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4b STRAC T

The occurrence and detection of software errors was stu—

c i i e a  in four software oroje cts. Errors were analyzed w i t h

- r e sp e ct  to corr o~ ex i t y  m easures of in c i v i d u a l  subrout in es.

T hi s oa~ er also orovices d e f i n i t i o n s  of error categories and

tyoes. The i eta il e i co cum ent at ior , of the s o ft wa r e crodu c—

tion ef fort allowed bot h a ~u a 1 i t a t i v e  an~1 aua n t i tative

anal y sis of so ftw are err ors w i t h  resoect to error tyOe s.
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I. I NTRODUCTIO N

In a recent SHA PE study the annual growth rate of

software aernands over the years 1957 — 1985 was est imated to

he as hi g h as 21—23Y. (15) • The same stud y inc2i c ateS that

softw are production ma y ieve~ oo at a ~row tn rate of onl y

11 .5—17Z.

Besides t h i s  q u a n t i t a t i v ~ aao, Boehm (7] ooi ri ts out th e

f o l l o w i n q  c u a l i t a t i v e  iefi c ien ci e s: Since software is in-

creas ing l y used for imoo rt ant fun ctio ns such as defense S y 5

tens, t r a f f i c  contr ol sy stem s , and mec ical ourposes,

software is needed w h i ch can be trusted. A l t h O ug h ~ 0Z of

the mone y used for th e oroducti on of tt~e A p o l l o  ‘~-a n’ied

Sp a cef li g o t Program was devoted to test in g [12), sc ft w are

errors occurred in A c o l l o  3, 11 , and l~~. One c r i t i c a l  err or

even occur red dur in g th e lunar l a ndin g o~ ase .

So ftw are er .cinee rin q (for d e f i n i t i o n  s~ e Ch act er II ) -ray

be acc~~p ted as the me th od w hi c h  y i e l d s  the answer to tne

orobl e m of oroluctoc re l i a b l e  so ftware at reasonable cost

t7). L i t t l e  is known about so f t-w are errors ~esiaes t h e i r

e xi Ste ~’C e and t r~e~~r ne~ at j ve inf l uenc e on cost and cerf or—

m ance . jnc re as inq c i f f i c u l t i e s  to croduce 5 u f f l c i e r ~t

affl ou rl ts of hi ~~N ‘,u alit y so ft wa re rra~~e it ‘~andat ory to i~~vent

soft w are deveh~om ent me trols ~~~i cb are oesi~~n ed to avo i a t~~e

~o$t comm on so ft -mare er rors, ac ’ie v e e a si e r tes~~inq and

— 
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debu~~ging and ir rp rove methods of error d e t e c t i o n .

T h i s  cann ot he cone w i t h o u t  d e t a i l e d  Studies about th e

occurre nce of software errors. O n l y  t h i s  knowledge w i l l

hel p to i a entif y the n ature o~ errors and f i n a l l y  lead to

i rnorove m ents of software methodolo g y. Other m o t i v a t i n g  fac—

tor s for t h i s  stuay were :

1. Lack of currently a v a i l a b l e  data to suoport anal y sis

and research in the area of error ocu r ren ce and

detection .

2. Th e need to e xa mi n e e x i s t i n g  sof twa r e error m odels.

The objective of the e x p e r i m e n t  ~as to gat h er accu rate

and com pl ete i n f o rm a t i o n  anout errors, thei r  occu rr er~ce and

letection throughout the e n t i r e  crocess of software leve l co—

m ent. L i m i t a t i o n s  o1 the ex p eri m en t were the r e l a t i v e l y

s m a l l  num ber ~ f pr o j ects and the lack o~ exoe r ience a pro-

grammers. The use of the ex o e ri m e n t er as the suo ject ore—

qr arnm e r and evaluator in tr oduce r i ri a ses al so. The scoce of

P-h e ex p e rim en t did nct i nclude th e orcqra~ maintenance

chase. it was fe l t  to he of oreat im p o rt an ce to recora a l l

errors , even t r i v i a l  errors w hich could hurt the im age of

the oroqra ’m er . A d e t a i l e d  d e s c r i p t i o n , of th e e x p e r i m e n t

and the error data is aiv en in  cbac t 0r s 14 t h ru 5 and i n t~~e

appe ndi ce s.

:: . . .



II. C O N C E P T S  AND K E Y ~~O P DS

Co m m u n i c a t i o n  among comp uter s c i e n t i s t s  is hindered by

the lack of common t e r rn in o l o oy . In order to avoid m i sunoer—

standin g , the most imp ortant keywords w i l l  be defined in

t h i s  chaote r . aherever o ossibl e d e f i n i t i o n s  are adoPted

from other p u b l i c a t i o n s .

A . S O F I a A R E  E N G I N E E R I N G  t E RMS

1. Soft w a r e Er ’ai r. e eri ng

“th e p ractical a~ p l i c a t i o n  of s c i e n t i f i c  kr owleda e

in the design and co nstruction of comp uter p rograms and

th e associated docu m entation re au ir e cJ to deve loc ,

opera te and m a i n t a i n  th em ” . 17]

2. Top— Co wn Desi gn

A p rogram design metnod wh~~Cb start s at a ver y qen—

er al l e v e l  cv i~~e r .t i fy in c m ajor f u n c t i o n s  and oroceeds

steowi se to lower l e v e l s  to the ia ent~~f i c a t i c n  of lesser

fun ctions t ha t d e r ive from the m aj o r ones. “Icø— down

desi a n ” and T h i e r a r c h i c a l  Program design ” a re e c u i v a l e n t

terms. [ 1 2 ]

— 10 — 
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S . S t r u c t u r e d  Proa r am r ~ing

Al though t h i s  term is used in numerous p u b l i c a t i o n s

i t s  understanding varies oecause o f i ts conce p tual na-

ture. A s or000sec by Dijk s t ra as earl y as 19o5 (301, it

f i r s t w a S  a conceot to e l i m i n a t e  GO TO statements.

Later on it was combine d w i t h  the idea of top—down

design. (31]

R at h er than orovi c ,in c a formal d e f i n i t i o n ,  Yourdan

[1?) and A ue rb a ch (2 7 )  describe structure d p r o g r a m m i n g

DY its objectives: “ incre ase o f  r e a d a b i l i t y ” arid “de-

crease of t e s t i n g  p roblem s. ” Tne f o l l o w i n g  d e f i n i t i o n

of structured or ocra rnmina as it ap o l i e s  to t h i s  paper is

derived from K i r ch g a e~~snp r ’~ d e s c r i p t i o n .  (2~ ]

Str uctured orog ramn irl q is a rrethco o f cevelo cin g

orograms for w h i c h  the u n d e r l y i n g  concept is a toc—do .~n

iesiq n w h i c h  e v e n t u a l l y  l e a d s t o a ~oau la r S t r u c t u r e  of

the Program . A l l  a l c o r i t h m s  are desi gned u sin a the f i v e

major constructs a l l o w e d  i n s t ruc t ure d Progra m m in g :

— Se ou en ti al state m en t

— IF THEN ELSE st atem en t

Mu LE loop ( co n c i t i o n a l  b oo)

— FOP looc ( i t e r a t i v e  l~~~p)

— C A S E  st a te - r e n t

jr aoc 4i !ion to t ” i s  d e f i n i t i o n  i~ s r ou 1~~ r e

— 11 —
_ _ _ _ _ _
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emph asized that struct ured ~‘r ogramm in q is a cesign dis-

cip l in e rat h er than a way of w r i t i n g  code. Therefore

it shoul d not be defined as ‘coding w i t n o u t  GO TO

state m en ts. ” M ethods have been develo p ed to implement

structu red designs in FO PT PA~~. (12) However , it is

easie r , and more readable to use a b l o c~ str uctured

lan ~ uag e, such as A LGOL, t o  i m p l e m e n t  a structured

design .

14 . Dire cte c Grapr

“A d ire cte d graph is a ge ometri c graph , co nsisting

of nodes aria arcs w i t h  a d i r e c t i o n  of t r aversal associ-

ated w i t h  each arc. ” (le)

5~ 
M odul e

“A m odu le is a oh y s ica l c o m o i n a t i o n  of p rogram

instruc t i o n s t h a t  is independent of others w i t h  resrect

to c o m p i 1 i r i ~~, ass,m o l i n ~ aria lo a c i r i c and wh~~Cb p erforms

a SP~~C~ fic fu nction. ” (lo] “Each m odule ~‘as a s m a l l

number of in t e r a c t i o n s  w i t h  other modules. ” ( 1 4 )

b. ~ro~~ram

A pr oaram i~ a set c f  in tegr at ed m odules. li t , )

7. Software r.~evel o cm e nt Prr,cess

the sof twa r e d evelo pment orocess includes th e 

T 1~. _
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f o l l o wing staaes:

- Prop lem A n a l y s i s

— Design and De~~iqr Review

— Codin g

— Debuoqina

— Test i n g

— Inte c ,ration

— Im p l e m e n t a t i o n

— M aintenance

Desp ite m inor ii ffer ences w i t h  oth er p u b l i c a t i o n s

such as A uerbacb (
~~J ~~~ above view o f the so ftware

develo pm ent process m i l l  oe ~aoptea as the c e f i r i t i o n  of

the so ftware deve lopm ent process for t h i s  th esis.

A lt h o u ci h the aev eloome nt staces are li s te c  s e c u e n t i a b l y

it should he noted t h a t software p ro cl uc t ic n in general

is viewe d as a avn an ,ic process inc l u d i n c  feedbac Ks to

e arlier st-ages of a p roject. Thus no ne of these phases

may he consi~~erer~ to ~e com p leted when the subsecuent

Phase has sta r P - ec . In some oro jects, testi n g i t s e l f  is

preceded by a c t i v i t i e s  such as the ~r i t i r g  of test

sp e c i f i c a t i o n s  ar,o test p rocedu res. Fiaure 1 i n d i C a t e s

p oss i o le feedback si t u a t i o n s  w i t h i n  a com p lex e r r - g ra m

leve lorme rt process .

— 13 —
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P . TESTI NG, DEbU GGFJG AND ERRORS

1. Debuag ino

(a) Debuggi ng is the action to check subrout ines and

m odules as to w heth er o r not they p erfor m ac cord ing

to pr ogrammer exp ectat ions. It is also the a ction

w h i c h  one takes to locate and correct ~n1own e rrors.

(b) tes ti na is th e a c t i o n  taken after ‘noaules have

been inte gr ated to check wh e t n e r  or not the nroa ram

mee ts sp eci fi c a tions. As statec by D i j k s t r a  (2°i,

tes ting can onl y e s t a p l i s h  the presence of errors,

ro t t r e i r  absence.

2 .  So ft - w are Error

A software error is a m i s t a k e  m ade cur in g so ftware

de ve loem ent, w h i c h  le acs to an incorrect action cr

result w i t h  resp ect to t~~e prooram s p e c i f i c a t i o n s  w i t h i n

th e p rogra m . ( l o i  E rr cr s made i n tr e s p e c i f i c a t i o n

phase of the Prcgram , haroware errors arc co m p i l e r  er-

rors (i.e. errors w i t h i n  the c o m p i l e r  Program ) were not

s t i d i e l  durina t h i s  e x p e r i m e n t .  C a r e c o r i z a t i o n  aria

d e f i n i t i o n s  ~ f softw a re errors w i t h  respect to t h e i r

occur ren ce are oi v ~~n in c ri a c t e r 3.

- 15 -



C. SOF 1~,APE ~EL I A E~IL L TY A~ O CORRECTNESS

1. Software R e l i a b i l i t y

“Software r e l i a b i l i t y  is the p r o b a b i l i t y  that a com-

Puter program w i l l  p er form its (user ) intended function

for a sp ecified ti me i n t e r v a l  under stated op erati n g

con o iti on s. ” (173

2. Sof tware Correctness -

“t he feature of Software that rende rs it op eration—

a l l y  useful for its int en ded functio n s is its co rre ct—

ness. Co rrect software does th e t h i n a s  i- ~tenied by

-jesion. ” (Cfl

— 1~ —

-

~
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III. D E F IN I T I G a  OF ERROR C AT EGO R IES A N D TYPES

~hen anal y zing the causes of errors in software produc-

tion th ere is an obv ious need to o rec i sely describe an error

in accordance w i t h  its categor y ari d tyPe. One of the objec —

tives of t h is study was to i d e n t i f y  errors w i t h  respect to

the i r occurrences and causes.

It Wa S -was found that m an y errors in soft- w are Pro d jcticn

belong to one of the f o l b o - ~ina maj or categor ies:

1. Pr oble m S p e c i f i c a t i o n  Errors

2. System De sign Errors

3~ 
p rogram Desi gn Errors

~~. Codi na Errors

5. Cl e r i c a l  Errors

o. Debugaino Errors

7. Test ira Err ors

~~~. T riiol eme r i P at i on Er rors

A . D E F I N IT U r .S OF E~~~GR C A 1 E ~~U~~IES

1. Pr opl em 3r, ec i+i c .~ti o n E rror

A ny m i s t a k e  or d e f i c i e n c y  w h i c h  occurs in t~~e

a n a l v S i 3  o f t~~e crcara~ a p p l i c a t i o n  or i-’ s p e c i f y i n g  t~~e

softwa r e r o aLJl r e ents w 1 ~~~~h resoect to tn e i n t e n ,p-~ i rO—

iran aoo l ,c~~t i or such as inc om p l ete , err cn eous pr

— 17 —



amP iguous state m ents.

2 .  System Oes ian Error

An error mace in the t r a n s f o r m a t i o n  of the user

ori g ina ted pr ogram sp eci f ications in to sy stems design

spe ci fic at ions.

3• Progr am Design Error

A orogram design error is one made in the transfor-

m a t i o n  ~ f the System desi gn into sp eci fic a l a o r i t b ~~s aria

-ia ta structures.

14 . Coding Error

A c odi n g error is one w h i c h  is m aae curing th e

t r a n s f o r m a t i o r  of  a r’ roo ra m d e s i g n  i n t o  s o u rc e  lancuage .

5. Cl e r i c a l  Error

A c l e r i c a l  error is riuman f a i l u r e  w h i c h  is  made dur-

ing the tr ans fo r’- r at ion of any P h y s i c - a l r e p r e s e n t a t i o n

(SUC ’ as a coi ing sheet) ~ f t~~e oroaram or carts of th e

prog ram to another ph y s i c a l  r ep r e s e n t a t i o n  (such as

punc h c a r d s ) .

~~~. Debuagina Error

Inap o ro oriate use ~ f dehu ’iglna tgo ls ,  insu f f i c i ent

or in a o o r o c r i a t ~ S e l e C t i o n  o f  t e s t  c~~ses, test cat a or

— 1~ 
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-i i sinteraretati o n of deouooinq re su lts.

p
7. Test ~ig Error

Inapp rop r iate or i n s u f f i c i e n t  test cases or test

data, misunderstanding a t functional req u irem en ts of th e

pr ogram , d e v i a t i o n  from test p l a n  gr m i s i n t e r p r e t a t i o n

of test resu l ts.

b . Imp l e m e n t a t i o n  E-ror

Unexoected e n viro nm e n tal pr col~~r ~h i c h  occ urs curing

th e i m p l e m e n t a t i o n  of a Program w h i c h  c ouli riot have

been anticio a te o in a Previous stage of th e so ftwa re

deve looment. This in clu d es case suc~ as changes of

haraware by the m a nufac t urer and cer for ance p roblems

w i t h  o e eretin o syste -rs.

accord in g to the c e f i n i t i o n  of so ftw a r e errors , an error

w h i c h  aces not lead to an in cor re ct ac t i o n  or r e s u l t  w i t h i n

th e crooram Cannot bn i~~e n t i f i e ~ as a so ftware error. For

examp le i n s u f f i c i e n t  test cases du ring aehu g g iri~ o~ a

sub ro uti n e m ay not l e a Q ~ to a software error . P-ow eve r, th e

p ote n t ial exists for un d etect ed software errors when test

cases are i n s u f f i c i e n t .  A c c o r d i n g  to th e a e f i n i t i o n  ot

dehuog ino errors, errcrs of t h i s  c~~teqo ry 10 riot n e c e s s a r i l y

affect t~~e p rooram. Th erefo r e deougairi c errors w i l l  ri ot re

aetec tea ver y o f ten ; however, because o # b ei~~q a r o t e n t i a l

— ig — 
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error source , errors cf t h i s  categor y were considered to he

imp ortant. Dur ing the ex p er iment described in chapter 14 a l l

debu ciging errors were recorded. S i m i l a r l y  design errors,

whic h were detected durin g a design rev ie w , ’or fau lt y  com-

me nts were recorded. T hi s  was of great imp ortance, since it

yi e lds si g n i f i c a n t  i n f o r m a t i o n  about error sources.

13. DLFI~~IT ION OF ER PLP TYPES

The l i s t  of error tyPe g e f i n i t i o n s  given below ia e n ti

fies the most common types ~ f errors -w i t h i n  th e maj or ca—

te aorie s of software erro rs. If app rop riate, exam p les are

given for c l a r i t y .

these ae f i r i i t i o n s  are im p ort a n t  because it has been

discovered that w i t h o u t  a n e f i n i t i o n  of error tyPes, errors

of t rie same tyee could be recorded in o i f f e r e n t  -way s , not

on l y  ry d i f f e r e n t  orr-cra’~m ers , h ut also by  th e same person

at d i ff erent ti m es.

1. Design Errors

The f o l l o w i n g  tyces of err ors app l y to bot h Ca—

teaor ies “Syst em Desi gn E rrors ” and “P r~ gr~ m Desi gn

E r r or s” :

D i :  C o m m u n i c a t i o n  Errc ’ r

A n er ror occurs due to imp ro p er C O m i ’u r i c a t l o n

- 20 -
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betwee n m embers o# a p ro g ram min g team or due to

inao oropriate syst ems iesign sp ec i fications. Typi-

ca l cases are c o n f l i c t i n g  in te rpr etation of common

dat a and m isundersta n dina of mo dul e funct ions.

Dd : Design Ne gli gen ce

p arts of orogram or SyStem design sp eci fcat io ns are

neg lected or necessar y coop eration w i t h  th e

or i g inator(s) of the s o e c i f i c a t i o n  have been Omit-

ted, SUCh as neg l e c t i n g  desi red out Put form ats or

l a c <  of d ocume n tation .

D3 : Forgotten Cases or Ster ,s

~J h i l e  s olvi ng the pr oble m one or more cases have

not been c on Si de re l , such as neglecting leap years

for c a l c u l a t i o n  of dates or necessar y steP (s) to

so lve the Problem h ave been om i t t e d ,  such as deter-

m i n i n g  th e Status of p eri p heral devic es be fore open-

ing I/U, or forgotten conversion from de ci mal to

bin ary or vice versa.

T i m i n g  Pr op l em s

~iSc 3 nc en t i on in sched u ling orogram events, SuCh as

as siar.i rici ir ia c c r oo r ia te p r i o r i t i e s  or changing data

bef ore com p letion of I/U.

05 : Fr ro r s in I/O Concep ts 
-

Errors m ad e in the des ign ~ f in p ut or outp ut, such

as mi 5 u r de r sta n ain- ~ of har d w a re re Q uir em ents of I/O

lev i ces or ch a n nel s . T yp i c al cases are

— 21 — 
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m i sun c erstan d in g of th e c~~p a o i l i t i e s  of t e r m i n a l s  or

qr aph ic s ievic es , n e g lectin o th e size of lin es on a

li n e p r i n t e r  or the interru p t c a p a b i l i t i e s  of pen —

oheral devices.

Do : Data Des ign Error

The data desi gn does not fi t  the needs of the pro-

gram. Ty p ical exam p les are wron a sizes of arrays,

ouffers or free l i s ts. Als o cases of in a ppr opri ate

data a e f i n i t i c n s ,  such t~~at the chosen dat a typ es do

not a c c o m p l i s h  th e desi re d p recisio n . This er ror

tyce also includes design of in app ro p riate I/u for—

m ats and im p r op er desi gn of common data .

In it i a l z a t i o n  Error

~rong or in co m p l e t e  i n i t i a l i z a t i o n  such as forgotten

i n j t i a l i z at i~~n of g lobal pointers, arra y s or flag

va n i~~hles or forgott en i n i t i a l i z a t i o n  ~ f i n t e r r u p t

h a n dlers.

D o :  I naiequate C h e c k i n a

Cbecv i ng of var i a c l e s  or i n p u t  data is i n c o m p l e t e  or

wro ng accor ’iin g to pr ogram sp e c i f i c a t i o n s .

: E x t r ,~~e Cond i t i o n s  ~eq le c t ec

Data or m a c n i n e  ceoerident e x t r e m e  c o n d i t i o r s  are

n ea)ecte’j, Such as num eric ~i al ues w h i C h  cause un—

de rf lo ~~, ove r f l o w ,  excess gf ab r a y l i m i t s  or m a x i m u m

values of re al num b ers or integer s , ana occurrence

ot zero or ri°c t i v e  v al ues due to round o f f .

— 22 -
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01 0: Seauencing Error

Program events or d ecisions sch eduled in wrong se-

quence such as tra n s formatio n from problem statement

into a sequence of op erations.

D li: Ind exing Error

F a u l t y  index c a l c u l a t i o n  such as desi gnin g an er-

roneous a la o r i t h m  f~~r accessing array ele m ents or

items of a table.

012: Looo Control Errors

Error in c o n t r o l l i n g  either an i t e r a t i v e  or cond ’

tion a l recetit i ve a l g o r i t h m , such as basin g e x i t  or

break decisions on conditions w n i c h  can never occur .

013: M isuse of 9oolean Ex p ression

An error is made in usin ci ~3oo eari operators, such as

construct ing a fal se inverse of an exp ression . A

t r i v i a l  exam p le nf t h i S  error tyoe is s o l v i n g

(x  + y )’ * z ( x ’ + y ’) * z iJ
i nstead of:

(x  + y~~’ * z ( x ’ * y ’ )  *

whe re ~~~ * , ‘ are the Boo lean op erato rs “Os” , “A N u ” ,

and “NOT” res p ectivel y.

014 : ~‘a t h e m a t i c a l  Error

The m a t h e m a t i c a l  s o l u t i o n  of -1 o r g p l e m  ~ i t h i n  t h e

oro g ramm in g Project does nc’t or not alwa y s repr ese nt

th e corr ect result a cc o r d i n 4 to th e p rogram sp ec i fi -

c atio n s. T h i s  in c luges CaSeS in  w h i c h  a

___ --  -- j
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ma t h e m a t i c a l  eQuatio n is simc~~y -~ ronq, l i k e  a wrong

formu la for c a l c u l a t i n l  a mean or variance of given

set of numbers and cases in w r i c h  t h e mat h ematical

solu tion does not aoo ly for a l l  p oss ib l e inp uts ,

such as so lving a souare root for negative exp res—

Si 0n5.

Dli: R ep resentation Error

A n error is made in the process o f th e p h y s i c a l

rep resentati on ~~ tho ughts, SUCh as w r i t i n g  Cesign

docu m en tation di~~~erent from w n at the aesi qn,r had

inten ci ed.

Di b : M i s u n d e r st a n i i n q  of Proolem Sp e c i f i c a t i o n s

Error r e s u l t i n g  from m i s u n d e r s t a n d i n g  the p rob lem

spec i f i c a t i o n s .  F or exa m p l e  a de c i s i o n  t a b l e ,

develo p ed duri ng d e s ian , includes SorTi e un d esi r ed

como i n a t i o n s of actions.

017: O ther Desi gn Errors

A ny other desi~~~~n error w h i c h  is not one of th e tvces

l i s ted above.

2. Coding Error s

C l :  M i s un dersta n~~in a o + D e s i d r i

An error mad e in i n t e r p r e t i n g  th e d es iGn sp e c i f i c ~-

t ions, Such as m isu n d .rst a na lr ’Q an al g o r i t h m ,  i~~ta

— 24 —
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descri p tio ns or c r i t i c a l  term s, such as m a t h e m a t i c a l

expr essions w h i c h  leads to an error in im p l em e n t a —

tion of the u n d e r l i i n q  design .

C2 : Neol igerice

Parts of the design are ne glectea or necessa ry

coop erat ion w i t h  th e desi gner(s) is o m i t t e d .  T h i s

w i l l i n c l u c i e  cases where p r oar - am tm ers are u n c e r t a i n

about the desi gn or p arts Qf i t and f a i l  to ta K e

appr op r i ate action, such as regues t in g an exp lana-

tion from the deslaner (s ) o r o ~- t a i n i m q  th e — i s s i n g

inf o rm ation from other sources such as pr oject

sp ecifications , h ardware or soft -.~are manuals.

C3 : I/O Fo rm at Error

ise of irnp rorer 1/0 form a t s  in cod in g , Such as using

format t ed 1/3 when non~~or’rat te’d I/O is s c e c i f i e g  or

usi n g in ap Pro p ri ate record l en g t h s.

C~4 : ~ is ola cel Data D e c l a r a t i o n

Er r o r made j n  d e c l a r i n q  data e i t ~~er in tn e wr On g

b l o c k  level (w h i l e  C O di n g  j fl a p loc k st~~uctur ei

languaae ) or in an i n a p p r o p r i a t e  p o s i t i o .-r w i t h i n  the

source coam .

C5 : ~‘u l t i o l e  Data D e c l a r a t i o n

~
A u l t i c l e d e c l a r a t i o n s n f same d ata.

V i S S i n g  Data O e c l a r a t i o n

~‘4ecessary da ta p e c l a r a t i o n  l e f t  out.

C7 : fn ageci u at e U~~~a

- 25 —
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Error made in choosin g size or typ e of data, Su ch as

aecla ri no s i n g l e  p r e c i s i o n  instead of coub le o reci—

si on.

C8 : I r i i t i a l i ~~ati o n Error

v~rong or forgotten i n i t i a l i z a t i o n .

Error in Parameter Passing

P~~s~~in g of para m eters is i n c o m p l e t e ,  wrong or types

do no t m atc h .

C lO : Inaceguate or Forgotten C h e c k i n g

Check ing of inp ut is e i t h e r  i n c o m p l e t e  or wrong

according to p rogram design s p e c i f i c a t i o n s ,  such as

n~~t chec kino f~~r f r i v a l i o  inp ut w i t h i n  a subroutine

w h i c h  receives ch aracters from a user t e r m i n a l .  4

t y p i c a l  case of t h i s  err or ty r e occurs when num eri-

c al inP ut i s exp ecte d and is converted to binary

w i t h o u t  c h e c K i n g  th e v a l i o i t ~ o f the inpu t cha ra c-

te r . A n ot h er case is an ina de gu at e che c k of th e

size of tre input rrum ne r .

C l i :  Le vel Problem s

~‘j h i le codin g in a b l o C k  structured lancuage an error

resul ts from con fusing hl o c~ l e v e l s ,  SUCh as

m j su n ae r st anli n q the scooe of v a r i a b l e s ,  e.g. an

A LGOL p ro g r amme r t r i e s  to use v a r i a b l e s  or data of

a lowe r l eve l - w i t h i n  t~~e m a i n  l eve l (lov p l 1) ~ f a

prog ram .

C12 : L4 issin g D e c l a r a t i o n s  ~ f ~ l ock Li - ” ’ ts

- 2h — 
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~h i l ~~ cod ing in a oloc~ structured language mandato-

ry declarations of bl o C K level l i m i t s  such as I3EGIN ,

END are le ft out.

C 13: Case selection error

An error is m ade in connection w~~tb a CASE statement

o r comOu ted GO TO state m ent or an e q u i v a l e n t  con-

struct. Fo r e x a m p l e  in an i m p l e m e n t a t i o n  of a GO TO

SaITC H in CW S— 2 an error occurs due to wrong se-

quence of l abels. C’~S—2 is a pr oar ar rm in c language

used for t a c t i c a l  p r oq ramrr in a w i t h i n  m i l i t a r y  a o p l i —

cat ions (3h1 .

Cl~4: GO T O Pr ob )~~ms

An e rror is m ade in connectio n ,. i t h  th e use of a GO

TO statem e nt.

C l5: Comm en t Error

S t a t i n g  a fa u l t y  or m i s l e a d i n g  cor~~ert.

Cle , : Fo rgotten D e l i m i t e r

D e l i m i t e r  l e f t  Out.

C 17: Inconsiste n cy in Na m i nd

An error is ma ri e when nami n g an i a e n t i f i e r  in di f-

fe rent wa ys . For exa mple a sub r out i n e -cr ec lared as

Gh TC r~AR is c a l l e d  by usi ng G E T C r 4 .

C ia : ~ro na (Jse of Nested IF S t a t e m e n t s

~ n error is made durin g the c o n s t r u c t i o n  of a nested

IF sta tement. erro r s o f t h i s  tvre occur in

t r a n s f o r m i n g  a f l o w c h a r t  or d e c i s i o n  t - apl e 1 o g i c

— 2 1 —
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into nested IF state m ents or using an incorrect for-

ma t w h i C h  w i l l  cause a c om p i l e  error or associating

any of the ELSE cases w i t h  a wr ong IF c l a use.

C1~~: In oex in q Error

Indexi n g is not ap orop ri ate or l e f t  out.

C20: Inco ns i s t e n t  Use of V a r i a b l e s  or Data

An error occurs because v a r i a b l es o r data are used

for c o n f l i c t i n g  Purposes. F c r e x a m p l e  usage of a

temp O r a r y storage l o c a t i o n  i n  r i i f t e r e n t  p arts of th e

p rogram could cc imp lem e n ted in Such a m anner tha t

i n f o r m a t i o n  is o v e r w r i t t e n  by some subroutine but

s t i l l  be needed by another S u b r o u t in e .  A n o t h e r

e x a m p l e  is tw e usaae of common v a r i a b l e s  for g i f—

ferent purposes l i k e  p o int ’r and i Cex.

C21 : Seouenc ing Error

A n imp ro oer Sequence of state m ents w h i C h  leags to an

error. For exam p l e an exc N an g~ of array ele m e n ts is

pro gramm ed

TF~;p ~ 4 ( i )

4 (j )  ~- T E~~P

A(j) ~ 4 (j)

w h i C h  does not a c c o m p l i s h  th e desired ex ch an ge of

t h e  two elements.

C22: Flag usaoe Problems

An error is mari e i n  u sing ~ laa s in orde r to co n t r o l

prog ram l o a i c .

_



C23: Syn tax Error

V i o l a t i o n o f sy ntax rul e s of the p roqramm ing

la nguage. T h i s  i n c l u ~~~s errors in conne ctio n w i t h

t r a n s f o r m a t i o n  o f hoolear m exp ressions and a r i t h m e t i c

exp ressio ns.

C2~4: Loop C o r t r ol Error

Error in i m p l e m e n t i n g  t h e c o n t r o l  s t r u c t u r e s  of an

i t e r a t i v e  or c o n d i t i o n a l  r e p e t i t i v e  a l G o r i t h m .

C~~5: Incorrect E x i t  from Subroutines

~ n error occurs in the i m r l e m e n t a t  ion of an e x i t

from a subrou t ine .

C2h : La nguage usage Proble m s

A n err or is m ade oue to i d i o s y n c r a s i e s  ~ f the oro—

ararn n ina lan cu aam w h i c h  are not t h o r o u g h l y  uno er—

stoo d by th e cro ’3ramme r.

C~~7: F org otte n S t a t e m e n t s

A~~ e rror i s m aoe by le av ina Out a necessar y state—

m rent wh i c h th e p ro~~r am m e r kne w ~,as necessa ry .

C~~&j: ~eor e sen tat inn Error

A codin g error w h i c h  is i n tr oriuce g d u r i n g  the rro

cess of the P h y s i c a l  r ,oresenta ticn of thoug h ts ,

such as w r i t i n G  a st a t e~~ent d i f f e r e n t  from w h at one

inte nd ed.

C29: Cont ro 1 Seguence E rr o r

~n error is m ade w h i C h  causes the oroqra to f o l l o w

a w r o r ’ a n r a n C h  a f tm r  a i C c i s i o n .

— 20 —



C30: Incorrect Subroutine Usa~ e

Using the wron o subroutine or using a subroutine

i n a p p r o p r i a t e l y ,  e.g. a pr ogrammer ’s expectatio n of

w hat a Subroutine w i l l  accomp l i s h  is d i f f e r e n t  from

wha t the SubrCut in e a c t u a l l y  does.

031 : fltr ’e r Cooing Errors

~ny other cooi q error w h i C h  ~~S ~s not one of the

tyocs li s t e d  above.

3. C l e r i c a l  E rr o rs

Manual Error

A n erro r r e s u l t i n g  from lac ’ of m o t o r i c  s k i l l  or

temp orar y m a n u a l m i s f u n ~~t i o n ,  such as

— Error s of C o m m i s s i o n  (e.o. w r i t i n g  or t y p i n g

“husu ” in stead of Thusy”)

— Errors ef L f r i s s i o n  (e.o. w r i t  m g  or tyPing

Th’):~ J ” in ste a d o f “ -I PO’.~4 ’

— Erro rs -f T ra n sp osit i on (e.o. w r i t  in c  or t y P i n g

“ hte ” instea d of “ t h e ” )

~2 : ~‘e n t al E r r o r

An err or r e s u l t i n g  f r o m  a ~~ n t a l  m i s f u r ct  b r , suc~

as

— Pe r cep t u a l Er r o r s  p .a. re a jin o ‘0” irst ead o f

“0” , 1 1  in stea ~ o f 1 1  on “PUG” i n s t e a d  of “D~J D ” )

— 30 —



— E x p e c t a t i o n  Errors (e.g. in a given Context 3

C e r t a i n  word or exp re ssio n is exoeCted and th e

ac tual word or expr essio n is over loo ked , such as

assuming “ FOR I: STE P 1 U NT I L  ~ DC” where “FOR

N:: 1 STEP —1 U~~TIL M DO” is the the actua l im ~~

o j e m e n t a t i o n  o~ an i t e r a t i v e  loop in ALGOL ~~~~

43 : Procedural E rrors

G i ven a prop er assi Gnm en t for a c l e r i c a l  tas k w h i C h

im o l i e s  som e w e l l  def ine d secuence o f ac t i o n s  w h i C h

coul d be exp ected from th e a s s i g nm e n t ,  some of th e

steps are e i t h e r  for g otten or not c a r r i e d  out prop-

e r l y ,  such as some l i n e s  of coce on a codi ng sheet

are o m i t t e d  by tn e < ey oun ch opera tor or cara Correc-

tion p rocedures are nc’t f o l l o w e d  a o c r o p r i a t e l v  or

in serted caro s are m j sp la ce g .

Oth er C l e r i c a l  E rrors

Any Ot h e r c l e r i c a l  error w~~ i C b  is not one ~ f th e

tyPes l i s t e g  above.

~~~. Dehuog in o Err ors

Ina p pr op r i at e ‘)se o f Dep u go in g Too ls

v4 rdnd s e l e c t i o n  ~~
f lehuggino t -’olc , SUCh as tr ace s ,

sna o shn ts or oumos or us in g th em ina ~~ornp r i a t m l y .

For e x a m p l e  usin g a snapshot p p f n r~ ins tead of a f ’er

— 31 —
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a c e r t a i n  i n s t r u c t i o n  or taking a lumP of wrong

mem o ry lo catio ns.

~2 : I n s u f f i c i e n t  or Inapp ropr iate Se l e c t i o n  of

Test Cas~~s ~ r Tes t Oa t~

The test cases or test data provide i n s u f f i c i e n t

test coverage of the prooram or f a i l  to p r ovide

testina of c r i t i c a l  n arts ~ f the p ro gram .

: “ i s i n t e r o r e t a t i o n  of Debu’~cing R e s u l t s

A n inap Pro p riate a C t i o n  is ta ken due to misin-

ter p retation of debugging results, such as a wrong

result is overlook ed or m i s u n d e r s t a n d i n g  of a

correct resu lt leadS to a d d i t i o n a l  errors.

M i s i n t e r p r e t a t i o n  of the Error Source

4n ina pp ropr iate a c t i o n  in c c r r e c t i n ’~ a discovere d

softw are error t h at -esults from wrona assu mp tions

about the error source , such as co rr e c t i n g  the symo—

toms of an err or rat n er th an i t s  cause or the era—

gr arnm er f a i l s  to for~~s.e th e ir -o act of a change on

other par ’ s of th e program anc i n s e r t s  aa~~i t i o n a l

errors int o  the Program .

i5 : Ne gligen ce

Errors res u l t i n o  from ne g ligenc e in aehuading . For

e x a m p l e  th e i m p l e m e n t a t i o n  of an error c o r r e c t i o n  is

assumed to he *rr or free w i t h o u t  f u r t h e r  c h e c k i — q .

O ther )eouriaino Erro r s

Any O t h e r  deruoq in o e rror w h i C h  is not one ~ f the

- 32 —



typ e s list ed above.

S. Testin g Errors

Ti : Ina~ eouate Test Case (s) or Test Data

Selected test case (s) or test data oo not erooer lv

test th e Program .

Id : M~~sin ~~~~prp~~a~~i~~n of Test R es u l t s

A n ina c’p rooriate act i o n ‘c taken due to m i su n d e r —

sta nd inq of test resu lts, such as a wrong result is

ove r loo ke d or m i s u n d e r s t a n d i n g  o~ a correct resu lt

leads t o  an  im p l em e n t a t i o n  0f a d d i t i o n a l  errors.

1 3 :  ‘A m s i n t e r c r e t a t i o n  of Proble m S e e c i f i c a t i c n s

Error( s ) r e s u l t i n g  fr Om m i S unde r 5 ta r1 d 1~~g th e p rogram

s p e c i f i c a t i o n s ,  Such as inco rr ec t i n t e r p r e t a t i o n  of

user de fin e d f u n c t i o n s  w n l c b  l ea- o s t~ an i n s e r t i o n

o f an err or or to over l o o k i n g  an e x i s t i n g  error.

Td : ~egl iq en ce

Er rors r e s u l t i n o  fr om ned i~~ence in  t e s t in g .  For

e xa mo l e a t a c t i c a l  rea l ti ” e svste — is m erel y t es t e- ~

w~~~t b~~~n sp e ci fi ed l i m i t s  anci rest s ~a i )  to e x a m i n e

th e be h avior ~ f- th e sy stem f~~~r cases where l i m i t s

a re exceded. In t h i s  n a r t i c u l ar e x a m p l e  eql jgp n~~

can ca use seri ou s r e s u l t s  in c r i t i c a l  S i t u a t i o n s .

— 3.; —

_ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

T5 : Oth er Testing Errors

Any other testing error w h i C h  is not one of the

tyPes l i s t e d  above.

I n order to get meaning ful r e sults, the above defini-

tions were used th roughout the project. T h i s  l i s t  is not

co nsidered compl ete. ~ow ever, i t n e r m i t t e o  i d e n t i f i c a t i o n

of software error tyces for the curpose of t h i s  e x p e r i m e n t .

Some of tre l i s t e o  err o r tyPes coulo be furt h er s u b d i v i d e d

into subsets of eacn tyoe if t n i s  were d esi red.

To co n t r i b u t e  tc a n a l y s i s  of err or sources , i t Was

decided to l i s t  the sam e error tvce w h i C h  Occurs 1P d i f

fe reri t so ftw are devel opm ent phases und er g i f f e r e n t  ca-

te gories. Fo r e x a m p l e  one type of error w h i c h  has the sam e

name (Ic-on co n trol erro r) ‘hay occur i n  00th aesig n and Cod-

i ng PhaseS, how eve r, the cause of th e err or C o u l d  be e~~j f —

fere nt.

Error severity is r e l a t e d  to t~~e e ffe ct of th e err or on

SyStem operation . The re i s no dire c t  r e l a t i o n s h i p  betwe en

error type an~ seve r i t y .  For e x a m p l e  m i s t y p i n g  of a s i n g l e

c h aracter o f a var i a b l e  name in FO,~T RAN can cause strange

results, whereas t h e  same error m ade in ~ comm e nt ma y r-c~

a ff ect tne onocram at a l l .  The c o n s i o e r a t i o n  of error

sev e r i t y  ~as oevond the scooe of t h i s  Project.

~ 
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IV. E~~PE PIV E t1T DESC R IPT ION

A . GEN ERA L ~Ev4RKS

Error aata were gath ered i n  four P r o g r a m m i n g  projects

rang ing from s m a l l  to lar ge . During 2l~0 man hours of to t a l

ero ject t i m e  more th an 2000 source st a t e m e n t s  were produced .

4 t ota l  of 173 errors were recorded .

T he scope of th e p r o g r a m m i n g  erojects was l i m i t e d  to t~~e

f o l l o w i n g  software develo p men t ohases:

— Desian and Design Pe v i e w

— Coding

— Debuggin g

— T e s t i n g

B. L~ES1G I ’~ O~ T~~E EyPE~~I’~E~JT

T h e  ex p e ri m e nt W a S  aesigned to guarantee th e m o st accu—

rate recor d in d of relevant error i n f o r m a t i o n . Th ’,’efore,

for each o f these Phases, an arior op riate fo rm WaS 1~~sign ed

to giv e a f i r m  c i u i c e l i n e  to th e e x p e r i m e n t  Programm er for

reco rdi na the e n t i r e  deve lopm en t of a o~~oq ra r - i n ~~l u d i n q

necessary d e t a i l s  abou t er rors. Th e err or oata ~~h 1 c h  were

recoraeo or- these farms for p roje ct 1 , 2, 3 3n1 4 are given

in Ap p en d ices A , ~~~, C and ~~
- r e s p e c t i v e l y .  For •ac~ pro ject

__________ 
~~
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the recorded data W a S  an a lyzed w i t h  respect to th e f o l l o w i n g

factors:

— ~um be r o f source statements oroducea

— ‘jan hours scent on the pr o ject

— Man hours Scent in each of the software

develo pm en t chases

— CPU ti- r e used for c o m p i l e s

— CPU t i m e  used for test and debug runs

— Number of test and debug ging steoS needed

— Project t i m e  used to cor rect errors

— Project t i m e  between error detections

— Occurrence cf errors w i t h  respect to software

develo p m ent chases

— Detect ion ~ f errors w i t h  rescect to software

develo p ment oh~~sps

— l i m e  h i s t o r y  of error detec t io n a~~a correc t i o n

C o m p l e x i t y  m easu r es of Sub routi n es

A summ a ry of t h i s  a n a l y s i s  is docu m e n ted at the end of

each appe ndix .

Since it w o uld be too d i f f i c u l t  to o b t a i n  error data in

a commercial e n v i r o n m e n t ,  i t waS neecessar y to o b t a i n  t~~e

dat a by u sin g a ca ref u l l y  c o n t r o l l e d  e xp er i- e n t i n  an

acaoem ic en viro nm e n t. The Co ri siderat ~le over hea d necessa ry

to rerord a l l  r e l eva nt data W a S  not in c l u d e d  in p r o ject

t i m e .  It Prcr’ ahly wO u ld not ~e f e a s i r l e  to con duc t t h i s

kin d o ’ exceri- .en t in ~ com m e r c i a l  e n v i r o n m e n t  because:

-

~
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— The overhead would he very c o s t l y .  It is u n l i k e l y  th at

man agem ent would supoort an ex p eri m ent of t h i s  type.

— C o m p e t i t i o n  among pro grammers Would cro h ab ly not a l l o w

accurate resul t s to be obtained.

— Programmers may feel t h a t  the error data would cc

used for p erformance evaluation .

In a d d i t i o n  to g a t h e r i n o  g u a n t i t a t i v e  error data an

attempt was made to obtai n o t h er i n f o r m a t i o n  acout th e na-

ture of errors such as “ wh y was t he error m ade? ” or “ hOw was

the error discovered?” . Th i s  i n f o r m a t i o n  coul o he l p  to dev-

ise mp th orl s for a v oic i n ~ c e rtai n tyces of errors. For each

subrouti ne a l irectea araph r epr e sen t at ic n w3s an alyzed w i t h

respect to the f o l l o w i n g  C o m p l e x i t y  m easures

N um ber of Nodes

— Number of A rcs

— Numbe r of Statements

— Number of Paths

— Q ea~~h a r , i l i t y  o~ ~-‘ cdes

— C y c l o m a t i c  ~umh er (321

The r esu l ts of t h i s  a n al y sis are sh own t og et h er w i t h  th e

directed graph representati on of the orr ’qr-am s in tre apperl —

d ices. For some st r uctur e S these m~~asures are no t  shown

becaus~ th e number Cf oaths and t~~e r e a c h a r i l i t y  in dex was

too larg e r0 c a l c u l a t e .

-
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C. PNOG~~A MM ING ENVIRONMENT

The un d e r l y i n g  orcar-am s p e c i f i c a t i o n s  of a l l  Prcjects

were w e l l  defined and not known by the exp e r i m e n t  cro gramm er

before the ex p eriment. The exp erim ent pr o g ramm er was fami-

l i a r  w i t h  the objectives of th e ex p eriment and w i l l i n g  to

record accurate data to the Pest of h i s  know ledge, even if

recorded fa cts seemed to he i jnf av cr a cl e for h i m s e l f .

Througho ut the ex p eri ment software develo p m ent wa s done

in a str u Ctured and phase oriented app roa ch usin g str uc ture a

pr ogram min ~ and known soft~~a re develo pm ent tec hni o ue s , such

as too aown des ign, m o d u l a r i z a t i o n , d ecision tab l es , etc..

A s a p ro g ra m mi n g e n viron m e nt th e 0S/3~~0 system -was

c hosen as one o ’ the m ost repr ese n tative b a t c h  p r ocessi r -g

sys tem s a v a i l a b l e .  ~a tch p rocessing was a l w a y s  useo except

for th e fi n al test and debug runs for er ojec t ‘4 , becauSe

t h i s  p rogram was desi gn ed to run i-i a t i — e  s h a r i n g  enviro n-

m ent. Uur in o t h e  e x p e r i m e n t  a l l  e n v i r o n m e n t a l  factors , sucn

as op erat in a system and ~at jipm e nt rrein g used and th e o r o—

cramming lancuace rem ained unchang ed. Factors related to

the exp eri m e n t p ro gr amm e r, such a’~ a b i l i t y, kno wlejae, and

exp erie n ce d i d not v a ry c o n si d era b l y C u n i n c  th e e x p e r im e nt.



V .  Q U A N T I T A T I V E  R E S u L T S

A . DISTR IBuT ION OF PPOGRA .~M JN G E F F O R T

In Table 1 the d i s t r i b u t i o n  of Project ti -’ e is shown

~ i tn respect to the maj or so f tw are d evelo pm ent ch ases.

P~~OGR A ’~” IN G EFFORT ( ‘~4A N HOURS)

PROJECT P roje ct ro je ct Pr oje ct P roje ct Total
PHASE ~~~1 a 2  I ~~ 3 

+ 4. ÷ + + 

DESIGN I 5.0 1 31 .0 1 7.0 2’4 .o 6 7 .0
1 (22.~~Z) (d~~.~~%) 1 (21 .2%) 1 (23.6%) 1 (23. ° %)  

+ + + 4. + 
CODING 1 7.0 I 2o .o 1 ‘4 .0 I 2~~.5 1 6 1 . 5

1 (32 • I %) : (20 • ~%) 1 (12.1% ) (2~ . 3%) 1 (21 .~~%) 
+ + + + 

D~.BUGGING ‘4 .0 1 55.0 1 3.0 1 -4 1. 5 1 103.5
I ( 1~~.3%) 1 (4u .0’~) ( 0.1% ): (41. 1”.) 1 (3b .9~~) 
+ 4. + 4. 

TESTING S.e 1 13.0 1 10 .0 1 1 1.0 1 48.6
1 (2 6 • 6%) 1 (1 0 . ‘4% 11( 57 • ~,Z ) (1 ~) • 0 % )  (17 • ‘ 4 % )  
+ + 4. + * 

SUM 21.~ 1 125.0 1 33 .u 1 1 02 .0 1

TAB LE I

D I ST RId U TI O ~” flF PROJECT T I - ’~iE DURI~ ,G T - ~~ E P E Pt ~~F ’ T

H . ~~IGI~J OF ~ I~QOPS vS ~E T E C T T 0 1~ OF E~~k~~~S

The f i n a l  s t a t i s t i c s  of each p r o j e c t  c o n t a i n s  t a b l e s

S hO w i n g  th e nu r -be rs ot err ors —a~~e and t r - e nuer er of error s
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found w jt h  resPect to each ~ f the software develo pm ent

p hases. A su mmary of these tables is pr esented in Table 2.

1 ~ OF ER~ ORS FOUND

PROJECT Project Pro je ct Projec t Proj e ct TO TA L (Percentage)
PHASE 1 ~~ 1 1 ~~ 2 1 ~~ 3 I ~~~~‘4 1 

+ + * + + 

DESIGN 1 2 1 1 1 1 3 ( t. 7 %) 
÷ + + + + 

CODING 1 22 1 21 1 1 1 ‘4 1 4~~ (27 .7 U 
+ + + ——— _ — __ + + 

DE3UGGING 1° 1 53 1 3 1 .~5 1 120 (b ’~~.
4 U 

4. + 4. + + 

T E S T I N G  I 1 1 1 2 ( 1.2 U 
+ + + * ÷ 

SUM 1 ‘4’4 1 75 1 ‘4 50 : 173 (1O ~~~%)

1 OF F~~ROPS ~‘ADE

PROJECT P roject Pr o jec t Pro ject I P r o ject I T O T A L  (Perce’taae )
P~-iASE 1 ~~ 1 1 ~~2 1 ~~~~‘4 1 

+ ÷ + + + 
O E S I G N  1 5 1 2’) 1 1 10 1 35 (20.2 U 

+ + + + + 

CO DI ’U 1 36 1 53 ‘4 I 37 1 132 (7o.3 U 
÷ + + + + 

DE~iuG~~I t,(’,I 1 1 2 1 3 1 o ( 3.5 U 
÷ ÷ + * + 

TE STI NG 1 1 1 : 0 ( 0.) U 
+ + + + + 

SLJ~’ 1 ‘4 ’4 1 75 1 “ I 5~ 1 173 (100 U

T A 8 L E  ?

EF’~ OP ~FTEC T IO ’ VS EPROR o~~IC~I’ .
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C. ER~~UR CCR~~ECTI0N TT~ iE ANI) TIM E B E T . ~EF \  ~~~OPS

1. Error Correction T i m e

The mean t i — e  to correct an err o r c a l c u l a t e c  over

a l l  173 e rrors was 12.2 man m i n u t e s .

2. T im e Betw een Error Detectio ns

The mea n t i m e  retween error :etect i o ns  c a l c u l a t e d

over a l l  p r ojects was 61.n m an m i n u t e s .

D. ~RFL~ TYPES

~ I 1  ~ rrors w h i C h  cccurre g during th e e x o e r im e n t  could he

i ~e n t i f i e d  n y ore of th e c r e v i o u s l y  de fin ed error tyPes. A n

ove r-h ew ~ f error tyPes w i t h  resp ect to t h e i r  freguency of

occ urrence is cresent ed in T a b l e  3. Error tyces w h i c h  di g

not occur are not l ist e i . In a d d i t i o n  to th e i n f o r m a t i o n

q i v e n  in lad e 3 a b - a r ch art (Table 4 )  is shown .~h i c h  iden-

t i f i e s  th e most comm on err or typ es.
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E RR OR I N’JMBER OF ERRORS I T OTA L
TYPE Pro ject Pro j ect Project Pr o iect 1

1 # 1  1 m 2  1 ~~3 1 # 1 4 1 
+ + + + + 

D3 3 I 3 1 2 1 8
r~7 I I I I I I

I I I I I

1 1 I 10 1 1 1 ii
V L V  i I ~ I I

0 1 1 1 1 1  3 ‘4
oi~ 1 2 1 5 1 7
013 1 1 I 1 1 1
n a 5  I I I I I I I

I I S I ~ I 

+ + + + + 

ri  * I I I I I

~~~~ I i I ~ I I I

C’4 1 1 • 1 : :
r c  I I I i
‘—. I I I I I

Co 1 1 1  1 I  2 ‘4
r7 I I S I I
‘. I I I £ I

CS 1 2 I 1 1 3
CQ 1 I 2 1 1 1 1 3
C l O  1 i :  2 1 1 3

I 
3 

I 2 ~~ S
C 12  ‘ 4 1  2 1  1 1  7

C ia : 1 1 1  1 1 1
C 17 I I  5 1  3
1— 1 0  I I I I *I _ L  I S I I I

C2 0 1 1 1  3
C2 1 1 2 1 2 1  5
023 1 6 1 5 1 1 1 1 12

1 2 I 1 1 1 1 ‘4
C26 1 I 1 1 1 1 l
C 27 1 2 1 3 1 1 I
C28 1 5 I 1 1 ~ I 17

TAB LE 3

ERRO ~ DISCD V E~~Y .j llr i RE S PECT TO ~~~~O1~ rv~~es
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ERRU R 1
TYPE 1 FREQUENC Y OF OCC URRENCE 

+ 

D3 :~~~** * * * * *
09 1 k**********

Dli 1****
012 :*******

Cb
C li  : * * * * *
C 12 :*******

C 17 * * * ** * * * *

C21 : * * * * *
C23 : * * * * * * * * * * * *
C2’4 : * * * *
C27 * * * * * * * * *
C28 :*****************

Al I * * * * *** * ** * * * * *** * * * *** * * * * * * * * *
A2
Other I
E rrors ****** k** **** *** ******************* 

+ 

TA B LE £1

MOST FRE QUE~IT EPPOR TYPES

E. ERROR OCCU RR ENCE R EL A JED TO CO M PL EX ITY ~E AS UR E S

One of the ob j e c t i v e s  of th e exPe rl~-en t ~~~ to d e t e r m i n e

the r e l a t i o n s h i p ,  if any, betw een error occurrence and tn e

st r u c t u r a l  p ro p e rties of sub routines. O~ p a r t i c u l a r  in—

terest was the a n a l y s i s  of s t r u c t u r a l  p r o p e r t i e s  w i t h

rescect to the ernor s i m u l a t i o n  wO rk cone by Schne iaew ’n d,

Howard and ~ ir ch g aes sm e r (331 . In a d d i t i o n  th e c y c l o m a t i c

num oer as de fin e d  by ~cCahe (32) for so ftware en g i n e e r i n g

curoos~~s, was use d i~ tn~ anal y sis. I’e r e s u l t s  o~ t h i s

an a l y s i s  ar~ sh own in T ahl ~ S. ibm f o l l o ~.ir ~a d e f i n i t i o n s
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ari d te rms are used in T a b le 5:

Np Number of Paths ( m i n im u m  number of paths: no

b o o  t r a v e r s e d  m o r e  t h a n  once in succession )

V C v c l o m a t i c  ~umb er: numb er of in de p endent c i r c u i t s

numb er of arcs — r I jmpp r  of nodes + 2

R R e a c h a b i l i t y :  s u m m a t i o n , over t~~e nodes, o f ~um he r

of ways o f reacr, i rig a node

r Aver aae re~3 C h a b i l i t y  P /number 0f nodes

S Number of Source S t a t e m e n t s

e Numb er of Err ors F ou nd i n  A c t u a l  Pr ooram

If Lacor T i m e  ~equi red to F in d E rr ors

(Since p re v io u s Error r
~ete ct ion )

Ic Lacor Ti m e Pecu ired to Correc t Error

~. l l  of th e above are w i t h  rescec~ to a s i n g l e  Program .

The d e f i n i t i o n  of V i n c l u d e s  an i m p l i c i t  arc c o n n e c t i n o  the

star t and t e r m i n a l  noces (stron cl v connected granb ) .
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TABLE S

COM PLEXITY frEAS U PES VS. ERROR PROPE R TIES

Part A — Procedures V i t h  One or ~‘ore Errors

COMPLEXITY M EASURES ERRO P PROPE RTIES

TI ~~Tc
Project/ (k-an— (~~ari —
Procedure No V R r S e -ins ) — i n s )

1/1 2 2 7 i. ’4 14 1 35 10

1/5 * * * 26 5 95 53

i/o * 5 * * 7 2 37 35

1/8 * 5 * * 21 1 35 15

1/ 9 2 2 8 1.333 6 1 115 20

2/1 .1° 1 1 2 1.0 3 1 10 10

2/1.23 1 1 2 1 .0 ii  1 1 1 0  10

2/2.2 2 1 ‘4 1~~0 1 15 10

2/7 3 ? 7 1. 4 15 3 230 .45

2/9 72 8 37o l’4.’474 ‘45 3 140 165

2/10 ‘4 25 2.776 1 6 1 10 5

2/ 1 1  * 6 * 54 3 ‘450

2/12 5 2 13 1. 4144 3.4 2 3u0 30

2/15 * 14 * * 19 1 5 1

2/ic * S * 30 2 i S )  20

2/1~ 12 ‘4 50 ?.‘441 2h 1 5 15 H

2/21 4 16 75~ 145

3/3 2 2 a 1.5 13 1 60 5

~ ~~e r v  lar ge v a l u e

- ~~~~- - ~~~~~~~~~~~~~~~ --
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TAB LE S
(continued)

Part A — Procedures ~‘dth One or yore Errors

~~Tf ~~T c
Project / ( M an— (M a n —

Proceoure 0 V P r S e r n ins )  mi ns)

- i D  a IS 1 3.1438 ~l3 1 120 S

‘4/13 lb 5 4.207 26 1 20 15

‘4/14 * * * 37 S 255 b5

4/15 ‘4 3 12 2.0 13 2 40 35

4/2 1. 3 7 3 3.~ 4.~~57 1t 1 0 5

4/22 * 7 * * 34 1 lou 30

4/23 18 5 bO u .p 15 2~ 1 125 It)

4/27 S 4 ~3 2.O~~l 18 3 3d’) 120

4/ 2 8  * 5 * * 35 2 90 50

32 1  13 1468  54 . 3 7 0  49 5 1125

a 24 2.~ 1’4 1 60 30

4/31 * .4 * * 27 1 30 10

‘4/ 33 i- ~ ‘4 76 7.c 17 2 135 10

* Ve ry l ar -~e value

— ‘46 —
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TABLE 5
(continue d )

Part B — C o m p l e x i t y  M easures for Procedures

~1i t h Zero Errors

Project /
Procedure No V r S

1/2 3 2 8 1.333 0
1/3.1 1 1 2 1.0 8
1/3.2 1 1 2 1.0 11
1/3.3 1 1 2 1.0 ‘4
1/14 0 3 28 ‘4 .333 18
1/7 7 3 ‘40 5.0 15
2/1 .1 1 1 2 1.0 3
2/1.2 1 1 2 1.0 3
2/1.3 1 1 2 1.0 3
2/ 1. 4 1 1 2 1.0 3
2/1.5 1 1 2 1.0 3
2/l.a 1 1 2 1.0 3
2/1.7 1 2 1.0 3
2/ 1.~ 1 1 2 1.0 3
2/1.9 1 1 2 1.0 5
2/1 .1) 1 1 2 1.0 5
2 /1.11 1 1 2 1.0 5
2/1.12 1 1 2 1.0 13
2 /1.13 1 1 2 1.0 3
2/1.1 8 1 1 2 1.0 3
2 / 1 . 15  1 1 2 1.0 3
2/1.1 6 1 1 2 1.0 3
2 /1 .17 1 1 2 1.0 3
2 / 1 . 18  1 1 2 1 .0  3
2 / 1 . 2 0  1 1 2 1. 0 3
4/1 .1 1 1 2 1.0 2
4/1.2 1 1 2 1.0 2
‘4/1.3 1 1 2 1.0 7

1 1 2 1.0 5
14/1 .5 1 1 2 1.0 7
4/1.6 1 1 2 1.0 5
‘4/1.7 1 1 2 1.0 5
‘4/1.8 1 1 2 1.0 5

1 1 2 1.0 5
‘4/1 .10 1 1 2 1.0 4

‘4/1.11 1 1 2 1.0 3 H
4/i • 12 1 1 2 1 .0 3
‘4 /1 .13 1 1 2 1.0 3
4/1 .1 4 1 1 2 1.0 3
4/1.15 l 1 2 1.0 3
4 / 1 .l a  1 1 2 1 . 0  3

‘4 / 1 .17 1 1 2 1 . 1 3

- ‘4 7 - t
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TAB LE S
(cont ~nued )

Part B — C o m p l e x i t y  Measures for Proceoures

~4 i t h Zero Errors

Pro ject /
Procedure No V r S

14 /1. 18 1 1 2 1.0 3
‘4/1.1° 1 1 2 1.0 5
~4 / 1 .2 0  1 1 2 1.0 5

~/1 .21 1 1 2 1.0 6

‘4/ 1.22 1 1 2 1.0 9
‘4/1.23 1 1 2 1 . -) a
£ 4 / 2 . 1  2 1 1.0 8
‘4/2.2 2 1 ‘4 1.0 9
‘4 / 2 . 3  2 1 -

~ 1 . 0  9

‘4/3 2 2 1.5
‘4 / ’4. 1 2 2 5 1.6 7
4/4.2 2 2 8 1.-a ‘4

‘.4/5 4 ‘4 38 4.222 So
‘4 / 6  ‘4 1 6 1.0 2~i
‘4/8.1 2 2 8 1.6 13

2 2 S 1.0 13
‘4/8.3 2 2 8 l.a 10
4/8.4 2 2 i . ~~ 9

2 2 8 1 .~ 12
4/0 la 5 95 7.°17 21
‘4/10 12 5 05 4.643 49
4 / 1 1  7 3 3 . 5.429 19
4/12 * 4 * * 20
4/1 6.1 2 2 8 1.5 o

‘4/1~~.2 2 2 a 1.5 12
4/1 8.3 2 2 1.5 9
‘4/ 18.4 2 2 8 1.5 10
‘4/17 1~ 1 16 1. ’) 21
‘4/18 6 4 ‘42 3.51 M 21
4/10 4 3 t o  2.ab7 11
4/20 3 2 9 1.125 13
4/2 1.1 7 3 34 14.857 114
4/2 4 la 7 83 ~.3b8 19
‘4/2c .1 2 2 8 1 .333 15

~ /2 5 . 2  2 2 8 1 . 3 3 3  10
‘4/25. 3 2 2 8 1 .333 17

3 3 15 1.5 19
‘4/32 7 3 3o 5 .1’43 15
14/34 2 2 5 1.25 15

* Ver y l a r c e v a l u ~

— 4 8  —
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Using the resul t s o~ Part A in Table 5, the foll o w i n g

c or relati o n c o e f f i c i e n t s  -~ere calcu lated:

V vs. e : .7834 H

S vs. e : .5880

V vs. ~ Tf : .073’4

V vs. ~ Tc : .722~

S vs. ~ Tf : .5902

S vs. lic : .5091

V vs. S : .7~~03

Tri e r e l a t i o n s h i p  het~~een ~rean c o m o l e x i t y  values and

error occurr en ce is ShOwn in Table 0.

4

Zero Er r ors flne Or ~ore Erro rs

p 1 Proceou res 31 Procedures

~‘ean C y c l o m a t i c
Number (V) 1.o~ 4q74

d e a n  N u m b er  of Source
Stat ements CS ) 9.3 3 27.23

T A B L E  e

REL AT 1O!4 S 1-I P EE1 -~EEN ~EA ~ COM PL EX I TY

VA LL ES A~j O ER’~ORS FQj ~.D

— ~4 Q —
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V I. SU IMAR Y A ND CONC LUSIONS

A~ GENERAL REMA RKS

Due to l i m i t e d  -m an power and t i m e  c o n s t r a i n t s  the amount —

of test data was too sm al l to a l l o w  maj or conclus i ons.

Fu rth erm ore th e scooe of th e ex p eriment Oil not in d uce some

im Portant oro cranr n ino p r o b l e m s  such as real t i m e  and

m a t r i e m a t i c a l  p roblem s. lowe ve r , taking a l l  c o n s t r a i n t s  in t o

co n s i d e r a t i o n  some o u a l i t a t i v e  aspe cts were recocnized w h i c~i

cou li t~e i— n o r t a n t  factors in suhse~~uent stud ies.

8. S1GNI~~IC~~’iCE OF E RR OR TYPES

A ) t h O u~~~ the c a t e d o r i z a t i o n  and d e f i n i t i o n  cf error

tyPes was np~ co nsi iered compl e te , a l l  errors detectea in

the exo er in en t could be i d e n t i f i e d  us ing these error a e f i n i —

ri ons . Th e m o st freouent error type “A l ” (~‘anu al Error )

SeemS to Ce r e lat ec to t h e num her o f sou r ce  st ate ~~ent s

whereas the 4 recuenc i es of t~~e remaini ng err ors Seem to oe

relat ed to the c o m p l e x i t y  of th, p r o g r am m ing p roblems.

The record in g of errors w j t h  resPect to t h e i r  tyPes con-

tributes to a lea r nin a oroc°ss wh i c h  enables th e Progr amm er

to reduce tre num tier ~ f errors made on SubSecuent orojects.

It was fe l t t h a t  t h i s  Co ncept coul d als o he e~~~e c t i v e l v  usea

in a c om m e r cial so ftw a r e p r o duction e n v i r o n m e n t .  T he error

reCor d ino wOu l d have to ne p r i v a t e  to t~~e i-n d i v i a u a l

- 5 0 -

— - -

~

-

~

- --

~

- --- -—--—--

~ 

- ———-. -.~ .-
~
- - -

~~~~
- -- - ---- -



pr ogra mm er anc’ used by th e pro cramm er alone . O t h e r w i s e  it

wo ul d have a negat ive in fluence on wo r ki nO atm osp h ere and

per form ance. If th e e v a l u a t i o n  nrocess ~ere assisted by

ap p ropriate so ftwar e packages , th e overhead in a n a l y z i n g

errors would be reduced to a great ext ent. The overhea c of

recording the errors for th e i n d i v i d u a l  Pro gramme r tends to

aec rease  a f ter th e rec o rd in g s v s t e ’  has been lear ned.

C. CO~’PLE~~ITY M EASURES

Several me asu res of c o m o l e x i t y  c a l c u l a t e d  for each

Subrouti n e are presente o in the app endenc is together w i t h

su o routi n e d i recte d ~rac’h repr es entati on. ,,hen the num ber

of errors found in p rocedures was c o r r e l a t e d  w i t n c y c l om a t —

ic num ber and num b er o~ source state m en ts , th e c o r r e l a t i o n

c oef fic i e n t s  were h i o h e r  than for oth e r com cle~~i t y  -meas ures

(34J . It also aooeareo th a t  these tw o m e a s u r e s  w e r e  related

to the t p t a l  erro r detecti o n and total  error c o r r e c t i o n

t i es. i t was learn e-i t h a t  t r y i n a  to keeP the c v c l o m a t i c

n umber sm a l I not onl y reduced the nu ”p p r o f errors Put als o

contr ib uted to the reduc t i o n of oebugc inq and testing ef-

fort. T~~i~ exp e rien C P SuPpOrts the results of ~cCahe ’s

a n a l y s i s  of s t r u c t u r a l  o r co er t i es of pr ograms i t h  rp sp ect

to di ~f i c u l ! i e s  in t e s t i n g  and debugging (32] . It Sh ould he

note d t h at th e i n f l u e n c e  n~ ~ tb er fac tors such as usage of

str u cture o oroar .a”m,n c teC~~n iaues and w o r k i n g  h a b i t s  of th e —

e x p e r i m e n t  c r o i r a r ’~~ r a l s o  c o n t r i b u t e d  to t h e s e  r e s u l t s .

- Si  —
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0. SQFTaA~~E ENGI~~EE PI~~G A S P E C T S

Throu ghout the e x p e r i m e n t  co”me nts were maae to i n d i c a t e

poss i o l e  clues about error sources ‘~ r ways to avoid c e r t a i n

types of errors. A 0 evalua tion o f these comm ents showed

/
that some of these errors wou l d have been av o iaed by the

usage o f dec i sion ta b l e s  or ap o l y i n g  a pr op er desK test.

Many key punch errors of tyne “ A l ”  w ere not recog n ized dur-

in g the process of p unc hi n g caros, because th e aes ign of the

key punch m a c h i n e s  (I3~
4 20) aoes not o r ovice an i m m e d i a t e

co ntrol of ch arac te r s bein g punched. It is a e s i r a b l e  to see

t h e re s u l t  o f each key Stroke inst a nta n e ous l y . T he frecuen—

cv of er ror occurrence of tvoe “~~anu al E r ro r~ in form er oro—

jects acne by the same p ro g ram mer usi n g con sole e d i t i n g  was

co nsiderabl y lower than th~ error frecuency discovered in

t h i s  e xp erime n t.

So ftware eng ine er in g conceots SLJ C~~ as top—dow n aes ign ,

-jesiQ n r eview an~ St ruc tu re d ea1~ Tn rouob were used

thr ou chOut a l l  p ro jects. These metho ds ~aa a majo r i n f l u —

ence on the so ftwa re cevel nom en t process arc were consid ered

to be e x t r e m e l y  useful.

The usa ge of A LGOL a had a m a j o r  i n f l u e n c e  on the pr o—

g r arnm ing s t y l e .  V a r iar’ l e nam es were c h ose n to make p ro gram s

self — aoc ur r en t i n c  to a are at e~~ten t. Th er e fore ~os t pr oa ram

narts we re easy to real and to u n de rSt and w h i C h  i m p - l i e d  a

reduc t i on ~ f th e ~ieouccing e ff o r t .

- 5 —
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A n ot her concept w h i c h  was s u c c e s s f u l l y  emol cve o was the

idea of usi ng i d e n t i f i e r s  w h i c h  d i f f e r  by tw o or m ore char-

acters. The idea of imo ~ em en ting some kind of “h ammin g Dj~~—

tance ” (351 between i d e n t i f i e r s  was d e r i v e d  from b i t t e r

exp erience in form er pr o j ects and hel oed to avoid errors

wh ich occur when a s i n g l e  error of typ e “~
‘an ua l E rror ” or

“M enta l Err or ” produces a d i f f e r e n t  i c e n t i f i e r  w h i c h  matches

wi th one of th e o r e v i o u s l y d ef ined i d e n t i f i e r s .  Thus t h i s

kind of error di d  not occur during th e c o m o i l i n g  process.

E. CONCLUSIONS

Errors jn software Projects acoear to he relat e d  to Pro

gram structure and tc th e number o~ sour ce state m ents.

Al th ou gh t h i s  e x p e r i m e n t  wa s not l a r ce enough to state these

r e l a t i o n s  in a for m al m ann er , the r e s u l t s  w ere encourac i~~q.

C y c l o m a t i c  number arl num ber ~ f source state m ents cou la

prove useful as g u i d e l i n e s  for m a n a g im a  p r o g r a m m i n g  nrc—

j e c t s .

The usage cf e~~o— down d esi ci n , st~~uctu r eO p r o g r a m m i n g

tech riia ues and ot h er so f tware devel opm en t too l s sh ou lo be

~‘andatory for Pr o g ram min g Projects. The r e c - r o i n q  and

eval ua t ion of sof t- m a re e r r o r s  w~~u l-1 he a reasonab le ap r-ro ach

to avoid errors in p r o g r a m m i n g  P r o j e c t s  and to reduce c cst.

Deta i l e a  ~epug~i in g or a m o d u l a r  ~-as i s an -o develo pm ent of

lar ge program s by ste ow is e i n t e c r a t i o n  of t~~o r o u d h 1 v  ae—

buoqe~ m o ,iule s see ’s to ne ~ g~~o1 str ate g y to a c h i e v e

- 53 -
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r e l i a b l e  programs.

ii
F. RECO M M ENDATIONS

Si m i l a r  e x p e r i m e n t s  would revea l m ore of the r e l a t i o n s

betwee n software errors and c o m p l e x i t y  of Proqram s. ‘t o re

a e f i n i t e  i n f o r m a t i o n  about th e u t i l i t y  of c o m p l e x i t y  meas-

u res cou la be obtainec b- i  us in o these m easu res on la rg e

scale sof tw a r e p r ojects i n a c o m m e r c i a l  p r o d u c t i o n  e n v i r o n —

ment .

11
I!



APP ENDIX A

PROJECT DESCRIP TIO ’~

Pro ject ~ : 1

Pro ject t i t l e  : PALIN DROM ES

P r o g r a m m e r  : HOF FMANN

Programming Language : ALGOL

Programming environment: IBM/3b0 /67 ,OS/M VT ,bA TC H

Desi gn notes : see ANNEX A

Progra m l i s t i n g  : see ANN EX 9

Coding notes see A NNEX C

Debugging notes : see ANNEX D

Error L i s~~in q : see ANN EX E

Fi nal s t a t i s t i c s  : see A NNEX F

Gra p hic al rep resentation : see ANNEX G

Test phase descri p tion: see ANNEX H

Starting date: 2~ JAN 77 Ending late: ~, FE~ 77

EXPE R IM ENT DESCRIPTION

1. Project descri p tion:

FIND PA L INDROM S

A oali n drom e is de fin ed as a ch a racter str i n g of length

n , wh i c h  has th e f o l l o w i n g  c h a r a c t e r i s t i c s :

ch ar acter (i] c b a r a c t e r C n  — i — 1) for a l l  i f r - f l m

i:O to i:n/2 (integer d i v i s i o n )  and n > :  2

— 55 —

—- --~~~--~~~~~~~
- - . — - — — -

~~
-- -— --— - . ~~~~~~~~~ ~~~~~~- -  p~~~~~. — — ~~~~~ - -— - - —~~ - - -



- 
_ _ _  

______________

Given an inp ut stri n g of length n, where 2 <: n < 25b,

find a l l  occurrences of oal iriaromes .

The inp ut is g i v e n  in  f o r m  of punched cards.

The le ngth of the string (“1” ) prececas the input of the

charac ter string.

A l l  i n f o r m a t ion being read sho uld be prin ted.

G i v e  as a result the nu mber of p a l i n d r o m e s  of each length

an d the p osition of the s t a r t i n g  Character of each c a l m —

oro me in card number and character o ost t io n .

Find only m a x i m a l  length p a l in dromes. (i.e. “AB C C~~A ”  should

be recorde d as the p a l i n d r o m e  of m a x i m a l  length , whereas the

incluøed palindromes “BC CB ” and “C C” sh ould be exc lud-

ed.)

2. P ro g r am m e r ’ s backgrou nd:

a) Expe rience in p r o aram min g :

Oct 1970 — ~~ay 19 7 1  Pro g ramming Courses

M .~ y 1971 — A p r i l  1972 Module Progra mmer

‘lay 1972 — June j27~4 ,Sork in Test and S i m u l a t i o n  Dep art—

m e n t  at the

N A V A L C O~A M A N D A~~D C O N T R O L  S Y S T E M S

CO~”4AND (FEDERAL GEP~’A:~ N4v~~)

Test ina o f t a c t i c a l  real t i — e  sy stem s— Sf, —
1
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Marc h 1975 — Jan 1977 St uoe n t  at the NAVAL POSTGRADUATE

SC hOOL, Monterey, Com pu ter Science

b) Experien ce in testing:

Two years of work in testing and s i m u l a t i o n .

C )  Experi ence in the area of the given pr oblem : None.

d) Experience in th~ p r oq amm in g language bei ng used:

E xp erience over a peri od of 18 m onths in m ore than 10

orogramm ing orojects. (Total number of source statem ents

oroduce d dur ino that t i m e  was more .4000.)

3 .  Psyc h ol o g i c a l  factors:

a) Did the p r og rammer l i k e  the project? Yes.

b) how aoes the Programm er l i k e  th e p r o g r a m m i n g

language ?

F a v o r i t e  p ro g rammi n g lan guag e .

C )  ~~as th e  p r ogramm er sa t i s f i e d  oy tn e way t~~e o ro~~le—

was spec i f i e d ?

Onl y m in o r cr i t i c i s m .

d) ~lcw lid th e pr ogramm er l i k e  the p r o g ram-i ng enviro n-

m ent?

T h e  f a c i l i t i es  (s t ud y  roo m,  c a r d  punch r o o m )  w e r e  not

c o n d u c i v e  to  e f f i c i e n t  o r o a r a m m i n a  b e c a u s e  o + r e s t r i C t e a

57 —
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space, bad l ig h tin g ari d noise.

e) Other factors:

The recordi ng of t h e  e x p e r i m e n t ’s data during the pro-

ject affected speed and concentration co nsider abl y .

- 5~ —
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4. Comme nts on Do cumentation

For the doCu m ent a t icn of each soft w a r e ueve locm e n t phase a

spec ial docu m entat ion form has been oev .lopeo. Th ese forms

are desig ned to pr ovide a f i r o p u i d e l i n e  for the ex p eri ment

p rogrammer to record a l l  d a ta of in t erest for subsequent

error anal ysis .

— Begin and end of each step was recpr~~ ed w i t h  re s Pe c t  t o

day and time.

— Each error was recorded when it is ci scoverea . The error

was th en i d e n t i f i e d  by a uni que err or number (1,2,...).

Furt n erm o re the ti me of discover y ari a m e  error typ e (u sing

erro r types l i s t e d  in ANNEX F) were recordea.

— It ap pr op ri ate , comm en t s ab out error d iscovery, reason why

the error was made, etc. were docum ent~~a i~ ANNEX E2.

— For each error the chase in w h i c h  the err or was made, tn e

phase in w h i C h  the error was di sco ver e~ and the t~~~C spent

to correct tri e error was recorded in ~~~EX El.

— For eacn stec in any one of the so ftware deve lo pm ent

phases the day /time of be g in and end was recor ded. In addi-

tion , the ti m e (in man hours ) for each step was recorded.

This exc ludes the overhead used for docume n tatio n pf th e

e x p e r i m e n t  o a t a .

- SQ  - 
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ANN EX A Ps~s I Øf ~

WO PKSwEE T FOR DESIGN P~4A 5E AN D DESIGN REVIE~t PffASE OF PROJECT ~

STE P ~ P~O8LEM A ND PLANNED sOLUTION AL TERNATE DA’V HOURS E~ POR CO~MENT
SOLUTIONS :1I’~E ,ST EP:
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AN NEX A Page 2 o~

~ORXSH EET FOR DESIGN PHASE AND DESIGN REV1E ~ PHASE OF PROJECT a

sTEP : PPO6LEM ANU PLANNED SOLUTION A L TEP~ A TE :o~~ :H0UP S :ERROR : COMM ENT

~ : SOLUTIONS ~t IME~ /STEP~ a

3 S o e c i f y Rea d in g  and ~ r~~t i n g  I 11/ 2 51
of Inout C a rds: I I i ~~0OI

:—N u m~~er of i n out c a r d s  is de— I : I
loende nt on CARD L t~”IT arid soc— : :
1c i f ~~ed l ength of  c~,a ra c t e r  I
1 st ring.
lI t  is ca l cu l a tco : I
I~ urib er of iriout C ar d s I : : :
(l~~nath of str ing 1)/card I

: l i ~~i t + 1  : 1 . 5
.~ ca ro counter 1 1 1

— i~eaa aril w r i t e  eac~’ C a r d  or~~—
ce ede O by tr ’ e aoor~~b r i a te

I c a r d  nunoe r .  I
: 1 5 0 0 :

Da ta D e s i g n :
1— ~~se a t e x t  nu t fer (T e x t )  I 15 00 1
(St r ing A r r a y  Inde x ~~.~g ~~~~ t 1 : 1 50 5 1  1 ~ i i 1 1  be

: th r ough 25ô) 1 : : : o e s ’~~~eo
I d ur i n g

I :desiqn
I r e v i e w ( 0 3 )

I— u se an I/ C  bij ffer(Carlbu ff e r )I I I
I iJSe t w o  i n t e g e r  a r r a y s  to r e — I  I :
co rd be gi n aria end oosi t ions : : : .s

l o f  a l l  o a l i nd r o m e s .  I I I
(Seg —o f—o a lio r oee.Ena o f I I
p al indrom e ) : :

— u e  o t r e r  se~~ d o c u c e n t i n o  :
coico n ~e t a :

1 (Carol l e l t ,  Lengt~~— o f— te .t , 1 1
B u f f e r o o S i t i o n , Ca rlcounter, 1
P~~l ,nd romecoun t er 1 1 1

—Use I n d ex  v ar ’eol .s Ix, J x : : 1/ 2 8 :
I — U s e  Loca l var i a b l e s  as need ed : 1 5 3 0 1

Re m ark s:
Error #1 was eade d u r i n g  s te o 2.
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idORl<SPiEET FOR DESIGN PHASE AND DESIGN REV IE~i PMA SE OF PRO JEC T 4

1 1 MAN I
STEP PROBLEM AND PLANNED SOLUTION aLTE RNA TE :DAt IkOUPS ERRO PI COi~”AE~~T
4 1 1 SOLUTIONS : T Z V E : / S T E P :  

/ 

5 l F inø Pal ind rome s : 11 / 2 8 1
—Scan t e x t  from le ft ‘a r ig h t .  1— Scan te. t f ro~ 1 1530 1 1

lI t pal in d romes of m i n i  ,ia 1 I l  e f t  t o  r i . I : :
l l e ng tfi (i.e. lenat~i i s 2 or 3 )ICon sid er eve’y 1 1 1
are found, c a l l  a SubrO u ti ne 10 a r a d t e r  as ~h e1 1

:~~ni c h cnec~ s w h e t h e r  or not b o S s i b l e  b eg in— :
tne o a l i r i d r o~ne i s  t h e  c e n t e r  -~ inO ~ f ~ c a l m — I  1 .3

lot a larger o a l i n ~~rome . b race.
C h e ~~~ fo r a l l

b o o s s it H e  l enqt~ sI I I
lo oi-i g b~ c~~.arl I
fro .i t’e end o~ 1 1

I I t h e  tex t  s t r in g  I
dow n t o  a

l le r i~~t~ of 2. 1 5 5 0 1

1 Q ecor~~ing ~ f P a l  ino’o~ es: 1 1 1 /2 81 1
1~~~ C C O r 1  a oal Iridrore o n l y  i 1 1 1 5 5 0 1
l i t  is not e n t i r e l y  ir~~lud,1 m I  I I
anv of tne ore vi ous l y reconie~~l : :
ca lindr om es. I I I

1 — I t  is a lso necessar y ~o cb ecxl : : .5 1
1~~~ e t b e r  any of the o r evio u sl v I I
recorded o s l  ,noroces is en— I 1

I m i r e l y in c lud,~ in the b a l m — 1 1 1 1
I-p ome last det ected.
l .A f l a g  snou ld  be set to ‘lAke 1 1 I 1
Is ure tn a t onl y ~a .lmum l en~~t n  1 1 1 / 28 1
l o a l i n a rome s ~ , l )  be or irited. I 1 1 b 2 0 I

7 1 u n  te ~ l l  Pal ir i dnom es: I 1/2 ~~
1— Ide n t ify tra D o S i t i o r l  Qf  ea cr ’ l Hb20 1
l o a lmndro m e oy b eam and end 1 1 I
l w j ~~h r e s c e c t  to in ou t card I I I
I r umbCr  and P o si t  ipri on tm e 1 1
ea n d. 1

I—Us i ng th e p osi t ion in the 1 1 1 .2 1
tex t str ing and the oararn et er 1 I 1 I

1CAPO L IU IT the i lput c a r d  rum— 1 1 1 1
ben sno the ~~ S i r C l  c h a r a c t e r  1 1

lo o sit io ns can be calculated. 1 1 1 /2 8 1 1
I Ho301

— —
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~ORKSHEET FOR DESIGN PMASE AND DESIGN PEVIEu PHASE OF PROJECT a I

STEPI PROBLEM AND PLANNED SOLUTION 1 A L TEPNATE DAY HOURSIERROR COMM EN T
4 1 I SOLU TIONS ITI M EI /ST E P 1 a 1

8 : Design Rev iew : 11 /28 1
— In put  car d s w i l l  be stored 1 12 100 1 1 I F orgotte n

l i n to TE XT(s tni n g array ) con— I 1 1 actio n m—
sid e n ing C5RDLI~.IT. 1 : 1 stea 2

1—Pr ec eed ing the k r i t i n g -o f  t~~eI 1 2 1 1 5 1  1 2
1 recorded p al in d r om es a orocer I I 1 1 1 act ion in
Ib ea d li n e should be onm n tCd. 1 1 1 1 I szeo b ( 0 3 )
(TEXT2) I

I—I f np oali n ~ romes have been I 1 1 1 1
I f~~unc, w r i t C  eau lva )ent ‘es I I I I 1

sage. (rE,~T3 ) 1 1 1 1.0 I

1—Desig n of p r i n t O u t  ‘Orca t . I ;1/28 I I See ~~~~~~~~
1 1 22001 1 1

Design of Pri n tp ut Format:

P a l i n d r ome a e g m n  End

~4um Cer  C a r d  C h a r a c t e r  Can c  C h a r a c t e r
~l uTiiCen Po s i t i o n  Number °c s i t i o n

n Onc bCa cci’ ceo
(p alin d rom e >

lPiere n i s  t he  se Que n ce number
ocri i s  t c e  C a r o  number o f  o a l i n n r o m e  be am
bcp is  the  c h a r a c t e r  P o S i t i o n  of  pa l i n c r o re  beg in
cci’ is t ’e card number ~f Pa li n d r om e end
eco i s  t h e  C h a r C t e r  po s i t i o n  o f  p a l i n d r o m e  end.

— b3 —
_ _ _ _ _  _ _ _ _ _  _ _ _ _  -
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A 4- INE X c Paae I of 1

I’~QR l(SlIEET FOR C O D IN G  p i-IASE OF PPO JECT a 1

3eg t rs rl ir’g of C o d i n g  ( da y / t i i ~e) : 1 / 28 /2 2 0 0

End of Codi ng (day /t i ” e) : 1/ 3 1 / 12 2 0

M an hour s : 7.0 ( i nc lu d in g  p u n c h i n g  of ca rds)

1 )
CO DIi-IG P P O G R 4 . M  Pi~R T  ER~~O R 1 0 4 Y  C O M4 -4 E\ i 1

BEG IN I E~ D T IM E (m c ) • c o oed  e r ro r  t y p e s )
0 4 r / T I ’ E  I ~A Y/TI .~IE

~ .)  ~~~~~~~ .he~ sr o r  ‘s
iet e c t e c .

1/28/2200 : — Oa ta De ’,~~i t i o r ~t

3 :2205: C23
:2210 1 C23

:1,28/2300 1 •

1/ 30/1335 1—it I i I C S
( t e x ts ,  t,o : s : i 3 ~~o : cio
s u p r o u t ( ( e s )  6 I 4 C O  Cd

: : 7 ; 1 i 05  C6

~ 14 3 0 :  C23
I ° :iso o : C23

1) :i5~.0 1)3
: 1 / 3 0 / 1 5 3 )

1 /30/l oiS 1 —° al ir lr orn e I
c r e c ~ 1 ii 1 1 6 3 0 1  ci ‘~is u n ~~e r s t a n o I n g

of d e s i g n
:1/30/1700

1/3 0 /1 700 1 1 Co d in g  ~e v i e w 12 1 1 7 1 0  C l i
1 13 :17 10 C i i  (wronq incer~~ation )

1 1 t’I 1720 1 C 1 7
15 :1725: C27

:1/30/1730 1 1

I / 3 1 / 0 Q 3 0  ~ t,r ’c- ’ i ’q Ca r ~is l b 1 0 3 0 :  Ci~~
17 :ioso: Ci
1~~ 1 1 1 1 0 1  C20
1q 1 1 1 1 5 :  C2~

1 1 2° :1125 : C 1 2
1 21 :112 5: ci o
1 22 ~ i l 3 O I  C2 4

23 :1 1 3 5 1  C 12
21) 1 1 1 4 0 1  C2CI

1 1 /3 1 / 1 2 2 0  1

~ e,sa r ~
-~en h o u r s  Sp, n t  f o r  o u n c ’ -’ ’ ’ g  c a r o s :  2.~~

— 70 — 
—-—- - - -~~~~~~~~—- - --. -~~~~~~~~~~~ -
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ANNEX 0 Pa ge 1 of ~

~OR~cSP~EE T FOP DEBUGGL’JG P4-lA ZE

PROJECT a : 1 DEBUG Run a :

Beg in of Debu g Run (aay /t l ee) : t/3 i / 133~I

End of Debu g Run (cay /t im e) : 2/044/1200

a of Debug Steps m d . .  in Debuo Rur l 3 CPU t i n e  for Debug run (sec): .02

CPU ~~~~ ~or necessary ~o ’o i l e s  (sec ) : 5.31

-5) 1 .64 6) 1. 4° ci 2.13 ci) e) f) g )

M ar, ccurs for t Pi ls Debug ~4c~r- : .<~ ( e z c ) u o i n g  Ov erheaO)
V.11) 1)

STEP PRO&P.1’-: OBJECT IVE 4W EX PECTED A C TUc L 1 DA~ CL~RS ERROi~ CCMME ’ITS
1 PAPI 1 ESULT ~ES ULT IT IME /STEP ~ 1 AN D COUEO

1 1 : I ERROR TYPES

1 1 1 1 ) cecor~ .s~~erc

1 1 1 1 error
1 1 occ11 rS

A l l  Get  e r r or f - e e  c~~~o i l~~ IS  do m c i )e l i / 3 H  .3
p ar ts : 1 e r c o r s  i 3 3 S  1 25 1 4. 1

1 2 6 1  CS
1 2 7 : C 12

1 1 1 1 28~~ ~2I I 2~~~~: C23
1 1 3 0 1  C12
1 1 1 3 1 1  C l i

1 32 A j
1 I I / 31 1

1 1 1)0 01

2 A l l  1 Ge t err orfr ee c o m o m l e  R com o m l e l i / 3 f l  .2 1 33 1 C23

I par ts 1 1 errors 1l - ~0b 
314 1 .12

I 1 1 1 / 3 1 1  1
I 11 530: - :

3 1 A~~J Ge t errorfre e c-,n’oi)e O.’4. I2/0’~ . I
1 p . s r t s  1 1 1 12U  1 35 1 C2~

1 2/01):

1 : 1 1 2 001 :

:1:
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A N N E X  0 Pa ge 2 of ‘I

I’dORKSIIEET FOR DEBUf,GI NG PHA SE

PROJECT a : I DEBUG Run a : 2

Begin o f Debug ~un (Ody /tim e) l 2/05/1330

End of Debug ~un (day/ t im e) : 2/05/1500

a of Debug Steos m d .  in Debug Run: N CPU t i m e for Debug run (sec): .05

CPU time for n e c e s s a r y  c~~m c i l e s  (sec ) : 14.90

a) 2.11 6) 1.40 c) 1. 1)2 c) e) I) a)

Man ho urs for t 1 i5 Deou o ~uri : 1.7 (ex c luiir a O v e r N e -i )
1)

STE° 0°OGPA~~ OBJECT IVE AN D EXPECTED 1 ACTU A L I D4Y~~~Cl ~SIE~~ 1)~~: :OVV E ’,t3
a I PA RT 1 R E . J L T  I RES uLT ITI1 A E I / 3T E ~~: ~ I ~ .0 ~1)0EDI I I : E~~~1)R r~~~ E S

1 1 1 1 ) ~e c - ~ra — m e n
I I 1 1 1 e r r o r

I :
1 I U t i  I i  — 1  T est a l l  Ic -’ t S e sect 1 1 2/051 .6 I 30 1 0 1 1

t i e s I T EXT3 (all t e x t s  s h o u l d  I error 1 1 3 5
1 te c r ,n teo as A 1

I 1 2 / 0 5 1
1 11 4 20 1 1

2 1 Uti l t —  P eo ca t s t—c 1 °uri 2/051 .5 I 37 1 C
1 ties 1 1 err or H1)201 I 3~ C27

I - 1 1 1 1 39 C20

1 1 12 /05 1 I I
I 1 14145

3 1 u t i l m — 1  R e o e a t  s t e o  I I S c a c i r - g 1 2 / 0 5 1  .6
1 ties 1 1 pr~ b le m sIi 41)5 1 I 40 I C2~
1 U t m l i  Te s t s p a c ing .1c’i o rir ’r in c 1 : :
I t ies I of  bI r,s l i n es I O.K . I I I I

1 (a l l f o rm a ts s rco u lO ac— I I 1 1
1 p ear a~ a e s , g r ’e l )  I

S 1 U t i l i ~~ Test d~~l c u l a t i o n  of r’ ,jm 1 1 1
1 t i es 1 ocr o f i n p u t  car d s f or 1 0. 1 . 1 1 1

I mi neum I,rOtb o 1 inc ut I 1
1 st r in g (2 c~ ar acte rs ) 1 1
1 (p rOa rem sc-.o ula redo on— 1 1 1

l y one card ) 1 I 1
o : Uti l i — I  lest detectio n dna w f l t  1 1 I I

in g o~ a p al i n d r om e of 1 1 I
1 m i n i m u m  leng th I O .K .. 1 1
1 (oalinc rore Sho u lO 0, d e— I I I
I t ectel 3rd l i s t e c i  as  oe t I I I

signeo ) I I I I I
1 I2/-)~~I
1 I i 5 L ~i

-~~ ~~~~~~~~~~ -
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ANN EX 0 Page 3 of ‘I

v~QRKShEEt FOR CERUGGTNG PHASE

PROJECT a : I DEBUG Run ~ : 3

Begin of Debug Run (day /time ) : 2/05/1500

End of Debug Run (cay /time ) : 2/05/1600 -

a o1 Debug Steps m c ) .  in Debug Run: 5 CPU t i n e  for Debug run (5cc): 8.79

CPU t ine for necessary com p iles (sec) : 3.07

a) 1.51 o) 1.Sn di C) e) f )

Man h ours for t n i s  D,Oun ~un : .~~ ( e x ~~l u -~i n g  ove r”eaa )
V A I l  1 )

STE P PROc, 
~~~I O BJE CT I1E 44-iD EXP ECTE D 1 A C I J A L  I C~~Y C U R S E~~°CP C 1 ) I . V E , T S

1 PA i - 1 R E S U LT I R E S U L T  I T t ~~E 1 / S T E~~ x 1 A 4 0  C1)OE)
I 1 1 : I I : E~ RCR TY PES

I 1 1 1 H) ~~~~~~~~~~ ‘ m n
1 I I I I 1
1 1 1 1 I 1 O c C u r s

1 U t i l i — 1  le st c a l c u 1 ~~t i o ~~s Cf ‘u m— l 121)51 .5 1
I t i e s  1 p er p f i np ut c rls ~cr 1 H5001 I I

1 m a s l m u m  str-,na l,rgth I I :
1 (i.e. 25o ch a r acter s ) O .K . I I I
1 (program s~ ouI~ r e a O  -4 1 I I

I I cards) I 1 1 I
2 1 P a l m —I Test de t ectio n ari d w r i t —  I I 1 I

d r o n e  1 inq o f a oa T idrore c~ I run 1 5 0 0 1  I 4 1  1
I C heek  I m a x i m u m  l e n g t h  I e r r o r  1 1 1
I I (PALXOR OHE COUNTE ° shoul~~1 1 :
I 1 be I, paltl r om e shou l~~ r~e1 I I - I I

I aetecte-o and p r in te d as I I I
des igne d ) I I 1

I I 1 2 /) 51 1
115 30 1 I

3 1 1 R ep ea t steos I drid 2 1 Q .K • 12/051 .4 I I
4 1 P~~l i n —  T e s t  O,tCcti pn dna w r i t —  15301 1 I

1 or ome in g of m az i- ’,u -n numoer ~~ 1 I I 1
I ch eck 1 p a l ind romeS pf m i n i m u m  1 I 1 1 I

I l ength I O.K . I I I I
1 (PALj~ QR OME COuN TER 1 I I I I

I I sho uld be l28~ al l 125 1 I 1 1
1 1 p a l i n d r o m e s  S h o u l d  be I I :

1 listed s de s i g n e d )  I 1 1 1
5 1 P a l m —I Test for s t r i n g  w i t h O u t  1 1 1

1 dr ome 1 oa linclrom,s I T E X T 3  1 1 5 3 0 :  : ~2 1 63
1 check 1 (TEXT3 5~c~ u ld be ori nt ,d)ln ot p r i n — 1  15 3 01 1 4 3  I C25

I 1 ted I
2/051 1

I 1 1 1 1 , 0’) : I I
Re m a rss : ‘ run e r r o r ” i n d i c a t e s  te r - ’insC,a ’ ~ue ~ O — ‘ -c e s s  o f r e y  l i m i t s .

_
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A NNEX 0 Page LI p f 4)

L’fORKSHEET FOR DEBUGGING PHASE

PROJECT a I t DEBUG ~un # : ‘I
Beg in o f D ebu g Run ( ca y / t i m e )  I 2 / 0 5 / b o o

End of Debug Run (aay/r ice) : 2/05/1700

~ of Debug Steos m d .  ~ri Debug Pun: 2 CPU t i ” e for Deoug r u n  (sec): .22

CPU t i-n e for necessary compi les (sec) S 1.57

a) 1.67 6) ci 0)  e) ‘ 1

M an ~cour s for t h i s  Debug Rut, : . 5  ( m s c J u o ? - q  a v e r c e d d )
1)

STE PIP000R A M I OBJECTIVE AND E4.PECTEO I A C T ’ J A L  I 1) I~~C c S I E ~~~OR C1)~~~E i T ~
a I R AP T R ES U LT I R E S u L T  1T I ’ ~E 1/ 5 lE° I  : A 4 C  ~ U~~ED

I I 1 1 1 I ERR’)° T~~~ES

I I 1 1 1 1 1 )  4 co r a ~ nen
I I I I I : error
1 1 1 1 1 oCc’.srs
I t r i t i I lest f pr inpu t  of i l l e ~~al  2/051 .5 1 I
1 a T , z a l s t r i n g  len qr ’i 1 O .K . 1260 0 1
I t~~on ( o r ~~gram ShOu )C p r i n t  a I I I I I

1 ..ar c -iiri g aria te ~” i n a t e ) I I I I I

2 I 4 eHn I Test f~~r ovCrl Ooina p a— I I I I I
d ro n e I l i n d r o m ,s  I I I I

I chec k I (shoulo be r~~C o r d e O  as I 1).r- • I I I I
1 tw O pa l i n d ro m e s )  2/0S1 1
1 1 H6 3OI 1

-
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A N N E X  El Page 1 of 2

ERROR LISTING

PROJECT a :

Beg in of P r o j e c t  (d a y / t i m e )  : 1/ 2 8/ 1 0 1 )0

End o f Project (day /time) : 2 /0 6, 16 20

Ma r, hours for to tal  p r o j e c t  : 2l .~

ERP OR~ PHASE I R - ’ A S E  I ERROR I T I-M E 1 ~ of OT ’ER
a : m~ w h i C h I  in wnic r t TYPE spent ro 1 5TA 1E’~E 1)TS ~~

E RR OM w a s I E ’~~Oi~ e a s I  (see ~~NEX F) Isol ve t~~e PA R TS CF T-s E
I 026— 1 mad e 1 1 E R R O R  I
I c overed I I I (‘4 arl 1 A FFECTED
I 1 I m m .) I

I D e s i g n  1 Oesi~~ri 1 03 I S I D a ti nOut onl y
2 1 D e s i g n  I O e s ’~~n 1 03 I S l 0 a t a  p r tQu t
3 1 Cod ing I Co oing I C23 1 5 l i n a c - si ng w i t _ i r

I I I I Isub secuent sup—
I I I I Ir ~~u t i n e

.4 1 C oa i na  I Coding I C23 I 3 1
5 I Cod ing  1 Coo ing  I I 2 1
6 I Con i ng  I Co d i nq  1 CS 1 5 I
7 I C ooing 1 Cp~~inc 1 C S 1 5 I
8 1 Co~~inq Codi ng C23 1 5 1
9 1 C~~c i nq  1 Coain g I C23 1 10 1 3 statem ents

10 Cod ing I De sign I 03 I 30 Ish ol . sucrou—
I 1 1 I I t i n e a f f e c t e a

it 1 Coding I Cod ing  I C l  2 0  I ’” iol e s u o r o u —
I 1 1 1 t i n e  ~ f ’ eC~~~d

12 1 Coa mn g 1 Coding 1 Cli I 5 1
13 1 Cooing 1 C o d i n g  I C l i  1 3 1
11) C o o i n g  1 C od i n g  I C 1 7 I S I
15 Codi ng I Cod ing I C27 1 5 1
16 1 C o d i n g  I C oc i ng  C i 5  1 5 1
17 1 Co ding I Cod ing  I CLI I S I
15 1 Con ing  I C o d i n g  I C20 I S I
1° 1 Co oing I Coding I C21 1 5 1
20 1 Cooing 1 Coding C 12 1 5 1
21 : Coding 1 Co~~i ng I C IR I 5 1
22 1 Co ging 1 C odi ng I C2u 1 ii 1
23 I Cooing 1 Cp li n g C 12 1 3 I
2-a 1 Cooing 1 Coding 1 C24) I IS bo)e SuOtCu ’

1 I t m n e  aff’cteo
25 Ioeouggi .oI Coding 1 41 I 10 1

26 Debugain 01 Co oing CS S
27 3ebuqai n g Codi ng C 12 1 5 1

— 7S -

-- - - -~~~~~~~~~~ - ~~
---~~~~~- - .



ANN EX El °age 2 of 2

ERRO R LISTING

PROJECT 5 :

Begin ~f Project (day /ti -ne ) 2 1/28/104)0

End of Project (day /time ) : 2/0b/l6~ O

Man hours for to t el project : 21.9

ERROR: PHASE 1 PHASE I EP~ CP 1 TIME I a of OTHE R
I i t w Pii C P ’ in ,.hic’ TYPE Isoent t O  1 S TAT E~’ENTS OP
1ERR OR ,as ERROR w a sI (see A4 -iNE ( F) spl v e t h e I PARTS CF 26E

dis— 1 made 1 I E~ RO° I ~‘1CGRAM
I cov ered I I I (~~~r’ I A FFECTED
I 1 I I ‘nIt .) 1

28 IO Cbugq mnq I  Coning I 42 I S I
29 IDebugoina Con ing  1 023 I 3 I
30 lDecugg m nq Coo ing  1 0 1 2  1 S

31 IDebuggingl  C o d i n g  I C i t  1 3 I
32 Debug ging l Cooing I ~- l 1 3
33 IDes u gainql Cooing 1 023 1
34) IDepuco ing C o d - r i g  I I S I
55 IDe u ,ugq i n a l  Oe s ar 1 C2Y I lO
36 I D e o uc~~ing J e s i g n  I D I I  I 25
37 IOeou qgiri q Coding I Cd : H I n r i t m n o  ~ f pa—

I 1 1 I l l i n a r o m e s
38 I Decua qi-m q l C od ing I C27 I 5 1
39 ICeb uggm nq Cooing 1 C20 I 10 l a r i t i n g  of pa—

I 1 1 I I lin dro rn es
40 IDeb uggirig Co~~irig 1 C25 1 20 .shole Sub r-ou—

I I I It i re a~ f ecte-O
‘~I lDeo ugg ing Codi ng 1 C2~ 1 15 1

~2 IDeb ugaing Debugging B3 I 3 1
443 lDebugg in g Cooing 1 C29 1 IS I
‘4 41 I T,st’ng 1 Oe si -or 1 09 1 20 I

— —
- -
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AN NEX E2 Page I of 2

ERROR LISTING (COVMENTS)

ERROR : DAY I COMM ENTS
a TIMEI (EVIDENCE, THOUGHTS, AH Y vuA S I-f E ERROR MA DE?

i~ilY AND I-$OL~ ~~s THE ERROR DISCOVERED ?
1 1 ERHOR BLOC K ING, etc.)

1 1/281
1 1 1 Lack of con centratio n (steP left out , w h i C h  the Progra mm er

1 15051 was aware ~ f )
2 1 2 115 This design step -saX Postponed and f~~r-aOt te n later on .
3 : 22051 Progr amm er di~ n ot c’ec~ t~ e natt ual . (Oiscovered ~~~~~

1 ex am i n ing the g~~l uti ~~r’ o~ ~ ~ in i l a r  o r - o p l e r  it’ an ol d crcgr a- .)

~a I 22 101 sam e as 3
1 1/30:

S I 1 3 4 4 0 1
o 1 i u O O I
7 1 1405:

1 14301 err or as f ound w h i l e  e x a m i n i n g  the l i s t  of , r n c r  tyOCs
I I in c o n n e c t i o n  i t ~ e r r -irs 3 and 4 .

9 1 15 0 0 1  Er r o r  -was f o~ it~ — u i  l e r eaaina the Pr og r am m ing “anual  .
10 1 1 5 1 0 1  E r r o r s  10 and II d i SCO ver ed d u r i n g  a d e s k  t e s t .
1 1  1 l o 3 O I  s e e  10
12 I 1710 1 (wrong in d en t a t i On cauLo le ad  t o  p r o c r a m r ’ ng e r r o r s )
13 I 1710 1 see 12
t4 17201
15 1 1725

1 1 /3 1 1
1 1 0301

17 I 10501 T h i s  s t a t e m e n t  was i n s e r t e d  ~,etween the wrong l i nes.
I 1 I t dS detected i n  t n i s  e a r l y  ~~ ace ~ f t h C  p rojec t
I I decause the Or oaranm er wag P u n C h i n d  c a r a s  ~ i m 5 e l f ,  ,h i c m
1 1 allowe d nit ,  to r C vi mw m i s  source stat er ents.

18 1 1 1 1 0 1  Pr ogramm er did not lp~ w at !te d e d l a r i t i o n  of the v a r i a p l e .
1° I 1 1 1 5 1
20 1 1 1201 (missing m andato ry d e claratio n )
21 1 1 12 51 (wrong for -n a t )
22 I 1 1 3 01
23 1 11 3 5 1 same as 20
24 I 1 1 40 1

1 1 / 3 1
25 1 1335 soe~~i a l  c h a r a c t e r  I ’)  w a s  e x p e c t e d  to be necessar y due Co

I I s i m i l a r i t y  it h O t h er uses o f n R I T E / i - I R I T E O 4 - , m o w e v er t n i s
I a s s u m p t i o n  — a s  w r o n g

26 1 133 51 (pr eviousl y declar ed v a r i a b l e  dec lare d twi ce)
27 I 13351 sam e  as 2 0
28 1 1335 1
29 1 1335 Programmer did not ch e c k the pr ogram m in g nanu a l.
30 I 13351 see 20
31 I 133 51
32 I 13351

-I
- 

--- - - 



-~ - -. - -~ --~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ANNEX E2 Page 2 of 2

ERROR LISTING (CO~ MEI’4T5)

ER ROR: DAY I COMMENTS
a I TI~ E1 (EVIDENCE, THOUGHTS, AH Y nAS THE ERROR vA DE?

I I ~HY AND paO.~ hAS THE ERROR DISCOVE RED?
I ERROR BLOCKIN G , etc.)

I 1/31
33 18061 1
34 )  1 180 61 Er ror Cou ld ha v e  been av p i l e d  ~ y loo~~i-t g at prev i ous ~ Iocs o’ cod e.

I 2/0441
35 1 1122 1 Po rgr amm er had c o r r e c t  es i r’ C o n c e p t  ~ -~ r o i -o — C t  0 0 0 C

I 1 c o r r e c t l y .
1 2/051

3 6 I 13’4S’, Bouncary co nd i tion s had ~- t  Neen c’ec~ ec o-,4 cre .
37 1 14201 1

38 14201
3~ 1 14)201 1

1 2/051 -1
40 1 I44SI T r i v i a l  error wiS ‘iOC, Oecam jse o r - ~~~ra -n e a5 t i r C d .  -

1 2/051
41 15001 Des ign w a s  not St i C C O  - s e l l .
42 1 1530 1 sa ’n e as ‘40 1
43 1 1 5 30 1 1

I 2 /Oo -

1 1S251

— 7~ — 
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ANNEX ~ FINAL STATISTICS

PROJECT ~ 1

FI~lAL STATISTICS

Proje ct name : PAL IND ~ C-MES

Sho rt de S c ri p t i pn
Gi v e n ~n inp ut strin g of length n, h ere  2 c: 

~~ 2 5 o ,
ira a I I occurenc es of oa i —d r om es and m st t ‘~~~ — — t n

reSoe ct to t ’eir Peg i n n i n d  g rid ending P O S i t i o n s  on t e  in p ut
caro .
In out : v i a punch card s
Oijt put v i a  lire p r i n t e r

Cu a n t i r a t i v e  measures:

1. Qf source sta t e’n en t , : 144 1

2.  T o t a l  -n an b-o u r s  ‘ r Project : 2 1 . 8

3. 4 art n iours s pen t  in

a) Desi3 rm : 5.0

a) C o d i ng  : 7 .)

c) Oebuqg i’- o : 4 .)

d) Te sti nc : 5.8

3 . CPU time ~or co m p i l es: 20.22 sec.

5. CPU time for peoug runs:  °.Ii sec.

p . CPU ti ’n e for test rurm s 13 .~~8 sec.

7. a o f test am a deoug runs: S

8. 5 of tes t arid deoug s t e o s :  23

9. C o f errors fourm d 4 4 4

i O .  Total mar ho ur S  uSed t o  c o r r e c t  e r r o r s :  5. 73

— 7Q —
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ANNEX F FINAL STATISTICS

11 . Error Detec tio ri

a) Mean time between error det ections: 20.3 nan m m .

a o f
Er rors

t

241 *. a**

1 *

I *
2(1 + a

I *

I *

4 1()~~

* a

I * *
5 4- a

I * *
I a * a

a *

* a * * * * ** t *  * * * ** * * * ** ** *  * . * * * *  .. . 
0 — 15 1~~—3 0 31— 45 ‘4b o O  ~ I—75 7o—~~0 91—1 )5 l O s — 1 3 0  151 175 ,gn m m .

Pr oject t i m e

T IME ~ ET ~~EE’ , ERRO ° D E T E C T I O N S
(me asured from point in t i r e  of detection o f Pr ev i ous err r)

_



AN N EX F FINAL S T A T i S T I C S

12. Erro r Correct ion

a) Mean time to correct an error: 7.8 ran m m .

S of
E r r o rs
correc ted

1~

20+ *

I *

1 *

• 15+
1 *

10+

I *

I * *
54 a a

I a *

I * • a *
1 * * 

a

1 * • • * a * * 

ram m i — u t e S
of pr o jeCt t’ — c

TI ME TO C’P°ECT ~.PROPS

(n ,easu re d f r p m  p O i n t  in  t i m e  f d e t e c t i c t ’ )

—

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
~~~~~~~~~~~ — — - ____



ANNEX F FINAL STA TISTICS

13. a hen errors were foun o

a of e rrors found d u r i n g  des iort p h a s e :  1 2.3 Z

b) S of e r r o r s  f und d u r i n g  d esig n r e v i e w :  2.3 Z

c )  a of  e r r or s  f und d u r in g  c od ing:  22 SO .) Z

di # of errors founo duri ng oeoucainq 19 ‘43.2 Z

e) a of err -irs fouri d dur i ng  w r i t i n g  o~
test o r o c e d u r e S  0 0.-) ~

f) x of errors f ound du r i n g  t e s t i n q  I 2.3

4 4

144 . Ilhen e r r o r s  w e r e  ma d e :

a )  a o f  e r r o r s  nade d u r ind  - j e s m g n  p h a s e  5 1 1 .~.

o) o f error s “ade au r in a desig n ‘~m v m e w :  0 0.0

c) ~ ~ f errors mace du ring codi nd 38 do .- ~
o) S of errOrs - ‘ aCe d u r i n d  lehugolng I 2.3

e)  a of e rrors made lur ing w r i t  inc of
t e s t  o r o c e o ’ J r e S  0 0 . )

f ) S of errors m aC e Qur mn .o t e s t i n a  0 0.)

“44

— 82 —
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ANNEX F FIf A L STATISTICS

15. TI M E H I S T O R Y  G R A P H S  :

S of
Errors

4
I Error Tyoes :
I ~: C l e r i c a l  e r r o r

B :  Depugging error
I C:  Co cung erro r

D: De smn n e rror
8 +  A

1 C
I C - ‘

5 4 -  C A
I C C
I C C C C C  C

C C C CCC CA C 5
1 + D DC CCCCCCC CCC “C- D C C C C  C

— 4 — 4 — 4 - — .  + >

I 2 3 4 S 10 15 2’) aru nOurs
..Cesi gn ...Coding e h u d g m r t g . . T e S t i r g . .

( S o f t w a r e  ( 1e v e l a c a e n t  °hases)

~,uJMe ER OF ERNORS ~CUN 1) ‘/5 PROJECT T IM E

a o f

:t ’:r

s 

1 2 3 ‘4 5 10 15 20 .~a m r iour s •

~~~

NUVI fEP OF ERRORS CORRECTED ~S PROJECT 
i~~ a~

— 83  —
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A NNEX F ERROR CATEGO R IES A~.D TYPE S

1. D e s i g n  Errors

The fol iwing types ~~ errors acol y to both categories
“ Sy s tem Design Err o r s ” aria “ Pro g ra m D es i gn Errors ” :

D I  : C o m m u n i c a t i o n  Error
02 : Desi gn N egli gen ce
03 : Forgotten Cases or Stecs
04 ) : Ti- r ing Pr opl e-n s
05 : E r rp rs  ii, I/O Conce p ts
06 : Data Design Error
07 : i n i t i a l i z a t i o n  Error
08: I nau jeoua ~~e Cb ec~~in g
09 : Extre me C o n d i t i o n s  Neg lec ted
Dl’): Seaue ru cim a E -r or
011: I n oex in g Err or
0 12:  Loop C o n t r o l  E r r o r s
0 13 :  M i s u s e  f Soo lean Exoressi-, n
014: M a t h e m a t i c a l  Er rcr
015 : R ep resentation Er r o r
015: M ,sunc ers tanl ing of Prpp le’ r  Spe~~i f , c a t i o n s
0 17 :  O t n e r  D es io n  E r r o r s

2. C od i n g  E r r o r s

CI : ~~~~~~~~~~~~~~~~ o f Oes ,oru
C2 : N e g l i g enc m
C3 : 1/0 Form at Error
C4 : M i s p l a c e d  D a t a  D e c l a r a t i o n
C S :  M ul t i p l e  D a t a  D e c l a r a t i o n s
C S :  M i s s i ng  Data Declaration
Cl : Iruacecuate Data
CS : I n i t i a l i zat i on Error
C9 : Error in P a r a m e t e r  Pass in g
C 10 :  I ra de c u a te  or Fo rgo t ten C ’ .cking
C l i ;  Le ve l  P r o b l e m s
C 12 :  M i s s i n a  D e c l a r a t i o n s  o ’ bl c-s L i m i t s
C 13 :  C ase  s e l e c t i o n  error
C l - I : GO T O  Prpp l~~mg

C15 : Comm,nt E r - p r
d o :  Forgo tten D e l i m i t e r
C 1 7 :  I n co n s i s t e n c y  i n  ‘lam i ng
Cle : ‘4 rorig Use if ‘leSted IF S t a t e m e n t s
C1Q : I n d ex i n g  E r r o r
C2 0 :  In c ons i s t e nt  Use of  V a r i a b l e s  or D a t a
C21 : Se o u e nc ,- g  E r r o r
C22: Fla g  Usage Prppl ~~rs
C23 : Syn tax Error
C24) : Lo op Control E r r o r
C25 : I n c o r r e c t  E x i t  4 r~ m S u c r o u t m n ~ s
C25 : La ri quac e U s a c e  P rm ~r’ l . -~g

— —
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ANNEX F ERROR CATEGORIES AND TYPES

C27: F orgotte n S tateme nts
C28 : Rep resen t a t i o n  E r r o r
C29: Control Seauiermce Er ror
C3 0 :  In c o r r e c t  S u b r o u t i n e  Usade
C3 1 : Other Cod ing Errors

3. Clerica l  Errors

A l  : M am u a l Er r r
‘len ta l E rr ir

43 : Procedural Er r ors
A U  : Ot h er C l e r i c a l  Error s

4) . Decugg ino E r ro rs

S i : tnao oroo ria te use of Deouqoi g Too ls
32 : Insuf fi c i ent or I n a p Pr op r i a t e  S e l e c t i o n

o f Test Cases or T~~sr  Da t a
M i s i n t e r p r e t a t i o n  or De~ ugo ’— g ~~ s u l t s
TM i s i n t e r o r e t a t i n of Error Source
N~~q l i ~~~nc~

B a :  Othe r (1ebuoging Er ors

5. Testing Errors

TI : Ina ceouate Test Case (s) or Test Data
T2 : M is i n t er p retatio n o ’ Test P,g~~l t g
T3 : M isi n t er p retation of Program Sp ec i f i c a t i o n

1 ‘Je oli g e rc e
T5 : Otn er Testing E r r o r s

— ES —
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A NNEX G ~age 1 of ~

OIR ECTED GeA PI-~ RE°°ESENT .~T i O N

PPCJECT a : 1

P r o g r a m  pa r t  : I N t t t~~L I Z A T t C

COM PLE~~.I T’r M EA SU R ES:

\ J UM I8ER OF $ T A T E’4 EN t S :  14

.\u~ SEP CF ~.C C E S :  3
•~Ui*SER CF ~~C S : ( 1 )

~U~~SE P  C~ PA Th S : 2
C Y C L C ~~A TIC ~-1uMBE p

; .(3)

~EAChA8ILIT ? CF NCCE S : 
b E r r o r  a 3 7

NOCE j  :
~CC E 2 : 1\CCE 3 :  I.
NCCE 4 : 2
NCCE S : 2

SUM : 1.CCCCCC
RE 2Cb~~e II. IT ? INCEX
~~ F DIRECTE D G R A P h :  1.40300)

-4

5

— ~~~~~~ 

- —
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ANNEX “ ace 2

O!R~ CTE D ~~~~~“ - “ - ~ ‘4 E 0 P E S E , T ~~r l - ~

P R O J E C T  : 1

P ro g ra ~ Pa r r  : 5L.~- ’ ~ L I 4 F S

C0hIPLEX~~TV M F 4 S~~~4 E S :

~~~~~~ :r~~T~~-- E , T 3 :  -,
\U~~ ES CS ~s :

~~~~~ -:F A~~-;S : o
C T  ~A T b5: 2

C Y C L C w A T I C  \ U M 9 2 ~~: 1 1 3 1 *  3

R E ) C l - A E I L I T ?  CF ~ C C E S :  2
\JDE j  : 1
\ C E  2 : I
~~~~ :E 3 : 1

-, : 2
\ C D E  5 : 1

8 : 2

E . C C C C C O
EA C r~~8 L 7 Y  I’ EA

C~ Ci~~ECT— :C GS 5r: 2 .333332

4

p

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 8 7 - 



A N N E X  0 
P a o e  3 0 f ‘4

DIRECTED ~R~~P— ‘4E 0QE SE ,TATtO i~

PROJECT a : 1

Pro gram oar : T~~(T1 , TE~~T2 . TE X T 3

C O~~PLE* 1f -‘8ASL’~~E S :

‘IU- ’ d Ea ~F 5 T A T E ~~E J $ :  — —

~UbS: •:s \CDES: 2
C~~ 

4 R 3 3

\ L~~~8 E S  OF ;oTh ç:
CY C ~~~~~ T C  ~\Ji.S ES: i~~ l 1

~E )C - A E i L I~~’f CF \3 53:
I :

N u D E  2 : 

2. C C C C  CC
gE 2Ci-AS~~LiT’ ( ‘iCE X

::;ECTEC 3S.AP~- :  I . 3 Z C D C C

— 88 —
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CI PECTE D ~~4 ) ’ 4 ?~~

PR O J EC T a

o roaram ~m a r ’  : Q E A O  i- SD m O t I E  1 P ’: r :2— ~~T

C3~I PL E X I T f  •10A 5 1 RES:

CF 3711E E •TS 10
p

E8S CF ~~ 3 : 7
C F 5~~T l—5 : 0

:~~C_ :Y 2 T 3  \~~Y3ET 
: 3

~~ E~~~~~~~~~~2 I L : l Y  C P N C C E $

\CD: I : 1
\ C E  2 :

~~~~ - ~~~~~~~~~~~~~~~~ 
—--- - --• .----- -— - ~~~~~~~~~~~~~~~~~~~~~~~~~~



ane S of ‘4

DI- ~ECTEi ) ~~~~~~~~

PRO JECT a :

°rogran Parr : •i ’4 I t E ~LL ~~~~~~~~~~~~~

a I  a ~
+ ~~ O S S  I S

e ) a pf arcs :

c i  a o s!ata- renr s 2n T
H a 3-.

a :‘ oet’A ~

C )  ~e ac’ iaOml1 ~~. 
a

f )  , c l o r a t m d  nu rC~er 0

a ~~ —.~~er  -, ‘ ‘-a t ’

an-i r.a- -4 pm I i
4

ar e ve r y

— a

— 90 —
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~

I
~~~~~~~ 0 “~~~e 0 0

O I ’ 4 E C T E O  ~~~~~~~~ ~~~~~~~~~~~~~~~~

PQ CJ E C T  a : 1

?rodra oart : ‘4 ’ 4 LI~~D RD M E c~~EC~

a) a ~~t nOdCS I )

a ~ arcs :

ci  a or s r a t e ~~nn r 0 :  i I •
o f Eat ’S •

C )  “e a c ’a c~ I,  t i :

~~) C i  c m a r m c  c~~r ____

* 

~~~~~~~~~~~~: 3 S

r 3m

:1
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‘4~~1111f ; “age 7 o r ‘4

Dt ’4EC IE° GP~~?-’ “E 0 ”E3E’T ~~T 5C’

°POJECT : : 1

Program p a r t  : CO T t E ChE C~ i~ iG

CO~~~L E X I T Y --E~~SURE3:

J - ’5E~ CF S T A 1 E ~~E ’T3: 1~
\ U i~ B E R  C”  - \ C C E S :  3 

- 
,__

\
\u aSEo C0 ~F C5 : S (

F :3J~.r : 7
:?CLC~~~I:C \U~~SE ” : - ‘(3)” 3

REA C r-AE ~~LITY \ 3 3 ~~:

~~C E  1 :
N O D E  2
NODE 3 : 8

: 3
5 : 3

‘ - O D E  2 : 8
7 : 3 -4

: 7

C O O

C T  CI~~E -CT E C C i~~~ -: S.C CC CC

—

- - --

~

— —---

~

-., —  ~~~~~~~- -- --- -



C ‘4 5

D ! ” E C T E ~) - -~~~P- 5 c -’RE 5~~’T ’ 4 T 0 l

P~ROJ ECT 0 :

P r oora m oar cEC RC “ L i - D ” D ~~

a) a 0f  ~ O ’4P5

ci a ar c s : 12

c i a or s t a t e ~~~~ t s:

a ~~f oat s : a

e) -ea c ac-m I 5 y

4 ) 3 i c I ~~~m a t i c  ~~ m~~er

• 1m ” O er o ’ E a t ’s

and r~~~C~~~p i l i t

~~~ - ,e v I

S E--o-

N

— 93 —
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~N5 (EX C “ace ‘4 ‘4

-O I P E C T E ’ )  G ’~~P ’  ~E ’ 4 0 0 3 E s T i-O~1

“RJ E C T  a :

?rogra ri p art :

CO~~PLE(F’~ ‘sEA3, .~~ES :

~‘,- ‘~~~R JF 3T~~T E- ’E’~TS : 0

Nu~~3SR CF \D ES : c
~~~~~~~~~~~~ cF .~~S C S  :
\u~~5 E S  C F  ~~~~~~ 2
CY C L O V A T I C  \u~~E E :  v (C )x 2 E r r o r  a

~~Y 

~i:z:z
SL~~: ~.cc-: -o:o

~E)c~ A 2  I L  IT? i\C5 x
C T  LI SECTE ~ 3P OP ~~: j.D~~~ ’4DE

- Q ’4 -



—5-- - ——- ---~~ - -  - -—-. - - --- - ~~~ —-~_—..--- — . 
-~~

ANNEX H Page 1 of 2

T E S T  PHASE D E S C R I P T I O N

Project a :

Test rtui # I I n c l u d i n g  7 T e s t  Steos

Beg in of Test (day tim e) : 2/05/14)30 End of  T e s t  (day / t i m e )  : 2/O6/1 s20

CPU t i m e  fpr necessar y cor roi ’ es (in Sec.): 5.18
a) 1.~ 9 bi 1. 71  c i 1. 78 a) ci f )

CPU time for TEST r irs (5cc) : 13 . R8

Man Hours in Te stina : 5 . 8 (i n c l 4c i n g p r ep arati o n of tests)

r 1) -

TE ST I Q BJ EC TXE EX PECTE D A C T J A L I E Q P O P I D A Y  I C OAM ENT S
STEP I ~ESU LT I R E S ’J L T I  a I T I ~~E A N D

I (TOLERA N C E) I I COOED E~~~O-R
I I I I I I TY PE S

I I I I I ) Pecoro nen
I I I I e rr or oc c u r s .

Cmec¼ orogran f~~r I A l l  p al Tncrc ,eS I 2/’Th
I s m a l l  pa l i ridro me sl a-c detect ed an a l 1 1 430 1
1 (~~~~) p al ind rome of I re cord ed as sce—I
I l e n g t n  2 I c fi ed dv Pro— 1
I C b) pa l  i nd ro~~e oi c r a m  s c e c i  f i —  1 I
I l e n g th  3 I c a t i o n s  I 0. - - . 1

2 C~~eck  f or large I I I
p a li d rome s I same as I I I I I

1 (a) pal i nd r o m e  of Ioro gr.l ~~ I~~S2 5 I DR
le no t r i  255 1 le r r o r  I I I

1 (5 )  pa l i n d r ome of  1 1 I I
length 25o 1 I I I

3 1 T s t  C o r r e c t i o n  I 1 I
1 Repea t  s t e p s  1,2 1 s ame  as 1 1 jOb I 1 1 550 1 I m p l e m e n t a t i on
I I I t e r m i — I  I I e r r o r  ( t i m e

In a t e~ 1 e s t i m a t e  e x c e e d e d )
4 I Te st c o r r e c t i o n  I I I I

I Re p e at s t e p s  1,2 1 same as 1 1 3 .i< . I 1 I
S I Crieck p a l i n i r om e s l  S h o u l d  o e ic— I I I

I w r m i C h  cross ca n I feCted aria pr,n I 1 I
boundaries 1 ted as spec, #i e aI C.h . I I

S 1 Cfiec~ for p al in— I same as S 1 1
1 d r o m es  p1 v a r i o u s  1 1 1

lenqt P i s and s i z e s l  I O. ’ . I I
7 1 CI~e c x  f o r  i n v . a l i d  a a rn i n q arid t e r —I I I See n o t e s

I inp ut (string I m m n a t i n  1 J.~~. I 1 2 i )s
1 1 eriot b 5 1) 1 I I I  a20 I

No te s: O t h e r  i n y a l i O  i nputs wer e e x h a u s t i v e l y  t e s t e l  C u r i n C
de o uqo i ’ c  P h a s e .

- ~~~~~~ ~~~~~~~~~~~~ 
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A~1NEX N Page 2 o~ 2

Cho ice of Test Data:
Some test data wer~e c~ oser~ t o  c J ~ ,ck t~~ e p r o g r a m  f o r  boundary
cond i t i o n s .  O ther test data were se 1ecte~ t o chec k random
s i ze  and numbers o f  o a 1 in~~romes .
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A P P E N D I X  ~3

PROJECT DESC RI PT IUN

P r oj e c t  # : 2

Proje ct t i t l e :  P.~TH AN AL Y S I S IN DIRECTED GRA PH S

Programmer : HOFF MAN N

ProQ ramm in~ La nguage : A LG flL

P ro qra m rnin a envi r onm ent: 1 /36O/~~7, OS/~~vT ,~~A T C H
and TI’~E Si-i A RING (CP/CMS)

Design notes : see A~~~EA A

Program l i s t i n o  : see ~N~’JF.X A ~ f A PPE N DIX C

Coding m otes see A~~~EX C

Dehuqginq notes : see A~\i NEx D

Err or List in’~ : see A N N E X  E

Final s t a t i s t i c s  : see ANN E X F

Grap hi c a l  reor~~Sentat ion : see A N N EX  G

lest phase ‘iescri ot ion see A~~NE f 11

S t a r t i n g  d~~te: 1 ~~R 77 Eno in Q o a te :  11 ‘~A~ 77

E XP ER IV EN T DESCR IPT ION

1. Project de s c r iot ic ri

A . Gen eral Descr io tic n

T~~i s p rogram is ~esi c~r4ed to find and ~~r i r e  a l l  ooss ib le

oa ths of — j m j r r ~~l l e n o t h  (~~~e. ~
f a di rected qrarh C c n t a i n S

loop s, no loop m a y  r~e t raversed more tha n once in succes-

sion ) tnr ou ~~h a o irecte i g ra p h .



B. Inout Descri p t ion:

(a) Batch Processing

Caro 1: 1 in card co lumn I followed b y any text

(this text w i l l  i d e n t i f y  the graph and h i l l

be prin ted as a headli n e p r eced ing th e inp ut

docum ent at ip n )

Card 2: t i n  card c o l u n n  I f o llowed by one b l a n k ,

where t sp ec ifi es the tyoe of oath l i s t i n g

desi  red.

t~~0 —> a l l  oaths are liste d  during an a lysis

(recomiiende’i on ly for a ver y large

numbe r of oaths, i.e . more tnan 500

p ath s exp ected )

t is nonzero —
~~~ p aths are l i s t e d  a fter

a n a l y s i s  has been como leted

(any a d d i t i o n a l  i nfor ~~at ior w i l l

not be inter p reted ~
y th e croO r am )

Ca rd 3: s in carc column I f oll o wed by one b l ank

whe re s sp e ci fi e s th e nump e r pf  d i a ’ t S

of the la r~~est node nam e used in the di r ec teo

p raph and 1<~ s

(any a c ’i i t io na l i n f o r m a t i o n  ~ i l l  not he

inter p rete d by t~~e orogram )

C~~ri ~ : 1 n si s2 ... si

nh er e 1 is the node na m e of the en t r y noa~

and r ray  he OunChCl ~~~~ a~~v col u~r ’



r

n is the num ber of successors

and 0 < n <~~ 1~

si (i:I,2, ... n) sp ecif ies the name

~ 1 the i t h  sucessor of node 1

Ca rd 5 thru Caro m + 3 :

where m sp eci fi es the numb er of nodes in

in the d~~recte1 graph

Fo rmat : j n si s2 ... sri

where j sp ecifies the node name of the rode

bein g described on th i s  card

an d 2<= j <: 999; j m ay he cunched

in any column.

ii is num ber of successors

ano 0< n < 14

si (i ~~1,2 ... n) sp ecifies the nam e cf

the i t h s  successor (1 <~~ si <: 999)

i 4 n:0 —> no entr y necess ary

GTE:

(a) A l l  e ntries are int egers and m ust re separated by at

l e a s t  one cl ank.

(b) A l l  i n f o r m a t i o n  about any mode m ust l’e or one card.

(c ) Card colu mn ~0 must cont a in a blan k charac t er or an

add i t i o n a l  b l ank card has to he inserted.

Ca rd 4 + m :  QQ99~ f ollo w ed ny at least one bl a n K

(this inp ut ind i c a t e s t h a t  a l l  i n f o r m a t i o n  of

the p r ,ceedina i ir p c ted qrapb has been in p ut )

— 9Q —
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NO IE: Fol l owing t h i s  d escri p tion any number of di rec ted

graphs may be sp ecified and submitted to the pr ogram. Afte r

the last descri p tion cf a d irec ted qraoh a t e r m i n a t i o n  card

has to be added wh i c h  contains any inte ger di fferent from

“ I ” in card co lumn 1.

Sam pl e Input:
1 (FIRST GRA Pi- )
0 TOGGLE
2 M A X  N O D E  N A M E

1 1 2
2 2 3 4
3 0
‘4 1 5
5 0

99999
1 (SECOND GPAPH)
1 TOGGLE
1 M AX NODE N A~V E

1 2 3 2
2 0
3 1 ~‘
4 ? 1 5
5 0

99999
—1 TE RM INAT E

(h) Input unde r CP/C~~S:

The inp ut seQuence under CP/C~~S is s i m i l a r  as unaer

ha tch orocessino. th er e is on ly one e x c e p t i o n :  Any o t h e r

inout than th e in p ut reQuested by ~he Progra m ” w i l l  t e r min ate

the orogra’” . The user can onl y inp ut integers , ac~i i t i o n a l

blanks are not a 1 lowec .

Under CP /CMS i n s t r u c t i o n s  are di sola yea at t~~e t e r m i n a l

w h i Cri m a k e s  t h e  use ~ f t h e  p r o a r a m  alm ost s e l f — e x p l a n a t o r y .

— 100 —



NOTE :

(a) Login w i t h  540k

(b) Fo llow the directions of the Program p recisely.

Cc ) Inout only integers.

C. Error Messages:

A l l  erro r messages are sel f—ex p l anator y .

Errors 3, tI, 9, 10 refer to i n v a l i d  or inco m p lete inout.

Errors 8 and 9 w i l l  cause the orogram to ter min ate.

Error 2 indicates the l i m i t  of the oroaram . If error 2 oc-

curs it is most l i k e l y  that the directed graPh has an infin-

ite number ~~f paths. The user may try the same inpu t using

H Q f l  as inp ut on the second card. Error 1 w i l l  o nly occur if

more than 30 nodes have been sp e c i f i e d  h a v i n a  14 successors

each.

A l l  other errors w i l l  i n d icate an error w h i c h  has not

been founo during testin o and debugg ing or w i l l  be due to

some abno rm al usa~~e of th e p rogram . In e ith e r  case i t m i ch t

be p ossible to locate t h e  p roble m by e x a m i n i n g  the pr ogram

l i s t i n g  or retr y ing the oroaram .

— 101 —



2. Programmer ’s background:

a)  E xpe r i e n c e  in p ro g r a m m i n g :

Oc t  1970 — May 1971 P r og r a m m i n g  c o u r s e s

M ay 19 71 — A p r i l  1972 Mocu le  Prog rammer

May 197 2 — June 1974 4 ’ lork in T e s t  and S i~r u la t i o n  Depart -

ment at  the

N A V A L CO MMAND AND CONTROL S Y S T E M S

COMMAN D (F E D E R A L  GEP~~A N ‘~A V Y )

T e s t i n g  of  t a c t i c a l  r e a l  t i m e  s y s t e m s

March  197 5 — Jan 1977 S t u de n t  at  t h e  N A V A L  P O S T G R A D U A T E

SChOOL,  M o n t e r e y ,  Com p u t e r  Science

b) E x p e r i e n c e  in t e s t i n g :

T w o  y e a r s  o f  w o rk  in t e s t i n g  ano s i m u l a t i o n .

c )  E x p e r i e n c e  in t h e  a r e a  of  t h e  g iv e n  p r o b l e m :  None.

d) E x p e r i e n c e  in t h e p ro na m m i ng  language b e i n g  used :

Ex o e r i nce o v e r  a pe r i o d  o~ IM m o n t h s  in more  t h a n  10

p r og r a m m i ng  P r o j e c t s .  ( T o t a l  number of  sour ce s t a t e m e n t s

orodu cel dur ing  t h a t  t i m e  w a s  more  4 0 0 0 . )

3. °sy c h o l o g i c a l  f a c t o r s :

a )  Di a t h e  p ro a r a m m e r  l i ke  t he  p r o j e c t ?  y e s .

h) n o w  do es t h e  o r o o r a m m e r  l i k e  t h e  o r o g r a m m i n o

— 102 —
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1 anquage?

Favorite p rogr am m ing language.

c) ~as t he  p ro g ra m m e r  s a t i s f i e d  by the w a y  t he  p ro b l e m

was soec i fied?

On ly minor c r i t  ic i s rr .

1) how 3id tne pro gr amm er l i k e  the p ro g rammin g environ-

me nt ?

I”e f a c i l i t i e s  (stuav room , card punch room ) were not

conducive to e f f i c i e n t  Progra mming because of rest ri cted

scace, had l i g h t i n a  and noise.

e) Other factors:

The recording of the exoe ri ’ren~~’s data during the pr o—

iect a ffec t ed sceed and concentratio n co n si d erabl y.

— 103  —
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4, Comm ents on Docu m entation

Fo r the docu m ent ation of each so ftware develo pm ent phase a

spec ial docu m entation form has been deve loped. These forms

are designed to p rovide a fi r m  g u i d e l i n e  for the ex p e riment

p rogra mmer to record a l l  data of interest for subseauent

error ana ly sis.

— 8eqin and end of each steo wa s recorded w i t h  rescect to

day and ti m e.

— Each error was recorded when it is discovere d . The error

was then i d e n t i f i e d  by a uniQue error num b er (1,2,...).

Furthermore the t i m e  of discover y ari d the erro r type (using

error tyces l i s t e d  in ANNEX F) were recorded.

— If aoo roo ri ate , comm ents about error di scovery, reason why

the error was made , etc. were docum ented in A I\J r~E X E2.

— For each error the phase in w h i c h  the err or was m ade, the

phase in w h i c h  the error was discovered arid the t i m e  scent

to correct th e err or was recorded in AN NE X El.

— For each steo in any one of th e soft wa re develo pm en t

phases the day /time of begin ana end was recordea. I-’ aa d i—

ti o n , the ti m e (in man hours) for each steP was recorded.

th i s excludes the overhead used for docu m en tat ion 0f th e

exp e riment data.

- 1O ~ - j 
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ANNEX A Page 1 of S

~ORKSHEET FOR DESIGN PHASE AN D  DESIGN REVIE w PHASE OF PROJECT s 2

STEP : PROBLEM AND PLANNED SOLUTION ALTER NATE :DAy :HouPs :EPROR : COMMENT
SOLUTIO NS T1~ E / STEP a

1 ~~~~~~~~~~ s t ru c t u r es  w i t h  :3/01:
resoec t to m i n i m u m  number of :i~oo

:paths.  :
The mi n i m u m  numcer of oaths :
Hncluo e s a l l  o c s s i b l e  o a t h s
:s t a r t i n q  at t~~e en t r y  node 1 1 :
:and ending at  ~ny node w ’ i C h  1 2. 41
1” as no successor. 11’e ~,ir~imum
:nu mb er e x c l u d e s  a l l  ~ at~~s h~~— 1
l vi rt g re oetat ,ve rave .-sals oi : I
:ln oos. such tr,at any secu en ce I
Io f arcs i s t r a v e r s e d  mor thar ~ :
la nce ~ri a row. 1 3 / 0 3 1
I :

2 :o es ~~~n ~~f Da t a  S t r uc t u r e s :  13 , 0 4 1  D e t a i l s
:ii oo : : see

I R e m a r . s
:1~ oo :

~ e r a r ~~s
wo f r e e l i s t s  a re  used t o  suool y s t o r a q e  soac’ to eeo i n f o r m a t i o n  ab ou t

o a t h ’s and t h e s t r u c t u r e  of th e ~~~e r l y i r ~a o i r e c t e O  crao~~.

FREELIST I (‘~1)
l U S t  Ite m s of U b y t e S  e ach (32 ~ i t s )J

Items
used for: •

< 2 byt e s ~ < 2 e y t e s

a)
Successor I I 
Inf orma t i o n  Suc C es SO r name I o t r  n e x t  Su c ce s so r
(e l em ent 1 1
in f orward I •

l in k e d l i s t )

b ) I •

~leeder Q f : 
s uc c e s s o r ~r e a c h a o i l i t y  D are nt : ~~~ Succe ss or l i s t
l i s t  1 

c )  I • 

~eade r  1 0 lot- next free ~~ em
(Ite m 0) : I 

— 105 — 
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A N N E X  A Page Ia of 5

FREEL IST 2 (M2)
12 0001 Items of S b y t e s eac h (bU B i t s ) )

Ite ms
use d for:

< 2 b y t e s  > < 2 byte S )

a) • 
1 

I n f orm atio n Ico~ nte r to o r i g i n a l  Inod, name
(d u o l i c a t e )  —— — 

Io tr t o successo r l c t r  to o r e le ces so r

1 •

~ a t h ! i eader  1 1 
I n for m atio n IDtr to cr ev io us c a t nlcath ~lent i t I C Ct i O r ’  1

c t r to be oi n o~ o a t n l c t r  to ne,t cat~

ci I •
N o~e
Noa e I 
Inf orm at io n pol nit er to or i g ina l none name
(or i g i n a l )  1 I 

l x of su CCes So~ S ~tr successo r l i s t  1

1) • I
Fr,e l , s t  1 I 
‘leader  0 1 0
(It em 0)  I

0 ot r ‘ext free item 1

— l O h  —
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ANNEX A Page 10 of 5

Ty p iCa l  usage:

a) Ori g i n a l  node w i t h  s u c c e s s o r  l i s t

: ~: i:

0 1 n l Ot  ‘ 1 r p t  > 1 flot r — — — — — — — >  1 k NIL

lhe re 1
i, 5. k are node names
r r eo re s e n t S  r ,ach~a Q i l i t v  o f  nOdC I
o is t he s tor a c e l o c a t i o n  ~~i th l r’  ~i2
N IL in d i c a t e s  t he  ,ni o f  a l i n k e d  l i s t

~) Doi.j~~lv l i n k e d  l i st  of  c a t s  h e ad ers:

1 i 1 1 i + l  1

1 o t t  I ct 1 o t t  1

V ~1
ceg in ni n o oe g ln r~1ng

o f oat h i ~~ c a t ’ i l l

i hCre  and i-P t a re  o a t h  i d e n t i f i c a t i o n s .
c) i cces ( du c l i c a t e s )  b e i n g  e l e m e n t s  o~ a o ath

o ri g ina l ( o t r  i 1 t o r e d e c e S S c r  of node i

~ 1 i  1 1
1 o t r lo t 

1 1

o r i O i n A l  C otr j 1
o f )  1 :

1 p t r pt 

V

~i M e P e  I and j a r e  s u c c e s s i v e  nQdes on a oa t .
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A N N E X  A Page 2 o~ S

WORKSHEET FOR DESIGN PHASE AND DESIGN REVIE W PHASE OF PROJE CT a 2

STEP: PPO8LEM AND PLANNED SOLUTION I A L T E R N A T E  b A Y  UIOURS EP RO R CO vM E N T
a 1 1 SOLUTIONS :TIMEI/S’EP : a

3 TOP — DOWN Design: 13 1051
:De fin e th e f o l l o w i n g  orogram 1 1 150 01 1
car ts: I 1 1
— O a t a  s tructu r e s I 1
— °r i m i t i v e s  to su000rt Oata I 1 1 1
s t r u c t u r e s  1 1
— U t i l i t i e s  to su000rt d a t a  I 1 1

I s t r u c t u r e s  I I I I
1 — Lo g i c a l  orocedures tc su000rt 1 1 1 .3 1
a n a l y s i s  of li rected gra ch s I 1 1
- Su or outin es to sucOort ari a l v ’ 1

I s i s  of c o s s i c l e  ca t Pi s t n ro uo r ~~ I I I
Ia l i r e c t e l  o r s o n  1
—m no u t o f oat s 1 1
— Q uto ut of o~~ a I I I I
— E r -o r m essages arid relevant I I 1 I

Ioi agnosrics t o  su000 r t  error I 1
le rr o r in v esti g atio n 13 /0 5 1 1
I I I l o O U

- 108 —
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ANNEX A Page 3 of 5

WORXSHEET FOR DESIG~l PHASE AND DESIGN REVjE’~ PHASE OF PROJECT a 2

I 1 I
STEP PROBLEM AN D PLANNED SOLUTION 1 A LTE RNATE DAY ;Houps :ERpop : COMM ENT

a 1 1 SOLUTIONS :TIf’E :/STEP: a

Defjne Data Structures 13/0 51 I I
Ia) Use Free l ist (Ml) of 451 1 1 16 00 1 1

U byte woraS used to orovide 1 1 1 .5 1
h n f o r m at i o n i  abou t  s u c c e s s o r s  1 1 1 1 1
Ief pa rent nodes (each of m a x . 1 1 1
:30 parent nodes may nav e jo to I I I
1 14 successors ) 1 1 1
b) Use Free list (M2) of 20001

I~ byte item s to keeo inf o rma — 1 1
l abou t o r i g i n a l  nooes , oa t h  I 1 I
heaaer s and cossi bl e oat~.s I I I I
:tn r o ugh th e ji r e c t e d  g r a c b  1 1 1 I
Ibe in g anal y zea. 1 1
It e a c h item is de slon ed to h o d  13 /051 1
I~l i n t e g e r  v a l u e s  oet w ee n 0 and 1 1b 3 0 see ~~so
Ib5S35) I I l re m a r s

I 1 Ion cage I
5 IDesi gri o~ o r i m i t i v e s  and 13 /0 51 I

I u t i l i t i e s  to Su000rt d a t a  I :1630: 1
s t r u c t u r e s  1

Is) P r i m i t i v e s  for F r e e l i s t t: I 5.5 1
1 — I n i t i a l  i ze Fred i St 1 1
1 — Carl, Cdfi (ret rie va l of

integer v alue s ) 1
— Se t c a r l ,  S e t c i r l  (set v e l u e s f l  I 1 1

I — A l l o c a t e l ,  Fred (al lo cat e / I 1 1
f r e e  e l e m e n t s  o f  M j )  13/051 1

2030

10) P r i m i t i v e s  for F ree li st 2: 1 1 3 /Oc I 1
1 — I n i t i a l i z e  F r e e l i ~~t 2 1 1 1330 1
1— Car2, C~~r2 (ret r ieval o f I 1 I

i n t e g e r  v a l u e s )  1 1 I
1—S eccar2 . Sercor2 (set valu ,sfl I
1— 41 locate2 , Free2 (al loc a t e / I 3/Oal I
:free elements of .~2) I 1 15001 I
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ANNEX A Page ‘4 of 5

~ORI~SHEET FOP DESIGN PHASE AND DESIGN PEV IE~ PHASE OF PROJECT a 2

1 1 I M AN 1
STEP I PRO8 LE~I AN D P L A N N E D  SOLU TION A L T E R N A T E  :DAY 1 i 4 O U R S 1E ~~ROR C O M M E N T

a I SOLUTIONS I T IM E /S TE PI ~ 1

6 IDe fin e Algorit hms for U t i l i  I 1 3 / D e l
t i e s  to  su ppor t  s t r u c t u r e s  1 1 1800 1
using ~I: I : I .5 :

1— Name, Setnam e 1 1 1 1
1— B roth er . A000roth er 1 1 3 /O oI 1 1
1—So n (i) (get name of i t h  son) I I 1 5 3 0 1  I

7 D e f i ne A l g o r i t h m s  for ‘ J t i l i  : 1 3 / 07 1 1 1
I t i es to su000rt stru ctures 1 I IOOl f l
l u si ni a u2: I 1 1 2.0 1

a ) S u o c o r t  o f l in ~~e 1 l i s t o f I I I
loa th h d a d e r S  1 I I I
I — S e t P a t h  LU , —P a t h  10 1 1 1 1
I— L ink o at h (fcrwa rd /backw ard ) I I
I— I n i t i a l i z e  °at ni l i s t  I I 1 1 1
I — Next oath , —P r ev i ous 0ath 1 1 1 I I
Ib ) Suooort of oath st ructur e s :1 1 I I I
1—Nam e of (retrieve node nia’e) 1 1 I 1
I — P redecessor I I 1
1 — S u c c e s s o r I 1 1 1
1~~Numo er of Successors I I I
I— Li n~~ing ~f nOd es (#OrwSrd ano I I I : I
I b aCEwa rd ) I 1 I
l —D u~~I i c a te( se t duOl i c a t e  node) I I I
I— Add riode I 1 1 I
I O u oli ca te a P a t ’  1 1 1 I I
— I m o l e e e n t a t i o n  of a l t e r n a t i v e :  :3,071 1
:o ath 1 11 2001 1

S 1De~~i ne P r o c e d u r a l  A l o O r i t h h s :  1 13/081 I
1—lfemo ~ e ~ Patn I 115 0 01 .5 1
1 — L i s t  Path 1 1 I I
I — L i s t a l l  P~~tns I I I I
1 — F ind En~ ~f a Pith I :isos: 1 17 IOR former
I—Find O r i g i n a l  I 13/08 I ana lvsis

1 15301 1 b i d  not
I I 1 Ii ri c l uoe

I 1 I I I t r i v i a l
1 : I I ca s e

— 110 —

- ~~~~~~~~~~~ -- _____



-- .-- - 

ANNEX A Page 5 o f 5

W ORKSHEET FOR DESIGN PHAS E AND DES IGN R E V I E W  PHA SE OF PRO JECT x 2

1 MA N 1
$TEP PROBLEM AND PLANNED SOLUTION 1 ALTERNATE 1DA Y HOURS 1ERROP COMM ENT

a 1 I SOLUTIONS ITIMEI /STEP ~ 1

0 IDes ign Review: 1 13/001 1 I
IOd ine global cointe r s : 1 1 1 0 0 1  I I
I— P a t h head I I I I
~~Cu r ren t o a t h  I 1 1 3.0 1
I— La stc ath I 1 1 1 I
I Cur r en tnod e I I I I I
I — L a s t o c c u re nc e  1 1 I I
l D e f i ne a l g o r i t h m  f o r  o a t h  I I I I I
l s n a l y s i s  I I I
I—Set Paths I I I I

S o e c i f y  l o g i c a l  a l q o r i t h ~~S I I I I
I— Occurs Tmi ce (nOde w i t h  same I 1 1
I nam e on same o a t h )  I I I I I

1 0 ’e ~iay (lcøc it ri o u t a l t e r —  I I I I I
Ira t  ye branc hes) I I 1 1 I
1 — T M a t c h  ( s a m e  s ec ue n ce  of  nocesl I 1 1
I c uo l i cate d on curre nt oath) 1 1 I I 1
1—C h ec coack (check for in v al 1 0  I 13 10 91 1 1
I a l te r r ~a t i v e ,)  I I 1 U O O I  I 1

— 1 1 1  - 
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ANNE k C Page 1 of 2

WOR KSHEET FOR CODING PHASE OF PROJECT a : 2

Begin n ing of Coding (day/time) : 3/06/1500

End of Coding (day/t ime) : 3/10/1730

M~n Hours : 26 ( i n c l u d i n g  pu nching of cards)

1)
CODING 1 PROGRAM PA RT IEP ROPIOA Y COMM EN T

BEGI N I END I 1 s 1T IV EI
DAY /T IV E I DA Y /TII4E I I I I

I I I I 1) ~ecard .hen error is
I I I oe!ecteo .

1—O ats D e f i n i t i o r i l  13 / D e l
I I— P r I m i t i v e s  I I I1 5 3 01 C2 8
I I—E rror ‘l a n dl ing 1 2 115 ~ 0IC2 f
I 1—I ni t i a l i z a t i o n  I 3 I1o20I C 23
I03/ O o /lo 3O b I I I

03/ Ob/1n 30 1 I— ~ un ch i ri g cards I I
I £4 I I7UO IC2 S

03/Oo /lS00 I I

~3/0b/t8 301 I — J t i  l i t i e s  I
:03/06/20301 I 1 1

03/07/1200 I — J t i  1 i t i e s  1 13 /07 1
I 1 5 1 1 30 51 09

03/ 07 /l’lOO I I
03/08/t0001 1— P unc h ing Cards I 13 /~ 8I

1 I ( U t i l i t i e s )  1 10 II000 :C:2 (m is s ing BEGIN )
I I 11 IIOO5IC 2 8 ( m i s p e l l i n g  of

I I I proc edure nam e)
I 1 1 12 I10 051 C23
1 1 1 13 1 1 0 1 0 1 d b

1 1 14 I1O 2 SI C I
1 1 15 110 3 01 C17
1 1 16 I10 3 01 C 1 7

M3/0B/12 001 1 1 1
03/08/1530 I I—C odi ng of c r0 —  1 1 I

I ceaur al Suor~ u—I t~ I1e 3OID ° (des i gn d ig  no t
I tines I I co ns ic er rem ova l of

I03/0 8/l8flOI I I I f i r s t  and last ca t bI
03/08/1~~O 0I 1—Coding ~f oro I I

I cedural Sijbro u—I 1 I
103/08/20001 t ines I I

03/00/20001 1— Punc hing card s I I I
1 1 IR 12 130 1 01 1 (faulty design
I I I I on index c a l c u l a t i o n )

1 2 0  I2 1501 C 10 (‘ault y c o ndit i on
1 I I I 1 K Not Eg ua l” In s t e a d  of ~~:‘

103/08/22001 1 I 1

— 112 — 
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ANNEX C Page 2 of 2

WORKSHEET FOR COO ING PHASE OF PROJECT a : 2

Beginning of Coding (day/time) : 3/06/1500

End of Coding (day/time ) : 3/10/1730

Man hours : 26 ( i n c l u d i n g  pu nch ing of  c a r d s )

1)
CODI NG PROGR AM PA RT IE RQ O R 1 )AY I COMME N T

BEGI N I E ND 1 1 ~ I TIME I
OA T/TIME I DA Y/h UE 1 1 1 1

I 1 1 1 1 1 ) R ecord w h en er-or is
1 1 1 1 det ected.

03/09/1200 I I—Coding of I /O I 13/0 91
1 SubrO u t in es I I I

103/0Q /1300I 1 1 1

~3/09/1300I I— P unc h in g card s 1 1 1
I 1 34 I 1 .~LO 1C 11

10 3/09/15001 I 1 1
)3/’I°/lSOO 1—Cod in g of Log i— I  I 1

I ca l orgcedtires 1 35 11 530 10 0
1 1 36 1le 1 5 0~103/00/ 1730 1 1

03/00/20001 I—Punching car d s 1
1 I I ~ 0 I203 01C2 0
103/ 09/21001 1 1

3 3/09/210 (1 1 I dodin ,q of o a t h  I I I
I 1 anal yzing sl qo—I 42 12200 109
I I n i t h m ( ” S e t  I 1 1
103/00/23001 o a t h s ” )  1 1 1

03/10/10001 I—Punching cards 3 / 10 1
1 1 (84 110 4010 15

10 3 /1011t001 I I I
0 3 /1 0 / 1 1 001 1—Coding of I/O I I I

I I sub routi ne s I I
103/ 10/120 01 1 1

33/ 10 /163 01 1~~~u ric h i nq cards I I 1
I I £16 11 7 001D 9

;03/I 0/l7 3u 1 I 1 1

— 1 1 3  — 
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ANNEX 0 Page 1 of 11

WOR KSHEET FOR DEBUGGING PHA SE

PROJECT a : 2 DEBUG Run 5 1

Begin of Debug Run (day /time ) 03/06/1800

End of Debug Run (day /time) : 03/07/1400

of Debug Steps m c i . in Debug Run: (4 CPU t ime for Debug run (sec): 1.82

CPU time for necessary com cile s (3cc) : £1.33

a) O.~ 9 b) 1.76 c) 1.e~i c) e) ‘ )

M an hours for th i s Debug ~un : 4 .0 (in cl ud ing ore car St ion ~f lebug ru n )
MA N 1)

STEP P’4OGRA M 1 OBJECTIVE ~NO EX PECTE D I aCT UA L I Da v I~~OU R S ;EROO PI CCUUENTS
I °ART I RESUL T I PESULT ITI’ A E I /STEP I z I ~‘~D CDOED
I 1 1 1 I I E RROR T~ °ES

I 1 1 1 1 1 1) Rec ord ..ndn
I I I 1 1 I I error
I 1 1 1 1 I I occur s

I P~~lm i —  I Get error free comoile 13 com oile 3/O6I 1
I t ives I errdrs 1 1 8 1 1 1  1.3 5 I A I
ba nd I I 1 1 1 e IC23
lo art o~~I I I 1 7 141
I u t i l i  I I 13/06 1 1 1
l t i e s  I I 1l °30I I

2 1 IReoeat stea I I O.K . 13/ 071 1.2 1
1 I 1 1 1 1 0 1  1

3 1 P r I ’ ii — IdPtec k i n i t i a l i z a t i o n ,  I I 1 0.5 1 1
I t ives l a l l o c a t  ion and freeing of I I I I 1
I I items in cot~ f red isPs. 1 1 1 I I
I ICh ece Oaram Cter i rii~~l~~m en,— 1 1 1 I I
I I t a t i o n. I 1 1 I I
I Chec¼ r i t lng  ~~1 b lan k 1 1 1 1 I
I M i n e s .  I I I I

I (coi ni t ers of fr e el is t ~ uooer 11 2501 1 8 14! r.i”
I nust be set ap oro ori at elv , n a l f  ~ f I 1 1 h e ft out

I Ia llo ca ted elements mus t ~e 1 a l l o c a t e d I  I I w h i l e cun—
I f i lleti w i t h  z e r o e s ,  Ie l en eni t 1 1 1 I c hln g cards

I la l located ite m s ‘lust be l of M2 notl 1 1 1
I uri l inked. I f i l l e d  1 1 I I

I after freeing an elem ent w i t h I 1
Ihecome s cart of the free— Izeroes I I I I

1 I I ist again , I I
1 Icara m eters should be set I 1
I la s aeslgned) 1 1 1 1 1
I Ire ceat ‘tees I end 3 1 O.~~. 13/ 071 1.0 1 I

I I 1 14001 1 I

— I L L !  — J
_ _ _ _ _ _ _ _ _ _ _ _ _  
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ANNEX 0 Page 2 of 11

W URKSHEET FOR DEBUGGING PHASE

PROJECT a : 2 DEBUG Pun a : 2

Begin of Debug Run (day /time ) 1 03/08/1000

End of Debug Run (day/time) 1 03/08/1700

a of Debug Steos m c i .  i n Debug Pun: 2 CPU t i n e for Debug run (see): .46

CPU time for necessa ry como il es sec) : 2.23

a) 2.23 b ) ci c) e) 4 )  g )

M an hour S for t ” i s Debug R un : 2.5 (i n cluni n g or,oar~~~i~~n of debug run)
1)

STE P 1PRO G RA 8 I 3BJEC T Iv~ AND EX PEC TED I ACTU A L I D A 1 l ~~O U RS IE 0O R1 C~~~~E’~TS
I PART 1 ~E5ULT I RESULT IT IME I / STE P 1 x 1 a~ D

I I I EPR OI8 TYPE S

1 1 1 I 1 1 1 )  lec or i ~~~~
I I 1 1 1 1 e rr o r
1 I I I I I I ccc.J rs

I 1 P r i r i —  IChe c ‘axi u’ nuf lcC r o f 1 3/0~~h 1
I t i v e s  I a l lo c ation s in ~ O t b  • re e— I I l000I I I I m 5~’ fl ou r s
l and M ists. I : 1 0.3 I h s c e n t  ,n

loa rt c f~~~~l l elements ex ceot #r~ e—I 0.~~. 1 1 1
I ut 11 1— :1 i st ~ esoers are al Icc a— 1 1 1 Ic f ceouq
ties ted) 1 1 1 I— u n

2 I E r r o r  IChe c~ error m essages fcr 1 I 1 1
Ih and Iex n a us t ion a # ea cr free— I 13 /DP I 0.2 I
M ing I l i s t .  1 0.4. 1 1700 1

— 11~ —

S
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ANNEX 0 Page 3 of 11

WORKSHEET FOR DEBUGGING PHASE

PROJECT a 2 DEBUG Run a : 3

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

End of Debug Pu~ (day /time) : 03/09/1300

a of Debug Steps iricI. in Debug Pun: 7 CPU time for Debug run (sec): .6

CPU time for necessar y co~ oi l es (sac) : 18.12

a) 2.67 b ) d.75 ci 2.75 o) 2.43 ci 3•49 f) 4.03 g)

M an hours for m i s  C~~~ug Pun : ~.5 ( i n c l u d i n g  p r e o a r a t i o n  o f  leo ug •un)
M 4 f J  I)

STE PI PROG RAM I OB JEC T IVE 44O E1PECIED I A C T UAL 1 D X Y 1 ~~C U R SI E R PG~~1 COMMEN TS
a I PART 1 RESULT I RESULT IT I~ E 1 / STEP I I AN D CODED

I I I I I ERROR TYPES

I I 1 1 1 I 1 1 ) Record ~nen
1 1 1 1 I er ror
I I I I I I I occurs

1 I P r i m i —  IG e t error free com oi l e ~f 1 75 corn— 3/081 1 I
I t ives , l a l l  sub routines and cr 1— b i l e  d ia —I 22 001 1.0 1

Er r o r  I n i t i v e s  e n c l u g i n o  I/O su o— Igno sti cs I I I I
1han ~ l r outin es and logical Sub 1 (see 122001 1 21 IC23
I l i n g ,  Iro u t ine s. I rema r~ s)I 1 1 22 1 C 1 7
IP roce— I I 1 1 1 23 IC27
Id u ra l I 1 1 1 2u l a t
Is uerou—I I I I I I
I t in e s 1 1 1 1 I I

2 I Reoeat steo 1 1 122 (851 0.5 1 25 IC 1 7

3 1 IPeceat step I I 1 23 1 01 0.5 1 26 142

4 1 IR eoeat stec I I 12323 : 0.5 I 27 IC2 B

5 1 IReceat steo 1 1 13/0~~I 1.0 1 28 Ia !
I 1 1 1 1 0 3 0 :  1 29 Ia !
1 1 1 I 1 1 30 1 4 1
I I I 1 1 3 1 1 4 1
1 1 I I I 1 3 2 14 1

I I I I 3 3 C27

6 :Reoeat stec 1 1 O.K . 1113 0 1  0.3 1 I
I I I I

7 1 lPeoeat debug runs 1 and 2 1 0.4. 1115 01 1.2 1
I (same re s u l t S  ewoected) I I3/0°I 1

Th e ALGOL com oi l er d iagno st i cs do not a l w a y s a l l o w  a Co rn ol et e
in v e st i ast ion of al l  errors.

— 1 1 b
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ANNEX 0 Page (4 of 11

WORKSHEET FOR DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a : £4

Begin of Debug Run (day/time) : 03/09/1500

End of Debug Run (day/time) 03/10/1200

S of Debug Steps m d .  in Debug Purl : 6 CPU time for Debug run (sac): .61

CPU ti m e for necessary COmoi )es (see) : 23.45

a) 3.67 b) 5.02 c i  5.20 e) ‘4 .60 e) U .°b f) g)

M an r io u rs f o r  t h i s  Debug R un : 3.0 (i’~r l u d i n g  cr e caratio n of debug run)
M 8 N  1)

STEPI OQ OGRA M I OBJECTI VE AND EXPECTED I ACTUAL 1 O A YI ~~OUR5I E PPO °I COMMEN TS
a I DA RT 1 PESULT 1 RESULT 1T1 M E 1 / STEPI ~ 1 A’40 COOED

1 I I 1 1 1 ERROR TYPES

1 1 I 1 1 1 )  Re co r d wnen
I 1 1 I 1 1 1 error

I 1 4 1 1  IGet error free c o rnoil e . 12 ccnci’ e13 /0 °I 1 I occurs
Is uOrou— errørs 11500 1 LS I I
I tines 1 1 1 1 1
exceot I I 1 1 730 1 1 37 1C23

I l o g i c a l l  I 1 1 1 38 14 1
Ic r o c e —  1 1 I I I
la ures I I I I I I

2 1 IPeceet steo I 1 0.4 . 1 1 7 3 0 1 I I
3 11 /0 Chec k (rout for t r i v i a l  Ini umb er of 119501 0.5 1

1 lease, Is ucces— 120001 1 39 1C26 (READ ana
I Isors o l e — I  I I I R EAD O N con

I Ic ea in 1 1 I Ifused)
I I Iw rong 1 I I I
I I I f i e l a  I I I

4 1 IPeoeat steo 3 w i t h  trace 1 12130 1 0.5 1 1
I l and oreceaing i n i t i a l i z e —  1 1 I I I

I tio ri of fr e e l is t s as we l l  I I I I I
las i n i t i a l i z a t i o n  of l i s t  I I 1 1 1

I Io f  O ath headers. Iwr cng va I2 200I 1 41 A l
IC h eck function ~SOb” 4or Hue re— I I I I

I cor rect return values It ur n e d I I I I
I I (trace shou l d e at e n w i  t n  1 f r o m  NumI I I I

desiqni considerat ions ) 16cr o~ 1 1 1
I 1 ISucce s— I I I I
I Iso r s ” I I I

5 lReoeet steo £4 IM i s s i n g  12320 : 0.5 I
I M ink  123 (801 1 43 1C9

6 1 IR e o ea t stee £4 I 12350 1 0.5 1
1 1 1 O . K .  1 1 1 I

I 1 1 3 / 1 01 1
I 1 1 1 1 1 0 0 1  1

Remarks: Fun ct ions and Sub routines are f ir s t ch ecked f~~r t r i v i a l
cases  arid bounda r y  Con d itions.

— 117 —
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ANNEX 0 Page 5 of 11

WORKSHEET FOR DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a : 5

Beg in of Debug Run (day /time) : 03/10/1600

End of Debug Pun (day /t ime) : 03/10/2400

~ of Dibug Steps toe) , in Debug Pun: 5 CPU tim e for Debug run (see): 1.35

CPU t ir e for necessar y c ompiles (sec) : 29.49

a) 5.71 o) 5.9(4 c) 5,43 a) 5.79 ci b .o2 f )  g)

M an hours fcr t n i s  Debug R un : 5.0 (ib C l u dl na c r e o a r a t i o n  o f  o eo ug  r u n )
MAN 1)

STEPI PRO G PAM I OB JE C TIVE AN D EXPECTED I A C T U A L  I D A Y I H O U R S I E R R O R I  COM M E NTS
a 1 PX RT I °E3ULT I RESULT ITI u E I / S TEPI I A N D CODED

1 1 1 1 1 ERMOP TYPES

1 I I I I I) Record wne n
1 1 1 I 1 1 I error

I I A1 I ICnec k for t r i v i a l  in cutS 1 1 3 / 1 0 1  1 I o ccu rs
I P r i m i—  I fo r a l l  p r i m i t i v e s  a rc  II error :15301 a.s I I
t i  yes but ( l i t  i es • I in 1 i n~~~ I I I I

land I Ii og 1 16001 1 45 1 C27
l u t i l i —  1 1 1 1 1 1
I t i es I 1 1 1 1

2 1 I P eocat sm e c I II e r r o r  1 1 7 3 0 1  1.0 1 ~7 109

3 1 IH e cea t Steo 1 13 or oo ra mll R 3O I 2.0 I
I I e r r o r s  I1 °301 1 48 IC2 1 (state—

I lf o unø  I I I I’ents i~~~

I I I 1 1 Iv er se order)
1 1 121001 I ‘4~~ 1012 (.r~ nqI I I I I Ist o co ing

I 1 1 I I I I co r i d i t i o n i )
I 12130 1 1 50 IC8 (fault y

I I I I I I Ii n i t  i al i z a t  ion
I I I I I I 1o4 l oop)

4 1 IPeoea t  st eo 1 . 2 o ro g ra m l2 2 0 0 l  1.0 1 1
1 I l er rors 122501 1 51 18 ’4 (e r r o r
I I I I I I l in  correct—

1 I I I l i ng)
1 1 R300I 1 52 :C24

S I IReceat stee I 1 0.4. I3/10 0.5 1 I
I 1 12 33 0 1 1

Reearas : Procedures chec ked for t r i v i a l  Cases and bou nd ary coridl ti ons.

— 118 — 
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ANNEX 0 Page 6 of 11

WORKS HEET FOP DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a : 6

Begin of Deoug R un (a ay /t lri. e : 03/10/2230

End of Debug Run ( d a y / t i m e )  : 03/11/1700

S of Debug Stees m e l .  in Debug Run : 5 CPU time for Debug run (see): 2 .1 (4

CPU time for n ecessary com oi le s ( 5 C C )  : 26.3

a) 5,14 b) b.o2 ci 7.38 a) 7 .1b ci f) g)

Man hours for t hi s Oeoug 0u~ : o.D (in c l udi ng oreo ar ation ~ f oeouq run)
I )

3TEP1PR0 GRA ~~I C8JECT~~ E AND EX PECTE D 1 ACT UA L I D A Y I~~OuP S IE R~ OP1 C~~ M E ,TS
a I PART I RESULT I RESULT IT IM E 1 / S T EP 1 I A~tD COOED

I I I 1 1 I ERROR FiR ES

1 1 1 I I I I I ) ‘4ecor d nen
1 1 1 1 1 I error

1 1 4 1 1  Get error ‘rem comoil e o 4 P c o m o i l e l 3 / 1 0 1  1.0 I I ccc’Jr s
1 Ia !! orograr oarts . lerrors 2300 1 1 1
1 1 1 1 2 31 3 1 I 53 a l
I I I I 1 54 14 1
I I I I I I 55 :fl

1 1 1 I 5 o I ~~1I I I I 1 5 7 1 41
I I I I I S B I C2P

1 I 1 I I S ~~~1C9I I I oO ICQ

2 I lPeoeat step I I Q,1 • 12330 1 0.5 I
1 I 13/ 10 1 1

1 1 1 124001 1 I

3 l L ooicall C h ec ¼ 4or t r i v i a !  cases I 1 3 / I l l  3.0 1
b race— I w n i l e  ~o alyzing one e a t f i .  1 1  error 11 4 001 I
Idures Clneck w r i t i n g  of a oat h . Ifo und HUCOl 1 61 IC27 (reset
lena I (a ll functions sn ou I~ oc r— I 1 1 1 4or go tten)
Iw r i t i n q l f o r m  as aesioned) I 1 1 1 I
lo f a I I I I
loath 1 1 I I I I

‘4 I R ep eat st ec 3 2 errors I1SuS I 1.0 1 1
I I I f o und 1 1 6 2 0 1  1 62 IC I O (wrong
I 1 1 : 1 Istoppi ng con—
I I I 1 1 Id i ti on )
I I 1 11 6301 63 IC3 O

5 1P.ceat steo 3 1 11 6 301 0.5 1
I I I 0.4. 1 3 / 1 11 1

1 1 700 1 1

- ... . r~_ . if - .  — . — —. 
.—-—



__ __ __ __ _ _

ANNEX D Page 7 of 11

WO RKSHEET FOP DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a : 7

Beg in of Deoug Run (dA y/time) : 03/11/1700

End of Debug Run (day /t ime) : 03/12/1600

a of Debug Steos ir i c i .  in Debug R un: S CPU ti m e for Debug run (see): 2.61

CPU time for necessar y com oi le s (sec) : 38.78

a) 8.05 6) 7.91 ci 7.~~R ci 7.82 e) 7.22 f )

Man hours f~~r t h i s  Debud Pu~ : 7.0 (i n cluci—g o~ e ca r ation o f debu; run )
MA N I )

STE P IPPOGRAM I 38JECT1~ E AND E.~PECTE D I ACTUA L I D A Y I - C U R S I E P R C 2 1  C3~~ E~~T3
a I PAR T I RE3ULT 1 RESULT IT IM E I f S~ ER 1 = I A~ O CODED

I 1 1 1 1 I ER ROR T (RES

I I I I I I II ) Recoro ren
I I 1 1 1 I I error

1 1 Proce I Cn.c k anal v S  is of cat nes • 12 orooram I 3 / 11 1 0.5 1 1 occ~~rs
I~~u re I ( A l l  p a t b es are inp!emer — Ie r r or s 1 17001 1
IN Set :red in doub ly link e d l i s t s ) I  1 17301 I ~ 4 1012 (wrong
b aths ’ I I I I I st000ing con—
I 1 1 1 1 1 I d i n i o n )
I 1 1 1 1 7 45 1 1 65 1 0 11 (wrong

1 1 1 1 I I ’ roe. i n;)

2 1 I Receat steo 1 II error 1 1 8 0 51 0.5 1 I
I 1 1 found 11 8 1 0 1  1 66 10 11 (Same A S

I I I I 1 I err or oS)

3 1 IRec ea t sm e e 1 15 errors 1182 01 3.5 I I
I I Ifoun ~ I I I I
I I 1 1 3 /12 1 1
1 1 1 1 1 3001 I 67 103 (forgotte n
I I 1 1 131 51 1 68 103 update
I I 1 1 1 320 1 1 £49 103 of a v a r i

1 1 I I I ab le)
I 1 I 1 1 32 5 1 1 70 IC2~

1 113 4 0 1 1 71 S~ (m i s i n t A r —
I 1 I I I I l o r e tat i o n of
I I I I I I ler ror source)

‘4 1 IP epeat ste o I II erro r 1 14 00 1 1.5 1 72 IDQ
Ifo una 1 :

5 1 I Pe oeat steo 1 1 0.1 . 115 30 1 3.5 1
I 1 13/121 1 I
1 1 1 16001 I 1
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ANNEX D Page 8 of Ii

IfORKSHEET FOR DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a : 8

B egin of Debug R~ n (day / time ) : 03/ 13 /16 00

End of Debug Run (day/time) : 03/14/b OO

a of Debug Stecs m c i .  in Debug Run: 3 CPU ti n e far Debug run (see): 1o2.75

CPU ti’e f or necessar y com oiles ( S e e )  19 .59

a) 6.63 o) 6.45 c) o.5I a) e) f)

Jan hours for t r i s  Deoug Run 17.0 (including O r eDa rA t ion of ceaug run )
MAN 1)

sTEPI PROG PAM 1 OBJECT IVE 4~!D EXPECTED 1 A CTUAL I O.~i I~~O LR S IE RR O R COMMEN TS
a I PART I PESULT I RESULT IhI ~~E I/ SIE~~1 ~ I AND C ODED

I I I I I I ER ROR TYPES

1 I I I 1 1 1) ~ecoro hen
1 I I I I I I error
I I 1 1 I I occu rs

I A l l  Check various small d i r e c— I l  er— cr 13 / 1 3 1 I I
I It eo ir~~phS for boun cary I f ~~un~ 1 16001 6.0 I I
I I c o n a i ti ons. b i n  M A t  1 1 1 1
I I l c — i n g  12 0041 1 73 IC29 (wrong
I I I I I 1 b r a nc hI n g )

2 1 lReoe at st eo I II error 1 3 / 14 1 6.0 1 1
1 I f o un~ 107 0 )1
1 I(some 11 1 0 0 1  1 7~ 1010

I I oath s I I I I
I I I skioced I I I I
1 1 lo ur ing I I I I
I I Ia n a ) ysis) I 1 1 1

3 1 IPeceat stee 1 1 0.4. 1 13001 3.0 1 1
I 1 1 13 / 1-4 1 1
I I I 1 163 01 1 I

Re-’ark$: Error anal y sis durin g t h i s  aeoja run — as e .treee (y
d i f f i c u l t  and ti ’e Con sumi n g f o r  t w e f o ll ow ing .asons:
— M ost re su lts were v e r i f i e d  by desg C h eck i n g .
— Th e im ole m entat i o n ~ f oa ths -as che c ked cy

examining the Contents af a l l o c a t e d  i t e n s  ~ f
both freel is ts (U1, M2).

— Some structures bei ng tested had a ver y lar g e
number of oaths ( ‘ 2000).

— The crogram Conta in s A great number of rath er co~ p i ex
al gor i thms. eecn of w h i C n  had to be tested w i t h

~e soec t to it s  boundary co nd i t i ons.
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ANNEX 0 Fage 9 of 11

WORKSHEET FOP DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a :

Beg in of Debug Run (day / t i m e )  : 03/13/1 100

End of Debu g Run ( d ay / t i m e )  : 03/15/2300

~ of Debug Steps inte l .  in Debug Ru in : 1 CPU t i m e  f o r Deoug run (see): 3.92

CPU ti me for necessar y com oi les 1 see) : 7.52

a)  7.52 6) c) c) e) ~)

w an h ours f~~r t h i s  Debug Run : 3.) (in c l u l i n g  p re p a r a t iOn of oeoug r u n)
L I

STE P I PR O G RA M I 08JECTIV ~ AND EXPECTED A CTUAL I D A Y 1 — U U P S I E R ~ 0R CCMV E~~TS
a I PA R T I RESUL T I RESULT 1 T I M E I / S T E P I  ~ I AN D CO DE D

I I 1 1 1 1 E QCP TYPE5

I 1 1 1 1 1 1 )  4ecorl ~~en
I I I I I I I y r r O r

I I 1 1 1 1 1 occurs
1 1 41 1 ICine ck i n t e r n a l  error I I 3 / 1~~I 3 .J I

I In ess a g es. I I23~ 5 I  I I
I (E rr o r ‘essages 5.o,7. I O. K . I I I

I 1 1 1 , 1 2 , 1 3  sn ou lo he cn n— I 1
1 Ite d ) 1 13 / 15 1 1 1
1 1 1 12300 1 1
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ANNEX D p age ID ~f 11

WORKS HEET FOP DEBUGGING PHASE

PROJECT a : 2 DEBUG Run, a : 10

Beg in of Debug Run (cay / t i m e )  : 03/16/1500

End of Debug Run (d a y / t i m e )  : 03/16/1600

5 of Debug Steos n d .  in Debug Run : 1 CPU time for Debug run (sec): ~,.75

CPU time for necessa ry como iles (see) : 7.73

a)  7.73 ~) c) a) e) f) z)

‘4am b~ ur 5 fp r t h i s  De~nu g 0 un : 1. 0 (ind ucing o r ecar ati o n 0 ’ oeoua r~.r,)

STEPIPRDG?4~I1 O8JEC T1V~ A ND EX PEC TED I A CTU A L I D 4Y I C’J~ 5 IE ~~ G~~I CO VM EN TS
a 1 c A RT I RESUL T 1 RESULT ITT ”EI / 3~ EP I I ~ .C COOED

1 1 1 I I E~~ DR I

1 1 I I I I I I )  4eeoro nr ’e ’
I 1 1 1 1 1 1 e r—o r
I I I I I I I o c c u r s

I I~~!l IChec~ some user omoe noent I 1 3 / I b I  1 .3 1
I lem on messages. 1 1 1 50 01 I I
I 1 (errnr messages LU aria 8 1 0.1. 1 1 I I
I Is h ou la be p rinte d ) I I I I I

I I 1 3 / L o b  I I
I I I b o O O l
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ANNEX o p age 11 of 11

WORKSHEET FOR DEBUGGING PHASE

PROJECT a : 2 DEBUG Run a : II

Begin of Debug Run , (day /t ime ) : 03/16/1600

End of Debug Run (day /t ime ) : 0~ /t7/I20O

a of Debug Steps i r tcl . in Debu g Run: 2 CPU time for Debug run (see): b.45

CPU time for necessary eom oil e s (see) : 14 .95

a) 7.90 6) 7.05 ci a) ci f)

‘fan h ours for t h i s  Debug 9un, : 2.0 (inc luding cr e c a r a tiOn of ceoug run)

~AN 1)
STE P 1PQOGRA M OBJECTIVE AND EXP ECT ED I AC T JAL I D A Y I w O U R S I E R R O P I  C0~~ ENT3

1 PA RT I RESULT I ESULT IT IM EI / S TE PI I A N D CODED
1 1 1 1 I ERRO R TYPES

I 1 I I I I I L ) ~ecord when
I I I I I I I er or
I I I I I I occurs

I b A i l  1Chec~ e rr o r mess ag e a ~~. I e nro r  1 3 / 1 61 1.0 1 1
I 1 I n e s s a c e  1 1 6 001 1 I
I I I~ ~ not I l~~00I 1 75 1C21
I I I c n i n t ed I 1 1 I

2 I R ep eat ste c I 1 3 / 1 7 1  1 .0 1 1
I I 0.’( . 111 40 1  I 1
I 1 1 3 / 1 7 1 I I

1 1 1 112001 I I
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ANNE X El Page I of 3

ERROR LI STING

PROJECT a : 2

Beg in r f  Project (day /ti m e) : 03/01/1900

End or Project (day /tine ) : 03/17/2200

M an hour s  f o r  t o t a l  p r o j e c t  : 125.3

ERROR PHA SE I PHAS E 1 ERROR I TIME I ~ of OTHER
a in w ’ii eh l in ,.h i c k l  IfRE spent to 1 S TATE M EN TS OR

EPROR wasIE~ P0R wãsI (see A ’.NE v F) I~~o l ve th e l PA ~,TS OF THE
ais• I mad e 1 1 ERROR I PROG RA M

I cove red I I 1 (M an I AFFECT E D
1 m in. ) I

I Co ding I Coding I C2 9 I 5 1
2 1 Con ing I Cooing I C28 1 5 I
3 I Codino 1 C ed ing I C2 3 I 2 1

Coa ing I Cooing I C2 9 1 1 1
S 1Debuggi~~gb COd ing 1 I 5 1
6 bOeb u goi ng l CO ding I C23 1 5 1
7 IOecuggino Cpi ing 1 Al 1 5 1
B IOeougo i ng l Coain g 1 Al 1 10 I
0 I Cod in g I Design , I OQ 1 15 I A h O I C  al go it m a ff ected.

10 I Co~~,ng I Co ding 1 C 12 I 1 I
11 I Co~~inq 1 Coding I C28 I I I
12 I Cooin g I Coning I C23 I 1 I
3 I C ooing I Coding 1 C Ib I I

I Coding I Coding 1 Cl 1 5 1
IS I Coa ina 1 Coding I C l i I 2 I
16 1 Coding 1 Coding I C u 1 2 1
17 I Design 1 Design 1 09 I I I

I Cooi n g I Design 1 09 1 30 1 ~,h ,le al go r i t h m  af fecte a .
1 Coding I Design 1 D li 1 5 1

20 1 Codi ng I Coding I C l O I S I
21 lOeb ugg in g I Coding I C23 I 5 1
22 b Debuaa ing Corti ng I Cli I 15 I
23 IDebu qgin gl Coding I C27 1 5 1
24 ID eouggirig Coding I 41 1 2 I
25 bDeb ugging Codi ng 1 C l i I S I
28 I0ebugoing l Co al ing 1 A 2 1 10 1
27 IDeouqqingl Coding I C28 I 10 1
28 IDeb ugqing Coding I C IT I 5 I
2Q IDe bugging Co ding I Cli I 5 1
30 IDebu ggingb Coding I AL I 15 1

— 125 —
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ANNEX El Page 2 of 3

ERROR LISTI NG

PROJECT a : 2

Begin of Project (day/tim e) : 03/01/1900

Ena of  Project b a y /tun e ) : 03/17/2200

Man heur~ for total prorect : 125.0

ERROR : PHASE 1 PHASE I ERROR I TIME 1 ~ of OTHER
a I i n ,  wnicti l in, w n i C h  TYPE IsoenP to 1 S TAT E M E N T S OR

IER ROR as1ER~ OR as I (see AN N EX F) solve t r el R4 ~~T 5 OF TnE
1 a is— I m ade 1 1 ERROR I O R O G R OM

co vereO I I 1 (9an I A FFECTE D
1 1 1 1

31 IOebu og ing l Coding I A l I 5 I
32 Oebuggingl Coding I A j  1 2 1
33 IDebugqina l Cod ing C27 I S I
34 1 Coaino I Coding I C l i  I I I ,~h ale al g o r i t hm aff ectec .
3S I Coning I Design 1 OQ I 15 1 ftha e a l g o r i t n m  a ’fecteo .
36 1 Coding I Design 1 09 I IS I
37 IDebug oing Co ilin g I C23 I S I
38 I i)eouqqing Cooing 1 41 1 5 1
39 ID .cuggingl Coging I C2a 1 30 1

~O IDepua gin ol Co~~ina C23 1 5 I
41 Decuggun gl Coding 1 41 1 5 1
u2 1 Codi n g I Qes ion I 09 1 20 1 ~~~~~ a l g o r i t h m  af~ ect~~~.
‘i3 IDebu ggi ng l Design I 09 1 10 1
a’J I Coding I Design 1 015 1 5 1
OS lDebu qg in g l Coding I C27 1 10 1
46 1 Coding I Design I 09 1 5 1
47 Debugg i ngl Desiori I 09 1 60 1 ~h O l e  s u b r o u t i n e  a f ’ e c t e a .

I 1 1 (3 cha ri ges neces sary )
48 IDebug aingl Coding 1 C21 1 10 1
4° IDeouq ni ing D es ign 1 012 1 5 I
50 IDeo ugging l Coding I CS 1 15 1
SI bDe b u goinq t )eougainql B’4 1 20 I
52 ID eb uggi ngi Coding I C24 1 5 1
53 IDeou go in gl Coding I A l  I S I
5~ Oeouggiria l Codi ng I 41 1 2 I
55 IDe~ uggi ng I Coding 1 ~ i 1 2 I
56 I Debu gg ing l Cod ing I Al I 2 1
57 IDebuggi nal Co ding I A L  1 2 1
58 IDebugaing Coding I C28 S I
59 IDeb uqg ing b Coding I C9 I 5
60 lDebugqi ng Co ding 1 C9 I s I
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ANNEX El Page 3 of 3

ERROR LISTING

PR OJECT a : 2

Beg in of P r o j e c t  ( d a y / t i m e )  : 03/01/1900

End o f Project (day/time) : 03/17/2200

TMan hours for total p roject : 125.0

ERROR PHASE I PHASE I ERROR I TIME 1 ~ of 0T~ E~
a I in w h i C h  I in whidh I TYPE socnt to I 5T4T E~ E’T5 CR

IEQQOR wasI ROR w a si (see 4NN E~ F) I so ive tn el ?4~~TS CF TnE
I ai s— I made I I EPR OR I PROGR A M
I covered I I I (M an I A F F E C T E D

I I

81 IDeb ucoingl Codin g I C27 1 30 I
62 IDeb ug gin gI Coding I O l D I 10 1
63 IDeou ggin gl Coding I C2Q 1 13 I
b~ lOeb ugoing i Design 1 012 1 13 1
85 IDeb u gg inal Design I DII I S 1
66 IDe~ uqg ing Design I D li 1 15 1
67 IDebugoing Design 03 1 1) 1
b8 IDeouggini g Desio n 1 C3 I I~ 1
~~ lDeb u g ging I Design 1 33 1 5 1
70 lOepug g i n g I  Coding I C30 I 15 I
71 IDe bugcirig Debugaing B4 I 10 1
72 IDebu qa in gl D e s i g n  I DO I 120 1
73 ID eou ga in g l Coa lin g I C2~ I 180 I
74 ID eb uggi ntgl Design I DI D I I
7S IDe ou gg inq l Codi ng C21 1 33 1

— 127 — 
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ANNEX E2 Page 1 of 3

ERROR LISTI NG (COMMENTS)

ERROR I DAY I COMMENTS
a 1 TIME (EVIDENCE, THOUGHTS, AH Y WAS THE ERROR MADE?

I WHY A ND HOW WAS THE ERROR DISCOVE RED?
1 ERROR BLOCKING , etc.)

1 03/06 I
t : tS 3QlE rro rs 1,2,3 were diSCcvered w h i le reading oreviousl y

1 lw ri t te n , sections of coae.
2 1 15401
3 1 Io2O I
‘4 1 l7’JO Lac~c of concent rat ion w h i l e  bunchi n g cards .

1(’f a in disa dvantage w h i l C  p u n C h i n g  earls iv that Punched
I d a t a IS r i o t  i .imediatel y seen aft er each vey StrOke .)

5 I IBiSIs am e as 4
6 1 I8l5lProgramsn er dii not cri ec k p rogramm ing m anua l . (error co ul a

I Iha ve oeen avoided )
7 1 IBlSIsame as ~

103/07;
8 I 1305
9 1 13051

I 03/081
10 1 l000IEr ror s lu — i l  w e r e  d e t e c t e d  c e c a u s e  o r a g r a m m e n  punc ~~ed c a r d s

I ~h i m3 C l f .  It i s  ou i re na t u r~~I t h a t ~e u ses  t h i s  t i r e  t o  r e v i e w
I h i s  code.

II 1 10051
12 10051
13 I 10101
14 I 10251
15 10 301
lb 1 10 301
17 1 15051
18 1 lb 3O IEr ro r found during desk test.
19 1 2l 3O1Er r or found w h i l e  p un Ch in g caros.
20 1 21SOIsam e as 10
21 1 22001
22 1 22 00I Fun ,cti cr ’ nam e used as local variab le.
23 1 22001
2a 1 220 01
25 1 2245 llri co m o let e co r r e ct iO n , of error 5 22.

26 1 23 l O M and~~ o ry o ec la rat ion omi tted w h i l e  oun eni ng cards .
27 I 232319i gh t p ar enteSi s Om i t t e d .

I 03/091
28 lO 3OI Lac k of concentration m hi le punching  C ar d s.

I (Programmer was tired.)
29 1 lO3 O sa .# as 28
30 I lO30I ~~amp as 28
31 lO3 OIsam e as 28
32 I lO 3O same as 28

— 128 —
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ANNEX E2 Page 2 of 3

ERROR LISTING (COMMENTS)

ERROR : DAY 1 COMMENTS
m 1 1I~’E 1 (EVIOE ~lCE, THOUGHTS, WHY ~AS THE EPROR MA DE?

1 WHY AMO HOW WA S THE ERROR DISCOVERED ?
I : ERROR BLOCKING, etc.)

103 /091
33 1 1030 1
34 1 14401
35 I lS3OIE x t r em e c o n d i t i o n s  not c a r e f u l l y  a n a l y z e d .
36 lO lS same as 35
37 1 I73O IL a Ck of co n cent r ati o n , w h i l e  coding.
38 1 1730 1
39 I 200OI~ REA0 w ari d REAO ON~ c o r f u s ed.
40 1 2O 3OI U sin a a local v a riacle nam e frpm dif f ere n t Sub r outi n e.
41 I 22001
42 1 223 01
43 I 2340I Use of wrong p aram eter.

1 l040 Error found w h i l e  Punc h ing cards.
103 / 10 1

35 1 18001
46 1 17 0 011h in(i n g of bounda ry c onai t ro n , s w h i l e ou n eining cards.

I l7 3OIDesic test was not made care f u l l y  enough . (c in e c a s e
I Iom it ted )

48 1 i R 3 O b T o  s t a t e m e n t s  in reverse order.
49 1 21001
50 1 2l 3O IE rro r as discove red duri n g Structu red ial , T~~rougr .
SI I 22SO Caused by cnana in g COde.

1 23001
53 2 3iOI Lac k of concentrat ion w h i 1 e pu n Ch in g cards.

I (see comment a 4)
54 I 23 lOIsa m e as 53
55 1 23 IO1same as 51
So I 23 10 Isa m e as 53
57 I 2 31O Isam e as 53
58 I 23 1 01
~~Q 1 23 lOIPn ggr anre r dii not c h e C k  P r e v i o u s  Procedure ae c larat ~ ari .

I I (f au l t y in vo cat ion)
I 23 IOI same as 59
103/ 11 1

61 1 I400l For gotte n reset of Param eter .
I I b 2 O l I n a p o r o p r i a ? e  s t o p o i n d  c o n d i t i o n  in loop .
I I (con fusea w i t h  s i m i l a r  cond i tion in a p rev iuo s orobl e )

83 1 lb 3O I~~rong use of a subroutine.
64 1 t73O IE r ror fcund usin g a trace.
oS IlOS Isame as 04

66 1 l BIOI Er r or found du ring desk tes t .
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ANNEX E2 Page 3 of 3

ERROR LISTING (COMMENTS)

ERROR DAY COMMENTS

~ 
TINE (EVIDENCE, THOUGHTS, WHY WA S THE ERROR MA DE?

I WHY A ND 110W WAS THE ERROR DISCOVERED?
1 I ERROR BLOCKING , etc.)

1 03/121
67 I300lNeeessary update of a v8n ia ol e le ft Out.
88 I I3 lSl s am e as 07
69 1 132O Isame as
70 1 l32SISoolean eapression dp~ s rot m eet the needs of t~~e

I I a l go ri t hm . Er -p r found by traci ng.
7) I l 3 d O I M i s m n , r e r p r t a t i o n  of the error source. Er ror ~O uin c

I Iwhi le rePeat ing debuq dibg steo.
72 I l430 Oi f ferent be h avi O ur o f s l g o r i t m  for removal 0f

I last oath p r e v i o u s  to t~~e last one ~as not Con sloered.
lEr ror found ov desk test of a l l  relevant sub routi n e s .

103 /14 1
73 2000IEr ror found ~u n iinq desk test.

1 03/ IS I
74 1 1 1 0 0 1

1 03/lb I
75 1 lBOO Erra r fOun d duri ng leSk test.

h..— ~~~~ -- 
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A NNEX F FINAL STATISTICS

PROJECT a 2

FI NAL STATISTICS

Project name : PATH A NALYSIS IN DIRECTED GRAPHS

Short de scni ction
ThI s pro gram is designed tO fi nd a l l  p oss ible Pat~~S of

m i n i m a l  length (i.e. i~ a ci rected ~raoh C onta ins locp S no
b o o  may be traversed more ~~an once in a rOw ) tn rou gh a
directe d graph .
Inout : via punch caros Du Pout: v i a  l i n e  p r int e r

Qu a n t i t a t i v e  m e a s u r e s :

1. ~ of source state ments 712

2. Total san hours f~~r oro jeet : 125.0

3~ 
M en, hours Spent in

a) Design : 31. 0

6) Codi ng : 26.0

c )  Debugging : 55.0

d) Testing : 13.0

4 . CPU ti m e for com p il es: 20b .85 Sec.

5. OPt) t im e  for debug runs: 189 .36 seC .

o. CPU t i r e  fp r test runs: 869.73 sec.

7. ~ of test and debug runs: 13

8. a ~f test and deoug steps: 43

9. a of errors found: 75

1 0. Total ~san hOurS used to Correct errors: 18.5

— 131 — 
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ANNEX F FINAL STA T ISTICS

t S of errors 11. Error Detectio n
I Mean ti me between error detections: 69 —a~ m m .

45 1~~’
1’
I a
1 *
: f t

‘40 1 *
a

I ’

35 1 *

I .

I a
I’

30 1
a

25 1 •
1 *

a

1~~
20 I *

I a

I *

I a
1 *

IS I *

I a
1 *

10 1

I * a a a a a

5 1 * a a *
I * * a *

a a a a
a a a a a a  * a

I I * a a a • a*  a * * a * a .  * * *  — an h o u r s  
+ > of

1 2 3 ‘4 5 b 7 8 9 lO 11 12 13 o d j eCt !’re
TIME HETnEEN ERROR DETECT IONS

(me asured from :oint in t i m e  of de tection , o f p re vious e r rO r )

- 132



ANN EX F FINAL STATISTICS

12. Erro r Correction:

Mean time to correct an error: 13.2 man m m .

a of
Errors
corrected

a
291 *

I * 
H

I a
25 1 •

20 *

1 *

I a
I *

I *

151 *

I a

I *

I a a

* a

1 01 a *

I * * a

I a * a a
1*. a a a
I a *  a * a

5 a a  * a a
Ia .  * a a a

1* .  • a * a
I a *  a * a * a a

I Ia *  * a a * a * * * 
+ + ...— 

I 5 10 15 20 25 30 00 120 180
m arl mi n ute s

of Project ti r ’ e
TIME TO CO RRECT ERRORS

(me asured in from p oint iii time of detection)

— 133 —
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ANNEX F FINAL STAT ISTICS

13. aMen errors were founo :

a) a of errors found lur ing design ohase: I 1.3 Z
b) S of errors found dur ing design review: 0 = 0.0 Z
c) a of errors found duri ng Coding: 21 28.0 Z

S of errors found ouring debuq oi rm g 53 70.7 Z
e) a of errors foun d du ring w r i t i n g  of

tes ’ p r oce dures: 0 0.0 ~
f) S of errors found during testi ng: 0 0.0 N

75

14 . When errors ~.ere maOe

a) s of err o r s m ade dur in g a e sia n p h a se 20 2o.7

~ of errors made dur in g aesian re v i ew: 0 0.3 N
c) a of error s made du r i ng :oding 53 = 70.7 N
a) of errors rale duri n g amo u coinri : 2 = 2.7
e) a of errors maci c duri ng ..ri t in g of

test oroce dureS 0 0.0 N
f) S of errors rarl e cur ing test m o :  0 0.0 1

75

_  _ _ _ _ _ _  j



ANNEX F FINA L STATISTICS

15. TIME HISTORY GRAPHS 1

a o f
Errors

Error Types:
I A: C l e r i c a l  error
I 9: Debug gin g error
I C: Coding error
1 D: Desi gn er ro r

10+
C
C

I C C
1 C C C D

5+ 0 C A  A 8
1 C A 4  C CA C
I A C C A  C D 9 A  C C
I CCC C CCCC C A 0 0 CA CC 0

II C C A A DC~ D DCA C CD CA OD CC OA CD 0 C C C
— . • ~— — .—- a_ .— +— +— +— +— ~
2 2u ~0 80 112 125 hOu s

~JUMdEP OF E?RORS FOUND /S PROJE CT TIME

S o f
Errors

1~

10.

I *
I * a a

I a a a
5-p a a a *

1 a a a a

I a a an a a ** *
I a*a *a a *a *  a an **** *a

an. an a a a *  * .****a *****a * * a. a

— . • .~~~~ +—  4 + + +  + ~
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A NN EX F ERROR CATEGORIES A’~0 TYPES

1. Design Errors

The f o l l w l n g  types of errors aobly to b otn cate g ories
“System Des ign Errors ” and “Program Design Errors ” :

01 : Commu nica ti on , Error
02 : De sign Neg lia er m c e
03 : Forgotten Cases or Steos
DO : Tim i ng Pr ool em s
05 : Errors in I/O Concept s
06 : Data Des i gn Erro-
D 7 : t n i t i a l i ~~a t i o n Err or
08 : In a~ e~ uate Chec~~i n g
DR : E a t r e m e  C o n d i t i o n s  ~. e O I C C t C O
013 : Seauen ccng E rr g r
O i l :  In ,dex in g E rr or
D12: Looo Contr o l ~rr crs
DI3: M i suse o f 8ool~~an Exp r,ssi~~n
D14 : M at h e m a t i c a l  t.rr or
D15 : ~ecr e se n t a tio n Error
D I6: 4isund er sta nli n q of ~ r o o ~~,’ S p e c i f r c a t c c n s
017: Otne r De~~ion Err ors

2. Co oin g Errors

CI : A i stjnd e r$t a nd i r~g ~ f D e s i g n
C2 : ~e o l i q e n C e
03 : I/O F o r m a t  E r r o r

CU : M i sp l aced Oats Declaration
C S :  Mu t t i o l e Data Decl .srStlc ns
Co : M i s s i n g  D a t a  C e c l a r a t i o n
C7 : Inaoeauate Data
C8 : m n , i t c a l i~~at iorm Error
CR : Error in , Parameter Passing
010: Inadeguate pr Forgotte n Crc ec k i n q
C 11  Leve l Pr opl em s
C12 : M~~S s ir l q  D e c l a r a t i o n s  o f  Block L i m i t s
C 13: Case se l ection er ror
C 1’-J : GO TO Proble m s
015: Comm ent Error
C l o: Forgotten De l i m i t e r

C1 7: incons i stenc y inc ~c a m i n q
CIS: W rong Use of Nested IF State ments
C IR : Indeilng Error
C20: Inc on sistent Use of Variables or Data
021: Seauen eing Error
C22: Flag Usaoe Pr ob le m s
023 : Syntas E r r o r

C2’4: Looo C on tro l Error
C25: Incorrect Ea i t  f~~ , Suor ,u t cri e s
C2b: Language U~ ace P’.obl .rs
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ANNEX F ERROR CATEGORIES AND T Y P E S

C27: Forgotten Statements
C28: Representation Error
C29: Contro l Seauence Error
C30: Incorrect Subroutine Usage
C31 : Other Coding E r r o r s

3. Cle r i c a l  Errors

.11 : M anua l  E r r o r
52  : M e n t a l  Error

Procedural En -~~rS
A U  : O t h e r  C l e r i c a l  E r — o r s

4 . D ebugging Er ro rs

3 1 : Inapp r opri a te U se ~f D e o u qo i ng Tool s
I n s u f f i c i e n t  or In app r op ri a t e  S+le~~t i p n
of Test Cases or Test Data

3 3 :  M i s i n t e r p r e t a t i o n  of Deouqaing ~e s u l t s
34 : M i s i n t er p r et atiOn of E rr or Source
85 : Neg l i gence
Sb : Oth er Debugg i n g  E r r o r s

5. T e s t i n g  E r r o r s

Ti : In a d e d u a t e  Test Case (s) ~ r Test Data
Td : M i s i n t e r p r e t a t i o n ,  o f  Te st R e s u l t s
T3 : M i s i n t e r p r e t a t i o n  of P’~ogram Scec i’i c ati o r c
TU : Ne g l i g e n c e
T 5 : O t h e r  T e s t i n g  E r r o r s

— 137 —
_ _ _ _ _ _ _ _  _ _ _ _ _  

~~~~ . . -- _ _ _



A N t ~ E~~ G ~aoe I o f 2 1

C I U E C r E O G~ A °~

‘~POJE C1 s : 2

Program cart : C~~~t , CA Q 2, CD°~~,CC~ 2, . j E T C A 3 1 , 5 E i C ~~~2,

SE T C O W I • SETC O4 2 , E~~ • r_ EE2. ~~~~~~

~ c I T 7 ~ L 1ZE .~LL. $ E T  ~~~~ 
c~~:— ~~: T — ~~~,

~3 flT—E U , ~~~‘E ~ • ~~~~~~~~

‘
~~~-~~E~ u F  3 C E 3 S . . -~~, — — E ~~~~~~— .

SLC~~~t3C° , 3E °~~~~~
— - .. T ~~

—E — ~ E ,  E. - E ~~~~~3

LL ’ ( ~~~T —  oA C~ • ~~~~ 1— . ~.j 
.~~

LZ ’ < :~ C’, ~ L1C .~’~~, ~~C

~~~~~~~~~~ :~ . c , ::~~~~~—~~:sT

CCv.~LE~~I T Y 
..It~~~5 .~ c.l E3 :

‘~u M~~E~ OF 5T~~TE ’L T3 : 3 —

CF ~C ES: 2
\ L~~3 E 2  C~ ~~~~ : L
\U ,SEO . F ;3 Th S : 1.
CYC LC~~A T C  \LMeE~~: i(. l ~ 1

~E.~Cr~ 2I~
_ i ’ f C° \~~~E5 : E.~~~~~r -~~~ ~. — -

2 :

2 .CC CDCO 
- .

0
O TE: A l l  33 s~~c r O u t 1 ~~~ s ‘ 4 v Q  ‘‘ ~~~ 5 t .0
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G —~~o~ 2 -
~~

~EC TE~ ~~~~~~ _ E 0 ~~F 5 E . T
~~ T i~~

~3OJ ECT ~ : 2

°roar am oar ! : ~LL~)C~~~E~~. ~LL0C ~~T F~

C UMP LE XIIf vE~ 5u RE3 :

iU~’SE2 2F ST~~T~~~E 73: 7 —

\U~~S E R  CF NOD ES :
\Uv 9E~ CF ~~C2 : 2

~~; t~~~-~~: 2
CYC L M 17 :C •\.~ eE~~ i ( f l s  1.

CF ~c:ES:

~c C E  1 : I
\C E  2 : 1 - - - •
\ C E  2 : •-. . —- ~. — - ‘ C 3 ’ ~~ 0 .

.2 2 CC 2 0
Ci-~~3 I L 7’f !\CEA

CF 2 C TE GF~~~ r : I . C C C0 C F
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i~~~~ . ( G a0, ~ C ’

DT 4E CTE ° ~~~~~~ 3~~p ; - 1 i.~T - ~~- J

PROJEC T a : 2

Pr o g r a m  ca r t  :

CO MP LE X IT Y lE~~3~~~E3 :

IU’~~EQ OF 5 T ,~T E’ - t , 1 5 :  32
2° NC E3 : I
2° CS : I—..

’
~u r 5 E  ~~C° ;A 1~~Z : — IY C L 2 .M~~T 1 C  NL?~BE~ : ~(4~)~ 3

~E C ~-38IL TY C \22E3 :
I : I.

~~~~~ 2 : 1
3 : 2

‘ 2 E  -. : 1
2 —

\cC CE t : 2
N C E  1 : A

: 
~
,

SU~~: 17 .COCCC I
EAC l - .~~ IL 13y  I~*CcXJI~~~~~EC ?l- :
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CI qECTE ) rpo p. . ,  — - ~~~3E’ - T o T ~~~~

: 2

Prodr am p art  :

CO~~PL E X I I v  -E~~SL °F5 :

~~~~~~~~~~~~~~~~~ ~~~cr  /l ~ 2

~ C~~~~~I I L ~~~~~ C~ N O C E S :

~ 5~~D n ~~c ~L ~~~ - -C :~~E:~~E 
2 : :

— 1’42 — 
—.-- -~~~---- - . ~~~~~~ -~~ - — - -— -~~ ~~—-.- -  _ _  _ _ _



F~ 
.- . — ---—

~~ ~
— --- 
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DIPE CTE) ~~ p ;T~~~~ 3 T ~~T ; r ~’.

PR (JJE CT a : 2

~roqra-’ p ar t : ~ t~ C fl~~t GL’ .~L

C O M P L E Z T T f  M EA 3 ~~~ES :

‘cu M~~E~ ~F ST~~~E E ’ r F :  II
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A N ~~El  o -‘ac, 7 o f

OI~~E C7ED ~~~~~~~~~~ ~E P 0 E S E ~~T~~T !~~’

P°OJECT : 2

p r o g r am  p art : )UPLIC~~TE C H ~~E T  P~~t-

C J M P L E * L T V  ~E~~3 J - ~ES:

•‘j - ~~E4 3F ST~~T E - O  73: 13
2 \C ES: 5

CF ;XTI .-5: ~ 2

~E C r ~~I L T f  I C S ~ I
C: ~~A ECT E D CA. ~~i-: .~~C C 3 C 2
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.tNNE* G °ace ~ 0~ 2 1

DI~ EC TE D ~ P A P  2E E S E T T i C ~

P R O J E C T  a : 2

P ro g ra m  Pa r r  : Fj ~~O ?~~T —

C J M P L E X I T V  ~AE~~SIJPE3 :

u~ -ER OF S TA7 E ~ E 4 T N  12
\L~ EER CF NLC E S : 7
\c~~3:2 C~ ARC S : 7 ( I\L~eE c ’ CF ~A 7l .3: 3
YC L C~’ATiC )~L~ EE;: ~ t l  2

; C ~ A 8:L ITY 2° NCDE3: 2

\ 2 5  I :  1
\ C E  2 :  1
‘IC c 2 : I

C
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2
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ANN EX G Page 10 of 21

D I R E C T E D  G R A P H  RE PR ESE N TAT ION

PROJECT a : 2

Program part : END OF PATH

COM PLEXI TY ~EASURES:

NUMdER OF STA TE IEN TS : 18 -

P~U~8!R CF ~C C~ S: 9
~UM8ER CF A RCS : U I I I
tIU~ BE~ C F PA Ti- S : 9
CYCLCI~A TIC NUM8EP : V (1)= 4

REA C I-A 8ILL ”Y CF NCCES : 2
- NQCE : I -

t~CCE ~ : 1
2 : I

NOC E 4 1 3
~ICCE S : 1
!%CCE ~ : 2
f~CC E 7 : 2
NOCE B : -~NCcCE S : 8

SUM: 25.20330
S.X C I - A B I L IT Y  I N C E X

CF Di~~ CTEC ORAP ~~: 2.777777

7

S Er or 3 52

0
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N o ’ 21

)I~~ECTED ~~ P 5 E T~~~i~

°FOJEC T a : 2

Pro a r a m  c a r t  : I ’ ° U T  O j Q E C T E )  U~~~?~ I

= ~~ nCleS 23

o~ ~ r ’ 3  : 27

c ) o f  S t a t e e n t S  S

1) o~ c a t s a
3 p

e)  ~eaO ’~~C ’ ’ ~~ ’

f )  C~~c l o ~r a t T c  j n’~ 0
c

• ‘sjmr er pf  Ca!~ ’s
0

an ci r ,ac ~~~0

are v~~ r~ l 3 C ~~. • 

7 7 

~Th
— ~~~- - ~ r :

a- E ’ ~~

-V

22

: 1
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DIRE C~~— O O~~~P 0E 3E T~~~ V

PROJECT a 2

m ro g ra  ~~~r t  : GE T SIJCCE $3O~ S

CO~ PL E XIT Y - E~ Sul’E2 :

NU” ~ E° 1° S T , .~ EM ~~l T3: 5-.
N U 1 ~B E F  : ~C E S :  3
NL ’~e ER CF ~~~~ : 0

C F  F~~T l—S: 5
C Y C ~~C~~A T i C ~~~~i~3 E R :  1 ( C - )

~ 2
a

;E.~C !-AeIL iTY F ~2CE2 :

.\CCE 2 : 1 2
NC CE 4 : 1

~~~~~A4~~4
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°R CJEC T a : 2

Program Cart : CCC ’J’ S 7 ICE
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A N~ E ~ 0 
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L I - ~~C TE ) C~~ P-’ ~EP~ E 5 E ’ T - T I ~~
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2ro gra’ p art :

o~ -‘o c S  13

c-i ) -o~ c r 0 5  I,
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~~~~~~~~~~~~~~~~ 
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ANNEX a Page 1 of 2

TEST PHASE DESCRIPTION

Project A : 2

lest run a : 1 Including I lest Steo —

8eg in of Test (d~ y/t lee) : 03/17/1500 End of Test (day /time) : 03/17/1900

CPU time  fo r necessar y corao iles (in Sec.): 7.53
a) 7.53 b) c )  a) e) f) g)

C~ U ti m e for TEST run (sec ) 1 25.2R

M an hours for t a i s  lest run , 3.3 (inc l ud i n g  p r ep arati on of
te sts)

1)
TEST : OBJECT~~E I EXPECTED 1~~CTUA L EP~~C~~1O AY 1 CC- ”~ENTS
STEP : RESULT :RE5uLT : = ~~I~ E AND

(TOLERAN CE) : : : COOED ER RO R
I : : : TtP ES

I 1 I 1 1) ReCO rO nCn
I I : 1 error occurs.

I Test Perf orman Ce 1 1 3 / 1 7 1
lof prog ram for va — I  : 1 :1500 :
I r i o u s  l i r e c t e a

1a)~~lrec teu graPh I 3 v a l i o  oaths O.K . 1 I

~ nodes , 10 arcs I I
I b )d ire cte d graon 1 3 v a l i d  Oat~’5 1 0.1< . 1 : :
1o ~~~~~~~~ 7 arcS : : : :
c)di rect ed graph 1 4 v a l i a  oat~is 0.~~. : :
b no des, 7 arcs : : :
d )direc ted graPh 1 7 v a l i g  oaths 1 O. K . 1
122 nodes , 25 arcs : :
e)di rect ed graph 1 11 v a l i d  p ath s 1 O.K . 1

122 nodes, 27 arcs I I
f)lir ectea gr aPh 1 no v a l i d  c~~t h  I :

I l  node , I arc I d arnin g Shoul d 1
1 ( s e l f  b o o  at node l cc c n i n t e d  : : :
I i )  : : :
I g ) d i r e c t e a  q rao n 1 2 v a l i o  o a t h s  0. 1< .
12 nodes, 2 arcs : :
n)di recte d graPh : I v al i d oath 1 0.1< . 1 1

12 node s , 1 arc 1 1 1 3 /17 1
I I :

Remara s: Direc ted gra ph s Iub ’itted f0 r t e s t i n g  in c l~~dp a v a n i ’ y Of
bounda ry  c O n i s t i o n s  anØ s p e c i a l  c a s e s  ~h~~C b A r e  co ~~s i g e t e c
to be d t f f i c u l t  to esam ine.
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ANNEX H Page 2 of 2

TEST PHASE DESC R IPT IO N

Pr o j e c t  ~ : 2

Test run a : I Including I lest Steos

begin of lest (day / t i m e )  03/15/1200 End of Test (day /t ime) : 03/17/2200

CPU t i me for necessary c o m p i l e s  (fri Sec.): 0.83
a) 0.83 b) c )  d) e) f)

CPU t i me f or TEST run (sec) : 8~~~.aa

‘ian Hours  f o r  t h i s  Test run : 10.0 (including p re p ar a t io n pf
t ests)

1)
TEST : GBJEC TVE I E.~PECTE ’D A C T U A L :ER- °O P 1 DA~ I Cc-~~~E’4 T S
STEP: I FESULT RESULT : a I T I ~~E ~ND

I (TO LE RANCE) I 1 COEI E4~ O0
1 1 Tc -~ ES

I : 1 1) ~ec:ri ..,eri
I 1 1 I e r r o r  o c c _ rs.

I :F ina l i m i t s  of t e P r o g r a m  çn p u l g  1 1 3 / 151
lor oa ram u sin~ a 1 ) 1 s t  ~ l f  oatr s I H230
-o i rec t ec graon h e — l u n t i  1 ree) ‘ S t  ~~ I
v in g an i n f i n i t e  is exh au stCd . : : : I
num ber Qf oaths Uoon t e r m i n a t i o n  I 1
a c c o r d i n g  to th e of t h e  c rog ra i r  an o.~~. ::a ef i n i t i cn b eing aocr ooni at e wa rn— :
used . l i ng should ne  I 1 1

Ior ,nteø, such I 1 I
I t h a t the user can

i n t e r p r e t  t h e  r e — I  I :
su l t s of t~ e p ath 1

I a n ,a l y s i s .  1 1 3 / 17 1
I : : :223 01

.~em ar ~ s D ue to e x t e n s i v e  cec ug oi no C r a v i O u s  tc t e s t i n g  no er’:rs
h av e bee n fouri c ourt g t i le  t e s t i n g  chase.
lest lata for t h i s  r’j n a re  C h o S e n  t O  i n d i C a t e  j a i r a t i o n a
of r~~e p r o g ram o ’cause of t h e f i n i t e n e s s  0 ?  t i c  ano — e — o r ~a i a s  lab le .
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APPENDIX C

PROJECT DESCRI PTION

Project ~ : 3

P r o j e c t  t i t l e :  P4T~-~ AN ALYSIS IN DIRECTED GRA PHS
tI ITH RESPECT TO R EA C H A B I L I T Y  OF NODES

Programmer : HOFFMAN N

Programmin g Language : ALGOL

Progra mmi ng enviro nme n t: IBM /36O /b7 ,OS/ MV T ,B.~sTCH

Desic~n notes : see ANNEX A

Program l i s t i ng  : see ANNEX B

Cod ing  no t e s : see ANNEX C

Debuag ing no tes  : see ANN EX D

E r r o r  L i s t i n g  : see ANN EX E

F ina l  s t a t i s t i c s  : see AN NEX F

G raph i c a l  r e o r ? s e n t a t i o n  : see A~IN EX G

Test ohase desc rio t i o ri: see ANNEX H

S t a r t in g  d a t e :  I ~ A R 7 7 End ing  d a t e :  17 MAR 77

EXPER I MEN T DESC PIPTION

1. Project d escr io tion:

T h i s  p rog ram i s  an e x t e n s i o n  o f  o r o j e c t  ~ 2. T h e  gr aoh

ana l v z l n Q  o roq ram as d e v e lo o e d  in o r o j e c t  # 2 ~as ‘r od i fied

to  c a l c u l a t e  t he  r e a c h a b i l i ty  o f  eac h  node.  A su mm a ry  o f

the  c a l c u l a t i on s  is  D rint e l  at t1’s e end of t h e  a n a ly s i s .  A l l

features descr ibed in oroject ~ 2 w i f l  be uncharged.

- l b l  -
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Input via ounch cards

Output v i a li ne pri n ter

(For inp ut de scri p tion and error ‘ressageS see project

des cr iotio n Of p roject ~ 2.)
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2. Programmer ’s bac kground:

a) E x pe r i e n c e  in p r og r a m m i n g :

Oc t  1970 — May 197 1 P rog ramming  c o u r s e s

May 1971 — A o r i l  1972 Module Programm er

May 197~ — June 197~ i’~ork in Test and S i m u l a t i o n  Deoart—

m ent at the

NA V A L  COM MAND AN D C O N T R O L  S Y S T E M S

CO MMAN D ( FEDER A L GER MA N N A V Y )

Test ing of t a c t i c a l  real t im e  systems

M a rch 1975 — Jan 1977 Student at the NA V A L  POSTGRADU A TE

SCHOOL, M ontere y, Como uter Science

b ) Experience in testi n g:

Two years of work in testing and s i m u l a t i o n .

c) E xperience in t he  area of the g iven problem: None.

d) Exp erience in th e oroaamm ina lan qua~~e being used:

Exp erien c e over a p eriod of 18 m p n t hs in m ore th a n 10

p ro g ram mina p rojects. (Total number nf source stateme nts

produced cur ing that ti m e was more Z4000.)

3. Psycholo gica l factors:

a) Di~ the p rogrammer li ~ze the p roject ? Yes.

b) How does the p rogra mme r l i v e  the orogra~’ming

— 163 —
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la nauage?

F av o r i t e  pr og ramming  language.

c) ~as the pr ogram m er satisfied by the way the pr~ b l er~

was sp ec i fied?

Only minor c r i t i c i s m .

d) How di d the p rogramm er l i ’ e  th e pr ogram m ing environ-

m ent ?

The f a c i l i t i e s  (study room , card pun ch room ) were not

conducive to e f f i c i e n t  o rogram m in g because of restricted

soace, bad l i g h t i n g  and noise.

e) Other tactors

The recordi ng of the ex o er imer ~t ’s data duri n g the pro—

ject affected ,oeed and con centration considerably.

— 16~ —
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4. Comme nts on Docum en tation -

For the docu m entatio n of each so ftware develo pment phase a

sp ecial docu mentat ion form has been develooed. T hese forms

are designed to orov ide a fi r m  g u i d e l i n e  for the experiment

programmer to record a l l  data of interest for subsecuent

error anal y sis.

— Begin and end of eac h  s t e o  w a s  r e c o r d e d  w i t h  resPect to

day and time.

— Each error -was recorded when it is discovered. The error

was then ide n t i f i e d  by a unique error number (1,2,...).

Furt h ermore the ti m e of dis cover y and the error ~y ce (using

error tyPes li sted in ANNEX F) were recorded.

— If app rop riate, Comments about error discovery, reason why

the error was made , etc. we re documented i n  A NNEX E2.

— For each error the phase in w h i c h  the error was made , the

phase in w h i c h  the error .~as d iscovered and the t i m e  spent

to correct the error was recorded in ANNE X El .

— For each steo ir any one o~ the soft w are aeve loom ent

p hases the day /ti m e of begin and end was recorded. In aad i—

tion , the time  (in man hours) for each step was recorded.

Th i s excludes the overhead used for documentat i on of the

exp erim ent data.

— 165 —
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ANNEX A Page 1 ~~ I

~aQRl(SHEET FOR DESIGN PHASE A~4D DESI GN PEv IE~ PHASE OF PPCJECT a 3

STEP: PROBLEM AN D PLANNED SOLUTION 1 A LTE RNATE IDA Y HOUR SIERPO1 ~ COMME~iT
1 1 1 SOLUTIONS 1 TI ~ E I/ STEP a I

An a ly ze ways to Com p ut e th e 1 13/1 9: 3.0 1
re acha b ili t v inoe x for each 1 :1 500 1 1 1
no dC. I I I

1— Z n general t h e  r e a c h a b i l i t y  1 1 1 1 1
hndex p1 a nope is ,ncre,’entei~I 1 1
Ib y 1 when t he  node i s a cce c t o l  I I

C current oath pr pu t as t h el 1 1
I fi rst node on an a l t e r n a t i v e  1 1
l o a t h . 1
—Th, reachab i l i t y  of nod es 1 I :
w h i C h  be long to a oath w hlC n I 1 1

~ ‘ as  t o  oe re ” o ve p  has  t o  pe I 1 1 1
1oecremen te~ o y  I uo to tne 1 1 I
:noie w h i c h  n as been t~~e last I I I I
b ranch p o in t  pn ~n is p a t h  c x —  I I I 1

I c l u d i n o t t’e h r ~~nch o o in t 1 1 I
I i t s e ~~~. 1 1 3 / I R l

I I I ~ O 0

2 l Too—Uown Cesi gn: 13 /2 01 4 .) 1
Ia ) D e f i n e  a d ’ l i t i o n a l  S u b r o u —  I Io- )01 I I
1 t i ne S 1

— Upcate Reach abi Ii 1-y 1 1 1 :
1 (increme nt oy 1) 1 1 1
1— Co rrect R e a c h a b i l i t y  1 1 1
I (dec re-rent by 1 for all  ore— 1 1 :
I v i o us nooes uo to and e~ c 1i j — I I : 1 1

1 d m 0  the last bran ch p o i n t ) 1 1 1
1— L i s t  Re~~ haØi l i t y  1 1 1
I (outPut o1 r e s u l t s )  I I
Ib ) D e f i n e  n e c e s s a r y  c~~armn es I 13 /21J 1
I w i t h i p  Current ve r sion 1 12 0 0 0 1  1
I of the an a l~~z ina Pro gram . 1 1 1 I I
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A nnex B

Program Listing of Projects ~ 2 and 3
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ANNEX C Page 1 of 1

~OR KSNEET FOR CODING PHASE OF PROJECT ~ 3

6eg inning of Coding (day/time ) : 3/20/2000

End of Co0~ ng (day/tHee) 3/21/1200

Man hours : ~.O (inc ludin g punc h ing of cards)

1)
CODING PROGPA M PART :ER POR: DA Y CQM~ ENT

BEGIN : END — :Tt’~E
DAY /TIME DAY /T IME :

1) ~ecora w~ er~ er”or ~ S
let eCted .

03/20/2000: :—changem :
:—suorout~ nes

:03/2 0/2200: (new) :
03/21/1000 ~~Punch~ nQ carls I :Nso :  C!~

:03/21/1200 :

0 — 192 —



ANNEX 0 Page 1 of I

4OR~ S$EET ~0R DEBUGGING PHASE

PROJECT a : 3 DEBUG Run :

Beg in of Debug Run (day/time) 03/21/1200

End ~f Debug Run (day /time ) : 03/2I/1~~20

* ~1 Debug Ste~~ m c). in Debug Run : S CPU time for Debug run (sec): ‘41.13

CPU time for necessary com oil es (5cc) :

a) b .03 b) 8.~43 :) 7.bS c) 7.57 e) f )

“an hours for t hi s  De~,uo R un : 3.0 (incl u d ing oreo ara t ion of le~ ua rUn )
1)

STE P:PROGRAMI OBJECTIV E AND ~~PECTED ACTUAL 1 D~~Y~~1OURS 1ER PO R C~~ ME~~TS
a PART QESLILT I RESULT :TIME: /STEP a AND COOED

ERROR TYPES

:1) Recoro when
error
occurs

i ~~ew 1— * e t  error free c~~ cil. 11 co rn o i l el 3/2 11 1.0 2 I Cb
Sub rOu~~ error N215 1 (forgotten

: t i ~~es I : : : : oec l ar ation
and I 1 I 1 of v ari a o~ e)

~oroqra~~ : : I
r”’anges

2 I — re oeat steo 1 1 oro— 13 /2 11 0.5 1 3 1 C2~
gram :131 5 : 1

I error 1 1 I

3 —re oe at steo 1 1 O.K . :3/2 1 1 3.3 1
I 1 : : 13 4 5 :  :

~ 1 I — Check reac~ abi I~ t y  c a l —  wrong 1 3 /2 1 1 0 • 7 1 1 C21
Ic u lat iori for tr~ v ,ai cases branch I1 ~~00 I

I 1 l ao ln t  : I I
I c a l c u l a  1
:e ion 1 I

5 1 — reoeat steo ~ O. !( . 13 /2 1 1 0.5 1
I I 1 ’ 4 S O I

1 1 13 /2 11

— 193 —
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ANNEX E Paqe 1 of I

ER ROR LISTING

PROJECT g : 3

Beg in of Project (day /t ime ) : 03/lq/1500

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

Man hours for total pro ject : 33.0

ERROR : PHASE 1 PHASE ERROR I TIME 1 a ~ f OTHER

U 1 in ~f lich i n w h i c ~i i  TY PE spent to I ST.~TEMENTS OR
:ERROR wa sIERROR ~asI (see A NNEX F) I s a l v e  t N e I  P4415  OF THE

1 di s maoe I E’4POR I PRO GRAM

1 covered I (M an AFF EC TEC

1 I

I I Coding I Cod ing  I cig 1 10 1
2 IDebuggingl Cooing I Co S
3 IDeougqinq Coding 1 C2~ 5 I
~ IDeo uggingl Codin g C21 1 20 1

ERROR L IST ING (CO MM ENTS )

ERRO R I DA Y  1 CO M MENT S
— I TIME : (EVIDE NCE, THOUGHTS. mH’( ~iA S THE ERROR MA D E ?

AH Y AND MOI~ m A S  THE ERROR DISCOVERE D?
I ERROR BLOCKING, etc .)

1 03/211
I 11 )51 Ch ec king code w h i l e  ounC h4 nQ earls.
2 1 12151 ourd througr como~ ler d~ aonost~ C$.
3 1 1 3 15 1
4 1 140 0  F~~~~nd by  , n t e r o r e t i n a  r e s u l t s  o f  ocoug  run.

— —
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AN NEX F FINAL STATISTICS

PROJECT U 3

FI NAL STAT ISTICS

Project name PATH ANALYSIS IN DIRECTED GRA PHS

~ITK RESPECT TO REAC HA BILITY CF NODES

Sho rt l e SC r iO t i C n
This p rO jec t is an ex te n sion of oroject 2. T i e greon

ana ly zin g orogram levelooed in oro j ec t 3 2 is ,iod,f,ec to
calc ulate the rea C haoility of each ~ri~~i v~ aual node . ~ t the
end ~ f tP~e anal ysis th e reac~ a o i l i t y  ind ex of each nOde is
ori rite d . A l l  features ~f tne orogfam ceing Chanced are

~reserved.
Incur : v ia punch carls Outout : v ia line crin ter

Qua n t it a t i ve  measure,:

1. C ~ f S ource S t a t e m e n t S  : 70 ( i nc l ud in g  ne c e s s a r y  c h a n c e s )

2 . T o t a l  m ar. hours  f~~r p r Cj C c t  : 33.0

3. ~an hour s scent in

a)  Des ign  : 7 .0

b ) Coding : 4.3

c) Deb uggin g : 3.0

a)  T e s t i n g  : ic .o

~~~ CPU t i m e  fo r  c o a c i l e s :  Su .O A  s ec .

5. CPU time f or lebug runs: ~l. 13 Sec.

6. CPU time for test runs: 3Q1. 48 Sec.

7. 4 of  t e s t  and debug runs: ~

3. C of  t e s t  arid debug s t e o s :  A

~ of  e r r o r s  four l  ‘4

10. Total m an hours used to Correct errors: 0.7
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ANNEX F FI NAL STATISTL..~

It . E rror Detection:
Mean t ime  b e t w e e n  e r ro r  d et e c t iO r ’ $ 43.3 man m iri .

U of
e r ro rs

5 +

+

+

C

I * 
e man

2 5 3 0 5 o 0 7 5 ° 0 105 120 135 pr oject t i” ,
TI ME d ET i~EEN E RROR D E T E C T I ~~NS

(m easu red  f r o m  O o i r i t in t i m e  ~ f d e t e c t i O n  o f cr ev .o u s  e r r o r )

12. Error Correction:

Mean t i m e  t O  c o r r e c t  ar. m r r o r t  1~~.0 man ~ ir’ .

a ~f
Errors
c o r r e c t ed

1~

5+

1 *

11 * * * + 

1 5 10 15 20 25 30 35 40 man m i n u t e s
of oroject ti-x e

T IM E TO CORR ECT ERR ORS
(m easured  in f r o m  o o in t  in t i m e  of  d e te c t i On )

— 1Q~ —
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ANNEX F FI NA L ST A TIST ICS

13. w hen e r ro rs  w e re  found

a) * of e r ro rs  found during desi gn ohase 0 = 0 .0  Z
b) I of e r ro r s  found during design re v , ew  0 0 .0  %

c )  * of  e r r o r s  found during cod lng  1 2S.0 ~
d) I of er rors found during debugging 3 = 75.0 Z

1 of e r r o r s  found during w r i t i n g  of
t es t  o roced ures  0 = 0 .0  Z

f )  U o f  e r r or s  found during t e s t i n g :  0 = 0.0 Z

a

14. flhen e r ro rs  were  xade

a) a of  e r ro rs  made dur ing lesion o h a s e t  0 = 0 .0
a of  e r r o r s  made lurira des ig n  r e v i ew :  0 0 .0  Z

c )  3 of  e r r o r s  made during cod.na 4 1 00  ~
U of  e r r o r s  made ~~~ring  decucg ing 0 = 0 .0

e) ~ ~ t errors made dur ing w r i t i n g  of
test orocedurest 0 = 0 ,0 %

f )  1 ~ f e r r o r s  made luring t e s t i n o  a 0. o z

‘4

~
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ANNEX F F I N A L ST A T I S T I C S

15. T IME HISTORY GRAPHS

* Qf
Er ro rs

E rror Types:
A: Clerical error
5: Deb ugg ing error

I C: Coding error
1 0: D e s ig n  e r r o r
5,

1 1 C C C C  
C — C — f — C —  C —  C —  > man

1 2 3 5 10 15 20 25 30 33
.DESIl~ i CODING. .DESUGGING . .TEST I’~G 
(soft..are develo pm ent ;hases)

NUMBER QF ERRORS FOUND ~S 
QROJEC T TIVE

a o f
Errors

5+

C C C  C 
+ — + — + — + — + — + — + — + — + — + —  ) man

1 2 3 5 10 15 20 25 30 33 hOur~

NUMBER OF ERRORS CORR ECTE D VS PROJE CT TI’~E
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ANNEX F ERROR CATEGOR IES AND TYPES

1. Design Errors

The f o l l w l n g  t yoe s  of e r r o r s  a po l y  to bo th  c a t e g o r i e s
“Sy s tem Design E r ro r s ” arid “ Program Des ign E r ro r s ” :

DI : Communication Erro R
02 : Design Neg l igence
03 : Fo rg o t t e n  C a s e s  or St eo s

T i m i n g  Pr o b l e m s
05 : Errors i n  I / O  Co n c e r t s
DO : Data  Des ign  E r r o r
07 : I n i ti a l iz a t i on  E r r o r
08 : Inacea ucte C h e c K i n g

E x t r e m e  C o n d i t i ons Ne g l e c t e a
010: Seauencing Error
011 : Indexing Error
012: LooP Co n tr ol Errors
013: Misu s e  o f  Oo~~l,an E xo r e ss i o r i
0 14:  Ma t h e m a t i c a l  Er ro r
015: R e o r es e n t a t i o n  E r r o r
016: T M i s u no e rs t a n c in g  o f ~ r~~b l e m  S o e c i f i c a t i o r i s
D17 : Other Design E r r o r s

2. Cooing Errors

C I  : Misunde rs tan d i ng  of Des i gn
C2 : Neglige nce
Ci : I / O  Form at Error

M i sol acCO Data Declaration
CS : Mul~~jcl~ Data Declarations
CO : M i s s i n g  D a t a  D e c l a r a t i on
C l : Inadeaucte Data
C8 : I n i t i a l i z a t i o n  Error
CR : Error  in P a r a m e t e r  P a s s i n g
d o :  Inadeauate or Forgotten Chec~~ir.g
C l i :  Leve l  P r O b l e m s
C 1 2: M is s i n g  D e c l a r a t i o n s  o~ ~ l o c t~ L i m i t s
C 13: Case selection error
C14 : GO TO Problems
CIS : Comm ent Error
C Ib: F o r g o t t e n  D e l i m i t e r
C 17: Incons i stency in Nam in g
C Ia : ~ronq Use of N e s t e d  IF S t a t e m e n t s
C1Q : Index ing Error
C2 0 : Incons is ten t  USe of  V a r i a b l e s  or D a t a
C21: Sequencing Error
C 22: F lag  Usace P r o b l e m s
C 23:  S y n t a x  E r ro r
C24: Looo Contr o l Err or
C25: Incorrec t E x i t  from Subrouti n es
C2b: Lariguace Usaae Prob l em s
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ANNEX F ERROR CATEGORIES AND TYPES

C27: Forootten Stateme nts
C28: l~ep resenta t1or. Error
C2Q: Co ntrol Seauence Error
C30 : Incorrect  Subrou t ine  Usage
C 31: Other  Coding E r r o r s

3. Clerical Errors

M anual Er ro r
Me n t a l  Erro r
Pr~ c e d u r a J  Errors

A M : D the r  ~~e r i c a l  ~ rrors

)e~~ ggi ng Errors

51 : Inacorocri -a t, Use of Deougc~inc To ol s
Insu f f i c i e n t  or Ir.Sce rOo rihte Se l e c t i o n

~f Test Cases or Test ata
‘Ais int,ror e tar i a n Of  Decugging ~esuI t5
M is in te ror ,t atio r . of Error Source

~4eali ge”ce
Ot ner Debugging Crro rs

5. Testing E rrors

TI : Inaaeauate Test Case (s) or Test Cat a
12 : -~i 5 i n t e r p r e t a t i o n  o f  Tes t  ~ C s u l t s
T3 : M is in t e r oreta t ion of Progr m S p e c i f i c a t i o n

Ne g l igence
15 : Qtne r Te stinc Errors
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I o~ 3

~ t~ E:TE~ ~~~~ oE0~~ESE . T.~T T ,

PROJECT : 3

p ro gram p art : C~~~O ECT PE~~C— -\~~ILt T r

CO M P L E : IT Y  EA S I J P E S .

,u -~~E° QF S T A T E ~~~~-~ T 3 :  ~)
4

C: ~~ C S :  4
j~ s~ s CF P A i l - S :  2

CY CL C~~~T1C \uhaE p : ‘Rfl= 2

~ E~~Cl- .~~~IL TY CF ~C E S :  2

~~
- L .SC CCO 

-

I
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P ane 2 c 4

-)(°ECTE ;~~4 P~’ ~E ESE’~T~~T I C ~

~R0JECT x 3

Program cart : u P O A rE ~F~ C~~~B t L I T y

C~~MPLEXI T~ ‘E ~~SURES:

‘ l U M B E R  OF ST~~TIEM E ’J T S: 3
CF ~C C E 3 :  2

r~ul~E~~R CF 0~~C~ :
5~~ CF P-~~l-S: i

CYC LC frA T IC ~L fr3E : V I C ) ”  L

R3~~CI- .~e LI T V C ~ C~~~S :
~CC~ L 1
~CCE 2 1

SUM: 2.~~~30 J J
~E~~Cl-~~.3 :L 1T ’ ~ N~~E~<
C F C~~~E C T ~~ C~~i~pI- : 1 .CCCJ ~~0
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~~~~~ G P c e  C ~ 3
~)I~~EC TEC ~ P-4 4 E E ~~~~ T~~~~~ ’,

P’lOJECT ~ : 3

Program p art : L1 ST ~E~ c-~~3 ILrrv

COMP LEx ITY E A SHP E S:

‘i u - ’ 5 E ~ ‘IF ~TA N ’-E ’ r 3: ~3
CF \C EC : ~.

~.tJhBB ° CF ~‘~CS : -.
\u~ 5E° C~ ~:~‘ )- $ :  2
C Y C L C~~~TiC M jb33F : . 1 2 1 =  2

E~~C~-~~~ iL 11? C F ~. Q ~~3:  
— E - - ~~— 3

2 : 2
\ C C E  3 : 1

4 : 2
- S L :

~ E~ c~~A e f t ! T y  1NCE ;~CF C1 FECTE: CF~~Pb: .~~~~ 2 -C 2  Y

I
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ANNEX H Page 1 e f  3

T EST PHASE DESCR IPTION

Project a : 3

Test  run U : 1 Includ ing I Test Step

Beg in of Test (day/time) : 03/22/1000 End of Test (day/~~ime ) : 03/22/1800

CPU time for necessary com p iles (in sec.): 8.33
a)  8.33 b) c) 0) e) f )  gi

CPU ri me for TEST run (sec) : 80.74

M~~n Hours tcr t h i S  T e s t  run : B..) (inch .~di n g p rep arat i o n of
test s)

1)
TEST : CBJECTvE 1 E XPECTED A C TUA L :ER R0R :D~~Y CD~~ME~.TS
STERI RESULT SESJL T a Ti~~E ~flO

(TOLERAN CE) I I CODED ERRCR
I TY PES

1 I 1 1) ~ec p ro  w he n
I 1 1 1 error occurs.

I Camoare result s Proar m p er fo r— I 0.~~.; 13/22:
l ef  p r e v i o u s  t a c t  ‘ancC s h o u l~~ not : I :i ooo :
:runs w I t h  r esults :b e  Changed w i t h  : : I
Iof m o a i f i e d  verS respect to p ath : 1
ion of  t h e  proqram a n a l v s i s  as b e i n g  1

Ius ir i g same inc~~t I s o e c i f i e ~ in p ro — I 1 1
l o at a .  I j e c t  a 2. 1 I
I ~1 d i t l o n a l  out I I I

ou t (such as cv— : 1 1
I c lo m a t i c  number I

I la na reachabilit y I I I
Hn d ex )  m ust  cc I

1 I v e r i f i e d by desK 1 1
Ic r.eck)r.a. I 1 1

I :3/22:
I I BOOI
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ANNEX N Page 2 of 3

TEST PHA SE DESCRIPTIO N

Project e : 3

Test run a : 2 incl ud ing 1 Test Step

Begin o1 Teat (day/t ime) : 03/22/1800 End of Test (day/time) : 03/23/1800

CPU time  for necessary comp iles (in sec.): 7.90

~) 7.90 b) ci di e) f) g)

CPU t ime for TEST run (sec) : 130 .00

4ar. Hours for t h i s  lest run : 8.0 (including p re p ara t ion pf

t ests)

1)

TES T1 Q8JECTVE I EXPECTED 1AC1J A L ERPOPIDA Y : C0’MENTS
STE’ 1 RESULT RESL’LT a T I ’~E AND H

1 1 (TOLERANC E ) I I I 1 COOED ERROR

I I I I TYPES H
I I I I : 1 1) ~eccro ~nen

I 1 1 1 error occurs.
1 IComo are ~ana ~a f Un cases of . i f s —  1 O. X . 1 3/ 2 2 1

I c u l a ted results of ci’eoancies p ro— I
1N105 subroutine s gram Sh ou ld oro 1 1 1
o~ ‘o~ u l e I w i t h  Iv ioe t h e  correc t 1 1

Ip rogram results. Iar .swer O t h e r wiSe 1 1 1
Chec k for a iscr e— resu lts must 1 1

Ip ancies (jf any) . Ir x atch . I.’ case of 1 I
I Iai sc recarCies re— I I

Is u l t s  must oc 1 I I
I v er if i ed oy aesk I I 13 /23 1
1 chec~~.nq. I 1 118- 00 1

_1 
~~~ ________ 
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ANNEX H Page 3 o f 3

TEST PHASE DESCRIPTION

Project a : 3

Test run : 3 In cludi ng I Test Steo

r Begin of Test (day/time) : 03/23/2000 End of Test (pay /ti m e) : 03/23/2300

CPU time for necessary comp iles (In sec.): 7.87
a) 7.87 o) ci di ci f) q)

CPU t i-x e for TEST run (5cc) : 171.74

‘4an -fours for ~h is Test run : 3.) (in c lud in a p r ep ar Stion o~
t C s t 3 )

1)
TEST O~ JECT~ E 1 EXPECTED A CT IJA L 1 E R P OPICAr : C3’AME~,T3
STE~~ RE SULT PE SULTI a T I ’ E I  ~i~Q

I 1 (TOLERANCE) : : CODED ~RPC R
I 1 Tt~ ES

I 1 I 1 1) ~ecord hen

I : 1 1 error occurs.
I IComoare hand cal— Un Cases of di s— I O. K . 1 1 3/23 1

cu lat ed re su lts ofl cr eo anci e s 0r0 1 :2000
‘JTDS sub rou tinCs gram ShoulO pro— 1 1 I
of module 2 w i t h  Iv ia ’ t~~, correct I I

Iorngram results. answer otherwise I : I
C heck for discre— Ir e s u l t s  must 1

Ioa ncies (if Snv). Imatch. In case o~~I I
ais creoan cies re— I I 1

I su lts muSt be I I
ver i f i e d  by aes~ I 1 :3/231
checking . I 2300
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APPENDIX D

PROJECT DESC RIPTIO N

Project ~ : 14

Project t i t l e :  DATA RETRIEVAL SYSTEM

Programmer : HQFFMANN -

Programm ing Lar~guaae : ALGOL

Pr ogramming enviro nm en t: r~~M,360/67,oS/M vT,eA TCii
and TIME ShARING (CP/Ci~S)

Design notes : see AW4EX A

Program l i s t i n g  : see ANNE X B

Coding notes : see ANNEX C

Debuagin g notes : see AN N EX 0

Error Listing : see A NN EX E

F inal s tatistics : see ANNEX F

Gra ch i ca l reorese ntat iori : see  ANNEX G

Test chase descri ot i on : see Al\j ’,EX H

Starting date: 1~ APRIL 77 Endin g ~iate: 3 ~A Y 77

EXPERI M EN T DESCRI PTION

1. Project descri pti on:

A . General Desc ric t i o r i

The proQram is desi~~ried for usage under CP /CMS . It

exoects an ino u t f i l e  ~a~ ele d “DBASE INPUT” to conta in “ata

base informat i on of the fo rma t desc r ibed in Section 8.

During i n i t i a l i z a t i o n  ~ l l data base i n f o r m a t i o n  ‘s read

— 207 —



into program memory. Af ter this the user ma y operate upon

the data using functions as described in section C . A l l

funct ions are input via ter m inal.

Most of the ter min olo gy being used throughout the pro-

ject is non standard. Theref ore the f o l l o w i n g  ex pl anation

is provided for better understanding:

a) DATA BASE MEMBER: see descri pt ion under B. 1.

~) ATTRIBUTE VAL UE PAIR: see a escri ction under B. 2.

C) MEMBER ID: The pr ogram assigns a MEMBER ID to each

data base member deoend iriq on the inp ut sequence.

MEMBER LOs are integerS (1,2,3 ...). The MEMBER lIT~ can-

not be changed by the user , howeve r , it Pray be used tO

reference any p a r t i c u l a r  data base member.

~) ATTRIBUTE ID: The Program assig ns an AT TR IBUTE ID

to each new and dis t i n c t  ATTRIBUTE N-~ME being entered

during the i n i t i a l  inout pf the aata base m embe rs.

ATTR IBUTE lOs are inte gers (1,2,...64) dependin g also on

the iriout sepuence. Each ATT R IBUTE ID is associated

which a uni pue ATTRIBUTE NA M E and p r ovi d es a way of

referencing any p a r t i c u l a r  ATTRIBUTE NA ME (see section C -

“LIST A”).

e) ATTRIBU TE NAM E: An A TTR IB )JTE NA M E is a character

string of len a th 1—ô ~ oreced i- rig the “ :“ in the in p ut of

an ATT R IBUTE VA LUE PA IR (see 8. 2.).

f) ATTRIBUTE VA L IJE: An A TTRIBUTE VALUE is a cN a r a cte r

stri n g f o l l o w i n g  the “ “  in the d e f i n i t i o n  of an
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A TTR IBUTE VALE PAIR (see B. 2.).

qi K E Y  A T T R I B U T E :  The K E Y  A T T R I B U T E  refers to the

second disti nct attribute name being input. (The second

attribute name has been chosen because the main usage of

the program w i l l  have data base memb ers w h i C h  are iden-

ti fie d uni que ly by their second a tt r ibute value p air. )

Therefore the ID of the KEY ATTR IBU T E is i n i t i a l l y  2,

however, thi s ma y bC changed by ~he user to any other

4TT RI~~UTE ID by using the functio n “KE Y ” (see section

C ) .

Th e KEY ATTRIBUTE is not alwa y s the “ key at t r i b u t e ” in

tIl e sense bei ng used i- ri most data bases, Decause it does

not necessarily all o w  a uni aue i d e r i t i t i C a t i - O n  of a l l

data base members. (Instead the MEMBER ID can be v iewed

as internal key wh i ch always al l o w s  a un iqu e i a e ’t i f i c a —

t i - on of each i n d i v i d u a l  data base member.)

h) CONTROL: If a data base member is taken in to con—

trol by u sin g the function “CO NTROL ” an internal refer—

ence is set by th e pr ogram which a l l o w s  subsequent exam-

ination of ATTRIBUTE VALUE PA IR S of th i s  c a r t i c u l a r

m ember by using functions “F A ” an d “A TT R ” .
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B. Iriout Format:

1. Description of a Data Base M emb er:

A data base member is defined by 1 — 614 dif f ere n t

attribute value p airs followed by the t e r m i n a t i o n  symbol

H~~~ IS Aft er the last aata base member an add i t i o n a l  ter—

minatio ri symbol has to be inserte d .

2. Description of A t t r i b u t e  Value Pairs:

Each attrib u t e  value p air has the f o l l o w i n g  format:

~attr ibu t e n a rn e > :< a t t rib u t e va lu e>~

where “attribute name ” is a Characte r string of lengt h 1

— 63 not including “ :“ and “ a t t r i b u t e  value ” is one of

the followi ng types:

a) <s ing le dis crete value >

A sing le ai scre t e v alue is a character string of

length 0 — n, where n is l i m i t e d  bY t~~e amount

o f memor y a v a i l a b l e  (see Section 0).

A character strin g of leng th 0 w i l l  be rec lace c

i n t e r n a l l y  by “ * * * “ ari d sp ec i f i e s  an urknowri

val ue.

b) < $ <rn ulti pl e d iscr ete va lues >>

M u l t i p l e  dis c rete values are any num ber o f si n-

gle discrete values separat ed by ‘ ,“ . The tota l

str ing length of a l l  values i n c l u d i r i O sep a r at in g

“ ,“ may no t exceed 614.
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C )  <~ <range value>>

A range value is a string of length 6 — b~4 of

the form at:

<lowe r l i m i t >  T O <upper l i m i t >

where “lower l i m i t ” and “upp er l i m i t ” are in-

teger values ar <l owe r l i m i t >  <~~ <upp er l i m i t > .

Examo les:

a) A ttr i bute value p air w j t h  single discrete

val ue:

N A ME: SMITH #

b) Att r i b u t e  value pair w i t h  m u l t i p l e  d icrete

values: - t

CHECKING ACCOUNT:$8014020,50033#

c) A t t r i b u t e  value p air w i t h  range value :

MO NTHLY p 4yMENT5:~~~5O T~ 725d

3. Number of data base members:

The data base ma y conta in 1 — 150 members dep end iri ’~

upon the amount of m em ory being used for the storage p f

values (see section D).

14, Termin ation of inPut:

In order to ter m ina te the i ncut of data base infor-

mation an additional t e rr r inat i o r i sym bo l (“ a ”) has to be

ir i Ser tA d a fter the t~~e te r m i n a t i o n  sv’rhol of th e l ast

da ta base m ember.
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5. Res erved characters:

A l l  characters other than ” :” , “ ,“ , “ a” , “$“ , and

“til ” may be used without restricti on.

6. Samcle in Put:

NAME:MEYER : FIRST NAM E:JQEa AGE:57a# NAM E :SMIT H #

FIRST NAM E: MI KE# AGE :au NAME :NE~~MAN#

FIRST N A M E: MA RY AN N a AGE: 34~~oa

NOTE:

a) t3etween attribute value p airs any numb er of blank

characters (0,1,2,...) w i l l  be ignored by the p rogra m .

b) Any number of blank characters preceding a value w i l l

be ignored. (In the example the age ~~ the las t data

base member w i l l  be stored as “34” .)

c) Any number of blank characters greater than one

w i t h i r i  a value or attribute name w i l l  he reduced to a

single blank. (It-i the exam p le tri e fi r s t  nam e of th~ last

data base m emoer w i l l  he stored as “‘-~A RY AN N ” ari d th e

att r i b u t e  name of the second me mber w i l l  be stored as

“FI RST r4AM E ” a l th ou g h i t was inp ut as “FI RST NA M E” • )

— 2 1 2  —
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C. Functio n Commands:

1. Functions without inp ut parameters:

INPUT FUNCTION DESCRIPTION 
+ 

LISTA A l l  a ttribute name s are list e d together wi t h  their
1 ATTR IBUTE ID. (For usage of ATTRIBUTE ID see

functions “AT IR ” and “KEY” .) 
+ 

LISTC A l l  a v a i l a b l e  comm ands are lis ted. 

L ISTDBA SE A l l  data base memb ers are listed P r i n t i n g  a l l  of
t h eir a t t ribute value p airs to gether w i t h  P’EMBEP
ID o f each data base m ember. (For usage of MEMBER
ID see f un~~t j p r i~ “CONTROL” and “LIST M” .) 

-I. 

LIST -ALL A l l  data base membe rs  a re  l i s t ed  o r i n t i n g  o n l y
t h eir KEY ATTRIBUTE and its value precede d by th e
MEMBER ID. ( F o r  usage of ‘~E frBER ID see fu n ctions
“ CONTROL ”  and “L IST M”  , The K E Y  A T T R I B U T E  is t i - ic
second attribute of the first data ease merroer
by d e f a u l t  and may he changed by us ing  t h e
function “KEY” .) 

+ 
Sh ITC H 1 This aHows the user to direct the subseQuent

output from terminal to a f i l e  la be l ed “DBASE
OUT PUT” or or vice versa. To change the output
from terminal to f i l e  might be appr opri ate i - f

1 large output is excected. The contents of the
1 out out f i l e  may be obtained using th e CMS command
1 “OFFLINE P R I NT C C  D B A S E  O U T P U T” . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2. Functions which reauir e only one in p ut p arameter:

INPUT 0F PARA METER FUNCTION DESCRIPTION
FUNcTIoN :  

+ + 
LISIM <MEMBER ID> A l l  a t t r i b u t e  value p airs of data base

must be i n t e g e r :  member s p e c i f i e d  by MEMBER LD are  l i s t ea .  - 

+ 
CONTROL <MEMBE R ID> : Program takes data case mem b er sp eci fied

:must  be ir lteqer  by  MEMB ER ID i n t o  c o n t r o l .  ( For  usage o f
1 t h i S  f u n c t i o n  see f u n c t i o n s  “ FA ”  and

“ A T T R ” .) 
+ + 

A T T R  <A T T R I B U T E  IL) > L i s t  v a l u e  of  a t t r i b u t e  soec if ie a by
must be i n t e g e r :  A T T R I B U T E  ID pf da t a  base  me m ber  in

con trol. CT0 s e l e c t  Proper  A T T R I B U T E  ID
see f unction “LIST -A ” . To take a m ember
i n t o  c o n t r o l  see f u n c t i o n “ C O N T R O L ” .) 

+ + 
FA :<ATT R IBUTE I List value of a t t r i b u t e  soe c i f i e d  by

N4?’E~~ A T T R I B U T E  N A ! ~E o f  member in con trol.
Imust be a cP-ia— 1 (To take a m ember into co nt o l see
racter stri n g 1 f unC tio n “CONTR OL” . To select an e x i s t i n g

Io f  l e n g t h  1— o3 I A T T R IBUTE NA—I E see f i~n c t i o n  “LISTA ” .)
:fol lowed by “ :“ 
+ + 
1< ATT RIB UTE ID> : Change key a t t r i b u t e  of  d a t a  base t o
mu st be inteqer atti h ute sp eci fied by A T T R I B U T E  ID.

(For usage of ~ev a t t r i b u t e  see functions
1 “L ISTALL” and  “FIND ID” . To select an
1 A T T R IB U T E  ID see fu~~~t i O m  “L S T A ” .)

No te : If pa r a m e t e r  i s  r ea u i r ed  to  cc an i n t eg e r  a ny  o t he r
input w i l l  f o r c e  t he  pro~~rarr  t O  t e r m i n a t e .  u t he r  wrong
in put w i l l  cause  an a p p r o p r i a t e  e r r o r  m e s s a g e .
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3. FIND arid FIND I D :
a) Function Desc ri t i on:

These two functio ns a l l o w  the user to find a l l  data base
members which satisf y 1 thru ‘4 c o n d i t i o n s  s p e c i f i e d  by
subsequent inpu t .  (By a c o n d i t i o n  is  meant an a t t r i b u t e
value cair. A member satisfies the c o ndition only if it
owns t h i s  pa r t i c u l a r  a t t r i b u t e  v a l u e  pa i r  or i f  i t  o w n s
the a t t r i b u t e  w i t h o u t  a v a l u e  s pe c i f i e d .  The  l a t t e r
case  w i l l  be indi c a t e d  by p r i nt i n g  “ * * * ~~~“ as a t t r i b u t e
v a l u e  in the outo u t  f o l l o w i n g  a q u e ry . )  A f t e r  t he  c o r i c i —
t i o n s  have  been inPut t he  progra m t e s t s  a l l  aa t a  c a s e
me mbers as to  w h e t h e r  t r iey  s a t i s f y  a l l  c o n d i - t~~ons. Onl y
t h o s e  members  w h i C h  s a t i s f y  a l l  C o n d i t i o n s  of  t h e  query
a re l i s t e d .  Us ing  “F IND” a l l  of t h e i r  a t t r i b u t e  value
oe i r s  a re  p r i n t e d  r~h e r e a s  us ing  ‘ F I \ E D ID” o n ly  t he  key
a t t r i b u t e  and i t s  v a l u e  is  o r i n t eg .  ( T o  change  t h e  key
a t t r i b u t e  of  t he  da ta  base  see f u nc t i o n  “K E Y ” .) If n~
c o n d i t i o n s  are  e n t e r e d  a l l  d a t a  oase  members  w i l l  ce
1 i s t e a.

b) Input of  C o n d i t i o n s :

COND ITIONS 1 — 1 4 :

Input of <A T T R I B U T E  NA M E> 1 Input of  < a t t r i b u t e  v a l u e >  
+ 

A T T R IBUTE NA M E can be any 1 t~i th i n  Q u e r i e s  a t t r i b u t e  v a l u e s  a re
s t r i ng  of l e n g t h  1 — 6 3  1 r e s t r i c t e d  to  oe 1—o4 c h a r a c t e r s .  ( I f
f o Ho w e a oy “ :“ ( i t  i s  1 the v a l u e  s t o r e d  is longer t ha n  ~~~
n e c e s s a r y  t h a t  the  c h a r a c t e r s  t~~e c o m p a r i s o n  is  onl y
A T T R IBUTE NA M E m a t c h e s  w i t h  C a r r i e d  out uo to  the  l .3st c h a r a c t e r
one of the  e x i s t i n g  1 o f  t h e  a uerv  v a l u e .  )
ATTR IB UTE NAM ES ) 1 S i n c e  a l l  v a l u e s  a re  s t o r e d  w i t ~~0ut
If ar- i A T T R I B U T E  NA M E ca n r io t l  p r e c e d i n g  b l a n k  c r a r a c t e r s  t~~e Query

be found an e r r o r  message  1 v a l u e  s h o u l d  not nave  b la n k  C ri ara cterS
i s  p r i n t e d  ari d t he  user can in f r o n t  of  t~~e v a l u e  to  be t e s t e d  f o r .
repea t t he  input .

C )  T e r m i n a t i o n  o f  ~ue ry  Iriput

User i npu t s :

1) Samo le Input fcr FIW arid FIND ID:
F IND
NAME:
SMIT H
A GE:
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a

FIND ID
AGE :
10 14
a

NOTE:
1. A l l  input fo r  a l l  f u n c t i o n s  m u s t  not be preceded by
b lank  c h a r a c t e r s .
2. Each input has to  he on a s e p a r a t e  l i n e .  The  inPut  is
e n t e r e d  by h i t t i n g  the  c a r r i a g e  r e t u r n  k ey .

0. Li m i t s  of the Program:

The t o t a l  number o f  d i f f e r e n t  a t t r i b u t e  names may not

exceed b4. A ssumin g 100 data base members h a v i n g  614 attri-

butes each, the overhead used for imoleme ntat i on (b5 items

f o r  ea c n  d a t a  base member )  w o u l d  reduce t h e  amou nt  a l l o c a t —

able items of M2 (20,000) to 13,500 ite m s. Each item of M2

can be used to store 1 4  Characters. The number of rem ain-

ing items divided by the number of data base m embe rs gives

t he  a v e r a g e  number of  i t e m s  a v a i l a b l e  f o r  e a c h  d a t a  base

member ( a p p r o x i m a t e l y  135) .  Thus  t he  t o t a l  amount o f

r e m a i n i n g  s t o r a g e  l o c a t i o n s  a l l o w  a p p r o x i m a t e l y  ~4 , 0 0 0  c r a r —

acters for values which means that th e avera ae str i n g  l e rig t n

of  v a l u e s  w i l l  be l e s s  t han  Pi. T h e  o r o g r a m  assu m es  t h a t  at

leas t two ii fleren t ATTRIB UTE NA V Es are entered. If t h i s  is

not t r ue  the  user  has to  Chanqe t he  ,(EY A T T ~~1a UTE to  “ 1” .

E. E r ro r  Messa g es : -

A l l  e r ro r  m e s s a g e s  a re  s e l f  e x o l a n a t o r y .  E r r o r  S~1 ari d

~2 w i l l  cause  th e pro g ram t o  t e r ” i r i a t e .  T h i S  w i l l  be the
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case when al l  memor y  lo c a t i o n s  are e x h a u s t e d  (e r r o r  # 1)  dur-

ing t he  input of d a t a  base  i n f o r m a t i o n  or more t h a n  1000

members a re sp ecified (error ~ 2).

Er ro r  ~3 i n d i c a t e s  t ha t  an a t t r i b u t e  name i - s  longer  than

63 characters. (In t hi s  case the pr ob l em m ight be solved b~

e x a m i n i n g  t he  inout  f i l e .)
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2. Programmer ’s background:

a) Exp erie n ce i - ri programm ing:

Oct 1970 — May 1971 Pro grammin g courses

May 1971 — A pr i l  197 2 Modu le  P ro g r ammer

May 1972 — June 197 14 W o r k  in T e s t  and S i m u l a t i o n  Depart-

me nt at the

N A V A L  COM MAND -AND CONTROL SYSTEMS

COMMAND (FEDERAL GE~RMA N N A V Y )

T e s t i n g  pf t a c t i c a l  r e a l  t i m e  s y s t e m s

M a rc h  1975 — Jan 19 77 S tuden t  at  t h e  N A V A L  P O S T G R A D U A T E

SC HD OL ,  Mo n t e r e y ,  Co ri ’ c u t e r  Science

b) E x p e r i e n c e  in t e s t i ng :

T w o  y e a r s  o f  w o r k  i- n  t e s t i n g  and s i m u l a t i o n .

C) E x pe r i e n c e  i t - i t he  a r e a  of  t h e  g iv e n  p r o b l e m :

Usage of  s i m i l a r  da t - a  S t r u c t u r e s  in p r e v i o u s  ~ r o g r a m m i - g

p roj  e c t s .

d) E x pe r i e n c e  in the  p r o g a m m m n g  language b e i ng  used

E x p e r i e nc e  o v e r  a pe r i od  of 18 m o n t h s  in i t-ore t h an 10

p ro g r a m m i n g  p r o j e c t s .  ( T o t a l  number of  s o u r c e  s t a t e m e n t s

produ ced du r ina  t h a t  t i m e  w a s  mo re 5 0 0 0 . )

3. Ps y c h o l o g i c a l  f a c t o r s :

a) Did th e p ro gramm er l i k e  th e p r o jec t ? ~~~~~
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b) HOw QO~~S the o ro g ra mm er  l i k e  the  p r o g r a m m i n g

1 anquage ?

Favorite p ro qramming lancuage .

c )  ~las the  p ro g rammer  s a t i s f i e d  by t he  w a y  t he  p rob le m

was sp eci fi ed?

O n l y  m inor  c r i t i c i s m .

d) How a id  the  prcgra nrme r  l i k e  t he  p rog ram mi ng  e nv i r o r i

ment ?

The f a c i l i t i e s  ( s t u d y  room , c a rd  punch room )  w e r e  not

c o n d u c i v e  to  e f f i c i e n t  P ro g r a m m i n g  because  of  r e s t r i c t e d

s pace ,  bad l i g ht i n g  and no i s e .

e) Other  f a c t o r s :

The r e c o r d i n g  of  t h e  e x pe r i m e n t ’ s d a t a  du r ing  the  pro-

j e c t  a f f e c t e d  soeed and c o n c e n t r a t i o n  c o n s i d e r a c ly .
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4 , Comments on Documentation

For the documentati on of ea ch  s o f t w a r e  deve lo pme nt  c hase  a

spec ial documentation f o rm has been develo p ed. These form s

are designed to  p r o v id e  a f i r m  g u i d e l i n e  f c r  t h e  e x p e r i m e n t

programm er to r eco rd  a l l  d a t a  of  i n t e r e s t  f o r  subsequent

e r ro r  a n a ly s i s .

— Beg in and end of  each  s t e c  w a s  r e c o r d e c  w i t h  r e s p e c t  to

day -and t i m e .

— Each e r r o r  w a s  recorded whe t -  i t  i s  d i s c o v e r e d .  Th e e r r o r

was then i d e n t i f i e d  by a ur i~~ ue e r r o r  num ber  ( 1,2 , . ..) .

F u r t h e r m o r e  t he  t i m e  o f  d i s c o v e r y  and t h e  e rr ’ D r t y P e  ( us in g

er ro r  ty p e s  l i s t e a in ANN EX F) w e r e  r e c o r d e d .

— If a p p r o p r i a t e ,  c o m m e n t s  about e r r o r  d i s c o v e r y ,  reason  w h y

t he  e r r o r  w a s  made ,  et c .  w e r e  documen ted  in A N ’ E X  E2.

— For each error the ohase i- ri w r’ic h th e error was maae , t~~e

phase in which the error was discovered and t~~e t i m e  spent

to correct the error was recor-ie d in ANNEX El.

— For each steo in any one o~ the software ~eve loo m en t

ohases the day /t ime of begin and end was recor—’ ea . In aaoi—

t i - on , the time (in man hours ) for each steP was reccrcled .

Th i s excludes the overhead used fp r d o cumer t a t i o r i pf the

exo eriment aata.
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ANNEX A Page 1 o~ 3

.~ORKSHEET FOR DESIGN PhASE AND DES IGli REVIE w PHASE OF PROJE CT a 4

STEP: PROSLEM AN D PLANNED SOLU TION A L T E~ NA TE :Da’r :HOURS:E PROR : CO TM M EN T
SOLUTIONS :TIvE:/ST Ep : a

L :A n a ly s is of reouire ’ients of
:o r o j e c t .  :1400: 5.0
:— s l r . c e  al~iost ~l l e.~ ecteo Stora qe in f ,xeø
v alu es are o~ liff ereri t le n q t P~~~l eno~~~s $t r i r’;
u sag e o f  l i n s e d  l i s t s  f or s!~~— l a r - a y s  .oul i
rac .  o f  a l t  a t ~~r i e u t e  v a l u e s . . a s t e  t o o  ~~~~
seci’s to ~e acorODr ,ate .
S tu ~~y Df I / O  c a o a o i l ’ t es -~ -—

:o~~t- CP/CMS.

~~~~~~~ of d a t a  e a s e  — e — e e r ,
Eacn ~,ta case ~~~~~ ‘as a
u r i a u e  ,~~e r t , f i e r  (“e rect - ~~ ) .

~F~~t- each iemcer —a .. o 4 ~~
4 3 e— a) Le t ~u -re e r —f ~

r,ri! a t t r ,r u t e  v a i j e  oai -s ~ar~~~ i f f erer~t a tt r —
:be ~e t i r e a  b’i i r o u r .  ‘‘a.i—u ~ ~u t e s  cc ar
s t r i n g  ~enct ’ •or ~ny a t~~r ,— ~ut b C r a ,e t e r ,
h u r e  i s ~4 . Inc total nu her e) Js, a ‘asn
Of ~if t erent a ttribut es jr t 1 e I-ab e t~ s ! - ~r e

~ata ease ‘lay also not e .Cee- at~~~ir Lt es. 1 ’ s
b4 ( a ro i t r a r i l y  c’losen 1 , i ~~). .ou)~ ia~ e

:stt - i~~ l e r i g t r s
cf at r ’b ute s
Hrcecencen t c ’

: t”e array size :~ ‘)°:
of th e et trio ut , (qOO
t~~b le .

2 ~0e ftne  ~ara s t r u c t u r e s :  U/1~ ~ .O

~A t t r i t u t ~~ are IO e n t i ’ led cv 1~~O0
5 ch aracte r string o~ lenot! ,
b4 aria sto ’ei in a Str1r ~9

:ar~ av (A TIRIO U TE) .
Each at t r i b u t e  can be Un ue ly

:ia enr,f, ea by ‘t s ooSiti ~~r’
t~~e attr ,cut e a r r a y  : Pr- i - .it, ve s

(AIT~~L8UTE ID). t ‘c.~ ~ata

~V al u e~ ~ f a t t r i b u t e s  a re  ;s tr ~~c t j -es
:storeo ri S )iri ed l i s t  struc~ :co u la cc
:t u re  us ing  a S I TS ~~~~A Y  (‘2). : : C~~O ’ e ~~f
: Lengtn of M2 ( 12 4 ,0 0 0  bYt e s) ere jec t
M i — i ts t h e  a— ou nt of i r i f o r ’ a —  :0900: : :a2.
tiori to cc store d in t h e  ~a t a
h as . , )  :

9.mar.i5 gee caae Ia
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.) Li n~ .d l i s t  of aata base m emb ers:

1 2: 1 r I

O t t -  :o t  : c,tr ct ... 1 ~tr : N IL

V V V
a t t r i b u t e  v a l u e  a t t r i b u t e  v a l u e  a t t r i b u t e  v a l u e
l i ~~( o 1 m em ber 1 l i s t  of m e m b e r  2 l i s t  of  ‘ne—her ri

(last mem ber)

o ) S t r u c t u r e  o~ a t t r ib u t e  val - Je l i s t s :

1 A 2: I

l O t  bt  .0 ‘.IL

1 V

v alu e st r uctur e va lue %truCt u t - e va l u e st r u Ct ure
of ‘ i t - S t a t t r i b u t e  of se conc a t t r l r ~u te 0’ “t~ a t t r i b u t e

.I’e e 11 , 12,... reb re sen t the ~T T P I E U T E  lO s ~ f c b r r e s o o n a 1 ~~q
values

c) Val ue stru ctu re :

t : o t  : ~~ 0t  > ... : ~: NIL

VA LU E ~EPRE SE~ T5TION.. ...C 

w h e r e  t r e e r e s e n t g  t h e  t y c e  ~f tn e va l u e:
t= 0: s i n g l e  v a l u e
t :l: range vSl U CS
t:2: m u l t i c l e  values

* ‘ 5  usel as i e l i r , ’ i t e r .

Usa g e o f “ ...C ’  for v a l u e  reOr e serl t~~t l O n  i ’d i C a ~~e5 t h a t  v a l u e

is no r ~rlOwn,
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wO RKSHEET FOP DESIGN PHASE AND DESIGN REv IEn PHASE OF PROJECT a

1 VA N
STEP : PRObLEM AND PLANNED SOLUTION ALTE PrjA TE 1DM :HUURS:EePcp : COMME~~T

* 1 : SOLUTIONS 1T1’A EI/ STE P

3 Ia) Define u t i l i t i e s  for inout 1 4/20
l ot da t a  base  inform a ti o n: :ocoO: 4.0
I— FILL ,EXT RACT , r .ETC HAR, SKI P I 1
I -GET OLD FILE IN FU RMATI O N 1 1
—S TORE, CLEAn1IN ,CLEAR CUT 1 1
CA RDI~~.PRINT0U T :

I—T ~ PlN, Tv P0UT I
I— FILE I U.-T E~ ’-’TN4L I 0 1
— GET AT TRI5 UTES A ND VA LUES I I 1
I-GET A T T R I~ UTE ,GET VA LUE
I— FIND AT IPIeU TE 1
1~~ ) Ot he r u t i l i t i e s :  I

— 5 P A C E , E ~~ R Q N , O I AG N O 5 T I C 5  1
I — L’ J I T I~ L lZE  A LL 1 M300

-I Is) D e f i n e  c o m m a n d  c a c a b i l i t i e s l
I — L i s t  a l l  a t tribute s (LISTA ) I 1 O ~~O O I  2 . -D
I-L ’st all  ‘ne— oars (usi ng o nly 1
lone at t r i n u t e  value Oa,r :
choSen by user ) (L ISTALL) 1 I

1 — L i s t  a l l  members (o ri n t in a 1 :
l a I l  a t t r i b u t e  v a l u e  ca i l ’ s of : I I
lear ’ me’n,oer (LISTD8ASE) 1
I — L i s t a l l  a v a i l ab l e  comm ends I I
1 (LISTC ) 1 1 1
:—L ist a l l  a t t r i b u t e  value : I
b a i t - s of a sinal e mem ber I I

(LIST’~) I I I
1 —Selec t a sing le m emn e r for
It -c t rie va l of o~~rt~~cul ~~r val u es
l of in terest (CONTROL) I : :
1 — L i s t  a o a r t i c u l a r  a t t r i b u t e  I 1 :
i v a l ue oa~~t- ~~ ‘n—— oc r i n cori 1 I
t r~~l (F1, 1TI~~) :
— Fin o a l l  o a t a  c a s e  m e mb e r s  1

l w h i C h  i t h  given c o n d i t i o n s  I I
I (FIND, FIND ID) I
I-Sw i t c h  OutOut fro e rmirial I I
ko fi l, and v i ce ver sa(SwI TCH)
1— Change ~ev attribute OtEfl : I 1
I—O b t ai n diagnostics CD) 1 1
I-Suoer user mode (SU) 1 1
Ib ) A l l  subroutines ..hich han 1 4/ 2 11
1a le comm anas are namea accor — I I t ~~)01
I d ing lv. 1 1

~~~~~~~~~~ Th, la s t t w O  f u n c t i o n s  at- . riot recu irel, ‘~~~ .. C V I’ , t ” C y  Ca r ’ be
e ffec t i v e l y  uS Cd f o r  t e s t i n g  O U F O O s e S .  TkCy ~ lq o su000r t f~~rI -~~~r
ea tCri siOnS of I-h e Orogrsm .
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wORKSHEET FOR DESIGN PHASE AND DESIGN REVIE w PHASE OF PROJECT a ‘I

I I M A N I
STEP: PROBLEM AND PLANNED SOLUTION I A L T E R NA T E  lOA f 1HOIJRSIE RR OPI COMMENT

C I 1 SOLU TIONS IT IM E I /STE PI a I

5 A n al ys ig of imolem entin g FIND I 14/221 1
KFIND ID) function. M23O 1.5 1 1
IDe fi ni to n ~ f subrouti nes: I I I
I—GE T CONDI TIONS 1 : I I
I—GE T ~E-OUEST 1 I I 1 I
1—GET QVA L u E (f unct~ or’5 w h i O h  I I 1 1
I e l l o w  user to ~e #ine cu eries ) I 1 I I I
1 — T E S T  CONDITIONS (ev alua tion 1 I I I
I o f cueries ) I I 1 I
IDef ine functions to test lo t - I I I I
l s i r i q le di screte values: I I I I
I— FIN DA IT P IB UT E 1 1 1
I—E ~ UA L, ’~A T ChtNG 1 1 1
1— FI~~O 

l,i
~~ M6Er f I I I

De fi rre f un ct i ons to e r i r t  r, 1 1 I
sults: I 1 1

1 — eRI TE RESULTS 1
I—L I STA T T R IBU T E (va lu e) I I I I

[ l A l l  m embers w n ’ C h  satisf y us~~r 1 1 1 I
loe fin ed con aiti o n s are f i rst I I I 1 I
Isto rea w i t h i n  a l i n ~ ea li g t .  I : I I
The res ult of al l  cor ,oarisior ,sl 1 I

1st -c oninteii after al l  iata l~~/22I 1 I
I-embers have been e.aml rieO. I I 1430 I 1

b Desiqn of retr ieval fun ctio n s I 1~~/2 3I I I
I for m u l t i o l e  values and range 1 1530 1 b .0 1 1
values : 1 1 I 1 1
I-CDMPA~ E ‘ ‘ A NY I I 1 1
1— LL IM IT ,ULIMI T I 14/251 1
(return uooer ~rrd lower l i m i t )  1 1 1 1 0 0 1  1 1

7 IDes ign r eview ~nd imo l emen ta I 14 /27 1 I
l I - ion of i provem ents . I 1 1 3 0 0 1  1.5 1 I

1 4 / 2 7 1  1

1 1 12030 1 1 1
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ANSIE X C Page I of 2

~ORKSI-4EET FOR COOING PHASE OF PROJECT a ‘4

B e g u n lrg  of Co di rg (~~av /r.ime) ‘4120/11400

Er,d of Codir~q (day/ t ,i~e) 51)2/1200

~4an hours 214.5 ( i n c l u d i n q  our )ch1f l 1~ of cards )

1)
COQIPIG PRO GRAM PART :ER0O ~~~!)AY CO~.’uECT

~EGI~ END ~
DAY / T I~ E DAY / TI~IE

: 1 )  ~~~~~~~ .“e ’  ~~~~~~ ‘ S

~e !ec e0.
~)14/2 O/Ii00 Coi~~ro ~ f o r i- ” — :_ I g r e a t  r’u lr l e r  DI

- Ittves ar’l J~~C l — ~ o r’ ,’ i~~ ,v e s  C 0 J l ~~
:0u/20 /t ~~00 t i e s  : coo ’e~ ~-om ~roj ,ct S-c ,

:pur~c~~~n~ caros
:)‘i,2 012330:

-)~1/fl/ !330~ :co ~~~IC-C~~ ~~~ cc~~—
:0~~/2 1/1 S 3O:- , -’i “ Lj rC ct ,O C’C s

oa/2 1/15 30: : P J r C C~~~C r ’ Q car~ s
:J’i /21 /18 301 b IS 3O~ C~

-)- .I/21/2030; ;Cod~~ q ~i c~~
-.
~—

ma. 0 fur ~C r ’or’ S

~~~~ 0unCr’r~~
014 /21 /21 3 0 ca r1s

114/21/2230 : :Coding of co”—
:ma n~ f u ñ c ’ i o r ’ s

~and OUC’C C h I C ’CQ
:014/21/2330 :carls

14/22/1S0O: :L O O C ~~~0 of
r~ ti’ ,eva i

014 / 22 / 1S O CJ f ur ,C~~io ,~S

o14 ,22/t~~3O : Pu.icf,~ ng c aros
:O14,22,1q30

O’4/25/133U Cod’r~ ~1 i-e—
re t r i e v a i

:fu nc t i o n s  for
: ‘ CCJ i~~~~t o i e  va lUes :

: o 4 / 2 5 , l b 3 o anø r.v~~e v al u esi
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3~ORKSHEE T FOR COOING PHASE OF PROJECT a : ‘4

eeg in ning of Cod3ri g (d a y / t i n e )  : 14/20/11400

End of Co~~ ng (day/ti rI,e ) : 5/02/1200

M an hours : 2~~.5 (ir ’ c 1ud ~ ng ounc1’n rC g of cards)

1)
COOING PROG RA4 PAR T :ERPCP ~ DA Y

8EGIN : END : ~ :TP’E :
OAY/TI M E DA~~/ ’~-4E :

1)  ~,c oro w I~ e ’ error is

~e !eCtCO.
~‘4 ,25,2l0O : PU nCh ~~n0 ca r ~~S

35 ~21)~~:_ I l
3~ :22OO .~1

014/25/2200

)4/2b/ 15301 Cod ino of
:~~eougq~~~o a p o s

~ar~o Our~c rC1~~ C)

~‘4/27/2030 C~Canges acc or—
cirC .~ to o es Ign : uB :2os o: c1 7

:O’4/27 ’2100 :rev ,ew

)5 /02 / 1100 Cooi rio of ~‘ew
orocedures to C~ ari~ e ~ue to eC ’ror ~ SO.
h~ n~~Ie range

:val u e co~ oar~ so~~:
and our( c~~ I~~~3

05/O2Il200 caros

I

~1
’
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ANNEX 0 Page I of 10

~VO R3~SHEET FOR DEBUGG ING PHASE

PROJECT a : (4 DEBUG Run a :

Beg i n of Debug Run (oay /t ,me) : 014/20/2330

End of Debug Run (day / t i m e )  1 014/24/2030

~ of Debug Steos m ci. in Debug Run : ‘4 CPU t i me for Debug run (sec): 0.0

CPU t ime for necessar y com oil es (sec) 19 .3R

a) 3.g3 b) 11 .14 2 c) 5.3’4 a) 5.70 e)  f )  RI

Ma,-, now’s for t h i s  Gebug Run 2.5 (inclu d i ,o or ep a r a tlon o~ 1ef~u~ run )
1)

STEP:P~~OGRA M : 0S.~EC TIVE A~ID EXPEC TED ACTU .~L D AY 4-OURS E~~ROR CD~°”E~~~S
a : PART RESULT RESULT :Ti~~E ;iS1E~~: : : ~ iO C3OED

~ R~i~~Q T Y P E S

: 1)  ~“e c o r o  ~,nen

:4/20: error
:2330: : -~~

1 ~~ ri~” i— Get error fre e c~~’o~~1e comoHe~~~/21
errors :1 )30 I Cb

2 -Li
3 :.~ i

:rles ~/2I:ii o~ : 5 ,l1 J
2 :Pri .,m— : Get error fre, comol ie ~1 coma , 1e ’i/2 :

:~~~ves, error :1o3~~: 0.5
:u t i i i — : : : : :
:t ies, : : 1~~O~ 7 : C 1 7
: I nou t : : :
:fu n c t —  : : : /2 1: :

1q 3 0:

3 : : reoeat step 2 :1 com om 1e 14/21
:error :~~~30: o.s

:2 0 0 0 :  : ~ :C: 2
:14/2 1:
:2000 :

11 re ocat s teo 2 O.~.. ~I/2H 4
:20 00: 0.5 : - )

: 1 4 / 2 1 :  :
:2030: :
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AN NEX 0 Page 2 of 10

~ORK SHEE T FOR DEBUGGI N G P HASE

PROJECT a : ‘I DEBUG Run a : 2

Seg frp 0 1 Debug Run (day/time) : 014/21/2130

End of Debuo Run (day /time) : 0 (4/22/1830

# of Debug Steos i r~ci in Debug Run: 0 CPU time for Debug run (seci: 114 .83

CPU time for necessary com p i l es (sefl : 39 .55

a) 0.48 b) 5.52 c) 5.08 c) 14 .147 e)  8.26 f) 9.i- ~ ~)

M an nours for th i s  Oeo,jo ~un S 5.5 (i n c l u d i n g  pr e p a r at iOn of oeouq ‘ L . r )
1)

STEP :PPO GRA M O B J E C T I V E  AND EXPECTED : A C T U A L  : OAY :~~OURS :E~~ C~~: Co~ uEN TS
CAP T ; RESULT RESULT TtM E /STE~~ ~ : ~-~ D CDUEO

ERROR T Y P E S

:1 ) ceco r, ~~~~
I A l l  Get error free c~ m pi 1 e 2 ~or”o i l e 4/2U : error

exceot : :errors 213 0: 1.5 occurs
:r e t r i e — :  : :2130 : : ° :c7
:va l : : : , 10
:f u n c t—  : : ~~/2 1 : :
:lo ns : : 220cfl

2 : r,oeat s t eo 1 an~ o n e c k  1 pr c-~rs.’i .1/2 1
i n i t i a H~~at~~or~ e r — o r  :2 2 0 0 : 0 ,5 :

:22140: ; 11 :D7
:4 ,2 1:
:2230:

3 : : repeat steP 2 5 o r o q r a m ~~~ /21

:erro rs :2330: 2.5

10 0 0 :  12 :C28
:1020 : : 13 ~C21
1 030 : ~~ ;C2 1

:i:o o : : is
: 1 1 1 0 :  : i~ 012
:4/22:
:1200:

~ : A i i  Ge t error f r e e  coc ci . :2 conoi i e ”,22
:excect : ( in c l u O i n o  oo ’nm anp errors :1200 : 0_ S
:re t r i e — :  f u n c t i o n s )  : :1200 : : 17 cc

:1230: : 18 ~C 1 7
:f un ct— : : :11/22 :
:ions : :1230:

S : : repeat s t e p  4 ano Ch e C k  ~2 p r o q r am 4/22 : :
t n i t , a i i z a t t o n :er-rors :1400 : i.o :

:L’430 : i° D12
:4/22:

i~~~o o :  20 :C27
b : : rep CSt ste p S : o.~~. : i22:

:I~~o o :  0 .5

— 25~ —

_ _ _ _ _ _ _ _ _ _ _ _  _______________



ANNEX 0 Page 3 of  10

f4OR I’ISHEEI FOR DEBUGGING PHASE

PROJECT a : £4 DEBUG Run a : 3

Beg in of Debug Run (Cay /time) : 014/22/1830’

End ~f Debug Ru n (Cay /t ime) : 011/22 /2200

a of  Debug Stecs m c ) .  in Debug R un: 2 CPU time for Debug run (sec) : 11. 93

CPU time for necessary comoi l es (sac) : 17.75

a) 3.71 0) 9.011 c) a) a) f)

Man, ~,our s fo r t r i s  Debug Run : 2.5 (jnC1Ud j~~q p r ep ar a t i o n of oer’ua -~jr i )
- ‘ Ac ,  I I

$TEP:P ROG RA -4 OSJECTI’iE AN D EXPECTED : A C T ’ J A L  : DArftO U RS :E RR CR C0i~ME’~TS

~ : °AI~T RESULT RESULT :TIME :/SIEP : x ~~ 0 CCDE O
ERROR TYPE3

- : : : : : :1) ~ ,C O r C  ~ r n
error
occ urs

1 ~A l i  Get error free c o m p i l e  V~ oomo~
:exce c t : :errors 1R 30 0.5 : :
:f u n c t—  : : 19145 : : 21 A 1

22 ~~~2

It o com— :i~ss: : 23 :023
:oare : :

: v aiu e s  :
:or c u l— :  :
:t i c l e  : : :
:oi s— : :
:cre te : 4/221

~val ue s : : :2000:

2 : : repeat stec 1 and a x a m i n C I  :11/22 :
storage of d a t a  b ase - —  : o.~c . :2000:
fo rmation : : :

1 (a Il  at t r i butes an~ values: : :
I shou ld be im pl emen t ed 1 :4/22:
ac co r ai n g to aes ig n) : 2200:

— 259 —

- -  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ — -- -
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ANN EX 0 Page 4 of 10

nORK SHEET FOR DEBUGGING PHASE

PROJECT a : ‘4 DEBUG Run I 5 11

Beg i n of De bu g Run (day / t i me) : 04/22/2200 
8

End of Debug Run (day /time) : 04/25/1100

a of Debug Steos i t’icl . fri Debug Run: 0 CPU time for Debug run (sec): (43.47

CPU ti m e  for necessary c o m p i l e s  (sec ) : 73 .14

a) 11. 3o 0) 9.73 c) 9.811 0)  9 .9~ e l I O . El f)10 .14R g)  1O.8R

M~~ri hours for t h i s  Deb~~q 
0ur’ : 7.3 (ir c l uding p r ep a r atio n o # ceoug ‘Un)

5 )
STEP :PROGRAM : OBJEC TIVE MID ~~PECTE~ 1 A CTUAL y :HOURS:ER POP: Cw~uE4JTS

PART 1 RESULT I RESULT :TI~’E:/STE P: s A.~ o CODED
1 1 1 1 ERROR TYPE S

1 H) ~ecor1 rn4 - e n
1 A C’ ac ca sio fun ct ions :i orogra-~’ -./22 1 1 error

C I C C O t  I ( e v c e o t  FI/4 0 f u n c t i o n)  le r r c r  : 2 2 0 0 1  1.5 1 : occurs
co r n e a —  I I 2200 1 2~ :012
riso n 1 1 1

1°f “ u i — I I : ; :
t ’ o l e  1 1 1

I v a lues
: :

rang e : : :4/22: : :
v alue s I 1223 1:

2 : : -.o~ at Step I H procram 4/22
1 m rror :2230 : 3.0

1 H23 0 1 25 1 03
3 1 1 reocat steo 1 H croarem u /2 3 1 I

error H230 1 .)  1
1 : 2c D 13
1 1 14 /23 1 1

:133 01
4 1 eoeat steo I 11 o r og r a m H / 2 3

error 1 33 01 1.1 1
I : : 1400: 1 27 ID IS

:4/23 :
:1430 :

S I 1 r epeat step i 12 proqram 4/23
lerr ors :1 11 30 : i .o

:iSoO: 1 28 D12
1 15 00 : 1 2~ 1C2 7
114 /231 1

I :1530 :
repea t stec I 1 O .K . 4/2”1 1

1 : :1700 : 1,0 1

1 1 1 0 0 1  1

— 2 b0 —
—-

~
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ANNEX D Page 5 o~ 10

~fO RKSMEET FOR DEBUGGING Pi-IASE

PROJECT a : 4 DEBUG Ru,-~ a : S

Beg in o~ De bug Run (day /ti me ) : 0 (4/25/1030

End of Debug Pun (day /t ime) : 04/25/21100

a p f Debug Steos m c ) .  i n  D eb u g  Ru n : S CPU t i m e  for Debug run (sic ): 8.95

CPU t i me f e r  necessar y c o m p i l e s  (seC) 51.3

a ) 1 1 . 02 0 ) 1 1 . 118 c ) 11. 90 c) 9 •37 e ) 7.53 f )  g)

~en nours for t h i s  Debug R ,n 5.5 ( i c l u o i - ’ c o r e c a r 4 t - C c ~ a ’ ieb ~~ r~~n )

STEP PPOGRA 84 I O BJ EC T IVE AWl  EA PEC TEI : ACT j ,LL 1 lAY CL;S :E~~~CR1 G ’’ E i TS
°A R T I ~ESULT R E S U L T  T~~~E ‘sia : a ~‘O CID E~I E~~~0P I Y° ES

I I : 1 1 1 ) R ec ~~ r - ~ ~ ren
1 Find I C~ ec~ FIND fu n Ctio n ~ar 3 oroaram .s/25 I er-or

‘unct— : t r i v i a l  cases e r ~~rs 1o301 1 .4 1 O C C u r S
It ion Check i nout of :onoi t i~~ n~ I I 1c 30 3~ 31
Hsi n oleI (Q—~I c ono i rio r s sro u1 ~ , c e l  H ’00I 1 3 1  1C 27

1 st ac’eo accoroi ng to I1 ~~3’) : 32 101 2
Ic rete : aes ign) 14/25 1
I- ~a)ues) 11 730 1 :

2 1 1 eoea t steo 1 1 o r o q r a m -i/25
(uSinc trace) lerr or 11 700: 2.0 I

1 1 12 03 0 1 1 33 bU (Error ~32
1 1 1 14/251 : Irot C o r r e C t e a

1 I 12 030 : ~ r op er Iv )

3 : : repea t step 1 Ii oroaram 4/25
I error 2C30 3.5 1
1 1 1 2 1001 1 3~ C28
1 I~~/2S

I 121 0 0 1 1

4 1 1 r e c e a t  st eo I H o r o g r a m l 4 / 2 5
I error 12200 : 1.3 :
1 1 1 2 230 1 1 37 1
1 I 14/25: I
I 221451 1 1

S re p eat ste P 1 : o.i~ :4,25:
1 2245 1.5 1

1 11/ 251 1 1
1 1 12400 : :

- 2b1 —
_ _  
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— ANNEX D Page 0 of 10

IIORKSIIEET FOR OEBUGGING PHASE

PR OJECT 4 : (4 DEBUG Run a : 0

Beg in of Debug Run (C a y / t i m e )  : 011/25/2400

• End of Debug Run (day /t i ’ e) : 014/26/1930

I of Debug Steps m c). in Decug Run: 7 CPU t i m e  for Debug run (sac): 10.23

CPU time for necessar y Co m p iles (sac) :

a ) 0.57 0) t 2 .~~Y ol  12.00 a) c o o  e) ~~.
9 b ~~) 1 0.2 7  g )  984

M~~n hour s f o r  t n i s  Debug ~ i,jn : 8 .)  ( i nc l u d i n g  p r e p a r a t i o n  o~ cecuc  run)
~‘A:~ 1)

STE° PROGRA ~~I C 3J E CTIVE AN D EXPECTE D I A C T J ~ L 1 D Y 4 - O U P S I E R~ O R1 ~ cJ E i T 3
I PART - 

ESULT I RESULT TI Y E I / ST E °1 ~ I AN D CO&E0
I I I I ERROR TYPES

I I I i )  R e~~ora ~ner
1 I~~l l I Get error f-ce camp i l~ 3 ~~ -‘o, ’e 11/2S1 I error

1 and test FI ’II) funct icn 1err ~~rs 24001 2.-) 1 1 ocCurs
I far t r i v i a l  Cases 14 / 1 01
1 (al l m embers l i ste d m ust I I O g O O I  I 38 I - L I

I 1 m a t C h  c o n d i t i o n s  so ec ,— 1 Q °10 1 3° ‘l
1 1 f’ed by i nPut ) I 10~~15 1 40 A I

1 111 /2 0 1 1
1 1 1 0 00 1

2 1 rep eat steP 1 12 p r og r Cm I 4 fdb I
I errors H000 2.-) 1 1

1 1 1 0 5 0 1  1 ~ C29
1 1 1 1 1 1 4 ) 1  I 42 C2’8
I I 1- ’/ 2b1 1 1
I I U23 01

3 1 repeat steo I Ii pro~~ram -J/2b 1.0 1
1 I ler r or 11330 1 1 ~3 I A i

1 ‘h/ 20 I 1
I I 1 1 411 0 1 1 I

-1 I r epeat step I H cocci 1e 4/20
I ( i nc l ua i r iq deOucg in -o  er Or H030 1.-) 1
I a i d s )  1 :4/20: ;
1 1 1 1 7 5 0 1  1111 AI

S I repeat stec ‘4 II orogrem -4/20I 1
1 I le r ror H7301 0.5 I

I 11 71151 ; -~5 A 3
1 11/26

o 1 : repeat step 11 I t  pr o gram l 4/20I
I error :1800: 0.5 :

11 ~~1 5I I -&b 1 4 1
I I : I11/ 2~

I 1i ~~30I I
7 1 :reoeet steo ~ 1 O. ic. -‘/20

:1’f30 1.)

— 2b2 — 
— —---  —.
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ANNEX 0 Page 7 of 10

COR KSI’IEET FOR DEBUGGING PHASE

P R O J E C T  a : 4 DEBUG Run a : 7

Be gin of Debug Run (aay / t i m e )  : 04/26/2000

EriC of Debu g Run (aay / t f i ’ e ) : 0’4/20/2300

I of Debug Steos m c i .  in Decug Run: 2 CPU time f or Debug run (sac): 7.0

CPU t i m e  f o r  necessa ry c o m p i l e s  (Sac) : 18 .14

a)  9.73 b) 8.14! c) 0) e) f )

M an hou rs f~~r t r i g  Debug Run : 3.0 (i n c lu d i n g  oreP~~rat~~cn ~~ Occu g “uri )
MM, 1)

STE~~ PROGRAM OA JEC TIVE MiD EXPECT ED I A C T U A L  I C A  H0c~RS E R P C R  C~~ ”E~iTS
a I PART 1 RESULT RESULT :T ME 1 ’sTE~~ 1 A N D  C ODED

1 E4ROP TYPES

1 I : : I I)  Reco rc
I 1 I I 1 I error
1 1 1 1 1 1 I ocCu rs

1 1 A l l  1 Test FiND f~~nc t i pn  f~~r II o ro~~ra m 4 /2 ,  I I
va ri o us inp ut ( i r i C l u C i n - O error 1 2 0 0 ) 1  2.0 1

1 a l s o  C x r Cme c O r a i t i o n s )  1 12 1201 I u 7  1 C 2 8
(al l ou e rl e s s r i o u l 1  b e I I

1 1 ans*erea ac:cra ,nn 1 14/201 1 1
1 1 aesign ) 1 122001

2 1 I repeat S t e P  I I O.K. I 4/20 1 :
1 1 122001 1.0 1

14/261 I 1
:2300:

~~~~~~~~~~~ - - --~~~~~~~~~~~~~~~ •.• •
_  _
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ANNEX 0 P age 8 of 10

~ORKSHEET FOR DEBUGGING PhASE

PROJECT a : ~I DEBUG Run a : 8

Be gi n of Oe~~ug Run (day / t i m e )  : 0 (4/27 /1500

End of Debu g Pun (day / time ) : 014/2 7/1900

I of Debug Step s m c ) .  in Debug Run : I CPU time for Deoug run (sac): 1t.~~6

CPU time f~~r neces sary com p iles (see) : 10.02

a) 10.02 b ) c) c) a) f) g)

~ Cfl Yours for tr i s  Debuc ~uri : 3.0 (in c l u d i n g  orecdratlO’ of 0 e C U O  .u r )
1)

STEP PROGR4~~ OBJECTI ’E AN D EX PECTED 1 A C T U A L  1 lAY ~~~OU PS IER~ O R I C D~~~E . T S
1 PA RT 1 RESULT I RESULT 1TIVEI/ S T E O :  a ; MD CCDED
I 1 1 I ER RON TYPES

1 1 1 )  RecO r l

1 1 1 1 : e r r o r
1 1 I I 1 o c c u r s

I 1 ~H Repeat Debuc P u n  s7 Un der l 0.’. 1 4 /27 1
I I CP/CMS 1 H500 3.0 1
I 1 (same res ul t s  expmc ~~ed) 1 14/ 27 I I I

I I 1 1 9001 I I

- — 

~~~~~~ - - -
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~ORl (SHEET FOR DEBUGGING PHASE

PROJECT a : £4 DEBUG Run a : 9

Begin pf Deouq Run (day /tim e) : 0 (4/28/1400

End of Debug Run (aay/time ) : O4/2~~/I6O0

a ~ f Deou g Step s i n c ’l. in D e ou g Run: I CPU time for Debug run (see): 19 .58

CPU ti m e for necessar y ~pm o i le5 (see) :

a) Q .14o b ) c) a) a) f )

M~ n ‘ip~~rs f o r t h i S  Deoug °ur : 2.0 (4n~~1 u~~~ni p r ,o e r a t l o  o ’ Ocrud L r i )
“A N  H

STE P IPROGPAM 1 OB JEC T IvE AWl EX PECT E D I A CTU A L I OA ~~IbO t4RS E~~ROPI C - ~~E 4TS
a I P~~RT I RE SULT 1 RES UL T TI~~E I /5 TE°I ~ 1

I I I I I I ERcO 4 Tr P E5

1 1 1 1 I I L )  — e c o r~j

1 1 1 I I err or
I I I 1 1 I occUrs

I A l l  I ~ ariOu S tests unCer 1 C .K. 1 4 / 2 8 1  1
I I CP/C.~S: I 1 1 4 00 1 2.) 1 1
I I — T est i n , t i a l i z a t t ~~n I 1
I I — T e st L I S T A  ( l is t  of  aM 1 1 I I
I a t t rib utes ) 1 I I I
I 1—Tes t LISTC ( l i s t  a l l  I I I
I I ava l la d e COmm ands ) 1 I I I I
I I—Test L ISTM (check f o r I I I
I a l l  m em b ers and i l l e g a l  I I I
I I i r - ’o u t)  I 1 I
I I— Check program fp r  input I 1 I
1 1 o f  u n d ef i n e d  commands I 1 1
I 1— test CONT ROL (creek #or 1 1 1
1 I i llegal inp ut al so) I I I

— T e s t  f u n c t i o n s  FA  ari a I I I I I
I 1 A T I R  f o r  s e v e r a l  me .’~~e rs 1 1 1 I
I 1 in Control I I I I I
I I — t e s t S~~ I T C ~~ (exa m i e  O u t — I I I I I

1 cut f i l e )  I 1 I I
I — Test K E Y  (crInge of x~~y I 1 1 1 I
I 1 a t t r i b u t e  a, c e s i r e d  by 1 I 1 1
1 user) I 1 1 I

1—Test LIST0~~A SE (a)) ,~~rn I I I I
1 b ars are listed ,i t h  a l l  1 I 1
I a)) att ribute value I I

I l oai rs) : I ; :
I 1— l est L I S IALL (me~~oe r s  ar, I  I 1 1
I 1 l i sted p n l  Oy ev a t t r , —  1 1 1

cute ) I I 1 1
1 I—Tes t FINO fun Cti on t u s i n a l  I I I 1

I vlr ’ous input comci I 14 /2~~ 1
I I n a t i o n s )  I 1)000 I

- 265 —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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iIOR~
(SI1EET FOR DEBUGGING PHASE

PROJECT a : 4 DEBUG Run a : 10

Beg in of Deoug Pun (day /time) : 0 1 4/ 2 8 / b OO

En d pf Debug Run (cay /time) : 04/28/1800

I of Debug Steps m d .  in Debug Pun : I CPU t ime for Debug run (see): 12.08

C~ U time for necessary :orm c ’il es (sac) :

a) 9.10 ci c )  ci a) ‘I

~an hO urs  ‘a t Y i g  Debug ~ .,n : 2.0 (incl ~~d i g  pr ep a rat ion o ’ oepuo r u n )

1)
STEP P POI R AM 1 C PJECT IVE AN D EXPECTED : CT UA L I C A Y 1~~OUP5 E°°C°1 CJM~ E’ TS

a PAR T RESULT I RESULT I T IM E I / S T E’ a M.D C ODED
1 1 1 1 I E °RCR TIRES

1 I I 1 : 1 )  R ecord ~ h.n
I 1 1 1 1 1 : error
I I I I 1 I I oc cu rs

1 1 A l l  1 Various tests under 1 14/28 I
I I C P /C M S :  1 1~~O0 2.0 I 1
1 a) Test Ski (Super uSer II proorair l I I
I 1 f u n c t i on ) le rr o r 102)I I 4~ I C27

I b ) lest FIND f u n c t i p n  I I I I I
I I for 0 Cond i tion S (all I O.k . I I I I

I memb ers should oe )istec4 )I 1

I Ic) lest FIr ~D omd FI ’~D ID I I I
1 us ing 1 ( 4  o i ff er e nt con I I I I I

1 I d i t i o r i s  (cP.eclc C o rrect— I I I I I
In ess of Program esp ec ial l y l  I 1 I

I m u l t i p l e  values an~ range I 1 I 1
1 I v a l u e s )  I I I I I

:i T~~gt k EY fijnCr ion for I I I I
i l l e gal inp uts (Orpa ram : : :

1 Sh ould p rovid e an acoro— 1 1 I I
I c r i a te error message ) 1 I 1 1
I I 1u/28 I I
I I I I8~~0I I I

— 2b6 —
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ANNEX El Page 1 of 2

ERROR LISTING

PROJECT I : (4

Beg in p f Project ( d ay / t i m e )  : 04 / 19 / 1 1100

End pf Project (C ay / tim e) : 04/03 /1800

M~ ñ hours for total pr oject : 101.0

ERROR : PHASE I PhA SE 1 E’~RCP I TP~E I a o f  C T Ei
4 1 in w h i C h  I in N f l l C h l TY°E 1 scent to 1 3 TA T E u E r ~T S  c~

EPROR w a g 1E RPO ~ w ag (see AN NEX F) Iso l v e th e l P1.~T5 ~~ ThE
1 u s —  I maCe 1 1 E~~P0R 1
I co vered I I (M an I AFF~ CTEC
1 I 1 1

I lD e b u g q i r i g  C o d i n g  1 Co 1 5 1
2 IDecugg in ql Coding I I S I
3 IOebug oing Coling 1 Al 1 5 1

~ IOebugginc Ced ing  I 11 1 S 1
5 Debug ging Cpo ing I A t 1 5 1
0 1 Coding 1 Co~ ina 1 CR 1 5 1
7 IDebugg inq l  C oo i ng  I C 17  5
8 W eouaging Cod ing  1 C ! 2  1 5 I
~ IDebugginql C o o in g  I C7 I 5 I

10 IDecu ggir’g Coding I 1 5 I
I I  D e c u g c i n g l  D e s i o n  1 07 1 S I
12 IDe bu gainq l Coding 1 C28 I S I
1 3 IDebugging C~~oi nq I C21 1 1 5 I
I~ lDe bugging Coding I C21 I 15 I
IS lDe buqgina Coding 1 C28 1 30 1
to Debu gaing l Desi gn I 012 I 2S I
1 7 IDebug aingl Coding I CO I S
l~ IDe bug airi gl Coding I C 17 I 5 1
1° IDebugging Oegicn 1 012 1 30
20 IDebugginol Coding 1 C27 1 10 1
21 IDebug giri g Coai”g A L 1 5 1
22 IDebugg ing Cocing I I S I
23 IDecuoaing Cooing 1 C2 3 1 5 1
24 IDecu gg irig l Desi gn 1 012 1 10 I
25 IDeo uggi rig l Desior , 03 1 15 1
20 Debugg in o  Des ,on 1 013 1 30 1
27 IDebu gging 0es i c ~n I D15 1 2) 1
28 Deougoingl Desri r i 1 012 1 30 I
2~ Oebu ggi n gl Coding 1 C2 7 : S I
30 Dehugg i ngl Coding I A l  1 5 1

-- :~
- 

I . 1.. IJL .T:I1LI . [JWThU . rr 
~~~~~~~~~~~~~~~~~ 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A NNEX El Page 2 of 2

ERROR LISTING

PROJEC T a : 11

Begin o1 Project (day /time ) : 04/19/11100

End of Project (day /time) : 04/03/1900

M~~ii hours for total pro ject : 101.0

ERRO R P H A S E  P hA S E  1 EPPC R I T I M E I ~ of C T — E R
a I in w h i c h l  in bi ~~Y I  TY PE Isce n t to 1 S TA T E ’ E ’iTS ~ R

IERRCR w a s I E ~~RO~ wa s I  (s e e  A \ ~.EX F) I so l v e tr e l PARTS OF T~~E
I oi s— m ade 1 I E°~~0R I

C o v e r e d  I I (‘A an 1 AFF E C T E D
I I I I m r n . ) I

31 IDeouaa ing I Cooin g I C27 1 1 ) 1
32 IOeouggingl Desi gn 1 012 1
33 IDeo u giingl0 eoug oinal 94 1 15 I
3 4  IDeo ugo ing C oo in g  I C 2 8  I 15 I
35 1 Coo ing  I C oo i ng  1 ~ 1 1 5 1
Sb I Codi ng I Co~~rng I A l  1 5 1
37 IOeou ggi n glDeo u g a incI Al 1 S I
39 Deouqqing Coning I I S I
39 I0ebuq g i n o l  C o i r n o  I Al I S I
40 lOep ugcira Cooi ng I ~ 1 1 5 I
41 l0eb u gcirigl Cod ing I C28 I S I

~2 IDeb u gging l Cooi ng I C28 1 5 1
u3 Deouqg ingl Co- ling I ~~1 I 5 I
-44 Oeo uqg ing l  C o d in g  I A l  I S I
IS ID eo u ga in a lDe o u g g i ng l  A 3  I 5 1
44b Deouqginql Cod ing  1 A l  I 10 1
117 Debuqgino Cod ing I C28 1 10 I
48 1 Coding I Coding I C1 7 1 5 1
4~ I Deougoingl Codi n g I C27 1 30
SO I Testing Design I 33 1 120 1

— 2 h 8 —  

— J



ANNEX E2 Page 1 of 2

ERROR LISTING (COM MENTS)

EPROPI DAY 1 COMMENTS
I TIME: (EVIDENCE, THOUGHTS, ~iHY fIAS THE EPROR MA OE?

iIHY AND HOW .~AS THE ERROR DISCOVERED?
ERR OR BLOCKING, etc.)

104/2)1
1 1 10301 Errors 11 triru S are cue to influence of fatigue.
2 1 1 0 3 0 1
3 : 1030 1
11 1 10301
S I 1030
b 1 18301 Found w i i i l e  c h e c k i n g  c r e v i ~~u s l v  w r i t t e n  Code d u r i n g

1 1 c u n c n i n g  pf car a s.
7 19001 Dif f ere n t v~~r i a c l e  nam e  assu med .

B : 20001 M i sSin g m andatory jecl ara t ior ..
1 21301

10 1 21301
11 22001

I OU /22I
12 I 10 0 0 1
13 1 10201
13 I lO3O ~ E rrors :l~ tYr u to a r e  ou e ~o i n s u f f i c i e n t  oes~ Cn e c ~~ i nq .

IS I 1 10 0 1
lb I 1 1 1 0 1
17 I 12 0 0 1
18 1 12 3 0 1
t° : 1430:
2) 1 15001
21 1 10451
22 1 lQSO kipp er ease ~e y cre s s e o  w n i l e  c ur ic - i n g  cards.
23 : 1~~SS Us ag e of liE’ i~ i n s t e a d  of “C0~~.(wrong f o r m a t )
2U 1 22001

1 04/231
25 1 12 3 01
26 1 13001
27 I 14001
28 1 15001

1 15001
1 04/251

30 1 1 630 1
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ANNEX €2 Page 2 of 2

ERROR LISTING (COF ~MEHTS)

ERR O R~ DAY COMMENTS
a 1 TIl~E (E VIDENCE, THOUGHTS, nri y ~A $ TIlE ERROR MA DE?

1 ~HY AND HOW i~A S  THE ERROR D I S C O V E R E D ?
1 ERROR BLOCKING, etc.)

I04/25
31 I 1700:
32 1 1130 1 N0 proper desk checkin g . (Error could have been

I avoided by desE Che cring. )
33 1 20301 In ap p ro pr iate c orrection o ’ e-ror a32. Debuga ing

1 r e s u l t s  we re rot in t e r o re t ed c o rrectl y.
3-I 1 210 01 Forgotten el~
35 1 2100: Er rors a35 and 30 are due to fat m g u e . ( t r i v i a l  e r r O r s )

30 1 22001
37 1 2 2 3 0 1

10(4/281
38 1 09001 Error s a38 thr u -10 are due to lac k -~ f c o n c e n t r a t i o n

I w h i  Ic Pu n ching Cards .
39 1 09101
40 I OQ IS
4 1  1 10501
42 I 1100 1

1 13301
40 1730
-45 1 l 7 ~~5:
40 1 1815 :

1 2120 Ocu ole negatio n In c on n ect i on w i t h  l o g i c al  A~ - D
I 1 cO u ld  h ave ceen te stec by  usage of a t r u tn  t a p l e .

Ire error C ould have oeen avo ided t hi s  way ou rin g
I a desk test.
1 04/271

48 I 20501 Found w h i l e  ounc h irig cards.
1 014/281

09 1 16201
105/0 11

50 1 1700 1 It was s u r p r i s i n g  to t h e  e x p e r i m e n t  p r o g r a m m e r

I th at using t”e ESCOIC chara cte r Set V n e
I I f o l l ~~wi nq comparison w l l l  ~e e v a l u a t e d  ~TRUE :

I — — . >

1 1 E r r or  a 50 w a s  made p ecaus e t r i s  r , l a t i o n s n i p
1 w a S  not known .
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ANNEX F F I N A L  S T A T I S T I C S

PROJECT a 3

FINAL STATISTICS

P roject name : DATA M ET R IEV A L SYSTEM

Sho rt descri pti on:
Th e p rogram is ces iOne-i f~~~r ussoe ‘JnOCr CP,cuS. It

e x p e C t s  Ar. i nput  f i l e  l a b e l e d  “CE ASE I’~PU t’ to C C n t S ’ n  d a t a
b ase  i n f o r m a t io n  i n  a o3rtic u l or # o r m A t  S - JC ~ i n- at ~~e pro-
gram can r~~a~ a l l  i ri fo r—a t i on Snd stor, i t ,n t p  e r o r v .
A f t e r  a l l  data case mem cers ar e  oe ’.nm ~c c y  inp ut  ar.o .i.oLe

rented w i t h i n  l i n k e d  l i s t s  t h e  user av ~o~~~at, up on ~-e
oa t a base using iunC t ions f r p m  a p r evi ousl y oa~~ineo set ~~f
functions.

The orogram ha~ ceen d esi gn ed ano im p l C m e n t ~~ 1 in  s.i c~ A
m an ner tha t it , j l l be easy to im p l em e nt moi ~~ ‘un c t i o n s  or
to extent the cu r r en tly ~e t i~~ed l i m i t S  p1 t e  p rc g r a m .

I~u a n t i t a t i v e  measu res:

1. 5 of source State men ts 138 14

2. r ot~~t m an hour s ic r  orojec t : 101. 3

3. M ar , b~~ijr 5 spen t i -

a) Design : 2~~. D

o)  Co c i ng  : 2° .5

C )  Deb ugg ing : 41.5

i) T e s t i n g  : Il .)

4 . C P U  ti ,e f~~r com pil es: 343.5 sec.

5. CPIJ t i — C  for debug runs: I-.C .3S Sec.

~~. CPU time for test runs: 38.30 sec .

7. a of test and debug runs: 13

8. 4 of test and debug steos 43

~~. a of e r r o r s  f ouno :  50

10. Total men hon jr5 used to corre ct err ors : 11.25
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A N N E X  F FINAL S T A T I S T I C S

11 . Error Detection:

M ean t i m e  betwee n error d e t e c t i o n s  87.7 nan . nip . .

1 of
e r r o r s  —

t

35

30

25 1 a
1 *

1 *

20 1 a

1 *

1 *
I’

IS I
I t
1 *

1 *
10 1 *

1 *

5 I • • * * *
I * ~~~~ a

I a *
I a * * a a

1 * a a a * * * * *  a a ,**  *** *** “‘an hours 
>

1 2 3 (4 5 8 7 8 9 10 I l  12 13 pr oject t i m e
TIME B E T W E E N  E R RO R  DETECTI ON S

(measured from ooi nt i n  t i m e  o f  d e t e c t i o n  o~ crevio us error )
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ANNEX F FINAL STATISTICS

12. Error C o r r e c t i o n:

M ean t ime to correct an error: 13.3 man — i n .

I of
E r r o r s
co r re c te d

1•

1 a
3 1 4 +  *

1 a

I *
1 a

25 1 *

1 a

1 *

201

I *
1 *

151 *

1O a

I a

: a a

* * a

1 a * a a

I a a * *

I a a a

11 • * * * * a * a

— + . . .— 4 — — )

1 5 10 iS 20 25 30 90 1 2 0  180
nan m i nu t Cs

of Dro~ eCt t i n e
TIME TO COR RECT ERRORS

(meas ured from Point In t i n e  of d e t e c t i o n )
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ANNEX F FINAL STATISTICS

13 . When errors were founo

a) 4 of errors found during design Phaset 0 0.0 ~
b) ~ of errors fpu nd duri ng design review: 0 0.0 ~
c) a of errors found dur ing coding: LI 8.0 %

I of errors fc4Jnd during debugging: 45 90.0 ~
•) a of errors found dur ing w r i t i n g  of

test procedures: 0 0.0

50
S p f errors f ound d ur ing testing: I 2.3

14. W he n e r r o r s  mere ma ce:

a ) a 0f err ors ma le dur ing l C SiC n  ona se: 10 20. 0 Z
o) s of err ors mace lur in g oesign review t = 0 .u
c) a of errors mace ~uri no cod i ng : 37 = 74 •3

~ of er rors m ade cu rin g dep uog in o : 3 .,.0

~ ) a ~ f errors male du r i n d  w r i t  inc o f
tes t orcoegures t ‘3 0.0 1

f) s of errors mace ouri ”c tes t inn : 0 0.’)

SO
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ANNEX F FINAL ST ATISTICS

15. TIME HISTORY GRAPHS :

Errors
t -

I Er ror T ypes:

~: Cle r i c a l  er ror
B: Deougging error
C: Cooi ng er ror

~: Desig n er rc r
5+ a

a c a
I A DCC C 0

A C.~CC C A DC C C A C A
11 C CC CC D D A D DO A O O A A C A A  C CC 0 

+ — 4 — + — + — +  > .r4n

2 20 ~L 0  83 d O  1 30  nours

NUMBER OF ER RORS FCU~.0 OS °ROJECT TIME

~ of
Errors

1 0+

a

* a

* a * a a  a a a a a

* * .*a  * a. * a * * .  *
1 1  a • t * *a .  a.  .a a . * a a . * *  a a .  a 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
) ‘an

2 20 JO b O 80 1 0 0  ‘Ou rs

NU~4bEP O F E R R O R S  C D R Q E C T E O  vS PROJECT TIME
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ANNEX ~ ERROR CATEG ORIES AND TYPES

1. Design Errors

The f o l l w i n . g  t y p e s  of errors accl y to both cate gories
“System Des ign. Errors a and “Program Des ign Er rors ” :

DI : Communication Error
02 : Design N eg li cence
03 :  Forgotten Cases or Stecs
DLI : Tim i n g  Pr oble ms
DS : E r ro rs  in I/O Co n cep t s
Db : Data D,si~~n Er or
0 7  : I n i t i a l iz a t i o n  E” dr
08 : I n ad eo uC t .  C h e c k i n o
09 : Ex t re - . , C 0 rcIti ~~-’s ‘J~ gi ecteo
0 10 :  Secue nc ing Error
D l i :  Indexi n g Error
D12: Loop Co n t r o l  Er r o rs
0 1 3 :  ~ isus e o f 8oplean E . cr , s s i or ’
014: ~at n e m a t i c a l  Er ro r
015: Represe n t a t i o n  Error
D l o : ~isunoe r 5ta n l i -g c~ 2 O O 1 C ~ S o e C l f ’ c a t . o n s
017: Ot n e r Oesinn E r r o r s

2. Codi ng Errors

C l  : ‘i i s u n o e r s t a n o i n q  of -Desion
C2 ‘Je g i lo en c e
C3 : I/O Form at Erro r
Co : M is o lac e~ Da ta O e c l a r a t . o n .
CS : ~u l t i p l e  Data O~~c l a r s t i o n s
Co : v i S s i n g  Da ta D e c l a r a t i o n
Cl Ir.ade~ uat e O ata
CS : I n i t i a l i z a t i o n  Error
CO : E rror iii P~ raeet er ~a sSi~~C 1 3 :  ln aoeouare or ~pr go tte n C~.ecxin g
C I I :  Level Prob lem s
C 12: v is g in g D, c lar at ’on s o ’ 3lock L i ’ i t s
C 13: Case selec t i o n .  e r r or
C 1 4 :  GO 10 ~ r o p l e m ~
C I S :  C om m e n t  E r r o r
d o :  o rg ot t e ’  D e l i m i t e r
Gi l : Inconsis te n cy in ‘~a m ’ n c
C18: Wrong Us. o~ Neste d IF St at e ”’ e ts
C 19: Ino exi ng E rro r
C20: In consiste nt Use of V a r i a b l e s  or Data
C2 1 : Secuenc i-i g E r r o r
C22: Flaa Usage P roblems
C23: 5 y n t~~x Err, r

C24: Loop Contro l Err n r
C25: Inco rre ct E x i t  1 r p m  S u p r p u t . n e s
C2b: La noua-oe usace PrpblC ”’5
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A N N E X  F ERROR CATEGORIES AN D TYPE3

C27: Forgotten State ments
C26: Repres entation E rr~~r
C2~~: Control Seoue r.ce Error
C30: Incorrect Subrouti ne Usage
C31 : Oth er Coding Errors

3. Clerical  Errors

5 1 : Manu al E rr p r
A 2 : Ven t a l Error
53 : P r p C e p u r S l  E r rp rs
54 : Otne r C l e r i c a l  Erro r s

4 . De buog inc  E r r o r s

E l : Ina o c r ocr -at e ‘ise ~ f Debug oing T o o l s
E 2 :  I n s u f f i c i e n t  or i r ’ a c p r o c n i a r e  S e l e c t i o n

of Test Cases ~r Tes Data
8 3 :  v i s ln t e r p r, t at ,O n  of Oepuggi nq ~esu lt s
84 : M i s i n t e r o r e t s t i o n  o ’ E r r o r  Sourc,
85 : N,g l i ~~er’c,

O t ner Deouooir,a Err ors

5. Testi n g Errors

T I : Ina cecuate Te st C a s e (s ) or Test Data
M i s i n t e r p r e t a t i o n  of T e s t  R es u l t s

13 : M is i n t e r e r e r a t i on  p1 P~~o c r a m  S o e c i f i c a t i o n ’
III : ‘leg l i qeri ce
T5 : Oth,r Tes ti n g Errors

- ? 7 7  —
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apJx, Et 0 p ace 1 p +

-DI RECTED GP~~P~ OE~~~~ SE T A 1 c”

PRO J E C T  :

P rogram cart : CLE-\~~I~- , C L EORO UT, C~~r D I N , o ; i -
~ 1Q ’j 1 ,

TYP IN, T~~PO UT, F I L E  ~/Q, TER~~INsL I/tO ,

G E T  OLD F I L E  ! \ F O P M A T I 3 , i — I T E  ~ E - . F I L E

INFO~~~1T ION , C A R l ,  C~~~2, CO °l, C:~~2,

S E T C A R I .  SETC~~R2, SETCD ~~1 . 5E T CD- ~2, FREE !,

~~E E2 ,  ~ i O  :‘ .. 1 J ~~L ° . ‘i)’-~

COU PL E t I T n  -E 3 SLR E S:

NU~~9EP OF ST A T E u E TS: 2 -

t’LJ~’ 8 E R  C F ~.CCEO: 2
M~~~B E R  C F 5 R C 5  : 3.
\Ul .BEn CF P A T h S :  1
C Y C L C !~5 T I C  N~Jt~E E :  ~~~~ 2

S E~~C h A E IL I Tf  CF ~ C C E S :
~C~~E 1 :
- \C C E ~ :

SL~~: 2.CC’DCCO
R 5 A C b A B I L T’f :NcE~ -

F D I R E C T E d  ~~~A P b:  L . C .~~C0 C

L C T E :  A l l  23 $uOrO~~t i C S ~~~~~ ‘f  ~~~~~

e
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0 p a c e  2 c ’ ~~~

D I R E C T E D  D~~ -~P -  uE’~~E3E~~T 1 T ~~O’.

°9Ou EC I  :

°rOg ram p a r t  : .LL C .~ T E ! ,  ~LL~~C~~) r ~~, C D ’ i~~~L

C O M P L E X  IT f  - E - ~S’jQES:

lUM BER OF 5 1 A T E . I E~~T S :  -

~.iJl~B E R  CF NCC ES : ‘.
MJPE ER CF ~~~CS : 3
NU?~6 E R  C F  PA T l - S :  2
DY C L C M A T I C  ~UH8E;:  v i O l ”  1 

2

R E A C I - A E I L I T ’Y CF N C C E S :

\ C E  0 1

- - 

_ .CCOCCC
m:OCr - , 8~~~. ‘f ~~~~~~O p IP2C T E C - 3 J ,? i - : 1. ~~~~~~~~
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5’I~~EX 0 3 0 ’

D I 4 E C T E D  ~ .~~~ - -- 4E 0d~~~3E~~~T~~~T :~~~ ,

: 4

°‘~~~~r3, car : SR~ CE

C O M P L E X I T Y  E5S~~R : O :

~I IJM~j~~R LJF S I A T E ’ -’E •rs: -~ 
-

!¼L’~B EP CF !~C~~~S :  4
\tJ I~8E R C F 3 R 0 5  :

F ~~~1r5:  ~Y C L C v A T  C ~~i~E E  : 1 ( 0 ) ”  0

R~~~
.r_

~~2 i L ~~~ ’1 F~~~: E S :  I

~~~~

C — .
-_ . I - :~. :_  ~~~~~~~~~

.
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~~N’ i E f  0 0

DI~~E C l E D -~~~~~ —~~~~E~~E . ’~~~1 .

-4

?r og ’a ’  ~~4 r ’-  :

C t ~~L E x Z 1 Y~~~ E 3 ~J RE3 

2 - ~ 

~ 
•

C r 4 ”’~~~~~~ ~~~ E

c . ( 0 0 0 C C

:~ C E - ~~ E ;R~~? l— : 1 . C . C C ) C J
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4N;~E~ G Pace 7 ~~f So

C I R E C T E )  G R A P H  REP 5E~ 4 T A T I O ’ ~

PROJECT a : LI

Program oart : DIaGNOSE

CO~~PLE~~IT Y MEASURES: 
I

NUMbER OF 5TA TE oE~l TS: i13
1iIJ~ BER CF P~C C E S  1~t’UPBER CF ARCS : 23
N U I ~8E R  CF F A T l~ S:  40
C Y C L C M A T IC  NUMB ER : V(C )

R E ~~CIA8ILIT ’f CF l~C C E S :
~CCE 1 :  1

— E r r o r  a 12
l~CCE A : 2
~ CCE 5 :  1 0

~C C E  ~ :
~C CE 7 : 2
~iCCE 2 : LC a
~.CCE c : S
l~C C E  I C  : IC
i~G C E  11 : 2C
~ CCE 12 : 10
P.CCE 13 : 2 C
~.CCE 14 :
l~C CE 15 : 20
I~CCE ~~ _~~L.._

151.3300
REA CI-A SIL IT ’! INCEX
CF D I R E C T E d  J R APh :  9.~~3 7 5 C 3  I I

12

13

J~~ ‘~~ it,
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0 
~ -‘~~v -~ o ’

u O E C T E D  0 - 0 ? —  —E ~~.-ES E r o ~~I.;- .
PP’)~~E L T  ~ : -I

Pr og ram o .a r r  : E~~r°~~c~~, 4 I L L ,  L I S T —’ , ~~ 3 C ,  LI~~T ’ - LL ,
F I - ~D IO L ’E LE 0T P ’

CO~~~L E X t T 1  “E ASUrE S :

~~~~‘~~E° O F S T 5 T E ’ ~E - J F S :  ~ - 1 3

~‘U f ’ S E R  CF N O - C E S :  S
r~j ? . 6 E R  CF R03 :
,\L~~S ER F 0 T J-,5: 2
CYCLC ~~A T I C  \ U M E E R :  I ( f la  2

~E~~Cl- 8tL IT ’f CF ~ :;ES:

Sin” : ~ . C C O C C O
O~~4CrL 2 t L I T ’ !  INC:X -
.r C I R O L T EC 4 R 3 P~~:
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1, ~ a .oe o f

O I ,~E C 1 F i  j ~~~0 P - . -  ~ E~~~E 3 E - .r o ~~:-o ~-

?P O~~E C T  a

~ ro qr-3’ p a r t  :

CO MPLE X I T Y  -‘E~~SuRES
a4UMI4 ER OF S I A T E ” E I I S :  ~‘ 1
\U~ 8 ES CF t~C C E S :  12
\u~~B E R  C F  A R C S  : 2
~u~~0E R CF p 5 5 1 -3 :  3.~~
C’Y CLCM A T IC t~U,M 2ER: -u n” 5

R E3 Cr~08i LI7Y C~ -C E S :

\ C C E  ~ : 1
.3 : 1
C

~ !; 
~~! 

;.
\C CE  12 :

-4
55.C 000 -

:~~ :\cE~C F C :;ECTEC CF0?~~: i.ci CC~

I
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_  
~---- —-.~~~ -~~~ -~~~~~ -~~~~~~~~~~~



I -  — .
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~ RO~~E C T

SUPE~ ‘~~~-Q

CO~ P L E s I T Y  .4 ; . .) ,J u~~5 :

NJ”8ER CF $ T A T E ’ t. - T 3 :  —
CF NC E S :  I.-.

~lj ! S E R  CF .FC ~ : 17
.~U- ~8 E F  C F  ~ :T l - S :  10 2
C Y C L C ? ’ A T I C  ~u !~E E ~~ v I O l a
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A~4N~~X r ?~~c~ 11 o~ ~~

ONECrE D ~~~~~ ~~~~~~~~~~~
P~ DJECT 4

~ r o a r a ~ ~‘e rt  : 3TO~ E

COM PL EX t TY ~E~ SuRES:

‘iUMe~~ OF ST5T E ’~l~~4tS: I~ •
~~~~~~ CF ~C C E S :  7
M.~~9 ES CF ~RC~ : 8
t~U~’6ER CF ?~~TI-~~: 7
C~ CLi~~T~ C N~~~~E F : ‘/(C~~ 3

~~.AC P..~E I L I T Y C F ~C C E S :
I : 7

.\I CE 2 :
~CCE 3 :  3
~‘CC~ 4 : 3
\ C E  S :
~CCE ~ :
~CC~ 7 : 

— 

SW~: 38.CC)33
~EiCs-~ 8 IL ITV IN CEX
C F  D I R E C T E C  c-R~~P~~: ~.‘2ES 7j
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r R a c e  12 o~

DNECTE C R~~ P -  0EF~ E SE ;1~~T1~~’

PROJ EC T ~ : 4

P rc c ra m  oa~~ : GET ~TT~~N’,r T~ ~~iI) i~ LuE5

a )  g of  n o d e s :  °

b )  ~ o f a r c s  :

c )  : of  s t a r .’~” ’ts :

~ “ ‘ c a t s ~
e )  ~e a c ar ,’ ~~~ -

f )  :~~c I , v ~~!~~c ,w—r , :

• ~~~- c e r  ~~ oa~~~s

SnO - e s c ” a c ’
a r e  v e r y  J~~rc f .

0
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4fIN E* G °~~ce 1 3 -~~ 3—

~NE C r R ~ G2~ P~ 0 E ?~~c3~~ . T~~r ; - ~.

P~ O.jECT a :

°r o c r a r ~ c a r t  : GET . 4 t T 2 ~~~~ J T E
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~7 N E C r E O  ~~~~~ ~~~~~~~~~~~~~~~~~
P~ OJFCT :

P r o g r a m  o a r t  : I 4 ~ ~rT~~r o j r ~

COMP LE StrY ~E.~5u~ ES:

‘~UM~ E~ OF 3TATE ~IE~1T S: 13

~~ 7~B E R  CF ~C C E 3 :  ~

~J ( 3 )  3
;ELc~A eILI7y CF ‘4aC35: 2
~C C E  1 :  1

~IL C ~~ 4 : 2 -
\CCE S : 2
N C C E  ~ : 4

- 
S L j N :  12.C ~~CG O

? C f ~~E 1L iT’Y 4NCEX -
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?ROJ ECT a :

~‘r o Q r 5~i’ o a r t  : 5)~~ P, F t . :) ~~~~~~~~ ;FT C ’ ,7.. I r I \S,

T E ST ~LL

CO~I P L E a I r Y  •‘E4SIJRE3 :

‘iu~~ E~ OF Sr ar E - .~~1~ S: - 12

~~~~~~ CF ~C C E S :  4
CF .~F C S  4

J? 3 c R  CF ~a1I-S : 2
C’qCLC~’4TIC \L’~~5E~~ ~ ( G ) =  2

~ E~ C~~~B I L : ~~v z~ ~C C ! S :

I
~ .C C CC C

R E a Cr ~~3~~. ! T ’ Y  !~ CEX
C F O1I~ 3 C T E C  Gs~~? p :
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O I - ~E C T E C  ~~~~~~~~~~~~~~~~~~~~~~~~

~~OJECT :

Pr~~~~r~~,” o a r T  : I

CO~IPLEXIT ~ ~E~ 5IJ ,~~S:

J4~ E~ OF sr~~rE~.ENrs : 2!

~u~~B € ~ CF T~C E S :  13
7’U7~E E P  CF ~R C ~ : 17

CF F~~T~- 5 :  La
C’VC LC~~~TIC ~L7~3ER :

~E~ c f.aaiLi T ’f CF N CCES 
2

7 ~ 

-

~~~~~~

‘:1! t!
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E .1Cr-~~E I L i T f  INCE ~ 
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OI~ EC T ED -~~~~ P~ ~E~~~~~~~-~~~~T L ~~~
PROJ ECT a :

Pr ograr ”  o a r ”  : 3,.IFT

C O M P L E X I T Y  ~E4 SLI ~ES :

NIju~~E~ QF S TA TE 1 F.TS: dt

~u~~~E R CF ~CCES 1 1
M.~~8 E R  cF ~5C5 : 13
~~~~~~~ CF FAT ~~5: S
C’v CLC~~ T1C ~L~~e 3 R :  -

~~~~_ ! =  4

~E~ C r a E I L i 7 Y  CF N C D E S :  S
\.CCE I 1
\ C C E  2 : 1

:3 3 1
~&~C2 4 1 0

\ C C E  3 : 4
2

\ C 3  7 : 4
~~ :E 3 :  E
\ C C E  ~ :

~~:s ~C : S
\ E  11

42.CCCCC
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~‘1~ EC TFD ~P a P b~ O E R~~~S E ’ T . ~T T ~~’!

PRO JECT a : 4

P ro g ra m  oa r~ : L IST

C~1~4P L E X ( T Y  ~.E.~5U RES:

‘!UMBE~ CF sr~~rE r~~’~Ts: I I

3 
2

~E~ C~~~e1L ITV CF ~C ES:

~cc s 2 :  1
\CCE 3 :

~C C E  4 2
~CC3 5 :  4

SLM : tS.COCCC
~ E3CI-~~EI L T’~ I N C EX
CF D I F E C T 3 C  ~~~~~~~ a . a a ~~aaa 

0
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?Rd~ ECT a :

Pr ogram c ar t  : L I $ I S C O I

CO~~P L E X I T ~ 
vE~~Su~~E5 :  ‘ S

‘IUM~~ER QF sr~~TE~ E’~TS: 13 
1

CF N C C E S :  8
~~~~~E P CF ~~C! : S

A C ~~ LMB5 R ~(C)~
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PRO JECT a
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‘ ~ f n c o e s  10

o~ a r - 5 : 2 1

c )  a ~ f s t a r e — ’ 4~~T s :  3 4  
2

a ~~~~~~~~ *
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A N N E X G Page 31 o f 3 4

O IR EC TED GPAP~ RE PPESEN TA TI UN

PRO JEC T a :

Progra m Qert : CO M P A R E  MA ~ 4 Y

a ) a of no .les: 72

b ) C of arcs : 1’4

c ) ~ of s t a t e m e n t s :  27
2

d ) * of oat hs: a

e ) R e a c e a b f l i t y  * 3
f) C y c l o m a t i c  number: ~4
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COM PLEXI T Y ~E~~SUkES:
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1

MJ~ S E R  CF ~C C E S :  4 ‘
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ANNE X 4 Page I of 3

TES1 PI-IASE DESCRIPTION

Proje~~ C : LI

Test run 4 : 1 Including 5 Tes t S t eos

8eg~ n of Test (day/time) 0’i/29/1330 End of Test (cay/t ime) : 04/29/1530

CPU t ime f~~r necessary com oil es (in sec.): q.og
a) 9.09 b) c) a) .1 f )

CPU ti m e f~~r TEST run (5Cc) : 12.5

‘d an hours f o r  t h i s  T e s t  run : 2.0 ( i ’c lud i r’g  cr ecar at ion of
tests)

I )
T E S T I  O BJ E C T v E  EX P E C T E D  -ICTU~~L ERROR D 4 r  I CJ7 ’~~E~~TS
STEP : °ESIJLT :RESULT a :T IM E 1 ~ND

(TOLERANCE) : CO DED ERROR
T Y P E S

1 T e s t  o f  I/O f u n c —  1/O can be cirec— O • < . 14/2°: 1) Reco ro hen
hons under C P/C MS tec  as de s i gn e d :  I : 1 3 3 0  e r ro r  O c c u r s

I— D ata base i n f e r —
mat i cn is r ead
f r om f i le  l abe l e d  :
VDSASE INPIJ T
— Comm anas are
I npu t v i a  te r ,,i— I

:ne l only :
:—o utout Car be :
:ai rected by user :
:to ter m i n a l  or
: f i i e

2 :Chec lc Op undary Program neg lects
:eonc~ t1on s urloer :irio u t or orOv ides :•x . :
:CP/C’~S :aop roori ate e rrori I

Im essages :
3 I lest SU fun ctions a)M emoers can be : :

under CP/CMS acoea to th,  l a T a l I

:o )Oat a base ~~
-
~ — I

I l o r m a t i o n  can be I I
I c a r be w r i t t e n  on
Ioutbut f i l e  Such : 1 :

I Itp iae this f I l e  1
I could be used as 1

i nput f i l e  f~~r I
Isubseduent runs I

c ) I t ew s pf a~ card I
ftc e s a m i n e c  I I

IC~ .c~ Dia gnostics I :
S ITest T e rm i n a t io n  I O.k . :

b Y  oiooram 1 ~~55~~
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A$~NEX H Page 2 of 3

TEST PHASE DESCR IPTION

Project a : LI

Test run C : 2 Including 2 Test Step s

B egin of Test (day / ti m e ) I 05 /0 1/12 00 End of Test (d a y / t i m e )  : 05/02/2200

CPU time  for ne ce ssary com p i l e s  (~ n sec.): 8.75
a) 8.75 b ) c) ~) e) f) g)

CPU time  for TEST run (sec ) : 72 . 40

14an Hours for t~ii s Tes t run : 14 .0 (i n c l u d i n g  crCoa r at ,On ~ f
tests )

1)
TEST : OBJEC IvE 1 EXPECTED A CTU4L EP R O Q IOA Y I CC~-’~~ENTS
STEP: 1 RESULT PESULfl ~ :T t ~ E: ~.NO

I ( T O L E R A N C E )  1 C O D E C E R C OR
I I 1 TYPES

I I T e s t  c o m p a r i s o n C~~mo a r i s o n  must Does 1 5 /0 1 1 1) Recoro wh en
IcY range v a l u e s  a l w a y s  be Corre ct not : :1200 : error occur s

I 1 1 7 0 0 1 0 3
f~~r 1 1 I m o l eme ni t a tiO r i

I 1 r’ega— 1 1 of new coae
1 t i v e  I I I necessa ry to

nium— I 1 h a n d l e  a l l
ber s 1 5 / 0 I I  cases

1 :1730 :

2 IP ep ea t step I I 1 D.S. I 15/021
u sinc cor r ect e d I I 1 :I b o oI
vers i o n of p ro gr am 15 /02 1

I I I 22001
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ANNEX II 0aqe 3 of 3

TEST PHASE DESCRIPTION

P ro ject I : Li

Test ru n a : 3 Incl uding I lest Ste p s

8eg in ot Test (day / time ) : 05/03/0900 End of Te st (Cay / t i m e )  05/03/1 500

CPU time for necessary c om pi les (in sec .): 9.68
a) 9.68 b ) c) o) .1 1) g)

CPU t i m e  fpr TEST run (sec ) : 12 .514

‘~an Ho urs for t n i s  Test run : 5.-) ( i nc l u d i n g  crecaratior . ~ 1
t e s  e s )

1)
TEST : CdJECTVE I EXPECTED :ACTuA L IE qRcP :D~~Y I Co~ uENrs
STEPI 1 PESuLT IRESUL T I a I T I M E I  A~~D

I I ( T O L E R A N C E )  I I I COOED ERROR
I I I 1 I T Y P E S

I lest pr ogram u nce r lAll tunCtic—s 1 1 5/ 0 3 1  1) Recong w h e n
C P ICM S usi n g I s h o u l d  — orE t e  I 1 I0°00 er ro r occ u rs

I r a dars as oata Isam e m ay as f~~r I O .’(. I I
Irm emoe rS :membep s used in 1
I Io rev ,ous test anol I

lom ou g runs : I
(orpyidec t h a t  1 1 1 1

I I a l l  a t t r , t u t e  1 1
v a l u e  p a i r s  are I 1

~~ it h i n  des’gneo I 1 5 / 0 3 1
fl im i t s )  I I :18001

— 3 ! ’~ 
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