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[ ntroducti on

Programmers dealing with aspects of natural |anguage processing
have a difficult task in choosing a conputer |anguage which enabl es
themto programeasily, produce efficient code and accept as data
freely witten sentences with words of arbitrary length. List
processi ng | anguages such as LI SP are reasonably easy to programin
but do not execute very quickly. Qher, fornula oriented, |anguages
li ke FORTRAN are not provided with free field input.

The Conputational Linguistics group at Stanford University
Computer Science Department is witing a systemfor testing transfor-
mational grammars. As these grammars are generally large and conplicated
it is inportant to make the systemas efficient as possible, so we are
usi ng FORTRAN |V (0.8. on | BM 360-65) as our |anguage. To enable us
to handle free field input we have devel oped a subroutine package
whi ch we describe here in the hope that it will be useful to others
enbarking on natural |anguage tasks.

The package consists of two main prograns, free field reader,
free field witer, with a nunber of utility routines and constant

COMMON bl ocks.
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Free Field Reader (FREAD)

FREAD was witten to enable us to read free field input including data

containing |ongwords, special characters, and integers and to eventually

r— r—

control the systemby the formof its inputwith the detection of orders.
FREAD i s a REAL*8 function with one dummy argunent (INTEGER*2),

When it is called it returns the next entity it finds in the input

stream It communicates information concerning that entity through

labelled common vi z.

COAMMPN /PRDCM/ NUM, ISPEC, NUMFL, $RDFL
INTEGER¥2 NUM, ISPEC

IL@GICAL*1 NUMFL, $RDFL

The "input streami refers to the sequence of characters from the
punched card input, with colum 72 of a given card assuned to be
fol lowed hard by colum 1 of the next. Double quotes " are omitted

from the input stream along with any characters between consecutive

doubl e quotes. This gives us the facility of allow ng coments
anywhere in the input.
The different entities are as follows:

1/. Special character.

r— r—

This is taken to be any character whose EBCDIC 8 hit code

has a value of less than 128 (except for blank, ", $).
e/. Integer.
A sequence of digits whose value is less than 215.

An integer may be followed imediately by a word.
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3/. Wrd.
A sequence of al phameric characters (i.e., those with 8 bit
EBCDI C codes of value greater than 128) of length less than or equal to 40
(b0 is arbitrarily set as 'being of arbitrary length') and not beginning
with a §.
4/. Order

A word of length less than 8 and beginning with a §.

As FREAD encounters each entity it returns a value and sets
conditions as follows:

l/. Special character.

FREAD is set equal to the character followed by 7 blanks. |SPEC
is set to the value of the character's 8 bhit code (see appendix 1).
NUMFL and @RDFL are .FAISE.

2/. Integer.

FREAD is set to the value of the integer. If the integer has a
too-large value a system overflow interrupt will occur. ISPEC is
zero, NUMFL iS .TRUE., $RDFL is .FALSE. (Here it would make good
sense to have |SPEC carry the value of the integer. Qur method is
left over fromthe 7090 where FREAD was itself an integer f-unction,
a-user could easily change this.)

3/. Word.

If the word is cf length | ess than or equal to 8 characters it is
itself returned as FREAD (with trailing blanks), if it is of greater
length a keyword is returned. ISPEC i S zero, NUMFL and $RDFL are
.FAISE,

The keyword of a longwerd is obtained by replacing the tail end
of the first 8 characters by an integer of value according as to the
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position of this longword in the sequence of those encountered. For

exanpl e, if PRENPMINALIZATION is the 15th longword encountered it will

al ways have the keyword PRZN@M1S.

If a word of nore than 40 characters is encountered FREAD prints

an error message and truncates the word.

4/, Order

The order is returned as a word.

.FALSE,, ¢RDFL i s .TRUE.

| SPEC is zero,

NUMFL i s

|f an order has nore than 8 characters an error nessage is

witten and the keyword returned (this is because keywords can alter

as the input alters,

of any use).

Exanpl e

but orders should be definite if they are to be

Suppose in a given run FREAD encounters the follow ng input

$START(R=12NP) , PRYNOM" CAMMENT " INALIZE , $$N$ , N1$1$METI , 6221 .

it will behave in the order of the followng table.

Entity FREAD | SPEC ¢RDFL.  NUMFL
$START $START 0 T F
( ( 77 F F
R R 0 F F
= = 126 F F
12 value 12 0 F T
NP NF 0 F F
) % F F
s ’ 107 F F
PRON@MINALIZE | PREN@MIL 0 F F
s , 107 F F
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Entity FREAD ISPEC gRDFL,  NUMFL

$$n$ $$N$ 0 T F

s s 107 F F

N1$1$METN N1$1$M62 0 F F

s , 107 F F

622 val ue 622 0 F T

N1 N 0 F F
75 F F

Further operational points

1/, As illustrated in the previous exanpl e N1$1$METN returns
m$1dM62 which i's an anbiguous keyword. Such words should ve avoi ded
as they will cause trouble on output.

2/. FREAD must be initialized by calling the subprogram INITLZ.
This initializes all the tables of langwords so nore than one independent
run may be made in the sane job.

3/, FREAD performs a readout, printing each card image as it is
read. NUM in /gRDCM/ is used if one wishes to number the input, If
an integer is placed in MM it will be witten out in the left hand
mergin of the next card read out,

4/. A listing of the longwords and their keys may be obtained
by -calling LNGEUT.

5/. When interpreting the input fromFREAD it is handy to have
constants representing the 8 bit values of the various characters,

For this purpose a conmon block /cnstcM/ is provided (see the exanple
prograns in appendix 2 for a listing). /cusTeM/ is initialized in a

bl ock data subprogram which is part of the package.



6/. Lower case letters may be used if the systemyou are using
allows you to print them
7/. The present capacity for Zlongwords i S between 50 and 2p0.

(Mbst 1likely around 200.) This capacity can be readily increased if

desi red.
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Free field Witer

(FROUT)

FROUT is a subroutine with which one can wite out data in a

free field format with keywords which have been read by FREAD expanded

if desired.

allow enough flexibility to obtain an aesthetically arranged printout,

The options we have included allow one to obtain a reasonable~looking

Wien designing a free field witer it is difficult to

result in nost cases.

: f
FROUT gets it data froma linear sunp KSUMP in labelled conmon

/MAINCM/ viz.

CAMMPN /MAINCM/ CHRTR, KSUMP, ISUMP, NCHRTR

REAL*8 CHRTR, KSUMP(2000)

INTEGER¥2 ISUMP, NCHRTR

FROUT has 7 argunents;

the first,

remai nder Bl---B6 are LPGICAL*1.

When FROUT is called it wites out the contents of KSUM?, from

ISTART+1 up to ISUMP, in a conpacted free field formwith the follow ng

opti ons:

Bl:

B2:

B3:

Bl:

B5;

. TRUE.

.FALSE.

. TRUE.

« FAISE'

. TRUE.

. FAISE.

. TRUE.

.FALSE,

. TRUE.

. FAISE.

Pri nt
Print

and punch
only

Expand keywor ds

Do not expand keywords

Start
Don' t
Start
Don' t
Start
Don' t

a new line on a period

a new line on a comm

anew line on an

ISTART, i s INTEGER*2, the




B6: .TRUE.  Sequence nunber the output lines
.FALSE. Don't

Further Qperational Points

1/. To obtain greater generality of use we assume that no _sub-
program whi ch places data in KSUMP initializes ISUMP. Care should bve
taken in remenbering to initialize ISUMP in the main control routine,

2/. The keywords of longwords encountered by FREAD may be pl aced
in the sump by calling the subroutine KevsM . This enables you to
obtain a punched listing of the |ongwords in order, which when placed
in front of input-to a later job will ensure that the |ongwords
receive the same keywords as before.

3/. For conveni ence when filling KSUMP a conmon bl ock /FcsTceM/
is provided which contains the special, synbols in REAL*8 Orm. For
a listing of /FCSTCM/ see the exanple programs in appendix 2. The
nanes of the constants are the sane as for /CNSTCM/ (see appendix 1)
with the initial Nreplaced by . /FCSTCM/ is initialized by a
block data subprogram which is part of the package.

4/. The output of FROUT is conpacted, but if blanks are
desired they may be inserted by placi ng FBLANK into KSUMP,

5/. /MAINCM/ includes two constants, PAGE and REC@RD. When
FRAUT encounters PAGE in KSUMP it, skips to the head of a new page

when printing (new card when punching); Wwhen it encounters RECERD
it skips to the start of a new line.

6/. FROUT shoul d never fail on its input unless it is asked to
out put an integer of value greater than 215-1, in which case a system
overflow interrupt will occur; |f FROUT is given a bad keyword it

8
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will write an error message.

7/. CHRIR & NCHRTR in /MAINCM/ are used for communicating with
subprograms that use FREAD, e.g. returning an order to your control
program. CHRTR is used to hold the current value of FREAD, NCHRTR

for ISPEC if needed.
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Appendi x 1

Tabl e of special characters in /cNsteM/ and their codes

Nane in /CNSTCM/  Character

NBLANK
NCENT
NST@P
NLESS
NLEFTP
NPLUS
NLZR
NLAND
NXCIM
NDOLLR
NSTAR
NRI TEP
NSC@LN
NINGT
NMINUS
NSLASH
N1211
NC@MMA
NPERC
NLINE
NGREAT
NQUERY
NCZLEN
NBFUND
NAT
NQUYTE
NEQUAL
NDQU@T

bl ank

¢

~ X 5

e

2 Vi W~

Punch code

12-8-2
12-8-3
12-8-k
12-8-5
12-8-6
12-8-7
12
11-8-2
11-8-3
11-8-4
11-8-5
11-8-6
11-8-7
11

0-1
12-11
0-8-3
0-8-4
0~-8-5
0-8-6
0-8-7
8-2
8-3
8-k
8-5
8-6
8-7

10

Hexadeci ma

Lo
4A
4B
Le
4D
4E
LF
50
5A
5B
5C
5D
5E
5F
60
61
6A
6B
6C
6D
6E
6F
TA
7B
7C
7D
TE
TF

Deci ma

6k
Th
5
76
7
78
79
80
90
91
9%
9%
ol
98

val ue
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Appendi x_2

This section contains two exanples of pregrams using our free
field package. The first illustrates how subprogranms using FREAD and
FROUT are controlled, using our rou’cines‘ for reading, expanding,
and storing a phrase structure grammar (PSGINN) and then writing it
out in an expanded form (PSGSMP). The second shows hgw to construet

a program whi ch itself uses FREAD.
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LFVEL

1SN
ISN
ISN
1SN

ISN

ISN
ISN
ISN
ISN
1SN
1SN
1SN
ISN
1SN
ISN
1SN
ISN
iSN
ISN

L2 2 22 2]

2 FE3

0002
2003
0004
acns

0006

neny
0003
2003
J219
antl
9912
Q713
14
o01s
00616
[s1¢3 x4
00118
0019
Qaz2n

-

67

CNMATLER

laNaNalaNalal

GRTIONS - NAME=

oo r— e

r— r—

3S/7360 FORTRAN H

COMMGN /MAINCM/ CHRTRoKSUMP, ISUMP 4NCHRTR

REAL*R CHRTR,KSUMP(2000)
I NTEGER®2 T SUMP ,NCHRTR
COMMON JFCSTCM/

1 FBLANK,FLAND FMINUS,FSLASH,FCENT

+FSTOP JFLESS

2 FLOR  oFXCLM oFDOLLR,FSTAR ,FRITEP,FCOLN,FLNOT
3 FPERC +FLINE (FGREAT (FQUERY,FCOLON,FBCUND,FAT

4 FOQUOT, PAGE LRECORD
REAL*A

1 FRLANK,FLAND (FMINUS,FSLASH,FCENT FSTOP ,FLESS
7 FLOR oFXCLM sFDOLLR,FSTAR FRITEP FSCOLN,FLNOT
3 FOFERC oFLINE LFGREATFQUERY FCOL ONoFBOUND,FAT

4 FNOUNT, PAGF  LRECORD
LOGICAL®Y T/.TRUF,/+F/FALSF o/
{STARY = @
1SuMP = 1
KSUMBL{ I SUMP) = PAGF
CALL INITLZ
CALL FROUTL ISTART oF 9T 3T 4T, 7,1}
CALL PSGEINN
CAL L PSGSMP
CALL FROUTU ISTAPTY sF o T ToToTyF)
CALL FROUT(ISTARY oF o FoF,FyFyT)
CALL PSGSMP
CALL LNGOUT
RETURN
FND

END OF COMPILATION *%%%%%

r— r—

THISFIRST TEST PROGRAM SKIPS TO A NEWPAGE,READS IN A PHRASE
S T2ICTURE GRAMMAR,EXPANDS IT,STORES IT IN KSUMP,QUTPUTS THE
EXPANDED GRAMMAR IN TWO DIFFERFNY FORMS,AND F I N AL LY PRINTS QUT
A EEERFNCE LTST OF THE LONG WORDS IT ENCOUNTERED

«FLEFTP,FPLUS
vF1211- +FCOMMA,
»FQUOTE,FEQUAL

+FLEFTP,FPLUS
oF1211 JFCOMMA,
2FQUOTE,FEQUAL,

rmiﬁ

MA I NCM
MAINCA
MAINCH
FC STCHM
FCSTCM
FCSTCM
FCSTCH
FCSTCH
FCSTCM
FCSTCN
FCSTCH
FCSTCHM
FCSTCM

r—

VATE

re -

67.265/01.34.15

MAIN,OPT=00,LINECNT=5T, SOURCE 4 ERCDIC,NOLIST,DECK +LOAD, NOMA® , NOELTT +NOLD



L

r r— r

r—

r—

—r— r— r— rr

r— r—

r—

ODLASOPE OYELARAN A U G 2 291967 .

WAFTEST PS-RULFS

SS =

S = NPV P,

VP =

({(NP) (PP) [AGNT), SS, AP) (ADV)).

v = AUX(VBLADV)sCUP).

AUX

(HAVEEN)IBEING)))AUXA.

AUXA= (MOD)(PRES,P A S T )(ASP).

ADV

AP =

PP =

NP =

D =

PRE

ART

V =

ADVH

CCpP

ADJ

N =

INDEF

DEF

$END

ADVB (SS).
({PRE). ADJ (SS)y SS5).
PRE NP.

(D)NN U

(ART(ADJ)

(WH) (L INDEFy O F F ,
LOVE,PROCRASTINATE,TEMPORIZE,ALTERNATE,LOSE.

QUICKLY,MAGNI FICENTLY o FANTASTICALLY, SORROWFULLY»SADLY.

STUPENDOUSBIGy GIANT, TURQUDISE,CATASTROPHIC.

ELEPHANT yHIPPOPCTAMUS,,GNU,UNICORNyAARDVARKyRURUy NIGHTHAWK .
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SS =

#S#H,

S =

NP VP,

VP =

SS ADV,

SSe

PP AGNT ADV,
Pp AGNT,

PP ADV,

oepy,

NP PP AGNT ADV,
NP PP AGNT,
NP PP ANV,
NP PP,

NP AGNT ANV,
NP AGNT,

NP ADV,

va-

AP ANV,

Ap, .

AGNT ADV,
AGNT,

ANV,

CCE KK LK K KK <KL K K <K<K K KCLEE K

Vi
PRI
PRE
PRF
PRF
PRE
PR
PRF
PRF
PRE
PRE
PRE
PRF
PRE
PRF
PRE
PRFE
PRE
PRF
PRF
PRE
< =
AUX VA ADV,

AUX VB,

AUX COP,

AUX =

HAVE EN BE ING AUXA,
HAVE FN AUXA,

DO AUXA,

3F ING AUXA,

AUXA.

AUXA =

PRES ASP,

PRES,

PAST ASP,

PAST,

SS ADV,

SSy

PP AGNT ANV,
PP AGNT,

PP ADV,

PP,

NP PP AGNT ADV,
NP PP AGNT,
NP PP ADV,
PP,

NP AGNT ADV,
NP AGNT,

N2 ADV,

NP,

AP ADV,

AP,

AGNT ADV,
AGNT,

ADV,

g KK <K<K <K< <LK LKCEKCCKCC < <
<
-
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MOD PRES ASP,
MNIND PRES,
MONDPASTASP,
MOD PAST.

ADV =

SSy

PP,

ADVEB SS,
ADVA,

AP =

SSy

PRE ADJ SS»
PRE ADJ,

ADJ SSy

ADJ .

pp =

PRE NP,

NP =

SSy

NP SSy

N NU

N N NU.

N = -~
PAF D ADJ,
PREFA R TSSy
PREFA R TADJSSy
PRE ART ADJ»
PRF ART,
ORE ADJ,

D ADJy
ARTSSy

ART ADJ SS,
ART ADJ,
ART,

ADJ.

PRE =

PRT,

NEG PRT,
NEG.

ART =

WH INDEF,
WH DEF,
INDEF,

DEF .

\" =

TEMPORI Z2E,
PROCRASTINATE,
LOVE,

LNSF,
4LTFRNATE.
ADVR =
SORROWFULLY s
SADLY
QUICKLY,
MAGNIFICENTLY,
FANTASTICALLY.
COP =

HE.

ADY =
TURQUODISE,
STUPENDOUS,

15
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GIANT
CATASTROPHIC,
BIG.

N =

UNTCORN,,
RURILJ,
NIGHTHAWK ,
HIPPOPNATAMUS,
GNU,
ELEPHANT,
AARDVARK,
INDEF =

D.

YEF =

THE .

16
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TABLEOTF

KEY WORD

PROCRASL!
TEMPORI 2
ALTERNAZ
MAGNIFI4
FANTASTS
SORROWF 6
STUPENDT
TURQUO I8
CATASTR9
HIPPGP10
NIGHTHL1

L ONG

18
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EXPANSION

PROCRASTINATE
TEMPORIZE

A L TERNATE"
MAGNIFICENTLY
FANTASTICALLY
SORROWFULLY
STUPENDOUS
TURQUOT SE
CATASTROPHIC
HIPPOPOTAMUS
NIGHTHAWK
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LEVEL 2 FEBG67 Y N5/357  FJATRAN H NATE 67.269/01.38,54

COMPILER NMPTIONS - NAVE=  MAIN,DPT=00,LINSCNT=57,SOURCE,FRCOTC,NOLIST,NIDECK,LDAD, MAP,NOEDIT,NIID

C
C THISTEST PROGRAM READS IN A LIFT OF AORDS,NUM3ERING T H E INDUT,
C ANDTHFNWRRJTE SMTITT H EANIRDSWONFPFR LINE, WITH SEQUENCE NUMBFRS,
C
ISN 0002 IMPLICIT INTEGER*2{A-1)
ISN 0003 COMMON /MAEINCM/ CHRTR,KSUMP, ISUMP,NCHRTR MAINCM
ISN 0004 REAL*B8 CHRTR,KSYMP{20302) MAINCM
ISN 0005 INTEGER®? [SUMP,NCHRTR . ! MAINCY
ISN 0036 COMMON /GRNC4/ NUM, [ SPFC,0ORDFL (NUMF{ 0DV
ISN 0007 INTEGER*2NUM, ISPEC DRDCH
ISN 0009 LOGICAL*1 BRDFL yNUMFL ORNCM
ISN 0009 COMMON /JFCSTCM/ FCSTCM
1 FBLANKy FLAND ,FMINUS,FSLASH,FCENT ,FSTOP ,FLESS ,FLEFTP,FPLYUS | FZSTCM
2 FLOR 4FXCLM ,FNOLLR,FSTAR ,FRITEP,FSCOLN,FLNIY ,F1211 | FCOMMA, FCSTCH
3 FPERC yFLINE ,FGREAT,FOUERY,FCOLIN,FROJND,FAT ,FAQUDTF, FEQUAL, FCSTCH
4 FDIUNT, PAGE ,RECNRN FISTCM™
ISN 0010 RE AL*3 FC STCY
1 FBLANK, FLAND ,FMINUS,FSLASH,FCENT ,FSTOP ,FLFSS | FLEFTP,FPLUS | FLSTOM
2 FLOR +FXCLM ,FDOLLRGFSTAR HFRITEP,FSCOLNyFLNIT ,F1211 ,FCDMVA, FLSTCM
3 FPERC 4FLINF ,FGREAT,FQUERY,FCOLON,FBOJND,FAT , FOQURTE, FEQUAL , FCSTCM
4FDQUDTY PAGF  oRECDRD FCSTC™M
ISNDJJ11 CCMMON/CONSTCM/ NBLANKyNLAND (NMINUS,NSLASH,NCFNT ,NSTQOP ,NLFSS CNSTCY
1 NLEFTP, NPLUS yNLOR  ¢NXCLM ,NDOLLRyNSTAR ¢NRITFP,NSCOLN,VLNIT | CNSTC#H
Ly 2 N1211 +NCOMMA,ZNPERC ,NLINE +NGREAT,NQUERY NCDLON,NADUND,NAY , CNSTC™
\O 3 NQUOTE,NEQUAL,NDQUIT CNSTCHM
ISN 3312 INTEGFR %2 NBLANK ) NLAND 4NMINUS,NSLASH,NCENT ,NSTOP ,NLESS CNSTCM
1 MLEFTP ¢NPLUS oJNLOR  (NXCLM (NOOLLRISNSTAR 4NRITEP,NSCOL NeNLNDIT CNSTCM
2 N1211 + NCOMMALNPERC (NLINE yNGREAT,NQJERY 4NCIL IN, NS3OUND, NAT , CNSTCH
3 NQUOTE . NEQUAL, NDQUOT CNSTC™
ISN 0013 LOGICAL*] T/,TRUF./ F/.FALSE./
ISN 0014 2EAL%®8 FREADN
ISN 0015 CALL [YITLZ
TSN 0016 ISTART = 0
ISN 0017 Isump = 1
ISN 0018 KSUMPIISUMPY = PAGE
ISN 0019 CALL FROUTUISTART 4 FyFoF,FoF,yF)
ISN 0020 J =
ISN 0021 NUmM = ]
TSN G022 100 CHRTR = FRFAI{DUMMY)
ISN GO23 I FAORDFL) 63 1D 270
ISN 002s ISU4P = JSUM? + 1
ISN 0026 LSUMPL [SUMPY = CHRTR
ISN 0027 I FLI S P E CJNEJNSTAPY}GOH TN 10N
ISN 0029 J=J+ 1
ISN 0030 NyM = J
ISN 0031 ISUMP = TSUMP + 1
ISN 0032 3 SUMP{ 1 SUMP )} = RECORN
ISN 0033 G0 19 100
ISN €034 200 CALL FROUTUISTART (FoT,T,F,F,T)
ISNO0O03s RETURN

ISN 0036 END
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1 ANTIDISESTABLISHMENTARIANISM.

2 BIOGRAPHY.

3 CORPULENT .

4 DIDACTIC.

5 ELEMENTARY .

6 FLOCCINAUCINIHILIPILIFILIPICATION .

7 GRAND . HORRIBLE, INCREDIBLE. JUXTAPOSED .
11 KANGARDO., LAMPOON «MINUET.NEPOTISM«

15 ORANGATANG. PETTY.QUESTIONABLE.RHETORIC.
19 STAMINA.

20 TAMATATAWHAKATANG THANGIKOAUAUTAMATEA .
21 UNDULATION. VIBRAPHONE.WISHYWASHY.

24 XANADU. YPKES. LEN. $
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11

12

13

14

15

16

17

18

20

21

23

24

25

26

ANTIDISESTABLISHMENTARIANISM,

BIOSGRAPHY,

CORPULENT,

DINACTIC.

ELEMENTARY.

FLOCCINAUCINIHILIPILIFILIPICATION,

GRA {D.
HORR[BLE.
[NCREDIBLE.
JUXTAPDOSED.,
KAN3ARDD.
LAM?200N,.
AINJET .
NEPITI SM.
NDRANGATANG.
PETTY.
JUESTIONABLE.
2A4ETOHNTC .

STA4INA,

TAATATATAWHAKATANGIHANGIKJAUAUTAMATEA,

UNMDJLATION.
VIKRRAPHOUNE
WISHYWASHY.
XANADU,
YPRES

ZEN.
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