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The ssuree statemeant &£specd [NAME] [FPP]’iq used to -iccify the formal

parameters of a routine type formal parameter, It is ulodﬁinlido routine

descriptions,
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ROUTINES

A routine that has been specified has: -

tags (fred)

:Sp; :&VO:\\iS

RT number number : ﬂ
of fred of param,
Y
normal param,

'.parnm” o

Type
[ 'RT param (bill) |

param RT number *

type of bill etc,

A routine that has been specified and described has &=

tags (fred)

type level O T

etc.

and the rest as before,
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P o i ET
Boe ot T

However, for each of its RT parameters, there now exists:-

tags (bill)
NS N
type level

N

t
RT number 1000 '
of bill T

: e
When one of these RT parameters is subsequently specified, it has:-

| tags (bill) | / "
AWV U e
. ype level O

R

N !

of bill

of param, etc,

eiactly like a routine which has been specified and described,

At run time, for a RT parameter, set RA(formal) = RA (aqtual)

i

Phrase structure for simple name is :~

[+'] [p] [(EXPR] [OPERAND] [NAME] [APP] [p] [,]
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CCDE DUMPING AND PROGRAL INITIALIZATION /

Code dumping is accomplished by six routines _ /

if
PJ for three syllable Jjumps
PQ ' for instructions using Q-stores

(and for LINX,=LINK,JrCqNES)

pN for one syllable nest instructions
pSH . for two syliable nest instructions
PVS for directly addressed main store

instructions,
PSET - for SET instructions

A list relating the routines and the variocus possible values of their
parameters to the code planted may be found at the end of this section along

with a list of the bit patterns for each machine code instruction,

The five routines arrange their paramsters into a form
suitable for dumping and conclude with a JS 50P: to where the actual dumping

is done,

Code dumping consists in filling core buffers with code
and writing then onto magnetic tape when they are fulil, fhere are three such
bﬁffers, each iO@computer words in length, Cne is filled with program
instructions, one in the SET constants,-and one with jump addresses, (The
roason for this separation. is that SET constants and jump addresses afe not
always known when this instruction parts are planted, When their values are
known, they are planted with the program code, Each buffer is filled anad
wriﬁten out separately, and when the program is loaded, they are Gﬁ ed
together,

Instructions are planted in the program buffer syllable by
syllable, with binary zeros in the bits to be filled in with Jjump address
parts and SET constants, SET constants and Jjump addresses are planted in
the SET buifer along‘wi%h the actual address of the instrﬁctions witﬁ which
they are associated, When these latter are loaded, they are shifted into the
correct syllable position(s) and OR ed with their absolute location(s).

(FPor details see the annotated code of the entry sequence,)

/l



The compiler subroutine 50P fills code into the buffer and
dumps the buffer ontoc tape as they £i1l up. Buffers are dumped by

routine splash (integer warning, integer namoe from),

integer warning several s identifies the type of block to be written out

o for progrdm block

i for label block

2 for set biock

3 for stack block

4 for RA (routine address) block

4 for program check sum block

integer name from is the starting address of the block

Each block dumped is 103 words long*, with the following format-

first word n number of blocks previously written out +1

- second word| warning (see above)

third word block check sum

block

last word(103) ->

*Not all 103 words are necessarily useful, c.f, '‘dump stack and routines,’?

routine dump stack and routines is called when statement end of program

has been compiled, it calls <splash> to dump any code remaining in the program,
sot, or jump label blocks, and then dumps the stack <ST>, routine addresses
<RA> and progran checksﬁm block, Finally it initialises the entry sequence

~ (at 61P in perm) and enters it., A flowchart and annotated’code for the entry

sequence is included here,



pd (integsr a,s,b)

4 4 4 12
I a [+000] b | soooooosy i

where 8 = 000 4 CHISIERINIIEK

PSET (integer n)

8 16
i 96 i

1+
]

pPQ (integer 2,q,qq)

8 4 4

i a i g | qal

pSH (integer a,n)

| a | +n 111

pN (integer a)

PMS (integer a,m,q)

2 3 3 4 i2

i 11lxxxi a | g | coocoococoocooo |

where m = XXX0O0000o00o0oo



U/

forms

Paramoters are (c,a,b), and a holds the address r to be jumped to,

pJ(8,a,1)
pi(8,a,2)
pJ(8,a,4)
pJ(8,a,6)
pJ(8,a,8)
pJ3(8,0,9)
pJ(8,a,10)
pJi(8,a,11)
pd(8,a,12)
p3(8,a,13)
pJd(8,a,14)

pJ(8,k,15)

pJ(8,k,15)

Jr #
Jr > Z
Jr £ 4
Jr # 2
Jr NV
ouT

Jr NEN
Jr

Jr NEJ
Jsr

Jr NTR
EXIT n

where k=8192 * parity (n) + intpt (n/2)
+8102

EXIT

where k=16384



S

U/

pJ(9,a,1)

pJ(9,a,2)
pJ(9,a,4)
pJ(9,a,6)
pJ3(9,a,8)
pJ(9,a,10)
pJ(9,a,12)
pJd(9,a,14)
pJ(10,a,q)

pJ(ii,a,q)

Jr=

Jr < Z

Jr = 4
Jr V

Jr EN
Jr EJ
Jr TR
JrCq 2

JrCq NZ



L/

U

pMs(o,n,q)
pMs(i,n,q)
pus(2,n,q)

pMs(3,n,q)

PSET(n)

PMS

p SET

forms

En Mq
=En Mq

En Mq Q
=En Mq Q

forms

SET n

(n decimal)



pN(
pN(
pN(
pN(
pN(
pN(
PN (

pN(

1)
2)
3)
4)
5)
7
8)
9)

pN(10)

pN(11)

pN(12)

pN(13)

pN(14)

pN(15)

pN(16)

pN(17)

pN(18)

pN(19)

pN(20)

pN(21§

-pN(ZZ)

pN(23)

pN(24)

pN(25)

pN(26)

pN(27)

pN(28)

pN(29)

pN(30)

pN(315

pN(33)

pN(34)

pN(35)

pN(36)

PN form

BITS

xDF |
X +F /

" NEGD

PERM |
TOB S\/’

ROUNDH

ROUND
DUMMY
ROUNDF
ROUNDF
-DF
+DF
FLOAT

FLOATD

ABSF

NEGF

NOT

SIGN
ZERO

DUP

DUPD y
+I



pN{37)
pN{39)
pit{40)
pN{41)
pi{42)
PN (43D
PN{44)

PN 45)

pN(48)
pN(4G)
pi{50)

pN{51)

pN{52)

kol
+F

>
&

REV

C4B

FRB

STAND

NEGDF

MAXE



pSH(113,n)
pSH(114,n)
pSH{1i%,n)
pSE(116,n)
pSH(118,n)

pSH(119,n)

pSH

~/

Porns



()

pQ(115,0,0)
pQ(116,q,0)
pQ(118,q,0)
pQ{(119,q,0)
pQ(120,q,2)
pq{120,q,3)
pQ(120,q,4)
pQ(i20,q,5)
pQ(120,4,8)
pR(120,q,G)
pQ{120,9,14)
pQ(iz1,q,2)
pQli21,q,4)
pQ(i21,q,8)
pQ{izi,q,14)
pa{122,q,2)
pQ(122,q,4)
pQ{122,q,8)
p0{122,q,14)
pQ(i23,0,0)
pQ(122,0,0)

pQ(127,q,0)

~J

JxrCq NZS
(r is dummy)



pa(64,q,%)
pQ<65;q,k)
5066, 4,1
pQ<67,q,k%)
5Q(68,q, 1)
pQ(69,q, k)
pQ(40,q,k)
pal71,q,%)
pa72,q,%)
P73, q,%)
pQ(74,9,%)
pQ(75,¢, %)
pQ(76,q,k)
pQ{97,4,%)
pQ(8, q, k)
pa(79,9,k)

~

pQ(9%,q,0)
»a(97,4,0)

pR{98,q,0)

pQ{99,9,07

pQ{100,q,0)
pQ{101,q,0)
pq(102,q,0)
pQ{103,4,0)
pQ{105,%,q)
pQC106,k,q)
pQ(107,k,q)
5Q108,k,q)
pQ{109,k,q)
pq{i10,k,q)
po(111,k,q)
pQ{113,q,0)
p0{114,¢,0)

pQ(i}S!Q:O)

[N

PQ

forms

ww

1’.;‘23'
=1k Mg
kg Q
=K L::llQ
e e s

i
—gibdn ""“‘i *

ik g W
=i I N
Ik g QN

L)
[Sal
EX
[

¥k 170 ch
Ik TO Qg
i¥k TO Qq

Ck 70 Qq

: Cik TO Qg

Cik T0 Qo
Qk TO Qq
SHA Cq

SHAD Cq

x4 GG



MACHINE ORDER PLANTING ROUTINE CALLS

ONE SYLLABLE TYPES

ROUNDHF ' - pN(17)
ROUNDF pN(16)
ROUNDH pN(12)
ROUND PN(14)
FLOATD pN(21)
FLOAT pN(20)
ERASE PN(42)
REVD PN{41)
REV py(53)~
ZERO pN(33)
DUPD : pN(35)
DuUP pN(34)
NEGDF pN(57)
NEGF pPN(25)
NEGD pPN(8)
NEG | ~ pN(23)
ABSF | PN(24)
ABS - pN(22)
MAXF ‘ pN(58)
MAX ' pN(26)
SIGNF PN(63)
SIGN pN(31)
CAB ' PN(54)
FRB pN(55)
STAND pN(56)
- 4 DF pN(51)
+D - pN(49)
+ F "~ pN(50)
+ R pN(52)
+ I pN(36)
+. : pN(48)
+ DF pN(19)
+D PN(47)
+ F PN(60)
+ PN(46)
- DF . pN(18)
-D PN(43)
- F . . pN(61)

- : PN(30)



DF

+F

I B
g

=

BITS
DUMMY
PERM

OR

NEV
NOT
FIX
STR
CONT

pN(5)

pN(28)
PN(4)
PN(7)
pN(29)
pN(2)
pN(3)
pN(15)
pN{10)
pN(11)
PN(Q)

pPN(1) .

pN(13)
pN(27)
PN(37)
PN(39)
PN(40)
pN(44)



TWO SYLLABLE TYPES

/A

MkMqQHN pQ(78,q,k) )
. MkMqQH PQ(70,q,k) )
MKMQQN PQ(74,9,k) ) |
MkMqQ pQ(66,q,k) ) for stores increase
MKMQHN pQ(76,q,k) ) integer by 1 1
MKMQH pQ(68,q,k) ) b
MKMQN P(72,q9,k) ) i
MkMq pQ(64,q,k) )
SHA + n pPSH(113,n)
SHAD + n pSH(114,n)
SHL + n pSH(116,n)
SHLD + n pSH(118,n)
SHC + n pPSH(119,n)
SHA Cq pQ(113,q,0)
SHAD Cq pQ(ii4,q,0) i
SHL Cq | pQ(116,q,0)
SHLD Cq pQ(118,q,0)
SHC Cq | pQ(119,q,0)
= LINK ' | pQ(iz4,o,o)
=Qq - pQ(120,q,14)
=Cq ' pQ(120,q,8)
= Iq pQ(120,q,4)
= MNq bQ(lzq.q.2> ;
= RCq ' pQ(120,q,9)
= RIq pQ(120,q,5) f
= RMq . pQ(120,q,3) o ‘
= +Qq | PQ(122,q,14) . a
= +Cq pQ(i22,q,8) ’ |
= +Iq : pQ(122,q,4)
= +Mq - pQ(i22,q,2)
Qk TO Qq Pa(1iL,k,q) “
Ck TO Qq pQ(108,k,q)
Ik T0 Qq pQ(106,k,q) |
Mk TO Qq pQ(105,k,q)
IMk TO Qq pQ(107,k,q)
Ciik TO Qq pQ(109,k,q)
CIk TO Qq

PQ(llovka)



Iq=+1)
Ig=+2)

Qq
Cq
Iq
Mq

. NCq

DCq

LINK

M+ Iq
M- Iq

x + Cq

PQ(a,q,0) +1 100
+2 102

| -1 iol

-2 103

pQ(121,q,14)
pQ(121,q,8)
PQ(i21,q,4)
pQ(i21,q,2)
P(98,4q,0)
PR(99,q,0)

pQ(123,0,0)
p(96,q,0)
rQ(97,4q,0) |

pSH(115,n)

pPQ(115,q,0)

pQ(115,0,0)



" THREE SYLLABLE TYPES - JUMPS

IrCqNZ pI(il,a,q) a = addr. ref. (r)
JrCqgZ | pJ{i6,a,q) in sténdard ffci':rm.
Jr = 2 : pJi{g,a,0) ‘ “‘ }
Jr = pJ(g,a,1) ;/ ‘llf
e # 2 p3(8,s,6) .
Jr # pJ{8,a,1) /
Jr > Z pJ{(9,a,4) |
Jr > Z pJ(8,a,2) f o
Jr < 2 $3(9,8,2) ‘ . / |
Jr 2 Z pJd(&,a,4) j / |
Jov - p3(9,8,8) | iy
JrNV ] pJ(8,a,8) ‘ ;‘; , /
JTEN ; - p3(9,8,10) j . /
JrNEN ! p3(8,a,10) / A
STET * p3(9,a,12) | /
JTNEJ f pi(8,a,12) | f |
JrTR pJ{9,a,14) | 3: |
JTNTR pJ{8,a,14)
Jr pJ(8,a,i1) |
Jse pJ(8,a,13) | ‘

. |
EXIT n | pJ(8,b,15) where b = 8192 parity (n) + intFt(n/2)

: + 8192
ouT - pd(8,0,9)
EXIT pJ(8,b,15) where b = 16384

J |



THREE SYLLABLE | /
: | «‘ ¥
o | o
EnMq o ps{0,n,q) f | !
EnliqQ pus(z,n,q) [ )
|
= Enliq pis(i,n,q) |
= EnMqQ pMs(3,n,q) k
|
|
|
|
HMISCELLANEQUS
SET + n PSET(n) ")
- SET Bt pSET{decimal form of octal no, t) ) 3 - SYLLABLE
L | %
/ ' !
JrCqNzZs pQ(127,q,0) [r is a dummy] ) 2 - SYLLABLE

** NAME (APP) fotch NAME (APP) -> NS )
)
%% = NAME (APP) < store NAME (APP) 1 ) MULTI - SYLLABLE
: )
** g NAME (APP) fotch addr, of NAME (APP) )
-_— ‘ ! P
‘ /
® by itself means start now word, /

£ill up spaces with DHMI\:&Y,‘,;& Iottors, . y



1, JUMP INSTRUCTIONS

|

o 3 4 7 iz 15 | 23
Jszr (o] a 8 8 8 1101 a aaa é é‘a a Q a aa
Jrlqgl 1010 q q q .i i
JrCqNZ i
Jr 1000 1011 :
JrCqNZs 0111 1111 qgqqgq bbbb 2-SYLLABLE
Jr= . 1001 asss 0001 aaaa aai‘aa'aaaa
JrE 0 ‘w
Jr < Z 1001 0010 l
Jr > 7 o - |
Jr > Z 1001 0100 / -
Jr £ 2 0' /H
Jr = Z 1001 o110 /f‘l
Jr % Z 0 /l
Izv 1001 1000 / |
SNV o) / F
JrEN 1001 1010
JrNEN | 0
JTEJ 1001 1100
JrNEJ o i
JrTR 1001 1110 [
JrNTR | 0 /

i /

EXIT 1000 aoho 1 1“' // I
ouT 1000 bbbb 1001 bbbb’s’ bbibbbbbb




Z, Q-STORE OPERATIONS

0 7 8 i5
LINK 01111 011 0000 bbbb
=LINK 01111 100 0000
M+Iq 01100 000 qqqgq
M-Iq - 001
NCq o010
DCq 011 ,
Ig=1 100 ‘ |
Ig=-1 101 | /
Ig=2 110 : !
Iq=-2 111 i 1
QqT0Qq’ 01101 111 qaqq a'q'q'q"
CqToQq’ 100
I9T0Qq* 010" |
MgTOQq® 001 ;
IMgTOQq® o011 ! .
CMqTORq" 101 I
CIqT0Qq" ‘110 ¥
Qq Ollli 001 q9qgq 111b
Cq- .100b‘»%"|§:‘
Ig 010b ﬁ
Mg 001b 1

:1

SET 11bbb 1bO0 Lemmemmmme——— -16 bit parameter-----------
=Qq o0i1111 000 qgaqqa4qg il1110
=Cq - 1000 i
=1q 0100 ﬂ
=lq coio |
=RCq (o) 1 ‘
=RIq 0101 i
=R#¥q o011 5
=+Qq 010 1110 E
=+Cq 100b0
=+1q 010D
=+Mq 001b E
SHA+n o1110 001 +nnn nnnl ‘

SHAD+n o1o0 : I



100
110
] 111
oi11 | i

SHpr
SHLD4n
Sﬂqip

x+j_-_n .
H
SHACq 01110 001 gqqgqq bbbo 1

010 k
100 ‘

SHADCq
SHLCq
SHLDCq
SHCCq

x+Cq

110
111 it |

|
011 ‘ 3 |

|
3. MAIN STORE TRANSFERS | A 3
- o 3 4 7 12 15 | 23
Yoliy ' . 11ae a0d000 ggqgq aaaa afawa awa a aa

|
L
[

YorqQ ) 010

0100 0000 qaqq aq'q'q’q" |

Mq Mg
Ma ' MaQ : 0010 |
Mq'MgN 1000 | | / !
Mq "MQQN 1010 ; B .
Mq MaH 0100 | ‘ / -
Mq ' MaQH | 0110 | /
Mc " MqHN | 1100 o -
Mq * MGQHN - 1110 J; /
I / |



5 SINGLE SYLLABLE INSTRUCTIONS

with d2=0

=TR
BITS .

SIGN

00

0000

L T T T L o O T o T U

Bk R R R R oM = O 0 0 0 0 0 0 0 Pk R B B R R R R

B R kO O O O B B B KB O O O O F kB B B O O O O »
B 0O O B B O O B B O O KB KB O O P KB O O F kB O O »
» O B O M O B O B O B O H O kB O B O # O KB O kK O

O O +»

witﬁ d2=1,

ZERO
DUP |
Dupp

+1

+DF
+R

REV
CAB
FRB

»@TAND

NEGDF
MAXF



M
4., PERIPHERAL INSTRUCTIONS I
. Y 7 8 5 | ‘
FRQg 01010 160 9499 “\‘OOOu l' :FH?Q?,
FREQq o1 ‘ P& QZ
BRQq 10 ' 1 PIE &g,
BREQq 11 ‘ PIF @
RCQq 0o 100u PIL g,
RCEQq o1 i P> @r?
TLOQq 00 0 1’\1\ O u ll ‘
wQq 01011 000 0O0bu 1 ;POP‘?@‘L
WEQq | - 01 Po B &,
LWQq 0o 1 é?oc:. Q@
LWEQq 01 1000 | PoD ®g
GAPQq 00 11bu PoEe Qc(/
| FSKQq 01011 10b obou ;?”99%
BSKQq ‘ %FME Qg
RWDQq | 1bou PrD 0
INTQq . ob Ob1lu ! ‘
METQq 01010 10:170 00O0u A;PMFQ?/
PARQq 01 |
BTQq 00 100u ‘?ns 93
LBQq 00 010u pnc le
BUSYQq 001u ,
MANUAL Qq 01010 000 gqgqgqaqq ©O0O0O01
WIPE Qq 01011 000 qqgqg 0100 | ??OF‘%
ok {CTQq 01010 000 qqqgq oooo% D,kmokf
£ onny { CLOQq 01010 100 qqqq 0010 WOPEoNLy
il
M
i
/’ i%
I
-
L
/ i !
.
/ i ‘



Jump Instructionsi- i

‘Notes:i- |

(i) Positions d4, d12 - d23 FOrm the (13 bit) relative core
address of the word containing the first syllabie of the object
instruction, d4 is the m, s, biq, dl2 next, down to d23.

(ii) JSr stores its own address in the most acceésible cell

of the (subroutine) Jjump nesting stove, | | ? /
(iii) EXIT acts o - tiune Any number of
half words‘(up £0 7 Luk) . may be added to the jump address stored

'in the JNS. I~ :this instruction d4, 12 - 23 form the integral

number of words to be added, a half word is also added if 46 = o,

There is no check to ensure that the final sum is less thanv8,192.

Q-store Operations (continued)

Note:- . |

The instruction SETn is a three syllable instrucéion;&the 16-bit
parameter is d8 - d23 with d8 acting as the sign digi#.

Main store Transférs

! ‘l‘
Direct Stores 538 Same as Direct fetches except 47 = 1,
Indirect Stores §39 Same as Indirect fetches except d7 = 1,
Notes:- d2, d3, d4, di2 - 23 form the (15-bit) relative core

i
address, :

W

d2 is the most significant bit,.

Peripheral Instructions

Notes:=-

(1) In all the above instructions d15 should be zero. If dig =
then the selected peripheral device will be set unready when the

specified transfer has been completed.

(ii) 'Not all the above instructions are applicable to all peripheral
devices, Thus PLWQq is not allowed, For a list of allpwable instructions

see the programming manual, M
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® DUP
* Jii0 = Z |
« SET 2 ( ' ('\»o\\-n'\v\c:\
\ . ‘ . -
*®  DUP
®  J120<2
% DUP
*  J130=Z
¥ NEG
¢ ®  NCT |
*  J140=Z
-> 170 J
{i
e AT T e o s e

H

Py



iC0: #* ERASE j commont progranm C'va\es hece To Qrocess P regnam Lotocj«
101: © * SET 100 . . ‘ , | | |
. ug . S . L
¥ C & - o4 _‘_E Selc ov lo\\ae\ ontaizs hawe leen [OA&JV
- * ub A ate W coce avean whene codeis 1o %o' < 4
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¥ J104<Z | , - . /
w  J810 00 .- Zevo v_mc)( {00 kwof%‘ of cove ; /
-» 1031 : o ’ ‘ o ‘ : 4,
" o
6sp:  ® 0/0/160000 g wasks -
% 0/0/177777 | o
6421 * 0/0/0 ' ‘& code For wmessage | EWTERED
* 17333/132227/24544 ' -
% 0/0/0 | § to X for weessage AR FHIL
* 17030/40232/15154 : ‘ :
K104:  * u&oQ |
: i:ms v oR block "VAD CO(%
% = JOM5Q ’

*  J104 €9 NzS

C oo : -> 1 b -

ll

120: % ERASE 3 comment set P nocess  So \a\o;;\,\
1243 * JS30 o onpadk ekt dwo wads
i21: % DC3 '
% DUP
® 0 J1222Z  ~> A2 if vl entn .
%3840 o Sead @10 wikh sullable pan /i Jaddiess 0F ST cons

¥ MOM13N v STl wwak WX S P FLC
% AND 7 pmask cowstant
*  JS50 p\an‘\t consdant :
123: % Ji2L C3 NZ  —> (2| £or second word i
* 0124 CQ NZ 5\ 9d Cor st of block

-> 1 \ B
. izz: % ERASE ‘ I
% ERASE : ’ T
> 123 il I




-> 60

Prowss

(')u»m P a Jdm‘sses

1i0: “ ERASE 3 comment labsls
114: % JS30 v anpack mext Yo words e
1iis % DC3 ‘ | [
o % pup : R |
N\ * J112=Z — 112 £ wll J?_vc‘ua | / :

% 3540 RPN -Ceﬁb\,\ a&&ms; o% SV\MP ’,k'\do Q\O’

% DUP ) y ‘

*  DUP : ) ' [

® 'SET B 7777  eapacale 12 bt addess ?’(“‘r‘

¥ AWD i /
v oas g |
% SET B 10000 Z i
Separa‘\‘e 1 bit O\ACL‘}?SS ?m-‘\'

% AND

=)

* CAB | {

*  MOM13 l

% AND Sgpmra+e c»\\\q\o\e' cou\y}Jﬁ

* SHL 3 j a

% OR _

% OR Ncovv\\o{vvxe
o~ *  JS50 RS plant ]
— 1133 * J111 C3NZ  ‘loep Sor seomd werd

* J114 09 NZ . loop Soc vest oS Llock

-> 1

112: % ERASE
% ERASE
-> 113

i130: * ERASE comment stack _

| * 11 7 set soides do \oqoé,m.wQ o@ el
*  JGog Z
* M5 ' o less ‘a‘veo\clu) s;‘\’, ‘ '

| ¥ =141 g |
—> (o |

|

! i
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! |
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! 140: ® ol g M routine addresses .
| « J6opz Cseb soluder o be%;m'.i\% of
* 11 ' (\Dm‘\‘:\i\cz addyess gt R unless
¥ = M5 a\ rea d 4 se,‘\(
#  LOMS .
R
* 15 TO Qi1 '
- & - -2 60
i70: #PMDQL  commentrewind work tape (PILO(,QSS E c[»ecLSmm L)DJ{
' * MoM8 ; comment checksum ' o |
% >MOM733 1 - '. | - - |
w "5' . - J?O”ko&\ wP ;v\? ‘\’ o;(«ec,\'.s»\vm
% Ji71 NV , L
* NOT |
* NEG ' y |
i71: ¥oo- : So\\o‘\wm} ow\ PM‘\" é_\\e;\c §MM
* U199 # 2 ‘ —> 99 if cl\«ec_(:s;sm exiov
% M1L TO Qiz ; comment ENTRY i : ‘1 '
* 111 - R
v = . :
*  LOMEN
* = aMiz ;
* 112 = 41 A BRI
v eEmo cel wp. and
*  =MOMi4 o X
* Mig - ‘ ‘l'vlf’e ?“"Xmessage
‘omag o Ewewed
* =114 o N
* Q14
% SET 8 _
w OUT . s comment ENTERED
¥ DCii i
[
L
| I
t
T T T

{

Eeer 3
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10: % SET 100
* = Cb
ZERO
= MOMGQ
% Ji1 CO Nz
%  EXIT %

)

uée
L T m . E
% u8uoQ

C e g
. s

c3

M2

iz

c2

SET 3

= C3

EXIT 1

® %

&

x o# ® &

*

403 .. ¥ DUP 3

* SET B 17777

%  AND
% = MO

% SHL =13

C % BET ¥
* AND
¥ = Clo
% BXIT 1

e e

sniad

e

*» =Q3

T R e T

3 b &,”4“5 Ccomnt — €10

comment clegr 100 spaces

'olgav Yo zero wext 3IQO wor dg

D‘i Co_"ro. ‘ror \a\oc "\s

comment unpack 2 words

commont load Q10

/3 bit aclclmss. ——> W“b |

i
N
i
i
|

| é

\ )
i

h g 1, - A
i ‘ P
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201:

203:

4’19'9:

- ®ERASE

- *QUT

-J e

comment timé limit is in NS

. %SET 427

=14 |
*=0M14 . . s‘stAof‘a' Yime | \;m;‘\' ™
¥J200EJ ‘ ?

#*LINK

i

=->201 ,
*J20% EN - “‘\"e&‘}; re%f"s‘*er:ﬁ R
*ERASE. v ) v  :

®J203 TR

- %*ZERO

¥=LINK

*EXIT 300 3 comment into compiled program

*U+I14
*M+I14
%ZERO o

BERNY
*=LOM14 : c\m‘& AA FaiL o
*M+Ild

w=llg | ‘ _ <l

*Q14
*SET 8 _
*QUT 3 comment AA FAIL

%ZERO .
exit Yo dhu&&r
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53¢ . * M0u1o0
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->1
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Compiling a New Conpiler

This soction cutlines the steps invelved in changing part of the AA

-

system or hoatatrapp1ng & now compiler by ceompiling it and 1ts porm with

an old compiler,. Tho notations porm i, compiler i, and PSR raxar to the

éld vorsions of porm, compiler, and compiler phraso structure.

Sirce Atlas Autecodo ‘systems’ are (a) phrase structure/orieﬁted,

i

and (b) divided imto two soctiocns (perm and compiler,) copiés of the

systom may bo in any of thoso statest ]
| \ !

In this state, the e@ap1ler has boon success=
fully compiled, but has mat yot processod a

pPhrase structuroc, f
/v‘
j’

(1) wunstructured =

In this state, the unstructured compiler has
just processed its phrase structure., It is
now capable of compiiing’pragrams, but exists
only as a pragram—in-cmdé.

{2) structured -

Iin this state, tho structured of compiler has
been copied onto an imput / ocutput stream in

its binary form along with a copy of it¢s poerm
(which it has cowp:led) and the call sectiom

is operational,

(3) defined -

Bocause of (a) above, it is obvicus why an ocperatimnall compiler will nesd

to process a phrase structure, It is further required to compile its owa

perm (the perm which both it and the programs it compiles will use) in

erder to establish its "property lists® which contaxn the addressas of wroculines

and sub routines in perm whieh may be used by a rumning program, Thus it

iz nocessary to keep am unstructured version of the AA system as an I/0

stroam to facilitate the process of changing and bootsirapping new AA systems,



J

/
/

To alter perm, compiler on both involves two or three/otfthe three

*steps' outline below, Two user code programs are used #n neking

/

alterations: LNAACOMP which loads an unetructured conpilér'streao into
/ 1 :

core, and PTFC which plants a system call block onto an 1/0 stream which

/
will eventually beco-e a defimed conpiler etreau; Aspeeial AA source

« ‘ \

statement, detine compiler, has the effect/(at compile tine) of convert1nz

~state (2) into ltete (3) by eopyiu the cempuervpem cere imsge onte an

i

1/0 stream, ; |
i ' I

| |

!

|

f

i 0|

i
|
ii

step A

'

1. Use LNAACOMP to load unstructured compiler 1 etream.i
2., Feed PS1 to structure compiler 1 feor eource statemento in AAl,
3. Compile perm 2 (writtem in AAl), This reseta the property
lists of the mew structured compiler 1 for perq 2. é
4. Compile compiler 2 (writtem in AAl), The resolting pn-;
structured eompiler 2 program will now run witi the jost;
compiled perm 2, : H
.'5. Output is internediato‘unstroctured compiler zﬁetrean;
step B

i

1. Use LNAACGMP to load 1ntermediate unstructured eompiler 2
stream. (Output of step A), |

2, Feed P52 to structure compiler 2 for source etefemento in
a2, |

3. Compile perm 2 (written in AA2), This sets the property
lists of compiler 2 feor perm 2, Compiler ? is now structured.

4. Compile compiler 2 (written in AA2), The resulting uo-
structured compiler 2 is now in its final erd most eff%cient

form, In offect compiler 2 has now compiled itself,
I
\ | ,
5. OQOutput is fimal unstructured compiler 2 stream, ' |




U

step C

1., Use PTFC to write call block Bnto defined compiler/iistrqam.
. ” .
) 2, Use LNAACMP to load unstructured compiler 2 stream,

i
{

. | i
3. Feed P52 to structure compiler 2 for source statements in AA2,

4; Compile perm 2 and diicard the output, Compiler 2 in now

/
structured,

|

5. Compile source statonenf define compiler, The result ié that

a copy of perm 2 and structured coqpiler 2 are Jrittgn oﬁto the
‘ | - o
defined compiler 2 stream, ] L
f |
| f

|
The output of nt@pﬁc, defined compiler 2 sfream, is anﬁoperatﬁunal AA

|

/ / | |
~ system, | : / ; i
i » / j‘ |
(Note: In most case the language AAl = AA2), ?
‘ |
!! |
LR
_ i i |
A complete bootstrapping process involves executing I f
|
| |
step A . !
| |
‘ : | i
step B | K
step C | a

) '

in order, The more common situation involves changes‘té'pernﬁz or compiler

1 in which no real advantage is gained by allowing conpiler zipo compile i;self.

' In these cases the eshange involves executing

step A | | 1
step C

| in order, using the output A.5 as the input to C.2. !
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Name Handling

!
H
[ ﬁ
1
1
|

Names for variables are treated as follows, i -
During the recognition phase, names are recordeﬁ as character

strings in the array <lett>, and ﬁointers to the section of <let?> cb#taining

a particular string are stored in an array <word>, Pointers toi<vord>

|

are planted in the analysis record to represent names, ‘ ; i

There is & limit of 256 different character strings ;hich can
be used as names, (The same character string may be declared on different
levels, of course.) Each string is associated with a number (actually the
nalysis record pointer to <word>) which is used by the compilation phase.

Suppose the following program were being compilg@

|

begin | . f

1: integer K,L
begin

2:; integer K i

end : i

end of program : ; }

/ i

During the recognition of (1:) Kand L would be filed 1n<%ett> K would be
assigned the number 1,L the number 2, <word(1)> would poipt to K in <lett>,
and <word(2)> to L in<lett>, The analysis record for (1:) and (2 ) would be

processed as declarations, ]‘ ; }

;The actual text of the name is not availéble to LSS, and
names are processed by their number only, Declaring K add L con;ists in
making entries in two pushdown lists, <tags> and <name>, é;d alloéatipg storage
for them in the program stack, The heads of these listsjare arr§y~eionentn.

<tags> is declared tags(o 255) and <name> is declared name (o: 15)

' 4
|
K

B
g

t



N\

wJ/

routine fill set (integer equals, at)

routine find label o

_ o |
‘ I | /
This routine searches the list whose head is <label(level)>

\ I i
| i i :
for a match with <k> (global variable in compiler), If a match is found, /
Lo ‘g
<j> is set equal to the address associated with the lable.§h If no match is
I |
i |
found, <j> is set equal to -1, ‘ | }i 1
| i
o |
e
|

i
|
routine fill label (integer at, equals)

o
' i
.
<at> is the address of a jump instruction wﬁich references
i
this label, ''gquals'’ is the address labeled,
I *

) i
<fill label> puts this information into the nest and jumps to

51P (in compiler) where <oqual§> and <at> afS loaded into the
, Iy

jump labels buffer,

<at> is the address of a SET instructioq usiﬂp this*constant.

i
<equals> is the constant's value, !

it
i
]

<fill set> puts this information into the nest and jumps to

52P (in compiler) where <equals> and <at> aréiloaded into

|

y

| |
ik

1

the set buffer,




A

Labels

the 1list <label(level)> along with the current value of <ca>,

(N1 [:D)

1
|
i
i
|

Label and Jump Handling

|
i
| :1
o
li

When a label is processed, it (i.e.,[N]) is pushed down into

This enables
i |

I i
references to that label to be completed by finding the}lisQfelement for the
I

JUEEB
(1)
(2)

switch labels, see cSS,)

(->[N])

' the jump instruction when the program is londéd.

label and extracting the compiled address of the label, ;(N%te: Fo?
: ! |

. B
' i

o

When a jump-to-private-label is processed; ﬁ% may distinguish
i . |
two cases: ﬁ

The label referenced has already been procéssed. In this
case the compiled address of the label is fe#ched from the
list <label(level)> and the jump is planted to that address,

The label referenced has not already been précessed. In

this case the compiled address of the jump cémpiled is pushed

down the list <jump(level)> along with [N] of the label
L

referenced, A jump to O (zero) is planted, | When end for
I —

the block in which the jump was compiled is érocessed,

\ ) i
<jump(level)> and <label(level)> are %earchedvfor matching [N],

.and the compiled addresses of the label and jﬁmp are planted in
! L :

' the labéls-block so that the label address may be OR ed into

i
i




./

If a name has the number n, then the head of the fags list

in which it is recorded is <tags(n)>,

'
!

An entry in <name> for a given name coﬁsisfs of the number

associated with that name, The head of the names list foi's

name is <name(level)>, where <level> is the textual level o

when the name is declared,

Thus for our example, after 2 is compiied}

|

I

.

|

l

1a particular

1 /
| /

#ithe program

|
!

|

iﬁhe naﬁos K would

be under <tags(1)> and <name(1)>, <name(2)>; the name L voﬁid be under

<tags(2)> and <name(1)>:

tags(1)

2 " 2| = | addr

2 1 - addr|
C
name(1)
RN 1 kntry for K —
Voo 2 ntry for L

<name> is used to check whether a name is set twice on one levgl,(Seq
' ‘

ROUTINES <test nst>, and <store name>,)

|

i |
tags(2)
—
1 b= ADDR
| ll’1 i}
!
| ﬁg j
il
|
I |
i ?}
name(2)
1|
i
o
]
ﬁ
|
i
I

'
H

{
|
|
|

|
|
|
1

[k

|
I
i
:\
i
|

BACKGROUND



o

|
!

An entry in <tags> consists of bytes repreéenting the type,

~

COUNTER

level, dimension, and address of the var%able, packed as follows,

|

INCREMENT

11 15

i
| i
|

| ]

MODIFIER

type

level

dimension

address

: pointér to next
element of list

The name type codes are

o N O »n B~ W

10
11

12

14

not set

real

integer

feal array
integer array
switch vector
routine

real function
integer function
real map
inteéer map
real name
integer name

address

Dimension is coded to represent the dimensioiality of arrays,

i
and for routines, functions, and maps has a special use,being set to 0 if the

i
h

routine has been apecified but not described, set to 15 if thg routine has

been described,

Level codes are by number, from 1 to 15,
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The *head' of the free storage list is Cg, which points to ‘k:he first

free word, The modifier part of each free word points to the next
free word, etc, ‘; ‘

eopup Q .
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Kk = vumber oif
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RQETURND, | [ —
. , i
i
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Arrays

ST

.word
lett
tags*

SL

Asymbol

'sidelink & mlink

‘RA

" pp buf
1ps buf
;pl buf

T

. *Names starred are list heads,

cycle*
name*

label*

 jump*

SET
RAL(i)

flag

1

stack being compiled for program,
compiler, '

i

analysis record y

Also used

i

contains pointers to name text in <lett>

contains name-text

i

i i

property lists for user declared names

subroutine list, Addresses of P-labels
©.g2.,5L(5) contains the addreps of 5P'

|
contains phrase structure tr99

list links l
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|

contains routine addresses, RA(n)-addrese

of routine whose number is n.
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program bufferF |
set buffer

label buffer
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contains the priority of arithmetic operations

list heads for cycles,name,labels,ahd Jjumps,

(See ¢SS and Background Routines) % N

holds value of SET conséant for saving workspace
pointer when entering new textual level (cf.,css)

holds number of variables allocatedxon level i

at entry to level i+l, ! “
check for matching block delimiters, E\
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10 mod used in [EXPR]

11 #0 _ aST(0) aRA(O) for this program
12 ' 1 ws

13 ' . mod 7
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COMPILE TIME  as above but in addition R
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ST is array declare& in;compiler.
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