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B 1 87 FLREMETCORREORR (1)
Fig. 1 Representation of tree structured data (1).

a(b(d),cle(g),f(h.i)))

(a) FRALLVEBHE
(a) A tree structured
data.

[a, (b,d], [c. [e,8], [f,h,il]]

(b) Y XMBBICKEIRE
(b) Represented by Lisp (c) A=) TORA
representation.

(c) Representation in
linear memory.

2 $ET FLAAMETOABEORE (2)
Fig. 2 Representation of tree structured data (2).
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Fig. 3 Transformation from arbitrary to binary tree.
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lj DPRLR 3 2 g
=R PRLR
B TMBRY &N
§ vector Bfic X 2=k V4
TU b
Fig. 5 A binary tree stored in
vector function.
Xl 4 BTM o
R B/ -FD7—2 ORI k- THRBEN 2K

Fig. 4 Structure of BTM.
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Fig. 6 Binary trees stored

7 EHEBBICEE_EROVATY L
Fig. 7 A binary trees stored in Distance function.
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Y1), fn2(X2,Y2), Z) o&EHR
Fig. 10(1) BTM expressions of
fn (fn1(X1,Y1), fnXX2Y2),2Z).

B 10(3) —#KCLAMORE
Fig. 10(3) BTM expressians of clause.
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member & above IZFAEHIX, TSI 10(3)
DEHIBHERICEIDERINS. £M0 OR BEF
I3 head ORBELEEET / —FOERMOEERNT
FEHIN T3,

BERD Prolog 07— 4 REF X &E T 2709,
B|LREMS Prolog YLFER, DEC-10 Prolog? o
F—2RBEFXEE11(1)-(3) 523 5. DEC-10
Prolog TR AFJBLSPEMELS L2058
DOEFE* =) ORBEEMTREALT, RO ES
EYBELEOPEAICEA VA2 RO T2 0 EEE
T. Zhig LT, BTM FRTRIEESE~DORL v
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Fig. 10(2) BTM expressions of list,
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3.2 BTM BBHOBREF~F - T2—7 2 bOD
BE

TZTiR, Rxi2 BTM %27 u s 35 2Ak2BMT
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BRES2ELLEVLOT, BTM BME LTRE
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fn

fnr

n2 X1
Z X2 Yi
Y2

11(1) DEC-10 Prolog it 1 3
fo(fn}X1,Y1), fnxX2

Y 2),Zy o&R
Fig. 11(1) DEC-10 Prolog expres-
sions of fn(fn 1(X1,Y 1),

fn2(X2,Y2),2).

X 2

list list list
Y 1 4

nil list list

x.Y]
3 [
X
(x1¥3 {{2,4,81Y],(1,3,51X]1

B4 11(2) DEC-10 Prolog i3} X F OER
Fig. 11(2) DEC-10 Prolog expressions of list.
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above
above
X
Y X
on z
on
X above
Y X
Y Y
Z
member
X
X X
member Y
X
Y

£ 11(3) DEC-10 Prolog 1513 2 D&E
Fig. 11(3) DEC-10 Prolog expressions of clause.

above{ X,Y ):- on{ X,Y ).
above( X,Z ):- on{ X,Y ), above( Y,Z ).

member( X,(X|_] ).
member( X,(_|¥] ):~ member( X,Y ).

12 above & member DS v S 7 A
Fig. 12 Definitions of above and member.

18). v =7 s% VAX-11/750 ko, UNIX4. 2BSD
Fic, SECTA V7Y 2x v LIBKE 17-—F
232y b THEOT, F—2HiZ2AEy M EL
5.
27 RROBEETH 5.

«Atom Tt artBEAELE

*LAtom YR}« 27 BHNTHET F o

+ Int %5

* Lint YR b - 2TBFNTHSER

*Var  EM

«LVar YR} 27 BF0THBIEHR

« Ref HEBE~OEA 2 (BER L v 7
DHIES)

« Point HEEBA~OEA 2 (BERZ Y7
DHITES)

zZ7T, Ref & Point 0—2D 4713, HEF—

tag
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memory

l mermory manager ]

0

unifier system

BTM

CPU

unit  [<=] manager

14 YIaVv—2DYRT LMK
Fig. 14 System organization.

2OEBEDEDICS S 5 L0ETHERZN, 7
025 AEBRTRERINTHE.

F7z, Dif BE5E v FDATHBDT, HMOES
KOV A4 XBBASL / —FLLEIRIBE VISR
bhahs, Dif 2HET 2 Eickd, BROHAA
OBk — FEE 121 T THMI LT ENTES.
Dif %0 OBjiziY, bh 5% /i3 Atom & LAtom
D=DOTHEDT, 2 /D&~ 28y P 2RAL
T, Dif DEX%ATE v I THEKT B ENTE
5.
3.8 YRFALAMRBERTAN=XA
27 Lr0BREFEI4ICTET. YAFLk CPU
L BTM ifh SRS h3. BTIMiR &) & 4
Y EEREHL OSBRI NE. 2 ) EREEII CPU M
»5E15it7T BTM ~D7T 7 £ X IC2HOTOREY
2Z3ED, ZHOOHRLERE-T, A EYT7ERX
27589 CH5. CPU BHZ2=7 71 ¥igE v
257 LGRS PG, 227 7 4 YEBIZE SOM
W, BEORE, ERO/NM V74 v I REERTVIE
Bor=T7 4 —vavEFD. YATLFEERZN
HoHm, 170 MEisE o B8 %320 £ D. Prolog
K 2BEOEBRIMELFTEMEE—-D DD
FRICAPNED. KvR5F L TR, BEREHAE
BEALIY, BEIe—FROVTHLRETITE
Tk 5. BEOEHEIC Y, DEC-10 Prolog &ER,
=OMA 4 v 7 —global, local, trail ZFERA LTV 3.

4. W @ & R

[teg [ ait | data | T

3 S 24 7

B13 &/ -FOF—427 -7}t
Fig. 13 Data format.

/X T-3 (b el B Sl dO
Extended data format.

] B TR~I: BTM [ #£-31 7c Prolog
YRAFAacBGE BTM oFsh# B L
T, RD &S IEFHEEFT - 72.
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AINFETR, BEEERST

Rrig(Di,Ai) Read Ai's right, and assign to Di.
Rlef(Di,A1) - Read Ai's left, and assign to Di.
Rfat(Di,Ai) Read Ai's father, and assign to Di.

RrP1(Di,Ai,STAi)
Push Ai's left into STAL.

Read Ai's right, and assign to Di.

b, —D>OBEMESICHL
THT—DDEAL Y ENRETH
20T, FW 3®1 v 2 0¥ic
LLW. Lkd->T, DEC-10
Prolog FREEH LI:BD » =

) ERE (DW EIES:) (3 BW+

R1Pr(Di,Ai,STAL) Read Ai's left, and assign to Di.
Push Ai's right into STAi.
Rsta(Di,STAL) Pop STAi from Ai. Read A{, and assign to Di.
Rroo(Di,Ai) Read a tree root named Di,
assign root's address to Af.
Rdir(Di,Ai) Read Ai, assign to Di.
Wrig(Di,Al) Write Di into Ai's right.
Wlef(Di,Al) Write Di into Ai's left.

WrPc(Di,Ai,STAL) Write Di into Ai's right,
and push A into STAf.
Write Di into Ai's left,

and push AL into STA{.

W1Pc(Di, Ai,STAL)

WstaR(Di,A{,STAL)
Wroo(Di,Al)

Wdir(Di,Al) Write DL into Di.

Pop STAL from Ai, and write Di into Ai's right
write a tree root named Di,
assign root's address to Ai.

FW 9 —¥iiss. V2 MR
BeDY 27 LTREBEREEN
ORETHALIECHREELIh 3
%3, DEC-10 Prolog X TiZ dot
functor ZH - HETEEX
ha B2 Y257 LZ2B0T

SetStaR(Ai,STAi) Push Ai's right into 3TA{.
SetstaL(Ai,STAL) Push Ai's left into STAL.
SetSta(Ai,STA1) Push Ai into STA{i.

DEC-10 Prolog Jixickid 3 »
) EREPT /A @EEEND

Here, £ = 0 or 1.
Rigister: D1 and D2 ( for keep data )

Rigister: A1 and A2 ( for keep address )

Stack: STA1 and STA2
15 BTM D4

Fig. 15 The instructions of BTM.

1. BTM H#RX%:FHT 3L, » eV ERBEEOD
BENRTIZLBTEED.

2. BTM JR%2FATEE, 22 )07 27 +«X[E
BELEOBERLITECLBTEEH.

BTM O BRED BEZ 2 iR~ XS, JE
BEMEIC K1) B ERNBHRE LTOARET — 4
ZHRINMETECETHB. 2.1 HoN 1 DHlIc
DNTEZBEL, BTM 377 «xBE =) 0FEH
BEI0% BOT T EMM/BT X 305, COPILH
BRPTHE0T, EEORAKISAT S5 H1KD
WTO—BLETRRIRIE SN, Litdi-T, AB
RTR, XM 6) RBEIhIAVF2—2 210D
DOISHERAY 2D BT, HEHONRE Lic.
BIRBFHES 0S5 L0—-KETH?. B2LE3D
ey LA BBREITHIOATHE o s 5.0
BEL—BLTWS %/, lLExsk% DEC-10
Prolog & L7-.

HEOFEERICHETHS. =) ERBOK
BRROLSKFTS. o4 54 % consult 3 2 B
D BTM ~D2B & ALEM (BW L) 2h o v
F3%. BW 52 BTM Tox ) EREELE. X
b, consult LizFues54akD/ —FD55, 4§
BEELERTE/ — FOMEM (FW ELIES) 4 v

Te¥icid, 7o 5 o T [A|B]

EELNT OB Y X - HEE,

cons (X, Y) &M hid L.

BiMti 7 0 75 2.% consult L7

RICEB SN R A F 2 IORT
TOEIC KB &, gy BTM JHkiz, DEC-10
Prolog Jii &k 1 20~48% o> » & Y fHRA KIS 3 C
LHTXB.

T2 AROKWBICE U TR, WO EE s
HUTEE Lz, 707 5 40 EfFhicsE L
BTM ~D£7 7 X [O¥ (BA &3 SEMGGEE
BEBTEZ/) - F D772 (FA S %
zh¥hs v v 33, DEC-10 Prolog JRXDES
i3, EERESICHIELTVERS Y E2ADT 722
BHUBIILBZDT, COE/DLT 720 (DA
EUES) (3 BA+FA L1523, vy b LisiEREAE
BILRY. ChilBEHAHRERALIBEDT 7
tARORRTHS. TNODRRLLT 7 2 BiC
BELT RomhEoh3.

Tha, BEEED2=T44r—va v

18~20% ¥/
T2 R—ZABEK 17~33% B
YR e 22~24% Wb
IERZas 5 L 19~36% ¥4

FITHELTHAR LI, S 9s 5410t
DS a5 L4, Atom-1, Atom-5, Var-1, Var-5 |3,
HiIZT b o, BEBMO2=7 4 —v a3 vE2TS70
T, KBEOBIBIFELELISL. L LEHS, o
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Table 1 Illustration of benchmark.

733

No. program name Ref. illustrate
1 Atom-1 6 Unification of Atom, Arity of one
arity of five. For 100 iterations.
Atom-5
Var-1 6 Unification of variables. Arity of one and
Var-5 arity of five.
Con~1 6 Unification of constant structure. Arity one
Con-5 and arity five. For 100 iterations.
Str-1 6 Unification of nonconstant structure.
Str-5 Arity one and arity five. For 100 iterations.
Str-Var-1 6 Unification of variatles with structure.
Str-Var-5 Arity one and arity five. For 100 iterations.
Var-Str-1 6 Unification of structures with variable.
Var-Str-5 Arity one and arity five. For 100 iterations.
Det-Call 6 Deterministic simple call
Ndet-Call Nondeterministic simple call
Shatlow-Back Sallow backtracking
Deep~Back Deep backtracking
2 Key-First 6 Database search. Gel flrst clause with
First primary key, get first clause,
Key~Last get last clause with primary key,
Last get last clause, get middle clause
Key-Middle with primary key, and get middle
Middle clause. For all of them 100 iterations.
3 Rev=~-30 6 List30 naive reverse, for 100 lterations
4 Sort-50 6 List50 quick sort, for 100 iterations
5 Srev-4 6 Slow reverse. U4 elements.
Srev-5 5 elements.
6 8-Queen-1 6 Eight queen for one solution.
8-Queen-all £ight queen for all solution.
7 Deriv y Symbolic differentiation
8 mis 8 Missionaries and cannibals.
9 parser 7 A simple parser of English.
3 N 3 " ® 2 4T)ERBOHLE
spaces in wor spaces in wor ratios o rison of the memo
No. DEC_10 Prolog BTM (DH-BW)/DH Table 2 Compariso v
(DW) (BW) space.
1 1335 1046 223
2 1233 984 20%
3 279 159 43%
[ 413 216 48%
5 326 233 28%
6 386 308 20%
7 460 355 22%
8 718 555 23%
9 594 453 2ug




734 RS 205

»3 T/ eRAAEHOHE

Table 3 Comparison of the access time.

July 1986

DORIIRIT S 0 75 LHiK 36% &,
BRbBOELRNEONS.

No.  program DEC-10 Prolog's BTM's total ratios FEHBE, EEEEETHOK
name acceg: times access times R = (DA-BA)/DA BTM %5 &, 7o/ 5 L%
DA ’
Atom-5 6737 5529 18% 0/ 5 LEEADT 7 & X AR E
Var-1 5928 4720 20% 17~36% WL XEB L EMNTEB.
Var-5 6737 5529 18% T ﬁﬂrﬂ:’\'f‘ ¥ 51z, BTM
Z R C N = Z,
Con-1 6537 5129 22% 25 i1 3 <
Con-5 9737 7529 23% MBERRMCATT L 0TES
P pries p— po N—FY T OEERRET L,
Str-5 9737 7529 23% AEVRHTET 7 AEBIRT S
Ste-Var-1 6037 4729 22% ztickb, Prolog MEEFZ D EX
Str-Var-5 8831 7129 19% HETH L AMET — 2 WBOHR
Var-Str-1 6337 5029 21 $ C .
Var-Str-5 8837 7129 19; ﬁ)Zi;; <R bn? S
DAE—F « Ty >
Det-Call 6837 5429 21% . 2 5 X X3
ggeizcmt 1 ?2328 ‘9‘123 gg; SMBEEZ L L, SFIEN
allow-Back 1 PN -
Deep-Back 25537 21029 1& Prolog %f7® ¥ & iz x4 LT BTM
\ S VE !
2 Key-First 6137 3929 20% HRERL L, £ %n%i,bﬁ
?mt 6137 4929 20% CEFATATENTE BT ENHA
ey~-Last 57429 38721 338 . .
!IE:;cMiddl ;;;37 ?ﬂz;ig 11, Tx2%. ¥ic, 70s 35 LE8EHBE
- e 248 N 3
Middle 70937 58929 178 BOF oy Ficikfan gL
3 Rev-30 10864 8273 2ug BEFMTH, 42D T AL
. BT BB, T2 &R AEIED
Sort- 2 _
ort-50 12303 9350 2u% Téct(iﬂzﬁ‘:ﬁig—(&—) D, .i
5  Srev-y 3984 3080 23% . o _ £
Srevcs 12679 15165 oo 7z, F—2Oa ¥ —-FHE¥ICTO M
PR , DEFIEFMICBNTR, F—4OD
-Queen~ 127091 102374 19% .
8-Queen-all 2053698 1653499 19% avsny VERIEBICEETHD,
7 bire 2665 3086 Jug LDETH BTM BEFRITH 3
8 mis 55508 39230 29% 5. & R U
9 parser 543 347 36% KBTI, BTM AL, £
[}l ’ E) ~
EHNWFBS5 LIKDNTH, 18~20%HEET 7 &2 D Shitk %548 U 7.

PIMEBLI D EMNTES. BE¥RLE, Fu)
FLERANDT 7 RBICEA Y EANDT 7 2 RAETS
BEBIEODOTHS. FHES0S5L28F 4%
R—2BRROHIT, ThIREELHEOFBDITNS
975 LTHD. ZOPTRE, F—3¥e+—7—V
E LT —4 « R=RDABROPBEBEBEE~ND T
7 2 ARMOBEN—F K E L, H38% 77 wxH
BEROTIENTEE. ns5471R, ZohT
BOAHEEZFEH L TWAZEMDORTHS. 20
EOWPICHLTIE, 834% 77 X B E R X
HBHLEMTES. o/ 5L.8L913) R M#kE
LEOABEETMAEIPNTHD, 20hTR, EX

FEEIR S fobicEE LI v RF AR, TFLRE
AEBE LCEROEZEFALTOH S, MoBEBERE
RALTS, 2077 tAAERPLOBRREDL L
W feEU, A Y OFIASEMEL LS LS HIE
»BH35. 2ETHEBEOLAD BTM B3, B
PICELT 2MERONBETI BARLELT .
KB X T, Prolog 7 v 5 sitxtLC BTM %
A LI5S USBHMEZETT > TH I 1 28, 4%, OR
¥Rics I 2EPBREOER I BTM 2FHT5C
EEEDNTHRH LTV PETHS. OR BREER
TEKIL, ARETRELERTICEMNELRS
P, 2ETARNBEMOT-RRAM@OLERN2E, %
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