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SEFTWARE FAULT LOCATI ON ~ The present invention relates to fault
| pcation in software. - 7 - Fault | ocation and analysis is

an i nportant aspect of witing software. It is extrenmely difficult to

Create a rogram or system of any conplexity which has no faults or 5
errors. ﬁ?ﬂ%& y not appear when the software is first run but at

sone |later tinme when a particular set of circunstances arises and an
expected result is not achi eved. A program m ght crash or there m ght
be tot al system failure. 10 Clearly, it is inportant to anal yse

what went wrong so t hat itsﬁg%ﬁmwm s anal ysis can be
done in nore than one way. checki ng can be
done as a "post norteni exercise, an operating system beirg desi gned

automatically to comye ”Bﬂéﬁnﬁntl%#gﬂ&dﬁ‘eﬂelﬁﬁeé5 tooOfauBt e YfdtSon e
data stored at the time of failure then provides a "snap shot" of the

prevailing-ci SQfifstatfees fromwhich_an attenpt can be nade to find out
what caused t ireaf1at |1 catidh taidainalesis dadi fntiambsebasgi agp seita\are

can be witten_ i, tothe I n_softyare such that. wh ter a
Syotem 'fai | uveitindy Sofflrine, 1Y ie SXeigiert st lont faks Sredd
program or pi goegxfansafnt wsystem of Gy bmnq.tl(mpsm wdlilaw hap angridoklers tar be
pi npoi nt e per@ggﬁ r r ge Lher

di sadvant gges Wit seach o% %h 32 %“g%t es ofw elﬁl?‘%héé?l ng syste i wth
t he post nortammn yput at saome slgifey pbimeplwhen |apoRaztigudmapseet £

“information aElrcuméﬂgiéédnaéfﬁ%éyStéﬂagoéﬁ d@%?ectlﬁ'SrGth@n i€ not
suf ficient fo fault analysis. ., In tak he alternative approach

and usi n@"?ﬁéé’eél |y hemaww&g&%g%m& ETePLAht he HPtakira

sof tware can sgétem FRiQurenntribution to the size of a systemoverall.

It is negsssary fo%ltg%ldebqugé Rgpgggght to analyse what went wrong so

that it can be corrected, and this analysis c&n be done in
more than one way. For instance, fault checking can be
done as a "post mortem" exercise, an operating system being
designed automatlcally to copy memory onto disk when the
15 software fails. The data stored at the time of failure
then provides a "snap shot" of the prevailing-circumstances
from which _an attempt can be made to find out what caused
the failure. Alternatively, dedicated debugging software
can be written into the main software such that when
20 compiled after a system failure, and run under. the
debugging software, a fﬁulty program or piece of software
can be stopped, allowing a problem to be pinpointed perhaps
at an earlier stage.
In use, there are disadvantages with each of these
25 types of fault gpecking system. With the post mortem type,
it is only possiblé'to look at a snapshot of information at
the time the system goes down. This may not be sufficient
for fault analysis. In taking the alternative approach and
using specially created debugging software, however, the
30 extra software can make a major contribution to the size of
a system overall. It is necessary for the debugger to know.
where the relevant variables are in memory. This t&pe of
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where the relevant variables are in nenory. This type of

-2 - debugger is therefore expensive in that the program
i icorporating it becomes nmuch larger, and there is a big expense in
menory in having to flag where the variahl es are | ocated. Further,
alt hough the debugger is nore flexible 5 in that it is possible to re-run
the program it still can only be re-run in one direction. This is a
significant limtation particularly in big systens since re-running

whol e progr arrsdeaﬂgberunmsel tiepefiotbNeerpansiv8g. in that tH8 opregramf

the present mves\éFg Eéﬁg R O\.‘De%%maslomu s,ﬁ/sigg%)ff aL L angeEt ifsto(raar%yé;

| ocation in SO*F no par I Ccu expensive 1 n

menory or expens\arenmrmaexmry Hawinghiteh fdiagewhapeethaf sanhabdas adbat
events | eadi ”91&§ t8a2 Syfﬁf—ﬂwfo $PE%¢%1E€H EhdPYLEG4ér s more! ekl BBeOf
system failure % According to resent 1nhvention, there Is

provided 5 Hm ﬁh?ﬁn@%rﬁtpoﬁﬁm%c’%@|¥@“r‘ﬁlaut¥% P#"?lgr%%ft%\br%tl%\hl ean

conpri ses neansni@r bet Yt A Bhe wahreetilod eamls)f lenea 51 npfle@ﬁe

dat bl es, du f said soft
acessi ng tho WHFERELORT BAEHGHIEF or L F cPil B0 R SLBER oTRDFYRRLEE, ¢

means for accesisolg psogriams ecahobe unwieldgwahdietiméseonsumied.in an order

~whi ch can be sel ectﬁg oﬁi\ecy e&ﬁ@e{’ogs QLW Q7e9{ %trﬁaﬂm@hd qd&gl .

respect ei t her elr storage I ons Or elrr cC
occurrendeo 23 ysten mmrammwdfmma@fttmwmmnumﬁtmm Wai,ch

create a " hi stary ddd Cpaliiiodd Jiti QkoRhelWd VRS LBrHEI B nmenEg Sder ed

the values relevant to eac a nunb vari abl es_over a period of

time, which vaUWEs s ?thy but émﬂe%cﬁl‘f*?ﬁ BoK] dkormatiag appout
failure, in adwsnes dedadly BpckvasdsgBtenopegbian dhaeciditiply ity at

manner of vi ev%l{]eq time of system failure.

15 According to the present invention, there is provided
an arrangement for locating faults in software which
comprises means for storing multiple values for each of one
or more data variables during running of said software, and
means for accessing the values stored thereby for review.

20 Preferably, said means for accessing~is adapted to
review the values stored in an order which can be-;elected
from either a forward or a backward order with respect
either to their storage locations or to their chronological

occurrence.

25 Hence, = an embodiment of the present invention may
. create a "history file' during running of software in which
are stored the values relevant to each of a number of
variables over a period of time, which values can then be
reviewed, for instance on system failure, in a forward or

30 backward chronological direction, in the manner of viewing
a wvideo-tape. Preferably, a search facility is also

provided.
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a vi deo-t ape. Preferably, a search facility is also provi ded.

- 3- Enbodi ments of the present invention can be
particularly useful in software which provides flow chart codi ng from
-a screen. This is a known techni que by neang _ of which a user creates
an. end program by selecting a 5 conbination of flow chart elenents
from a screen, configuring themto provide the end software
function requi red. Known flow chart coding systens, that

automatical ly gener gheoged@ntsOm gf aphined! pyabeht Self¢tffion &d Shwn
on the screen, provide programexecution tracing 10 informtion
referencing tRBTLiEHERELY usgfyl inmpaftyare whigk pPRoyiges; fdowWufbertn

a textual geneeg@¢nbafigdaga eed®Ren. ThilE W afckiowr techhlguenpyt heans

i nf i h hi cal | level jis th | _, Enbodi ment
of the. pr osent OF VI CR( 197 o RAHVE s ) BPOcRATHARS Y (92 BT OG el

execution 5raccogbinfétiont i @f i stXdwd chazett| elemehtshe £rom gaapkicralen,

synbol s sel ect he sc o f lbes an
| ocation in so?gﬂgg uggg%d%ﬁtgto Egsgﬁdgnb% ?rreen'{%_ g?"?%g’a%sfgﬁ ction
i nvention ni ghreguipefise t heknown sfdpw ofchaplp coding]l, sysfemsng that

Con_se(t;i:lt i Vg Ofaﬁﬁaﬁéﬁﬂcx.@i?e?ehﬁé)fa@é‘%dg from gra ihical s9hBols SBhiEcted
vari abl es during_running o e _ software, in a-menmory or
al | ocat ed port?gﬂ $fown “on the screen, Brovideprogram execEFl°PntFﬁ81€$ent

of detecti®mn oinfiofAatiohn t&fePébnecing the generageofcoble. softpaie, is
Y e _val ue

i spl ayed seqUERTatTsY T numver iyt ESVE aonerate Jo8aY R RofR "

respect to theThe process aiff vorsededdad tbat ioformatiandtoehbeygraphirah

respect symbol level is then manual. Embodiments of the present
invention can have a major advantage if the program

15 execution tracing information is tied directly with the

graphical symbols selected and shown on the screen.

A method for fault location in software according to
an embodiment of the present invention might comprise the
steps of -

20 1. —storing consecutive or sampled values for each of
ocne or more variables during running of the
software, in a—memory or allocated portion of
memory, and; B

2. in the event of detection of a faulf in the
25 running of the software, displaying said values

_ for review. )

The values may be displayed sequentially, in a
forwards or backwards direction with respect . to their
relative storage locations in said memory, or with respect

30 to their chronologiﬁal order of storage in said memory. 1In
particularly advantageous embodiments of the present
invention, the values are displayed on a screen
simultaneously with a flow chart display which had been
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30 to their chronol ogi cal order of storage in said nenory. In

particularly advantageous enbodinents of the present I nventi on,
the values are displayed on a screen simul taneously with a fl ow
chart display which had been - 4 - - -4-
generated during a flow chart coding process in which the rel evant
fault occurred, the graphical synbol fromthe di splay which is

rel evant to each set of val ues being i dentifiable. For instance,

sai d val ues nageherdtefl dyedndd a ifldiv "dHEr codindg oprocéss Lagehhieh wihieh

the flow chart display, the rel evant nbaol_fram t,he_{low.chart display

bei ng highli ghFEa?"ant. %a‘ht WREFPETER 'va?%%s gﬁaé:%c% aflgﬂggéquéﬂélv alt?l%, a

predeterm ned daspiayl whicheisetrelevagt witiccheaahuset opfllvalessh bdeliogt ed

box or graphi CahogyipebpRee SHYN 1Aldied saia D31 yel Uesy! 86, bBEREYRaDOX
ol . 'S o) orf "t he

or graphical sy rovides a form ani mation
val ues whi2h nbReg "b334m€'d@Eué%@FQQQQAc%ﬁ%@t@e%ayytboﬁhﬁthﬂﬁ £9ag&arn

to use. dispPafeihRd £d1évaNe CBPhbolodiFiiin | BREN FAIA! | éWa PP &3splay
enbodi nent of jhe reseni,lnve tion will now be descri bed, by way of
exanpl e only, BRiRIB+BREAEBEEE- t he acconpanying figures, in which:

Figure 1 shows in sshep®@ti ¢heor Maduesr i axref displdysdt i DequestLpdlyn a

: hi e, i dob e . _ded:
et 1m0 2 N ety L heaTMLEhaR, 2B dEAd nER by ReeEd
val ues stlfd ed ¢ach seleotedf bbx ior graphiitcadlocwniol are skevwsi sépllowed

Referring to R,gurailes NedrPHe Ch%:?{ YHodL et Qhizal fsombehart egding

software, two files_m ght normally be used or generated in a flow chart

codi ng exerci SR¥OY}RRg a form of “animation" of the values which makes
the debugger particularly easy to use, and to learn to use.

A method of flow chart coding incorporating an

15 embodiment of the present invention will now be described,
by way of example only, with reference to the accompanying
figures, in which:

Figure 1 shows in schematic form a series of
functional steps in creating a history file from which a

20 debugger facility can be provided; and -

Figure 2 shows a flow chart for controlling a review
of values stored in a history file in a fault location
exercise. '

Referring to Figure 1, in a particular embodiment of

25 flow chart coding software, two files might normally be
used or generated in a flow chart coding exercisé,.these
being a graphiecs file 1, representing the contents of the
available on-screen flow chart boxes, and a commands file
2, the output of the exercise, ready for execution. These

30 interface via a translator 3.

In accordance with the invention, however, a third
file, a history file 4, is automatically created during
running of software in a flow chart coding exercise. The
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bei ng a graphics file 1, representing the contents of the avai |l abl e -

on-screen flow chart boxes, and a commands file 2, the output of the
exerci se, ready for execution. These 30 interface via a translator 3.

I n accordance with the invention, howevekr, sa-third file, a history file
4,- i-s automatically created during running of software in a flow chart
codi ng exercise:. The -5-

history file 4 may be created sinply by inserting print statenents in

the conmmands fhistoryufhlehs may bRacgeated simplie Pyrianseatiag it

automatical ly é&é’i@zﬁ’ex&& t hﬁ feh%t Ok dmmands f £k €4 20 JdNNERGE Ol nbh & HpgERNdS
done by neans of _the translator 3. = The

file 2. This can Si

history file 4value r%q a M?é'ﬁa&%ﬁt aFnautempticabiy\aFeERd iR B hishqmh e
V\ﬂl CP I ngl cat efdmav 4 hext M%ﬁk& o ashe hegrarshd ﬂllra? 2. This cad trslanﬁllpw
chart coding i me as desgcr a i S ues
stored ne g’%eéj?ré? z}?}édm??)n? h8f1gge %§Pf‘ﬁgﬁt81r §he &rbleeS‘é’ﬁt){:c\fé’rl &%

t he screen durw:mgl.tbhen corntim ng Gfezﬂﬁd‘stmfevlamuasflm ceach cmﬂ:t:mgole
exerci se. Th| b, orin on with
each va hlc}f—lel%pﬁéeiqg%ﬁt%%€é ‘;%'r?#?f%(hree mi %Lnug gﬁ"‘é m ght
be of the foI | owi ngn yaoeféowwhart codiaghenbofiiment;as described, to EEdox

task 303, 3  fault analysis &ﬂ@tvaﬂ\resg]stored need to be rdIH&H QY ke
Commands file 2;

_print td.q“ stltﬁsy’-?-ﬁqfé of tr&]at;qlezzqﬁg( W:qag{le on the screen -dua*:mng: the
History file 4unning of software Ghird £ dWwcHdrt @oding 2xercise. This

can be dene by storing box and chart information with each
value. Hence, the contents of the three files 1, 2, 4
might be of the following types:

15 Graphics file 1;
15 box task 303, 3
[let a = 3] —

linked to 16
Commands file 2;
20 — let a =3 -
_ print_to_history file " chart 2 box 15 1let

o tya;t = 3 — L B -
History file 4; -
chart 2 box 15 let 3 = 3
25 On system failure_, a debugger 5 according to the
present invention can simply step through the history file
4 in either direction, in the manner of viewing or
searching a wvideo-tape, such that -events leading up to
system failure can be not only reviewed but searched in
30 either chronologic?al- direction with respect to events.
There is therefore provided a video style interface between
the debugger 5 and the history file 4 created during

running of the flow chart coding program.

This Sheet Has Been Replaced
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25 On systemfailure, a debugger 5 according to the pr esent

i nvention can sinply step through the history file 4 in either
direction, in the manner of view ng or searching a vi deo-tape, such
that events leading up to system farl@re can be not only revi ewed but
searched in 30 either chronological direction with respect to events.
There is therefore provided a video style interface between t he

debugger 5 and the hlstor file 4 created_durin running qQf  t he flow
chart Codlng progra ang to Figure 2, logic for said™ video q;y

Referring to Enger€ae Jo@@naﬁ‘esr a$aifdlliowd0 Strec histodynifirferce iaparaaides

as follows. The_ hi sﬁ;te%r rf| | e 4 |§nr§ad mens Iy ntn%lne@fé’ as_a %leré qu:
~di mensi onal a%P& et 3 AR BTSRRI RSETY (RE METEOKundd in
the array andwhtieh B:he cmmde:qt ief t@acrim@nenmbes ant &ite sarray. anéhdahe

history Tsle conteheon LheR BeohERd 18 4 Neemman @, o didlanJenbiesie

facility by setting a [ine nu rea e current I n
provi des box énGaEhEF?m hPoFﬁﬁtil-b% "f%é‘!%e‘?\n‘!% g fyddeo rerIé-IaéVéﬁCl\J-d-lttYes

~of the vari abeSse(i'tS.lﬂgaYA nglﬁar hahbeg, f reagitg td}fe CevFeaht | me wHiGH hen
si mply steppln%throu gh th | i nes se enti n the flow

chart shown i RFEVEHPE 2b°xt henfogFRa%t e Ormat?‘rﬁz%l agethe s "f’o‘?q okdre At
"START" 21, tkelkwahtryalube of the veriablos! idialphayiass varicalilssOrirdm a

s1 nol e diygenobgal o doo AT B4kt AEABRELER: fr £19(LUS1SPUBREL RO 1O

t he i ne o e"array 1n a IrTne-se ogi c
then steps thibngh skquengpadhawn, starting mnth a - position check 24

whi ch is provided t fs i ry f
aut omatical l'y_at t%g g:% g?&ﬁ\em‘:os ‘{Wh t%r%% QRE,%\D ll:i['slssé;lf%dYéang :

associ ated st &p¥odrefnpzggies follpws.undt 1HEARTY 8l. t kBehhdssory: ifiides is

reached. 4 is automatically read into memory in a single dimensional
15 array in a READ stepﬁ22, and the debugger broﬁght to the
first line of the array in a line-setting step 23. The
logic then steps through the loop shown, starting with a
position check 24 which is provided so that a review of the
history file 4 will stop automatically at the end of the
20 file, through READ, DISPLAY and associated steps 25 through
32, until the end of the history file 4 is reached.
Since in this embodiment the history file 4 contains
-values for variables associated with flow chart graphics,
it is very wvaluable, even essential, to be able to relate
25 the review process to both chart and box references.
Hence, the text string contained in an element of the
single dimeﬁsional array created from the history file 4
will incorpcrate chart and box information. For instance,
the text string at line. 15 in the array might read "25 let
30 3 = 3", the reference number for the line of code, "25",
implicitly containing the information that the variable
appears at chart 2, box 15, in the flow chart display used
in the flow chart coding exercise. In the debugging

Sheet Has Been Replaced
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Since in this enbodi nent the history file 4 contains val ues for

“variabl es associated with flow chart graphics, it is very val uabl e,
even essential, to be able to relate 25 the review process to both
chart and box references. Hence, £#h& text string contained in an
el enent of the single dinmensional array created fromthe history file
4 Wi Il incorporate chart and box information. For- instance t he
text string at line 15 in the array mght read "25 let 30 3", the

ref erence nuniRQu¥idie tshownnknofighse, 2y 2khe userj yho hias W&o#&%wﬁ‘-n'gh?he'

i nformation thadpd d&@.ﬁ@rbﬁbkétlon aRpealartafalahiarded, deﬁl&?edl rtndﬂefibﬁw
chart display use I n fl ow chart, codjn exeriJse

debuggi ng chart generate at the time the varia Le had therfﬁ&?ﬁe
shown i n Fi gurgholn tdte 1isey Vhahashd nidxaat.ed Further, tebuggttigrepevant on
wll actu see,_di spl ayed.the fl.q gen the time e
vari abl e ?#ad {2 V& ugarxaglghﬁ\fn hétgﬁllﬁgﬁlhn EJ‘ %‘ggg l‘}rnt%neértfelf hép

text rel evant ars 1nhethecVaaiachimesfnqﬁﬂ m@btedarnahlBsgharghtdhgpbapgd27

and the actualg té\?é’l?é'l?&%tf‘énacf] £ S &, %1“ separately, at
the bottom of tHe scre e manner a vi deo-tape control,
‘the debugger r%ﬂn?%% BARNLEN Ofhrfo U PretaRR sEBRFTPL) o the febwageno

forwards or basdwgintts élalheC&'hﬁn tRioagh | mcbtaﬁ%toryThlfale arfayedipatg is

oot ol s | SABATAP 15" BACKIRBIRAY SF Y hial 2ha I VERFON" iR

can be set to fixed rat:‘eormalsdﬁ: b abWRERTas depbg9tite tiserloop.ThiRevieweiw is
a 15 directiqndeci -3 €520 14, J?&:&é)opawh%lsﬁecﬁi ”l-eelr% tefe%%ed

review direction an increment’s of  decrenent
array accordi mpariding a globals¥arshblac! MPEYONAnwhichr eahdke, sethte ket

bei ng forwards or backwards by the user. Thus, there is a:
15 direction decision step 30 in the loop which checks the
desired review direction and increments or decrements the
line number in the array accordingly.

A search facility can be provided, this not being
shown in Figure 2, simply by.setting the "WAIT" period to
20 zero and substituting for instance a box number for the

"END" constraint in the loop. . _

- Although as above described the debugging technique is
associated with flow chart codihg, the software with which .
the debugger is associated could be of a quite different
25 type, the principle of using a history file and video type.

~interface being clearly more widely applicable. However,
the use of a debugger according to an embodiment of the
present invention in the manner described, witn software
generating a graphics or textual display, is particularly
30 user’friendly in pEesenting both the relevant graphics or
textual display and the wvalues of the variables during
review. Known debuggers operate simply at the source code
level.

el
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shown in Figure 2, sinply by setting the "WAIT" period to 20 zero and
substituting for instance a box nunber for the "END' constraint in the
| oop. Al 't hough as above described the debuggi ng technique is
associated with flow chart coding, the sofware with which t he
debugger is associated could be of a quite different 25 type, the
principle of using a history file and vi deo type interface being

clearly nore widely applicable. use .of a debugger
according to an en‘d’?ﬁfp A (')fa"tH’Q"e:L E?ﬁ*e‘s’é?rt °an%th?| GRENFgeRTe HEnddat

descri bed, w t;rrcsz;xfatrwarexecut:.gﬁnetnacilgga gs apigectlyt eshosn diatpl ahe i s
partlcularly 30 ser_frie es bot r n r
textual displ aﬁlr rﬁ‘t‘e %n’ﬂ g jb?véﬁ pese %utr“. néie%ueggg.e gav{/l?aomlgnom
" debugger s operatte fsherrhwmam ¢cdersiation mheors | evel .

-8 5 @n\f@/ tlrﬁ%u ftﬁgrt@%gﬁgi’%r St}#é?flaces )
program executi on tracr ng I's rect own at gr aphi cal synmbo
level. This sﬁéé@%rﬂ’e‘ﬁl@@ﬁhglfaw es. They@neh@otueds X & aisk ifaF

errors. 5 novi@dr debuggers have eit her text ual user i nterfaces or
simpl e graphical interfac They are no%i to use '
a

novi ces.
A novel feature of % hBOY8 ugftf@rt &s @5 pthe ézgggr destt-?ra*te‘% hégﬁs’@r 18
interface i s lmsd Bhet hesan dEntéeﬁmdeﬁ.sl(baseﬁ evhadthe V\hicbopmnddimexa

Fur ther | 9t hor AR e Srovineh B ALpBRY AEERED B maneg, e
forward or | etusg by nduross dmathtm:fenl _
Further, other debuggers let you manually step one or
more steps forward or let you go forward at the £full
machine speed. With known "text browsers" one can manually

15 move forwards and backwards in a textual trace file.

' A novel feature of the debugger described above
however is an automatic mode to trace the program execution
path both forwards and backwards. This enables the use: to
set a time (e.g. 2 seconds) for the delay between moving

20 from one symbol to the next or previous-symbol on the
screen during review. This_"animation“ can be stopped and
restarted from the video type controls. ~This "animation"
can be stopped and.restarted from the video type controls.
This makes using the debugger easier and helps with

25 explaining the execution to others.

The "animation* feature referred to above can be
provided simply by allowing the period set by the "WAIT"
step 29 to ke selected, instead of being preset.

\
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machi ne speed. Wth known "text browsers" one can nanually 15 nove
faorwards and backwards in a textual trace file. A novel feature
of the debugger described above however is an automatic node to trace
t he program execution path both forwar8s-and backwards. This enabl es
the user to set atinme (e.g. 2 seconds) for the delay between noving
20 fromone synbol to the next or previous-synbol on the screen
during review. This "aninmation" can be stopped and restarted fromthe
video type controls. This "ani mtion" can be stopped and restarted

fromthe video type controls. Thi s Id@MaIsi ng t he debugger easier and
hel ps with 25 explaining the execution to others. - The "ani mation"

feature referred to above can be provi ded sinp @g by all owi ng the period
set by the "WALT" An @xgargementhefar|kecating nfavhts ol nheodgFwgressthich

CLAI M5 compri%edOthedins' %BH st8E2hhORul Bi 506 LYRT Ses' T £64 S6hdy d‘z* Ste

chart coding on a“visual displa sai d net hod conpr|5|ng t he ste S ;
(i) storing nuPF'BPéeVQPEésVP6+a§£Eﬁ TRTHRS BRORRE A Sadd &9 Fﬁ%qu;and

runni ng of st hemklapw €b&r hceedeingotheovsl ued ScotedIttiexdy for revil@w in n
n said_runnin art..coded

the event of a_fault occur of _the flow.c
Sof tuare, di spERS RYeSE 45 & daeill,BUeraYe el e P4 s SRS,
conprising the step of selectively setting a-variable to control the

di spl ay of Sa'g val 4es, oL EEYERY 48 V\%Pﬁ g5l f PURORIIYS i E G Q-
2. A net ho accord?n ng %F ig eréa% sald”?ormargﬁh bégﬁ P
for access:.ng is adapted to review the values stored J.n an
order which can be selected from either a forward or a
10 backward order with respéct to their storage locations or

chronological occurrence.

3. An arrangement according to either preceding Claim
wherein said means for accessing further provides a search
facility such that the value or values of one or more
15 variables can be reviewed with respect to a selected point

in running said software.

4. An arrangement according to ‘any.one of the preceding
claims wherein said software is for use in flow chart-

coding by use of a display.

20 S. An arrangement according to claim 4 wherein flow
'_chart_s are 'displayed, . ‘each flow chart comprising a
plurality of boxes, during a flow chart coding exercise,
the_ arrangement comprising means for storing a box
identifier and a chart identifier in association with each

25 of said variables such that values stored can be related,
during review in the event of a fault occurring, to a
relevant variable. .

m
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direction is forwards or backwards wth respect to the values' relative
st.orage locations in said nenory. 3. A nethod as clainmed in claiml
wherein said forwards or backwards direction is forwards or backwards with
respect to the values' chronol ogi cal order 1@f -storage in said nmenory. 4.
A nmethod as clainmed in any one of clains 1 to 3 which further conprises the
step of: sel ecting a point or event during the running of the
software and searching said nmultiple values to select the value or val ues
rel evant to saéd poiAm mmmexftoracd:'cz;ﬂia;g tobclaim 3 wheheinathel dilrosd
n any one of LheAreceding o Al WBrahibaRiLUILNSE GeERkTR] the steps of

ar dent|

(ii1) storing box an lers in associa th each of said
one or nore vagbxhngsrexagw of multiple values of said data variable, and

10 (I ¥hidi BBka¥NAIcha-d YakHesriegst Bee Wskh ﬁnrﬁhﬁﬁ%EEyﬁ%QrEhe
during the step of displaying said_values_ for_review A nmet’hod as

cl ai ned i n®anyTBhEVERtt A& ﬁr@@é&?ﬁéecﬁ§lFEeWﬁHﬂW'F@FFﬁer conprises the step
of : sel gctingna adt%rhlg%khem&t Qﬁ:‘é@'rdﬁ.(hg’:ls:.d Gty SphélyoSatHeV plreeediog

review at a predeterm guxias cl tned i n any one of
the precedi ng GLaimg c‘e}?ncggpalses means or selec ing an interval

value which determines the duration of a display interval
associated with display of values of said data variables
10 during review, such that said display of wvalues can occur
at a fixed rate in accordance with the interval value

selected. _ -
8. A method of fault location in software comprising the
steps of:

15 1) storing multiple values for each of one or more

variables, during running of the software, in a
memory; and

2) in the event of a fault occurrence in said
running of the software, displaying said values

20 for review. -

9. A method according to Claim 8 which further Eomprises'
selectively contrelling the display of said values for
review in a forwards or a backwards direction with respect
to their relative storage locations in said memoxy.

25 10. A method according to Claim 8 which further comprises
selectively controlling the display of said values for
review in a forwards or a backwards direction with respect
to their chronoclogical order of storage in said memory.

11. A method according to Claim §which further comprises

30 the step of selecting a point or event during the running
of the software and searching said multiple values to
select the value or values relevant to said point or event

for display.
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sioring step conprises the insertion of print statenents in a conmands file
such that any changed value for a variable is automatically stored in said
menory on running of the commands file.

- 11 - 12. A nethod according ta any -one of clains 8 9,10 or 11,
wherein said software provides flow chart coding by use of a di spl ay.
13. A nmethod according to claim 12, which further 5 conprises the
steps of: 3) storing box and chart identifiers in association

w th each of sagd oRemethwdr eccardibbesp ang one of cladmsdBspl dgi vy ddi.d

val ues tOQEtheéh&%EBn 55§h6¥3Q%8are prov1d@ga%509“5h%%ttB%ﬁih?pbg use of a

of - di spl ayi ng val ues revi ew. accordi ng
to any one of @}8Ph8Y8, 9,10, 11,12 or 13 which further conprises the
step of selectisg aadi aBkAba accoFaehd! &9 a1 din di ] aywRaEH VFueRelOr
review at a redeterm ned rate,

] comprises the steps of:

3) storing box and chart identifiers in association’

with each of said one or more variables; and
- 4) displaying said wvalues together with a relevant
chart during the step of -displaying said values for

10 review. '

14. A method according to any one of claims 8,9, 10 11,12
or 13 which further comprises the step of selectlng‘display
interval so as to dlsplay said values for review at a

predetefmined rate.




