H 1of oeougq
ities ‘tea) H ' ' H ‘run
. . . ' . ] .
L . Al L) . . 1
2 ‘Error ICheck error messages for | H : H '
thang= i{exhausticn of eacn free~ | 13/08) 0.2 ! :
tling rhise, H Q.K, 117001} H H
H H H H H H H

’ '

= 115 =




ANNEX D

PRQJECT # :

Page 3 of 11

#ORKSHEET FOR DEBUGGING PHASE

2

DEBUG Run #

s &

Begin of Debug Run (day/time) : 03/08/2200

End of Debug

2 of Debug Steps

Run

(day/time) ¢ 03/09/1300

incl. in Debug Run:

CPU time for necessary compiles (sec)

a) 2.587

b)

¢.75 (3 L £ a) 2

7

e il

.43

CPU time. for Debug run (sec): ,6

8.12

e) 3.49 f) 4,03

gl

“an hours for this Cecug Run ! d,.5 (including precaration of debug ruyn)

STEP |PROGRAM

t OBJECTIVE AND EXPECTED

RESULT

{

)

¢ Co
! AN
i EP

MMENTS
D0 COOED
RCR TYPES

B L L L R L T e R P R L E R LR E L PR L Lt L g

g | PART
H
L
H
l
;
H
! Primie=
itives,
iError
thana=
tling,
iProce=
1dural
isubrou=
‘tines
'
2 |
'
'
3 4
1
L]
4
1}
'
S
'
'
1
'
'
'
H
'
.
L
6
.
'
TR
’
.
'
Remarks:

iGet errcr free compoile of
tall subroutines and ori=

imitives excluaina 1/0 suo=

iroutines ana lagical sub=
\routines,

Repeat
Repesat
Repeat

Receat

Repeat

B B e Y W e . e b -

iReceat
1(same

steo |
step |
steo |

steo |

step |

debug runs | and 2
results exoected)

MAN

' ACTUAL | DAY HCURSIERPRGR
' RESULT (TIME!/STEP| 2
' H |
' : ' H
H H : H
' 7S com= 3/08} H
ipile dia=i12200) 1.0 |
lgnostics | : \
((see 12200} H
\ remarks). : i
; L
. ) ] (|
1 [ ' 1
H H H '
| 12245¢ 0.5 ¢
1 [3 1] .
L [ 1] 1
' 123108 0.5 |
H \ H H
H 12323% 0.5 |
' 1 ' 1
. 1] ' L}
H 13709 1.0 |
' 11030} '
i \ H !
' ' ' 1}
L] ] L} L
H H H H
' ' i H
| ] ' |
L ' . 1
H O.K. 11130}f 0.3 }
H ' H H
H O0Ke R11S0% 1e2 §
H 13709, H
' ' H i

The ALGOL compiler Adiagnostics do not always allow a complete
investicaticon of all errors.

21
22
3
24

26
e

28
29
30
31
32
33

1)

OO0
~ -
~N N

Record wnen
error
occurs




ANNEX D

Page 4 of 11

WORKSHEET FOR DEBUGGING PHASE

PROJECT 5 : 2
Begin of Debug Run (gay/time)

End of Debug Run (day/time)

# of Debug Steps incl. in Debug Run: 6 CPU time for Debug run (sec): .6t

DEBUG Run & : 4

.
.

0370971500

0371071200

CPU time for necessary camoiles (sec) : 23.45

a) 3.67 b) S.02 c) 5«20

Man nours for this Debug Run

STEP
2

SROGRAM| OBJECTIVE AND

PART RESULT
.

EXPECTED

'

'

'

'

]

'
e L  E E E P R R R T T

[]

(]

]

i

[

c) 4,60 e) 4,96 f)

3.0 (including crecaration of detug run)

MAN
ACTUAL

H ! DAY!HQURSIERRQR]
t RESULT JTIME/STEP
) )
] .

=2

37
38

39

41

43

' ! ' '

' ' H H

1 AN !Get error free comoile, 12 comcile 3/09]
tsubrou=i ierrors LWISO0E 0.5

ttines | ' H '

iexcept | ' 117308

}logical} H ' H

ioroce= | H H H

‘dures | ' | H

2 {Repeat steo 1! & QK 117300
3 11/0 iCheck input for trivial ‘number cfi1950% 0.5

H jcases ‘succes= 12000}

H ' isors ola=! H

H H iced in H H

H i iwrong ' '

[ H 1fiela H '
L iRepeat steo 3 with trace | 121303 0.5

H tand oreceging initializa= | ' )

' ‘tion of freelists as well | H '

H tas initialization of list | H '

H 1of path headers. iwrang va=12200}

: iCheck function "SOM" for |lue re= | H

H icorrect return values iturned | H

H ‘!(trace should matcn with 1from "Num| !

' idesiqn considerations) iber of H H

' H ‘Succes= | H

H ' isors"” H H
- {Repeat step 4 ‘Missinag 12320} 0.5

H H ink 12340}
& ) iRepeat step 4 ) 123508 UsS

H H H C.Ke H

' ' H Y 3710

H H H 11100}

Remarks: Functions and subroutines are first checked for trtvial

cases and boundary conaditions,

)

3)

1)

D L L L R P R T L R L L 2

1

COMMENTS
AND CODED
ERPOR TYPES

1) Record wnen
error
occurs

€23
Al

C26 (READ ana
REACON con=
fused)

Al

c9




ANNEX D Page S of 11

WORKSHEET FOR DEBUGGING PHASE

PRQJECT # : 2 DEBUG Run # : S
Begin of Debug Run (day/time) ¢ 03/10/1600 %
End of Debug Run (gay/time) ¢ 03/10/2400 ;

# of Debug Steps incl. in Debug Run: S CPU time for Debug run (sec): 1.35
CPU time for necessary compiles (sec) : 29.4d9
a) S.71 D) 5.94 e) S.43 a) S.79 e) 6.62 f) g)

Man hours fcr this Debua Run ¢ S.0 (imcluding preparation of debug run)
MAN 1)
DAY ImOURS}ERROR! COMMENTS

STEP ACTuUAL

PROGRAM| ORJECTIVE AMD EXPECTED ! \
PART | RESULT ! RESULT !TIVE!/STEP! ¢ | AND CODED
H H H H + ERROR TYPES

H ) 3 o H i1) Record wnen
' ' H ' H H error
1 ari iCheck for trivial inpouts | 13710} | | cccurs
‘Primi= jfor all primitives anc 't erroer §1530¢% 0.5 | '
tives ‘lutilities. bim link= | : ' :
‘and § ling 11600 i4s ica?
futilie= ! ' ' ' ' :
‘ties H ' H H H H
' ' ' : ' : !
2 {Repeat step | ‘1 error 117300 1.0 | 47 D9
1] :+ [} 1 . . '
1] L ' L . L 1
3 iRepeat steo | '3 oroarami1930; 2.0 |
H ) ierrors ‘1930 V48 1C21 (state-
H ' tfouna ' ' ' iments in re=
H ' ' ' ' ' ‘verse orger)
H H H 12100} 1 49 (012 (wrorg
H ' ' | ' H istooping
H ' ¥ ) ' H tconaition)
H H H 121301} ¥ SO0 {C8 (faulty
H H H H ' H tinitialization
H H H H | | iof loop)
H ' H H H ' '
& ¢ {Repeat steo ! 12 orogram;2200F 1.0 !
H H lerrors 12250 i S1 |84 (error
H H H H ' ' 1in correct=
H ' H ' H ' 1ing),
H H H 12300} ' Se iC2ua
H H ' H ' H H
S i iRepeat steo 1 H DKo 137103 0.5
H H ' 12330} ' '

Remarks: Procedures checxed for trivial cases and bouncary COonaItiIoNS.

e g -




ANNEX D Page 6 of 11

WORKSHEET FOR DEBUGGING PHASE
PROJECT = : 2 DEBUG Run & : 6
Begin of Debug Run (gay/time) : 03/10/2230
End of Debug Run (day/time) : 03/11/1700
% of Debug Stepos incl. in 0Debug Run: S CPU time for Debug
CPU time for necessary comoiles (sec) : 26.3

a) S.l4 ) 6.82 c) 7.38 a) T.16 e) )

Man hours for this Decug Pun @ 5.2 (including creparation of
ACTUAL ! DAY:HESSS:
RESULT ETIME:/STEPE

STEP!IPROGRAM] CBJECTIVE AND EXPECTED
g | PART | RESULT
1

L L R R L L R R L TR
[
'

'
'

. ‘. . ‘ 1]
. . ] L 1
' H ' 5 '
1 an iGet arror free comoile of 18 comoilei3/10} 1.0 |
' tall orogram carts. ierrors 12300} -
H H ' 123104 H
1} 1} 1.: ) 1 .
. 1 . 1 . Al
L 1 ' ' [ 1
L Al il 1 L .
] [ . ) . 1}
L 1 L L} Ll Al
' H ' H H '
' 1) . ' . .
L L . . Ll 1
' 1 ' 1] 1 .
L L} L L} . .
. 1 1 1] 1 .
L L} . ' L L
' ' : H ' '
G4t tRepeat step | ' Q.Ke 123300 0.5
' H ' 13710} H
H H H 12400} '
H H ' H H H
3 iLoaicaliCheck for trivial cases ! 37118 350 |
‘oroce= |while amnalyzing one opatn. i1 error 11400} H
!dures iCheck writing of a patnr. |foung 11460} !
tana i1(all functions shoulag ocer=! | H |
twritinglform as desianed) ' H H H
1of a H ' H ' '
‘oath H | ' H H
' ' ' ' ' !
4 iRepeat steo 3 12 errors 11545} 1.0 |
H ' i founa 11620} !
. . 1 . 1] 1
L] . L Ll 1] L
H H ' H H H
H H ' 11630} H
H H ' H H '
S } 1Feceat steo 3 | 11630 0.5 !
' ' H NDeKe 13711} '
H ' ! WL 700} '
- 119 =

run (sec): 2.14

g)
aeouq run)

COMMENTS

AND COCED

i ERPRCR TYPES
i1) Record wnen

error

eccurs

m

s
4
RROR

- e hat

53
sS4
55
Se
S
S8
S9
60

OO0 P e P
O O N re e v pn =
»

C27 (reset
forgotten)

ol

62 1C10 (wrong
istopping con=
idition)

63 1C30




ANNEX D Page 7 of 11!

WORKSHEET FOR DEBUGGING PHASE

PROJECT & : 2 DEBUG Run # : 7

Begin of Debug Run (gay/time) ¢ 03/11/1700
End of Debug Run (day/time) : 03/12/1600
# ot Debug Steps incl. in Debug Run: S CPU time for Debug run (sec): 2,61
CPU time for necessary comoiles (sec) : 38,783
a) 8.0 b) 7.81 c) 7.88 c) 7.82 e) 7.22 f) 3)

7.0 (incluging precaration of getug run)
MAN 1)
' DAY !HOURS!ERRGR}
{TIME}/STEP{ = | AND COCED
H \ H H ' ERROR TYPRES

B b e P e e L e LRl b bl il

Man hours for this Debua Run :

OBJECTIVE AND
RESULT

EXPECTED ACTUAL

RESULT

STEP |PROGRAM COMMENTS
2

.
1 PART |

H H H H ' H i1) Recora wnen
' H i H ' ' ' error

1 JProce= ;Check analvsis of osathes, (2 oroaramid/1l} 0.5 | ' accurs
idure (A1l pathes are i1mplemen~ |errors 11700} s '
i"Set lted incoubly linked lists)! 11730} \ &4 1012 (wrong
‘paths" | ' 1 H ' istoocoing con=
' } ' i ' ! tdition)
' ' H 1174S} ! 65 ID11 (wrong
H H ' ' H : iincexing)
[ . . ' ) 1} )
’ L . . Ll 1] 1

2 ! iRepeat steo | 'l error  1180S5) 0.5 | |
H H i found 11810} t 66 1011 (same as
H H H ' \ H terror 55)
L ' 1 1 L] 1] .
1 ' L . ' L L}

L 1Repeat steo | 'S errors 11820 3.5 |
H iy ' founa ! i H \
H H H 137128 H \
' H ' 113004 ' 67 D3 (forgotten
H ' H V1315 i\ 63 103 wupoate
' ' \ 11320} ! 69 103 of a varie-
' H H H H H \ able)
H V ' t132S) ¢ TO (€29
H H H 11340} t 71 |84 (misintere
' H H ' H ' ioratation of
' ' H ' H ’ lerror source)
H H ' ' ' ' '

4 {Repeat steo ! {1 error 11400} 1.5} 72 09
H H i founa ' ' ' H
H H H H H H H

S04 ‘Repeat steo | 1 0.K. 11530! 0.5 ¢
H ' ! 13712 H H
' ' H 11600} ' i

- 120 =
it i T —




ANNEX D Page 8 of |1

NORKSHEET FCR DEBUGGING PHASE
PROJECT # : 2 DEBUG Run # : 8
Begin of Oebug Run (day/time) ¢ 03/13/1600
End of Debug Run (day/time) ¢ 03/14/1600
CPU time for necessary comoiles (sec) : 19.59

a) b6.63 D) 6.45 ¢) 6451 a) e) f)

Remarxs: Error analysis during this cepoua run was extremely

- Most resuylts were verified by desx checking,

-~ The imolementation of caths was checked Dy
examining the contents of allocatea items of
both freelists (M1,M2).

-~ Some structures being tested nagd a very large
number of oaths ( > 2000),

'
'
]
'

2

73

74

aifficult and time consuming for the following reasons:

~ The crogram contains a Qreat number of rather complex

algorithms, each of whicn had to be tested with
respect to its boundary conditions.

)

Man hours for this Deoug Rur ¢ 17.0 (including oreparation of cepug
1)
DAY !HOURS!IERRCR
)

# of Debug Steps incl. in Debug Run: 3 CPU time for Debug run (sec): 162.75

run)

COMMENTS
AND CODED
ERROR TYPES

1) Recora «hen

error
occurs

C29 (wrong
oranching)

(PR §1]

MAN
STEP!PROGRAM| QBJECTIVE AMNMD EXPECTED | ACTUAL !
8 | PART ! RESULT ! RESULT !TIME]/STEP
. ’ 1 )
. . 1 Al
H H d H ¥
H H ! H '
' ' . } +
1 1A iCheck various small direc=!1 error 13/13}
H itec qgraphs for bouncary ' founa 11600% 8,0
H iconaitions. tin "Mate | f
H ' tening” 12000
' : H ! '
H H H H '
2 i iRepceat steo | ‘1 error  13/14} 6.0
H ' y founa 10769}
H ' V(some 11100}
H H ioaths H H
' H 'skiocea | i
H | iduring H 4
: H ! tanalysis)i H
: H H ' H H
L \Repeat stepo | H QK= 113002 3.0
' H ' 13714}
H ' H 11600}




ANNEX O Fage 9 of 11

WORKSHEET FOR DEBUGGING PHASE'
PROJECT # : 2 DEBUG Run # : 9
Begin of Debug Run (day/time) : 03/13/1100
End of Debug Run (day/time) ¢ 037/15/2300
2 of Debug Steps incl. in Debug Run: 1 CPU time for Cepug run (sec): 3.92

CPU time for necessary comoiles (sec) : 7.52

a) 7.52 b) c) c) e) +) 5)
Man hours for this Nebug Run ! 3.7 (including oreparation of 2eoug run)
MAN )
STEP|PROGRAM! QOBJECTIVE AND EXPECTED ¢ ACTUAL | CAY|HGURSIERROR| CCMMENTS
g § PART | ' RESULT ! QESULT !TIME}sSTEP! & | aAND CODED
‘ H i 1 ' ! ERIROR TYPES
H ' | ' ' H 11) Recorn anen
' H H ! : ' ' error
H H H H H ' H cccurs
1A iCheck intermal error H 13/140 3.0
H imessages. ! 12345} H :
H {(Error messages S,0,7, ! DKo ' ' H
H 111,12,13 snoule be orin= | H b ! !
H ‘ted) ' 13/ 1S H H
H H ' 12300} \ \




g
|
E
|
|
i
|

ANNEX O Page 10 of 11

NORKSHEET FOR DEBUGGING PHASE
PRQJECT & : 2 DEBUG Run & : 10
Begin of Debug Run (gay/time) : 03/16/1500
End of Debug Run (gay/time) : 03/16/1600
# ot Debug Steecs incl. in DCebug Run: | CPU time for Debug run (sec)
CPU time for necessary comoiles (sec) : 7.73
a) 17.73 o) c) Q) e) f) 3)

Man hours for this Debug “um : 1.0 (including orecaration of sedud run)
AN £

STEPIPROGRAM! QBJECTIVE AND  EXPECTED ! ACTUAL | DAYI=OQURSIEPROR! CCV
s | PaRT ! RESULT { RESULT !TIME!/STEP! = | 4auD

! ! : : : €as

1) R

s 6,75

ecors when

.
\
)
H
[ . 1] ’ lJ 1 .
H H | ' H ' '
H ' H ' ' H H ereror
H ' i H H H H cccurs
o 1an 1Check some user 1espencent | Y 3206% 140 § i
H ierror messages. H 15000 H :
' i(error messages {0 ana 8 | O.%e ¢ H H H
H ishoula be orintea) H H H H H
' H ' 13716 ! H
H H H 11000} H H
- 123 =
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ANNEX D Page 11 of 11

WORKSHEET FOR DEBUGGING PHASE
PROJECT » : 2 DEBUG Run & : 11
Begin of Debug Run (day/time) : 03/16/1600
End of Debug Run (day/time) ¢ 03/17/1200
# of Debug Steps incl. in Debug Run: 2 CPU time for Debug run (sec): 6,45

CPU time for necessary comoiles (sec) ! 14.95

a) 7.90 B) 7.05 c) a) e) 3 g)
Man hours for this Debug Rum : 2.0 (including crecaration of ceoua run)
AAN 1)
STEP!PRCGRAMY QBJECTIVE ANMD EXPECTED | ACTUAL | DAY!HOURS!ERROR! COMMENTS
2 | PART | RESULT ! RESULT TIME}/STEP: & | AND CODED
H ' H H ' i ERROR TYPES
H H H H ' H 1) Record wnen
' H H H H H H error
H H ' H { H ' occurs
IR iCheck error message 3 9. ierror 137161 1,0 H
H H imessaace (1600} ' H
H H 12 S not 11800 ¢ 75 (Cat
H ' lorinted | ' ' H
2 4 iRepceat steo 1 ' i 71 U 4 B A !
H ' H 0.%, 1114074 ' H
' H H 13717} ' :
' ' : 11200} H :
- 124 =
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ANNEX E! Page 1 of 3

ERROR LISTING
PROJECT # : 2
Begin of Project (day/time) : 03/01/1900
End of Project (qgay/time) : 03/17/2200

Man hours for total project : 125.0

ERROR! PHASE | PHASE | ERRQR H TIME ¢ 2 of OTHER
8 | in which! in whiCh! TYPE ispent to | STATEMENTS QR
1ERROR wasiERROR was! (see ANNEX F) lsolve thne} PARTS OF ThE
' ais~ | mace | + EPROR ' PROGRAM
! covered | H i (Manm ' AFFECTED
H ' ' H min.) |
1 } Coaing | Coding | C28 H - H
2 ' Coaing | Cooing | C28 H S '
3 ! Coging | Coocing | C23 H 2 |
4 } Coaing ! Coaing | C28 H 3 H
S !Debugging) Coaging | Al ' S ¢
6 'Debugaing: Coacing | C23 ' S !
7 10epuggina! Coaing | Al ' S '
3 10ecugging! Coding | Al H 10 H
9 | Coaing | Design | 09 H s i Ahole algoritnm affected,
10 } Cooing |} Coding 1 Cl2 H 1 '
11 | Coding ¢ Coging | C2% : 1 H
te { Coging | Coaing | C23 § 1 }
13 | Cocing 1 Ceding | Clb ' 1 {
14 | Coging | Coaing | Cl ' S5 H
1S | Coging  Cocing | C17 ' 2 '
16 | Coging | Coding | C17 ' 2 H
17 } Desian | Design | 09 ' 1 '
18 | Cooing | Design | D9 L 30 i\ nhale algoritnm affectec,
19 | Cocing | Design | D11 H S '
20 | Coging | Coding 1} Cl10O ' S H
21 !0etugging! Coding | C23 : S H
22 !Debuacing! Coaing | C17 ‘ 1S H
23 i1Debuggingi Coging | C27 H S H
24 iDeougging! Coding | 2t 5 2 H
25 iCeouggingl Coding | Ci7 H S H
26 !Depbugoing} Coaing | A2 H 10 H
27 iDebugging: Coding | C28 H 10 H
k 28 |Debugaing! Coading | C17 H S
29 !Debugging! Coding | C11 y S H
30 iDebugging! Coding | Al H 15 H




ANNEX E|

ERROR LISTING
PROJECT 2 : 2
Begin of Project (day/time) : 03/01/1900
End of Project (cay/time) ¢ 0371772200

Man hours for total project : 125.0

ERROR! PHASE ' PHASE | ERROR
# ) in w«hich! in which! TYPE
tERRCR wasiERROR was! (see ANNEX F)

H qis= | made
{ coverea
'

[l
.
'
'
[

31 j0ebuaaing: Coding | Al
32 !Debugging: Coaging | 41
33 i(Debugginai Coaing | C27
34 | Coaing | Coading 1 C!
35S ! Coding | Design | 09
36 | Coding  Design | 09
37 i1Debugaing:i Coning | C23
38 |Depugging: Cooing | Al
39 iDeougging: Coaing | C26
40 |Decugging! Coaing | C20
41 Debugging Cocing . Al
42 |} Coding | Oesign | 09
43 iDebugging! Design | D9
44 )} Coding | Design | DIS
4S iDebugaing! Coaing | C27
46 | Coding | Design | DS
47 !Debugging: Desianm | D9
' '
L} L
48 |Decugaing: Coding | C21l
49 !0eougaing! Design | D12
S0 i1Debugging) Coading | C8
S1 iDebugsingiLebugaing! B84
52 iD0ebugging:! Coaging | C24
S3 jDepugging} Coding | Al
S4 (Depbugginai Coding | Al
SS iDebugging: Coding | 41
S6 }Debugging; Coding | Al
57 ‘Debugging! Coaing | Al
S8 iDebugaing: Coding | C28
i 59 !Debugging: Coding | C9
i 60 iDebugging! Coding | C9

Page 2

' TIME
!spent to
tsolve tne
ERROR
(Man
min,.)

S
2
5
1
1S
1S
S
S
30
S
S
20
19
S
10
S
60

10
S
1S
20
5

[NV RV RV VL VI VY |

‘
'
[]
:
]
'
]
1
[l
c
'
'

of 3

% of OTHER
STATEMENTS GR
PARTS QF THE

PROGRAM

AFFECTEC

B L L R e R R R DRl L

nhole 3lgorithm affectec,
Ahole algorithm affecteq,

whole aigorithm affectec.

#hole subroutine affectea.
(3 changes necessarv)




ANNEX E! Page 3 of 3

ERROR LISTING
PROJECT # : 2 i
Begin of Project (cay/time) : 03/01/1900 ‘
End of Project (gay/time) : 03/17/2200

Man hours for total project : 125.0

ERROR! PHASE | PHASE | ERPOR H TIME |} 2 of OTHER

2 | in which! in whichi TYPE isoent to | STATEYENTS CR
1EQROR wasIERROR was! (sme ANNEX F) |solve tnel PARTS OF TrE
H ais= | made ' 1 ERROR H PROGRAM
\ covered | : i (Man H AFFECTED
H H ' Y nin.) |

ol !Debuaaing! Coding ca7 30

62 iDebugaing! Coding £10 10

29
D12
ot1
o011

10
10
5
15

63 iDebugging! Coding
6d Debugaing; Desiagn
65 i1Debuggima: Design
56 1Depbugging: Design

' '
1 1
. .
H :
' H
E E
H H
638 )Depugging: Desian | 03 H 10
. '
: e
' '
L] .
. .
H H
H H
. .
. 1

67 iDebugaing: Cesign 03 10
69 (Debugaing: Design 03 L
70 iDebugaing: Coding c30 1S
71 'Debuggingilebugqging, 34 10
72 iDebugaing: Desian 29 120
73 iDepugaing: Coding cae9 180 ;
74 (Debugging: Design 010 60
75 i‘Decugging! Coaing c21 30




ANNEX E2 Page | of 3
ERROR LISTING (COMMENTS)

ERRQOR! DAY { COMMENTS
# ) TIME! (EVIDENCE, THOUGHTS, wHY WAS THE ERROR MADE?
H i WHY ANO HOW wAS THE ERROR DISCOVERED?
H i ERROR BLOCKING, etc.)
103/06}
1530iErrors 1,2/3 were disccovered while reading previously
'written sections of coce.

{

H
H
2 1 1540}
3 4V 1620}
4 | 1740iLack of concentration while punching cards.,
H 1 (Main disadvantage while ounching caras is that cunchea
H idata is not immeaiately seen after each xey stroke.)
S 1 1315Sisame as 4
6 | 1815iProgrammer dia not cnheck orogramming manual. (error coulg
' thave peen avoidcea)
7 ) 1815isame as 4
$03/07"
8 | 1305}
9 § 1305
103708}
10 1} 1000!Errors 10=17 were getecteg bDecause orcqrammer punched caras
H ihimself, It is oguite natural that he uses this time to review
H this code.
11 1 1008}
12 | 100s:
13 ¢ 1040}
14 | 102s:
1S 1 1030}
16 | 1030}
£} 1505
18 | 1630iError founo during desk test,
19 | 2130!€Error found while punching carcs.
20 | 2150)same as 19
21 1} 2200,
22 | 2200 Functicr name used as local variable,
23 1 2200
24 i 2200
25 | 224Silncomolete correcticn of error & 22,
26 | 2310iMandatory declaration cmitteg w~hile punching cards.
27 V 2323iRight parentesis omitted.
103709,
28 | 1030iLack of concentration while punching cards.
H t(Programmer was tired.)
29 | 1030}same as 28
30 | 1030!same as 28
31 ) 1030!same as 28
32 1 1030isame as 28

- g =




ANNEX E2 Page 2 of 3

ERROR LISTING (COMMENTS)

ERROR! DAY | COMMENTS
# | TIME! (EVIDEMCE, THOUGHTS, #HY WAS THE ERROR MADE?
' ! WHY AND HOW WAS THE ERROR DISCOVERED?
\ ! ERROR BLOCKING, etc.)
103709}
33 ¢ 10301
34 ) 1440} -
35 1 1S30!Extreme conditions not carefully analyzed.
36 | 161Sisame as 35
37 1 1730iLack of concentration while ccding.
38 | 1730}
39 ) 2000;"READ" anao "READON" confused.
40 ) 2030)Using a local variable mame from different subroutine.
41 § 2200}
42 4 22301
43 | 234d0juse of wrong ocarameter.
103709
44 )} 1040iError found while ounching carcs.,
103710}
4s ! 16001
46 | 1700iThinking of boundarv canaitions while ouncning cards.
47 } 1730iDesk test was not made carefyily @nougn. (one case
' iomitteg)
48 | 1930)Two statements in reverse orager,
49 {1 2100}
S0 ! 2130iError was discovered during Structurec dalk Through.
St V 2250iCausec by changing code,
S 1 2300!
S3 | 2310'Lack of concentration while punching cards.
' i(see comment 3 U)
S4 | 2310isame as S3
55 | 2310isame as 53
Se | 23i10isame as S3
57 1 2310isame as 53
58 | 2310¢
59 | 2310!Programmer aid not check orevious procedure ceclaration.
H ‘(faulty invocation)
60 | 2310isame as S9
103711
61 | 1400iForgotten reset of parameter,
62 | 1620iInaporopriate stopping condition in 100C.
H }(confusea with similar condition in a oreviuos oroblem)
63 | 1630iArong use of a sutroutine,
64 | 17301Error found using a trace.
65 | 174Sisame 3s od
66 | 1810iError founa during desk test,




ANNEX EZ2 Page 3 of 3

ERROR}

67
68
69
70

i3 |

ERROR LISTING (COMMENTS)

DAY | COMMENTS
t TIME! (EVIDENCE, THQOUGHTS, AHY #AS THE ERRQR MADE?
' Y WHY AND HOW WAS THE ERRGR DISCOVERED?
H ! ERROR BLOCKING, etc.)
103712}
1300}Necessary uodate of a variaole left out.
131Sisame as b7
1320isame as o7
132S!600)lean expression does nrot meet the neeas of thre
‘algorithm. Error founa by tracing.
1340!Misinterprtation of the error source. Error fcunc
‘while repeating debugaing steo.
1400,Different benavigur of algoritm for removal of

72

73
74

75

‘last path previous to the last one was not consigered.
tError founa Doy Zesx test of all relevant subroutines,
03714}
2000iError founa Juring desk test.
03719}
1100}
03716}
1800iErrar fouma during desk test.

- 13() =




ANNEX F FINAL STATISTICS

PROJECT & 2

FINAL STATISTICS
Project name : PATH ANALYSIS IN DIRECTED GRAPHS
Short descriotion:

This proaram is desigred to find all cossible pcaths of
minimal length (i.e. if a airected araoh contains locos no
looo may be traversea more %"han once im a row) through a
directed grapn,

Inout: via ounch carcs Jutout: via line orinter
Guantitative measures:
le 2 ot source statements @ 712
2. Total man hours for oroject : 125.0
3. Man nours soent in

a) Desiagn @ 31.0

b) Coding ¢ 26.0

¢) Oebugging : 55,0

3) Testing : 13,0
4, CPU time for compiles: 206.85 sec.
S. CPU time for ceoug runs: 139,46 sec.
6. CPU time for test ryns: 369.73 sec.
7. 3 of test and debuga runs: 13
8. 8 of test and deouad steps: 43

9. & ot errors found: 75

10, Total man hours used to correct errors: 16.5




ANNEX F FINAL STATISTICS

t # of errors 11, Error Detection : )
H Mean time between error detections: 69 man min.
4S (1 xr
HER ]
$ =
HE
e
40 | =
o=
2w
HEE
HE
35 1 o+
ok
LR
I "
HEE 2
30 1 =
L
HEE
LA
L
25 | =
T *
.
]
8.
20 | »
I
¥ A
HEE
HE
1S 3 =
R
¥
S
¥ *
10 § =
¥ =
HEE R X
HEE I
A S 2 2
S + 2 2 x =
HEE T I
HEE I N xRR
1 2 % &2 xen * x
1 | 2 % & x wax * % ARRARE tar man hours
eepetmtmtototatmtmtatatotototmtatetatetatetototoatatotatatmta=> of
1 2 3 4 S 6 T ] g f0 1t fe i3 oroject time

TIME BETHEEN ERRQOR DETECTIONS
(measured from zoint in time of cetection of orevious error)




ANNEX F

12.

5 of
Errors
corrected
1
+*
29} *
H *
s *
{: *
251 *
H *
5 *
. *
' =
204 *
s El
b *
. *
H *
15} *
¢ *
5 *
i x *
H * *
103 x *
Vox = *
LY * *
RS z *
HE 2 S * *
Sixx x *
HER * *
R * .
HER S * *
PR S T *
-—t-
1 S 10
(measurea

Error Correction:

FINAL STATISTICS

Mean time to correct an error: 13.2 man min,

ceejeecclacvctevcetencmctcnmntemene, et =

* * % * * 2 »

*
* *

IS 290 293

*
*
* -
* *

30 50

TIME TO CORRECT ERRORS
in time of getection)

in from point

*

ccaeton

120

*
cewepe=)
180
man minutes
of project time




ANNEX F

13.

a)
b)
c)

e)

£

a)
o)
c)
a)
e)

t)

when

T uunur
o
-

Nhen

R R aa
o
-

“
o
-

errors

errors
errors
errors
errors
errors

errors

errors

errors
errors
errors
errors
errors

errors

were

found
found
found
found
found

founa

were

made
mace
mace
made
maae

made

founa:

4quring
during
auring
auring
during
test o
during

mace:

aurina
during
during
during
during
test or
guryna

FINAL STATISTICS

design ohase:
cgesign review?
coding:
debugaing:
writing of
rocedures:
testing:

dJesian phase:?
desian review:
coding:
cebuaaing:
ariting of
ocedures:
testina:

134 =

21
53

75

nannu

LI

it e

el it 4t a2

e a2




ANNEX F

15,

4 of

N

—
o
em o se ee § mmmm e e § - w= —= o= o= == =)

—

2

3 2 0

-
o

[V,

@ o ceem 4 o= e o e $ == P

—

2

TIME

f

Errors

. Errors

FINAL STATISTICS

HISTORY GRAPHS :

Error Types:

A: Clerical error
8: Debugging error
C: Coding error

D: Design error

c
[
c C
& C (& D
o c a A 3
C A € CA c
A € c A C D 8A C D
CCC c CCCE © A D D CA CD D
CCAA DCDD DCAC £OD cCADCCCDA CD D C C (&
L emtetmtetmtetmtomtmbotmtmtmtotmtasatatatatatarobmtata,  mmt=>
24 60 30 1
NUMBER OF ERRORS FQUAD VS PROJECT TIME
*
*
* * *
- * *
* * * *
* . o® * *
* L 4 LR A ® ® * *
LR 2] LR ] rRER * AR RAEE Ak *
LR AR ] kAR kwAA [EEEEEEE RS SR E B IS * e *

129

--.Q-Q-’-Q-0-0-’-’-’-Q-Q-0-Q-Q-Q-Q-Q-Q.‘-Q-’-,-Q-Q-’-...--Q-)

24 60 80 112

NUMBER OF ERRORS CORRECTED V3 PROJECT TIME

» 35 =

125

man
hours

man
hours
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ANNEX F ERROR CATEGORIES AND TYPES

1. Design Errors

The follwing types of errors aoply to both categories
"System Design Errors™ ang "Program Design Errors”™:

Dt : Communication Error

D2 : ODesign Negligence

D3 ¢ Forgotten Cases or Steos

D4 : Timing Proolems

0S ¢ Errors in [/9 Conrcepts

Do ¢ Data Design Error

07 ¢+ Imitialization Error

D8 : Inaceaquate (Checkinc

D9 : Extreme Conditions MNealectecz

Cl1d: Seauencing Error

Dll: Imdexing Error

Di2: Looo Control Errecrs

D13: Misuse of Roolean Excression

D14: Mathematical Error

C1S: Recresentation Error

016: Misungcerstanading of Proolem Specificaticrs
Di7: Other Desicn Erraors

2. Cocing Errors

Cl : Misynderstanaing of Cesign
C2 ¢ Nealigence

€3 : 1/0 Format Error

C4d : Misplacedg Data Declaration
CS ¢ Mylticie Data Declaraticns
Co ¢ Missing Data Ceclaration
C7?7 : Inmageauate Data

C8 : Initialization Error

C9 ¢ Error in Parameter Passing

Cl10: Inadequate or Forgotten Checkinrg
Clt: Level Proolems

C12: Missing Ceclarations of Block Limits
C13: Case selection error

Cld: GO TO Prcblems

C1S: Comment Error

Clo: Forgotten Delimiter

C17: lInconsistency in Naming

C18: Arong Use of Mestea IF Statements
C19: Indexing Error

C20: 1Inconsistent Use of Variables or Data
C21: Seauencing Error

C22: Flag Usage Problams

C23: Syntax Error

C24: Looo Control Error

C2S: Incorrect E€xit from Subrautines

C26: Languagce Usaqge Problenms

v ISE -

R R T R,



ANNEX F

(57224
ce8:
Ce9:
C30:
C31:

3. Clerical

Al
A2
A3
A4

s se e ve

4, Debugging

Bl @
Ba «

83
84
RS
86

e oo os oe

Se Testing E

L
T2
T3
T4
¥S

s e ee oo e

ERROR CATEGORIES AND

Forgotten Statements
Reporesentation Error
Contro! Seauence Error
Incorrect Subroutine Usage
Other Coding Errors

Errors

Manyal Error

Mental Error
Procecural Errors
Otner Clarical Errors
Errors

Inaooropriate Use of Depugaing Tools

Insufticient or Inaporooriate Selection

of Test Cases or Test Data

Misinterpretation of Dedbugaing Results

Migsintercretaticon of Error Source
Negligence
Other Debuggina Srrors

rrors

Inacdeauate Test Case(s) or Test Data
Misinteroretation of Test Results

TYPES

Misinterpretation of Program Scecification

Nealigence
NOther Testing Errors

- 137 -




COMPLEXITY
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oW @

2

s oe =

ANNEX G

PROJECT =2 :

Program cart

EASURES:

ATEMEMTS!E 30 =

DES S 2

GSis It
ThS: i

UMBER: Y(3)=
CF NCeESs:

z.CCCac0

MOTE: Al

2

33 suoroutines

Pace | of 2!

DIRECTED GRAPH PFEPRESEMTATICN
CaR1, CaAR2, CDP1,CORP2, SETCARL,SETCARZ,
SETCOK], SETCDR2, FRER!, FIEER2, SPACE,

INITIALIZE &LL, SET "WAME, ADCBROTRER,

SACK, LINKPATsm, Lita

DUPLICATE,

AGCnAe

m

2%ATIvE wAY, IHNITSA

e Eemar = 43 (1A toveES OF
v 3.CCESSULRS)
e Eppor 2 48 Ty Pyl NExT
CiT=mESRES)

SAave the sare structure,

138
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ANMEX G Sace 5 of 21
DIRECTED GRAPW REPRESENTATION
PROJECT a3 : 2

Program cart : ERRCR

COMPLEXITY MEASURES:
NUMBER OF STATEMENTS: od

CF NCCES: 13

CF ARESS ¢ i

IF eaTRS: 13

TIC MNUMBER: VI(G)= i
RESCFABILITY CF NCCES:
NCCZ e 1
NGCE AN 1
NGCZ ZEW- 1
\CcCe 4 3 X
NECE SR 1
NCEE e ¢ 1
NCCE it 1
NCCE g i
NQCE 5 2 i
NCZE 1¢ ¢ 1
NCCE rr 1
NGEE 12 ¢ 1
NGEE £33 1
NCCE la ¢ 1
NGEE Iz ¢ I

SuM: 12.¢0CC0

RELCEA2ILITY INCEX N Y
CF DIRECTEC GrRAPF: 1.23C24Q0

T
-




ANNE X G

PROJECT = :

Program cart

COMPLEXITY “EASUFRES:

MESTS: 32

Cunenme M
o0 0
1=

—SOOuY O
~nmn M

T
b3
w
.
=
—4

40 00 o0 sa 00 68 00 00 £
)
©
m
wy
.

rL TN
ONoioc.O00m
OO0
mmmmmimno
[TRNTo XU W ST NT S
F o A NN R N e

G
min
13
(@lg)
TN
p vl e
nwu'e
Chameos
-
e

-4
<

.
.

DCIRECTEN GRAPN IEPSEIENTATION

DIAGNGSE
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S e

aMNeX G Page o ot 21

DIRECTED GRAP= SPEPRESENTATION

PROJECT 2 @ 2

Program part : FINOC ORIGIMAL .

COMPLEXTTY MEASURES:

MYUMBER NF STATE9ENTS: (!
F RCCESS &
F ARCS 1 &
F 2ATRS: -
IC wuME3R: V(C)= Z
LETY EF NGEZST
B3 1
2 3 2
= 1
€ <
G Z
I 2
JuNv: LC.C0GC0Q
REACHFASILITY INCEX gy
CrF CIRECTEC CRAPF: l1ec€coss
- 143 -




DIRECTED GRAP= RECRESENTATION

DUPLICATE CHURRENT PATH

ANNE X &
PROJECT =2 : 2
Program oart 3
COMPLEX[TY “EASURES:
OF STATE“ETS: 1S
CF NCCES: 5
CF ARCS ¢ 9
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ANNEX G

DIRECTED GRAPH REPRESEMTATIGN
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PROJECT =

Gl 4 A 25 bt M SN 50k ANl 00 S

END OF PATH

Program part
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DIRECTED GRAPH REPQESENTATION
PROJECT = : 2

Proaram oart : IMPUT CIRECTED GRAPH [wFOXMATION
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DIRECTED GRAPH REPRESENTATIAON
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ANNEX G Page is ©° 1 |

DIRFCTED GRAPH REPRESENTATION

PROJECT =z : 2

Program oart : CHEC<BACH 1
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3) 2 of nozes: 40
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ANNEX H Page I of 2
TEST PHASE DESCRIPTION

Project # : 2
Test run 2 : 1 Including 1 Test Step

Begin of Test (day/time) : 03/17/1500 End of Test (day/time) : 03/17/1900

CPU time for necessary comoiles (in sec.): 7.53
a) 7T.5% b) c) a) e) f) q)

CPU time for TEST run (sec) : 25.29

Man Hours for tnhnis Test run : 3.0 (including oreparation of

tests)

%)
TEST, CBJECTVE EXPECTED VACTUAL 'ERRGCR DAY COMMENTS
STEP!

(TOLERANCE) : CODED ERROR
' i TYPES
1) Recora wnen
error OCCUrS.

RESULT ITRESULTY 2 ITIMED AND

‘ . 1 .
' ' H : '
H H H 4 H
1 Test performance | H H W BOET
‘cf oroaram for va=-! ' H 11500
irious Jirecteag H ! H H '
igraons: H H ' H H
ta)directed graph | 3 valia paths V 0.Ke H !
19 noces, 190 arcs | H ' ' \
ibladirected graon | 3 valig paths i 0.Ke \ '
16 noaes, 7 arcs H H H ' '
ic)directed grach | 4 valia paths ! DXy | |
i5 nodes, 7 arcs H H H H '
‘d)directed graoh | 7 valia paths VP 0.Ke ' H
122 nodes, 25 arcs | ! H H H
i1e)directed graoh | 11 valid caths | 0.K. | H H
122 noaes, 27 arcs | H H H i
1f)directea graoh | no valic cath ! 0K H H
1 noge, | arc ! warning shoula | H H '
i(self loop at node! be crintec H ' ' '
1) H ' ' ' H
'gldirectea grapn | 2 valia paths i QeXe ) H H
12 noaes, 2 arcs H H H H H
‘n)directea grach | | valid path ¢ 0K, | H '
12 nodes, | arc ¥ ' ' P 3ETT
' ' ' H 11900

L} ~
Remarks: Directead grapns submitted for testimg include a varisty of
boundary conditions 3anc special cases which are consiacereg
to be aifficult te examine,
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ANNEX H Page 2 of 2

TEST PHASE DESCRIPTION

Project % : 2

ekt

Test run # & | Including | Test Steps
Begin of Test (day/time) : 03/15/1200 End of Test (gay/time) : 03/17/2200

CPU time for necessary comoiles (in sec.): 6.83
a) 6.83 b) c) d) e) f) q)

CPU time for TEST run (sec) : 844,44

Man Hours for this Test run : 10.0 (including precaratinan cf

tests)
) 3
TEST} GBJECTVE ! EXPECTED 'ACTUALIERRCRIDAY | COMMENTS
STEP} i RESULT {RESULT! =& ITIME} aND
' t (TOLERANCE) H ' H + CCDED ERROR

v EYPES
ennnccssscecccsc s te s ST e s e Tt et se e e cet e st e s e st et et e neeessseseasaaee
1) Recora wnen

’
L
' error SCCurs.

H H '
H H '
1 IFind limits of theiProgram sncula ' ' {37158
iorogram ysina 23 Tist all ocaths H v 112ea
lcirectea graon Ra=!luntil freelist “2! H H '
yving an infinite |is exhaustea. \ { H '
inumber of oaths tUoon terminaticn | H H H
taccording to the jof the crogram ani O.%X. | H H
idefiniticn beirg iaogrooriate warn=! H H '
tuseaq. t1ng shoula ne ' ' i ' 1
' iorinted, such H ' ! ' L
H ithat the user can! | H H '
' linterporet the re=! H ' !
' !sults of the path! H ! !
H tanalysis, H H 31T
H ' i ' 122001

Remarks: Due to extensive cepugaing crevious tc testing no errcrs
have been found Juring the testing crase.
Test gata for this run are chosen to ingicate iimitations
of the program pecause of the finiteness of time ana memory
availacle,




APPENDIX C
PROJECT DESCRIPTION
Project # ¢t 3

Project title: PATH ANALYSIS IN DIRECTED GRAPHS
WITH RESPECT TO REACHABILITY OF NODES

Programmer ¢ HOFFMANN

Programming Language : ALGOL

Programming environments IBM/360/67,03/MVT,BATCH
Design notes : see ANNEX A

Program listing ¢ see ANNEX B

Coding notes : see ANNEX C

Debugging notes : see ANNEX D

Error Listing @ see ANNEX E

Final statistics ¢ see ANNEX F

Graphical representation : see AMNEX G

Test phase description: see ANNEX H

Starting date: 1| MAR 77 Ending date: 17 MAR 77

EXPERIMENT DESCRIPTION

1. Project description:

This program is an extension of oroject # 2, The graph
analvzing proagram as developed in oroject # 2 ~as modified
to calculate the reachability of each noce. A summary of
the calculations is printed at the end of the analysis. All

features descriped in project % 2 will be unchanged.




Input: via punch cards

OQutput: via line printer
(For input description and

description of project # 2.)

error

162 =

messages

see

project




2. Programmer's background:

a) Experience in programming:

Oct 1970 - May 1971 Programming courses

May 1971 = April 1972 Module Programmer

May 1972 = June 1974 viork in Test and Simulation Depart=
ment at the
NAVAL COMMAND AND CONTROL SYSTEMS
COMMAND (FEDERAL GERMAN NAVY)
Testing of tactical real time systems

March 1975 = Jan 1977 Student at the NAVAL POSTGRADUATE

SCHOOL, Monterey, Comouter Science

b) Experience in testing:

Two years of work in testing and simulation.

c) Experience in the area of the given problem: None.

d) Experience in the progammina language being used:
Experience over a period of 138 months in more than 10
programming projects. (Total number of source statements

produced during that time was more 4000,)

3. Psychological factors:

a) Oid the programmer like the project? Yes.

b) How does the programmer like the orogramming




T ————r———

lanquage?

Favcrite programming language.

c) Was the programmer satisfied by the way the prcblem
was specified?

Only minor criticisme.

d) How Qid the prcgrammer like the programming environ=

ment?

The facilities (study room, card punch room) were not
conducive to efficient orogramming because of restricted
space, bad lighting and noise.

e) Other factors:

The recordina of the experiment's data during the pro-

ject affected zpeed and concentration considerably.

- 16U =




4. Comments on Documentation

For the documentation of each software development phase a
special documentation form has been developed. These forms
are designed to provide a firm guideline for the experiment
programmer to record all data of interest for subsequent
error analysis.

- Begin and end of each step was recorcded with respect to
day and time.

- Each error was recorded when it is discovered. The error
was then identified by a wunigque errcr number (1,2)e00.).
Furthermore the time of discovery and the error type (using
error types listed in ANNEX F) were recorded.

- If appropriate, comments about error discovery, reason why
the error was made, etc. were documented in ANNEX EZ2.

- For each error the phase in which the error was made, the
phase in which the error was discovered and the time spent
to correct the error was recorded in ANNEX EIl.

- For each step irn any one of the software cevelopment
phases the day/time of begin and end was recorded. In aadi-
tion, the time (in man hours) for each step was recorded.

This excludes the overhead used for documentation of the

experiment data.
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ANNEX A Page 1| of |
WORKSHEET FOR DESIGN PHASE AND DESIGN REVIEwW PHASE OF PRCJECT = 3

’ \ MAN |
H COMMENT

] '
L | '
STEP! PROBLEM AND PLANNED SOLUTION | ALTERNATE DAY | HOURS!ERROR
# i SOLUTIONS {TIME}/STEP, #

- e e e s e e 4 0
. . 1} 1]
1) 1 L .
{ IJAnalyze ways to compute the H 3/19
treachability incex for each . 1500
'
;
H

3.0

/

S0
inode.
i=In general the reachability
{index of a noge is incrementeqa,
iby | when tne node is acded to
ithe current Datn or out as the;
1first noce on an alternative
iDath.
1=The reachability of noces
iwhicn nelong to a path wnich
‘has to be removea has to De
icecremented oy | uo to tne
imode whichn nas teen the last
lbramch coint on tnis patn ex=
i¢lugina the branch ooint
titsel f.

1800,

3720 4.0
1620}

1
1
'
'
'
'
'
H
'
'
1
;
H
?
i
)
H
1
|
Too=Uown Cesign: H
a) Define adgditional subrou=- |
H

H

H

H

1}

L}

1

L

H

|

'

|

'

i

H

'

L}

tines:

- Upcate Reachability
(increment oy 1)

- Correct Reachability
(decrement by | for all ore=
vious noades yo to and exclu=
dina the last branch noint)

= List Reachability
(output of results)

b) Define necessary chances

within current version
of the analvzina orogram,

'
L
13
[
'
t
'
'
i
t
'
)
'
'
i
]
H
V
'
.
'
H
i
H
|
13719}
‘
'
'
'
.
'
'
'
i
'
'
'
L
'
H
'
|
‘
'
'
'
'
1
|
‘
'
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Annex B

Program Listing of Projects # 2 and 3 |




- - L
X3 -~ i3 +—
- SES w s | (%41
N S — —
3 ey Ly < - —~
- w x vVeuw Z— <
E (%] Qe - Ui WOoOw= = 2 (]
— - ~—4 aQ Q =W Z w
L2 - o= wwz X 2 UWLWOITx ™ b
. - xZTCO 2 ZLZI-auga = = e
4 Q v x<g o < — =D £ — w
X Qe 4 = 2Z= O - aI>wo O - =
XY IV X deeee <L - QZ WLl (&) <
UL QL < LWOWr— Uy I LI N q seve <
W - = - W—-OouUE0 M~ e~ ZaQa<QAo <£ -\
w Z49a J 190 QU W O Y Q () W22 encell
e oa —QAZLZWV = = g Z - J —NQ
[+ & — w X~ L eorn X@XOoZ W - LILZ SO
=Cli-=w O ut==0 OX O W= < 00aQ =z
ZNT ZLad OZZZWZ+—M- =] N ZH—— Z = wu
WYI—WEL Z Luxoagav U owuwlxyg q = WwunUVOOWw
TW 2x— =~ P—ox Oxag M YO Z0O T 2 Q
WOLWUY) O VI LU < LOWU— @ Wi vIv)
- JdULV) W DD - xod O W w Li=—Z3 W
QAo AZU @ JRLVUICFFZU Lol ZOUl~ P et et LU N
. 2 VW —a L=t QU AQU-OZ O [dandenl
) — Qe CUHOCO W< v =UIZITo Z& N L =—)
b = LO ¥4 =IO Jdown o —IDD W-Wwiws W won
Q. o0Z0x0Oo =~ DX W =ZZxX0ZXO - L s
< = -0 NN DLW O T WZ WXL coT XX 00D
o ~L =B F~AFFFENO = W Yo dd-<ayd IO Ludw >
(] ONUAEYN Z ZL£ZZ2F W —~ O IO — DDLU —
W QLI Lttt L = L~ £ LWL OOV DA D3 NNX
[&] VJduwLd COUOOUOVWWLWFG = Z0uUQCu=~pUgaZ ZODOr=g
w b= | = a Qaaaa o - O Q. - —ZLNN2
ot [
(&) o = - — - = - W = - = ==t
w v Z = 2 2222 2 & L 2 ZZ2F Z = EZZLEEZ
o < W w W W W oW - W g w wwywww
- 8 = = s =ESEF =T Z QO T ZEES = = EELTELE
o [l = T ZTEIET X = = ZTEX = = SETTITTT
= O o Q0 000 60 O 8  Laea Q O (w]wlelelale)
w - (5 O LUV W W T VU WVOVUY (% [ e QLLLLOL
o P~ < (%]
— o o
(%) w v (%) w
— (§V] [a'4 (o & Lol
(%} Q w w w -
>. " P F- LE ] " * e :_
-4 << -_— Z - Z V) e (o <
<t — ee o~ — ui 2 I Wwne- - 2 4
= < o~ Qo Q (55 L G = Sy | <
<{ o I Q ac soceZ = QO 4 Oxuw b a.
n Q TWu Z e a <4 = e
I 3 —Oox = N [ = < &L
e e e el (JX (| >x . Wil e a @
. o Q LAz o <« o O2oxXWw | - -
o Q < RO | = [ -Y ) = e oy
~ ~ W QAZeow 4 x ax |Z Z S ~N
-— o~ d RREQ) O - w uwura W nNd —_—
= = L = Z ~ L OOI- x ZU oe w
- VNXxXwv <« X = ET3I+=-un &L ™D e dimrecacad
>= >= qQ «@9A00<9 x <« 2D DDA 2 QAUL: - bt O = O <L
= - [> 4 ~ oy X @ - o cxoxx X xeExax - acgxaococ
= Z < < ZW wliww W W Z W whdw W wwwuy Z wwwiww
I =3z V) v) W W W w3 W wiunaw W Wiy 2 Wiywiwiuw
E O - - T = = = X - = - 2 -
QO WO o~ — QO ZEZLZ & Z U & LIEEZE Z Lote @ EIEETS2
o [sa]85) fon] [00] (ST Pt et P _— e ) Ll ] — b () el L e Lo}

- 168 =




PRIMITIVES;

INITIALIZELS

CCMNMENT

UNTIL MAX1 DG SETCCR1(I,I+k1l);
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ANNEX C

WORKSHEET FOR CODING PHASE OF PROJECT #
Beginning of Coding (day/time) : 3/20/2000
End of Coaing (day/time) : 3/21/1200

Man hours : 4.0 (including punching of cards)

1)
CODING ! PROGRAM PART JERPQOR!DAY
BEGIN ' END ' Vo8 (TIM
DAY/ TIME y DAY/TIME | H H
H H H H
H H ! '
0372072000 i=Changes H '
H i=Subroutines H H
10372072200 (new) H '
1 . . 1]
L] ' L .
03721710004 {=Punching cargs | ! 1145
10372171200 ' H
L 1} ] 1
. t 1] L

Page 1 of 1

53

COMMENT

o o s i s
1) Secora when error is
detected.




ANNEX O

PROJECT # : 3
Begin of Debu
End of Debug
4 of Debug St
CPU time for
a) 6,03 o
Man hours for

STEP!PROGRAM!
2 | PART

’

’

:

H

1]

L}

'

H

l ll]e‘ :
isubrou=}
itines )
yand H
iprogram;
ichanges)

H H

2 H
1 .

’ L

. .

. .

' ]

Al L}

5 H
1] .

. Ll

. 1}

’ L}

4 H
[} '

L '

. ’

1 L

' H

] ’

L '

L .

' ’

S H
' 1]

L '

. 1}

' H

‘ [}

. L

] .

. '

Page 1 of 1

AORKSHEET FOR DEBUGGING PHASE
0EBUG Run # : |
g Run (gay/time) ¢ 03/21/1200

Run (day/time) ¢ 03/21/1520

eps incl. in Debug Rum: S CPU time for Debug run (sec): 41,13

necessary comoiles (sec) : 29.98
) 8.43 e) 7T.65 a) 7.87 e) f) g9)

this Debya Run ¢ 3.0 (imcluding oreparation of detua

MAN 1)
ACTUAL | DAY!HOURSERRCR}
RESULT {TIME;/STEP! =
1 :

QRJECTIVE ANMD EXPECTED
RESULT

P L L L L T e e P R P R R P R R T L R R LR LDl bt

' ' : ' :
‘ 1] 1 ’ .
, 1 ' ) 1]
H H ' | H
-Get error free compile ‘1 comoileid/s21! 1.0 1 2 |
i error 11215} H H
' H H ' H
' ' H ' :
' H H H '
' ' ' H H
H H H H H
-repeat step ! ' § oro= $3/21% 0.5 ' 3
H gram 11315} H '
i\ error | H ! H
H H H H '
-repeat step 1 ' Qe 137210 0.3 |
' 11345} H H
H H H ' '
=Check reachability cal= iwrong 75 LI 197 AL T S
culation for trivial casesibranch= 1400, H H
ipoint ' H \ '
‘calcula=~ | H | |
ition H H H H
H H H \ H
-repeat step 4 H 0.Ke (3721% 0.5 ¢ H
H 11450} \ '
. / . . \ .
1] Al . L} .
! 13721} H '
H 11520} H H

run)

COMMENTS
AND CODED
ERRQOR TYPES

1) Record «hen
error
occurs

Ce
(forgotten
aeclaraticn
cf variacie)

ca4




ANNEX E

Page | of 1

ERROR LISTING

PROJECT # ¢ 3

Begin of Project (day/time) : 0371971500

End of Project (day/time) : 03/23/2300

Man hours for total project : 33.0

ERROR!

8

1
2
3
4

’

1
(]
'

PHASE | PHASE ! ERROR H TIME ¢ 8 of OTHER
in which! in whichi TYPE tspent to | STATEMENTS OR
{ERROR was{ERROR was! (see ANMEX F) |solve the; PARTS OF THE
dis= | maae | ' ERROR H PROGRAM
covered | H i (Man ' AFFECTED
H H H mine)
! H H '
Coding | Cading | C19 H 10 H
1Depbuggingi Coaing | Cé ' S H
‘Depugging} Codimg 1 C24 H S '
tDeougaingt Coding 1 C21 ' 20 H
1] f ) . ) '

ERROR}

[l
.
'
.
'

.

ERROR LISTING (COMMENTS)

DAY | COMMENTS

TIME! (EVIDENCE, THOUGHTS, wMY wAS THE ERROR MADE?
! AMY AND HOW WAS THE ERROR DISCOVERED?
t ERROR BLOCKING, etc.)

--------.---.--.-------------.a-~--.-o---.-------~--.-.-----------.---------------

103721}

[}
.
[l
'
’
'
[
.
]
'

1115} Checking code while punching cards.

1215} Found through comoiler diacnostics.

13151

1400, Found bv interoreting results of cepbug run.
‘
'
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FINAL STATISTICS

ANNEX F

PROJECT # 3

FINAL STATISTICS
Project name : PATH ANALYSIS IN DIRPECTED GRAPHS

WITH RESPECT TO REACHABILITY CF NODES

Short descricticn:

This project is an extensicn of oroject # 2. The graph
analyzing orogram develooed in oroject 2 2 is modified to
calculate the reachaorlity of each inaivigual noce. At the
end of the analysis the reacnaoility ingex of each node is

crintea, All features of tne orogram ceing changed are
oreserved.
Inout: via punch cards Outout: via line printer

Quantitative measures:
l. # of source statemeants : 70 (incluaing necessary changes)
2. Total man hours foer project : 33.0
3. Man hours soent in
a) Design : 7.0
b) Coding : 4,0
¢) Debugging : 3.0
a) Testing : 19.0
4, CPU time for compiles: S4,08 sec.
S. CPU time for debug runs: 41,13 sec.
6. CPU time for test runs: 391,48 sec.
7. # of test and debug runs: d
8. % of test and debug steos: 8
9. 8 of errors f&und: 4

10. Total man hours used to correct errors: 0.7

- 19§ -




ANNEX F ‘ FINAL STATISTic.

11. Error Detection:
Mean time between errcr detections: 43.3 man min.

% of
errors
1
]
L
S +
]
.
+
'
'
+
1]
'
+
]
i
1 » RRRAARRAARAEAARRA T ®
H * ® ® *
emsacelecacetecereteceeetcremetemecatcnanvtenenstcmacntenmma=d> MNIAN min of

i S 30 45 6 0 75 9 0 105 120 135 project time
TIME BETWEEN ERRQOR DETECTIONS .
(neasureda from ooint in time of dstaction of crevious error)
12. Error Correction:

Mean time to correct an error: 10.0 man min,

2z of
Errors
corrected
t
.
1
S+
'
L]
g *
14 * * =
-’.---’----’----9----’----Q----Q----Q-.--’----O----Q---------.-)
1 S 10 1S 20 2s 30 3s 40 man minutes

of project time

TIME TO CORRECT ERRCRS
(neasured in from point in time of detection)




ANNEX F

13.

a)
b)
c)
d)
e)

f)

a)
o)
¢)
a)
e)

¥

When

of
of
of
of
of

Hhen

of
of

R uURK

of

errors

errors
errors
errors
errors
errors

errors

errors

errors
errors
errors
errors
errors

errors

“ere

found
found
found
found
found

found

were

nade
mace
mace
made
mage

mage

found:

during
during
during
during
during
test o
during

mage:

dquring
quring
quring
quring
during
test or
Juring

FINAL STATISTICS

design ohase:
design review:
coding:
debugqing?t
writing of
rocedures:
testing:

Jesian ohase:
design review:
coding:?
debuoging:
writing of
ocegdures:
testing:
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ANNEX F FINAL STATISTICS

1S, TIME HISTORY GRAPHS :

% of
Errors
]

Error Types:

A: Clerical error
8: Debugging error
C: Coding error

D: Desian error

w

P

—

€ € € €
ctetmtotatsetmtnsetmtnintetuiotetotmtotatmtotatetotasatatatasntorot=d> maN
1 2345 10 15 20 2s 30 33 nours
eeeDESIGiHeeeesCODING, .DEBUGGING, s TESTING eeeeeesesosecacscsaccccccsanes
(software development chases)

i

NUMBER OF ERRORS FOUNC vS PROJECT TIME

2 of
Errors
?
.
‘
S+
:
1+ C €€ &
ctetetetesetetatmtetetotetatetetntetetutatotetetotetbatotapototatat=> maAN
1 2345 10 1S 20 2s 30 33 hours

NUMBER GF ERRORS CORRECTED vS PROJELT TIME




ANNEX F

1.

2.

ERPOR CATEGORIES AND TYPES

Design Errors

The follwing types of errors apply to both categories
"System Design Errors™ and "Program Design Errors":

Coai

D1
02
03
D4
05S
D6
b7
08

s @0 ve se se eo s ee s

(e jlw N ]
—— 0
—o
.o o0

012:
(7)) R3¢
Di14:
01S:
Die:
D17:

Communication Error

Design Negligence

Forgotten Cases or Steps
Timing Problems

Errors in 1/0 Concents

Data Design Error
Initialization Error
Inacecuate Checkina

Extreme Conaitions Meglectea
Seauencing Error

Indexing Error

Looe Control Errors

Misuse of doolean Exoression
Mathematical Error
Representation Error
Mjsunderstancing of Proplem Scecitications
Other Desian Errors

ng Errors

Cl
ce
c3
Cd4
(e
Ce
GiZ
cs
c9
Cio:
(2% § 0
Cres
€13:
Cld:
=%
Cle:
G e
ci8:
C19¢
Cao0:
ca21:
cee:
cae3:
Cau:
€£es:
Cee:

e so es es se e Ga es se

Misunderstanding of Design
Negligence

1/0 Format Error

Misplaced Data Declaration
Multicle Data Declarations
Misgsing Data Declaration
Inadequate Data

Initialization Error

Error in Parameter Passing
Inadecuate or Forgotten Checking
Level Problems

Missing Declarations of 3lock Limits
Case selection error

GO TO Problems

Comment Error

Forgotten Delimiter

Inconsistency in Naming

Wrong Use of Mested IF Statements
Indexing Error

Inconsistent Use of Variables or Data
Sequencing Error

Flag Usage Probiems

Syntax Error

Loop Control Error

Incorrect Exit from Subroutines
Languaae Usaaqe Problems
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ANNEX F

ca7:
Cc28:
€29:
C30:
C3t:

3. Clerical

Al
A2
a3
LY

es 20 20 0o

4. Deovugging

8t ¢
e s
33
84

8S
a6

s ee an es

S. Testing E

18]
T2
T3
T4
TS

s se o0 es e

ERROR CATEGORIES AND TYPES

Forqotten Statements
Representation Error
Control Sequence Error
Incorrect Subroutine Usage
Other Coding Errors

Errors

Manual Error

Mental Error
Procegural Errors
Other Clerical Errors

Errors

Inacoropriate Use of Deougaing Tcols
Insufficient or Inacorocoriate Selection
of Test Cases or Test ata
Misinterpretation of Decugging Results
Mysinteroretation of Error Source
Nealigence

Otner Detyqgging Errors

rrors

Inagequate Test Case(s) or Test Cata
Misinterpretation of Test Results
Misinteroretation of Program Soecification
Negligence

Other Testina Errors
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ANMEX

GIRECTED GRAPH REPRESELTATION
PROJECT 2 : 3

Program oart : CORRECT REACHABILITY

COMPLEXITY MEASURES:

NUMBER OF STATEMEMTS: 19
NUMBREX CF NCCES: 4
\UNEZR CF AFCS : 4
AUMIZR CF FATFS: 2
CYCLC®ATIC NUMBER: V(C)= 2
EACHASILITY CF NCCES:
\GLE i 1
NCCE e 2 Z
NCCS c 1
NCC:z 4 : 2
suM:  6.£C3020 )/
REACFAILITY INCEX
CF OIRSCTEC CRAPK: L.S€c00Q0

- 201 -
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ANNEX H Page 1 of 3

TEST PHASE DESCRIPTION

Project & ¢ 3

Test run % : 1 Including | Test Step

Begin of Test (day/time) : 03/22/1000 End of Test (day/time) : 03/22/1800
CPU time for necessary comoiles (in sec.): 8,33
a) 8.33 b) c) a) e) $) q)

CPU time for TEST run (sec) : 80.74d

Man hours for this Test run @ 8.0 (including oreparation of
tests)

1)
TEST: CBJECTVE { EXPECTED {ACTUAL {ERRGR (DAY | COMMENTS
STEP! i RESULT ‘RESULTY 8 (TIME. AND
\ (TOLERANCE) + CODED ERRGR
; \ TYPES

B R el e R Y

H i 1) Recora when
' error OCCUPRS.

1 I!Comoare resylts
1of previous test
1ruUNs with results
iof mogified vers=
iion of the program
tusing same inout
1data.

iProgram oerfor= Daeke
imance shoulag not
ibe changed with
irespect to oath
tanalysis as being
ispecifieag in oro=
iject = 2,
tAdditional out-
iout (such as cy=
iclomatic numcer
tana reachability
lindex) must ce
iverified by desk
ichecking.

13722
1000

e 204 =




ANNEX H

Page 2

TEST PHASE DESCRIPTION

Project # ¢ 3

Test run # & 2 Including ! Test Steo

Begin of Test (day/time) : 03/22/1800 End of Test (d

CPU time for necessary compiles (in sec.): 7.90

a) 7.90 b) ch d) e) £)

CPU time for TEST run (sec) : 139.00

4an Hours for this Test run ¢ 8.0 (including preocarati

tests)

1)

TEST | CBJECTVE { EXPECTED VACTUAL tERROR!

STEP! ! RESULT 'RESULT; = |
H ! (TOLERANCE) H : H
[} ' 1} [} .
' H

1 !Compare nand cal= !In cases of adis= 9K

icrepancies oro=
itqram shoulg oro=
fvice the ccrrect
tanswer otherwise
iresults myst
imatch. In case of
igiscrepancies re=
tsults must oe
tverified by qesk
ichecking.

)

\

tculated results of
INTDS subroutines
1of module 1 with
‘erogram results,
1Check for giscre=
ipancies (if anv).

of 3

ay/time) : 03/23/1800
q)
on of
DAY | COMMENTS
TIME} AND
i CODED ERRGR
i TYPES
;7 1) Reccra when
H error OCCUrS.
3/22;
1800}
i
)
:
1}
'
H
37238
1200+




ANNEX H Page 3 of 3
TEST PHASE DESCRIPTION

Project 2 : 3
Test run 2 : 3 Including 1 Test Step
Begin of Test (gday/time) : 03/23/2000 End of Test (gay/time) : 03/23/2300

CPU time for necessary compiles (in sec.): 7.87
a) T7.87 bp) c) a) e) f) q)

CPU time for TEST run (sec) : 171,74

Man Hours for this Test run : 3.) (incluging oreparation of

tests)
1)
FEST ! 0BJECTVE ! EXPECTED tACTUAL!ERRQRCAY ! COMMENTS
SITERE t RESULT IRESULT! = ITIME! AWD
H ! (TOLERANCE) ! ' : + CODED ERRCR
H H ' H . t TYPES
' ' : H ' ! 1) Recora w~hen
H i ! H : H error oCCurs.
1 (Compare hand cal= iIn cases of dis= | 0.X. | V37425
iculated results oficreocancies poro= | H 12000
INTDS subroutines igram shoulc oro= | ' ' '
yof module 2 with iviade the ccrrect | ' ' '
iorogram results. ianswer otherwise | H | !
iCheck for discre= iresults must H H ' !
‘tpancies (if any). imatch. In case of) i ' '
' tgiscrepancies re=| ) ' H
H isults must be H ' ' H
H iverified by agesk | H 13723
H ichecking. li H 12300
‘ 1 ' 1 . )
. . L . L

- 206 =




APPENDIX D
PROJECT DESCRIPTION
Project # : 4
Project title: DATA RETRIEVAL SYSTEM
Programmer : HOFFMANN
Programming Language : ALGOL

Programming environment: [B8M/360/67,0S/MVT,BATCH
and TIME SHARING (CP/CMS)

Design notes : see ANNEX A

Program listing ¢ see ANNEX B

Céding notes ¢ see ANMNEX C

Debuaging notes ¢ see ANNEX D

Error Listing ¢ see ANNEX E

Final statistics : see ANNEX F
Graphical represertation : see AMNEX G

Test phase description: see ANNEX H

Starting gate: 19 APRIL 77 Ending gate: 3 MAY 77

EXPERIMENT DESCRIPTION
l. Project description:

A, General Descrioticn

The program 1is designed for usaqge under CP/CMS, It
expects an input file labeled "DBASE I[NPUT" to contain data
base information of the format described in section B.

During initialization all data base information is read
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into

the

func

ject

is p

program memory, After this the user may operate upgon
data using functions as described 1in section C, Al
tions are input via terminal,

Most of the terminology being used throughout the opro=
is non standard. Therefore the following explanation
rovided for better understanding:
a) DATA BASE MEMBER: see description uncer B. 1,
b) ATTRIBUTE VALUE PAIR: see dgescriotion under B, 2.
¢) MEMBER ID: The procram assigns a MEMBER ID to each
data base member depending on the input sequence.
MEMBER IDs are integers (1,2/3 .ee)e. The MEMBER ID can=
not be changed by the user, however, it may be wused to
reference any oarticular data base member.
d) ATTRIBUTE ID: The program assigns an ATTRIBUTE 1ID
to each new and distinct ATTRIBUTE NAME being entered
during the initial inout of the dJdata base members.
ATTRIBUTE IDs are integers (1,2,...64) depending also on
the inout sequence. Each ATTRIBUTE ID 1is associated
which a unique ATTRIBUTE NAME ang provides a3 way of
referencing any particular ATTRIBUTE NAME (see section C
CLISTA").
e) ATTRIBUTE NAME: An ATTRIBUTE NAME is a character
string of length 1-6d4 oreceding the ":" in the input of
an ATTRIBUTE VALUE PAIR (see B. 2.).
f) ATTRIBUTE VALUE: An ATTRIBUTE VALUE is a character

string following the ":" in the definition of an




ATTRIBUTE VALE PAIR (see B. 2.).

g) KEY ATTRIBUTE: The KEY ATTRIBUTE refers to the
second distinct attribute name being input. (The second
attribute name has been chosen because the main usage of
the program will have gata base members which are iden=
tified uniquely by their second attribute value pair.)
Therefore the ID of the KEY ATTRIBUTE is initially 2,
however, this may pe changed by the user tc any other
ATTRIBUTE ID by wusing the function "KEY" (see section
C).

The KEY ATTRIBUTE is not always the "key attribute" in
the sense being used in most data bases, because it does
not necessarily allow a wunique identification of all
data base members. (Instead the MEMBER ID can be viewed
as internal key which always allows a unique identifica-
tion of each individual data base member.)

h) CONTROL: I[f a data base member is taken into con-
trol by using the function "CONTROL" am internal refer=
ence is set by the proaram which allows subsequent exam=
ination of ATTRIBUTE VALUE PAIRS of this oparticular

member by using functions "FA" and "ATTR",
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Inout Format:

1. Description of a Data Base Member:

A data base memper is defined by 1 = 64 different
attribute value pairs followed by the termination symbol
“a#", After the last data base member an additional ter=
mination symbol has to be insertea.

2. Description of Attribute Value Pairs:

Each attribute value pair has the followinc format:

<attribute name>:i<attribute value>%
where "attrioute name" is a character string of length 1
- 63 not including ":" ana "attribute value" is one of 7
the following types:
3) <single discrete value>
A single giscrete value is a character string of
length 0 = n, where n is limited by the amount
of memory available (see section D).
A character strina of length 0 will be reclacec
internally by "**xx" and specifies an unknown

value.

b) <$<multiple ciscrete values>>

Multiple discrete values are any number of sin=-
gle discrete values separated by ",". The total
string length of all values includina separating

’ may not exceed 64,

- 210 =




¢) <ad<range value>>
A range value is a string of length 6 = 64 of
the format:
<lower 1imit> TO <uoper limit>
where "lower 1limit" and "upper 1imit" are in=

teger values and <lower limit> <= <ypper limit>,

Examples:

a) Attribute value pair with single discrete
value:
NAME :SMITH#
b) Attribute value pair with multiple dJdicrete
values:
CHECKING ACCOUNT:5804020,50033%
c) Attribute value pair with range value:
MONTHLY PAYMENTS:aSS0 TQ 72S5%
3. Number of data base members:

The data base may contain | =150 members depending
upon the amount of memory being used for the storage of
values (see section D).

4, Termination of inout:

In order to terminate the inout of data base 1infor-
mation an additional termination symbol ("#") has to be
inserted after the the termination symbol of the last

data base member,
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5. Reserved characters:

A1l characters other than ":", ",", "&", "$", and

"a" may be used without restriction.
6. Sample inout:

NAME :MEYER# FIRST NAME:JOE# AGE:S572# NAME:SMITHg#

FIRST NAME:MIKE# AGE:## NAME s NEWMAN#

FIRST NAME :MARY ANN&# AGE: Idassg
NOTE:
a) Between attribute value pairs any number of ©blank
characters (0,1,2,...) will be igrored by the program.
b) Any number of blank characters preceding a value will
be ignored. (In the example the age of the last data
base member will be stored as "34".)
c) Any number of blank characters greater than one
within a value or attribute name wil]l be reduced to a
single blank. (In the example the first name of the last
data base memoer will be stored as "MARY ANN"and the
attrioute name of the second member will be stored as

"FIRST NAME" although it was input as "FIRST NAME" .)




C. Function Commands:

1. Functions without input parameters:

INPUT FUMCTION DESCRIPTION
.---.----+--------------------------------------—------------
LISTA i Ail attribute names are listed together with their
ATTRIBUTE ID. (For usage of ATTRIBUTE ID see
\ functions "ATTR" and "KEY",)

LA LA R R L EEE R L AL AL E AR AL L E R L AL E A R R B R R Sl i il el el ]

LISTC iy All available commands are listed.

T eERETEn (e EE e e TETATS P e e TR ER e TS TeEeTacaEE RGeS e® e
LISTDBASE} All data base members are listed printing all of
their attribute value pairs together with MEMBER
ID of each data base member. (For usage of MEMBER
i\ ID see fumctions “CONTROL"™ andg "LISTM",)
.--------*—--—--------.--------------------—-—--—-------—-----
LISTALL |} Al) data base members are listead printing only
their KEY ATTRIBUTE and its value preceded by the
MEMBER ID. (For usage of MEMBER ID see functions
"CONTROL"™ and "LISTM" , The KEY ATTRIBUTE is the
second attribute of the first data pase member

by default and may be changed by using the

i function "KEY",)

e L L L R D R T
SWITCH it This allows the user to direct the subsequent
output from terminal to a file labeled "DBASE
QUTPUT" or or vice versa. JTo change the output
from terminal to file might be appropriate if
large output is expected. The contents of the
outout file may be obtained using the CMS command
{ "OFFLINE PRINTCC DBASE QUTPUT",

B ke e e

2 i Termination of the program,
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E
2, Functions which reauire only one input parameter: 4
INPUT OF PARAMETER H FUNCTION DESCRIPTION
FUNCTION: H
B L L T R e e L e L R
LISTM \ <MEMBER ID> { A1l attribute value pairs of data base
imust be integer! member specified by MEMBER ID are listea.-
A LT R R LR E R R X R R LR R R R AR LR L R R R R R R R R
CCNTROL } <MEMBER ID> \ Program takes data base memter specified
imust be integer, by MEMBER ID imto control. (For usage of
: ! this function see functions "FA" ang ‘
H i "ATTR".,) i
Bk Lk Lk L T T e e L L L L T T
ATTR V<ATTRIBUTE ID> |} List value of attribute specified by
imust be integer| ATTRIBUTE ID of data base member in
H !\ control. (To select oroper ATTRIBUTE ID
! ! see function "LISTA", To take a member
H ! into control see function "CONTROL".)
B L L R e Ll R L T e et
FA V<ATTRIBUTE i List value of attribute specified by
! NAME>] ATTRIBUTE NAME of member in control.
imust be a cha= | (To take a member into contol see
tracter string | function "CONTROL". To select an existing j
tof length 1=63 | ATTRIBUTE NAME see function "LISTA".)
1followed by ":"|
S S S G SR g S L E ok L T
nEY V<ATTRIBUTE ID> | Change key attribute of cata base to

attibute specified oy ATTRIBUTE ID.

(For usage of key attribute see functions
"LISTALL" and "FIND ID". Toc select an

! ATTRIBUTE ID see funection "LISTAY,)

imust be integer

PR

Note: It parameter is required to be an integer any other
inpcut will force the proaram tc terminate., Uther wrong
input will cause an approoriate error message,




3.

FIND and FIND ID:
a) Function Descrition:

These two functions allow the user to find all data base
members which satisfy | thru 4 conditions specified by
subsequent input, (By a condition is meant an attribute
value pair. A member satisfies the condition only if it
owns this particular attribute value pair or if it owns
the attribute without a value specified. The latter
case will be ingicated by printing "*xx&8" as attribute
value in the outout following a query.) After the conci=
tions have been inout the program tests all Jdata base
mempbers as to whether tney satisfy all conditions. Only
those members which satisfy all conditions of the aquery
are listed., Using "FIND" all of their attribute value
pairs are printed whereas using "FIND ID" only the key
attripute and its value is printea. (To change the key
attribute of the data base see function "KEY".) If no
conditions are entered all data ©opase members will ©re
listed.

b) Input of Conditions:

CONDITIONS 1=-4:

Input of <ATTRIBUTE NAME> | Input of <attribute value>

ATTRIBUTE NAME can be any
string of length 1=63
followed by ":" (it is
necessary that the

one of the existing
ATTRIBUTE NAMES)

If an ATTRIBUTE MNAME cannot
te found an error message

is printed and the user canj

R TR R R R R R R R R R R LR R R R R R R R R R Rl R Rl el el

} Within Queries attribute values are

!\ restricted to be l=od characters.

{ the value stored is longer than o4

! characters the compariscn is only
ATTRIBUTE NAME matches with, carried out up to the last character

H

(]

L

1}

L

]

L}

of the Query value., )

repeat the input. ‘

User

¢) Termination of Query Input:
inputs:

4) Sample Input fcr FIND and FIND ID:
FIND
NAME
SMITH
AGE:
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Since all values are stored without
preceding blank characters the query
value should not have blank cnharacters
in front of the value to bte tested for.




22
@

FIND ID

AGE:

104

Q
NOTE
e A input for all functions must not be preceded by
blank characters.
2. Each input has to be cn a separate line., The inout is
entered by hitting the carriage return key.,
0. Limits of the Program:

The total number of different attribute names may not
exceed 64, Assuming 100 data base members having 64 attri=
butes each, the overhead used for imolementation (65 items
for eacn data base member) would reduce the amount 2allocat-
able items of M2 (20,000) to 13,500 items. Each item of M2
can be used to store 1=4 characters. The number of remain=-
ing items divided by the number of data base members gives
the average number of items available for each data base
member ( approximately 135). Thus the total amount of
remaining storage locations allow aporoximately S4,000 char=-
acters for values which means that the average string lengtn
of values will be less than 8., The program assumes that at

least two different ATTRIBUTE NAMEs are entered., If this is

not true the user has to chanae the KEY ATTRIBUTE to "1".

E. Error Messages:
Al error messaqges are self exolanatory. Error #1 ang

#2 will cause the program to terminate. This will be the
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case when all memory locations are exhausted (error #1) dur=
ing the inmput of data base information or more than 1000
members are soecified (error # 2).

Error #3 indicates that an attribute name is longer than
63 characters. (In this case the problem might be solved by

examining the inout file.)




2. Programmer's background:

a) Experience in programming:

Oct 1970 = May 1971 Programming courses

May 1971 = April 1972 Module Proarammer

May 1972 = June 1974 Work in Test and Simulation Depart=
ment at the
NAVAL COMMAND AND CONTROL SYSTEMS
COMMAND (FEDERAL GERMAN NAVY)

Testing of tactical real time systems

March 1975 = Jan 1977 Student at the NAVAL POSTGRADUATE

SCHCOL, Monterey, Computer Science

o) Experience in testing:

Two years of work in testing and simulation.

c) Experience in the area of the given oroblem:
Usage of similar gata structures in previous programming

projectse.

d) Experience in the progamming language being used: A
Experience over a period of 18 months in more than 10
programming projects. (Total numter of source statements

produced durinag that time was more 5000.)

3. Psycholoagical factors:

a) Did the orogrammer ljke the project? Yes,
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b) How coes the orogrammer like the programming

language?

Favorite programming lanauage.

c) Was the programmer satisfied by the way the problem

was specified?

Only minor criticism.

d) How gid the prcgrammer like the proaramming environ=

ment?

The facilities (stuay room, card ounch room) were not

conducive to efficient orogramming tecause of restricted
space, bad lighting and noise.

e) Other factors:

The recording of the experiment's data during the cro=~

ject affected speed and concentration considerably.
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4, Comments on Documentation

For the documentation of each software development rhase a
special documentation form has been developed. These forms
are designed to provice a firm gquideline for the experiment
programmer to recorc all data of interest for subseauent
error analysis.

- Begin and end of each steo was recorcec w~ith respect to
day and time.

- Each error was recorded when it is discoverecd. The error
was then identified by a wuniaue error number (1,27ec.).
Furthermore the time of discovery and the error type (using
error types listed in ANNEX F) were recorced.

- If approoriate, comments about error agiscovery, reason why
the error was made, etc. were documented in ANNEX EZ2.

= For each error the ohase in which the error was mace, the
phase in which the error was discovered and the time spent
to correct the error was recorded in ANNEX El.

- For each step in any one of the software acevelcoment
phases the day/time of begin and ena was recorded. In agai-
tion, the time (in man hours) for each step was recorded.
This excludes the overhead wused for documentation of the

experiment agdata.
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ANNEX A Page 1 of 3

NORKSHEET FOR DESIGN PHASE AND DESIGN REVIEAWN PHASE OF PROJECT = 4

' H H {OMAN '
STEP{ PROBLEM AND PLANNED SOLUTIOM | ALTERNATE 1DAY IHOURS!ERROR| COMMENT
2 + SOLUTIONS I TIME}/STEP, » |

- - 0 0 A 8 A 7 0, 0 e S
1 'Analysis of reauirements of 14719

ioroject. 11400% S.0
1=Since almost 3ll exopected
tvalues are of gifferent length
tusage of linked lists for sto=
irace of all attribute values
iseems to tce 3poropriate.
1=Stuay of [/0 cacabilities unr=
yaer CP/CMS,

i=view of QJata case mempers:

H

H

H

H

Storage in fixed
lenaths string
arrays woula
~3ste too much
memory.

£ach data base memper nas a
unique igentifiar (memoer 3).
Far @ach memcer max, 6d gjfte=i3) Let nyrper of

'
'
13
H
'
H
H
H
'
’
'
|
H
|
:
rent attribute value pairs can,3Jifferent attri=|
ibe cefined by inout. Maximum (butes te an in= |
istring lenatn for any attri= lput Darameter, |
ibute 1s o4, The total number (b) Use 3 nash '
1ot gifferent attributes in theitacle to stcore |
tdata case may also not excees jattrincutes. Thars)
16d (arpitrarily chosen limit),.lwoulc make H
istring lengtns |
tof attributes H
‘incecencent of |

ithe array size 14/19

‘of the attribute; 1900
itable. '

H

H

H

'

H

H

? 4

'

H

'

:

!

:

'

¢

H

|

:

'

H

'

L

4/19
1900

e

Define data structures:
=Attricytes are igentified Dy
1a character string of lenath
1€d4 ang stored in a string
tarray (ATTRIBUTE).

1Each attribute can ne uniquely
videntifiea by 1ts position

iwithin the attribute array Primitives

ll
'
'
.
1
'
'
'
'
'
[
'
.
'
il
.
'
'
'
'
'
.
'
v
.
'
'
'
[
i
]
‘
il
'
'
'
'
'
Il
'
.
'
[l
1
'
'
'
'
.
1
[l
'
‘
'
[
'
1
'
'
.
[l
'
'
'
il
'
.
'
Il
'
[l
'

{(ATTRIBUTE 1ID). for Jata
i=Values ot attributes are istructures
istorea in a linked list struyce icoula pe
tture using a BITS ARRAY (M2), icopiedfrom
3 t(Length of M2 (124,000 bytes) 4s19 iocroject
tlimits the amount of informa~ 0800 132,

ition to be stored in the Jata
1 ihase,)

'
'
'
i

Remarks: see pace la
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ANNEX A

Remarks:

a) Linked list of gata

leccas]

base members:

cecccalocavs]

celemaca!

otr ;DIF""‘>
=1

'

'

Page {a of

e

H n

ptr | NIL
-

]

'

cnloelecaca

v
attribute value
list of member n
(last memper)

attribute value
list of memter 2

attribute value
list of member 1

o) Structure of attribute value lists:
'-----'-----' '.o---'-----' '-----'-----'
. . L ' Ll ' L 1 1
H H a1l ' H A2} H v A(n)
'o----'-----' '.----'-----‘ '-‘-.-'-----'
H ' H H H ' H | H
! otr !ptreeceeeceee> | gtr lptree====> .., | otr | NIL |
'--’--'-----‘ '--'-o'.--—-' '--'.-'-----'
[ L} ' ’ 1 ' ‘ L ’ ) ' 1
1 . .
Ll Ll 1
v v v
value structure value structure value structure
ot tirst attridute of secona attribute of nth attribute

where Al, A2,... recresent the ATTRIBUTE IDs of corresoonaing
values

¢) Value structure:

t Iptreeccccec=ad

T

I VALUE REPRE} !

. Vv
m
pr_4
-
B
-y
—
o
2
-
.

where t represents the tyce of the value:
t20: single vaiue

t=1: range values

t=2: multiocle values

2 is usen as delimiter,

Usage of "s+#4" tor value representation indicates that value
is not known,




ANNEX A Page 2 of 3

NORKSHEET FOR CESIGN PHASE AND DESIGN REVIEs PHASE OF PROJECT = 4

i ! tOMAN '
STEP{ PROBLEM AND PLANNED SOLUTION | ALTERNATE AY [HOURS|ERPOR] COMMENT
g | i SOLUTIONS IME}/STEP} = |

3 1a) Define utilities for inout |
iof data base informaticn:
y~FILL,EXTRACT,GETCHAR,SKIP
V=GET OLD FILE INFORMATION
{=~STORE,CLEARIN,CLEARCUT
V~CARDIN,PRINTOUT
t=TYPIN, TYPOUT
V=FILE T O TERMINAL [ O
'=GET ATTRIBUTES AND VALUES
V=GET ATTRIABUTE,GET VALUE
t=FIND ATTRPIBUTE
i19) other utilities:

~-SPACE,ERRCR,DIAGNOSTICS

-[NITIALIZE ALL

4 1a) Define command capabilities
t=List all attributes (LISTA)
i=List all mempers (using only
ione attribute value oair
tchosen by user) (LISTALL)
i=List all members (printing
tall attribute value pairs of
teach member (LISTOBASE)

k i1=List all available commands

t CLISTC)

i=List all attricute value

ioairs of a sinqgle memper

D
3]
4
0

900 4.0

47201
1300
4721
0990 2.0

(LIST™M)

=Select a single memner faor
: iretrieval of particular values
3 tof interest (CONTROL)
t=List 3 particular attrioute
value pair of memper 1n con=
1trol (FA,ATTR)
i\=Fina all cata base mempers
iwhich with given conditions
\ (FIND, FIND ID)
t=Switch output from terminal
ito file and vice versa(SAITCH)
t*Change key attripbute (KEY)
t1=0Obtain diagnostics (D)
‘=Super user mode (SU)
b)) Al)l subroutines which han=
tadle ccmmands are nameq accor=e
‘ idingly.

Ramarks: The last two functions are not required, however, they can b
’ effectively used for testing purooses. They also support further
‘ extensions of the orogram,

4/21
1100

'
1
[}
i
[l
'
'
'
'
'
'
‘.
'
'
'
1
'
'
'
'
’
.
Il
1
.
'
‘
'
]
'
[l
'
'
'
]
'
'
'
'
'
'
'
[
'
'
'
'
'
'
’
[l
'
'
'
[l
t
[l
'
[
[
[l
'
'
'
'
'
'
'
[l
'
.
'
'
'
'
'
'
.
.
'
[l
'
[
'
[l
'
'
'
e
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STEP
#

S

ANNEX A

PROBLEM AND PLANNED SOLUTION

PN

[l
'

'Analysis of implementing FIND
t(FIND ID) function.
10efiniton of suoroutines:
+=GET CONDITIONS

1=GET REGUEST

1=GET GVALUE (functions which
1allow user to agefine queries)
1=JEST CONDITIQONS (evaluation
' of cueries)

1Cefine functions to test for
1single discrete values:

1 =FINDATTRIBUTE
V=EQUAL,MATCHING

{=FIND MEMBER

1Define functions to orint re=
tsultss

V=wRITE RESULTS
1=LISTATTRISBUTE(value)

A1l mempers ~nicn satisfy user
'definec conditions are first
istored within 3 linkeg list.
1The result of all comparisions
tare printea after all agata
imembers have peen examined,

1

'

1Design of retrieval functions
‘for multiple values and range
tvalues:

1=COMPARE MANY
VeLLIMIT, ULIMIT
(return upoer and

lower limit)

1Design review and imolementa=

ition of improvements.
.

NQRKSHEET FOR DESIGN PHASE AND DESIGN REVIEA PHASE

ALTERNATE
SOLUTIONS

224 =

of 3

OF PRCJECT = q

' ! OMAN ) H
{DAY }HOURS!ERROR| COMMENT
ITIMEL/STEPY & |

;0122%

{12308 1.5




Proaram Listing of Project # d
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ANNEX C

Page 1 of 2

NORKSHEET FOR CODING PHASE OF PROJECT # :

8eginning of Coding (gay/time) t 4/20/1400

End of Coding

Man hours

(cay/time) : S5/02/1200

24.5 (including punching of

CODING

3EGIN
DAY/TIME

eccceccceccecccccscrcacce st ecee s e et ecace et te st s e s e e e sececreesecesnease.
i1) Record when error
cetecteg.

14 great numter of
iorimitives coulc te
icooied from oroject 32.

0472071400

0472072030

04/21/1330

0472171539

0472172030

Q4/s2172230

d4/22/1500

04/22/1R30

0472571330

e em m an S0 B8 an G ST ae ST S Ae Se TS S *e SS S G S Sh S e TS co S0 2E Ne = T NS L6 20 W 2o o9 SN

END
DAY/TIME

04/20/1800
04/2072330
0472171530

J4/21/183Q

0us21/721390

04/21/2330

0472271800

0472271930

04/2571630

b PROGRAM PART
'

.

:
'
.
1Coaina of orimi=

itives anad utirli=
‘ties

Punching carcs
Coadina 2f come
mand functions

Punching carscs

iCoding of ccm=
imana functions
1ana punching
icaras

.

L}

1Coding of com=
imand functions
tana punching
tcards

L

Cogina of
retrieval
functions

'
H
'
H
1
'
tPunching carcs
H
1
'
'
L}

Coding of re=
iretrieval
tfunctions for
imultiple values
tand range values

]
'
[
1
'
'

cards)

1)

ERPQR DAY

« 2955

TIVE

18390

]
'
.
'

4

COMMENT

{
|
|




ANNEX C Page 2 of 2

WORKSHEET FOR CODING PHASE OF PRQOJECT = :
Beginning of Coding (day/time) : 4/20/1400
End of Coding (day/time) : 5/02/1200

Man hours : 24.5 (including punchina af cards)

1)
VERRQR!IDAY
t o= (TIME

CODING y PROGRAM PART
BEGIN H END '
)

DAY/TIME | DAY/IIME |

R R R T L R T R L Rl

1) Recora when errcr

0472572100 Punchina carcs
35

36

21900
2200
0472572200

2472671530 Coding of
\geougging aias
tanag puncening

04/725/71630icards

'
’

iChanges accor-
taing tc gesign
0472772100 iraview

J4/27/2030

48 12050

L)

1Coaing of new

iorocedures to

ihandle range

tvalue comoarison

itand ounching
0570271290 caros

.

05/,02/1100

& 296 =

Tl i s e R

Change aue to error 2 S0,




ANNEX O Page 1 of 10

WORKSHEET FOR DEBUGGING PHASE
PROJECT # : 4 DEBUG Run # : 1
Begin of Debug Run (gay/time) : 04/20/2330
End of Debug Run (day/time) : 04,/21/2030
4 of Debug Steps incl. in Debug Runmn: 4 CPU time for Debug run (sec): 0.0
CPU time for necessary compiles (sec) : 19.39

a) 3.33 b) d.42 c) S.34 a) 5.70 e) f) 3)

“an ncurs for this Debug Run : 2.5 (including oreparation of ZJenug run)
MAN 1)

STEPIPROGRAM} OBJECTIVE AND  EXPECTED ! ACTUAL ! DAY!HOURSIERRQR} COMMENTS
2 | PART ! RESULT ! RESULT ITIME;/STEP{ = | 4ND CODED
: H ¢ H : i ERROR TYPES

D e L e b R R R R T L L R R L P L

' \ 11) Recora wnen

H H ' ' ‘
' H H 14720 ! ' error
H H H 123300 1.0 ! cceurs
1 iPrimi= | Get errcr free comoile 'S comoileid/s21) H ’
itives | rerrars 11030% | iCoe
\ angd ' : H \ V2 At
fuciiti= § ' H ! P33 Al
itieg ' H 14721 P4 1Al
' H H 11100} H S 1AL
' ' ' ' ' H |
2 Primi= | Get error free comoile 1 comoileids2!] ' \
itives, | ierror 11830% 0.5 |
dutilii= : ' H H i
ities, | ' 11900} P2 lear
Vinpout H H | H | H
funct= | ) 147210 : H
tions H ' 11930} ! '
' ' H ' ' H '
L \ repgeat step 2 ‘1 compileidrs21; ' :
' H ierror 1930 0.5 § i
H H H 12000} . & Ee1l
' H H 14/21, H !
H H H 12000 H \
' H H ! ' H '
a ! repeat steo 2 t 0.Ke. 1es21 H H
H H ' 12000 0.5 1 :
H H ' tu/21y H H
H H H 12030} ' H
H ' H ' \

« 257 =




ANNEX D

Page 2 of

NORKSHEET FOR DEBUGGING PHASE

10

PROJECT # : 4 DEBUG Run # : 2

Begin of Oebug Run (day/time) : 04/21/2130

End of Debua Run (day/time) : 04/22/1830

# of Debug Steps incl. in DOebug Run: 6 CPU time for Debug run (secl): 14,83

CPU time for necessary compiles (sec) : 39,55

a) 6.48 b) 5.52 c) S.68 c) 4,47 e) 8,26 f) 9.14 a)

Man nours for this Deoua Run ¢ S.S (including oreoarazic: of cecugc run)

STEP|PROGRAM} OBJECTIVE AND EXPECTED | ACTUAL | DﬂY:HOCgS(EFQOéi COMMENTS
2 ) PART E RESULT 3 RESULT ET[“E:/STE?E s i AND COUDED

[
!

1 AN \ Get arror free compile
iexceot |
iretrie=!
tval '
tfunct= |
iions H

2! ! repeat steo | and check
H V initialization
: '

, '
L '
1 ’
' 1}

R ! repeat step 2
' H
) '

L} L}
) 1}
L ‘
1 .
i 1
' L}
’ ’
’ M
H !
13 '
Al .
1 13
L .
' 1}
' '

4 AN i Get error free compiie
texcept | (incluaing commana
iretrie=} functions)
ival H
rfunces. |
iions H

S ! repeat step 4 ana check
H 1 initialization
H :

. 1}
L 1
. 1}
L L

5 | \ reoeat step S
1 )

L '

12 comoile
ierrors

1 crcgram
error

'S oregram
ierrors
'

2 compile
errors

2 program
errors

258

14721

12200}
12200
14zt
12230
1e/z21
12330
1az22;
11000}
11020}
11030}
11100}

J.5

25

0.9

10

12
13
14

16

L7
18

20

ERRCOR TYPES

D T T L e P T

1)
Cq
a1

'
'
.
i
.
1
'
'
'
'
¢
'
'
'
[l
'
1
'
1

'
]
t
l

v

'

'

'

'

1c2s
Hor-31
{€eil
1C28
i01e

o}
ci7

D12

ca7

Recora when
error
cCccurs




ANNEX D

PRQJECT # :
Begin of Deb
End of Debug
# of Debug $
CPU time for
a) 8.71
Man hours fo

STEP|PROGRAM
s | PART

1 ALY
iexcect
i funct~-
ytions
tto com=
ipare
jrange
ivalues
ior mul=
itiecle
1gdis=
icrete
fvalues

Page 3 of 10

WORKSHEET FOR DEBUGGING PHASE
4 DEBUG Run # : 3
ug Run (gay/time) ¢ 04/22/1830°
Run (gay/time) : 04/22/2200
teps incl. in Debug Run: 2 CPU time for Debug run (sec): 11.93

necessary comoiles (sec) : 17.75

b) 9.04 ¢) a) e) £) 3)
r thnis Debug Run : 2.5 (including orecaration of nebua run)
Ay 1.3
QBJECTIVE ANMD EXPECTED | ACTUAL | DAY |HQURSIERRCR: COMMENTS
RESULT ! RESULT ITIME!/STES! s | aAND CODED

ERROR TYPES

1) Record mhen

.
'
;
. L 1 .
' ' \ : ! :
| ' i : ! : error
| i ; H ' H cccurs
! Get error free comoile '3 comoilejd/22; : '
: lerrors 119307 9.5 i
] : 11945} P21 1Al
' ' 11950} 122 A2
' ) 11955} Y 23 E23
H ' H H H :
1 ' 1 1 1 1
i ' ' 1 1 '
' 1 L Ll . 1
L . L . 1 .
1 ) ] ) 1 )
. 1] L} { ; 1 .
H H i ' H H
] . 1] 1 . '
* ] 1 . Al L
H H t4s22) H H
' H 12000} H '
' ' H ! ' H
| repeat step | and examine| 1422 H H
i storage of data base in= | 0.K, 12000} | H
i formation ! H ' H \
i(all attributes and values!| ' | H i
1should be imolementeqa d 14220 H H
laccoraing to gesign) ' 12200} H H
- 259 =




ANNEX D Page 4 of 10

NORKSHEET FOR DEBUGGING PHASE
PROJECT = ¢ 4 DEBUG Run # : 4
Begin of Debug Run (day/time) : 04/22/2200

End of Debug Run (gay/time) ¢ 04/25/1100

4 of Debug Steps incl. in Debug Run: 6 CPU time for Debug run (sec): 43,47
CPU time for necessary compiles (sec) : 73.14
a) 11.30 b)Y  9.73 c) 9.84 a) 9.9 e)10,87 £)10.49 g) 10.89
Man hours tor this Debug Run ¢ 7.5 (including oreparation of ceoug n~un)
MAN 1)
STEP}PROGRAM} QBJECTIVE AND EXPECTED | ACTUAL | DAY !HOURSIERRCR! COMMENTS
2 ! PART !} ’ RESULT t RESULT ITIME|/STEP{ & | AND CODED
: ' H H ! ! ERRCOR TYPES
H ' H ' ' H 1) Recora when
{54ty i Check pDasic functions 'l crogramid/22} 1 H error
1exceot | (exceot FIND functicn) lerror {2200y 0,5 ! H occurs
Jcompa= | H 12200 1 24 1D12
irison | \ H H H '
tof mul=} ! H H ' H
iticle | \ i H \ H
tvalues | ' H H H |
far H H H H H '
\range |} H 147220 H H
tvalues | ' 12230} : H
en { repeat steo | '1 proaramid/s22! ' H
H ' ‘terror 12230 3.0 |
H H H 147231 ' !
H H ' 11230} 1 @5 D3
30 ! repeat step | ‘1 programid/23, g H
H H ferror 11230¢ 1.0 ¢ !
! H H 11300% { 26 D13
) ' H 1a/238 H |
' ' ' V13308 H H
4 | } repeat steo | il orogramid4/23} H H
H ' ‘terror 113301 1.9 i
H ' H 11400} t 27 1S
H ) ' 14723 i '
H ' ' 11430} ' H
s ¢ { receat step | 12 programid4/23) H
H H ‘errors 114307 1,0 ! '
H ' ' 11500 v 28 dote
H ! H 11500} $ 29 ice?
' H ' 14723} ' '
' ' ' 11530¢ ' '
5 | | repeat steo | ! OeKe 1d/24 ' \
' ' ' Y1700% 1.0 ¢ H
' ' H 14725} H '
H ! H 11100} H \
- 260 =




ANNEX D Page S of 10

WORKSHEET FOR DEBUGGING PHASE
PROJECT # : 4 DEBUG Run # : S
3egin of Debug Run (day/time) : 04/25/1630

End of Debug Run (cay/time) ¢ 0472572400

% of Debug Steos incl. in Débug Run: S CPU time for Debug run (scc): 8.95

CPU time for necessary comoiles (sec) : S1.3
a) 11,02 b) 11.48 ¢) 11.90 c) 9,37 e) 7.53 £3

Mam nours for tnis Debuyg Runm ¢ S.,5 (incluadima oreparaticn of
MAN

STEP!PROGRAM! QBJECTIVE AND EXPECTED !

2 | PART RESULT t RESULT (TIME}/STEP

e R e e et

'
1 ‘Fing

' Check FIND funetion tar |3 orocram;d4/25)
tfunct= | trivial cases ierrors 11630F 1.0

ittion ! Check imout of zoncitions! 11630}

i1(single; (0=d congiticns should pe} 117008

idis= ! sStackec accoraing to ' 117398

icrete | agesign) H 14729

tvalues) | ' 11730%

' H ! H :

2 | receat steo | 1 programid/25)
H t (using trace) terror 11700% 2.0

H H ! 12030

| H H 14/25

H H | 12030}

’ 1} 1 . '

301 i repeat steo | i1 orogramid/2S;
H H terror 120304 0.S

' H H 12100

! H ' 14725

H ' H 12100}

. 1] 1 L] 1

1 . 1 ' Ll

4 , repeat steo | i1 orogramid/2S|
H | lerror 12200} 0.5

H ' ' 12230

' H ' 14/25;

H H H 12245,

' ' ' ' H

S { repeat steoc | iV QKe 14/25)
H ' H 12245} 1.5

H H ' tur3S)

H ' ! 12400}

3

R
LAVEES S )

53

g)

1)

ACTUAL | DAY {HGURSIERACR!

[
'

Jebug run)

COMMENTS
AND CO0ED
ESROR TYPES

1) Reccra anen
error
ocecurs

7
2

(Error 232
t corrected
ocperly)

L6 e e o)
270 &




ANNEX D Page 6 of 10

NORKSHEET FOR DEBUGGING PHASE
PROJECT & : 4 DEBUG Run # : o6
B8eqin of Debug Run (gay/time) : 04/25/2400
End of Deoua Run (gay/time) : Q04rs26/71930
# ot Debug Steps incl. in Debug Run: 7 CPU time for Debyq run (sec): 10.23
CPU time for necessary comoiles (sec) : 57.84

a) 6.57 b) 12.88 c) 12.66 a) S.06 e) B.9 £)10.27 g) 9.84
Man hours for tnis Detbug Qun : 3,0 (including creoaratic:A9f deCu?)Pun)
N

STEP!PROGRAM] QBJECTIVE AMND EXPECTED ! ACTUAL ! DAY |HOURSIERROR: COMMENTS
# | PART ' RESULT ! RESULT TIME]/STEPi = | AND COCED
' 3 . )

‘ ' ' | H { ERRCR TYPES

1] . '
. 1 Al . 1
f Ay} i Get error free comoile '3 comoileid/25! H H error
| ! and test FIND functicn ierrars 124003 2,0 ! H occurs
H } for trivial cases H 147186, i \
H y (all memcers listea must | 10900 { 38 (At
' i match conditions speci= | 10910 ¥ 3% a]
: 1 fied by inout) ' 1 0SE v 40 1Al
H H H 14726, b '
¢ v H 11000} ' '
2 \ repeat step | 12 programid/2o; ¢ !
' H lerrors 11000 2.9 ‘
' H ' 11050} ' 41 C28
H H ' 11100} v 42 Cas
H ' H VALY H 1
' H ' 11200} H :
3 i repeat steo | il orogramid/26) 1.0 | :
H H lerror 11330 43 jAlL
H H i 147260 ' H
V H ' V1dao H H
4 \ repeat steo | ‘1 comoileldrses) H H
H t{ (incluging deouaging lerror P1830¢ 1.0 H
H i aids) H 14726 H '
H | ) 117304 HECE IR B
S \ repeat stepo 4 ‘1 programid/20 H :
H H ierror 11730¢ 0.5 !
' H H 11745 V4SS A3
H H H 1a/26) H H
' \ ' V1800 H '
6 \ repeat step 4 i1 proagramid/26] ' H
H H terror 11800% 0.5 H
H H H 11815 i\ do 1Al
H H ' eI ' '
H ' ' 11830¢ H H
7 4 \repeat steo d v QK 14726 ! i
L} Al t Al 1

+1830 1.0

i1) Recora «hen




ANNEX D Page 7 of 10

WORKSHEET FQR DEBUGGING PHASE

PROJECT 2 : 4 DEBUG Run 2 : 7
| Begin of Debug Run (agay/time) : 04/26/2000
End of Debug Run (cay/time) ¢ 04/26/2300
4 of Debug Steps incl., in DOebug Run: 2 CPU time for Detug run (sec): 7.0
| CPU time for necessary comoiles (sec) : 18.14
I a) 9.73 b) 8.41 ¢} ) e) f) 3)
Man hours for this Deobug Run ¢ 3.0 (including preparaticn of Jecus run)

VAN {

| )

: STEP|PROGRAMY QRJECTIVE AND EXPECTED ! ACTUAL ! CAY!HQURSIERROR! COMMENTS

| 2 | PART |} RESULT t RESULT TIME.s/STEP! =2 | AmMD CODED

L ' . ' ' 3 + ERROR TYPES

L L e R T R R R R LR LR R R A R bbbttt el

1) Recora w«nen

] ' ’ ' .
. L ' . . .
| : i ' : i : error
| H H : | H ' occurs
I 1 AN ¢ Test FIND function far 'l orogramid/2n] : !
| H ! various inout (imclucing ierror 120004 2.0 ! i
| ' ! also extreme congitians) | 12120} » 47 1Ces
| \ i (all aueries snhould te ' H ' ! i
| i { answerea acccraing H 1ds2e6! \ |
\ { gesign) H 12200 H '
. . . ' . ] b}
f . . . . L] \ Al
| Ci i repeat steo | i OeK. 14z25, ' i
I ; ! ; 12200} 1.0 | :
' H H 14726 } H
H ' 12300, ' ‘
1} 1} . .
. L} Ll 1




ANNEX D

WORKSHEET FOR DERBUGGING PHASE
PROJECT & : 4 DEBUG Ruyn # : 8
Begin of Decug Run (cay/time) : 0472771500

End of Debug Run (day/time) : 04/27/1900

# of Debug Steps incl. in Debua Run: 1 CPU time for Debug run (sec):
CPU time for necessary comoiles (sec) : 10.02
a) 10.02 b) c) Q) e)

Man nours for this Debua Run : 3.0 (including oregaraticn of cetuc

CP/CMS
(same results expected)

STEP!PROGRAM} QBJECTIVE AND EXPECTEC ! ACTUAL
g ! PART ? RESULT ! RESULT
)
H
; Repeat Cebuc Run 27 uynaer

- 264 =
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DAY} HOURS}ERROR
TIME!/STEP}

o

.
x

.

g)

)
\
i
)

E]RRCR TYPES

R e e e T R T L R R R R R R L R Rl

1) Recora wnen




ANNEX D Page 9 of 10

#ORKSHEET FOR DEBUGGING PHASE
PROJECT & ¢ 4 DEBUG Run # : 9
Begin of Dedbug Run (ocay/time) : 04/28/1400
End of Debug Run (cgay/time) : 04/28/1600
2 of Debuq Steps incl. in Deocug Run: | CPU time for Debug run (sec): 19,58
CPU time for necessary comdiles (sec) : 9.,de
a) 9.do b) c) a) -) f) Q)

Man Aours for this Deoug *un ¢ 2.0 (inclucing oreocaration of cecug ~un)
MaN 1)
ACTUAL } DAY}HQURSIERRQR! COMMENTS
RESULT ITIME!/STEPRP! 3 i\ AND COOED
d : \ ERROR T(PES

[) Recorg wnen

erronr

occurs

STEP}PROGRAM| O0BJECTIVE AND EXPECTED
E PART RE3ULT

cevcecee  swm-

an 4728

1400

H

'

|

'

H

I\ varicus tests unger

! CP/CMS:

\=Test initialization
\=Tegt LISTA (list of atli

! attribuytes )

!=Test LISTC (list all

i availaole commangs)
i1=Test LISTM (check for
 all mempers anag i1lleqal

\ imput)

t=Check program for inout

\ of undefined commancs
‘=Tegt CONTROL (cneck for

y illegal incut also)
\=Test functions FA anag

! ATIR for severa)l members
f in control

t=Test SAlTCH (examine gyt~
' out file)

1=Test KEY (cnange of ey

V attribyte as cesired by

V user)

1~Test LISTOBASE (all mem=
! bers are listed with all
t all attribute value

' pairs)

1=Test LISTALL (memoers are
' listed only by key attri=
! oute)

1»Tast FIND function (usinag
! various input comei=

i\ natiaons)

1ds221%
11600}

B g e e A (T e £ e R TS U e DY s Rt (] P
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ANNEX D

Page 10 of 10

NORKSHEET FOR DEBUGGING PHASE

PROJECT 2 : 4
Begin of Deoug Run (day/time)

End ot Debug Run (cay/time)

AT TR a——

CPyY time for necessary comoi
a) 9.45 o) e
4an hours for this Debug Run

STEPIPROGRA™
2 | PART

[
3 '

OBJECTIVE AMD
RESULT

CP/sCMS:

functicn)

c) Test FIND ama

values)

illegal i1nouts

e

4 of Debug Steps incl., in Debug Run: |

Various tests unger

a) Test SU (super user

1]
1
,
’
H
'
‘
'
'
'
'
H
'
1
L]
H
10) Tast FIND funmnction
i for 0 concitions (all
i members shoula ce listed)
1]
§
H
.
'
1
L
i
.
:
.
.
H
'
'
L]
'

using 1=4 qifferent con=~
ditions (check correct=
ness of orogram especially
multiole values and range

a) Test XEY function for

shoulad orovice an acoro-
priate error message)

DEBUG Run 2 : 10
¢ 0472871600
: 04/28/1800
CPU time for Depua run (sec): 12.U8
les (sec) : 9.46
c) e) £) a)
: 2.9 (ineluarrg orecaration cf ceocua run)
VAN 1)
CAYI=QURS)ERRQR, CIMMENTS

AND COCED
EXRQOR TYPES

EXPECTED ACTuUAL |
RESULT ITIME{/STEP! =

D D

1) Recora whan

’ 1 ‘ .

' | : : ! error

H ' H H ' occurs

: 14728 H '

H {1600f 2.0 ¢ H

'l oroaram; V H '

ierror 11620 89 gear

: : ; x ;

' H ' H :

H OKe |} i H H

H H | . \

. L . ' 1

H ! H H '

FIND ID ¢ H H | ‘

H Geke ' 1 H

' . ) . 1

H ' H ' H

' ' H : H

. 1 ' . 1

' ! ' ' H

' ! ' ' H

H ' ' \ H

' H H H H
(croaram | 0.K, H ' '

' H H H H

H H H H H

' 14/28, H H

H 11830} ! H

' ' . . '

' ' H ' '
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ANNEX E1 Page | of 2

ERROR LISTING
PROJECT # : 4
Begin of Project (day/time) : 04/19/1400
End of Project (gay/time) : 04/03/1800

Man hours for total project : 101.0

ERRCR TIME 4 of CTHER
TYRE soent to STATEMENTS Ok

ERROR} PHASE H PHASE H H
1) 1

(see AMNEX F) !solve the! PARTS CF THE |
1 * .
: :
’ .

2 ) in whichi in which
VERROR wasiERRON was

H q4is= mage ERRCR PROGRAM
\ covered | (Man AFFECTED
H H H mime)
1 !Debugging! Coding | Cb ¥ 5 '
2 iDebugginai Codirg | Al L S H
3 iDebugging! Coaing | Al i 5 H
4 iDebugging! Coding 1 Al ' S H
S !Debugging! Coding | Al H 5 \
6 | Coaing | Coagina | C9 H S $
7 iDebuggingi Cecing | Cl7 H S H
8 {0Deobuagingi Coding ! Ci12 H S !
9 iDebugging: Cooing | C7 ' S H
10 iCebugging! Ccaing | Al \ S ' 3
11 (lecuggoingi Desian | D7 g S '
12 iDebugaingi Coding | C28 H S '
13 i1Debugging! Cecaing | C21 { 1S '
14 }Debuggingi Coding | C21 ' S H
1S (Debuggina) Cocing | C28 H 10 '
16 'Debugaing! Design | 012 H 2s i
17 'Debugaing: Coding | Cb H S '
1A }Debugging} Coaing | C17 H S H
19 !Debugging! Desian | 012 H 30 H
20 iDebugging; Coaing | C27 4 10 H
21 iDebugging; Coaging | Al s S H
22 (Debugging; Coaing | 42 ' S H
23 (Depbuagaingi Coding | C23 H S H
24 (Debugging: Design | D12 H 10 '
2S iDeobuggingi Nesian | 03 ' 15 :
26 |Debugging! Desian |} D13 ' 30 '
27 iDebugging! Vesian | DIS H 20 H
28 iDeouagaingi Design | D12 H 30 '
29 i0ebugging: Coging | Ce27 { L '
30 iDebugging; Coding | A} H S H
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ANNEX E1 Page 2 ot 2

ERROR LISTING
PROJECT # : 4
Begin of Project (day/time) : 04/19/1400
End of Project (day/time) : 04/03/1800

Man hcurs for total project : 101.0

ERRQR! PHASE | PRASE | ERRACR H TIME H 8 of OTHER

8 | in which} in whicnh! TYPE ‘soent to | STATEMENTS GR
'ERROR wasiERRQR was) (see ANNEX F) lsolve tnei PARTS JF ThE
H dis= | made | ' ESROR H PROGRAM
! covered | ' \ (Man ' AFFECTED
H H H { min.) |

31 !Depbuqaingi Coaing 1+ C27 H 19 H

32 !Desugging! Cesizan | D12 . 90 H

33 i1Decuggingilepugaina! R4 ' 13 H

34 !0epbugaing: Coging |+ C23 $ 15 '

35 | Coaging | Coaing | 4l ' S '

36 | Coging | Coaing | 4t H S i

37 iDebuggingileougaing: Al ) 5 H

38 iCepugging: Coaging | A ' S H

39 !Debuggina! Corinag | Al : S '

40 iDepuqgcinai Cocing | Al H S :

41 (Decugcingi Cocing 1 C2%8 H S H

42 'Debugaing: Coaging | (28 H S H

43 !Depugqging: Coding | 41l H S :

44 jDepugging! Coding | Al d S !

4S iDepugainaiDeouggingi 43 ' S H

46 Deapugging: Coding | Al H 10 '

47 )Debugging:! Coaing | C28 ! 10 !

48 | Coding 1 Coding | C17 ' S H

49 !Depugging! Coding | C27 H 30 H

S0 | Testing | Design | 03 AR H
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ANNEX E2 Page 1 of 2

ERROR LISTING (COMMENTS)

ERROR! DAY ! COMMENTS .
4 ) TIME! (EVIDENCE, THOUGHTS, WHY WAS THE ERPROR MADE? |
4 ! WHY AND HOWw WAS THE ERROR OISCOVERED? il
H t ERROR BLOCKING, etc.) ;
104/21} |
1 } 1030} Errors #1 thru S are cue to influence of fatigue.
2 % 1030} ;
3 1 103504 i
4 ) 1030 E
5 U {630} ;
6 § 1830} Founa wnile checking previcusly written code guring
' ! ouncning of caras, !
7 1 190Q{ Different variaole name 3ssumed. '
8 | 2000! Missing mandatory Jeclaration. ;
9 } 2130}
10 % 2130% §
11§ 2200} i
104s22! i3
12 | 1000¢ i3
13 4 1020} i3
14 ! 1030) Errors 214 thry lo are aue *o insufficient gesc checxing., 5'
15 ¢ 11004 L&
16 ¢ 1110} i
17 1 1200 i
13V 1230} i
19 1 1430¢ {
20 | 1S00¢ :
21 | t94s;]
22 ) 1950} Upper case xey orassed wnhile ouncnhning caras.
23 4 1955; Usage of "THEN" insteac of "DO".(wrong format)
24 ) 2200¢
104723
2s 1 1230
26 | 1300}
27 | 1400}
28 ! 1500}
29 | 1500¢
104/25)
30 ; 1630,
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ANNEX E2

ERROR} DAY
L]

'
i TIME}
] .

Ll [

Page 2 of 2

ERROR LISTING (COMMENTS)

COMMENTS

(EVIDENCE, THOUGHTS, wHY #AS THE ERROR MADE?
WNHY AND HOW wAS THE ERROR DISCOVERED?

ERROR BLOCKING, etc.)

D e L P L L e R L DR e L L Ll ik

31
32

33

34
35
36
37

38

39
40
41
42
43
44
45
46
47

49

S0

. — "

1047251
17004
1730}

2030;

2100
2100}
2270
2230
04/286)
0900}

0910}
0918}
1050
1100}
1330}
1730}
174% !
18154
2120

e m e e e e A Se et Sn BeEE ee S5 B B 20 N e a6 ee e S5 Ge N s GRS e SH e B S Ee

No proper desk checking. (Error coula have bteen
avoided by desx checxing.)

Inaporooriate correction of error 232, Detugging
results were not interoreted correctly.

Forgotten "+1°%,

Errors 335 ana 36 ara due ts fatigue.(trivial errors)

Errors 238 thru 40 are due to lack of concentration
while punching cards,

Double negation in connmection «ith logrcal AND
could have oeen testec Cv usage of 3 trutn taple,
The error could have been avoided this way auring
3 desk test.

Found while ounching cards.

It was surorising to the exceriment orogrammer

that usimg the EBCDIC character set tne

following comoarison will e evaluatea "TRUE":
LI > LA

Error 2 S0 was mage tecause this relatiorsnio

was "ot known,




ANNEX F FINAL STATISTICS

PROJECT = 4

FINAL STATISTICS
Project name : DATA RETRIEVAL SYSTEM
Short description:

The orogram s cesigned for us3ae under CP/CMS, [t
expects an input file lanelea “DSASE INPUT" ts contain cata
base imformation inm a carticular format such that the oro-
gram can reag all informaticn ang stecre it  intc memorv.,
After al)l data case mempers are 7efinec by tmcut anc ‘mple=
mented within linkeg lists the user Tmav cperate uyoon the
data bvase wusing functions from a poreviously cefinec set of
functions,

fhe orogram has Deen gesignec amrQ implemented 1n such 3
manner that it «ill pDe e23asy to 1molement more fyncticns orf
to extent the currently Jefinead limits of the crosram.
Quantitative measures?

1. 2 of source sStatements & [J84
2. Total man hours for orsject : (01,2
3. Man hours spcent in

a) Design @ 24,0

5) Cogimrg : 24,5

¢) Deougging : 41.S

4) Testing : 11,90
4, CPU time for compiles: 343,57 sec.
S, CPU time for decug runs: 14G.0S sec.
6, CPU time for test ruyns: 38.04 sec.
7. 2 of test and debug runs: 13
8, # of test and debug stesps: 43
9, 8 of errors founa: SO

10, Total man hours usea to correct errors: 11.25

* ey .




ANNEX F

ll.

# of
errors
62
'
35
:
:
'
'
!
30 3
'
)
'
HE 2
I
25 | =
e
I
LR
' %
20 | «
§ *
LU
S ®
HEE
15 ¢ =
o
L
L
()
10 ¢ *
1oe
I
I
HEE 2 23
S | * 2 xxx
HEE SRR I
LA O A
LI O R
1 1 = =2 2 =
cmpopmpmy
1 2

Mean time between error detections:

(measured from point

FINAL STATISTICS

Error Detection:

87.7 man min.

b4

® L B

AR ARN * & KRR kAR AR man AQurs
tetmtetetetetetetmtetetmtmimtatatatatatatateatmtmta=d of

3 4 S -] 7 8 9
TIME BETWEEN ERROR DETECTIONS
in time of detaction of orevious error)

10 F1 R s project time




ANNEX F

12. Er

8 of
Errors
correc

& - —

— n n w
vl o (V)] <
- A mm em e e ww e An an e Se =8 Se mn Te = == se seee e= =e Sr es.ec en Se me s S=

—
(=3

(V)]

e

FINAL STATISTICS

ror Correction:

Mean time to correct an error: 13,3 man min.

ted,

.t‘l...b..l....'nk.'...""..'.

*

* *

* * *

* * *

® * *

* * * * * * *

etemeciccnatecectmmvetmmmnbmmmnn, b=, , v m oo, mmomtoe>
9 10 1S 20 2s 30 90 120 180
man minytes
of project time

TIME TO CORRECT ERRORS
(measured from opoint in time of detection)




ANNEX F

a)
b)
¢)
d)
e)

£)

When

o RN
o
-

ANhen

"oa R
o
-

errors

errcrs
errors
errors
errors
errors

errors

errors

errors
errors
errors
errors
errors

errors

were

found
found
found
found
founda

founda

~ere

mace
maae
mace
madce
made

maace

FINAL STATISTICS

founa:

during design phase: 0
during design review:d 0
during coding: 4
during debugging: 4s
during writing of

test procedures: 0

S0

dyring tasting! 1
mage:
curing 1Jesian phase: 10
auring design reviews: J
during coding? 37
curing cepucginga: 3
guering writing of

test porocegures: )
auering testing: 0

[

Ee]
(=2 = o)
.
<

DL B 2

(2

ot 4 ot a2

ot .2




ANNEX F FINAL STATISTICS

1S. TIME HISTORY GRAPHS :

2 of
Errors
t
H
i Error Types:
H A: Clerical error
' 8: Deougging error
H C: Coging arror
- D: Cesign errcr
S+ '
H A (=8 A
' A Dee c © A AA
H A caccc a ocC cC C AC A
ti C Ccccoo 4aD DO ADBAACAA C C(CC O
*

etetetmtmimtntmtntiotetetetatotatetatatbotetetatetotmbotabas=d man

2 20 40 6 30 100 nours

MUMBER OF ERRORS FCUND vS PROJECT TIME

8 of
Errors
1
'
.
10+
'
'
'
.
H
'
'
'
S+ «
H * .
: * rkxn . - *
H - aErw . *e tRrae
) 8 * ARRXRRE KX AR [EEE RS L x *
¢-¢-Q-Q-¢.¢-¢-,-¢-.-¢-¢-o-0-¢-o-’-0-9-¢-¢-’-¢-.-0-0-9-.-0.0-> nan

2 20 4o 50 80 100 hours

NU4BER OF ZRRORS CORRECTED vS PROJECT TIME




ANNEX F

1.

2.

ERROR CATEGORIES AND TYPES

Design Errors

The follwing types of errors acoly to DbDoth categories
"System Desiagn Errors® and "Program Design Errors”:

Codi

D1
D2
D03
D4
0s
Lo
07
c8
b
D10
Ot ls
012:
DE3e
D1d:
D1S:
Diso:
B s

o
w
s se7ae ss es o0 e se s

«©y
=1
.

Communication Error

Design Neglicence

Forgotten Cases or Steps
Timing Problems

Errors in [/0 Ccnceots

Data Design Error
Initialization Error
Inageaquate Checking

Extreme Congitions Negiectec
Seauencing Error

[nagexing Error

Loce Contral Errors

Misyse of doclean Exoression
Matnematical Error
Reoresentation Error
Mjsynderstanding cof Pronliem Spcecifications
Jther Cesian Errors

rrors

Misungerstanaing of Design
Nagligence

170 Format Error

Misolaceqg Data Declaration
Myltiple Data Declarations
Yissing Data Declaraticn
Inadequate Vata

Initialization Erraor

Error 1n Parameter Passing
Insgecuate or Forgotten Checking
Level Problems

Missing Declarations of 3lock Limits
Case selection errcr

GO 7O Proplems

Comment Error

Forgotten Deiimiter

Inconsistency in Naming

Hrong Use of Nested [F Statements
Incexing Error

Inconsistent Use of Variables or Data
Seauencing Error

Flag Usage Problems

Syntax Error

Looo Control Error

Incorrect Exit from Subroutines
Lanauaae Usace Problems

~ 276 =

e




ANNEX F

car:
cee:
Cce9:
C30:
C31:

3., Clerical

Al
A2
A3
Ad

4, Debuaging

81
32

s e

83
34
85
20

20 oo os ss

S. Testing €

T
e
3
Ta
TS

os o0 as o5 we

ERROR CATEGQORIES AND TYPES

Forgotten Statements
Representation Error
Control Seauence Error
Incorrect Subroutine Usage
Other Coding Errors

Errors

Manual Error

Mental Error
Procegural Errors
Other Clerical Errors

Errors

Inaoorocriate Use of Detugsing Tools
Insufficient cr Inacorocrrate Selection
of Test Cases or Test Jata
Miginterpreration of Decuygaing Results
Miginteroretaticn of Zrror Source
Negligence

Ctner Deougsing Errors

rrors

Inacequate Test Case(s) or Test Data
Misinteroretaticn of Test Results
Mjsintercretation of Procram Scecification
Negligence

OQther Testing Errors




COMPLEXITY

NUMBER OF STATEMENTS
NUNMBER CF NCCES

NUMB
NUNMB
L

R
2
CYCLEM

Nmm

«

ANNEX G

PRQJECT =

Program part

MEASURES:

Pace | of 34

DIRECTED GRAPH REPRESEMTATION

CLEARIN, CLZARQUT, CARDIN, PRINTOUT,
TYPIN, TYPQUT, FILE [/0, TERMINAL I/0.

GET OLD FILE INFORMATION, a~ITE NEw FILE
INFORMATION, CARL, CAR2, CORI1, COR2,
SETCARt, SETCAR2, SETCOR), SETCOR2, FREETL,

FREE2, FIWD [D, GETAVALUE, “A&IN

1.Céccac

TE: A)) 23 suproutines h“ave *me same structure,




ANNEX §

PROJECT =
Program ocart
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ANNEX H

TEST PHASE DESCRIPTION

Project % ¢t 4

Test run # : 1

Including S

Test S

Begin of Test (day/time) ¢ 04/29/1330

CPU time for necessary
a) 9,09 b) c)

compiles (in sec.
d) e)

CPU time for TEST run (sec) : 12.8

Page 1 of

teps

3
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ANNEX M Page 2 of 3

TEST PHASE OESCRIPTION
Project # : 4
Test run # : 2 Including 2 Test Steps
Begin of Test (day/time) : 05/01/1200 End of Test (gay/time) : 05/02/2200

CPU time for necessary compiles (in sec.): 8.75'
a) 8.75 b) c) a) e) ) q)

CPU time for TEST run (sec) : 12.40

4an Hours for this Test run : 4.0 (including creparation of

tests)
1)
TEST, CBJECTVE { EXPECTED tACTUAL {ERRQOR DAY | COMMENTS
STEP; ' RESULT {RESULT: & (TIME! AND
i \ (TCLERANCE) ! ' H t COCED ERRGR
H H H H H ) TYPES
1 1Test comparison iComoarison must |Does | 15701} 1) Recora when
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F § : itive | { ! necessary to
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H H H H ' '
1 2 iRepeat step ! ! 0Nk, 15702
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' ' H ' 12200}
' ' H ' H |
5
|
i
|
« 313 =




ANNEX H Page 3 of 3

TEST PHASE DESCRIPTION
Project # : 4
Test run # ¢ 3 Including | Test Steps
Begin of Test (day/time) : 05/03/0900 End of Test (cay/time) : 05/03/1800

CPU time for necessary compiles (in sec.): 9.68
a) 9.63 b) c) a) e) f) g)

CPU time for TEST run (sec) : 12,84

Man Hours for tnis Test rum : 5,0 (inclyding creparation of

tests)
1)

TEST: OBJECTVE { EXPECTED VACTUAL'ERRCRIDAY | COMMENTS

STEP! \ PESULT {RESULT! =2 [TIME! AND
H i (TOLERANCE) H H H { CODED ERROR
H ' \ ' ' \ TYPES

I iTest proaram ungerlAll functicrs H ' 1$/05, 1) Recora when
1CP/CMS ysing tshould work the | ' 10900} error OCCUrS
\radars as gata isame way as for | QJ.%X. | H i
imempers imembers ysed in | H H i
H iprevious test anal ' | |
H ideoug runs b H i b
' !(orovidec that H ' \ \
H tall attribute ' H H \
¢ ivalue pairs are | H ! V
H lwithin designegd | H YS/03 )
' tlimits) H H 11800}
' H H ' i {
™~ 31a -
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