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1. Credits

META 1s a product of Marinchie Svystems, 146 St. Jude Rd.» Mill Vallev,
CA 94941, This manual is not intended as a product specification. The
dJescription of META eiven in the file META.MET on the release diskette
shall in al)l events be considered the final arbiter on how META warks.

The PUrpPose of this document is to explain the use of a
svntax-directed compiler compiler in enoush detail that the actual
definition of the lansuase mav be read and understood.
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... META 3.5 User Harmal iy

2. META - A Svntax-Directed Compiler Writin® Lansuase ' 'f“g
2.1. What does “svntax~directed mean? : %
Webster defines SYNTAX as: 7 §
1) A connected or orderlv systemd: harmonious arrangement of Parts or %

elements. :
Z) The wawv in which words are put together ta foarm Phrases, clauses,
or sentences.

For our PurrPoses, svntas means the underlving structure of a lanauage
that specifies how the smallest 1tems ("tokens") are combiined to make
yp statements and Prosrams.

A syntax-directed compiler is ane that Processes the. inpPut socurce
Program asainst a description of valid swntax for  the jff%iaaeem and
¢rates code to Perform the. desired functicnseeuwhen . the svntax

‘pattern matches the inPut source

relocatable &otput text files which describes the assem

messases when the inPut source code does not confeemsen the svntax
description. :

META is a lanouase with which vou describe the syntax of a target
language - — that languase vou wish to compile, and the assemblrv cCode
that should be aenerated for each Part of the source code that matches
the svntax descrieption. ' ’

2.2. The Use of a Compiler _ ST B ‘ .

In practice, a user will create a text source file wusine EDIT that
contains  the source code to be compiled. The Compiler will read this
source file and create a file of assemblw lansuage statements that
perform the desired functions. Contro! 1s then pPassed tes ASM. which
reads the  intermediate . assembly lanouasgse. text filg L, writes  a
¥ ostatements
in a numeric farm, as i1f the - prosram. started at. address 0000 in
memory. R o o - ETE '

. i

. i 4 ‘ e
The wuser will compxle all moduleﬂ ‘main Proeram and anv wubroutings)
using the above erocess, and then will use the LINK prosram to make an
evecutable binarv file that contains the final, useable prearam. Each
time the erosram is to be run, the name of the executahle/ #ile is
entered as a command to the aoperatine svstem, - o . :

The process mav be pictured ast

Kevboard input > EDIT ¥ Rource file

Source file | > COMPILER 5 Gssembly Code File
Assemblv Code > AEM R ’Rf1-Catable'FiIe
elocatable ﬁl?es FE.%INH B B

¢:utable Fooaram
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In Practice. the compiler automatically executes the assembler, so the

f,‘IﬁSM ster is transearent to the user. The user follows the pPattern:
|

|

|
|

”*,;gfgags,the hardest part of compiler writing. -

EDIT >> COMFILE 5> LINK 3> RUN

2.%¢ Writine a Compiler UWsing Meta

Ta write & compiler usina META, vou will need a- verv s9ood
understandineg of assemblv lansuave eprogramine, the function  of
comPilers, and the ability to keer seperate time-related events

cosrdinated. As a pPackase, a compiler includes actions taken durins .

the oeneration of the compiler, durine the execution of the comeiler,
and dJuring the execution of the compiled program. In describine some
Ppart of a comrilers vou mav set a META flas to allow some option to be

compPpiler while it is examinine the saurce cade it is to compiles.  and
the run—time librarvy mav need set—-ue directions from: oyur comPiled
code. KezPring these related but seperatelv timed event: F¥erdinasted is

The task of writine a compiler mav be broken down intgewwe followine
steps? : ’ '

1) VYou wmust describe the exact evntax of the lansuasge wou wish to
comPrile., ‘ : ) E

) You must determine what assembly languase codz is to be aenarated
in resPonse to the various svntax elements. ' o ’

) You must write anv run—time subroutines that will bte needed by
the compPiled code.

You: must debue and thus wvalidate «vour comeiler and run—time
routinegs. This wil! actually consume most of vour effort,

You must, document vour coweiler and routines at

: A kvels: The
user’s TManual, and a pProgram Jozic manuwal, so tha

somesne ¢)se

oy’ :

) will need explainations ¢f why somethine was done thewav it was.
[’ I‘ This

manual  will attempt *o introduce vou to META: and explain’in
general how te use it. Onlw actua) work with META and  examina¥iorn  of
it‘s outeut will make the pieces a1l into place. While the use of
META will not come easily, it is a verv powerful toal that /will et
vou successful'y write compilers in a reasdnable amsunt of time. and
it is well)l worth the effort to learn.

may maintain the compiler. It mav bé vou six manths  tater that




[A—

:

1
]

&f';r
; “ 2.4. The Nature of Svnptax Descriptions

ail

Méféfﬁ;SAUreﬁ ﬁanuaf

It is imPossible to describe anvthine as complex as a language. in &
single definition. Thus the lansuase is broken inte several pieces,

and seperate descrirtions are siven for each mieces and then a "master

descrirtion” is made that shows how ‘the rieces fit tosether., The more
comPlex the lansuagse. the more levels of description that miaht be
used.

One aPproach that misht be used is to start our definitions with the
smallest pieces and build up from there. Ancther is to start with  the
aoverall proaram and break it down into smaller and smaller rizces,.
Whichever approach vou take derends on pPersonal preference,

In this manual., the bottom—up aPproach wil) be used, not because it is
bettar, but because it allows the use of examples that ahgm-nnr\neditu
the point under discussion, without the distraction of a T»ﬁﬂe “target

5

iumgggauase' to.be learned before examples mav be made. o - o T

The =mallc<t thlnﬂs a compiler must r«a=unablv he exe#E¥ed “o  deal
with as it s '

arcsuprs of characters taken together are usually the smallest thinss
that have individual meaning in a language. For exzamerle, almost all
proaramming lansuages use indentifiers, or variable names. made up by
the wuser. The “rules” +For these identifiers miaht be ¢xpPressed in
enqllﬁh- L v _ & : : R

A letter, fullowed by none or mure letters or digits, ended
br the first character that 1s not a !etter or a diait, is
an 1dent1f1er.

In META wou could describe this withs
IDENTIFIER = .ACHR $ .ANCHR .uTOVEN 3 ' s

" The

Which trannlgTes back into enslth as-_

IDENTIFIER = an identiFier is ) ,
(P .ACHR a letter o~ |
3$ fallowed by none or mare
« ANCHR letters or numbers
- CRTOKEN e "~ (make it a single thinse Frum nuw and
]J 3 ' (Thats ali, Folks!) /

The process of making a compile er with META begins with describins  the
lanauage in euch pPieces  as these. The fundamental terms that start
with a "." indicate assemblv code “run~time" subroutines. seveeral  of
which are erovided with Meta for uyse by compilers that 1t Fenerabzs.
You mav alse add vour  own  rune ~time soubroutines that are u-=doan
@ractly the same wavw.
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3. The Svntax of a META Prosfam

META is a recursively defined lansuagse. Each part of it) is dzfined
using smaller pPieces. When we get to the small picces, we find that
manvy of them are defined by using the “higher level" pieces. It is
like a cat chaisine its tail! Because¢ of this, it is necessarv to have
an overall picture of META as a lansuagse BEFORE the lansyaze mav be
adequately @xpPlained. To do this, we will make "two Passes" atl the
Problem. The first description of META is a simPlified examPle, and is
intended to give an overall pPicture, but not a good definition of =ach
riece. When that has been dune, a more detailed definition of META
will follow. ' '

S a

" . T L P gt ¥ 3 :
The fundamental structure in META Lansuase is thé&&kﬁﬁuCTIC‘i A
afduction is to META what a statement is to anotder. laneuageds A

Cproaduction defines the svntax for a sinale "piece"™ of vour averall

svntasx, in terms of even more fundamental Pieces. A siWPFTIfied svntax
description of a Production is: . : :

PRODUCTION = <identifier> 7= <choices "3 3}

This breiks down as fallows:
PRODICTION = The svntax known as <productions
: - is defined as being '

‘= "~ an equal sisn followed b

{choicesﬁ the svntax called choices ;3
g

Ty ’ ' “followed bvla semicolan . o =

: . (end of the definition)’ e

R Y .
.

One point of interest is that the META comeiler is writteén in META.
The abave META eproduction is itself writtesnsin META., See 1Ff wvou
understand how the lines

Py
“e

FROODUCTION = <{identifier> “= {choicesl

fits its own definition af a Production?

R SR

e i‘.“-iét')‘ R SR
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The <choices> svntax specifies that wvne and onlv one of a list of

svntax descrirtions must be used. A simPle definitron wf “choicess
isg?

1

CHOICES = <termlist> ¢ ( 7! <termlist> ) 3

o R B

f! Which introduces two new terms. The braces () indicate that evervtine
inside them 1is to be considered a single term. The $ indicates that
fl the next single term is to be rereated as manvy times as it is matched.

CHOICES = The svntax called CHOICES is defined as

{1 Ctermlisty | " The svntax <termlist>
v % ' followed by none'ab more : ?égia
- 'xof the Followinersroup= e
T

The character !

- “termlist The svntax <termlist>

1

Aend of the 9roue to be repeated)

wa

(end of the definition of CHIICED)

B

B E
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3.3. Termlists

,il A definition of <termlist: is?

a TERMLIST = { <test> | <action> ) ¢ ( <test> | <actiank ) 3 ;
| 1 TERMLIST = The svntax called TERMLIST is ¢
{ <action> ) Either the svntax of <test> or :

o ( <test>
Z if not that, then the svntax of
<actian.

{1 $ " followed by none or more
( “test> | <action> ) choice of the svntax of <testl
{i : or <actionl

e

End of the defintion of Ctermlistl.
- : : = - A {termlist> ends when the input:

a does not £fit the swntax of either . s
L ;

“test> or <actionl >

™ If the first term in a termlist fails, then centrol is returned to the
!1 choices level of svntax for testing the next choice, if anav. However,
i if anv term except the first term fails, then a SYNTAX ERROR is
detected, and an error message will be 9generated. This is because
I ¢ach . termlist is desisned to handle a Particular "phrase" and if pPart
of it doesn’t match, then there is an error. This mav be overcidden
bv Placing the character “:" before any term, forcins a failure ratucn
s as 1f that term were the first term. As an examele, a numeric literal
J miaht be defined bywy: - :

NLIT = $ .blank & .nchr & .nchr 3

1 | | o
- which states that anv leading blanks are te be skirped, and then if
v the  character . is not a _numeric dieit, the term is_pot 2 numeric
b%{j;‘ literal. . 1¢ dt is a aumeric dimif, ‘then eick ue anv Wine disits
aAlsa. i ' ‘ . - ‘ ’ ' ' '
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‘“Pa.o,. Tests and Actions

terms of META. An action does something, such as generate outeput code,
setting internal flags, etc. A test is a conditiovnal action. It mav
— either Pass or fail., If a test passes, anvy characters that is wused
!i from the source code file are removed from the input stream. If a test
- fails, the source code inpPut stream is unchanpsed from when the test

started, with one exception. Many tests will skie " over anv  blanks
F( before starting, and these blanks ARE removed, ever if the test fails.
g Later in this manual, individual terms are described, and those terms
that do this are identified. :

{l The svntax elements called {test> and <action are the two fundamental

I3
¥
i
¥
¥
¥

;
| ( Some exampPle tests are:

. TESTL = -7 <chel 3 Test for the existence of a sinsVE.
v : : . - character. We used this above with
T ‘= to test far ar equal sian T
C e il
. TEST = 7" <allx 7" 3 . Test for the existence aof a strine
JI - ' of characters, such as a kevword.

“"READ" would test for the kevword
READ being next in the input stream.

lJ Some examPles of actions are? v _’ ’

Generate outrut code‘Frqm.the rpattern
given in the string literal. An examples

“e

] CODE = 7' <s1>
| S

'“\bl\subroutine/". R .
\i TEXT = “.TEXT" <8l 3 Se¢nd the strine 'iteral to the conzole
3 as a messase o E ’

- . .TEXT "PLO Compiler V1.0".

o Thesev“mini¥definitions"\are'intendéd to sive vou a frame of reference
g For the more detailed and accurate descrieptions that follow. You
[Jelbshou\d not expect to understand exactly how thew fit together at.this

puint. ' : o .

___ -
e e
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. ‘ﬂ( ‘ ;f,w:‘ Lo
/‘P-‘l. Meta TEST terms
}Ai 4.1. Sinale Character’TestA

|

S

SCTEST = ‘7 chr 3

Any leadine blanks are skipred. If the next character is the srecified
character, then the test passes, and that character is removed from
~ the input stream. If it is not the specified character, then the test
MI fails, and onlv the leadins blanks have been remuved ¢rom the input

|

stream.

~ .
!_K 4,2, Multiple Character Test

MCTEST = <strins literald o | SR

Ao :
B - strine literal specifies a multiple character test. Anv leadine
danks are skipped,» and then the literal is tested asajipsts the inpPut
 stream. If it matches. the c<characters are removed from the input
j 1 stream, and the test passeés. If not, onlv the leading blanks are
removed from the inPut stream,» and the test fails. If uprer case
_ conversion is enabled, the test 'iteral MUST - be srecified in urPer
]] case to match the input stream. - ' ‘

{] 4.3. Multirle Character Test with Delimiter Check

~ MZTESTD = “? <strine literalr This test is identical to MCTEST excert
\} that ‘the character that follows the last character of the matched
J strine literal must NOT be alphanumeric if the test is to pass. This ;
lets vou test for a word such as GET and fail when scanning GETTING

~ 4.4. BLANK test o x o . ,

Lﬁghince many META tests, including all of the abome listed tests, skie
- any leading blanks that are epresent. while others, such as those used

tec build tokens, do not. the ¢ollowina test will Ppass if a “lank is
{J the next character, and if so. the blank will be removed From the

4

input stream. , /
JBLANK . e

[

)., This 1is an examPle of an assemblv lansuase test reference.
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o .S. Assembly Lansuase Tests

Any term that starts with a pPericd and is followed by an identifier is
™ considered a call to ‘ .
1 called with a BL instruction and returns with the E@ flaa set to
indicate FAIL. and with the ER flas cleared to indicate PASS.
., Reeisters ré and r7 are used for scanning characters and must naot be
}} chansed, and register r10 is a local use stack that mav be used but i
') must be restored uPon return. See the source code for the METALIE '
routines for examples.

kg L R

LI ATMTEST = “. <identifier> [ <arsd 1

The optional arsuments are defined by:

-
)J o
‘ ARG = <numeric literal> | <identifier> | JIstrins literal>
P77 sanve 3 , e
xnd  rePresent pParameters Passed to the routine bvw gederating them as

nline data statements fullowines the BL instruction., . oo

i As an examPle, the test .ASMEXAMPL(1234vaIPha,’c) will 9generate the
L Fal]awins call:

[ : b1 - SMEXAMPL
| | © data - 1224
dJata alpha

ll.:ll

] a dJata
{ And the term .ASMSTG("string 6F text") will gererate:

b1 - " ASMSTG \ | -
“text  “strine of text” SEEE , : » .
bvte i 0 Co ' t R R

e metERTT e -

' even v - R S \'; . : : m‘ . &
wew A ) LT s - L : o < il : N
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] A
4.46. Invert Pass/Fail

c I+ anv test term is preceeded bv a minus sien, then it's pass/tail %

a

status is reversed. For example. =" means *o test fFfur a auote
- character, and remove it if present. Fail if 1t was present, and pPass
\( otherwise.

AR T

1 4.7. Discard Takens
DTOK = “~ - .<numeric literall ’) 3

}i The indicated number of tokens are removed from the token stack and
discarded.

{

{i 4.3, Production Call -
s e
An  identifier that does not -have a period before it is 4 call to
~rfrsther production. This lets vou de ) in Pieces ‘and
connect  them. The Pass/fail status of that eroductign.becomes the
Pass/fail status of the term. An example of this is. the use of <aral
f} in the specification of an assembl~ lansuage test. Note that the

characters < and 2> are opPtional, as thewv are allowed for compatibilitw

with BNF notation onlv. Usually, thev are not used.

]
| : . .
- 4.7, Nested levels of CHUICES

F} AnvPlace that ~rou may use an individual test, vou mav use a set - of.
L choices, by enclosing them in (bracesl.

| - . K o - .
[] 4.10. Svntax of TESTS ' c

' TESTS = <identifier> % eproduction call % -
! <strins literal> % multi-character test %
{77 <string literal> % test with delimiter check %

i ‘= tests _ % invert pass/fail. of next term %

b7 7 {inteser literal2 ’)"Z qiscard\t$fen5 o D
V7. Zidentifier> £ are 1 % assemblv lansuame test % —~

B

che % sin9ole character test %
“( choices 72 % outer level! choices as a term %
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S. META ACTION Terms ;
) ACTION Terms are those terms that alwavs pPass, and thus are not ;
' tested. Thev pPerform some desired action. Thev are used to aenerate
. output code, make messases, Provide cortional constructs. and repeat
1] Pparts of the swvntax. :

b T

71 S.1. Counted Repeat

This term Provides the ability to repeat a selected term and count
- down the value stored in a .DECLARE variable. When the value 1s Tero,
i the repeatina ends. The format is:@ ' e

RPT = ?"REPEAT" <declare cel) identifier>
{ acticn ) test ) 3 '

|
|

.ERROR <strine literal>

[ .TEXT <string literal>

- S.2. Message Cenerating Terms
‘ ﬁ,wmrm_

.
L
|
’,

Both of these terms displayvy the strins literal as a console and
. listing message. Error will also generate a svntax error sequence.
. |
i

B S.2. Qetignal :CHOICES
| , . . — ‘
LJ By enclosing a term or a  list of choices serPerated by "!" in
{bracketsl, the resluting pass/fail status - is ignowred, making 1t s
(~ Rresence . oPptiaonal. Note that this does not mean that a multiele term
J ;choice that passes it“s first.term can fail! following terms.

15,4, Repeat Jerm until Fail

RF = "¢ <term> _ '
. N - . - . -~ ’ l- ‘.‘"" - :
(§§rhe term is rereated uatil it ¢fails, and the fail status is converted
T ta pass. ’ ‘ ' : S
%.5. CALL Trace Control N ' :

(J . TRACE

~ NOTRACE

[ "These terms turn a trace Vizting of each praduction as 1t
|1 onoand off. This is used tx debus vour META eroeeram. These terms
should not he wnoanv finichzd META proaram.




META Siﬁ User Manual

i

Pé. Quteput Code Generation

A the swvntax analvsis of the source code Prooresses. aPPrafFriate
ssembly lansuage code should be generated to perform the statements.

‘ ile) or it may be stored in memory (deferred) for later output. This
is useful when the source svyntax is in- a different order than the code

that must be 9enerated. An e¢xample of this is a statement to write
l data to a disk file: "

|

PRINT #13A,E,C

l E The «code. to write a line to the disk file will be 9eneratad b
J analvzing "PRINT #13" but should not aPPear in the assembly pProgsram
until ‘after the line to be Printed has been e¢dited by analvzine
(( “A,B,C". In this case, the outPut from the "FRINT- #13" -is  deferred

until-aFter'the autput from "A»B.C" has been generated. s

. - . i 4{.,, . = .

[~ META version 3.2 offers 4 seperate deferred cuteput streams, and alsa
~yffers a switchable eutput stream. The switchable stream mav be
15519ned te direct autput or to anv of the deferred’ output streams,

and then other productions that senerate code to the ‘switched autput
(] stream will use the Pre-selected output stream. An expression analvzer
misht senerate code to the switched stream. Other producticons then
could ‘reference 9eneral exPressioms and select which outrut stream the
f] exPression code would be sent to.

When voiu-are feadv to use the code that has been sent to a deferred
sutput  stream, wou transfer all code saved in that stream to the

N

might he-
= hengrate code for “PRINT #15" to a deferred output stream -
'fl Generate coede for "A,B,C" to the direct output stream ‘ <

— Transfer all code in the deferréd gtream to the direct stream.

'ﬁ] Transferins = - deferred nutput stream empties it. It £5$!§§Gn te used
again for new deferred output code.

Code mav be sent directlv to the output stream (ysuallw the TEMPLS -

direct outeut stream. In the above examPle, the seauence of events .

i

G o A B
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.~‘Pé-.l. Code Generation ACTION terms '
The form of the direct cuteput ACTION term ist

(1 DCODE = ! <strine code literal>

Py R g B it

The form of a defeﬁred cutput ACTION term iss

e

(] DEFCODE = 7' <numeric literald> <strine code literall
) For- the present version, the numeric literal must be 1.2,3, or 4.
| . .

i1 To transfer code from a deferred outPut stream, use:l

f} DEFTRAN = “~ <{numeric literald> -

SWSEL = “!' ‘= <{numeric literal>

The numeric literal must be 1:2,3, or 4, e #
}'bwlt.e~ faorm used to select the switched outerut stream is:

C 0
}J The numeric literal must be either O ¥or direct outeut, or 1,2,3. or 4
for deferred outeput,

(} To generate code to the switched output stream, use:

SWCODE = 7! 0 <{string code literal>
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ﬁ.b.z. Strine Code Literals

The actual code.tc be o9enerated is specified by a strins& code
i literal. This is a text strine enclosed in "auotes". Several
B characters have special meaniness in such a string.

\ Tab to next assemblvy field

/ end the line of assembly code and send it to the ocutput stream

“c copvy the next character exactlvy. This is wused to ayteut
characters that have other meanines.

*# output the tor token and remove it from the token stack.

+ outeput the tour token, but leave it on the token stack.

‘ #0 Generate a decimal number for the value in DUTO.

#n Generate a label unique for this praduction call. There are four

{ such labels available for each productinn iteration.

A1l ather characters are coried exactly as thev appear. *

R

"ywaor each of the followins examPlas, assume that NAME is on the‘topzﬁof
the token stack, and ABRS is next on the token stack.

| T . ve\pshr\ro/"

} Pshr rQ
. . SN\ TINrO, ¥/ \mov\rO,#/"
! 1Mo r0» NAME
L . mov r0, ADRS
]"_‘ o !“\1 i\r,Q’ I-ul*l’.“/ll
{_ 1o “gn
i~ - . 1O\MaVv\+> rO/\MoaV\“ #r 37+, #/"
I mov NAME, rO ' , *
— mov #r 3+, NAME o -
=3 - h -
LJ
’ [hg —~r’
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@7, oPTIONS and SETUP statements ~.
There are several meta facilities that reauire setupr or data
declaration before startineg wvour eprogram. Collectively, these ars

called ouptions, even thoush some of them are very necessaryv. Thev :
appear in wvour META eProsram before the .SYNTAX or .STATEMENTS terws. 1

7.1. FILEID

One such setur ertion is the assisnment of a file id for use bv the
link editor. Each META pProsram module shoeuld start with this ortion:

FILEID <module identifier> 3

7.2. FILETYPES c e i

that has .SYNTAX in it) is the filetvre ortien. This  specifies the

_{TEWAﬂother setup  ortion that must be present in a main module only (one

(] +FILETYPES ;MET .REL ASM 3

default “file tvees to be used for source and destination files if’ the
names 91ven do not have pPeriods in them. It~- s format iss

- .FILETYPEb Lsource file tYPeJ « <relouc fxle tvrel
_ T dexit cmd name> §

- As an examPlé&

is used bv the META compiler itsel@.

Use of an exit command name 'otheb than AZM allows code opt1m1ger

b modules to be autumatxcallv included in the comPilation Process. o




J
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’ 3. Attributes

There are twoe tvepes of attributes. GLOBAL attributes are gencral
PUrruse ves/no flags., SYMBOL attributes are +wves/no flaas that are
related to an individual identifier. There are 32 3labal attrilbutes
and, for each identifier, there are 22 svymbol attributes.

To declare an attribute, use the .attribute statement:

.attributes name 1it €, name 1it ... ] 3
where name 1s an identifier associated with the attribute, and 1it iz
the rnumeric it number 1 throush 32 assigned to that attribute. Soame

exampPples:

.attributes fevar 1, intvar 2, stavar 33
.attributes inrfile 25, outfile 263

Each attribute becomes an assembler equ statgment:

e .attributes fevar 1, intvar 2, stevar 3 ' .
translates into:
fpvar equ 1
intvar equ 2
stovar equ X
To use slobal attributes, vou use the followine terms:.
.slattribute) set 9lobal attribute on
.r(attribute) reset alobal attribute off
.iff{attribute) Pass if 9lobal attribute is set (an)
—.if(attribute) pass if alobal attribute is reset (off)
To use symbol attributes, you use the followins termq,ﬁ.%%fiﬁg'in mind
that they amply to the svmbol that is closest to the F the token
stack? ‘ .
0 .as(attribute) set symbol attribute on
.ar(attribute) reset svmbol attribute off
.aif(attribute) Pass if svmbol attribute is set (an)

—-.aif(attribute) pPass if svmbol attribute is reset (aff)

Attributes (both Svmbol ‘and slobal),éfe all reset upPan léadine v
campPiler, and if necessary, must be set bv wvaul
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B =
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.7.4. Compiler Variables

You can set aside named inteser variables for vour compiler tu  use
while comPiline a Program. You do this with the declare statement:
-
, .
.declare name [(lenath)] [,namel(leneth)...] 3
. where name 1is the name to be used bv the variable, and should be
‘, unique in its first 6 letters, and length is the number of lé&-bit
words set aside for that name. If the lenath is nat sevecified, then !
word is set aside. Some exampPles aret
k .declare nrint.nrfes
.declare bia(1000)3

Each name 1is defined as an entry name so that the link'editor ma
allow manv modules to refer to that variable. '

BAR T

..To use these compiler variables, the fallowina terms are available:

]

]

. .clir(var) set var to O e
«inz(var) add 1 to var
.dec{var) decrement var :
.set(var,lit) set var=lit (the literal value)
.mavivarl,var2) set var2=contents of varil
«max(varl,var2)  set var2= largest of varl or var2

.eal(varlitl,varlit2) prass if varliti=varlit2

EGQL treats each Parameter as a'Titeral if ite value is 255 ur Jass,
Dtherwisa, 1t 1s assumed to be the address of a comPiler variable, and -
the contents of that variable is tested.

«gend(var)

" GEND senerates a .decimal .number equal to the valdq=HE§yar inta the-
outrput streat. . . L i .

Anv externally defined variables in the compriler runtime pPackase
(metalib/metauti)) mavy be manievlated with these.terms. ‘ ity

et

There are three terms available for performing arithmetic an declare

cells:
}/
.cadd(var,1it) : . add the literal t& the variable
.vadd(svar,dvar) _ add the source variahle to the
: . - destipation variable ,
" svmpPy (svars dvar) cmultiely the two variabl and

@s
store the result in the destinatian.

Pt
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jpms. Ltility Stacks L

META 2 pravides vou with the ability to have several uotility  stacks
under vour direct control. To declare each stack use the stalement:

.stacks name(lenath) (.name(lensth)...] 3

which declares -each name a wuwtility stack holding lenath number of
14-bit words.

To use these stacks, vau have the folowing terms:

.sPush(var,stack) push var to stack. Pass Unless
stack averflows.

.sParP(stack,var) PoP var fraom stack. Ppass unless
stack is emptv (under+low) [

e e

.7 . Kevwords s

In most lansuases, there are certain kevwords that must rnot be used
for identifiers, as they are used by the lan2uase itself. The term
«KWCHE described under tokens checks a list . of such bkevwards. Far
this to woerk. however, the kevword list must be defined. The kevword
statement does this: ’

-e

KW = 7".KEYWORDS" <kwrd> $ <Lyvwrd> <3
kwrd = .achr $ .anchr §

A1l kevwords MUST he listed in ueper case to allow case insensitivity
in the resulting compPiler. ’

awe -

An exampPle is: ) w
g _ s e

.KEYWORDS GET PUT. READ WRITE DO FOR TO STEP 3




|
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‘]' 7.7. Svmbel Value Cells

L e
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Each svmbal table entrv mav have ane o more named value o s11s
attached to it, which are all set to zero when the svmbol 15 det 1aed.
You 1o ltement this with the .values statement:

.valuyes name [rrname...l 3

There mav hbe only one values statement Per Praaram. which must liet
all of the desired value cells,

For esxampPlel

.values nrdim,» tcode, assoc, sveaus

would declare that each svmbol table entrv will have 4 valy- .
known as nrdim, tcode, assoac, and sveadu, which miaht partaps retar
the number of dimensions. variable twvpe oode, At assca.tabad

e T

A..variat-les, and socome svmbol e¢quate value.

You mavw onlv work with the svmbol value cells for the svmbol that is
closecst to the top of the token stack. You do it with the falluwins
terms: i

.vldivar,valcell) move variable to svmbol wvalue cell
.vst(valcell.var) move symbel value cell to variable

for example:d

)

W

——

—
t

.vidlintbin.ardim) move intbin variable to the nrdim
of the current svmbal,

'ﬁ = T

: . .7 ) - . - * - E - .
i . . . U e
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eﬁ?. Source Stream Scanner Contro)l
5] Several . external variables are2 availtable in the 1aput file sccan
~ routine to allow META prosrams to control the irput stream. Thev wmav
be changed with .SET and tested with ,EQL.

Bl ealchr This «<e¢ll holds the chaaaracter to be arended at the and af
every source line. Set it to a spPace unless vau have a  line

;z eriented lansuase.

| :

- cmtchr This «character starts a comment. The input source stream is

— igrored until an end-fo comment character appears.

| o |

‘ cmtend This character ends a comment. If comments are handled by A

N statement tvepe such as REM in BASIC, set cmtchr and cmtend to

:1 -0 to disable comments. :

' 1flche This character aeppearing in the source stream,g}ll fFlustrsta

i u the end of the line and get the nest source line "as  1f. gk

]§<n-A - were on the same pPhvsical line of text. e

,.__OI'F'Iush - This switch causes the line flush acticn., Ifour Prasram
l decides to isnore  the rest of an  inPut line, set this
variable to 1. T

r Svmuc If this switch is not 2zera, all characters exceprt thuse
)I accessed throush .ANYC will be converted to upper case. ‘
smade - This . switch <contrels strine mode. When it 15 non—-zera,
[1 comments controlled with cmtchr and cmtend are temporarily
J disabled, so that those characters mav be used 1n strines.

accessed, startine with 1. If it is zero, the nert charac¥er
will be the first character on a line.

mj In addition ghere is cne test term provided: w

NEOL | S | o o

TJ colcnt This cell holds the column number of the character last

@DLhich passes if there are anv characters le¥ft an-~the present Nine *muf
] ) g y I .
source text, :

4
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I“' Yeina the META Comeiler

META (and all comeilers mrittén with 1it) have the #allawinz commancd
'1 svnitans

META “reloc filer=<sourcefiler ([ <asm filel) [.<liztine Filel )]

3

‘f Relacatable files will have .REL appended to  thelr name unless: a
pericd appears in  the specified name. Source files will have .MET

appended ta their names unless a pPeriod apPears in  the name. (These

{1 - default file tvres are determined by the .FILETYFES statement).

To use a file without anv tvepe default, specifv the name with a r:riad

as the last character: ‘ '

META tempPi%.=Pragram

AJHMMIF A cmmpile anly.  orPeration is desired. omit the refocatable Q1.

@ riafme

META =eproaram

] _ | | |

L There are a few "typing saver" aptions allowed with the relacatable
and scurce file name. If no equal sisn is present, then the first file

f‘ name specified is used for both files:

L

META pPro9ram

(} will use Progsram.rel and Prooram.met

g

If the files are on different drives. vou mary use the faorm:d

:T ; _ ] ‘ , .
J

META L/=2/Pro9ram

F?j whichkh wil) use.l1/pProgcame.rel and 2/eroaram.met
| Sl Y =

N
]
J
3
{




, META 3.5 @UICK-REFERENCE sUMMARY 3
SRR B £ e T UEgELS AR SRR
f  STRUCTURES N T
» IRraal = [loPrtions ...2 :
@ (.STATEMENTS ! .3YNTAX } ,
! 3 Istmt> (END -
ll Lstmtl= Tidi = £ 71 <termlist> 3 <choices: %
) <choicesk = Stermlist> $ (0 {termlistd ) ;
o “termlisth= Cterm> $ ( <action> ! “eltestd Idtest i ‘
L.
Sterm = Cactions | <Jtestl
- .
ii OPTIONS
i LFILETYPES .source .reloc exec
‘1 . TAES
l, cNOTARS
CETACKS <Jid> € <2d23 1  <nZ Y ... . .
- LDECLARE <C1d% € (<Xn2) ] »... '
| | - ATTRIBUTES <id> <n> ...
& .FILEID <id> ‘
- LCODE <idy <e ... o
LJ LVALUES <idX »...
SFEYWORD:S <kid: [,1 ...
il ACTION TERMS (NOTEST)
— '= - assion variable ocutrPiut stream
|1 0 is direct output, 1-4 defered
- 'O <8l variable auteut from literal string
'O el variable output from code Pattern ° S
{” '<n> <s> output to defered stream from literal strins .
{ '<n <P outeput to defered stream from code pattern. ¥
- “~n “Pup defered output stream <ns i
IE?» . «FPRNDEF (<In)  print defered stream on console as me " . L ;
lJ -REFEAT v <lterm> pPerform <térm> <v> times
) . TRACE production call trace on
SE NOTRACE . Production call trace off .
I .ERRIIR <sl» ~swntax error with displaved VYext messase A
LTEXT sl ) diselav tex* message ‘ ”
[ .FAIL , fail current procductidn ! i
11 .PASS " term that alwavs passes , i
o [ <choicesX ) cptional choices S ‘ .
‘ % Tterms , rerpeat term as lone as it pPasses
!l LLIMIT <nX % “term> rereat Passing terms up to “Inl times
j
L
L
[ S 2




|
{ <1
8-
'y
[] ~< b m
SO TR )

TEST - TERMS (can eass or ¢aiil
invoke production :

Prass if string literal value 1¢ pRast instrzam
as above. hut delimiter must be vnon-an tn pas-
invert Pass/fFail af Cterm>

digcard “n> tokens

. discard one token

invoke assembly lansuage subrautine

« w1dZ (warer) asm subroutine with arauments

«azhr
. sANCHT
’i o mzhrs
| .
{ hehir

o AN
(" cuntalkn

( - oen

L B
e evihr

RY M LUm

(

ckwohtk

atuken

C_J

. Frmbl
uJ . QS'.mb i
E},_ i af EN qr-h )
I
LsYmMSCn

L nxetevm

} IDURRYM |

.mtoken( ¢

”1 sltukean (.

test for occurance of character <ok next tnslbream
test for character, allowing leadine blanks

| RN
[ - . s
1w ( <chulces> 2 allow multiele choices as a sinsle term

TOKEN BUILDING TERMS

alrha character builds
alrha or dieit ok.

divit ek . ,
hex digit ok Lt P :
any character ok : R o

remave char tast appunded to burld bufker_

/I

character accePted bv test e
O thru ¥ value of last chr 1if dxnlt
and 10 thru 35 Fur A thrv Z

) if next chr is “c* then arpend it
) arPend the character "c“

pass if token not a kevword
it it is, return token to instream % fail
ayee taoken to tokeén stack

pass if tuken is ereviwusly deéfined
set CURSYM

add (deflne) token a= new svmbol
cet. yURSYM

reference symbol i_rw:-m#ﬁURS‘-j{M }for‘ 'attrit‘yutew:"

v®luyass etc.

1n xalxze symbal table scan ,
apeend next symbol to build buffer T
normallvy followed bv .atoken

se v CLIRSYM

e

current symbol eointer o e /




CHARACTER CLASS VARIABRLES

character classes are?

!
=
L9

- @ CCICA Upper Case Alrha
‘] 2 CCLCA Lower Case Alpha
)4 CoN Numeric Diait
8 CCH Hex letter A-F or a-F
j} 14 CSPCL Special Characters
! 2 OCIZA Alrha uPPer or lower case
7 CCAN AlPha or numeric diait
=y 12 CCHN hex digit 0-9, A-F, or a-f
}1 22 (unused)
B Y (unused)
h} 122 (unused)
CHRACTER CLASS OPERATIONZ
-
{3 LZLTEST(Cvr, <iclassvars) Pass it char in v fits class
T WCLCORPY(<Zoldclassydnewclassy) Define <newclass> to be all
-  characters fittins <oldclasst:
j} _ CILINS(<char or var>,<class>) Add character to class
- L eI?LDEL(f-T’_-:har ar vari,<classl) Remove character from oclass
-
|
L.

|
o

T




ATTRIBUTES

o8 (Z1d) set alobal attribute
o (21d) clear 9labal attribute

LJ1F (D1d) taest 9labal attribute

.as (<1d>») set svmbol attribufe
f .ar (1d*)  reset svmbol attritute
! .alf (1d>) test svmbal attritute

‘j ' VARIABLES (declared)

‘ ez lr (v clear variable to O
eln (slvi) add 1 to varaible
Tl edec (Ivi) ' subtract 1 from variable
( .set(<vars,<n™) cet variable to value <nx>
cmav(Ifromvi, Ttavi) tovEEromy
( emax (vl CviED) v2=max of the twa variables
(} ceal (v, vzl rRass 1f v1=v2

values less than 254 are lYiterale
otherwise thev are variable ddrecee.

;J . egend (£v) sutpPut decimal value of vl direct

[ @ ecadd (v, inl) add literal <nd to variable - /0
evadd (v, v add <vl1 to v

— e vmpPw (v LT, Dy 20 vi¥vZ to vZ

lJ v1tOCliy:) S Pass if VIO

L cevenup (yvi) “round YV oue to next even valus

«dadd (v, IvE22) add 146 bt vids ta 2 bt vET
cdmey (v 1&aT, SIviE3ET) multielyw 14 b2t vi1ds tao 22 bk

]

ednea(dz) neaate 22-bit variable
|
[j ‘ ' STACES
— .sPush(var,sttk) Push 1nteger to stack
EJ fail if stack is full
L «s5Pour(sthk,var) . Ppup stack to 1nteger

fa1l 1f stack 1s cemety

VALLE= of svmbals

.vld(var,valuename) set svmbol value
.vetlvaluename,var) get svmbol value *a var = =~
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«NEQL
. BLANE
« LINSICA

ealchr
cemtchr
cmtend
1flchr
1¥flush
SVvmuC

smode

coleont

nolink
nas$
agto

N

tab
end
use
CaPY

nse

AQene
dene
Qene

SCAN CONTROL

rpass 1f not end of line

Pase 1+ next character is a blank
unscan Praevious character

chr must ke on came source line

chre to appPend at wal

chr to start embedded comment
che to end embedded commernt
char to flush rest of line
switch to flush line if nat O

convert to upPercase if not 0O, excert .AMNYC
strine mode - disables cmtchr, cmtend
cal # af last chr accessed. O=start of line next

OTHER STANDARD VARIABLES

# errars., I¢ O, campiler will link to ne:xt pPraarcam
O=mdes: =1=Ni0s '

used to hold value 9enerated in outpuyt

CODE GEMERATION ELEMENTE

to next ASM field

se¢nerated line

token from stack
token from stack

c literally ( used to

coutput ZGEN charactare)

rate JUTO value in decimal
rate QUTO value in hexidecimal
rate label uynique to production




ETA I
A SYNTAX-ORIENTED COMPILER WRITINO LANGUACE

D. V.

6cborre

UCLA Camputing Facility

META IJ 1s & campiler vriting laaguage vhich
cousists of syntax equations reseabling Backus
sormal fors and into vhich imstructions to output
sseembly language cammands are ineerted. Cam-
pilers bhave been \‘ritten in this language for
VALGOL I and VALGOL II. The formesr 1s & simple
slgebraic language designed for the purpose of
1llustrating META Il. The latter cantains a
fuirly large subset of ALGOL 60.

The method of writing ocampilers whiah {s
given in detail in the paper may be explained
briefly as follovs. Each syntax equation is trune-
lated 1into & recursive subroutine vhich tests the
input string for a particular phruse structure,
and deletes 1t if found. Backup 1s avoided by the
artensive use Of factoring in the syntax equaticos.
for each source language, an interpreter is writ-
tes and progrems are conpiled into that interpret-
ive lagguage .

META 1I is not intended as & standard lan-
guage vhich everyone will use to write campilare.
father, it is an exmaple of a simple vorking lan-
guage vhich can give one & good start in design-
ing & campiler-vriting campiler suited to his own
pecds. Indeed, the META Il campiler is wvritten
in its own language, thus lending itself to modi-
ficatiou.

Ristory

The basic ideas behind META II vere described
in a series of three papers by Bctlidg,l Mot~
calf,2 and Schorre.3 These papers vere present-
od at the 1963 Naticpal A.C.M. Couaventicn 1n
Deaver, and represented the sctivity of the Work-
ing Group on Syntax-Directed Compilers of the Los
Angelas SIGPLAR. The methods used by that group
are similar to those of Glennie end Couvay, bdut
differ in one important respect. Both of these
researchers expressed syntax in the form of dia-
guns, vhich they subsequently codsd for use co e
computer. In the case of META II, ths syntax is
ioput to the camputer in a notation reeembling
lackus normal form. The method of syntax analy-
eis discuseed in this ynpog is entirely different
fra the cne used by Irans® and Bastian.7 ALl of
these methods can be treced back to the mathemat-
ical nt\ng: of natural lapguages, as described dy
Chamsky .

Syntax Notation

The notation used bhere is similar to the
mts language of the ALOOL 60 report. Probably
the main difference is that this notatiocn can be
keypunched. BSymbols in the target languagv are
represented as strings of charecters, surrovunded
by quotes. Metalinguistic veriables bave the
sams form 8¢ identifie~w im ALGOL, vis., & lettar
followed by & sequUenrce of latters or digits.

Items are written cousecutively to {ndicate con-
catenation and separsted by a slash to indicate
alteruation. Each equation ends vith a semicolon
vhich, due to keypunch limitations, is represented
by & period followed by « camma. An example of @&
syotax equation is:

LOGICALVALUE « '.TRUE' / '.FALSE' .,

In the versions of ALOOL deecribed in this paper
the symbols vhich are wually printed in bold-
face type will begin with periods, for omph:

«PROCEDVRE .TRUE .IF

To indicate that a syntactic elemert 1s optional,
{t way be put in altermation vith the wvoru .BwPTI.
For exmmaple: :

SUBSECOUNDARY = '8' PRIMARY / .pMPTY .,
SECANVDARY = PRIMARY SUBSKCOMDARY .,

By factoring, these two oquntionn can be vritten
as & eingle equatica. ..’

SECONDARY = PRIMARY('*' PRDURY / .BCTY) .,

Built into tbhe META II language 1s the abili-
ty to recognize three basic sywbois vhich are:

1. Identifiers -- re,.ewveated by .ID,
2. 6trings -- represented by .STRING,
3. Mmbers -- represeated oy .NUMBER.

The definition of identifier is the same 1n
META Il es in ALCOL, viz., a letter followved by a
sequence of letters or digi‘s. The definition of
& string is changed because o’ the limited char-
acter set available oo the usual zeypanch. In
ALGOL, strings are surrounded by opening and cloe-
ing quotation marks, making it possible to bave
quotes vithin a string. The single quotation aark
on the keypunch is unique, impreing the restric-
tion that a string cm containp no Othar
quotation marks.

The definition of m-bcr has been redicelly
changed. The rvason for this 1s tc cut dowvo oo
the space required by the machipe aubroutine vhich
Trecognizes mumbesys. A oumber i{s cinsidervd to be
8 «tring of digits vhich may iuclude imvedded
pariods, but may not begis or epd vith &« period;
morwover, periods aay not be adjacent. Th. use of
the subecript 1C has been esliminated.

Nov we have enough of the syntax defining
features of the META 17 “anguage 80 that ve can
cansider s eimple example i same datail.

The example given here ia & act of four syn-~
tax equations for defining & very limited class of
algebruic expressiocas. The tvo operators, eddi-
tion and sultiplication, vill be represeated by +
and ® respectively. Multiplicatica takes preced-
apce Over additicn; otbarviee precedance is indi-
cated by parentheses. 60se examplee are:
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A
Ae+D .
A+DeC
(AeB)ec .
The syntax equatians vhich dsfins this class of
axpressiocas are as followe:
X3e.ID/ '("E1 *).
m-uag'-'m/ nn-rr
Bl B2 (‘' m / .oerY

EX {s an abbreviation for otpuulm. The
last equation, vhich defines an expression of or-
der 1, 1s counsidered the main equation. The equa-
tians are read in this manner. An expression of
order 3 1s defined as an 1dsntifier or an Open
parenthesis folloved by an expression of ordar 1
folloved by a closed Iarenthesis. An expression
of order 2 1s defined as an expression of order 3,
vhich may be folloved by & star vhich is followed
by an expressicn of ordsr 2. An expression of
ordsr 1 is defined as an expression of order 2,
vhich may be folloved by a plus vhich 1s followved
by an expression of order 1l.

Although sequences can be defined recursive-
ly, 1t 1s more convoniont and efficient to have &
special opermtor fur this purpose. For exaaple,
ve can define s sequsnce of the letter A as fol-
love:

SEA =3 'A° .,

The equations given previously are revritten uxing
the sequence operator as follows:

X3 e .m/ o' E1 |)o .

EQ « B3 : }'“ 3

Bl «eD2 8 (‘o' OX2) .,

Output

Up to this point wve bhave considered the
potation in META II vhich describes object lan-
guage syntax. To produce & oampiler, output came
mands are inserted 1nto the syntax equations.

.Output fram a campiler vritten in META II {is al-

vays in an essembly langusge, but not in the as-
r the l&01. It 1s for an in-
terpreter, such 4@ the interpreter I call the
META II machine, vhich is used for all campilsrs,
or the interpretars I call the VALGOL I and VAL-
GOL II machines, vhich obviously are used vith
their respective source languages. Bach machine
requires its ovn assembler, but the main dirffer-
ence between the asscmblers is the operation code
table. Coostapt codes and daclaretiouns may also
be differeat. Theae assemblers all have the same
format, vhich 1s sLOown Lelow.

LABEL copg ADDRESS

<10 i2- ()

An assembly language record coatains either
a label or an op code of up to ) characters, but
pever both. A label begins in column 1 and may
extend as far as column 70. If a recbrd contains
an op codls, then colump . sust be blank. Thus
labels aay be any leigth and are oot attached to
inatructions, but occur between instructioms.

To produce ovutput Leginning in the op code

Dl.3-2

fleld, ve vrite .(UY and than surround the infor-
matian t0 bde reproduced with pareatheses. A
string 1{s used for literal output and an asterisk
to output the special eymbol Jjust found in the
input. This 1s 1llustruted as followe:

K3 -.ID.QUur('D*e)/ (' mx1 ") .,

m-nati'"na .U Wt

) + 68 m § -o'm.an('m'”

To cause output in the label field we write
-1ABEL followed bLy the item to bde output. For
example, if ve vant to test for an identifier
and output it in the label field ve vrite:

.ID .LARKL *

The META II campilsr can generate labels of
the form AOl, AR, AO3, ... A99, BOl, ..., To
oause such a ladbel to be genereated, one uses *)
or *2, The first time *1l is referred to in any
syntax equation, a label vwill be genearated and
assigned to it. This same label 1s output vhen-
ever *1 is referred to vithin that executioa of
the equation. The symol *2 vorks in the same way.
Thus & maximua Oof two different labels may be gen-
arated for each execution of any equation. Re-
peated exocutioas, vhether recursive or externoally
initiated, result 1o a cootinued sequence of gen-
eruted labels. Thus all syntax equations coa-
tribute to the one sequence. A typical example
in vhich labels are generated for brench cammands
is nov givea.

IFSTATRGNT » '.I¥' EXP '.THEN' .OUT('BFP' °l)
STATDMEST ‘'.ELSE' .QUT('B ' *2) .LABEL *)
STATODGXNT .LABEL *2 ., :
The op codes BFP and B are ordsrs af the

YALGOL I machine, and stand for "brunch fulse and
pop” and “brunch® respectively. The equation also
contains references to two other equations vhich

are pot explicitly given, viz., KXP and STATLIGNT.

YALGOL I - A 8imple Campiler Written in META IT

Nov ve are ready for an eixaspls of s campll-
o vritten in META II. 1.4s an extremely
eimpie languagew, based , vhich has bees
designed to 1llustrete tha MrTA IT campiler.

The basic information aboat VALCOL I s &% |

en in figure 1 (the VALGOL I ccmpiler written ix
META II) and figure 2 (order list of the VALII ° |
machine). A saample-progrum is given f{n fig—*
After coach line of the progrem, the VAIGOL : ==
sands vhich the campiler pr.duces fram that -
are shovn, as well as the absolute ipterpre’i™
ianguage produced by the assembler. Figue ¢ 2
output froa the saaple progrum. let/us etuy =¥
ccapiler writtes {n META II (f4gure 1) 1o &N
detall.,

The identifier PRUOGRAM on the first L ¥
dicates that this is the maio equaticn. snd U
control gocs there first. Tue equation for n
MARY is similar to that of KX3 1in our prev-™
example, but hern numbers arv recognized &= 7 '
produced vith a "load litaral™ cammand. %7

vhat vas previously BD2; and EXPl vhat vel F’

viously EXi excapt for recognlilng ainuws “’ I
!
I
f
3.

traction The equuative EXP dafines the f'l‘
al operator "equal”, which produces & vl
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or 1 by mmking & camparison. Rotice that this is
bandled Just like the arithmetic operstors but

vith & lover precedence. The conditicoal drunch

commands, "brunch trus apd pop” and "breach faulse
and pop", vhich are produced by the equations de-
fining URTILST and CQMITIORALST respectively,

vill test the top itam in the stack and bdrunch
leco!d-lnl.l.v .

The uua-snt. statement” defined by the
equation for ASSIGRST is reversved fram the con-
ventioo in AIGOL 60, 1i.e., .the location into
vhich the camputed value is to be stored s on
the right. Notice also that the equal sign 1s
used for the assigmment statement and that period
equsl (.2) 10 used for the relation discussed
adove. This 1s because s LiQNAny 0%4t0eNYe oVe
SOre Dumercus in typical prograums than equal eom-
jares, and 0 the simplar representation is cho-
sen for the more frequently occurring.

The amission of statement labels fram the
VAILGOL I and VALGOL II seems strunge to most pro-
greammars. This wvae hot dooe because of any 4if-
ficulty in their implementation, dut becmuse of a
dislike for statement labels on the part of the
suthor.
out using a single label, 50 I knov that they are
superfluous frum & prectical, &s wvell as fraam &
theoreticel, standpoint. Neverthsless, it wvould
be too wuch of a digression to try to Justify
this point bere. The "until statement” has been
.Mnd to ncmum witing loope vithout labels.

T™he . “conditional" statessnt 19 similar to
the one {n ALOOL 60, but bere the "else” clause
is required.

The equation for "mm/mm , 1I08T, in-
volves tvo cossands, "edit” and "print". The
vords EDIT and PRINT do oot begin vith periods so
that they will locr. livs subrutines vritten in
code. "EDIT" copies the given string into the
print area, vith the first charucter in the print
position vbich is camputed fram the given expres-
sioa. "PRINT" will print the current contents of
the print area and tben clear it to bdlanks. Oiv-
ing a print cammnd vwvithout previcus edit com-
mands results in vriting a blank line.

IDSA] and IPSEQ are given to simplify the
syntax equatioa for- DEC (declarmtion).  RNotice in
the definitica wpf DEC +that a brench is given
around the dats.

. From the definition ot BLOCK it can be seen
that vhat is considered s compound statement in
ALGOL 60 s, in VALGOL I, a special case of a block
vbich bas no declaration.

In the definitiocn of statement, the test
for an I0ST prucedes timt for an ASSIGRST. Thnis
15 necessary, because 1if this wvere not dons the
vords PRINT and FDIT would be mistaken as idanti-
fiers apd the campiler would try to trunslate
"tnput/output” statements as if they vere "assign-
ment” statements.

Notice that & PROGRAM 1s & block and that a
standard set of cammands is output after each o~
graa. The "halt” cammnd causes the machine to
stop oo reaching the end of the cutermost block,
vhich {s the progrua. The operatipn cods 8P 1»
generuted after the "haltcummnd. This 18 @
completealy lhUl-oriented oode, which serves to
se!. & wvurd mark st the end of tls progres. It

I bave progremmwsd for severul years vith-

‘given in figure

would 0ot be wsed 1f VAIGOL I were Mpx’ntodm

‘a fized vord-length machios .

Bov the MFTA 1] Compiler Was Written

Fov we came to the moet interesting part of

" this project, and consider bov the META 11 com-

piler vas vritten in its ovn language. The in-
terpreter called the META I1 mmchine is not a
much longer 140l program than the VAIGOL I ma-
chine. The syntax equations for META II (figure
S) are fever in oumber than those. for the VALGOL
1 sachine (figure 1).

The META 11 campiler, vhich is an interpret-
ive progrem for the META 11 machine, takes the
Yhtax equaltione givea Lo Fifure 5 and produces aa
asssembly language version of this same iaterprete
ive progrem. Of course, to get this started, I
had to vrite the first campiler-vriting campiler
by band. After the prugrem vas runsing, it could
produce the same program es vritien oy hand. Same-
one alvays asks if the campiler really produced
exactly the prograa I had written by haod and I
have to say that it vas "elmost” the same pro-
gua. [ folloved ‘the syntax equations and tried
to vrite just vhat the compiler vas going to pro-
duce. Unfortunately I forgot one of the redun-
dant instructions, 8o the results vere ©ot quite
the same. Of course, vhen the first sachine-
produced campiler campiled itself t.ho second time,
it reproduced itself exactly.

The oompiler originally written by hand wvee
for a language called META 1. This was used to
{mplement the improved campiler for META [1.
Sanetimes, vhen I vanted to change the metalan-
guage, I could not describe the nev metalanuege
directly in the current setalanguage. Then an
intermediate langunge wvas createa -- one wvhich
could be described i{n the current language and 1in
vhich the nev lagguage could be deecrided . I
thought that it might sametimes be aecessary to
uodify the aseembly language output, but it seems
that it is alwvays possidble to avoid this vith the
intermediate language:

The ordar list of the META 1] machine 1s

All subroutines in.
cureive. When the prog & subroutine &
stack 1s pushed down by three cells. One cell
1s for the exit address and the other two are for
labels vhich may be generated during the execu-
tion of the aubroutine. There is a svitch vhich
may be set or reset by the instructions vhich re-
fer to the input string, and this is the svitch
referred to by the conditional brunch commands.

The first thing in any META II machine pro-
gen 18 the eddress of the first instructioa.
During the initlalization for the interpreter,
this eddrees is placed into the {instructioa
counter.

I, progreas are re-

VALGOL II Written in META 11

VAIGOL II 1s an expansion of VALGOL 1, and
serves as ap {llustration of s fairly elaburate
pmugreming language implemented in the META T1
system. There are several featurwa in tbe VAL-
OOL II machine which wverv oot psesent in the
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. Variables

VAIGOL I machine, and vhich requize eame explana-
tioco. In the VALOOL II sachine, addresses as well
as oumbers are put im tbhs setack. They are marked
appropriately o that they can be distinguiahed at
exscutiocn time.

The main reasan that addresses are allowed
in the stack is that, in the case of a subscripted
variable, an address 1s the result of & camputa-
tica. In an assigment statament cach left member
1s campiled 1nto & sequance of code vhich leaves
an eddress on top of the stack. This 1s dooe for
simple variables as well as subscripted variables,
becauss the philosophy of this campiler vriting
systas bas been to campile everything in the most
general wvay. A variabls, simple -or eubscripted,
10 alvays caapiled into a sequance of instructiams
vhich leaves an address on top of the stack. The
address 1s not replaced by its comntents until the
actual valus of the variable is ceeded, as in an
aritmetic expressica.

A formal paremeter of a procedure 1is stored
either as an address or as & valus vhich is cam-
puted vhen the procedure is called. It 1s up to

- the luad cammand to go through any number of in-

direct address in order to place the address of &

number onto the stack. An argument of & procedure

is alvays an algebruic expressican. In case this
expression 1s & variable, the valus of the formal
Paraaster vill be ap addiress camputed upan enter-
ing the procedure; othervise, the value of the
formal paremeter vill be a number camputed \upod
entering the procedure.

The operation of the load cammnd 1is Dnow
described. It causes the given address to be put
.0n top of the stack. If the comntent of this top
item bhappens to ba another addrewss, then it 1s
replaced by that other adlress. This continuese
until the top item on the stack is the address of
samething vhich is not an address. This allows
for formal parmmeters to refer to other formal
parameters to any depth.

No distinction is mads bVetwveen integer and
real pumbers. An integer is jJust & real oumber
whose digits right of the decimsl point are zero.
tnitially have & valus called “un-
defined", and any attempt to use this valus will
be indicated ss an error.

An sssigment statemsnt consists of any
sumber of left parts folluved by a right part.
For sach left part there is campiled a sequasnce of
cammnds vhich pute an address on top of the stack
The right part is campiled into a sequence of ine-
structions vhich leaves oca top of the stack either
& number or the address of a oumber. Folloving
the imstruction for the right part there is a se-
Quence Of store commands, one for each left part.
The first cammand of this sequence 1s "save and
store”, and the reet are "plain” store cammsnds.
The “"save and store” juts the number vhich is on
‘top of the stack (or vhich 1s referred to by the
address on top of the stack) into a register
called SAVE. It then stores the coantents of SAVE
in the address vhich 1s held in the next to top
positian Of the stack. Finally it pope the top
tvo items, vhich it has used, out of the stack.
The nuaber, hovever, remains in SAVE for use by
the following store cummands. Moat aseligmment
statemants bave ouly one left part, ec “plain”

store commands are seldom produced, with the re-
sult that the oumber put in GAVE 18 seldm used
agatn.

The method for calling & procedire aan be
explaiped Uy reference to 1llustrutions 1l and 2.
The argumants vhich are in the stack are moved to
their place at the top of the procedure. If the

00000  Funatiom

DOXXXXX  Argumsnte

X0

3000000

® Word of coe blank char-
acter to mark the end
of the argumsnts.

e0ccsece My. Brench ocasands

eereccss causs cantrol to go

sesessce aruvuad data stored 1in
this area. Ends with

. R a "return” cammmsd.

Dlustration 1
Btoregs Map for YALGOL II Procedures

V0000XX  Argymants in reverse order
JO0000aX
000K
OX rlag
XX Address of Beit xx

AR N XN c0esenos

Pprocedure

sesgeeee cesvense

8tack before exscuting Stack after exscuting
the call tnstruction the call fnstructioca

Niustration 2

Map of the Stack hmtw Calls

sumber of argumsats the stack dcoes Dot corre-~
spond to the number Of aryuments is the procedure,
an error is indicated. The "flag"” in the stack
vorka like this. In the VALOOL II machine there
ie a fNlag Tegister. 7TO set & flag in the stack,
the contents of this register is put top of
the stack, than the address of the wyrd above the
top aof the stack is put into the flag regileter.
Initially, and vbensver there are no flags in the
stack, the flag register cootains Ulanks. At
other times it cootains the address of the vord
in the stack vhich 1s just above the uppemost
flag. Just before = call tustructiou 1s executed,
the flag regiloter cuntalns the addrees of the word
in the stack vhich is two above ths wurd contain-
ing the addreus of the procedure to bLe executed.
The call tnetruction picks up the acuments from
the stack, beginn:ing vith the une stored Just

01.3-4

is T
elas
be &
sama
LI

-t
thi

8

A9

| »




‘)m“ottutopotthmhmumd,'
An error message is given i{f the number of argu- -
ments in the stack doea not  correspond to the

oumbder Of places in the procedurs. Finally the
old flag address, vhich is just bYelov the pro-
cedure address in the stack, is put in the flag -
register. The exit address replaces the address
of the procedure in the stack, and all the argu-
ments, &s vell as the flag, are popped out.
There are just two op codes vhich affect the flag
Tegister. The code “load flag" puts a flag into
the stack, and the cods “call” takes ape out.
The librury fuocticn “VHOLE" truncates a
real oumber. It does Dot convert & real nmumber

t0 an integer, bYecause no distinction 1is mads de-

tween them. It 1s substituted for the recamend-
ed function "ENTIER” primarily because truncaticn
takes fewver machine instructions to implement.

Also, truncation seems to be used more frequently.

The procedure ENTIER can be defined in VALOOL II
as followe:

.PROCEDURE ENTIER(X) .,
.IF 0 .L= X .THEN WROLZ (X) .ELSE
.IF WHOLE(X) « X .THEW X .ELSE
WBOLE(X) -1

-~ The “for statement” in VALGOL II 1s not the
sams as it is in AICOL. Exmctly one list elament
1s required. The "step .. until" portion of the
element is mandatory, but the “vhils" portion may
be added to terminate the loop immediately wupon
sams conditiocn. The iterstion coatibues so long
es the valus of the variadble 4s lsss than or
equal to the maxisum, irTespective of the sign
of the increment. Illustration 3 is an exmmple
of & typical "for statement". A flow chart of
this statement 1s given in 41luatration k.

Bet svitch
to indicate
first time

1=l I+l -]

JOR 1 « O .BTEP 1 .UNTIL N .DO

{statemsnt)
Sl'l“ Bet svitch to indicate first
A9 time through.
LD 1
FLP Test for first time through.
BFP AR
L 0 :
- 88T * Initialize veriable.
b~ W .a-“ [ ‘”
AR
wL 1 ] Increment variabls.
ADS
A93 ;
R3R Campase veariable to maximum.
LD n
L=
BFP A9k
(statament) )
E Reset swvitch to indicate mot
st . Iiret time througbd.
< B A9l
A9%
Ilustsution )
Mihuon of & typical “for statemant”
1a YALOOL IT

Illustration &

Flov chart of the "for statemsnt”
glven iu figure 12 .

oy ey

Filgure T is a listing of the VALOOL IT eam-
pilar written in KETA II. Figure 8 gives the or-

ardsr list of the VALCOL II machine. A sample pro-
‘grem to taks s deter ‘»

alkds glven 1n Ligure 9.
Backup vs. Mo Backup

Supposs that, uponm eatry to & recursive
subroutine, vhich represents eame -ynm equation,
the positicn of the input and ocutput are seved.
Vhen same noo-first term of a campouent is not
found, the compiler does not bave to stop vith an
indication of a syntax error. It can back-up the
input and cutput and return false. The advantages
of backup are as follove: /

1. It 1s possible to dsscribe languages,

us {ing backup, which caunot be described

without Seckup.

2. Even fur & languagr wbich tan be de-

soribed vithout backup, the syntax equatians

oan often be simplified wiwn deckup is al-

lowed.

n. 3-5
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o Canay, Melvin I., “Design of a Separadls
Twosition-Diagea Campiler,” Coma. AO, July 1963..

S.

@ |
‘P] ' 1. Gymtax analysis 1s fuster. 6. Irms, 2. T., .The Btructure and Use of
s 2. It e poolibh to tell wm‘. .nm the Oyntax - Directed Campiler,” Anagusl Reviev in *

. equaticms vill wvork Just by esmaining them, Autamatic Progusmiog, The Macaillan Co., New
: vithout falloving through Dumercus examples. York. o

L ' The fuct that rether sophisticated languages T. Dastian, Levis, "A Pirase-Structure lan-
o mh as ALOOL and CGBOL can :omhplmntd without guage Trenslator,” AFCRL-Rept-62.949, An‘l%? . §
;- polnted out by various pecpls, including 6. Chamsky, Roam, "Syntax Structures ,” . .
| Conwvay,’ @od they are sware of tbe speed advant- Mouton and Co., Publishers, The Hagus, Netber- ki
BT AL e d SR
:;:l in more detail. ] ! .m,,,, B 9. Rutman, Roger, "LOCIK, A Syntax Directed
Basically cue vrites altarmaticas in vhich Campiler for Camputer Bit-Tims Simulation,” Master
[‘ each term begins vith a different symbol. Then it  Thesis, UCLA, August 196A. :
| 1s Bot possible for the campiler to go down the 10. BSchneider, ¥. ¥W., and G. D. Johoson, "A
vrong path. This is made sore camplicated because 8yntax-Directed Campiler-Writing Caspiler to Gen-
of the use of “.DETY". An opticnal item can erate Efficient Cude,” 1964 AOM Natl. Coanf.,

h] never be followed by samething that begins wvith Philadslphis.
the same symbol it begins vith. )
The method descrided above i{s not the ocaly
wvay in vhich backup can be bhandled. Varistions
B are vorth coosidering, as & vay may be found to
L |- bave the advantages of both backup and no-tackup.

Further Developsent of @_m

U As megtioned earlier, META II is Dot present~

ed as a standard language, but as a point of de-

parture fras vhich & user say dsvelop his owvn META

language. The term "META Lagguage,” with “META"
f in capital letters, 1¢ used to denote any camptiler~
\’] vriting language so developed.

The language vhich Schatdtl implemented oa .

the PDP-1 wvas based an META I. He bas nov imple-
meaved an improved versiou s this languayge for e

Beckman machine. )
g Rutman’ has implemented LOGIK, & campiler
for bit-time simulation, on the TO90. Hs uses o . N
META language to campile Boolean expressions into T
efficient machine code. Schneider and JohnsanlD
bave implemented META ) on the IEM TO9%, with the
goal of producing an ALGOL compiler vhich gener-
ates efficient machine code. They are planning a
META language vbich vill be suitable for any bloek : } - .
atructured lagguagg, To this campiler-vriting : . ﬁ”*
language they give the name META 4 (proaocunced A
matapbor). .
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r ABSTRACT
Ae basic compilation method is e sop 10 bottom recwrsive
-scan without backtrack based on he compiler written for the
IBM 1401 by Val Schorre. Each stasement of she languege is
~xnitsen in @ form closely resembling Backus Normal Form;
; is, a sequence of tasts (0 be performed o determine uhe
| r ornot the scquence of characiers in the inpust sinng is o
“walid program in the{anguoge described. In eddition outpus inss-
mctions are interspersed with the syatsctic slemenis o gener
—yte the dasired code. The following features were added nﬂc‘
anguage to facilitate the direct generation of eflicient machine

e
1 A symbol table
2 A push-doun operond siack
. 3 Mode flags and e register manipulation generator
i —4 A push-down firstin firstout lise
! §  Jirect communication in a simplified manner

between the compiler and hand coded routines.

— A completa description of boch the META-3 compiler and
\ Zo[ the compilation algoniim are given.

META-3

Cosowry to populer opinion, syutaz-directed compilers cas
"Irapidly generate quite efficicat machine code for machines.
wisbout pusb-down bardware. The method used ia owsr compiler
‘\ved 0o the META I compiler - developed by D. V. Schorre
e IBY 1401, but it ie modified to {acilitate. direct
¥cration of sequential code rether thas polish-like code.

J’ i The META-3 compiler coustructa a series of tests and ref-

ereoces to external routines from an inpwt leaguage resembling
Backus Normal Form, with code defining clunses edded. This
construction sascmbles into @ compiler lor the language defined-

[ Two types of operations are basic in the meta-language:
) aclions aad teats. Aa ectios is as uacoaditional operation
) such a8 outputting, setting Bage asd so forth. Thers are two
aajor types of test. Ope is to test internal etatus such es
the type of & varisble, the other is to testthe input stream for
| ( the cccurance of an identilier, u specific charucter string, of
| s geoeral form of swring. FEach test returns the valie true or
| ) false depesdine upos whetber tbe tested coadition was met
or mc.ﬂ‘ Meta-compiler generatcs the code to lest this val-
ve after every test and cither proceeds, if true, or, if false
< ugyw 0 retuwn the value false 0 the caHer. Since anythisg
tested (of and fouad im deleted from the iaput stream, an
false return other than the first of & sequesce of teste will be
" mede 10 tmosfer control 1o & disgzostic routine which prints . .
 *'the 10p element, of the stack, the present status of the “input
¥ K stream, and » complaint about tud. ayntax. The disceasion of the
-"';}‘ ayntax. equaticas for [META3 ew-wririen in META-3- will show
"L ] the weage and'definition of lbe banic syntax elemeots. For e
" further 3incul-ion of the basic algorithm or reférences on the
avbject see Schorre’s peper is Lhis volwme. s

«ch syatax equation begins by samisg the constroct which
- " sdefising, AmT cade with a scmicolos (written ‘.,"), The
7 definition ia o series of testn azd uctioms, whichk m,; be grou-
ped by parenthesization. A striaz in quotes (e.g TRING')
__ is @ test which is true oaly if th= mpacified charucters .pr-u
][ sext in the ioput steam. 10" is «'test which is true only if
1 an identifier i the ovext thing is the input stream. An iden-
tifier is an ulphabetic character (ollowed by o serics of
alptubetic or numeric charmcters, and !Cfni.ﬂl‘. by ll.tc Bret
unrecogoizable charecter, usaaily a biesh. The first six char
\FJ acters of the identifier @ust be vaique sed are the osly por

I

r

ion” ideptifier retained. ‘10" causcs thia identifiar te
. ‘b‘:.pol'-c‘:; ';:‘::.‘ usk-dows operasd stack, Alternate definit-
" fby acparating them with -slashes (.

jons are ident:jie

+For simplicity of writiag the sequenca operator 'S’ ie weed
:;mrnd':‘c’l the number .2l recursive deflinitions IIQJ?‘; snd is
read: * & sequente [which may be empsy) of...’ 'l:h test
following the sequence operotor i periormed wadl it ret-
ans false,

st which point the sequeace is sutiafied. ‘EMPTY’

7 A SymtaxDirecied Compiler Weiting Compller la Geaorsis Eflicient Code
by Frederiek V. Sehasider aad Glen D. lebasea, UC._LA‘ ‘Computing Facility, Los Angeles

is 8 teot which always bes the value trua -An ideatifi fent )
a symactical uucnle. uudly‘.d:}ind‘by :m:h.:: t:tq‘i“l;i‘::’uu
:::d }. to b; uioud for. *.STRING' is a teat which removes o

Rg jrom the iaput stream, asnigns it storuge, and places’ .
its eymbolic address ({ of the form «Z.ans) in th.open:d‘ n:;k.

Outputting in jndicated by the *,OUT* or *.CALL® Verba:
.OUT" s followed by a list, is parentheacs, ol output . ‘ar gum~
eats to be placed in the fislds of & symbolic card 10 be twurned -
over 1o the assembler. There are three [islds; label, operstion,
.n'd variable. Fields are separated by comman, and cards are ter-
winated by slashes. There are throe frms which each argument
may take:

8)  stringe to be inserted litterully

b) "‘.igdifclilg the wppermost element of the ntack

€)  **n’ indicating the n® labe! stack, cach of which

& usique coustast value at each ueage
of each etatement.

‘.CALL(...)" is eqivaleat to *.OUT( ,’CALL’,...)" and generatcs

:'hu.oy-codl CALL with the firet argumest gaing in the vanable
ie

Sioce the compiler is fully defined b} its syniax equations,
the followisg discussion of esch equation will cowplete the
deacription of the META-3 compiler.

.SYNTAX PROGRAM - .
Delings the principal symtactic element of thim
compiler.

PROGRAM = ’ .

: Begine the defivition of the aynwctic element

'PROGRAM'

. SYNTAX'
Teats the input agream for the quowd string. If false
(sinoe this 18 the firet teat of this definition)

‘PROGRAM’ will be false

Tests for an identifier in the input atream.*{f found
the firet wix churacters are placed io the opermad
stack, aod the entire idcm.igc is deleted from the
input etream. I not found the diagoostic routine
ia eotered, ’

-QUT(,"ENTRY',*) =
“Outputs o symbolic cerd with the op-cods ENTRY
aad the "variable field coataining tbe identifier is
the top of the stack. The stack is popped “wp.

$ ST B

Teste for the syntactic clemest ‘ST’ (defined

below, . and keeps ‘MF“‘“‘" more until Jhy

-are exausted. -

" ENDY o

Hemoves the string *.END from the iosput etreasm,

. giviog & diageontic if oot found. .

b

Ead ol statemesnt '
_The eotire stutement di:c(mued oo fer ie:
PROGRAM =’ SYNTAX* .IC .QUT(,'ENTRY',*}
$ ST END .,
It muy be expressed is DBackus Norma! Forn ‘u;:
cprogrom> 1= SYNTAX <identifier> <stsad> .END
<sseqr cte it <3ty <siveqr ! <empiy:

T




r <

'TEST - .ID

Le.aqu V,C\\ETA‘Q eoltl -_vc;

ST -0 OUT( SUPXA,, €/, CALLY, SR
This in the hpni ol the defisation of o
statement and says thet & staiement starts with

aw identifier whichin outpst ae the labe! of o
P‘ A4 issteaios, thes followed by. call

P
‘o' EXY ‘.’ CALL (. .POPP'
The identif er must bc iollo\nd by an equal syw inl
end an EX) (see below) and terminated by a
At thie poist e call of rostse ..POPP is output.
The roatizses ..PUSH aad ..PWP h.‘luth
recumion.

EX1 - EX2 ¥ °/ .OUT(,'ZET’,..TEST' /’TRA' ‘N EXR

.OUT (¢}, NWULL" .,
Aa expression one ls defined to be an expression
two followed by & ee ce (which may be
empty) of slash, at. which poimt outpat a test
for the rwth of the previows expremeion, which,
if met, will caese transfer of coatrol to tbe lob-
el contained in **1’ which will be'defined laten
After the slash must come another expression two.
Whes tmre ac more altersatives in the stream,
define the label in ‘*1’ by outputtiag it oo a
NULL.
EX2 = ( TEST .OUT(, ‘NZT' , °..TEST' /,
)} € TEST .OUT(* NZT' . TEST*/, ’CALL‘ “ .DiAG")/
AdTioN OUT( 1 TRE)
An cxpreum- m eouuuu of a oumber of
tests or actioas. !f the first of these is mot
met the rostofl them are akipped. Il any of the
others is noy met ..DIAG receives costroi.
CALLY( )
A test is defined to be ecither am idestifier, in
which case o call to the identifier im ocutput,
LCALL(*LIONTY) -
or the siriag *.1D" io which case a cal! o
roatine ‘..1ONT’ ia generated
/O EXY Y
or, a left parcathesis followod by as EX!
followed by s right pnnnthuu
/ .STRING .CALL('.CMPR(* * °
. ar, s wring ‘o quotee w o location is iower
ted int> the stack and thea output as en arg-
umeat to .. CMPR .
/ 'S.TRING' _CALL ~(*..STRT?)
or, the word "STRING which causes a call oa
STRT 10 be geaerated
/ 4Q.A( OIG:Y AU";PABETIC 1 CALL('.‘CLAD(-
. = _‘." .‘ 4‘ha¢’ A
oc, the ward "LA tollowed by a misus sign asd
a digit -aad « lecter both of wllieh are placed
in the stack as:they are fomnd by externa' row
+ o .. -tineg with. ha oty poists ‘mGl;
. _E-ne-t
‘of -« -cai) ce maotise ..CLAD" by placiog the . letter
in the *1 lael wtack and nfeun:zn; it in the
.CALL stutemenl
/ OIGIY ALﬂHA?LEIﬂLLl LCALL(! ..CLAD(-' . -H'
" "’..’}'
. of the .CLA codd be followed by just the digit
aod letter  without the mimus sige aad receive a
approxi-uwty ihe asrs (restment, except that the
digit" is. trecomitted 1o ..CLAD a8 ponitive rath-
er toan begativa.
0 ALPHABETIC CALL{L.MINS(=® # teeccey
™, s teat way be & minusmign followed by
a later, ‘e thir a2ase lu" oc . MINS. with
verated. Thie
e discussed

' WPUSH) -

/o

the Ivtter aa an - argument is
1 umed with the aymbol
belew,

‘TRAY,*1)/ACTION

and “ALPHAB®
iwos aharwcicre -are output as sargumeats .-

cunpned ‘A8 an argupsnl ;
 "Thie. ia_the rostine which-wmoves identifiers
between the o
/ ’ ' uG'T CALL( * w ‘-‘7 ‘. ‘)Q +
Or, \he uunsk could be - (ollnwd by - a mises
sign and o digit which. is gives an’ arge-
nnl to move the ‘*a" .sreck to the” opc:ud

tack.
/ ALPHABETIC CCALL: (*..STAR(aH® #:; tas
Or, the asterisk could heve -.bn-l
o letter which s compiled 3
.STA R. Agaia, lhn i lue

/7T ALPHABETIC CALL(*.SETT(=H"
QOr, the final thing which o test. nay be is
.T lollowed by aome leuer which ia ueed ae
an argument in the gencrated call cva .SETT.
Th. leol u‘erenccl the mode flag.

ACTION « OQUTP
An -cuon ia deluud to be either an output
(defined later),

/EMPTY OUT( 'STL® , *..TEST)
o, TY in which case the test cell
. TEST will be set avo-1 ero to indicate thet
ndeed as campty hae bees fouad

0UT(‘2 ‘NULL’) TEST
Or, & dollar eige, at which poist the Jabel ie
*] is output,followed by «'test (defincd abave)

OUT(,'ZET",*. TEST"/,'TRA’, *1/,"STL" " . TEST’)
after which test, il it was met it will be rep
eated, ochmiu. . TEST ‘ia set dov-cero to
iudic-lc true. )

/.STO* ALPHABETIC .CALL(*.STOR(~H" * ‘®*=*°)' )
Or, .STO followed by a letter which is comp-
iled a8 a0 argument to ..STOR.

/%" ALPHABETIC .CALL('.PLUS(=H’ * ‘***ee)’ )

Or, a plos «igm followed by a letter which
compiles a8 o zall on ..PLUS with the letter
s ao argumeot ( act astribute reginter to iod-
icate thie perty).

7*.$" ALPHABETIC &LL( SETY M ¢ ‘remee) ),

(x, finally, aa sction may be S followed. by
. letur which becomas, at object time, -aa
arguwent 10 ..SETS (which wcts the wode ilag
for later testing with . 7T)

/ osv

OUTPUT= )
Ag output in defined tn he .

e SOUT T OUT2: )

.OUT followed by ea (M/T2 in perentheses

/°.CALL® .CALL{"..FELD').CALL(". LH’(;(-O? 143437700))
CALL("..FELDY .

Or, .CALL whchd:namtu thesame -instrve

tions ea .OU : R

- 4 uTY 7y CA-&\-”U“G’)

.{ollowed bvnmutne-u s a” sequesce -

(uJuclz may be empsy) of CUT1e -ltu -hmh L

call on ..PUBG :s geaereted

'l" DIGIT SOU™ ¥ '..ALL( ERITE(~'*)’

Or,. flul]y ap oetpat may ERITE ot mw‘

by, in pweathsce, » dxml ndd ¢ sequepce

(WAicK moy be emply} of GUT1’s, n -which

case the digit is givea 9 ER)TF a8 an

. gument.

oUT2 « ?U;?ABGS)"/' CCALLY! ,Pdec') ObT2A) C)LL
An QUT2 .ie defined to: by » OUT2A followed
by = sequesce. {(which may !'u cmpn) of alasb

, (et which poist & <all 1o FUBG la- outpat)

followed byOUT2A's, w thn ead ..PUEG s
called. -

NUT2A = § QUTY Y’ .CALL('.FELDY} Sf)UTl) “
An OUT2A ie defiard o be » sequence
(whick moy be empryy o O T(:“own‘ by
s sequeare{miich ruy be emety) of cvmne
!mupu( acall on  FELL: Toilowed by wequence
(whioh may be empty; ! (NIT1a

-/'.ERITE'

DLS-2

ad stach: asd du ]M “stacke

&

Ttk

e Ep S

W

-




e

be.aither an astorial -
!ifii‘ci ~cane "LGENR s
e v digit o0 an ergement,
/7 .EMPTY .CALL[*..COPG’ )) '
ot elae, for sa seterisk alove, o call oa ..
..COPG is oulpur
/ STRING .CALL(*.LITG" * 9 ) .,

Or, fisally, an QUT]1 mey be o nuur whoee
locstioa is compiled into-a call on ..L'TG,

QT W (DIGIT CALL('..GENR{='*Y"
Y DI CALLLENRSY )

.END wSignale the end of compilation.
Direct Communication lietween Hand Coded Routines
and the Meta-compiler

Fhile compiliag the meta-language description of o comp-
iler, any identifier is assumed to be the same of & mete--
linguistic varisble, aad, as such, bas a call to it generated.
Upas retum the cell .. TEST is tested for the true or [alse
result of the test performed. The |IBMAP essembler assumes
that sny undefined symbol will be delined as aa entry poiat
to some other deck at load time. )

- This rather rash assumptioa oa the assemblera part
allows operations to be added at will with the undersianding
that if the added routise is sciually oaly as action the comp-
iler otill vcats it as a test, and teate cell ..TEST oa ret-
wro bom the routine, and bad better find it oon-zero ( or
true) ot thet point if siray error wmessages are to be evoided
and compilatioa is to costisue.

The Push-dowa Operand Stack

The mete-linguistic element * is to be treated as o
. push-down stack. Whenever an ideatifier in succesafully diec-
overed it is placed on the top of this stack. It may be rom-
oved (and the stack popped up) either by baving® in an
output imperative, by the FIFQ, or by eutering subroutine
REMOVE which may be called cither from & syotax equation
or {tom a band coded routins.

This etack” is extended by sllowing copics to be [reely
made {rom the * stack to sny ooe of the four local safe
" celle (*1, *2, *3, *4) end aleo allowing beck-copying {"-!,
.2, +.3, *-d).. , ,

All other operande euch as strings, digits, etc. we
catered as the tupmost element of the slack as they are
discuvered in the input stream.

The FIFO

An iolerestiog tecbaique impl d is MET\r3 ie the
combined pusb-dowa asd [first-ia {icst-out list. The operatioss
FEE, FI, FO, and FUM are used to eddress it, the cl.o-
weots being insarted by F! end removed by FO. FEE is
used 16 push the list dows and insert & level mark, while
FUM geeratea @ call statemeot on the varisble in the wf

“of the operand stack, with afl the elements in the wp o

as aguments. . .

. The basic .l.l'\":(’m of “the list. ;l ‘that of & oumber of
superimposed FIFO, lists(or queves). . - :

' “P«f‘:l P:-ovu we tppcmqo:- clemeat. of the operand stack

and iserts it iste the FIFOQ list as the last element.

FC removes ‘the firat elecment of the FIFO list end
ipserts it as the uppermost element of the operand stack,
bowever if the present queve or FIFO. asrca is empty FO
will retwnfalse and pop the otack to the underlying FIFO,

FEE starts a mew list, marking the top of the prev-
ious ooe. That is it pushes dowan the previos queue, snd
starta & new oos on top of it o
. FUM genersies a call to he uppermost elemest of ¢
operand stack and 8ivco as arguments all the elemests of
the uppermost. FIFQ lis(i{ any

The followi xample of the use of this list will give
an ide‘: ofo i:lm::c.. 'P:? firet columa represeats the con-
tcots of the operund stack, the second the operation fa
the cowpiler, and the third the conteots of the FIFO.

.+t for being a proce

....langusges by merking it «ad skipping beck 10 the last werk.”.

Operand y1ack

'FE‘E IAE
Fl AL\
no. FAE|DB
FO rakE|aB
fO - TAE|A
FO FAE|
(recums false ) ) rag

FUM

(outputs CALL AT AR )

AD
AB.

§>

U oo
> >
BRI s s

ompty

Intricote rcmnnrmn. and :reecensing are possible using
thie list since anyt ing oot wented-now can be Fled asd wheo
seeded restored in the identical order uaing & FO.

. As is evident in the' discuasion the principle uso of this
list in the present vermion is processing procedure declarations

- and references, since, for compaiibility with the rest of the

world it is desirable to bave the arguments appear is the
object code in the aame order as in the sowce program. Var
iables is the declaration can be cycled through the FIFO ia
order 10 pass o number of tests by doing altermate FOu and
Fls and rolliog wp without chanxing the Jength of the erem
(.tbi- action reminds me of a trucked vehicule), while deter
misisg the purameters secesmry for storage allocation.

The Symbol Table

Thie routine slores’ aed examines symbole gives to it.
Each symbol may bave any of 26 arbitrary attributes, rep-
resested as A ugb Z. These propecties are given to the
routine by or'iog a property into the attribute repiater. For
example +R edda the property R to thuse propertics already
in the attribute register. The mete-language prinitive CLEAR
sats all the properties to falsc The meta-languige primitive
SET sondemtructiviy places the element a1 the wp of the *
stack isto the symbol table aloag with the cootents of the .
attribute regioter. The OR verb gives the * aetack ideatilier
the properties reproncated by the contente of the atvibute
regisier is addition to its other properties. ’

The symbol table may be tested with the - property.
Thie returse wue il and ooly if the jopwt etriog is o ideo-
tifier with the givea property. For exmmple -P would test the’
input striag for the property P.- ically this could teet

dure Dame in & atarement such as:

X «=RANDOM

where RANDOM ie & previously declared procedure. The . :
stack maey be similarly tested ly uaying for example: *P, . §

The “symbol table is extcoded 1o cover block atructured |

e L h

The warking ie dose by the verd BEGIN; dn'p’orpinq‘b o
END. These may be nested wuntil ths eywhol table overflows. 5
In sdditios, Though there in ao immediate .vae, for determining
whetber or not a variable is jocal 1o a block tbe verb LOC.

AL returce true il the last identifier lasted was fouad in the
symbol table befocg s wmark was fousd. |

The Register Manipulatdon Generalor
The register baodling routioe gemetalss register load, store,

and exchange imstructions and keeps. track of the object time
registera. Tha machioe [or which we ary compiliag is asaumed
10 have oix rregisters; an A register fJ--ddiioa. s Q reg-
‘jater weeful for division, ea | reginter and & L regimier,
both used for logical operations, an K register used for dow -
ble precisios work, and the N regioter wﬁich is u negalive
A ceginter. !t is amaumed that that two registers cnnoot both
contain informatios at be same time.
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nce of a painter 10 this register in the * ‘stack.

The loading of & register fran * is accomplished b
.QLAnx where n is the depth of the °stack thet the nu:-m
relercoce is to be taken {rom and xis & regisier name. The
previous register contents, if nay, are praserved by the gem

eratios of a store imstructios. Register cxeh::u asa. performed

il necessary. The loadin, imr_cruivo is extesded by allowing
thi

n to be preceeded by -. la thie case the register cachange is
perf. oaly if it is & purs exchasge; thet is, the reques-
ted operund ie already in l:c reginters.

EXAMPLE:

.SYNTAX EXPR
EXPR « EXPRO FREEAC .,

EXPRO ~ EXPRI § (+' EXPRI (LA IN.CLA2A)
.OUT(,”ACD’,*) .STOA) .,

EXPRY! = PRIMARY § (°*" PRIMARY(.CLA-1Q/.CLA2CQ)
OUT(,'MPY,*) .STOQ) .,

PRIMARY = ‘(' EXPRO °y / .1D ., .END

Gives for cithor (A+8) °C  ar C*(A+B) the following code

CLA A

ADD B

XCA

WY C

$TQ .T+000

Aad far the expression {A«(i+J))) gives:

QA‘l

ADC J

ADD A

STO .T+00¢

The verb FREEAC cavses the coatents of the regiaters
o be uncacditionally emptied,

The verh TP marke » etack used to retain the oum-
ber of teuporarica used ® any block. At the end of the block
the verh TPOP will genernie the instructioa:

T BSS =
where o is the oumber of temporeries used.

A more conplex example of the use of maay of the fea-
tures of VETA-3 is the liating of the syotux equaticas ‘or
CODOL 1z the appeadix. CODOL ie a minimal comgpiler, den
igned more to huve an amaembly listing of lews thun te2 page
es than to be useful for computstion, and has the severe
drawback thet n our bamte ro prepare it visios for coss-
taots weas completely overiooked, but could be inscried by
allowing REALNUNBER A’CPRIMARY. This rowtice a «

-haad coded oae drsigned for-the ALGCL 60 compiler. now

nader development usidy the wuccessar to META-3, WETA
Vheknoulcdmenu

use of their THV 7094 and M. Manderfield, without whose
Noggiog this peper would never have been writtes,

@ Wo thask the UCLA Computing Facility for the gencrous
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Tnatructions  geaenated 'ty regisler exchanges
A - N Q . R - L . H Swrage ‘
XCA
_ CHS XCA uQ <0 XCA XCL i
| xa PAL STO
Megal Megnl Wemi Mege! Dlegal [Hegal llegm]
!
!
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XCA XCA — XCA XcL X ST, !
j as ’ 1nQ 0 Al ;
— ; Cus XCA —_ XCA XCA Cs7
' XCL XCL ,
! L , PAl i
- !
XCL xa XL xaL — PAl 5L ;
XCA XCA XCA i
CiS 1 0 ‘
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i 4
: PA : ] R
PA PA PIA foxau P —_ , ST i
XCL XCL XCL + XCA \ 1
XCA ;o XCA ! cis i l
i as LQ } .
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he oo

.POPP
..PUSH
LTEST
(1 ..DIAG
! .IDNT

— ..COMP
! J STRT

f}
! .
: «CLAD

 .MINS
( z ..MOVE
[ -STAR
~SETT
g] ..STOR
| PLUS
- -QSETS
. .FELD
r g LITG
) .PUBG
BITE
f] _GENR
[ ) .COPG
DIGIT
ALPHAB

QH{ARAC
CLEAR

TPUSH

USE
USEPOP

any test

amy test
0

‘XYZ.....
.STRING

Slalement

ST

ST

EX], EX2
TEST
TEST

TEST
TEST

QLA or .Q_A-ax TEST

-x
“x o *-x
*z
Tx
.STOx

*x

TEST
TEST
TEST
TEST
ACTION
ACTION
ACTION
CUTPUT
QUTPUT
OUTPUT
OUTPUT
oum
oum

TEST
TEST
ACTION

ACTION
ACTION
ACTION

ACTION
ACTION

ACTION

+ACTICN

ACTION .

ACTION
ACTION
TEST

ACTION'

TEST

Subrustines wed sad thelsr Functiona

ﬁp!;dit B B

Function
Saves location of c-liot‘fw recureion

Recursive retura
Nua-zero | wue, 2000 if [du.

Printe stack, {nput eteam and sasty message about bad eyntax.

Test for an fdeatifier s the inpat ewesm, placea first six charactere ia the
atack if lound. - Rl

Tests for a etriug in the inpul stream retwrus tue oa match.

Tests for say etrisg in the imput eresm, outputs it aet

USE .STRN.
Z.ann  BCl  m, the string
USE PREVYIOUS

and places .Z.ann ia the stack. ‘

Esuy poist to regieter meaipulatar for register loads sad excbanges.
Used to teet isput string and compare it with the eywbol wble.
Moves single clements from the otack to the labe! stacke and vice-versa.
Veed to compare the stack with the symbol table.

Used 10 test the mode flag.

Tella the register manipulator o baag onto the contents of x.
Sets tha symbol table. i

Sete the mode (lag o X.

Begine o sew field on output

Moves & fixed string into the output stream.

Esde & card image. d

Writes aa error message. -

Moves the label from the °n label stack to the wutput avew.
Moven the stack to the owtpat atream ead pops it up.

Moves oue character of the epecified ch iato the wtack.
DIGIT wud ALPHAB may retarn false, CHARAC never.

4

ool

ﬁo-ou stiribute register.

Y

Vasrks the begioning of & block of temporuries. B
Eode e block of temporaries and allocates siorage 0 thew. 5
[lezinm biock of separate cods. . ;
Fads block of sewrnte code asd returme to previous block. ‘:
Defives a sywbo! in the stack with b f
the properties (o the attribute register, and puta it in the symbol table. ;|
Delctes the wp ot the otack, ‘ r‘
Re’crence the FiFQliat {nee text). “,(

o e l'.f

Trya to get s double-pescisios flosting-point aumber from the iuput atream. 1,}

ey

M

e A A Y

-
-
gt

D1.5-6 “

L T e

B2




SRR A DU ke -, oitsnil -
7094 META~COMPLLER COMPILED BY 1TSELF,
+SYNTAX PROGRAM
ouTl = -

180 t DIGIT +CALL( 'eeGENR (= ¢ ] 0)e )
4 oEMPTY «CALLI ' e aCOPG? ) ).

/ oSTRING #CALLI *eel1TG(Y # gy )
o9
OUT2A = )
. $ OUTI 8 1,9 LCALLI ‘'.+FELD' ) s OUT] 3
o9
ouTZ =
OUT2A 8 « 1/ oCALL( ' .ePLBG* ) OUT2A ) «CALLt ', .,PUBG! 3
9
OUTPUT =
'L, 0UT? e QUT2 )¢ .
/ 'oCALLY oCALL({ 'ooFELD' ) oCALL( '.4LITG(=0232143437700)°
«CALL( '.,FELD' )
(v 3 OUT1 ') «CALLI ' e s PYBG! v
, / ' ERITE? 10t DIGIT § QUTL #3t  LCALLI 1.ERITE(=* & +)»
- e
| } ACTION =
; OUTPUT
‘ / Vo EMPTY! sOUTL » 'STL® + *eoTEST® )
* / 'St LOUT(  #1 , 'NULL' ) . TEST
g OUT( o '2ETr 4 t,,TEST! / o 'TRA' , ¢] /
} s 'STUY 4 1,.TEST? ;
@r / 1eSTO' ALPHABETIC +CALL{ '.<STCR(=H' * ‘ensnae)r
4 / '+ ALPHABETIC  oCALL( ‘'eoPLUS(®=H' & 1ssesayr
-T} / 1e51 ALPHABETIC «CALL! ‘eoSETS(atr » snsess;r )
4 (3 J
Q“ ) TEST =
3 ) «ID  <CALL( #
¥ / 1,10 o CALL( fee JONT* )
iJ / Se(r EX1 e
4 / «STRING «CALL( 'ealMPR(1 & 1)1 )
;] / T.STRING'  oCALL(  '4.STRT® )
/ CeCLAY { v=t DIGIT ALPHABETIC 1
oCALLl 1..CLAD(a=t # s ,aqt  #. ‘tassee)r |
/ DIGIT ALPHABETIC #1 oCALL( '.oCLAD(=" * ¢,zp*
*] (R X X2 2 BN \ )

/ t—1  ALPHABETIC +CALLE  toeMINS(=H! # tHaaus)!
‘ v#0 1 DIGIT JCALL! '..MOVEls: # ')+
/ =" DIGIT oCALLT !¢aMOVE(==' & ¢}

./ ALPHABETIC oCALL!  t.oSTAR(sKR! & - sesune;: 3
/ *eT!  ALPHABETIC <CALL"  'e«SETTI=H! & r1sssssy )
L)
EX2 = " ' K
t TEST «OUTH » "NIZT ' » 'eeTEST' / » 'TRAt , #1 1 s  ACTICN )
$ ( TEST .OUT( + INIT! 5 'e«TEST' / - 1CALL' » 'esoDIAG' »
/ ACTION ) SQUT! #1 5 AULL® ) » ‘ .

i
)
!
~.

|

ot

KNP 15 b
—

!! LI ~
L. €X1 =
EX2 & ¢ v/ QUTU « fZ2ETT o 1.,.TESTe /7 4 'TRA® » #i
Ex2 ) ST e oty
o9 R ;
ST = !

A0 SOUTE ® 0 1PXAY . vkt 7, YCALLY 4 ¥, . PUSH!

Ye Exl tasgt oCALLY  t..pQRPY

PROGRAM =
Vo SYNTAX? -

(o} JOUT!. . YENTRY' o &=
Ve W0 QUT! . tENTRY® , @ H
ST . '«'ENDO .

JEND
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I
C

CODOL COMMON DEMGNSTRATION ORIENTED LANGUAGE
e SYNTAX PROGRAM )
pROGRAM‘-OUT"oooo-0"’5kVE"'TPQSH SEGMENT +OUT (s RETURN' ' ceeces')
. $(eID ®#) OUT(®),*SAVEN®') SEGMENT OUT(SRETURN'%1}))
TPOP «»

SEGMENT= DECLARATION'«s® S(DEGCLARATIONS tes*} ST S{t,.4* ST ) o

ODECLARATION = 'REAL' +OUTUs?USE'+"eSTORs'! CLEAR +R ,]0 SET
«QUTI @, P2EY) S(*,' LJD SET OQUT(#,'P2E"))
sOUT (s USE "y *PREVIOUS!) )
/'FORMAT® oID CLEAR +S SET #] .STRING «OUT(®]1,'EQU',*) .,

ST = 180 JID OUT( ® L'TRA!,*'®+]1¢) ST
/ YGO* 'TO®' 1D <OUT ( o 'TRAY , & )
/ YCALL' o!D FEE ( (' EXPR FREEAC F! $( ', EXPR FREEAC FI) t)e
/ «EMPTY ; FUM
/ *'SET' FEE ID FI $( %y 1D FI ) ts* EXPR +CLAlA
FO «OUT!( +'STO?+®) SIFO JOUT(s*'STO'e® §
/ "IFY EXPR «CLALA ( 'PLUS'<DUT( +*TMIt,®]) /IMINUS® QUT(os*TPL' 2]}
/ "2ERO’'eOQUT( +*TNZ',#1) /INON''ZERO* OUT,*72E"
s*1)) ST «OUTt®1, *NULL "}
/ "ALTER?' 1D *'TO' oID OUTLo?AXT Rt .41/t SXA o ®* 40
/ YPRINTY 10 #S (CALL(*eFWRDel«UNObLes' @)
S('y? EXPR oCLALA sOUT( 3 7SX '+t oFCNVe s4'))
/ .READ. CID .s OCALL("FRDOl‘vUNost!'*')')
SU "9 oD OUT(9*TSX ' +FCNVesat/*'STQ @) i ot

EXPR = 1=t NEXPR / ('4+9/7,EMPTY} EXPRYl

ZXPR1 = EXPR2 $( '+’ EXPR2!{.CLA=1A / oCLA2A) OUT(s'FAD' 4 ®) .S5TOQA
/0=t EXPR2{.7_A=1IN OUT! o' FAD"' +®)/,CLA2ZA QUT(,'FSB1,y#::

A
eSTIOAY o

EXPR2 = EXPR3 S{ 19¢ EXPR3(+CLA=10/0CLA2Q) «OUT(+ FMP*+#) oSTOA
JV/7% EXPR3 oCLA2A -OUT(+*FDP? 48/ 40 XCA'/,'FAD, "= 16456811
+STOA
/7% EXPR3 LCLA2A LOUT ' ,'FDP',#) ,STOQ} o

EXPR3 = PRIMARY $('#81 PRIMARY FREEAC #1 CALL (* . FXP2oe('®:, @]+ 1
: . STOA e

PRIMARY = .10 ¢ (' EXPR *)' «»
NEXPR = EXPR2(++: EXPR1 (oCLASLA oOUT(s'FSB',¢)/.CLAZN OUT(s*FAD" o5} )
«STOA 2t=¢ NEXPR («CLA=1A/.CLA2AY.QUT(+"FAD® s%} S5T0OA
-/ .EMPTY'OCLAIN e STCAL e

«END _ V B
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