RDESTGN AaNbD ITFLEMENTATION OF REX/730007

A NATURAL LatuUAGE REFORT WRITER

LAMCE CARNES
GENTRYT 1INU

KENSINGTONs CALIFORNIA

This rarer rresents 2 natural lansuade rerort writery
REX/2000 (Rerort EXrediter)s desidned for the casual user as
well a3s the exrerienced srosrammer, The lansuadge design and
comeiler imrlementation 1s discussed from the roint of view
ot meeting the needs ot the two user classes. For the casual
users» the landguade 1% natural and Endlish-like. For the
Frosrammery the landgussge 1¢ a3 mixture of natural and
rrocedural constructs, The FASCAL-based comriler has been

itmrlemented to serve each user class arrrorriatelw.

INTRODUCTION,

REX wes develored to facilitate writing rerorts trom LIMAGE
databases and MFE tTiles. The user will rande from the casusl
(infrequent) non-srogrammer 2ttemsting to formulate rerorts

to the exrerienced sraogsrammer With more comeler stoals.

Trie time sllotted for the decsisn andg rmelementation was eidgnt

mar-months,. The srodect consicsted of the tollowirdg!d
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1) lesign the swntax of REXs i.e, the torm of the

Lansuage ,

2) Desirgn the semarmtics of REX» i.e. the furnction of the
conmriled Frosiramsy to rrorerly execute for both the
casuzl user arnd the rrogrammer.

$) Write a comrrler For REX,

This seemingiy tight schedule was surrorted by several
TresQurces .

1) The author'of g rerort writer similar to the reuired
Fackadge (thousgh untortunately writter in IEM 360
assembler lansuadge [1]) was svailable for consultations:

2) A FASCAL comeiler had been transrorted to the HF e a3
users and dgraciously comtributed to the user’s library
£21 5

3) A cory of the rroduction FASCAL-F comsiler source
(writter in PASCAL) had also been contributed to the
users librarw,

This rarer will treat thesé toricsy discussing the desisn

considerationsy and the solutions imerlemernted.

voe omn sote boms ames sees seme

SYNTAX.,

The careful desisn of the_ssntax ot 2 landguade is imrortant.
From the comriler writer’s roint of viewr thé suntax should
he simrle and have as tew rules and excertions as rossible.
From the langusdge user’s roint of views esrecially the casual
users the suntax should be natural and Erdglish-like zs well

as consistent and unambiguous,
The swuntax of a lansuade is the waw the elements of the

lansuadge are rut together to form statements. For examrley in

English manwe statements have the suntax
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subdect verb obJdect .

In comruter landguades the suntax of sssidgnment statements is

commonly?l

variable = number
or .
variable = number + number
orsy in the deneral casey
variable = exMPression

The suntax of REX lies somewhere between a turical
prodramaing landuage and a natural landuade. The total
lodical erecision of 3 rprodramming landuade is not wanteds
since the casual user is nat trained in the use of these
lansuades. Nor do we want the full comrlicated suntax of

Endlishs since the landuade must be translated bw a computer

rrogram (the compiler).

The suntax of REX is modeled aftter the suntax of mans of the
currently used "natural landuade® rerort writers! SYNTAX 11
t1ily QUERY [31y NATURAL [43, K11 [S]1» and RAMIS II Lé61. The
intent of all the natural landuade rerort writers is to avoid
the "procedurzl® or eprodramming detsils of rrodramming
landuades and to allow the user to formulate Endglish-like

specifications which can be interrreted by a compiler,

Consider Examrle 1» 3 REX rrosram which reads and rrints

selected values from a database called FAYROLL.
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1 T LIST EMPLOYEES IN. SALES DEFARTMENT FROM MARIN CUUNTY
@ databazse FAYROLL rassword *REANER" zccess 8

K dataset EMFLOYEES

4 rint "SALES FERSONNEL RESIDING IN MARIN COUNTY®

Y get EMFLOYEES with DEF1 = *SALES"

6 select ZIF isbetween 24100994199

7 #rint EMFL-NAMEy EMPL-ADDR, EMFL-NUM

8 end.

Examele 1. A comrlete REX srodgram.
(Words in lowercase are hkewwords - 1 actual rractltice
urrer and lower cace letters are treated the same.)
This is a8 comrlete REX srodgram arnd will rroduce 3 listing of
the desired values., (Its actual functiom will be discussed in

the next sectiorny “Semantics®. See Arrerndix B for samrle

rrograms with srinted outrut.)

The roint here is that REX hes an English-like suntax wnhich
serves the casual user. Notice that there are no rrocedural
sters (i.e. there is no exrlicit orening or closing of the
databaser no exrlicit test for end~of—chain, etc). In 3
sensery the suntax closelw resembles the specificatiOn'of the

FProsgram,

For the exrerienced rrosirammery who must deal with’more
comelex rrogramming reauestss there are more comrlete
constructs available., However» these constructs are not
alwaws "natural landguade' in nature and would not be used
commonly bw the casual user, The constructe are aQailable for
comrleterness and are not in ordinary demand bw the

Mon=Frogrammenr,
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For examrles surrose the user wishes to read an MPE tile
containing emrlovee numberss look up each emrlodee number in
the EAYROLL databases and write 3 new file with emrlovee

namey address and number.

1 =+ READ EMFLOYEE #» LOOK UF # IN PAYROLL DATARASE,

2 << WRITE NAME» ADDRESS» EMPLOYEE #

3 file EMF#FILE = °EMFLNO.FUB.ACCOUNTS" f10 << INPUT FILE >3
4 EMP¥ 1-4 n7 << 4-BYTE FIELDr, 7-DIGIT INTEGER >>

S database FAYROLL rassword "READER® access 8

é dataset EMFLOYEES

7 . file EﬁP-NAHE—FILE = "EMPLNAMS.FUB® t72 << OUTPUT FILE >

& - E-NAME 1-20 320 << 20-BYTE ALFHA FIELD >>

9 E-ADDR 21-50 330

1

0 E-NUM S1-54 n7 <4 7-DIGLT INTEGER »>>

11 ~rodvar REC-CTR n8 << 8-DIGIT COUNTERy RECORDS REAB >>
12 NOT-FOUND n8 << 8-DIGIT COUNTERs INVALID EMPL #‘S >>

13 bedgin << MAIN FROGRAM »-

14 REC-CTR = REC-CTR + 1 <+ COUNT LNPUT RECORDS >

b ] get first EMPLOYEES with EMPL-NUM = EMPE << LOOK UP >> &
16 at end bedin : .

17 NOT-FOUNL = NOT-FOUND + 1 << LOOK UP FAILED >>
i8 : Frint “EMPL # * EMP$ * NOT IN PAYROLL®

19 end

20 E-NAME = EMFL-NAME <4 MOVE VALUES TO QUTPUT RECORD >
21 E-ADDR = EMPL-ADDR

22 E-NUM = EMPL-NUM

23 write EMP-NAME-F1LE << WRITE OUTPUT RECORD >

24 loor << DO NEXT read EMP#FILE >

29 << ALL RECORDS FROCESSEDs PRINT TOTALS >

26 if NOT-FOUND <> O then &

27 =rint "TOTAL EMFL #’'S NOT FOUND = * NOT-FOUND &
28 else rrint "ALL EMFPL #’S FOUND

29 #rint *TOTAL RECURDS FPROCESSEL = * REC-CTR

30 end. ’

Examrle 2. A comrlex erodram. ‘

L —a

P28-5



This examrle illustrates mans of the constructs available to
the rrodrammer or the adventuresome casual user., See Arrendix

A for 8 summary oT the REX landguasdge.

The suntax of a languase rrovides a framework of correctlw
formatted statements which maw then be converted to
meaningfuly functioning rrogdrams. The conversion of
étatements irnto functional #rodgrams is called the semantics
ot the rrodramming lansuade. The semantics for REX are such
that the constructs used by the casual user reauire a great
deal of imrlicit functionsy while the rrocedural constructs

for the exrerierced srodrammer are exrlicit.

For examrles in English the reaquest

*Look a8t wour watch and recite the exact hour and minute.®
mas also be stated as

‘Tell me the time.*
fhe first form is correct English swntax and there 1s no
difficulty understanding what is desiredy althoudh this is
not the usual wawy to ask the time., The second form has the
same meaning and casn e understood with slightly more efforti
ise@. wou must subconsciously recall that wou meed to look at
wour watchy and recite the hour and minute., The first form 1s

rrocedural and exrlicits the second form is matural and
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requires a great deal of imelicit furction.

fhe semantics of REX are designed to cover both cases - the
casual user can exrredss a natural reeuest while the
PrngramMer can code the same furction Frocedurally, 1o
tllustrater recall kxamele 1. Nowhere was it indicated
exrlicitly thatvtha dataset was to be read using a chained
read on the DEFT search items looring back to the "dget
EMPLOYEES® statement aftér each entrw had been rrinted. The

exrlicit stetement of thic rrogram is shown in Examrle 3,

i databhase FAYROLL

2 dataset EMFLOYEES

K Frint "SALES FERSONNEL RESIDING IN MARIN COUNTY"

4 fing EMFLOYEES with DEFT = *SALES®* <« FIND CHAIN HEAD »»
V] dget mext EMFLOYEES at end stor << NEXT ENTRY ON CHAIN =3
& select ZIF isbetween 94100594199

7 Frint EMPL-NAME» EMFL-ADDRy EMPL-NUM

g loor <% ENDN OF get LOQF

? end.,

Examrle 3, Exrlicit statemert of Examele 1.
The Prosfam in Examrle 3 will rroduce the exact same result
as the rrogram in Examrle 1, Dletails are described which were
tilled in bw the comriler in Examrle 1. The clause "at end
stor® indicates that rrocessing is to cease at the
end-of-chain. The "loor* statement indicates that the
Fracessing loor ends rrecisely herey so that statements maw
e written following the loor which are mot executed until
the loor 1s terminated (see Examerle 2).

-

o all assrects of REXy the functions which are most used by
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the cassusal user have » "rnatural landuasde® or non-wroceauralt
gefault. Another examele of this asrect of REX i the rerort
tilock,., The following srosram rroduces z result similar to the
grogram in Exemele 1 ~ excert here the outrut is sorted bw
emrlovee namey and & rerort title and colunmn headings are
Frovideds
databesse FPAYROLL
datacet EMFLOYEES .
rerort "SALES FERSUNNEL RESIOING 1IN MARIN COUNTY®
select ZIF isbetween 9410094199

list EMFL-NaME> EMFL-ADDRs EMFL-NUM &
sorted bw EMPL-NAME

QO NN DO

enci
dget EMFLOYEES with DEFPT = °"SaLES®
erid.

Exsmele 4. A sorted rerort,
’Hére we have swecified the comtents of'a rerort
(rerort..end) and the method of obtsining 1£ems for the
feport
cget EMPLOYEES .40, What i left cut of the srecification
(hut included ih the imerlicit tunction) is the linkasge
betweern the "rerort® and the "det®y znd the indlcaiion of

when to sort the datas =2nd =rint the rerort.

Consider the exsliicrtt version of bhls same srosramd
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ey

database PAYROLL
dataset EMFLOYEES

N
"~

3 rerort MARIN-RES *SALES FERSONNEL RESIDING IN MARIN COUNTY®
4 select ZIF isbetweer 94100,94199 ‘

b list EMPL-NAMEs EMFL-ALDDRy EMFL-NUM &

6 sorted by EMFL-NAME

7 end

8 det EMFLOYEES with LEFT = "SALES®

9 call MARIN-RES << UPDATE REFORT LATA »>x

10 loor

11 #rint MARIN-RES <+ SORT AND FPRINT THE REFORT >

12 end.,

Examrle 5. Exrlicit statement of Examerle 4.

Notice that the rerort block now has an identifier
*MARIN-RES® which allows it to be "call®"-edsy much as a
rrocedure block. The statement *rrint MARIN-RES®" exrlicitly

specifies the exact roint at which the rerort is outeput.

Thus the semantics ot REX are intended to arreal to both the
casual and prodrammer user. The prodrammer is not saddled
with a restrictive landuade set and may tackle more
comrlicated prodramsi the casusl user maw ianore the
rrocedural asrect of REX or maws with some assistance or
exrerimentations improve his results bv venturindg into the
rrocedural constructs of the landuade. Accertable results mayw

te achieved from either level of exrertise.

Gooe cons mes amen came Gags men wome cove o weue saee wmee

One of the original dgoazls underlying the imrlementation of .
KEX was the low-cost develorment of a3 compiler which could be

transrorted to other machines. Most of this dg0a3l was
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achieved, The comriler was develored 3t low cost (eisht
man-months) and is transrortable (writterm ir FASCAL).
Howevers sirce the obdect code Froduced bw the comriler is

SFLy the rackadge will runm only on the HF at rresent..

A comriler is a3 rrogram which Frocesses source text in a3
rre-defined languase to rroduces some torm of obdect code.
The suntax and semantics of the landuade to be comriled can
greatly affect the_complexitu, and therefore the costy of
develoring and maintasining 3 comriler, Whern aiming at

low-cost develormenty it is imrortant to keer it as simrle as

rossible without sacrificing the utility of the languade.

REX is not an easw languadge to comrile. Howeversy the task was
reduced because a rroduction comriler was used a3s a model
(the FASCAL-F comriler writter in FASCAL). Alsosr some
languesde desisgn decisions eased the translation effort

without reducing the cerability of the languade.,

As an exameler the element TONFTeSS1onF was used everwwhere
that it made serse. This sllows any rroduction in the
landuasge which uses weMrression: to share a common comei ling

Frocedure. OF courses it the statement rneeds an exrression of

& vertain twrey szw lodical in the case of "if TeNFressionsy
the comsiler will flas an exrression of anw other ture as an
EBrTOr,
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In contrasts the lansuage SYNTAX Il [1] has several
exrression tures which are éompiled distinctlyy derending on
the exrected ture. In the case of the assidgnment statement
SYﬁTAX II has several different suntactic forms derending on

the destination data ture.

1 A EQ R AyB CHARACTER 1YPE
2 SETA=B+1orA=8B8+1 AsyB NUMERIC TYPE

3 RECODE A TO B AvE ANY SAME T(YPE
4 T TEST A < R T LOGICAL TYPE

Figure 1. Sample assignment statements from SYNTAX II.

The result is that there are seQeral additional compiling

rrocedures that must be develored and maintained.,

Using a construct wherever it makes sense is desirable froa
the comriler writer’s roint of view and also from the user’s
roint of view (7] (81, When the user must formulate his idea
differentls for each data ture useds the lansuade desisnerA
has burdened the user with additiaonal effort. For exameles in

the SYNTAX I1 °"SET® statement it is ledsal to write
SET A = B‘* 190

while in the °*TEST" statement it is not ledgal to write
T TEST A < (B % 100)

even thoudgh A and (B X 100) are of the same tyre. The user

must remember which orerators can be used in which contexts.
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This reauires an additional level of exrertise that we wish
to avoid. However, if there is onlwu one set of rules for the
tformation of emrressionssy the user need not recall 2 lot of

excertions to the rules.

The REX comriler was imrlemented in FASCALy 2 high-level
recursive lansuage [9]. The rroduction FASCAL-F comriler
source code [101 was used as the basis and as 3 model for
writins the REX compiler.nSPL was chosern for the comriler‘s
obdect code Frimarily because it is the lansuade closest to
-thé machine levéI. SFL comriles to rroduce the most
resource-efficient run—time Frograms. It runs with the least
- memors usade and fastest execution time comrared to other
éompiled ottdect code (FORTRAN or COROL). OQutrut in
relocatable code was not chosen since there is no

[l

documentation currently available from HF omn its format.

The arrearance of the comriler from the user‘s standroint is
much like anw other HF comriler. There are UINC‘’s for invokins

the compilef which resemble the commands for invoking the

SPLv COROL or FORTRAN comsilers. Error messadges are clear and

oint to the rlace in the text where the error occurred?

select ZIF ishetwee 94100,94199
XKKXK  UNKNOWN SYMEOL (GCPERK 72)
Should the user want more informationy he camn refer to the

user’s manuasl under *GCFERR 72°,
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e e en coae sa0s pess wen seae veme sese aowe cuse

REX has mans rowerful features which will allow the user to
seneraté accuratey timelwr and comrlete rerorts with 3
minimal Frogram develorment effort. Results with comrarable
rackadges show 3 decrease in develorment time by as much as a
factor of ten L8]y comrared with develoring the same

arrlication in COROL or FORTRAN.

The casual user can benefit greatly from burassing the data
Processing derartment and writing his own ad hoc rerorts. The
Frrogrammer can increase his Productivitslbu reducing the
deQelopment effort recuired to Froduce routine rerorts and

aueries,

At the time this rarer was written» REX had been imrlemented

with 211 features excert the cross-tabulations which will be
comrleted by the time this rarer is rresented. There had been
no casual user exrerience with REXs but bs the time of
rresentation there should be real feedback as to its

effectiveness with this user class.

There is no date at rresent redarding sccertance bw
exrerienced rrodgrammers, [ue to its close resemblarnce to the
*ALGOL-1like"® landuadessy it is exrected to be successful with

srodgrammers with this ture of exrerierice. lNata will be

P28-13



forthcoming as to its accertance by rrodrammers exrerienced

in COBOLs FORTRAN» BASIC and other lansuases.

Future extensions include full IMAGE access (DBFUTy DRDELETE,

DBUFDATE)y and full KSAM access.

REX will be marketed by

GENTRY 1INC.

609 Kearnes Street
Kensindtons California 94530
U.S:A,

The first release of REX will be available Januarg 1980,
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arrendliy A! Summarw of REX/3000 Langusade.,

KEFORT *TITLE® Sorted rerort.
LIST 44
SORTEL BY 44
END

TARLE "TITLE® Cross~tabulation.,
ROW +o
COLUMN +.4.

END

FROCEDURE name Frocedure.

* e

END

IlATABASE basename IMAGE declaration.
BATASET setname

FILE filename MFE file declaration.
fieldl ...
fieldl2 +..

L 2 N

FROGVAR varl ... Variable declaration.
vaT2 s

LR AR

Iatabase access.

GET setname [WITH searchitem = exrressionl
F IND CAT END statement.l :

READ filemname [AT END statementl

WRITE filename File access.
FRINT expréssion Ly exrressionrny +.. Unformatted rrint.
Sort/Merdge.

SORT filerneme LINTO filemamel
BY kewuly kewls oo

MERGE filenzmes filenzgme [» FTilenamers 401

INTO Failename
BY “ewuls kewdsy 44,
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IF exrression THEN statement Control statements.
' FELSE statement)

GOTO label

CALL blockriame

REFEAT statement [} statementi ...J] UNTIL exrression
WHILE exrression D0 statement

FOR ident = exrression TO exrression DO statement

REGIN [statements statement’ +.,.1 ENI Compound statement.

ident = exrression Assignment statement.

+ - % / DIV MOD Arithmetic orerators.,

GT GE LT LE EQ NE ISEETWEEN CONTAINS Relational orerators.

> »m L == < IR <X> T

AND OR NOT Logical orerators.
[Iata tures.

Nw w <= 10 Intedger

Fuwed d <= w <= 15 Real

L Lodgical

A

w = 254 Alrha
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AFFENDIX B! SAMFLE REX/3000 REFORTS,

The following are éeveral rerorts denerated buw REX/3000
from MFPE files and IMAGE datasbsses.

Samrle 1. Sorted rerort using MFE file.

FTILE FARTS! F80

FN "PART NO*" 1-4

FL "FART DESC® S-14

FL "LOCATION® 15-17

QTY "QUANTITY" 18-22 NS
REFORT *WAREHOUSE FARTS SUMMARY"®

LIST PNy S5X» FLy 2Xy FIy 2Xy QTY b4
SORTED EBY FNs FL &
SUMMARIZING GTY ON PN &
TOTALING *TOTAL®* Q1Y

ENI
READ FARTS << READ FILE RECORD 3
END,
1785BOLT 1 X 1/4 101 2000
2142RRACKET 100 750
J122MANUAL #177 101 100 Contents of the
2142BRACKET 102 250 FARTS file.
2142BRACKET 101 100
1783RBOLT 1 X 1/4 100 1000
The REX/3000 rerort:
WAREHOUSE FARTS SUMMARY
FART NO LOCATION FARY DESC QUANTITY
1785 100 RBOLT 1 X 1/4 1000.
101 ROLT 1 X 1/4 2000
1785 3000
2142 100 BRACKET 750
101 BRACKE T 100
102 ERACKET 250
2142 1100
3122 101 MANUAL #177 100
3122 100
TOTAL 3200
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Samrle

fhe fo

2. Sorted

llowing is

to hold the same

rerort with IMAGE

AA000 database.

an IMAGE/3000 schema Tor a database

information from

REGIN DATARASE WAREHUUSE S

ITEMS:

FART-NO» X453

FART -

DNESCy X103

FART=L.0C, X453
FART-1ITY y I25

SETS?

NAME $
ENTRY
FaR
FAR
FAR
FaR
carac

L

END,

FARTSy DET
T=NO»
T-DESC»
T-LOC»
T-QTYs
LTY: 1003

ATLs

Samrle |3

The following REX/3000 rerort srecification will sroduce the
same rerort 25 1in Samele 13

DATARASE WAREHOUSE

LHATA

REFORT
LIS

END

GET FARTS

ENI,

SET FARTS

"WAREHOUSE
T FART-NO,
SORTED BY F
SUMMART ZING
TOTALING °T

FARTS SUMMARY *
Exy FART-LOC, @X»
ART=NO S FART-LOL

FART-UESCy 22Xy FARV-QTY N9

FART-QATY UN FART-NU

aTaAl.* ary

READ OATASET
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Samrle 3, Crosc-tabulation with IMAGE/ 3000 datzoace,
This samrle uses the same detabase =g 1+ Samele &2,

DATABASE WAREHDUSE
WATAZET PARTS

TABLE *FARTS DISTRIRUTIONS®
RUW FART-HO BINS("1785",%2142%,*31229)
COLUMN FART-LOC BINS(100y101510:) ACCUMULATE FaRT-WrY
TOTAL-FARTS LABEL "TOTAL FARTS" ACCUMULATE FART-7Y
END
GET FARTS <« READ FROM DATARASE &3
END,

The followindg cross-tabulastion will e Fproduced:?

FARTS DISTRIBUTION

FART-LOC
FART-NO 100 101 102 TOTAL FARTS
1785 1000 2000 0 3000
2142 750 100 250 1100
3122 0 100 0 100
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