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ALTERNATIVE METHODS OF LANGUAGE CREATION

In order to facilitate the creation and structuring of a machine-
transportable, table-driven language system, the Lab for Computer Graphics
has developed the GLIB language maker and the LINGUIST language processing
and control system. When supplied with a table of lexical, syntactie,
and semantic data, GLIB then produces a language tree (the "Vault")
for the parser containing syntactic transition states (Dougenik, 1976)
and a "heap" which includes both storage space for variables and their
type, atructure, and length, as specified in the language definition. This
information is packed into header words which precsed each elemente-arrays,
of course, share a common header and are allocated sequemtially,

In this paper we shall examine three alternative methods of
manipulating the output from GLIB: the Classic (ecmpilation) Methoed,
the Co-Process (partial overlay) Method, and the Dynamic Loading method.

I.) Compilation

GLIB allows the user to define language Systes varibles (Integers,
Reals, Arrays, Switches, Sets, etc) which correspond to specific
FORTRAN variables which he has presumably used in the Mother Program,
Thus the programeer can, for example, write all his graphics and mapping
routines and test them on a stand-alone basis, and add the centrol langusge

later,

Until now, GLTB has generated FORTRAN RBlock Data which is then
included in the user's program upon ccmpilation. The Vault and Heap are
allocated and initialized in COMMON with DATA statements, Next, a series
of EQUIVALENCE statements are generated which force the user’s variables
wummcmmtummemﬁmﬁdmsminmﬁupmyﬂmm,
tg: lans:nge management processor, sees. Thus, the language definition
statemen
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20 (15, 0) FILENAME STRING: ILEN,NAMFIL(20)/0,20%H  /

causes the FORTRAN variables ILEN and NAMFIL(i) to be equivalent

to the heap addresses HEAP(n) and HEAP(n+i). Thus, when LINGUIST is asked
to do an ASSIGN (place data in a variable) it looks up the language

lexeme FILENAME (the external appearance of this string data structure)
and references it via the Heap. The user would simply call ILEN (the length
of the string) and NAMFIL (the string itself) by their normal

names, and they would contain whatever LINGUIST had placed

in them. Similarly, the language system can SHOW FILENAME, which is
initialized to blanks.

Mechanically, this is accomplished through the statements
COMMON / PURITY/ LUMP(1000)

L

DIMENSION ... NAMFIL(20)
EQUIVALENCE ... (LUMP(n),ILEN), (LUMP(n+1) ,NAMFIL(1)) ...

LN

L ]

DATA ... LUMP(n-1)/<heap header>/,LUMP(n)/0/,NAMFIL/20™4H /, ....

Here /PURITY/ is the virgin copy of the heap kept for reinitialization
purposes, and ILEN is set equal to the length of NAMFIL by LINGUIST upon
assignment. There are clearly three levels of representation here:
the user sees only FILENAME, the programmer only ILEN and NAMFIL, and
LINGUIST deals exclusively with the Heap (LUMP) entries. Only GLIB is aware
of the larger picture, and of the interrelation of these three forms—this will
be important later when we talk about dynamic variable dictionaries.

The Vault is similarly initialized and allocated at the same time.
The user, however, need never access this array, since it is used exclusively
to maintain the static and dynamic (user-defined) language trees. Thus there
need be no interface between the Vault and the Mother program.

There are several unfortunate consequences with the straight Compilation
method: first of all, any little change in the language requires re-
compilation of the Mother program with the new BLOCK DATA
from GLIB, especially if the Heap has changed in any way. For
instance, adding or deleting any object structure referencing
FORTRAN variable(s) will change the Heap so that the old versions will not
run. In other words, the EQUIVALENCE pointers do not match any longer.

Ideally, one would like to be able to call a routine from the
Mother Program which would dynamically load up the Vault and the Heap,
while still allowing the user easy access to his variables.,

Another problem arises when integration of a variety of system
modules requires several different languages, each with different variables
in the Heap, to be somehow accessable from one commmon main program. The
first difficulty is the restriction on language size--while one could define
co-resident dialects, each with a different initial key state, there
is an upper limit on the number of lexemes and on the number of syntactic



transition states one can define., These limits are imposed by machine-

dependent word lengths, since information is packed bitwise for efficiency—

for instance, to allow binary searches. It is clear that several large

languages would quickly overflow the limits of the language system were they to be
integrated by concatenation.

A much more formidable problem arises when one considers that each of these
languages has different variables, and different pointers into the Heap:
thus they cannot be simply overlaid by reading in a "new" heap and Vault »
since, once again, the pointers into the heap will not match. .

11.) The Co-Process or Partial Overlay Method

One possible solution is Partial Overlay of the Language System.
Since the Vault itself requires no interface with the calling program,
the language (aside from variable correspondencies) may be changed simply by
reading in a new Vault for the Parser/Evaluator. When a new dialect is
desired, a routine may be called which reads in the new Vault and Lump.
If this is language 'A', then it is compatible only with, let us say,
'ASUB', which has the correct pointers into that specific heap, as
supplied by GLIB for that paticular version of 'A'. Similarly, language
'B' may be read in by its Vault and Heap, and then 'BSUB' may be called, where its
pointers are set correctly. Note that ASUB and BSUB are entirely incompatible,
and if they were to be called at the wrong time (when their respective Language
and Heap were not loaded) then their Equivalence statements would be pointing
at garbage.

This is a more or less satisfactory method for solving the language
overlay problem—-(for more on the dynamic language loader, see SUBROUTINE
MAKER, below)==but what happens when the language definition is changed?
Unlike before, the Dynamic Vault/Lump File which the Language Loader reads in
is all that must be changed for the parser—but if there is any change
in the heap, if any new variables are added, or if old variables are deleted
or changed, then the Equivalence pointers will be off once more, and the
co-resident routines ASUB and BSUB must be recompiled with the new Lumpfile
from GLIB.

However, for a developed language, ready for distribution, this is
a somewhat elegant way of overlaying different languages. Once more, the
problem is the recompilation necessary for maintenance and development, Even
with Partial Overlay, the Mother Program is still hard-wired to that
particular version of the language, until the next recompilation.

The Dynamic Vault/Lump file is created by executing the Dynamic
File maker, DYNAM, with GLIB's usual output as Block Data.
DYNAM includes a main conversion module along with the Laboratory Utility
Routines for file handling. While the creation of a dynamic language file does
require a compilation, it is certainly must faster than that of the entire overlaid



Mother program.

III.) Dynamic Loading A

Truely dynamic loading of a language may be accomplished if variables a.rg.
referenced not through equivalence statements, but through a call by
the Mother Program to a "lookup" routine. Thus, when the
language is loaded, a "variable" dictionary (produced by GLIB
with the WRITE BINFILE option) may be read and packed
into a search list. Then the user may reference his variables through
calls to an interface routine, which looks up where the Mother variables
are stored in the Heap.

With true dynamic loading, the necessity of recompiling the Mother
program segments is eliminated--in other words, if only the language
changes, then all we must do is run GLIB and DYNAM, and
then specify the new filenames to MAKER, the dynamic language loader which
pulls in the language and new heap. Variables are then gotten through
the lookup subroutine,

Similarly, for overlaying different languages for various co-processes,
the Master controler can .call in a new language and variable dictionary.
The co-processes can then copy data into their own common blocks with the aid
of the Heap look up routines.

The procedure for producing the dynamic vault/lump file is the
same for either partial or total overlay: DYNAM is executed along with
the block data produced by the COPY BLOCKO option of GLIB, and a binary
file is created. This can be done several times with different GLIB outputs
to provide different runtime options.

Variable Dictionaries are created with the WRITE BINFILE <{filename>
command in GLIB. They contain the FORTRAN variable names, heap addresses, and
dimensionality of all user variables for which GLIB allocates space, and are
read dring the initialization of the lookup routines.

Languages may be changed in the run-time environment through calls
to subroutine MAKER in LINGUIST, which takes the name of a DYNAM output file
and (optionally) a GLIB variable dictionary.

' A user may reference his variables in the heap by either calling
a lookup function which returns an address into the LUMP array, or by
calling a routine which will fill up an entire Mother program array.
For example, to get the value of 'IVAL' the user would say
COMMON /HEAP/ LUMP(1)

DATA NAM/YHIVAL/
T=TREC(NAM)
IVAL=LUMP(I)



REALs and LOGICALs can be accessed by equivalencing arrays
XUMP and QUMP to LUMP, and then saying

. I=IREC('XVAL')
XVAL=XUMP(I)

or
QVAL=QUMP(I) etc,

IREC takes three arguments: The name of the FORTRAN variable
(stored in two A4 integer variables) and an optional index, which
is used for referencing elements of one-dimensional arrays.

Other library lookup routines make call by reference slightly more
palatable by filling one and two dimensional arrays (PUMP, PUMP2) and by
placing the correct value in one element of multidimensional vectors (IPUT).

Unfortunately, the lookup routines require a certain amount of
overhead. On an experimental basis, the COMMON space necessary to maintain
these functions is on the order of 350 32-bit words. This can, of course,
be reduced for smaller languages, since this much storage allows for
lockup of nearly 100 different FORTRAN variables (arrays count only once).

Thus, there is also a function which returns the Heap address of
any lexeme when supplied the lexeme number—the internal representation
of the lexeme. LUMADR (Dougenik) differs from the lookup routines in that
it requires no overhead or initialization. It does, however, force a more
intimate knowledge of the language structure (to pack arrays or strings,
for instance). '

Let us return to our earlier example:
20 (15, 0) FILENAME STRING: ILEN,NAMFIL(20)/0,20%4H /

To get at ILEN and NAMFIL with the lookup routines, one would
create a variable dictionary with GLIB upon processing the language,
and supply that name to MAKER when it was called to initialize the vault
and heap. Then the code

COMMON /HEAP/ LUMP(1)

DIMENSION NAMFIL(20)

DATA NAMLEN, NAMF1, NAMF2/4HILEN,UHNAMF,UHIL /
=TREC(NAMLEN)

TLEN=LUMP(I)

CALL PUMP(NAMFIL, 20, NAMF1, NAMF2)

will fill up the counter and the string. (PUMP
takes the name of the array to be filled and its length). While this may seem
inelegant, it must be remembered that in the middle of the Mother Program's
execution, MAKER can be called again and the LUMP can change dynamically.
In fact, the same routine that called IREC here can be used again with the



new language in core, even if NAMFIL and ILEN refer to totally
different variables (or are totally unrelated) in the new enviromment.

If in the new language different file parameters are needed, for example:

51 (22, ub) NUMBEROFRECORDS ILEN/1/
67 (2 51, 13) OUTFILE NAMFIL(20)/L4HOUT. ,& g

UHMSG ,18%4H /

then when IREC is reinitialized, the routines in the mother segment can
still reference those variables.

To get the value of ILEN with LUMADR, one would write
COMMON /HEAP/ LUMP(1)

TADR=LUMADR(26)
ILEN=LUMP(TADR)

Note that 20 is the lexeme number for FILENAME. While the
user must remember that for a STRING structure, the text (NAMFIL) is stored
at Heap addresses IADR+1 to IADR+20, LUMADR has the advantage that
it does not require the lookup routines or the GLIB dictionary file.
However, unlike the dictionary lookup, the variables NAMFIL and ILEN
are accessable by the same code in a newly loaded language only
if the lexeme nmumbers are the same.

Iv.) Evaluation

The key question concerning language creation must remain, "At what
cost Dynamic Loading?" From what we have seen here, the greater
the flexibility in language modfication—-i.e., the greater the freedom from
recompilation—the greater the sacrifice in elegance and ease of accessing
variables in the Heap. While the intermediate steps are relatively efficient
(to load a language and initialize the lookup routines with MAKER for a
moderately large language requires on the close order of 50 disk reads
and less than one second of CPU time on a PDP-10/K-A) true dynamic
loading must require the user to go through interface routines to get at his
variables. Most realistically, the following trade-offs must be taken into
consideration: if the user does not mind being hard-wired into a particular

language-base——i.e., can tolerate the necesait.%oof recompilation-—then he
should remain with the old compilation method for small stand-alone languages,

and use the partial-overlay technique for applications arising from the
integration of various previously independent modules or requiring access
to two or more different languages within the run-time environment.

While the dynamic processing method with variable lookup may also



be used for overlay purposes, it seems generally more useful for applications
in which an entirely flexible language structure is desired. In debugging

in a fully dynamic environment, only GLIB and DYNAM must be run to integrate
the new language into the system. Translation into foreign languages may be
similarly accomplished without a new compilation,

While the LUMADR routine requires less overhead than the dictionary
lookup routines, it should be pointed out that conversion of previously .
written Mother Program segments may be more mnemonic with a call-by-name .
rather than a call-by-number system.

Once again, the size of the Mother Program and the cost of :
compilation may also be a factor in the decision. If frequent time-consuming
recompilation is necessary to integrate a set of languages for, let us
say, a partial overlay system, then perhaps conversion to dynamic
loading is advisable, Perhaps each dynamic co-process should have its own
"loader" which calls the dictionary routines and copies the language
system variables from the dynamic heap to its own common.

Appendix I

Technical Notes

The IREC lookup routine is called my MAKER to initialize the
variable dictionary. The characters of each FORTRAN variable name
are packed in LCG internal (Q) format for machine transportability.
The Binary dictionary file produced by GLIB is also in Q format,

and is written in the routine DOEQIV, which generates the equivalence
statements for the Block Data output file and the LUMPFILE.

A binary search for the lookup routines is envisioned, though not yet
implemented.

Appendix IT

Here we have an example using GLIB and DYNAM to create the necessary files
for dynamic loading. First, the language definition file,

DYNAM.LEX is TYPEd to get a listing. Next, GLIB is used to

produce a Binary Dictionary File and a Block Data output file

which contains the standard (constant) block data for the language

system also (COPY BLOCKO).



Next TECO is used to add the FORTRAN statements BLOCK DATA and END
to the GLIB output, so that it can be executed as a stand-alone
file (as opposed to being included in the Mother Block Data).

Finally, the Dynamic Language File creator, DINAM, is
executed along with GLIB's output, and the LCG utility routines.

All we must give to MAKER to load the language are the names of
the dynamic language file (TEST.DYN) and the GLIB dictionary
file (TEST.BIN), and the language comes up.

MAKER asks for these names if they are not supplied by
the calling program, but if they are given, language
changing and loading is completely transparent.

.TYPE DYNAM.LEX

OUT FILE: SNUG.DAT

DEF LEX NUM: 10

VAL:

. END

1
2

10

3
4

81
20
21

FIN STAT: 33 (33,40)(3 34, 0)
(40,0)

(1,3) SHOW SHOW:

(1,34) DELETE DEL:

(1,0) DEFINE DEF: ,

(1,3) GIVE PROG ONCE IMMED:
(1’3) SET ASS:

(3,40 0) GAMA YY/9.1/
(3,40 0) ALPH A/5.5/
(3,40 0) BET B/=66./

22 (3,40 0) WORDS ICHAR(5)/4HABCD,4HEFGH ,4HIJKL , ¥HMNOP , ¥HQRST/

60
REAL

61

BUNCH

23

34

35

36

37

38

4o

1

(3,40 0)

(VEETOR; X(10)/1-1,2.2,3.3,u.u,5.,6.,7.,3-,-9.9,3.1“/
3,40 0

INT: ITwO(5,3)/1,2,3,4,5,6,7,8,9,10,11,12,23,14,15/

(3,40 0) INT 110/5/

(3,40 0) ARRAY IARR(T)/T7*10/

(3,40 0) LOGICALS SET:QLOG(3)/3% .FALSE./
(3,40 0) LOG1  LOGICALS([1])

(3,40 0) LOG2  LOGICALS[2]

(3,40 0) LOG3  LOGICALS[3]

(3,40 0) SWIT  SWITCH: KOND1/1/

(3, 20 21) FLOP  FORW:



42 (20,0) ONE NULL:

43 (21,6) TwWO NULL:

END - )
50 FLOP ONE SWIT=2
%‘:‘D FLOP TWO SWIT=3

"RUN GLIB [,13111]
WELCOME TO GLIB, Donald

1COPY BLOCKG
1IN FILE: DYNAM.LEX
Transfering Control...

END OF LEXEME DEFINITIONS

TABLES REDUCED FROM 117 TO 116
2 SWITCHES AND SETS 6 REFERENCES
HEAP ALLOCATED UP TO LOCATION 60

##% ERROR ### QUTPUT FILE ERROR OR FILE ALREADY

WANT TO OVERWRITE IT? YES
MISSION ACCOMPLISHED

END OF EXECUTION
CPU TIME: 6.65 ELAPSED TIME: 51.58
EXIT

.TECO
HTECO.22.6F

(Lower Case Input]
&g BLOCK DATA

SAAAAAZJT END

6 SPACE FOR SCRATCH

EXISTS



.EXECUTE SNUG.DAT, DYNAM.NLA, MEFLAN.FLX, LCG10 [,13111]
FORTRAN: SNUG—— i ' )

.BLOCK
LINK: Loading
[ LNKXCT DYNAM Execution]

NAME THE DYNAMIC OUTPUT BINFILE TEST.DYN
I DID IT.

STOP

END OF EXECUTION

CPU TIME: 0.57 ELAPSED TIME: 7.23
EXIT :

.RUN TEST

LANGUAGE LOADER...NAME THE DYNAMIC VAULTFILE *TEST.DYN
NAME THE GLIB BIN FILE :
( TYPE "NOFILE" FOR NONE ) ®TEST.BIN

£ 12 SHOH
sa® SET
ss# DELETE
#88  DEFINE
#E8® GIVE

*c"c

Appendix III

Here are two figures showing various options for language
creation with different degrees of dynamic flexibility.
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Appendix IV

Here is a listing of the chief dictionary lookup routine, IREC.

5 FUNCTION IREC(INAME,JNAME,INDEX)

C BRUCE DONALD

C LAB FOR COMPUTER GRAPHICS

C HARVARD UNIVERSITY

C AUGUST, 1978

C

C GIVEN A FORTRAN NAME IN A4,

C SPECIFIED IN INAME AND JNAME

C AND AN INDEX (FOR ARRAYS OF ONE DIMENSION)
C

C THIS RETURNS A POINTER INTO™ THE LUMP FOR
C THAT VARIABLE.

FOR ARRAYS OF MANY DIMENSIONS,

(>1) IREC WILL BE SET EQUAL ONLY TO

THE ADDRESS OF THE FIRST ELEMENT OF THAT
ARRAY, SINCE TO PUMP

UP THE ARRAY, YOU MUST KNOW THE DIMENSIONS.

RETURNS (-1) IF ILLEGAL OR NOT FOUND

CALLING EXAMPLE:
I=IREC('ARRA','Y",34)
TF (I.GT.0) mmrisu) =XUMP(I)

WHERE XUMP IS EQUIVALENCED TO LUMP FOR REALS,
QUMP IS EQUIVALENCED TO LUMP FOR LOGICALS, ETC.

ADD IS TRUE FOR ADDING NEW FORTRAN VAR NAMES,
POINTERS INTO THE HEAP, (KH)
AND # OF DIMENSIONS (ND)

o000 0000000

COMMON /UNITS/ IOCMND,IOLOG

COMMON /HEAP/LUMP(1000)

COMMON /FORVAR/IFOR(150),ISTAR(100),NUMFOR,NDIM(50),KHEP(50),
+ ADD,KH,ND,NPLACE,LBUF(8)

COMMON/EXTINT/ INCODE( 127)

LOGICAL ADD

DIMENSION J(4)

DATA NPACK/S/,MPACK/64/,1.22/26/ ,LZERO,LNINE/48,57/, NW/1/

NUM=0

N=NPLACE+1

JPT=1



IF(ADD) GO TO 10
CALL A4TOA1(INAME,J)
CALL A1TOR1(4,J,dJ)
DO 1 I=1,4
JJ=J(I)

1 LBUF(I)=INCODE(JJ)
CALL A4TOA1(JNAME,J)
CALL A1TOR1(4,J,J)
DO 2 Is5,8
JJ=J(I-4)

2 LBUF(I)=INCODE(JJ)

g HAVE TRANSLATED INTO INTERNAL CODE...

C NOW PACK IT UP

c
10 IPACK=0
DO 20 I=1,NPACK
K=LBUF(JPT)
IF (K.GT.0.AND.K.LE.LZZ) GO TO 22
IF (K.LT.LZERO.OR.K.GT.LNINE) GO T0 25
22 IPACK=(IPACK®*MPACK)+K
JPT=JPT+1
20 CONTINUE
25 N=N+1
IFOR(N)=IPACK
IF ((K.GT.0.AND.K.LT.LZZ).OR.(K.GE.LZERO.AND.K.LE.LNINE))
+ GO TO 10
IF (ADD) GO TO 100
C WE HAVE RECOG TASK
C
C
C #2#% HFRE WE DO THE SEARCH ###
c ;
KH=0
30 KH=KH+1
IF (KH.GT.NUMFOR) GO TO 50
I=ISTAR(KH) '
=NPLACE+1
3B IF (IFOR(I).NE.IFOR(JP))GO TO 30
I=I+1
=JP+1
IF (I.LT.ISTAR(KH+1).AND.JP.LE.N) GO TO 35
IF (I.NE.ISTAR(KH+1).OR.JP.LE.N) GO TO 30
o
C MATCH UP...
C SIMPLE CASE IS FOR SCALARS...
(of
C
IREC=KHEP(KH)
NN=NDIM(KH)
c NWw IS THE NUMBER CF
C WORDS PER VARIABLE

IF (NN.EQ.1) IREC=IREC+((INDEX-1)*NW)
RETURN



50 WRITE (IOLOG,1000) INAME,JNAME
1000 FORMAT(/*' CANNOT GET ',2R4/)

JREC=-1

RETURN
C
g ADD IT TO THE LISTS AND TABLES
z .

100 NUMFOR=NUMFOR+1
ISTAR(NUMFOR+1)=N+1
NPLACE=N
NDIM(NUMFOR)=ND
KHEP (NUMFOR) =KH
IREC=KH
IF(NUMFOR.EQ.1) ISTAR(1)=1
RETURN
END

REFERENCES

Dougenik, J., "Development of a Lexic;.al and Syntactic
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1978.
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