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.';'-'iI,- , META. 3.5 1Is.,,.. M.w'JaJ 

.. . . C ... �dit. 

I I-META is. e. ppodlJ,ct of Mal"'inchip Systems. 16 St. Jude Rd • •  Mill Valle)', 
CA 94941. This manlJal is not int$nded as � prodlJct specificatio�. The 

'�,'l d£'s.:ription of META tIIiv·u. in th. fill11' META.MET on the r·elea:;.e diskette 
\ fhal 1 in .11 events be corlsidel"'ed the final a.rbiter- on how META wOl"'ks. 

The PIJI"'Pose of this document is. to expla.in the 
i-I sYnta.x-directed compileI"' co�pi1er in enou9h deta.il that 

I definition of the 1a.n91Ja.ge ma.y be re.d and understood. 
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Webster definws SYNTAX as: 

t) A connect�d or o�derly sYstem' harmonious arrang�ment of p�rts or 
e 'w",e n t s • 

2) The way in which words are put t0gether to form phrases. clauses. 
or swr,twrt,:es. 

For our purposes. synta� means the underlying structure of a languag� 
that specifies how the smallest items ("tokens") ar'!? combined to:, make 
UP statements and programs. 

A syntax-d irected com�iler is one that processes th.�input source 
a descr'lption of val id sYr,ta>c f.)r the . fr�ge, and 

t Co pe rfc.rrro t he d� s i r'e d f IJnC t i (,_ns' •• "Jpheo.J_,the s Y'nt,a>� 
the inplJt SO'.Jr'ce statemwnts. I t  al!fO' 'lives el"'r'or­
the in·PIJt SOIJrce c(.de does not c(lnf� the s·,"ntax 

META is a language wi th which you describe the syntax of a tar�et 
language that language YOU wish to compile. and the aS5embl� code 
that should be generat�d for each part of the source code that matches 
th� sy�tax .description. 

Ttw Use of a Compiler 

In practice. a user will create a text source file usi�9 EDIT that 
contains the source cod� to be compiled. The Compiler will read t�is 
s.)ur'ce file _nd cr'eate a file of ,assefl'lb1', larI9ua.ge statem'i'rlts that 

per-for'", the desired fun,:tions. Contro)� is then pol.ssed. to ASM, wt!c,", 
1:'.£I.,ads. the .. jflt",r:lTI�diate . ass.",mtol!Y lart�'J�ge · te:><t fi�, wr·'ltes .a 
r-el,),:atabl Ii' �'JtFtIJt te)<:t fi 1"". which des,:r-ib'i's the .a.s�';.stat�(foEtnts 
in a nume.,..ic f<or'm. as if the prQ�r'''''' started at addre-&5 00(10 ir, 
memQry. � The IJs.er wi 11 cQf1'IPUe all modules. (1Tlain prQ9.ra.;"and anY�'IJtor-(I!Jttni7�) 
IJsing the above protess, and therl \&Ii11 !.:Ise tte LINK p.r·lj9r;,.ri'I. t,) 111ak€! . .an 
e)�eclJtable binar'Y fi teo that c(.ntains th� fina.l, use"lbl<? PI""!)l:H·03.ITI. Ea·:h 
tim\!' the pr')9ralTt i!- to t;60 r-un .. the na",� (. ': the e::<ec'Jt.:tblej file iii 
entered is a co�mand to the operatin9 �yste� 

The process m�y be pictUred asl 

Kevbo"lrd input » EDIT 
Sourc. fi1. » COMPILER 
As�embly Code J� ASM 
RelDc�t�ble Fl'es » ,LINf 

...... � -,' .. ' 

...... -" , -
. .... ,,-. .. .. 

�3·) IJ r· c e f i 1 eo 
q�5emblv Code Fife 
Ril�cat"lble File 
E:.'_�J : IJtab 1 Ii' F'co9f·,'i.Ch 



-1 In practice� t h e  compiler �utom�tica" Y executes th • •  s$9mbl�r. $0 the 
... �. _�SM step is trOl.osPOl.rent to th& Yser. Th� IJ".f" ·follows the pOl.tti.-r-n: 

.'\ EDIT » COMPILE ),) LINK » RUN 

'I,. [ � 2. :3. 

To write � compiler using META. vou will need a· very 900d I] understanding of assembly language pro�raming, the function of 
compiler s .  and the ability to keep �eperate t.ime-related eve nt s 
coordin�ted. As a pOl.cka,e. a compiler includes Ol.ctions taken during -i.-J the gener'ation of ttut. compi leI". during the e)�ecuti(ln of the cOITIPiler. 

_ 
Ol.nd during the execution of the compiled progrOl.lTI. In describing 50�e 
p.u' t (If a compiler', YOU may. set a META flag to allow SI)me option t,) be rl.] generOl.ted into your compiler. YOU may set flags or v�riables in vour 
compiler. while it is examining the source- code it is to compil�. and 
the run-time librOl.ry mOl.Y need set-up directions fro.'�our compiled 
c(lIje. Ke-�ping these rel.ated but seper-ately tim�d eventE-;\��M-in.lt""d_is :; C"'�(".b;;p.� the n".de.t pad .f compil •• wdbn9. ",,:, . .."' 
rhe task of wr'iting a cc.mpi leI'" ",IOl.Y be br-oken dClwn in'4t,,�fO:I11owin£l 
!- t,!:!ps: 'I] 1) You must descr:ibe the exact syntax 

2) You must determine wh�t .assembly langua�e cod� is to be gen�rated 
in re�ponse t� the various syntax eleme�ts. 

3) You must write any r�n·time subroufi�es fhat will be n�eded by -
the ,:c.IT.-piled code.· 

4) You ITIIJSt deblJ9 a.rld ··thus validate YOIJr' cOITIPiler- and r-'.lrl-t:!m'Ie 
routines. This wil! a.ctu�1'y consume most of your effo�t. 

�. Y",u mlJs-t" .j,)c_ument ",/our': ':(-i�pi ler: a.nd r'outines at �_"ca.l s: The 
;Jstlor -> S ·'Ir.l,ft'J.:d, a(ld a Pf'o9f'a". 1 09 1':: manlJa 1. $0(' t��'fTl�'Jfle el �'" 
ma� �aintaln the com�iler. tt���b. You six m�nth� ,later ' that 
will need explairlati·orf$ o� why s.:tff,ethin9 was d,:onGo tbe 'waY it WOl.S. l�TI-'iS�,:�,ual wi 11 attempt �') 1htr'(ld;Jce YOU tr'META, and' �);:pla.inc'ifl 

9<�ner-�lh':'w ttl �J-s-e--it� OAll'-att'Ja1Wo;k �ith META and e;;;01Iiti,nat'i..;.n .:of '.1'.] it"s 'Htt�Ut wi 1i ma.k;e th.a- pi�':eJ. O:a1 i irit<1 p1a.: ... . Whil� tt,,;� <J':.'<!' <.f 
META usn I n(lt c.)me ... asi h:. it is � ver-';' pCIIJ@r-f'Jl' t':.(ll that (wi Ii · 1,:-t 
YOU successful�y writ� compil.r� in a reasdnable am0unt of tim�. and 
it is w�ll worth the effort to 1esrn • 

:! ··-ye 

U 

... 

f.' 
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a" 4 
,\- ..... Th� Natur� of Syntax Descriptioo$ 

It is impossibl� to describe .ovthin9 a. compl�x ai � lao9uage in a 
sin91� definition. Thus the language is broken ioto �.veral pi�c�s. 
and seperate description. are given for each piece, and then a �mast.r 
description" is made that �ho�s how the pieces' fit tO�8th.r. Th� moi� 
comple}( the lant'llJa9�, the more levels of d'e$cripti(ln that mi!lht be 
tJsed. 

One approach that might be used is to start our definitions with the 
smallest pieces and build UP fl"(lm ther·e. An-other' is. tel star·t l.&Iith the 
overall program and break it down into smaller and �maller piaces. 
Whichevel" approach YOU take depends 00 personal �refar�nce. 

)] In this manualr the bottom-up appr�ach will be used. notbetause it is 
better, blJt bel:ause it allows the use .,f examples that a:,r:bS'Htflf)e.riJitl) 

,_ 
th<ii point Under' discussi.:arl� without the distr-action (If a ""'a�E- ·'t<u·iI-...t 

, I i), ......... "n .. ,to"b. l@ .. rMd b@foN ." .... ph . .... , 1>,- .... d"_ '",,":, ',\" •. 

. l 'rh� !:.mallest th irl 9s a cljIJIPiler' must r'f!a!:,(lnablv bi' ex�"'d :�Q de.::! 1 
--j '.&lith as it···s inPIJt ar'e individual .:haracter-s. The �r·(tble", is that 
I J gr·.)IJPS of I:har'acter's taken together an:' usually the smalle$t thir.gs 
L that have individual meanins in a lan9uage. For- example, almost all 

prQ9ramming languages use indentifiers. or v'riable names, mad� UP by 
!� tt-Ie IJser. The II r-'J 1 es II fol" the se i ,je-nt 1 f i ers rrti gh t be .�::·::pr·-:.s sed in LJ ·ensl ish: 

I] 
A 1 et t-aor" f.;o 1 'Cowed by none or ",,:ore 1 <:: tt&�s _ _  or dig i bi., """I.Jed 
by the first .:t.ar·actet· that is. n.:ot a let-ter' .:Ir a di9it. i$ 
art identifie .... 

In META vnu could describe this with: 

I DENT IF IER == • ACHR $ • ANCHR • QTm(EN 

IDENTIFIER = 
. ACHR 
$ 
.ANCHR 
.OTOI<EN 

ao identifier is 
a letter- � 
followed by none or more 
letters or numbers 
(1J,a.k� it a sin:gle thU19 fr'om rlow i.Jrd 
(Thats. all, Fo1J($') / 

The process of maki09 a c�mpile� with METAb�9ins wi�h de9�riblng the 
'·';HI9IJage in !:'J.::h pieces ' as thes<ii. The flJn.jamenta1 terms. that start 
with a If. " indi.:::ate assembly c-.Hie flr'url-tilTr�" subr'oIJt;,n(:'s' ;\�"i:':r'al c·-;; 
which are provided with Met� fQ� yse by compilers that it 3en�r�t�5. 
yo� may also �dd your ow� run-time subroutines that �r� IJ��d In 
e)'actly th� same way. 



J 
Th� Synta.x of -it. META Pr'oilram 

META is � recursively defined 1�n9Uage. Each p�rt of it) i� dlfined 
using sma.ller pieces. When we get to the small pieces. we find that 
many of them are defined by using the "hi�her level" piece�. It is 
like :a. cat chatsin9 its tail! eecaY,e of this. it i� necessa.ry to have 
an overall picture of META as Ii. language BEFORE the lan9ya�e may be 
aJe�uately explained. To do this. we will mak� "two passes" at the 
problem. The first descript i on of META is a simplified example. and is 
intended to gi�e .n overall picture. but not a good definitio� of each 
piece. When that has been done, a mor·ft detailftd definition, of META 
wi 1 1 f I) 1 1 ow. 

:::. 1. 

The fundamenta 1 s"truc bJre in META Language is th'e�IJCTIC� A \�I .. ,;.e.r:�_u,ctior. is tCI META who1,t a statemftot is to arll)t�r. lio\n9IJa���, A 
I �'prodIJction dli'fines thi:' syntol.x fIH· ... sin91e "piece'&":of YOIJr' c.ver-al1 �. 

sYnta>�. ir. terms .:at even ml)re fUrldamerlta 1 pieces. A· ...t ... P'T'lf'ied sYrtta>( 
description of a production is: 

PRODUCTION = <id(�ntitier> ":: <choices> '; 

This breaks down as follows: 

PRODUCTION :: The syntax known as <pr�duction> 
i s  defin44 as be�n� 

" = an equal si9n followed by 

{,:ho ices> the syntax called choices 
.' . , ',�, . , 

(end of �he definition) . ,�one point �fir.terest is that the META compi ler is wr-itten ir. META. 
I The abc.ve META prodlJct i on is itself writ'tef'vin META. Se:. if y.:I!J 
L understand ,how the line: 

U., 
1 

PRODUCTION = <identifier) �= (c�oice5> �; 

flts its own d e f i n i ti on of • production! 



.\ 
, META 3;,5 IJ.er t1&.nual 

-a3� 2. Choices : ! --
Th& <choic�s) syntax 
sy�tax desc�l'ptio�s IJ i s�' 

' "  
specifies that one and only one of a 

must b� used. A simple definition �f 
1 is t of 

.,.: .: h '�I i ': � s:;. 

u 

IJ 
lU 
u. 
'd 

CHOICES = <termlist> $ C '1 <t�rmlist> ) ; 

Which introduces two new terms. The braces ( )  indicate that everytin9 
inside them is to b� consid�r�d a single term. The $ indicates that 
the next sin91e term is to be repeated as many times as it is match&d. 

CHOICES = The svr.tax c.a 11l!'d CHOICES i So dl?f i rllE'd oiiE-

<termlis t> The sYntax <termlist> 

followed by none or more ��� : _,..,......t-;<"�_ 
-

The char·acter· : 

<ter'ml i st> The syntax <termli�t> 

) 

(end of the definition of CHOrCES) 

-

, .......... ---
-6'" 
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:3.3. Termlists 

,'� A definition of <tecm1i.t:> i .. 

i] 

)] 

TERMLIST -= ( (test) : <�ction) ) $ ( (test) : (';i..:ti.)n) ) ; 

TERMLIST = 

« test) <action>} 

The e.Ynta::� called TERMLIST is 

Either the syntax of (test) or 
if n�t that, then the syntax of 
<�ction). 

followed by �one or mor� 

choice of the syntax of <te�t) 
.)1" <act ion> 

End of the defintio� of (ter�list). 
A <ter'ml i st) ;H.ds wher. th", ir.'-:'-Piit'. 
does- not �it the sYnta� o� e i ther 
<t�st> or (ac t ion) 

.,--'"!' 

If the fi�st term in a '.rmlist fails. then Control is ��tY,..ned to the 
.:h.:d.:e s 1 evel .)f syntax fortes-ting the n&xt choice. if any. H(tw ... �v .... r·, 
if any term except the first term fails. then a SYNTAX ERROR is 
d .... te':ted. and ar, &rror messa.ge wi 11 be gerrei"ated. This is be,:alJse 
each termlist is desi9��d to handle a particular "phrase" and if part 
of i t  doesn�t match. then there is an error. This may be ov�r�idden 
by placin9 the character ":fl before any term, forcing a failyre ret�rn 
as if that term were the first term. As an example . � numeric literal 
might be defined by: 

NLIr = $ .blank .nehr $ .nchr 

wt.ic'h states' that any 1 eadin9 blanks ac:-", tc. be skipped, and the!"! ' if 
the .:har�ctef' is rIot a ,  01Jlfleri-: d.i�i b the te .... mtl,l)i.t ·1 n'JIT"'�l"ic 
1 iter:al. ,lfc�t .. ::'<;�'a ""Jm�r.i( df9it::th�n<pi'ck 'J'p any ," , (,jn� di9iJ$ 
also. . 

-

-.. 
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11ETA3.�;US�r-· M�nlJal 

-�1. 4. T •• ts and Actio" 

II 

The syntax elements called (test) and <action) are the two fundamental 
terms of META. An action does sOmethin9. �uch as generat. output code. 
settine internal fla95, etc. A test is a conditional action. It may 
either pass or fail. If a test passes. any characters that is used 
from t h e  source code fil. are removed from the input stream. If a test 
fails. the �ource cod� input stream is unchanged from when the test 
star·ted. l,IIith one exception. Many tests wi 11 skip over- any blanhs 
befor-e starting, and Hlese blanks ARE removed. eVeri i""f- -the t<Bt fai 1 s. 
Later in this manual. individual terms are described, and those terms 
that do this are iden�ified. 

[1 Some example t�sts are: 

i] 

)] 

= .. ' .. ' <chr> ; 

TEST -= /.. .( s 1:> .r.. ,� 

Test for· the existence o f  a sin�"';�"'.;,·, 
character. We used this above with 
': t� te�t for an equal si�n 

-,���,:. 
\j •. ��.;:.J.. ' _ 

Test for the exist�nc. of a 5tring 
of characters� such as a keyword. 
"READ" would test for the ke�word 
READ bei�9 next in �he i�put str.am� 

examples of actions are: 

CODE = '( <sl� ; 

TEXT = " . TEXT" <s 1:> 

". 

Generate output code frQm the pattern 
given in the string literal. An ��ampl�: 
t�\bl\subroutine/ur 

S�nd the string literal to the coosol� 
as. a.m·ess�ge .t-:. the IJser. Ar. �>�alflpl�: 

• TEXT "PLOCompi 1 er- 'J1. 0". 

Thes� ul1'lird--derinitions" .a.re intended to give YOU a. fr· .. m, of r�.er·enc:it 
_ A f'H' the 'n',.;,r-e' detai led a.rid �ccur .. t. desc:,..ipti.;,r,5 that fol1Qw. YOIJ 
i-I.., Sh�'Jl � oot' e:x:pect to uoderS·tand exactl ...... how th� f.it together- "'it.' ttds 
!J P010t. 

,IJ,. 
IJ 
IJ 

::� U� 
II 

":s-
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i��' Meta. TEST terms 

4. 1. Sin,'e Character'Test 

seTEST = �� chr ; 

'i'I . .  ! \ Any leading blanks are ski�ped. If the next character is the specified 
character, then the test passes, and that char�cter is removed From 
the input stream. If it is not the specified character, then t"'e t�st 
fails. and only the leading blanks have been removed from the input fJ stream. 

n 4.2. Multiple Chaf'acter TQst 

�,��:,�S;T = (str-in9 liter-01.1) 
, 

J � .  str'ins 1i� eral specifi .. s a '  multipl� characte ... · t�5t. _,�nY le �ding 
.1ar.ks a ... e skIPped. and then the 1 iteral 15 tested a9�.,!���' th� lnplJt 

I
\,�l st ... eam. �If it m�tches, the characte ... s a ... e remo ved from the input 
� st ... eam, and the tes t pass .. s. IF not, �nly the lea.ding blanks a.re 

removed from the input st ... eam, and the test fails. If upper ca.se 
c'Htver·sion is enabled, the te.st � ite ... al MUST ' be spt"iciFied in lJ�pef' , rf'l U 
.:a.se to match the ' input stNtam. 

)] 
[1 

4.3. Multiple Cho1. ... a.cter Test with Delimite ... Check 

MCTESTO = �? <strir., lih·ral) This test is ider.tical te· MeT EST except 
th.a.t the· cha ... acter- that follows the last cha.racter' of the match'fd 
So tr i n9' 1 i�el"�l must NOT·t..-. a 1 phanumer i'c i f the ·test' i s' .to pa.s-s..; '�"Wi!l' 
1 ets yo"u test for' a lIIo ... d 'such ia,s\OET and fan when GETTI-N'OO;';:' 

" 
4.4. BLANK test 

Ue'ince InaflY META tests? incl'Jdin, all of the a1)o� 1 istedtest's, skip 
tJ .anY lea.,din9 bla.'nks that ... ... e present, while o the ... s. slJt;h as those Ijs�d 

to build tokens. do not. ttl. follolaJir'9 test- wil" pass iF a �·laflk is r,,'I,�J the next chara�te ... , and if so. the blank will be removed from the 
_ input stream. ! 

U., . BU�N"� 

11 !J 

.� ;�t�.:�,�v.�,;,.i;'��%,!i: ' " .',.: 
-f , -" �·.r-

!:! ;i1 

;: 



Any t�rm that starts �ith a p.riod and is follow�d by �n id�ntifi�r i� 
,'r,l .:onsid<:!r·ed a call t·o an ass�mbly language rOIJtine. Thls rl"Jtin� is 
. \ called with a BL instruction and returns with th� EQ flag set to 

indicatli' FAIL, and with the EQ flag cl;aoar'ed t o  indicatli' PASS. 
RIi'9isters r6 and r7 are USli'd for scanning charact�r5 and must not be fl changed. and re9ister riO i s  a local use stack that may be used but 

I I must be restored ·upon re turn. See the source code for the METALIB 
routines for examples. 

[1 ASMTEST = '. (identifier) [Ca r,> J 

1� __ 1 The optional arguments are defined by: 

) ARG = <numeri c literal) (identifier) 

: ; ... . ar ...... c 
(strin9 li teral� 

,:,;.,!.: . .• 

i .d' ,:.po . . . "t puaon.te<. pu •• d to the oouti n. by •• iteoating H.e", as 
fll ine data st"itements f.:d l.)win, the BL instructioHI. 

_, .. ;� .. <.::.<.,:".,. 

I,t.-I As an e:x:ample, the test .ASMEXAMPL( 1234.alpha,"'c) will gerler'at,,� the 
j f.:.ll')UJin9 call: 

)] 
n 
)] 

i ( 

ArId th� 

bl 
data 
d.:..t.:.. 
dat"i 

ASME)(AMPL 

1234 
alpha 

nc" 

t � r·Il'. • ASMSTO( IIstr'in, of 

bl ASMSTO 
t�xt .' s tr i n9 of 
byte 0 
even �. ' .. "� , . . ,.. 

text") wi 11 generate: 

text ... ,-
-

/ 



I I ) 

tit 4. o. .Inver-t Pass/Fai 1 

-j- If any t�st term is preceeded by a minus sisn, then it/s P&s5/fail 
status is reversed. For �xampl�. -�" mean s to t�st for a �uot. 
charact�r, and remoye it if present. Fail if It was pres�nt. and pass 
.)ther'wise. 

'1 
II 

4.7. Discard T�kens 
DTOt< = u, .... ( .<nIJmeric 1 iterat> ") ; 

The indicated number of tokens are removed from the token stack and 
dis.:ar'ded. 

4" :3. 

1 •• Ar� identifili'r' 
.
that .�oes not have .� period bef.)r'e �t is.� call to 

, . �-rIi;t.tl

,

er

,

.pr":O.jU

.

':tll)r

"

I • .  ThlS l .... i:s ·.'OIJ d"'." scr'lbe t�Ie sYrlta>� .l',r." ., Ple.:\!'s . and 
I� .:onnect them. The pass/fai 1 status of that prod'Jctiof.L.. b",'::: c.mes the 

pass/fail status of th. term. An example of this is t�;-�5e of (arg) 
in the specification of an assembly language test. Not� that the 
characters ( and) are optional, as they are allowed for compatibility 
with&NF rlotation onlv. Usual1'1', they ar'i' not used. 

LJ 
4. 'i. Nes ted 1 eve 1 s of CHOICES 

An ... �place that 'YOU may use a.n ind ividual tft .. t, YOU mav IJse a set · of . 
choices. by enclosing them in (braces). 

[] 4.10. Syntax of TESTS, 

, .. : TESTS' ';: <i,jer:a.tj.fie�:)··· . % pr·t)ducti'H,' ,:all' % 

I] .. 
. !j 
J .;, ,. 

l� 
l 

<string literal) % multi-characte� t�st % 
I �? (string literal) % t.st with d.limiter check % 
l �- t�st� X inve�t p�ss/fai'- of n�xt t.rm % 

.,-" .' ( <integer' , iter'al) " ) ". disc.r·d iOk'ercs �� . 

: " (identii=iErr> ( ar, j % as1embl ... , ;ans'JaSt� test ;� " chI" % s in91e charact�r test! 
'( chQices '1 % outer 1.v�1 choices �s a t2rffi � 



---�:. 

'! -a5�. �ETA ACT ION Terms 

: I-A�TIUN Terms are those terms that alwa�s pass, and thus ar0 not " 
tested. They perform some �esi��d action. They are used to �enerate 
outPlJt c.)de , make ,meSf.,il.geS, provide optic.nal c'Hlstr'ucts, and r-epEoat �1 parts of the syntax. 

;, --,,1 i -
\ 

Thi� term provides the ability to repeat a selected term and count 
down the value stored in a .DECLARE vari able. When the �alue IS :�ro. 
the repeating ends. The format is: 

RPT = ?"REPEAT" <decl.re cell identifier> 

( actic.n : test) ; 

��':" Me,sage OeOH .. tin. THm • 

• ERROR <string literal> 
.TEXT <string literal,> 

1,',-] ,I 
1,-

Bot h----o-f ,these terms d isplay the str"ins 1 it.eral' 
listing message. Error will also ,enerate a syntax 

r: ? .�. oJ. opt i.:.na1 : CHOICES 

as a cons.:" eo 
err·.)r" se�luerlC:�1. 

and 

By enclosing a ter"m or a 1 ist of choices seper"ated b· ... II � .. ir. 
GbracketsJ. the �e�luting pass/fail st.tus ,is isnored. making it�5 I:'_-J Rresence , optiorlal. Note, that this dCles rl.)t mean that a mlJl tipl. t-a-r'!rI 

,choice that passes it's fir�t�erm can fail following terms. 

RF : "$ <term> [�rl",e ter'!TI is r-epeated >Jnt il it faUst and the f�il"''"''status i!: 
t:) P"'l55o. 

[l . 1 -

U." 
U 
J 
lla 
u 

C" r: ' .... D • ..J • CALL T�ace Control 

• TRACE 
. NOTRACE 

These terms t��n a tr�ca listins of ��ch production as 
on and off. This is �s�d t� debu. Y00r META pr09ram. 
sh.;ould not b<? :,�rl ar,",' firti£'h,:··;iME"rA P!"··�'9!alTl. 

! 

it is ca11e..:.d, 
Th';'5e t<:-r'lll_=-



i e6. OlJtput Cod� Generation 

I �AS th� syntax. analY�is of the source code pr09r8558 •• appropriat� 
ass�mblv language code should be generated to pe�form the 5tatem�nts. 
Code mav b� sent .�ir�ctly to the Oytpy t stream (usually the TEMP1$ I.l file) or it may be stored in memory (deferred) for later Oytput. This 
is usefyl when th� source svntax is in a different order th�n the code 
that must b� generated. An �xampl. of this is a statement to write �l data to a di sk f*'e: 

PRINT #l;A .• B.C 

The code to write a l ine to the diSk file will be generatad by 
analyzing "PRINT #1;" but should not appear in the assembly program 
IJntil after- the line to be printed h.a.s been edite·d bv ar,.a.lyzlns 
"A.B.C". It. this case. the .jutput from thtil "PRINT #1;" is defer'r:e.j 
IJO til after the OIJtpu t Fr')m "A. S.C" has been generated • 

• META ver's i'o:on 3.:2 offer-s 4 seperate deferred OlJtPIJt s tre-:l.rfls. -Hllj ..s. i �.) I ::"'f'Jf'fe'rs a swit.:hable output stream. The sIIIitchab1e str-ea.1T1 m.n-- b<Ci' 

issigned t.) direct output ':0,.. to any of the defer-red O!.UB..ut str-t'!;ams. 
and then othe,.. productions that generate code to the s�ttch�d output 

I
rl_� 

_

_ j str-eam will use the pre-selected output st,..eam. A'r;e�<pf'esslo:an rl'lal-n:li?r­
might sene,..ate code to the switched stream. Othe,.. prodlJctions then 
':O:"Jld'r'efer-ence' sener-al ex.pressloF,s· a:nd s�h�c.t which .)utput �tr·e;�1T1 th;io I/:.J expression code would be &ent to. 

When YOiJ :are ,-€o-ady to U!1-e the code that hasbe-erl sent to a def�,..r-ed 
(Jutput sb�'''am. '.'QU tr-ansfer- all code saved tn that st,..eaffl · to th", 
di,..ect output str-�am. In the above example. the sequence of ev.nts 
might be: 

:] 

iJ 
U .. 

rj 

,Generate code fo,.. "PRINT #1;" to a deferred output stream 

C;ener-ate code for- "A. B,e" to thfr dir�.ct output str-eam 
T,..ansfer all code iri the deferr�d �treamto the direct stream. 

Tr-ansFerir.g 'Ii, .  deferred .,IJtPIJt stream empties it. It 1TI_·�r. tIe used 
asainfo'-': new defer-red output codfr. 

/ 



DCODE = ' 1 ( s t r i n � c o d� l i t . r� l > 

Th� f o r m  o f  a d e f e r r e d O y t p y t  ACT I ON t e rm is : 

II DEFCODE = / 1  <n Yme r ic l i t e r a l > ( s t r i n 9 c o d e  l i t e r a l > 

F o r  t h e  p r e s e n t  v e r s i on .  t he nume ric l i t e r a l  my s t  be 1 . 2 . 3 . o r  4 .  

To t r an s f e r  c o de f r om a d e fe rre d o u t py t  s t r e am . u s e :  

i1 DEFTRAN = � A  ( n y m e r i c  l i t e r� l > 

[ ��t ... for .. u s e d  t • • • 1 o c t  t he ... j t ch. d . " t pu t  

SWSEL = / !  ' =  <n ume r i c l i t e r a l ) 

s t r' e am i s :  

. -��..., -

T h e  n ume r i c  l i te ra l mu s t  be e i t h e r  0 f o r  d i r e c t o u t pu t , o r  1 . 2 . 8 . o r  4 
f o r  d e f � r r e d  O y t p y t .  

o To 9 � n e r a te c od e t o  t he sw i t c h e d  o u t p y t  s t r e am .  y se :  

!3WCODE = ... 1 " 1) ( s t r i n g c c  . .  ::I e  1 i tera l > 

i J  -,-
� 

l J · , 
:i. 
: 1  

< , . " ,. 

" 



-le o. 2 .  S t r i n9 Co d e  L i t . ra. l s 

I T h e  a c t ua. l  c o d e _ t o b e  s e n e r a t e d  i s  � pe c i f i e d  by 
l i t e r a l . Th i s  i s  a t e x t  , t r i n 9 e n c l o s e d  i n  
c ha r a c t . r .  have f P e c i a, l  mea n i n9 s  i n  s u c h  a s t r i n g .  

a. s t r i n 9�( c o de 
» � u o t e s » .  Se ve r a l  

\ Tab t o  n ext a s s e mb l y  f i e l d  

I e n d  t h e  l i ne o f  a.s femb l v  c o d e  a. n d  s e n d  i t  t o  t h e o u t p u t  s t r e am 

'c C O PY t h e next c ha. r a. c t . r  e x a c t l y . Th i s  is u s e d  to o u t pu t  
c ha r a c t e r s  t h a t  have o t h e r me a n i n 9 s .  

* ou t p u t  t he t o p  t o k e n  a.nd r emove i t  f r om t h e  t o ken s t a. c k . 
+ ou tpu t t h e t o p  t o k e n , b u t  l e ave i t  � n  t he t o ke ri  s ta c k . 
#Q Ge n e r a t e  a d e c i ma.l n umb e r  for t he va l u e i n  aUTO . 
# n Ge n e r a t e  a. l ab e l un i lll lJ e f o r  t h i s  p r- o d lJ c t i .) n  ca.l ' . T h e r e  ar e f ') IJ r­

s lJ ch l a. b e l s iva i l ab l . f o r  e a c h  pr o d u c t i o n i t � r a t i o n .  IJ 
A l l o t h e r  c h a r ac t . r ,  a r .  c o p i e d  e xa c t l · Y  a s  t he y  appea r .  

r - J"""",,'For eac h o f  t he f o l l ow i ng e :><:amp l e s ,  a S S lJlrte t ha t  NAME i s  
1 - . t h e  t Q k e n  s t a c k ,  a n d  ADRS i s  n e x t  o n  t h e  t Q k e n  s t a c k . 

-";�¥-; 
thli' - t o p  ,�.- o f  

i] 

��--­
I] 

u 

U 
e 

j J 

! " \ p s h r \ r O / " 
p s h r  rO 

! " " i \ r O , . / \m 6 v \ rO , * / " 
1 i  �O , NAME 
mov rO, ADRS 

! » \ l i \ r O , ' � ' * ' � / "  
l i  H * H 

! " \mo� \+ , rO/ \mov\ ' *r 3 ' + , * / " 
mov NAME . rO 
m o v  * r 3+ , NAME 

- -- ' ," 



' 1  ,t7 . OPT I ONS a n d  SETUP s t a h  ... n t s  

I T h e � e  a � e  i e v e r � l me t �  f � ci l i t 1 e 5  t h a t  r e q u i r e � e t � p  o r  d a t �  
dec l � r � t i o n b e f o r e  s t a � t i n g y O Y �  p r o g r am .  Co l l � c t i ve l y .  t he s e  a r � 
ca l l e d o p t i on s .  eve n t h o u s h  some o f  t h em a r e  ve r y  ne c e � sa r y . Th� y 
a p pe a r  i n  y o u r  META p r o g r am b e f o r e  t h e  . SYNTAX or . STATEMENTS t e r m s . 

7 . 1 .  F I LE I D  

On e s u c h  s e t u p o p t i o n i s  t h e  a s s i g nme n t  o f a f i l e  i d  f o r u s e  b y  t h e  
l i n k  e d i t o r . Eac h META pr o g r am mo d u l e  s h o u l d s t a r t w i t h  t h i s  o p t i o n :  

. F I LE I D  <m o d u l e  i d e n t i f i e r )  

7 . 2 .  F I LETYPES 

,i\4In.th" e, r: '

,

5 e t Y p  o p t i o n t h a t

., 

mu s

.

t b e  p r e 5�n t  i rl a ma i n  mO. d.U l i:  ,:, f. l " " ( .) n e  
t tHl.t ha s . SYNTAX i n  it )  i s  t h e  f il e t Y P ft o p t i o n '. T h i s , ,,!;iJ�.e .: i f i . s  t h ·� 
d e f a lJ l ·t 'f i hi' t y pe s  t o  be u s e d  f o r  s o u r- c e  a n d  d £o s t i na tY6n f i  l e s i f  t h e  
n ame s 9 i ve n  d o  n o t  h�ve pe r i o d s  i n  t he m . I t "' s  - f 'H'ma t i s :  

IJ 
IJ 
I] 

I' 

u 
u 

. F I LETYPES 

A s  � rl examp l e :  

. < s ou r c e  � i l e type' • <re l a c  f i l e  type) 
< ex i t  c m d  n�me) r 

" ,  

. F I LETYPES . MET . REL ASH ; 

i s  u s e d  b y  t h e  META c o m p i l e r i t s e l f .  

Use of an e x i t  c o mmarl d  rt4a.me o t he r- t h a n  A:::M a l l O W f.  c o d f!  o p t  i m i  z ", r­
mo d ul e s  t 'l, b e  a ,.Jt 'lma t i ca l ly i n c l u de d  i n  t h e  c o m p i l a t i o n  p ro c e s s .

'
,

" "' ; 

I 

:���·r��. 
�16.;'" 



: J 
;. : .. 

, META 3 • .  3 U • •  r Ha.n lJa 1 
�. ' -,- . .  - .\� : ,. �: ... ; 

�l '. 
' 0 " 

e 7 . 3 .  A t t r i b u t es 

n T h e r e  a r �  t w o t y pe s  of � t t r i b u t e 5 . GLOBAL � t t r i b u t e s  a r �  � � n e r , l 
p u r p o s �  ye s / n o  f l � S 5 .  SYMBOL � t t r i b u t e s  ar e y � s / n o  f : �9 S  t ha t  �r� 

u 
n 
n 
.n 

r 9 l a t e d  t o  � n  i n d iv i d u� l i de n t i f i e r . T h e r e  � r e  3 2  g l o b a l a t t r i b lJ t e s  

and . f o r  eac h i d e n t i f i . r , t h ere a r e  32 symbo l a t t r i b u t e s . 

. a t t r i but e s  n ame l i t C ,  na.me l i t • • •  l �' 

w he r e  n a me i s a n  i d e n t i f i e r  a s s o c i � t e d  w i t h t h e a t t r i b u t e . a n d  l i t 
t h e rl Y mer i c  b i t n lJ m b e r  - l t h r o u 9 h  32 a s s i g n e d  t o) t h a t  a t t r' i b u t e . 
e >(�m p l  e s :  

. • a t t r i b u t e s  f pv a r  1 ,  i n t va � ,  2 .  s t 9 v a r  3 ;  
• a t  t.r- i b u t e s ' i n  p f i  1 e 25 , ' elU t f i  1 e 26 ; 

D.- .," ���,h a � t r' i b
.
u t e  b e C Ollles 

• . a t t ,.. i b u t e s  f f'lva,.. .� . 
� n  a s s e mb l e r  e q u  s t � t e me n t :  

i n tvar 2 ,  s t 9 � � r  3 ;  

D 

u 

t r a n � l a t e s i n t o :  

f pvar' e q lJ 

i n t v a r' e q u 

1 

To u s e g l o b a l a t tr i b u t e s� Y O U  u s e  t h e f o l l ow i n g t e r m s : , 

. s ( a t t r i b u t e )  
• r ( a t t r' i b u t e ) 

. i f < a t t,.. i b u t e ) 
- . i f ( a t t r i b IJ t e ) . .  

s e t 9 l o ba l  at t r i b u t e  o n  
re s e t  s l o ba l  a t t r i b u te o f f  
pas s i f  g l o b � l � t t r i b u t e i s  
pa�s i� g l o ba l . a t t r i b u t e  i . s  

s e t  ( co r. )  
r e s e t < o f f ) 

T o  u s e  s ym b o l a t t r i b u t e s . yo u u se - , t he, . f o l 1 ow i n . t:e rm �w � n !l ·  i n  m i n d  
t ha t - t h e Y  a�l y t o  the Symbo l' t h� t  i s  c l o se s t  t o  t h e �t t h E! t o k e n  
s t a c k :  

• � s  (a t t ,.. i by :t,e ) 
• ar ( at t r i b u�e ) 
. a i f ( a t t r' i b u t e ) 

- . a i f ( a t t r i bu t e ) 

s e t  SYmbo l  at t r i b u te o n  

re se t s y�b o l  a t t r i b u t e o f f 
....... 

pass i f  S Y�b o l  a t t r i b u t �  i s  s e t ( on )  
P � S 5 i f  s ymb o l a t t r i b u t e i s  r e s e t ( o f f ) 

- �  '" 
A t tr i b u t e s  ( b o t h  s ymbo l a n d  9 1 o b a l ) , � r e  a1 1 r e se t  u p o n  1 6 � d i n � y o u r  
c o m p i l e ,.. , a n d  i f  n e c e s sa r Y , m u s t  b e  s e t b y  Y O U �  

�, : 



, __ 7 . 4 .  C o mp i l e r' Var i ab l . s 

. I I � y o u  c a n  s e t a s i d e named I n t � g e r  va r i ab l e s  f o r  y o u r  c o mp i l e r t o  u s � 
wh i � e  comp i l i n 9 a p r 0 9 ram . Y o u  do t h i s w i t h  t h e d e c l ar e  s t � t � me n t : 

i -l 
n 
n 

wh e r e  n ame i s  . t he name t o  be u s e d  b y  t h e  v a r i ab l e .  an d s h o u l d b e  
u n i q u e i n  i t s f i � s t  6 l e t t e r s .  a n d  l e o . t h  i s  t h � n u mb e r  o f  1 6- b i t 
w o r d s  s e t a s i d e f o r  t h a t  name . I f  t h e l e o 9 t h  i s  n o t s �e c i f i e d .  t h e n  1 
IaI o r' d  i s  s e t  a s i de . · Some examp l e s  ar e :  

. de c l a r e  n r i n t . o r f p ;  
• d e c  1 a r' e b i s  ( 1 0(0 ) ; 

Ea c h  name i s  d e f i n e d  a s  � n  en t ry n ame so t h a t t h e  l i n k  e d i t o r  ma y 
a l l o w m a n y  mo d u l e s t o  r e f e r  t o  t h a t  var i a b l e . 

IJ".TO , .u s .:.- t hes- e c O:l m p i 1 e r  v a r  i a b  1 es·. t h e f o  1 1  (l Ul i n9 t e r lf' $  a r' i'  ava i 1 a b  1 i' :  

. c 1 r ( var ) s e t  v a r  t o  0 -.. 

D, 

. n·' 

• i n c ( va r ) a d d  1 t o  v a r  
. d e c ( va r ) d e c r eme n t  var 
. s e t ( v a r w l i t ) s e t  v a r � l i t  ( t he l i t e r a l v a l u e )  
. m o v ( v a r l . v a r 2 ) s e t  var2= c o n t e n t s  o f  var1 . m ax ( v a r l . va r 2 ) s e t  va r 2= l a r s e s t  o f  v a r l o r  v a r 2  

. e q l ( v a r l i t l . va r l i t 2 ) pa s s  i f  v ar l i t l =v a r l i t 2 

EQL t r e a t s e a � h  par ame t e r  a s  4 f i t e ra 1  i f  i t s  va l u e i s  255 o r  ' � 5 s .  
O t h e r w i s e .  i t i s  a s s ume d t o  be t h e a ddr e s s  o f  a c o m p i l e r  v a r i � b l e , a n d ' 

r t h e  c o n t e n t s  o f  t h a t  va r i ab l e i s  t e s t e d  • 

., s .:.- n d  ( va r ) 

GEND s e n e r a t e s' • , d e c i lf  •• l · n lJ mb e r  e .. ua l t o  t he va l 
o u t P IJ t s t r e a'1t. . 

r' i n t .o t h e -

_AnY e x t e r na l l y  de f i ne d  var i ab l e s  i n  t he c o mp i ' e r' r' u n t i me D " ( me t a 1 i b / lTt� t a u t i l ) may b e  man i p ..: l a t e d  w i t h  t h i" s &-.J: e r ms . .�. , 

,n 

I I  l J  

u 
. : �, 

. . i . 

T h e r e  are t h r e e  t e r m .  ava i l a b l e  f o r  pe r � o rm i n �  a r i t h m� t l c  o n  d � c l a r � 
ce l l $ :  

• I: a d d  ( va r .  1 i t ) 
• v a,j ;j ( s  v a ,.. , d v a !" ) 

,' . , - .  

a d d  t h e l i t e r a l t b  t h e va r i a b l �  
�d d t h e  s o u r c e v a r i a b l e t �  th @ 

. � � s t i n a t i o n var i ab l .  
�ul t i p l Y t h e t w o  v a r l a b l e 5 �n � 

I 

s t () r' �  t h e r e s lJ l t ' i n  t h e d � s t {  .. a. f: i l) " . 

"�' :�{L ' ' . ' . 
<,,� . '-'1 S.. . 

," .. -.�;.. 

U,, · < . ! .� 
U .. 

, . 

:�,t;i'� " ,," 
�i5T. 
� ·r. ;.; 

�., 

$ ;  

�.: 



n 
i�. 5 . U t i l i t y S t a c k �  

lJ 
n 

[j 

Il 
', __ . ..1 

LJ 

META :::: p r' cl v i d � �  Y ':IU w i t h  t h \? a b i l i ty t <o hav� s � ve "' .:l. l IJ t i l i t  .... s t � d:: s 
u n d e r  y o u r  d i r � c t  c o n t  ... o l . T o  d � c l � r e  e a c h  s ta c k  u s �  t h �  s t a l e me n t :  

. s t a c k s  nam� ( 1 \? n 9 t h ) [ � nam\? ( 1 \? n9 t h ) ;  • •  ] ; 

w h i c h d e c l ar e s  ' �ac h 
I t.- to  i t  w o r-·ds . •  

n ame a u t i l i ty s ta c k  ho l d i ng l e n g t h  n u mb e r  o f  

T o  u � e  t h � � �  s t a c k s .  Y O U  hav. t he f o l ow i n g t e r m s : 

. � p u s h ( var . s t a c k ) p u s h  v a l'  t o  � t a c k . pa s s  u n l e s �  
s t a c k  (I ve r f l ows· . 

. s p o p ( s t a c k , v .:l. r ) 

K e ·· ... w o:o r· d s  

PO P var f ... om s t a c k . pa s s  u n l e s s  
s t a c k  i �  e m p t y  ( u n d � ... f l ow )  , .... t. � _ 

I n  mos t l a n g u a g e s .  t h � r e  a ... e c e  ... t a i n  k \? ywo rd s .  t h a t  mu s t  n o t  b �  u s e d  
f o r  i d e n t i f i e r s ,  a s  t hey a r e  us e d  b y  t he l a n g uage i t s � l f .  T h e  t a r m  
. KWCHK de s c r i b e d  u n d e ... t o kens c he c k s  a l i s t  o f  s u c h  k eywo r d s .  F o r  
t h i s  t o  w o r k , h o weve r .  t h e k eyw o r d  l i s t  mu s t  b �  d e f i n e d . T h e  k e yw o r d  
s t a t e me n t  d o � s t h i s :  

I<W = ? " . KEYWORDS " < k wr d :>  S < l� Ywr' d )  " ;  

k w rd = . a c h r  $ . a n c h r  ; 

A l l  k e yw o r d s  MUST b e  l i s t e d  i n  u D pe '" c a s e  to a l l o w c a s e  i n s e n s i t i v it y 
i n  t h e  r e s u l t i n g c o lTt p i l \? r .  

A n  exampl e i s :  
" 

. I<:EYWORDS .G8T PUT. READ WR I TE ' DO .  FOR TO ' STEP 

- 1-9--

' .  
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i e  i l  7 . 7 .  

Symb o l  Va l u e Ce l l s  

I -J 

n 

Ea ,: tl �, -· ... mb o l  t a b  1 fr e n t r' -(  may have (t n t'  o r' mc. r· � n .a m� d ,,· .a I oj .:!  ; .� I 1 s:. 
a t t "i. d 'l � d  t o  i t . wh i c h  a r e  a l l s e t  t o  z e r o  whe n  t h e  S YlTl b .) 1  i ",  .] ,-,:, t 1 ; 1 '-':" "  
Y o u  l mp l e me n t  th i s  w i t h  t h e  . v a l ues � t a t em�n t : 

. v a l u e s  name ( . name • • • J ; 

T h e r' ':­
a l l o f  

may b e  o n l y  o n e va l u e s  s t a t e me n t  pe r p r 0 9 r am , wh i c h m u s t  1 j � t  
t h e  d e s i r e d  va l ue c e l l s . 

F 0) r' i' xa m p  1 e :  

a s s o c , 

w o u l d d e c l a r e  t h a t  e a c h s y m b o l  t a b l eo en t r y  w i l l  h a v ·,;: 4 v .3. 1 1J ·� < . "� s ,  
k n .) w n  a s  n r, .j i m .  t c od e , a s s o c , a n d  s y e q lJ ,  Wh l .: h  m i 9 h t  p � r· h--':i. P E. r \.� t o: I:� h'I . l' t ,,� .�t .h �" . n tJ mt. e r· ,:o f d i me n s i () rt s · var· i . b l e  t y p e  c .;, . j e . a ' . , ·  'l '_� � '�"_" � -;:' t "" l Je,var i a b l e s ,  a n ·j s (, nle s vmb co l  e q u a t e  va l u e .  

._ 

[J 

IJ 

Y o u  may Q n l �  w o r k  w i t h t h e s ymb o l va l u e c e l l s  f o r  t h e  s y m b o l  t h � t i s  
I: ' ,:.. s e �. t  t o  t h e t o p  o f  t h e  t o k e n  s t a c k . y ,) IJ d o) i t  Ull t h  t h ·", f o l 1 " l lu l rl �  
t .f! r- m 5 : 

. v l d ' va r , va l c e l l )  move var i a b l e  t o  �Ymb o l v a l u e c e l l 

. v s t ( va l c e 1 1 , va r ) move s y m b o l  Va l u e c e l l t o  v a r i d b l e 

. v l d ( i n t b i n . n r d i m )  move i n tb i n  var i a b l e t o  t he n r d i m  c � l l  
o f  t h e c u r r � n t  s ymb o l . 



\ META 3 . 5 U s e r  Ma n u � ! 
>�. 

:-1 c '  

B .  $o lJ r c e  S t r' � am $can n e,.. C o n t r o l  

�" le I S� v1ft r' a l _ e>� t e r' na l  v a r- i ab l 1ft s  a r· flt  ava i l a b lft i n  t tl ,.:.-, .  r o u t i n e t o  a l l ow META p r 0 9 rams t o  c o n t r o l  t h e  i n p u t 

1 .--1 L. 

n 
o n  

be  c ha. n 9� d wi t h  . SET a n d  t e s t e d  w i t h . EQL . 

.: rnt c h r' 

Th i s  c e l l h o l d S  t h e c haaa r- a c t e r  t o  b e  � p. n d e �  a t  t h e  � n J  o f  
e v e r- Y  S O lJ r c e 1 i ne .  Se t i t  t o  a s pa c e  u n  1 e S s  ·· ... . :;. u  hav� a I i I I '� 
o r i e n t e d  l an g ua. e . 

T h i s  c h a r a c t e r  s t a r t s  a c o mme n t .  The i n p u t  s o u r c e  s t r e a m  i s  
i g n o r e d  u n t i l  a n  e n d - f o  c o mme n t  c h a r a c t e r  appear s .  

T h i s  c h a r a c t e r  e n d s  a c omme n t � I f  c o mme n t s  a r e  h a n d l e d h '\ � 
s t a t e me n t t y pe s u c h  as REM i n  BAS I C .  s e t  c m t c h r  � n d  c m t e n J  t o  
o t o  d i s a b l e  c omme n t � . 

T h i s  c h a. r- a c t e r  a p pe a r- i n g i r, t h e sou r c e  s t r �anl '\lu l l f lt.l :; h'.'i\t o 
. t h e  e n d  o f  t h e  1 i n e  a n d  g e t  t he n e :,d  s O IJ r' c e  l i n e "  a S t t , ;;;.l t 

we r e  o n  t h e  s ame p h Y s i ca l  l i n e  o f  t e x t . 

T h i s swi t c h cau se s  t he l i n e f l us h  a c t i o n . 
d e c i d e s  t o  i 9 nore  t he r e s t  o f  a. n · i n p u t 
v a r i a b l e  t o  1 .  

l' fl"-":;:' I:, ur' p ro ':0 '.i.� r' . .lm 
1 1 ft e . s e t t h i s  

I f  t h i s  sw i t c h i s n ot z e ro . al l c� a r a c t � r s  exc e p t  t h o s e 
a c c � s s e d  t h r o'J 9 h  • ANYC llI i  1 1  b e  c o nve r· t e d  t el  I.J P p ." r  ·:as e .  

T h i s . s w i t c h  c o n t r o l s s t r i ng m o d e . W h � n i t  i s  n o n - � e r o , 
c o mme n t s  c 6 n t r o l l e d w i t h  c m t c h r  a n d  , c m t en d  � r e  t e m p o r a r i l �  

d i s a b l e d .  s o  t ha t  t h o �e c h a r a c t e r s  may b e  u s e d  1 n  s t r i n 9 � . 

This c e l l h o l d s t h e  c o l umn n u mb e r  o f  t h e c h a r a c t e r  l a � t  
a c c� f. se d .  s t ar-,t i n 9 w i t h 1 .  I f  i t  i s  z e r' (" t h e  n e ::< t c h;;i r' a c t*e r­
w i l l  be t h �  f i r st c ha r a c t e r  o n  a l i n e .  

t rl a. d d  i t  i (l n  ther.e i s  (. n e  t e s t  t e rm p r o v i d e d : 

. NEOL 

U _\lJh i C �' F';.. s s e s  i f  t he r- e  a. r e  a. rl Y  c h . r a c t e r· s  1 e'f t o n ---t'h e  pr· e s e r. t  : 1  i r l 8  """" f 
s .:. tJ r· I� "" t e ::< t . 

lJ 
! l 

I i 



] 
l]e9 .  U � \ n 9 t h e  ME TA C o mp i l e r 

I I 

[] 

META < "l n d  a l l 

R e l o c a t a b l . e  f i l e s w i l l  h�ve . REL a p pe n d e d  t o  t h e l r  name u n l e � � � 
pe r i o d a p P E a r s  i n  t h e  s p e c i f i e d  n ame . S o u �ce f i l e � w i l l  h a v e . ME T  
a p p e n d e d  t o  t h e i r  n a m e s u n l e s s  a pe r' i ., d  a p p e a r' s  i n  t he name . i;' T h e s ,.,.  
d e f a u l t f i l e  t Y Pe s  a r e  d e t e rmi n e d  b y  t h e  . F I LETYPES s t a t e me n t ) .  

T o  u s e  a f i l e  w i t h o u t  a n y  t y pe d . f a u l t .  s pe c i f y t h � n a m e  w i t h  � p � � i o d 
a s  t h e l a s t  c ha r a c te r : .  

ME TA 

o n l y  (. p e r' a t t a n f i 1 

" . - , .�  
= p r- 0 9r am 

T t. .. H· e a r e a f t w  " t y p i rl 9  s a ve r, l I (. p t i o n s  .. l l .:owe d w i t t. t h e f' e L', c a t: a b l i­
a n d  s o u r c e  f i l e  n ame . J f  n o  e q u a l  s i g n  i s  p�e s e n t , t h 0 rt  t h e f i r s t f i l �  
n a me � p e c l f l e d  i s  u s e d  f o r  b o t � f i l e s :  

r1ETA p r' C' 9 r' a m 

n w i l l  u s e p r o 9 r- a m . r e l a n d  P r- 0 9 � ��� me t 

I] 
I f  t h e  f i l e s  a r e  o n  d i f f e r e n t  d r i ve s .  Y O U  may u s e  t h e  f o r m :  

META 1 / = 2 / p r o 9 r- am 

wh i c h w i l l  u ! � - . 1 / p � o 9 r am . r e l a n d  2 / p r o 9 r am . me t  
... 
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META :3 . 5  91J I Ck -REFERENCE :,jUNMAR'y 
� � . ':�:;.'.-����� " :  

, STRliCTURES 

f ie : P I- ':O ' :: [ < o pt i on s) • • • J 
{ • STATEMENTS : • ';YNTAX j 
$ < s tmt> . END 

(s t m t >= [ � :  < t e r m l i s t >  ) ( c h o i c e s ) 

( c h o i .: e s )  .- < t � r ml , i s t >  $ ( � :  ( t � rm l i s t) ) 

( t e r m l  i £, t } = ( t e rm) $ ( <a c t i o n> : ' : ( t e s t )  l ( t e s t )  ) 

( t ,!;! r' m) 

OPT I ONS 

. F I LE TYPES . s o u r c e  . re l o c exe c 
• TA 8::; 

• NOTAB:;; 
. S T ACKS ( i d > [ < l d2) J ( < n >  r, " ',' ' . DECl�ARE <: �, .j :�: . [ _. ( �n :�' ) ] 1 . , • •  

I . - · � ATTR I BUTE ·:;. ·: .. l .j ,;' '� rl .> • • • •  1 - ' . F I LE I D <: i d) 
. CODE < i d) < 5 >  . . .  

, " !II • •  

II 
1 -1 lJ 

U 

1 -
L�JP 

: l  t .. . 

. VALUES < i o1 >  • • • .  

. KEYWORDS < k i d > r . l  

t = ,: ... > 

! O  < 5 >  
! (J < p >  
1 < 0 >  ( 5 )­
! < n >  < p )  

"" <: n:> 

ACTION TERMS ( NOTEST ) 

a 5 s i 9 n  v . r i a b l e  o u t p � t  s tr e a �  
o i s  d i r e c t  o u t pu t . '  1 -4 d e f � r e d  
v a r 1 ab l e  o u t pu t  f r o. l i t e r a l s t r i n 9 
v a r' i:a'b l e  o u t p u t  f r o:, m c o d e  pa t te r n ' 
o u t pu t  t o - d � fe r e d  5 t r e �m f r o m  l i t e r a l s t r i � j 
o u t p� t  t o  de f e r e d  s t r e am f r om c o d e pa t t e r n · '  
p o p d e f e r e d ' o� t p u t  s t re am < 0 >  

. PRNDEF « n »  . p r i n t d e fer e d  s t r e �m o n  c o n s o l .  � s  me 
.... 

. REPEAT (v> < t e r m> 
• TRACE 
. NOT RACE: 
. ERROR < s> 
· TE X T  ' :: s >  
. FA I L  

pe f f o rm < t .rm> <v> t i me s  
�r od u c t i o � c � 1 1 t r�c. o n  
pr o d u c t i . n c � ' l t ra c e  o f f  
s 'y' n t ax 1? !" f" ':' P w i  th d i s p l  aye d Yt! >� t 
d i s p l ay t e � �  me � S a� e  
f an .' c u r- r e tl t  p. t' c  . .  j u c t  i o n  
t e rm t ha t  a l waY S p a s s e s  

[ < c h o i c e s > J o pt i o n � l c h o i c e s  
� < t e r m) r e peat t e rm a s ' o n �  �s i t  pa S $ � �  
. L I M I T  < n )  $ zt e rm) rl? p. � t  pa s s i n � t e r m s  U P  t o  < 0 >  t i m�� 



I] 

<i d O: .  
< 5 ::' 
'''< � . .-
-< t ';0 r' m:> 
.... ( :: n :: 

. : 1 d ::' 

i �� o k e  p � o d y c t i on 
pa. s s  i f  s t r' i o'J li t t H'a l will lJ� 1 5  
a. s  a b ov� . b u t  de l i m i t e r  mus t b e  
i nv e r t  p� s s / f � i l o f  < r 8 r m) 
d i s c a r d  <0> t o k e n s  

. d i s c a r d  o n e  t o k e n  

n;';' . , t  l n s t r ':i' am 
fl\) ," I - ;1, n  t ,', P 'li. !'  r 

• < i  ,D « "i r' � »  
i nv o k e  a. s s�mb l y l an s ua,ge $ u b r Q u t i oe 
a s m  s u b r ou t i n. w i t h a r 9 umen t s  

• a c h r·· 
• a n e t H' 
• n c h r'" 
• h c r. r· 
• -i n "( ': 

t � s t  f or o c c u r a. n c e  o f  c h a. r a c t � r  ( c )  n e x t  � n � t r � � ffi  
t e s t  f o r  c h a r a c t e r . a l l o w i n g l ea d i nw b l an k s 
a l l o w my l t i p l e cho ic � s  a s  a. s i m:l l e t .... r· ". 

TOKEN BU I LD I NI3 TERMS 

a l p h a.  c harac t e r  bu i l d s 
a l p h a  op � i 9 i t o k  
d i 9 i t o k  
h e ::..: d i g i  t el k 
a n y c ha�ac t e r  o k  : 1 ' "  . . IH. t (I k n 

1 __ • P V C  fi r 

r ��o ve c har laj t a. p pend e d  t o  b U l l d  b u f f e r ' 

- c h a. r a. c te t a c c e p t e d  b y  t e s t  

u 
il lJ 

[J 

i] ., 

!J 

P\I n IJ ITI = 0 t h r u  9 va l u e o f  l a s t  e h r  i f  d i g i t 
a n d  1 0  t hru 35 f o r  A t h r' IJ Z 

. m to k ·a n  ( .- 0: ) 
· i t c;. k � n ( . '.: ) 

i f  next chr i s  " e "  t h e n  a pp e n d  i t  
a p pe n d  t h e c harac t e r  " c �  

p a s s  i f  t o k e � h o t  a k e ywo r d  
i f  i t  i s  • .  r e t u r n  t o k � n  t o  i n s t r eam � f � i l  
q u � U �  t o k e n  t o  t o k � n � s tac k 

. f v m b l pa S 5  i f  t o k e n  i s  pr ev i o u s l y -�i� i n e d  
s e t ,  CURSYM 

. � s ·'("lb l ad d ( d.E. f i r,e ) t o k e "" >3. � nelll .sYmb l;. l 
s ;.:. t · CURSVM 

; .. I' � ." · 1Ib l  . r:� � '", r·e.nc e svmbo l f: r' om ,CURSYM .for a t t r i butetW'li?: 
V_l �. S i  e t c .  -

. S Y lTI s c n  
• n >:, t s 'Y rfl  

. .... .. 

i n i t i al i z e s ymbo l t abl e s c a n  -"? 
app e� d next symb o l t o  b u i l d  b u f f e r  
n o:·  !"'!Ila 1 1 y f o  1 1  owe d  b y  . q t o k e n  
S Et  " � '· ':URSYM 

/ 



�.; 

CHARACTER CLASS VAR I A BLES 

�h� c ha r a c t � r  c l a s s e s  a r e : 

l� CCUC;� 
CCLCA 
CCN 

8 CCH . :,·.--.1 1 f:.. CSPCL 
� :�: C:C:A 

7 eCAN 
1 2  CCHN 

64 
1 28 

U p p e r  Ca s e  A l pha 
L O III� r· Ca se A l  p h 'l  
NIJITli! r i c  D h ' i  t 
He x l e t t e r  A-F o r  a-F 
S � e c i a l . C h a r a c t e r s  
A l p ha u p pe r  o r  l o we r c a s e  
A l p h a  o r  n u me r i c  d i 9 i t  
h�x d i 9 i t  0-9 . A-F . o r  a-f 
( u n IJ S i! d ) 
( l.l n lJ s e d ) 
( IJ nu s e d ) 

CHRACTER CLASS OPERAT I ONS 

. CLTEST « v) . ( c l a s s v 'l r »  pa s s  i f  c h a r  i n  v f i t s c l a s s  

. CLCOP Y ( o l d c l a s s > . ( n e w c l a s s » De f i n e < n i! w c l a s s )  t o  bi! a l l 

( 1  . CL INS « .: h a r· I) r- v a r· :> . ( c l. a s s »  L e::LDEL « C h a r' (I r- v a r' > , < c l a s s »  

�l 
'I . . tJ L 

"" 

I - - e I�J . 
iJ 
I J . 
!J 
' J  
:J. 
U 
iJ 

,: har' a c t e r s  f i t t i n g <: ,) 1 d .: l a s s : :  
Ad d c ha r a c te r  t o  c l a s s  
R e m o v e  c har a c t e r  f r o m c l a s s  
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ATTR I BUTES 

. 50  ( <: i d » 

. r· < ( 1 01 ) > 

. i f « i o1 » 

s . t .  � l o b a l a t t r i b u t e  
c l e a r  9 1 0 b a l a t t r i b u t e 
t e s t  9 1 0 b a l a t t r i b y t e  

. a s « i d »  s e t  s ymbo l a t t r i b u t e  

. a r « i d »  re s e t s �mb o l � t t r i b u t �  
• a i f « i oj :> ) t e s t  s yn. b c. 1 a t t r· i b u t  � 

• c I r' ( < v ::, ) 
. i n c « v »  
. o1 e o: « v» 
• s e  t « v a r' ) .  ( n -·'· ) 
. m o v « f r o mv ) , ( t o v »  
• mOl:>( « v  1 :> ,  ( '.12» 
• 1i' ''1 1 « v l :> .  ( \1 2 »  

VAR I ABLES ( d e c l d r � d ) 

c l ea r  v a r i a b l e t o  0 
add 1 t o  v a r a i b l e 
s u b t r a c t 1 f r om va r i a b l e 
s e t v a r i a b l e  t o  va l u e ( 0 )  
t .) v = f r' o:omv  
v2=max o f  t h li' t � o  va r i a b l e � 
p a s s i f  ''.1 1 == '.1 2  
v a l u e s  l e s s  t h a n  256 a r 0  l l t � r � l � 

. g e n d « v »  

• c a d  01 ( <: \I :> , < rl :> ) 
. v a d d « v 1 > . < v::: :» 
• \I m p ',.. « '.1 1 > .  < ',1' 2» 
. v l t O ( { v »  
• Ii' v � r, 1J P ( ::: v :> ) 

. d a d d « v 1 6 :> . ( v 32» 

. d m p� « v 1 6) , < v32» 
• d rl e 9  ( oj :;:2 ) 

• s p u s h ( va r' , s t �; ) 

• 5 P O  P ( s t k • v a r' ) 

. v l d ( v a r , v a l u e n ame J 

. v � t ( v a l u e n a m e , v a r > 

':0 t h Ii' r' � i 5 .� t �, ,;:o '( <i r· �1 'hi r' i ':t to I I';' · .l d . 1I !� '.' " '.:' � 
·) u t P IJ t  d e c i ma l  va l u e (o f < '.I  .. : d l r· d c t  
a d d  l i t e r a l  ( n )  t o  v a r l � b l e v .  
a d d  ( '.1 1 )  t o  (\12) 
v 1 � '.12 t .) ,, 2 
p a s s i f  v ·:: O 
(' co IJ n d  V U P  t o  n e :;·i t e v .::o rl v a  l l J '� 

a d d  1 6  b l t  '.1 1 6  t o  32 b i t  v 8 �  
m u l t i p l y  1 6  b l t  v 1 6  t o  32 b l �  
n e 9 a t li'  3 2 - b i t  v a r i ab l e  

P IJ s h  
fa i l 

:3TACI<S 

i n t e g e r' t ,) s t .::.. c k  
i f  s t a d:: i s  f u l l 

P O P  s t � c k  t o  i n t � g � r 
f � l l i t  s t '=.l'� k  j s  "" fI P t--,· 

VALUE S � f  s ym b o l s  

s yn.b ,) 1 
S ·'(ffl b CI 1 

va J u E' 
v a  l iJ E' +: (0 

"-
. � - . 

v a r· 

;" -.' - ' .-

( : 
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SCAN CONTROL 

. NEOL pa $ S  i f  h o t  e n d  o f  l i n e  
• BLANK 
. UNSCAN 

p a s s  i f  n � x t  c h a r a c t e r  is a b l a n k  
u n s c a n  p r e v i o u s  c h a r a c t e r  
c h r  mu s t  b �  o n  s a me s o u r c e  l l n e  

e e. 1  c h r  
c m t c h r' 
c m t e n ·j 
1 f l .: h r· 
1 f 1 1J s h  

c h r  t o  a p p e n d  a t  e o l 
chr' t o  s t a r t  embe d d e d  c o mm� n t  
c h r  t o  e n d  e m b e d d e d  c omme n t  
c h a r  t o  f l u s h  r e s t  o f  l i ne 
s w i t c h  t o  f l u s h  l i n e  if n o t  (I 

50 Y ITI IJ C  
s m O:l d e  
co 1 1: n t  

n o l i n k  
n l) s $  
O IJ t o  

\ 
/ 
* 
+ 
" ' c 
#0 
1t# 
# 1  
#2 
ft ... • '=' 
# 4  

c o n v e r t t o  u p pe r c a s e  i f  n o t  (I � e x c e p t  . AN Y C  
s t r' i n 9 mo d E.- - d i s a b l e s c m t .: h r . c m t 'iI' n d  
c eo l  # (I f l a s t c h r· a c  ce 5o s e d .  0= 50 t a r' t (. f 1 1 n e  n e :: : t 

OTHER ' STANDARD VAR I ABLES 

# e r· r· o r' s . I f  (I ,  c l:. m p i l e r w i  1 1  1 i n k t el n E' :: :· t  P f'' ':O ''H .:lfrl 
O=m d e x  - l =NOS 
u s e d  t o  h o l d va l u e g e n e r a t e �  i n  o u t pu t  

CO[lE GENERAT I ON ELEMEN T S  

t a b  t o  n e x t  ASM f i e l d 
e n d  g e n e r a t e d  l i n e  
u s e  t o k e n  f r o m s t a c k 
C O py t o k e n  f r om s t a c k  
u s e  c l i t e r a l l y  ( u s e d  t o  o u t p u t  CGEN c h � r a c � 0 r � ) 
� e n e r a t e  OUTO v a l u e i n  d e c i ma l  
g e n e r' a t e OUTO v a l u e  i rl h e :,d d e .: i rr,a l 
g e n e r a t e  l a b e l u n i � u e  t o  p r o d u c t i o n 
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MftA I I  
A snrrAX -oRID'1'II:D CClCPILD VIll'lIJO ' WWAGI 

D .  , .  8cborr. 
UCLA Ccapat� hcl11 tl 

MIrA II 11 a ec.p1lar . vrltlq � Vb1ch 
COIIlbtl ot 1)'Dt.&Jt equat ion. "'1_bl.1Ac Backwl 
ao� rOI1l u4 into wh1 cb 1natNctlool to O\Itprt 
UHabl,y lADcua&e � a". lA_ned. Cca­
pilen ban beeD wr itteD iA tbb laDcua&e tor 
,AIUOL I aDd VALOOL II . 'DIe tonaer 1. , a '1aple 
al&ebraie lazICua&e 4elljple4 tor the pupoae ot 
Ulliltrat1Dc MEr" n .  1he latter COIItalJui a 
rurl1 �Je .ubae t or ALGOL 60. 

1'bI .. t.h04 of vrUtq OCllpU .. rI vtl1aIJ ,. 
pnD 10 4etail 10 the paper -1 be explained 
lIrterl1 u rou� . lacb l10tu aquatlOli la tl'lllUl­
late4 lato a "'CW"II h'e .\Il)l'O\lti.ne vb1 cb teltl tbe 
iDpllt .tr1D& tor a partl cul&r )lhrUe etructure ,  
MId de latel 1t it f0UQ4. :Backup 11 a ... o1c1ed. by the 
uten.l  .... uae of tacto r-tnc lA the IY'btax equatlOlll. 
For .acll .ource �e , &D 1I1tarpretar la . wr1t­
we Uld Pl'Otl.-. are cOIIp1leei loto tbat 1.ntarprwt-
1" � • .  

KrJ'A 11 11 DOt 10tetldecl u a ltaDdar4 laD­
... wblcb l ... eryQQe vill UN to wri te cc.p1lAn . 
!\ather J it 18 aD eDapi, ot a . 1apie voritiq lAD ­
� which cu Ibe ODe a Ioocl . tart  10 dedcn-
111& • ccapilar-vr1t1n« caap1ler .uite4 to hi. own 
� .  IDeleeel , tbe M!TA II cc:apller 1 1  written 
111 tt. ova �" thua leDCl1Dc ltHU' to � -
1'1eat lon .  

The b.d e  i ele  .. beh1Dd META II ,..,.. dAllcribe4 
111 • •  ,rie. ot tbree papen b7 ScbUdt , l  Met­

,e&lJ',2 and Schorre·. 3  ""1. papen _1'. pre'lnt ­
ed at the 1963 lIatioaa1 A . C .M. Cocmtnt1oa ill 
Dlanr ,  aD4 rep,.. •• Dt.cl the act1nt1 ot the Vork-
111& Group OD Syntax-D1rected Ccap1lAn ot 'the 1;). 
Aug.lAIl SIGPLAJ . !'be _tboda u.e4 117 that poou.p 
'" .1a1lar to tbo.. of GlADD1. aDd eouv.,y, but 
Urfer . 111 ODe �rtaAt "Ipect. Iotb � tbe .. 
re .. archen el'Jlre ... 4 .ynt4X 1.0 tile tol1l ot c11a­
p1IU , wlcb Oay .ubeequeDtl,y coded tor - UN CD • 
caapata r .  lD the e&ae of MlTA II ,  the 1)'Dt.U 18 
lIIp11t to the COIIputar 1D a DOtat101l reMabl1D, 
!ackI&e DO:rwal. tom. 'ftwI _th04 of 171lt4X M&l.7-
111 cU.clAa.ecl 111 tbi. papei 11 eDtirel.;r 41�.l'eDt 
rraa the coe ued b7 IroDI &Del :BaetiAD . 1 AU ot 
the •• _tbot1e ealI be tnce4 baclt to tb, _�t­
tc&l. .t� of _tllX'l �ae , .. da.cr1be4 117 
CbaM k;y .  

8zntu: Iotat10D 

'nil! DatatlOD �ed ber. 11 l1a1lar to the 
_ta � ot the ALGOL 60 ,..port. Probab17 
the _in cUrt.renee 1a that tbh DOtatlo.. eaa be 
uypuucbe4. 8zab?b 1D t.he tar,et � IU'e 
repr . .. Dtad u .tr1.ng_ of ah&ractan , � 
"1 quotal . Met.&!+nrhtic �lIble. ban the 
... CODI .. 1elent,1fh:-w 1Ja IJlj()L, rt& ., a attar 
toUowecl b7 a -.que-..e Qr let. toen 01' cl1c1 u .  

lteae are vrltteD caneecuthell to lacUcata COD ­
catenation &lid. .eparete4 by • dub t.o 1a4t cate 
alteroatlCIG . £ach equatl Oll enda ntb • •  eat colDD 
Wbt cb ,  due to u)1JIIDch l1a1tatlon. , 1. repn .. ftt.e4 
bJ a period tolloved bJ .. C� . An a�le ot • 
Iyntu equatloa h :  

IOOICALV AIJJE • ' . 'l'JIJE '  I ' . r AlBl ' . ,  
lD the Tln100l of ALGOL 4e.crlbe4 111 tb 11 paper 
,be Illibou ¥hioh U'I \lllIAlll pr1llw4 1Il ""14-
taee type n U  be&lo vi t.h perioda , tor ex-pte ! 

• PftOCl'JmII • '1'HJJ: • U 
To . 1Ja41eate that • •  ynt&cti c · .d.-ent 18 ojrt. ional , 
it � be put t.n alta mat100 vi tb the VON . DV'TJ . 

1'or e:aaple : ' 
SI18SEC<.ftDAlIT • ' . ' PRIMARY I . !MPTY  . ,  
S�amART • PRIMAIU SUo."1I1.::lNDARl " 

B7 tactorloa, tha •• two equatllltl. CAD ". vrl tteo 
u .. 11Dgle equation. - . ·c 

8EC<lU>1.RY • PRll4AaT( ' . ' PRIMARY I .IMPTY ) . ,  
adlt. iAto the MEtA I! lAniUa&II 1. the &bill ­

t7 to recognh. three baa ic  .� .. bo.i.a whicb are :  
1. Ic1eotU'1en -- re ..... .eAt.e4 by • ID ,  
2 .  Strill8' 
3 .  Jf\aben 

repre .... nt.e4 \)y . S'rRIl'G .  
repre D�Qte4 01 . �� .  

'!'be cSe!1.n1 tlO1l o f  1elellt1t1er 1 .  th e  . _  lJl 
MlTA II .. 111 ALGOL, nz . •  a letter toU",",11 bl a 
.equence ot lettera or dig1 t. . 'nM' det1n l t,1oa ot 
• •  t.� 11 �4 "callae 0: the I 1m1  tAei char­
acter let a_11ablA on th� lAaua i uYP',"ch .  In 
AUJOL, Itr1JlC. are '\lI'l'QWlele� "y O]lenina � clo4l ­
loa quotation .. rita , -.lUna it poI. 1b-a too baYe 
qugtel vi th1a • etr1n& . 'nle l ingle quotat1oa -nt 
OIl the u)1JIIDch 1. uo1que ! t..y>e1nr. tM ... . t ri c ­
t10D that .. .  Itrtog t.n_ .. � conu. t ll  no othllr 
quotatlon _rita . - . . . 

'1be 4t! t1D 1t10D of rnaber bae been radtc:al17 
cbaD8ed. The �a.on tor tt\1. 1. tC' cut d� oa 
the .pace reqw.recl by the _-:bloe lIubrou1.1llt' wh1cb 
reeogb1u. �p . A n.-her 11 can. ld.P n.-d to be 
.. ctrlng ot cUal te whicb -.Y iLclud.e llDl�de<1 
jlerlocb , but � DOt beg1". or f'!oo. v1. tb ... pe noel ; 
.are OYer , pel"locU tM:¥ DOt be -.1Jacent . � ua. ot 
the .ublcrtpt W has �n e .U&1-nated . 

IIov we ban enouch of the tyntAU def1D1.na 
f.aturee of the META 1 1  · _  ... �e 10 thftt _ CaD 
o:onel4er a . 1JIple exa.ph l.t1 aeDt! 4.trt41 1 .  

The .umpi. &1"en be re  t. a k t  of fOlU 110-
taJr. lquat 10lU1 tQr d.etl.ot.ng a Yl Q' 11a1 ted c laa. ot 
&l«ebra.1c c:xprele101l11 . 'lhI t� ope rat'ln , e4c11 -
t101l and IDLittplleatiOll . y1 ll be reprul1ot.e4 b7 + 
aDd • "..peCt1T6l.y . MIll tl pll catl.;ao t;eA.e .  "need ·  
__ an t  ..&ti tian I otbe �  •• JlreeedeDce 1e 1D41 -
cate4 b7 �nt.be... . e-::- e.-.p14e u. :  

,I 
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Ba. .rata etua�lcme "lela dana. Wa olua � 
expn . . 1oaa an .. tou.c.v. . 

Erl • . ID  I ' C '  111 . ) • •  , 
D2 • El3 ( ' . , D2 I .MIn') .. , 
III • D2 C '. ' III I .1NPl'f) . ,  

EI 11 AD abbraT1at1� far ezpn" l�. · Ba. 
lut equaUOD , which ut1De. u upn •• laa 01 or­
dar 1 ,  11 coulderecl the ...ua "'\lAt1� .  Ba. eIl-­
tlcme an l"M4 111 thl . .... 1'. AD QJn •• laa or 
order 1 1.8 clat1Ded u u lc1aatlnel' 01' u opeD· 
p&reDtbe.l. tol..lowec1 117· UI expre •• laa of order 1 
tol.l..awd by • cloaec1 pareDt.be.te , AD upnt.elaa 
ot or4w r 2 1. clattlle4 .. UI upnte.lora or oriel' 3,  
1Ib1eh � "- tol.lolfttc1 117 • . tar  vb.1ob 1 8  tol..1.ow4 
b)' UI upra .. 1ora ot ordar 2 ,  AD ezpn·.e1ora ot 
order 1 1 • .  4etlAe4 u UI .xpn.a1oa ot order 2 , 
vb.1ch _, be tllUov.c1 b)' .. plu vb1ch 18 tollowed 
b)' UI expra .. loo at order 1 ,  • 

AlthcN&h •• quence. CAD be det1De4 racurdn-
11 ,  11. 1 .  IIOre cOilvan1oli t an4 .ttlcl.Dt. to ha" .. 
.pII: 1 &.!  OlJll n.t.oJr (-.)r t h i e  PW-PO" , 101' • ..-ple , 
we CUI d.noe .. eeq,ueDce ot the letter A u tol-
1ovIt :  

SJIU, - $ 'A ' . ,  
!be equatlou ,lv.1I pr.Y1ou.q an nvritteD IildDI 
the .equeoc. operator u tollDva : 

EX] • • m / '( ' 11[1 I ) '  " 
EX:! • EX] • ( , • •  EXl ) . ,  
1X1 • � $ < '. ' J:X2 )  . ,  

Up to th1. point VII han GODeldaracl the 
aotatloa 1a IG"rA II ¥bleb delCriM' obJect laD­
iuce lyzat&Z. To procWot & oc:.pllel', wt-pat ac.. 
� ue tA,.rte4 1I1to the .�t&x eIluaUou . 

. OUtput trca a cc:.pUer writteD 1& ICftA II � al-
. �. 111 u u."1.1 laDiuaP ,  ""1. DOt 1D tbi u ­
.. ... � .  �e t,Qr the 11101. n 1. tor .. 10-

terpnte", .uch a\ thl 1I1terpntel' I O&ll the 
META II _chloe , which 1a u.e4 tor &l..l ccaplle n ,  
or t he  lDtArpnten I ca U  the VALOOL I l1li4 YAL­
GOt II .adWIe. , ¥blch obvtou.q an u.e4 Vttb 
their l'Irepectiva . oure. 1aquace. .  Bac:b _chl .. 
requ1re. it, QWII ... . eabler , ""� Uae _10 41tter­
eDee bet""eD the � . .  aabl..n 11 the operat1oa code 
tab:t. . CQlUltAIIt code. &D4 daCw.tloo. � aleo 
be cU tt. rect . 'l'be ae ... eeab I.ra all baYI t.be .... 
to,.. t ,  vAich 11 ,!.Qvn be lov .  
WEL COlli ADD�S 
1- -lI 8- -10 12 - -10 

AD uHabl¥ �. noor4 00llta1Al either 
a label 0 1"  U op code ot \loP to 1 characten , but 
M .. " botb. A labe l betS.tn. SA ooluma 1 NaIl _1 
Ixt.eod. ... ta" .. , 0011811 70. � .. Ncbr4 cQllta1Al 
AD 01> cOoU , then co!� ! .uat be bl.aDk . !'bue 
lAbe a -1 'be &11¥ lel,�b &lid. Ion 001. &"t tacbec1 to 
lDa tna.c 'tl OIU . bllt. ac e a!'  be tWeell 1AItl"'llc t l oa  • •  

� proc1uce w.tJ1llt be.1AII1D& 1n the op co4e 

n.14 ,  .. wrUe . (Q'f  MIl .t.bea ftnwad t-. 1ator­
_UQII to be I'Wprod.uce4 with p&raatbe... . A . 
.tr1aC 11 WIeCl tor 11te ... 1 outllUt u4 u utertH 
� <Ntpat. the .pec1&1 .�1 ·jut tOUDll .1I1 t.he 
1Ap&t. . !b1. 11 l l.lutrate4 u tollen : 

113 • . ID  . 000( ' LD • . ) / " C ' E[l . ) , ' , .  
112 • G3 • ( I , .  III • ClI'I'( "MI4" »  " 
41 lit D2 • ( • •  ' a2 . ClI'l'( '.&II) ' »  " 

'1'0 C&UH <Ntput SA the label tta14 w write 
. LABIL  tol..l.owM \I)' tM I t.. to . - output . For e..,le , it W VIMlt to te.t tor u 1deDUna" 
aacl OIrtpat it 1& the label 11.14 VII vrtte : 

. ID  . LABIL  • 
'!'be IO."rA II cc:.p1ler au I'Derate labeLe ot 

the tom AD1, AIR ,  .to] , . . . A99 , BOl , . . . • '1'0 
oaue. IlICb a label to be .... .... te4 ,  cae u... '1 
01" 12. 'l'be tint U". 'l 1, ... terrecl t.o 1a &II¥ 
'JD"tU; eIllatlOll , .. labe l  vlU "- .eOll l'&tec1 &ad 
u.1ped to St . 'lh1, .... label 1, autput vbeA­
..... r -1 11 nt.mll to vi thiD that n:ecvt too ot 
the eq\lllUlD. 'fbe e�Cl1 12 vorU lD tba .... _� 
'l'hu. .. -.&� ot tV\) cUftorent labele _y be .ea-
..... to4 tor deh ... CIlt100 ot &Q1 equatloQ . Re -
pe .. t.d aucllt lOll. ,  lIb.tt.ar l'Ir c\lfllve or ezt-1'1l&l.q 
lDlt1ate4 , re.\&lt lD a coatlDued .eq\AIIllce ot ,ea­
erato4 labeLe .  !'hue aU 'JDt,u equaUOG. coo ­
tribute t.o tbe ou 'equellce . I. t)'1l1cal eDlllplo 
111 vhicb labe la an &eoe .... tod tal" lIraocb co-eD4. 
11 DIN ,b1l1l. 

D'SU'l'IMEIft • ' . lJ' .  IXP ' .  '1'KEIf '  • WT( • BFP '  -1) 
STA1'OG:ll'1' ' . IlSI '  . arr( ' &  I '"2 )  . �  *1 
S'l'AT»O!lC'l' • LABEL tI2 . ,  

'l'be 011 cocSa. BFP aD4 B ..... o� n at t.b. 
VAUXIL I .. chiDe ,  aDd. . tau4  tor "bruab tale. &Del 
pop" &lid "l.raacb" 1'1I'pectlvel)'.  'l'be equatloa .. leo 
CQllta1De ra t.reDe •• ·t.o two other eq\lllUon. "M ch 
an' DOt oQUc1tl..7 IheD, rl� . •  &XP aod STA·!tMI:lI'!'. I 

, 
Jov _ an nad,J tor All ellllollpl4 ot .. c�., 

ar vrittoD 111 Mft.A I I .  �-=- u . n rwM 16 
etaple � ,  ba .. d _ .. .....l:4fiO; vb1ch baa Mea 
'-e1pec1 to lllW1t.rate the MrrA II ccapllu . 

'DIe 0..10 1alomat.1CG .boat VAWOL I 1, � .. 
• 0 111 t1aw'e 1 (the VAUJOL I cc.apller vrit tcc !.l • 

MftA II)  � � 2 (order 11 ,1. at � V� : I 
_ch1De ) .  A ",p�l'O&raa 1, &l .... D lD 11 .;..� , 
At'ter each 11_ ot· the pro� , the VALGOL : :.r 
.ana. ¥bleb the ccapller prAucu trca tha t � 
.. ,.. abeND, u _11 lUI the .. b.o lute IJ1 tA l"JI" � "  
�e proc1ucell bt the .. ... bi.r . Figure " ;'  
c�nP'&t tro. lob. papl. lU"ll,SJ"'" l<et! � .tlQ ":JI 
O<IIpl�r m ttea La Nm II ( t1JW'e 1 )  !. a;!'f 
,- u.1 1 .  

'DIe tei.oUtler PftOC IW(  oa the t1 r.t l1aI " 
cU cato. that . th1l I, the _ 1 D ttqUoa t l W1 . &Qd �: 
cOlltrol ,oc . th . ... tl ra t . on.. .quatlOil (or I't: 
MARl 1 • •  1a1 l&r  to that ot ICC) IJ1 QUJ' prY': ­
exaaple , but hen QUllbe r e  an racogni E Pd rJ;,! "'" , 
producec1 vitb • "lllad 11t.e..-l" c�d , t!t'tl � I ¥bat vaa pre'W loua l,t  EIC2 ;  &lAd UPl vbat "., F". 

l. ract.1CG . 'l'.c �il<ll1t 101) liXl' ClA t lne. the t'I � -: _  
al opel'&tor "equId" ,  lIb l c h  prOlllOc • • • •  1I.l III � 
Yl�ly !:X l  .. xco Jil  tor. nt("" O\ l'I. �  aiD'" tiJI . -: 
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or 1 b7 .ak.i..DI _ ccapar1aoo. IIotlc. that tlal. 1. 
laucUed Jut l1.ke tho _rlU1Mtlc ope ... tO" lNt 
ri th _ lover P"ceUDoe . '!'be CIOD41 tloaal br'ILDcb 
C' ... nde .  "'braocb tr'\lll aDd pop" ao4 "bl'Acb taLe, 
ADd. POP " .  whlcb an procil&ced b7 tbI equatlOD. cLe ­
t1AlAC, UlTIlBT aDd. CQQ)mOlAIJlT reopecthe17. 
ri ll  te.t the top It.. 111 the .tack AD4 br'ILDcb 
accord.1llcl7. ,  , 

!be • ... 1.&I-Dt ,tateMDt " detiDed b1 the 
equaUOD tor ASSIGRST 1a re .. neel t� the COD­
"DUOD 10 AWOL 60. 1 .  • •  , . the loc_t.laa loto 
wblcb the aa.JII&te4 ft1\W I, to be .tored 1. OIl 
the r1&ht . lotic. alAo that the equal 'laD 1, 
UNd tor the a.dca-Dt .tat_Dt ao4 that periocl 
.. _1 ( • • ) " •• Il tor the re latlOD d.1.CWI.ed 
.,...,. . 'nal. 1. MO&\Y . .. . len-I" , .. , ... " .... 
.ore D�I'OWI 111 tJ)l1ca1 proc� thaD equal oea­
sare • •  &DeS. .0 the 1 1aplAr repre"DtatlOD I. cho­
IOD tor the lIOn tbquent17 OCCIln"iD&. 

'1'be <:D1 .. 1CID 'or .ta�Qt label. h'ca tbe 
VAIOOL I aDd. VAlOOL II 10_ .tl'SllP to .o.t pro­
� n .  '1'bla ,.. bot cloDe beca\IM ot � 41t­
t1 cult7 ID t.be1r 1ap�nt.&t.1OD . lNt becaue of • 
4.1.lllte tor 1t.&�llt labelA OIl the part. ot the 
.uthor . 1 ban pr0cr-4 tor ....... 1 '  ..... vi tb­
oat Ul 1q  • 1 1n&le label ,  0 0  I kDov that tbe, an 
Illpertluoua traI _ pr&cUcal , .. wll .. traa • 
tbeo ... Uc .. l .  ltaaclpo1Dt .  • ••• rtbele •• , It voW4 
be too INCb of • eUcre.lion to tJY to J\I8tl� 
t.bll po1llt bit ... _ '1'be "\II2t.11 .ta�nt" ball be.D 

1od4e4 W hcll1tate YJ1t1n& loop' Y1tlloUt labelA .  
'ibIi , "coftditiooal" ltat.Mllt i l  .1a1l.ar to 

the OD. 1A. AWOL 60 ,  blAt bere tbe ",11, " cl&u.l, 
11 r-qulred. . 

'!'be ctq\l&tloa tor "iDput/outputfl I lOOT, iD-
'J01 ..... two cx--O'h . "ecS.1t" &lid "pr1Dt" . '!'be 
varela EDIT and. PRDn' do Dot begiD vitb penoc1a .0 
�t the)" ilill loci, !.� ,ub:-::'".ttiD... VTitteo ID 
cod.e . "mrr" copte. tbe &1 .. D .triDe 1Dto the 
print are .. , vi tb tbe tint chane"r 10 the prlDt 
poaltloo whicb 1. ccap,ated frca the PftIl .xpre.-
1100 . " PRIJn'" vill priDt the curreDt cootent. ot 
the prat a ..... aod. tbitD dear it to 'bl..aaU . 01.-
1.11& a pr1Dt o� "itbout )mIYIO\11 e41t oaa­
aaDCU re.ult. 1.D VTit1q .. blanlt l1.De •. 

Im!JU aDIl Ir6� &l"I IlYeD to .1IIpllt7 the 
l;yDtu . equat.1oo tor' DEC (d.ecl.aratlOD ) .  Iotlc. 10 
tho d.et'1.nl tlaa _t DEC that . bMUlCb h sinD 
&rVIIQC1 the cS.a ta .  

FreD tbe 4et1ll1tioa o t  BWCK it CUI be Hell 
that wbat 1. coo.lcLered a ccapouacS. .ta�t 10 
ALGOL 60 11 , lD VAUJOL I ,  • •  pectal C&H ot .. block 
Vbich ha. DO declaration . 

111 tbe 4et'al t1cc or .tataeDt , tbe te.t 
tor aD lesT preced.e. that tor aD ASSIGI'IST. Thi. 
1. Dec ..... ry, bee&Ule 1t th10 wre Den dOGe the 
vaJ"d.e PRnrt' &lid EDIT voul4 be ai.takeD .. lc1tmtl­
non aDd. tho ccapller voul4 try to trau1.&te 
-inpo.lt/autpllt "  .t.&te.eat . ... It the,. w n  "a" 1&D� 
.. at" ltate.ent • .  

)lot ie. that .. PROORAM 1a .. block ao4 tblt.t a 
It&ndArd .. t ot e� 1. outp,at &t'tor each JlI"O'" 
cna ' '1'bo "bal.t" e� caUl.I the _chiDe to 
etop 011 reacbing the .04 of the «Nt.enlO.t block , 
wh1cb 1. the proa� . '1'be operaUcm cod.e SP 11 
1PIDf! l'teel CLtt.er the "bA1t'('�. 'l'b1. 11 .. 
1Xa1'1ete l.1 l�l-or1.DWd wQ04e , which lel"'PW' to 
Nt a � .ark at the · ...,4 ot toM � . It 

.wuu.l4 DOt be \l8ecl i t  'AlDOL I \fOr ",  1JIll�Dtecl c.a 
.. tu04 vorcl -anctb _chi, .. .  

Bow the Mr.1'A II Ca.pUAtr Wu Written 

low w CaM to the 8O.t lDteruUOC part ot 
�1. proJ,ct , &DcS. cOD.icier how the I4ETA II caa­
pUer ... vri tten iD 1 t. OVII �. . The 1D­
terpretor called. the META II _chlDe - 11 DOt .. 
aucb laacer lila1 procr- tbaD the VALOOL I _­
ch1ne . The '1Qtu equat10DAI tor M!.'T4 II (t1� 
5 )  .. re tewr 1D mabel' than thol. tor tho VAUiOL 
I .-chlne ( t1pre l ) .  

'1'be META I I  ccap1ler ,  which 1 1  aD 1Dtorp ... t ­
h. pro&� tor the META I I  _chloe , t&k.e .  tho 
�,... �_"on. -' ft_ La ril\&h S IWIII pnMl"" .. ... 
.... _'011 laftcuAce .. n1oe 01 t.hh __ i.e" ." ... , .  
h. Pro&�. Of course , to get. thi • •  tarted , I 
ba4 to write the fir.t ccapll.e r -vrl UrIC ccap1 ler 
br bUIll. A1"ter the Prolrtlll __ nmning, It cou.l4 
proc1uc. the .... Pt'06ra1l .. vrlt Len D1 b&uc1 . Sea.­
ODe al_,- .. ka it the ccapller A&li¥ prodw:e4 
Qactl1 the progna I b&4 vrltteD by h&Dcl and I 
baft to ... , t.hat It __ ".1aoat" the _ pro-
�. I tolto-d tbe .;yD� equat 1on. and t ried. 
to ..,.lto J\I8t what the coapl le r  va. IOiJIC to pro-
4uc. . Uatort.\IP&te� I roraot. OIle ot the reciWl ­
daAt. 1DItruc"loaa , .0 tho ..... ul.b "' 1'. aot quit. 
the __ • or COIlr •• , ¥bell tho tt " t �hl lle ' 
produced eaepller ccapUAtd It •• tt t.he •• cond U • •  I 
it "produced It. •• lt ..... ct�. 

'1'ht oc:llpllar or1tla&ll1 '11'1 t. tin �1 band w.. 
tor _ �. called META I .  Thu _. \&aeGo to 
1IIp�nt the 1apJ'OYed caepi l.er tor META n .  
SaDet1me. , When I vantecS. to ehall�e the _t&lAD­
auace , I caul.d. not de.cribe the Dev _t.&� 
41nct11 iD the current �t.&�e , 'J'hoon &II 
!Dte�.te �e \ftU creo t._ - - ODe vll.1ch 
couleS. be de.cnbed 1D � currellt. lAlacu&ce aod 1D 
whlcb the a.v Iaagwr.ce cau.l4 be 4eacri bed . I 
tb�t that it a1&bt .aeett... be a.c ..... r')' to 
.ocl.1t'Y 'the ... .-b� lADcua«e aut put • but 1 t  ..... 
that 1t 1 . .. llM,- poal1ble to avo1d th1. nth t.be 
lDtol'll8Cl1&te � . 

The order Uot ot the META II .ch1.De 1a I1ftD 10 t1&Unt 6 .  
Al.1. I\IbrcNt1ne. 1.D �� , procr-a are n ­

C"Untve . \lbeD the p1'O& 3 : ,.. • •  ubrout.1oe .. 
• tacit 1. puabed '  down by thrw-e ce l le  • �. ce .u 
1. tor the .xlt a4Qre •• ami the other two � tor; 
lAbelA vtUch .J be geDeratecS. 41.lr1ll& the exotcu­
ttoa ot the .�ro\lt.lne . '1'b.re h • Ivttcb villcb 
-J be .et or re.ct by the 1natNctlon. whi ch re ­
fer to the 1Dp1t .trlna , a.ud tht a  • •  the .v1 tcb 
n !erre4 to br the condl tional DI'Dcb c�do . 

'!'be t1r.t thiDa 1n Ul.Y META I I  .chlne pro­
IJ'IIa 1. the 04cS.re •• ot the t1nt 1D.tnactioo . 
Dw1..Dc the 1D1t1 .. 11 .... t1on tor the' 1nterpre ter I 
t.hl. &4dre.o 1. placed into the 1Dotruc t loQ 
eouater • 

VIJ.OOL II Written 1D Mr.A I I  

VIJ.OOL I I  1 1  ao U'JlIUldOD o t  VAWOL I ,  UIid 

.. n .. ... lUI 111 ... trat 1 oD ot • 1" ... 1 d . .l' . lAborate 
�n& � iapl_otld a. t.he Mt:'J'A II 
.)"lIte.. The ... -.ro •• � l'l  t_t ....-.,. UI t� VAL­
OOL II 1I&c:b.1De which va ro  Go1- "'J�.eot 10 U. 

) Dl . )-) 
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�,AUJ«. I .... "M. ud vb1ob :.....,.u. ... up''' .  
I . Uc.a . ID tM. YAUlOL II MoblM , aMn .... .. wU 
, a. · lNIben &N pd. 111 u.. .tack. '1'beJ &1"11 ..n.4 

:l 

n 

appropr1a�l.J eo \bat. u.., au be 41.t.1IIpiab14 at. 
• ucut.1c.a U .. .  

!be .. 1D reuaD tbat. .un .... &1"11 . all.ow4 
111 tM ltack 1e Ulat. , 111 t.be cue ·01 a .ab.cr1pte4 
'YU'1a"lA , .. ed4n.. 11 t.Iae ,..\Alt. of a ocaplta­
t.1c.a . Ia .. .... 1 .... 0t. .tat.lllat. eacb lett __ r 
1. claplle4 1IIto a nqu.aoce ot oode vlaicla �Te. 
.. a4dr... c.a t.op or tbe .tack. !btl 1. 6aae tor 
.1IIplA ftrialllA. u ".U .. "'.cr1pt.d ftI'1&blA. , 
beca\IM t.be pblloeopbf or th1. ccap1lAr vr1 t1ll& 
'1'.t..a baa beeA to c(IIp1lA evu1"tb1Al 111 t.be _1. 
... � 11&1" A .u1ablA , ltap].e ·o.. .ub.cr1pt.e4, 
1 .  alway. caaplla4 tat.o • .equ.ac. ot 1DItruot1QD8 
vb1cb l.eay •• loA a44n •• c.a toop ot the .tAck. 'fbi 
ad4n •• 1. DOt. repl&c.4 11)' ttl CGDt..nt. _t.1 1 tbe 
actw,l value ot 10M .utablA 18 1IMU4, u 1& .. 
ar1t.n..tlc expre •• 1oa . 

A to�l pa,....tel' ot a proce4un 1a .t.uN4 
elther .. &Il &d4n •• 0,. .. .  valuol vtUcJa 1a cc.-r, Jll&tecl vbea t.be J'roce4w'w 11 oall.e4 . It 11 IlP to 

I . .  � lCAId c� to &0 thr� &II)< Gaber or In-
41rec1. 1044",., iA onla r t.o plAce tJae a44ra •• ot a . DWlbe r 0111.0 the . taU .  AD ara-Dt. at a proce4un 
1a alw� &Il alcebralc axpA.a1oa. III caa. th1. 

11 .zpnr1 l 1011 1_ • var1Able , the 'Y&l.ua or the t011ll&l 
U para.eter vt ll  be All 14I1re •• cc:apute4 \apoD eDt.,.-

111& the pr0ce4W'11 ; otha rvt.e , the ftlue ot the 

o 

o · · U · 

tolWlll pa..-tar vt ll be a O&.aber cc:ap&te4 'QIOD 
.Dt.riac tbe proc:ecl\U"e . 

'11w opeJ'tiQD ot the 1a.4 c� 1. DOlI 
cLe.cnbecl . It ca\We. the ,hen a44re •• to be pat 
.CIa top ot the .tack . U the coataDt. ot tb1. top 
ltea ·bappea. to � aaoth ... a44ra •• , tb_ it. 11 
repl.ececl by tJlat other a4.1n.. . 'DU. coat1lwe. 
Wltil the top 1t_ OD t.be .taclt 1. the ed4n.. ot 
.c:.etbiD& whicb 18 DOt q ..tc1A.. .  '!'hl. al..l.on 
tor t'o nl&l pa�ter. to rete,. to othel' ror.&l. 
�tan to &Ill deptb . 

ffo 41.t1act.1oa 1. -sa bet_D 1Dtapr &D4 
real Dlabere .  AD 1Dtapr i.e J\lat a nal D\al)er 
vboIe 41alu r1cbt ot tbe doIc1alf.1. po1a� an &8J"O • 

. Variaba. 1D1 tialq bltv. ... yUue caU.ecl "\ID­
dafiaecl" ,. aDIl IUQ' "tttellpt \0 UN t.1at_ "f&l.\IIt . YiU 
De iD41catecl ... &D�rI'Or . 

AD aa e 1jpD1Dt _ta.�Dt. couht. or U&7 
aWIIMr of lAft part. tollANecl b1 .. riCht Jart .  [p '0r e&eh lett part the"' 1. caep1 lecl a eeq\laDC8 of 

� .  �c1e vh1ch JIIrt . All ad4re.. OIl tOp ot the .t.&c:L L '1'Iae i-1aht part 1. cc:ap1lecl 1Dto a a.q\MDCe ot 1D-

u 

.t.nc:t10Da vh1cll lea .... . OIl top ot tJae .tack e 1t.ber 
a Ilu.ber or the &44,re •• ot a maber .  rol.l..ov1q 
tbe iD.tructiOD tor the rlcbt part tberw 1. .. 'e­
ClUIIDce ot .to,.. c�nc1e .  ODe tor each le ft  1&1"\ . 
DIe tin t � ot tlat • .• �ueAce 1. ·.av. cDCl 
_ton " ,  ua4 tne "'t an "tIla.lll" " 0" • ___ DU . 
'!'be -_VI &D4 no", " "",. Uwa n\aber wbi ch 1. OIl 

· top ot tbe .tau ( or vbleh 1e ... t.rnt4 to by the 
ad.d.re.. OIl top ot' tblt .tack ) 1Dto a 1"It11.ter 
e&llec1 SAVE. It. thea .to ... . the coat.e aU or SAVI 
111 t.be e44re 1l wbi ch 1. be 14  1A the DeS� to top 
poe1t.1OD ot the .tack . 1'1nall.)' 1t pope the top 
two It.eaa , vb1 cb it. baa u.ed , OIlt ot the etAu. 
'l'be n\aber , bovwve r , nll& tn. 1n SAVI tor \lae bJ' 
tbt toll� a wn c�ci. . Molt "_�Dt 
.ta�t. bAve � QIW art part , .0 "plA1D. 

. . . 

.\On .oc=en4 . ..... .. ltka produIs ... . VStla tM re ­
M '  tbat. t.be au.ber pit Sa aAYII 18 .. 14aa UHCl 

.. 111 . 
1M Mtbocl tor cel l 'DI .. proMCb&re ... M 

uplA1De4 � ret.,..ace · to 1llut.raUOIUI 1 u4 2 .  
'DIe &I'&\IMAtI fttcla an · 1II tbe . t&CJL  ..... IIOYeI1 t.o 
the1r pl.&oe at. t.M top. ot tbe �. U tbe 

Xl lX axI  

xxxxxxxx M�llta 
XIXXXXXX 

. . . . . . . .  

• 

. . . . . . . .  

I D J:W I  
xxx FlAC 

Vonl of au .. lAP .1'­
aoter to _1'& t.be eM 
of t.be � . 

Ioq .  IraDcb ..... "" • 
cauae cootrol to 10 
LNWM1 data .toI"It4 111 
UU . U'e& . � wi tb· 
a " ,..t-.rn " c�l4 . 

XXX .Addrea. ot • • • • • • • •  p� 
• . •  11 · ·:- ·  
Stack betore ueeut1ll8 
tbe call 1Aatruc ,1 oa 

StAck after eJteC\lttDc 
\be c a l l  UwtZ'\let1oa 

Dua!ler of �Il�.� \be .tack 4cIct. laCK COI"l'll -
1pxa4 to tbe a\llber ot �Dt. 111 tbe proeec1W'11 , 
All al"l'Ol' 1. 1D41 ca t.e4 .  DM -J'l.&&" 111 the .tack 
wwka � tbl. . lA the VAUJOI. II �h1De tbe,.. 
11 a tlAc repatar. 'f'o .et. a tlac 111 tbe ata� , 
t.bIt ooat.ta or t.b1. nlct e ter 1. put � top ot 
the atack , tbeIl the &44nr •• or tbe wni aDove tba 
\oJ of .  na.1t 11 1M' SAto ,he tlA, n.cht.er . 
Ialt1alq , aa4 lIbe&le ft r  t.he,.. an DQ nac. 1tI tba 
.tack , the �la& resht ... coatalna tt l.lt.AU . At 
otber ,t.e. it CODtAiD.l the a4I1r .. . ot the von! 
11l the ataell vtUcb 1. Ju.t abo". the "'Pl't' ........ t. 
tlq .  J\Wt betOI? • ..:All 1u.t n.aet lou 1 a  tt J.e ': \4te4. 
t.he tlAC reg ht.er eant.alA. ttllll -.dd .• "O •• or 1.!.!., VQr4 
1a the .tacll vtl1cb 1 1  t.vo .. bon tJllt VUN con tA iA ­
in, t he  � • •  at t he  procedUl'f: t.u I.e exe c�t . .. d .  
'l'be ca ll  1lla t n.act 1oD lIick. up tt  .. ''''�DU t ,... 
the .tack . bci1Ju:l J. �  v1 1.b tb� upe .t.orel1 J w' ,-u Ill . 3-4 
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,:t ·���-_i�_.:::i.-'�¥.;�:"':{<;�-:.:']:�:::{-j.�����':.- :;: - :,-t_< ;�.t�'i�;��4'�' ·�·-��--f;-'" :��''-. ' "  ' ,:, , - ,'--';�' --,A.�:\ .. -o c �'f,�' t�t .,.IUt4 �bPdnl :,_)'t.lae 't.G.p ot�{,"" ;:;� 
etAcIt. ' Arp.eDt.. are ��'la� ; Ute .pProprl.t. " 

. }»lace. at Ue top ot ,tbe :� ' be1Dl caUe4. , 
AD enol" ....... 1. 11v"' 1t � DuPe .. ot ......... 
II8Ilta 1D the etACk 40&. DOt eOlTHpond to · toM 
_bel" ot place. 1n the proeeclun . "1D.� the 
old. n.c a4dre •• , ¥bleh 1& Jut belQv the pro­
ae4uft &44re.. 10 UIe .tack., 18 pat 1D the tlAl 
rell.tel' . 'ftIe ex1t � •• replace. the ad4.re •• 
ot the proce4\U"e 1A the .t&ck . uacl aU t.be &1'8\1" 
.... U ,  .. weU .. t .. tlAc, are popped GIlt . . . 
'lbere are Jut two op co4e. ""lch attect . the tlac  
",l.ter. ". code "1ow1 tlac" pat.. a t1ac 1Dto 
the .te.ck , IoIlCl the coclil "call" tab. ODe GIlt. 

b Ubrarj t\aDct1CID "WBOLE" tl"\mcatel a 
real QUlber .  It. dQe. DOt. COD .... rt • l"Ml. DWlber 
to u atas-r , becaue DO tl1at1Actloll 1 • ...sa be­
tweeD th.. It 1. .Wllt1 tutecl tor the ftca..n4-
eel t\mctolOD "EI'1'IER" prtM.rl17 beC&Ulie tl"\mcatlCID 
take. tewr ..cbUw iD.tnactlou to illpl-'Dt . 
Alao, tnuacat.iOD ___ to be uecl .ore 1'r.q_Dt�� 
'DIe proce4ure DTIER cu be 4at1.ae4 1D VAlDOL II 
.. tollowa : 

; PIKICEDURE EII'l'I.ER (X ) . ,  
. 17  0 . 1,.  X • '11ID WHOLE (X ) . ILSZ  
. 11'  WHOL!(X)  - X . THEI X . USE 
WlJOU(X ) ·1 

'ftIe "tor .tat...at" 10 VAIDOL II 18 DOt the 
.... .. It 1. 111 ALOOL. Ix&ct17 ODe U.t et.eat 
11 nqw.n4. '1'bc "_tap • •  \IIltl1" pOrtlOD ot tbe 
el.aeot 18 .udatol7, but the "vtl1le" port1oa ..,. 
be I4.de4 to tal1ll1Da'te the loop �ate17 \&POll 
.aM cClll41t1oo. ". ltel'&tlOG coat1Jnle • •  0 lDGC 
.. the Y&l.ue ot the Y1U'1able 1. le.. thAD or 
eq\l&l to tbe _r1 ... , lm.pectift ot the -1cD 
ot the 1IIC�Dt . IUuatl'&t.1oo 3 b .. eDIIPle 
ot a . tnical. "tor _tat.e.tDt " . A t'low cba-t ot 
thta .ta�ll� h a!V:D 1Il il.!.�tra�l00 •• 

• rca 1 - O .8'l'ZP 1 . UJ'1'IL • •  J)O 
. (.tat.eat) 

Set ev1tch to 1D41cate tint SIT 
A91. t1M tbrwCh. 

LD I 
FLP Te.t tor t'1nt tiM tbroQsb. 
VI' �l LDL :" 

' SST , IalUaUM ...nu1e •.. 

.� I 
A9I2 

UlL 1 ] IDc�ot ft.I"ialale . 
ADS 

A93 
RSR 

:J 
ec.pare �le to wg1 ._. 

Ul 
UQ 
BFP 
(.ta�t) 

lin' ..... t n1tch to UI41cat.e *" 
t1r.t tt. tIIroacb. 

.: I A91 
A9' 

IUuatJ'&t1CID 3 
ea.pllatiOll 01 a tnlcal "tor lilaw..t" 

111 lAlDOL II . •  

RaNt IY1. t.elI 
to 1II41 cate 

DOt tint 
tiM tl&rcNcb 

1a:acraent 
. 

.,.rlabla 
1+ 1 "' 1  

!'lDII cb&rt ot the a for .tau..Dt" 
&lveo 1r.I t1gun 12 . 

I'18ure T h • 11.t1DC of tbe Y�L IT cca­
p1lar VTittea 14 META n .  T1C\&1:'1t 6 &1-- the or­
ont.r li .t ot tbe 'ALGOL II MChia. · • --pW pro-

. erea to .taJLe . a "teJW!1���:�_ til t1pnt 9 ·  

� n .  10 cINE . .  

9IlppoH that , v.pOo eat.". t.o a nC'lU'll ln • 

wlJrcNt1De, lItatc:b n-pnNIlU IIaIe .7D� equatl00 . 
the JI081t1oo or'ttIe iDprt. &114 tNtP'lt ' &l"e .. � .  
Wbea ecae DOD-tint te nt  o t  • c�t 1 .  Dot 
rcND4 ,  tbe ca.pller 4oe. IIOt. boa .... to .top v1 tb M 
1D41oatl00 <d • '7Dt.&a errol' .  It cau �1l -\lP the 
iDPlt aDd outp.lt IID4 retoW'll taU • • .... 'fbi ..a1llU1�._ 
_ backup are .. tollovw : I 

l. It t. potdble to 4a_cribe � • •  
u iDe  b&c&up, vh1d3 C&WIO't be ".c t1�4 
Y1tbwt �. 
2. an. t ... • � ¥bleb Call be. 4a .  
.orlbecl wltbcNt bacmp ,  tbe 1I)D t.u  eq ... Ucaa 
GAD oftee M .1IIpl.1l'1e4 wt.ea kckup 1 8  al­
loW4. 



.. ............ 0'.'''' IN, ......... an u 
& tou.. . . 

�. 1: __ tax aaal¥.1a 1a SUter_ 
I .  n 1 .  poadbl.e \0 . 11  .. tile .. . ,.tu 

n 
n 

[] 

eIlua�tCD. win von. J.� . bJ .XM1A .... 1:Ma. 
viUMlut roll.ow1q tbroIIiIa "'IWII epapl.ea. 

. oft. ftIot Uaat ",tile .. . oIab1.tl_tecl �. 
.... u AUJOL u4. CUOL au lIe �-a v1� 
'b&cku;p 1a P01a� out "7 'lVaou pitopl.e, 1acl.ull1.q 
�, 5 u4 tbe, &1"& aw.nt of tIIe .pee4 I14w.Dt ­
.... of .0 40iq . I have .... ao _aUoo of tbe 
MCQII4 wvaat.ace of ao-b&c&\ap, eo I vil1 upl&1a 
tIa1. 1a 8IOnt dat&ll. 

lIu1call¥ ODe vrite. &l.te.--t1GDa lA vbla 
MCb tenl bestu vit.b • unenat .,-01. 'DIeD 1t 
la IM)t poa.lb1.e tor tbe cap1l.er \0 10 4DIID tbe 
Vl"OIIC pat.b . 'l'bh h M4e lIOn ec.pl1oete4 beC&UH 
of tbc 1IH of .. . DCPrr- .  All optloaal ito. oea 
... ver be toUowd bl ac..th1ac tb&t. be&1U vitia 
t.be __ .�l 1t. .,.,1M vitA. . 

'Dae _tboc1 4eeertbe4 abore 1a IM)t tbt 001.)0 
� 10 ¥bleb �p c-. be bAa4lad.. Var1aUau 

rI. are vortb oouSderiq , ... . -7 -7 lie toua4 to '�J-"" .blr.ve the wvant&& • •  ot botJII b&cltup &ad. aooob&c.kap. � .  J\&rtber Devel0l*!!!: ot NftA l!!ysu!pa 

o 
o 

: 1 � 

.. ....UODed. earUor, MI'r.A II 1a aot. PN .. a� 
eel ... & et&lld.ard. � ,  wt ... a polAt. ot 4. ­
� trc:. vb1cb & \&HI' � CaYelop ht. GIlD JCI'U 
J.uacuace . 'nM tena "MITI. � , .  vita "MI'rA" 
lA capt tal. l.etten . 1. UNCI to 4aDOte uq ocapU .. r­
vrtt1l:lc lAD&uace eo developed. 

'!'be � vbtc� Seha14t.1 illpt..eQte4 00 
the RlP-l vu baaed CD MI!'l'A t .  JIB ball DOlt 1QlAI­
_o�4t4 AD 1aPl'OYe4 venl0&6 u �  tb u  laacuaae ror a 
!eclaloaa IlAcb1De . 

INt.Il9 baa 1apleMDte4 LOOIX, a cC:wpuer 
tOJ: b1t-twa . 1a\llaUaa , GIl tbe 7090. • .oa a 
M!'1'A lADc-ce ·to e�ll.e lIoolMA e.qan.dou· 1At.o 
.meleDt _ebiDe coc1e . SobDe14ar Ul4 JobuaDlD 
bava bapl ... Dte4 M!'l'A 1 aD t. DJ( 109", vitia � 
IO&l ot pro4IKiq aa A.LOqL ... pile .. Wbtab ... r- . 
ate. en1cleat lI&Cb1De cacle. '1'bq an pl·-UIa a 
.MftA laIacuace ¥bleb 1I1 U  ". . n1tab1.e tor .,., b� 

. .tmctun4 � 'l'o t.b1a cciQ1ler-vrit1lll · 
l.&Dcuale tbey ,t". tbe .... . NITA "  (pl'QQ�e4 
_tapb.or) , 

1. Scba14t. , L. , "Iap'--at.a�1G1l of • a,.. 
laol MaD1pWatol' tor .'11'1.1;10 '!'I'aula�laa , to 1963 
ACM lat.l . Coat . , ·l)eaver. Colo. 

2 .  Metc&l.te , IItNaJ"ll,' "I. �tel'1MC1 ea.­
pileI' .... eel GIl MecbaD1 � L1Dp1.tlo. , "  lS6) N:1t 
lat.1. CGDt. , haver , COlo·, 

, . Scbonw � Val ,  .. I. 1JDt&a - Dintcte4 
SMALaoL tor tbe lltOl . "  1963 AaI laU. CoAt . , Du-..., ".1' ,  Colo • 

� .  G1eDD1« , A . , "OIl t.be BJDtu .... cb1De .... 
tbe CoDat.roact.1011 ot • UA1yer .. l CCIIpU.r . "  'ha�. 
Report. 110. 2 I Caat.�ct. !QI 0Jt9·1�l , Oiu'DI,1e IDa t. .  
o f  or.ch . , JW¥ , 19DO . 

,. �� MIIlna :a. , '"o..s .. of a .. � 
,"-tUca-� CcIIpU"I',· c .... .AaC. Jul:I 196).  

6. 1rcIu , :a. �. . . 'Jbe  8t.nact,un u4 u.. or 
tbI a,atu - 'DUwC't.e4 CcapU.r J .. ADa\al "dew lA 
A1l�t.1o �. '1'be .... llMI Co. , . "w 
tork· 

T· IuthA, tavia , ". fbrue -Sttuct.un lAD­
..... t'raulat.Gl', " AICiIL-RlPC-6a ·��, : Aui· . . . 1962 • 

8. CllcaaQ ,  ba, ·· "S,atu · 't.�tu.Na .,.;' . :  
Maut.oo u4 Co. , PUUa.n , • . � ,  "'t.IM"­
laMa .  

,.  aawu. , .,..1', "IDOIX . I. S,atu Dintcte4 
Ccapllal' ·tor C�l' BU -n.. S1aa.laUOD , to �ter 
t'bt.u , UCLA, .... t. l�. 

10. ScllMl4ar , '" V. , u4 Q. D. Jobuoa . .1. 
8ptu-DlNctecl ec.pU.r-Vr1t.111& Cc;apU .r to Gea ­
orate Ett1ateat COiM , "  196Jt jot ktl . Coat'. , 
Jl'bllAdalpll1a • 
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2 A f'1U ..... - op_J .lad 
J MoJ. (lo,. · .. eI • r�, .. '" ..... ip..lillUt .. ,.""lJItJr 

_4 A p ... 4-tIotua fir . .. i .. Jir.kll" li • •  
5 :Jir.cI COMIIIUIu"coIlOll i • • •  illlpli/i.tl ",_,r 

b ..... ". &A. ,ompil., ... 4 4_4 coJ.4 1O .. '''' ... 

.. 
'J. A tIOlllpl ... tl ... riplioJl of bDdo alae MET A-J ,...,iI. OIIeI \ 0/ IA. cofftpi.lol.ioa lIl,oti&A", .. ti-
- N E T A - 3  

eoa!nll'y t o  1'01'111 ... opiDia.,. lI)'11tU-directed eotapll.,. e u  :.:...;rIlPidl. ' IIner.te q .. i,  • •  ftici •• t _cbia. cod. (Of _cbi ... · , � ;,j,oul p .... b...!o .. o banl ..... e. Tlae _tl.od .... d i. _ compiler 
" . ..... ed 00 tI.e \1ETA If <:o"l.iler · dn.loped by D. V. Scloatre 

• 11l\I 1 401, but it i. 1II0dWed to (.CifitelC . direC'1 
_ ,. eulioa of uqu.atl.J code reu..r r.bu poli.b-I ike cod •• 
I The META·-S cOlDpil., COQ.uvclll a .eri •• o( t._ .ad ref· 
1 "reo".' to eXlCm.J routi... fro .. ..  i.p'" I .. A-K' , .... lDbliog 

; 13al:k ... .Nonn.l rona. wid. cod. defi.i� cI •• _ acid..!. Tbi. 
c oaauvetio . .. aelllbl •• iato • cOlllpi ler (or II.. l_tl-•• d.fi .... r-J· T_ lypu oE opCre\io .. ar. baaic ia lb. III·�·.pal·: 

) actio •• aDd I .. , .. A • •  clioa i . .. ... coeditio.a! operatio. 
: . _ aucb .. outpuuiu" .. Ui./! 8.,,� .. d .. {orda. Th.,. .,. t_ 

,.,.j... typu of I .. t. Ou i. to , •• t iale"..1 .Iallla uucla •• 
the type of • yuleb)., \.be olber i. to t .. 1 dac ioplll IItre_ fill' 

r .. l the (>ccur .. c. of ea iduti fier, • .peCH. ic . ell.-uter e\.rills. .. 
I • Inera! fOnD 01 all'iDI' Each tH' re t_ dl' "alu. "'.e or ', . 101 •• d� •• diQ& IIPO. wlaether ,be , •• ,.d cOGditioa w .. .. 1 

or •• It. TIa. Met_o .. pil., Icu ... lIlee tile code to , •• t daie ya). ue after every tee' .ad citla" ptVcoede, if true, 111', if (.la, \" -j ltye to rei.... the ".I"' /"e \0 da. eelol. . Sillc. "yUie, 
, ,uled (iii' .ad. fouad ie cl •. l., . •  d {rOta da. iIlptlt •. 11'....

. 
u, : /.he . ,.11&1'11 o,lIer LIaaa \.b. fint of . .. � •• e. ot tule will ·be ' .  �.dt to a. •• fer C08ltDl to • di..4Po8lic /Qut". wllic� priat • . . 

. . tbe LOp .l._al . o{ llla .welt;, tbe �at .t .... . f lbe . tap'" . 
1IIII''"'!.�-"'1'''·''· '''' ....... . ad • ,,_pl.i., .abo" �.4. II)'Jlua, ·Th. di"lI .. i08 of tk 

.. ,.11 e'llietic;" Jor ;�IET��3 ... · .. r.UeD i. Ml:.i'''·3- wilr,.bow 
!I.e "liS- .. d'deri.itio. onbe ...... ic: .",.ta elelan ... f- . 
f�"r oii.c .... ioa a� ,I.e beei� Illp:�itbna _ ref.eaen OD Uae 
"uolect .ee Schom" peper !o tb-ia '/01..... ' .  I- J· a "ell .yatax .qu.tiOQ b.�.. �y ... lllt! tile co .. WUd wtaic� 

i - ., .. clen.i.1!> ... ,1 eDd. witla • umicolo. (wriu •• ' •• 1. TI.e �. de li"i"o. i • • • «iu of teata .lId "tiOila. whicla -y o. «"''''" 
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! .D ideeti!ie. i. lile out tla:nll i. !M iap.' eln... Aa id_ 
I,� li fin i. All .. lphat».lk cber�cl. faHowad "" • •  erie. · .f 
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.,M fol4 e, .1  .. h i ell point th<- .... 'luc .. e .. .. .. u.r.ed. EMP T ,  

elria"" '0 I.e i .... "ed I ill_lIy ::' • i�i�.li�, da • •  fpenno., .1 ..... of lb. 1I111ck " l.dlC:.".I 'I. .. n laLel alac" e.cl. of wllj«;b hoe . ... i«fU. co .. t •• t "al ... 'et •• cl. 'u"A« of .acb .t ...... . l. ' ,CALLe, •• ,' I . ..  qlva!e.. to ' :OOT ( , 'CALL' , • • • )' .. d 1I .. . r ..... I�a op-code CALL WIll. dl.. fIn' ar""",.a' pia, i. til. "."..JJe (1.14. 
Siae. tM c:�i1� i. lull, .fi •• d by ile .1'8'" e«fU.t;oa., .b. followl.1I d,ar ... e.oo of .acla .qlleliDa wil l  cuaaple,. llor d . .  criplio. 01 tlte MET A-3 coaapU_. 

. snIT AX P ROG RAM .... 

P QOGRAM • 

Defill!ll ' the priacipel 'yalaC'tic " I "_ al  of ,hi. co�pil.r. 

ae,;;.. ,lac d"liailiOil of da.. .Y"UlClic 
'PROGRAM' . 

'S YNT AX' T�.lII 'Ia� i.pu, ... r� fur til. quo .d e\ria� If /..J •• ( •• no .. lin. • • tbe la .. , I • •  t of  thi. defini lillD ) 'P ROGRAM' will be feLse. 
. 10 

Tcala few eo ident ifier ill dl. iap .. , "ueUl.'·!f 'OUH tlae li .. t .i x cb .... ct ... ..... pillced in 'be op .... d .tae:" .ad ,be ealir. identifi . i. deleted (,.,Ia I be 
iaput .ue_ If Dot (ond ,loa dillflDO eU c  /Q .. ai ... 
\ .. . .. e re d.  . 

.OUT(, 'ENTR,Y',·) . . ••. 
. . . ' OU, ..... .. . �ic UN witl. tl.. op.coda EN 1 RY 

.ecl lb. varlabl. field coat.IIi.1I ,b. ide ntifier i. 
dI. top .1 tbe "leck. Th. _do. i. poppecl ' IIV, 

$ 5T 

',END' 

'r 
Ead ot.t.t_at. .. -n .. �_wr-_. IAJI ..... '" di8Cu •• ed eo (eI' i .. : 

PROGRAM ·', SYNT AX' . I e  .OUT(, ' ENT RY' ," :  
$ 5T ' . E ND' _, 

It _y be npr ..... d I. o.dal. NOI'IIIII I Form �.: 
"",oVaroO ::- . �YN TAX <id_ ifi.r> <., ,�;. . END 

: Dl. 5-1 

, . 



: : . , " .. ;' : :  . <� :' .�,.·;·';i: :, ' . " ,  .';] ... . ",n._�GIIl.ifta f .. '<META-s �tl .... , '  ,N,,', ," . !t��i' :,( � .  I • •  • 
_ 

' 

$T .. . �� .OUT( ":P1.A·, '.�/. "CAloL": .. PUSH') 

� .  

'F,.;j�iwif ." ("':'l. "!"i.��Mlii.�")ltO\. j�i}�:lj;·fJ10\! 
c .... , ... . .. u .fI .... �. n ",wU" ;.MOvl 

i] 

r-� 
i, _ 

fl 
U 
' -J I I '�_. 

- ' . 

n.i. i. ,II . . ....... 1." . •  r t'" .'iaado . , • ".1_.. . ..  ..,.. lla. . alMe ..... lItuta wit� 
•• id •• tili.r wllillla.i • •• Ip.t .. ,II. 1.1.e.! o f . P M  ,4 i •• u-ecd ... , •• •• 110 _  by . ull • r .. PUSH, 

'.' EX 1 • _,' .CALL C . •  POpp·, -., 
n. i . .. ii . .... ... 'oUowed Ity lID .,..1 .,. .1 
aod .. EX J (... below) .... ,_i •• ,.. by • 
At di. poi .. . eaJl .' ro .... . .  POPP i .  "''P.L 
n. nt. ti_ .. PUSH •• 4 • •  POPP laaMl" tl. nc •• i_ 

EXI - EX2 S( '/' .OU,!� ·ZEr/.�TE5'r ':TRA', . 1) E lO)  
.OUT ( . ' , 'Ntl..L 1 . •  

A .  up,. .. i .. 0.. Ie deli •• t.a be .. eqw ... iOll 
two followed by .. .  """Hee ( .. AieA .. .., 1». 
_ply) of .1.... at .... iell poia& output • , .. , 
fM Ih. trOl" of 'M previ... .._ioa, w"ie�, 
if  1110&, will . ..... " ... f. of c:oatrol 10 th. I �  
. 1  coot.i.ed ia ••  , . wbi." will be·d.n • •  d Ie,. 
Af� ,ta • •  1.... .... c_ .. oth. ap .... 'oa 1_. 
n •• dan DO ....... . It.r .. ti,... i. th. atr ... , 
elon •• lII. label 10 ' 0 ,' by ouq"atillfl It 0 • •  
NULL. 

ElO • ( T EST .OO T(, 'NZT' , ' • •  TEST' /, 'TRA', · ')/ACTION 

........ -

I S( TEST .OUTVNZT· ' •• TEST·/, 'CALL·, ' .. D:AG·)I 
ACTION) .OUT( · 1  • 'NULL') ., 

A. up""eeio. two co.ei.i.ta of • DlilDber of 
letow or .c' i 0... If tho fino, of &laeee ito .0' 
D>rl &lao · re • ..,f th_ oro .kippod. If •• y of &h. 
.. bera i. ...,. IHt •• OIAG rac.i.... cO.lrol. 

.1 0  .CALL( .)  
A "'al ia defi .. d to ... .iLla. • •  idn, ill. , i .  
waieb c.... • c.1I to do. idntili.r i "  OU'put. 

I ' . 1 0' . CALl(·  .. 1 01' 1') Or the au-ia!! ' . 1 0'  i . .. blcla co •• • call o. 
"-,uti.. ' . .  I ONT' lit , ....... tad 

! 'r ' E X 1  ' l '  
.... • lefl ;> .... lb • •  i.  rollow.d by .. ex I 
I,,! lowe.! by • ri�' PDt •• , ... i. 

I . Si RING .CAlLe .. CMPR(' • ') ' ) . "r, _ .tnal!: 1D '!VIOl.. ..Iao.i. loc.tio. i. i ... "", 
tcd iot'" I.... �I.d _ &Ia •• output •• lID UIr' 
WIle," 10 .. CMP R 

/ 'S. T RINC· . ...cAL.--L i".��' 
_. &be ",oN . STRIHG ", .. lela c...... . call o • 
. .  ,HRl · \O  be ,._en'ed 

/ .Q.A·( '.' ororT "L'Pl-'ABETIC - , .CALL(' •• O-AD(-' 
' f'  ...... ' - , .. • ..... ··r , � " .  

OC'. :H ...-.I ClA foil_ad � • mi .... . ip ud 
• di/llt .• rio • l",� IIoda of wlai cla are pl ece4 
i. tJ,. atad: .. . , tller .... fo_ by o:t_ '  ro .. 

, �  . . . .  lieu willa . ·b • .,,'ry poi ... 'CIGIT' .... c 'AL P t-I AB' 
, ... : .: ."..,.� : ;. 1'11 ••• ··wo' __ c �e .. -u. oapo' •• • 'frUII"nt.e " 

a{ . • .  r.:tt .0II "'Iltip " CLAD ' "" ?1.c iDf\ the . I.". 
i. :1a.o * 1  I.� .... I .Iack ... mer •• ciD, it i. t". 
• CALl .t.te....:'" 

ni . .. '�e row"a." ·w:bidr . .,o.,.. id ... m.,. 
. 

. H"' ••• �. op ..... a .tat4 , .. d tJ.. J� .toci'" / '.' DI GI T  .CALL( -·. �MO\'E(-·.: , � .·)· ) , � ; 
.

. 
' 

. 
" '-1 

Ot, tM .. , ... iok c.wld · b. , Iola-"ed by - .  .i ••• 
.ifl . . .  d • dijli . ..  laid" J_ ,h' .. . .. ... . ,.. ••• , to .on Ill. ;  ... ' .•• ack lO.::tu· o..., .. d ... ck. ., .. . . . ' ' . .  / ALPHABETIC .CALL. (· .•• ST AR(-H' . .. . ' • .. �!�)t" J Or. lII . .. ,.ri.k could ba¥. ' "�"' .fOJ1�_. b1 • I...... wlai�" I • .  c....,il.� ... ;�.,k"''''''.l ... 
•• 51 AR. �1_, lh"l j. l� tM!°'�J-�h 1a111 . 
.. •• , ' _ _ '� , · -�'<-:1:t�t;" ! : � -;} - " , ." . " ' �-,'. 

I ';r ALPHABETIC .CALL( · • •  SETT( ..... · � - !· •.•• ·.)· ) 
Or, dl. fiDIII ,blllll ."I c:h  .. , •• . •• ,. ,,- I. - T fol lo  .. ed b,. .0_ I.u., wbicla i. ve.d •• •• DtflUlDe., ia the lle,u't'ol.d call .<HI • SEll.  
T .. i. 'ee' ,.fe,eac •• · the .ode n.lI. 

ACTION • OUTP UT 
A. .<:tio. i. dclia.d to I.e .illa.. ... outp.t 
( deli •• d leter) , 

I' . EMP TY  .OUTL�STL · • • • •  TE�T') 
« ,  . CMr' TY i. whicb " ... I". t •• t ull 
., l eST .. il l ... .. t .41 .. . _ '0 i.die". ,".1 
i.d •• d •• ...,..,. I>a. be.. Iuu.d. 

I '$' .OU T( "2, ·NlA.L·) T eST 
Or. • dol l • •  ",., ., w!.iela poi.. Ibe 1 .... 1 i. 
· 1  I. outpa •• fo/l.,..ed ioy . ,  .. , ( defIned .bo .. ) 

.OU T( ,'ZET', ' .. TEST' I. 'lRA ' · 11, ' nL', · .. TEST' ) .f,.,. wbieb te.' . if i' .... _, i. .. i U  M r�,. 
Doled, ot1la,..i... . .  T ES T i. .el " .. ,,��.,., ,. 
i adie., a '  ...... 

/·. STO' ALPHABE TIC , CALLC· .. STOR(..H' " • • • • • •  ). ) 
Or • •  SlO lollow.d by • (eU ... wllic:" i. c ... • 

iI.d c. aD .,� ... a' to . .  STOR. 
/ '.' ALPHABETIC . CAL L( · .. PLUs.:-H' " • •• •• •  , . ) 

Or, • pl •• • i p  (01 1_<>4 by • I.Uar .. la ic" 
c:orap i l.. .. • "all 01> . •  Pt US with tb. leu_ 
.. • • .r�.t ( .. , ••  triboa,e ,ell'c,« te iod­
i ;:a,. ,biD 'proPel" ,,). 

/" 5' ALPHABETIC . CALL( , .• SCTS(ooH' " . . . . ... ) ' ) . .. . 

OUTPUT. 

(lr, liaal ly. .. ecti ... -1 I.e .S �iollo_4 , j,y  
• l etllU .. laiel> I.eCOID ••• • , object I i  .... . ... 
.... 'ulnc.1 10 ' •• SETS ( .. 10 , -;:\ .." . the .. ,..de i lro« 
(or I .. ", tull.A .,i&la . n. 
.... IMIlPU' i. d.li • •  d t ..  be . • 

, .. , '.OUT' '{. oun 'J'. . �OUT follow.d ltr •• (ltn'2 i. ,.,_Ibe ... 
I·.CALL· .CALU · . . FELO').CALL( ·, . L n(O(..Q'232 1 ... ,.;mOOl ·) 

.CAL L( ·  .. FELD') 
Or. ,CALL wlai� A •• "' ...... , tla._ I .. u,c-
lio ... .. . 0000T(. 'c:AL.C, . .. ) 

. '( ' saUTT .) ' .CJl.�.P\J8G·} . . 
. ;{oll_cd h _.�".t.ilear. .., . '  •• qu .. ". . . . 

(ulticA ... ..,. loe �""'l7) oi . OUT1· • • hllt .. blo), 
• call .D • •  PUSG 14' !!.clle,.... .. .  . 

Ll - , OIGl-l'-cAlPHA-a£J1C-�l .CN.;L(· . .  CLAO(.' .. ',-H' 
- 1  i •••• �. } " )  , 

M I"" .a.A eoald be f.llo� "" Jut tis. disi' 
.... ..; l.tt .. ... Irloout tla. IIIi.. .ip ud ",o"i� • 
_ppc-o",I •• ",ly '." _ .... etmeoa. ell eep' &lae' &Ia. 
•. !i" .. .  i • .  "u" •• "�tl to • •  CLAD .. po.illya ,., .... 

i .. ER1 T E' 'I' DIGI T SOUN. · j· ;cC,.M .. L.l · .  EruTE(-' · ')'):, 
. Or •. fi_U,. &D .� _, " . ERITE fo1\owe4 

.... ,. i. pereatbac •• _ dill" ead • k-q1lCllCO 
(...h_ir "'.., be "",,.l,� "f CUT1 '.. t. <otbicla 
c ... the diRit i. lIi""1l , ., . £R' T E  'I. lOll 
.'gum •• l. 

rJ 

!] 

ar Iilea. aer'i... . 
JJ.?HABHIC .\"AU.C�tt-IS(..w .. ...... ) . -) 

0r . . t_t _,. '114 .• .bI .. .. ilJll follo_tI by 
• l etter. �D thi" 11 ... it un or .. MINS . witla 
�h,, ! .n., ... IIIl ' N�_. IU i. _ rD"ra&�. nil' 
ta """d .. : t ).  th .. ... .. ",bot \UI. di ...,u .. ..,.j 
b.lc",. • 

;LD1.5-"2-

OU12 - OUT2A S { 'I' . CALli' . .  PU6(j' ) OU'T2A) .CALL . .  
( ' • •  PUBG·) ' f  

A. mrI'2 . I. d.naed tq .�· .., OI!l'2A 1�lJo_d 
�, .. a ......... . (_1<0\ .truII! . h. . �1)) of .1 •• 11 
{ .. ..  � I c:J, �j.l • ..:;all to .• f'i.lSG I .. f),)tJIIIl) 
fo l lowed I>V'OL! T2A· .. � III t\lft ""d .. PUBe; i. 
c.I I.d. . 

OUT2A • S oun 1( ' "  . CALL( · .. · FF.:!..O· } $()UT l)  'f 

A. OUT2A i. d .. fi: . ... " '0 1.., " ."que n.,. 
( ..... clr ... '" I.. ""pr." p,  �i..rn - .. Jul le • •  d t.y • • rC(1l.ftc .. ( .... � iCh F"..t;.-:r 1" �rn' rry) of  n'l",1Oe 
I .... 'p'" • cal l 0" . , F E,U ' :  r,,.;t ,, .. �d  !or ''' 'j u n e e  (..,.\0", ..... , b� M'fdy ; ,' : 0: r!'l ' .. 

. .. ����,- . 



J. 
· · ·�f'�tt�l�.l=r�" �iC�-

i :ewTY .oLd·;�CoPa » 
. 

. i; ii t 

. ':'.�;=;�'���i�tt% ... ��;;�i.;;�;�t���· · E 
:,. E l.·' ,.. .�, ' " 

or .1.... 'Of .. ... i_ ...... . QI' .. . .  " 0 . 
• •  COPG u. •• ,,.. . A 

f:I 
f E E  
F I  
FJ 
fO 
.FO 
FO 

A £  
r �E 

(, A }; l 
r A E t U  
(' A E I A D  
r A E I A  

I .STRING .CALL( '  • .LITGI· - ,. ) ., A '8 

• END 

Or. 1i •• II, . .. OlTfl _y _ • atri. 1I w�_ 
locali .. i.  c..,.w i ... . call o . . .  L' TG. 

Dire. C_",1011 Uo& .... . , .... . C04e4 Rollla_ 
... die ........... . 

nn. cOlllpili.. ,110 _Ie......... !lucripdo. ., . • co..,. iref: .. , ide.,m. i. ..._.d Ie _ til. ._a .. . -a .. . 
Uapiatic u,iabl.. ..41, .. allc� _ .  call ,. il ll ...... te .. 
Upo. re 'VIII t�. e.1I . •  TEST i. te.ted .... til. n . ... /al .. 
..... " of t�e tee' perfo, ... d. TIle I BMAP _ • •  bl., _._. 
,he .. , .. adefi.ed .y.bol w il l  he cI.li .. d .. .. .  .uy poiat 
to ._ olb.r d.... al load ,ilac. 

. Tlli. raeh., ..... ..  a ump&io . .. aile ......... . nt put 
• Uowa .pera'io.. to be .elded a' wiu witll tile ud.ntle_i •• 
tIIet If tit • •  .wad ... lIli .. i • •  c,.ell, .. I, •• acli.. til. c..,. 
iI.r •• i l l tr.... i t •• a '.... ..d ... to cell • •  T EST oo ,et­
..,. tro.. lb. '0 lid... &ad �ed boo". ned it ._..... ( or 
uu) ., ,b., poi. If .tnt,. __ _...... _ to be .wid.d 
UHi cOlllpiialioa i. to c .. 'i .. .. 

The · P ........ 0 ...... S&edI 
TIl. _, .. I in«ui.tic .1_., • i. to be u.8tod .. .  

pu.b..!ow .. . taclt. ,n ... v . .. id •• liI.r i • •• cc ..... Il, di.c-
ove ... d .1 i. pJaced o . .... top 01 tal. aleR. It • ., - re ... 
oved (.ad ,M .1Oek popped ul) .Ilb ... by I..vi •• - .. .. 
ou,ptll imp .... tiv.. b, tb. FI·Fa. or b, _&eri.. . __ ti .. 
REMOVe whi " -1 be c.l led .idaer .... Ii .y.tea .q .. tio. 
or 'r(IQI a Iaaad cod.d ro.tia .. 

TII i • • laCk - i. nt .. ded by .1I0wi." "pi .. . to be f,..I, 
_de (rOat th. • .tack to &Dr. 08. of tAe f_ ·1."al .... 
�en. (- I .  -2, -3. -") .ad • eo ellowleA back-c:opyiDI �-.1.  
-·2.  -·3,  ··4). . . 

. 
A l l  otA .. operaed . .. el. .. .  tri."., tli"il" .te. -

.D,.,ed •• tb. tup_l .1._., of t� • •  lack .. tAey .. 
d i.cuve ... d i. tM iaput a tre _  

TIM .. ,ro 
AD ia&areetia" ' 1O�aicpa. i1IIpl_l" i. NET\r6 Ie tlae 

cOlllbi.ed paala-clow!i .d riroa-jo fiGl-01ll l iot. n. oper.'io .. 
F E e. FI , FO, .... FUM _ D..cf to ecIdr •• it. &It . ..... 
... te bei., i ...... lIy fl .... ...-yoi by FO. F E E  i. 
•• " ,0 pu.lt 'M Ii., 010_ .. d ieHrl a leyol __ • �U. 
FUM 8 ...... '.. a c.ll ..... _t .. ,b. ".iab.le I. lb. lOr 

: . .  of '" _ope ... od oteCk, wit" at! .. .... _010 . 18 ·  tile . .." 0 
' ,  ... fi FO .a • .,.an. .. . .  . '  

n. baaic .tntCC.. oI ••• ·llot. la '" of' .. _..... .f 
•• pcrilft,...d fo'ro UOl-<_ "".-). .' . .  " 

. .  
FI r _ve. &Ii:' 1IP�neoot· .1 ..... . of t H  operead atack 

•• eI I ... ,.. h i.,. 'M FIfO n., _ Lb. l.ot oJ __ t. 
FO ...-". -tJ.o (inlt ' .1 ..... ' ., .tII. F I FO  liM .... 

i .. e"" it' aD .... . pper_l el_ea, of , abo  operaad .leck, 
bowe';., If the ....... at ... ". or FiFO - i. ."pl, Fa 
will ,at ... / ••• • Dd pop tl.. .tack 'to til. UDde,lyi llfl F I FO. 

F E E  .'a". a .ew I i.... ,..,.Itia" the top .,. tA!I prev­
lou. 0... 'l'Ma ie it puhe. dow.. lb. previo. q..... ad 
.,arte • De'" 0" . 08 lOp of it. 

FUM �.er"-.. .. call  .. .Ia. upp ..... Det e l.m •• ' of the 
�aocf .,.eI, ud at YO . .. _cwoeat. "'1 th • •  I ..... te .f 
tb. apperlDool. FifO l ies(U ... ,\. 

Tlae {Oll.W;DI ellltlllpl. of ·u.. _ of thi. li., will IIi ... 
.. id� a o{ ito ••• n. fint col_ ,epre.eat. , •• eD.­
kDte Dr Ibe ope, .. d .tack. die •• co.d tit. ." ..... ;.. Ia 

tit. cOlapile" ... tile ,la ird til. c ..... ta ., ,be ft FO.  

A 
..,., 
D 
B A 
8 A 
B 

(re_, loUe ) 
FUM 

( •• "''''' CAL L  A(f,A,D ) .  

rAE I 
f A E  

...,ty 
Intric.t. r."' •• II'*_.to .. eI ,  fOlIC ... illA _ . ,...ibl . ... iD. ,lila liot .iDc. ..ytblllff Dot .eated . .ow CM _ Aed ad wb • •  _... ....' .... d I. tile ide.tl".1 order a.i.1I • Fa. 
/i.. I. ."iel .. t i. &Ia • .  dlocuooiO. aM priedp'. u. 01 tII i. liat i. tile p ... oo. ".ntio. i. proc ••• lq pIII"d.... de"I.,.I ... .d � ... c ... .. Iec.. for c •• patibili" w� ,s.. ... at of tb • �Jd II la ,  '!-.tr-W. to MV. ,he "S--aIa app • ., ,j. &Ia. �JOCI � •• til. •••• order .. .... tl. eo_. prol!f1lm. V .... •• blee I . ... d .. I., .. io, u. be cycled datou,,1t ,b. F IFO i • 

order Ie p... . .u .... , ol ta ... b, cIoiDII ... ,.,.... FO. .Dd Fb •• ,!IJiDII .., witllout Cb ... ID" dl. '.0(111 of the ..... ( t�i . .. &lOD r . .. .  ode IDe of • tracked "ehictd.). wb i le d., .. ,... 1111.,.. tIae 1*"_'''' •• en...., f... .'_,e .nocali_. 
TIM !b' .. boI Tabl. 

Tltl. " .. ti.. .tor.,-· .eeI n •• i.... .,.ntbol. !liveD to il .  EIICI. oy.bol .. ., �.v. ..,. of 26 arb,..., eariboo,...  r.p­f_�.d .. A tbrou,b Z. n ••• ,,"p.rc" . .... ,i" .. to tAt. ...t ... by car·ie • •  prop.,.,. iDto ,II. attribut. '.,1 ....... for � .. ..,I. +� .cId. '.be .... op."y R to lit .... ........ "ie. a lre .dy '0 &Ia. etll1buc. '.II,.,er. n. _","I .. "".S" pri_iti". CL e AR •• 10 .11 tAo properti •• ta /., .. TIao _"..1......... pri.iti •• SET .oedeOlneti"l,. p l.c.o &Ia • •  1._., at lM lop of 1M • .I.�k I ... �b. O)'lllbol 1Obl • •  10., w ltll &be c •• , .... eI tit • . ettribut . .... �.,.. n. OR ".rb �_. tAD • .t.ck , .... 'Ifi., til. pt'llparlle. ,.,.._.,ad b,. tM cu .... te • do •. • 'lTit.lIle 
...Pt- i. additio. to I.. oaU, prope".... ,. 

. n. .,., tobl. _y be t ... ed ";itA tile • !"VI''"rt)'. 
TIll. ,at!l"" ".. if .. d •• 1, I' 11.. iop.. oui_1I i. lUI id . ... 
lir.. .,da t'" lIive. prop"'" For c"" .. I. -P woul" lot.. • ... . 
i.� .lIi"" lor til. P"'peRy P. · __ icall, Illi. could ,_, 

" . •  i&- Ior _i.,, _.  �cad_ D_ i • •  aIaW_n! .a�1a .. : 
X -RANDOM 

w.n RANDOM I • •  pr •• loMI, d.ct_ct. procell ..... . n. -
it .. k -7 _ .i .. ilarl, , •• ,.d h, .. yi� for .U..,1.1 - P. 

. .  n. .,..1 uW. 1e .atcH" ' to ':.Ca..., Wee� .""!:Iured · �  
.,: , I ...... . .., -"'ieA tt • •  d ' .l.,.". irig : ... et: .. . ,_ ta� ........ 'i;' 

't'H _III" i. doo. by tb • .  ".b , at.GfN; aU ;app'" by . : r 
END. n-. _, _ .... t.d •• U dI. ..,.. ... , .  tab, • .  everflow •• 
.. additi-. n� til.... i. •• i ......... ' . ...... r ... ......... i •••• 
• ... tkr ar  IIDt • 'Variable i. lOcal: .. .  "'ock .... . ".rb Loe. 
At. m_ .... if tl.a :I .. ' itl.atili .... i .... 4 .... ro ... ie til. .,-.1101 table iIo� _.It w •• fo.... 1 .  

TIM R.claWr M...u.uI.UGII . (0  ........... 
Til. 1'D!p.ter IaaodU.A ro",i .. A.-.... r •• i.tCt load, • tor. , 

_. each�� i ...... !uo.. ud hap •. u� · 01 da. object ti_ 
rw., .. .,.. n. �ch ••• . ror whlc� w", .� _-,!IiOA . .  i . ... u_4 
�. I..". .iI: ".II$O,e,..; · .D A 1'011"'" 1,,* :.iWJb •• , '. Q, r.A-
1 ... ... M lot divioioa • •  0 1  r.lliel.e.r' .ad .. L 'C SiDIOI, 
110" " ... I. 10"lce l op .... tion •• OIl .  R , •• 1., ... ,..<! d  rot d o  .. ' 
1.1. .... • .:1.'.. wor\. oad tlte N felliel  • .  wlai� le • _ •• l iv. 
It. «al...... It jo ... _cI ,110, ,ho' t_ ' •• i .. '..... U'I'_ Lv'" 
c . .... ial-u .. a' tJa. ea_ ' 'i ... . 
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- " -·���(·���fi1���;�;'-:.t,, : ,:_ · " _�-._/\ ;.c_;�t��:�_�: . , :��:_: . . �,_:\:�.��:�<:,, _, :.
J : �, _ _ � :r" - .Ale�""i'" .f ·dIe. :"'''-� ;4i.c:i'''� ; .by fl. - IMp- .  _.lIw . SlO. tilt ..... .  l! •• • .  -... e1 .... '�....... 'N . •  .:: ..... .... . 'IIlt loa ., . dtt_r "'1(18'..- 1. di. · -, ...a.. · .1I4 111* .... i.' .. .. " Ce 01 . pGl at ... I. tWa re"la,., ie ili.  . ... ck. 

n. Io.dill« of • ,el'i." fr .. • ie acClDlapli .... d by . Cl An. where " i. the d.pth .f ... ·.'..:Ir aJ... &Jo. e&_.� reretuc. i. 10 be ,.... I.... ..II .. ie . • .  ,-,;-" a __ • ,. •• previoea re8illlcr COIIleota, if • ..,. ". JIN.-d � tlHr Jellt ..... io. of • atore I .. tnu:lio •• R.,iatat Qc"IIII.. •• perf_d if Dec ... .".. Th. loacli o� h •• tad" i . ....... ed by aI' __ .. n to be jlNc •• dad b,. -. I. thi. c ... lite ftPM... etc .... ,. i. perfonaed oal)' if  l& I • •  ,..,. uct. .. e; .alaM i •• �. re" ..... led op4 .... d i. alr .. li), io , •• "1."'" 
EXAMPLE: 
. S'r N TAX EXP� 
E XP R  • E XP RO  F R E EAC ., 
EXP RO  - E XP R I  $ ( '.' E XP R I  {. Cl .... 1A1.ClA2A) 

.000T(, '  "CD', ·) • SlOA) ., 
EXP R I  - P RIMARY $ ( ' "  P RIMARY(.Cl.A. tQl.a.A2C) 

.OU T( , 'MPY'. ·) . STOQ) •• 
P R IMARY 
Gi .... ('" 

- '(' E XP RO  ')' I .10 " . END 
ej tla., (A.a) • C 

CL A A 
ADD B 
XC" 

<If o (A+8) ,La fuUowia,: cod. 

r-. I [ -
L .  AJIG 

I.IP Y C 
S TQ . T.ooo 

for Lb. up .. u.'''' (A�hJ) give.: 
QA t 
ADC J 
A DO A fJ )TO • T-+OOO 

The verh f'RE E AC �'IU "". th. coo'.oto 01 tile './li.,­
tD be ulIcocdit ioulJy .",ptied. 

TLe • .,rb iPU5H I114rk. • .tack u_d to ,elaia Ibe ... _ 
0. of ''' '''Pu,,,,ie. ..lied •• DII" bJock. At ala • •• d .. r f.;" block 
tbe v .. ,l. TPOP will Keh .. r llLe tb.. io.netia: 

. T  ass " 
wbere 0 i. lbe D ..... ber of l.lDporeri.. .. •• d. 

A mo", c :" .. p lex ...... .,1. 01 the .... 01 ", •• ), of lb. f .... 
t..".. of \1f. T 1\-3 i. alae liatie/l of t1a • •  ,..las equatiCl". :'� 
caDOl , "  I I.  .. �f'PC."i •• CODOC i. a .i.u..! cOIII,.i l "" d ... 
ipea rnurp 10 bave .. .... e ... hl" ! i.' iq of I.... tl."" I .. ,. p.� 
e .  tbaa to be .... fuJ for complltetloa. ud baa tb. " e ,<'11I 
�wbaclo. th.t 'II 0'" .... t .. '.0 prep_ it JWGvi.ioa fur eo ••• 
leota w ... e"mp:e�l, overlOOked, b", coald be ill�"ne�' by 
.. Uowi.!'; REAL NtlM8.ER � . �!itMARY. l'Iai. ro�t"" t . ..  

. h.d . .  cod" ""e- Jr4ll/l:Ded.· · 1"..,·tae ·ALCCL 60 �"JI'll .... ItOW 
- • >\.O&.r de velopment ,:,:. i __ tile tlVC", .. or. to Ml.'TA-3. '"'ETA""," 

Ac:linowlactclaelda 
f -� .... Ib.., k tlJ e  UCLA C" ... plltiaf! ·F..:Ui.,. lor tbe � ... rollll 
! _ ua« of t be i, ilJ,\l 7Mo\., "Dd E. M. Me.d.Ii.Id. .. ilL ..... ' whoe« 
� - nogiDf! tLi . I*P'" w .. "ld ilevef hav. be .. Miu ... 

·u 
_ .. . e 

a.'erNlc_ 
1. SchOrr«, V.I .  '\1"'1'''' II A S)'1Ita&oori •• l" CompU� Writitt" 

LUf(IIAA8', 1964 ACM . Netl. CGllf. 
v .1, fA SYlltu�!irected S •• JI\OI I", th� A01' 
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,�] •• OIAG 
. .  IONT 

] • •  COMP 
.. STRT 

II .. a.AD 
•• MlNS 

1 1  . .MOV E 

l _ STAR 
_ SE TT  

U.":��� 
. SE TS 

.. F EL O  
, .L I TG 

•• PUSG 

. i1 T e  
.GENR 

. .  COPG 
DIG IT  
Ai..PHA8 
Q-IARAC 
CL EAR 
TPUSH 
'·T POP 
U SE 
USEPOP 
OR · '·· lJ · ·:�ve 

. FEE r ';b U.." F:J ... 
REAl. ,.., , . 

iJ 

.. y t .. t 
aa, r .. t 

• 1 0  

· xvz . .. .. 

. STRING 

.� 

ST 
$T 
EX1, EXl 
T EST 
l EST 

T EST 
TEST 

. a.An. Oft . a.  .... NI TEST 
'. TEST 

* • •  -• •  
· z  
. T. 

.STO. 
•• 
.s. 

.OUT or .CAlI.. 
. fRI T En  

" n  
• 

n 
• 

" oc n 

. i ., 

T EST 
TEST 
TEST 
ACTION 
ACT ION 
ACT I a.. 
OUTPUT 
OU TPUT 

OUTPUT 
OUTPUT 

oun 

oun 
TEST 
T EST 
ACT ION 
ACT ION 
ACTION 

ACTION 

ACT ION 
ACTION 
ACTION 

• .  c.CTJCN 
. ACTION 

ACTION 
ACTION 
TEST 
ACT ION  
TEST 

ApHdi. D ·  
�. "' M4 '" F_tl_ 

S..... leeauoa of c.l I.r . f... ,.nni ... 
fi n  .... I" . ..  t1ll1l 
N ... • .. o If he, aero il /01 ... 

Prie&a .tack, lap. • .. _ ael ... t, ...... 118 .bo.. bacI .,ateL 

Teat f... a Id •• un. a. dI. lap. .tr.... pl.c.. Ii ... , aill cla.,.c.... ia d, .. 
.tack U f_d. , _-

T.... for • otrlllfJ ia ... I.,.. .tre_ ,.CVU he .. _acil • 

T .. .. for •• l' .tria. i . .... iapet .rr .... oetp ... it .. , 
USE . STRN • 

• Z.nnn BO III, tho I"i"ll 
USE P R EVIOUS 

a" plec •• • Z.nnn Ia d .. . tack, 
Eaery poi.t to ,..,iat • •  lIlpelater for ,.,si.l.r I ... d • •  ad ncb . .  p •• 
U..d t. • •• , lapot .tria. .... COlllp.. it wi'" lb. .,.bo>l tabl • •  

Me" • • • w,l • •  I._a.. rr- dI • •  &aa 10 th I.bel .'0Ie!. • • ad "ic.-.. " •• •• 
U •• 01 to 00.,_ , ... . taclt wili. ala. .,..1.01 lui •• 

V • ..! '0 .... t tJ.. 1DOd. na •• 
T .. II •. do. ,.,p.te, _aip"J aloor 10 b •• « oaloo the co nte llle Qr L 
!>.... th.. e,..t.ol ,alai •• 
Sa .. tile .. od. n •• 100 X. 
Belli.. • •• w fI.1cl oa oatpe&. 
Move. a fixed .etria« lato tJ.a Oalp • • trea •• 
Ea4 • •  cerci i_S.' 
910". .. error _ •• ep. 
!olo_ the label froaa tbe On I.bel .tack to lb. ....tput e ire .,. 
MovcII lb. .tack to tla. "''''Pat .tre_ aad pop. it ,.p. 
� .. "". ooe ch .... cter of .... cpec:ili.d type i aloo tJ.. .tack . 
DICIT ... d ALPflAlJ _,. ....... {alu. CHARAC .. e y  .... 
R..... attribute rellatar. 
1.Ivit. .... beSi uia« 01 • block of .... ponari ••• 
[od. • block o[ ... mp-n.. ..4 allocate. .looraK. 10 l)ae ... 
l�c �i.. bioc:k of .ep_te coda. 
���. hloclt ot ..... '" cod. aeel ,. 1IIro. to previ ou. bloc", 
D<!!i ... . .  ,..001 Ua tL. atack witla 
t� � l"putiec la. th attriO .. ..... i."'r . ..  4 p ..... it In tile .yaabol .l.bl .. 
[I" i.te. lb. loop at tk .tack. 
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" C>T' ; :APij,dil c 
70 9 .- Mf T A  .... COMPl1..!R COMP.ltO BY t UtI-F • 

• SYN T A X  PROGRAM 
OU T l  • 

, . ,  ' O I G I T  . CA L L I ' • •  GENR e - '  • ' t '  
I . EMPTY . CA L L I ' . � COPG ' , 

I . S T R I NG . C AlL e " • •  Ll T G I ' • ' I '  , 
· , 
OU T 2 A  • 

5 OU T l  s , , ' . C ALL I ' • •  f(LO · 
· , 
O U T 2  • 

s oun 

OU T 2 A 5 C ' I I  . C A L L ( ' • •  PUBG ' OU T 2 A  I . CALL e ' • • P U S G ' 
• • 

I I '  OU T 2 ' ) , 
OU t P U T  • 

' . O U T ' 
' . C AL L  1 I . C AL L I ' • •  F E L D ' I 

. C A L L I ' • •  F E L O t ) 
. CAL !. C  ' • • L I T G C · 0 2 3 2 1 � 3 4 3 7 70 0 1 ·  

5 0U T l I " �  . CAL L e ' • • PU BG ' " 
I 

, I ' 
' . E R I T E ' ' ( '  D I G I T S OU T l ' I i  . tA L L I ' . E R I T E C · '  • ' I ' 

· , 
A C T I ON • 

OU T PU T  
/ ' . EM P T Y ' 
/ ' $  , . 0U f ( 

. OU T ! , ' S T L ' , ' • • T E S T ' 
· 1  , ' NU L L ' , T E S T  

. OU J I • ' l. E ' P  • ' , . T E S T ' I • ' T R A ' • · 1  I 
• • 5 n.> , ' • • T E S T ' 

/ ' . 5 T O ' ALPHABE T I C  . CA L l { 
I , +  , A L PH AB E T I C . C A L :" ! 
I , • S '  AL PHABE T I C  . CA L L. I 
• • 
T E S T  .. 

• 1 0  . CA L L  I • 
I ' . 1 0 '  . CA L L e ' , . I O N T ' 
I ' I '  E X I ' I '  

' • • S T O R I · H ' 
' • • P LUS C - H ' ' • • S E T S !  . .... 

I . S T R I NG . C A L L I ' • •  C MpP, ( I • " ,  
I ' . �T R I NG '  . C AL L I ' • • S ' R T ' } 
I ' . C . A '  I , _ I  D I G : r A L PHABE T I (  - 1  

• . . .. . .  ) , I 
• , ... . .  , , .. ' • • • • •  i ' 

. C A L L I ' • • C L AO I - - '  • ' . a H ' _ :  ' • • •• •  ) ' 
I D I G I T ALPHA�ET I C  * 1  . CA L L I ' • •  C L AD l e '  • 

· 1  , ,, * . ,,. , �  ) 
I ' - I  A '_ P HAB E T I C  . C A L !. ( ' • • M I NS C - H '  • , • •  * *. " 
i I . '  I !) I G ! T . CA L L I - • •  MOVE ' c - • ' } '  ) 

/ ' - '  D I G I T  . C A l l I ' • •  MO V E ( � - '  • I I '  
I � L PHAeE T I C  . C � L L ' ' • •  S T A R I - H '  • • • • • • •  ; .  

I ' . T '  AL PHABE T I C  , ( A \. :.  , ' • •  S E T T l c H '  _ , .. .. ... ) ,  
· , 
E X 2  • ... 

I j E � r  . OU T ! . ' N l i ' t ' • •  T E S T ' I .  ' f R A ' • •  1 / 
$ I T E S T  . OU T I . ' HZ "  � ' . � T ES T �  , . f C AL L ' • ' • • O l AG o  

· . . 
E X I  -

· , 
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I ACT I ON 1 . ou r � * 1  • ' IoIUL\. ' ) 
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E X 2  
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. OU T  I 
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• ' Z E T ' • t • •  T E S T ' 
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· . S Y H ! A X ' . 1 0 . OU ' l 
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(OOOl COMMON OE/'4OHS T R A HON OR IE N T E D  L ANGUAGe: 
. S YN T A X  P ROGR AM 

P R OGRAM· . OU T I ' • • • • • •  · . · SAVE · ,  TPUSH SEGMENT . O U T I . ' R E T UR N • •  ' • • • • • • • . I 
S (  . 1 0 . 1  . OU T e . 1 . ' SA V E N l J  S E GME N T  .OU T I ' R E T UR N ' • •  1 1  ) 

T POP . t  
S E GMEN T - O E C lA R A T I ON · . � ·  S C DEC L ARAT I ONS ' . , � I S I  S I · • • • S T  ) • • 

D E C L AR A T I ON • ' R EAL ' . OUT C . · US E ' . ' . S TOR . I )  CL E AR + R  . 1 0  S E T  
. OUT I . , ' PZ E ' , S " , '  . J D S E T  . 0U T c  • •  ' Pl E ' 1 I  

. OUT C . ' u S E ' . ' P R E V I OUS · ) 

I ' FORMAT ' . 1 0 CLEAR . ,  S E T  * 1  . S T R I NG . 0U T I . I . ' E au , • •  , 
S,T - ' * '  . 1 0 . OU l I 

I ' GO '  ' TO '  . 1 0 
I • C AL L ' • r 0 F E E  

• . ' T RA I , ' · . 1 " S T  

. OU T  I • ' T R io ' , • , 
( 1 ( '  EX PR F R E EAC F T  5 (  ' . '  E X PR F R E EAC F I ) 
/ . EMP T Y  i FUM 

I ' S E T ' FEE . 1 0  F I  S (  ' . ' . 1 0 F I  ) t . ,  E X P R  . C L A I A  
F O  . OU T I , · S T O ' • •  , S I FO . 0U T ( . ' s r o '  • •  

, I • 

I ' I F '  E XP R  . C L A l A  ( ' PLUS ' . OU T I , I T "'I ( I • •  1 1  I ' M I NU S ' . 0U T I . ' TP L ' • •  l !  
I ' Z E RO · . OU T I . I T � Z ' , * l 1 " NON " Z E RO ' . 0U T l , t i l E ' 

, * 1 ) 1  S f  .OU T � * l " N U L l · '  
I ' A L T E R ' . 1 0  ' T O '  . J D . OU T I . ' A X T t • •  · . t. ' I . ' SX A ' • • • • 4 ' ) 
I ' P R I N T ' . 1 D  . 5  . CALL ( • •  F�R O . I . UN 06 . , '  • •  ) . 1  

S ( I , I  EXPR . ( L A l A  . OU T I , ' T S X  • • • •  FCNV • •  4 ' ) )  
I ' R E A D ' . 1 0  . S  . CAL L f I . r R Do . I . UN0 5 . , ' . · j . ) 

S (  ' . '  . 1 0 . 0U r ( , · T SX · , · , FC N v  • • 4 ' 1 . ' S T O ' , * ,  . .  

E X P R • ' _ I NE X PR I ( I . · / . EMP T Y )  E x P R l " 
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. S 1 0A . 
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P R I MAR Y • . 1 0  ! ' f f  E X P R  ' t '  o .  
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