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Abstract

The implementation of LISP 1. 6 (LIST processing language 1. 6) for a minicomputer (TOSBAC-
40C) is described.

The implementation of a full-power LISP processor requires large program area and large
free cell space, because the LISP processor must be able to run a large program efficiently.
As our minicomputer has a small main memory, it is required to attach a high speed bulk
core memory (512kB) as a secondary memory. We used the secondary memory as a virtual
memory by the software paging mechanism based on the LRU algorithm. Upon these address
spaces, we can use maximum 64 k LISP cells.

As a processor has the ability to swap out any list expression into the secondary memory
in the form of S-expression (Symbolic expression), the user can run .a fairly large program
that requires more cells than 64 k cells for the running. Many other ideas are employed in
this processor, such as the data type of the pointer is determined by the address computation
(hence the conventional data type flags in the cell are eliminated completely), the shallow
binding mechanism is employed as the variable binding, the compaction and linearization of
the cells are taken place at the garbage collection, and the processor works under the disk

operating system.

As this processor has so many features, it is easy to use, and a large LISP program is run-

nable efficiently.
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Table 1 Some characteristics of the bulk core

memory
memory size (maximum) 1MB
cycle time (minimum) 1.6 usec
access time 0.8 usec
read/write 40 bits parallel
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Fig. 2 Main memory map in execution of the
BLISP 1.6
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PSA: Page Start Address RM : Read or Write
L3 : LRU Linked List FP : Forward Pointer

Physical address PN : Page Number BP : Backward Pointer

Fig. 3 Mapping from virtual address using the
page table and L®
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Fig. 4 Memory organization of the bulk core
memory
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Fig.5 The data structures in the BLISP 1.6

B4 BT 500tz EQ £#82 &, LISP e
BOTRRSUBEPETB/NIEMERE S € LI
B, COBKRTOHRD T LVOHBREBES T &
&, BEHEEOHECRIL-THWE. COY R M
BEBASLBCEAOEAEFMALT, Fig.4 0k S5ic
OBLIST Kuy#ad 2 SAVE, LOAD %tk 2%
BEEREDTHS. BY 254k LOHEL Y Tid
BEBERAEMCE O NTE Y, chbtlRta.
133 OBLIST id/ny Y2 F—7 MiZT5 - TH b 2048
fBox b AEHD conflict {3 direct-chaining-
method ZEEMAL TIN5,

1.2 F-SiREONBERR

REROHEIT Fig. 5 OB - T3, ¥—%
BATELTALYY v 72 BA LD}, XFERED
B H LI2EEkic L, SNOBOL o&oiEH% 1
{5 LISP k#4251 TH 5.

integer-cell (434 ) KREBOBMMEMNAS.
BL, COMFCALEMIT ERLL —1024<ns
1023 OWEAOKKME X1 T, coBEADERC
@ integer-cell ZFMA L THBL &N 5. floating cell
iIZi3 4byte ORE/INREMA->TW 3, BLISP 1.6
OREFEHEERI, Bl £ 4 FOEHREBBINCT -

AEHDTEEBEEERALAL =3 vALISP 1.6 v 2 ¥ 4 723

THEETS.

atom-header {316 /x4 } THRXHh TH Y, Fig
S IEHNT, v it valuecell L LTHEHEINS. %
o Stanford K& LISP 1.6 o P-list ic&¥ilE%
1B AN=ZXLEDBEEADT 7 & RIIHFEITT
b, shallow-binding BSEFHIhTWV3E., THEK
ERNT A -2 LORADEIIZZ DR RO RIEL
SPCPDL &#§ 37 0 — /v ERIBREINTT,
z @ SPCPDL (% LISP 1.5 @ a-list oK ic?s -
TW5.Z0 SPCPDL #f5 ¢ Lic kb, FUNARG
BEAEER T IRICERANEE (ERoARK)
HEE SN 3.

ERHEORELTEEA, Fovagd o2y
(PDS) #F|HA¥T2HHESE X 5 h 543, BLISP 1.6
T3 PDS 2T EIcE - TWB72H PDS 2 Y 7
MBI, REy 7 x—r"—7avkBh#d 308
Mas, PDS 2FAT 2 A2 Lo bt 1B
¥, BAEDOH, PDS V7L LTH Tk v4 +=3500
VDR IZTHRERINTVS. 2 PDS iz #4
AL FOTFLV Y ITFVADOBENR Ly 730
575, BLISP 1.6 Ti3, PDS =Y F&&5hicERmT
ZEKTHAND S FEATIRICL, —FHAHL S R4
vEERTyvagovL, tHFRMAS S wSF )y
ITRVRES 9y va XU THRICLTVA. KiC
atom-header WO f-body OHAICIZ 2 —FEKDOE
#{hk~D pointer HIAS.

v OMAiciZ, BLISP 1.6 0¥ - T 2 E8lEHs
A-TW3. ZOWBAZE, 2—¥F—MBE-TERALL
THICERENCLINBE, TOEKICHETTS
THORERELTEAENS.

atom-header W@ link-adr #izi2, BEEBEMHA~
DYV ITFUVRABA-TNE.

P-name Fiziz, 7 +LDF Y bEA—LY R b
DEA Y EBA-TOS.

attrib iciZ = —4 L <A T P-list EMNTZ S
BucT acmic, BHEZ—BEESHICE - X b
DRMAS T EITIL 5.

f-type oMz Fig. 6 (RERR) ORI
- TW3. Fig. 6 ® OVR-N ZEHKEMED A —~
— VA ETIHOBRBBA-TNE. BEDYRTF
LATIRA—N—VU A THEBETKBINZ CERT
WS, MROBEENEO/LHDEELTHS. t 1Y
v MIEEEO PV - AHERENIEBA Y y MOLT
S5h3. type D5y P X->THEE S 4 7OR



724 L. -

o 8 bits N 8 bits —

OVR-N {u o e ¢ |
‘ B

OVR-N; overlay node number
u; unused
t; trace bit
type; function type
s; tracet bit

Fig. 8 The detailed figure of the f-type part in
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append [xiy] = [null[z]—v;

atom [x] —=cons[x;y])
7— cons [car [2] ;append [cdr[2]5 y11]

(a) The definition of append [x;y]

APPEND APPEND  garbage
X
N
LAMBDA LAMBDA
0 1

Bulk core memory

(b) Before swap of APPEND (LAMBDA (XY,
IR

(c) After swap of
APPEND

Fig. 7 An example of swapping of a function
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Table 2 Some features of the BLISP 1.6 system
SUBR 123 Free cell 49 keells
FSUBR 31 String cell 512 cells
LSUBR 1 Integer cell 256 cells
APVAL 22 Float cell 256 cells
etc. 7 Atom-header cell 2 kecells*

(a) The numbers of the Full word cell 4 kcells
built-in functions and Stack area 3.5 keells

*; lcell=16B

constants in the BLISP
1.6 (b) The standard size of
the respective area

pair (z; y)=(null (£]—-NIL;
null (3)—-NIL;

T-cons (cons (car (z]; car (3]);

pair (cdr (2); cdr ()0))

Fig. 8 The definition of pair (z; ¥)
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R4 Y 2%R$. pgreat (z; y) REALoh/-#4 v
SAEBIZIZMERNB LT 2>y DHALE LI RE
T, search OEHDPD markp (2) 12 =z B7 77
1 7 eV DBERICEABRTHS. $7, incr(z),
decr (z) BEhEh e z OEBRUHEIO LD
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#hoD pbgreat () BHRA v F z BR T 3 EHRAD
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LTW37Y—~1) X% cdr FRICEBHICHERE %S
5. cofmkxRRdhid Fig. 10 (a), (b) (RE
ZR) oRkici3. 1) 2 r2EBLTE TS
Y X443 Fig. 10(c) THEAS5h 2. {BLERLEEE
BT ARICE Yy FTF~TE2Y 7 LTELSBREND
D, $LEBICRT IAICABLTHABHEY X b2
ELEBCOLEND S, OWHEMBYELL TR
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E:D ; active cell W ; inactive cell

(2) Before phase 2,3 (b) After phase 2,3

phase 2 [ )=prog ((top; bot]; top: =init; bot: =end;
LP search (top; bot];
(pgreat (top; botJ~sreturn (phase 3 { JJJ;

rplaca (top; car (bot)); rplacd (top; cdr (botJ};

rplaca (bot; top); go [LP)]
phase 3 ( J=prog ((z); z:= init;
LP (pgreat (z; bot)—return (GC-END);
pbgreat (car (£))—rplaca (z; caar{z]]];
(pbgreat (cdr (2))—rplacd (x;cadr (2])];
x: =iner (2); go (LPJ)

search (z; y)=[pgreat (z; end)—error (STORAGE-EXAUSTED);

pgreat (z; yJ—prog(( J; top: = z; bot: = yJ;
markp (z)—(markp (y)—search [incr (2); ¢];
T—search (iner (z); decr (¥]]);
markp (y)—prog (( J; top: =z; bot: =yJ;
T—search (x; decr (y]])

(c) The algorithm for the compacting garbage collector

Fig.9 The compacting garbage collector
T2y b=y VAT TAEETHO,
ra—rrE¥ newe 3LFTICE-TNBE 7Y =+
HEOEHEERT.

Z DMz EH A EPLERLETORVERON —~
yJavsyvardbdy, WThOE—-FTTI0%
a—#higEHRE. TEERLETOIES EFO
H—=Ry TV Ya y THNTH2HEEORMEE
15,

7. AHHMBEZOH
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(a) Before linearization

X

(b) After linearization

linear [z; a)="(atom [(z)—(a—z;

T—srplacd (decr (newc); z1J;
markp (z)—(a—car (2);
T—srplacd (decr (newc]; car (z]]);
T—sprog (C J; slloc (x]; linear (cdr (xJ; NILJ;
return (rplaca (car (2);
linear (caar (z]; T1J11)

alloc (x)=prog ([ ); mark (z); rplaca (newc; car (z]];

rplaca (x; newc);
return (rplacd (newc; newc: =incr (newc])])

(¢) The algorithm for the linearization in the cdr direction

Fig. 10 The linearizing garbage collector
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Program name | Execution time (msec) ;::ﬁ:;ﬁec;m:fa::
WANG A 100 (100) 0
B 600 (600) 0
BITA 6 5,532 ( 5,532) 0
7 22,432 (21, 355) 0.3
8 75,925 (73,242) 0.8
BITB 6 1,495 ( 1,495) 0
7 4,345 ( 4,345) 0
8 15,825 (15,358) | 0.1
SORT 60 92,825 (91, 275) 1.0
80 164, 200(153, 750) 1.7
100 246, 850 (235, 750) 2.5

Fig. 11 The results of executing some programes
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