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Design and Implementation of a Kernel with User-Definable
Objects for Parallel Symbolic Processing Languages

Hipeya Iwasaki™ and Mikio Takeucurf**

This paper proposes a small “kernel” named “TK800” on the Transputer network for
implementing parallel symbolic processing languages. The TK800 kernel provides rather
high level features such as asynchronous inter-thread communication and dynamic thread
creation. One of the most significant features is its heap management with garbage collec-
tion, which is designed for symbolic processing languages. TK800 kernel predefines the
formats of some commonly used object types. In addition, it provides object types which
can be defined by the user program. To define an original object type, in most cases,
the programmer has only to decide its kind and define some macros for the defined types
mechanically. TK800 kernel has the responsibility to collect garbages in the heap area
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filled by predefined and user-defined objects.

The internal configuration of the kernel and

an implementation of a parallel functional language are also discussed.
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Fig. 4 Fragment of heap allocation program.
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NNDHEA V2 OFRF|%E GC Dy =257 4A 3 —NDE|¥K
EUTELTWS. ZoFEE TK80 L TEfEd 3
SENEREERT 3 B O BEFRTHD, TKS800
BERG OV~ bR EHE T LI 2 BHTHH
3.

F U % RS 3 O &8 3 7dic, By
FIT & » T CiedHiEosits s hic R4 S BT is
SRV y Fi, ZOMEMKRE BT TEFEGMLIS
BRSO 0. &k, EERDIRLy FIZ, £20
BEER>THRL T3 R Ly FABHSEZTNIE
WHIENA, chid TK800 ic k 2 EFEEIRBELH
WT3. FERHRBER, Cofic bEFIEEEAE
WMERBZLDDA v 2—, BRKINISSHEERNED
NIRRT > THUBETEREROR L v FE[E
NT 372004 v —JICbRELTHS,

plc D&k 575 TK800 v x5 4 FTOREZE vy
Z o3, FIHER v v FREEDOEF TR EIME%E R
DENNY EVAPF VR 2—EDN—Fo 27
OHHEAEZNRETS. FHTECOEXICE-T, av
FIRMIBAERIL 5248088 NBENE In
Dbrs (5.3 HiEK) OT, MEES 0S5 402,
FOEVEGP BERL REDZDGSEE ok
ROESICREDTNIR2IEH TS, ZORKE,
BISHESRE BT 2 & ENTREE 125,

/% triple %/
#define T_TRIPLE 6
#define triplep(x)

#define triple_fst(x)
#define triple_snd(x)
#define triple_thd(x)

/* closure */
#define T_CLOSURE 7
#define closurep(x)
#define alclosO(f,n)

#define closure_fn(x)

/% char =/
#define T_CHAR 8
#define charp(x)

#define alchar(c)

#define char_code(x) clr_tag(x)

tagp(x,T.TRIPLE)

fixed_element(x,0)
fixed_element(x,1)
fixed_element(x,2)
#define altriple(f,s,t) make_fixed_3(ch,T_TRIPLE,f,s,t) /* allocation */

tagp (x,T_CLOSURE)
make_variant.2(ch,T_CLOSURE,f,n) /* allocation */
#define alclosi(f,n,a0) make_variant_3(ch,T_CLOSURE,f,n,a0)

variant_element(x,0)
#define closure_arity(x) variant_element(x,1)
#define closure_arg(x,i) variant_element(x,(i)+2) /x i-th argument */

tagp(x,T_CHAR)
put_tag(T_CHAR,c)

/* type check */

/* first field of triple */
/% second field of triple */
/* third field of triple */

/* type check */
/* function */

/* arity */

/* type check */
/* allocation */
/* character code */

5 X7V bEEDH
Fig. 5 Examples of definitions for user defined objects.
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7.1 #&LTOME

TK800 £%i, <hFx TRNTEI LD ISBEET
A& w75 (s “547359” LLTOM
HbH5. Lal, BIFEES 0S5 L4 &3k
EFFETHY, P VvRAEP2—2 kitue—-F&h
NITEBRETETIN, lehd OSHDL S 1R
BE2Ricd., cokIuBAikTiE, TK800 i3,
77 ANV RFAREE ST NI OS K &
LTHRAZDOBELTHS .

ERE, 5.3 HiTHRRELIIC, FPFVRE2—FOD
AEYRELZVOT, TKS800 $id7sz~LM&
THUERSS., FRICIZa—Fa/haF32&iF
bLBATHBY, BEALy FHBERT3HIEX £
v 7 DREMHETIOGEETHS. K2iT, AL
vy FOBERST 24822 v 7 OBREERT. (2T
B/ oxBRYZ27L08RHT 251475 ) OB
FEAT20RANTOHRNOT, EBRORAFERRIZ
INXDBILLEL 3. ) #iT Memory Manager i€
BL Tk, GC ToOHfMT %, HRNICTHLI™, &
BY VI ERNBEY L Lk TRE y 7 EBEBR
ATND,

TK800 S KEETE 22 ) BAE, FAZEALV»
FA3 32 HOBBICDNVTERIICRT. TTT, v—
FPEAMBIELV-PHIDEZODR, FELTHR FEE
BEOAHBTIMBONTSHS. BINF—2 &3, BX
Ly FORIBR 2 v 2 isE, BcEID S TE 7 —4
¥, i, TRV FEL—LDEAEY
BE, ZNEN AM N4 FEL. ChAERBE,
FFAe)ARTBIIEOEEERIOTH HHUBEE
THD, BHHRBN U TE 3,

7.2 b~7EHRLIHED

TK 800 %FWT, MESNEEZENERIE OFIH
IO LEERTIICHI-T, BEICEHETS
A7V 27 VCELTR, 20k (BEE4A 7Y =27
FRFERA TV =7 POF—24T V=7 b)) %
BB TEL, b, BENIC<s 02 HRT
NEENTED. 8554, BESEL TV 27 MicH
LR ERKETHMERLRD, chid, Fuss
LEAROHE R E~O TK800 %5 %KL TWH 3.

* GLRRET 075 A2 hERICHILL I main 555

3

s RIS TSR 2 » 225 16K ~4 b Th
RETEHENH - .

A7V =7 PORRMBERTRLLANCESLEEFARORI LHER 1759

K2 BRAVy FORMER % v 7 OBRE
(BBL: /x4 B)
Table 2 Maximum control stack usage of kernel
threads (in bytes).

BAavy ¥4 Ho¥TER RRERAE
Message Manager 512 164
Memory Manager 384 224
Thread Manager 384 124
Thread Receiver 128 48
Thread Sender 128 40
Link Receiver 128 48
Link Sender 128 24

K3 BLKOYEETEAEYVE (B a1 b)
Table 3 Memory usage of TK 800 kernel
(in K bytes).

a-r B8 B Y an owme
W=t 35 27 8
JEr—t 20 24 8

1.7%
5.19%

EBE, BIE TR~/ pfc LERDEA, CEEOV —
A7 74 WEBERTI6600fTHZ 5B, A7V =2 b
E—7ERICETERIENvE T s 4 0thizE, b
T 2107755 (9 4%) Tho7z. T, HFLOLF—
# 8% plc MERICENHSBATID S, GC DOER
ETBHCENL, BRI ENTER,

TK800 #ic & 5 GC DMERERTIL, & — 7D
KEX, HETVWBRVOBICIKE ST 2 45, pic &
Fleng OHREARET S E, £E—7D8 256K /54 +
DEs, £ DEAT 0.4~0.8 BEETH -7, Ld
L, BARICX->TRIBEBABZC LB ED, COF
HRASBOBETHH 5.

B3, CEEDREID GC 2HBAT 200,
fR5FHY (conservative) 78 GC® BT A3 ESTH
NTn5. BFHGC TR, 27RHERI V2 LS
B DHZHE0hLIEINTVEAT Vs bid
HEETONBEHEMSHZ0T, THELTHIRETZ
D FHRELTEL. LHL, TKB00 HiTEsFH GC
ZBATEDIE, PSS VYAL2—2DEAZVEBLD
BET, UTOX S MBEAND 5. F—ic, £xT
WAEHREENSHBA T V22 MR, 20%E (BFE
EZTI) FELEBITNZRS VDT, & —7EER
DR L& BT, B, 27fH&R1 v 2L
W7z By b2 —v DH DM, KYIKAT V22
AR (DR FELTOBLE ShEHEL Y
NITR S, Z20kditid, AUKREXO4FT V=
7 VEGEAED IO -7 RDETE, ATV 22



1760 WHLBEZE SR

FAKOEEICA DT THBITE A L HiCT B, I8
E, WAWARFENELONDH, WFhbrze)
DEHFRHORMNSLELSL ERFITHB.

P Eo & 5 5%at Losigh s, TK800 TiZHR -
EmRo GC 2B L. 20w, FRZER VY F
OEIEMBEID Bb 3OS 3EATIE, GC KB
WTHRFBEINDIEL27FERS V2 EREF GOV —
MCBL BESH D, plc TRIEERSZ v 7 kKK
Bl EizLds, CORFER DT 7 2R LHEK
T B EF ==y DB B,

GC OEtH T, Weiser 51 &k 5 PCR (Portable
Common Runtime)!® r-kx<{HE72:5%. PCR %, A
F OS FOEFBMI S EBENDE Y AT LT, CRE
DEELUR & UEFHNE GC 275, ¥, PCR
12 0S LEEOETEEY R 7 L0hIcE ST 6N
Tu5%5, TKB00 i, BX»r0FE#H (b5 yxp
2—4) LOBTHHEGIERRICT 5.

7.3 R FRE@IE

TK800 Asigfhd 5 EMBIBEER, I—7r kv
FEDR VY FRETH> TOHHICEBASLDT, F+
FEBEEGERT A RPENEE S HETS L, SRD
T &ML X FAED. Lizhs->T TKB800 i3, &
BarRMBR v I IEBEIBT 0T T LHEH—T
oY ETF v AVEEEED T ERYY, R
ISUTHENRTTES I ENIUEE LS.

L F + A VDBAR, 5ENICHRT 5,
HEERLUTRAET 2L LT 4 5 750, TK800
ORI A EEBIEL, FABEA VY FANDHEERE
ZEAL TSR EREYTEOT, LD X5 S0E
DOREN S MBROBRET S C EWHEETH S,

Barata: 50 &, BEFFEELLILYAFLE LS
VAEa—2 ETERELTHS, chidafys 7R
TORRAEEZTBY, V=54 VI ATFH5BEED
3 E T2 TK800 EH@d 548, Y v EmoREE:
RA 9 FVINAN=FY = TTHHICEET 2B
D, i, E-TEBEERERECSVAD TKS0 &
[ AN

8. B bH v [C

AH/XTIE, PS5 VAR 2—Z LOYFIRENEE
EYXFLEBEEZET S TK800 IL2WT, Z0E
ABEt - BREE - TEHEORIELS R D TTHRL
72. TK800 OB MBEHsEEICIZ SN ot
B, DOV TEBIOBEICHEL O EZL T
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5.

pfc LWVWIHEEAK, AFEE S0 7 IV IDE
BER LV MERY CHRRELIbDTHS. pic ©
FRAZE»S, ¥FUL - FFRERDI D OEREROE
ADEFEZI TS, ThE2UBRICEDANS DI
RETH-7. TZDEAD, TK80 lckAEL~NNm
NEBEOFERIRKE b EZELTIS.

GC RBEARFEFATT>TV3E, TR e/
5 LTk »TlZ, ARE (incremental) D& D & HUE
ITiBcEMnds5. HRBIGC? 5D THRET S
MENFD, i, TakwypEicbicse —7EH
REEERDTTHSED, hiEE4HT TK80 ¥ 27
LEWR c REIRTREX IV EELTH S,
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