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.ysTRACT 

ULANG - AN EXTENSIBtE USER-LANGUAGE 
, 

A nëw approach for illple_nt~!l' application systeu has been 

developed. The propertles for a generalized user-languaee. called ULANG. 

haie been defined. This 1aneuaee allows a __ user of an application to COIl­

.unicate wi~h the co.pu~er in a natural-1aneuaee like way and with the 

terainololY of his profession. 

Por the applicati~ proeruaer. ULANG is a tool that eues and 

speeds up the illPIOllelltation considerably. It provide.s an "intelligent" 

interface between the user; and the proble.-solvine logic. It il parti~ 
~ 

cularly weIl sulted to interactive systa. !aplementation. For each user-

request, thi. interface Obtalns the values of the required processin,­

parueters frOli the user's il'PUt. froa prestored clefault-values, or other­

ri.e, and trans.iU th. to the Proc.ssina r9Utines. ULANG a!so provides 

an overall control and ctc! micatiœ fr_work for aU the proc.ssing 

l'OUtÜles of an application .r.t •. 
u1.ANG CM be used interactivel)" or in a batch IIOde for co-.nd-

. 
lanaua •• applicatiOn. requiriaa a Datural-1anaual. like user-interface. 
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S<NfAIRE 

ULANG - ,un lansase extensible pour les applic.~ 

Une nouvelle ~thode pour facilitel l'implantation des systames 

d'information et de gestion a ft8 d'velopp6e. Les caract6ristiques d'un 

lanaage de cOBaande, appel~ ULANG, ont ~tE d6finies. Ce langa,e esr des-

tin6 aux utilisateurs d'applications m6canis6es diverses. Il permet aux 

utilisateurs de c~iquer avec l'ordinateur d'une maniare assez proche 

des langues naturelles et d'employer le vocabulaire habituel de leur pro-
" 

fassion. 

Pour les proara-meurs, ULANG est un aide de progr .... tion, qui 

va si~lifier consid6rableaent l'i~lantation des applications. ULANG 

_t l leur disposition un in~erface lIintelligent Il entre l'utilisàteur 

et la lorique du traiteMnt. Pour chaque co.ande d'un utilisateur, cet 

interface obtient les yaleurs de t0U5 les par~tres n6cessaires pour 

traiter la deaande, 1 partir de l'inforaation off.rte par l'utilisateur, 

ainsi qu' l partir de valeurs prlas.ten'es. Ces, par.atres sont transats 

lUX lIOdul.s de trait_t.· b plus, l1LA1«i rend disponible une structure 

• contrele et cie t'~cat.lon eaue tous les '.,dules fabat partie du 

UIJUIG peut ~ utll!t' d'une aaniare interactive ou traduc­

Ù .. pour 1 .. apf11caUou ~ !.Wlo1I11t d •• 1 ..... , de c~de et qui 

, ".slttat. - lar"-' ~ du 1 ..... aa1:Unl. 
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PREPACE 

This dissertation makes a contribution to the methodology of 

deslaning and implementlng interactive application systems. In parti-

cular, a new language and an efficient system have been t.plemented, 

which provide 

a) reneral interfacing capabilities between users and proble •• 

,olvin, loric, 

b) a data structure for processing paraaeters, and 

c) an overall control and com.unication framework. 

1 This research synthesizes the knowledge from several areas in 

Co~uter Science: languaie design, data structuring and sySt,. design 

into a new and useful tool, called ULANG. 

In chapter I the ca.munication and t.pleaentation problems of 

application packages are exaained and and an overview of the solutions 

illpleaented in this work is ,iven. This is followèd in chapter 2 by a 

.urvey of other interfaces and t.pleaentation systeas. In chapt ers 3 

and 4 a user-language and the illpleaentation syste. for applications 

are presented. Then in chapter 5 the design and i."l_entation expe-
, 

rlence of the ULANG sfst .. itself 15 ,iven, the capabilities of which 

are d~tr.tecl on three applicatiOD exuples in chapter 6. The con­

cluaions and s,,"estions for further research of chapter 7 are followed 

br two appeftClice. A aacl 1 J the first. containinr • llet&~inl'Ùstic de-
" 

,.criptiOll of the syrat.,.,x of the uaer &114 bpI_ntat.ion lanaua,es herein 

pI'O'Ii4ecl, and tJ-. other COIlta11ÙDl cppl~te POl'l'RAN IV source listinas -of th, UJN«; -Ifst •• 

\, 

, .' 

<! 
1 
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OfAPTBR 1 - INTRODUCI'ION 
" 

C~uters have proven themselves able to carry out Bany tasks 

wi~ efficiency and exactitude. This accounts for their widespread use. 

According to the annual survey by Computers and Automation (Berkeley (72» 
. 

co~uters have been used in .ver Z300 different fields of applications, 

such as engineering, finance', accounting, lI8Jlufacturing, to na'De a few. 

As the use of computers spreads lnto aIl fields of human end~avor • 

.ore and mo~ aPI!lications az:e reaching an, increasingly less sophisticated 
"Ir-

" 

user base. A !!!!!. hen means the end-user of an application, that is an en-

g1neer. a manager, a clerk, or othe~, who in general is not fa.diiar with 

1 cOlIPuters and pro,raaing. An appli cation i5 meant to be an integrated 

system, consisting of a collection of procedures, capable of perfo~ng a 

variety of tasks ; in aany cases 1t 15 called an application package. 

'" At present, there ex,su a dual problem of COllll\Dlication and 

iliplewaent.tiOÎl : 

1) The coanmication problell: ncm-technical users have diffi-

cult Y in co.DUnicating with the colIPuter, unless th!s can be done in a 

lapage natural to the users' profession (ThOllpson , Ilostert (72)). 9!!:. , 
M.r' hen 1s synOll)'llOUS with virtual _chine; that is what the user "sees", 

... 1y the int.rface of the application packap. with vanous levels of 

software and hatdware behlnd. 

2) 'I1le I11plell8fttation p:robl.. : as the' deaand for application 

pactaaes arc-s. illP1a-ters fin" it CDStly ad d1ffi~t 'to supply soft­

.&Je ."lda n.xib1, us. i.Urfaè •• (SUMt (69». An lPl ..... t.r is • pro .. 
• -tes,s1onal proppnte!" or .. lyst. who 1 ••• tttq. the application IIld 

• _lna it operatloaa1 GD. the COIIpUter. 

\ 

1 
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This worlc: atteçts to solve the co..unication problem by pro­

viding language fadlities to the user and to solve the lliplementation . 

problem by providing programming facilities to the i~lemente~. The whole 

concept is called ULANG, an aci'on)'ll for user-language. 

ULANG is a way of quickly impleJlellting interactive application " 

systems. The user-interface aspects are clearly separated out from probl~m­

sol ving flUtctions. The. int~rfacing functions are standal'dized and par~­
tn%ed into an "intelligent" inteface module. 1he problem-solving acti~ties 

,; 

" are different for each application and cao be adequately described by ,xis-

ting progrlllling languages. In addi tian, ULANG provicdes a data-str:u~tu~ 

an1l a control frtaevork, where the various problea-logic JIOdules can be 

"plugged- in". In short, ~ 15 ~nterface "generator". . 
, . 

Althoulh SystelS. vith s~ailar goals have been proposed before, 

rel.tively little has actually been acc~lished (Sa.aet (72)). The present 

syste. has be.n i~le.entec1. and proves that it is practical and efficient. 

·1.1 'lbe c~ic.ticm proble. 
" 

The exactitude ., a collpUter, while being one of the assets of 
1 

~ 0 

iu perforunce" bec~ a liabiUty when tIle .chino expects to l;'8ceive 

instructions froIl hwums vith the sae exactitude. This inherent .an-. 
Mdli"e ~catloa pIObl .. h" caused -y frustrations, delays, and' 

10 wled- ".chine bl\Dlden", "ClUSe 01 this ... the instracting of coaput~rs 

• bu .... rel.pted to prop .. s .. ~s _ving tlie appropriate Mntal attitude. 

ID cM earl;' deys ~1'S vere _tly _ecl br hlply. trained engiaeers 
• r .,. ~\ 

••• ci_tisa. who ~d .-.tly .... t th ... l.- to • .-tlle.~ical and 
• 0 ~ \ 

2 
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• 
These users communicate with the machine via application packag-

es. It is therefore crucial that the u$er-interfaces of packages ."accept 

a language of cOPDWlication which 15 naturaI' for a given' profession. The 

user-language for most applicat.ions is close to ordinary Bnglish (Thompson 

, Dostert (72)). 

To solve the communication problem, the use of natural languages 

has been advocated for applications (Halpern (67), Sammet (69)), whereby 

a user would be able to define his problem and data to the aachine in plain 

Bnglish. and then ask it to carry out various tasks, with additional infor-

IIIltion supplied as ne'eded. Por this reason a great deal of effort has gone 

into Bnglish sentence parsing and their syntactic structure representation 

by COllpU~. " 

'. In practice. natural-Iangu!ge processing efforts have run into 

difficulties with selllanties, or the difficulty for the machine to ,et at 

the Maning of sentences. Recent efforts br Oostert (71) and Thompson, . ~ 

Woods (70), and Winograd (71) have tried to overcoae the s .. ~ties proble •• 

At this stage their ,work reuins at an expfbriuntal level and one uy safely 

.ay that it is gain, to he a lonl tiae before lenera! purpose natural-

lanlUfge processing SY5~.eu tiCcœe practic.l enough to be used in every 

day applications. 

Yet the need for appli_tions software is Irowing and cannot wait. , .' 

A. receat surveyeby 800&. AUen, and Hgllton (11) of the data c~cations -
41 

applications for leYen .jor u.s .. iaclustrles indicates·an annual ëOIIpound 

JI'OWth rate of about 40 , for the fi~t laalf 0.1 the _cacle. A pd indieator 

of .oftware ft'" i. the forecated ..... 1' of teminals, which would inere~e - -
br 608,000 in 1975 over 1971 levels. S1tIf.1al' vi .. have béen eJq)ressed by 

otIaen! Je .. S-t (60) pot .. out tla" at the ~t whicb hardware and . . 

.. " 
~ - ~ J ... J • \ .:' ~ ,. 
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appl~cation8, are both developing. the progr ..... rs may vell have to out­

number the people who have proble .. to solve. 

Working under the pre.aure of time to get more applieations 

coaputerized. the implementera may have to impose restrictions OD the 

format of the user commands in order to ease the job of the machine . 
and of the programmer, at a/corr~8ponding expen.e on the part of the 

uaer •• An example of a user .interface, difficult to malter, i. the 

. Job Control Language for IBM 360, of which it ha. been laid that "the 

language is both complex and dem.nding of extreme accuracy. MiataKea -

can re.ult in anything fram. annoyance to near catastrophe in processiul" 

(Canning (11a , p. 1». Another exemple il the STRESS .tructural analy.i. 

package. A frequent user complaint about STRESS ia its rigid and demanding 

interface (Fenve. (66». The importance of ea •• of u.e for applications 

software cannot be overeaph.sized to asaure that a packase will be useful 

to tbe large.t number o~ ulera (S .... t (69, p. 34), Nellon (73». 

t.2 The iwpl ... ntation problea 

AaaUlÙ.na that the co '.lcation prohle. c4l\ be overcome by 

aclditio~al i1llP14l1llaUtation effort •• what is the loluticm to .the impleuaen-

tatioo probl .. , 1 

ODe .olutiOD vou14 he ta let the ua.ra becoa. thé impl.menter. 
. -

of tub OIWD applic.tiou. but for that they voulc1 neecl .clucation and 

.,-t ... vith .. curaI-lUlU". proc ••• ina capabiliti •• b.,oru:l .bat ia 

o ,~ .... tl, .. attable. .. .. 

" ;:.... ' 
,' ... ~~, ~ t 

,,' ,~, .. 

4 
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job. In practice, thia ha. been the trend over the year •• The implementer. 

rely DOre and more on general purpo.e package. to perform tho.e ta.k. which 

are not directly related to the logie of the application. Succea.ively the 

programmera have beèome familiar vith the use of dilferent type. of pro-

gram.ing aida : 

i) Compiler. for problem-oriented language., which have made the de-

.cription of the proble~logic le •• machine-dependent. 

ii) Operating syste .. ; which baye relieved programmera of the detail. of 

input and output, of interrupts, and in general of machine operating 

cletaib. 

iii) Gene~al-p~rpose file-manalement sy.tems (IDS, ASAP, Mark IV), which 

have facil~tated the ta.k of data-manalement. 

The work pr.aented in this theail adda another leneral-purpole 

proaramming aid to thoae already available. Thi. i. in a.reement vith the 
, 

vi .. exprel8ed by Halpern (68) : 

"'" 
t~e princip1e by which prolre •• ha. traditionally been 
.. d. ln programming technoloay h. that of the replacement 
of the .pecial by the leneral. Programmer. dilcover from 
ti.a to ti .. that they have been repeatedly rewriting 
lub.tantially the .... routine for one job afte~ another ; 
wben the underlyin8 identity of theae leveral ver.ions be­
Ca..l apparent, a .ingle 8eneral routine, needVng nothins 
.are than suitable parametri.ation to adapt it to each 
particular application, i. produced to replace aIl of theœ". 

rro. the i.,le.IDter'. point of vi .. , a co.puterised application 

ulually cOGIiat. of thr •• p.rt., .. abown in ria. 1-1 : a .. ~chine inter-
c 

'),.t fac., pne •• aina-loaie of th. probl_. .. • fU .... _._nt .y.t ... 

Tbe proc ••• !aa lOlle ean be ~t.ly ".eribed br .1IOrith-- . 
Ille 1 ..... , IUeh al PL/l, Fortran, .cobol. ftI lotie il 10 elUferat for . ' 

.. cfa. ."u.catioa. tt.&t it -.ld ..... cliUicv.1t, at ~iI .t ..... to p~el • 

, 
• t b 

o 
.... ' 

" .'.) ~ 

. . 
. ., 

jJ ~~ • 
..~ . \ ( " ,1 

S Il 
~: 
,~, 

Î 
J ! 
.'1 " 

.'" <, . 
i 
i', 
'~ 



.. ;-- . \Je" ..,' 

........ ,-.•. , ......... ________ .. ____ ............................... u .... r.II.U.I.I .. ' ..... 

6 " , 

• 

" 

~ .. . , 
PROCESSING 

- LOGIC . 
w 

PI 

J 

1WI- 4 ~ 
\. - .-

} 
~ 

USD MAOIlNE , .. .. , IHTBRPACE 
ilr 1 

1 , . . 
.. - 'ILB-, . 

NANAGEMEHT - INTERFACE 
u • 

, 

• ' ....... , 
" 

• 
. ... 



-

• 

• 

• 
• " "II 4Z Ab UAI. '1.' • _ S, bill$'MUld n.1l ur, : S 1 nh: , HII .. :1 1 V , 

more generalized. yet practical too1s to further automate this aspect of 

appl~ion writing. This does not imply however that no further progress 

i. de.irable for algorithmic languages. Evidently, ail advances in pro-

gramndng methodology, luch as structured, modular, or top-down program~ 

·.lng, help the application programœer to aystematize and to improve the 

quality and efficiency of his algorithmic activity. 

An alternative to the algorithmic approach would be to a.k 

the user to define his problem and his requirements in a "problelll 

etatement language" PSL and then have a "problem statement analyser" 

PSA deeompose these and decide on the best method of achieving the •. 

This is the approach taken by the ISDOS project under D. Teichroew at 

the University of Michigan (Hershey ~~. (73» for bu.iness information 

.ystem applications. .. 

General purpose module. can be used for the other two components 

of an application. A number of general-purpose file-management systems are 

already available (ASAP. Mark IV.' TOMS). On the other hand, there is little 

evidence of generalized ~n-machine interfaces having been implemented, 

specifieally deaigned for application packages (Sammet (72». ~n thi. 

reaearch 8uch an interface generator has been implemented • 
• 

Greater use of generalized programming tools, such 8a file-

.. na .... nt .yatema aud usel'-interfacea wiU .implify the implementabion 

Job by alloviftl the prolramaer to'cODcentrat. only on the part vhich i. 

different for .ach application, namely tbe proces.ina-Iolic. 

!!pirical .• !p~ort for a .eaerali.ad interface. When analyzinl .. 
the total i.ple.entation effort for ~ applicatioa package, the author' • 

0VIl experienee, corroborated by tbat of ot_r i.,l_ntera (1IOIaa (70», 

ahowi that ... U Oftr .50 1 of ~t .,Ul ao iato ÜIp,....t~na input and oa.~t 
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interfaces between the user and the processing-Iogic p~oper. The percent-

ale is even higher for interactive time-sharing applications. This il 

underatandable, sinee it is the quality and success of the man-machine 

interface which in the end d~termines the acceptance of the application 

~y its intended users. As a result~ the implementers apend a great deal 

of effort in deciding on the terminology, syntax, and semanbics of the 

interface, and in programming it. 

Since 1965, the author has participated in the development of 

several application-systems, bath for batch-processing, and for time-

sharing, e. g. the AMECO (70) structural engineering design system and 

the BCS (70) financial portfolio evaluation package. lt was observed that 
/ 

altbough the terminology and the processing-logie for each application 

vere different, the man-machine interfacing requirements were about the 

• eame. lt seemed that it vould be possible ta set up an efficient front-

end, yalid for many types of applications, having the s&me basic struc-

ture. but accommodating different terminologies. This has been now aehieved. 

1.3 A formaI model 

• The user-interface tran.late. user-requests intd calla on apprO-

priate procedure. and actiyate. certain parametera. By considering this 

translation proce.s in a more fotmal .auner .ve can shoW the important steps 

.involved therein. 

!he DOdel. Given a u •• r-Iansuaae L for seme a~plication, with 

it. a.aociatad rul.. of ar .... r G, the ",er U for.ulat.. a requelt r. 

,bJ applyi ll8 the rul.. of ar_r G to procluce a •• Atenee 1 ta th. 

cOIIpUter 

v Cr. 'O)"~ 1 

1 . i. Pm •• "" 1ty the .,pU.c~tion .,..t .. fUDction 
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'C and produces reluIts R. The function C may alla require some addi-

tianal stored file data F , 

C (I, F) .. R 

There is a tradeoff between thè complexity of C, whith repre-

sents the work ta be done by the machine, against G, the eomplexity of 

the rulel of grammar, whieh represents the work and memorization ta be done 

by the user U. "rOll a user's point of view, G shauld be at the lowest 

level of complexity GO ' which represents the minimal set of rules and 

conventions for U ta remember. User experienee in this respect is summari-

zed by Sammet (69, p. 32) : "If a language has many specifie and strict 

rules about spacing and punctuation, there is more of a tendency for error 

in writing the program". Nelson.!!. .!.! .. (73) report user experience with a 

'" statistical language, STATPAC, deaigned "ta aid usera by relieving them of 

all unnecessary blunders". But the package ia run on GE computera wi th a 

separa te system language ''which ia qui te cryptic ••• 'Roughly haH of the 

user probielDS come from errora in theae carda". Software firme have found 

it vorthwile to davelop uler interfaces that use "clean, easy ta read 

language", wbich is then converted to IBM's Jet. Severai of th .. e (JOl, 

JCL-oMlTIC) are Ii.téd in the ICP Sof~are Directory (74). 

we dacompo.e the processing functian Cinto three componenta, 

at aach .tep prod~cing .ome intermediaté output, which then become. input 

to the next step. Tbe camponente of C are called SYN, SEM, and PRo ~ 

il a lexical and 'YDtactic reeopition function, .!!!! is a .... nde inter­

pretadon fuaction. Pa 11 a cOIIIputational function. Ttto storaae functionl -
o 

D lIDd. Tare allo illtroduc:ed. D il a di,cd0!!9 of terainololY, Tisa 

'!!Plate of .alid proc ••• ina p~ ... ter ~. and .alue. 4efinina the con­

tan~ for PJt. 

9 
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The first step 15 the lexical and syntactic interpretation of ' 

the input sent~mcé 1. The words used in l are recognhed and identified. 

An output string A, consisting of a set of atollS <a} i5 'Produced by 

applying the f\U1ction SYN to the input string l and by making use of, D 

for the terminology. This is shawn as 

SYN (I, D) + A 

The next step is the semantic interpretation of A. Here an 

attempt i5 made by SEM to assign meaning and values to the atollS of A 

by matching them wi th the parameter information in the template T. The 

function SEM outputs the set of active parameters P J such that peT. 

This step can be represented as 

SBM (A, T) + P 

PlnaUy the computational flmction PR is applied to the para­

_te~ string P; it lIay also use some additiona! file info1'lll8tion F to 

produce the results R, i.e. 

PR (P, P) + R 

Ife have not speclfied here bow the file data P is obtained; 

this could be part of the PR fonction, but ptoferably the files are handled 

by a separate file .anage_t package. 

To su.arize, we have deco1ipOsed the foraulation and processing 

of a user- requel t r into four 10gi cal s teps J shown in Tab le 1-1. 
l ' 

1be processiRg f\action C is equivRlent to the successive appli-

cation of SYN, SBM, and PR, 1.e. 

PR(S8M(SYN(I,~),T),P) + R 

10 
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• TABlÈ 1-1 FORMULATION AND PROC~~~I~ Qf ~ 
US§R-REQ!l~~I 1: 

Step F\D1ction Responsibility of 

(1) U (r, G) -+- 1 Ponmlation User 

(2) SYN (1. D) -+A Recognition Interface 

(3) ,> SEM (A. T) -+ P R.ecopi tion Interface 

(4) PR (P. F) -+- R Processing Coçuter 

The respon5ibilities for the 5 teps (1) to (4) of Table 1-1 are 

divided between tM~ user U and the c01llputer. The first step. namely the 

" decision as to what reque5t r to formulate, 15 clearly the user' s respon-

sibility. Likewise the last step, doing the logie, once aIl the necessary 

parameters have been supplied, 15 a tuk for the computer. 

The relative eBphasis on the user or on the machine in steps (2) 
, , 

and (3) in between .ay vary eonsiderably as to how Dlch lati tude is allowed 
" 

in the tel'llinology and the syntax, and how illich of the soantie interpreta-

tion should be done by the user. They also vary wi4ely for different appli-

cation system, depending on the ability of th~ uplementcrs to produce a 

vorkable system within a liaited tille ad budget, as weIl as on the inten-

ded use of the application. 

t.evels of user .. gt..ars.At the lovest level of user-orien..tation, 

the user has the responsibility of adhering to strict syntax rules, such gs 

fixed .. field fomat, ripd dellaiter structure, ad exact keyword spelling 

and position in the sentence. He u a1so respoasible for supplying aIl the 
, . 

paraiters e.ch ti_. in • pres cri.bed seqt. ce. tri. th a11 thei r at tributes • 

An • ....,1. of this approach 15 • hIt CCIltsDl ........ for the IBM 360, 

.• whlch il CIlly .de:rstoOcl by .~ ".'1 •• ~. (Canninl (71 a» • 
''th. uer hu to as.. t1le luDctlou SYII ..... 4 &1I1i1"et' the cOIltents 

'-. 

1 1 

ZL_ .... 



• 

• 

$CN 4 4. wu .. ASI J'Y ..... J $;"'" « $ ( (1 ••• Il al .. au _ j d,ILIUSLEUJ]$ JJltllLU. 1III1I1IIlfi 

of the dictionary and of the template. The fUies of grammar corresponding 

to thi! level of stating requests can be denoted by G2 , where 

G2 = SEM (SYN (I2, D), T) 

'Ibe user formulates his. request r as an input sentence 12 , written 

according to the rules of G2 

U (r, G2) + 12 

and then J as befare J 

. 
PR (1

2
, P) + R 

\ 
\ 

\ 
At the highest use-r-oriented level, the user is free to fG~late 

a request in almost any way ; an attempt will be lIIade by the' system t~, in­

terpret his request in proper context and to supply IIissing information if 
\ 

necessàry. This correspOnds to a GO' level grammar, with as few artific~,al 

rules as possible beyond the gr8JlUlU1r rules of natural languages, such as\ 

Bnglish. Of course J a11 the intermediate levels between GO and G2 
\ 

are' 
\ 

possible. \ 
\ 

type of 
\ 

, 
Granted the desirability ta provide 

I~ rules, i t is the' illple.enter' s responsibil to"supply the equiva-' 

lent of the ftmctions SYN and SEM and of the tables 0 and T for eacH 

application systea. He has to construct a.processing function PR2 such 

that, 

U Cr, GO) + 1 and then PR2 (1 J pl + R 

Hen p~ is equi valent to c, i. e. 

~:: c· 

.. 

1 

\ , 
\ , 

PJ.!e! of UUl!Ç in the ft!'!!!! !Detel. 1'he in~rfacinl functions SYN 

_cl ... are 'uically the ... for -r lPP1ica~lOD1, whereas the proeessin.­

l~C ~ 1. Mt. TIlt purpose of ULNC" i. tG ut_ oter the fuDctlons of SYN 

• 

12 

, ' 
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-. and SEM - to build the. into an interface, valid for aany types of 

applications. Variability between different applications, or different 

procedures of a sa.e application, is provided for by the tables D 

and T. 

Naking ULANG as part of an application-systea, the user 

expresses his request', as before 

U (r, Go) .... 1 

-U.is 15 accepted by the ULANG preproeessor, 

ULANG (1) .... P 

and then, as before 

PR (P ,F) .... R 

.hich gives the equivalence relation 

ULAHG (1). SEM (SYN (1 ,D), T) 

An electrical analosy. To use an electrical ana 1 ogy , the 

ULANG syste. cu be viewed as a plugboard, or co.aon fraae. The user 

sees 0I11y one side of the board, 'with labelecl switches and buttons 
.f 

(eleaents of user-language). which he My aetivate. Bach of the switches 

and buttons eventually ~rges as a socket on the other side of the 

board. The illplellenter warks cm the other side of the plugboard, where . 
he plua~ in '-its of processing-logic (procedures). The prongs of 

'the lOiie unlts are analogous to paraaeters; the illpleaenter 15 respon­

.aible for Dtchin, thèll vith the soclets of the board, and also for 

labellina the switch •• and buttons properly on the user's side. 

'lM plUlboarcll'..u.ns the sue for clifferent applicatiOllS. 
, 

For ~ application the nitchu ac1 ~tGll. are relabeled on the 

...... icIe. The .1Jipl_ter MItes up the aPPropriate -'oaie uni ts and 
, , , 

1 

'NtI1Ip the prG8I aad soclet corrupœclace, '!he plUJboard it,e!f lias 

<' 
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certain built-in active logie units (ULANG systea-funetions. e.g. for 
, 
expression processing). 

Place of ULANG in syste. software. It helps to situate 
\ 

ULANG within the software levels of a systa., as shaWn in Fig. 1-2. 

AlI prOeessing 'is eventually done by the hardware at level 0, enhanced 

by an operating syste. at level 1. 

A user-prograa (level 3) generally has aceess to funetions of 

levels 0 and 1 via software at level 2, such as co~ilers and loaders. 

A user interaets with the system only at level 4, through the data and 

ea.aands which the user-proaraa at levei 3 aceepts (see Fig. 1-2a). 

11Ie ai. of ULANG is t.o fae;litate the work at levels 3 and 4 J 

n"ely to replace parts of· the user-prograas by standard .odules and to 

.. se the formulation of user-ca.aands and data (see Fig. l-2b). It is 

not aeant to be a substitute for an operatitig system otAfor a eoapiler 

(level 1 and 2 funetionsr. 

1.4 ]'he user- interface: practiul aspects 

In section 1.1 the c~ication aspects wère considered in 

leneral. New w. focus on specifie unr-needs and we deseribe the dser-
. . 
IUJUAI. illplaentecl ud it-s scope. 

l ' 

1.4.1 Observations about user neecls 

M polntecl out by Halpern (67). full BDalish text prGCessin, 

.. un.clerstand1nl capabllitles are not neecled for 'IIO.t COIIpUter appli­

catlou. as would ho" the case for J .ay J 1u .... o translation. 'lbe ar .. 
c 

of cU.scou:rse 1. Illd.'t" to the fraaeworlt of tlae application. Moreover 

the us .. knovs tUt h. t. talld.na to a euhi .... 50 that he wou.1d Dot 

.,.,t to ltaYe 't~ .... 11 , .... llterary sentences. Ga the CODtrary, , 

14 
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he has the right to expeet to be concise, sinee this represents less 
o 

ef(ort' on his part, even to the point where ~o.e of the inforaation of 

a roquest remalns ilplielt (Joyce (72). Weisi (70». 

Wbat the user does not like, 15 having artlficial vocabu­

lA6 ,and ri,id 5yntax restrictions iilposed on hia, which place heavy 
ri' -

'--c; ~ ,< • 

déaands on his .eaory. He likes to use and define his own "active'~ 
/t 

language subset. appropriate to the application. That Mans that the 

user has to be able to define his own vocabulary and to aake requests 

in a reasonably natural way (Halpern (67), Joyce (72». 

'ftle user _y expect the. _chine to ''aeIlorize'' for hi. a 

certain .. ount of inforaation about a request, $0 that if he does not 

'supply it explicitly, then the appropriate processi~g'context is 

supplied aut~tically by default. To avoid unceltainty, the _chine 

bas to echo back its,explicit i~terpretation of the request, if asked 

to do 50 (Joycè (72». ,:.J .-
Por .ast applicat~ons, the user wants the ca.puter~~o carry 

out for hia soae activity which he knows to he within its capabilities. 

Por this, the illperative .ode. or the equivalent query lIOde, are ade-

-~te. 'lbe declarative aocle cén he r1stricted to cOabinations of . 
~ ~I:~ , 

previously defined it .. , as for' arithaetic and 10lical expressions, or 

for liaits and conditions. the use" are not expeeted to define their 

0WIl applications' and tdata-bues in natural lanple and then lI&ke un-
, 

predlctable reqpestS. It is ...... d that they will be satisfled with 
, " . \ ' beina _bl. to ..t. specifie requests in a ~e"OD&bly natural way of an 

, r , . \ 
-licaticm 'vbich ha been pl'eV1CADly set ut by pl'~' (Web. '(70))..' ...... r , 4\ , 

It 11 fia'rtIIeI' obsened ~t da. lU'C .. t DUllbar of c;urrent ,. 
... 

."Ucatl-.. an of th ·'CCmrtH-~"~ .... clUfeMnt acti--

, . . ... ' 
1 ." ~ • 

n" '" " ,,'. , •. ':. ', • ..., ., ~', :~l~,~ ~};:: :~':, ,:: > >~ '>: "'" '. 
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vities have ta be carried out in a sequence,lpeeifiaed by the us.r-

requelts. The canonical form of a11 user-requests ean be reduced ta 

OOHHAHD, PARAMETER l' P ARAMETER2 " ••• ~ P AllAMETERn • 
which aRfees with the conclusion reached by Halpern (68). This does 

not sean that the command has ta be the firlt ward of a sentence, nor -" ........ -." 
that it has ta be part of e~, •• nten~ Any generalized inter~ace has 

JIIIII" .. 

ta be able ta satisfy the above user-language needa. 

1.4.2 The user-language imp1emented 
1 

In thi. work a user-la~guage ha. been implemented, attempting to 

answer the user needa of the previou8 section, and ta demon.trate the .cope 

of the system. A lentence of thi. language consista of a command-word, and 

of a number of para.eters, that are necessary ta de'ine the cantext for 

the ta.k specified by the commando Typieal paramete~. could be data-names, 

values, expr •• sion., rance. for value •• or condition •• The language ia dea­

erlbed in more detail in chapter 3. thi. u.er-languale i. of generai 

u •• fuln.ss, sinee it ia aot li.tted to aay .ing18 application, but i. 

valid for a whole raa,e of applicatiOn •• a. outlined/in the next .action • .. 
The u.er-làQau .. e i.,l ... nted cau be u •• d as a front-end to 

application. wber. activiti •• have ta b. perforaed in sequence. Bach 

_tivit,. il' ,initlat.d by a t.,..,rcJ. "u.uall,~d, fOll,oved ,'bY data, 

or par..-teTI, whi-ch an tr __ tted to ~rob1: ... ~olving procadures 

,.l.ct •• by the" co' ri. TM .. ,'l'OCe4ure .... aicher nitten by t~e 
l 

~ " 

b.,l..ater, or .. 1 •• provic1ecl by t\e uI.4W .,.t_. br. h DO predefinad . ~ 

1 

...... u1ary î tU .... le taftd1lOloII i.·4èf~ b7 the f.lIPl .. Dter vben 

.. appuoaUoo t. 'Al: •• ~. ,.,. 1.~' .• " _Ir 0VIl .,..,... • 

.......... ... ;l.;...I .. ~ ... , ... f .... ·: .. ,~:i4'u 1 "f""l1'~''', " ' ",U,,' ... 
'.' fi. ,'" ... '1" ( .,:\ _.,. , ', 'r < -< f..." ~ 

1 Il '~\', • ~ ;.!,("~,' ,1 ," ~ , ~' ... ', \ 1
1

,: 

, " ~ h ,- ~ '. <-y,,:: ~ . ~ .'''', u t '1.. J a \~ " 
~ "rt-r, •• ~' .. ~(,'." ~,~ 

,.,?-,~ .. \' . 'r\~~ ... r~,! ~ '. 

~~!;'~,l!Jr~:.~ .'.: :.,,:~ " .;, f:. :~,~;~.,; .. i ~'~:J~;_ 
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a) An ilIIIIediate mode, where e'ach reque8t il i_diately exe-

cuted. This i8 most appropria te for an interactive environment. 

b) A delayed mode for building up more complex requests. In 

th!. mode aIl commanda are analysed and stored a8 succelsive steps in 

the Command Table. They vould be ~nly executed when the EXECUTE command 

il given. 

Par applications, where the user-requests cannat be reduced ta 

the form COMMAND, PARAMETER., •••• , PARAMETER . n 

different systax aDalysers have to be provide~. It may even be necessary 

for 8everal analysers, of varying capabilities, ta co-exilt, each handling 

• different sublanguage of an appl~cation. 

This does not in any vay leasen the usefulness of the ULANG con-

cept. The lexical and ayntactical a0811sis modules each accouat for only 

JO % of the ~tran 8tatement8 constituting the ULANG syatem. The remai-

ning 80 % of the 8tatement8 .-ke up the module. for data structure 

organisation. for input lsaanticl, and, for value-functions. The dilferent 
• 

facet. of the .ystem are luamarized in .acti~ J.5.2 belov. The syntax 

analyser i~lement.d i. da.c~ib.d in .action 5.4.3. A comparison of ULANG 
J • 

. ' 
vith tran.l~tor writina "J.te .. i. ai9ttt in lection 2.3.2. 

1.4.3 Apellc.bility of the o •• ~l!Dl!al! i!pl ... nted 

'l'ba type of uaer-laJI8Ua,e de.ui.be.t in the. praviou. .ection ia 
.-' ' , 

".Ud for: ..,. typai of application.o, 

A "rt ~u .. proportion of .U cOllPUteriNd appUcationl 

1.,.1" .-rle., upatioa .... ' nporta froa cI.t ........ of vario.. kiud •• 

VLAIC i .... U ..... te4 for: âl .. C". of ."U.CéttOa. pude.lar)' ln an 
. , 

{_l'ecU ....... lue tM .nd.ao~ ...... t.al' .. t. UI" u • 
. " 

, 
" 
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different, but the underlying procassing and the nature of the requelts 

are liDdlar. Soma examples : customer ac~ounts, policyholder account., 

.. dieal histories i inventories. ,kills catalogues, aecuritiea positiona 

.tudent records, medieal records. accounting ~ecorda. 

The user-language could al sa be'uaed for applications which 

require a flexible user interface, with or without data-bankl, a. for 

parame tric studies and simulations for decilion makinS. performance 

'ealculatiôn studies. optimization Itudies. cash flow studies; investment 

policy decisions. engineering deaign" statiatical packages. or .ystems 

for solving numerical and 8cientific,problems. 

In certain situations there would be little advantage in 

usina a generalized int~rface. Theae include one-t1me prQgrama, appli-

cations Dot requiring much interaction with the user (i. e. where the (" 

amount of input i. small, or whera there i. no need for flexible input). 

and situationa wbere thara i. Dot mach variation in the pOI.ible inter­

.cti~. Xt is al.o not luit.ble for application. Wbere full natural-

language proce •• ing capabilitie. are requir.d. as in language translation, 

or in deductive que.tiOll-ansverint .y.t .... 

J.5 Thé !.slé!!!!tâtiâli .y.tem : eraetic;al aseecta 
v 

III Action 1.2 the bI.leautation probl .. va. diacul8ed in 

purel t.~. Row ft look at .,.cifie Med. of the i1llf'18118ntera of 

.a"Ueati01l pack .... ~ ft c:làcd.be t .... fUDe~OR' ..... d by the ULANG 

i .. l_tatioa '78t ... .' 
'a.s.t,p'!!'â!JlOM;ott ~; ••• ! . 

" , " -''''i 
,,, ..... ' ...... 6at _ .'tullsr 1 •• dll D •• ad to .et 'If 

4 . ' , • • ~ ~ ~ .. 
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an application and to define the types of requests which the users will 

be able to makè. The ~rogrammer is also responsible for providing the 

. ' processLng logic for the application, either by coding it,or e1se by 

assembling the appropriate subroutines from a standard subroutine library. 

A atudy of business application package utilisation in 100 

French firma was conducted by a.team from the Department of Computer 

Science of the University of Montpellier for the French Ministry of 

Indu~y & Research (Etude (74». One of their conclusions was that an 

application package viII be succesful within a company only if it has 

the support and cooperation of the programming staff. In fact, the most 

succesful packages bave been those of the programmer-aid type~ such as 

automatic flowcharters, or report generators. This conclusion i8 corro-

borated by an EDF Anallser survey about application package usage in 

44 U.S. firma (Canning (71». The French study also concluded that the 

firma would rather use .oftw~re, which helps their programmera to imple-

ment packages, tailor-made to their specifie requirements, as opposed ta 

geaeralized packagea. vhich require standardisation and modifications in 

their operatins procedures. 

lt viII help the implementers to have a programming aid which 

reliev.s thea of the detaill of interfaoing the proble~ logie with the 

uaerl and vhich look8 after the lexical and the syntax analysis of user-

raquelts. That task could in theory be allo handled by other language-

estenaion taol., .udh a. maero-procealor. or compiler-compilera, but, 

in practic. the.e are i11 auited aad rarely, if ever, uled for' applica-

don 1 prograaina (S_t (72». They have b •• n datiped to illPleMut 

.bIMl pr0p'--arl ....... rattau than .. a tool for dnalopina new 

20 
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Lexical and syntactical handling of input, however, repre­

sents only part of the interfacing job. The other part is semantic 

handling, namely assigning of meani~ to the tokens' (words, numbers, 

operators); which make up the input string. The semantic handling is 

a -atching process of the input tokens with the possible paraaeters 

for the eQrresponding processing-Iogic routines. In an English-like 

interface this presents a difficult task, since the tokens do not have 

to be in any partieular order. Sa.e of the required processing para-

~ters may even be oaitted on input, in which case default values have 

to be found. The validity of the input tokens has ta be checked, for 

instance to see if nuaerie values are within allowable ranges. Mode 

conversion say also be neeessary. 

Few programming tools have been reported which do the input 

seaantics for application packages in a systematic way. The GIS data 

base management system checks the validity ranges of updating infor-

.. tion against those speeifi~d with file definitions (GIS (68)). 

Recently, in the progr..-ing 1aneuale PASCAL, variables such as integers 

can be given certain ~anges. However for applications not using GIS or 

PASCAL the progr8.llller bas to incorporate these tasb as part of hi,s 

logie routines, to,ether with default values of parameters, and with 

the IOlie for puoeur utching. For .ost applications, documentation 

about paraeter .truet~es and values is sbtchy and any changes in the 

'~lUCture ad values ~é d1fficult to uke (Rou (67». 
---? 'roll lA ovenU systa point of vi •• , a general fraaework 

would be helpful to the il:plelMmtt.., to coord1nate and to caU into 

actlO1l the appropri.te probla-solviq procedures and to trusfer infor-

\ \, 
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• _tion betveen thell. Such a central prograa would be the lIain-program 

of an application. and vould look after the branching off to the appro­

priate proeessing routines. The programmer could build up the appli-

cation in a .adular vay, by adding successive logie lIodules, corre-

spondingto the various user-requests. 

In arder to be used by implellenters, a system bas to be 

st.ple enough to use and to understand. The specifications Sor setting 

up an application and for accessinl parameters within the logic proce­

dures writfen by the progr8JlllDer have to be clear and concise. There is 

• certain reluctance among application progr8Jllllers to use "super-tools" 

clalaing aany capabilities. By experience. such tools are too co~lex 

to understand and to adapt and they require too much of the lIachine's 

resourees to be of practlcal valup (Etude (74), Cannirtg (7th». 

For reasons of econa.y, the interface cannot be too deaanding 

Olt core .eJk)ry and processing ti.e. Both of these syste1lS resources are 

expensive. ~d IIOreover all user-progra. cœpete for thea. Usually 

prorrus vith high aellOry and proc:essing tiae requirellents receive a lov 

priority', which would rÙult in an untatisfactory response tille for the 

users of such an application. t1lis aeans that the interface cannot be 

... bedded in a large COIIplex syst_. but it has to be iaodular and self­

contllied. 

A .erious probl. 15 the transportability of applic:ations 

.1'roa oDe _chine to aother. POl' ol'aanilations which buy cOllpUter 

H1'Yices he. cœputer utiUtiea. ther. 15 • areat vuiety of cOll1'e­

titi •• services avallabl •• l114 .. iDe ~ ..tes it possible 

1:0 UM' tH service wldcll off.. ... 10welt cost. Pol" Ol',WlatiOlls • .t 

'1. , ,,~, .~ "1 
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using in-house computers, the transportability problem still exists, 

since the average life span of a computer system, before its replace-

aent by another one is less than four ,eats. 

1.$.2 The system implemented 

In 'this thesis a pragmatic approach has been taken. A 

systetl bas been illpleaented that 15 reasonably simple and structured 

to begin "ith, but can be easily aaodified and extended. A nuliber (1f 

i.,artant features are at the disposaI of the application programmer: 

1) A lexical analyzer, based on finite state automata 

" techniques. The aeaning of input characters is localited within one 

table and can be easily redefined. The finite state approach permits 

the removal or addition of lexical proces~ing states. 

2) The vocabulary of the application is kept in a user-

dictionary, which is auta.atically created when the application is 

defined. The vocabulary can be aupented and synonras can be added 

by s~le ULANG 5tst .. cœaands. 

3) A syntax anal1ler. valid for 'the user-language described 

earlier. Por lanpaps vith a different syntax, 'this analyzer can 

he 1IDdified or replaced. 

4) AlI iaput-seuntics aodule èhecJc.s, utches and converts 

meies of input paraaeters, and supplies default values. It sets up 
1 

the J)t'Oper context for p~sslD1 the user-requests. 

5) AD uaclerlyiJll, clata structure for- the paJ'aaeters, capable 

of &CCCII 7'datiq various appl1:cation and data types. A ULANG setup-

1 ...... allow the illpl .... t .. to ... 11y clef1Dt thiI .tructure • 

,c, 

, "l.,;. ..':.~.< _. , ' 1 

" , 
:".~, i' J~~~ 

", 
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• 6) Table 'building routines which a.semble the active parameters 

of a user-request, and functions which transmit their values to problem-

solving procedures. The value-functions can be customized by the imple-

menter and their use simplifies the program logic considerab1y. 

7) A-control framework that coordinates the processing sequence 

and facilitates the addition of new operations. 

The ULANG system was firet implemented on the CDC 6600 in FORTRAN 

IV, by taking special care to parametrize the system to make it ea8i1y 

tranaferable to othér Iystem.. lt has proven to be efficient in core 

memory (10500 words) and in processing time - it coats ooly one cent to 

proces. an average user-request. Several actual application exemples are 

presented in chapter 6. 

The transportability of the ULANG system has been demon8trated 

by transferring it to IBM 360 computers. The on1y changes necessary were 

due to differences in internaI cnaracter representation (BCD vs. EBCDIC), 

and in direct-acces8 procedures. ~e required changes are weIl isolated 

vithin a fev tablel and aubroutinea. 

'\" .: 

• 
• 
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CBAPTER 2 - OTHER SYSTEMS 

2, ) Otber interface syltems 

Sinee ULANG is designed with the eapability of supporting user-

languages that use a subset of English, other systems having user-interfaces 

with limilar eharacteristies' are surveyed ne~t. The'e include systems 

which communieate wieh data-files in natural language, and eommand lang--

uages. ULANG draws on the experience gained with sueh systems. 

Natural language question-ansvaring systems. Systems of this 

type t&ke English sentences as input, subject to various constraints, and 

atteupt to an8we~ questions from a data-base, which is stored in fotm of 

a list structure. Developments in this area have been reviewed by Simmons 

(65, 70). The ambitions of the question-answering s,stems are set bigh, 

namely to provide a general framework for storing, "understanding", and .. 
intelligently tetrieving unpredictable information.Their organ~ation is 

correspondingly complex ; at thi. stage they remain as large and slow 

experimental system8, dependeftt dU LISP for tbe associative storage neèded . 
for the .yntact!c and .~ntic information tbey use. 

In practice. it i. difficult to .ay bow weIl these systems would 

pel'fou beyoM the very lillited ~ea. of diacaurae and subseta of English 

on vbicb they ara baled and Wbieh hve bean reported in the literature • 

•• the I~ of the lta..... lub •• t, corralpoad. DOre to tbe data .tructure • 

• ,1. t'ba to "lS..b. ror iutace thl IUIIALL .y.ta of Green (63) 

,wu U.aited, to the ".cription of .,.cifie '''l'all ....... and the su 

.,It_ by JtapbMl (68) ... li.tect to tlle ftcocaid01l of a ... 11 aullber 

of r.U, ral.tiouhi,a. 'IM.ua ,roll'_ of .. i ...... (66) baitates 

.,' :' 
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conversation with a psychotherapist. It operates on the basis of recos! 
.nizing certain ketvord pàtterns. 

Altbough doubts have been expressed by Guilliano (65) and /ellogg 

(68), as to whether these experimental systems can be generalized to other 

.pplications of significantly different nature, they have nonetheléss 
, 

proven that a limited English subset interface can be succesful w!thin 

a given application. This fact ia used for defining the ULANG interface. 

Kellogg (68) has developed an on-line data base management 

aystem which, among other things, accepts a less restrictive English 

aubset than the previous systems. Kellogg'has added an important feature 

an anomaloua input sentence, lying outsiae of the acceptabte English 

aubset, causes the compiler to construct an appropriate feedback message 

to the u.er. This makel the user aware of the current Vimitations of the 

eubeet. Uaer feedback ia an important aspect of the ULANG interface. 
/ 

AlI of the above natural-langu.ge syste~ have been able to 

bandle only aubsets of Engliah becauae of the cO$plexity of the full 

ar--r .nd hclt of adequate machine repreaentiÎ:ion for it. If an 

interface i. to be kept re.aonably simple, it has to recognize thi. 

difficulty and content ita.lf vith a sub.~ 9f the l.nguage, choaen in 

a aultabi. v.y:this ia done for ULANG. 
,/ 

t 

More receQt1" .. veral syst ... Ar.e in threxperimental ata~a, 

atteaptiaa to d •• 1 vith t~e full eoaplexity of the language. Thompson 
t 

(69) and Doatert (71) at Calt.eh·are de .. lopi~ the aIL syat .. to facili-

tate coave~aatioaal ~tèract~ vith hilbly·iaterr.lated d.t.-b ••••• ' 

.... .,. soc!.al ad.d .• t ... ,lit laa. ft"ftrful·!D&U.h ar--r f.ciUti ••• 
? 't4 , /' 

,.ndttiq iDdtri",I •. ~ ccc"_l ...... te vith the éOIIINtar ia • fairl)' 
. . ~jJ. 

, .<"',' l -(.,.'{t .. ~~ -
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natural language. It has its own operating system closely integrated 

vith a single language processor. Woods (70) and Winograd (71) are 

focusing their efforts on the representation of the English grammar as 

transition networks and as procedures, respectively. 

A ca.aon characteristic of aIl the natural-language ,ystems 

is that, because of their aims of a high level of generality at being 

able ta accept and store declarative information, they remain rather 

cOiplex, list-language embedded systems. Since the user of an average 

application has no need ta significantly alter the data-base structure, 

.ost of the semantic and data-base organization problems can he ~voided and 

a .uch simpler implementation can be achieved, as shawn in this work. 

Data-base inquiry systems. Interactive data-base inquiry 

systeas aim at providing a system for creation and maintenancè of 

.aster files and an inquiry language for interrogating their contents. 

A number of data-base systems aré in existence, for in~tance ASAP (70), 

or the inquiry system described by Holland (7~). The user-interfaces of 

such systems are usually natural-Ianguage oriented, ~able by a clerk 

or a unager. 

21 

, The type of inquiry allowed is siaple and restricted to operations 

on the contents of the .aster file. Soae definitional facilities are pro­

vided for na.in, fields and records of the file. or for perforain, arithmetic 

operations on the iteas of the file. prior ta displaying thea. 

11te usel'-interface is an Integral part. of these syst_s, and it 

~ been specifically dev.laped fol' it. By usina a •• neralized interface 1 

~ lIpl_Dtation of such cla1:a-base 1n.U:y .yst... would he p-.at1y 

facilitated • 
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Nuaerical-problem statins languages. Uset-languages have been 

proposed for stating scientific and numerical problems in standard mathe­

.. tical nptation for formulas and equations, and in plain English for 

organizational instructions. Examples of such systems are: the MIRFAC 

scientific compiler proposed by Gawlik (63), the numerical problem 

description languages NAPSS by Rice ~ Rosen (66), and POSE by Schlesinger 

.. SashJdn (67). Such systeas have been called "non-procedural" since the 

user doos not have to specify a aethod for their solutions, but the syste. 

itself supplies some generaI purpose.method from a subroutine library. 

Here again, a generalized user-interface could be used, which 

the implementer cou Id tie to a numerical method subroutine library or 

to a statistical library. 

28 

Co..and-lanauages fa; sRecific applications. A nu.ber of comaand-
\ 

languages have been implemented in specifie areas with natural-Ianguage 

like user-interfaces, such as AMECO (70) for structural engineering, or 

SY!thesis .. Analysis by Sa.uel (69) for debugging in a ti.e-shar~d envi-

rOMent •. 

ULANG could be used for these and other applications to provide 

the user-interface. At the saae tiae thi! would speed up the ~le.entation 
-. 

process and would insure that future ar~h and changes in the language 
.. \;) 

ean be .are,easily handl.d. 

2.2 oner àethods of 1!pl"llt&ùoa , 

Presently a nUllber ff _thods exist for illp1eMntina applicalton 

pac:kqes. It~. appJ"OPriate t4) cœpue th ... t.. th. U1.AtI; approaeh, l' 

. 1:..,1111 in lIiD4 the plac. of JJJ.AIC in the .ysc_ .oftwar. hlerar~y. 

u .hon 18 Pli. ~~(b). 

< 
J ,. -~ 
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Interactive systeas. Conversational systeas such as APL, 

ITP PL/l, or BASIC, may be used to, create interactive applications., 

In the lsae sense any progra.ming language can be used to create 

bat ch applicat~ons. If this approach is taken, then the pro,ramaer has 
" 

to figure <Sut and illplement \ for', each application the interfacing, data 

organid~ and context checUng, and eontrol functions asSUlle'd by ULANG. 

Qf course, some systeas, make these tasks easier than others, 
f" 

e.a.' APL,nonetheless the logic has tô be figured out and tested for 

each application. The principal aim of this work is to avoid this 

continuous duplication' of effort. ULANG itself could be coded in any 

of these interactive languages. 
;, 

, 

Slstea co.and-langua,ès. Most of the present operating systeas 
; 

have ca.aand-Ianguages of the for. 

< co ... nd >'< parsal,>< paraa2 > 

29 

This is also the fora of user-ca.mands. Exa.ples of system ca.aand-languages 

are the. Job Control Language (JeL) ~or 05/360 and the Caabridge Monitor 

Systea (CMS) for IBM 360/67 (IBM(69». 

OMS peraits set~inl up of • series of. other CMS co..ands and then 
• 

fl11q th_ uncler a < filenaae >. which can be subsequently all executed 

by s1llply typilll 

BXBC < ftl .... >. < arau-nts > 

"l'he 011 co sadl., have .""l1c arg..-nts, cJesignated as '1. 12. et-c., 

for _tell the na1 ar.-ent. of t1le !XBC ca.aad are substituted at run­

dM. 'Dib 1s. SOIIIIWJlat ~1allu to dae UQUBST .ode operation of ULANG, , 

vith input. value lUb.t~tlltJ.on for the default values of the parueters. 

a.onticaUy t it tIIoul. N ~.lbl. to a4apt,say ,the Jet . 
UIiIII~""JII>' pl'OC~,"" te ~ ..., ........ cc .... 'ft appU.cati~ t obeyiq," 

, . 
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the s .. e syntax. In practice this is al.ost never done for soveral roasons • 

It would be extromely difficult for an applications prb,raamer to obtain " 

sufficlont documentation and familiarity with the op~rating system modules 

in ordor to be able to incorporate the necessary changes to handle the 

additional commands. Also most installations are extremoly reluctant 

in allowing aodificatiQns to their operating systems software (levol 1) 

i~~a production enviro~nt. 

·However, ev en .ssURing that these practical difficultios could 

be overco.e, the language faei-lidos avaÙable are far below the level 

~of flexibility desirable in a user-language. The parameter' sequence is 

rigid, .issing parameter5 have to be accounted for, and punctuation i5 
. 

usually critical. It i5 a well-known fact that job control languages 

are difficult to master and lead to frequent syntax errors. This work 

tries to overcoao precisoly s~ae of those deficiencios. In fact ULANG 

could be used to advantago to ~~ oa511y useable syste. 

~ontrol-Ianguages than soao of the existi~g ones. 

,Another disadvantaee of tylng an application into sa.e control 

laquage processor,' such as CMS~ il its reduced aobility. Whereas a level 

3 progr .. (see Fig. 1-2) is easlly transportable, a level 1 syst~ is 

very closely tied to lts level 0 hardware. 

SIstelS usina subrou~in. calls'I In soae application syst.., 

the USer hillS.lf.'Itates. his requests in a progru.ing l&JllU8ge, say 

JIOR'l'RAN. U ,a series of subroutlne caUs vi th predefinet' arguaents. of 

CAU < cc .. ~ > ~ U&l >,< a:ral >, ..• ) .. 
AIl' .... 1. of .... .,.. ù _th lllY8.taeIlt Aftàlysis Lan.....,. . 

(IAL) ... crlWt" _tT:rt1lat ·(72), ~. ~ ....... 1a lonc.utba 

.. 
1'L'~~_' ..... 

, .. 
, " .... 
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and corporate planning applications. lAt is a FORTRAN subroutine package 

for Hanagement Science and Financial Analyais, ta be used by anal,-ta 

having knowledge of programming as weIl a. of their ~pecial field. 

Whi1e this approach may be advantageous to a fair1y sophisticated 

user who knows programming and who can take advantage of the capabilities 

offered through the programming language, it has several disadvantages to 

the average, leu knowledgeable user. Firat, he would need to master some 

programadng concepts, and ta obtain some familiarity with the compiler. 

Moreover, he would be restricted to a rigid eommand and parameter strue-

ture, subject to the criticisms given for system eommand languages. 

As Sammet (72) points out, while subroutines undoubtedly serve 

a very use fuI purpose in making additional functionalJ~apability available. 

they are no substitutes for a language. She gives examples of application 

'1 areas, where subroutines for .pecifie tasks had existed for a while. but 

people did not "rush to use the computèr" until a language beeame avai-

1ab1e (Sammet (69, p. 733). 

2.3 Systems for hnp,e extension 

One of t~robl ... of eo.,uteri~ing applications is the develop­

_nt of .peciaHzed '.n,.,..aes "tailored tG partieular u.e~s. Tbeoretieally, 

these 1Àncuaaes could be illple_nted by extending programming languages to 

acca..odate the .peeial requira.ent. of eaeh application, although nb one 
c 

..... to be doina thi. in practice (Sammet (72». programming tools, de8-

cribed in the literature, Vhich claLa thi. capability, are macro-processors, 

trllllilator ,vriting .,.te .. , and .stand"'l. laquagea.' 
'. 

2.3.1 Macrnroce .. or.a 

kawa (69) defiui a .acro-.roce ..... "a piece -of eoftvare 

~.llD8d to .1~ ~ GIer co ad .... facilit •• él kl. o.e ••• ign to 

, ' . 
. / .. (~" .) t t..' 

f 
" . 
" . 
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existing software". The purpose of macro-processors is to provide 

.. the programmers with a precompiler, which recognizes certain extensions 

-1., 

• 

to the base-language and replaces them by some previously defined replace-

aent text in the base-language. The modified text. together with por-

tions of intermixed base-language text, become5 input to the base-language 

compiler. 

The ellphasis of macro-processors i5 to simplify and to expand the 

existing programming facilities, e.g. a shorthand notation for COBOL, or 
'-..' 

high-Ievel loop control statement in assembly language. or mathematftal func-

tion definition. such as factorial Cn). 

ULANG is different from macro-processors in that it is not a pre-

compile fa ci lit y, but rather a run-time preprocessor and controller. Its 

ellphasis is not on simplifying base-language programming by text replacement. 

but rather on providing the rua-time procedures with aIl necessary parameters 

and values. 

In macro-processors. the macro-definition and macro-calI faci-

lities can'be intermixed and nested within each other, together with base-

baguage text, which re5ults in a complex systell. In ULANG. user-commands 

are the equi valent of .ero-calls. These are issued by the end-user of an 

application at run-ti .. only. The equivalent of aacro-definitions for 

ULANG is the set-up su1tSyst .. , which is used by the implementer only. This 

al10wa the separation of the de fini tian and of the calI functions into two 

separate and si.., 1er .adulea. 

Pre.-. the defiD1tion poiftt of view, ULAHG is clifferent froll aacro-
. . 

~'-
proces~ors in that, iutead of havinl to define replaceaent fnstruction tert, 

the eq.valent of actO "code body" has to COIlSist of par .. ter pattems 

and their values, Whidl ... to .,. _telled a .. lut ÛlpUt suPPlied ,by ~e 

us .. at rua-U ... la otlaér wons, the ....... ls il OR data structures 
" 

" 
, 

",1 
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rather than instruction text . 

2.3.2 Translator writing systems 

During the past decade, development of programming languages has 

received a great deai of attention, in particular synt~-directed compila-

tian techniques. In order to automate the compiler writer's task, a number 

of automatic translator-wri ting systems (1WS), or compiler-compilers. have 

been introduced. The state-of-art of compiler-compilers has been surveyed 

by Feldman Il Gries (68), and by Cheatbam & Standish (70). 

COIIIpiler-compilers and ULANG are programming tools wi th similar 

alms : to automate the progr8J1D18r' s job ; in one case the Implementation 

of programming systems and in the other case the Implementation of appli-

cation systems. Similarities can be expected to exist between the two ; 

these are examined in this section. 

While eariier TWS were constructed in an ad-hoc fashion, Iately 

the compiler writing task has become IDOre formalized, and it~ different 

aspects have been isolated and studied. Some of the concepts used in compiler­

eompilers and the les sons learned are valid for other, ~on-translator. tasks 

and for user-languages in particular. Although mest compiler-compilers have 

been built specifieally for progr..nng languages, some systems were designed 

at the outset to be general purpose syntax-direeted symbol process?rs, such 

as the ABD systell, descrlbed br Ross (67), and the APAREL system of Balzer 

• Plll'ber (69). 

eo.piler-WTitln; ean he considered slap1r as another computer 

qpliea'tion, emslstins of a syntax phase, a seunties phase J and a 

processiDa-lope phue Pl. ne Pl phase 1s la this case code-aeneration 

for ~ .. parUcular _chin •• In UINtG the Pl ph ... is to he done br the 

lIIplMllltelr, sinee it ~ diff..-t for .~ lippUc.tian. Oft the other hand • 

if the ."iicatiOil 1. as~rictH tA) COIIpilft mtill,. it s.. possible to 

" 

'. 
",.' 

, 
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provide a generali zed "semantic-Ianguage" for describing code-generation, 

compile-time data structures, tables, and optimization. Such a semantic-

lU1guage ties in closely wi th the syntax phase, and distinguishes compiler-

coçilers, such as the one of Brooker .su Al. (63), or 'SL of Feldman (66), 

from other syntax-directed symbol processors. This semantic-Ianguage 

.&kes compiler-compilers unsuitable for non-translator applications. 

Lexical analysis. The syntax phase can be broken up into two 

parts : a lexical analyser, and a syntax analyser proper. In early systems 

the lexical processing had been incorp-orated as part of the syntactic-

analysis programs. The advantages of separating the two functions have been 

pointed out by Johnson et al. (68). sad by Cheatham & Standish (70). Expe-

rience has shown that a large portion of time of any symbol processor is 

spent in lexical analysis of the input strings. Separating out that function 

allows this problem to be attacked more effectively. It also allows the 

investigation of lexical properties of languages per se, and the development 

of systems for efficient lexical analysis. Separate lexical recognizèrs 

allow to accept input fro. different devices (terminaIs, graphies, voiee) 

ad to produee the same token string for the syntax parser. 

ULANG draws on the experience gained with lexical analysers in 

translator systems. It has a separate lexical phase. which 15 based on fini te 

autOilata and l18kes use of the hardware representation of a character as an 

index in a clus aellbership table '. as advocated by Cheatham 6 Standish (70), 

and Gries (71). 

SOM systeas, such as ABD, have specialized languages for speci­

fyin, replar expressions and class ..... rship of characters. ULANG does 

BOt have such a .. ta-lm ... at thi. stap, but dus .lIIbership of 

• dI&1"&Cters ~ ~ ... Uy aeees.ed and c:hmpd directly within a table of 

~ scaMr pIl .... 1'1lil il 1 ... , ... raI but *»ft .ffic1eat (Lecame (73». 
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In ~G, the lexical analysis has been extended by adding a 

post-scan phase, which does a Dictionary lookup for names of the input 

string. Th: s approach allows to look after synonyms, noise-words, spelling 

errors, features not essential for programming lan,guages, but important 

to user languages. The post-scan phase could al50 handle text expansion 

and replacement, e.g. the word ALL might be expanded to FROM FIRST TO LAST 

BY 1. This is 50mewhat similar to the macro-processing phase, between the 

lexical and syntax phases, of the ABD system (Ross (67)). 

Syntax analysis. Syntax recognition has been the most extensively 

studied aspect of TWS. One of the characteristics of such systems 15 

the presence of a meta-language by which the syntax of the lliDguage to be 

developed, called target-language, can be descri~ed. Usually the target­

language description is in a format close to the Backus-Naur Form (BNF). 

The BNF-like description i5 input into a constructor phase of the oompiler­

cOllpiler, which produce5 ei ther afi,arsi .. al go ri thm in the fora of a pro-

11'- to be executed, or else a set of tabl41 which are cOIIIbined wi th the 

basic parsi~routines of the constructor to fora the syntax phase for 

the target-language processor. 

This approach has the advantage of providing a ready-made syntax 
. 

phase for the tar,et-lanauage processor. It a150 peraits experimentation 

ri th the era-ar 0' the propos.d target-language and relllOval of _iguous 

fol'llS. Such features aft of considerable interest to user-languages as 

weil as to p:ro.ra.in,-languaps. 

la .pite of th_e advlDt..- IlUtoutically constructed s)'ntax 

recopilel'S have not, un.til ~tl~ enjoyecl~.apreacl popularity, 

.. tly "cause 01 diflicu1ti .. , ia desc:rlbina the Ml syntax of the target­

~ (Pel" • Gri .. (61) .......... of t.fflcieacy' • 
,~ , 

.' . 
-, 

'" 
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Recent advances in formai language theory have permitted effi-

cient parsers. based on deterministic pushdown automata techniques, ta be 

constructed. DeRemer (71) has devised a method ta produce LR parsers of 

practical size. Lalande. Lee, and Horning (71) have built a parser gene-

rator based on these principles. McKeeman. Homing, and Wortman (70) have 

implemented the XPL parser generator for simple mixed-strategy precedence 

grammars. Lecarme (72) has described a generator for ~niquely invertible 

weak precedence grammars. 

Since different syntax analysera may be required for different 

user-languages, it appears advantageous to use a TWS to automatically 

generate parsers for them. This may be possible in some cases. but with 

severe restrictions. and at the cast of accepting, what McLure (72) calls, 

a "stiff, prescribed mold". 

First, the grammar of the user-language ta be parsed must be 

cast in the form required by the TWS, which may be a difficult task 1n 

practice, and requires someone trained in formai language theory to do it. 

Even sa, the resulting grammàr may be awkward to u.e, since this seems to 

happen aven vith programming lanauages (Abo & Ulluan (72». 

Wext, a single par.tue .tratesy is manda~ory for the entire gram-

mar, wherea. it .. y he better to partition it into sma11er subgrammars, for 

vhich more efficient par.ers can be built and then merged (Abo & U1man (73, 

p. 632». ~ure (72) reports thst grammer splitting for improved efficiency 

i. current praetiee in a nuaber of actu.l ca.pilers. The Automatic Transla­

tiOn Croup a~ ,the University of Grenoble have ai.o found it more practical 

to deeo.po •• natural-1anaua.e ,r .... r. into Dètvorks of elementary grammars, 

.. ch parHb1e by tha par •• r of the lonst power po"ib1e ~Chaucb' (74» •. 

'ra. 1i .. 1. atyatee of th. 'IWS .. y thu. be too powrful and 

, 
'1' 
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waatefui for cases where'finite-automata would auffice. and on the other 

hand it may be insufficient for parts of the language that are context-

sensitive. For ULANG. a mixed pàrsing strategy ia also used. based on 

flnite-state automata for the mo.t part. except for expressions. when 

opera,tor-precedence is used. 

Then,usually the TWS uses a "battom-up" paning scheme. which 

looks for a limited class of primitive tokens, and uses tables to deter-

mine whether or not arrangements of tokens are legal. For many applica-

tians. the tokens fit together in a limited number of ways and the most 

efficient parsing scheme is "top-down" - having recognized the command, 

look for the appropriate parameter values. With top-down parsing, calls 

to semantic routines can be made much earlier (Abo & Ullman (73». Anather 

disadvantage with botto~up parsing for applications is the difficulty ta 

vary the scanning rules as the context varies (Martin & Guertin (73». 

Pinally. the newer. more efficient TWS. mentioned above. are 

.till in the experimental stages and are tiad ta the systems on which 

they were developed. XPL of MCKeeman, Horning. and Wortman is destined for 

PLIx like languages on the IBM 360. The TWS of Lecarme (72) requires the 

target-language compiler ta be i-,lemented in PASCAL. 

The current .itu.tion of tws with reapect ta user-languages has . . 

been aptly 8UBaarized by s .... t (72) : 

1 

1 ! 
1 , 
/ 1 

/ 

"la tbeory •• Y cOlipUar-cczwlPiler, _ta-compiler or similarly 
d •• ianated .Y'~ could ~u ... for thi. purpo.e. However, 
tbere i. a diff.r.at .-pha,i. in 8O.t of tho •• developed to 
date. they have bean " •• {peeI pd.-dly tO provide an ea.y ~ 
__ 1 of blpl .... tba 1t1lOVll ad ri4.ly UI. 1anauaa •• rather 
tha a. a tool fqr the cJe •• loI*eat of nev lanpag .. vith 
ua~ requira.nta·, .al'Ml tb.ir proc.norl. Tbu. the .. jor 
coa.ideratiODI h ... pertainad to .fliet.ney of the re.ultinl 
CCIIIIIPUar, rit" .. ..., vay ta alta aiaOl' cb.ala.' in the 
.,.co". 

~~ <, .... ' 

-.,"', \" ".' " .... 
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Semantic preprocessing. There is no direct equiva1ent in TWS 

to the next phase of ULANG, the semantic preprocessor, which checks the" 'J 

user-supplied input information for validity in a given context, and 

.upplies default values if tbe user has not done so. This phasê a1so 

rearranges the input information into the rig'id sequence required by the 

processing-logic 'phase PRo 

In other syntax-directed symbol processors, such as APAREL, 

the programmer simply has access to the raw output of the syntax phase 

in the form of strings and seme indicators about the outcome of the parse . 
. 

38 

In the AED system the parsed output is placed into global "plex" structures, 

which are data structures whose elements can be links a8 well as data.~ 

The processing and construction of the plexes are accomplished with macro-

routines. 

2.3.3 Extensible Languages 

Extensibility meaDS defiriition of new language facilities in 

teI1llS of existing ones. In ,eneral. extensions could occur along four 

direction. : syntax. data types, operations, and control, as defined by 

Veabreit (71) for the Bet syste_, now uoder development. Usually the 
t 

extension capabilitiea are liadtei'to on; or two of these'aspects. Notley 

(71) aho remarka that the "cut" at which the extension La to take place, 

whether by ~er or by prolr .... ~, i. to be noted. For instance in the REL 

s,at .. , Dolt.rt (11) a.fine. extensibility a. the ability of'the user to 

dtfine terw. Wbich .odify relatianebip. in the data. It i. too early to 
, . 

.., if A8J of tbe p~ extlNl.i1J1'e 1 ........ vill be illplu..nted aod 

• .ct fot applieatiou. ht' ·~ft t. DD.t -.ell ~ of s-raetie.l ',,.at ... 

or .lpi.fieat ..... ,.~. (' ... t (72» • 

. . 
1 • ~ •• , _ • 
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In ULANG, extension of vocabulary can take place at the user 

level. Aiso existing parameters or previously defined expressions can 

be combined into new expressions. At the moment, only arithmetic, rela-

tional, and 10gieal operators have been implemented, but others can be 

added. The LINK and CLASS facilities of the setup language are also 

potentially powerful data type extension facilities for the user. 

2.4 Criteria for language design 

Criteria for programming language design have been fo,rmulated 

by MCKeeman (66). Although McKeeman addresses himself ta algorithmic lang-

;.uages, an extrapolation can be made ta user-languages. 

lirat, he points out that the major responsibility for 'computer 

language design should rest vith the language user, i.e. the programmer. 

This i8 in agreement vith the objectives of this vork, namely that the 

reaponsibility for an application-language should rest vith the end-user, 

who should define hi. reqùirements and his vocabulary jointly vith the 

b.plementer. 

KclCeeman aüu to pr0'9ide a tool, which vould reduce the compiler 

vri ter' 8 ta.lIt to 1IIUlaaeabl. proportions, in bis case' an "extendable eam-

piler". which will db text .c:anning. ayntaetie analyais, and will aHow 

the proar_r/ to ~eentràt. on tran.1atina the pyntax to aemanties. 

UI.AiIG in turn/ai,.) to pra'V'ide a tool vbleh vill ieduce the applieatiçm 
"J / ;.. 

vriter'. t •• ~ tO~I.~l. proportion., by pr9vidi-a him vith a ~ool 
1 1 

de.cribed rei. 
- " / 

;IICJ~". poJtu,1at ..... t, of bHi / alao-ritt.ic coneepta, C:oaDDn 
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mined by its gr amma r , Mc Keeman investigates the,poBsibilitieB of auto-

matically constructing parsers for some classes of deterministic context-

free grammars, in particular for the (l, 1) and (2, J), (1, 2) bounded-

context grammars of Floyd (63) and of Wirth & Weber (66). He concludea 

that, although the grammars are sufficient for describing existing 

context-free languages, the tables generated are too large for practical 

purposes (p. 50). 

A compiler generator based on ~ Keeman's work on bounded-

context grammars has been implemented for the IBM 360 ani i8 kûown as 

the XPL compiler wyiting systea. It ia documented in the book! COmpiler 

Generator (1970) by McKeeman, Horning, and Wartman. Il should be noted 

that XPL ~a8 not implemented in the kemel language proposed in McKeeman'$ 

thesis, but in a dialect of PL/l, and in tum generates PL/I based 

languages. 

In camparison, the purpose af ULANG iB not to devise a new 

algorithmic kemel language, but to provide means of using existing 

algorithme languages DDre effective,ly. By analogy, a kernel user­

language i. defin\d, together with tome basic operators and functions 

for .pplicationa. 

In eonclulion, vbere.s Meleeman haB defined prograœadng lans-

,~ .. d •• ign criteria, in th!. th •• i. criteria for user-language design 

'. 
-' " 
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CHAPTER 3 - A USER-LANGUAGE 

3.1 Intrôdaetion 

In thi. chapter. the u.er-Ianguage a.pect. are discussed. 

General guideline. for the fOr.blation of u.er-reque.tl are given. In 

thi. york. the .yntax of a cOBBOnly encount.red type of language for 

.peciali •• d applicationa i. preaented. The u.er-reque.ts in th!e languag. 

are of the fora 

CO*AND. PAIlAMETERI , •••••• t PARAMETER n 

The range of application. for a language having thi& .yntax i. outlined 

in .ection 1.4.3. 

&o.e ~le. fol1ov, .hoving other type. of application lan-

"-88', vhich have a different ayntax : 

a) Graphieal applicatione. In the GRAF language, de.cribed 

b1 Hurvitz and Citron (67), the .tate .. nt 

~72A(2.1,3) • PLACE(O,I) + PRINT 13,(TY(I), 1-1,8) 

indicat.. that the v.lue of poiet 17lA i. obtained by taking each of 

tu araphic order. PUCE .dd pam in turne Th. + sip indicatee •• -

quencina· 

h) Deel.ratl"e laapap •• A typieal .t.tUlent of DATA-TEXT 

(67) for lodal .cleac. r •••• rc,b msht be 

.,,(1) • sn or SUIJ'IC'l' (MALl/PEMALI) 

c) A .. i. ""''1' laDau.8e, de.eribed by Iaovl ton (64). 'ha • 

. et.~" lib ri AllI (I,C,U»), (I,A,C) t (.,E. 7) •••• 

WbtI .t.tin .... ~ .. 'tl. rute. of foraation of. Iynt.ctie 

_titi .. oa .... '1'.1 1 .... " baYe to be 'eontUered. rblt tMre il the 

-~ ~ " 

'" >, 
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lexiçal level : the .. aning of characterl, and rules of formation of 

• wordl, or token •• Next. the .entence level : the .. aning of ward. and 

tQkenl, and the rulel of formation of .entencel. rinall, there i. the 

requelt level, or grouping of .entencel into paragr.phe •. Thi. i. ana-

10lQUI to rule. of gr .... r in natural-Ianguage. 

For illustrative purpo.el, lome exa.ples of lentences have 

been taken fro. applications desc~ibed in chapter 6. Capital letters 

are u.ed for actual e~lea and for ULANG keyworda. To designate 

syntactic entidel, the ulual metalintuiatic not.ti~n vith angular bra:-

ebts h ulecl, e.~. (integer) designates any inteaer. 

Firlt, the leneral characteriatic. of the implemented uler-

laaguage are given, folloved by the rule. for formation of varda, aeo-

teace., and requeltl. A .. talin~ui.tic delcription of the uler-Ianluage 

il pre •• nted in Appendiz A. 

.> 
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3.2 Général specifieations for a user-language 

In the language i~lemented. the user conve~sea in an English 

language subset, limited to the framework of his application. The under-

• 1ylng assumptions aboùt language needs have been stated in 'section 1.4.1. 

The user is to 'take an active role in stating requests. The input word 

arder ia not important, except for certain keywords. ExtraneOU8 worda 

and prepositions may be used at will to improve the readibility of input. 
. , ... 

If deemed des1rable, input apelling mistakes may be corrected (this as-
r) 

pect ia not implemented here). 

The user, in collaboration ~th the implementer, defines his 

own terminology. Synonyma and abbreviations are allowed. As Jean Sammet 

points out (69, p. 728), there are almost as many ways to say "ADD k. 10 

B" as there are people capable of saying it. Each user's terminology is 

kept in the user-dictionary, which can be updated at any time. As a side 

benefit, this approach pe~ts one to easily adapt the saae application 

to different natural languages, .ay Franch, or German. 

To r~lieve che user of repetitive and lengthy input specifica-

tion., liberal use i • .ade of default options for the unspecified param -

eterl. A c~ and it. a •• ociated parameters re~in in e~fedt until 

cbao .. d by • eubaequent c~. 

A8 in an incr ... ntal çompiler, the user-language analyzer at-
, 

ce.ptl to interpret a et~ina of information from aIl av.ilable context, 
., 

~ly the .trial it.elf, default values, and previous commanda. If the 

brput i •• tiU ~ecWabl. or iDllClequate, actditional inforaation .. y be 

1' .... tacI fr. th. UMr i. aD iateractbe 'J8ta. TIlh ia dailar to 
, ' 

, 
,~bcr....au.l COIIpUtàtion" t' aa HfiMli by LoIIbardi • Baphael (66) • 

~. _ ;t:.,., '''_ 
.' .. ' ~ .. \ 

...;, ~4-•• '>",' 1 

, ~!lJ .,~ •. _~ • 

~tluMaah ULïIQ ,f.. 'IlOt .... t '0 ........ r.t probl __ lolvi .. 
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systea. certain language processing facilities of general usef~lness are 

.. provided. These include specifications for conditional ~xecution of ca.-

• 

aands. restrictions on the range of values af iteas, use of arithaetic 

expressions, and grouping of'data-naaes into cl •• ses. 

3.3 Lexical el~ents 

Characters. The saallest unit of input is the character. Por 

a given application, the set of characters used will depend'on the inter-

nal organhation of the .. chine (BCD, EBCDIC, ASCII), as well as on the 

syabols available on the keyboard of the terminal device used for input. 

Whatever the external for. of a character .. y be, its hardware represen-

tation is used as an index in a table to obtain the corresponding inter­

nai lexical clns. In this way any nuaber of different character repre-

sentations ur be handled with appropriate tables. 

AtCIIS. Groups of characters having sou aeaning are called 

tokens, or ~, siailar to the us.,e established by LISP (62). An ato. 

con.15ting of letters 0II1y is synonfllOUS with "wor~" in the usual sense, 
, 

•• ,. PRICH, PRINT .. are vora, or ata.s. Hovever "ataa" 15 aore general' 

then ~'wOrd", sinee it al,o jnclucles DUllbers. and speèial':character co.-

,hiDatlons, suc:Il as NOT -. Ato-s My he cœposed of severa! characters 
- 'if' • 

_. are COIIpOsed of letters. and llUIIbers axl. c.OIIposed of diai ts; an 
• 

at_ .Y ,also' couist of a siDale character, luçh as an ni thaetic ope1'- \ 

.tor, + • DI' •• 

/" . 

..,. at 1 ... \ .. M".· ..... a ........ ,~. la .... &1, al-
, \' : '. '( '. . 

'" / ........... ~ "~:, .• "to ... ~.,'~W ta, *' ' ... al ... , '.:' " ',., , "~~1_'~·_t'. ~ .~~1.. 
,'" "', '.~j.~' .~ • 

\~j~r "~. . ,j', 

.... ' '):~.; '~~<'.;.\/' , 
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delimlter syabol, 'suth as a seaicolon (;), i5 encountered. Alternatlvely, 

.. fram graphieal, voiee, or functlon-button driven input devices, the input 

• 

.. y be in atoaic fora already, thus sÜBplifying the job of the scanne~ 

Lexical classes. In th!s i~lementation, the scanner classi-

fies an input character into one of the following lexical classes: letter, 

toxen-separator, minus sign, operator, digit, pecimai-point, string delt.-

.iter(quote),label deliaiter(colon),end-of-sentence dellmlter (semi-colon). 

The assembled atoms are in turn assigned to one of the follow-

ing parameter categories: 

i) Hu.eric constants; integers, e.g. 37, -ISO, or decimal nua-

bers, e.g. 123.46, .5, -3.0. 

U) Operator5. e.g. +, (, <. 

ili) Strings of any available characters, enclosed between 

quotes; usually uled for names, or identifiers, such as 'XEROX'. 

Iv) Naaes, consisting of alphab~tic characters; these are looked 

up in the user-dictionary br the post-scan pbase. 

v) Line nuabers, or labels, that is nuabers followed by a colon 

(:) . 
Atœs which bave been taged as "naMS" br the scanner are further clas-

sified by a post-scanner wi th the help of the user-dictionary • 

. Tbe UJer-dictionarz. 11le Dictionary contains all the appropri­

ate torainoloay for aD application. The basic vocabulary J coçàtible with 

-th. proce.s1D& lollc, il definecl at set-up tille. Later, the usera uy add _h OWD terM vith th SYtamc ee: ri. 

...... 1s 110 iJaherellt -aalaa to • al ... word, its us... is 

atrictl1 ~ 111 "lu cat..,rr ,~ ... Dlct __ ,.,. The vord IIIPOIT 

.......... U' à fJ4IUjlfél'l. Il la '~.,., . 
.. , '\ .. . ....·.-1 ... 12'~ ,:rf~:'~·' 

1 ... ~,t. II / .. "'1 

'_i:~". - , 
~ \"".\':.!J\i1t , - • 7",' ~ ~~}.!, \ +> ~"'. 

t .. .'f' ,'t ,' ....... ~'t 

.-.:~~': . fl:~ :,.~: __ i':t<.,~~" , ", ~ ,- . 

.. ,.:..,.:. -' ... ~:~ '.::_:~,;;'" . ~i~~~·\it~~;,;·~j~~} ':~,,',:'. ~~. 

.. ~ ~ f. ., ..... , t .; . .' ~ '. \ 

. ,~ ", , , . 

. ,:'<~~~L~r?~;~-,::~,~· '~-, ."" ,~,.::~',,~, -'2« J 
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with the meaning 'lproduce a report". Alternatively REPORT could be defined 

as an item-name, as in 

PRINT TRANSACTION REPORT; 

Words such as FROM, 10 ~ay be defined as limit-descriptors as in 

DISPLAY STOCKS FROM 'A' TO 'GI'; 

However if they have not been defined in the Dictionary, they will be 

sillply ignored. 

A Dictionary entry can be defined as belonging to one of the 

following basic categories: 

1. Itea-name, or class-name. 

2. Value (descriptive-constant). 

3. Co.and, keyword. 

4. Descriptor: of li.dts, 'of conditions,' aarker, ete. 

S. Operator: logical, relational, aritn.etic. 

An in.put-nue is looked up in the Dictionary and 15 replaced 

by its categ~ry designat1lon and br a standard keyword. If the input word 

il Dot fOWld in the Dictionary, it is classified as a Itnoise-word" and is 

.iven the cate,ory Eero. Noise-words .. y be U$ed frecly to make the input 

\ IlOTe readable. For instance. if in the sentence 
\ 

DISPLAY THB LAresT NARUT PRICE FOR !!$! 'ABC' 

oaly the uncIerllned words are r~levant. the it 15 equiva-lent to the .ore 

caache fOl'1l 

DIlPLAY l'lOCI 'MC' PlICS ; 

GeII"'l~ .... ianpwi.fmced ... teDCls to be .... Yel'bose. ~ the 

e.ipe:d ...... ~ .. ooerct •• bput • 

...... ~tic act:iGIIa ., ... taba f. ~ aoi •• -words 
. .' 

: " ......... ~. Ja ..... 'way •. ~"*..,.,. C(aUUentt as , . , 

................ t .... 'r_·,~nlll •• ,.", .,_~·.0Ile 
, >~,~,~~~ :",..~ ... f _T .. , "';'~':.:;\~;:::, ~ l" '*\'/ ~1',1\',"" ~- -1 

• • if "~:;,).1~ 
".,...,.,-,.-.... "">..t~,.\-.~i~'t ~:' ;~ 

10 .. 
, ~ , 
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specifie meaning. Examples of user-dietionary entries are given in section 

6.1. 

Although not done in the present Implementation, for some ap-

plieations it may be useful to attempt probabilistie matching of input 

words with the closest Dictionary entries. This would be useful for rec­

ogniting misspelled and ineompletely formed words. Par instance, words 

such as DIVS, DAVE (misspelled), OVO, could aIl be recognited to aean 

OIVIOENOS, and be replaced by the same standard èntry DIVI. 

Text replacement could also be handled via the Dictionary. For 

1 instance, the descriptor, ALL might be replaced by the equivalent expanded 

string FRtJ4 FIRST 1'0 LAST 8Y 1. 

3.4 Elements of sent~nces 

The basic atomic components~ described above, are coabined into 
." 

syntactic units, or sentences. Sentences are aade up of a,keyword, usual­
A 

ly a comaand, and of soae other paraaeters necessary for the execution of 

the task specified by the keyword • 

The para.eters .. y be data-naaes~ values, arithmetic or Boolean 

expressions, liaits, or conditions. These clements of sentences will now 

he described in .are ,detail. 

S.4.l -Ke)'!Ords 

A. keyworcl i~ cI.fined to be an entry of type 3 in the Dictionary. 

41 

·It ia uaually • ~an''''''-vm. It.,pr_ry t.mction ia to acUvate the ap­

propdate F-sial ~ •• A ttyWOr4 .... ta. active untU lu .ffects are 
. } 

c:IwIpd by • ~t bywo'.rd. 

A, ............... y •• n ta, the lentace. -or not et. ail, 
" , ,-

if lt bu bMa "", III • ~ ... ~c:e. .....11y * keJWr' il ac-

~nt,.,." ~ ~ .... ~ ...... i.~ . 
.- . 

< ,-
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3.4.2 Data-names 

Data-names are names of parameters of different types. It~ 

naaes are names which have been entered into category 1 of the Diction-

ary, defined at set-up time. Values of these iteas ar~ to be found in 

data-files, or in the templates, or else they follow the item-name in 

the input string. 
, 

Expression-names are names of arithmetic or Boolean 

expressions, defined by the user at run-time. The value of such expres-

sions i5 evaluated and trans~tted to the processing-Iogic module. Class-

~ are names for collections of items. This is a shorthand notation, 

which enables the user to refer to several quantities with one name. The 

preprocessor expands a class-name into'its individual components. 

3.4.3 Values 

In general, there are one or more values associated with a data-

naae. Values can be of three different types: nuaeric constants, strings, 

and descriptive-constants. 

Itea-na.es in ~ sentence .. y be followed by values, e.g. 

ClW«iE PRIeE 1'0 23.5 ; 

which _ans m.:t the value of the it_ PRIeE i5- ta be set ta 23.5. An 

it_ .. y have IMlltiple value., e.a. 

DISPLAY NAMBS OP STOCIS • A', 'MN' and 'TX' ; 

whicll refers to three v .. lues of the it_ STOCk, naaely tO . ..-'A'. ta 'MN' 

and to 'Tl'. 
III' __ eu." where DO _ipity ta ln.lr, an itea,:,nDe .. y he 

la""" .. la 

PIlIT· 'GII' PUCB ; 

i _lcl& ',....11, ..... 

finir' ftJèl· -'.' .,,'; 
, -. 

\" Il ';.' J 

,; ; ''''i \ ~!: '( 0 

, 
0' • 
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An itell-naae uy be implied if the itell is a required input-

~ paraaeter and not an optional one. The implied name is established by the 

semantic routine SEMIMPL by considering the value in context Mith other 

• 

atoms in the string, the parameter sequence in the template. and the type 

of the value (numeric. alphabetic. oi descriptive-constant). 

I~lied item-names allow for a shorter input,string, and aay 
• 

.. ke it .are readable. Por instance, let us consider the sentence 

DESIGN CONCRETE BEAMS ; 

Mere CONCRETE 1s descriptive-constant for the item-nue MATERIAL which 

i5 iaplied. Ta a user this is .are re~dabl~ and preferable to a more 

rigid syntactic fora, such as 

DESIGN BEAMS, MATERIAL CONCRETE ; 

or even 

DESIGN BEAMS, MATERIAL .,. 1 ; 

where 1 wuld _an CONCRETE, 2 STEEL, etc .• 

3.4.4. Qualification of names and 5ubscripting 

Multiple values of iteas .. y be thought of as entries in a table 

of one or IIOre diaensions. Depencling on the siEe of the table, it uy be 

physieally an array in core or a data file. A ~pecific value can then be 
n 

se1ected by ipecifYing aIl the appropriate coordinates, or subscripts. 

Such a data-..... bas to be gualified br i ts Sub5cripts. 

AI ua exaple, the i t_ PRIeE _y be considered &5 a two­

,U_sio_l table, vith stock syJlbols alOft' ORe ÜIIOUion. and the dae 

periods (w .. b) aloq th. other, as 'shon ia Pi,. 3-1. A. unique value 

of PUeI u specUt_ .. 

fUCI OP 8'l'OCI .. .L OP." • J. • 

: 
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1 WEEK J.. N 

Figure 3-1.. Table of stock priees for N wee-ks. 
1, 

In order to access a particular PRICE, the values i and 1 have to be 

known. To in.ure this, when the application is set up, tbe implementer 

.ost specify that STOCK and WEEK are required para.eters, whenever the 

item PRICE 15 ~ntioned in a request. 

The user does not have to follow any specifie syntax in his 

request to indicate that PRICE i5 a subseripted variable when he wants 

to aceess a partieular value of PRICE. The subscripts STOCK and WEEK 

-y appear anywhwere in the séntenee J and in any order. Th~y are re­

copized by 1UUI8, and the usual rules, for naMS and values apply. In 

this exapl., the it_-~ S10CX and the itea-naae and value of .BEl uy 

he illplied. in whidl case th. det'ault valuè of th. current v.et would btt 

uecJ by USEJtSEM. Valid requ •• ts aipt be: 

DISPLAY PllCE OF 'CIl' ; 

or ... SIŒl 'QI', ml DIB PIUCE 0' lfIJII 2;. 

If •. ce na., 

.... IUCI. 

. . 
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vas given, the user might be asked to supply the stock-syabol, uniess it 

can be otherwise determined. 

Instead of referring to a specifie subscript, such as WEEK : 2, 

the subscript may be variable, in which case certain rules of syntax must 

he followed. 

The name of the subscript may he followed by a position-marker, 

SUch as THIS, NEXT, PREVIOUS, optionally modified by a signed integer, 

e.g. THIS-2, NEXT + l, or the name of the subscript may be preceded by the 

.arkers THIS, NEXT, PREVIOUS only. Alternatively, the name of th~ sub-

script may be preceded by an unsigned integer and followed by a direction­

.arker, such as AGO, HENCE. Some examples of variable subcripting are 

shawn in Table 3-1. 

TABLE 3-1 EXAMPLES OF VARIABLE SUBSCRIPTING 

Effective value 

WEEK NEXT + 1 T +2 

WEEK TIll S - 5 T - 5 

nus WEEK T 

PREVIOUS WBEK T - 1 

3 WEEKS AGO T - 3 
. 

2 nEIS HENCE T + 2 

'" Juteacl of the sqUestecl po.ition-..ner ms to stand for the current 

ftlu., tH utft _,. of cour •• us. othè~ '~OIlyas. say T, or 1. Before 

the tubtcrlpt c .. be evàluated, the potltlO1l .. .uk~ .ust either he given 

•. Wl ..... ell •• üflUlt ,ft lue 1 .... . 

. ... ..... ' • qu,\J1fl.ed t~ ... la: ...... tic .~".s1.OU, 
........... ~,,, ..J..fp~ .... '~ .. ~onaect" vith . " 

\ . 

SI 

> , 
'll 
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th. keyword OF. as in 

DISPLAY • PRIeE OF THIS WEIl PilleE OF PREVIOUS WEE~· 100; 

(DOt implemented at pr~s.nt). 

If n ... qualification ia to be uaed. then the position-markers 

aad direetion-.arker. have to be entered in the uaer-dietionary vith a 

UDICT coaaand. 

3.4.5 Liait-1oop. 

Liait-loop. are used ta indic.te the ranse of .alidity of the 

c~bd for the ita ... ,.cified ••• 1. 

DISPLAY STOC~ PRICES FROM 'CCM' TO 'GM'. 'MB'. FROM 'X' ro 'Z'; 

which would liait the ranR_ of .tacks for vhieh priee •• re to be di.played 

for those vith .tock .yabol. batveen 'CCM' and 'GM~ then 'MB' by it.elf, 

aad finally ~ho.e between 'X' and 'Z'. 

ADDther exempl. : 

lESTltlC1 DIAKEnR TO MIN 5 MAX 10; 

whicb place. aini.ua and .axiaua liait. for tha it .. calle. DIAMETER. 

For nuaeric value., an incr ... nt can al.o be specified, e.g. 

ROM -2 TO 15.3 BY 2.58. 

3.4~6 Ixpra •• iODa 

Arl~tic of IIDol .. aspr •• aloa •• , he .. a. il •• ntaDCa, 

la ta.. ...... 1 fOrMt . 

<~. < ... na~ 

DlltLAl' 11'110 * puca • D~~) 1 COR- 100, POl 

...... ilc ....... ioa 
, -, 

'MI' : 
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!xprel.ionl are coapoled of ite~names and of constants, sepa-

rated by operator. and by parenthesea. The operatora implemented are 

,iven by entrie. of category 5 in Table 4-1. Boolean expression. are com-

po •• d of predicate. connected by logieal operator. OR, AND~ NOT. A 

,redicate is a r.lation conliating of tvo arithmetic expressions con-

Dected by a relational operator, luch al GREATER, ., LESS. The complete 

.yntax for arithmetic and Boolean expre •• iona i. given in Appendix A.3. 

Expr ••• ion. ar. evaluated fra. left to right in the .equence 

Lmplied by the prioritie. of operators. In decreaaing order, the opera­

tor prioritlea are : exponentiation, .ultiplication/diviaion, addition/ 

.ubtraction, relatioual operation. (such a •• , <, », logical NOT. 10-

giea1 AND, logieal OR. The i.,lied prioriti •• of operations ean be 

explicitly modified by the uae of parenthe.el. 

3.4.7 Condition. 

Conditio~ .. ntencel are uled to .. ke the execution of a CODr 

.. nd dependeot upon certain relation. that .u.t bold, otherwise tbat 

c~nd ia akipped, e.g. 

')tINT MAKI POR S'l'Oa 'AB' Ir PRIC! / COST > 1 1\ DIVS > 0; 

A eonditiOft i. co.po •• d of the keyvord. IF or WBILE, folloved 

bJ • 1oo1e •• expre •• lOG. The IooI.ao espre •• ion i. evaluated ac run -

tiM ... if lt 1., tî'Ue the. the c~ad i ••• euted, othetvhe it il 

.lti.,.. 
!be VIIIU coadltlO1l la .i1dlar. but It .1ao aeta a. a liait 

...... _ ... coaIltioa bei"l true. • ••• 

nur M.L l'IOCK Pllell WJID.I lIOCk II .or lqIJAL TG 'M'; 

wteb .... 1. ,ria' ail tJae .todl ...... attl the .todt 'M' v •• -+ 
' ..... aC _lcll C.... ... If.Il" ry_ .... 'nl.. l .. ct .... 

. , '" 
.t ' .. , , , 

S3 

~ 

" 
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The end of a condition i. recognized in a sentence either by 

the final leMicolon, by the keyvordl THEN or DO, or else by the command-

",erb, aS in 

roR ALL EMPLOYEESi IF SAURY IS LESS THAN • 1500, WRITE REPORT; 

If a condition il part of a lentence, then the Ipecial name 

ULCOND is entered into the Ipecial-name lection for that lentence. 

'.S Requests 

FOT a siven application, the complete specification of a pr~ 

.lem to be lol~ed is a requelt. For example, in a Itructural ensineering 

application, a requast .. y be al limple al to di.play lome information t 

or to do same limple calculationl, or al eomplex as to design a complete 

buildina· 

If· the raquast i. a limple one, lt mey eonsist of a .inale sen-

tenca, a.8. 

TYPE 1· PRlCE 1 EARNINCS FOR 'A8X'; 

The command t. executed i"'diately after the delimiter (;) is 

eneountared. The control after each eom.and revert. to the u.~r. Thil 

i. called the im.ediate moda, and i • .o.t appropriate for interactive 

u.e. Unle •• otherwi.e indicated, thi. i. the normal .ode of operation. 

If the uaer viahel to for-ulate more eo.plex reque.t., he .. y 

eDter ... la,ed requ.at .ade. lt i •.• ignaled by the kayword REQUEST j 

follaved ~ ODe or .ore lenteace., al needed, to formalate tha requelt. 

It la tftllluted bJ CM kayvord IDCUT!;. ln thia lDOde the c~nds are 

ac ...... aM .... ly ... kt t'bey are not ~i.t.l,. execute4. They are 

.lIpt, '~8C-" f~ .-.cucioa auba.qùefttl,; the .ela,ed requalt .ade ha • 

...... blpluri .... '., .. é.. Of wrltl ... 

.. 
,-' , 

! ,," , 
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CHAPTER 4 - IMPLEMENTATION OF APPLICATIONS 

Introduction 

In this chapter, the ways of using ULANG for the iaple.enta-

tion of application-systems are presented. First, the steps of the ia-

plementation procedure are exAained. in the context of the ULANG system. 

An example is used to illustrate the implementation procedure and the 

resulting teaplates and u5er-requests. Additional e~les can be found 

in chapter 6. 

The setup-language is th en presented, together with the rea­

sons for the choice of the setup commands. The representation of the data-

structures of the teaplates, Co..and Table steps. and user-dictionary i5 

explained. Finally, the aethods for accessing values'and other attributes 

of par8JIeters fra. the problem-solving procedures are given. 

,The use of U~ results in better-defined applications and 

a~oids aisunderstandings between users and i~leaenters. The setup facil­

Ities require the. to work together right fro. the early stages to define 

the area of discours. of the application and its problea-solving capabil­

Ities. The i~le~ter can i..ediately CODcentrate on the problea-solving 

aspects, without being sidetracked br user-language specificatiOns, since 

a 1anauaae i. already available as part of the ULANG systea. 

4.2 I..,leMDtation steps for an application 

. The iapl.-entation procedure of an applications package with 

tJae assistance of ULANG can he analy.ecl into lovera! distinçt steps J shawn 

la, Pla. 4-1: 

.' ,"( , ~':'/ 
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Dofine the application 
and tho user-eom.ands. 
Group the. into k reque~ts. 

, 

r- - .....-~ ~ .1 Do for a11 requests 

1 \. i - 1 ta k 

t 
1 

1 

! 
1 

1 
-1 

1 
L_ ....... 

Enter teaplate Ti with ULSETUP 
and 

prograB the IOlie of,procedure PR
i 

, 

Telt PRia 
Jbd1t.Y·Ti and PRi 
if necessary. 

,A) 
-.-~ , 

-

. . . ~ 

56 



• • 
, . 

i) First there i5 a planning ph~se, where the scope of the 

... applicat~on and the needs of the user5 are exaained. Fro. this, the type 

and npaber of u5er-requests i5 deterained. A user-request i5 a certain 

• 

, 
problt. solving activity, that a user ~y ask the syste. to carry out.It 

il initiated by a c~d. Each user-request lhas to be supported by a 

problea·solving procedure PRie 

ii) The next step is to define in .ore detail the proces5ing 
t 
paraaeter requireaents for each PRi and to define a paraaeter te~late Ti 

correspondingly . 
• 

iil)' The paraaeter te~late Ti il entered into the sylte. by 

the set~-language. At the sue tue the u5er-dictionary is built-up with 

the terainology of the application. 

iv) The problea-solving procedure PRi i5 proara.med ox i5 

obtained Iro. a subroutine ll.brary. The processing paraaete~s are u5ed 

directIy through special ULANG ! ste. functions. 
\ 

Steps il) to iv) ar repeated for ail user-requelt! • 
. ,/-

Definina the para.eter te!pIatel. Bach teaplate and its cor-

,l'elpondlng proble.-solving ,rocedure PRi is' identified by a keyword. In 
, 

addition, each PRi requires par"'Cers J SOIIe aandatory. soae optiona!. 

'lb. illplnenter 'has to decUe which paraaeterl are required in order to 
, 

properly interpret aU user-requests. '-, 

Haw th!s i. done, is best illustrated by an exup,le. Aclditien-

q, al exuple. can he fOUDd in chapter 6. Let us considel' a financia~ ap­

plication, .... d ce , .. clata about aecuriti... Let us us .. that ~ user-
, . . 

nquest coutlts of prMictiDI 'the priee, earnJ.qs, or divi .... for a 

.toct or 1ft .. iIuIu~J br an eaU'8pOl~tl. tecIulique, .uch .. regres-
~ :.1_ ", -ta,.. ........ J onr IL ......". . ., "-,.riods . 

'. 
.. 

~ .!., t" ... .. 

-t 

A 

'h 
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The required par~ters aight be: 

i) the entitr for which the extrapolation i5 to be done, either 

• stoclç, or an indu5try. 

ii) the naae of the entity, either the stock symbol, or the 

liue of the indus.ry, 

iii) the item on which the extrapolation i5 to be 4one, eitber 

priee, earnings, or divi~ends, 

", 
" 

Iv) the aethod of extrapolation to be used, either regression, 

.aving-averages, or exponential-smoothing. It is decided to restriet 

exponential-smoothing to dividends only, 

v) the liaits on the tiae-periods to be encompassed in the 

extrapolation, namely the first point and the last point. 

ln this case, s=.x parameter classos are required to dofine the 

parameters needed for,a PREDIC, request. 

Having thus dccided on aIl po.sible input paraaete:rs. the im-

pleIlIenter~nters their description into the template PRED br the setup 

langua,e state.ents shawn in Pla. 4-2. The resultlng c~tent5 of the 

PRED te.p~.te are displayed in Pia_ 4-3. The foraat of the display i5 

explained in .ore detail in chapter 6. 

, The t.pleaente~ a1.0 procee4s t. write a procedure whlch will 

carry but the extrapolation, usina the active'para..ters provided br the 

U1.ANG interface. To obtain the yalues of the.e parallOters, he u.kes USe 
,\ 

of certain run .. tiM functions, clesC'l'ibec1 iD .ection 4.5. Typical user­

requesU are .hown' C.rl1necl) in Pil. I~'. vith the correspondiBa ac­

Uve ,..u.ter. and inforMt~~ ~inl ........ 
'--;' . " 

. 
~; -

" 
1 If,. ,...' 

,'" .," ~.~ ~, .. ,:,':a; ... 1.; ... 71ù~j(~_.,,·. ~~ " .~~~t,~ .. AIi .. :;,j~~,jti:_.",,"/~, ~" .. .;., .. _' ... ' - ".1",' 

, 
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LINK I<WO Ta ENT ITY, HETHOO TO lIMITS·2 

LINK t::NTlTY' TO C-HAHE, ITEM 

DCLA SS KWD IS PREOICH 

ENT ITv: STOCK,INOUSTRY 
--"- ~ ~ ~_ .. --...--~-- .------... - t- ---- - ~ ----, -

~ 

ITEM= PRICE FOR STOCK, EARNINGS 1 DIVIDENOS 

HETHCO=(REGRESSION,HOVING-AVG) FOR (PRICE,EAflNINGS) 

.. HETH,OO IS EXP··SHOOTH ING FOR OJVIDENDS ______ .~ ______ . ___________ 

CLASS C-NAHE= SYHBOL·A FOR STOCK,NAHE·A FOR I~Ol.ST(V 

CLASS LIHITS FP.LP 

pATEGCR,Y I=FP,LP; 
--~- ... -

# - -------- -----'.~------""-'''- ----, 
VALUE FP 1 Ll 1 ut. i5 

-
VALUE LP 1S lL 1 UL 20 

UOICT BEGIN 431 _END 432 - OPJIO!ol 31. 3; ________________ . ____ 

OIstLAY 

PilUre 4-2. Setup stateaents for PRBDICT e~d. , 

• 
, -.l" ' , , 

~" ~ r t 
~, '1''' " ..... t. • ~ \ r ... 1 

,,~i",.t::-·.iJi.., 'J.' \,. 
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• TEHPLATE PREO , 
~ 

c = () KWO NPR = 1 S :: ENU , e =: 

H = 15 te PRED IV :: 1 

C :: ft ENTI NPR :: 1 S :: CNAHE e = METH 
H = 18 t) STOC IV = 1 

" = 7 0 INDU IV. :: 2 ~ -- --~ - . -- .......... -~-~ -- . ~-- --~-~ - - -

C :: 1 eNAHE NPR = 1 S :: e = ITE" 
H :: 19 A SYMB IV :: 0 FOR STOC 
H :: 1~ A fUME IV = 0 FOR INDU 

. _C = 6 ITEM NPR :: 1 .S :: e =: 
~ ~ ---- - --- - -- ._~ 

" :: 16 0 PRIe IV :: 1 FOR STOC 

" :: 3 0 EARN IV • 2 
H :: 2 0 01'11 IV :: 3 

C = 12 Hf TH NPR = 1 S :: LI"I e :: 

" = 17 0 REGR IV :: 1 FOR PRIe EARN - H = 13 D MOVIAV IV :: 2 FOR, PRIC EARN 
H :: 5 0 EXPSMO IV :: 3 FOR 01'11 

- --c = 10 LI"I NPR :: 2 S :: e :: 

" = 6 l FP IV :III 0 

---_ .... -" :: 1 _ .. ___ ~. __ L.l_ :: 1 UL :: 15 - .- --_.- ~ -- - - - - --- ~ .. -~_ ... ~ -

" • 11 1 LP IV ;: 0 
v :: 15 II :: 1 UL :: 20 

• 2<)9 SEC • 
~_._ .... _---_. __ ... _------

--~----~------' -- ------- - - -- - ------~ . .. 

• 
. 

Pieur. 4-3. T!!plate for PRBDICT colaand . 

• 
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• OPTTI"\NC:; F.rHO-OIIT' . 
PR~nTCT ;tARC~t --

ACTIVE PI\RAMETF.RS 
NA~F TYPE __ YAL\J~. ___ .~~~t-!.t~~._ ...... ___ ~ __ . .. ~ -~ - - -~ 

_.~~_ .. ~ . 

f(Wn f( 1 PREO 
ENTI C 1 STOC 
SYMA A ARC 
lTF'M C 1 PRIC 
METH - ç. ~---" . l REGR 

~_W~~ __ ",.p t 1 
LP 

. 
t 15 

~A~NTNr,C; Tfi.mmmn N~R~=~Fnoo-ppn~r~~TNG~ RY EXP-SMOOTH trlm~TTO 10 
f'XPSMl) USEO IN WRONG C6NTEXT 

ACTrvf PARAMETERS 
NA~E' TYPE VALUE MEANING 

--
~wn K l PREU 
ENTT C 2 INOIJ 
NAMF' A FOOO-PROCE -- - -- - -~-----

A SSING 
ITf'M C 2 EARN 
tAETH C 3 EXPSMO 
FP l ~ 
LP l 10 

PRf'nTCT PRIeES F'OR STOCKS AEGIN ~MAL;t END ~rnL~ WITH MOVING-AVG 

ACTIVE PARAMETERS -NAMF TVPE VALUE ,..r-AI'rINû 

KW,., K 1 PRED 
EN'Tl C . .. -" - -y·sT6c - ----_._- - ._~- -- --- . 

SYMA 0 FROM 
A MAL 
o TO 
A OTL 

ITF'M C 1 PRIC 
METH .- -ê - ... _. ---.... 2"-MOV 1 AV - - . ---_. --~p .... -~---~- _ .. -... _- . 

FP ,1 1 
LP t 1!5 

• 121 SEC • 

'llure 4-4. Typical PREDICT requ,est. and active parueters . 

• 
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4. J The setup language 

4.3.1 Introduction 

In order to make use of the facilities available through ULANG. 

the imple.enter must first set up his application using the subsystem 

ULSBruP. 

The setup phase consists in defining the contents of two 

types of tab!es, : 

a) The basic t~rainology for the application, ta which tfie 

us ers may later add their own synonyms. This terainology is used to build 

up the J>ictionary D. 

h) A template Ti for each procedure PRi ' '1- 1, 2, ..• , k. ' 

In general there would be a PRi for each type of user request ri. Each 

template T. has the names, values, and relationships of aIl the paraaeters 
1 . 

{p}., which are necessary to be able to interpret and to process the re-
l 

<luest ri. 

The imple.enter is given SOile basic ULANG c~nds. which enable hi. to 

do this setup, such as DEPlNE, LINK, CLASS, vA.Î.UJ!. 'nIese c~ds are 

used when first defining the application, or later, when adding capabU­

lUes to it, or .odifyina it. 'nIey should not be confu5.d with ùser-
" -

" 
ca.aands, which are ca.aands that allo. a user to for.ulate ~is requests 

at run-tme. 

4.3.2 Relationships between Para.eters 

can' .nst: 

Ther. are two ways in Mbich relationships between para.eters 

- the)' aypo,esi • c~ property. in which case they tan 

lM fI'CIlII*I iD .. uray. or • 'table; 

\. 
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they may posess a hierarchical relatio~ip, which can be 
. 

expressed by a tree structure. 

In general, both types of relationships are present, making up a compound 

data structure, which has to be built up at set-up time and accessed at 

run-ti.e. The data structure has to be retrieval oriented. since that 

15 by far: the DlOst frequent DIode of usage. 

An additional requirement is that the parameter structures 

should be ea5ily modifiable by the implementer, in order to add now com-

.and 5 , or ta change or to add capabilities to an existing commando How-

ever the efficiency in processing time for this activity 1s of lesser 

i~ortance. since i~ is relatively infrequent as opposed to run-tiDle use 

of the parameter structure. • 
If two parameters XA and YA are dependent on each other in 

some way, in ULANG this dependency is shawn by linking together the clas-

!!! to which they belong. say CA and CB. by LINK CA TO CB. AlI relations 

between parameters are expressed br assigning them into classes and then 

br linking these classes together. 

The paraaeters are referred ta as acabers of the classes, i.e. 

lA is a aellber of CA and YA is a _aber of CB. Paraaeters posessing some 

c~ property, or different alternatives of the sa.e parameter can be 

Il'ouped as _bers XA, XB of the sue class CA, br the statement CLASS 

CA - XA, lB;. 

Oilles. o~erwise specified, ~e .-bers of a given class are 

dependeat on a11 the ..abers of higher clas.e. to which they are linked. 

If thh 15 not 50, the restriction in dependency cao be shawn by quali­

fy11l1 the _ber naae vith POR<restriction>; e.g. 

DCWI CI • TA JOIl D.. <n. l'Cl JOI Oz • 

-i.dl ...as . that VA. relates to XÂ only, aad ft, YC to XI 0011. 

63 
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Each member or parameter posesséS a value. For descriptive-

constants this value is only a switch-value, l, 2, 3, representing 

the diffèrent alternatives. Descriptive-constant classes are identified 

by the keyword DCLASS. Por items, the values can be nuabers or strings. 

'. To assign the value 17.5 to XA, with lower liait 1, and upper liait 20, 

the statement VALUE XA = 17.5, LL = 1, UL = 20; could be used. 
• 

Within a template, the classes (a1so called families), members, 

restrictions, and values are represented by P-cells, M-cells, R-cells, 

and V-cells, respectively. 

Next, the important setup commands are described in more detail, 

followed by a description of the template representation in storage. A 

complete description of the syntax of setup statemènts in aetalinguistic 

BNF notation 15 given in Appendix A. 

4.3.3. LINK 

The general purpose of this sy5te. command is ta define aIl the 

naaes and hierarchical relations between classes (or faailies) of parame-

ters. AlI the possible paraaeters of a ca.aand have to be assigned into 

classes, and the hierarchy of classes 8USt be shawn with the bINK commands, 

of the ,eneral fora: 

LINK<class-naae-l> 1'0 < class-naae-2 > 11< npr> J .... 

. which indic:ates that parUleters of clus-2 are dependent on paraaeters 

of class-l .optionally followed by the nuaber of paftlllaters required. 

'I1ae hipe.t cl ••• of the hierarchy la the keyword (OD) class. 

It c:loes DOt bave to "e sp6Cifically MJltlODed. Any other c1ass. wh1ch 1s 

Dot expli~itly linte4 to • hilher cl"s. 1 .... UMd to b. linked direc'fly 

to dle IWO cl .... 

.. 
II 

\ , 

\ f 
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One LINt c~d can show either horizontal or vertical relations 

between par ... ter classes; fot instance the following class structure 

A /1,"-
1 CDS 

,cu -be expressed by the statement 

LINX A TO B, C, D, E ; 

'I1le relation 

A--+-B ......... C ....... D 

cao he exp'ressed by , 

LIft A TO B_ 1'0 C 1'0 D ; 

'I1le relation 

A 

//\ 
B C 1) 

1\ 
ca be shovn by . 

LIB A \ 10 B, C, 0 1'0 E, P ; 

Giveà a .ore cGlplex relation, it CID he e~ssed by several 

LIli claus •• , 8.' . 

, 
-,I .. !. 1" 

~':, } 

", , , 
~,\' ' ~~~:; ~ ~ 

.' ' •• 1 ...... 

, 
" 



\ 

r 

• 

• 

• 

• 
xe ua Q A j a5.l181 i22 III LIli JI.'" 

For re.aona of simplicity of input, it va. decided not ta allov 

• general neating of cla.se., ta any level, vith a .ingle LINK clauae. 

Thi. vould require .nother delimiter, a.y END, in addition ta TO, or el •• 

66 

a p.renth •••• notation a. in LISP. vhich vould .. ke the input hard to read. 

Por exaaple the laat .tructure vould become 

LIn A 'l'O B TO C, D END, E TO F TO Gt H END, EMD, 1 

or LIn A(.(C,D), E(F(GtH»,~); 

lither of th ••• form. i. hard.r to read than the three .i~le LINK .tate-

_nt. abov •• 

s .... t (69, p.406) reports user exp.rience vith th. LISP notation: 

"lt h .xtremaly difficult to read .nd vrite because of the exÏlr-

tence of l.rge number of parentheses and th. problem of metching them; •• 

• re.ult it i. extr ... ly error pron •• " 

Tbi. viev i •• upported by Barri.on (70). 

To .ua.ari.e, cl ••• relations on the same level (brother.) are 

.bown by li.ting tbair ~. together, follovin8 the TO. Relationa in 

depth are ahown by ft •• tina the TO'.. Only on. cla •• -name i. alloved 

Htv •• n LIR aGd tb. firat '1'0. 

1ft addition to the cl ••• rel.tlon., the LIKK .tatement allows 

0Dt to ap.cify tb. ftu.ber of required par.metera of •• ch.cl ••••• hovn as 

<cl ••• -nae-2~pr>. The indicator <upr) c.u b. .n 

iDt ••• r. a.a; #1, or SOM <cl ••• ~-3>vhicb ha. been d.fined previously. 

Thi ....... chat the 1lu.Hr of requir~ par .. ter. of c~a ..... 2 ha. ta be 

the ..... the ..-.r of par .. ter. of cl ••• -J. If DO <llPr) i •• p.cified, 

lt la ... .-. that ODe par_ter of that cl.a. i. raquired • 

.. par ... ura .-k1 ..... it".. cl .... vhich ha. b.eft previouÂy 

, 

. . .. 
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defined with a LINK statement, are defined by the CLASS and DCLASS commands, 

having the following syntax: 

CLASS < elass-name > - < member-nuel > (I<cat» (FOR<member-

nue 2 >] ... 

or DCLASS < elass-name > III < mellber-namel > [FOR < member-name2 >] ... 

Unless otherwise specified, the meabers of a given class relate 

to ail the members of higher classes to whfch ther are linked. If this 

is not the case, then.the restrictions can be shown br qualifying the 

aeaber-name by the keyword'POR followed br the class or member names to 

which the restriction applies. A FOR, with a ~estriction following it, 

is assumed to apply to the aeaber preeeding the FOR. If ~he qualification 

applies to more than one preceding member, parentheses may be used to in-

dicate the proper grouping. 

Por example, assume that in the PREDICT request, regression and 

aoving-averages can only be used for priees and eaminas predictions, and 

exponential-smoothing only with dividendsi this i5 shawn as, 

DCLASS NEmaD -= (REGRESSION, J«>VINGJVG) FOR (PRICE, EARNINGS), 

BXP_SMOOTHING POR DIVIDENDS; 

1 Tho aeabers of a clus can be of three types: cOllUllands, descrip-

tive-constants, or it_-naaes. AlI the a_bers of a given class must 

be of the so. type. DCLASS identifies descriptive-c.onstant and keyword 

cluses. It_-nael are dafined with the CLASS co~d. Items can be 

'btecerl, flo.tina-point IlUIIbers, or strin •• ,. corr.sponding respectively 
• 

to the optional '<cat> .pecificatiou 1. p. or A. F i5 the category by 

clefalt. 

4.3.S YAWl 

nu. cc •• end. acl MHl'iptlvt-c .. uat. uvo no inhorent 
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value, except as switches, item-n~es do have actual values which can be 

nu.eric, or alphabetic. These values are either in so~e data~files, acces-

sible through a file-.anagement system, or they are provided by the user 

on input, or they can be stored in the V-cells of the template. if the 

nUllber of values to be saved ~n the telllplate is not too large. 
\ 

To enter the values in the template, the implementer uses the 

VALUE clause, having the following form: 

VALUE < itea-nue > [FOR < restriction >J -<valuel> [LL<value 2>] 

[UL< value 3>] 

The item < item-naae > must be the name of a previously defined member. 

The values can be nu.bers or strings or else they can be procedure names, 

where,the values would be computed, looked-up, or otherwise arrived at. 

Repetitive specifica~ of the same value can be shown by enclosing the 

value to be repeated in parentheses and preceding it with a nuaeric repe~ 

tition-factor, e.g. 

3(150) means 150, ISa, ISO. 

If the user 15 ,oing to be respons1ble for providing values of 

.a.e ite.s on input, tbe t.pleaenter should provide default values for 

these items whenever possible. At the sue tille validity range for the 

input values cao be specified br folloWin, the value specification with 

the keywords LL and ut, for lower liait and upper liait, respectively. 

Bxaple: 

VAWB WBE' - l, LL 1, Ut 15; 

MInS that the default value fil IBB is l, which i. a1.0 the lower liait; 

the upper ,liait il 15. A user-supplied v .. t la cMckecl to see if it is 

a lRIIber betveen 1 aD.4 15. If ACt, a WU'Jliaa ••• ..,e is prillted ucl the 

ID1tiD, nlue i. uaN. If DOa. 11 ..,,11,. br the user, thal i. used . 

" 

\ . , ., 
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Instead of being constants, ,the liaits could also be procedure 

na.es, where so_e more lnvolved lookup'or computation could be done to 

check if a given value is wit~'n the acceptable range. This option has 
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not been impleaented in the present version. To restrict values to certain 

items on1y. the naaes of the qualifier items (grouped within parentheses 

if more than one) are given, following the keyword FOR. 

4.3.6 Other setup commands 

CATEGORY. This coaand 1s used to assi~ or to reassign cate­

gories to previously defined iteas. The format of the comaand 15 

< cat-spec > - < itea-naael >,< item-naae2 >, ... 

wbere < eat-spec > Is 1 for integer, P for floa~ing-point, and A for a1-
.' 

phabetie string. Thé default category~of an item is'F. Categories for 

individual iteas can a1so be specified in the CLASS clause. 

DEPlNE. To open a tellplate the cOlllland DEFINE <keyword> 

is used. If the te.plate < keyword > ex1st5, it 15 brought in from disk 

storale and opened. If the te.plate does not yet exist, it is created. 

If another t..plate 1s open at the tt.e, 1t is f1r5t elosed, before 

opening the new teçlate. 

DISPLAY ls us.d to ~ist a1l classes of an open template in faaily­

order, vith tbeir .abers and values. The fonaat of the di5played tellplate 

is'described in chapter 6. 

DlItP-T 15 ued to duIIp in"nuaeric fora aIl the subflelds of a11 

the cells of an open t.,late. nais ccpend b used pd.arily for debugging. 

The DeXt three c.-.nds cau be useful to the illplaenter 8.5 well 
" 

as to the user •• 

Cl"tIœ8. lat ...... ". pdJltouts can he activated and deac:tivated 

rith tbb oc ••• ncl. 'l'be fol101f11w keywOJ'u, caA he ued in ccmjuction with 

• 



a $ 

• 

• 

» 

'll12 .t .... Ut...... • sM 1 • b dl UlM. IW au 11 • 

OPTIONS: ECHO-IN, ECHo-OUT and DUMP-P . 

BeHO-IN 15 designed ta provide an optionai echo-print of an input 

sentence at the end of the lexical analysis phase. The ata. and category 

strings are displayed. 

eCHO-OUT provides a printout of the active paraaeters in the 

CT-st~ d'ter the ULANG syntax. and seuntic analyds phases. The nue, 
1 

~ ..... 
T,J 

category, and value are displayed for aIl active paraaeters. 

DUMP-P ls used ta ~ in nuaeric for. aIl the subfields of the 

active parameter cells- in a CT-stop. 

By default. aIl three above options are deactivated. They can 

a150 be specifically deactivated by specifying NOECHO-IN, NOECHO-OUT, or 

MlDlIIP-P. 

SYNONYM has the foraàt: 

SYJ«)NYM < nue > - < synonyai >, < synon)'ll2 > 

lt 15 used ta add synonyas to an existing < nue > in the user-dic:tionary. 

!!!fI has the foraat: 

UDIeT < naIIel >, < catI >,< .... 2 >,< cat2 > 

It is used to enter !!!. wordJ in the user-dictionary. These words are not 

.-tered in ,uy te.plate. Siailarily the DICT ca.and can be used ta ente~ 

..., _rds in the setup-dictioury. 
" 

AtthOUJh it is an blportant aspect for an appl,ication syst., no 

,...words or ot_ security aspects have been incorporated at this tille. 
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ru. is' an intric:ate probla, which is beina .tudied br others (Conway (72». 

s.curi.ty ha to he provi4ed at dllferent levels. froa syst_ 804Uficat:lon, 

"4lictioury uul t.,late updatiD., t.o the abUity of using difietut user­

~_ ......... br cI1ffereat USd' cl...... to cliffermt Vlers belq abl. to access 

41tfeat tJpes of data II • c1ata~ is part of tJla application •. 

,\ , '. . 
~ ~,:;!\.. t! ... ~J:'!, rd ~ 

, . . ' . " .. 
, t 
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4.4 Represent~tion of parameter structures in storage ., 

4.4.1 Lists and rinas 

Data structures have been expressed as lists, processable by 

languages such as LISP (62), if they can be grouped in classes having sa.e 

~n property and if relations betweèn me.bers ol different lists can he 

expres~ed through their class-hè~d~ functiOns. Lists can he traversed in 

one direction. 
(." 

This proved to be insufficient for cOmputer-aided desien and ,. 
araphic-disp1ay applications, wher, relations between objects of different 

classes have to be expressed without passing through the beaders. The 

,eneral data structure in such syste~ is in the form of rings, where 

abjects having a co.-on property are placed on a ring, which is essential­

ly a two-way list. Many rin,s 118.1 pau through the sme eleJIent, whicb 

iaplies a variable sile cell for each olement, and consequently a .ore 
1 

COIIPlex storaae structure. 11115 approach ,allows a data structure to be 

~tered at any point as w.;l1 as an unbounded naber of relations to be 

expressed between objects. Exa.ples of rin, structured data organilation 

sch_s are SŒTCHPAD, CORAL, APL at (li Research" and ASP systems. These 

bave been revicwed by Gray (67). 

, 'l'Ite full c:apabili tfes of rina-structUt'e systeu are not required 

ia I&ANG. Ncasa th •• ecessin, of paraeters 15 carried out in syste.atic' 
• 

.. ,.. List pZ'OC.ssina 1 ........ s ~d he usad for illpleaentinl the te.plate 
, , 

. auucture. llaweYer ~1J IIOUlci r...we .... of ita us.lulne.s and .eneral1ty , , 
• ."'ç a- ULMIJ. sUce .. t ...,.'.1 ........ ~ ~ POHftIl-. Cobol. cio not 

...... " l1st p:oèeHI.IIa, ........ la 'PLIt lu .. c;annot he ,.erally rec-
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dEI ...... """e of the ~tt .. l $tOraJe ... 'floc:."laa ~erheada ineur-

• ftIl. JIoz' .tastuee. Jôlat ... 111 fLI~ ... ~ ... 1_ .... eu oné byte 

't ' r-\ f, , ' " . . ,." 
, - " " 

''-..:..-' :' -F-
, :, -.r:,_J ' 

. ' 

, ,-
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point&rs'are !ufficient for the teBplates. 

4.4.2 Template organiEatien 

~e of the most difficult problems of-i~le.entation has been 
~ , 

the struc~ing of the templates, to satisfy the following criteria: 

- ability of acco-.odating an unpredictable nuaber of classes, 

... b~rs, restrictions, and values, 

- efficient retrieval of inforaation at run-tiae, 

ca.pact representation in storage, 
~ 

- siiplicity of access aechanisms to insure portabHity and 

independence fra. the peculiarities of any~peclfic system. 

The key to accessing a class or a member 15 its name. The class-

n .. es and the _.ber-names are stored together in TNAME. The index of a 

n .. e in TNAME imaediately identifies its corTes~nding F-c~ll or M-cell 

(s~e Pige 4-5). The type of cell is indicated by the TYP subfield of a 

c.u. 
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In thls version the ~s are arranged alphabetically and TNANE is 

accesled by binary-searchy w~ich insures efficient retrieval at run-ttae. 

An alternat! ve would be to hash the n .. es. This could be eu Hy done, only 

tho routines PINO and INSBRT would have to be IIOdified. 

The P-cells ~ora a one-way list throuah aIl the par .. eter f..tlies~' 
. 

'Ibo lII-ceUs fona two-way lilts th1'01Jlh all the aellbers of • f"Ur. Bach 
\ 

N-ceU points hack to it. f8l11:11. 'lber. il one list of M .. cells fOf •• ch - . . 
'-cell. Bach K-~~11 ia tum·., poiDt to va.-1able lenftb auhUsu of 

Yalu.-cell1' ('-c.11.) ... re.tt1ctla..ctll. ~-c.l1s). . - , 

- ~1IIa to ..... la itwœ -th .. 11 0011 ~ P-ceU or 
. . ""l, ..... -.- _y !MI.'" ... enra,\l. a-cou .... V-o.11."'.. A t..,late 

Il, __ ' .. .,~. ,:b..wiM, ~~ 01 l~ __ *1 __ I~t.. .. '·c.u. 
• ' ,1 ~ • 1 \ ~,ti ", ,'\. ~ r ,~'" ! ' .. ~ 

, • • • " , h 

1. , 

1 .. 
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and M-cells. plus a variable-size section of length MAXY. containing the 

.. R-cells and V-cells. AlI cells are two machine words long and have bet-

• 
". 

veen 2 and 8 subfields. A subfield is either 8 bits long, or else one 

aachine word long. In this way aIl cells can be uniformly accessed by 

the sue functions T and TSET. 

A template is built up from both ends. In this vay only a single 

area of size MXTCEL has to be reserved to take care of the variable storage 

needs for classes, .eabers. restric~ions. and values. 

togethe~with ~ and a KWDNAME 
1 

Bach template is saved on disk. 
1 

'that identifies it. Subsequently the template cllh be reop.ened vith a DEFINE 

ca.aand and information can be a~ed-to it. 

No facilities for IIOdifying or deleting informat,ion from a template 

have bêen provided at this time. It has been found simpler to modify the 

original setup-Ianguage statements and to re-create the teaplate. The crea-

tion of a template and of the user-dictionary, including display of ,their 

contents. takes only between 0.2 and 1.0 cpu-seconds on the COC 6600. 

Exaaples of template contents can be found vith the examp1es in 

chapter 6. 

4.4.3 Co...n4 Table orlantsation 

~ At TUD-tiae, a user'. input line triaaers the consultation of 

• t.-plate and the creation of a Itep in the Ca.and-Table CT. Each step 

of a requalt J,s identified by a LABBL. Bach par_eter occupies one or 

.ure P-cell. witbln • CT-step. 

'I1l1 '-cilli have to saUlty the foUowina criteria: 

- l'apid creation by ... 111& inforaation fr~, the user'.s input 

lad tra. • t~,t., • 

..~, ~! 
,,\ 



• 
efficient retrieval of information by the problem-solving 

procedure PR. during the execution phase, 

coapact representation in storage. 

ability of accommodating multiple-values of parameters of 

different types. 

ability of accepting previously undefined parameters. such 

as expression - nues. 

siaple aechanism5. for machine independence. 

The first requireœent iaplies that no time can be wasted on 

parameter positioning in the CT-step. The index of a parameter-name in 

TNAME immediately deteraines its position in the CT-step (see Fig. 4-S). 

Each P-cell i5 two machine words long, One ward contains the value of the 

parameter. and the other word has type. status and pointer information, 

For a single-valued parameter on1y one P-cel1 is used. For mu1tiple-

va1ued paraaeters, or for strings several words long. as many additional 

cells are allocatea in the variable P-stack section as needed. 

To allow for user-defined paraaeters, not in TNAME, a special-

naae section"SPNAME 15 provided. A aaxi .. of MXSPNAM special-names are 
.. 

allowed, 10 by default. To each SPNANB also corresponds a P-cell. 
-, 

In RSQUEST .ode, the luccessive CT-steps are saved on disk. 

The inforaation kept for e&Ch CT-step consists of its identifyina KWDNAME 

and LABEL, SP~, P-cells, and P-stacki for a maximum of 512 word! (in 

this Ùlpleaentation). The latest C'l'-at'P re .. ins in core, re~dy to be used 

br th. PI pl'OCedures. 

Dt,Irlna the preproc ••• " phue, GU t..,lat. and one cr-step 

11'8 :la cau s1alltaaeously, vith ... Hia, .1aaH4 "w .. ft th .. (s .. 

• 'l,_ 4-5). Dur!. the .XlcutiOl1 ...... tP Ullplate 11 DO laqer utH. 

i ...... 'i" . , ,,,.' .", 
.\. 1. \"l~, 

7S 

) 

'li 
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Its space May be used by another CT-step, allowing information transfers 

et between two CT-steps. 

Examples of CT-step contents, for various user-requests, can he 

found in chapter 6. The preprocess!ng and displaying of a user-request 

varies between 30 and 4S cpu-msec. on the CDC 6600. 

4.4.4 Dictionary organisation 

The Dictionary contains the vocabulary used by the users when 

formulating requests. The basit terminology of an application is defined 

by the Implementer, since aIl class-names, item-naaes, decriptive-constants 

and keywords are autoaatically entered into the user-dictionary at the s&me 
f 
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time as the template is being built up. In addition. descriptors and opera-

tors May be entered separately with the UDICT comaand. A user May add his 

own synonyms to the existing terminology with the SYNONYM command (nat yet 

illplemented). 

In the current implementation, a dictionary en~ry consists of 

tvo machine words. The first word, DNAME, contains the name. reduc~d ta 

standard-form by SPELL. The second word, DCAT, contains the type of the 

entry, which 15 one of the types described in Table 4-1. Additional in­

foraatlon could be added to the se~d ward, for instance 50.e information 
• 1 

about the 1te. if it i5 in soae fi e. such as pointer to the file, file-

type, position 'of the item vithin a record, etc. ln that CRse, a dictionary-

cell (D-cell) cObld be accessed i a vay siailar ta the T-cell$ and P-cells, 

vith D-functions. 

'!h. u.er-llictionary /UDICt/ 1s kept 011 disk. '11le setu~-diction­

uy il part of BLOCmATA CONSET. It hu 22 .. trie •• whith have bIen defined 

. \ 

',. 
~ "l, --'II 

v flot',\ , 
,', 

, ... "'1-' ~I 

" 
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4.5 Facilities for accessing parameters 

The Command-Table steps contain values and other information 

of parameters which the application-programmer needs when writing the PR 

procedures. This information is ~asily accessible within the framework 

or the host-language in which the application is coded. In thi! section 

aethods are outlined for obtaining this information. 

4.5.1 Access ta values by global variables 

If it is known that aIl parameters are single-valued and of 

known types, and if no special-names or exp~essions are permitted, then 

only MAXM P-cells are used in a CT-step. The implementer could then 

siaPIy inciude the global data-aroa /CTSTEP/ in his procedures. The 

value of the Ith parameter is at the address PCELL(2*I-I). In this,way 

the values of aIl parameters can be accessed directly from the PR proce-

dures. 

The index 1 of a paraaeter in the P-cells say be obtained by 

displaying the templato. It can also be obtained in the PR procedure by 

calling the inteaer function PINDP as 

1 - FINDP (' < paraa-nue > '. STAnJS) 

STATUS is returned as 1 i~ the par ... ter-~ was found. 

'ftle proar ... er can EQUIVALENCE the variables used in the PR 

procedures and the par.-eters in PCELL. if he wishes • 

• 4.5.2 Acce •• to values br value-functions 
; 

Acce •• to values br ,lobaI variables peraits $inale-valued 

panaeters cmly, ai c~.equently, a 'Ulple user ... lanaua.e. Ta allow 
, 

fer a richer us*J'-laaauaae, the vatui-functl0l,l's have been provided. 'lbey 

• Gbtatn succ ... ive val •• of a _lt1pl~-val"" panMt~. or successive 

; 
1 

- ... - ........ --:-'..-..-.. •• - j 
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words of a string. Ranges of parameters and express~ons are also handled . 

The value-functions (V-funetions) are used in the host language 

in the same way as any other function. Their usage in FORTRAN is shown 

here. 

The V funetion. This function returns the current value of a 

parameter, either a number or one ward of a string. V is a one-parameter 

funetion, V( < param> ), where < param > is eithèr the parameter-name 

or its index in the template. 

Ta allow for both integer and real values of parameters, ~ 
1 

altemate entry point IV is provided. The usage of V and IV functions 

i5 illustrated in section 6.1. 

If a parameter has multiple values, these are stored in P-stack, 

and successive references to V obtain them aIl. Suppose that a user has 

speeified the following input values for some parame ter ~: 

7, FROM 2 TO 15 BY 3, 27 

Successive referenees to V('X') return the values 7. 2, 5,8, Il, 14, 27, 

BOV ta the calling procedure. BOV is a special end-of-value marker, 

si.tlar in concept ta an end-of-file aarker. 

,To obtain the previous yalue of a paraaeter, a special indicator 

VPREV i5 used as arguaent, •• , • 

• IP(V('X').BQ.BOV) X" V(VPREV) 

Hepl returnilll 27 after aU the values ar" usee! up. Siailarly the special 

indicator VPIIST always returDS the first value, e.,. x .. V(VPIRST)~etufDS 

7, in the abbve exaple. VPRBV and. VPIRST do not alter the internal current­

value pointer CV. tbey are part of tbe labelecl C<MI)N IRUNDAT/. 

l'he VM fuD.ctlop. To' obtain at once aU the values of a parueter, 

or a11 the worels of •• triDi. the VIC fùnction CID be used. If the calUn, 

.Ir 

, 
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procedure has reserved an ~rray of N words, then the calI to VM« param >, 

tt,_ < array > ,N) will transfer aIl the values of < param> to < array > and 

VM contains the number of words transferred. For instance, the calI to 

• 

VM('X', Al, 10) transfers aIl the values of argument X to the array AI(IO). 

The VP funetion. Upon each reference to the value stack, the 

next value i5 given to the calling procedure, until aIl values become 

exhausted. Internally a pointer keeps track of the current value. CV, 

for each parameter. 

If it becomes necessary to go through the sequence of values 

"'" of a parameter more than once, this internaI pointer may be reset to a 

previous ~alue aga in by invoking the function VP« param >,< index ». 

For instance, CALL VP('X'. 1) will point again to the first value 7 in 

the above example, 50 that the next reference to V(tX') returns 7. 

The VS function. somet~es the programmer may want to change 

tbe values of a parameter from one of his procedures. This can be done 

br the function VS« paru >,< value ». For instance, VS('X.', 53) 

-
would change the current value of X to' S3. The proaraJlllller should be 

careful to adjust tbe current-value pointer witb the VP function. prior 

to affecting the value. 

If a par ... ter il uled in a user-defined arithaetié or 8001ean 

expression, the vs flDu::tion ~y b.ve to be uud to Jlt i.ts current value 

fJ;0Il the proar", prior to the eyaluation off tbe expreSSion. 

The VXA and VU Metions. To obtain the values of user-definod 
Jo, 

arithaetic or Ioole.,. expressions, the fuDctiou VXA« index » and 

VXB« 1Iadex » &ft 1aroked. respective!, .... SPNANE sectioa 11 COIlIulted, .. . \ 

and th. fblt, .ec:OIW; etc., 1 •••• 1. 01' c:aedlt1oJl ù evaluated • 

.... •• value i. retumed t.o the caUme proar:aa • 
., 

\Il 

" 

\ 

~ 
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It i5 the calling program's responsibility to ascertain that any 

parameters used in such expressions have the appropriate values in them. 

They may have to be set first by the VS function, described above. The 

status of a parameter can be tested to see whether it is used in an ex-

pression by the user. 

Other V-functions. It should be noted that the V-functions 

described here do by no means exhaust aIl the possible forms of value­

functions which may prove useful for certain applications. The appli-

cations-programmer can easily extend hlaself the existing value-funetions 

provided. 

For instance, where the host language permits it, a two-parameter 

function. VL« parall > ,< label » uy be ilDplemented, where branch to< label> 

would be t'aken if the values of<paraJll > have becolle exnausted. This would 

eliainate the need for checking the EOV marker status. ~ 

1 
4.5.3 Aceess to other attributes of parameters 

Besides values, the prograamer aay need sOlle additional attributes 

of par.&aeters. To obtain additional information about parameter5, the index 

1 of the parameter has to be known first. The index can be obtained by cal-

lina.on the inteaer function PINP as 

1 - PINDP('< paru-nue >'. 'STATUS) 

STAns is returned. as 1 if the paraaeter wu fOWld. 

Paraaeter naae. TNAME(X) 1. the nue of a paraaeter that has ' 

, been defined in a ta.plate. SPNAME(I) i. the na.. of • par ... ter defined 

br the user at run-tille, Juch al an e~.lon........ 'l'O acceS5 these nUles, 

the Ilobal arua ~ .. ICTSI" 1 "ve 1;d be 1Dclucled ln th. cal-

U ... ~... / 

'-

,,' 
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Paraaeter status. By invoking P(I. STAT] the status of a para-

.eter 1 in the current fequest ean be obtained. The .eanings of the value 

\ of P returned are as follows: 

o • inactive 

1 - active-

2 - used in arithaetic expression 

4 - used in Boolean expression 

8 • value of par.-eter has been set by. the VS function froa a 
, ~ , 

Pl procedure. 

'Ibe status settings are additive. 

Para.eter tyPe. By calling on the integer funetions P{I,TYP) 

and P(I, TYP2) the aajo\ and minor ca~egories of a parameter l ean be 

obtained. The .eaning of the TYP and m2 subfields 15 shawn in Table 

4-1. 

To obtain the proper values for the subfield indicators STAT, 

M, TYP2, the labeled CCIMlN /RUHDAT/ EClV, TYP, MXT, CV, TYP., ,TYP2, VAWE, 

VPREY, VFIRST should be included in the calling procedure. 

.. l 

\:' 

, 
• 

\ 

1 

1 
J 
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TABLE 4-1 DESCRIPTION OF PARAMETER tyPES 

Major cate20TY MinoT Cltf'!O'OTV 

TIP ID Meaning TYP2 Meaning 

0 * undefined 00 

1 V name 00 variable, used in expression 
10 item-nue 
20 class-name 
30 arithmetic-expression name 
31 Boolean-expression name 

. 40 qualifier nEime 

2 C descriptive- 00 
constant 

3 K keyword} 00 to sa user-command or keyword 
cOlDll8.Jld 71 REQUEST 

72 EXECUTE 
73 OPTIONS 
8y Dictionary building commands 
9y Setup cOllllD8Jlds 

-
4 D descriptor QI ,OF. WIm 

11 nus 
12 NEXT, mIS + 1 
13 PREVIOUS, nus - 1 

21 HENCE. mIS + < int.aer > 
22 Am. nus -< inteaer > 

, 31 PR(Jt 

32 1'0 
33 BY 

'\ 
·41 PIRST 
42 LAST 
43 ALL, fro. first to last 

sa POR 

61 'IP 
·62 IfHIUl 
63 'l1ŒN 

, 64 DO . 
Il U. 1 __ I11d.t indic.tOl" 
12 U1.,uppeI' ft Il .. l~ i .... eatea01'1 iDdic:ator 

- tI1 ' " Hel _ttpr1 Ia41cator '. ~ .. _t • .,17 W1cator 
... -. .. rh 

i 

" , " 
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TABLE 4-1 (continued) DESCRIPTION OF PARAMETER TYPES 

Major category Minor category 

-TYP ID Meaning TYP2 Meaning 

S 0 operator 10 logical OR 
20 logical AND 
30 logical NOT 

41 less than 
42 less or equal 
43 ~ equal 
44 greater or equal 
4S greater than 
46 not equal 

, SI plus 
52 minus 

• 61 multiply 
62 divide 
63 unary .inus 
64 separation operator 

70 exponentiation 

80 ), right bracket 
90 (, left bracket 

6 1 integer 00 

7 P floating-point 00 
nUllber 

8 A string xy x increases by One for each 
, successive word of the string; 

y il the nuaber of characters 
in ward x 

9 L label 00 . 

'" 
~ • I~, ::~. :~:{ ! 

. 'c', -'lr' 
.; i t 
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CHAPTER 5 - nIE ULANG SYSTEM 

5.1 Int~oduction 

This chapter contains a description of the ULANG system in its 

current impl~ntation, together with a discussion of the probla.s encoun­

tered and the techniques chosen, and of the performance attained. 

In the reaainder of this section, the general design goals are 

eonsidered. The next ~ection contains an overview of the components of 

the system. This is followed by a discussion of the_implementation. and 

br .are detailed descriptions of the preprocessor and of the run-time 

.odules. Ca.plete source listings of the system are given in Appendix B. 
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One of t,he- prime goals of this thesis 15 to _ake the ULANG systell 

attractive to the impleaenters of application systeas by providing them with 

a powerful programing tool, which will .. ke the impleaentation and the design 

of applications auch laster and easier. 

set: 

! 
f '/ , 

~ To achieve this, ~he lollowing lubordiDate design goals were 

- perspicuity, 'sinee no Pl'OIr_er will trust a tao! which he 

cannot _entand, 

pcJrtabl~1ty" to MIte applications .on _chi~e independent, 

• .tflcleacy ta ~ •• Ua tiae aM .torq. "ae., 

- ...... "111ty, to enabl. Che tlPl .... t.~·to substitute and to 

Mt "'U1~' ",~,,1~ to'tJa •• t., 
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5.2 CO!ponents of the ULANG syst~ 

111e ULANG system is IUlde up of three separate .adules, oniy one<; , 

of which i, active at a given tiae. ULSETUP is used by th~ ~leaente1 to 

set up an application. The pre-processor ULPREP and the run-time module 
\ 

ULRUN ~re active in processing user-requests. A brief systeas-summary 

follaws. 

;_2.1\ The setup aadule ULSE'IUP 

." " 'lbe flow of CCiltrol and of data at setup-time is shawn in Pi'e 
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S-l. The tult of ~ • .odule is to define or to redefine parueter tell.. f 
... 

plates and to build up the user-dictionary. The usage of the setup CQa-

.and! and the organisation of the te~lates and of the user-dictionary 

have been described in sections 4.3 and 4.4. The ca.plete source prograa 
1 

listings arel given in Appendix'B. 

The setup subsystem consists of sev.ral parts: 

al A control proce~ure ULSETUP.' 

bl The lexical analysis phase ULSCAN which reads the pro,r ... er's 

input strina and ass..,le! i t into an atOll strini' 

c) A setup-dictionary containing the terainology and the keywords 

used for buil4in, up the te~lates and the dictiona!ies. 

d) A nuaber of syste.s procedures, one for each setup c~t. 
, 

Bach procedure ~s a'syntàx analysis of the input and taltes 

~ .. sociate4 ._tl~ table builcJ.ina actions. Thé ,etup 
\ 

'Ir.PFF.r,OODil.'. of re~lar expres.lons.<lo that each'analyser 
\ . '.., . ,~ 

.... lUA. a f:1nite ..... toa, .tri ... by the iDput-.trina tokens . 

'i , , 
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(H) CLINK and INSERF form the lin~ages bet~een classes 

and build the F-cells of the template. 
, 

(Hl) 
d CLASS and QUALR define the ~mbers of a class with 

restrictions; they build the N-cells and R-cells. 

(Iv) DVALUE and QUALV build the V-cells. 

(v) DISPLAY and DUMPTC are service procedures to display 
\ 

., tbe contents of a template. 

(vi) UDBUILD and INSERX build the user-dictionary. 

(vii) INSERT builds TNANE. 

5.2.2 Run-time operation 
\ 

The flow of control and of data at run-tl.e is shown in Pig. 

S-2. Two separate phases are involved~ the preprocessing phase and the 

execut ion phase. . 

The preproces!or ULPRBP. This phase accepts and analyzes 

successive user-requests r, where r. 1,2, ••. , N. It consists of: 

- the control procedure ULPRBP, which calls in turn, 

- a procedure INPUT, to fit the user's input string 1 in a buffer, 

- the lexical analyser ULSCAN, which seans the string l, asse.bles syabols 
.) 

into tokens, outputs the totens into an ato. string, and looks up na.es 

in the Dietionary, 

- the syntu analyser USBaQlt. whic:b parses the atOll string, transtoras 

'expres.ion. tllto postf'ix DOtation, and builds up the CT-step r, 

- the .-.tic aa&ly.er USBRSEM, for user-co.-nds. whieh Jeans the 

~ ... lat! Tl" ...,,11e .... in. pauMtet'S anel checks the vaUelity of 

...... tappl1~ pu ...... ,. • 
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by the preprocessor phase . 

In the Immediate mode, control is passed directly to the 

appropriate PR from ULPREP. In the request mode control passes to 
".'-a control procedure ULRUN, which has to get the successive steps of 

CT and to c~ll on the appropriate PRs to process the •• 

Included in this phase are value-functions, callahle fro. PR 

to obtain or to set values of parameters in CT, and to evaluate arith­

aetic and Boolean expressions. 

S.2.3 Inforaation flow 

rhe ULANG syste. i~~table-drlven. A nuaber of data-tables 
1 

exist in the system. Their representation in storage has been discus-

sed in section 4.4. 

The interactions .. ona the data tables are shawn in Fig. 5-3. 

As the ispleaenter is defining the parameters for the te.plates, the 

,paraeter-n_es used are reduced to a standard fora.. by a procedure SPELL 

and then entered into the TNAMB table and in the Dictionary. Values of 

the par .. eters are entered into the te~late •. 

When a user i. Dakin, a request. the preprocessor reduces the 

nues used to the standard fOrll ., .. in by SPBLL. and then loou the. \li! /' . ", 

iD the Dictionary. The stanclard dietionary naaes are ass_bled into an 

inté'l'llediate .tri .. A'IUC. which 11 .. teIled and coabined wlth the taplate 
. 
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. inforatl~ "t:o MIt. up a .'. of· th. C~ Table cr. Values eorresponding 

to tb. par_ter ...... &t'e obtatne4 Ir. T or froa the ATCIC .trina and are 

al.o .tond iJl th. CT ... tep. 

At rua-UM, the PI proc ..... _ aocu. the .... t... in a 
" . 

ct-.tep by _~th ...... __ ....... l' .t~ , .......... t. of dt. 
.. l ' • 

~.i~U:out .......... cWICIibW ... ,1- 4,:'." . ' '. 
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'.3 ULANG implèment.tlon 

5.3.1 Choiee 'of progr.mming langu.ge 

The iaple .. nt.tion v •• dict.ted by the hardw.r •• nd sofevare 

~ ••• ~l.bl., al vall,.' con.idera~ion. of machin. ind.p.ndènca .nd cOmP1a-
; 

tion vithin the Ihort •• t pO'lible time. The .y.t ••• v.ilabl~ va •• cne 

6600 vith a b.tch .anitor ••••• .bl.r, FORTRAN IV and ALGOL compilar •• 

Th. ALGOL compiler beins r.ther in.ffieient and unreli.ble, • choie. 

had to b ... d. b.~.n PORTRAN .nd •••• .bl,-l.nsu.s. of CDc 6600. For 

r.a.on. of prosr .. r •• d.bilie" port.bility, .nd .pa.d br impre..nta-
. ,~ 

tion, it va. d.eid.d to u •• FORTRAN, vhieh i. efficient and videly uled 
'" ...:t 

on th. CDC 6600. 

ln Jun. 1972 • PASCAL co.pil.r allo b.c ... available, ~t by 

t~.n 50% 01 th. impl"'ntacion va. alr.ady co.pl.ted ln FORTRAN. A 

lubl.quant vlrlion of ULAHG ~ould ba i~l ... ~t.d in PASCAL'or i~ PL 1 1. 

'franelaUem fra. a lowr-la".l lanaua •• Iueh al l'OITRAII. to one vith IIOre 

f •• cura. lueh a. PASCAL ~uld b~ a.'lar thaD tf{n'lation in th.\ocher 

41rectlon~ 

ADotlMtr .. ~aat ... of POltftAlI i. tbat it .dll r ... in. tha mo.t 

vidal, bowIl 1 ....... , la .,Ita of hl clr ..... aelr.l. HaDJ of th. appUcation • . , 
"'leh coat ... ke .. ot UI.AIIC ara Uul, to h. iapl_ntn in FORTRAK for 

-... tille tè ... (!'IIa ... oa (7a) • ... ,ntr_n .1" .1'. Ukaly to 
- 1 

.. 
a .... proar ..... _1 ""' • ., ca. ..... il' _.rat .... 

'1 

'·a-I , ......... ,. _W ...... y·cfae· 
. ' .• ," ":'.', , ... · .... W,'~ .... uat111.af. .. _ehi ... 

, "., ' '! .". -' !':: ' ....... ·.~·.ua;.· .......... Ie. ~ - ~ "". 1 ~. ~ ~, 1 ~,' , 

:' l ',j r~j. ~'",\ 
, ,.t ~ , • 

, ~ ~ " 
• < '1.' 
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The different modules are self-cont~ined as much as possible . 

The design decisions and internaI data structures of one module are 

hidden from the other modules. It has been suggested by Parna~ (71), 

" that in large systems, connections between modules should contain as 

little information as possible. In this way chang~ in one module 
, ~ 

have the least chance of affecting the others. 

Por in~tance, any template information is accessed in a 

unifC?rJ1 way as T(!.,j), where i is ti\e index of the ceU and i is 
-. 

the! indèx of the subfield within the caU. In this impleaentation 

T is a function, but it could also be a two-diaensionaï array. The 

si,e and order of subfields within a cell is hidden and can be easily 
! 

changed, s .. e as the length of a cell in *-chine words. The ihdex ! 

ois obtained as the position of the parameter name in TNAME by a func­

tion PINO. Here again the organisation of TNAME is hidden. 

Global variables are used 1nstead of constants as .uch as 

possible. Ai~ theose ~ variables are grouped into three labeled C(Mt()Ns 
j 

and they are de~ined by BLOCKDATA routine.. Blank CCNl>N has not been 

used, so as not to interfere with blank COMMON usage by the user pro­

gra.s. The value of a ,lobaI variable can be easi1, redefined by 
. .' . '-

sbply changing its définition in the 8LOCKOATA routine. For instance, 
~ , 

the _chine word lenath. LINALP ~ is set to la characters for the CDC 

6600; it can he li.,IY· red.fin .. u 4 for the IBM 360. 

'l1Ht la"l84 QI~1'lNs are caUed ULDA'fI, 
, 

ULDAT2, and ULDAT3. 
... ' , 

. ftey cOlltaln the fOl~iDI CGDttaU: 
, 

1) ~T1' hu cautaaU UMd b1 ,the SC&DDer .adule only': 

... o11ae cUrac".: Mt of .. "'lDe 1a t~ of lexical 

cial.... AIl ...... oMnctel" la UN .. an iaelex 

'.~\ 

" 
. '.' , , 

r. 

,~ 
, )" 1 

'1 
( , 



~\~ 
f;;, 
~ r;, ,r' ;f.<', 
)'>' 

• 

• 

" 1 

.. 

• • 

in this table of lexical classes, CHARCL .. 

- Word length, LENAL', token length, LENTOK, padding 

eharaeter, BOL. 

~ Identifiers far lexical classes, e.g. AlPHA is l, DIGIT 

15 6. 

2) ULDAT2 contains constants used by both the ;~;~~~~ 
and the setup modules: 

- rable diaensions that are used in the proaram for cheeking 

table capacities. 

!oken category naaes, e.g. CLNAME is 12. 

'Pield and type identifiers for templates: 

3) ULDAT3 defines constants used by the setup .odule only, in 

particular the initial setup dictiona~ and, it! categories. 

Of course, local variables, used strictly within 'the context of 

a'sin,le ~ubroutine,dlre defined locally, e.,. stack depth and precedence 

fbDetion values for the arithaetic-expression analyser ABX. 

AlI inputs and outputs are lso1ated within specifie routines 

d,esl~ed for that PurPoae, for instance display and dump routines ta eeho 

"print the user' 1 input arul cc.putational parueters or to provide duaps 

. of the A'I'CIfs and t..,'lat... Btr~ are processed by specifie error 

~t1a... 4t thi. .t ... a .iJlple di-.nostic, OIIly, is printed and the 

froc ••• lal catlnue., if po.~lbl.. ln an in'teracti ve version the 

enor ,~t1a. woul" .... to be IIOClUlecl to .Uov for user interaction 

to correct taa. ~ lu.. 
. . 

~l .. '18 the pro,.. l~c fi. 11ft tabn on the bull 
\ , 

01 ~ ... b4a __ .. catHOrio of at.. (inteaer.) rather . , 

cita ............ ft. (cMn.eter .tI"ba') • . , 

" ' 

" " 
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Coaparisons dependtng on the machine collating sequence of 

characters are localised wlthin one subroutine PINO, which in thi! 

version looks up keyword names in th~ templates and in the Dietionary 

by a binary-search method. A simple arithmetic comparison works for ' 

the COC 6600, but has to be replaced by a logical-compare routine for 

the IBM 360. 

The program.ing has been done at a generally available PORTRAN 

IV leveljcare was taken not to use feature! unique to the COC 6600. Por 

paeking and unpaeking of words only the logiea! functions SHIPT, AND, 

OR are used. 'Mlese are available onmost .. chines, or 'they çan be aasUr 

supplied in asseably language. 

Direct access files are used for Dictionary and template 
'. . storage. The direct aceess read and yrite statements of the COC 6600 

.. y have to be modified for other machines. 

It has been pointed out by Dijkstra (68a) that statelllent num­

bers and GOTOs render a PORTRAN progr .. difficult to understand, if in­

disertainately used. .In thi. vork care has been taken ta systematise 
# the usage of' st-ateaent nuabers and to structure the prograas in such a .. 

vay as to lliniai,. ,the usè 'of G010S as _ch as possible. 

Stat .. nt nuabel'. have been &ssianed in a systeutic way. They .. 
have ben arran,ect ln an uC.ding sequencé. The high-order digit of a 

T .tateaent nuabe'r incl!cat,. UluaUy !- broader program sepent. In aost 
C ',,' .. , 

,cues the ~er. allo c:ôftiéspond to uteJory clêfib:tti:~.g. 600 series 

.t.t .... t. cI •• l vi ~ int ... "s. 
'lIle pntp'UI ... '.truct'Lll'ed 1n .uch a w.ay as to _ke the static 

... rith '1lthe clyraaaie flow of control at run-

94 
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to this tu1e are transfers back to the'beginning of a 100p, e.g.: 

c 

NBX1V-< initial-valu, > 

LOOP 

20 NEWPTR - P (NEXTV ,NXT) 

c 

IP(NBWPTR. EQ.O) GOTO 50 ,-
NeX1V - NEWPTR 

001'0 20 

PROGRAM SECTlON USING NeXTV 

SO ' •••••• 

This loop follovs a chain of poin~ers in NEXTV unti1.it finds ~ equal 

to zero, indieatina the last one in the chain. In a language havina 

stateaents of the form 

WHILe NBWPTR ~ 0 00 ••• 

the state.ent nuabers 20 and 50 of the above exa.ple could be eliainated. 

An attempt vas made to strike a reasona~e balance I8garding 
~ . , . 

the us.,e of eo-.ent statemenu to improve progrn readability. A progre 

beco.es unreadable if it is overlOaded vith comments on every second line, 

ln the sense that thi. detracts froa f~lloving the logle of the proardm 

.t~teaents theaselves. In this vork, brief but meaningful one-line com-

.ents are ins.rte4 over , .. Il prolr~ sections of about five stateaents. 

. , .. 
5.3.3 Proar .. structuriy 

There il a hierarphical structure betwe.n the pro,r.. .adules . , 

in the lense illU5trated by Dijbtra (68b); a relation of partial ordering 

exhtl between th.. 'lb. l~ve1s of the hierarchy are shown in Pig. 5-4. 

GBTCHAR at level 1 obtalns Characters fr~ th. input strin, and 

1 

9S 

't 

'. 

) 
1 
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catoiOri&es the •. The scanner ULSCAN uses characters from level 1 and 

outputs' atoms with th-elr categories. ULSCAN functions on ,level 2. The 

user eOllll&11d analyser USERCOM il on level 4 if uaplates are used. on 

level lotherwise. It uses'the eategorized atoas fra. lovel 2" and the 

templates to put parameters in PCELLs. Similarly USBRSEM is on level 

4; i t <mly uses templ.a te inf01'llation. The problem 10iie modules PR 

are on le~el 6 if the V-funetions are used, else on level 5. 

The hierarehical tree cao be eut off at Any level and a new 

tree can be started on the old trunk. For instance, the scanner alone 

has been sueessfully used in several applications to assemble character 

strinis into cateaorized atolllS. At a higher leyel, the paraaeter in­

formation in PCBLL can be used via the V-functions, or else it can 

be used directly by PR modules of different kinds. 

5.3.4 Information structurina 

A greàt deal of thouiht was given to the problem~ of information 

structurlni and machine word lenith. The (.'OC 6600 has an WlUSual1y lona 

word of 60 bits. Decisions had to be taken regardina the representation 

of the internaI structures of the ATOMs,and of the te8plates. 

~. Atoas can consain lnfor.ation of three,types: identifiers, 

.-bers, ancl charact'er 'triDis. 

i) Identifl.rl eaD he it .. ·naae~~lass-naaes. descriptive 

constants, keywords, cJescriptor" or operators (classes 1 to 5 of the " 

Dictionuy). Bach lcJentil1. occupi •• OU .. chine .ord (uxt.la of 

J.BNALP dw'acterl). ~l lc1eDtiflerl .. lett justlfiecl within a ward 
\ 

aH the •• -' poIltl .. ~. ~ lfith tIae BOL pacWin& character,which " 

11 IUJI'O lor the CDC 6600 • 
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AlI identifiers are reduced to a standard fora by a procedure 

SPELL, which can be easily adapted to differen~ spelling al,orithms of 

varying complexity according to the needs of a particular application. 
~ 

In this implementation, SPELL siaply takes the first four characters of 

an input word unIes. it is a composite word, in which case the two first 
, 

latters of the next twd input wards are also appended, e.a. DIVIDENDS 
, , 

becomes OIVI and DIVIDEND-RATE becomes OIVlRA. 

SPELL can be aodlfied without difficulty to build identifiers 

98 

several machine wards long. In that case the procedure NEXTA which obtains 
<;; 

the next atom has to be modified accordin~ly. 
( 

ii) Nuabers tan be integer or real (classes 6 and 7). They are 
• converted directIy to their internaI representation by the scanner and 

occupy one .achine word èach. Ho double-precision constants have been 

i~lemented in this version, but there i5 no difficulty in allowina a 

" " nuaber to extend ov~ several machine words. 

IiI) Strings (class 8) are stored into as many successive machine 

words as necessary. 

T!llPlates ~d C~d Table steps. 'nte teaplates and CT-steps:_ 

consist of cells conta~ each between 2 and 8 subiields. Except for . 
th~ subflelds cont&1nina the actual,values of parameters, the inforaation 

'content tif the othe!' .ubfields doe. flOt exceed'8 bits (one byte). '!bus 
. , 

.. ch call CUl he contai1led vi thia two ,..chine words, for .ast uch.1nes 

Cexc.ptiftl ain1-:~.). 

HoweYer ID 1 ........ U.le POR'DWI, De) ~OVi.ion is aacIe for 

eddr •• '!aalUbtiel*wtthln •. Wo,N, Md allocati .. 9ft. word per subfle1d 

.. 141 bt ...... 1' .. tetul _ ....... ra tJd.. 1IIpl ... Dtatlon tJae 
• .." ~ "> .. 

Mfl.141 ~ p&Cke.t ,lfitMa • _Il ., two ..... ' ftq •• ~ ... ed by 
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• function T(!.~lh where !. il t~ index of the cell, ~nd i il the ind4!)C 

'" of a .ubfield. To .et the value of a .ubfield the routine ~SET(!,i~value) 

i. calted. Similarly the functions P(!,i> and PSIT(!,l~value) are uled 

, for acce •• ing th. c.ll. of the Command-Table. 

5.3.5. Core-.toraee requirement. 

The core-.torage requirement. have met the de.ign goal •• The 

total core Itorage required an the cne 6600 by the .etup and the prepro-

c ••• or module. i. only 10.5 K wordl each. This include. 'pace for ail 

tablel, buff~r., programs, and FORTRAN library r9utines. 

Thi. Ipace requirement cou Id be ealily reduced further by pro~-

l~ ,ra.overlay.. Thi. can be done becaul. of the hi.rarchical nature of the 
.'::' ' 

progr ... , a •• hown in Fig. 5-4. Only one of the program levels il re-

quired at a time, tog'ther vith three data tablel, through which the level. 
r 

communieate. For in.tanc., the Iyntax analy.er phase USERCOM needs only 

th. atom string ITOIENI and a template !TEMPL! for data input and 'uses 

/CTSTEP! for output. The Codplete data-table requir ... ntl for the various 

progra. pha.e. are .hown in Tabl. 5-1. 

Thil a.peea .. kel th. ULANG Iylt .. particulat1y interelting to 
.-

... 11 '1.t ... h .. inl a 'li~ited &mOUnt of cor •• torage. Mo~eover, the table 

di .. naionl can b. adju.ted, if n.eded, 

5.4 Th. ereproe",or ~ul._ 

ln thi. ..ction th. co.pon.nt. of th. pr.procellor pba.e are 

d •• crib.d in .or. d.tail. The I.n.ral fJ6v of control and of data for 

the pr.proe ... or il .bowa i" ria., 5-2 • 

-. 

J 

\ 
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TABLE 5-1 MAXIMUM STORAGE NEEDS POR DATA-TABLES 

x 

-
Data-table Total 

ProgTam phase name Words pds 

Lexical analyser INBUP 80 336 
ULSCAN UDICT 128 ..... 

TOKEN 128 r""-. 

Syntax analyser TOKEN 128 1052 "-. 
USERCOM TEMPL S12 

CTSTEP 412 

Semantic analyser TEMPL S12 92y 
USERSEM CTSTEP 412 

""-
Run-Ume phase 

l';''~.oo. 
, 

TNAME 111 523 
CTSTEP 412 

Delayed mode (2 CT-steps) 1026 

. 
Lelend: 

•• 
'"INBUP input buffer 

-
TOIEN atoa strin, 

UDICT user-dictionary 
• 

TENPL " te.plate. (in~lud.1JIANE) 
• 

CTSTBP C~ Table step 

100 
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5.4.1 Preprocessor control 

ULPREP is the main-program of a ULANG application. It i5 a small 
l' 

control procedure. whose p~rpose 15 to monitor the flow of control between 

the various phases of the preprocessor for each user-reqtiest. 

In the Immediate mode. ULPREP also passes the control to the 

processing-Iogic. to execute the request in the CT-step. In the request 

.ode. ULPREP simply stores the successive CT-steps on disk, until an 

EXECUTE command is sensed, at which point control passes to the run-time 

control routine ULRUN. 

ULPREP first calls TAnLOP to 

the end TABCL6 1s called to close it. 

The remainder of the procedure 

user-requests. Inside of this loop. fi 

to do the lexical analysis of the 

ULKWD is called, which analyses t 

and calls in turn on the appropriate 

user-colllUllds, USERCON and USERSBC are C,.-a..,j1.SiM 

5.4.2 Lexical analysi. 

dictionary and at 

a loop over aIl 

and ULSCAN are called 

n ah auxiliary procedure 

For 

lOt 

111. lexical analysis phase i5 separate fro. the syntax analysb 

phase, whlè:h _te. the syst .. IIOre aodular. 'nt. àdvantages of separating 

the two have been pointed out by Johnson et al. (68) J Gries (71) J and others. 

1:1'e lexical analyl1. phue is ..ae up of two parts. INPtrr whlch 

ruds the input striDI iDm an input. ~(er. aawl ULSCAN whlch aJl&lyses i t • 

, IMPur. . This procédure obtains the user', input character str;,lna 

and lu lenath iD & buller INBUP. 

1 

,~ 
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INPUT is device-dependent. Its logic is different depending 

vhether the input cames from cards. tape, paper-tape, Teletype, IBM 

2741, or other type of te~inal. In this version, INPUT obains the in-

put simply by a formated FORTRAN REAn statement. • 
ULSCAN. The task of the scanner is to read successive cha-

racter! from INBUF, to class1fy them into lexical categories. and to 

assemble the. into tokens. or atoms. 

The different internaI rep~esentation of characters (BCO, 

EBÇDIC,ASCII) 15 isolated within the table CHARCL of IULOATl/. Khen 

ULSCAN needs the nex~ input character. it calls on a procedure GETCHAR, 

which uses the hardware representation of the character as an index 

in CHARCL to obtain '1ts lexical clas5. In this way it 1s eAsy to 

change the lexical classes of characters for different applications 

and for d1fferent machines. by siaply changing the table CHARCL. 

The scanner fuctions as a deterministic finite state automaton. 

Its nev state is determiriëd by its current state Q, and the incoaing 

chr.cter T fra. the input string. It can be described by a quintuple 

(l, .VT, )f, START, Z), where f 1s the set of possible states of this 

IUtœaton, VT 15 the input alphabet, START is the start state, Z 15 the 

let of terainal statu, and Misa upping of K x VT 1nto K 'of the font 

M(Q. T) .. R. 

The input alphabet VT can be divided into a nUilber of lexical 

etasse. 1 to he chaea br the illpl ... nter. At leut one state of the 

IUtOll&Wn' hu' to . cOJ",%'espond to each lexical class. In practice J the 

--.ber of lexical cluses 1. liait". ln rus Dpleaent.tion the fol­

lori ... lulesl cl ..... _ve bMD .f~: 

"l~ \ ,', 

-, fit ~;. 

___ '-'-_ ...................... ;.,....J.~~. __ ::.,->..U-" .• !':; !. ""." ... 

• 
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ALPHA, letters to be used for names 

SE~AR, 'separators, for use with compound names or as special 

operators 

DASH, sign of a negative number, or subtract operator 

OP ER , an operato~ 

DIGIT, digits 'to fOTm lnteger or real numbers 

DECIM, declmal point, indicates a real number 

QUOTE,' de11aiter for strings 
, 

COLON, d&li.iter for labels 

TERMIN, end of sentence indicator . ' 
IGNORE, any other çharacter,' not defined elsewhere. 

If for some application aIl of these categories are not needed, then the 

correspondin~ states can be removed from the scanner. 

'nte state transition diagra of the scanner i5 shown in Fig. 

5-5. The scanner reaains in the START state while IGNORE characters 

are being encountered. Terminal states are shawn by double lines. 'nte 

nuaber inside the double-lined circle has the saae .eaning as the TYP 

subfield for a paraaeter, shawn in Table 4·1. 

Seaantic actions associated vith a state are shawn by rectanlles 

vith the nalle of the procedure called to perfora the action'. In the' case 

of a naM, the SPB~LA procedure ia called to reduce the naae to sOIle .stan­

dard 'fora, and the APTSCAN procedure is called to assign a type to the 

JUIlle. 

'or .very teniaal sUte (except the BOS state) • toton la • 

output to the A'IQC striJa&. ri th i U type -iD CAT. ~·.cann.r then re­
~. 

turliS to ·'the START .tate, .zoead1 to bul14 the _st ato.. State ,!OS signals 

the ebcl of the lDput .œ1q, ""ch tmaiD&te. the 1exi:cal auty.iI . 
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The fini te automata approach allows one to desi,n the scanner 

as a set of .odular units, where each unit i5 as50ciated with a node. The 

10lie of the scanner is si~lified in this way, since at each node it is 

only necessary to test for the input charaeters which are 1e,a1 at that 

point. 

AFTSCAN. In order to arrive at a final state for the scanner 

'state NAME, a seaantic procedure AFTSCAN is called (see Fia. 5-5), which 

looks up the name in the user-dictionary, UDICT. The final state depends 

then on the dictionary categorY DCAT. 

A HAMB which is not found in the Dictionary i~ of type 0, 

and is considered to he a noise-word. A synon)'ll is replacel by the 

lI&in Dictionary entry. ' If NAMI! is a keyword. and no keyword has been 

encountered yet, the~ it i5 placed in position 2 of the ATOM string. 
. 

Presently tbe user-dictionary is crganised alphabetically and 

it i5 accessed by the procedure FIND, which uses a binary-search aethod 

ta locate a naae. 

5. oC. 3 Synt" analysis 

'I1le input to the .yntax ana lys is , phase consists of A'IlJiI and 

CAT s trinas tr. the lexical auly.iI phue. 

tera1nal alphabet far 'J'Iltax anal.ysù.-

. 
These ato~ constitute the • 

, ft. s11ltax Iulyail phase cu be aade up of a nuaber ol inde-

pencleftt aaalYlftS" ""tell ubs it,asy to chanl~ th .. and to adapt th. 
\. 

to cUff • ..at 11"~. a. cast of each Iyntu analyser Is ta pars. the 

atoa stri." acco.nl1_ tG ... iul .. of ar-=r. Acl at appropriate points 
• .u ' 

ti. - la _th .... Uc ~ cO, tftUt. the ,laforatlon bei ... , lookecl . , 
, 

1 

~_~~ ~_~"'""'"-""""H~' .... ' ......... _~,.~_ 
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The aux11iary control-procedure,ULKWO determines- from the 

• keyword type in CAT(2) which syntax analyser procedure 15 to be activated. 

W1thin the same application there mar be different kinds of user-cODBands, 

each based on a different grammar, and each requiring a different analy-

ser. Categories 300'to 350 have been reserved for various types of user-

commands (see Table 4-1). Besides user-commands, there may also be ULANG . 
system-comaands, such as REQUEST. EXECUTE, etc. 

A~ present, one type of user-syntax analyser has been imple­

mented, called USERCOM, based on the rules of grammar described in 

chapter 3 and in Appendix A. USERCOM and its auxiliary routines are 

briefly described next. Co.plete source listings are presented in Ap-

pendix B. • 

USERCOM. The main objective of the parser is to parse the 

sentfl'lce in a single pass froll 1eft to right, witnout .ore than one 

sy.bol lookahead and without backing up. Other objectives are silplicity 

and perspicui ty. 

The user-language, as defined in Chapter 3 and in Appendix A. 

r lends itself to a division into two parts, and eaeh part cao be analysed 

by • different .. thod: 

1) for arithaetic and BoDIean expressions, operator precedence 

fUnction. and a pushdown stack, 

2) for th. re.t, stiple finite-state recoanizers, without 

recursion. 
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'DIe "COPiiez' 1s .bowa i~ Pi •• 5-6, in th. fora of • transition­

diapo... u 4etiud' by toaway ('3). 'l'be GAl1 dilference is' tbat th.,.. 1s 
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Figure 5-6. State transition diagram for USBRÇOM 
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.., 
syabol (ATOM) corresponds to a state-transition and acceptance of that 

~ 
symbol. The circles represent states in the ptogram. The single-framed 

rectangles are calls to semantic actions. Double-framed rectangles in-

voke other finite-state recognizers, AEX, BEX, LIM. QUAL, or REPEAT. The 

nuabers in the circles and rectangles correspond to statement numbers 

in the program. 

Tie-in with semantics. In order to extract aIl ~o information 

from 'the atom string in a single pass. tie-in with semantics takes place 
...... 

on ,each edge of the graph and involves transfer of information to the 

P-cells. 

When it is known or sU5pected that a parameter P 15 encountered 
) 

for the first time, INSERP 1s called. It activates the statu5 of P in 

PCELL. To store a value of P, APPENP 15 invoked. SEMCLA expands a cla5s-

Dame into a string of item-names. The expansion is bandled by EXPAND. 
- . 

SEMIMPL attempts to connect a numeric or string value (types 

6. 7, 8) with an item-na_e which 15 not present in the input string. 

This is done by 100k1ng at aIl claSSeS in turn, in faadly order, starting 

fra. tbe.currently active class. If the nuaber of required parameters 

of a class P bas not yet been .;reached, and the type of a member M of F 

a,rees vith the type of the input value. then M i5 taken as the parameter 

1:0 whicb the value belon,s. 

LIM, QYAL, RBPEAT. These are flnite-state recognizers, ~hown 
t 

br transition-diaana in Pi,. 5-7. Bach recopizer analyses a portion 
.. 

of the input strin,. LIN par... liJû t ran,e. of the type FROM.! 1'0 !! 

IY Jù QUAI. aualyses nue qt,l&lification, specified by OF. . 
''\ 

REPEAT expands 

a suiDa of value.. enclo.ed in parenth.ses and pr.cedad by an inteser 

'Npe1:ition factor. eXPAMD la caUed to 40 th. expansion • 
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'Pigure 5-7. ~t!ate transition diagrams for LIM, QUAL, REPEAT 
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AEX and BEX. These are entry points to the arithmetic and 

• Boolean expression parser, which uses a different method of syntax 

• 

analysis from the finite-state recogniters, used elsewhere. 

AEX 15 called when a 'noise-word" atom (TYP "" 0) followed 

by an equal sign i5 eneountered. The noise-word 15 taken as the name 

Qf a user-defined' expression, and is entered into SPNAME. BEX is the 

entry point for user-defined conditions, starting with the keywords IF, 
.... 

IfHlLE. 

For expressions, it is suffieient to represent the preeedenee 

relations between operators by preeedenee funetions f(X) and a(X), . r . 
given in Table 5-2. Ployd ha~ shown that if preeedence funetions f(X) 

and l'CY) ean be found for two operators X- and Y, then if f(X) S g(Y), 

this a1so implies that X S Y. 

For an operator, the second digit of CAT is the index for the 

precedenee function table, 50 that there i5 no lookup time involved. The 

preeedence function table only requires 24 entries, instead of 144 which 

.)fould be réquired for the full precedence aatrix. 

Ihe preeedence a1roritha fbr parsing expressions has been 

fescribed and f10weharted by Ployd (63) and by Gries (71, p.130). 
r\ 

p. \ An incoaing s)'IIbo1 15 assianed an index R for g CR) : In. 
. 

the case' ~f operators, R is the second digit of CAT. Names and values 

are tet'lliDal syabols VT. (R· 11). 'lbe end of the expression is siana1ed 

br a,special BOS -.rker' (R· 10). l( I(R) ~ f(S) for the top stack­

.yabol S, then the iaCd1na syabol 11 Itacted. ~therwise the head of the 

priM .. phrase is lOURd iD thf stact. and th. priae .. phrase is redueed to 

a ... --tftlliul syabol VN j' (R • 12). " ' 

~ ~_tiC acuau Il'~ pertoraed at the tille of this . 
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.' TABLE 5-2 OPERATOR PRECEDENCE FUNCTleNS 

CAT Meaning Index X f(X) 
\ 

510 logieal OR" 1 5 

520 logical AND 2 
1 7 

530 logieal MlT 3 7 

540 relational operator 4 9 

550 add/subtraet operator 5 11 

560 Ilultiply /divide operator 6 13 
• 

570 exponentiation 7 13 

580 right braeket ) 
Ir 

8 lS 

590 bft bracJcet ( 9 3 

EOS JlB1"lter 10 2 

110 item-nue - VT ,lI 16 
130 arithmetic expr. name 
131 8001ean expr. naae , 
600 in~~ger 
700 real 
800 string -. non-tenainal syabol VN 12 1 

. 

o 

• 
", .. 

1J ••• J2all~ 

'." 
g(X) 

4 

6 

8 

8 

10 

12 

14 

3 

14 

0 

16 
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" reduction. namely a Poli5h string i5 being built-up in P-5tack by 

APPENP. For item-names, the index of the 'item in TNAME is stored in 
,. 

the value subfield of the P-stack celle At run-time this index i5 
, 

used to obtain an actual value for the itell before evaluating the 

expression. 

5.4.4 Semantic analysis of user-commanda 

At the end of the syntax analysis phase, aIl the information 

from the user's input string has been transferred to the P-cells. The 

next step 15 to check if the information supplled is valid and ~reover 

to provide default values from the template for those parameters for 

which the user has not done 50. 

This checking i5 done ln a single pass t~rough the template, 
""j 

by visi ting a11 the classes in "family order". Fir5t, th~ values of the 

active a.abers M of a class Fare checked for validity and if .ore para-

.. ters are required, then the inactive me.bers of F are consulted. This 

work 15 carried out by a pro~edure USERSEM, shawn in Pige 5-8. 

, Inside the loop over the active M-cells (labels 200 to 500) •• 

" - '" M ls che9ked fir5t to see if it ouJht to be active in the present contexte 

If M's p~esence is con~itional upon other aembers of h~er ~lasses, this 

ls indicated by thè R-cells. If one of the members pointed to by the R­

cells ia active, then M _y, be a~ive as weil. This is why the "fuUy 

ordertJ ls illportant. 

Por ltas, values -1 axist iD the V-cells. A value of M 15 

acceptable if it has no ~estrict'ons~ or if ~ restriction i5 adtlv~. If 

the user has not l'9Jll1ed an input value fo~ Mt then a default value is 

robüifted and 1D.ertecl iftto the P-cel1 by APPBNP. If the user has supplied 
" 
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PBOUNDS checks and converts,if necessary,the modes of aIl inpat 

values to that of the M-cell in the template. The input values are also 

checked to see if they fall within the lower an upper limits, if specified. 

At this point, further processing extensions may be incorporated. 

Specifie procedures might be called to perfora some aore cOiplex checking, 

or to obtain values form a.data-bank, for instance. 

At the end of the active M-cell loop, a check is made to,see if 

the number of user-supplied parameters satisfies the parameter requirements 

for execution (label 620). If such is not the case, th en a loop is entered 

over aIl the inactive M-cells of F (label 650). Again. dependencies on 

highe~ classes are checked before obtaining a default value for an M, which 

is inserted into the P-cells by INSERP. 

At the end of USERSEM, aIl the processing parameters have been 

obtained and checked, and the current CT-step is ready for execution. 

S.S The run-time module 

Run-time control. The flow of control and of data at execution 

tiae il shawn in Fig. 5-1. In the imaediate mode, each CT-step is imme­

diately executed directly under the control of ULPREP. In the request 
\ 

llOde, al1 CT-step! are stored on disk, untÙ the EXECUTE coJlll!1atld is sensed. - , . 
Control then switches to .. control proceclure ULRUN, responsible for bring-

1", in th. successive CT-steps and ~Iina the control on to the proce­

dures specifiecl by the DDtWŒ of each step. 

Value-functions. 'I.1le purpose of the value-functions is to set - .- ' 

or to return suecesaive values of par ... t-.r. to a call1ng procedure PRo 

ua .. e of the value-functloas hy heen clisc:uned in seetlon 4.5.2 and 15 

ll1uatrate4 in Chapter 6 •. 

• " , • .,,. ...... "f __ . ~ - .... .." ...... 4~1 ... ... .. # 
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The logie of the value-funetions i5 straight forward. The 

function V calls on two auxiliary functions, on PINDP to find the index 

in TNAME of an argument ARG, and on VLIM to expand liait-loops of the 

type PRe»« .!.. 1'0 ~ 8Y E..: VXA and V'IB evaluate arithmetlc and Boolean 

expressions. 

During the impIe.entation of value-functions.three probleas 

had to be resolved: conversion of values to appropriate modes, effi­

clency of value retrieval, and seriaI re~ability. ' 

\ 
Modes. In order ta be able ta return both a real and an integer 

value to the s&me calling program, two entry points V and IV have been 

provided. Strings are considered as integers. The V-function itself. 

coosiders aIl values as integers, 50 that no mode conversions are neces-

'arr internally. 

In VLIM, where values have to be incremented and te5ted. separat~ 

117 

coding 15 necessary for integer and for real arithmetic. Por string~ and 

descriptive-constants no Increaenting or testing 1. done, oo1y the lower 

'liait 15 returned, follow~ by the uppe~ liait, folloved by the EOV marker. 

ln VXA. separ&te codinl wou14 also be required for roal and for 

tnteler expressions. For aow, a11 lnteprs Ue converted to real mode 

ancl fioatina-polnt ari thaetic il usecl "throu,hout. ' 

y,lue retrieval .fflcincy. If th. index 1 of an arguaent ARG 

il known. lU value CID w,. 1"-1&te11 obtAined, otherwise PlNOP has to 

tiad the· 1Dclu fittt. AIS il 'AVeel in • lOèal variable ARGPR so that 
• If • 

tueeeSlive caU,. to the ... AlG tIo DOt nquil'e t,his looku.p .ore than 

.. t.tnt cd~ Cf .... wltb ail MG ~. the iDitia11sation 

It bu to" ' 

~ , . 
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checxed that if ULV> LLV then INC 1s positiye, and if ULV < LLV 

then INC is negative. This initlalisation is bypassed for subsequent 

calls to VLIM with the same ARG. The current value of the ltmit-Ioop .. 
is kept in LLV. At each reference it i5 incremented, tested alainst 

ULV; and stored. 

SeriaI reusability. The value-funetions are serialir. reusable, 

sinee several arguments aay be refereneedin random order from different 

places in the calling procedures. AlI information pertinent to an argument 

has to be xept in P-eells. The current value subfiel~ CV of PCELL(I) is 

used to point to the eurrent value of ARG. After ,eturning a value, the 

next value pointer 15 stored in CV. ( 

) 
To effect seriaI reusability, a switcH:1NIYES is needed for 

each liait-loop. INIYES - 1 meaos that thi! loop bas boen aeeessed 

before, and the eurrent value of LLV i5 reloaded, instead of the orig-

inal lower liait as specified by the user. ULV and INC have to be 

'reini tialised al5o. 

Of course J the coç 1 exit y of the run-t1~ lIOdule 1.1 dlrectly\ 

related to the user-langua,. capabilities. Por a sillp1e language, 

allowin, only a sin,Ie value per pu ... ter, no V-funetions are needed, 
~. \ ' 

aine. 1efttBP 1 can be cl1rectly inçluded in the Pit procedures'. Por a 

laqua •• mere liait-lOOP' are IlOt allowed there would be no need 'for . . 
VLIM. S'illiluly if no Uler-upHsslœa are to hé huclled, th.n VIA 

,-
and VU ue DOt 1'eClul:red. 0Il the oth. hand, llOre èOIIpl.x lanauqes 

require ext.eu1ou 10 dl. YItlue-tuact1ou "elopecl here • 

t , ' 
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5.6 ULANG performance • 

The performance of the ULANG 'yltem can be evaluated on the 

ba.i. of .everal criteria, lüéh'a. i~plementetion effort for an appli-

cation, efficiency in proce'ling of u.er-reque.t., and portability 

of the Iy.te •• 

ln order to have a ba.i. of compari.on, a .ub.y.te. o~ a 

large .cale application wa. redone vith ULANC. The application cho.en 

va. the AHECO (70) Structural De.ign Sy.te. for concrete .tructure •• 

The AHECO .y.te. containl ovar 20,000 FORTRAN ItateMent. -- il i. 

comparable in lile end in ca.plexity to .oftware .ystem. for which 

implement.tion efforta h.ve been evaluated bY:'others. AMECO hu a 

flexible ca.mand l.ngu.ge, de.cribed by Palaja 1 preibarg. (73), and 

u.er~o ... nd analysi. and interpretation i. an import.nt •• pect of 

the .y.tea •. 

" Tbe application'con.i.t. of sever.t .ub.y.t .... of which 

the horizont.l .-.ber .naly.i •• ub.y.te. va •• elected. conlilting of 

)000 fORTRAN 'ltaCeMent •• The lexical a .. lyler and two C~nd ~naly.ia 

procedure. v.re redoue vith ULAIG. The lexical analyser w •• cho.en, 
~ 

becaua. it va. Dot .utflcteatl, flexible DOr efficient, and it wal 

difficult to 'crauport lt to 'nother .y.t ... The tvo analyaia proce­

d.e ...... cho.e. becaue tlle,. vere .ec_in& t~ lar •• and uftVleldy. 
',,*, 

!he, are "Jet to peri.04tc c ............. adcHdou., .DIII h.,!! proven 
" ' 

to .. dUfioult ~ ",~t ... to .t".t •. ri.,. prolr_r.' Il .. e 
. ' 

ua_lM_ 'co- .. ..tU ..... :~:_ P"ïtTl t ac, .ft'ioue tl •• , aU 
l " , .~ ~ '1, ... : • 

, wléa _~i •. u".:~k. ot\,'~"'. ,_1Mrri .. at l ... t fOtat" 
.... ' • ~ ~) , ,; ~ ;~,~ 1 • ~\ .. , \ ,,\ ,J!,:;;. >11 ~ * T ;, _~; • 
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To de.cribe the command .yntax, the following metalin~i.tic 

notation i. introduced: 

- brace. indicate a choie.; only one it .. mu.t be cho.en 

a.,ng the alternative. pr •• ented., 

- bracketa al.o indicate a choiee, but one or aore of the 

alternative.~y b. cho.en, 

- it ... enelo •• d in parenth •• es are optional, that i. one 

or none .. y be •• lected, 

- a + aigu after a eloling braeket or parenthe.i. indicate. 

that one or more repetitiona of the enclosed it ... are alloved, 

- upper ca.e iodieatee actual ite.-na ... , wherea. lover 

ca.e indicate. valu.s of it .... 

ODe of the eo..ands apecifie. de.i8ft parametera.- It •• yntax 

il a. follovs: 

US! [ de.ign par_ter.] 

'Th. differ.nt d •• ign par ... ter. Ar. pr •• ented in ril. 5-10. Th. other 

c~nd .pecifi •• bori.ontal ..mber,g.o.etry and properti ••• tt follawa 

th. ayntax: 

{E} ( nart 
l .. rtl 

, 
( X + ( x-ft (x-in) .rra:) ) Uabeled data) : 

'.ftae "'~.1" "ta an ... in ri._ 5-11. 
'" .. .. 

(.pan-in) 

, ' __ $ln .'fort. It f..r ••• OIlIlIl. to take the nuaber , 
~ . . 

of ......... cat, ,Üilii. at ........ of .. l.,l_utin effort. Stwlie. 
'", ~t>,~. ' 

,~~,,,,",,,.;,~.,., •• ""~::"' ..... , •• an- (64) ... b1 Wein-

;(~ ta, -.; ",~~, .... ', ..... : .,._ ' 
i t j ii ~.. , .. 

... ,If ", ~~ \ ~ 

-' "":' 'r'~'" < '.><>,~:;,.::":" ",:,'/> <';;-::' . , 
... ~ ~'&r*"j-'· ~~~"" ~ ,,,- >~J.<fr"'I'~!: ~ f ..... ~~!Mr; ... ~ .. ~'~:::"'::~~if,;..;,~~~~h. "", '1.'41 , J .... , .. ,"- ' .. 

, \, .. <,;·»;:.~i>;;:éi::,·~l~>',:.~ . .""~~.:.:, 
• ~ .... ",' JI '" ' '" ~... ' • ..... ~-o l "',ftl • ....t ~ ,J' "" t'~ {i' _ • ~ 

.- . 1~~ .. :~~;~~l~: "! ~ .. :... ~ :,': ~ _ !~~ ~ ~)" ./~~#:~ '.~~~.; .. '. ,. \:'-1' ;~.I4ô :~~:~~! ., .. ~~:.. ..:~·.:~: .. d<~ w , 

1 
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n .l''IC, ;, 4 • M e .UIlII! 

( 

WU : 1 2 b) 2 bn a "II i Ui s • . ' 
J 21 

'. CODE ACl {~~) (wsn) 
USD 

HBC 

\~~} 
UBC (67) 

MTL (68) 

TOR {:~} 
i 

MYC (68) 

CONCRITE fe' 

WIGHT wt 

DIHSITY w 

S'BEL fy (~~) 
STIRRUP-n fy 

COVIR C~ 

STRESS-FACTOR fr 

DW-UTIO r 
r 

TltUSSlD-aAllS 

STRAXCBr-BAllS 

LL-UJ)UC'I'ION r 

[: :] (::) 
.. 

VDmI bf C1Jl) 

" '1IInI: cl (ti) 
..... .. ... t . ' 

',_, .f (.l) , 
'" ~ '1 ,~ " ~ .. 



.............. ----~.~--~----Il. aiha 42A •• Ullli'cUrulll'UAi iIIJSlU31I •• JI, 

• 

< 

• 

f'" 

, 
FLOOR-WIDTH bf (bi) 

sua t 

l t' 
RIGIDITY rI . J, 

<~ fLEFT 

lRICHT 

rai J > 
rg2 .. 

[

ACCURACY a] 
ITERATIONS i 

CONSTRUCTION (SIMULATION) 

- .. 
SUBCRADE k 

VERTICAL III k'v 

... ROTATIONAL kr. 

FOOTING "t 1'"' x 1 

't:: ... 
X]> 
y • 

-KX k 

KY k 

FORMULA ft 

lY r .. 

\ 

"1 

(COLS [_ ] + ). 
FROM mit. THROUGH IIIkb 

, -

rllUre 5-10 (coatinued). ne.iBn parametera for USE commando 

,. 

\ ' 

, , 
" , 

, " 
- "~~ ~. 

',J ',l< . .' ... 
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WEB b (t) 

FLANCE bfl (tfl) 

REQD' n 

RIGIDITY rg 

DUMKY 

THICKNESS b 

\lIDTH hl (bi) 

DEPTB t 

1LOOR-THICKNESS t 

FLOOR-WIDTH 

FLOOR-DL 

rLOOR-LL 

DL lôad apeeifieationa 

LL load apeeifie.tion~ 

w 1. dII JI) •• UltJ UIEMbU.NII.iI" 
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Effort. conltant x (number of instructions) 1.5 

Th. exponent I.S i. introduced by increa.ed communication. prob1ems 

between imp1ementer. for large .y.t .... This data is ~onfirmed by 

F. P. Brooks Jr. (14), ex-manager of IBM 360 software production. 

Brooks also sumaarize. data on programmer productivity from five sour-

ces, stated in "debugsed" sUtementi per man-year. An important re.u1t 

of these etudies is that productivity ataye conatant in terme'of 

loure. stat ... ntl, whether ASlembler, Fortran, PL/l, or Cobol, at 

about 2200 to 2400 statements per y.ar. 

Progr .... r productivity ean be then increased by as much 

al five times vhen a high-1evel language ie uS.d, sinee each 1ine 

expande into 3 to 5 worda of a •• embly code. Cooke (14) further re-

ports experimental evidenee Ihoving that another productivity factor 

of at lealt tvo can b. obtained over Fortran and Algol by u.~ng a 

suitable problem-oriented lan~.8e. ~n article by Boehm (73) mention. 

two ~re studi •• on .oftvar. productivity, vhich come to limi1ar con-

clusions. Halstead (73) allo points out that .conomies may b. rea1iz-

ed by using hilher-level languages (than tht current languag.s of 

rortran or Allo1 type), if the glven c1ass of applications rapresentl 
1 

a non-trivial pro~ ... inl work load. 

In table 5-3, the nu.ber of progra .. lng .tatementl in the 

old yer,ion i, co.pared vith the corre,ponding ULANG ver.ion, for 

the lIOdule, {nvl.tigatld in thh vork. 'The IninI in progra_ing 

effort .. y he •• tl~ted a. (1165/470)1.5. (2.5)1.5 • 4, i ••• lt 

take. four ti ••. 1... pl'Oar--iftl .ffort to proctuce th. .... lOf CO 
vara vitb ULdC. OD t~ klll of pl'olr ... 1' productivity data, one 

Id,ht .a, t"-t the .arina of ~95 Itate.nta repr ••• nu 3 1/2 .. n-. 
.. tlaa o~ effort. 

i. 
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TABLl 5-] COKPARISON OF NUMBER OF PROGRAHMING STATEMENTS 

Module n •• a Old ULANG Saving . ver. ion varllon 

Lexieal analIzer 

Portran .ta. 210 50 } 280 
A .. _1er .u. lOO -

USE eo ...... nd 

Fortran .ta. 550 224 ) 300 
ULANG aetup sta. - 26 

,~ 

BEAM/SLAB/WALL eommand 
-

Fortran .ata. 285 154 1 115 
ULANG letup ata. - 16 

TOTAL 1165 470 695 

Aftotber advantaBe of the reduced progr.. length ia iner, •• ad 

,.r.picu~. ln Fig. 5-13 two prolr ... ectiona performi~8 the .a~e 

ta.t are exhibited. aa.e1, the .etting of RIGIDltT LEFT and RIGIDI-

Tt IIGHT for the s10bal variable. CONSTS(I) and CONSTS(2). r.apecti­

.el,. The par ... ter .yntax i •• hovn in Fig. 5-10. The value can be 

batweea 0 aad 1. Tbe ca.plexity of the old program ver.ioa (PiR. 5-13a) 

l, 1ar ... , due to cbeckinR order of word., chatias ranse of value., 

obuiai .. th. uxt vord of tbe iaput aad detlrwaininl h. type and 

.al" " ta the 1Jli.dO .".rdoa' (rl,. 5-13\) .o.t of the •• ta.t. have 
('_'-:--' 
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lI~K SUEJECT Ta CODE-NAME*O TO COOE-VEA~*COOE-NAME 

SUBJECT TO UNI TS.O, MOOIF lE lU 0 ::_ -::-:-::- :~~~--:-c=---- -- -- -:--- ---
-- ----:- _--_________ _ _ ( __ ~ ___ ___=~~..:::.....:-~__.....i_-__ :. __________ _ 

-~lASS KwO 15 USE 

-t!-AS-S . SUBJE CT=CODE. CONCRETE ,DENSI TV, "'El GHItsTEEl ,CTIVfRfSTR ESS-FACTOR 
- --

~;:-8s.J18JEc.r:Dw-RAT 1 O. TRU SSED-BA~S, STRA J GHT-B~I!tS ,l.l-REDUtT 1 o !Il ,ll, DL 
------ ---~----- --- -- - - - - - -------- -----

-.- SUBJ ECT:w 1 DTH, DEPTIt, "'EB,S PAN, FLOOR-wI DTH'St.AB ; RIGllHTY ,lEFT, RI GHT 
----- ----- -- -- - - - - ----

:.:::=::-=SUfJE cr:SUBGRAOE, V EP T ICAl , ROTATION, FOOlING, xc l~, YDur --
~ - • -- 1 _ _ _ ______ ~_ 

=;pcg~S_-(OOE;;'NAMr:-:::-IS- n~CI,~8C ,MTl,RYC, T_OIr,UB~r_ F[~---C.ODE---c_-~-==-- - -
------- ----_____ .- -- - -- - -.r-- ______ - - --____ 1 ---- --

r 
;-~l:rAss-=tODr_YE AR-'I S--YE AR.I -FOR~'COOE_- -c_~.=:-:_-:.~:: __ ---::-~--_-.:c:::---=-=- -:;?- - ------:---
----......... _-------~------- -- - -- - --- ----------=--=.:...~-==. .......... --------

~E.C-lJ~S--ur:tq S"':~~,!~~.USD) FOR- CODE. --fPSF, ~S!)-~F_OR-~{DC~_~l !~~_ 

~~-~-.-!.T~~~r, I<.~! 1 .~OR (STIRRUP-FY ,C(j~~E!5' ?!~_~~_~ __ ~ -
=-ClA-SS--:MCOl FJER-:--COlS* 1 -FOR (SU8GRADE t FOOTING .-XX, KytFGRMUl4.,XYJ 
-=--------_..::._--=--- --- -~-- - _. - ----------------_. _._-----

• :-YA[lJ!-UAR-7l Ll.1M=60 UlTMiR71 -co ~~:-:-:'~~_-~ _-: __ -~==-o-:-:: -_ - ---~--------- ------

-CY.l[UE-nENS IT'( 145 II 1 ~ "SO Ul lM "" 300 . ---=--_--- _-=-=-:- -: - -:: ~-==-::.=- C:':---.::c- -- -: -:--::---
::-...:.~_ __ _ ____ .1__ _ __ =-- ------~ ----- -- --r_ -,- :::..-.-=--_ 

:=VALUE WEIGhT=150_ Ll lM: 50 Uli M:350 _::~. -- -- __ c.~-_____ --.--::.-.: __ ::..: c_--::- -~ -=--~:c-- - -
- :...:. - -- =- -- ~ -- ---=-- --- '"' -- - - - -....:::: --..:---==---.-- -- - ~->-----

~R:U_~~t:oyEJ~_=l. ~ lLIM""O.5 UlIM=3 -':,::::: :'~~':_~~_-=-___ =-~~-;-;~_~u .- ~- _-_-----. 
-- - - - - -- - ~ " _ .... - - - -- - - - -

:;uArt:lj1r-,.-.1\-,.r~F~J'lTO"" llIM-O ULIM-1 :-=-_-'-_-_=--~-=---:;:_..::..:::ccc:-:=_=_,,_ -: -=..c:------:. ~yr.--.::~!:~~~'u.. " • :::.._.:_c:::.-::_- __ -==-==-_=---="=-"c: -- _=:_-- _ :..--;:-- _- _ --- -- --- - ---- -- - - - --- - - ------------- - ----

=v4LlJ~~aée-~rl0~.O.8'-11.1Mïa(f~'J~IDlf·'l;=~-:::_==~-~:=-:-:=-c-<- ___ -~_ :~:_--------- ------ -----

~~Jf:-iÇ~t.~[~~l--:~I~~-ll)~-É§~§§ê~§ê§§~§~~~~ 

~.1l~~TM.l~·~~~~1·~.!!~~-.nu~_~~~[t-~~-~~~==~-~~§ê§§~~:~~~~~-==~~-~.~~ 

-":l. 

. riaû!\5-12. a) Set, _ut_ntl for USE cOI!IIICInd. 
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:-:- CLAS-S-KWD-ï S BM,SLt~Bt WALL - -------- --------- ----- - - - - - -- - -- - - -- - -

- -~l'I<A fs MAR-K •• 

__ _ -- JI K.B l ~ - T h RU. 1 -.-- ... 

~~ÇLA-SS BSP-A~ rS SPAN-
--- -

-- ----- ------

-=-::::::---:---- _-_--_--~~~-------::::::-o=:-==:::==-=::::::.:.::~=--::-~-:-:----
-, -

__ =--- -= --_.2 == --- =~~.===--c=--
- - -- - - - -------- ---- -- ---- --- --- - - --------- .......... -- -- -- - - - - --- -- --

- -- - -- ---------. ..-, --------_._.-- - -~- - -=--~ :........~ ---==----==-~= --..::::!::.:..._--=--_.::::. -- ------ - - - - --. - - - -----~nTtS -·~I 5 -x--=-~b -=_--
------- - - --- - -- --- - ,... _.- -_::. p- ---==..:==-----=--==--- - ::::-...: -----~- - - ----- -

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

---=tLASS -,.,00 If.:( Nr,-FSJFOR- «fLOOR-Ol t -.FlOOR-ll'{ FCOOR-wl.OnfJ --:~-- 7-=_ -,=-
- . - - - - - ----- - -- - -- --- .- -----=~-~-

;::-~--::::-~~:}fJ~RU LL I~ -101 IJl If.f~.5... __ c:c:~--_-~=-:--~=--:: -===:=--_ - --~ 

-- -------::- WAnj!;_J~t~t~t1:Y UlJ~= 1. _ ~_~~ ~~ __ ~ __ ;;:--===~~-_::-~- -=-----:<_=-_-:è_ 

~:~~~rfî?l~Jb'~~~Q~_y~J~~l-.~-=-~-~~~.-~~~~~~~~~~-~--~-~_-_-~:_==~~_-~-

... 
Pigure 5-12 (continued)~ b) Setup Itatementl for BEAM/SLAB/WALL commando ~ 
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Figure 5-13 (continued). b) ULANG version f?r .etting 
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already been done by the preproce.sor ULPREP, according to the defini-
" 

tion. from the template USE (Pig. 5-12a). 

The increa.ed gain in progra •• implicity help. to avoid 

programming error. and to .. k. additions and modification. .iapler. 

For in.tance, in analysing tbe old ver.ion of the progra. for steel 

.trength .pacifications, an arror in the exi.ting program logic vas 

ditcovered, vhich bad crept in becau •• of the camplexity of tbe logie. 

Run-time .fficiency. The old lexical analysis module, al­

thoulh uting IBM AI • ...,l, languaga aubroutine. to improve tasil_ter 

u.aga, va. judged to be ineffleient, bard to comprebend and to change, 

and clifficult to tranlfer to anotber .y.tem. The ULANG scanner module , 

va •• ubltitutecl in ic. place, vith a 50 atatement interface to trans-

fer ULAMG token. to AHECP tOke~l. The performance of the two Icanner. 
< 

va. coapared on the IBM 360 for 206 typical AHECO C~ndl, taken 

froa tba AHECO U .. r'a Kanual (70). The following re.ultl vere obtained: 
1 

- olel yaraion 8.34 .ec. 

, - ULAMG yardon 2.96 •• e. 

- N'a tl. for ra"la, aDd prblting 
of carda, vi choue .canniq 2.82 •• e. 

The lexical aD&l,~l. tt... are,S.52 .ee. y •• 0.t4 .ec., living an 

t.proy ... nt factor of 5.52/0.14 • 39.4. 

ID ."ck cha co.-. .. anal,.I. tiaiq, tbe lexical .ualyai. 

affeêt w, fbat 'aU.iut" ." "A11II tb. VLAIG Manaar for bath. tbe 

olel,'" the ~ .... lou. su.. t" ua ad IUM/SLAJ/WALL COllillBnd • . 
'ara ...tteclcled .... otlau CG eed*. t1Ielr a".t. la clUflcult to bo­

late. ~. total rwaatq tt. •• ca'''' f ••• .,le, couiadlll of 

r 

., 
• 'I~ 
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10 axamp1es from the AMECO U.er'. Manual, vera comparable (20 .ec. vs . 

15 lec.), a. expected • 

The axecution times vere a1so ,mea.ured for th. ULANG 

exa~le. of Chapter 6. On tha cne 6600 it takes between 25 and 45 

msec of CPU ti .. to validata and to analy.e an input command, to .upply 

.is.ing parameter. from the t~late, to build up. CT-.tep.and to 

di.play or to execute it. The corresponding cost i. batwean 0.5 and 

0.75 cents par commando 

Thi. lov cOlt confirma tha validity of tha principle used 

in the de.ign of ULANG: naver to look up tbe same information twice. 

Thi. princip1. has be.n adherad to at all levels. 

The hardware repre.entation of input character. is u.ed 

directly a. an index in tha CHARCL tabla to al.ign lexical categorie. 

to character •• The input character" .tring it.elf i. âcanned only once • 

by tha .canner ULSCAN, vhich lunetion. a. a detera{ni.tic finite-.tate 

autOllUlton. The .~t.x anely.ar UjJRCOK, i~ turn .. ka. only a alngle 

pa •• over the catagorized ato. .trinl, output by tha Icannar. Tie-in 

vith .... ntic. occur. at appropriate poiata by call. to tha .... ntic 

routb,.. INS!R.P and APPENP, vbich buUd up the CT-atep. At' tha end 
. 

of th •• caft ovar the ato. .triaa. 811 the u.ar .upplie. infor.&tion 

ha. b.ea axtract.d .nd tran.farad tô tha cr-Itep. 

Th ..... nttc aaaly.ar UIIRSIM .. te. one pa •• oyer tha cla •••• 

of tha t..,tat •• If the .i~i.ua nu.b.r of par ... tar. of a cla •• ha. 
6) 

bee ... ppU. ""jt1ta uaar, Cm t ..... par_ter. al'. checkH for con-

,~û~ d.~~. aM C~1"t'" cbe a,prO;d,ac ..... if 1l~ ••• a!'1. 

U ••• er .... 'DOt • ."U" .1~ lM rt4fUln;d ,.r.-tan, Cha •• fault 

'. 

" 

'1.. .• '.\ .. ",.f.., 
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value. are taken from the template and ia.erted into the CT-step • 

Ta .ummarize. a user'. input liae i. proces.ed in one p •• s 

over the eharaeter atring, one pass over the atom string, and one 

pa •• through the' tamplate. 

Portability. A ... ntined abave, the old lexical analyser 
t 
1 

of AMECO v~ hardly transf.rable ta th. cne 6600, beeauae lt vas re-

lyina On th. IBM 360 char.cter a.guence (.pecial characters befot. 

lett.rs), wherea. it i. the rever.e for cne 6600. Also th •• peeial . . 
IBM l60 A •• embler routine. had to be .i.ul.ted on th. cne 6600. 

As a rl.ult. the .~.nning ti .. va. increa.ecl by a factor of two ovet 

the IBM version. 

On the ather hand. the ULANC ver.ion of the .canner va. 

aaslly tran.tered from COC 6600 ta IBM 360. Ont Y ODe t.ble, CHARCt, 

d.finin, tha lexical cl ••••• of ebat.cter. bad to be redlfined, to-

,ether vith a f~ COD.tants from IULDAT1/ •• uch a. vurd l.ngth .nd 

paddiDI charaetar. A.oft, the procedure., only ba.le charaet~r handlin~ 

routtD.', .uch a. lOliea1 OR, ARD, .hifti~, and word paekins rou-

tl •• GIT and PUT, hacl to he replaeecl to accOUDt for the dilference. 

"tweeD 6-btt aacl a-lait. code. 

!h'e whol. UUIQ .,.Ie •• d...,.loptMt cm the CDC 6600, wa. 

tra.'.nd to the IBM 360 by cloilll cha laical ehaDpt jUtt iacli-

118- t. tabl • .,..1 ..... eloeilll l'OUtbea. _ lia t..,tate openiq . . 

" . 

": "~:: :;':~C<~,<: .<':',;,:' ~i,.:,~>~<.::.";,; 

l 

• \." ~ :;' l" 

" i . 
k ,,~ .. : ,\' : ',:/l". 
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5.7 Treatment of user-errors 

Several options are open for treating errors in user-re-

queatl. One choiee hal been made in the present versibn of ULANG, but 

.odificationl to luit .ach application would b. normally required. 

Errors can be detected and corrected at dilferent levell. The verious 

error considerations are discusled in this section. 

A balie premil. to keep in mind, il that tbe context and 

the a~ea of dilcourle of a given application i. limited, as discussed 

in section 1.4.1. The uler vorka vith a predefined vocabutary, which 

-ia entered into the u.er-dictionary at setup time (see for instance 

Fig. 5-12c for the vocabulary of the tvo AMECO commanda). Any ambigui-

tie. and conflicts of ulage ere detected and eliainated et aetup time. 
'f , 

If a uler sU~I.quently tri.1 to add Iynonyms, conflicting vitb prior 

definitions, thia is allo detected. 

5.7.1 Standardization of names 
~ 

ln order to mate matchinl pos.ible vith dictiOnàry entriel 

and vith problem-Iolving procedure variabl.s, aIl n .... have to be 

standardiaed accordiDg to .~ rule (.ee Fig. 5-3). In the prelent 

.ar.ion aU ...... are t~ated to a length of 4, axcept- for compound 

aa.e .... lal1 bac.uae thl. ha. baan d.flned a. an acceptable prectiee 

for the AMICO laaaua •• (Palaj. 1 rr.lberl' (73». In the eight yèar • . 
of AMICO ....... DIlI CC*pl.lata bava bUll voiced by u.er. about thia 

'" 
f .. tur •• Irevlcy 1. a ••• lrabla f.atur_.for experi.nced u •• r. (Joyce 

(72». a" lt le c.-m1, .... la ~Dd l ...... g •• for on-Hne t.xt 

"'tial-
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If at the setup tilDe of an appl.ieation it turna out that 

unavoidable ambiguity may arise, e.g. for DIVI_DE and DI V I_DEND, then 

the standard length ean be increased to 6 or to 8, as neeessary ta 

eUainate the lUIlbiguity. Thil la done by rede.fining the value of the 

parameter LENTOK in /ULDATI/. 

..' Alternatively, .ome otber method of standardization might 

be used. A plausible scheme, uled in some applications (BCS (10», 

ia to eliminate vowels, except at the beginning of • ward, i.e. one 

vould obtain ~VD and DVDND for the vords above. lt sufficel to change 

the .ubroutine SPELL of the acanner to compare th. current character 

agaiu.t • lilt of letterl ta be eIi~n.ted; 

5.7.2 Correction of 'pellins error. 

In tbe pr.lent vork no apelling error correction ia attempted, 

thia being a lomewhat eontraveraiai tapie. lt .. y be envilaled ta do 

probabiliatic matching of n .... vith u.er-dictionary entriea, la that 

if no exact match ha. been obtained, then tbe elole.t matching neigh-

bouring entry is taken, provided that the .. tch reachel same prede­
) 

flned level, aay 801. To do auch match!nl, a scoring function hal to , 
a.e aad.d ta the Al'TSCAN rouc," of the acanner. 

cr 
... ad· on PLie experience at Cornell University, Morgan (70.) 

report. that ove!' 80X of aIl lpallins errora fall into one of four 

cl ••••• of ainlle error: 

- oaa letter vron,.· 

- ODe latter aissiDI, 

.- aD "l'a lattaI' IU.l'tecl • 
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- tvo adjaaent letterl tranlposed. 

He also providel a detailed algorithm and an IBM 360 Aseembler pro-

eedure for correeting these errors. AI an alternate approach to pro-

b.bililtic matching, Morgap'l Ipelling 'algorithm could be called in 

APTSCAN. 

S.7.3 Di.cardins of superfluous varda 

Different attitudes may be adopted regarding superfiuoul 

word. from the user'. input sentence. Such worda may be kept or dis-

carded at the lexical, .yntactieal, or semantical level. 

Lexical analxsia l~vel. Three possibilities are open: 

a) Any unrecognized word is rejected and a user-error is 

indicated. Thi. usually terminatee the procelsing of the request. 

b) Certain worda may' be epecifieally designated to be ig-

nored. In ULANC this is done by giving Aueh words the category zerQ 

ln the dictionary. 

c) If a ward is DOt marked to be .pecifically disearded, and , 
/,/ 

If after aIl .tandardlaation and/or .pellin~ correction treatlllent. 
/' 

/' 

ft nUl reaaia. unracosniaabl., than a choie. ha. to be made, ~ether 

. //' to 

i)' -ka.p it for further proee.ain.g, // 

ii) di.card it, and'warn the user abou~, 
f 

// 
/ 

Ill) di.card it, and aot .. nti~ it 0 the u.er, -unle.s he 

ha •• ,ecifically raque.tad otb 

th, acaDlMr routin. AlTSCAN la ••• i 

h •. 

to suit aiCher choice. 

At pr •• ut, option 1) la cho.. bec.u •• IlOt .11 .... r-c~DCl. are 

, 
,- -

_ ':t ~:",,~ t 
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The ULANG system option ECHo-IN permits the user to obtain 

feedback of his input, i.e. the vorda in standard form, with categories 

attached. A. an alternative, the original, non-standardized word could 

be diaplayed. 

Syntax andysis level. Unrecognized varda at the lexical .' 

level (catesory zero), may be u.eful in certain contexts at the syn­

tax analy.ia leve!. In the preaent version of ULA'NG, the u.er-comand 

syotax analyser USERCOM diseards luch wordl, ~xcept in the case of 

arithm.tic expreslionl, when the name preceding the • sign i. taken 

a. the name of the expreasion. A. an alternative, a me.sage could,be 

printed àt this point. 

ror some commanda, .uch vords .. y have a local meanin~ 

{Notley (11». Call. on .pecial procedurea can then be inserted. 

On the other hand, simply because • word ia recognized at 

the lexical level, .ay al beins an inteser. does not luarantee that 

it i. u •• d correctly, from the point of vieY of .yotax and of leman-

tics. ror inatance, in ULANC it..-names .. , be i~li.d under certain 

condition., a. di.cu ••• d in section 3.4.3. If the implied item-name 

routine SEMDKPL cannot a.,ociate a name vith a value, then an error 

....... is print.d. 

5.7.4 R.jection of uler-Iupplied value. 

ADother r ••• on for. u •• r-.upplied v.lue to get rejected, 
. 

ta th.t it .. y b. out. id. of the .11owable r.nge, a. defined at .etup 

tiM. rOt ill.tanc •• in the AMlCO US! c~ •• RIGIDITY .pecification 

bal CO b. vith!n the r.na' 0 to 1 • 

, . 
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The ran~e limitation may be a result of the nature of the 

application or of the computing equipment used. Ali calculating ma-

chine. have a limited word length, so that numbera can be repreaented 

up to a certain magnitude and precision. For a pocket calculator thi. 

8 limit May be 8 digit., or 10 , vhereaa for the IBM 360 this limit i. 

1075 • Thu., in example 6.1, factorials may have to be limited to Il! 

fo~ a pocket calculator and to about 70r for the IBM 360. Thia ia 

illustrated in Fig. 6-2, where in the setup statements for thè CALCU-

LATE command, input values for factorials are limited be~een 1 and 

10 -- of course, the upper limit UL could have been specified as 70 

for the I~ 360. 

Yet another reason for rejecting a user's input value is 

that it is not uaed in the appropriate contexte Within a given 

application, the u.age of certain parametera May bé conditional upon 

the presence of other •• In the example of chapter 4, it vas .pecified 

that the method of exponential amoothing be uaed for projectin~ divi-

dend. only (Fig. 4-2). If th. user forget~ thia, he get. varned about 

it. The procasaing may be terminated at thi. point, or it May be 

carried out regardle •• , at the iaplementer'a choice. 

The value rang •• and proce.sing context. of parame ter. are 

.efined at .etup ti .. , and the, have to be made known to the u.era, 

or better ,et, defined ln conjunction vith tha uaers. The important 

point i. that error checks of thia ~yp., if not don. by the ~LANC 

interface. bave to be ineorporated into the logic of the application, 

re.ultina in rather intrieate IOlic, a. il1uatrated in ,il, 5-12a • . / . 
Tb. act.aatqe of tJI.AHC 1. to' .aparate out .uch "erifieatioa function. 

li, the iaudac.. aM to prov'd. th_ a\a tOMt Ica 11, • 
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ln a truly interactive version of ULANG, which)due to the 

equipment available)could not be iaplemented as yet, the user ~y be 

~ermitted ta interrogate the ranges of validity and the proees.ing 

contexts, and possibly ove l'ride tham • 

. Boehm (73) .tresses the importance of validation-orhnted 

languages, vhich require the progra.er "to specify sueh items a. 
~ .. 

aUov.ble limita on variables, inadll1iuible states and rel.ations bet-

ween variables'~ for increased software productivity. 

5.7.5 Default values 

• ULANG will .upply default values for mandator,}' proeeSling 

parametera, if aaked to do 10 at letup time. If no default values 

have been set-up, and the user has not provided aIl the nécessary 

values either, then an error indieation is given. 

The syatem option ECHO-OUT permits the user to display 

and to check aIl the active parameters and th.ir value. for his re-

qu •• t befote execution. Fro. this h. can clearly tell hov hi. request 

ha. been interpreted, what, if anything, has b •• n deleted, and what 

ha. been added b~ default • 
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CHAPTER 6 - SPECIFIC APPLICATION EXAMPLES 
• 

ln the previous chapters the various aspects of ULANG haye been 

described from the us~'s as weil as from the programmer's points of view 

without the restriction to any specifie application. The range of appli-

cations for which ULANG would he useful was outlined in section 1.4.3. 

In general, it benefits applications requi~ing a flexible user-interface, 

where 8ctivities have ta he performed in a certain sequence' and where 

each user-request cao he reduced to the canonical faTm < cbmmand >; 
< parameter1 >, ...• < paruetern >. 

ln this chapter the use of ULANG is illustrated on three specifie 
~ 

applications. in order to provide a more integrated view of the concept . 

The examples chosen are somewhat simplistic for illustrative purposes, 

and as such. they do not represent an exhaustive view of aIl the eapa-

bilities or advantages of ULANG. On1y one type of user-request is shown 

in each example in order ta avoid repetition and ta keep the illustrations 

sillple. 

Pirst, the scope of each exaaple 15 described.Thls is followed 

140 

by so.e typiaal user-requests. Then the parameter structure is discussed. 

The corresponding ULANG setup state.ents and the resulting template conten~s 
IP 

are shown. Pinally. th. active paraaeters in CTSTEP are exaained for a few 

requests 'and, in the case of two exaaples, the FORTRAN source statements 

of thé problea-so1vin, procedure are aiven, illustrating the usage of 

ULANG run-tiae facl1ities. 

the fo.ta&t of dlsplays for te.plates needs .ore explanation. It 

CODJ1It.s 01 one ,Une for eac:h ClUI, .. ber, and value. AIl classes are 

liltecl in faa11y-orcler. lelow e.ch cr... are HUM the aeabers of that 

o 
" . .", ...... .., .. ~~-...-...,..,..... ....... - ~ ... -_ .. ,..~-,.-- _ .. ()._~ 

'1 
1 
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class. Below each melllber its values lIIay be listod, in turne 

Poraat of a class-namo lino: 

c - < index> < cla55-namel > NPR - < integer> S -< class- B = < class-
, n .. e2 > naile3 > 

where , 
< index > - index o~ < class-namel > in TNAME 

< class-naael > - name of this class 

<: class-name2 > III: ruuae of son' 5 family 

< class-name3 > = name of brother's family 

141 

NPR = <integer > indicates the number of parameter~ required for this class. 

Format of a meaber-name line: 

M - <index> < type> < lII_ber- IV" < implicit 
n8llel > 'value ::> 

[FOR < membor-} 
L name2 >-

nere r 

<\ index> ... index of < .ember-namel > in TNAME 

~ type> has the following aeanings D - descriptive constant, 

K - keyword .. 
, 

1 ~ integer, 
... 

p - L1oating-point, 

A - a!phabetic string 

< _ber-nael > nue of this .. ber 

• < ilïplicit.-value > an in.teger, aeaningfu! onJy for descriptive constants 

and keyworcls 

POR ~ ~er ...... 2 > restriction .pe'cifications (optiona!, as indicated 

br { } ). 

Ponat of. val!. 1ine, for It .......... f /, . 
Y - <Y'alue > t POl < .... r ....... > l .LI. - < talu. > UL - < value> 

. ; . " . .( 

'). 

t 
~ 
* 

1;' 
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1 
~ 
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~ 
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< value> = an iteger, a floating-point number. or a string 

4t LL. UL are lower and upper limit values 

• 

{POR < member-name»indicates an optiona! restriction. 

6.1 Simple mathematical calculations application 

This application consists of a single command to ca.pute and 

display the values of some mathematical functions, such as sine, cosine, 

square root, factor!al, Integral, for an argument X, or for a range of 

arguments. In this case the entlre application consists of a single pro-

.. eedure PR, which calls on subroutines to evaluate the specifie functions. 

User-requests. Typical user-requests are shawn (underlined) in 

Pig. 6-1, together with the calculated results. The keyword CALCULATE 

needs to be entered on the first line only, since the previous keyword 

is implied for subsequent lines. 

Parameter-structure. Th~ parameter structure for this command 

is suamarited in Table 6-1. The corresponding setup statements, to be 

entered by the Implementer, as weIl as template contents and the user-

dictionar~printed out by the system, are given in Pig. 6-2. 

TABLE 6-1 PARAMETER STROC'IURE FOR CALCULAT!; REQUEST 

COJlllWld Function Arguaents Units 

Calculate 1. Sine X Degrees, radians 
2. Cosine X Degrees, radians 
3. Sept X .. 

,> 

4. Pactorial X .. 
S. Integral X,Y .. 

-

--_. __ • .-.... ___ •. , ...•. ~ .- __ .......... ~-~ .~\P"t ...,...~"'_,.,. ~ - ~... 1 .. ~.. .. - ~ 
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CALCULA TE SINE FOR '\=50' 

.812 .766 • SQUARE-ROOT OF .5 t,2 4.75' 

.500 .701 
,-

1.00U 1.000 

2.000 1.414 . 

. 4.150 2.179 

fACTORIAL FOA X FROM 1 TO 20 BY 2' 1 

X INPUT VALUES OUT Of RANGE '., 
'l'. ' <, .. - .. 

1.000 1.000 
" 

3 .. 90 u 6.000-

5.000 120.000 . . - . ~ ~ - -~- -.-- -
1.000 5040.000 

9.0-0U J~O-rOOO 
" 

INTEGRAL FOR X FROM 1 Ta 5 AND Ye-1.3, 13.3!25. 9 45.2 60' 
" 

1.000 0.000 , 

2.000 3.000 

3.000 ~ 
4.000 58.150 -J 

---6-.40U 110.1Sn 

RAOIANS.COSIN~\~=~ CAlC SI~E fOR X·12.~ 

12.200 -.358 

te nftn "iL" ............ -v 

fACTORIAL. {'X.S, 7. SQUARE-ROOl Xa3.4561 
-- . - -

5.000 
1 

I~O.OOO 
, ., "" .. cn .... " "nn . . 

3.45~ 1.859 
- ~ ,..- .. - ~ ~--- ... - # ... «~_ A" __ ~_"_,_""_",,,,,,,,,_"'-' # .. - ."' ...... - ~_ .. -~ -

. .156 SEC • • -.. 

'{au!! 6-1. Typlcal user .. reguests for CALCULA TB ~d. 
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~ A. SETUP STATEMENTS 

LINK KWO Ta FUNCTICN TO ARG Ta UNITS; 

CLASS KWO IS CALCULATE 
-- ~ 

OCLASS FUNCTION SINE,COSINE,SQUARE-ROOT,~ACTORIAL,INTEGRAL; 

CLASS ARG= X, '( FOP 1 NTEGRAL; - -- . - - - - - -- - - -

OCLA SS UNITS 1S (OfGREES,RAOIANS) FOR (StNE,COSINE) ; 
.---

VALUE X FOR SQUARE-ROOT LL=O 

VALUE X FOR FAC TORIAL lL=l Ul = 1 0 -
___ ---.. __ A_ ~ ~ ______________________ --

- - - . 

UOICT FROM 't31 TO 't32 BY 't33 IF 461 THEN 't63 OPTION 373; 
f-. 

~ &. TEHPlATE CALC 

C :: 8 KWO NPR = 1 S :: fUNC B = 
H = 2 K CALC IV :: 1 

C :: 6 FUNC .NPR :: 1 S :: ARG B :: 

M :: 10 0 SINE IV = 1 
H :: 3 0 CCSI IV :: Z 
M = Il 0 SQUARO IV = 3 
H :: 5 0 FACT IV = 4 
H = 7 0 INfE Iv = 5 

C = 1 ARG NPR = 1 S :: UNIT B :: 
H :: 13 F X IV 0 

- .. ." -----~- ~~ ---- -_. . 
:: 

V :: o. 00 0 FOR SQUARO Ll = 0.600 
V = 0.000 FOR FACT .... L :: 1.000 UL :: 10.000 

H :: 1,. F Y IV III 0 FOR INTE 

C = 12 UNIT NPR = 1 S :: 
. .-- ~ .. 

B = -

H = ft 0 OEGR 4IV :: 1 FOR SINE COSI 
H = q 0 RAOI IV :: 2 FOR SINE COSI 

• l.~" SEC-;-

- ~ 

10 IN1E ZO 0 , 

... c. USER OICTtONlIRY 11 KWO 100 
12 OPTI 373 

1 ARG 120 - --il' RAOI 200 
2 Br .. 33 14 SINE 200 
3 CALC 300 15 SQUARO ~oo 
ft COSI -Z4Jlf lb THt.f4 '+b~ 

5 OEGR 200 17 TO .. 32 
6 FACT ' , 200 la UNIT 120 

"'-1 - FROM 431 . -tcl-'X' _. -- .. -"110 >~ 

a FUNe 120 20 ,Y 110 
. . 

9 IF ... 61 

1 . 

~ .' . ' 
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• OPTIONS ECHO-OUT 
~-- - - - - ----- --

CALC It-iTEGHAL FOR X FROM .5 TO 7.6 B'1' .15, '1'111.2 3.65 7.ti9 9.24 

ACTIVE PARAME1ERS 24 ~2 4~.~ 45, 
NAME TYPE VALUE MfANING 

_ -KWO----K-- l-CAI,;C 
FUNC C . 5 INT~ 
X 0 FROM 

F .500 
0 TO . F 7.60 

.. 0 eY 
F .750 

Y F 1.20 
F 3.65 
F 7.89 
F 9.24 lot 
~ ;:'-.-0-
F 52.0 
F 45.6 

. 
F 45.0 - - - -- -

.500 0.000 

1.250 1.819 

2.000 - 6.146 ~ . - ~.... - -- --. -

2.150 12.570 

3.500 25.035 

-~ 

___ A ___ -4.250 ~.-ll.&35 -- ---
. 

5.000 90.135 ~ 

5.750 124.110 

- - . - . - -- -- - .... _- - -~"'- .. -. - -_.- • 011 S~C • . 

Pieure 6-3. Active par ... ters for a CALCULATE regu8st . 

• 
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sueRCUTIN E G ~LÇ 
• TO EE HRITTEN gy THE IMPLEMENTER 
• USES FO~TR~N LT9PAPY FUNCTIONS SIN COS seRT 
• A ~5ER-W~ITTEN FUNCTION F~CT 
• AND A~ SSP lIBR~QY ~UBROUTI~E OTFC 

1----4.in4-' T.-t'-t~~_.A.1-U-O.l ~Z-UtlJ- • ...ALZ~(~l~OJ-) -------------,­
CO~~ON JRLND~T/EOV 

EQUIV~lENCt (EOV,IEOV) 
• SELECT A FU~CTION 

1 1 = 0 
-~ - -~-----~-~------~ -"-----...-.-.-._-------- -~-, 

L:IV (4lFU~G) 
.------~I~F~_~lE~V+_~lU~·--------------------------+ 

• lOOP OVE~ All VALUES 
10 AR(;=V (lLX' 

IF' ORG .Et .EOV) GOTO 1 
GOTC (100,10.0,'300,400,500) ,l 

• SI NE COS INE 
~~t~n~·UNIT=lV~~LUK·~I+T~)-----------------________________ -.~ 

l F CI lJ to. Il • E 0 • 1) AR G = A RG' 3 • i ft 118 ° . 
IF(l.EO.l) Z=SI~(A~G) 
IF(L.EC.2) 2=COsCARG) 
GOTo. EDO 

• SQUI'RE ReCT 
~~~~tn~n~?~~~:~~l.sC:~T~I'~AIDK'~r.:~, __________________________________ ~-

GOTC 600 
.. FACTCRIAL 

.. 00 2=FaCT UFëG) 
GOTO 600 

.. INC~EMENTAl INTEG~Al 
~nn AC~~~~~) _________________________________ +_ 

IFCaRG2.EC.ECV) GOTO 1 
l=r+l 
If(I.Gl.10) GOTO 1 
AUU=ARG 
• 2n)a _RG 2 
,. AIl tlTi:I:' A 1 .ll~ ,6'7 T' 

Z-Al (l) 
" CUTPUT 

~OO PRt~T 611,ARG,Z 
611 FOP~.l(IHO,5X,2F15.3) 

GOTe 10 
.: ... n 

t=:~~=::::::;=:::::;:;;::::;:::::;:::: w:;;::::::::::;::===========::J--

Piere 6-4. Probl .. toile for ~TE co.and. 
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Paraaeter usage. The active parameters for a ttpical request 

are shown in Fig. 6-3, together with the results. The user's input i5 

shown underlined. The values of X are 5tored in the fOTm of a limit-loop 

and the values of Y are simply stacked as encountered in the input. The 

calculation of the integral terminates when aIl the Y-values have been 

exhausted. \' 

The corresponding problem solving procedure CALC is shown in 

Fig. 6-4. This procedure illustrates simple use of the V-functions by 

the programmer, as described in section 4.5.2. The value o~ FUNC is used 

as a switch to select the appropriate function. In this ease the function 
• 

evaluation 1s to be done by the built-in functions SIN, COS, and SQRT, 

by a programmer-written function PACT, and by a standard SSP library 5ub­

routine QTFG for the integration. The arguments to QTFG have been set up 

in the stàndard way required by thi5 library routine. The BOV marker in-

dicates when aIl the values of a paraaeter have beca.e exhausted. 

6.2 A desicn application 

ln a certain structural engineering application, an engineer 

.. y request the design or the analysis of the structural members of a 

building. 

Typical user-requests .. y he stated as follows: 

OBSIGH BBAMS; 

DESIGN CONClUrJl! COJ.t1lNS SQUA,lE, LiNG'Dt III l~ 

A 'W OP 11UCINESS Il INCHBS lS 1'0 BE ANALYSED; 

. .J WANt TO DISIGH A IIWC. 1, SltAPBD, USING OOHCJlETE PC III 3500; 

A n-.r of ctes1p par..-tus are l'equired ln OX'der to proces • . , 
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nda requests. th. "'~P paraet ... ca he aroupH, into cluses. ~ shown 

ta ",. 6-5, 8IUl one or lIOl"e i*t •• tftS are l'equl:recl of .ach clau; if not 

, , 
• 



• ~ 

• 
. ~­.----..-.. 

• 

supplied by the user's input, then default values .ust be given tnstead • 

Oill-2 Properties 
-, 

Figure 6-5. Parameter structure for DESIGN comman~ 

This application illustrates a more co~lex paraae~er strUcture 

than in the previous example. This is typical of design applications with 

uu.erous restrictions and default values. 

The setup statements to be entered by the i~la.enter are given 

in Pig. 6-6. The corresponc1ina DESIGN tellplate ,enera~ed br' the systeJI 

la 4isplayecl in Pil. 6-7. Sinee no cate,J0ries have been specified, then 

aIl nu.eric valu ••. are floatinl-point by default. 

Par_ter us .. e. . A~thodah the DSSIGN teçlate' 15 reasonably 

COIIplex, the acUve par_tel' suucture 1 •• Ùlple. as shown in Pia. 6-8 
, . 

• for .OIMI tJPlca1 clealp requests. 1he ~er's lafut 11 UIlderllned. If 

dae iaput .. 1 .... an oat. of rua., th .. '''l'Gpl1&te 1 .. 1' or upper lillits 

1ft .... Utv.U4 ~ .. lDfolMtiv ......... 1. priat.ec! • 

148 
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Ht(---'4E~BERS_TO_SMAP-P HATERIALL ______________ f 

SHAPE TO OlM.ONE, D1M.TvO, DIM.THREEI 

MATERIAL TO PROPERTIES.3 • 

DE..i1LMElt100J ___________________ -t 

DClASS KWO- DESIGN, ANALYSEI 

DCLAS5 MEMBERS- 8EAM5,COLUMNS 'WALLS,SLA8~' ~OR ~N~LYS~I 

o ~~J~UEA lAL.~1iCBETE. SyEEL.faR.tANALl.SE..BEAHS.COLUMtt.II4-lJ---I 

CLASS PROPEATIES- FS,(Fe,DENSITY) FOR ÇONCRE!EI 

DCLASS ·5H.PE-CFLAT.ONE-WAV,TWO-WAV) FOR ~LA8~ 

J--.'-=H,,-,,-,A~-(J.U.PR1SMATIC.L) fOR i~A"S~ ____________ _ 

SHAPE-CSQUARE.RECT.ROUND) FOR COLUMNS, ~HEA~ '-O~ WA~LS 

CL.SS DIM·ONE-THIC~NESS·FOR CSLA8S~WALLS)t O~AHET~~ fO~ ROUNQ 

DIM-TWO- Y.OIM FOR RECTANGULAR WIDTH EO~ B!~MI 

OU4-THREE -LENGTH fOR COLUMNS,SPAN FOR U~~S,~L~B~,WALLSJ.I 

DCLASS METHOO • WSO. USD' 

VALUE 't fOR MEHBERS-3000,3000.2500,3500 LI. ,'lOOO~ ~L .'~2000) 

1---IL-M--L.lflUl~I.COLUMNStd.Cl.aQO.50000 1.1.12120000) UL 2 C9 

OENSITVI, 145 LL 100 UL 200 

'THICKHISS fOR l~.WAYJfLAr'.8f8 LL-2'4~ Ulw2(20) 

DIAMITIR 11 LL I, UL 100 

L!Na'H- • -.L'- 2 ua.. ~O 

, 1.0' ... 11.U. • ut. 120 

Y.DIM- 11 ~ i UL-ilo 

,DTH .......... '0 ... UL~~ ••• ' 

1,,' 
,1 î' ,. -, ,. 

1 

~ 
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~------------=======~~~~~~-~~~~~-._~~~~~~~--~------------~----------~~--~- ! 
c. 17 KWO NPA, • 1 5 • MEMa 8 • .) 

" 

M. 9 K OESl IV. 1 
M. 2 K ANAL IV. 2 

c. 21 MEM8 NPA • l~S • SHAP a • COD~ 
3 0 8EAM, ________ ~IV~.L_~1-----------------------------

H. 5 0 COLU IV. 2 
H. 41 0 WALL IV. 3 FOR ANAL 
M = 32 0 SLAB IV. 4 FOR ANAL 

c • 30 SHAP . NPR • 1 S • DIMONE 8 • MATE 
• 15 0 lur ~ ______ ~I~V~.~_1_F~~R~SuL~ARBL---------------------

C -. 

M = 25 0 O~EWAY 
M a 38 0 TWOWAY 
M -u 36 0 T 
M .• 39 0 U 
M ,u 26 0 PAIS 

M '. 34 D SQUA 
M:. 28 0 RECT 
M • '29 0 ROUN 
M:u 31 0 SH!:A 

D MONE N~B • 
M u 37 F THtC 

V = 8.000 
V • 8.oob 
Y • 10.000 
V • 10.000 

M,= 10 ',DIAM 
y • 12.000 

, M'. 44 F XOIM 
V • 12.000 

M • 8 , DEPT 
V • 12.000 

IV = 2 FOR SlAB 
IV a 3 FOR SLA8 
IV. 4 FOR BEAM 
IV. !S FOR BEAM 
IV. 6 FOR 8ÉAM 

IV. 8 FOR tOLU 
IV. 'FOR tOLU 
IV .- 10 FOR ,COLU 
IV u 11 FO~ W~LL .-

1 S-. 
IV • o FOR SLA8 

FOR ONEWAY Llo • 
'FOR FLAT LL • 
FOR TWOWAY L\. • 
FOR WALL L'" '. 

IV • o 'OR R~UN ..... . 
IV • ,0 ~OR S~~A 

LL '. 
IV • o 'OR .EAM .. , .... 

L ... ··• 
~ .- ....... - - ...... ~_ .-....-w ~~ ..... , ___ ~ _~ "-

C '. 13 OIMT"O N'R 1. II. 

V • .12.000 .. ... -,a 
_ ., ,M.:a 42 , "lOT .v . o 'OA BEAN 

V,.' 18.000 ...... -.• 
C • 11 OINTtIt NP" ... 'l .-. 

M:a ,,,, LINt ,IV' •• 'OR C~U 
. ""---- -- "y ... -- ,--~ ...... ' - ,--- ... --_ ... -- -.:: .. .J,L~ •• .... ,JI f' ,,,_, il ~, .-- o ~~,IMM 

'!I!!!!'!!r:Z: t.ltM'~k' .,ri',dITa, • . , ... 
'l, ~.. • 

"1 

I" '" • ,; '1 

'::':.;'-' 'C ,~}:" ,J;' " _ ,~r:,~~~:3'~{':;L 

.> 

B I! OlMI., 
WALL. 

4.000 UL • 20.000 
4,000 UL • 20.000 
6.000 UL u 20.000 
6.000 UL • 20.000 

1.000 UL • 100.000 

A~çr 
~.OOO UL • 120.000 

----

6.000 UL • 180.000 

8 • OUtTHA 

8.000 Ut.. • 150.000 

10.500 Ut.. • 240.000 

B • 

_, •• 000 UL • 20.000 

-sua . ' WALL 

, 

1 -1 

,'j 
"" 
tj 
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TEMPLATE OE51 

C • 20 "A TE NPR • 1 5 • PROP 8 • " .. 6 0 CONC IV • 1 

" '. 35 0 5TfE IV • 2 fOR AN~L B~AM COLU 

C .-21.-P~O~ NP--.R " 3 L. B • 
M • 16 F FS IV • 0 

V • 60000.000 FOR BEAM LL • 20000.000 UL • 90000,000 
V • 50000.000 FOR COLU LL • ~oooo,OOO UL'· ?OOOO.ooo 

M '. 
14 F FC , IV • 0 FOR CONC 

i--- V fi -lO.GO-.o.OO __ lOiLBEAH LL. ---10.0-0, OOO-UL--!l--l2000.00o. 
V • 3000.000 FOR COLU LL • 10.00.000 UL • 12000.0.0.0. 
V • 250.0.00.0 FOR WALL LL '. 100.0,0.00 UL • 12000,00.0 
V .• 350.0.000. FOR SLAB .LL· 1000..000 UL • 12000.000 

" i 7 , OENS IV • 0 FOR CONC 
V • 145.000. LL • 1 0. o., 00. 0--UL-----20--0 .0. 0 o.. 

C Il 4 CODE NPR • 1 S " METH 8 ,. 

" la l D ACI IV • 1 

M '. 
23 D NBC IV " 2 

M • 24 0 NYC aV • 3 

C • 22 METH NPR .. 1 S • 
8 .' M :. 43 0 WSD -IV. l .. ~ --- - . - --" :. 40 0 USD IV • 2 

• !91 ~EÇ • 

Plaure 6-7 (continued). Te!plate for DESIGN commando 

.. 
'\ ", 
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CPTtO~S fCt-'C-CU T: 

o E SIG t. e f ~ Jt S L_ 

ACTI\lE FARAHETERS 
NAI"E TYFE \I~LUE HEANING 

KWO J( 1 OES1 
--'1Et1B C 1 BE:AH 

SHAP C 4 T 
OEFT F 12.0 
WIOT F 1ft.O 
SPAN F 20.0 " MAlE C 1 CONe 

_LS ~ ___ (l 0 OE + 0 
FC F 3.000E+03 
OEt\S F 1lt5 
CODE C 1 ACI 
MElH C 1 '"'SO 

. DESIGN r,CL~,.,t-JS , .. LEt-'GT"': 15 Usot 

ACTIVE FARAHFTERS 
NA~E TYFE VALUE HEANING 

KHO J( 1 OESl 
_HEHB~ ____ C _____________ ~~~ _______________________________ -+ 

S~AP C l"~ a SOUA 
XOIM F 12.0 
lEt-:G F 15.0 
MATE C 1 CONe 
FS F 5.00 Of: + , .. 

~OJl.oE. 
DE1\S F 1 .. 5 
COCE C 1 
MElH C 2 

.107 SEC. 

'laure 6-8. !Yeiea1 DBSIGN reguests • 

, 
" , ,-, 
" 

, , 
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• ,.. 
O~IONS ECHO-OUT, ~ 

! , 

ANALYSE L ~F:AMS, SPAN 34.5' 
SPA~ INPUT VALUES OUT OF RANGE 

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

ACTIVE PARAMETERS 
NAME TYPE VALUE MF:ANING , --

1 

KWO K 2 ANAL 
MEMB C 1 BE ",,4 
SI-fAP ----C- 7 

-
L 

DEPT F 12.0 
WIOT F 18.0 
SPA~ F 30.0 

--.........-.-~-- -.- - ~ --- -- ~. 

MATE C 1 CONC 
fS F 6.000E+04 

-Fe F' ---3 .-000(-.03 -------

OENS F 14'5 
conE C 1 ACI - - - - -METH C 1 WSD 

1 WANT A FLAT SLAA, THICK ]0. CONCRETE FC=3S00 FS=5.5E4 
--THIC -- INPUT VALUES OUT OF RAt-4GE - -

ACTIVE PARAMETERS 
NAME TYPE VALUE MEANING 

, - ~ ... ~---- ---- --_. -- .. 
, 

KWO K 2 ANAL 
!MEMB C il SL~ 
SHAP C 1 FLAT 
THIC F 20.0 
SPAN F 20.0 - - -

MATE C 1 CONC 
fS F 5.500E+04 
irc F 3.S00~.uJ 
OENS F 145 
CODE C 1 ACl 
METH C 

- -
1 WSD - ----._-~--~ - -- - -- -

. , 

• 113 SEC • 
. 

Pi~. 6-8 (continued). !rPiea1 DESIGN regpests. 

" , 

'\ 



• 
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• 

The processing log1c is too lengthy and too complex to be shown 

bere. '. AIl the required paraJlleter values can be obtained very simply by 
.' 

154 

tbe V-funct10ns. Since aIl the parameters are single valu&d, an altel~ative 

would be to include the /gTSTEP/ directIy in the procedure, as described 
~ 

in section 4;5.1. 

, 
6.3 A data-bank application 

A common business appl~cation is to query a data-base. In this 

8x..ple there is a financial data-bank containing information about secu-

rities. One of the user-activities for this application may be to display 

or to change some of the data-bank information. Since the parameter struc-

ture 1s si_ilar for both of these activities, the same setup statements 
" 

.. y be used initia~ly, but two templates are generated, DISPLAY and CHANGE. 

The ker to accesslng any stock ln the data-bank ls 1ts stock 

ticker-symboi. Each .stock has severa1 items of information in the data-

bank, such as: 

a) A classification index 

by inciustry 

by growth 

- by volatility. 

b) Basic info~tion about the'security .. 
- .... of stock 

- purchue cost. 

e) Actual cl1vidends dl.tributed, for the '1.st 20. quartera 

- di vldend 8IlQUIlt 

... .uv1'" record dat.e, 
1 

.. 



• 

• 

-

d) Periodie information, for the 15 most reeent weeks 

- urket priee 
- dividend rate 
- earnings. 

Por the pùrpose of this example, flnancial data for five stocks has been 

entered, .with periodic information for five weeks. 

User-requests. Typical user-requests ar~ shown in Fig. 6-9, 

where the user's input is underlined. Simple requesùinvolve only pa­

rame~ers defined at setup ti.e. as in the case of the first two requests. 
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The user may a1so make more comp1ex r~quests, involving arithmetic expres­

sions and conditions)which would screen the securities to be displayed, as 

in the last request where only three of the stocks mentioned aeet the priee 

to earnings ratio threshold specified. 

'The fifth request i11ustrates the useage of a clas5-name to 

s~orten the input: PBRIODIC-INPO stands for PRICE, DIVIDENDS and ~-
, 

NINGS. .-
.:- Par8lleter structure. The par.eter structure closely paraUels 

, 
the struc~ure of the data-bank. The setup statements, entered by the 

t.pleaenter, are shown in Fig. 6-10. The teaplàte contents are disp1ayed 
~ 

by the system in Fig_ 6-11. The ont y .andatory parameters for a request 

are the ke"fWord and a stD(.k s)"aboI. The PERIOD parame ter i5 activated only ... 

if any of the periodic infOr8ation paraaeteTs are actiVé. 
P ç . ~ 

Paraaeter USA,e. The Rétive para.eters for two requests are, 

shown in Pi,. 6-U. Poz the first roquelt the option iCHo-IN prints the 

atoll and cat.e,Ol'f Itrines At. ~e end of the lexical analySis phase. Btfore 
, 

executioD of a r.e.t beglu, the values and types of .ta bank lt.." such 

al PlUe, BARN, are UD4eflnecl. Th. I~aae ln Pol_ string fora of user-
\. 

cÎefinN conditions 11 Uluatrated ln th ••• coUd reque.t . 



• 

• 
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OI~PLAY 1AE1 "''''~l CO ~T! PRlrE; 

~ STCCK_ NAME 
~-----

____ . _CQS1 _____ J'R IC _ 
Af 115EESTCS CORP 2".E2 27.5 C 

.. t~Bt fAP"INGS! PRlrE WEEK 3t - - .. ~- -.~- - ~~ ~ 

STeclC NH1E PRIe EARN 
_A.B ____ . A~EES1CS._CCRP .. __ ._za._~o __ .. __ 2.8e 

t~e1 EARt-;INGS, PRrrE, ~P-RATIO:FRICE/EARN, WHj( 't; 
t 

- -
, STCCI< N~H PRIe EARN EPRHI 

AB ASEESTOS CQf;P 23.00 2.88 7.<3<3 
--- ------ -- -------- ~---------

tA8t orVICE~C-AMT aUAIHER=7 ; 

STCCK ~AH OIVIAH - _. 
AB AseES10S CORP .25 

__ 1CPi NAt'E, FER 1 OOIC- INF.O": J!I' 

STeCI( NA"e PRIC DIVI EARN 
CP CA~ACIA" P IIC! FIC 79.50 3.00 5.2E --

OISPl"Y 1Et.S1 OIVI-A~T!PRICE!COST! XX=(FRICE+CI~I)/eO~T·100 
-- ------ . -- -------*----------- ------------ .. 

STOCK NAt1E OIVIAH CaST PRIC xx 
eNS .70 20.00 25.00 138.S0 

tUtiE FR 1rE FaRN FOR STOCKS 1AC1 tBNSt tCAEt ~eFt IF PRIeE/EAR~I~GS>20 
.;1> 

_.5_TCCK ~ A K~ __ . ______ eRIC ..f:AJUt 
.C ATLANTIC SUGAR 6.50 .03 

STeel< NA fIE PRIe EA'RN -- - -~- - - -
aNS SCCTIAeANI( 25.00 1.10 . 

_ STctK ___ .NJ~E ____ eRIC E~R~ 
CAf CAE INOUSTPIES 10.62 .10 

.25~ SEC. - ,-

PlIUre 6-9. !rpleal user-requests for DISPLAY ea..and • 

, . 
" 
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• 
LINK KWD TO SECURITY TO CLASSIFICATION·; 

SECURITY TO B' SIC-INFO· 

SECUiUTY TO PE RIOOIC-INFO· TO PERIOO+PERIOOIC-INFO; 

SECURITY TO ACTUAl-OIVIOENOS· TO OIVI-PERIOO·ACTUAL-OIVI; 

CLASS KWO= OISFLAY, CHANGE 

CLASS CLASSIFICATION=lNOUSTRY, GRO.Hl.,., VOLA T IL ITY 
1 ' 

SECURITY IS STOCK·A; "- -' ~ - -- -~-" ---- - ------ -
____ r _________ ... 

BASIC-INFORHATION IS NA'iE·A, caST; 

PERIOOIC-INFO FRIeE, OIVIOENos,eAR~INGS; 

ACTUAl-OIVIOENDS= OIVIOENO-AHOUNT, OIVIOENO-OA1E+I; 

FER 100 IS HEEK: 

o IV IOENO-FERIO 0 15 QUARTER 

CATEGORY 1= WEEK,QUARTER,INOUSTRy,GROWTH,VOlATILITY; 

VALUE WEEK= 1 LL=l, UL1S 

QUARTER =1 lL=l UL 20 

vOleT av 433 EXEC 320 FROH 431 OF 401 ~EQU 310 TO 432; 

• IF 461 WHIlE .. 62 THEN 463 DCI 46ft OPTIONS 313; 

OISPLAY 

Piee 6-10. Parueter structure for DISPLAY ca.and. 

) 
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/ 

/ 
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B. TEMPLATE DI'5P 
~ 

'C ::: 1" KWO NPR ::: 1 S = SlCU e 
.H = 6 K OISP IV !: 1 
H = 3 K CHAN IV = 2 

C = 20 SECU NPR ::: 1 S :: CLAS e 
t1 = 21 A STOC IV = 0 -

C = ". ~L AS NPR = 0 S = B 
H.::~ 13 1 INI)U IV !: 0 

/M = 12 l GROW IV = 0 
~ H = 22 1 VOLA IV = 0 

V .. . --
C ::: 2 BASIIN NPR ::: 0 S = e 

H = 15 A NAHE IV :: 0 
H == 5 F COST IV ::: 0 

C ::: 17 PEfU IN NPR = 0 S ::: PERI B 
H ::: 16 F PRIC IV :: 0 

_A~~ 

M = 1 F OIVI IV ::: 0 
H ::: 11 F EARN IV ::: 1) 

C ::: 16 Pt:.R l NPR ::: -17 S = B 
H = 23 1 WEEI< IV = 0 

V ~ 1 LL = . -_. - - - --. 

C ::: 1 ACTUOI NPR = a s :1: OIVIPE e 
H ::: 8 F OIVIM1 IV ::: 0 
H ::: 9 l, t);lVI'OA IV = 0 

- - .... _ .. . - . 
OIVIPÉ 

- - - . - -.- - .. ~_ ......... _- _ .. _------- ..... -------c = 10 NPR ::1 -1 S :: e 
H :1: 19 l QUAR IV == 0 

~ V :: 1 L.L ::1 

• 384 

-- - . . . .. .. - . - --. .. - - ~ . 

~ 

Fiee 6-11. T!!plate fot DISPLAY c~. 
" 

-
3 

. , 
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= 
• 

:: 

... -

= BASIIN 

~ 

::: PERIIN 

1 
• 1 

= ACTUDI • 
- l ~~- - • 

,~ 

'j 
t~ 

.-
::: l' 

~ 

1 UL = 15 _. 

= , 
~ 

~ -- ~. ~ .- - ----,. -- ~- ~ - .. -- ,~ = 
t, 

'1 UL 20 J ::: . 

SEC • ~ 
t 

" ~ 
<, 

, , . 

i 
~ 

... ,-- . ... - ..... _-- ---_.--" 



-
" 

IS9 . 
OPTlnN~ ECHO-IN ECHo-nIITI 

OI~PI AV STOCK~ ~RN~t tr.Af.~ NAMF' .. OIV~-A'·H, PRICE WE~K l<lt 

OISP STOC RNS CAf NAMF' OIVI~M p~iC WEEK 10 
300 11 0 803 803 110 110 110 11 0 600 ---~. -- - -

ACTIVE PARAMF.:TEQC:; 
NAMF tYPE VAl liE MEANING' 

KWn K 1 OIC;P 
SToC A 8t\1S .. "'--- ---- ----- -- --

A CAE 
NAME 0 
~tC 0 

WEr:K ,1 10 
OIvI~M 0 
QUAR t 1 ., -

STnCI( NAME ' OIVIAM PRIC 
At.Jc ClrOLtABANt( - .10 2'3.00 -STnCt< NAME OIVlAM PRIC 
CAF CAE INOUSTRfES .15 10.62 

OPTI0N~ NOECHO-HH 

JF ~qlcE/F,~RN>lnAPRrCF'/coST>l TIofF:N FOQ ~~R~ _AC_ PRICF.:.F.AR~rNr" 

.. ~CTtVE PAPAMETERS 

6 
f!l!!. 

NA~E TYPE VALUE MEANJNG 

I<wn K t OISP r--.. 

STnC A AB \"\7 A AC 
COc;T 0, 
PRte 0 
EAPN 0 
Wfl='K , 1 
ULcOJ\lO y 0 ,> 

y 19 PR1C 
y 11 F.ARN 
o 1 
1 10 
t\ ~ 

V 19 .PRIC 
V 5 casT 

-01 . -- . -~ -~ - -
t 3 o ,. 
ri A 

, 
s,net( NAME COST PRIe ,E~AN 
'AC .. . .... v_~ ... _.__ _ _ ...... __ . 1.50 6.5" .03 - .. A. __ 

eh!!! '-". MtiU E!!!!1ft for DIIPLAY r!Q!!!sts. 
-4 

l , 
','" . 
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The problem sol ving procedure DISPLAY "'shown in Pig .6-13 . 

1t eonsists of 38 executable FORTRAN statements. This procedure illus­

trates the use of some additiona1 run-tiae facilities, beyond the simple 

V-funetions used in examp1e 6.1. Numbers in parentheses refer to state~ 

.ent numbers in the source listing, in the description that follows. 
" • 

The ~jor 100p (10) runs over aIl the stock symbols ta be dis-

played. For eath symbo~ mentioned in the input, another loop (200) exam­

ines each of the 10 items in the data bank. 

Pirst, the index M of each item is found in TNAME by FINDP. The 

first argume~t of PINDP is the standard-name of the item. The status of 

itea Min- this roquest is given by P~,STAT).If tera, then the user has 

n~t mentioned this item, and it is inactive. If the status 1s one. th en 

160 

the item is ta be displayed. \ 

Par active items, values have to be obtained from the finaneial 

data-bank (100). For certain items, the ti.e period has also to be known 

(SO,80). V(VPREV) i5 ealled if an BOV condition is deteeted. to return the 
!I, 

preceding value of WEBK or QUARTER. Procedure GETPD is the interface with 

a data-base .ana,eaent systea. In thi. exa.ple, on1y sample data for a 

fev stocks has been entered, wbich 15 returned in VAL. 

Soae iteas are allowed to be operands of ariihmeti~ expressions 

and of conditions. This is Indicated by a status of 2 and of 4. 1 Por these 

i teu the value obta1necl fre:. the data-bank is stored in the P-cell of M 

by the function VS. 

Pinally, it .. M i. entend int.o the output buffer by procedure 

PUTPD. which could be SOM staJ,ldard .report ,enerator. flere, PUTPD .alees 

use of Jlobal data areu /Tf!MPL/ ad 1c:mBP/ to obUln the stlAClard-naaes 

• o~ 1t ... and of expr •• sioas ff1l' the h •• db,. of lt .... 

• 
-, 

1 .• 

j 
J 



, _41 4 çA; 'S'WJ!!!QI§J! ::S:O;'iWZi#' @APMRWifS4Pi •• q:;a:: ,; p. 4H4iJi@( ~es ;tAO ~:;;'*4kf"*~'''*«* .AJU84 +"'" ";i '.W .. 
.P~08lE~ lOGIC FC~ [X'~LE ••• • 

Sur'CUIJIE QIselA! te 
'C , .. Oe\E1' S4v1MG PIlOCfDUII! ~at EIAIt.",! 5.f le OK DISPLAY 114E LIME 

CGM~tN "U~'T/EO •• TYP.MXt.CV.!T1T,TYP2.V'lU!,VP.EV 1 ~(FOl(l).NE.SY~eOL) GOlO lG 
~QUtV1LE'Ci fY.OV,I!OY) 1 PRINT 311,IFDH(J"J-l.NITl 
C~'CM "Clr~'MI,.FDH(13),FCL(11' [ 311 FORMIT(1~0,3A8,10(2X,l6) 
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Once aIl the standard ten items have been examined, user-defined 

expressions are evaluated (250) by the VXA funct!on. INDEX is returned as • 
~ero if no expression is active. Final1y VSB 15 called ta check if thQ 

disp1aying 1s subject to a user-defined condition e.g. IF PRICE/EARNINGS> S. • 

VXB of zero means that the condition is false and the displaying is brpassed. 

else the line assembled by PUTFD 1s printed out. 

6.4 Sw.ary 

The above exa.ples of applications show that ULANG i. capable of 

handling simple and co.plex data structures. which can be ea511y specified 

br the i~lementer with a small number of setup statements. The coding of 

the problem salving procedures is reduced to a minillwa. The execution times 

and costs are sma1l. 

The setup and execution statistics for the ex'amples of this chapter 

are summarized in Table 6-2. 

Tbe examplea have been preaented here to illuatrate the diffe­

rent •• pacta and vay' of u.ing ULANG, rather to demon.traté ite full 

capabUitiei. lt ha. bean not.d by 'Roe. (61) and by udnead (-73) that 

data ba.ad on c~ari.on. beew •• n , .. lI proIT'" tend. to undere.timate 

t~ •• dYa~tal. of hiJhar-level lanaua,.. for large progr... ,nd that it 

t. difficult to co.p.r. cOnY.ntional .,.t ... vith tbe ~ .y.te .. , bec.u.e 

tbe old .,.t ... baYe 1 ••• power aad 1 ••• comparable fe.ture •• Nonethele •• 

a cOMpari.on of a conventional .,.t .. ~ith ULANG i. pr.,ented in .ection 

5.6 ••• be la ~t udns ULAJlC, the i.,l_nter ha. to provid. hi ... U 

a proar..-dftl .ffart .qui •• lant to praduc. th. ibCerface IOllc, r.pre· 

.eaC,d br l425 rorCraa .ta~.t.; 

1 

) 
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TABLE 6-2 SETUP AND EXECUTION STATISTICS 

EXAMPLE 
1 

6.1 6.2 6.3 

1. Names of templates generated CALCULATE DESIGN DIsPLAY 
ANALYZE CHANGE 

2. Number of setup statements 8 29 17 entered by Implementer 

3. Template she 22 123 31 (number of cells used) ~ 

4. CPU time (asec) to generate and 
to display te.plate and user- 200 1000 400 
dictionary 

-

S. Total cost of generation and 
5 19 15 display (cents) 

6., Humber of executable FORTRAN not aval-
statelllents in problem 501ving 25 lab1~ 38 
procedure 

7. Average CPU time (asec) to 
process one user-request 26 30* 37 
rprepJ'ocessing only) ~ 

-
,8. Total cost of processing 

one request (cents) 0.9 1.2* . 0.9 

.. 
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CHAPTER 7 CONCLUSIONS 

7.1 Sumary of the work 

ln this thesis a new system for impleaenting computerited 

application systems has been introduced. At thi5 time, the range 

of applications to be co~uterited appears to be too wide in order 

to he attacked by general problem-solving systems. The need exists 

for aany different systems, each using 1ts oml terminology of trade 

and ea511y usable by people having little prograœming knowledge. 

ULANG provides a tool that is flexible enough to allow 

for the differences between various applications, yet at the same 

tiae remains practical enough to be of assistance to application­

pr0&ra.ers. This *proach allows to implement packages at a 

considerable savings in tille and II8.Jlpower. At the soe tiDle i t eases 

the dynuic future growth and the maintenance of systems. 

:ULANG il an assertion in the beHef "of power of tool! 

rather than ln large nullber of people in proir.-ina", voiced by 

Ch.atha. 6 Standish (70), Merrett (11), and others. It is this lame 

belief whiCh has prompted the introduction of other progra.-ing tools, 

such as input-output control 5ysteliS. file unageaent systell$ J and 

translator writin, systeas. 

ULANG has a dual orientation: taward the u~ers of appl!-

cations, and towar.d the t.lpleMnt.rs.' It helps the. to do their 

job •• re .ffic:ie~tl)" ïnd a110ws th. to eonc::entrate on the solution 

of their problou, 1aate&el of havinl to vony about side-issues. 

M!!!ta.e. to user.. Th. user il ... urecl of aood un-

-.Qiae CIO_ micati:on. The 11 .... for akla. l'eque.ts u .... lub.et of 
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terma from the u.er'. profe •• ion, with emph •• is on reducing programming detail. 

The application i5 easy to use at aIl levels of personnel. The 

vocabulary is the user's owo. and it can be aodified at any time. 

Synonyms and misspelled words may be allowed, extraneous wotds can be 

" ignored • • 

So.e of the input information for processing a request .sy 

be i.plicit, reducing the a.ount of i~put to he entered. AlI input 

i5 systematically checked for validity and conte~t before béing pro­

cessed. This will cause fewer erroneous runs and sate on the costs 

of proeessing. In other words, the user can concentrate on his 
~ 

request. instead of how to state it, and of where to place the commas. 

Advantales to the i!plementer5. Pirst of aIl, the inter­

face problem with the users is taken care of. The writing of the 

processing-logic routines is si.pler and shorter, because the values 

of aIl proc~5sing paraaeters are read11y available. There 15 no need 

to cheek for missing par.aaeters, or for checking of parsaeter validity. 

ULANG provides an organiEational framework for eoordinating 

tho efforts of soverai proara--ors, working on the saao application. 

This .. kes tho 'YltO. aodular sineo e.ch prograa.er has ta concentrato 

only on his lo,lc, and thero is a unifora vay of c~ication between 

thoa. Auto.tic docuaentation is provided about the structures and 

values of par..,ters. Maintenance, chan,es, and t.proveaents are 

easy to .. ko, peraitting p'owth of the 5Yst •. 

U~ enable. application syst... to be generated wi~ a 

considerable .avinls ovu the eustOlJll&l7 cost in tille and resources • 
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A tool is hereby provided , which permi~. the programmer to tailor an 

applisation package to suit the exact needs of hia uaer., a wiah ex­

prel.ed by many of them (Etude (74», who find standard packages Rold 

too general for their purpoae. 8y defining the templates fir.t, together 

vi th the users, the imP lementer is ala~ forced to a "top-dovn" approach, 

proven valuable in software production (Boehm (73) , Baker (72». 

A certain amount of reluctance in using application writing 

systems sucb as this one can be expected initially from those program-

Mrs who in general have the tendency to personally "relnvent the 

wheel" for each new application. This has proven to be the case with 

progr~ing tools introduced previously, which nonetheless have 

become widely accepted. Stailarly, the savings in Implementation 

efforts and the ease of use are expected to win acceptance of this 

system. Other key factors in gaining programmer acceptance are sim-

plieity, perspicuity, and extendibility, which are also among the design 

goals of ULANG. 

The usual arguaent of operating efficiency of custoa-made 

applications versus those based on a leneral system will probably be , 

liade. 1 t uy he araued that the generaMy of 5ysteas such as ULANG 

.ust be paid for by inerea$ed cOsts in cOllpUter tae and in aeaory. 

AlI ,enerat p~p-uaing aicb, beginning w'ith eoapilers and with 

ope~atina syst.s, have been subj.et to this criticis., yet very few 

usel'S progr.. in uchine lugua,e and nm stand-alone Pf'ograas today. 

The continuously reducing unit':costs ad increasing capabUities of 

the available technology are working .. unst the arguJlent for the need 

of ..n.... hardware efficiency. On the othtr band. the cos t of pro­

ar-in, setviees il cœtiDuou.aly risina at a rapid rate, so that the 

--
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balance is definitely in.favor of tolerating sa.e additional operating 

costs due to the use of genera! tools. but which do reduce the need 

of h~ effort. 
. \ 

In the light of the t.pleaentation experience vith ULANG, it 

i. even doubtful that a system is necessarily more inefficient by 

heing .oret. generai. Such systems can be more carefully designed and " 

incorporate efficient techniques based on recent theoretical advances, , 

beyond the immediate reach of an ordinary progralIIIIer. This is the case 

here. The cost of generating a template is only 15 cents, and the cost 

~f proc~ssing a user-request i5 of the order of one cent. 

7.2 Purther research 

There are two lenerai directions open for further research, 

reflecting the two proble.s addresseJ: co..unication and implementation. 

On the co..unicatioD side, the addition of aetalinguistic 

facilities, as described by Lec~ (72), for the definitioD and auto-

_tic construction of syntax recolllhers would allow to experi.ment with 

and to J..pleaent differe.ut user-lanJUAges. As an application of this, 

a second"leneration setup-languaee could be produced for the illple-

McUtion of .orpholo,ical malysis of word stees J as describ­

ed by liaop'ad (11, p. 112), would a110w for a greater flexibility in 

woN ndt ... , aad would reduce the auDer of synOllyas in the Dictionary • 

... addit~OD of _re f'orul _cro;-processing faciUties would 

adcl trauf'onauoul ....-r. tut upndOft, ad ,un replac: .... t 

capabilities to ~ syst... 'l'Ida would a110w for enn .ore unre.tric1.d 

.. ~. 
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ant concise user-languages than in the present version . 

IncQrporating and extending the template setup facilities 

to run-time would allow the users to make declarative statements as 

weIl as requests. This implies facilities fpr creating templates at 

run-time. The feasibility of extracting and storing information from 

declarative statements for the purposes of subsequent retrieval an~ 

display, has been shawn by Kellog (68) in a data-base management 
, 

systems, and by Thompson (69) in the REL system. 

Generally, the transferring of implementer's facilities over 

to the users at run-time would make the system more extensible, in 

the sense defined by Wegbreit (71) for the ECL system. This necessi-

tates additional ULANG system commands. 

Interfacing ULANG with soma existing Data-Base Management 

system (ASAP, Mark IV) would extend the capabilities of both systems. 
<> ' 

Another,possibility would be to develop an interface to a data-base 

aana,ement system based on the recaaœendations of the CODASYL systems 

coaaittee (71). 

A nuaber of features. not ori,inal yet useful, could be built 

into the ULANG system. One of these is the security and panword 

aspect. An .pplication syst .. bas to be accessed at different levels 

br different classes of users. This requires different layers of 

capabillties for accessin, and cbanai~a the'contents of the system. 

Another use~l feature ~ld be the addition of repOrt definition and 

IGerat,ion çapabilities by, the user. Of related interest are capabi-

11~.. for browsina. or iDIpe,c~ina output producecl by the processin,-

.. 
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lolie. The user should be able to inspect parts of the tot&! output 

generated, and to select portions of it to be printed in hard-copy 

fora. This would save on unnecessary printing costs. 

These proposed run-time features can be presently provided 

by the programmers for each application. However making them general 

and plscing them at the users' disposaI would remove this burden from 

the programmer, in I1ne with the extendibility objectives of the system. 

Examination of the characteristics of a generalited appli-

cation s)':stem generator, such as ULANG. points to certain hardware 

features wh1ch may be useful, and about which further ,investigations 

are warranted. It uy be advantageous to use a.ssoci~t:i ve memory for / 

tables such as the Oictionary, the parameter templates and the Command ~ 

Table, where the entries are loeated by content, Le. by nam.. A s~ 
block of associatiwmelllOry 'Could be loaded with the appropriate 7ion 

of a table, which would then be searched by content. ,// 

Por activities where the execution is dependent ~ certain 
// 

conditions, specified by an IF or WHILE clause, hardw~~ monitoring of 

the status of variables would be useful. This has,~en investigated 

by Morgan (70). and he has proposed a solutiDn Càlled "event' sequenced 

proaramainl" • 

IwUy, the lexical, ayntactic and seaantic functions of 

the Uler-interface could be handled on, a local basi15-, reducin& the 

connect-ti .. vith the cen~~al co.puter, in a tt.e-sharin, env!ron-

aent. 'l1le interfaèe functions could be carried out by a IÛni"cOliputer 

based local terainal. The interface functiOlll can be aic:roprocr .... d 

, .t ; 
1 

" / 

/ 

/ ;, 
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ioto suck'a ter.inal. y The table inforaatlon could be stored on casettes, 

att ed to the terminais. In order to use an application, the user 

to 

simply insert the appropriate casette, and then begin to compose 

requests,which would be analysed locally by thp ULANG interface, 

the C,-steps would be again stored on casette. -~ that stage the 

raI computer would be called to handle the processing-Iogic and 

data-banks, if necessary. 

The increasing capabilitie5 of mini-computers a150 make 

the handlina of ca.plete applications on the mini-computer 

Here again, a 5yste. such as ULANG would be essential for 

the impleaentatio~ of .ini-computer based applications. 

/) 
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APPENDIX A ~ FORMAL DESCRIPTION OP SYNTAX 

The syntax is formally describod, in a metalinguistic notation, 

similar to BNP. In the notation used, < x > stands for certain strings of 

s)'lllbols, collecti vely referred to as "x". Anything enclosed in the angu-

lar braces < > is çalled a non-terminal symbol, .eaning that it can be 

composed of other symbols, either non-terminal or terminal. Any symbol to 

the right of a: - sign, which i5 not enclosed in < > is a terminal symbol 

it that level of syntaxe The IIeta-symbol : "" means "may be composed of", 

and indicates a choice. 

To avoid recursive definitions for an arbitrary number of ele-

.ents in a definition, and to make the definition more readable, braces 

{} and square brackets [ ] are introduced, wi th the meaning that any-

thing enclosed in braces { } means zero or DIOre Occurrences of the contents 

of the ~racesJ and anything enclosed in square brackets [ ] is optional, 

that 15, it may occur once, or it aay be omitted.&denotes the ~11 string. 

'Ibis notation is used by Gries (71), and others. Por instance, given the 

definition '" .. <Je> :- <y> 1<%> 

<y> :- {AIB} 

<z> :- CiD 

then vaUd input Itrin,s of x would be .. 
t, A, B, C, D, M, BA, a18, A88BMB, or anr combination of A and B. 

Pint, the .yntax for the lexical 1Il.1rzer 15 def:f~ed in section 

A.I. Capital lettera lDcl special chancuft _DOte actual s)'lllbola of the . 

laput .triD,. 11le _1Ili1l1 of the .,.....11 "'gestecl here aay of course b. 
y 

• eIlen.-cl t9 .ui t • pard.cular .,ücat101l by 'i:llply rect.llnin. the l.xica~ 
-.1 

"l" 
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classes in the CHAleL table of ·/ULDATI/. The output from the lexical phase 

is a categorized atoll string. These atollS becOile terminal symbolS at the " 

next syntax level ; there they are denoted in lover-case without angullll' 

braces. e ~ g. item-nue stands for any i tell-name • 

The syntax of the user-language imple1l8nted in this "'Work i5 

defined in section A:2. The synt,uc of arith_tic and Boolean expressions 

15 shown separately in section A.3. The syntax of the setup language is 

Ji ven in section A.4. 
(. 
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A.l Lexical syntax 

<letter> :- AIBlc •.••• Iz 
• 

<sèparatqr> :- -1_ 

<& ... > :- <letter>{<separator>I<letter>} 

<di*" t> :~ 1121314151617181 9 10 
<integer> :- <diait>{<diait>} 

<fraction> :- {<di,it>}o{<diait >} 

<exponent> :- B[<aop>l<integer> 

<real> :- <fractian> [<exponent>] 1 <inteaer><exponent> 

cnu.eric-cons> :- I-l<integer>II-]<rea1> 

<string> : - '{any input s)'llbol} , 

<po~ition-aark.r> :- nfIslNBXTlpRBVIOUS 

<dift~ion-Ilarken. :- AOOIHBNCS 
" , 

<1iait,-.scriptOr> :- PROMITOI8)' 

<concl-descriptor> :: jPIWHILB 

• <cand-trailer> :- THBNIOOlc 

<equa1,> :- -I,IS 
Il .. 

<or> :- " 

<Md> :- " 

<Ilot> :- i 

<alop> :;. <eq1l&Jlo» 1 < 1 > 

<IIOp> :- +1-
.qop"C- *11 

.' 

-
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• A.2 User-language Syntax 

4It <request> :- <immediate~request>l<delayed-request> 

• 

<immediate-tequest> :- <sentence> 

<delayed-requèst> :- REQUBST i {<sent:ence> }EXEct.rrB ; 

<sentence> :- {<data} Ikeyword) {<data>} ; 

<data> :- <data-name> 1 <value> 1 <expression> 1 <integer ({it .. -n~el<value>}j 

litem-name <limit>l<condition> 

<data~name> :- ttea-name (OP<qualifier >Jlexpr-namelclass-name 

<value> :- descriptive-conslstrinalnumeric-cons 

<limit> :- {limit-desctiptor <value>} 

<condition> :- cond-descriptor <bool-expression> cond-traile~ 

<e~ression> :- n-.e equall <arith-exp~sion> 

<qualif:1er> :- <qualifier-constant>l<qualifier-variable> 

<qua~~fier-constant> :- ite.-n ... <value> 

<qualifier-variable> :- position-aarter item-n ... 

11t .... n.. position .... rk.r [aop intepr) 

linteler ite.-n~ direction-aarker 

A. S Art th_tic end Booleen expreSlion .mtax 

<bool-expression> : - <boo1-tera> {or <bOal-te.} 
1). 

~; 

<bool-tel'a> :.' <bool-factor> hft4<bool .. factor>} 

Cbool-faccor> .:- <fJedicate>IC<bool*expre.lion»lnot <bool-facto~ - , . 
<prediute> :. <arith-up".ioa> ft10p <arith-eXpression> 

" <arlth-eXJtl'*.'101l~:- ...... aop <teftP) 
~ , 

<~za> :- <p-factor>< .., cp-facto~} 

.. f.tor> :. <f~ ( .... <~) 

cfU~ rW«aà ... ~)I'~~ft" >ll~l'~n_ 

'/ • ~';' '* ,1 ,1. ~ 
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A.4 Setup-language syntax 

DBPlNE keyword ; 
~ 

~_.J 

LINX <elus-spee> 1'0 {<elsss-spec> [<npr>J }{n){ <elas's-spec; [<np;"']}} ; 
./ 1 • 

<Rpr> :- , integer 1 '<cless-spec> 

<class-spec> :- elass-namelKWD 
• 

CLASS clus-name (equals] «i tell-spee> [POR<restriet-spec> H 

<item-spee> :- item-n.-e ['<cat-spee>JI(Citem-name['<cat-spee>J}) 
... 

<eat-spee> :- A 1 P / l 

<restric~-spec> :- <cl"s-spec>I<.~mber-spee>/({<member.spec>1<Class-spec>}) 

qembe~-spec> :- itea-nameldescriptive-cons/keyword 

DCLASSî' <class-sPec> [equals] {<dck-spee> (POR<restriet-spec»} 

<dek-spee> :- descriptive-cons 1 ke1Word 

v~· item-name (PQR<restriet-spec>] equall{<value-spec>j(~L{<value-spec>}] 

l [UL{<value~spee>}1 ; 

<val~-spec> :- numerie-conslstringlinteger ({numeric-conslstring}) , , 

CA~Y {<eat-spec>[equals]{item-name}} ~ 

DIS~LAY ; 

btIIr-T: 
OPTIONS (BCHO-IN) (ECHO·OUT] (DUMP-PllNOBCHO-IN) [NOECHO-OUTl [NODUMP-Pl ; 

SYN0tm4 41ctlonary-n_ 11quâ.1s1~OIlYII) 

~Icr{di~~-n~ cl!ctlèiiluy-,l ; 
, 
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APP~NDIX B - LI STING ~CE-PROGRAM • 
In this appendlx the FORTRAN IV proiram listiniS of the 

.~ 

ULANG system are presented. The proira.s are irouped into five 

modules~ su.marized in Table B-l. Within each 'module the principal 

pro,ram is listed ffrlt, followed by other subroutines in alphahetical 

order. Within .ach aodule the paies are numbered consecutively. The 

nuaber of cards ,lven does not include COaDents cards. 

TABLE 8-1 SOURCE PROGRAM STATISTICS 

Bntry 
, 

Cards Paies , points 

1. General purpose routines, used br the 309 9 4 othe:r modules 

2. Lexical analyser .odule 256 6 4 

3. Pteproce •• or or interface .adule 860 20 . 12 
- 1 , ~ . 

4. Value-fURetions f~ run-tt.l 311 9 4 

Setut) IIOCIule. 
""'\. 

S. 901 .19 12 . . ' . 
,. 

1 

( , . 

Totala 
. 

2644 6S S6 ' . " 
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~~"'.~rePE*.~O.~$CC~ •• kDC~,lTMA"E.CL.a"EiC C.~LEO FRO~ SE~IHPL 
..... UL.IEtJU ...... ~Mh.l':U'\:S,.AO~& .. ..tc,OL.l---l.S7 -PRl-'n----3D7------ --- - -~--

,Jt,J71.~tl.!!O."2.SS,"3.'3Z 1 l07 fCPK'lC1k.tT1S,.IT~" J&NOAec*) 
1 liETuJU\ 

-" IC CALLED FRO" ULKWD 
,JtIO "y'kA..... 1 3ft PU .. 1 310 

Y.,UL~tLLTYP Ir5'.2,.,2S1/.ECV,Ec~t'1/919'9'.9a41 1 310 FCR"Al(1H*.11S,·IlLE&AL KEYWO~D. LIME IGNOREO·) 
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PitnT 1816 

1 .nuI" 

Kl~Y PARAHEIER:CLASSES') 

IC CILLEO fROft (X, •• o, ULSCAN 
1 1'51 PRl~T 1 •• t 
1 1","OIlMITClx,t15,.TOO "A~' NCRCS IN THIS LIM~.) 
1 Rt;1uaN 

1 1011 FOR~.T(lX,llS,'TOO Hl'" SfEel'L MAMES') 
1 RETU." 
1 la62, PRJ .. ~ 1812 
1 1012 FOI .. 1TCIX,T15.'TOO ~N' VALUES FOR THis STEf') 
J Rf1t.Rt. 

1 1163 
J 1.13 
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1 
1 

-- 1 
1 
le 

IF (ECF ,5) 21.10 
11 FORUHaDAU' 
1It ,Ux Illao ~ 

IPTRaO 

~ 13 'O'KAT(lHO.aOR1) 
t • ET ..... 
IC 00 OF fILE 
1 21 IEO;-1 
I UTeR" 

1····················································· ............. . 
1 

~ r 
r 
1 

IC caT 

1Ii'._~-........... _ ......... , .......... _ .......... ~ IS OtCOHPOSlD INTO CO"POHi"TS,~ AHO KK 
eC~"C~ IULQAT~I OUHftY(19'.EOS 
INTEGER ECS 

li 

1 r:. 
1 
1 
1 
le 
1 

CO~"C. ITQKEN/ATO"(tl).C.T'~l).A,"IXAt(,~( 
INTLGkR aTOK.CAT.a.K •• ~ 

"'ECS 
1"'+1 "'-... 
l'(À.'T.M'~ RETURN 

~~ '-

ICIC=CIl (A) 110 
,~ 

1 IFCK.LT.I.OR.K.GT.EOS'.&OTO-9G 
1 RET~R~ ~ 
le EA~cq I~.caTEGORY p 
1 ~o CAT,.)aKKaKaO 
1 RETURN 

... 

~ W- ,.. l fil" - -----
. ~ , l ••••••••••••• ~ ••••••••••••••••••••••••• ~ •••••• + ••••••••••• + ••••• ~T+ 
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- • 1 CO""CN/UlOAT2.fT'fP.NlT ~BRO.SCI"NPR.FA".R(S."VAL.PMO .LIr .. "ALUE 
"t 1 2,STIT,TYF2,KNIMf 1 

.......... ~~ ........... ~ ... •••• ••• ••••••••••••••••• •••••••••••••• 1 CC~~C~ 11EMPL/"'X".rAJW.T~a~E'1~').lCELLt~'I) 

ICI OPOeElÎ'· .. 
....,( •• ~~ .. Xl.IPT. 

.;; .... 

1 INTEGER T.FIND,STATUS,P.S.SOMNy,8ROT",ST~'~') 
le 

T.Sl ,OTO UI 
le FIRST VISlT 
1 S~O 
1 P=FIHC(TNA~."A)".KNA"~.SlA1USJ 
1- IF(SlITUS.EQ.l) 6010 511 
I CAL~ f~OR'8.~D2) "-<,,,_KG.'" x...,, 1 IIUWl&-
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- - "+i. U6G " CAl.L .. OTA 1 

1 IFfCI1CA).EQ.?P.REN'-EQTO 680 
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1 If(k.EQ.tS' tETURN 
1 GCTC ~60 
le RtGHT'(XFIMO ~ACKET 

t 
1 
1 
le 
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I 
1 
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NSNELl-CR9-lP+l)·NREP-1 
CALL EXPANOCNSWELL,kO~D) 
IF(kC~O.EC.D) KEIURW 

EXP.NO ~~fP lIKES 
'-Rt: 

A·LP 
KaC.",- CA' /U' 
KIC-cn CA) /11 
RO"-R" 
END 

. INTL'~_ FeNeTla. Ti"~!IPO~) 
TO ExiRACT BYTE 1 ~F CELL II( OF TCE~~ 

CCI""'C" J'TE ItP1.J'HAXtl. "AlIV. T~AI!E "0'9) .lC~LL« ft 00) 
INfliGER TCELL 
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lC Zt.D NORC 
1 lCalC~l 

1 IF(I.EQ.20) &OTO 28 1 
1 1-1-'-
le RIG~T SHIFT h BYTES 

Il.'T_t l 

1 1 - SHIFT(TCELLC~).N8YTESJ.~O.ZS5 
1 lU. Tlorn. 
IC 'fT THE ~~OLf 2ND NeRD 
12. TaTC!LLCk) 
t RElU"" 
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J lGG lTCM(,)aINCAR 
1 CILL GETCHAR 
J l'(l~CLAS.Ea.O.'IT.C •• INCLAS.EQ.OECI") 
IC SU8TRACT CP 
1 call')aHl.USS 

tc UIIDfFIIlFO 
1 U' lMCLU-a 
l 'a'-1 
1 ;0 TC 10 

r. • 

le ÇpEilUGa 
l "1 ITore'tel_CAR 
r l.E.-1 
t CILt FIOO 
le CAiU. CPOP 

te 
IC lMTEGE-

" 

- ---------, 

1 1 ••• '08(.).1'·ITO"'I, • (OICl.IS-KLO) 
1 CALL '(T~AR 
1 rFClkCl..S.EO.Dl'IT) GO Ta 600 

• 
'"DTD 310 

<, 

~~* ièJii' 1 l "., 'A.·,."n, ---~-._-- -- -- --l't, ,-.' . . tise 1 SC'U'a, 
1 IfCI~lIS.EQ.DECI".Qa.INClAS.EQ.COluN' 6ù T~ lO 
1 IFJSIGN.Et.l) ITOM(I) a -'lC"'I) 
r _ tF' (DICL1S.NE.ICLE) GO lO 28 

IIICLU le f .PONf,N' t. 
i!t JI i 'h le r •• & r; ,.,. •• ,,,",., - - - - - - - -----. ~- ----

'ClC tll RQL NL~iR 
SC'I.E&O 

~ JY" l "wu:cJ!ur2..ucM411 ----- - -- -----au, • .- 1\ 1 111 "ëau GUeMAR 
1 l'(1~CL1S.NE.O.GIt' Ge Ta 720 '" 1 FJ1C~Ca).10.Q·f'TQ"(~) + (OIC~AS-KLQ. 
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1 selLE-tellE-1 
t GO TO 711 

(j,-j: .. -' .... O.ltCMi' 1 7zI-IUSl"~U. U fAle,uu: .,.AlOlf~( .... )'-------
1 . IF(CIC~S.fE.I(I.E) GO Ta na 
le SClLE FACTOR E 
1 72,. SIGNa; 
1 CllL iETCHAR 
1 IF<IKCLAS.EQ.OASH) ~lG".1 

~-.T'H 1 ___ -IEd.kCUS.EQ.~~IC' ·S.EIl.pt"IlSS' 
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IF(A1C"(A).EQ.O) .~A-l 
ITO,.CUdTOMU) 
UO"U)aD 
As.A·t 
CO TO 11 

le- ENa OF SENTENCE 
1 1000 A .. l-1 
1 "Alh' 
1 RET"IUO 
Je &10" STRI~G FULL 

J GOTO 1000 
1 !NC 

! • 
~ -

-1 
---1 
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1 

1 SueIiCUTIN! AfTSelM ~ 
le PCSlst'. ~HAS~. LOO«S uP CICTIONAR' 
1 cû"r.e~ I~D&Ttl OUK"Y(19) 
J 3,[C$,!TRl~G.FNU,..lNU,.,OP~.t.wc.ollCcN, K~DCL.ITNA"EtCLNA"E ' 
1 IN1(GeR EOS.S1RIN','NU~.INU".CPE~KWD,DESCON 

Vi ":0 IC ----, - -.-----

-. .... fIUOf~ ... 'f ..... h .' 
~ .... l ... SftO MC 

~. to .~. 

- . 

1 
1 
1 
I 

CO~~C./TOKENJ ATOH'6lJ,CAT(6lJ,A.H1XA 
INTEGfR lTO"_CA1,l 
Cc,rc~ ItICT/ ~AA"E(63j,OCAT(e3),HlXO,D,~U""YO(2~) 
tNTt'E~ OMAHl,DCAT,HAXO,D.S1ATUS,FINOtOICTCL 

Je -------------------------------~----------------
le Lcam" aleT 
1 CATCI) •• 
1· 0- flND'DNAftE.HlXD.1TC~(A).ST.TUSJ 
1 1'(!llTUS.EO.D) RET~~~ 
le 'CUND, Fe" SY~ONYM~ oeAT IS -VE 

" ' 1 UUU:.AHCl..LI-41 OaIUSCOCU.Ul.l~) __ _ --- ---.--~----

. • . , J. DIC1CLs. CCAHO)/UG .. 
.OI.fllClIt 1 IfCCICTCL.EQ.O) GO 10 aD " . - 1 l'CCICTCL.EC.KWC.1Nt.Clr(2).EQ.O) 

IC ELst . 
1 CAT(I,-DCAt(O, 

!"'; ;;.. 1 AtUU-l=CtoA!tE.4-lCOII-<)~-----_· 
., 1 IF(CICTCL.ME.OPlRl RETURN . 

lita IC caN TiSl FOR COueLc. OPL •• 'a" SU;U5NC'" 
1 ZD CONTINUE- • 
le ClL.-l. OPOP 
1 R'nLR~ ____________________________ ~t"c~p~~~~Mn_l~ .. ~z __ ~ __ ~--______ -L 

CI"AJ-eATl .. U .. U l ,. ClHZ).OCAHO' 
1 lTO"(2).O~A"~'D) 
1 1" •• '1.2J GO te .t--
1 RElI.RJ! • 
le, UCICUP I!Y OME .io" 

.,.' "". , ...... .1&____ 1 a. llCe! lU el-_ , 
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~~ ............................................................... ····1 
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----- -----
11 FOQrIT(lHD;SX,&J~l} 

PRINT 13,(CAT(A),l=2,rlXA) 
13 FORMAT(lH ,5X,lEI.) 

RETl.R" 
ENO 

• 
~~~I·~' 1 1··· ,.,. ......................................................... ~ ~ ~~~-~ •.• ~ •• !. .~-~~.!'-.!. 

1 !lltHDf -,' 1 • vSiI',ftltlrllAoA .... n.s . 1 
~Ml __ j 1 SU'RC~TINE GETC~AR 

.1r"US,t.UC'Ut~.'l'S.IN""! ~~ C;eUlNS TflE: t;EXY CH.to!AC1Eiit FlèCM I~UT 8~~f,,___ _ ----------1 
t 1,"XTOII 

aTOHC6J,.CAlC(J •• A.,AXI r 2.AlF~A.SfP~.OAS~,OESCR,OIG~T,OEC~H,Q OTE,CO~ON,TE~H.N 

1 COHrCN/ULOATl/LENALF.LENTCK.CHARco.CH~Cl'6J).KLO'KL_'_Ol 

T~,:t:,t,Tocr. 1 3.ECSS,ll8ElS.~I~INGS.FNO~S,Ih~~,~EFOF PLu~~,~I~~S~ 
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~W..c.iu •• l'U,,·OtcQO ATOItU) ,'.''U'tt.,) )p , 

COMMCN IINBUF/.INeUF(aD)."A~1.1PTR ~ 
COM"CH/TOKEN/ATCMC6J) .CAT(6J).A,MA~A.LEN.L~T~K. 

------------------------------------------------. . ,---

1 ..... 

IC 'ICO 
1 111 
1 

IPTRaCPTR+l 
IF(!F1R.GT.MAX!) GO TC 10a 
IHC'RzINB~F(IPTR) 

ct~1 1T .. ~.a.ln 
INClASaOlCLAS/10~ 
RETLR~ • 
Of LnE 
IMCUsEOL 
otCl.ASa:EOSS 

1 R~TUR" 
aS'lOi! -l-

1 . EHO 
I·············~···································· .............. . 
1 

tu 00 ?.l. Ital.LENt' 1 • 
ll'.ltl , 

.1.,~I'~Cl0K'.:iïITS).AND.el 1 suej{CUINE SPEIrl 
lr(~I.'C.l~ ) CO TO 721 le lC RECUCE 1 NAKE 10 Siu fC~" 
Ma.I-~ •• t.l 1 CO"~C~/ULCAT1/l~NALf.L~NTOK.CHARCD.CHARCL(63).KLO,(~._OL 

1,I'I)lTOI( 
2tILP~A,S(P~R,OASH,OESCR,OlGlT,~EC.",QUOTE,COLONtTEK"~K 

IMetFffIJ .. U-"1 J 
?n eoannUf 1 

fIC_ SI,et 'Ulltt .. 
.è ..... Xl.lUlIt.t 
!-'~. 1_~"tr'n)·!R 
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1 1.1HCL.S.CICL1S 
1 IHTEGE~ ITOK,I 

le -------------------------------.----------------IC - -----
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DATA GI ft, ~, a, 5,10,12.2", 3,11t. D,U;, 11 ''II'I~ X,"'PfI~'U',OUTPtt.TAFt~.tNFUT.T'Ffl-'lZ) 1 
e ... 4 mt RH eOtlT.OL le 

-c- '" ]C -------------------------------------.---------­, 

~ . - CILL :sttet.~I~Kn ~ " ]C .ro EXPIO~!SIOH N"He. TO SPECIAl-,t.AHES 
~ '., CAU TUt.C",. 1 XTYP=Z 1 trOIs. . ' 1 M:.L 
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"EXT nop' 
CILL "'ËXU 
If(K.EQ.DJ GOTO 90 
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~'l~t CAUS Tf. "J(I' suno''TtM~S fO If' JUetlfO 
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GOTC(tO.9a.'Ot~a.5Gt60,68t6U.9D,9D),K 
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;E. ITuME. no.u .HE·EUi'"F) GOic..-9~Il __ 
IF(R.EQ.VT~ GOTC 90 
ITaD ' 

~----l 
1 

. J .. -. • -ftlat ut',. sn 
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, "_ c-N.t. Ute Ut' 
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CALL INSERP(Alù~(A)#XTrP,kKtlltCU"' 
'TO"''')-1T 
GCTC U t> 

lY-~~ ,.0 , ,-, ~ - 1 40 IF eCAT (A) .rc. THEN.OR.CU (A) .EC: .01.1) CAI.L NElTA 
'·-.I." ............ ~ .•• , ••••••• ~ ............................... ········1 G.CTC ~o 

le CFEPJTOR 
1 50 R:aKK-50 

~-:r. 1 GOTC 110 
xc UME 0&, VAL.UE 

~ ~IJSI ''''t(SlOHl l 60 IF(~.E~~VT) GOie 94 
-C tl&o.ua IV UStlteOM 1 Ra V 1 
C ... ..JI( Ctl'UUCUf N",C.EQgWCE fUIiCTICNS 1 GOTO 11D 
C t~.:l_ tttUC'" U snCK nft9GLS IN F.G" IC HO CF ElCF~ESSlON .. INSE.tT HARIIEK 
C .. U·~I.flt lfl F,C QI IIIIr.OIUNG sy,.eOL, r CiO hf"""ER 
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~CI IVLQAT21 OUH~Y'lq) 1 IF(Srx(I'.EQ.VNJ JaI-l 
!.~0$.S1.J~~.FNU~.r~~.OPr •• K~C.OtSCON. W~CCltIT"AMEtClM'"f r ZOO S=STKCJ) 

l ',fD'PI,C""'.nFC.REOU, U.·" ,RpUn IN JU S. A4:P ,EQII'! 1 IC, CF l lE CF.LSJ .'I.'«!i()) Gala lOG 
~*,EGE~ IC STACK TkI~ IleM 

t !C$.ST.l.G.'.u'trMUK.OPER.KNC.OE!CO •• KkCCltITNA"E.~LM.rE 1 1-1+1 
!.EX~'~.QWA"t.Lx[~,.EQu.lP'.rW.RP'REN."IIiLS.IOP.ECUAl.tC.CF 1 IF(I.LE.20) GuTe ZO, 

-c 1 CALL ERR~(I,lD13) 
tor~rN ITC.~.'ATa~C~1).CAT(61),'.~'X"~,~w 1 GOTC e 

t. 1111"' ••• tCM,C&t.I.MU&.I(.n 1 20 ... SU(U=R ~---- -----,_ft", STKC~).STK.(tl) ,'(lZ)i'(lZ).C,~.StVT.VNtSltXTYP 1 STKAfI'=A 
iKff"t T.!N,no 1 GOTC e 

. aAf~ ~t •• OO/~~J,'6~1 _ le LCOK FOK HEAD OF P~IKE-PH.ASE IN STACK 
C Ct'~IltC~! FC~ F~,etq[NC[ FUMCT]ONS ~ 1 380 Q=STK(J) 
'.--. OAn U,,.rt."ARK!R.YT t VWI9,U,11tUI 1 JC=J 

~ CI.U,U,&),U, J, 2,L6, il 1 J,iJ .... l -.------
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paGE 2 lILANG P .... fPi\CCfSSC" l'COLLE 

i'CSTct~).~Q.VNJ J.J-l 
s-snc.n 

ctFUCS).U.GtQ)) GOTO ~OD , 
C ar,uer FfI,,-FHAISf IN ST'CK fAO~ 

rFC:c.EC.L",.PIP) 60TO 500, 
(.1+1) TC l 

1 
( 
IC ACD 
1 50 
1 

- - --- -----~ 

NXV==p.,FTQ 
GeTe 20 
NEXT VALUE 
MAlCF=HAXP+l 

e 

i 
~..:. 

IF(~A'P.L~.HXPC~L) GOTO 60 ---~~---- ~ 

"' 

--<, 

1 c '0" RCLIS~ S111h' lM PCELL T CAl 1 FRR(Q(~~1~0~lL2~) ____________________________ ~________ 1 

sa-SlIrUJU ~fTL~" 1 
I ta" .. arFE"PU',IT014(SU ,Cil (SU) 

~ 'OJUST SIACK POI~T[R 
~ ... r·.I+1 
, sucu-" .. · 

r­
IC 
170 .1'" '_J 

60 CALL FSETINXV.NXT.HAXF) 
NXV=I1AXP 

1(1==FC~T/lQO 

_EILWk 1 CALL FSETCNXV,TYP,Kl) 1 
o " 1 IFII<2.GT.Q) ChL PSeT(NXV,TYP2,KZ> 1 

e .~.--.*~.------.------------------------------ 1 CALL FSE1 INXV,~AlUE,P_ALUEI ' e- 1 .cALL FSEUNXV.CV.C) 1 1 
~ . -~ ... _- --- I~ RETURJ4 ~ALUE-PT"R IN PVALUE 

DESSIO'" ••• IF ce'OUIC' no 1 PI/A"! t:E=NXII T-------·-· 1 
l:ISf'''CCM 1 RETl.I</I 1 

1 END .' 
1····················································· ............. . 
1 : 

SUPRCL TIN;. OUHPP 
TC OUHF ceMHAho TAglE CONTENTS 

OL-LED BY UL.IC~D _ ........................................................ ············IC 
l COM~C"/ULCAT2/TYP.NxT.aRO.SCN,NPR.FAH.RES.HVAL.C~.LI~.~ALUE 

~ __________________ ~ ______________________________________________ ~I~ __ ~2~.~s~IuALI~.T~Y~~~~CLCL.H~~~~A~~~TCEL..~XPCE __ 
,. 1 1 3,EC~,~TKlhG.FNU~.lNu~,aPE~.ICW~,uE~CCN, K~uCL,~lNAHE.CL.NA"E 

J~YIJ~( .~P~HP(Ç,Py.LUE,fÇ.I) le 
,t: toME ,.,otMEfiI YlLtlt TO PARAH a C 1 INTt.Gé. R , 
e' calllt f' lEX.INSE~O.ll".QUAl.Sf~I"FL,USERCC".U~ERSE" 1 1 EOS.~TRING.fhUM.I~~".O~ER,IC"O,DtsccN,ICWOCL,lTNAHE,C~NAHE 
e ~r.~l.' OF AaGU"~HTS l INTEGER eyTE(5),T,P,P"AHE,~~E,~PNA"E.PVAL~E,ùlYPE 

1 «: r '. n. nCEX Cf f'~JUL.IK.. Ht lN.Kr CR SPII..rE 1 COMl!CÂ-'IEtteLll:1Utt.MIUlV_JÀ~LU.Q3.l _________ . ________ -._ 
c C H~T p~ GT 0 . , l C0!411CN/CTSTEPI .. AXP.SFNAHEll01 
~ "'LUE I~. FI'." VALU~ lC 
C 
e,RIl .. eut. ,aq.r I~oex IN PCELL 1 

1~. FAR&M TYFE l 
l 

PRh 1 11 
11 F o 111'1 A T (1~ 

MAX~S~:HA)H+"ÀSFNAH 
t COM.CM/t~t.T2/Typ.NxT.BRn.SoN.NPR.EA".RES.tv., ·CW.1 Tt.W" lE l 00 lCC r~~.M~A~xnM~<P~ ____________________________ __ 

2.$~.1.Tl~I, .Wl~E. "XOlCT,~XSPNA".~XTh.~.~XTCEL.HXPCEL l IF(FII,SIATI.EO.O) GOlO 100 
INlfCER C,PV'LUf,OCAT,P l IFCFCI,TYP).Gf.101 GOTO 100 
eOft~CN/C1!T!PI ~AXP.SPN.~EC1~).PCEllI~00) l ITYP~=TII.TYP) 

c ~ - . . . 1 IFIF(I,TYFI.FQ.C.AtfC.UTYFE.E(;.DFSCON.O",.J.TYPE.EO.KWU» 
, !"FIC.GI.U GCfO 10 1 1 Gele 100 

CALl E,ce.CPVAL'E."I) TC tCTII/E FA~ ______________________________________ _ 
PETt!PIC' l IV=I 

C fINe LIST YILLE l ISP= I-HAxH 
1C Nxv=r- l IFI~.LE.~AXKI P~A"E=T~AHE(I) 

IFCF(C.TYF).f'Il.O Goro 711 l IFII.GT.HAXH) PNAI1E=SFNAHE<ISPI .... -

20 ~FTA.F(~'\.N'T) t le PRI~T LCCF 
\. UU,FTR.EC.OLGOTO 50 l 20 00 110 IB-I.5 _-- -- -
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)or -
OAGf J ULA~G p~fPqOCESSCR ~O~~lE 

.~,:Ii-------
t~ 8YTf~eJ:aFUV,Ie) 

avlLUF-FCIV,VILUE, 
DTY'f·JH -, 
lr(i"Ftl'.f~.n~!CON.or.eYTfCi).EC.K~O) GCTC 16 
IFttTT(Cl •• rC.F~U") G019 2~ 

1 F"O 
1 F=NLX1FCF) 

10 IFCFIF,STATl.EQ.O) GOlO ZOO 
ACTIVE CL'5S 

PTY-PE=PIF. TYP) 

"\ 

• 
"'-Jo J .. "YT5U) .liU.STRING' (;cno li ~ M=f ------~ 
,.~ , COTe li ".,- GeTO 100 

-C '0- tF.SC CC.$ OeTI!" N_HE l' 
'. l ,'. 16 nal l' OESC co~s OR KWO 

'<"". 

Il l'.' (fT .~ liT) 
IF(lT.t~.IJ GOTO 22 

1 NAKL=lNAHË(F) 
1 KTYFE:zlH 

":,1 e 
r." 

GTY'K1U,,~un - l (::P-' 

1· 
l 20 K~AlUF=P(K.VAlUEI 
l' FINO ,.f.HiNG _CF VAI.LE 

22 PRIN 21.1,.PNA~"YTE •• V.lUE.DTYPE 
2l F"'''. UJ.r~,lx,.a,na..1X,U'.2X.U·) 

T IT::F Gene li 
li ,. I-n.l n,n.nut,lnt.'V""E 1 30II:I(Il.nl) .-. 

f~ ~0tP,t,t.lt~.tl •• ~,sr~,1x.FlQ.3) 
" _ _ COTC n 
'-,::'" ft ... 1U~1 ~.lv"r.:a~ •• YTF.PY1LUE 

~~tL'-'-2' ~O.,'TllXtI\,lX.l'.'I~.lX.·l.) 
~' ~. ' t 
~~:- -", ,-- " 

l 
l 
l 
l 
1 

IFCIl.EO.D) GOTO 32 
~(kV6LUE.HE.T(IT.KVIL» GOlO 3D 
K~EAhS2THA"ElljJ 

32 PRI~l 13,NAH~,K1YPL.KV~lU~.l(H~ANS 
13 FOR~AT(lX,Ae.lx.AZ,IlD.lX,A~) 

tV~YTf(t' l IFlK.EQ.O) GOlO z~o 

PN"'.1~ t NAH~·lH \ 
~_,- COTG 11 1 GOTO za 
'.It. Of*ll.tf l' , -.nua- l' ITE/I-VHI.f 

1 :,- lU l , 0 0 ":1 C!!,...lIXT) \ 
......................................................... ··········1 }FI~.EQ.D) GOTO ZOO 

~ 1 IF,pc,.,su1).EQ.O) GOlO HO 
1 H'~EzlNA~ECH) r "- '- 1 1(::1' 

:"'1 1Il.UMlff[ u!!.!!y! 1 • '0 • le ,6iëCWb iliüiins DE LCCI'UND 1 12D PT.U.E.d-LJ4-IY..,P041 _____________ _ 

• . VUR-t"IUt 4 .. n 1!"'4uLT V'UFS 1 ICTYH::1H 

'c 

• l IF(FT~PL.GT.O) KTyp~=rCAT(p'yPL} 

~"Off/~Lt.T~ITY •• "XT.PRO.SC~,N~.F1K.Rf!."VAL.CV,LI""W'LLE 1 ICVAlCE=PUC.VAlUE) 
2,ST.,.YYP2. ~lH~. "XO!CT.~.SP~A".~XTNl,.t,.XTCflt".PCEL 1 IFCFT~Pf.fO.FNU") GCle 10~ 
!.~e$."Rr.G,F~UH,IffU",OPER,KNO,OESCO", ~~CCL.ITN1"E.CL~'"E 1 IF(FT~PE.EQ.~lRI~G) GCTO\lD6 

, tlUGE' 1 IF (F..llPl;. fa.") GcTO 11 0 

'C 
1 [OS.SlA1.G,FHU~.tNu~,OPE.,KWC.OESCON.(~OCL.IT"AHE.ClNI~E 

e~"eN ITrKPl/"IX~t"IXV.TH.ME(109) 
Corr.C./CT~~PI ftAXP.SPNAHE(10) 
tNTtGEW 

r 

PKI~l 13,~A"E.KTYPE,KVALUE 
GelC 130 

104 PRI~l 15.~A~l.~TYPL'j(VALU~ 
15 FO~,.Al(lx.Aa,lx.Aê.C10.3) 

,lt,·, 1- ~C_lc...-1l0 - __ _ 

• · .~-------.--~-.. _--._--.--_.-----------------------• - - ,.ru u 
11,'~p.T(1"a,6J,17K.CTIVF PlRI~ETERS/ 

106 PRr~l 17t~AHE,j(lyPE,KVALUE 

17 FO~"AT(lx.Aa.lx,AZ,11C) 
COTC 130 

1· DfSCRIPICIi 
1 lia KZ3FCk,'YPZ) 

" 

II? pp sn rtFRr7:1SIIfllJ n.H't.:-~· *1 :#~,~.,. ... ~" ................ --.. ----.... ----~::::::::::::::~~~~~::::~::~~~~::::~~~~--~ • :'-:y?,,,"". ; .. ' ... 

---'-~. '--1 
! 
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-" 
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:4 CU » j * ,l' j • ~_" .... JI 't ..... _' .. $44 t QI''''. ~ :WS4JiW 

- • 
) PIGE Il UL~~G ~~p~OCfSSOq ~O~~Lf 

): 1 -~----
','(k2.fC.jU lCOLUli'a,,"FRO,. 

< l' 'a, .. le. !l) 1(VlI.ue:-a,tTo 
1---)0_:_ _ "(X2.re.u, ICV"'~.2K8Y 

• 

."1_' iJ .... "' ...... w .. "' .... U&. ur 

,t'K.ta.l) COTO 1.a 
.1~.lft 
,"TC 1'0 

! q}U eUS! 

GrTO SI 

.., 

1 
l "OZ 
1 110 112 
1 
l 100~ 

1 
1 

Rf.TI.I<N 
PRI~T l~OZ,TNAM~(ITI.K 
FQR~AT(5X,A8,· ~OT ENCUGH P'~AHEIE~S ·t~~t· KEQ~·) 
RElU"r. 
PRINl 11001o,TNA"~(IT) 

~ETLRN 
END 

•• IHEUT dt uES L.uI OF UtIlGE!L- ___ . __ . 

1····················································· •••••..••..... 
1 

sur~çCTIH INSE~P(PNA~E!PVAl~,PCAl.C.FJ 
T~ IHsrRT fIR T VALLE OF 1 KE~aE~ IH PCELL 

CILLFO eT 1 X!OUAL.SE .. CLl!SEHlHFLtU~EKCOHtU~E~~EH 

HE'NING OF A~GUHiNTS 

~ 

<. 

'1,!!'j,-, 1I'"ne'.51 .n npE;;tt«:IxuJYP!) TC F~&ME h. F.g&,t1 NAME 
'ItLLf.'t.'Y'~Uf) 

,-~ c,...~aJ~ 
IC F~ALUE I~, PA~AH VALUE 
le IF FA~A" I.SEO Ir. AEX PVALUE=2 

--j 
~­

r IC IF FARA" LSEO Ik BEX PVALUE:1o ~~'f; .. -~ . :..: -Jft,.tntr .10. li ,cno UI 
.~ -. ,;. .1"nlfR.re.t1uun. GOlO 26. 
~- ".,.if: - - • t'tPt", .Ie., ... ", GOTO no 

IC • OUT, FCELL ~r.OEX OF vALU. (IF APPENP CALLEO) 
le FCAl It<, PAAA'H TYEE 

ec.u . .: a MU N SNe IJ nI/ri: ( ~EJlO t -fI,.U.-.D.l _ -
IN. OUT PARAH INDEX I~ Tr.AME ~R S~NAME 'il, ~.:!;~,;-,t~.fn 'nHS-ft.jHE C ;~lLU) ~~ 

.~ 
",":''01 c 

r,_ _ --~AI, •.• 1 U.uttt .. KTY".llYlLUE,tc .. "NS le , IF C=O lrEH FI~O, E~~E IF C GT Q THEM 4N 
C~T, PARA" CLA5S t~OEX 

; , .. ,,' .... llt·- - le 
. ::- .•• -., i' .-.... ,1tt'l1tE,1CVlt. ur 1 CO""CN'UlC AlZI TYP, HX T, BRO, SC N, NPR. FAn, RES ,l'IV A!. ,C 'J.l 111 ,,/I\LUE 
.~ '."'.:'- -" . 1..r.YPZ .. -XHA~E-~x.cu:...r..HXSPNAt!,MX.tNAtt.HXTCE4., !1,(P~ __ . ___ _ 
/:'! .-:. :ttf/ U-T II ,1ft .. , ,IClVP!,1CY AL.UE 1 J, ECS ,5 TklfolG,F HU?' t l N\';~ ,OPER, 1e ... 1. ,0 E.:.~CH. I(lfuCL, Il NI\I1E .CLHI\r1E 
:".: jI~. _ . - - 1 Io,EXNll'E ,CIIAHE ,ElIEC.RECU.LFAR .. " ,RPARL.N,l1lNUS.AOP, .. QUAl. TO ,OF 
;~~ .-;~", .-11t •• '. 1 . 5. R!STlP.Ul n~ ,lllYP. EOll. EOl/CAT.L IHIT .IC(,,~D 
'. -< U(-tt.fC' •• ' 'no "00 1 I1n'ECER :, -':.'-' ,,"-lf 1 1 EOS ,STRUG,I\Nul' tHIU" ,OPER,J(W~ ,uE~COH, I(WùCl, Il "A l'tE ,CLNAI1E 
-{,IiJ "Ut IJe u: ----.------

, ... :t.QJntatJI 1 · ~ titi".. ,1 :f .- (-. f. . . 1 

INlEGER P~A"E.PvALUE,FCAT,C!FINO,STATUS,T.P.F,PSTAT,TT1P 
INTEGER SPNlHE.CST4T,FTYP 

.' <~~ ..................... a ... ~ ••••••••••••••••••••• + ••••••••••••••• 1 
{ ~', IC 

co~~c~ 'lEHFL/~'X",I'AX~tl~A~E(109) 
COH~C~/CTSTEPI ~AxP,SFNA"E(1~) 

'.",\11'1 5~~'(iTI~,NFRR) C-10! .'1 C 'tri' , leQs 
c CILLEO ~·~oo~~s. USERSEH 

C~'CN ITr~Pl'~'XH.HlX~.T"'"ECID9) 

IC PARI" ~A"f 
1 IFCC.GT.Q} GOTO 10 
1 CzFI~C(THAKt."A.H,PHAI',.SlAIUS) 
1 IFCSTAtUS.EQ.IJ GOTO 10 
le "'Kt NOT FOUf,;C Ut T ,C-HECIt SPECIAL NA"ES 

,-

.. 10 1 f a Il -.-_, _ , .. 
Centre d. calcul 

UNIVERSITE DE MONtREAL 

,**,i, n f _ .' ' - -." - .. - .,> .• ' "l$"--'t~ - - >;...;."",!",.~_ 
If - .,' _ _ ., ' , '·"· ·u~· > - ",,,-iit~' - 'f;.,,~.';~~~~~i_.~~ 



0- ~iP"W_,,:"~'- ~ - f' ':" 

~ 

)" ·e 
~ 

'. 
~~' 

~~~·~'-------C-.--.--J-C-.-l-.-"-X-!-F-N-A-"--------------------------------------------I----SO--I-F-(Fv'LUE.EO.Z) CSTAT=CST'T.A~D.5.C~.2 
~-" 'C ........ tc l IF(F'VJlLUE.Ea.") CSTAT=CSTAT .AND.l.OR.1t 
~'. r~'$"""EnC).EC.a)" GOTO 6 l CAll FSET (C.STAT.CSTAI) 

flA'E S Ul'~ POEP~O~ESSO~ ~OO~LE 
____ 4 

,;:. IFU' ..... .e CIt) .Mi.""l't:) GOlO ft l I.F (F .fO, Ol RETUI<N 
:;~ C$T"-"CC,'T'T) 1 FTVP:TIF,TVP) 
(C A.U F SEi ( F, T Yp~4-) ______ _ 

QETUR~ \ l 
-, 
~.:r 
>'--
~~ ~ 

' ... '-

l END L. 
I·······~···············~····························· .....•....... 
l 
! 

"\ 

1 --1 SUPRCl.TH.E LII100 
TC FA~SE VALUE RAN~ES F~O~ x Ta y sv 2 

CILLEt ay U~ERCOH 

1 
j 

1 
1 

1 EOS.STRING.FNU~,INUM.OPE~.KWC.OESC~N,kWOCl,IT~A~E.CLNAME 1 

2,EX~A~E,C~AHE,EXEC,~ECU.LFA~E~,kPAkEN,H.NUS,AOP,EQU~,TO,Or ~I 
;;";-'1 ll"tC;'Sln.IliiT.IU ,OTa lit IC 
,,~.: lé" ~'\J&.nr .c' OF 'ClUE P#S T COMMe", IICICENlAI0l1C6Jk .CU . .Lé31 ,A.HAlr:A.k.O: • 1 

l't'~LF.') qlTUPM 1 INT~GtR ATO".CIT.A.~A'l~K.KK ) 

~ 

:> 

'" ..:>~ -

,"" 

-

PSTI'r.P(F·.4tUn t1 lC ~ 
-C~L PUTCF,S1AT,PSUT> lC LIHIT "'klCE'R ' '\ . 

-t .. l~('tn.Ec.tn"'E) GOTO A,) 1 CALL ,PPEt.P(H,O.CAT(A» 1 -", 
e tir '1"' ... 1 r: ••• ttTfP l CAU "t,XU Î'----

t ' tféI!CDtCS.Ut.U.Lt •. ~.L"Q.1.D.....S.O l IF(IC.EQ..l.A..Ut!""O~·EC.ENU") Ge. rn iOO i-----1 
. C$'Ala C!UT.t<f.S l ' IFCk.EQ,DESCON.C'<,K.EC.STRIhG) GOlO laO ; 

CM,t. PU" cc,nu ,C$un 1 CALL ERROR 'l, 305) '-
.f""UTYP.FC .. OfSCett.Oit. TTYP.EQ.KVO) 'OTC 31:"'\ l Rdt.RN ~_.~ 

C YAL~f le LIMIT VAL~E 
FTVF-T".TYP) I tDO CALL 'PPE"P(H,ATOH(A),CATCA» 

t----'t~,., .... ' ... I.--eF$E1..U' • UP....EI..Y2L l K le: S= IC K 

,t"(flCIT.Gl.D) cau lDpfNPfC,PVllUE.PCATJ 1 Clll NEXU 
r'tJ~ 1 IFCKM.EQ.kKStl1 GOTO 100 

C USCRtCe.s CR ICWC 1 RETt.R" 
3. P lU. esT (C. "Vill ) l t: NO • 

C II IP~EkO(F,P~lLUE.Prll) 1· •• •••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••• 

c 
C' ..aM 

!JI 

1 
~'f'Dl fXT~TS l 
Vll~~.~V'LUf 1 INTEGFR Fl.HCTI~ P(K,l) 

l'(T1Yp~fC.OfSCCH) CaF le TO ExTRACI FIELD 1 CF CE~L Z·K C~ WO~O Z·K-l 
Cilt .'FE~O(t.rov.EoVCAT) lC C'LLEe sv MOST ~OUIINfS CF ULP~EP 

t------+I~'~eAt.E'.4~~lUa. 1 CO~f~~fXLSI~~~~L101.PCELL'~~~ ~-----
raLL AP~ë~O(r.IV1LUE.PCAT' r INT~G,R PCElL,"ISKG(SI,NeITS(S) 
PV'lLE.I~'lUf l DAT' ~lSK'/1StZ5S.Z5Stll.1Z11 
RfT~~N 1 OAT. ~aIIS/a,-"t-1Z.-2at-251 

C ~ lC 
e IT€H IS PART CF ~XPRES$ION OR CONCITIOM l IF(I.~Q.20) GOTO 20 

Al~S le a'CR Tg ~ le "~~.F~ 

/ 
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~e 
'\ 

" 1 FAGf e ULANG pprPROCFSSC~ ~O~LE 

'-s~t"c'e~~~'2·(.,NaITS(I').INO.KASKG(I) 
RnUM 

1 IF(T(vL,RES).EY.ULTYP) GOlO &0 
- ~----~ 

C CET THF lS1 .,o'U) , 
tl .• apcnl (2 -1(- tJ 

_nu. 

IC INTEGER o~ A~PnA LL 
1 lF(FVjL.UE.GE.~VALUE) GOTQ 50 
1 GOTe ~J -
IC INTEGEP CR ALPHA YL 

L 1. r eo IE(~VOL.IlE.LE·IV)IIIE) GOlO 50 ! 
GOTe ça ( 

70 IF(TeVlt~ES).EO.ULTYP) GOTO eo 
REAL LL 

\ \ 
\ ) 

1 

1 cf ... - ___ .un-ur rc·)-? ... ·~I... If(FFI/Al.GE.FllIAU GO'lO 50 
• t ,. Q.a:! ... Lt!!b ~t !!' Oui va, lire OF A PARU,. • l 'Cll"~~C,.....D_. ________ _ 

C. '" 10 rt'rr' "00'-$ IC AEAl Ul c- -t.lUO IY U!fflUIt 1 ~o IF (FPIIAl.lt..F1\I1U GO 10 58 
c;-- . . IC 

--~i 
. ~p(."ltaT111,p.NXf.tRC.!Ch.hPR.F_~t~E!.~~Al.CV.LI~.vAllE le !ET PVALUE TO LIHlT 

t,~T~l.TY~r, •• '?E. "XOlCT.~XSPW&"."XT~l~.rXTCEL."XPCE~ 1 
1-__ ... _ ... ~~ .... 'lIiJt~.UUJ".apER.oc •• ccn,. nec •• ITHIME.CI 'AME T 

"-- ~1f'Utn-t"lYfttu. J'lP,EQV,EOVeU ,LIMIT IG 
;i ':' . IMnttp • le, oc CHECICIt<G FCR ALL. .i,NPUT VALI.ES 
~. :. ... < S ~ ••• lr.ctFkVtf.tNU".OPE~.ICW1'l.DE!COto ,K .. tCl,ltNAME.ClUI'E 1 2001 l'1I:rF ,,<v, IUT) , 
:C.'" ' - • -t.V\-t-..... lLt'P.EOv.EOve.T .. l, IFCl'v.GT.O) GOTC 10 

-:0. CA-LL. _EKRORP"'I.P"ALUE."Q~) 
CA' 1 FSfUJilL,.JlA~1 "'LJEc..-.... 1 .... \I ... A ... I·-uI!.r;.f ... I.~~~~~_ 

, 

1 
1 
1 

l 

, ... - faUUp -n,l,p .. p"at.UE.PTYP,'I 1 . I<ET !. RN ~ - . 1 

t. il'" 'OVtvAI.FSCF; CPYAI UE.EP'tiI). 'LVII U;.FLVAll 1 END - --- _ _ ---- _ _ ___ 1 

t ~-----*-------_._--------------------------- I····························+······+····~~··········· ....... y.~~~+. 
~ 1. 1 1 [ , lIY'r'hlttcP, lYP' 1 

_ -.,., 1 
.C LOOk ., !.C~ "P.'. VlLUFo 1 Sue~CLTI~E P~El(K.I.lJE~) 1 
l' ... 'VIII.'U""V,VJI IZE' TC 10 TNSERL_~..lEL1!11-flELO-.L.OL.uu.._Z!JLDR._l.H_ ilO1Ul. .z.I\':-1.- ________ _ 

"n"'PC"V.TT~) le CiLbE.O BY ÀPFENP. IHSBP. FBOUNDS 
C CHECK ~CES ~ t CO~~C~/CTSTEPI ~AXP.SF~AHE(lD) ,PCEL.L(~OO) 1 

IF'fFtYP"EC."lYP' 60TO "0 1 IN-TEGER FCELl.,IUSKS(SI ,HSITSeS) 
tF.t'TYY~tC.t~~.AH~.HT~P.EC.FkUK~ &OTO 20 l DATA ~~/177777771&nB.37777770017e.377740077778 
t'C.lyp.'O.F~UK.l"~~~T'P.EC.I"U") GOlO 31 1 ·,37&837777~7B~177777777BJ f 
COle 210 1 OA1..L.JUU.~., 12, 2DdS I - ---

~ CGNYf~T ~c ~E.L lC 
Il nV'l.a'\IlUF. .1 1 IF Il.EIl. 20) GOTe 20 

elU ItSi'''''V,T_,'1TYP) le LEFTSHIFT 
eAU FSFT U!V.VALUE.PVALUEl l )(1(=,'1( 

~OTt ... 1 PCfLL(KK)a~LL(K~).A~O.H.S~~(I).OR.SHIFT(IT(H.N9ITS(I» 

~. PY~~t.'P~'L­
eaLl FSfYCKV,TVP."TYP) 

- CALL F$fT{",,~UE~PVALUE) 

CH[l"K LIMITS 

... _ IFCV.fC.1U Gt'le 200 
~L·~ 

- - S' VLwHVl.lI") 
l,t'lL.rC.G) '~TO zIa 
LVALL~·T(Yl,VAlUF) 

~ 

\ tF'.tYE.tC-F-LUK+)_G~O~T~O~7~Dh-__________ ~ ________ __ 

.., 

_~~!.j~~~J;~' _' '-::-1<:'\!I 

lC PUT 
l 20 
1 
1 

l'Hf 15T \IIORO 
PCfLleZ'K-l)=ITfH 
RETLiOt. 
ÉNO 

l·······················~····························· ............. . 
1 
l 
1 SUPRClTINf QUAL(H,F) 
IC TC FROCE5S QUALIFIE"S CF, WITH 
IC C'LLEe BY U~EKCO~ 

• 

T~~ __ ~ ________________________________ __ 

... - -~:;"... 

" 
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sale; ~ t. Le $ tOa JC La Ct .. w. iI« MA M .. *_ = ~"""""""""P1 !!fW'lh;;as;p;; .Ci 

..., 
;~ 

, 

e 
PIC~ 7 ULANG ~~pqOCESSOR ~OO~LE 

CO"~CIlI luonu o-U ... tYC1~) . l GClTC\OOO 
!,rOS.Sl~l~G,f~U~,t~UM,OPFR,KWC,DESCO~, ~~CCL,ITHA~E,CLh'ME IC CF C T~lS AOP 
4tEX'j~r,'~AHF.F~EC.Q(QU,LFARf~,RPlAEN,HJ~LS.l0P.EQUAL.TC.CF I~OO CAll ~~XTA 
S.RES1YP,ULTYP,LLTYP, ~OV.EOYC.T.ll"rT,KCM~ l IF(K.EO.INUH) GOTO ~ZQ 

INneER l GOle 1 GOa " 

~ 

t 1 teS,SUU,G.,FIIU ... ,INUK.OPfR,"C)lC,DESCOW,IChCCL ,IlMUE,CeWUE IC CF---C,.JH.lS-AOE!...-JNIIL-___________ . 
Z.! ... "'.C'4"r.[rFr..~~QU.lP.RF •• RPIAE~."1~LS.IOP.ECUAL.T(.CF I~20 lF(CA1(A-l).EO.MlNUS) ATO~(A)= -ATOH(A, 
!,~51YP,elTY';llTYP. ~ov.€e\lCn t PHOFF=ATOPl(A) 

C .. -·_·· l CALl ~EXTA 
.CO~~N "C~~/'l0M(63).C'T(63),A".~.,K.'. ~ l GOTe IGaO 
tale'f' .T~.~.T.At~AXA.K.KK le 

~R,.",F~,.~F lC •• -.------------.---------.-----------.---------e ClJlJFlfl CCN!Tl~l, OtFINITICl! CklY le 2~O FC~MAT OF THIS ••• 
IMTE". Pt~"'~KIT"Is.NrxT.FRfV,OI."lRK,.'C 1500 PI"C'zCAl (A) 

-- 01" FOS"UI(tTHI'!tttW1Ct.PR!~.GI."JRI(,.,O l 
. t/~I.~tS.'11,.13,\~,-!r, l 

~ . 

PP'!CFF::O 
CALL NEXTA ~ 
IF'kK.EQ.ITNAH~) ~~O 510 

.' 
-, 

)~ lC~_._~ __ • _____ • ___ • ___________ ·__________________ l 

CAl~~2!.~:~Q~ ________________________________ __ 

-e (ft .... 1 CAT (4-1):Q 

~:--"'l' Cu't. NElU l RETURN 
;:' ..... -, -- t,c".fe.n ... "" GOTO 2U le OF THIS C 
- IF UfIf.rc.f;O$"lPkl GOTO 510 1518 l'c=o 
:) 

'

" l'' •• IC.I~~) 'CTO 6~a 1 ~ CAll INSE~P(ATO~(A),PVAlUEtO,MQ.F) 
. _ , «he. 1 CUU,1.=QNAMf·,11 

e.CF C ••• 1 CAll ~EXTA 

~~.; 

~ •• ~Oa' l GOTC 1000 
C.LL l~SE.p~TOMrl).PVALUE,Q,HQ.F) le ---------------------~---------------.--------. 
·tIT"'-CN.~es. le JRD FOR~IT OF N ••• 

)_. 

~ CllL NF,t. IEOO FHOFf=AiC~(A) 
.~ .th.E~~ "EXIA 4 CAll-~EXL4--________________________ _ 

~ l".k.fC.FOS~APrJ ~OTO 300 -X IFCKk.EQ.ITNAHE) GOTO 700 
~ IF(K.iC.l"~.C_.K.~Q.~NU .. ) COTO 210 1 C~T(A-ZI=O 

IFU.EC.8fSCeIC .. CJI.IC.EQ.SnUtliC) COTÇ 210 l RETl.i<~ 

RE'''.'''' • IC CF ~ 0 
t. CF C a Jo $ 170-0 Pfc=o 

1 as. C'U 'PJ!UPlt!Q, nD"l(A) ,CU Cl)) 1 CAlL---1"'SEliP('U-~U) .P'tAlUE..Jl...lU4.EL- -----
~KS~.. 1 CAT(A):QNA"E·l0 
C~Ll ~êlCT' l eau "EXlA 
IFe.x.EC.kCSt!, ~OTO 218 1 IF(KK.EQ.CIRHARK) CeTe 710 
elll 'PF!NPCM.HO,OFJ 1 CATCA-J)=O 
R'T1.fj~ - 1 A=A-2 

te ........ - •• - •• -.-•••••••• - •• -----••••• - •••••••• - 1 ~~T~R~~------------------__ --__________ __ 
c (1f CI 
.c: 
c 
'" 

T~IS ••• IC CF k C Ace 
ppe IS PO!~I~K CITEGBRY 1710 IFCCAT(A).EC.AGC) p~OFFa -PHOFF 
Ft"(.'F I~ f:CSMlltK OFFS~T 1 CAlL IIEXTA 

,~t.tjt(.) 1 GOTe 1010 'HCFF., lC AOJUST OFFSET 
r-----~t,J4~~tl 11A~EtF~~.~C.J~~G~OT~e~1~à~1~O~ _____________ _ 

t. C:F 
:!10 

l'' ••• FC.lnP' ceTn ~oo 1 rF(F~C.EO.NEXT} PMOFF=PHOFF.l 
J'(K.EC.t~U") GOTO 310 1 IF(F~(.EC.PkEV) PHOFF-PHOFF-l 
GCTC 1~~~ le FCRM lI~KS 

C T"15 .~ 11010 PKA=~lTHIS 
PMOFFalTCt"Cl' 1 CP~=O 

/ 

• 

\ CAU,. HXU 110 2 0 CU 1 INSElilPCPHA,O,IHr:".CPII,CIII"I n __ ~ 

, 
i 
1 -- - - ---<1 
1 

1 
1 

-----1 
1 

! 
1 

1 
1 

f 
1 ----- 1 

1 
1 

--J 
1 

'I" 
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"' e tilt 
.,ac, a U",lMG PRE"PAOC.FSSCR .. CD"~E 

,) --_.- -
e1LL .Ffl~P(~,CP~.TK!~)' 1 COH~C~ IICKEN/AICHt&3),CATtE3),A.HAXA,K.KK 

t 
1 

~ 
CALl ap'twPCHO.PNOFF.lNUM, 1 ~NTEGER AToH,CAT.A.~AXA.K,KK 

.. cau. aFnll",".ttc:.OF'" . 1 CC~~C" ITEHPl/"axf1,HAX~,lUt'E(lG9) ,TCEL.L.(4QQ> .--"" .... ~ .. ~ 
,fr~.. 1 INTEGER F.C;P,TTYp,TMA~E.F"AHE,Fe[',FINO.STATUS,T 
:,NI _ IC ----------------------------.-.-----------------................................................ 

l FB'EG:o:F 
l IF(~.GT.a) GOTO 110 
le ~COK AT ~lXT CllSS 
1100 FaHEXTFCFJ 
1 IFCF.EO.FSEG) GCTC 10~ 

1 G . C.llIO !IV tlSEAr.oa 1 lEIF.fO.ll! GOlO SilO *' '" 1 ~=TCF,NXT) 
'- --. COIIJItJlJ\:~t''f,,.n •• ,.)I,,._o.sc •• ''PR.n".ItE!."UL.C'',LI".V'llE 1 GOTO 11D 
,: -""'<-, .Cft!tl.CK "".Vlth •• ltU,. TIi'"! U,9'. TelH (AJU) IC EleK fCLl CIRCLE 

,,';' ',t'OPt'ClI, ,f(~"'.TC,,(,.3),C'T(6l)tl.".JU~IC.II. 1 to ... CAU EIitIitCRU,3i17) 
,,',- . - raftU- atat.CA,.h,.a:u ••• 1t1C 1 CAlL ~~xTA 
: ". p ~"< 'lI'$,II.O,T,lM'. 1 ·RE 1If RN __ . n ____ • __ •• 

~ ~':" .. ;. IC AIOE flCI<E FIRAI'S NEECEtl 
~ .';'" ~->"'.fJ.l.~.""lOt.'TOffca).lTnUSJ 1 HO NPRC;:j(F,,.PR') 
" "",.<-: - I:FUtnt.-S.lQ.U GOle 1211 - 1 IF tt.FJ;O.LE .HUM) GOlO 120 
;. - ,~';y' eÀ\t. '",OIiC.,l'UJ 1 NP:T 'l'oPRQ,ZJ 
, -' .. itf'ht." 1 NP~C=F'NP,SUn 

. ~ SI'1).~E.H2RQ) ,OTe ,a~ 
1150 lFCM.EO.O) GOTO 100 
le 
1 lFIPCI',TYP).GT.OJ GOTC 15E 
le ~CNDlTIC"S Of ACCEPTING l~PlICIT FARA~ 
1 ~TYF.l(~.Tlpa " .- ';.,'- : '4ta..L ;("'~ctdCMIN t IH1llP--U.JC~)--J.jGQ~IuO~l.o&-II-a _________ _ 
1 IF(llYP.EC.IMU".A~O.K.EO.FN~") GOTO 1&0 
l' lFCTTlP.EQ.fNUH.AHO.K.EQ.INUM) GOTO 16~ 
IC THIS H[Xl CASE IS C~BJTAeL~ 
1 IFCKK.EQ.lIHIT) GOTC 160 
1 IF<TTlP.H.O) GOTO 160 

~f) t~L_kE~L.-a" __________________ ~ __ ___ 
I1S6 "=T(~,N~T) 
1 GOTe 150 

«ac lC FCUHQ OhE 
............................................................... ···.1160 PNA~E~TNA~E(") 

1 CllL INSf~P'PNl~~,AIO~('),C.T'AJ,"tF) 
.. L~t.H~ __ _ 

" 1110 CALL ~EXT' 
1 IFC1TyP.EC.K) ~CTO 11~ 

t IFCT1VP.E'.INUM.ANO.K.EQ.FNL") GOTO 172 
.yt't\TJ.f Sf'l~PL'".f) 

e F-INcl "'LIen Ilf'" ".'iES 
~ C'ltE~ ~y USE~r.Q~ 1 IF(lTYP.EQ.FHUH.'NO.K.EQ.I"~H) GOlO 172 
e 1 IFcKK.EQ.LIHIT) GOlO 172' ' 

1 CU'O/'I.CU,/TYP,NxT,.8RO,SOM,NPR.nw,IUS.IfVU,CV,LH.II'Il E 1 gET' H 
Z.S~.T.TtP', .H'~, "XOICTt~XSF.A".PXTHAr.I'XTCEL,"XPC~L 1172 CALl APPEHPCH,ATO~(A),CAT(A» 
).CO$.S'.I~C.'~U~,INU~.OPE~.KND.OESCON. K~CCL.ITN."~.CL~'"E 1 GOTO l1D 
... _,.YUU .lr''llT - 1 ENC 
IMff'fR"~ I.· ... · .... · ....... · .................. · ........ ·· ... · .... + ••• ,~,., •• 

t fes.s~.I~~.fNUMtyNU".OPER.KWO;OF!COM,K~CCL,I1NAHE.Cl~.~E 1 . 
.. cr -- -- - _____ -- ___________ ._1 ____ - __ . 
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PAGE tJ ULI~ PREPROCfSSCI 'COULE 

IC FINO lfl'FLATE 

i 
--- ----~ 

1 IF(KWCNAH.NF.O) GOre 12 
IC FIRST TEMF~ATE 
l' IF (II.EQ.IOoD) GOlO 1" 
l C'LL ERROReA,310) 

~. < - • '.IUiI.Ç .... k, •• l.I'RJMD'~U 1 .. RFllUi!I, \" 
~ - t.'fCè- D •• ~.OeaT.~&.o,O.~Sl'T IC 1 TEHPLATt 1S OPEN 
;;,."C " 
:;.<- ... ''''Ce-S-tAl.ST •• , ClLI. MKlTItSU.I:IIAflt.Ul'.!u.tlCn 
'~',- .n,,~ .. 

1 12 rFCII~CNA~.FO.ATCH(2)) GOTC 2~ 

l ' IFCIC.t.E.IO.O) GOTO ZIt 
IC READ NE~ TFHPlATE 
1 1~ KwC~A~2ATO"(2) 

~.'''''·''2e.=. __ --___ ... -=---------==---_.------ t CILL &~E_A~D~e~S~(~t~.~"~I~X~d~.~5u1~1~è~K~W~C~NuA~"u)~ ________________________________ ~ 
1 P!XP"I'XPCEl.Z 

-~_i."tlll'ltl"tii.~ ~~ 1~ITIAlI2~ CCI'TAB 
:C: - tAl.1.Se ~ UlPttE- 1 Z' 00 30 I=l."XP 
:;.c • '". UfS el~tr AeeESS RUD/6lfE 1 JO PCELl Cl') - a 
h. __ < ;-'''J' -t.tIa,.sU.tftnlD." .. 1l l I1Uf~tlU_+LJIt",XL;S~P~HII..AIlJ"I:L-________________________ _ 

1 
1 
l 
1 
1 

00 J~ I a l.ltXSP.AIt 
JIt SFhA!'EU)zO 

L.'BEL=LABEL+la 
IFUTCH(1) .GT.D) 
,.AHE=ICWONl" 

LAeEL-ATCH (1) 

,," 'auv. l A I.e! (2 J -Xli uO .... NAou>M_" ____________________________ _ 
j<-.~; n .'110 . " 1 CAltU-KIoIC·Uil 

< ." ... ~,. ....... _ ...... -•••• - ....................... - •••••••••• ······1 C 
;'-_'(-;'" , ' - 1 
*~ -' 1 

A"1 

C 10 
..c-
C 

-C' 

l 
CAU I.SE'riCOH 
CAU I.SEI\S E" 

IA:lJ"CosIlLQ"NA"i' 1 IF '.«EI2.....E.a. .. l) CALt ECHal1l 
- --- -- .. - ••. - AJot&LY~" ~E:'\:i1:ST 1 IF(ICCFT3.t.O.1) CALl OLHPP 

1 ReT\;R'" 
IC 

_' __ .9. le UlAMG S~STEH KEYWORC 
~.~caT'~TYP.~.T.8~O.SON.NPR.F.".Rl!."V~.C~.LI".V.Llt l '0 IF(C.'CA).N~.4LCPTI) ~~TURN 

t g - j.sUL.nPJ.._tœA"~--"lOttl .. 1!.JSEMtt .UUlt ."neEL ,MXPCf.L le GIlLY ·"fIIONS· -IS_ HAltCLEIl...HUlL­
l.fOS.SJR1.GfF~U?tI~O"tOPEAtWMD,DE~CO~. '~[CL,ITNl'EtCL~'~f 1 '0 tALL ~EXTa 
•• ~,~.c •• "r.~rYUk _ 1 IFeK.fo.rCS) qETU~N 
IJll~fi..ICS· 1 IF(ATOH(A).EQ.fLECHCIN) ICOFT1.al -e 1 IF lA TOit (A) .EQ.fLECI"OCU) IIOPT2 a l 

----- -

C.,.,. ler~J/ON."r(~3)tOCA'(63)."AXD.Q~CS1AT 1 IF('lOH(').EO.5LOU~PF ) ICOP13=1 
1 t.ïtItO'1-.I.l4UaI.IUlU 1 IE.,uqH.W-O-E~éLH-QUlJO~Ftl.,..u-O---_. 

r~p "'~F.oe.r.~lln.D.tSTIT 1 IF(AT~tA).fQ.éLNOeCCU) KOFT2=O 
~~ ~tC~~/.TO~C83).CjTt63),A.~AXI.K.~IC.FILl(l) 1 IFCA'OH~A).EQ.5L~OC~F ) KOPT3z0 
I"TtGfR'.T,".C.T9~9"AX' 1 IF('10"(').NE.~LVIES) GOTO 6~ 
cerre. J1fMPLlK.X"."AXV.TN'"E(10,),TCELL(~OQ) lC VTEST IS A TeST PROCEDURE 
COMMOMIC1!ftPI M'~PtSPHA"E(lD).PCELL(~Oa) 1 CALL vTEST 

~. KCI1i.Kca12,KQ'TltS.Ot l REIIR. 

C ---------.-.-----~---------------.------------- 1 ENe e 1 4 •••••••••••••••••••••••••••••••••••••••••••••• 4 ••••• ••• * •• ~ 
la1! l 
CILl ~f'T' l 
IFCKk.fC.k(YUl) GCTO ~o l 

\, JF(lCClël~.Etl.-i~-c.t.LL ECHO!.. l 
... 

Centre d. calcul 
UNIVERSITE DE MONTREAL 

1 

1 

-( 

1 

1 

" 



--------------------- -- ---- ------- ------
• F'Gl" 10 ULANG ~FPQOC[S!CR ~COLLE 

lo ---- - -
,~,.Ç~TJbf U!~OÇCK 

C asl.G.~ .r .Na!Y~ER 
". ~ CJLUO av UlICMO - e' 

C~tM IU\9AT2' O~"Y2C1q) 

I1ZE IF(CATCA.l).NE.~PA~EN) GOTO 130 
1 C'lL ~EXl. 
1 CALL ~EPEAT 

lC FINO ~ TC WHICH THIS wAlUE BELO~GS 

1130 IFCLPr.EO.O) Gu ro 1J~ 
1 hUl.,UUfi.'''UI'.I.U",nUK,nC.OEScok, k!.tCL .HNAME, CL ""ME le IlE" UH 11SI 

,.rx.'~r.c •• ~t.rxE~.~EOU.lPI~fN.R9.REN.HI~CS.ACP.EcuaL.TC.CF 1132 IF(~~.LT.lBH) H~=LB~-1 
! •• r!lYP.U~TYP,LLTYP, ~OV.ECYC.T,LI~IT,KC~C l HH=HH+1 

tNTFG'. l If(~~.GT.RBH) GeTO 20 
1 le!.~T'l.G.F~UP.tNU",OPER.Kwt,OE~CO.,K~~L,ITNÀ"E,CL~.~E 1 IF(C'T(H~)/10.NE.ITHA~E) GOlO 13Z 
2ttJ •• ~r"~'"ft')f~.RfQU.lP'~E •• 'P'R*,t~I.LS.ACP,EQU&L.TC,CF 1 H="~ 

J s.RrSJYP.UlTYP.ILJXP. (O~.tcvc.t IC SlORE VAL'E I~ P 
e 

CO~,tw 11CKE~~&tO"163ttC'T(6lJt •• ~'X'tK,~~tCU~"Y(3) 
fNTtcfl atOft,C",A,HAXA,k.kK 
tfrtl."P .... 

c .~.-~--._._-_.~-------------------------------
t ""ln_IH 

L ....-.,.."" •• 
P .... 'VllUr·. 

113~ CAL~ 'PPE~P(H,AIOr(A),CAT(A» 
l KKSalClC 

1 CALL ~EXTA 
l I~(Mk.EQ.KKS'l) GOTO 13~ 
l GeTO 120 

I1~O 

1 
IC 

CALL LII1(I') 
GOTO 120 

lC CL.lSS ,u,"e 
1111 il IF (LEt' .~E. tu LB"aA. 

l sa CIlS 1111'1)' t CAL~l~C:~EaI1C~\ ... Aa.l.J'Et-)l--_____ --'-
. ~e"=A 

CAU, HXTA 
GOTe 118 

Ln ue 

OESCRIPTC;; 

OR CGlfl1.lNO 

400 IF(KK.[Q.LI"IT) GelO ~30 
IF(KK.EQ.KOND) GOTO ~~O 

• 

-------

- --

.-C'''''' 'a"ln JIn "LU If Al 1 ttl. _____ ~~ __ ~_ 

CALL fotEXU 

CtN' l''' "- "'t'Il ----- -------

GCTO 130 

v 
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- '" <' 

~ , 
FaGE 11 ULAH' P,:FPROCE~~CR PCOI.:LE 

c_ .... "UU 
l'f.'.l'.ITMj~.Oq.KK.lQ.CLHA"f) 
Ctll ~ •• ClfA.t.lll) 
LI .... -
GO 'TC U 

GO Ta 'III 

•• s < '. a z!x§u "~laM •• ~_Q _, Z Q *... ;u;asOii;:' ft. ;sp:;t ... .....--<- 2 !AU 

" 
--- ------- -- ------

le ----------------------------------------------. IC 
1 
le fiET 
rta 

F=O 
HElel CL.ASS 
F=~EXTF(F) 

"' 

I_ua ...... 1 -tUF .. G.T .. ~uO~TO~Z'_lD~ _________ _ --- --- ---~----- -

'3ft . 

1 iUTLia 
1 ZiJ M=T (F ,KX1) 
1 IF(H.EQ.O) GOTO 600 
JC LOOK AT ~EH&ERS OF THIS CLA5S 
1200 IFCFC~.STAfl.EQ.O) GOlO seo 

I-C lU Cf un &1011' IC '" 1S ACIIlI"'-E _________________ _ 
tl' .. , ............. , 1 PiR=T(P' ,RES) 

COTe 11 J IFtHfO.EQ.o) GO TC 300 
C ~VJL , lC ~ HAS kE~TklCTIONS. SEE IF PRESENT 
nt ltfCIfU-f) .fO.1) GOTO ne ' 1 00 zita 1-2,a 

eUL ,-"Cft •• JI!) 1 (hl (l'q.I) 
• ,lia tt t;t l IF~Q..4~) _G..,ou-T~C--"Z~5'_'10'__ ____ ~ 
-15' e.ATU"U.'X1I.ftf:.U T 1F(FOO~,SllT) .GT.G' Gcro :!oa 
- . CIU JO l zita CONT nUE ~ 

CIt'fC. Il IC~I' StlOlJU: "OT eE lCJIVL. TH:.N 
:C ;, ntUce._ 

_, CAU, SI" l"~ 'K. ", 
_ ·-CiTe. Il 

c:Ii"., tl.t.El 
u. cau. .. ntA 
- C4Ll .l,ttElT 

1 2~O CAlL ERRORPC~.F.~Ol) 
1 GOTC 500 

le CHECK VAlUES 
1 300 "T=l(~,TYF) 
l 1F(~T.Ea.cESCON.OR.MT.EQ.KWC) GOTa 500 
IC ITE~ VAlL~S .~l CH~CK~O 
1 ~=T'M,~VAL) > 

t Aue ZI 1 C IF Jt Hl C itAL ... !. E .... S"'--~, ________ _ 
.C Men ..... ~,..n, 1 31i1 IFe v.l T .MUV) GCTO 360 
, ..... Cau,...st'I .. P).(",n IC CHECK FOR ACTIVE R .. ~RTICTIONS. OR Ka Ri:.STRICTIONS 

t 
OOTe f. l VR:l(~.RES) 

l IFev~.EO.OJ ~OTC 350 
t,tiC a' !'.TfICf l IF'CF (v~,Sl AT) .IoT .J) GeTO 350 __________________________________________________ I~c~I~CO~K~~I_~ __________________________ _ 

END l '1=T(II,NXn 
••••••••••••••••••••••••••••••• ~ •••••••••••••••••••••• ········~····I • GCTO 310 

le 
IC ~IS USE" ~UPFLlro A P 
1 350 JFCP(H.TYP).GT.O, GOlC 360 

1 i~TtIl.!dJSERSEM te GEl CUACLY-lI.A.L11E 
t lC c4 ~Sfii ~UPllllfO PlP.A"HERS l PVALI.E:T l ~ ,VALvE 1 
C J"1l TO St.P,U "'nsu,G OHrs BY CE'F1ULT 1 PCAT=T01tT'YP)+101l + T(V,TYPJ 
e CRUC ~ UlKMO 1 CAU APPOP(H,PVALUE .;:CAT) 
C l GOTC 500 

~/iLC.T1/Tl~.NxT.eRo.~ON.NPR,Fl~,REs,rV.L,cv,ll~.Y.LLE lC C~ECK ~OCES lkO L.T"IlS 
2.S".t.IU4J(U1tE __ HXDICI.USFtlAM .. u..IJU..t..UICEI ,11X2CEL '1 "~Il.._IELl U'.TYP1.GI.1U CA! 1 PJ!C..WiO.s.Ul.U--______ .. _ 
~.tOS,ST.J.G.fNU ... rNU",OPE~.K~O,DESCON, ~~CCl.ITNAHE,Cl~I"E lC lCOK AT NEXT M 

INTE't' 1 500 f!=T,~,NXl) 

~
ros.sTAI~G,r~U~tINUH,OPER,KNC,D~SCQ~,K~OCLtITNAHE,Cl~jrf 1 IF(M.GT.G) GOlO 2~ù 

C ' . TC 

r.~~~o~ ITE~ol/~.X~.~.XYtTN1"t(Ja9),TCtLl(~OO) JC -------------------------------------------
tUERJ ... f.hV..1I14V4E,/AUE,PCU IC nECk NO CF iEQtllf<EC PAQAttS 

ee 
-"~~ "~,-, ~ ,~,;~>>Jd'" : ' ____ , 
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" 
- ~ ~-. l4!C _ _________________ -=::::::::::::::::::~::_:==:_ __ _=_: .. ::~ __ ~~ •• ~]t.4U~d-?~._~ QUiA". 4 ___ 2 S .-;- ___ .-. 

& = 
----- -------- -------- -l e :-

)- • 
~' 'AGE 12 ULlNG PP.EPROCFS!CR ~COCLE 

. '. e.e .,.,ICf'('.~P.J I IFCt'.GT.O)(iOTO E50 --« 
'" ~ff.F.C.L!."'XH)-GOTO 620 1 IFCFCF,SUT).GE.ri.l.NO'I'COUH,NPj(,Q» GOTO 10 , .c. VI cr UCTMfR CU" IC IICT ENCl.GI4 

."t'~"C.2) I a~o CILL ERRO~P(F.NPRQ.~02) 

.~"(.P.!t'T) - J GOTC 10 _r~ 

il. tFlPf' .fUT) .Gt .~o, GOTO~ 11 
<, , 
t fI". ,IR.P.! lIltrO 

";'1 "ster,..f) t?1t: ~ . J, .... Ie.o· GCTO •• 0 , 
1 .,"In''''~. .t -----i 

u. 1 
1 
1 
1 

"~'~C ' .. ,a ItSSulClIeas ICU. 1 

701 
~ \ 

iÎ.:.( 1 --...... -",..,.-" ... "V~ ... • 
~'C _VJ,c~1JCI ""CUVE 1 ,------1 

...... btttt.ut, 1 1 
fJfclt.IQ.""'Ol'O li r l ,,, ... ,.~..-n "1 l 

C' " 1 
~ 

·C C1l' • V.LuE .' 1 
~-I .a IfTaJ.-.a.J1. 
~ 

GOTO 751 r 
C . l 
1: nt,. "uun 1 

_y.1t",~ULJ. l 
1.'1" UCV.l.t."AXY' 'OTO "te l l ' ' '''u''1'-:U 1 ----- - --- - -
. l'(va~.f'C:.') iiO'O 'ro 1 

;~: r"u".nan.r;T.O) GOlo 720 l 
, e- lCCC If ,."" V 1 

t 

"l'~.N.T) r 
511C 71t 1 

~I-c &.1 aupc,,"" ",urE; \_ l 
1 
1 
1 
l 
r 

1 1 
,~ .. PClhl r~.l'(P)·1Ga l 

c 
CAll IlfnRflCT'kAI(,EC'" .PYALU!,PCAT.I',FCUI1) 1 

r. !tE tF ~cqr P.OI~~ NE!OED 
te. tF(FCF,~l.TJ.G~.NP~Q) GO~O 10 

~ ~·T(k.L1LL-

.. 
~~r,!"tS_'_*'II!!"·r!:i" .!" ~~ ~, "<' < 

1 
l 
1 
'I ----------,- --

~ 
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,------+--------------------------------- --- ---

e " 1 
fAn 1- Ul_NG VAlUf-FL~CllO~S FeR ~L~~Tl"E 

------- ------- --- -- ---- ---nu". FlmdnOp. C'tN?PUP§.$TUUSl 1 NXV=F(I1,CV) 

\ 

• 10 FI.li FA'.'" NO rN TNAME ( 1·. e - ~ C'-LUD 9T V-FUtoCTlONS - 10 1 50 IF(NX~.EO.O' GOTO 500 
t.1fC(, 'R"S1.'U~,THA"t 1 IFCF(~XV,TYP).EC.~) GCTO ~Q~ 
eO~tN "tMP\'".X~.~AXY.TN."[(t8~) r. NEll VALUE 

l , 0 l ,,;d'-Ut~ .. U.'-lull~E~) ___________ _ 
S~Al~S.t 1 N~VFz~XV 
l'Cl.e~URC) .Lf.'fAX") ~OTO SU 1 IUVzP(Nl{V,NXT) 

• SIAleM T"PI l CALL FSEltH,CV,~~V) 

1 

-------1 
1 

KE,.tat 1 IV=v 
J.F"~ l RET~R~ 

S •• IFt~.~T.l) G~ Te l~O 
. ~". rr+J,,2 

t"JaG.~T.TNAHf(K[Y) JaKEY-1 
IFt"'.".TN'MFfIEY') I-.e~.1 
IF(~.C.WI.'.'HF'K~Y') GOTO 1aa 

'bU-1ft, anu" 
~ h.Sf tfe1 , c ..... t 

-'.. .... , 1JtDp. t 
, StAn.S-' 

,- .... lC-A·S 
,. •• Fl""1lS 

l'''ltlU.U.:1) 
• n\:J5 
fliC 

STITUS .... 

• 
1 ~oo IF(F(hXV,lYP2).EQ.ll 
1· F)'O", loO. ey 
l M=VLI~{A~',NXV) 
1 CALL ~SE'(".CV,~XV) 
1 IFCY.EC.EOY) GOTO 50 

1 RETl.R~ 
1· QUAlIFIER 
1 ~ZG "C-F(NXV,VALUE) 
l CAll FSET(MO.CV.MO> 
1 NXV=P(HXV.NXT) 

1 GO TO 50 
1· 

GOTO ~20 

J 

1· NOT ACTIVE, OR VAL.UES EXtUUSTEO • 
1 500 varev 
1 IPSFR-O 

.. 

1 =-=····· .. r··················· ........... ····························1 III.,,, -1 RETl:Rh --,----- -----
1 EtiC 

---\-

I···········································~··· 
.............. .,.~. 

"fUU" ''i*ë1tpt. yC S!?)'" 1 
_ caLtfe .Y usn PItQ~PAP!S 1 l, te .. lJI~fVt.-....... ~_VIL.UES IlLllSU PR06UPI 1 _ _ _ _____ _ 

°t .,.., 'CIKtS t~ '.'VIOUS V~LÛf, vFloST TC FJ~!l 1 tNTEGFR FkN!JIQ~ VLrH(A~C!Nxy) 
,., • .,. I.G •• O$,..OtEOV.Fl~tP.!TATUS.~LI'.V~REV.VFIRST l·l0 GET CU~~~NT VALUE. SFECIFIEO AS FROM LLV T~ UL.V BY ING, 

- .;,.;;.'; ',"",CIl nu;.lftUll,eo".TYP,NlCT.CV,SUT.TlP2,IIil.\lE.VHUV.vFIRS-l IC ,tALlED SV v-FUNCllCNS 
~" o,~ BA'A rc •• Ty-,trx l,CV.STAT. TYP2,VALt.E, VPtill.VFIRST 1 IHTEGER ARG;Af<GFR,uL.V .U.L.ST AT.P IPTYP,EC~ 

.,...9,4,1,2.3,_,5.20,-1,21 1 EQUIVALENCE (lL.V,FlLY"CUlV,FUlV),(INC,FINC) 
, ."'&.....üCe.101 1 COMIUlH IR! NOA liED" .HP .N'X4CII ,SUI .. IU z.."A.LUE~ ___ _ 

• 1 DATa ARGP~/OI 
1!.,IY JV 1. 
tF(jRG.~O.'PG~P) GOTO SC l I~'ARG.EQ.ARGPR) GOTO ~OO 

• IFta".!Q;VPOEY) NXV-NXVP 1. INITIALISf LIMIl 
tF,jRG.fC.y,YQST) ~XY." 1 LlV:~LV.INCzO 

~ ____ ~J~FA'~'.'~'_.~&Lv.aa.A~4 Fa.MEliS?) GOID 5. l LLSI~aULS1AI.lhCS~AIIJ 
• r.FI~CF('IG.!lj,US) 1. IhlPlR F(INTS TO INlt~s (:1 IF INITIAL.IZ~O) 

1',STAlCS.EO.8) GOTO 5DO l INIFTR=P(NXV,NXT) 
• 

t,(""Sl,T).fO.Ol GOTO ~OO 
• lCTtVr fUa" 

l INIYE~.P(l"lPTktSTAT) 
1 IF(I~lvES.EQ.1> LLV·P(N~V,VAL~E) 
1 ARCPR-ARG 
l N~=.x~V--~~~~~-----

• r 

f 
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~ 
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,PAGE 2 . UlAHG VAlUf-FUkCTIO~S FC~ 'l~-TIHE 

) -------
• 1 RE,T I.."t. 
• leCF CV(' LI'JT sp~es le REAL V'LllS 

1ft L1YPap( •••• TYP2) ~ 1 ~10 IFI~TYP.~E.7) GeTO 430 
IUC ... ,n,lfP.NlCT) 1 . IFIFHC.'GT.O.ANC.FLLV.GT.FULVI GOTO 500 
IF' •• '.EC.I) &OTC 508 1 IFCFI~C.LT.~.A~t.F~lV.LT.FULV) GOiO 5J~ 

1 'Uh'''U,tyo) 1 FIl W:flLv..E-IHC'--__ _ 
!~t.1Y'.IC ••• OP.PTTP.EO_7) GCTO 3Z8 l 'CAlL FSETINXV,VAlUE,FLLV) 
t'f~T~F.!C.&.OR.PTYP.EQ.2) GOTO 320 1 ~ETUR~ 
Cele soc 1- FeR STRlt.GS A~ü OC#S RETU~~ LL AND UL ONLY, NO IRCRE,1ENTS 

, •. 1 .. 30 IFIPlYP.PI;:.8.ANC.PTYP.~;;..2' GCTO su 
~·.t~"'l"n ""KU_ . 1 IFCLLV.EO.EOYI GOTO saa 
'~ Il. ,!CU" .Ie .IU 'OTO 3U 1 IF -4~L~V ~. L~Ia... ..... l.ll.IL...1jVI.J.)-,-L~L-lI-V_=I~L~IJ~_---------

l"~1y'.rc.l" COJO lS~ 1 IFILlV.EQ.VlYI lLV=EOv 
l'U.I,,".I(.13' COTO 160 1 CAU FSElCNXV.'IA&':Ck..LLV) 

, ~;. 

CiOTa SIt 1 RETCR" / 

-----1 
1 

1 

• LO.'. LI~lT 'RCH 1· ~c ~ORr 
l" l"LL!'lat.tQ'.u C'tTO lU' 1 sao VlIl"2EOV 

~----~~~~~~-------~------------------------------~~----~~~~--------------------------- --- -
lfntiUts.ro.u "1)'0 310 1 ARGPIi=Q 

,t;,., . L.U-"N".VAL\If, 1 RETLR'" 
~ :, '.' , ClLi -'JU nllfltTl.SUT .. U 1 EPiC 
.'" " . . COTC 3'" r. .-~ ~IPXl 10 

1····· .. ····· .. ····· .. ······· .. · .. ······· ............................... ~ ... .. 
r 

ut.'JUlat 
-ULV.~t~.9.V.~Uf' 

. COTC 31; 
• ItIIC"""Jfl U' 

1 

1 
l tNTEGfR FUNClfQ'" VH(l~G!T4BLEJN) 
IC CALL~O el USER P~OG~AH 
IC TG RETRIE~E All Y'l~ES CF AR' rh TAB~ECNI 

. 1 "' l'CI_C!TAl.EC.l) 
~> _ ~ nèSln.~1. __ _ 

GOTO 3&0 IC V, 15 SET to HO OF ~'~UES ~ET"IEVEO 
_ ___________________ ~I ... C--1o-Cll.v_Pr:JOU-LUllfli IS NOT HOliEO ___________ m ___ _ 

t.ca 'CHltP 9 yuun 
" LeP A'T ~f)1 "'te! !P~C 

I?' ....... c·up ,NXT) 
t'(~.F.f~.') GOTO 180 
t'(PtN"t'YP).EQ.~) GOTO 310 

1 INT~GlR TABL~<l).ARG,F,~O~.FINOP,STATUS,iLI" 
1 CO"~C~ IR~NDAT/EO~,TYF,NXT,C~,STAT,TYPZ,iALUE 
le 
1 I., 0 
1 HIM.lE.Ol GOTO 500 

A 

_____________________________ ~I~ ____ ~M~~htplA&G.SX~lUS) _______ _ 

• r"f~. l~eRFrE~T 
J4~ ff("".EC.7' GCTO 362 

l'(I~r..fO.') tHCal 
t'tf~C.LT •••• HD.LLV.LT.ULV) 
l'(l'C.èT.a •• NO.llV.GT.ULV' 

l''C:o:IAes<IN() 
INCs-I~C 

1 IF(STATU~.EQ.J~ GOTO SJo 
1_ IF(P(~,ST'I).lO.OI GOTO 500 
K,lClIVE ARG 
r-i NXV"" 
IC 

1 au .... ·V1I l 'aU [F_(t.Jl\/_.Ul.l1Q.Ll-!O-GOO-lJIO~5~Q~al1..-___________ _ 
. H' J'fFJ"C.IC.t) F'INl>l.G 1 IFIFCt.XV,TYP).EC.Io' GOO /tao 

rF('t~t.L'.' •• Ne.'LLV.lT.FCLV) FI~C.AeSCFI~è) IC HEXT VALLE 
'jiICnt.e.st .'.INO.FLJ.V.GT .FLLVJ FUCa-FUe 1 1.,1+1 

• 1 IF(I~GT.HI GOTO 510 
• IET""N .,ALL'!. _MD aDt;.,.,CF CV 1 TAeLEU'&FCNXV,IIAlUE) 

UDtCF 1 lUY~P tlU.l4JtxT l ---- -J 
VLHaLLV 1 (;010 5 Q • 
tFCFlYF.~f.6) GCTO 'la IC 
IFCIWC.Gl.8.ANO.LLV.;T.ULV) GeTO 5.0 1 .00 IFCPCt.XV,TYPZ}.EQ.l) GOTO .. 20 
IFCn.C.lT.8.ANO.LLV.LT.ULV) GeTO §DO IC Llt'IT LOOP 
llV.LlV+I~C 1 lolO IV=YlIHeARG,NXV) 

!U..V.VAlIIE.1I V) 1 IFI1.lL..tO.tO\l1 (,010 50 _ 
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-------- î .. e " PA'E 3 ULANG VALUE-FUNCTIO/IS FOR ALN~TI"~ ) ___ n~___________________ _ _________ < 
1-1+1 l HTEGfi< FUICT:Cro. VS,(4~G,AIIAL.UE,ACA1,AC41Z) 1 
IFI1.'1.II' CieTO ua ~ '>-_._ IC CALLEO BY USER Pl<OGRAHS 
TIPl(J)arv IC Ta SET Cv OF ARG TO AIIALUE. ACAl IS ITS TYPE 
GOlO Itst=' 1 INTEGER F ,FINDP,STATU~ ,A"ALUE ,ACAT ,ACATZ, ASTA T ,FNUK 1 

c CV.~Infii l cono- /I<I.NOATlEOII,lYF,NXT,CV,SlAi ,TYPZ,VALUE , 
, '1'1 n\;."",,,NUJ J OULEJoIWU!J__ -- -------1' 

'OTC s, le 
C'ItOT ACl-!"', CI ".LUE! 9HAUSTED 1 ---l'=Flf\CPIARC..S-iA1US) ~ ! 
'u VMai l IF (SlATu~.EO.a) GOTe 500 _~ 

IIItT\."" 1 NXV=F (H,CV) 
e "eu: FULL 1 rFIN)Cv.EQ.O) NXI/=11 

lU hld Je ~EI 1t.A.~1.-1'~E-_._-_-___________ - __ -
Rn,,'Ulc l CALL Fsn 'NXII,IIALUE,A~lLUE) 1 
(NO _le SET TYPES, HOATINI.t PT IS Oc.FaUL T ........... ~.~ ......•.•................................ ············r Kl:ACAT 1 

l IFI~l.LE.O.OR.Kl.GT.l~) Kl a FNUH 
l CALL F5E1INXII,TVP,Kl) 
1 I(Z=AC.ATZ ~- -------

INTEGEIt F!,.NClION ypcaPG.IlllçEX) .. 1 IFIIC2.LE.O.OR.K2.tiT.99) 1<2=-0 
C tiLLfC 5T ûS~R-P.ôG.AP.S l CALL FSET(NXV,TvP2,K2l 
t, 181fT Cil FCHltP TC 'HF 1 NOn'-T"'" "AUE IC CHU.GE ~TATU!> OF H 

IlJ'Tf'ER .IiG.~.FCY.~tNl)P.$TATUS.VlI" 1 - ASHl=P(ll,SUTt 
eo~~r~ IR~"O'T'~Ov.TYP.MXT.CY.STAT.TYP2.~'L~ l ASTAT=AST'T.QR.e 

01 ;. 1 cal! FSE.I.Ltt,SIAI,aSUI) ______ _ 

1 

r--

.XV-' --....., l CAU FSEl (~,CV,~XV) 
l'aF1~CFiU', !utU$' l VS=HXV 
IFCStATLS.EO.I' '~TO ~,. 1 RETURN 
NXVs~ te E~~CR EXIT, ~S SET TO ZE~O 
let-s 1 500 VSzQ 

, lFU.Cn.L!.U X_Oh,l' l R.nUR .... t. ___ ~ 
C LOOP ANC r.C\:NT lte rl':1 NO OF VAL~ES ENCO\:NHAED J END 

50 l'CICT.EO.tMCF •• GOro 500 J ••••••••••••••••••••••••••••••••••••• , ••••••••••••••••••••••••••••• 
kV.FCkJV.~.T) 1 
IFCH.fC'.I' GOle lJ~i l 
troT-ftT.l I 

r-____ It.6XVI;" ____ ~ 1 FUKCTION VXA(lI.CEX) ____ ~ ____ _ 

IF('fk).,TYP •• FC." GOTO ~co le CALLEL BY u~E~ PRCG~AM 
GOTC 5t lC TC EVAL~ATE USER-OEFINEO EXPRESSlON(INDEX) 

t IC INDEX IS S~T TO POSITION IN SFN~HE 
, •• t'('(~J~,TYP').EQ.l. GOTO 50 ~ le RETUR~S VXA=~X9=EO~ IF Ut.OfFl~EO 

e A lJM,t tCCF CO~~TS as ONE lC ~XBs1 IF 1"VE, VXB=Q ~F fALSE 

c 

""'1 l''.~U • .1~UaCi,lCxv' le ______ -----.Jlu----at PI Rf~!O T lL-COKPUTABLf: ___ __ ---- _-
IF(t •• ~f.EOV) 'CT~ ~10 IC 

• COTC 51 1 INTEGER (XNAME,XTYP.F/lUH 
c l IWlEGER STK(ZO).ICINO«(O),F 

'0. elu r:SE'Tc".rv./lxv) . J DIME"-SIOt. FSTt<t2Ill 
.... U'f : 1 c,QUIvaLc,NCdSTI(.FSTK) 
ln' 1. l C~/'!Ct>.JIEt1PUltUl'L--------
fNe • l CC~~CN I~LNOAT/EOII,TrF,NxT,Cv~STAT,TYPZ,~AL~6 ..••..••..•..••• ~ .•.••...•..................•......... ·· .. ··.·.···.1 O'TA ~XSPNAH,EX/lAHE,I(CNAHE,INUH.FNUH/10,3a,31.&.71 

lC 
r 
l 

, lC 

XTYP=Z 
GCTC 2 

) ft ~ + • 
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P OC! Ai. Ut." ... ;; KJ la. se4P*4fJiIi; _ ... v ..... .,,\.A1F.iJiIM te sqs; /'""""'f .... li s;::;; 'M~ , 
1 • Fl;E .. UllNG VALue-FU~CTIO~S FeR ~~N-TrHE 

e 
1 ·l 
t t loot!l~ EXFRE!5I~W HTn Il!! ,----.." ... \-"if .A ~ 

EN"n POINT 

'OTO CHI 

1 
1 
I 
1 
1 

ioRU=Q 
K2=P (te, TYP2) 
:tFCK2.EQ.10) GOTO 511) 
IFO:2.t:C.20) GOTQ 520 
IFIK2.Ea.~1) CuTO 5~1 

, .-- ----

1 .SfJal 1 IF-(.X2--m.~lll ... 0_5:;LJ1t .... 3~ ___________ _ . 1.-, 1 !F(leZ.EO.105) GOTO Slo5 
c f.tn OF ttll 5'1t ... ES 1 fF(I(2.t.a~5·11 GOTO 5B 

01» 1. Kat .. ltX!PtfA" 1 tF(1e2.EO.52) GOTO 552 
•• ~.~".. 1 IFIIC2.EO.E11 GOTO 5&1 """_.'U't'Y") 1 IF(1(2.EQ.621 GOTO 562 

" 

, If ltt YE·.f.1) GCID 11 T IF(K2~~~O~.L7~OL1~G~OLIO~5~7uO~ _______________ _ 
r: . l'(lI1Y ... i.C.% .... ,,.o,,.,T'fP!) .EC.tXNJM[) HShf'SP+1 1 GOTO 900 
7?-- l~'.t'F.fC.' •• NO.'C"tT~pf).!C.WONa"E) H!F."SP+l IC LCGICAL CFE~AIORS 

1'(~.fC.IJtfX) 'OTO 20 1 510 IF(F~TK(I-ll.EU.l •• CR.FST.(I).~Q.1.) 
11 eotll1'MUE ' l GOTO E&O . ,', 1".).' '- 1 520IFCFSTI«I-1l.EO.l •• ANC.FSlK(l).EQ.l.) 

TRU:1 

TkU"l .. ,., " ,afc 901 l GDIL.UO __ ~, _______ ~ 
~ 'CU~t, , I~ I~O[' r. SPHJHF le RELATIO~4L OPERATORS 

2.·1-"~" 1 5101 IF(FSTKlI-ll.LT.FSTkII» TRU=1 
- 1 

Itllflt't,tfJl) 1 GOTC fOO 
. ".ue.fe.et C~to litt ~ l 5~3 If IFSTKII-1l.EC.FS1ICIll 1 TRL=l 

• - l GOTe EDO 
/1 C l'OP 0"E' PCl!SM $TU"' OF PSUCIC l 5!tS IF' F SI~.fI-ll • Gy. ESU: ( Il) IRLu ---"'- ..... --

., 
l' .~ •• P'W.lTP) l GOTC eo~ 

IFfU'P.fC.,J 'OT1) IIU lC ARI1HI"ElIC; OPERATOw.S 
'C1Cf1IC.~G't4.~.qIJ.~OQ,leO.1Eo,16~.!~C),KTYP 1 551 FSTICII-l)=FSTKII-l).F~TK(I) 

C ITtft-~E. IMe'- YS STO~~O IN YA~UE l GOTe flC 
fi. w-t~.('.VJlU'l l 55Z FSTk(1-1)2FSrK(I-l)·F~TK(II 

1 l,...ltU .. s..u.n..EO.cn GOro gao l G~UO ---- -.--------
.. y-Jt~lT,ev' 0 l' 561 F~TICII-l)=FSTKII-ll·FSTK(II 
JFCUY.fC .IIJ GOl,p qlJl - l GOiO HO 
IFtPCICXW.YYPl.FC.ft) GOlO 980 1 S6Z FSTK(I-ll=FSTKII-1)/FSTK(I) 

C nAtJt lT l GOTe HO 
1-1.1 le E~PCNE~TIATIO~ 

l' IUI.'t.2tL-'Of4. 'Pli IC---1lLlEGEILFOWUS-lUIl...l-J:.F4I-Ott-R-I .. II>lO..,W'__ ___ _ 
STK'l).~tJ~VtVlLUZ) J 570 IfXP=FS1KII) 
Mll11: en.' CI'X~.TlP) l F srI< (1-1) =FSTIC (l-U"'lEXP 
GOTe 1~' l GCTO ElO 

t:.,nn~c;t .... !Il t ST~n.G VJLUr le ACJllST 51ACK 
S6. r.r~l r 600 FSTIC(I-l~=TRU 

1 i' 1"1,,51.2" ,ctc 'IDa 1 610 1=1--1 
STlun.,u,"J~un 1 I<=P(K,NX11 
ICnUUaf:CKtTYP) I IFIK.GT.~I GOTO 50 

C ~.f PSJ'CK '_T'V re FI~ISHEC 
S9. raPt •• taT) 1 IF(l.I<E.11 GO TC 9DO 

I,.OI.,t.1) GMO Sil l IF(X1YP.H.ZI Vl!A=FSTI«11 
• l IF{XTïP+.~t.~ ••• ~)~w~X~8~:~f~S~T~K~(~1~)~------____________ _ 

r. CPF~lTO. 
C tON!IC€J fVFR~TMJ~G FlOATING~FCINT 

'1. 1"rl~C(I-t' .fO.lNUMJ FStK(1-1).STk(I-l) 
IFI.I~C(I).EC.I~U") FST~(I'.STk(I) 
KINOCI-l)"KINOCI)aFNUM 

I RETU"" 
IC HRCR OlT 
1 900 VxAzECII 
1 I/xe .. ecl/ 
r RETURN 
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''''i 

.. ~. . . ,.,: ,. "' ", ., 

e • 
-- ----- "1 

f 

FAGE 1 ULING SETUP ~DCULE 
- - ---- ---------

l 920 CILL CLI~K ~.Ri •• , V'~E1UP(t"PUT,OUTPUTtl.PES.IHPUTtl.PE2.SlZ) 
l~ ~~n, $,rtup MCO~U' , l GO Te 10 

l 930 CAL~ C~ASS(l) 
tG"'CNllLt'T!/DIC~AN.TE""I~,lTCAT.Ul,LL,FCR.SET"IRK 
2."I.t~;!C~'Mfczz),snCAT(2Z) 

- 1.1t'f_ J~OTTP,STAT~StFJNO 
r.O"~OW "C~~/ATO"(63);CITC63)tAt"AJI,(,KK,FILL(3) 
lHTlI[R 11~.C1T.A."'X. 

Cl~L !rCC.eC!fKl) 
r.au. ~1"C1t ) 

l &CTC IJ < 

l 940 CALL CLAS~(2) 

K'MoaCht 
C 1ft''''' ,,(tP 

1 101 FORHAT(40~tf8.3t· SEC •• ) 
1 CALL ~TA6CLO 

t'-C~~ t~tfJ'OF' 
trfllcr.IC.l' 'C TO 100 
CIU. UUCIN 

1 STCP 
1 END 
1····················································· ............ ~. 

J &; @ - --- - - .-- --

c st'~ .c~'t~! l 
'.S l 
trf~a~CJJ.Cl •• l GOTO 20 l eLCCKCATA CONSET 

C IF .a .~D l.,~T, USE PREvto lC CEfINES CCNSTANTS uSEO ey SET~P LNlY 
• AfCt'tI).'''C.lCT·· 1 CO"I'C"/ULOAT3/01CHAN .1EHMAN ,1 TCAl .Ul. LL ,FOrt,.:.ETIU~1( 

1'-'1"«8.'"(."'ID. HAXQ<.SnkAMELZaL.SOC4TCZZl ' 
1~.Sl.'~S.FQ.l) e_TCZ)-OCIT( 1 INT~G~R OICHAN.TEHHAN.ITCAT.Ul.lL.FCR.SETHARK 
el~~ kfJ1A 1 2.HAxCS.SOhAHE,SDCAT 

'ND1'~.PCt.C'T'A).10J // lC ------------------------------------------------
ft 

IUIIJ.(t.'TCMU) IC OEFINITICNS FM (;LOAT3 
t'(K •• fG.etCP~N) GOTO ~8DD lC "'ISCEL C'TEGO~IlS 

J IFllic.EC.U1utI1l1 ,oio 39QO 1 DATA. ___ DICHAU,lEMhAl'hl-I..CA! .. lII ,u.,EUI<;,SUHA,.J(. 
~ote,l' 1 2/38,39,~9.4~2.4!1.4SQ,S&11 

c 
~'ttt1tOlA" COM,T-ur.TION 3'" tV(.~Cl1'.LT.l.C~.KWQJ~P.".3) 

CDTC('S ••• 20,.30), KWOTYP 
GO'O 10 

le 
IC 
1 
1 

IhITIAL StTUP OICTICNARY CF SIZ~ MAXOS 
CATA "'Axes 122/ 
O'TA ~DNA"E 

tSl,tlLt e"ILD 1 lJllA~JLAL~.~~~L~4LOC~ •• LOEf~.~LOICT.~LOISP 

c 

'OTe SI 
et. eAtl UDfUllO 

'0 te SI 
nI' eau tleUN 

&CTt 10 • 
C T!~Ft'Tf CC~SlRur.TrCN 
~!OO If(.~OTYF.~~_.e) e.lL OfFINEI2~ 

IF( •• CT'F.LT.l.eR.~wDTYP.'T.a) GOTO 1a 
GOTC(91a.~21.430.4,a.q50.'EO,91D,9aO).K~CTYP 

!1D ClL'l CI!l=Lav 

l 
. 1 

1 
1 
l 

l 
. l 
"-1 

I 
l 

l,SLCL"PT.1LF.3LFOR.1Ll.2LlSt4LLINK.2LLLt2LOF.4LSEQU.~LSYNO 
2t2LTC.4LUCIC.2LLL.4L~ALUI , 

DATA ~DCAT/498.44J,39t,J9~.~94,390,3al~91,398.497,450.49b 
1,54J,392.4al.4al,397.383,~32,3eZ,4e2,3~1 
:NO 

................................................. ~ •• -!~ ••• ~_ •••••• !'.~ ••••• _. 

______________________ .l.--_______ _ 
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e - î 

é. P&Gt '1 \ ULaNG s~uP f'OOUl.!'"" 
" ----- --"- ---- --- - ------ ._- ----<' .. '. DII'R,',-, cnES " I It.EXNa"'E,CNAME ,OEC ,RECU,LFARFh ,Ri='AREN ,tlIrIUS,A\JP.EOt..Al. Tv ,\.iF 1 
~ ".11 .. ~ , , s 'e tt!"'1!'1S 1 INHGEk 1 
~; -A---,- c ... t.f~ 1" ULSfTUP 1 1 ECS.~TRU.G,fNU".IHLM.OPE",l<wC,OE5CCH, j(HOCl,ITNAHE,CLNAHE 
~~ ~ t Z,EXNA~E,C~AHl,~XtC,R~'U.LFA~~N,RPAR~N,HINUS,AOP._~UAL.TO.OF 

~' . " tiOttJt~.ALe.TtlT'p • .,".8RO,SC", .. PRtF."tltE! t"~.L, PHOtL 1", ~ALUE 1 COP1"CN/UL OA13/0 ICP1AN, TEI1H~N. IT CAr, UL. LL.F "'R. SETi1ARK j 
'.: UU.'8.KX1Nh.l'xrCEL.MX2CEI 1 INT~GER OICKAH.,IEt!MAN,ITCJ.4U~~.SEJ1tAAlL-
t:{~ .J~.' , I .. Pes,S1l1t.C.'WUfil.lttU".OPU,I(WC,.ofSCOtl. Il).CCL,I1'NItIE.CLIUHE" tC 
~~. ',," _.I ••• H',-Cr.,"[,(J!!I'!,lItmu.LP •• E" ,RPUEIII ,Pln.Ls,.c:p.feUAL, TC .CF 1 INTr.Gi:R t=: .FINO, S U TUS, T .REA .Cl TYP~ f SWALU", ,FCAl ri 

,:t~ ~- - hTtGt.. I,t 1 CO .. P1CN ITCKENIATOM(63),CIT(f:3l,A,HAXA.K.KK 
'.. 1.!CS,S'fn"h'MIP.INU1t.OPfii,lUIt,OESCON, ""CCL,ITNA"E,cL .... "r;; 1 llaTEGER ATO .. ,CA1,A,IC,1C1( 
~,' ~rr.'~f.Ç~~fttX!C,R!QUt~P'RfNtRP'~E~."l~~S"CP· aUAL,TC,eF 1 ____ :~~~~~_~::~:~~~~~:~~~~:~~~~:~:::::~::::~:~~) 1 

~ '-è .' lC 1 
~~~ . ~~ft'CI, ITCIŒt.,UO'H.3lycn(63) .A, .... ',IC .. '" IC 
\- .. . P1'fl'" JTCM,CAT, •• IC,KK 1 
. ,: ·C.PÔ IUMPt.I1tAiIf.KUV .. rMlltE U '1)) ,Te!Ll ,,,,u 1 

.",'Uit nte,s-tlTus. T l 

ClASS-NA"E 
CALL t.EX1 • 
F- FlhO(THAP1l.M.X" •• TC~(A),ST.TUS) 
IF(STATUS.EQ.l.ANO.I(F,TYPJ/10.EQ.1) GOT~ 20 

- -:=-.. .----------------------- T CALL~~~.5~Q~1~1~----------~ _ J' 1 RfH.R,. 
·CIU. .,.11 . le 
IFfllnt.IE.JYc.n ~o,o 9. l 20 FCA12T(F.TYP} 

Gn,·lm . l CAU t.EXU 1 
1 

i 
___ 1 

l IF(CIT(A).NE.EQ~AL) A-A-l 
CiLL MfJTI l M~~~B~A~:~L~Bwfw:~O~ ____________________ ~ 

lC 
~ tC ~EMEER ~A~ES 

1100 CALL ~EXTA 
l IF (IC • E Q. K)I Dl K= 0 
1 IFCIC.fa.O) GOTO 200 

t-_-_~U"UI.,ltU!l~tOlt ca ) .. c 1UUS' l II .lC.U tA) ..EQ .. .fOi.LG..C..I.LJJ.A .... a ________ . 
" l_.S'flTU!.!O"U GO'O 1'" l IF(C'TU).EC.L.PUEHI GOTO ZC3a 
~... . e." flfiet_tA, ... , 1 IF 'CAT (A) .EO. RPAREN) GOTO Z80 
~;, COTa lU l 1 F (1(. EC. EOS) RETU~N 

1 

1 

..;:J: "_ "TYP.' "'.,'VIt) I C .Ll ERRCli< U, 50Z) 
~..;: IFlPTYP.U.1Il Goro 190 " l ~nl."~ _1 
~" '. lOi IC "'Mf _. __ 

~i;';:, 10'0 1.. 1 200 P1TYPE-O 
~ .~ ..... s l If (CLTYPE .fO. l) r'\TlFE=OESCON 
~, ' fi. cau BleUI.SU) l IF (FCn. Et .KWDCU HTYFEalCWO 
'1 wrt-Ultft. 1 H.n;SERT(ITOH(A) .HT'I'Pt;,Fl 
~:: ;. ~9' tau U.ro.c.,'tlZJ l IF (l'I.GT. 0) GOTO Z06 11 

---- .-. 1 CAL~L~_~E~k~~OQ~(.~i5~0~1~)~---------------------------
~ l RETLR~ 1 

10 

.i ................................................. ~ ••••• ············IC 1 
t206 IFCleA.lT.D) L8.=A 
1 Rea .. ' 1 
l CALL lSf1(M.FA~.FI 

• ~ ... ~f~§1,~'1~St,lC~C~L~TY~P~f':)!-;::-:;:::;::-;-::-;~-:;:----------:-1 __ ~Hb1 LE • NU) ------- ----J-e DtrJN~,~~~ef.! 6i , ëLl~~ NITH RESTRICTICNS l IF(~e.GT.O) GOTC 210 
C c.n !Y Ul!ETUP tc FIRST l'EI'EER lN CI.'SS 
-C ,. ICA LI. T SET (F ,N Xl, 10 

CO~~C~/tLt.T2/TYP."XT.8RO.SON.NPR,fl",RES.~VAL.PNO,lI~.V.LUE l IF(CLTYPE.EC.~ •• NO.FCAT.N~.KWOCl) GOTO 230 
t.ST.l,TlPf. KNA"f, ~xnlcT.~XSP .. &"."XTN1~ ... XTClL.HXPCEL le FIRSl OESCON CR KWO 

, J.E05.STIJ .. '.fa;Utt.I.UH.QPER.K .. O.~SCO .. , 'hec! .ITNA"E,CLII,At!E 1 CAL! TSET (",HUAL ,11 -- - _ - - - ----
'....' , 
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= auga a 243 sS'iS;_); 4i1M*Q· ..... -jan. A 

1 \ --------- --------

e • -l 
'" PUf ;J UL'N& ~!TUP ~OCULE 
~ } ----- -- -----

~lLL JS"'".TYP,MTYPE) 
~IJ 1 GOYe Ut ' 
j' -,;,.t~ ~ •• l Mf"lf. lM èLISS 
?- ft, .,pt. ttte,.xn 

IC CLASS-~A~t RtSTRICTION 
1720 "R= TCHR,NXT) 

~ 

1 IF(~R.E~.Q) GOTC 730 
1 CALL CUAL~(~R,LeA,Re4) 

, '>,.. 't~.Utrt.'C .. " COTG ua ... ua 
. _ 'OTe. Ut . 

",-nt -CAU. T$nutâ.lO'l~"J 
;' e,u 0 C'~! 'If YALW 

1 GOTO 720 

GOlO 2Ù 

l LU=O 
l GOle 1110 
lC LEFT PAIIH 

1 < ~ rf:e,TtFI.Ml.t.ANC.FClT.NE.KveCL) 
k SMAL~I.-'fMl."V'L' • 1 

tllL nu '1ft "VAL.lM" Il 

IE90 lFCLfF.LT.Ol CALl E"RCRCA,50~) 
1 LeF=-l ---~ 
le IlIGHT P'~EN 
IESO IFCLBF.EO.O) CAlL ERRCR(A.5a~, 
l LeF:LEA&~eA=O 
l GOTe lilO 
l END 

,1 ~I N.Ta 1 •••••••••••••••••••••••••••••••••••••• j ••••••• _"'-!'_._._._.! ..••••. !!.!t._ ••• ~ -

ClLL f.~C.,!._) 

l 
1 
1 
1 5UeRCLJINE ClIN~ 
lC TC FOR" LINKAGES 8EIwEEN CLASSES AND TO ASS1GN fCEL~S 
le CAlLEn el ULSfIUf 
lC 
1 
l 
1 
1 

CO~"CHlUloAT2/T~P.NXT.BRO,SCN,NPR.FA",RES,HVAL.PNO,LIH.VALUE 
2.STAT,TYF2. KHA~E. "XCICT,"xSFNA".HXTHA".HXTCEL,HXPCE~ , ,,,- - ----- ----- \" 3,ECS,SIRl~G,FNU~,INU",OP~~,KWC,~E~CON, K~~CL,1TNAHE,ClHAHE 

~ 1~'W<I! _·.,", .. ~.nu. e'LL !"flP(I.U") .. ,EXHI"E,QNA"E,EXEC.RECU.LFAR~~.RPlRLN.MINUS,'OP,_QUAL,TO,OF 
E.G~ __________________ __ 

': :.ri;';;:::~~... . t 1 EOS,STRING,FNU~,INCH,OPE",KWC,DESCON, K~DCL,lTNAHE,C~NAHE 
2,EXHA~E,C~'HE,EXEC,"E'U,LFA~F~,RP~kEW.H~NU~,Aop,EauAL,IO,OF 

'. eltr·J;:.ft.;.~) 1 INTt.GtR F,FS,T,FINO,STAIUS 
.~\.. 1 COH~C~ ITCKEN/AT~H(63),CA1(~3),A,MAXA,K,KK 

, " IL_ l IHIE..G[1L.LOM~CAt. .. 4)( .. "" ____ _ 
~ -~_ "C,A,t .f.~' l COYHC~ IIEHPL/HAXH.HA)V,T~AYE(109) ,TCElL(~OO) 
t.. . , U .... (O •••• , J(a' lC ----_._---------------------.-------------------
, ~t.--:Jt"It_...C~1J ~"TO ua le .' ',- l'JO.'~.)_ .. O ... ..-.Rtr"n GOTO ~90 l IF(t-AXH.GT.O) GeTO 10G 

- 1'1t' .... ".'tO.JUtAtt'N) GOTO eu lC he (NTPIES, KWO CLAS5 lS Fl~ST el oEFAUl T 
1 t't- «.US' "'URa 1 Elll .. st.ua~...uI!.lC~C"-L+.~CL) -------

tlll ,tac.,.."" 1 CALl TSET(F,TY~.KNOCl) 
, RUU_. l CALL lSE'TIF,NPt<,1) 

t-rtlC R(S1.I(TION _ lC 
". lib FUtn ....... l'luri,lTO"U) ,STlTUS) le, CLASS-1, F 15 JNOEX 

tFCSUTts.ro.U COTO 610 1100 CAU NEXU 
l' caLi nlc',a •• ,,) l IFU.EO."lool !ClOU 

Rf1l.fj" 1 IFOC.H.O) RETUIiN 
el. J'Clt'R.l,p'/ta.E~.l) GOTO 720 l FzFI"'O(TNA"E,HAXHtATO~(I),STATUS) 

CilL e~'l'("R.Le •• tel' -1 IFCSTATUS.EO.ll GOTO 1Z0 
rFfl'~."'(.') GOlO 50. lC ~IHE NOT YET eNTE~EC, ATIICH la F: (KWQ CLASS) 
LB'., I F.FI~C'TNAHE.HAX",~NA~E.STATUS) 

c 

--., 
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• 'AGi .. UllttG SiTUP "OCU.E 

GOTO U2I 

.. n ... 

r 

--------------- - - - -- -- - -

-
ARGU)sATCH(Al 
ARG(Z,aATOHU+U 
OaINSERX(UDNAHE,HXDICT.HAXUO.2,ARG) 
CONTHUE 
UCSl Al-1 

END 

!IIII!!I!!'l'!' 

1····················································· ............. . 
1 
1 
1 

!CEla1 CLOSE ONLY 
KEY-Z CLOS~ FIRST Tij~N OP~N 

CALLEO Bl ULSETUF. STAeCLO. USE DIRECT ACCESS READ/WRITE 

-1 

"731 ...... ... (, • • 1 COt't! o..AILOAJ2.lI'fP,NXI .ElRO,SCN.NPR,E.tLi~!S....HIIAL.PNO'.l..lii.-lIjU.UI;,--l 
t.STAT.TlP2. KNA"~. "XCICT."XSFNA~,MXTNAH.MXTC_L,1XPC_L 
3.ECS,STRIN'.FNU~.INU~.oPEI.MWO.DESCON. K~DCL.IT~AHE.Cl~ANE 

INTEGER 

~ 

1 
1 
l 
1 
IC 

1 ECS,STkl~G,FNU,.,lNUM,OPEA,KWÙ,OE~CON, KWOCL,ITNAHE.ClNAME 

li .J'unrr. 
~1.KWC~AH,Khl,TAeIHD(21) 

INTEGER UCNAHE,UDtAT,uo,UCSTAT,TAaINO 
CO"~Ch 'TEHPL'"AXH,~AlV.T~A,.E(109).TCELL(~OO) 
CO~~CN 11CKEN'ATO",fJ"ClT(63, •• ,HAXA,K,KK 
INTEGER ATOH,e'T,A,K,KIC 

~I.IU~Ll 

JC ------------------------------------------------
le 
IC CLOSE OLT OPE~ TEH~llTE 
1 IF(KWCHA~.EO.O) GOTO 58 
1 ".FI~O(T~a"E,HAX".KWD~A".STaT~S) 

i ~~ 
1 
l 

CAlL fRRO~(lt512) 
"ETl.J;/I( 
CiLL ~RIT~SC1t"AXH.511tKWCNAH) 
MF:T (l',FAIt' 
IFCHF.GT.C. GOTe 26 

TL;;''' __ ____ _ __ : ___ ~ 

l 26 ItFaT("F,~XT) 

l IFCH.~E."F' GOTo 50· 
IC IT IS THE FlkST KWO 
1 J~ ~aT,,.,NXl) 

1 IFeM.lO.O) GOTO.50 
1 1)$-'''':.' 1 00 3"-1=6.20,2-- -------- I­

r' '''''L,", l IFCTaEINOCI).EQ.O) GOTO ~a 

c -------._.-.----------------.------------------- l IF.(tAeINO'I).EC.TNA~E'"» Gele 30 
e l 3~ CONTIk~ 

ENTal Ctl!l.tLC le 
C 10 tUlle USf. "tcTrCN.~Y 1 ~O CALl WRIT~S(1."AX",511,TNA"E("» 

... '"0 if" '-lI."'U'.,ir 1 GiOTI:: <jI 

;".., bd ! Fr 1'11 .ru* .~:~t"~. A • 'tI"''''~"~'''~_ 
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e 
PKf 5 U~lMG SOUP t'QCULE 

TO 
1 CAll ERRORC2,SOl) 
r REll.I<" 
IC CLASS HE.tER 
1 10 lN1MEC1,.aHAMEl2'=lH 
1 K=l(F,SONl 

1 K=T(F,BRO' 
1 IFCK.'T.O' 'NAHE(2).T~AHE'K) 
1 KaNN=T(F.NPR' 
1 IFeW.GT.MAX"' H~a -1(K,2) 
1 PRI"T 11.F. THA~E(F)."N,A"A"E(1).ANAHE(2) 

1 
1 
1 
1 
IC 

1 
r 
1 

1· e " ·,A10) 
tU.·~l.Z 
IF'~l.;T.56) PRINT 3,XWONA" 
IFChl.&T.561 NL-2 

1 IF(~.EQ.O) 60'0 1000 • 
~"""'~."."~ ••••••• • ••• •• •••••• ••••••••••••• •• ····.I ZOO 

1 
1 
1 
1 21 

e 

a+.I3' 

~~_ •• lJlUI"02U..nc...OE!CO'. nCCI .U~,"E'.CI .... e 1 220 CONllhl./L -- -
- ~ ~,- --- - PRINT 23. (ANAHECK),K:l.U 

, 

" "t~O-·lt~"'''''''.''''XV.TN.ttt(1"''TCELL , .. n; . ~.:" s •• It ..... Pt.'.t.TNl"E.V.VIt.VL •• UTl.' 
Gllj-"t"IJ".tHÇ.lftC.l"O,tHC,tMI,tHFtl~.,l~·' --.. ---.---.. -~---_ .. -.. .--------------_._-_._--
~*I'" 3.K-lImtJ" 

\ 
's FORPlltSH1.5J."1!KPLATf ",110/) 

.1.-2 " ,., U 
'·"UTFe') 

1 
1 
1 
1 
1 
1 

FOP~AT(1~.,35X •• FOR ",7Al0~ 
00 232 I a l.7 

a~ AN'HE (U alH 

300 NL-"Lt1 
IFC~L.GT.56) PRINT 3.KNON'" 
IF(Nl.GT.56) NL-Z 
IF(.T.EQ.OESCON.Ok.KT.EC.KWO) GOTO 500 
yaT (!t,"VAL) 

\ V~~V) GCIO 500 i 

1310 l'JAL,,T(V.VAlUE) 
{FC.~.EO.FNU") GOTO ~20 LJ 1 

1 IFC.l.EO.STRI"G' GOTO 330 t. 
1 PRIU 311.IYA\. 
1 311 FOR"IT(l~ ,ax."\ " ",Il0) 

.. 
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, ----~- ---.... --

--e .. • ULING StfUF rCCCLr 

,.hlL " le l 
.IX •• ~ • ·.Ftl.J) te GET N~XT ME"BER 

1 500 l'I:T U' ,N)(n 
J IF(~.'T.O) GOTO ZOO 

• ·.Itl) le 
l.C 
1 1000 fakEXTF(f) 
1 IF(F.Gr.O) GOTO 10 
1 RHI.I<t. 
1 END 
1···· .. ················································ ............ . 

v '. 

t 
l 
l 
IC TC 
lC 

l·M-CE~LS, Z=V-CELL~ 

."f':" . 1 COMMClfllJl CAUI DUMNY' ln .MXICEI __ _ 
l 
1 
le 
1 PRINl l1 
1 21 FOf(tlAT(Ut 

1 
1 
1 
1 
1 

OC 108 Ha l,HAXM 
00 30 J=1.5 

30 FlfLC(4) z T(",JI 
PRlt.l 31. ".TNA~E(M)f(FIELO'J'fJ·1.5) 

31 FOAMATC· Ka •• I3t2X.Aat5I~) 
~~~JI~ 1 100 CQBIIANwU~E ______ ~ ____________________________ _ 

~T".DU a _ 

1 
1 
IC 
1120 
1 

lr(PART.EC.1) KETURN 
FRI"T 21 

Ifl"AXV.GT.MXTCEl) RETURH 
00 ZOG Ha "AXV.~XTCEL 

1 130 FlfLC(4) a T(H.~) 
1 PRINT 131. M,FIELD 
1 131 FCP.ftAT'. Vs .,.Jfl0X.51~) 
1 zao COli/THUe-
1 IiETUAt. 

~) _ loli~M..(;"%.....,..n:~.T l,au... 11.; u; Dt:El.~.A~_~:5 AlIU Lll!J.IS OF lIE"~NA~ _________ _ 

.,' 

COto 311 1 COM"C~/ULDAT2/TYp,NXT.aRO.scN.NP~,FAH,~fS.HVA_.PNO.L4H,~A~YE 

te g 'mn 'l 3 7$ ïet mrY+MèXP~ "'_~~'~~' 

Z. ST AT, HP 2, KMA"E, t'xc IeT ,l'Ill ~ fNAtI. tlXl liA". "X1 CEL, ,tX peEL 
3, EOS .ST~IHG.F NU"'. INt.:M, OPEA • IOle .OESCON. X.lOCL. ITrU:1 ... CLNA 'l_ 

l •• EXI!.AI'E. 0 .. AME .EXEC .REr;Il.LPAIilE~.AI"'us..A ... ". ECUAL. T" .... F 

• 
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--V'-

• ~ • .. &ft '1 UL4",. 'tlUP ~OQCLE 
,~:~;"f~.'~.-.-.-~~~~~~Y~.-.-.t-t-YW--~-.--L~-Tl., EOV.Eeve'T 1260 !iOTa 29ù 

1 
.• ~ •• ~e.FNU.,tMUM90PE •• kMD.OESCON •• ~tCL.ITHA"E~CL"'"E 1 HO 

,.!QU.L"R!M.RPAif •• "l~LS,ACP.ECUIL~TC.CF 1 

., 
CCNVERT I. F 

1 IF(rTYP.EC.INUH.AND.k.EO.FNUK) ATO"CA)aFATOH(A) 
l IF(~TYP.EC~FNUK.ANO.K.EQ.IN~H) FA10~(A).4~OH(A) 
1 CllL TSET(V.VALLE.ATa~'A)J 
1 VClTaMOO(CAT(AJ.l00) 
l CAll TSET(V.TVP,VCAT) 

l L ttll.~D.Il1._ t. ~\I .. 11 

---------------- lL AND Ul ----------------

lit'":''' r·J •. '~·Uit~1 ~f!R."lJP..tg·Q M.ft. 5DU: U" l If U.tQ.ll.NlI". OR.LU;. <;JRING' GOlO J10 .--------
. ,: J"ti~·'-,y.t«f 1Ir.IC.IJF5eCM.OIt .. M1,p.IO.MWt -calO 1110 1 IF(K.EQ.INUH) GeTa Joe 

.' 

GeTO ~OO 

lC LCWE" LH 
1302 LTVFaLLTYF 
1 IFCLev.GY.Q) V=l8V 
l GCTC 300 
le UFPfR LH 

1'-" i~C; 11.. lU" 1 TTJ':.iU.JJ'lLF _____________________ . 

"là Ut 

ni 
C Ylltst VILet'. 

CAU NUhr., 
eALL TSfl[".~VIL.V' 
IF CT (.If.lYFl.fQ.,I' cau Tsn (M.TYP.K) 
GOlO 280 

1 IF(lBv.GT.O) V=lBV 
l GCTC 300 
le I.TEGER, kEPEAT BRACKEl MAY FCLLOW 
1 306 IF(CA1('+1).NL.lPAR~N) G~TO 310 
1 CALl KEXT. \ 

le LIHIT VAL~E • 
1 310 IF(V.GT.O) GOTO 330 
1 V=T(M,HVAL) 
l IFCY.GT.O) GOTO 330 
IC GET Fl~ST V-CElL 

~~TVIVl 

1 Clll TSET(HtHV~L,V) 
1 IF(T,~,TYP).EQ.O) ClLL TSET'H,TYP~K) 
1 IF(Lev.EO.Q) LSVaV 
1 GOTO laD 
IC 

'" .U.!·~H 'AL'" II; V'LI~ (;tll EIJ~J~ _____ _ 

~ 

. .. : ar'Sj'_il] 7.,,~~~.:i>"-" ~!f'5t~ ''iF '~"'-'k:"~ 
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• , 

,.CC\lLE 

celO 370 

--t---.--

l' 

1 LBVaO 
l 'OTO 200 
IC CLASS-N'~E RESTKICTION 
1720 ~R. lIHR.~XT) 
1 IF(~~.EQ.O) GOTC 7lQ 

LL CIIIL~ (ttR,M,L!II) 
1 GOlt 720 
1 730 IF(LSF.NE.O) GOTO ,ao 
1 Lev: 0 
1 GOTO ZOO 1 
IC LEFT F.RE~ 

-

~.~IIII":u. 1 GOTO zao --
le ERReRS . 
11010 CALL EKKORIA.SO!) 
1 REn.IH. 
I11al e'LL E~ROR(l.SO~. 
1 RET UR .. 

cau. f If' Nt. n".1l t ........................................... + ............................ ~ _4" 

"'\j"'JI,-". ... ,~"',., 
g~~ .. r.UtUJIUlI!L..ua..UllUJU-II.4-JJIlAJuu. ______ J..LO.-LI~eUtC-.~u.ss.~lE.LaLC1.lKlC ______ . _ - _ - ________ _ 

IC f 15 INDEX OF CLASS TO WHICH CLA~S FS IS APP~NOEO 
IC 
1 
1 
1 

C'Q""Ch/ULO AT Z/HP .NXT ,BRO .sc r.., NPR. FAtI. RES. HI/AL. ">,40.LI H. vAL UE 
2,Sl."TYP2, KHA~E, HXOICT,"XSPNA",HXTNA","XTC(L,MXPCE~ 
3,ECS,STRI~G,FNU~,INUH.OPE~,KWC,OESCCN, KWOCL.ITNAHE,CLNAHE 

1:1'1 1 ... EXkA.lE..C1iA&.. •• lL.C.h-'L1.1..f..AR~ .... REll.t:.H .l'IIJW$ .AOP, _uUAJ.. .10. Of __ 
1 SIRESTYP,UlTYP.LLTY~. EO~.EOvCAT 

tU 

--------------------- 1 INTfHR 
1 .1 EC~,STRlf,li,FNUfl,tNUH,OPER,KWO,DfSCON. I(IfOCL,ITN411E,CLNAIIE 
1 2,EXH.~~,'~."~.tXLC.Rk'U.LFARL~,RP~RkN."INUS.AOP,~QUAL.TO,OF 

·'BUtA. •• ' tiVIU ••• 1 3.RfSTYP.ULTYP,LLTYP. EO~,EO~CAT ,'{U_ •• ...,.t9lltr .. ' ,',IO loe 1 C~ILL.ta.nAI3/C1C!!U.lEM".III .... ICU.UL .... ~.FQR,SEHIAlo/.lL ____ _ 

GorD 720 

I~TEGER CICHAN.IEHH4N,IrC'1,UL,LL.FCR,SET~AR~ 

INTEGER F.FS.F8.T.FINC.ST'TUS.Sg"HY.8RU1~.v 
CO~~C~ ITCI(EN/AIO"(&3),CA'(~3),AJ"AXA,K,I(K 

FS·lhSER1(LINK,CLNA~E,F) 
lF(FS.'T.e) GOTe ~O 

,., 1 r l'Il .A...t.. ... 1. ~ le 'PU ilf l'''. ______________ _ 

• • . 
'f. 7 ,*'.1 n 31 ... _~ '~". .... ~~-~ - - • +., , 
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- ...i~.:u."'.-.~> , .. ~._~. ·<'··:-~~·-,1;"-'.·~,i'''··'''fWl.~ 

----------------------------- - ---- ~l • - 1 
i' 

UL.AIIG Sf'TUP "COtIl.f • • 

110 

1 
1 

• 1 
, 1 

-- - ---------,- ~ 5.RE~TlP.ULTYP.lLTYP. cOV.tOVCAT 
INTEGER 

1 ECS.STRl~G.FNU~,INUH,OPER,kWO,DE~CON, K~ÙCl,lJNlHE,ClNAHE 
2.EXN."E.'~AHE.EX~C.A~CU.LFAR~N.RPIA~N.MI~US.AOP,_QU1L,TO.OF 
S,RESTYP,ULTYP,LLTYP. EOV,EOVCIT 1 

1 
1 
1 
1 
1 

co~~c~ IlEHPL/".X",~IXV,T~I~E(l~9),lCELL'~~O' 
'NTEGER FIND,STITUS,P1R.T.T~IH~.TC~Ll.1RG(2).ICPTR 
C~""ON IUCICT~UCNAHE(E3J.UOC1T(63)."AXUO,UO.UDSTAT 

lU 

,--1 

"uer 

le 

1.~WC_'".KWI.TA61"O(21) 
IHTEGER ueSTAT . 

1 If(~AX".I.T.HAxv.ANO."'X".LT."XTNA") 'OTO la 
1 CllL ERROR'~IXYtl041) 
J tETUA~ 

lC FINO INCE' FOR THIS 9NI"c· 

l "2FI~C(TNA"E,"A'",INArE,STA1US) 
l IF(~T'TU~.EQ.l) ~OTO zao 
1 IF(~.GT.".XH) .OTO ~O 
IC .l'\IKE ROC" 
1 OC 30 "Hz~,"AX" 

41110 • .. - .14M 

130 TN~~fCK.1) x TNAH~(K) 

I~O HAXH- "IX"+l 
1 IF(Il~PE.EQ.KMO.1HO.KàONA~.Eo.a) KWONAH=!NAKE 
Je USEIH ~'H 
1 THA"ECH~ ; IHAHE 

:~. ; (' ,"~ •• 'U"' •• "lI.nOll"J .SlUltS. 1 UUU&.=-'-"IN.All<lInJE~ ___ - ____________ _ 
cote n. 1 IF(IT)PE.EO.Dl ITYPEaITHA~E 

1 ARG(2)=llyPE'1~ 
1 IFIARGlZ).LT.I0D) ARG(Z)=ARG(Z)+10 
1 UO=I~SERX(UONAHE.HXOICT,"AXlO.Z.ARG) 'v. l'."" 1 UQSUT-l __ ~ __________________________________________ ~I~ __ ~IEt~.EQ."I~,~C~1~Q-,2~QaQ __________________ _ 

IC PUSH DOW~ "-CEllS 
1 "'XKSaHlXH-S 
1 00 lZ8 ""."."AX~l 

.~ 

1 Ka Z·("AX~l • " - "~J 
_ -T'-' 1 TenL '(.2) • fCEU (K) 

~....,,..,tlaftf.t •. t •• ! ••• f't·" ••••••••• • •• ,,·········.··,·,···"1 ICEl~~1~)_;~1-'-"C~E~L~L~'~w~-~1~)~ _________________ __ 
I1ZI1 COHTIWUE 
le ZERO eUT TCElLeH) 
1 1C-2·~ 
1 TCELL(K'=TCELLCK-1)=O 

list., , CL.j! .. ~ OR "f"IER-lI"f 1" TN"! '"0 1" USER CICT IC ACJUSl FCINTE.S 
~!t .. .hHl .01JU~___ __ 1 00 ISO lÇa1 aMUM 

.., tlns. CUM1C. nURf 1 00 l"a 1-2.3 

C~tN~~C.'lIT' •• NXT.8RO,50~.HPRtF'",-f5,"VA~,PNO,ll •• ~ALUE 
,.Sf_l.TYPI .... r!. "lPICTt'XS'M."tMX1~lt.txlCEl."XPCEL 
',fCS.St.f ••• '«Ur.tMu~fOPtR,K~OtDEseoM. KWCCL.ITNA"E.CL~'Kf 

1 PTRaTtK,I' 
1 IF(PTR.LT.") GOTO l~O 
1 Pl".FTRU 
1 CAlL TStT(K,I.P1R) 

1:. ',E»'" .C.'.E.IXEC. ql)!", PlREi ,UUEII •• UI S ,ICP .EOIIAL. 1(; .CF Ii" Il cou nillE ____ _ 

'j 

\ 
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• ~ 
faGf 11 UL'~~ SFTUF ~CC~L~ .', " ,-----

1'50 I 220 "1'<=""+1 
le I~SERT CR RFPlACE ARG 

GOlO ln 1 300 OC 310 MC:l,KC 
1 "s~R~_X·(~C-1)+K 

1 IF(ARG,HCl.Nl.O) HI1) :lAQGHtC) ..,.,.. C_J.. 1 31 Q COtUUIJIE ' 

GnlG- 11;8 

~CTO '171 

1 INSERlt-K 
1 ~ET\,rH 

1 END 
r····················································· ............. . 

/ ' -\ { /~-r-
~._/ 1 

. 1 
1 
1 

·t i' V 

-1 

'lit, •• t.,erlt ~ "( 1············ .......................... .............. --;-;. ..... -.; ...... -.-~--;..--;-:-~-:: :~----
~ :" l..,fwy-r 1 

- -rT\.U 1 
.; ue 1 
~ ......................................................... •••• •• ····r sueRCtTINE QUA~~("R.LëA,ReA) 
~~ __ ~ ____________________ ~ __________________________________ ~~~P~l.REslaLCLr~~~E~S FROM LaA-I~RaA- _. ____ . ______ _ 

le RA IS CUR;ENT PTR TC ATO"~ 
rc CAllÉD BY CL'S5 

. fUICIJCI Jft5f~!$Ti!-"'X,NRt.C!.Ri' 1 CO~HCh/ULCAT2/TYp,NXT,aRO,SCN.NP~,FAM.~ES,HVA~,PNO,~~~.VA~UE 
& li 1.IJjT ilStie, 1.'0. TIBl! T(~R.kC) lT PO!]TICk K l Z,DU~~y(29),RE~TYp 

~'e .... x. rl, Je o., ~s ta rONSt.NT' 1 INTEGER AeA,T,~,M,STA1US,FINO,RA 
~J) .... • C ..... t .ILO_M......a~ _'CU.lfMT NO 01' CCLIJHM$ t CottMC1L11OŒHLAIOKtf.ll..c.uLUl ...... lt.l.ll.lhKJ(_. _________ _ 

(.~t(D l' OBUILO. UDlUILO, tNSERT 1 INTEGER ATOH,CAT,A,K,.K 
J.~E,ra f'I'I.~Cfl).FINO,S,.,U$ 1 CO~"Ch ITEMPL/"_X","lXy,TNA~E(109),iCELL(~JO) 

IC ------------------------------------------------IC 
~ 

}F' ..... L 1 ...... ,., C;OT& 111 
au ·f .... CIlF.J. .. U' . 

1!L1". te."".. 1 RA.:&\.IL 
~. . 1 1110 H=FIND UHA"E ,HAlIM ,ÀTo~ (lU),SU TUS) 

.. ,.... 1 IFCSTllUS.EQ.U GOTO 110 
K.,~(lt __ I~Cfl).~TITUS) 1 CILL ERRORCRA,5461 
t"S,J't'.IO.l' SOTO 30. ] RETLA~ 

t MOt '0010 1110 ys T'".RES) 
l ,a., ... G.t • .a.lO.lo.-uo 1 IF t\/.GT.O) .Go..ra.....2-·~OOY---_______ · 

e pa.E Rec~ FCI ta, IC FIRST AESIRICTIOk 
oc 2f' ~ •• K,NW 1 CALL ~~XT~(VI 
""~ •• K-PP l CALL TSET(M.RES,VI 
CO 210 ~C-l,~ 1 CALL lSETCv,TYP,REST1PI 
,.. uI'n. (.r,.u • ~ 1 CAlL T!>E1 (V,2,HIi) 

, 110 T""Utfell) 1 ~~ 

------ -- -_ .. _. - _ .. -
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- -4 
1 • ... ait 11 UL'NG SETUP "OO~lE 

C. ,Me JO n .. 
'ft·, '0 l'fI- I-l._ IO~' , . 

"( TCV-,IJ.f:C.tJ ;OTO 38. 
a. COtfTIIllt:f , .... 

1 
l 
le 
1 
l 

• 
COf'I'ICfoI Il.JlOAT 3/ OUH"'n 1 7 l ,tUXCS,::OuNAME (U) ,~uCAT (22) 
INTEGER SONAHE.SOCAT . 

• -, $8" .N"8 'K'" •• ' , 1·r:;r:rrA Illl" 1 .. 1 'UI~NAMt , .. )1 .IdJJL A 1 Il)'' , nA Il!lI, III1..a..u..:uAL_~ _____ _ 
l 1,~WO~.H,Khr,T4eINO(21) 

l INTfCER UCNAHE,LCCAT,LD,UCSTAT,TAd!hC 

~C ----:~~~-:~:~~~:~~~~~~~~~~:~~::~~~~~~:::::~:::) 
Je 

l 20 CO~11 H Uf 
r IF(~C~T~T.EQ.O) GOTC JO 

L ......................... ·.·.·_ •• • ...... • ••• ' •••••••• ••• •• •••••••• ••• ·.··1 PR1"T 21 
l 21 FORH.T(lhl.6X.·~SER CICT1CN.RY·/) 
l P~ltiT 13, cUo,UOUf'eCUCI ,UCC'T (UO) ,lILis:1,I1AxUI,d 

Fr T 21 FORtUl(U,IIo..2X •••• IS) --- -----------
l CAlL MRITI1SC1,UCMAHf,127,5lLOIC1> 

" lC 
ua 

IlY~.NXT.8l0.S0N,kPR,'.',R(S.MVAL,P"OtLI",~ALUE 1 
IF(.WCNAH.EQ.O) 'OTa 100 
CUL C(FIhEU) 

!tD CONl HI Ut 1. ~ - ,- -_. -- - ... ~ l 
;_-~ - ".;, ..... ,_,' l RE..1.WIb ___ _ 

lC 
IC ------------------------------------------------l 
IC 
le 

l 
1 
l 
l 
1 

ENTRY STAeop 
OPEH UeLES 

CAlLEO SV U~SETUP 
l'_S.H .11 8 I NC • 2 1 .li 

OSTA1=UDSTAT-KWCNAH-O 
"AXUOzKWI=~AXH·a 
MAX\l z nTCEltl 
00 120 l~lt~XTNAH 

120 THA"'EU)=IJ 
-2 

l 00 130 lzl,HXt 
l 1~0 TCELLCI)-O 
l PRI"l 101 
1 1~1 FO~M'T(1Hl' 
IC READ CICTIONARlfS 

t_lle"'-.I'al ..... IIV l IF (Uel-Hli (2) ~EQ.SLSClCT) Garo 150 ~~-- -- -- ---- ---
•• --"":;'O:)IIR': .... , lC 

. 'flal ' 1 
SYS OICT OOES NOT EXIST YET, GET S DEFAULT SOIcr 

HAXOsHUOS • .............. ~ ...................... ~ ...................... ·······1 
1 
1 

DO 1"D I a l.HAXO 
DN.~E(I)~SON~ME'I) 

1\OOCAIII)=SCCArCI} 
~ 1 OStA1~-----------------------------------

t~Ç\lJtf s,.eÇ\' 1 GCTC ZOO 
C 't clat' cC' iiIL'~ IC "fAt EXISTING SYS ulCl 
C--. CJLlWC IT ULSETUP 1 15a CA~L REAOHS(l,O~AHE,12T.SLSOICT) 
e L!iS Ot~~T ac~ss REAO/NIITE JC READ USER OIcr 
~ . 1200 IF(TAeIMO(.'.EQ.5lUCICTI CAll ~EAO"S(1,UONA"E,lZ7,5LUC.CT) 

l COla'. 1U~ .... :r'I-DU_"U.J • Ul-.ue..nl Ci&. L----JlU'-RL-----

ns" 17 1 .-1: 7 ln. th r 'L~;l;-'j,- "g '-:~'''-~-_ 
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