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INTRODUCTT ON

This Sapar describes a Set of *"tools® wnizh
providea the pragramser with Certain 2ios that we feel
CAn be valuable |n the desioning af computer SronTams,
Our ®system® cnnsists of a forsalized tan)e notatlon,
and an Interpretive processor with =nizh the tanjes zan
be exacuted wnd analyzed. The tadble motation Stems
from baslic decisinn table cancepts (91, an< Is
partially describen in  another paper, “Frimitive
Logical Constructs Consi~deare! Hsrmpul gn Strustures
Proiraas®, by Fancott and Jaworsk{ (4). onar proce<sor
Is exparimental, ani dnas not vat contagn Bany of the
featuras whizh wa would like, but wa helleve th T the
deslan methords whizh wa Propnse are feasible and 4a, |In
fact, aid In the proaras MesSian process., The aja of
this paper {s sleply to demsnstrate soae 2 these
“tools" that our notation and processor can Provia tn

the zomput A proaramasr,
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SOTATINN

The tanle notation which nir processor handlss |s
AN early varsion of that presanted {n (4), and will bhe
racognized as e form of limited-entry decision table
9). Some of tha wmore-apparant differsnces between
this notation and conventional decision table notation
ATe!

(8) Tables are linked in & structured fashion,

(b) A table need not hava any conditions, In which
£ase It s traated In a manner analagous to a
block in most structureq proqrassing languaqes,

(c) Conditions and actlions must be written in APL
notation —= (this Is a restriction of the
sxparimantal procassar),

(d) Actfon “entries®" (indicatinns of which actlons
Are to he parformed by a particular rule) are
expresserd as numbers, which specify the arder
of action execution, and

(a) A number of “special® actions have been
defined, of which wa shall only have cause tn
see the *D0O* and YREPEAT®" actlions In this
paper., Tha *D0" actinn Is nnthinqg mora than a
"cnll® tn exacute anather tabla, and Is
synonymous  tn tha "PENFNRAN® discussad {n (4],
The “REPFEAT® simply causes the current table tn
be re-evaluateri, creating a lonp.

PRNCESSOR

The ®processar” |{|s raally a collection nf APL
functions which together provides for dafinitlon,
Alsplay, exezutinn, and analysis of tables, (n an
interactive mannar. Eventually, it Is hope! that morn
powarfil tahla editing and manipulation functlions will

be ardded to the sSystem which, for ease of reference,
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will bhe called TAP (Table Analyslis Packaga). As the
currently-implemented versfon of TAP |s lust an

exper(mental subset of an snvisioned system, we shall

refer to it as TAP/X.

TAP/X FEATURES

To demnnstrats features of TAP/X, we shall test
and analyze a prohlam specification and program of MNaur
(10}, presesnted by Goodenounh and Gerhart [51. The
prohlea 1s one of text reformatting, and |Its
speciflicatinns are given as follows:

Input properties:

"I1) Input is a stream aof characters, whare the
characters are classifled as hreak and nonbreak
characters. A break zharacker {s a AL (blank),

NL (new 1line indicator), or ET (and-of-tert
Indicator),

12) The final character In the tevt |s ET.
I3) A word is a nonempty sequence of nponbreak
charactears,

14) A break 1s a sequance of one or more hreak
characters,®

(nitput nrooertlas:

“O01) A navw line should start Aanly hetweaan worAds and
at the heqlnnlng of the output taxt, {f any,

02) A break (n the Input {s renuced tn a sinnle
braak charactar (n the autput,

03) As many words as possinle should he placed on

each line (lon,, hetwaen successlva
charaztars),

N4) tla Lina may contaln more than “AX» 05 characters
(words _an4 nL’s),
05) An

varsiza word (l.e., a wor4 contiining more
than “AXP15 charazters) should caise  an arror
axit from tha proaran (l.e., a var(abla ALADPY
shotll4 Nave tha value TOUF)_w
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The authors of [5) correctly Identify numerous
errors or problems contalnad [n Naur’s nriainal
proaram, and than set out to corract them. The
proqram, which they clailm satisfles the problem
specifications, 1s shown in fia. |. Me apparantly must
assiume that (1) UAXPOS {s defined (as the n;wlnun
nuober of characters per autput line), (2) PRUFFER? Is
defined (an+4 |s at least MAXP')S characters in lanqth),
and (J3) INCHARACTER and (UTCHARACTER are eithar defined

lannuange constricts or procardures,

fafore attempting tn devise tast data for thelr
projraa, tha authars decided to convert the proaram to
a llmited—entry decision table, thus making the various
mzases*® of the proqram more evident. The table which
they prodica has baan reproducad 3s flg. 2, restated In

the notation of TAP/X, hut otherwise unchanned.

4ithout explaining exactly how this table
representatinn was arrivad at, the authors proceed tn
use it a5 a nodel of thelr projgram, in nrdar to salect
test Aata. At does 1t actually represent thelr
proaram? hers are the Initialization statements
(stateaents 1.2, an1 3 of the nrialnal proqras)? ‘"hare
1s the first axecutlon of INCHARACTER(CH), which in the
nrininal proqgram occurs hefare any af tha condlition

tests? “hern s the test of tha ALARN variable, which
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In the orlainal program controls the repeat until

leop? All of these have been mysterjously removad

‘l.:ll!.
+H
during the conversion to tabla format. This is not to mcarrome
IPUT"Ad B €'
say that the tabla (n flg. 2 Is Incorrect, but simply B0 FOARAT.S '.::.L:;um..
===> ¢ TIFORNAY it
that It Is not a trua representation of tha proqgram In 1PUTe 14 luy
20 FORRAT.®
fia. 1. In fact, with the addition of the =3 ":_M' > o Tircamar . e
wsa) @ TIFORMAT swe) o TIFORMAT Ri 10
initialization stepst dee) @ Tiroamar wee) o TIFORRAT " s
out =a) & TIFORRAT mne
ALAM = falsel ‘ haaID € . aann
RUFPOS 1= 0O
FILL = 0Oy
INCHARACTER{(CH) 1 " ~

Fig. ). Tt rww of prowas tram flg. 2.
the table In fiqg. 2 satisfias the probleam specifica-

tinns, as claimed.
Althounh we have concluded that the table |In

Althounh Goodenoiigh and Sarhart apparnntly had to flg. 2 appears to satisfy the stated problen
rely on manual avaluation of thelr table to ensure its specificatinns, has this really told us gnything about
wcorre=tness", wa wars able to present the table to the coded proqram In fiq. 1?7 Since wa have seen that
TAP/X, and Interactively axamine {ts operation. To the tahla Is nat an accurate representatinn of tha
{1lustrata this prncess, wa hava selected two of the projram, wa must cnoncluda that nur ohservations thus

anthors” tast rdata sats and exacutad the table with the far apply only tn the tabla [tsalf.

srozessor’s axacutlon-flow trace frature activatad,

Heturaing to the “con:ad" varsian nf the proaram
The rasults of these runs (flogs. 3(A) and 3(b),

(fi9. 1), wa find that, uslna anr notatlon, =a can
respectivalv), varify that tha exarcised riula senuence

convert {t to tables |n suzh a

“ay that |t Is accuratly
for each casa Is as stated In Goodenough and Gerhart’s
represanted, 3uch A translatian 1s prasantad |n
paper. Further evacutlons with othar test rdata also

fla. 4. llunarans reecutinons of this s5eL af tiblas
va  results  which  satisflad  thea  prohlen .

q revaalac that thav <o [nder! seam to satisfy the statad
speriflicatinns.
, requiramnents of tha prahlen, 3nd thns, sn Inas the

oroqraT.
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As an experiment {in proqgram design using our
tahle notation, another solution to the problem was
devalnped -irectly from the problem spazifications.
Althouah many formal "refinemants® [(12) were appliad
during 1ts deslan, we prasent In fig. 5 nnly the first
“complated® version of our solution. HNotlce that the
rflesign is somawhat Aifferant, In that we have chosen to
consider each character In the context of the preylgous

charactar, to detarmine tha "case® of the problem.
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FORRAT I INETIALIZATION

...................... BILAMI  PRINT CONTROLLER
FiLLvo 1
-0 YN
ﬂf“.{" ;'. (FILL » BDUFPOS) < MaxFOS - Y N
B0 FROCESS. 0 ? :;:ﬁ;:’ -1 ;
0 13 - -
BUFFERPRAXPOS P ) T c=d
F.LL*FILL + DUFPOS -5 -
FILLeDUFPOR .-
AR
PROCEES)  PROCESS INPUT BTRE fitLenun e
ty = &7 Krkol -22
(0u = D) v (CW = mL o Ewd TAMLE 128

PC = BL) v (PC = ML)
PEINTVI PRINT WOAD

K = MFPOR YN
RCPEAT -3
OUT+0uT. BUFFERCK] 11
KeKed -2
o END TAME 2 -

The first tast execution of this solution Is
shown In fiq. 6. As this example ({llustrates, the
rasult 1s incorract, in that [t contains tyg “new=l{ne*
(NL) characters at the heqinninqg of the output string.
This examplas alsn sarves ta further demnnstrate the
axezutilon tracing facllity of TAP/X. Hota that the
troce messanas Are inc'entar accoreding ta  the
“abstraction* leval [12) nf sich tahla. (In 1AD/X,
this corresnonds to the “lavel™ of tha table on the
current executinn path), M solayinn the trace massanes
in this mannifﬁbarnlt¥ ane tn aaslly ses havw exacution
“mnves" fron ona leval to ansthar, and shaws at aazh
podnt which tablas are still “aztivs (<till In cnntrol

of axaciutinon). [he prohlam af ‘laci4{nn whare tn nlace
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trace messages In a program (11) {s aliminated since Although the set of tables belnq considered Is not very
the structure inharsnt in the table notation causas all complex, and could probably be checkerd manually at this
possihble “branches® in a program to be table point, we have chasen tn presant the mathoAs by which
“transfers®, and every table 1s automatically "“traced" TAP/X might ald {n the location of tha caiise of these
as it is entered. (Furthar olannad additions to TAP/X errors.

Include the ahllll); ta selactively trace only certain

Flg. / shows the result of table execution with

teblest. the “full®™ action trace feature actlvated. In this
ImRITs “has 8 v mode, evary actlon is displayesd Immediately before It
e r— i1s exectuitad. Looklng at this list of actions, we sae
-2 ;':-Vrm' ll.l Ill 3
= o rirmocess M3 that the Tfrirst entry to the output buffer (point A In
= o irsocns b 3
= eiTis b n
e aia fig. 7) is tha NL character, which seems reasonable |
==s> & VIPRINTM R 2
=::::=:=}: ::: . view of the specifications. The next entry to the
s=e) @ VIPROCEES I 8 output buffer (polnt B) is a h_lm..nhlch Is obviously

"'".:.!'.' ".",....“. it '.. ' why the result contalns a lea-ding blankl Hesorting to
@==) & TIPROCENS RI | another TAP/X feature, wa “d{sable* table BREAK, wlthin
_,-:-;':-'?m" A ‘ll 2

=a=)> ¢ TIPRINTW LI} whizh the leading blank 13 belng Inserted. This

“disabla“ feature paermits selectlive ramoval (isolation)

m...'.’"! of a tahle wlthin A set of tables. Flg. 8 shows
¥ig. 6. st rm m. 1. axecutinn with the same test Jdata as In flqg. 7, but
with tahle RAREAX Alsahlaed., than TAP/X attempts to

Refore attempting to discover the cause of the exacuta the action “DO RREAK,0% (n tabhle PROCESS, it

error Iin fi1. 6, we decidad to exacute the tablas with informs us of tha dlsablad status of that table, ana

nthar test data, to chack far furthar errors., In the Invitas us 46 take ovar manually, using the full

second tast (fig. 7), we sen that the output string interactiva capabllity of APL, and having access to all

santains A leading bhlank (aftar the NL character), praqgram variables in thalr currant states. From the

which |r Incnnsistant with tha spacifications. pravious exampla, we know that rule 2 of table AREAK
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Hould ha exacutad next, arwl 1pon  examination nf  the
variaolas rP05  and FILL, wo c varlfy that this 1=
corrazt. (*AUFPNS=N" |s  falsa, and <{nze MAXEIS=],
"(N+1)<3® |s true). PRut sinca rila 2 Inserts 3 “lank
an4d riule 3 <loas not, wa would  li%a, (f possihla, to

forza rule 3 tn ha axacuterd next.

EAEC TRACE Om)
TRACK Ok { 1)
BIBABLE BREAX
TabLEl Dhtar vinap C®
INuTe” A D ="
BO FORRAT: 0
==a) & TIFORRAT LI}
e=e> & TIFROCESH L4l
ses> @ TIPROCESS L1
saTAREI PREAM BlSaped

CALLED FRON TABLL) PROCAES ivia M)
USIR ACTION ACDUEBTED (°KXNI[° COMTIMUAS)

e roe
|}
i
L]
our
L}
FlLL*RA D6
CRABLE BMhLAn
TabLE! daLa L Y
LAY
ased & Tibaina ki 3

=>4 ViRninie LTI

==a> @ VIFROCh B8 ki o
e wma) & TIDALAs L1

Fig. 0. Test nus with table MEAK “dissblel’ Un * enablad’
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fo  ensure that rule 3 s salected, we Aaclded to
set FI1L=4AYPOUS, sa that "(FITL+BIFPOS) <HAXPIS® wi]] ba
false, llaving done this, wae re-enabhled tahla ROFAK,
and continued axecution, (The NEPFAT actfon canuses

tabla RREAK to be executed, now that |t IS re-anable),

The rasult of this tast indicates that we have
succeeded In esliminating the leading blank, hut we now
have twn ML characters at the start of the output.
This (s easlly understood, thouqh, since f13. 8 shows
that prior to executing tahle RREAK we already had an
fiIL character (n the output buffer, and rule 3 of AREAK
inserts an ML character as fts first action (saae

fig. 9).

Aftar further examination of fig. 7, wa absarved
that the variables OUT and FILL are not moAdified (after
inftf{al{zation) until table RAEAK Is executed. Sinca
Initially foarcing rule 3 nf BREAK seams to correct the
lea-ling-blank pronhlem, we can tharefore set FILL
inftially tn “AAP0S Instead of zaro. Similarly, since
rula 3 of 9%tAK (which will now always bhe executed
inftially) inserts an !IL charaztar, we can refraln from
starting the autput haffar with an L  character, and
initialize 0OUT to “empty®., These twn corractinns tn
the initialyratinn table eliwinated the pronlsmas, Al

sursanuent  tastin? of tha tanles falled to revaal any

—— —— -

other errors.

There 1s another featura af TAP/X which has
proven Itself very useful In our experisents In table
testing — 3 cumulative count of evecutinns of =ach
table, and of each rule withln each table. It is
Interestihg to note that sometimes, after numercus
tests of a set of tahles, a dlsplay of these executlon
statistics shows that there Is yet a rule somewhere
whizh bhas never heen executed, This may he rue tn
Insufficient testing, and knawladqa of It may Jead tn
discovery nf a probhlea whizh zould otharw(se r=aaln
uncdetected for some time, ar |t may be -ua to

incorract loglc spacificatlon within a tabla, which 1s

itsalf an |mportant discovery.

Vam £1 Fammat TABLL: MafaAa
TEE-

10 TEC= 107
MT- 10 BMC= @ 71 )4
Tabiii FRECHSS TABLA: Falnle
TEC- &13 no a3
ME~ 108 L 340 70 Vv ¥V agC= 107 aa

TEC = Table Cnecwmilom Cauat
BC = Bmle Exacution Cwemt

Fig. ? Esacmtisn Statisties lar progrem im fig. 3

An exadpla of these avezutlon statistics (s aiven

In fin. 9, shawilng the counts accumulated aver 10 tast

runs of the-&ablss [n fla. 5. [If =& a<suma  that  the
test data was reprasentative af actiral “ata which vfght
he processed by this sart aof proaras, then tha

ahservatlon that ruls 3 af tahla EKCESS  Rhas the



highast frequency ot execution could lead us to a
better understanding of the problem, the program,
Aand/or the data.

CaNncLUSTONS

What has all this to do With “unwritten“ proqrams?
While 1t s true that any program or program segment
which we wish to analyze must he written in some form,
TAP/X allows us to analyze a table at a high level of
abstraction, even if the lower—-level tables have not
yet been designed. This {s made possible by creating
“dummy* low-level tables and disabling them, We can
then execute the higher-level table, manually
“simulating™ the “unwritten" tahles as required.
(Althouqh we may not yet know how to program the lower

levels, we 4o know what results we expect of them|)

There Is also another interpratation nf tﬁa word
"unwritten" as used hsre — proqgrams developed with the
aid of TAP/X ares unlikely tn bs left In thefir desiqgned
form, especially considering the lack nof a compller for
that nntatlon. Thus tha proqrams, althouqgh they have
been designed and tested, have yet to he ¥"coded" in
snme conventional languaga. TAP/X can help 1In this
area As wall, since the exezutinan statistics which {t
majintains can Aulde the prnqgrammer towards producing an

affliclently-coed proqram.

330.

The features described [n this paper reprasent
only some of thosa "“tools" which we hava already
[mplemented in  TAP/X. Others Includa tracing of
selactad data values through program axectitlon, cnunts
nf cnndition tests and actlon axecutions actually
perrormedlfor each rule of A table, additional table-
linkags facllitles permitting the creation of more
complex projram loaps, and zapability of representing a
canditian As & table call and avplicitly returning a

Lrue or false value for that condition.

In summary, wa feel that thers s a naad for
testing and analysis of prograns during the design
stage of developmeant, and that the TAP nathors

described offer one possible apoprnach to this problem,
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