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storage ce

rr
- ra

rs

'rp ;

holds pointer to next definition

array containing the source statement,
one character in each word ’ //

array containing phrase definitions ‘

array containing text literals

array, Analysis record,

global pointer to s&mbol; P points

to the entry in éynbol for the current

|
{

definition. |
\

global pointer to analysis record; r iq

used to plant entries in A, and is reset

if compare fails. -

holds reset value of r

holds pointer to next alternative

holds pointer to‘next element of current

| oo

alternative

global pointer to source statement text(ce)

holds reset valuﬁ of q .
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Note on the meaning of constants

dflag

tsi

lc

op( )

no, no’

Meaning of call parameter = .
: !

B O

w

|
depth of recursicn counter |
| | |
lf 3 e | ) -
/{(integer or real)

represents the%current type |
of the expression being compiled, = 1 for real,

= 2 for integer,
long constant flag - set if a long constant is

amcng the current operands,
! |
array, contains|the operators currently being

|
1

examined,

stack {(8T) pointers,
| &

absolute value flag, set if absolute value of ar
| 1 |

eXpression is to be taken,

final value to be real
final valus to be integer

|
final value to be integer if possible.
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'Setting up' an expression for compilation consists in forming a

list of operators and operands in the stack, The list is ordered in reverse

e

polish, so that bic * a f b/e would become
bcabf*xe/ +

The following code will be planted (assuming the variables to

be integer)

** b
*k @
o’ R a
** b
* Js 8P (exponentiation subroutine)
x' XD |- »
*  CONT |
*% @ i
* ¢

! *r 4+

Expressions may always be treated in this waj since parenthetic

sub-eipressiona are compiled by recursive calls to cSEXP, and the results stored

r !
in temporay workspace to be fetohed when needed.

- v - =

., /
The list of operands and operations is kept on part of the ST

array, Each entry, whether representing an operand or an operation consists of

‘three words




L—-—-(-V\N\l —_— --eve«a——y

K M !

The first word of each entry identifies the operation or the operand

represented by thefentry. The next two words give other information

about the entry. The entry codes are as follaws:

ST(3) ST( j+1) ST(j+2)
O short integer value sign: § + |
6 -
1, 2, real or integer address of value cen " |
|
3, 4, array elements address of value cels ;
5 add operator oo E cee ﬁ
6 subtract operator eee cee
8 multiply operator! ) i cee
9 divide: operator eve cee
13 negate operator eoe cee
15 exponentiate operator oo oo
11, 12 real or integer name address of name cee
14 address : : eoe eve

The stack in this form is interpreted by routine print orders,

/

and the corresponding code is planted. /




N

N

i
|
|
|

e

The compiler itself is phrase structure oriented and compi}es

Compiler operat37 in two%phases,

individual source statements one at a time,

i
a recognition phase and a compilation phase, / % .
| - /
\ —

/
/ |

; | _

During the recognition phase, a sourcf statement is compsrsd with
‘: / |

a list of permitted statement forms, If the ststement matches a particular
\

form, it is said to be syntactically correct an? therefore ready for compilation’

I
As a statement is being matched, a list of pointers is made which descr;be the f
Theiphrase

\

**path'' through the phraso structure which resulted in a match,
1

structure itself is a rscursive tree structure vhoae roots are either text 11terals or
l l

Phrase structure components are listed on the next several

|
|

"built-in-phrsses".
!

Built in phrases (or b,i,p.s) are phrases defined by pieces of

compiler program, Recognizing & built in phrase in a source statement involves

executing one of these pieces of program, The built in phrases are

all program names | |
|

[NAME] | n

[cansT] 3 decimal constants /

a[E] 3 n labels and short decimal constants /

[OCTAL] octal constants J'
comment text /

[TEXT] |
|

[CAPTION TEXT]
end-of-gstatement :gpesssi semicolon or

[s] o
newline

[SET EARKER 1] ” to indicate break between conditional
and unconditional statement parts 7a

[SET MARKER 2] to indicate break between L,H,.S. /d

R.H.S., of expression statements,

Ve




|

|

Each phrase, or p-word(symbolically *Ploo.]") is either definod
in terms of P-words and text literals, or is a built in phrase, X

The definitions, which are actually stored in the compiler, are written

i P[“""-] = ee0y seey oo ol\-o H \\

|

|
|

where '[---]' represents an identifier, and '...'Emay represent a string

of P-word identifiers and text iiterals. * A phrase definition says that the
phrase [---] may consist of ... ©xclusively, OT ocee exclusively, OF ..., ©tcCe /
A semicolon terminates the definition, The definition parts separated by _
commas are called alternatives, and, when a source statement is scanned, & /

part will be recognised as of the k Eg'alternative of [---] if it matches the |

-EE alternative .eee

A null alternative (symbolically 'g') is possible in many dafinit#ons.

i
!
|-

As A phrase definition is scanned from left to right, as it were, and when a match

with the source statement part is found, scanning stops. 'g' as the kth alternative

o/

acts as an instruction, ''match the source statement part as alternative k #f

|

this phrase,'' , |

i

Phrase definitions are stored as a list, in the compiler, each/

., definition occupying a contigmous part pf the array < symbol (1300:2320) >

<gymbol>

(-1-] /
[—2-] . /

: (---1 1 : /

1)

! /
j

]

N

-
*Toxt literals are written between spiked brackets *E' and '}' . The desired

text appears between them,



L/

Pl1']

P[OPERAND]

P[REST OF
PLAPP]
P[REST OF
ploP]
PIQUERY']
P[,']
Pliu]
Pl{real']
Pl TYPE]
PI[TYPE']
PLRT]

P[FPP]
P[REST

OF
P[REST OF
pisc]

PIREST

- P[REST

OF
OF
P[REST OF
P[REST OF
P[REST OF
P[sEce']

P[REST OF

P[REST OF

P[REST OF

plcaomp]
P[REST OF

P[REST OF

P[REST QF

EXPR]

EXPR~LIST]

P[FP-DELIMITER] |

FP-LIST]
NAME LIST]

scl

COND]

AND-C]
OrR-C]
U1l
BP-LIST]

ARRAY LIST]
SWITCH LIST]

ss1]
N-LIST]
FAULT LIST]

n

E+3,E-3,9;

[NAME][APP] [coNsT], B3+’ 1{OPERAND]I[REST OF EXPRIE)},
E13[+' J[OPERAND][REST OF “EXPRIE|3; /
[or]TOPERANDI[REST OF EXPR],¢;

E(3[ +' 1[OPERAND]I[REST OF EXPRI[REST OF EXPR-LISTIE)3,#;
E, }[+'][0pERAND][REST OF EXPR][REST OF EXPR-LIST],d;
E+3E-3,E+3,E/3,F43,9;

E?3,4;

E,},9;

Eif},Funless};

Ereall, g;

Fintegerl},Freall;

Einteger}, Frealls;

Eroutine?, Ereal}Efn} Einteger}Efn}, Freal}Emap3}, Einteger}

Emap3;

[rRT], Einteger}Earrqy}Ename} Einteger}Enamed,Fintegert,
[real']Farray3Ename?, Freallfnamed, Freall, Faddri;
EC(3[FP-DELIMITER][NAME][REST OF NAME LISTJ}[REST OF FP-LIST]

B)3,4;

[,'I[FP-DELIMITER][NAME][REST OF NAME LIST1[REST OF FP-LIST]

E,3[NAME][REST OF NAME LIST],d;

[+'I[OPERANDI[REST OF EXPR][COMP][+ ][OPERAND][REST OF EXPR]
[REST OF scl, ‘

E(3[SCI[REST OF CONDIE)¥;

[comp][+' J[OPERANDI[REST OF EXPR],®;

Eand}[sc][REST OF AND-C],For3[sCl[REST OF OR-C],¢;

Fand3[SCI[REST OF AND-=C], o

For3[SCI[REST OF OR-C],; '

£=3[+' J[OPERAND][REST OF Epr][QUERY'] @3 ‘ %

Espec ec},d; /

E 3 +' J[OPERANDI[REST OF EXPR]E:3 +' ][OPERAND][REST OF EXPR]

. [REST OF BP-LIST],®;

F,3IINAME][REST OF NAME LISTIE(3}[+' ][OPERAND][RFST OF EXPRIF:'
[+' [ OPERAND][REST OF EXPRI[REST OF Bp-LIST]E)}[REST OF
ARRAY LIST],¢; |

E,3[NAME][REST OF NAME LISTIE(3[+'I[CONSTIE:3(+' ]ECONST]E:}
- [+"1[cONSTIE) 3[REST OF SWITCH LIST],¥;

E=3, E>} >3, B#3, E<3, E<3;

[s], [iu][SC][REST OF cOND1[S];

E, }[N][REST OF N-LIST],d;

E,3[NI[REST OF N-LIST]E->}[N][REST OF FAULT LISTI],¢;




j

CJ

pluI]

PLss]

[NAMEI[APP1[SET MARKER 1][REST OF U1l,
E->3w1, |
Ecaption}[CAPTICN TEXT],

Freturni, |
Erosult= }[+}][0PERAND][REST OF EXPR], |

Estop?, !
E=>J[NAMEIE(3[+’ ][UPERAND][REST OF EXPRIE)Y, |

Emonltor}[N] 3 |

[UIILSET HMRKER 23[REST OF ssi1,
Eczcle;[NAML][APP]E—}[+'][OPERAND]EREST OF EXPRIE,J
[+' 1[ OPERAND] |
[REST OF EXPR]E, }[+']£0PERAND][RBST or nxpaifsi

EreBeat}[S], ‘
[NIE:3, | ,
[iul[SCI[REST OF caND]Ethen}tux][s] ,
ETFTEXT],
[TYPE][NAME][REST OF NAME LxST][s]. j
Fend3[s], !
[RTILspec ][NAME][TPP][S],; | |
EspecFNAMEI[FPPI[S], | 1 |
Ecomment3[ TEXT], :
[TYPE']Eggggz}{NAME]{REST OF NAME LISTIE(3[+'1[OPERANI
[REST OF EXPRIE:? | J
[+'1[OPERANDI[REST OF EXPRI[REST OF BP—LIS?EE)
[REST OF ARRAY LIST][S], ‘ 1
E*}E*}E*}EA}[s] ! | |
Ebeginils], | | !
Fend}fof}Eprogramd, 1 /
Eupper?@base}@delimlters}[S], | |
[NAME]ECH[ +* JTCONSTIE) 3E: 1, i
Eswitch}[NAMEI[REST OF NAME LIST]E(}[+'§ECGNST*E
[+*1[coNsTIE) [ REST OF SWITCH LISTIS], y
Ecomp1le}Equerzes}[S], \ i
Fignoreibqueriesi[s], _ |
Emcoded[s], ‘ /
[NIEPFE: 3, |
Ex3fucilils],
Efault}[N][RDST OF N»LIST]E->}[N][REST OF rAUL LIsTll
Enormal}Edel1m1ters}[S], |
Estrings}[s], ‘ J
Eendifof3fpermils], : |
Fond}Fof}Emcoded[s], | |
Edeflne}Ecomplle}Er}[S] : | /
(51; | |
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in the recoganition and compilation of

€3
1]
]
$d
%N
©
(53
©

P - i en
anc ¢ ¢ ) then p=v
Pttt

R Re L “, G T, ) .
The left hand pages show the phrages recod
«

- £ o7
Gi SUDUCTUTO,
-

indenting to show the logics
dowawards with the logica

tatement are listed in order
alysis rocord and its pointer

called in compili

|
/

and recursive structure shown by indenting.
\ | L
“ |

<p> are listed im the middle,

|
The machine code finally planted is as follows
SET line no,
=12 s jupdate line count
a i
SIGN ;INL=0 if P=Q,=1 if p>q,==L if p<q
uP
~ Jea#d ;i go to a if p¥ q
|
|
|
q 5
bl
SICGH s INi=0 if g=r, =1 if g>r, =-1 if g<r

;INI1=0 if g>r, #0 ctherwise

slgo to b if pyg or g<r

bg ®ee
[

Wotice that this is extraordinarily efficient code,
/
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The compilation of this example is completely listed below,

Broadly speaking, the four routines do the following,

N
<cCOND> simply calls <cCC>, and plants cverflow checks if required,

<eCC> ('*compile compound condition®') deals with

conditicnal and/or ...
using <c8C> to compile the simple conditional, planting a test,

and calling <cCC> to handle the right conditional part ... .

[

<csC> (*'compile simple condition®?)
deals with X condition y, by compiling x and y

into the nest, and calling <cCCOMP> to make the comparison

N2 and set Ni=0 if tho condition is met,

/!

<cCUiP> plants code €O compare N1 aad




A1l legal conditionals have one of two forms,
if or unless conditiocnal part then execute unconditional part

execute unconditional part if or unless conditional part,

A conditional source statement is compiled by five routines contrcled by
al part, and <cCOND,cCC,cSC,cllP>

> compiles the uncondition
cnal part, <cSS» first moves the analysis pointer (o
Tpon

o

(95N

<c88,.,> <¢

o

compile the condit

point at the conditicnal part of the statement, and calls <cCLiD>,
> - | 3 - '

roturn, <cSS» moves the pointer to the unconditional part and calls <cUI>,

I

The resulting code will accomplish

evaiuate and
compare the
conditional parts

A

) %
ondition me§:>
e y

c

.

No yeos
/
xecute ‘ .
I

unconditional
part

This flow diagram is deceptive, though, because the code is heavily ''optimised®’

to test whether the conditional parts are mot every time failing such a ftest
For example,

the unconditional part,

would mean skipping
p=q and q>r)%then p=r

(

I
4

-
compiles as




PHRASE PART

[+'1
[ CPERAND]
[WAME]
[APP]
[REST OF EXPR]
[cowr]
{1
[ CPERAND]
[NAME]
[apP]
[REST CF EXFRB
[REST OF sC]
[REST OF COND]
fand]

[scl

[+'1

{ OPERAND]

INvaMm]}

[apP]

{REST OF EXPR]

(&5

pad
i

li,s.

PARENTHETIC

NON-PARENTHETIC

NAME

rd

" W

i

@

and

NON-PARENTHETI

(¢

NAME




PHRASE PART

[ss]

3
A
A

[ %]

[+"1
[ OPERAND]
[NAME]

[APP]

[REST OF EXPR]
fcar]
('3
[ CPERAND]
[NauE]
[apP]
[REST OF EXPR]
[REST CF sC]

{REST OF COND]

fand]

[scl

[+
{ OPERAND]
[wamm]
. : [apP]

[REST OF EXPR]

5

ALTERNATI
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Q.o w

21
22

23

ROUTINE EXANMING A(.)

cSS

cCOND
cCC
cSC
cCOND
¢CC
c¢SC
eSEXP(3)
|
cCGEé(i)
cSEXP(3)
{cCOi?)
{esC)
(eCC)
cCC
csC 1
céExp(s)

fetch p

fetch q

siecn

oyp
ﬁayz

ERASE

feteh ¢




{REST OF CcOiD]
[Then]

{uil

{sl

PHRASE PART
|
L [car]
| i+3
[CPERAND] ‘
[NAME] r/
| |
[a@P] I
: |
[{REST GF EXPR] g
|
{REST OF sC] 7
[REST CF AND-C] @
01 |
g
1
};
Iwanm] ’f P
[app] 9

[SET MARKER 1]
{rREST OF UI]
(=]
{+°3
[ CPERAND]
INAE]
{4pP]
{REST OF EXPR]

[QUERY*®]

|
/
/ WALME

KR

TS
© v W
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E cSEXP(3)
 (ecom)
{csC)
{cCC)
{cCC)
{cCTND)
{cCC)
{cCND)
{c8s)
cUI
p
j cSEXP \
L cNAME S
{cS8)

CCDE

fetch

|
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fetch »
|
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| =p

{




Y

s oty

-




cCOOD.

k

- )
wmevevaede |
VETANS IO g

wg’.\/ﬂ‘t’(

fleuy ead- “’Q

EKPrESSIOW |
%WL—J
L

v

WUK

A QLC .h; Ce\«'

ANO

B ¢t edi-wb tavih }
J

[ i..‘)\\"h-o\w

fowan T ok +he L”m&
LL/V\.\ cg \’\(&\ﬂ“’\'\
Hhe ewal-of -

wald iy
%«k "J“)'i

K DOVESSIOW
A “\(ﬁ: e 1ﬂ%/

W ° JQ«vl‘;f‘-a“"

VS

o i ——

plasct cocle to jump
b pavmenss f
ovividow fes
w’vvva“-('

!

du—,vwvwv**
VEAvsi 0w

A

oo™
!

|

|

J

Q@ \‘LV‘.&T'.‘(




N o
LPWA' dud Wr
_C_C\ —= L ‘
P\C“TLS‘Q £z i&kk'-l
Lo To sz
,P\&wt _
| ERACE
<L ‘
T \elocd (Wi, e

\

J

S




cCC s

._EV\C)L’Y\SC\M.
W‘LSL foﬂ:
%m?& £scl i
{ T T T ek ) peks o LREST ofcc

e

sk up lo (J\yw& ecmd:
tes©

stk u{)ﬁa hﬁ& %:.

endol e wods sk

S —

/!

-

¥

i »

feudot N\
L k- A((J‘) - @/ ‘/

(>

{ CoviUiiowod

wo
A4
plank wole 1z 2kip |

vest a cowe i

(acd}:‘wi mi».\t o

[ ~.«v‘£~L is NOW
folie. @ M eCl o |

cﬁao.u’(a\kﬂr i
[REST oF cowp} :

|




i
{
i

¢SC ‘ i e SC

-
Ap-1 l

yes !

i-.l ‘ {)11—"(3‘}
L psl— p Vo

Coexe s etowd
<COHPLDY |
Lpri—p

B

A

\’h

Y

Al-1)=d /

¥ WO

coe— kel
?\O.v.b 2 T

o] %
Coveld” T
con = WNE 2L
‘9 ekt i

[P

C !
g;x\ Voo (G L ey
f:\cw\h .
¥ RASE

. o
Eileba (Wned o)

7

A




/74

A({:,) po W bols C_} ¢ S C v L_QLC_
- SISO
N

o . | o V%
s 4ke D |

Yes

covditionek . -
patuntiaeic | / i S

——_-!. . |
o ' Jno {_—C:Lu | | /
Cowod i

S —> |ealk CORP(D) (o | M&’&Q

cow \,k& (¥3 '-S\d\,
condakiewok
‘ uJi eLOHP( 4) to

Cmp e \nuxk sche
tot\(‘l,\k\ ‘é\l\;\ wvx[i
p\aut ek sk ‘u()

<
&

v

()U‘A\Ak ol ‘h: "k\ ) 1
i Ve b c&. conddior.* \X,. ‘
,Pka AWW\W&Z: - - = = - vohe of conddibuns
{ \QWV\WK nol wig i now Padsc, R ..
pluwak VodedTov , codh  eCOMPR) [t
}{,&\M condalicow i uvue&? vk %v/w\
™ EV?W jwwptolo Condiiion
- gk Wbl a0 e = - - - - .
ok olowks sk Nl - — - — — =
o wlikiow wak wek™ | ;
tplank labd b ! , ) }
l [ RETURY 'i =
v

x This & o Rundle thvee fvined | condillonals (eq. x>y >2)




|
|
I

|

|
¢ CORPO) _.cCO7/tP_.___> -

. A .
c= 1 ow Lok call

9 . o
= o Dw Stcond coll-
) L4 |

bype = k1 ‘

¥l -
e SEXP(3) N
v
g)hmt-. MT |
Dul
PERK | [J

3

[ ik

N (etype) |
Q‘H{\t\' P%\C.(Q d?"
ov  SiGNF

\7




\ i
BAOVC 'c';w(ow&’tfv
. C,cw@dfr wexe

t (:x()\(t.ss\;:v\ J

%h

s s o thvee

v _Comparison ,o‘w&
Aowe L stir {)u\v\f&d
the second ’CW’&A/

wo

P&";L kk LC‘CL&: tb 1]
vowe e vauk g :
i v dhe waxe

L Compancison

4

%)-L'V & E&«“&ﬁ.’\/ Gs,x
ST ..uw\e&w( A

t-x{\)(tsfucvd

Vil

in)(‘v&%\ov\ (m’;:tk
oA Hhe other
. sy

- i
yvuae Hhow
rmkw win Yk j

i
nab wmd veverse l
"H(\E.’ ‘rt.a\- JW\KL J

!

‘—‘)‘J "hy() 09 H&& 1%

V\(:‘S

14& N1>NQ

QU\MJC cethi bo sek ni= |
\Yy o= NL
1 i)(. N1<Na

I
|

?
|

:

3 Cccw\p) |

A et i < o st

|

;‘"')

m——————
e ———



i
|
[
T@i&&t..
AS) | SHL-1
v
H

OSSR,

v

zz
™o

L e

ko

&

| RETuR&j

cConP.




J

S, sCD)

‘oo

[ 8(3) ~eCOMP |
o< Eralil | _
: v '

17

4

{P"\wﬁc et Vo }
lake ahsolte |
e of N

|

f(ov‘ CcC(("{;o
SuR4tvack
1 Q\Iow\ Ni

AN

vighk shix
i one b(x;

—

i/
J

£

N P%@ (s ) [
K =+ \ >__/ k -
A |

|

l

|
o]




