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PPPPPPPPPPPP AAAAAAAAA SSSSSSSSSSSS ccccceccccccc AAAAAAAAA LLL
PPPPPPPPPPPP AAABALLAD SSSSSSSSSSSS cccccccccccc AAAAAAAAA LLL
PPPPPPPPPPPP AAAAAAAAA $SSS55S5S5SS cccccecccccc AAAAAAAAA LLL
PPP PPP  AAA AAA SSS ccC AAA AAA LLL
PPP PPP AAA AAA  SSS CCC AAA AAA LLL
PPP PPP AAA AAA SSS cCC AAA AAA LLL
PPP PPP  AAA AAA SSS ccC AAA AAA LLL
PPP PPP AAA AAA SSS CCC AAA AAA LLL
PPP PPP AAA AAA SSS ccC AAA AAA LLL
PPPPPPPPPPPP AAA ABA SSSSSSSSS ccC AAA AAA LLL
PPPPPPPPPPPP AAA AAA SSSSSSSSS ccC AAA AAA LLL
PPPPPPPPPPPP AL AAA SSSSSSSSS ccC AAA AAA LLL
PPP AAAALABAAAAAAAL $SS CCC AAAAAAAAAAAAAAA LLL
PPP ARRAAAAAAARARAA $s$s CcCC AAAAAAAAAAAAAAA LLL
PPP AAAAAAAAAAAAAAA s$SS§ CcCC AAAAAAAAAAAAAAA LLL
PPP AkA AAA s$§S  CcCC AAA AAA LLL
PPP AbY AAA sSS  CCC AAA AAA LLL
PPP ARA AAA $S§S (CcCC AAA AAA LLL
PPP AAA AAA SSSSSSSSSSSS CCCCCCCCCCCC  AAA AAA  LLLLLLLLLLLLLLL
PPP App AAA  SSSSSSSSSSSS CCCCCCCCCCCC  AAA AAA  LLLLLLLLLLLLLLL
PPP AkL AAA SSSSSSSSSSSS CCCCCCCCCCCC  AAA AAA  LLLLLLLLLLLLLLL
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PPPPPPPP AAAAAA SSSSSSSS RRRRRRRR TTITITITITY 222222
PPPPPPPP AAAAAA $SSSSSSS RRRRRRRR TTITTITITITT 222222
23 PP AA AA SS RA AR 17 22 22
pp PP AA AA SS RE RR 11 22 22
ee PP AA AA SS RR "R T 22
pp PP AA AA SS 2R &R T 22
PPPPPPPP AA AA $SSSSS RRRRRRRR TT 22
PPPPPPPP AA AA $SSSSS RRRRRRRR T 22
PF AAAAAAAAAA SS RR RR L} 22
(] AAAAAAAAAA SS RR RR TT 22
PP AA AA SS RR KR TT 22 o
PP AA AA SS RR RR 1A 22 o
PR AA AA SSSSSSSS HE RR 17 2222222222 -
PP AA AA SSSSSSSS RH (13 T 2222222222 d
LL 111111 $SSSSSSS
LL 111111 $SSSSSSS
LL 11 SS
LL 11 SS
LL 11 SS
LL 11 SS
LL 11 $SSSSS
LL 11 SSSSSS
LL 11 SS
LL 11 SS
LL 11 SS
LL 11 SS
LLLLLLLLLL 111111 $SSSSSSS
LLLLLLLLLL 111111 §$SS55S5SS
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COPYRIGHT (c) 1978, 1980, 1982, 1984 BY
DIGITAL EQUIPMENT CORPORATION, MAYNARD, MASSACHUSETTS.
ALL RIGHTS RESERVED.

OF TWARE IS FURNISHED UNDER A LICENSE AND MAY BE USED AND COPIED
? ACCORDANCE WITH THE TERMS OF SUCH LICENSE AND WITH THE
P

ON OF THE ABOVE COPYRIGHT NOTICE. THIS SOFTWARE OR ANY OTHER
THEREOF MAY NOT BE PROVIDED OR OTHERWISE MADE AVAILABLE TO ANY
?;:NSFEESEgN' NO TITLE TO AND OWNERSHIP OF THE SOFTWARE IS HEREBY

THE INFORMATION IN THIS SOFTWARE IS SUBJECT TO CHANGE WITHOUT NOTICE
egBPOE:??ba NOT BE CONSTRUED AS A COMMITMENT BY DIGITAL EQUIPMENT

DIGITAL ASSUMES NO RESPONSIBILITY FOR THE USE OR RELIABILITY OF ITS
SOFTWARE ON EQUIPMENT WHICH IS NOT SUPPLIED BY DIGITAL.
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*

Written by: Jeff Scofield 10-Dec-78

Edit Histor; : el 3
01-002 Paul Hohensee 27feb80. Modified to prevent duplicate
error messages form printing. Eliminate for vl1.2

PASSRT_HEAP +

RUNTIME SUPPORT MODULE FOR PASCAL =-- SECTION 2 .

*

VERSION V1.0-1 -- OCTOBER 1979 *

*

This module defines the following routines: »
*

pas$new: routine to implement the Pascal procedure new(p) *
pasSdlsEose: routine to implement the Pascal procedure dusEose(p) *
pas$mark: routine to implement the Pascal procedure mark(p) *
pas$release: routine to implement the Pascal procedure release(p) *
pas$snap: debug routine to examine state of the heap *
*

L

*

LA 2R B 2 2 B B B 2B B 2 2R N 3 I N BB B BN N BF N I BN B 2 2 N N BN N O N N O I OB I O 2

01-003 Susan Azibert 28may80. Changed the printing of error
messages so that they are both printed and signaled
by calling Lib$stop.

01-004 Susan Azibert 24sep80. Fixed bug introduced by change
01-003 in outputting message attdisinv

01-005 Paul Hohensee 11-Aug-81. Changed references to external routines to u

TR R R TR A TR R TR T A T A A T A A A PR FE PR FE FEFE PR FE TR FE FE PR PR TR T
»
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.title pas$rt_hea
.ident PVOQ-OUO' ’

.extrn pas$_proexchea
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0
0000
0
0
0
03FC 0
0
0
00000020'EF 96 0
52 __00000020°'EF 9A 0
FFFFFFFC'EF42 DO O
00000004 'EF42 DO O
0000000C'EF42 DO O
56 04 AC DO 8
0
002
002
57 D4 0
58 53 00 O
11 13 0
56 FC A8 D1 003
03 1F 003
00F1 31 003
57 58 D0 003
58 68 D0 003
EF 12 004
004
004
004
004
004
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16-SEP-

Z$Ep-108¢ 03:32:23

.extrn pas$_attdisiny
$stsdef

ROUTINES TO

NEW, DISPOSE,

OWN STORAGE USED BY THE ROUTINES
.psect _pas$data,pic,noexe,?

RELEASE

AX/VMS Macro
PASCAL.SRCIPASRT2.MAR;1

pointers to LAS's,
pointers to PBL's,

v04-00

IMPLEMENT THE PASCQ%RKHEAP-HANAGEHENT PROCEDURES

the Lists of available space for each level

the page block lists for each

e blocks for each level
to be allocated by

level

initialized
initialized

Page

to
to

initialized to

pointers to pools, initiali
initialized to

pointers to marks,
re-entrancy level,

3 losgs: pointers to

: pblbs: pointers to

- pools: pointers to the pools of free fa

3 marks: pointers to the next block of LA

. procedure mark

: nestl: the nesting level

lasps: .long 0,0 S

pblps: .long 0,0 3

pools: .long 0,0 S

marks: .long 0,0 :

nestl: .byte 0 :
.psect _pas$code,pic,shr,exe,nowrt

: ROUTINE TO IMPLEMENT THE PASCAL STANDARD PROCEDURE NEW

.entry pas$new,*m<r2,r3,ré,r5,r6,r7,r8,r9>

: Move important values to registers

incb nestl : increment nest level
movzbl nestl,r2 ; r2 <= incremented nesting level
mov L lasps=4[r2]).r3 ; r3 <= LASP for this leve
mov pblgs-ktrZ].rk : rk <- PBLP for this level
mov | ools=-4(r2],r5 : rS <= addr of first block of pool
movl (ap),ré ; r6 <- ¥ of bytes to allocate
: Look through LAS for first block large enough to satisfy the request.
; Register 7 finds the predecessor of the block, r8 finds the block.
clrl r? ; initialize the predecessor to nil
mov r3,r8 ; initialize r8 to LASP
beql inpool : LAS is enfty--flnd other memory
108: cmpl =4(r8),ré ;: is this b ock_blg.enou?h?
blssu 0% : continue looking if no
brw alloc ; else take it
208: movl r8,r7 ; no==-try next block
mov L (r8),r8 :
bneq 108 ; loop until found or end of LAS

Block was_not found on LAS. Tr‘ to find block in
Register 7 has address of last bl !
of page block, r9 will find page block in pool.

ool that will do.

ock of LAS; r8 will find predecessor

2
(D

nil
nil
nil
nil

initialized to 0

PAS
V04
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v04-000 -SEP-19g4 85:?3:42 !PASCAL.SRC]PASRTZ.HAR;1 v (1N V04
04 115 inpool: 3 tr¥ to find block in pool
gg D& 8« 119 clrl rg : initialize predecessor to nil
59 D 4 1 mov l r5.r9 ; initialize r9 to pool ptr
o 1 048 118 108: beql expand : pool is empty--expand memor
50 FC A9 gB C 04A 119 subl3 #8,-4(r9),r0 : r0 <= avail space in this b{ock
56 0 D1 O004F 120 cmpl rQ,ré ; is there room in this block?
o gg 35 0822 } 1 bge?u gi : : 7es-;link new blk g?tokLAS ¢ PBL
mov ro,r ; no==try next page bloc
35 29 b0 0037 13% movl  (r9),r9 y 4
gc 11 005A 124 brb 10% ; loop until found or end of pool
8 D5 005C 125 20s: tstl r8 ; is there a predecessor of Bg block?
9 13 805 1 9 beql 308 ; no-=-remove first block of PBL
68 69 DO 006 1 mov L (r9),(r8) ; yes==Link gredecessor to successor
8 11 006 128 brb Linkpb ; Llink page block into LAS & PBL
55 69 DO 0065 129 30s: mov (r9),r5 ; remove first block of PBL
&3 N 8822 }3? brb Linkpb ; Link page block into LAS £ PBL
882: }gg : No block was found in pool. Expand program region to get new block.
006A 134 expand: ; expand program region for memory
58 56 00000207 BF C1 OO06A 135 addl3 #519.r6,r8 ; round (r6 + 8) up to next 512 bytes
58 O000001FF 8 CA 0072 136 bicle #511,r8 ; r8 <= # of bytes to ask for
58 ©OD 0079 137 pushl r8 ; =4(fp) <= # of bytes to ask for
59 7E DE 0078 138 moval =(sp),r9 : r9 <= addr of free lLongw on stack
59 0D O07E 139 pushl r9 ; push arg?l: addr to ’et addr
FC AD DF 0080 140 pushal -4(fg). ; push argl: addr of ¥ bytes asked for
00000000'GF 02 FB 0083 14 calls #2,G"LibSget_vm ; get @emor¥; (r9) <- addr of mem
1A 50 E8 008A 142 blbs r0,108 : continue 1f no errors
7E 10 AD 07 C3 008D 143 subl3 #7,16(fp),=-(sp) ; third FAO argument (PC of call)
00 DD 0092 144 pushl  #0 : second FAO argument (null)
00 DD 0096 145 pushlL  #0 ; first FAQ argument (null) _
03 DD 0096 146 pushlL #3 ; number of FAD arguments ?reced1ng
7€  00000000°'8F 04 C1 0098 147 addl3 lk.lgass proexchea,=-(sp) ; error message #8110
00000000°'GF 0S5 FB O00AD 148 calls #5,6*Lib8stop ; signal error and stop execution
59 69 D0 O00A7 149 108: movl (r9),r9 : r9 <= addr of new memory
89 58 00 8823 }g? mov r8,(r9)+ ; set size of new block
00AD 15% : Link new page block to end of PBL. If adjacent to previous page
00AD 153 ; block, merge the two and set flag so that LAS is also merged i
00AD 154 ; possible. Register 4 has addr of Last page block, r9 has addr of
Q0AD 155 :; new page block.
00AD 156 ; {
00AD 157 linkpb: ;: Llink new page block to PBL
51 D& 00AD 158 clrl r : rl is flag: init to 0
56 D5 O00AF 159 tstl r& ; is PBL empty?
13 13 00B1 160 beql 108 ; yes=-Link new block to PBL
50 54 FC A& (1 00B3 161 addl3 -4(rd4),ré,r0 ; no=-r0 <- addr of end of last blk
50 59 D1 0088 16§ cmpl r9,r0 : is new block adjacent?
09 12 00BB 16 bneq 10§ : no==-lLink new block to PBL
FC AL FC A9 (O 00BD 164 addl2  -4(r9),-4(r4) ; yes=-lengthen old block
51 D6 00C2 165 incl rl : set flag to show nerge done
OF 11 00C4 169 brb linkla : 90 Link block into LAS
g9 5 DO 00C6 167 108: mov | r4,(r9) ; [ink new block to PBL
& 59 DO 00C9 168 mov | r9.ré ; set new head of PBL
59 08 Cg 0CC 169 addl #8,.r9 : r9 <= addr of new LAS block
FC A9 F&L A9 08 888; };9 subl #8,-12(r9),=4(r9) ; set length of new LAS block
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04-000 g-SEP-19gb 85:93:42 !PASCAL.SRCJPASRYZ.HAR;1 v (1) Sym
800; 17§ : Link new block into LAS, kept sorted in memory order, If r1 =1, LIB
0D 173 ; try to merge new btosk with predecessor. Reg1ster 7 has addr of PAS
8882 z;g ; Last block of LAS, r9 has address of new block. ::g
00D$S 179 linkla: ; Link new block into LAS PAS
S8 D& 00DS 17 clrl r8 ; set successor to nil PAS
57 59 D1 00D7 178 cmpl r9,r7 ; new block goes at end of LAS? PAS
1; 1A Q0DA 179 bgtru 20§ : yes=--go ahead and insert PAS
S D& 00DC 180 clrl r7 ; r7 finds predecessor of block PAS
58 S3 DO OODE 181 mov | r3,r8 ; r8 finds successor of block PAS
58 59 D1 O0Q0E1 18; 10$: cmpl r9,r8 ; does block belong here? PAS
gg 1F 80:4 13 blssu 20§ : yes==insert PAS
57 DO OO0E6 184 mov r8,r7 ; no=--try after next block SS$
58 68 DO OQO0E9 185 mov L (r8),r8
F3 1% Q0EC 186 bneq 108 ; Loop until found or end of List
57 D5 OOEE 187 20%: tstl r7 ; is there a predecessor?
29 13 O00F0 188 beqgl 508 : no=--add to front of LAS
51 E9 OOFg 189 blbc r1,40% ; do not merge if flag clear
S0 57 A7 C1 O0O0F 190 addl3 =4(r?7),r7,r0 ; r0 <= addr of end o gredecessor PSE
S0 S9 D1 O00FA 19N cmpl r9,r0 : is new block adjacent? e
17 12 00FD 19§ bneq 40$ ; no==-Link predecessor to block .
FC A7 A9 CO OOFF 19 addl2 =4(r9),=4(r?7) ; yes=-lengthen predecessor PA
59 57 DO 0104 194 mov | r7.r9 ; use lengthened block $AB
57 53 DO 0107 195 mov | r3,r7 : init r7 to LASP, find pred of (r9)
59 67 D1 010A 196 30$: cmpl (r?),r9 ; is this predecessor of (r9)?
12 13 0100 197 beqgl setmk ; yes==-go set mark location
57 67 DO O010F 198 mov L (r?7),r7 : no=-try next block ;
F6 12 0112 199 bneq 308 ; loop until found or end of list
08 11 0114 200 brb setmk : 9o set mark location Pha
67 59 D0 0116 201 408: mov L r9,(r?7) . link predecessor to block - -
03 11 0119 20; brb 60$ | Ini
53 59 D0 0118 203 508%: mov L r9.r3 ; add new block to front of LAS | Com
69 58 DI 8}5% 58; 60$: mov | r8,(r9) ; Link new block to successor 2;:
8}5} 589 : Set location to be marked by next call of pas$mark - g;:
58 59 D0 0121 208 setmk: movl r9,r8 ;: r8 <= addr of block to allocate | Pse
00000014"EF42 S8 DO 8}%2 %?8 movl 8,marks=4[r2] ; set mark location to new block g;g
012C 211 ; Allocate part or all of the block whose address is in r8. Register 6
012C 21; : has the number of bytes to allocate, r7 has addr of the predecessor The
012C 13 ; of the block. | 223
012C 214 ; _ The
50 FC A8 56 (3 01§C 15 alloc: subl3 r6,-4(rB),r0 ; compare sizes 137
04 50 01 013 16 cmpl  r0, #4 ; within 4 b‘tes? 9p
1F 14 013& 217 bgtr  split : no--split block
0136 %18 ; yes=-remove whole block from LAS
57 D5 0136 19 tstl r? : 1s there a predecessor?
05 13 0138 520 beql 108 ; no--remove first block from LAS
67 68 DO 013A 21 mov | (r8),(r?7) . yes==link predecessor to successor
03 N OlgD §2§ brb 20% Mac
53 68 DO OQ13F 23 108: movl (r8),r3 ; set new LASP -==
00000014"'€EF42 58 D1 (0142 ¢4 208: cmpl r8,marks=4[r2] : 1s this marked block? 52
36 12 014A 55 bneq exitmn ; no--return .
00000014"EF42 D& 014§ 6 clrl marks=4[r2] ; yes==-set mark to nil 505
20 11 015 27 brb exitmn ; return
0155 228 ; The
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00000020 EF

00000020 EF

52 _00000020°EF
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Split block whose address is in r8.

85593323 AX/VMS Macro v04-00 Page

PASCAL.SRCIPASRT2.MAR; 1
Register 7 has address of

predecessor of this block, r0 has number of bytes Left over after
split, r6 has number of bytes to allocate.

plit: movl
addl3

mov Ll
mov l
tstl
beql
mov |
brb
movl
cmpl
bneq
movl

r6,=4(r8)
r6,ra,r9

r9)
(rﬁ) (r9)

103

r9,(r?7)
20%

ro,r

r8 narks-‘[r?]
exitmn
r9,marks=4[r2]

set size of alloc block

r9 <= addr of remainder

set size of remainder

set Link of remainder

is there a predecessor?
no==Link to beg1nning of LAS
Link predecessor to block

: set new head of LAS

; is this marked block?

H no==return

; yes=-=-set mark to remainder

Store values that may have been changed, set return value, return.

exitmn:

mov L
mov |
mov L
mov l
decb
ret

r3. losps-k rZJ
rk pblf
s=

goo
ap)
nest

exit from pas$mark or pas$new
store LASP

store PBLP

store pool pointer

return pointer to allocated block
reset nesting level

ROUTINE TO IMPLEMENT THE PASCAL PROCEDURE MARK

This routine functions as a second entry point for pas$new, sharing

much of the code of that routine.

.entry pas$mark,*m<r2,r3,r4,rS5,r6,r7,r8,r9

incb

movzbl

mov !
mov
mov |
mov Ll

If current marked block exists & is

mov L
mov |
beql
cmpl
blss

cmpl
bneq
brw
mov |
bneq
brw

Move important values to registers

nestl
nestl,r?2
lasps-k r%
pblps=4lr
pools=&[r2

1,r3
1l,ré
l,rS
4(ap),ré

r3,r?7
marks=4[r2],r8
locend
-4(r8),rb6
locend

(r?7),r8
20%
alloc
(r?),r7
108
alloc

increment nest level

ré <= incremented_nostin? level

r5 <= LASP for this leve

ré <- PBLP for this level

rS <= addr of first block of pool
ré <- # of bytes to allocate

large enough, take it.

r7 <= LASP
r8 <- addr of marked LAS block
no marked block==-find end of LAS
is marked block big enough?
no--find end of LA
es-=-find predecessor of marked block
s this predecessor of marked block?
no--keep looking
yes-- 0 allocato the marked block
l next
loop until oun or end of LAS
go allocate the marked block

LA FRE PR PR FE TR TR PR EE PR R T

PAS
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01F 6 .
81F §7 : Current marked block was not big enough. Find end of LAS, go try to
}: 83 : get marked block from pool, or else get it by expanding memory.
1f 90 locend: ; locate end of LAS
58 D& O0IFF 91 clrl r8 : r8 <= nil successor
57 DS O01F 9§ tstl r?/ : LASP is nil?
03 12 C1F?7 9 bneq 108 ; no==find end of LAS
FE47 31 O01F9 94 brw ingool ; yes==go find block to mark
67 DS 81FC 95 108: tstl (r?) ; r7 is last LAS block?
03 1; 1FE 96 bneq 208 : no=--keep looking
FE4O 31 0 Og 97 brw ingool ; yes==go find block to mark
57 67 DO 020 98 20§: mov L (r?),r7 ; else try next block
F6 N 8288 88 brb 108 : loop until Last block found
8%83 81 5 ROUTINE TO IMPLEMENT THE PASCAL PROCEDURE RELEASE
03FC 8582 382 .entry pas$release,*m<r2,r3,ré,rS5,r6,r7,r8,r9
858: ggg :+ Move important values to registers
00000020'EF 96 020A 307 incb nestl : increment the nesting level
52 00000020'EF 9A 0210 308 movzbl nestl,r? : r2 <= incremented nestin? level
53  FFFFFFFC'EF&42 DO 0217 309 mov | Lasps=4[r2),r3 : r5 <= LASP for this leve
56 00000004°EF42 DO 021F 310 mov L ?blps-ktrZJ.rk ; r4 <= PBLP for this level
07 12 0227 311 bneq 0% ; continue if not nil
00000020°'EF 97 0229 31; decb nestl ; PBLP is nil==nothing to do
06 022F 31 ret ; back to caller
55 O0000000C'EF42 DO 0230 314 10s8: mov L ools=4[r2l,r5 : r5 <= addr of pool for this level
56 04 BC 0O 8%32 g}g mov | 4(ap),ré ; r6 <= addr to be released
023C 317 ; Make sure that the block containing the addr to be released is on the
023C 318 ; PBL of this nesting level. If so, set r7 to addr of the page block
8%%5 358 : containing the released address. If not, there is nothing to do.
57 5S4 DO 023C 321 mov L rh,r? ; init r7 to first page block
56 S7 D1 023F 32% cmpl r?7,ré : freed addr before this block?
0A 1A 0242 %2 batru 30§ ; yes==Loop to next block
SO S7 FC A7 (1 0244 324 addl3 =4(r?),r7,r0 ; r0 <= addr of end of block
56 S0 D1 0249 325 cmpl r0,ré ; freed addr inside this block?
0C 1A 024C 326 bgtru pool ; yes=--go add blocks to pool
57 67 DO 024 327 mov | (r?),r7 ; no==try next block )
EC 12 0251 328 bneq 0% : loop until found or end of Llist
00000020°'EF 97 8 53 59 decb nestl : block not found=--nothing to do
04 ' gz 3? ret ; back to caller
025A 3; ; Add the freed blocks to the pool, kept sorted in memory order.
025A 33 : Register 4 has address of next block to add to pool, r8 and r9 find
822: ig ; the spot to insert the block.
57 S& D1 025A 6 pool: cmpl rb,r7 ; this block contains freed addr?
ga 13 025D 7 beql part : yes--done adding to pool
g D& 025F 8 clrl r8 : r8 finds predecessor of added block
» 3 Dg 61 9 mov | r5,r9 : r9 finds successor of added block
o0 1 64 40 108: beql 20§ ; end of List--add new block
59 5 D 66 41 cmpl ré, r9 ; new block goes before (r9)?
08 1F 0269 342 blssu 20§ : yes--add new block
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PASSRT _HEAP 16-SEP-1984 02:08:58 VAX/VMS Macro V04=00 Page 7 PAS
v04-000 g-SEP-1936 85:92:42 !PASCAL.SRC]PASRTZ.HAR;I . (1) V04
ES 59 00 68 43 mov | r9,r8 ; no==try next block |
9 69 D00 ?E 44 mov L (r9),r9
F1 " 1 45 brb 108 ; loop until spot found
58 Dg 7 49 208: tstl r ; is there a predecessor?
.Y 7 4 beql 308 ; no=--add to front of pool
68 54 DO 7 Ag mov L ré,(r8) ; else Link predecessor to new block
03 11 027A 34 brbd 40$
5S 54 0O 7C 50 30%: mov | ré,rS ; add new block to front of pool
S0 64 DO 8 7F 51 40§8: movl (rd),r0 . save addr of next block of PBL
66 59 DO 8% Sg mov L r9,(r4) : Link new block to successor
5« 50 DO 028 b) mov l rO,ré ; move to next block of PBL
PO M 8%%2 gg brb pool ; loop through all freed blocks
028A 56 ; Find the spot in LAS for the freed storage in the page block containing
028A 57 ; the freed pointer. LAS is also kept sorted in memory order. Register 6
028A 58 ; has the address of the freed storage, r8 and r9 find the correct spot
8%8: 28 : in LAS for the new free block.
S8 D& 028A 61 part: clrl r8 ; r8 finds predecessor of new block
59 S3 D0 028C 6% mov L r3,r9 ; r9 finds successor of new block
0D 13 028F 363 108:  beql 20§ : end of List=--add new block
59 56 D1 0291 364 cmpl ré,r9 ; new block goes before (r9)?
08 1F 0294 365 blssu 20§ : yes=-add new block
58 59 DO 0296 366 mov l r9,r8 : no==try next block
59 69 DO 0299 367 movl  (r®).r9
F1 11 029C 368 brb 108 ; loop until spot found
S8 DS 029 369 20%: tstl r8 . is there a predecessor?
05 13 02A0 370 beql 308 : no--add to front of LAS
68 56 DO OEAZ 3N mov L ré6,(r8) . else Link predecessor to new block
03 11 02A5 37§ brb 40§ ; go set mark loc
53 56 DO 02A7 373 308: mov ré,r3 ; add new block to front of pool
00000014'EF&2 S6 DO 8363 g;g 408%: mov L ré,marks=4[r2] ; next spot to mark is (ré)
0¢B2 376 ;: Compute size of newly-added block, and remove from LAS all former
0282 377 ; free blocks falling inside the new block. Register 6 is address of
0282 378 : newly-added block, r9 is successor of block, r7 is addr of page block
858% ggg : containing the new free block.
o rar ¥ N 028; 381 size: addl3 r7,-4(r?7),r0 ; r0 <= addr of end of page block
FC A6 S0 gs g; 8%3( ggg gu?t! rg.ro.-k(rb) . set size of new block
s r
OA 13 0¢BE ga« beql 20% ; end of list--set successor
S0 59 D1 02C0 85 108: cmpl r9,r0 ; this block inside new free block?
05 1A 85(2 89 bgtru 20§ ; no--set successor
59 69 0O C 8 mov L (r9),r9 ; yes==try next block
F6 12 05(8 88 bneq 0% ; Loop through all possibilities
66 S9 0O 8 Es 33 208: mov L r9,(ré) ; set successor of new block
OSCD 91 ; Try to merge neul;-freed storage with predecessor in LAS, Register 7
8ZEB 3§ : has the address of the predecessor, ré has the address of the new block.
58 D5 O%CD 94 tstl r8 ; is there a predecessor?
1A 13 02CF 95 begl remoy | ; no=--go remove other garbage
50 FC AB 58 (1 D1 96 addl3 r8,-4(r8),r0 ; r0 <= addr of end of predecessor
S0 56 D1 D6 97 cmpl ré,r0 ; is new block adjacent?
w12 D9 98 bneq removl . no-=-go remove other garbage
FC AB FC A6 (O 0208 99 addl2 =4(rh),=4(r8) . yes--lengthen predecessor
Rissiaicn
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| PASSRT_HEAP 16-SEP-1984 02:08:58 VAX/VMS Macro V04=00 Page 8 PAS
v04=000 g-SEP-1984 85:95:4? PASCAL.SRCIPASRT2.MAR;1 . (N V04
6 66 DO E 400 mov | (r6),(r8) ; set Link of predecessor
00000014'EF45 58 00 g Eg 2§1 mov L r8,marks=4(r2] ; next spot topnark is (r8)
EB 40§ : Remove from LAS all storage contained in blocks now in the pool.
02EB 404 ; Register 7 has address of next Eage block to check, r8 has address
02EB 405 ; of predecessor of next LAS block to check, r9 has address of next
02EB 406 ; LAS block to check.
02EB 407 ;
02EB 408 removl: ; remove ?arbo e from LAS
58 D& 0CEB 409 clrl rg . initialize r8 to nil predecessor
59 53 Dg 02ED 410 mov | r3.r9 ; initialize r9
;1 15 0¢F 411 beql exitr ; No LAS=--exit
57 5 Dg 02F 41§ mov l ra rf ; initialize r7
2C 13 0Q¢F 61 beql exitr ; empty pool=-exit <
0 57 FC AT €1 QgF7 418 108 addl3 =~4(r?),r7,r0 ;s r0 <= addr of end of this page block
57 59 D1 0Q2FC 415 20%: cmpl ro,r? : LAS block starts after page block?
0A 1A ogrr 416 bgtru 40$ : yes--look for garbage
S8 59 D00 0301 417 mov | r9,r8 ; no==try next LAS block
59 69 DO 0304 418 308: mov (r9),r9 ; move r9 to successor
1A 13 0307 419 beql exitr ; end of LAS--exit
F1 11 0309 420 brb 20% ; Loop throu?h all LAS blocks
50 59 D1 030B 421 40%: cmpl ro,r ; LAS block inside pa?e block?
OE °'A O030€ 42§ bgtru 60$ ; no==try next page block
0310 &2 . yes--remove garbage LAS block
58 D3 0310 424 tstl r8 : s there a predecessor?
05 13 0312 4%5 beql 508 ; no--delete first LAS block
68 69 D0 0314 426 mov | (r9),(r8) ; yes--delete successor of r8
€8 11 0317 &g7 brb 30% : ao try next LAS block
53 69 D0 0319 428 508: mov (r9),r3 ; delete first LAS block
E6 11 031C 4%9 brb 30% 3 go try next LAS block
S7 67 DO O031E 430 60%: mov L (r?7),r7 ; try next page block
D& 12 8;5} 2%1 bneq 10% ; loop through all page blocks
8%%% 2%% : Store values that may have changed, return to caller
FFFFFFFC'EF42 53 DO 0323 435 exitr: movl r3,lasps=4[r2] ; store LASP
00000004 'EF42 5S4 DO 03%? 636 mov | ré,pblps=4Lr?] ; store PBLP
0000000C'EF&42 S5 DO O3 437 mov | r5,pools=4(r2] : store fool pointer
04 BC D& 0338 438 clrl a4 (ap) ; set released ptr to nil
00000020'EF 97 033t 439 decb nest ; reset nesting level
% B35 4d .
0322 22% : ROUTINE TO IMPLEMENT THE PASCAL PROCEDURE DISPOSE
00FC §§2; 222 .entry pas$dispose,*m<r2,r3,ré,rS5,r6,r?>
832; 229 : Move important values to registers
00000020°EF 96 0347 448 incb nestl : increment nesting level
52 00000020'EF 9A 034D 449 movzbl nestl,r ; rg <= incremente _nestrn? Level
53 FFFFFFFC'EFLS DO 0354 450 mov | lasps=4 rS].rS ; r3 <= LASP for this leve
56 00000014°EF4 D0 ogsc 651 mov | marks=4[r2),ré : r& <= addr of marked blk
55 04 BC DO 0364 LSg mov ( a4(ap),r5 ; r5 <= addr of block to be disposed
03 12 8 68 45 bneq 108 ; continue if not nil
084 31 6A 454 brw exitd : nil pointer--exit
55 (0000000 SF Dg 036D 455 108: bitl #*xc0000000,r5 ; check for illegal value
0 13 03764 456 beql Look ; continue if not system or stack addr
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' PASSRT_HEAP 16-SEP=-1984 02:08:58 VAX/VMS Macro V04=00 Page 9 PAS
v04=000 ?-559-1984 85:?3:4! !PASCAL.SRCJPASRTZ.HAR:1 ’ (1) VvO(
w 0N B B 76 457 subl3 #7,16(fp),=(sp) : third FAO argument (PC of call)
00 DD 8 78 458 pushlL #0 ; second FAD a?gument (null)
Sg DD 037D 459 pushl r ; first FAQ araument (invalid pointer value)
0 OD O037F 460 push & i ; number of FAD arguments ?receding
7€ 00000000°'8F 04 C1 0381 461 addl3  #4,#pas$_attdisinv,=(sp) ; error message #8160
0000002C'EF 97 0389 465 decb ngst ; reset nesting level
00000000°'GF 0S5 FB 8%92 22‘ calls #5,G*Lib$stop ; signal error and stop execution
0396 465 ; Look through LAS for the spot to insert the disposed block. Register §
0396 466 : has address of disposed storage, ré finds the predecessor of the new
8382 22; ; block, r7 finds the successor of the new block.
0%96 469 look: : lLook for spot to insert block
56 D4 0396 470 clrl ré : initialize predecessor to nil
57 53 D0 0398 471 mov | r3,r?7 ; initialize successor to LASP
o0 13 0398 &7% beql insert : LAS is empty==insert new block
57 55 D1 0390 473 108: cmpl r5,r7 : new block goes before (r7)?
0B 1F O03A0 474 blssu insert ; yes==-go insert it
56 57 DO 03A2 475 mov | r7,ré ; no==-try next block
§7 67 DO O03AS 476 movl  (r?),r?
3 B 8%:2 2;; bneq 108 ; loop until found or end of LAS
03AA 479 ; Insert new block into LAS, merging with predecessor or successor if
03AA  4B0 ; possible. Register 5 has addr of disposed block, ré has addr of
8%:: 235 ; predecessor in LAS, r7 has addr of successor in LAS.
03AA 483 insert: ; insert new block into LAS
50 55 _FC A5 C1 O3AA 4B4 addl3  =4(r5),r5,r0 : r0 <= addr of end of disposed block
57 S0 D1 O03AF 485 cmpl rQ,r?7 ; is new block adjacent to successor?
12 12 03B2 486 bneq 10$ : no==link to successor
FCAS FC A7 (O 03B4& 487 addl2 =4(r7),=4(r5) : yes--merge with successor
65 67 DO 03B9 488 mov l (r?7),(rS) ; set Link of new block
5¢ 57 D1 03BC 489 cmpl r7,rh ; was successor the marked block?
08 12 O03BF 490 bneq 208 ; no==try to merge with predecessor
5 55 DO 03C1 &M mov L rS,ré ; yes=-new block is now marked
03 11 03C4 49 brb 20% _
65 57 DO 03C6 493 108: mov | r7.(r5) : Link new block to successor
56 DS 03C9 494 20%: tstl ré ; is there a predecessor?
05 12 03CB 495 bneq 308 : yes--ao try to nerge
53 55 DO O03CD 496 mov r5,r3 : no--add new block to front of LAS
1F 11 0300 497 brb exitd . exit
50 56 FC A6 C1 0302 498 30%: addl3  =4(r6),ré6,r0 ; r0 <= addr of end of predecessor
50 S5 D1 0307 499 cmpl r5,r0 : new block is adjacent to predecessor?
1% 15 0§DA 500 bneq 40 ; no--go link predecessor to new block
FC A6 FC A c0 03pC 501 addl2 =4(rS5),=4(ré6) ; yes--lengthen predecessor
66 65 D0 O03E1T SO% mov | (rS),(r6) ; set link of predecessor
5 55 D1 O03E4 50 cmpl r5, rd : was new block the marked block?
08 12 03€E7 504 bneq exitd : no--exit ¢
5¢ 56 DO O03E9 505 mov L ré,ré : yes--predecessor is now marked
03 11 O03€C 506 brb exitd . exit
66 55 M 8%;? ggg 40$% mov | r5.(r6) : Link predecessor to new block
0;;} S?g : Store values that may have changed, return to caller
FFFFFFFC'EF42 S3 DO §§F1 511 exitd: movl r3.las s-&Er%} ; store LASP
00000014"EF42 54 DO F9 1§ mov | r&,marks=4(r : store addr of marked block
04 BC D& 0401 51 clrl  a4lap) ; set disposed ptr to nil
L = s o R
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PASSRT HEAP 16-SEP=-1984 02:08:5 AX/VMS Macro V04=00 Page 1 PAS
v04-000 g-sep-wga 05:22:6 PASCAL .SRCIPASPT2.MAR: 1 v (1 Sym

X ¢ MTH
2:§b nestl ; reset nesting level MTH

MTH
H DEBUGGING ROUTINE TO EXAMINE STATE OF HEAP STORAGE :}:
.entry pas$snap,*m<> 912
Return current values of level 1 LASP, PBLP, POOL, MARK ::g
return lasp , PAS
return pblp PAS
mov | pools,a12(ap) return pool PAS
mov marks,a16(ap) return mark PAS
ret ;:g
.end

PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS
PAS

-0

00000020'EF 97
04

mov | Lasps.,a4(ap)
mov l pblps,.a8(ap)

LR R N Y

elolelelelelelelelelelelelels]
Pl P S S P P ok kb 0k af 0P P
NN = =20 000000000
MOVOWVWOOOOTDDDD > &~
WAL

PURININIAININI NI — —b b b —s s

OO NN SN = O 000 N 5~
-

PSE

Pha

Ini

gas
yn
gas

yn
Pse
Crc
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PASSRT_HEAP 1 4 5 AX/VMS Macro V04=00 Page 11 PAS
Symbol "table g gk 85 gg g !PASCAL SRCJ ASRTZ.HAR;1 v (1) VAX
ALLOC 0000012C R Og Ass
EXITD 000003F1 R 0
X1TMN 00000135 B 0 The
XITR 00000323 R 0 362
EXPAND 80800 6A R 0 The
INPOOL 0000043 R 0 165
INSERT 000003AA R 0 1p
LASPS 00000000 R 03
LIBSGET VM sernverr X
LIBSSTOP rTRERREEE ks 03
LINKLA 000000DS R 0
LINKPB 000000AD R 0
LOCEND 000001F3 R 0 Mec
LOOK 00000396 R 03 -
MARKS 0000001, R 02 -$e
NESTL 00000020 R 0%
PART 0000028A R 0 06
PASSDISPOSE 00000345 RG 03
PASSMARK 000001AS RG 03 The
PASSNEW 00000000 RG 03
PASSRELEASE 00000208 RG 03 MAC
PASSSNAP 00000408 RG 03
PASS_ATTDISINV  weeneeer  x Q0
PASS PROEXCHEA ERERRREE X 00
#BLPS 00000008 R 02
POOL 0000025A R 03
POOLS 00000010 R 02
REMOVL 000002EB R 03
SE TMK 00000121 R 03
SIZE 00000282 R 03
SPLIT 00000155 R 03
L %
! Psect synopsis !
* ................
PSECT name Allocation PSECT No. Attributes
. ABS . 00000000 ( 0.) 00 ¢ 0.) NOPIC WUSR C(CON ABS LCL NOSHR NOEXE NORD NOWRT NOVEC BYTE
$ABSS 00000000 ( 0.) O 1.) NOPIC USR CON ABS LCL NOSHR EXE RD WRT NOVEC BYTE
_PASSDATA 00000021 ( 35.7 82 £ 2.1 PIC USR CON REL LCL NOSHR NOEXE RD WRT NOVEC LONG
PASSCODE 0000042 (¢ 1070.) 03 (¢ 3.) PIC USR CON REL LCL SHR EXE RD NOWRT NOVEC BYTE
temccmcccccccrcccccccnnn- s
! Performance indicators !
L X +
Phase Page faults CPU Time Elapsed Time
Initialization 3 00:00:00.09 00:00:00.33
Command processing 106 00:00:00.48 00:00:02.64
Pass 1 136 00:00:02.17 00:00:05.42
Symbol table sort 0 00:00:80.02 00:00:00.06
Pass 2 " 00:00:01.1 00:00:08.69
Symbol table output 00:00:00.04 00:00:00.04
Psect synopsis output 00:00:00.03 00:00:00.03
(ross-reference output 0 00:00:00.00 00:00:00.00




Assembler run totals 394 00:00:04.02 00:00:11.22

Thg working s 5; Limit uos 1200 pages.

3384 bytes ( pages) of virtual memory were used to buffer the intermediate code.

There were pages of symbol table space allocaésd 9 hold 65 non=local and 46 local symbols.
source lines were read in Pass 1, producin object records in Pass 2.

8 pages of virtual memory were used to define 7 macros.

e ra e ceesssssesscaseed

! Macro Library statistics !

Macro Library name Macros def1ned
_$25580UA28:[SYSLIBISTARLET.MLB:2 i
91 GETS were required to define 4 macros.

There were no errors, warnings or information messages.

MACRO/DISABLE=TRACE/LIS=L1S$:PASRT2/0BJ=0BJ$:PASRT2 MSRC$:PASRT2/UPDATE=(ENHS:PASRT2)

b)
5:35?{'35330 Run Statistics 12 b1 g: 85 gg Sg !

AX/VMS M
PASCAL. S

v04=-00
A RTZ2. HAR:1

Page 12
’ (1

)
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