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bhstract

This memorandum is primarily prepared for Prolog benchmarking and
contains the programs of a GHC language preocesscr writtem in
Frolog and several sample programs written in GHC.

The program of the GHC language processor can be considered as a typical
cxample of Prolog programs and used for a material of studying Prolodg
programming styles and characteristies.

Furthermore, this program can be used as a practical GHC language procesast
on DEC-10 Froleg or similar environments to study a parallel logic programming
lanquage. GHO is classzified as a committed-cheice And-parallel logic
programming language. The languages of this class have many interesting
characteristies in programming styles, controlling of communicatieon,
algorithms, and =0 on.

To encourage the study of this kind and alse for testing the installation of
the GHC language processor, several sample programs written in GHS are

alse included. These programs are primarily written to study parallel
algorithms and programming styles. Then, it will bhe used as an elementary

text of learning parallel logic programming.

More complete documents of GHO and related research at IEOT are available
in ICOT Technical Report and Memorandum.

1. Intreduction

Rt TEOT, Preleog is heavily used for language processors. The user
language ESF (Extended Self-contained Prolog) is initially developed
on Prolog and bootstrapped to PSI (Persconal Sequential Infarence
machina). PSI's operating and prograrming system SIMPOS is initially
developed on the cross compiler written in Proleg. For the
development of GHE {Guarded Horn Clauvses) is alsc initiated from the
Frolog version of GHC compiler/interpreter system. Mot only thess
ianguage processors, but alse Some more preprocesscra and language
converters aro written in Prolog.

This heavy use of Proleg for language processors explains us encugh te
include a language processcr in a collection of Prolag benchmark. I
think the reasons why Prolog is used for these processcrs are almost
the same as the case of Lisp. It is easy to write I/0 routines and
need no experience for reading sources and writing objecta. It is
easy Lo convert the source format into internal form and thea abiject
form. Frolog uses terms for everything as Lisp uses S-Expressions.

One of the difference between language processors and other
applicaticon programs is that language processors need lots of 1/0
while usual application programs consumes CPU for dala handling. We
think this will help some different point of view for Prolog benchmark

programs.

From the viewpoint of GHC parallel execution, some measurement has
bean done for these data programs. Howewver, Lhis processor itself is
not profiled nor measured in the viewpeoint of Froleg benchmark wyet.
Instead, here we ghow all the spurce program of GHC processor written
in Frolog and the GHC source programs to be used for the benchmark.

The result of the execution of this GHC processor on some Prolog
implementations will be reported as the result of the Froleg benchmarck
workshop at Loz Bngelsz, February 1988,



Any comments or discussions are welcomes. Please send E-mall to
Internet: takagidicot.jp
UuCE : tcnca.inria,kddlab.mit-eddie,ukcl!icot!tatagi

£. Bource and Data

Complete source programs of GHC in Proleg and amall programs in GHO
are liested in the appendix. Brief documentation feor each GHC program
are alse listed.

For each GHC program, read the documentation.

The programs are:

bpl bestpath by layered stream
bpmon bestpath by moniteor

bpsc bestpath by shorteircuit

gépath goodpath by layered stream

lifel life game program that prints the final result
lifez life game displaying the state changes
mxflwl maximum f£low calculation

mxfiw? maximum flow caleulation

pascal pascal’s triangle

tap a8 tiny propositional calculus s=olwver
waltz Waltz®s labeling algorithm

All of these programs are tested on the follewing environment .
5UN 37260 0S5 3.3
GHC 1.9 on SICSTUS Prolog

Excoution sample is listed alse in appendix.

3. Comments

B LT

In the viewpoint of GHC benchmark, these programs behave differently.
The result is very informative far wWriting pragmas, and also for
improving the basic algorithm for the programs.

Frum Lthe wviewpsint of Prolog benchmark, these GHO programs are
relatively small and some larger GHC programs will help more.

211 the sources of GHC Processor and GHC programs may be used for
academic use only. If somecne needs newer implementation of GHC,
contact to K. Usda of IC0T. {uedaVicor.jpdrelay.cs.net)
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hppendix:
CHC exccution sample log
GHC compiler/Interpreter source for SICSTUS Prolog

GIC programs and brief documentations

bpl pestpath by layered stream

bpmon bestpath by monitor

bpsc bestpath by shorteircuit

agdpath goodpath by layered stream

1ifel life game progrzam that prints the finesl result
life? life game displaying the state changes
mxflwl maximium flow caleulation

mxflw? maximum flow calculaticn
" pascal pazcal’s triangle

tep a tiny propositional calculus solver
waltz wWaltz's labeling algorithm



takagi@icot32[1.3]» .. /Ssicsghe

== GHC System Vers., 1.98 on SICSTUS (1988-1-4)

W |:1y Takashi -['.‘h'ikayama and Sh:igr-.yuk'i "T‘.-tk.-'n’ji, TC0T

t*% haged on DEC-10 Prolog Vers, 1.9 (1987-11-18) by Kazunori Ueda, ICOT

ves

| 7= ghecompile({ 'bpl.gho')y,

bestPaths3, graphlslz, graph2/1l5, graph3s15, graph4/s17, graphS5/13, node/s8,
announce/s2, filters7, lastFilter/¢, minMerges/4, minM1/5, minM2/4, END.
[compiling Atmp/ghcald2d0. .. ]

[Atmrsghealdddd compiled in 177400 msec, ]

yes
| #- ghec bestPath{n0,nll, Path}.

6020 msec.

Path = 13 — [[n0,nl,n2,n3,04,n5,nll]] 7
YOS

| 7= "nI End break ]
[ Emd of SICStus cxecution ]

usar time 192.680000

takagifficot3dZ[2.3]* ../ /sicsghc

zxx OHC Syslem Vers. 1.9%B on SICSTUS (19%BB-1-4)

s#% by Takashi Chikayama and Shigeyuki Takagi, ICOT

#=* hased on DEC-10 Prolog Vers. 1.9 (1987-11-18)} by Kazunori Ueda, TCOT

yas

| #- ghecompile{ *bpmon.ghe'),

bestpaths3, evaluator/5, paths6, p/7, edges2, merge/s3, END.
[compiling Atmp/ghcald247,..]

[Atmp/ghcald247 compiled in 36819 msac, )

yes
?= ghe bestpath{nd,n$,nns).
18459 msec,

Ans = 7 % [[n8,nZ,nl,n0]] 7

¥yes

| - ghe bestpath{nl5,n22,Ans).

21460 msec

Ans = 24 W [[IIE?JI]E?‘.IIIl?rl]lerlﬁ‘fﬂgranJr[nzg;nEJrnlirnllxnf’rnd!“]Jng;nlS]J

vas
| = "0 [ End break |

[ End of SICS5tus executlon ]

uger time A2, 000000

b



takagificoL32(3.3]» .. /uicsghe

*=® GHC System WVers. 1,90 on SICSTUS (1988-1-4)

**% by Takashi Chikayama and Shigeyuki Takagi, ICOT

*w% based on DEC-10 Proleg Vers. 1.9 (1987-11-18) by Kazunori Ueda, ICOT

yes

] = ghocompile( "bpsc.ghe').

node/E, send cp/6, closefuts/l, bp/4, augment_edges/2, del/3, gen_nodes/5,
gen_node/B, merge all/Z, merges3, length/2, lengths3, write_results2,
bp_sne/s3, bp nesd. bp_exl n/l, bp ex? nf/l, bp_exi_s/1, END.

[compiling /tmp/ghcaldd30...]

[/tmpsghcal4430 comnpiled in 127340 msec.]

yes

| 2= bp_exl_nila.b,c.d.e,.f,9,h1}).

[Warning: The predicate bp_exl n / 1 is undefined]
1 1 cCall: bp_exi_n{la,b,c,d,e,.f,g.hl) ? a
Executien aborted |

- ghc bp_EHl_nf[ﬂJbJUadererrh]]-

L
a o= 11

b - 1= [a]

c— 2 = [b,a]

d -3 = [e,b,a]

e 4 = [d,eo,b,a]

f 10 - [a])

g - % - |le,d,o,b,a]

h - 6 - [g,e,d,e,b,a]
280 meec

yies

| ?~ ghe bp_ex2 n(la.b,c,d,e,f,q,h,i,5,k,1]3.
a -0 1

B - 140 - [a]

e - 1 - [a]

d - 11 = [e,f,g,c,a]

e — 10 - [f,9,e,a]

f -8 - [g,0,a]

g = 7 = [e,a]

h = 18 = [Epffngrﬂ]
i 17 - 'f;ﬂ';‘:'rﬁ]

j 29 = rhrE:f;g:Erﬂl
k-2 - [i,f,9,c,a]

1 - 30 = [k;i,f,9,c,a]

520 mseoc,

yes

i ?= ghc bp_ex3_s{nd).
nG = & - []

nl - 2 ~ [n0]

nZ = 3 = [nl,n0)]

n3d - % - [p2,nl,n0)

nd - 11 = [n3,n2,nl,n0]

nd — 12 = [nd,n3,n2,nl,n0]

ng = 1 - [n0]

n? = 2 - [n6,nd)

nd - 7 - [n2,nl,.n0]

n® - 16 - [n8,n2,.nl,n0]

nld - 14 - [n4,03,n2,nl,n0]l

nll - 13 = [n5,n4,n3,n2,nl,n0]
nl2 - 3 - [né,n0]

nld = 5 = [n7,n6,n0]

nld = 10 = [n13,n7,n6,n0]

nl5 = 17 = [nl4,nl3,n7,n6,n0)
nlé = 20 - [nld.nd,nd,n2,nl,n0)
nl? - 16 - [rll,.n5%,nd4,n3,.n2,.nl1,n0)



nld - 7 - [nl2,n&,n0)

nl% - 8 = [Al3,. n?,.n6,n0]

n2d — 12 — [nl%,ni13,n7,n6,n0]
nZl = 19 = [n20,819,013,.n7,n6,n0]

n2? — 21 — [n23,nl17,nll,n%,n4,n3,02,nl,n0]
n23d - 20 - [nl17,nl1l,n5,nd, n3,n2,nl,no0]
n24 - 10 - [nl&,nl2,n6,nk]

n2: — 12 — [n24,nle,nl,nt,nd)

n2e = 17 = [n25,n24,nl8,nl2,n6,nd)

rdy = 21 = [R33,832,031,n30,n24,0l18,nl2, né,nd)
ng — 21 = [n34,833,n32,n31,n30,n24,nl8,nl2,n6,n0])
n2% = 22 = [n23,ni7,nll,n5,n4,n3,n2,nl,n0)

nifg 1z [n24,nl8,nl2, né,nd]

nil - 13 [n30, n24,nl8,nl2, nE, nld]

n3z — 14 - [n3l,n30,n24,nl18.012,n6,n0]

ni3 - 17 - [n32,n3l,nd0,n24,nle,0l2,n6,n0]

ni4 - 1% - [n33,n32,531,n30,024,n18,012,n6,n0)

a3h = 21 = [p34,n33,032,n31,n30,n24,nl18,nl12,n6,n0]
2180 msoeo.

yes
| = "p [ End break ]
[ End of SICStus execution ]

user time 136.700000

takagi@icotiz[4.3]y .. /sicsghe

*ax GHC System Vers, 1,98 on SICSTUS (1988-1-4)

#**+* by Takashi Chikayama and Shigeyuki Takagi, ICOT

**% based on DEC-10 Preleg Vers, 1.9 (1987-11-18) by Kazunori teda, TCOT

yes
| 7= ghooonpile( 'gdpath. ghe' ).
goodPath/3, nodeys6, filters3, END.
[compiling Jtmp/ghcald4458...]
[/tmp/ghcaldds5s coppiled in 30020 msec. )

yes
| #- ghc goodPath{a,h,Path).

79 msec,

Path = h * [e * [b * [a * begin,d * [g = [1]]l,9 » [4 * [b * [a * begin]]]],
i* []Js3 = [f = [e=* [a* begin]]]] 7

yes
| = "D { End break ]

[ End of SICStus execution ]

user time 31580000



takaglUicotiz(5. 3] .. /sicsghe

**® GHC System Vers. 1.98 on SICSTUS (1988-1-4)

*** by Takashi Chikayama and Shigevuki Takagi, ICOT

*#* hased on DEC-140 Prolog Vers. 1.% {(1987-11-18) by Kazunori Ueda, ICOT

veas

[ #- ghecompilaf'lifa.ghe"y,

life_game/ s, wr/3, make_mesh/4, make meshyss, make nodesd4, mg/3, temp_node/2,
end _rode/s2, con/2, nedesld, node_workl/H, node wark2/1l, node_worki/s,
node_workd 13, sends2, my_life/d, life test/1, END.

[compiling Atmpsghoalddsl. ]

[Atmp/ghealddé]l compiled in 16BR20 msec.]

ves

| ?- ghe life test(l},
[} 0 o L] 1] ] 0 a
o a a a 0 iy o 0
0 ] a 1] [} il a o
[H] 0 0 0 1 o [i] 4]
n +] #] o il 1 0 'y
1] ] 1] 1 1 1 ] ]
[i] o o 0 0 Q ] o
4] 0 o a Q 0 [ n

455 msec.

yags

{ 7= ghe life_test(5).
a 0 o " 0 0 0 o
[} o o 0 o Q o o
0 a i 0 1] L] o i}
¥ ] L] ] [i] [¥] 1] 0
o 0 0 o 4] 1 0 o
o 0 ] ] 4] o] 1 4]
o 0 0 0 1 1 1 0
0 [ 4] ] o Q Q ]

2280 mzeo.

veas

| 7= ghc life test(s).
o [} 0 ] 1] o 0 0
] [ 0 o o o 1] o
0 G 0 o o 0 ] 1]
0 0 o o 0 0 ] o
o o 0 o 0 0 0 il
o Jul { il L] a 1 o
1] ] Q 4] L] 0 ] 1
Q o 0 @ 0 1 1 1

IB40 mseoc,

yes

| - ghe life test(13).
1 L o Q ] 0 1 1
o a 0 0 0 0 0 i
¢ 0 0 0 0 0 0 0
0 4] a i} 4] W] o i}
n o 0 il o 0 o i
a o ¥] o o o 1] 4]
4] o o o o o ] 1
1 ] o o 0 1] 1] [+

5519 m=ec.



Veg
7= ghe life test(l1l7).

0 1 0 4] 4] L] il o
1 1 0 rTO o] 1] o 1
o o 0 ] o 0 ] o
0 0 a i) 0 Q 0 1]
0 o a 0 o [} 0 o
G a q 0 I 4] 0 o
0 a a 0 o Q 0 ]
1 a [t} 0 0 4] a 4]

7180 msec.

¥Yes

| o= ghe life teskb{21}.
0 1 [i] 0 [ o 0 ]
0 a 1 0 a o 0 o
1 1 1 0 a L 0 o
a Q 0 0 [ 1] o o
0 1] [i] 0 a 4] 0 o
] 0 1] 0 Q (] 0 i
0 ] [1] 0 0 i) 0 a
[ Q i o a 0 0 a

14219 meesa,

Vs
| = "p [ End break ]
[ End of S5I1CStus execution ]

user time 211.860000

takagi@icotiZ[6.3]> .. fsicsgho

=®* SHC System Yers., 1.9B on SICSTUE (1988-1-4)

=xwx by Takashi Chikavama and Shigeyuki Takagi, TICOT

#x% hased on DEC=10 Prolog Vers. 1.9 (1987-11-18) by Eazunori Ueda, ICOT

yes
| ?~ ghccompile{'lifel.ghe).

life_game/3, headder/2, headderl/3, headderl/3, homesl, erases/l, show/5,
show/4, start_node_ad/s1, node_ad/2, make mesh/2, make mesh/4, make_mesh/6,
make_nodels5, make node2/6, make_ node3/6, make nodedys6, make_nodeS/6, mg/s3,
temp_node/2, end_node/2, and_nodel /3, con/2, nodel/13, node wWorkl/s,
neighb_node_ad/2, node_work2/12, node_workl/9, podes/ld4, nodes15, node workd/16,
send/4, send_firsts5. send_alls4, my lifes4, life test/1, life testl/l, END.
[compiling Stmp/ghcald4?i6.. . ]

|/tmp/ghcal4736 compiled in 172220 msec. )

yes
?— gho life test(d).

TRY THIE on WT100 {11}
Lots of escape seguences are produced.

293% mseco.
vex
i # "D [ End break }

[ End af SICStus exescution |

uger time 188.060000



takagificot32[7.3]» .. /sicsghe

®** GHU System Vers. 1.98 on SICSTUS {19B8-1-4)

*#* by Takashi Chikayama and Shigeyuki Takagi, TcoT

***% based on DEC-10 Prolog Vers. 1,9 {1987-11-18} by Eazuncri Ueda, ICOT

Vas

| #- ghecompile('meflwl.ghe').

exl/l, nodes/5, entrances2, exit/6, nodes/14, outFlew/4, END.
[compiling Semp/ghealdB800.. .

[/tmp/ghcal4800 compiled in 137460 mseec, ]

Yes
| 2= ghe exl¢iog.
pa:n{[amauhtETJ,linkil.d},linktl,c};link{l,a},Iink{n,entrnnce1]}
pans{[amnuntfl:,linxiz,dj.link{H.b};link{l,a},link:u.entrancc}J}

return( [amcunt{1},link{ 0, entrance)] ]
pass{[nmcunt{l},link{l,d},linkflrca,link{1,a:;link{ﬂ,enttancejlj
pass{[amnuntqzj,link(i,d},linkil,hj,link{l.c},linkcl,a},link{ﬂ,rntraneej}J
return( [amount (3),link(0, entrance)]}

remain{node(a, (0,closed), (2,closed) )
remain(node{c, (3, closed), (0, closed) )

maxFlow{ 7}

139 msec,

vas
| = "D | End break ]
[ End ot SICStus execution ]

user time 138 980000

takagiicoti2(8.3]>» .. /sicaghe .

E® GHC System Vers. 1 9B on SICSTUS (1988-~1-4)

**% by Takashi Chikayama and Shigeyuki Takagi, I1C00T

®=** based nn DEC-10 Proleg Vers. 1.9 (1%87-11-18) by Fagunori Ueda, TCOT

yoo
| 2= ghecompile( 'mxflw2 . ghc'y.

ex/ 3, ex3/3, maxflow/5, genNodeList/s3, findInitAlleePE/3, genbiodes4,
find2Linkss6, findOtherLinks4, initNodes15, findLinkToExit/2, entrance/s3,
nede/17, sendhlloc/d, exit/6, outFlow/3, cutByPESL, totalByPE/E,
outMegByPEs4, END,

[compiling Stop/ghealdBi2, | ||

[Aemp/gheald®3? compiled in 393280 mszee. ]



yes
| #= ghe ex2(50, lnode{f,2),node(qg,3) . nade(p,.1)1], 1}.
allocate{node(f),pef2})

allocate| tll::ll:].l:t{lj Tepe(l))

push{50)

allocate{node(a), pe(l))
ope(pe(l),node{a),send_Lforward(50))

ope(pe(2) . noda{l), send_forward{25))

cpe{pe(ld), node(l), send forward{10),send_back({5}}
allocate{node(m) , pe{l1})
cpe{pe{), node(n), send_back({10))

ape(pe(l},node{q),send_forward(5))
pass( [amount {15), link(l, &), link{1l,d),link(1,e),link{2,q),link(1,1}),link{1,k},
link{Il,b),link(l,a),link{0,entranca)]y

epe(pa{l),node(q),send forward(5))

pass{[amuuntleJ,Link{!,e}rlink(?.i],1ink[l.m},link{1;q},link{Z;p],link{l;ﬂ:,
link{1,1y,link{l,k),ldink{1,b),link({l,a),link{0,entrance)])

ape(pe (i), node(h), send_back(5) )

terminate|pe!{l),node(p))
terminate{pe(l),node(qg)}
result{pe(l),node(a),opr(byFin{l)  byBin{4)}.status{(65,closed), (45, closad)})

resultipeil) node{g),ope{byFin{4),.byDin{l}),status( {5, closed), (0,closad) )}

maxFiow(40)
ope{pe{l),node([a.b,m, p.q] ) byFin{15) ,byBin{8},total{23}))
opeipe{d), node( [o.d,e,g,h,1)), byFin(20),byBin(5) ,total(25})
ope(pe(),nodel [f.3.k,1,n,0)),byFin{11),byBin(7},total (18)}
1639 mEec.

Yes
| #= ghe ex3{200, [node{ad,2).noda(c0,3),node(dd, 4},
node{nl,5),node{i5,6),node(l2,1),nodefl13,21], 1}.

maxFlow(83)

cpe(pe(l),node( [al,al,a2,a3,bd,h2,b3,bd4,20,12,m0,m2,n0,n2,00,02,03}),
LyFin{l172),byRin(89),total{271))

ope(pe(d),node{ [ad,a5,b5, 05,45, 84, a5, 14,£5,95,h5,13,14,n3,m4,n3,04] 3},
byFin(124),byBin{84),total{208))

wpe(pe(d), node ( iﬂﬂ':t‘lrCiadﬂfdl,dz.aﬂ.elfezrfﬂ: £1,91,492,h0,h2]},
bvFin(165), byBin(157),total{322))

ope{peid), node( [c4,d2,d4,e3,£3,93,h3,42,413,93,%2,%k3]),
byFin(171),byBin({123),total(294))

cpa{pe(b),node (gd,14,415,94,75,k4,%5,m5,n5, 051},
byFin(128}),byBin{l04),total {2327y

ope(pe(5),node( [h1,i0,11,30,31,k0,k1,11,01]),byFin{104),byBin(30),Lokalfl3d}}

£2%60 msac,

:r"EE
| == “n | End Bresk ]
[ End of SICStus execution |

usar time 445.320000

11



takagi@icob3dZ{9.3]» ../siesghc
www CHO System Vers., 1.9B on SICSTUS (1988-1-4)
*** by Takashi Chikayema and Shigeyuki Takagi, TCOT

*** based on DEC-10 Prolog Vers., 1.9 (1987-11-18) by Kazunori Ueda,

yes
| %= ghooempile| *pascal . ghe'y .

ICOT

paneal/l, paseal/2, pascal _go/3, max/3, result/3, result_writes3, next/3,
nextga/3, pascal/ 4, pascal_datasd, new_pascal/5, make pascal datays2,

make pascal datays3, END.
[compiling /tmp/ohealdd5l. . . ]
[Aimp/ghcaldd5] compiled in 27279 msec, ]

Ve
| - ghc pascal,
Binomial coefficient using Pascal's triangle
87.4.3. by Eiji Sugino
Give me Some integer |
ER N
1, 10, 45, 120, 210, 252, 210, 2120, 45, 10, 1, END
Runtime : 19 msec
Max coefficient : 10
moEe POy,
» 15,
1, 1%, 1053, 455, 1365, 3003, 500%, 6435, 64135, 5005, 3003,
Runtime : 39 msec
Max coefiicient : 15
more ¥ .
U meec.

Yes
| 2= "D | End break ]
[ End of SICS5tus execution ]

uger time 308650000

1345,

455,

105,

15,

1,



takagiicotiZ[U0. 3] ../ /sicaghc

#rw GHC System vers, 1.9%8 on SICSTUS (1988-1-4)

*+x% by Takashi Chikayama and Shigeyuki Takagi, ICOT

=** baged on DEC-10 Proleog Vers, 1.9 (1987-11-18) by Kazunori Ueda, ICOT

yas
| 7= ghoocompile( "tep.gha'y.

tep/d, tep/d, tepl/2, lnot/7, rnots7,. land/7, rand/7, lor/7, ror/7, limpl/7,
rimplys7, leguiv/7, requiv/7, decompose/3, decompose decidesd,
decompose_decidel/d, decompose_decidel left/2, decompose decidel right/2,
check_anss/3, check_ansi/3, decomposels5, pps3, pp_subproof/3, member/s3,
mergesd, intersect/3, intersect decides4, tepsl, tep _go/sl, END,

lcompiling /tmp/ghcald852. . .]

[/empsohealdds? compiled in BESO0 maees. )

y!'..ll
| #- ghe tep _go(l).
[[1.0c7 7 a <= a3l
requiv
(1" 7 al.ial]
lnot
{1,107 a.al]
rnot
[{a),[a]]
axion
[ral. [ 7 all
raot
[{ a.al.l)}
Inot
[lal,[a]l
AXLOm
119 msec.
yas

| =- ghe tep _go(2).
(01,0 ¢ a /M ajyll

rnot
17 a ~ oall [l
land
(17 a.al, (1]
lrot
[[al.[a}]
axiom
19 meas,
Yer



| == ghe tep_go(3).
LT 007 (b oy 2y =3 7 BNy 7 oayl)

reguiv
L7tk A a7 by 7 al
Inot
1.6 a. ™ by 7 oall
ror
(010 /e, b7 al)l
rnol
[ibl. (b /A a,” all
rnot
(fa,b)l,[b /M all
ramd
[[a,bB],{k]]
AXLom
[[a.b].[a]]
. . axion
(1 bW al,[” (b A oanll
ro;t
(b /Aa” by 7 al, (]
land
[[b.a,” b/ 7 aj, Ll
lor
flb,a,” BY,[1]
Lnot
[[B,al.[bl]
axiom
[{b,a,” al,[i]
lnot
[[b,al.[a]]
axiom
119 msec,
Yes

— 14 —



| ?- ghco tep_go(d).
(11007 (b s ay <=2 " b AT a)ld

reguiv
£ (b arl. [ b 7 all
lnet
[[1.0b %/ a.” b /A all
Irar
il ib.a,” b~ 7 oall
rand
(11, Ib,a,” B]]
rnot
{[b]l.(b,all
axicm
[[1,[bsa,” all
rnat
flal,[byall
SAX1Oom
7 b /A T al, ™ (bA/ alll
land
(17 b, al,[” (b a)il
lnct
(17 al. [k, (b N a)l)
1nob
[0l lasb:” (b N/ a)))
rnot
(b NS 2]l [ab]]
lor
[[B),[a,b]]
axicom
[Ta):[a,b]]
AX1Om
240 moec,
yan

| ?= ghe tep_goi3).
[[1.0¢(b -» a <=>» ~ a - " Byl
Faguiv
[[fb =* ayl.i{ a =¥ "~ b)l]
rimpl
17 a,ib =% ay). [~ b)]
lnat
[l[eb =» a3i,[a.” bl
Enot
[{b,{b -» a}).la]]
limpl
[[b],{b;a]]
AX1Om
[[b,a].[a]]
axiom
[ a-» 7 byl.[(k =+ a)ll
rimpl
[(L,{ & -* " kil,lall
limpl
fibi, 1" a,al]
rnot
[la.b],[a]]
axiom
[[k,” bl,fal]
lnot
[[B].[B,al]
AX1om
239 msec,

e



| - ghe tep_go(6)
FL}efe™ qb =2 a) = b A7 ayll
reguiv

[[7 b ~» &3], [b /A 7 all

lnot
(0. [k -» a),b 7 all
rimsl
[{b],[a,b /\ 7 al)
rand
[{b];[a,b]]
axiom
[[k], [a,” &l]
rnot
[[a.b],[a]l)
axiom
(b A7 al, ™ (b > ay)]
land
LB, al, 7 (h = a3l
lnot
[[bl.[a.” (b =3 a)]l
rnot
[[{b % a),b],.[a]]
limpl
{[b],[b,al]
axiom
[la,B],[al]
axiom

17% m=sec,

ves
| 7= ghe tep_qu(7].
[[1,0¢7 a s b¢ra-r b1l

requiv .
[[7 a™/ Bl [{a -» b)]]
rimpl
[la;,” a % b),[b]]
lox
[(a,” a},[b]]
lnot
[[al/[a,B]]
axiom
[[a.b),[h]]
axiom
flta -2 b)], 1" a \/ bl}
ror
[[(a =» B)].[" a,b])
rnot
[[a.{a =» byj,(b]]
limpl
[[a):[a:b]}]
Caxiom
{{a,b},[b]]
axiom
180 msec,
yes



| #- ghc tep_go(d).
[E1.[tira ¢=3 by €=% o) <= {a <=3 (b <=} )11}
reguiv
[l{fa <> b} <> e)l.[ia <=2 (b <> ))]]
leguiv
[[fa <=} bi.cl.[{a € {b <=* c)31]
leguiwv
[la,bee)y[{a <=» (b <=2 c}}]]
requiv
[[a,a.b,cl,[(b <=2 £}]]
reguiv
[[B,a,8,b,21,0c]]
axiom
[[cra,a,b,2] s E0]]
AX1CHI
[[{b <=% o),a,b,c],[a]]
axiom
[lel, {ab,{a <=* (b <=* 2311
reguiv
[{a,c) . [a,b, (b <=3 &)]]
axiom
[{({b <~ c),c),la,b,a]]
legquiv
[[b,e,e],la,b,a]]
axiom
[[=),[b,csa,b,a]]
axicm
[[I.0ta <= B},e,{a <=> (b <=2 c})1]
reguly
[lals by, fa <=2 (B <= a)p)]]
reguiv
[[a,a],[b,e. (b <=3 2}]]
reguiv
{[bia,al,[b.e.2]]
axion
[[ceacal, [bee,b]]
AX10m
[tk <= oy al,[bre,al]
axiom
[[b),[a,c,{a <= (b <= £3}]1]
requiv
[fa.B).la.e. (b €2 a)]]
axiom
[[(k <= c),bl,[a,c,a]]
Lequiwv
[[bicihld'[al'cfa]]
axiom
[[B].[b,c,a,c,a]]
axiom
[[ta <=2 (b > e)y). [fi{a <=3 b} <=} )]}
legquiwv
[fa, (b <= )], [{{a <> L) <=3 c}]]
lequiv
[[a.b,e],[f{a <=} By <=} &)]]
requiv
[[{a <=* b),a,b,2),:[e]]
axiom
[[e.a,b,e]l. [{a <= b}l
requiv
[{a;c,a,b, 2], (b))
axiom
llh:ﬂ:ﬂ:b:clrl‘]]
axiom
{laj lb,e,{(a <=> b} <=3 e}]l
regquiv

—-17 —



[[ia <=2 b).al.[b,e.el]
lequiv
[la,b.a], b, e, )]
axiom
[[a),[a;b:b,c,c]]
axicom
[[o,a),(b,a,(a <=2 bi1]
X i0Om
{[):[a.{b ¢=> ). ({a <3 B} <> @11]
ragquiv .
[[B]l,[a,c,{{a <=3 by <=> )]}
reguiv
[[{a =% b),bl,[a,c,e]]
leguiwv
{la,b,b],[a,c,e]]
axiom
[[b].la,b,a,c,c]]
axiem
[[e.b],[a,c,{a <= b)]]
Axionm
[[el.la;byifa <=3 b) <=3 c3il]
reguiv
[1{a <=% by,e],[a,b,e]]
axion
[[‘::c]:[ﬂ.—bffﬂ. <=3 bill
reguiv
[la.,e,c] [a:b,b]]
axiom
{[hitac]r[ﬂ.;b,-ﬂ]]
axiom
TG0 mseg,

ves
! F= I [ End break )
[ End of 5ICStus execution |

user time 99.520000



takagifficot32{11.3]» .. /sicsghc

#*% SHC System Vers, L, 95 on SICSTUS (l988-1-4)

*%% Dy Takashi Chikayama and Shigeyuki Takagi, ICOT

#%% baged on DEC-10 Preleg Vers, 1.9% (1987-11-18) by Kazunori Ueda, ICOT

Y
| »- ghecompile{'waltz ghc').

waltzl/ 0, waltz2/0, waltzi/ 0, waltzd 0, waltzly/1l, waltzi/s 1, waltzi/s1l, ana/s3,
conv/5S, convl/4, wryl, waltz/3, waltz_go/2, p/5, pl/%, send/3, sendlys2, ack/5,
ack s/5, sames3, acklyd, filtack/5, junctions/2, filter/d, filter/5, filterl/3,
append/3, filter2/s5, END.

{compiling /tmp/ghcaldB3d...]

I/tmp/ghealdBsd compiled in 130920 msec.)

1]
i

#= ghc waltzl.
a — [{in,p,out)]
1 - lfout,nil,inj]
a - [{in,p,out)]

-t - {p.p.pil
1
L=8
1

= [{oubt,nil,in)]
= {{in,p,out)]
= [f{out,nil,in}]

B A L
|

]
[1]

#= ghec waltzld.

¥

I

1-a= [{in,p,out)]

2 =1 = [{ouL,nil,in}]
3= & = [feut,in,in}]
4 = 1 = [{out,nil,in}]
L & [{in,p,out)]

6 - 1 - [fout,nil,in)]
7 - a - [{in,p.out)]

g — 1 - [fout,nil,in}]
§ -t - [{p:p:P}]

10 —a = [{p/m,p)]

11 = 1 = - [{out,nil,m}]
12 = a = [(in,p,out)]
13 - £ - [(p:pP:rP}H]
378 msec.

YU

| P— ghe walted.

T — a = [{in,p,ouk}]

2 -1- [{out,nil,.in)}
3 - a= [{(in,p,out)}

4 = 1 - {{out,nil,in}]}
5 - a Tiin,p,out}]

6 — 1 — ifout,nil,.in)}
-t - {{pepepd)

B =-a- i({pmp))

G - £ = lfFrFrPJ]

16 — a - [{p,n,p:]
11 = £ = [{p:p:sPI]
12 — a - [{PJIJ'PI:]
13 - £ - lim.m,=m)1
400 msec.

yEE

| »- gho walteod.

1 a — [(in,prout)]

2 -1 = [[{eut,nil,in)]
3 a
4 1

= [tin,p,out)]
= [fout,nil . in)]



5 — a — |(in,p,out}]

6 = 1 = |{in,m,out}]
f=a - l{in,p,out}))

8 - 1 — [(out,nil.in}]
g = £ = [{r-prpil

10 = a = [{p,m,pll
11 - £ - Lip.p. P2l

300 msec.

yes

| = "u [ End break ]

[ End of SICStus execution ]

user time 143040000



bpl.doc

{0y Date: 27-Jul-87, written by A. Okumura
Hedified: 25-dec- 87 by 5. Takagl

{1} Program name: bestpath_layered
{best path problem using the layered-stream method)

(2} Author: &. Okumura, ICOT lst Lab.
{3) Runs on: GHC on DEC 2065

{4) Description of the Problem:

M bost path secarch prablem on a network.

The network consists of noedes and arcs, Each are connects two nodes,
h node is connected to at least one are. Each arc has non-negative
aast. A path iz a reute from & given start node to a given end node
through arvitrary arcs. Cost of & path is defined as adding each cost
wf arcs which constructs the path.

This problem iz to find a minimum cost path between the start and the
end node.

{5) Algorithm:

Hode names and edge costs are propagated in seguences along edges, I
a nede receives a sequence which includes the pame of the node itself,
Lhe Sojuenos i eliminated. wWhile £he :".hlal::k, the total co=t of the
zequence is caleulated. It is also propagated to other checking
processes, and no more sequences which have higher ecosts than it is
osutput from any nodes. If the goal node recelives a sequence from the
start node which does not include the name of the goal node, it iz a
candidate to be output. After the goal node receives the last input,
the candidate seguence which has the lowest cost is output as an
ADEWET .

(6) Procecoo structure:

One process is generated for each node. A node process prepares a
pair of its node name and a lavered stream as its output, The stream
holds good paths from the start node to that node. The lavered stream
is made from Lhe input from its neighbors by eliminating non-good
paths. HNon=-¢good paths mean that the paths contain the current node
name e, some loop is in the path) or which have higher cost than a
path already output.

{7} Pragma:
Hot set yet,
(8} Program:
Top=level predicate is "bestPath/3%.
This predicate defines the configuration of the graph,

generates a process for each node of the graph,
and layered streams are set up along the edges.

Prodicates like "graphM/i" are the subsidual predicate of "bestPath/3".
They are for deviding the graph to smaller subgraphs so as to be
compi led.

"node /8" produces the primary cutput bindings for sach node.

The first clause of nodes8 is for the starting node.
The second clause Lz for the goal node.

J— EI —



A% Copyright (o) 1987, 1988, Institute for New Generation Computer Technology.
A1l rightzs reserved.
rermission to use thls program is granted for academic use only. */
bestPath({5,G,Path) - true |
node{Min,Fin, §,G,nd, [2-N1,1-N6] N0, Path),
node(Min,Fin, 5,G,nl, f2=N0,3-N2, 2-N7] .81, Path},
node(Min,Fin, 8,0, n6, [1-N0,1-N7,2-N12] K6, Path),
node(Min, Fin, §,6,n7, [2-N1,1-N6,3-N13] ,N7,Path),
node{Min,Fin,5,G,nl2, [2-NH6, 3-N13,4-N18],M12,Path),
rnode (Min, Fin, 5,G,nl3, [3-HT, 3-H12, 5-N14,3-N19],813, Path),
graphl(Min,Fin, 5,G,Path,N1,N2,N12,N13 ,§14,K18,H15) .

grﬂPhI(Minr Fin ] S'p G} Fath ;NliNEiNIE; W13 ,ng; N1 E;ng} := truea |
node (Min,Fin, 5,0, n2, [3-N1,4-N3,4-N3],N2,Fath),
node{Min,Fin, 5,G,n3, [4-K2, 2-N4, 4-N9] , N3, Path),
node (Min, Fin, 5,6, n8, [2-N2, 3-N9,4-H14],N8,Pathy,
node (Min,Fin,5,G,n9, [4-N3, 3-N&, 6-N10,8-N15] ,N%,.Path),
node (Min, Fin, 5,G,nl4, [4-N6,5-HL3, 7-H15] ,N14,Path),
nede(Min, Fin, 5,6, nl5, [8-N9, 7-N14,9-N21] ,N15, Path),
graph2{Min,¥in,S, G, Path,N3,N4,H9, N10,N12, 813, 15,18, H19, K21} .

graph2{Min,Fin,5,G,Path, N3 N4, M9, N10,N12,N13 ,H15,18,N19,H21) = true |
node{Min, Fin, 5,6, nd, [2-N3, 1-N5, 3-N10] M4, Path),
node (Min, Fin, 5,6, 05, [1-M4,1-M111, K5, Path),
node{ﬂin.?inxs,ﬁ.nlﬂf[3—N4.6—H9,2—H11,6—Nlﬁ],Nlﬂ,?ath],
node({Min,Fin,5,G, nll, [1-N5,2-N10, 3-N17],H11, Path),
noda{uin,rin,s,ﬁ,nla;Lﬁ-Nlﬂ,#-ﬂl?r?-ﬂzzl,Hlﬁ,PnthJ;
nnda(ﬁin,?in,s,ﬁ,nl?,[E-Nllrl—ﬂlﬁrl-ﬂi3],Nl?.Path},
graph3(Min,Fin,§,G,Path,N12,N13,N15,N16,N17, N18,N19,N21,N22,N23) .

graph3(Min, Fin, 5,G,Path,N12,N13,N15,N16,H17,H18,N19,N21 ,N22,§23) :- true |

nade{Min,Fin,5,G,nl8, [4-N12,2-N19,3=N24],N18,Path),
node{HLn;Fin,E,G.nlE.E}—N13,3~H13,4—H2ﬂ],NIB.PuthJ,

nede(Min, Pin, 5,6, 24, [3-N18,2-N25, 2-N30) ,N24 ,Path),

nede(Min, Pin, 5,6, n25, [2-N24,5-N26, 2-N31) ,N25, Path),

nede{Min, Fin, 5,6, 030, {2-N24,1-N31] ,K30,Path),

node{Min, Fin,5,6,n31, [2-H25,1-N30,1-N32] ,N31,Path),

graphd(Min, Fin, 5, G, Path,N15,N16,N17,N19,N20,N21,822, H23,N25,N26 ,H31,N32) .

graph4iHin,Fin,SJG,Pnth,Nlﬁrﬂlﬁ,Nl?,HlB,NED,Nll,NEi,H?J;HEE,NEE;HEl.HJﬂj t— true
node{Min,Fin,5,G6,020, [4-N19,7-N21,6-N26],N20, Path},
nade(Min,Fin,5,G, 021, [9-N15,7-N20,8-N27] ,N21, Path),
noda{l‘lirl,!'ilh 5,6, n26, [E‘H:nf 5‘“25;3‘“32] H26, Pﬂth_:l ’
node(Min,Fin,5,G,n2%, [B-N21,3-N28,4-N33),N27,Path),
node({Min,Fin, 5,G,n32, [3-N26,1-N31,3-N33] ,M32,Pathy,
nudn{Min.Pin,S,G,n33.II-NZ?;3—N32,2-H34},N3!;Path),
graphﬁ{Minfrin,5,G.Path.Hlﬁ,Nl?;ﬂl!,ﬂi3,HZT.NEB.NJB,HJ!}.

graph5(Min,Fin,5,G,Path,N16,817 ,N22,N23,N27,N28,N33,N34) - true |
noda(Min,Fin, §,G,n22, [7-N16,1-N23,5-N28],H22,Path),
node(Min,Fin,5,G,n23, [§-N17,1-N22,2-N2%],N23,Path},
node(Min,Fin,$,G,n28, [5-N22,3-N27,2-N29,2-N34] ,N28, Path),
nﬂde{Hin,Ein,S,G,nlB.I2—N2],2~H2&,1-N35],Nzi,Path},,
node(¥in,Fin,S,G,n34, [2-N28,2-N33,2-N35] K34, Path),
nndetuin;Fin,S;G;n]j,Ll*NZB,!-Ni#],NSi,Path}.

node(Min,Fin,_,G,G,In,0ul,Path) := true |
Out = nil, lastFilter(Min,Min.0-[G],nil,In,Path), anmounce{Path, Fin) ,
node(Min, _,8,_,5,_,0ut,_} :- true | Qut = S*begin.

node(Mind,Fin, 5,6, N, In,0ut,_) :— § \= N, G \= N |
filter(Fin,N,Min,Minl,0,In,Inl), Out = M+Inl,
minMerge(Fin,Mind, Minl,Min}.

annocunce(_-_,0ut) :- true | Out = fin.

22 —



"filtez7" is for filtering eut paths that include loops.
"minMerges4” suppress the output which has higher cost than the former one.
"lastFilter/6" outputs the path whioh has the lewest cost,

(9} Source f{ile: bpl. ghe
This Doocument: bpl, doc

{103 Examples:

Invocation:
bestPath({Start,Goal,Path).
where Start is the starting node,
Goal is the goal node,
and we get all the best pathes between Start and Geal
as the third argument Path.
For example, run bestPath{n0,nll,Path), We get the following result.
Fath = 13-[[n0,nl,n?,n3, n4,n5,n11]]
{11) Evaluatien daca:

Nut recorded here,



filter(fin, . + + _«_s_2» 1~ true | true.

filter{Fin,Node, [Minl,®in2 |Mins],Min,Cost,Tn,0ut] :=- Minl »= Cost |
filter{Fin,Node, [Min2|Mins) ,Min,Cost, In,0ut) .

filter(Fin,_, [Minl|_].Min,Cost, ,0Out) := Minl ¢ Cost | Min = [], Que = [].

filter(¥in,Node,Mins,Min, Cost, |C-Node*Inl | Ins),0ut) - true |

filter(Fin,Node,Mins,Min,Cost, Tns, Out) |
filter{Fin,Node,Mins,Min,Cost, [C-nil]Ins},out) - true |
filter(Fin,Mode,Mins, Min,Cost, Ins, 0ut) .
filter{rin, Node,Mins,Min,C0, [C-N*1rl|Ins],Out) :- N %= Node |
Cost = COIC,
filter(Fin,Node, Mins, M1, Cost, Inl,Outly,
filter(Fin,HNode,Mins,M2,C0, Ins,0uts),
minMerge(Fin,M1,M3,Min),
Out = [C-N*Outl|Outs].

filter(Fin,_,_,Min,Cost,begin,0ut) :- true | Min = [Cost], Out = begin.
filter{Fin, , ,Min, .[],0ut) :- true | Min = [], Out = [].
lastPilter([Minl,MinZ|Mins],Min,Cost-8tack,Prev,In,0ut) :— Minl »= Cost |

lastFilter( [Min2|Mins),Min,Cost—Stack,Prev,In,0ut),
lastFiltex( [Minl| ] Min,Cost— ,Prev, ,0ut) :- Minit < Cost |

Out = Prev, Min = [].
lastFilter(_,Min,Cost-5tack,nil,begin,Qut) :- true |

out = Cogt-[5tack],. Min = [Cost].
lastFilter(_.Min,Cost-Stack,lost~Pathl,begin,0ut) :- true |

Out = Cost-[Stack|{Path0], Min = [].
lastrilter({_,Min,Cost-_,Cost0-Path,beqgin,Out) :- Cost ) Costl |

Qut = Cost0=-PathlO, Min = [].
lastPilter({_,Min,Cost-Stack,CostO—_,begin, Out) :- Cost < Costd |

Out = Cost=[Stack], Min = [Cost].
lastFilter(_,Min, ,Prev,[],0ut) :— true | Cut = Brev, Min = [].
lastFilter{Mins, Min, Stack, Prev, [ —nil|Tns],0ut) - true |

lastrPilter(Mins,Mih, Stack,Prev, Tns, Qut) .
lastFilter(Mins,Min, Cost—-5tack,Prev, [C-N*Inl]Ins],0ut) :— true i

Costl := Cost+C,

lastFilter(Mins,M1,Costl-[H|Stack] ,Prev, Inl,Mid),
laStFiltertMins,ME,Cust-Stuck,Hid,Ins;ﬂut}.
minMerge{_,M1,M2,Min),

minMerge{fin, ,_,_3 :- true | true,.

minMerge(Fin, [M|A],B,0ut) := true | Out = [Mlouts], minMl(Fin,M,A,B,Outs).
minMerge (Fin, &, [M|B]l,0ut) :- true | Out = [M|Outs}, minMl(Fin,M,A,B,Outs).
minMerge(Fin, [],In,0ut) :- true | Qut = iIn.

minMerge{Fin,In, [],0ut} :- true | Qut = In.

minMlifin, _,_,_.,_) :— true | true.

minM1{Fin, M0, [M|A],B,Qut) :- MO » M | Out = [M|Outs], minMl({Fin,M,A,B,0uts).
minM1{Fin, M0, A, [M|B],Out) :- M0 > M | Out = [M]|Outs], minMl{Fin,M,a,8,0uts).
minMi{Fin, M0, [M|A],B,Out) := MO =< M | minM1{Fin,M0,A,B,0ut)._
minMl{Fin M0,A, [M{B],Out) = M0 =¢ M | minM1{Fin,M0,A&,B,0ut),
minMl{Fin,M0,{].Tn,0uty :~ true | minM2{Fin,M0,In,0ut),
minM1{Fin,M0,In,{],0ut} :- true | minM2{Fin,M0,In,0ut).

minM2(finm, _,_,_) :- true | true. .
minM2(Fin, M0, [M|In],0ut) - M0 > M | Out = [M|Outs], minM2{Fin,M,In,Quts].
minM2(Fin,M0, [M|In],0ut) :— M0 =< M | minM2{Fin,M0,In,0ut).
minM2{Fin, . [].0ut) := true | Out = [].



bpman . doo

(0) Date: 3-Jup—87, writtem by K, Taki
HModified: 25=Dac~87 by 5. Takagi

{1} Program name: bestpath

Bestpath program uging a single monitor process
{2) Author: K. Taki, ICOT 4th Lab.

{3} Runs on: GHC on DEC 2065

{47 Deseription of the problem:

A best path search problem on a network.

A network is constructed from nodes and arcs. Each arc connects two
nodes. A node is connected te at least one arc. Each are has a
nen-nedgakbive cost. A path is a route from a given start node to a
given end node through arbitrary arcs. The cost of a path is defined
as the total cost of arcs forming the path.

The problem is to find the minimum cost path when the start and end
nodas are givan.

(%) Algorithm:

In Lhis path secarch algorithm, each growing path is an activity.
It ig called a process here

L process has a state. The state contains path information and the
cost of the growing path. The procdess has traversed the path and the
cost is the sum of all the are costs in the growing path.

The process forks traversing arce and expands ite path information.

There is another activity called a monitor process. The monitor
holds the current best path information at any time. When a new bast
path is found, the monitor broadcasts the new minimum cost t5 all the
procecgas.

i. Hormal process activity for expanding the path:
When a process arrives ak a node,
the process checks whether Lhe pode 15 the end node or not, and
whether a broadcast message arrives or nob,
If meither is the case,
the process checks whether the node has bean visited the
first time.
if not, the process terminates at once,
1f that node has been visited the first time,
the process records the node number as ite path information.
The process forks by n eaccording to the number of connecting ares,
and newly forked processes travel aleong each connecting arc.

& new forked process adds the are cost to its cost information,
and the forked process visits the next node,

ii. When a process arrives at the end nede:

When a process arrives at Lhe end node and no broadcast message has arrived
{it. means that a new path has been completed).

The process reporte the state information to the monitor process,

then terminates itself,



iii. Momitor procoess activity:
When the monitor process receives the reported state information,
it compares the reported cost with its own recorded cost (minimum cost).
If the reported cost is higher,
the monitor process abandons the reported information.
Tf{ the reported cost is equal to the recorded cost,
the menitor adds the reported path information to its recorded
{beat) path information.
If the reported cost is lower tham the recorded cost,
the monitor changes the whole record with the reported information,
and broadcasts the reported cost to all the live processes.
(This means that the reported cost is the minimum detected
by the monitor.)

iv. When a broadcast messaqe arrivas at a process:
When a broadeast message (hewly reported minimum cost) arrives
at a process, the process compares the broadeast cost
with its own cost,
If the broadcast cost is less than or equal to its own cost,
the process terminates itself at apnoe.
{This means that there is a better path.)
If the broadeast cos=t is higher than its own cost,
the preocess continues to operate as long ac its own oozt
deoes not exceed the bhroadeast cost.
If its own cost exceeds the broadeast cost, the process terminates.

¥. Termination:
When all the processes except the monitor terminate, the information
recorded in the moniter process is the best path information,

(6] Process structure:

There are one monitor process and many path processes,
Path processes fork according to the network graph.
Report streams of the forked path processes are merged
and connected to the monitor process.
The broadeast stream of the monitor process is shared by all path
Processes.

{7) Pragma: Wot supported
{8} Program:

bestpath/1: Top level

evaluater/5: Menitor process

path/6: Path process

BAT: This predicate checks loopa,
If the path has a loop, that path is terminated at once.
It it does noet, the connecting arc list (edge list) is
selected and path/6 is recursively called.

edge,/ 2 : Network data

(%) Source file: bpmon. ghec
This document: bpmeon.doc

— 26 —



(10) Examplus:

Network:

2 3 4 2 1
n=———o nl-——— nA————= Bimm—— D =m=mep 5
| | I | | I
|1 {2 |2 |4 |3 1
1 3 | s | 2z |
n&-————n7 ni-=--- n9——-- nli----nll
| | I i | |
I2 |3 |4 |8 |6 |3
b3 | s | 7 | o4

n1a———nli-—~=nlé==—=n15 nl6———nl7
| | I I I
| 4 ] ] 17 |2
[ 2z | & 7 [

nig-——-nl3 n2f0----p2l nii-———nii
I I f f |

3 |6 i 8 |5 [2
2 5 | 3 | 2 |
ndg====pi=———nih na7=—==—n2f====n29
I ' i I | !
|2 I2 | |4 |2 |1
[ 1| 11 3 | 21 2|
nig- nil----n32 ni3 HEER! nis

Start the program:

‘— —_—— - e e e e T ——— —————

4% Example on GHCI svstem

yes
| 2~ ghc bestpath(n@,nB,Ans).

25% reductions and 54 suspensions in 34 eyeles and 449 msec (5746 rps)
The maximum number of reducible goals is 16/28 in the 25th cycle,
The maximum length of the gqueus iz 29,

Ang = 7={[n8,n2,nl,n0]}

yes
| ?- ghc bestpath(nl5,n22,Ans}.

4115 reductions and 666 suspensions in 86 cycles and 6700 msec (Gl4 Ips)
The maximum number of reducible goals is 114/207 in the 49th cycle,
The maximum length of the gqueus is 208.

Ans = 24=[[n22,nd¥,nl?,nll,n3,n4,n3,n%,nl5],[n22,n23,nl7,n1l1,nl0,n%,n15]]

%% This example shows that there are two best paths with the same cost.



{11} Evaluation data:

Measurement of bestpath problem in GHC3 'B7.4.2 TAKRI
suspensiocns max reducible goals w3
route reductions cycles  msec TS at nth-cycle*l gueue leng,

Taki=-monitor=-method

nit=n7 57 13 17 aa 281 9/11atll 11
nid-nl4 576 113 51 876 Loy 31/43at2s 18
nd-n21 4991 773 108 7935 628 144,/260ak55 260
nd-nzg 23386 2868 135 18175 612 537 /8%1ac89 299
nd-nds 318l 4049 153 26952 136 1158/2146aL91 #1446
nd4-nii 158985 2006 108 25732 617 391/720at64 720
nié-nin LR 1038 120 10455 6l4 146/269at43 259
nl3i-nlH B334 1153 107 13815 1ok 173/7295%at74 314

Tehiyoshi-method (bestpath_termdet ichiyoshi.ghe)

nd=all 4592 G586 393 23026 1949 42/72at68 162
ni-all 4493 803 89 22183 202 42/135at87 164
#li-all 4778 1008 383 23525 203 44/158at112 160

- i = e e e o o o e i i e

*1  AfBatC: A = maximum number of reducible goals
B = number of goals (gueue length) when A is measured
C = cycle number when A is measured

=2 gueue leng.: maximum length of quoues




/® Copyright (e) 19587, 1%88, Institute for New Generation Computer Technology.
£11 rights reserved.
Fermission to use this program is granted for academic use anly, =/

Ho—————e Bestpath problem ———————
% { Taki-monitor-method )

bestpath{Start,Goal,Best_path) := true |
edge{Start . Next),
path(Nexti,Goal,.0*[{Start] . Path,Besl cost,10000),
ovaluator(Path,Best cost, 10000, [],Best_path),

evaluator([Tatal_cost*?athlﬂext],E&st_ccst,ﬂast_wurk.Path'yark.ﬂcst_puthj =
Total_cost ¢ Cost_wark |
Best_cost = [Petal esost|nu],
cvaluator (Next,HN, Total cost, [Pathl,Best_path).

evaluator( (Total_cost*Path|Next],Best_cost,Cost_work,Path_work,Bast_path) :=
Total _cost = Cost_work |
&vn]unfnrtxéwr,ﬁﬂﬂf_rnsf,Cost_yark,[FathlPuth_ynrk],Best_puth}.

Ewaluatar{[IDtul_;cst*Path|Hext],Best_cust,Cast_wark,Path_wuxk,sg;t_pqthj =
Total _cost » Cost _work |
evaluator{Hext,Best_cost, Cost_work, Path_work, Best_path).

evaluater([],Best_scost,Cost_work,Path work,Best path} :— true |
Besl cost = [],
Bost path = Cost work*Path_work.

% prior ;

path({Hext, Goal,H1S, Path, [A_best_cost|Cost_next],Best_cost_work) :-
true | path{Next,Goal,HI5,Path, Cost_next.A best_cost}.

% and priocr ;

path{ ., .Acc cosLt* PO, ,B work) :=
Boco_cost = B work | PO = [].
path[hknin*cnﬂrluqxf].Gmal;Rccﬂcost!History.Pu,E_cost,B_yark} 1—
hee_eest { B_weork, Goal M= Hede |
piHistory,Goal,Node, *(Acc_cost,History.Cost),P1,B_cost,.B_work),
path(ext,Goal, Ace_cost*History, P2, B_cost,B_work),
merge{Pl, P2, PO},
path({[1,_._,B0, , ) :~ true | BO = [].
path{ [GCoal*Cost!Next),Goal,Aco cost*History,?d,B_cost, B_work) :=
hee cost { B work |
Total cost = hoo_cost + Cost,
P00 = [Tatal_eost*[Goal|Histery] |P11,
path(Next,Goal, Ace_cost*listory,Fl,B_cost,B_work).

pi[HlHs],Goal N, HIS, P0G, B_cost,B_work) 1= N 3= NI |
piWs,Goal ,N,ATS, PO, B_cost,B_work) .
pill.%al K, *{hce_cost  History,Cost) ,P0,B_cost B _work) := true |
adge{MN,Next next),
Hew_ace cost := hee_cost + Cost,
path{Hext_next,Goal.Hcg_nccﬁccst'[NIHistary],Pﬂ,n_cnst.ﬂ_ynrk].
p{[n|_1._.N,_.FO,_,_) := true | PO = [].
edge{nl,Nodes) :— true | Hodes = [nl*2, nexl] .,
edge{nl,Nodes) :— true | Hodes = [nO#*2,nd*3, n7a],
cdge(n?,Nodes) - true | MHodes = [nl#*3,m3*4,nB=2].
edge({n3,Nodes) :— true | Hodes = [n3=4,nd*2, no=4].
edge(nd,Nodes) :— true | Nedes = [n3#2 nS#1,nl0=3].
edge(ns,Nades) :- true | Nodes = [nd*1,nllw*1].
edge(nt, Nodes) ;- true | Nodes = [mO*1l,n7+1,.nl2%2].
edge(n7,Nodes) :- true | Modes = [pl=2,n6+1,nl3%3],
edge(nd,Nodes) :— true | Nodes = [n2=2,n9%3,nld=4],.
edge(nd, Modes) :— Lrue | Hodes = [n3=4,nB#3,nl0%6,nl5%8).
edge(nl0, Nodesy :— true | Nodes = [nd4+3,n9%9*6,nll*2,nl6%6].
adge{nll,todes) :- true | Nodes = [n5#*1,nl10%3,nl7+%3}).
edge{nld, Nodes) = true | Modes = [(RE*2, n13%%, n18%4] .



edge(nl13,Nodes) = truc | HNodes = [n7#3,nld+*3,n1dv5,n19*3],
edge {nl4d ,Nodes) = true | Modes = [nB=4,n13+5,n15+7].
edge{nls,Nodes) = true | Nodes = |n9+8,nld*7 n2lxg].
edge {nlé,Hodes) =~ true | Nodes = [nl0=6,nl7+4,n22%7].
edge(nl?,Nodes) :1— true I Nodes = [nl1l1*3,nlé6+4,n23%4].
edge(nl8,dodes}) :— true Hodes = [(nl2+4,nl9+2,n24%3],
edge(nl%,Nodes)y - true | Nodes = [nl3*3, nlf*2,n20%4],
edge(nil, Nodes) - true Nodes = [nl9w4,n2l=*7,n26=6],
edge{nil,Nodes) :- true Nodes = [nl5#*%,n20=7,n27=8].
edge{nd2,Nodes) - Lrua Hodes = [nl6*7,n23*1l,n2B=5].
edge{nd3,Hodes) - true Hodes = [nl7+4,ni2*1,n29*3].

Hodes = [nlB*3,n25%2,n30*2].
Nodes = [n24=3,n26+*5,n3l1=2].

edge (n24, ¥odes) = true
edoge (n25, Nodes) = true

|
|
|
|
|
I
|
|
edge(n2%,Nodes) :— true | Nodes
i
|
|
|
|
|

edge(nis, Nodes) - true Nodes = [n20=*6,n25+*5,niz*3].
edge(ni?, Nodes) :- true Nodes = [n21#8, n28+3,.p3dr4].
edge(nid,Nodes) :- true Nodes = [n22%5,n27%3,.n29%2, n3d4=2].
= [m23%2,n208%2,n3521].
edge(nil,Nodes) := true Nodes = [nZ4wz2,nilwl].
edge{ndl,Nodes) = true Nodes = [L25%2,n30*1,n3291].
cdge{ni2,Nodes) := true Hodes = [n26+3,n31*]1 n3ie=3].
edge({nii,Nodes) = true Hodes = [n27+*4,n32=3,n34=2].
edge{ni4q,Nodes)] :— ftrue Hodes = [pniB=*2 nii=2, niS=2].
edge(ni5, Nodes) - trus | Nodes = [p29=1,n3g=2],
merge( [A][X],¥, %) = A N= []1 | & = [A|W], merge(¥,X,W).
merge(X, [R|¥],2) = A N= [1 | 2 = [A]W], merge(Y,X.W).
merge( [],Y,8) i= true | 2= ¥,
merge (X, [1,2) i~ true fz =X,



bpao. doc

{0y Dale: 2-Jul-87, written by N. Ichivoshi
Modified: 2i-Dec—87 by 5. Takagi

{1} Program name: hestpath
(bestpath program with the shortecircuit method as termination detection)

{2} huthor: N, Ichiyoshi
{3) Buns on: GHC on DEC 2063
(4) Deseription aof the problom:

Given a network with a non-negative cost assiqgned to each edge, and a
start node, find fer each noede the path with the minimum accumalated

cost from the starting nede.
{83 Algorithm:

Thr nodes in the network send a path and cost intormation packet
cpiCoast,Path) te thke adjacent nodes. At all time,. each node keeps:
{1y € (the minimum cost found so far from the starting node), and
{2} F {a path that realizes cost ).

It maintains the above information as follows, When a node receives a
new path and cost informetion packeb cp({Cosit,Palth) from any cone of its
neighboring nodes, it does the following., TF Cost = C, then the node
simply ignores Cost and Path. OCtherwise, it updates € and P to Cost
and fFath, and sends cost and path information packets to its
neighboring nodes. Hode (n) =zends a path and cost information
cp{Cost+EC, [n|Path]) where EC iz the cost of the edge from n to n' and
[n|Path) is Fath extended by appending n te the top,

The above procedure is repeated until there are no path and cost
information packets in the network. The finiteness of the network
yuarantess that this state is reached inm a finite time. (There are
only a finite number of non-ciroular paths in the network, and
circular paths are guaranteed to be dizgcarded because of the algorithm
and the non-negative costs of the sadges.)

This program detecte this state by the ghorteircuit technigque.
Shorteircuit switches are attached to all packets. The shorteirculit
switch 1s elosed when the packet is discarded. It splits into
serially connected switches when the packet spawns child packets., The
circult attached teo the initial packet is closed when all descendant
circuits are closed, i.e, when all descendant packets are discarded,

{6) Process structure:
One node in the petwork has one corresponding node process. A node
process is conpected to 1ts neighboring node processes by one input

and one output stream

{7} Pragma: Mot attached



(8) Program:

{main part})
nodesR: Node process

send_op/6: Subroutine for sending path/cost information packets
to neighboring nedes

cloesefuts/s1: Closas a stream

bps4: Top level goal

{netwoark generation)
augment_edges,/d: Augments edge infermation te include both-way streams

del/ 3: Deletes an element from a list

gan_nodan 5. Hode geperation routine

gen_node /8 Makes a pode process out of node information
{utility predicates)

merge_all/s2: neway merger

merae/ 3 : Standard merger

length/2,length/3: Gives the 1list length
write resulty/d: Writes ocut stream elemsents

bp_sne/3: Runs the program with the start node, set of nodes,
and set of edges given
bp ne/s2: Runs the program with the set of nodes

and set of edges given
(test program)

bp_exl nsl: First example
bp_ex2 nsl: Second example
bp axd s5/1: Third example
(¥} Source file: bpse . ghe 247 lipes (111 lines of which are test data)

This Decument: bpse,doc
{10} Examples:

Invocation:
(T run example 1 with start node a)
t= ghe bp exl _n{[a,b,e,d,e.f,9,.k]).
{To run example 2 with start node a)
:= ghe bp_exZ_n(la,b,c.d,e,f,q,h,i,9,k,11}.
(To run example I with start node nd)
:= gho bp_ex3_s{nl).

{11y Evaluation data: Not recorded



s Copyright (o) 1987, 1988, Isstitute for New Generation Cemputer Techaology.
All rights reserved,
permission to use this program is granted for academic use only. */
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Best Path Problem

N. Ichiveshi (accerding to Ohki-san's idea of using short cirecuit)
April 1887

oA & W
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% node process %
FEEETRRLRLELAAAAHERRRRRERERRERLEY

i

% node{lIn,Outs,Cout,C,FP, End,RO-R,Cs,H)

k]

% In : input stream (ineluding the control stream)

£l Cuts :ooutput streams

L c : minimum cost so far

% P : path with cost C

W End : termination f£lag

% RO-E : result d-list

% o : ecosts of cutgoing edges (constant)

% M ¢ nede identifier {constankt)

%

node( [cp({Cost,Path,T0-T) |In],0uts,C, P, End,RO0-R, Cs,N) :=
Cost = ¢ |
T - T,

node({In,Ouks,C,P, End,RO0-RE,Csz,HN}.

node { [cp(Coskt, Palh, TO=T) | In] ,Outs,C, P, End,R0-K,Cs5,N) :—
cost 40|
send_cp{buts,Cs,Cost, [N|Path], T0-T, Newlubs),
node(In,Newhuts,Jost,Path, End,RO-R,Cs,N}.

node(_,0Outs,C,F, end,RO-R,_,N} :- true |
R0 = [N-C-¥|R],
closefuts{Outs}.
send cp{lls + » +» TO-T, NewOuts) :— true | TO = T, NewOuts = [].

send_cp( [Out |[Outs], [€|Cs],Cost, NewPath, TU-T, Mewluts) :-
MewCaost = Cost+( |
out = [ecp{NewCost,NewPath,T0-T1){0utl],
WewOuks = [Qutl|NewOutsl],
send_cp(Quts,{s,Cost,NewPath, T1-T, Newlutsl).

elosafuts({[]) :— true | Lrue.
closetuts( [Out|futs]) :— true | Out = [], closebuts({Outs).

AR RERE R AR AR AR RAR AR AR R R R AR AR R R R R AR AR AR AL LR RN NA R

% Process generation
AREREEREEEEARLARARAARAA A RERARTRRRRERARA AR RARERRARRRRRRRNERRRANAINY

%

% bp{S;MNs,Es5, R)

%

] s 1 start node

% Ns : list of nodes (a node has & constant value)

) Es : list of edges (an edge iz of form e(Nodel-Nodel,Cost))

% B : result {list of nodes with the minimum ¢ost from start node
i and A path with the minimum cost)

i

bp(5,N&5,Es, R) :— tIue

augment_edyges(Es, AEs) .
dal {5, Ns, Mz},



gan_nodezf[SJHS],ﬂESJEnd.R—[]rSJ-

augment cdges( (], AES) i— true | AEs = [],

augmont cdgos( [e{H1-¥2,0) |Es], AEs) :- true |
REz — [e(H1-N2,C, =_3)|AEs1],
augment_edges{Es, REsl).

del (N, [M]N=l, Ma) :— M =M [ Ms = Ns.

del (N, [M[Ns), Ms) :— N \= M | Ms = [M|Ms1], del(N,Ns, Msl).
del(M,[], Ms) :— true | mMs = []. .

gen_nodes{ [N|Hs],kEs, End, RO-R.5) :— true |

gon_node(N,AEs, [], [}, {]).End, RO=-R1,5).,
gen_ nodes(Ns, AEs, End,R1=E,5) .
gen_nedes{[},_, ,RO0-R,_} :— true | RO = R.

gen_node{m,[eqN—_,Cust,Self—Dthtr)IAESI,InS,ﬂutS,CostS,End,&E,S}

Insl = [Self|Ins],

Outsl = [Othexr Quts],

Costsl = [CostiCosts],
gen_node(N, Bz, Ingl, Outsl,Costsl,End,RR,5) .

qen_naﬂe[n,[e(_fN,Cust,ﬂther—Selt}|AE5],Ins,ﬂuts;ﬂnats,ﬂnd,ﬂﬂ,ﬁj

Insl = [Self!Ins],
Outsl = [Other|Quts],
Costsl = [Cost|Costs],
gen_node(M,AEs, Insl, CGutsl,Costsl, End, RE, 5] .
gen_nndefﬂ.ln{ﬁl—ﬂ?._._)|AEEJ,Ina,ﬂuts,ﬂusts,ﬂnd,ﬂk;ﬂ] b=
B oS- 01, B osv- 02 |
gen_node{N, Bz, Ins,Outs,Costs, End,RR,5) .
gen node(M, [] ,Ins,Outs, Costs,Bnd, KR, 8) = M %= § |
length{outs, ECY.
merge_all{Ins, Inj.,
node{ln,0uts, 359995, 7, End,RE,Costs,N).
gen_node(d, [],Inos,0uls,Costs, End RR,8) := N = § |
length({Quts, EC),
merge_all([[npfﬂ,I],End—end]]llns], In),
node (In,0uts, 99999, 7, End,RR,.Costs,N).

= true |

i= true |
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L Utility

L I A R A s e e R T R R R TSR RS L]

merge all{[], Out) :— true | Qut = [],

merge_all{[In|Ins], Out) :— true |
merge{In,dutl, Cut),
merge_all{Ins, Cutl).

merge( [],¥s, Z5) :— true | s = ¥s.
merge(Xs, (], s} :— true | Zs - Xs.
mergef[K|Ks],I$, 25} t= true | Zs = [X|2a1], merge(Xs,¥s, Zsl}).

merge(Xs, (¥]|¥s], Zs) := true | Z5 = [Y|%s1], merge{Xs,¥s, Z=1).

length({L, H)} :- true | length{L, 0,H).

lengthi{[], K,N) := true | N = K.
length{[_|L], K,N) := Kl := E+1 | length{L, K1,H).

write result{[], 0} :— true | 0 = [].

write result([X|Xs], 0) :- true |
0 = [write{X).ol|Hewd], write_result(Xs, Newd).

the first node in the list of nodes.)

EE I

Bp_sne is given the start node, list of nodes and list of edges,
Bp_ne is given list of nodes and list of edges. (The start node becomes



Ly _snefStart,HModes,Bdges) - true |
Lp({Start ,Nodes, Edges, Roesult),
write result{Result, O},
vubstroam{0) .

bp_ne(Nodes,Edges) :— Modes = [Start]! 1 |
kp_ sne(Start,Nodes, Edges) .
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% Three examples
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%
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% | Y i
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bp exl ni{Nodes) -
true |
bp_ne{Hodes,
[e(a-f,10),e({a g,10),&e{a-hb,1},
e(b g,10),e(b-c,1),
efc=h,10) ,e{c-d,1),

efd-e,1),

e{e<h,10),e(e-£,10),8{e-g,1),

e{q-h.1)

1.
%
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t ! WS *,
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%
bp_ex2 n{Hodes) :-

true |
bp_ne(Nades,

[C{ﬂ. hilﬂ}i!fﬂ ‘Ss1) .
¢{b‘ﬂ-3};ﬂfb‘ﬁr5:lr
ejc-f,8),e(c-g,6).,
e({d-e,1),e(d=h,12),



efe-f,2),e(e-h.08),
ef{f-g,l),e(f-L.9),
efg=i,1u),
e{h-3,11y,e{h=k,18),
H(i_kj 1”;18{1_1414}1
e(j_k_rﬁ:l.r

oik=-1,3%)

.

bp_ex3 s(Start) :—

true |

bp_sne(start,
(G, nl,n2,n3,nd,nb,nd,n7,n8,n9,
ol0,n1l,ni2,n1%,nld4,n15,nié6,nl17,nld, nis,
B20,0n21,n22,n2%,n24, 025,026, 027,028,029,
ni0,n3l,n32,n33,n34,nis
la(ni-nl,2),e{nd-n&,1},
a{nl-n2,3),e(nl-n?, 2,
e{n2-ni,4),e{n2-nd, 2,
c{ni-n4,2},e(ni—-n%, 43,
e(nd=-n5,1},e{nd4-nlo, 3y,
efnS=nll, 1},
efné-n7,1),,e{n6-nl2, 2},
e(n?-nld, 3},
e(nf-n%, 3),e{nE-nld,. 4},
e{n9-nll, 0}, e(n%—nls,8),
e{nll=nll,2),e(nktld-nlG,6),
e{nll=nl7¥,3},
e{nll=nld, 3}, e(nl2-nlif, 4),
e{nli-nl4,5),e(nli-nl9,3,
ainld=nls, 7,
e(nl5-n2l,8),
elnplé-nl?. 4),e{nle-n22,7),
e{nl7-ndi, 4),
e{nlld=-nl9,2),e{nlE-ndd,3),
e(nl9-n20,4;,
e(n20=-n21,7}),e(n20-n26,.6),
e{n2l-nz7,8),
e(n22 n2d,l),e(nZ:-nib,5),
a(nZi-n2%,2),
@(n2d=ndh,2),e(o2d4=-n30,2y,
e{n25=n26,5),e(n25-n31,23,
fainIa-ni2, 3y,
e(nd7-n2h, 3, e{n2T-n33,4),
e{n28-n29,2),e(n26-n34,2),
e{n2%-nis, 13,
e{nift-nil,l),
e(nil-ndd, 1),
e(ni2-nii,,d),
c{n33d-ndd, 2y,
e(n3d4=-ni5, 2
1.
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gapath . doo

() Date: 16-Jul-HT, writtenm by K. Wada
Modified: 2V-Jul-87 by A. Okumura
Maodified: 25-Dec=87 by 5. Takagi

{1} Program name: goodpath_layered
{goad path problem using the layered-stream method)

{2) Author: A. Okumura, ICOT lst Lab.
{3} Runs on: GHE on DEC 2065
{4) Description of the problem:

The good path problem iz to find all acyeclic paths from the start node
to the goal node in a given graph.

(%) Algorithm:

Node names are propagated in seguences along edges. Whan a node
receives a sequence which includes the name of the node, the sequence
is eliminated. If the goal node receives a sequence from the start
node which doesz neot include the name of the goal noda, the seguance is
output as an answer.

{6) Process structure:

One proceas i generated for cach node, A node proocss preparcs a
palir consisting of its node name and a layercd stream as an output.
The stream helds good paths from the start node to that nede. The
layered stream ig mode from the input from its neighbors by
eliminating paths which contain the current node name,

{7} Pragma: Nol sel yel
{8} Program:

Tap-level predicate i=s goodPath/3.
This predicate defines the configquration of the graph,
generates a process for each node of the graph,
and sets up layered streams along the edges.

nodes6 produces the primary output bindings for each node.
The first clause of nodes6 is for the starting node.
The second clause is for the goal nede.

filter/3 is for filtering out paths that imnclude locps.

The tollewing graph is defined in this program:

a
Y
b o
AN
d & s
LA TN
q h £
SN
1 ]

{(9) Source file: gdpath.ghc
This document: gdpath.doec



{10) Examples:

Invocation:
goodfath{Starl,Goal Path) .
whare Start is= the starting node,

Goal 15 Lhe goal node,
and all good paths between Start and Goal are obtained

as the third argument, Path.
For cxample, run goodPath{a.h.Path). The following result is obtained.

Path = hi [e*|b*[a*tbegin,d*[g=[]1]],
grd*[b*[a®begin]] ] ].
i*[],
j* [£x{c* [a*begin] ] ] 1.
it means that good paths between nodes a and h are

a-b-e-h,

a~b-d-g-e-h,

a=c—f-j-h.

Mote: The output of the value of Path is not formatted as shown above.
The formatting has been done by hand for legibility.

{11y} Evaluation data:
Mot recorded here.
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A% Copyright (o) 1987, 1%88, Institule for New Gencration Computer Technology.
£11 righis reserved.
Fermission to use this program is granted for academio use only. */

% goodpath problem using lavered etream

goodiathiStart, Goal, PFath) :— true |
node [ Start, Goal, a, [B,C]. &, Pathy,
node{ start, Goal, b, [A.E,D], B, Path),
node{ Start, Goal, <, [&,F). C, Path).
node{ Start, Goal, 4, [B,G), D, Path),

node{ Start, Goal, o, [B,G,H], E, Pathj,
node(Start, Goal, £, [C,T)., F, Pathy,
node( &tart, Geal, g, [D,Ej, G, Path),
node (Start, Geoal, h, [E,I,J], E, Path),

node{Start, Goal, 1, [H]. I, Path),

node( Start, Goal, j,. [F.H], J, Path).
node{Start, _, Start, _, Out, _} := Lrue F Out = Btart+*begin.
noda({_, Goal, Goal, In, Out, Path) :- krue |

out = [], Path = Goal*In.
node{ Start, Goal, Node, Im, Out, _) :— Start %= Node, Goal = Hode |
Out = NodexInl, filter(In., Wode, Inl}).

filter(begin, _, Out) :- true | Out = begin.
filter([], _, Qut) :- true | OQut = [].
filter([Mode* [In], Node, Oub) :- true | filter{In, Node, Out).

filter{{[]|In]l, Mede, Out) := true | filter{In, Mode, Out).
filter{ [M*Ns|In], Node,Out) :=- Hode ‘= N |
Out = [N+*Ns1|Outl], filter(Ns, Node, Nsl)}, filter(In, Hode, Qutl).



life, doc

(0) Date; 1%67-Jul-i8, written by E. Sugino
Modified: 25-Dec-87 by 5. Takagi

{1} Prugram name: life

(2} author: E.Sugino, TCOT 4th lab,

(3) Runs on: GHC on DEC 2065

{4) Description of the problem: The life game is a popular game.
(3) Algorithm:

Any node waits for the state of all neighbors.

A node changes its state as follows:
When a node is alive and there are 2 or 31 live nodes
arcund the node, the node is alive at the next time period.
When a node was dead and there were 3 live nedes around it,
the pode becomcs live at the next time period,
In other cases, the node becomes dead.

(6) Frocess structure:

Each node is a process. They are connected to each other,
{7} Pragma: None
{8) Program:

life_gomes3: A predicate to invoke a life game pattern.
The first argument (M) is the number of eycles in the paltern.
The second argument iz a list of integer 0 or 1, which
makes a pattern with M eycles. The last argument (M)
is a life eyele, and the pattern of the N-th time
period displayed.
wr/3: Writes & pattern.

The following predicates make a mesh.
make mesh, make pode, mg, temp_node, com,
parts of node (clauses in which the 11lth argument is wait)

The node processes are nodes of the pattezn.

The rest of the nodes make themselves the nodes of the next time
period. They are over at the life cycle, and a token, result(s,5t},
iz sent through the control stream of the nodes to obtain the last
pattarn.

(9) Source file: life ghe
This document: life. doe



{10) Example:

A sample program glider:

#— ghe life_test(1). % n glider: Original pattern
% at the home position
v= ghe life_ test(5). % Every 4 cycles, the glider appears

¥ at anothar pogition.
?= ghe life_test(9).

¥ ghe life_test(2l).

If you wanit to bry another pattern, use life game/2.
Son life test/1.

{11y Evaluation data: Nobt recorded



A% Copwvright {c) 1987, 1988, Institute for Wew Generation Computer Technology.

ALl rights rescrwved,
Permission Lo use this pregram is granted for academic use only, ®4

%%%%%il%l%%%‘l\titi%%tlttllili!i&l%%il%li&%%%il%lt!ttlttll%%%%i%%
i LIFE GAME Program 1287.2.24. by E.Sugino %
%%%%%%%ttll%%%ﬁ%tttt%%%%it%i%%%%ttttttttttt!%iﬁ%%i%%ﬁt%tlll%%‘iit

life_game{X,List,Max} :— true | make mesh({X,List,Max,Result],
wr{l,X,Eesult).

FEERERARRAREULRARAIRLRE

% Writer %
SHERRRLRLAERE IR RRRARAEY

WM, M, [A]B]) = N =¢ M.prolog((tab(5) write(a))),NL = ¥ + 1 | wWr{N1,M,H).
WE{NM, [RB]Y = N > Moprolog((nl,tah(5) . write(a)}) | wr(2,M,B).

wri{_,_,[1} :— preleginl) | true.

FERRRABTERRERLERELRRRRR G

% Mesh makeor %

LRERRRRBALEREE AR R BRI RANR

make mesh(Max, [Status!dext],Maxcycle,Result) :- true |
make_nnﬂe:t_,_,E,SE,S,EW,W,_],Etatus.Mnxcyclt.ﬂuntrl—tll.
con{E, W},

maka_mash[z,nax,iSE,S,SW:,Next,C1-C2,maxcyalej.
temp_noda{2,Contr),
mg[Cuntr,[rcsult{[end|RE$ulL].Resu]t}],Cuntrlj.

mnke_mesh{K,Marr{NW,N.HEJ;[Stutus|Stntus_list},Cl-CE,Haxcyele} 1=
B =¢ Max, K1 := & + 1 |
unn:E,WJ,cnn{ﬁ,ul},cnn{NW,NWl},con[NE,NEI],
nﬂke_nqdc{[Nl,NEl,E,SE,S,SH,H,NWlJ,Stntuﬁ,MnReycle,Cl—CE},
makE_ne:h{KJ.Max,{SE,S,SW},Statuﬁ_list,CE-CS,H&xcycla}.

makﬂ_meshtx,nax,{NW.H,HE},Stntus,c1-E2,MaucyclE} = K » Max |
C2=[end_line{Status, (NW,N,NE)}|c1].

EERRSUARLARRRER R AL AN RNAY

% Mode maker %
FRRREERRRRERR R RGRURARENY

E]

% nﬂde[Nr,NEr,Er,SEr,Rr¢5Wr,Nr.NH:,Cuntr;Etutus.cycle,uaxcyule,Wnrk:
%

L Hr,...,NWr : Receive_stream = Send_streame

% Contr ¢ Controele stream RECEIVE — SEND

% Status ¢ the statuc of the node

% Cyele ¢ Life eyecle of the node

% Maxcycle i Max life cyele

% Wark : D-List for collecting datas
make_node((N,NE,E,SE, 5, 5W, W, NW) , Status,Maxeyele, Contr) i~ true |

H = Hr - N5, NE = HET = NEs, E = Er - k5,

EE ~ SEr - 5Esg, 5 = 8r - S5, S5W = SHr - SWs,

W o= Wr - Wi, HW « HWr - nNwe,

node (Nr—Ns, NEx-NEs, Er-E=s, SEr SEs.Er—Es.SHr—EWH,wr-Ha,Nw:-NWs,Cuntr,
Status, (wait),Maxcyecle, Work-Work) . '

LEEERARRREERARARLL9 9% %%R

% Herga ]
BRERRRRLLIR LR R RRBR LN RGY

mg{{],.X,¥) :— true | X = ¥.

mg{X,[],¥) - true | X = 1.

mg([X|¥},2,L) - true | L - EXILL) ,mg(y, 2,LL).
mg(Z, {%X|¥],L) :~ true | L = [X|LL],mg{Z,¥,LL).

FERTRERRENRRRUALLERBRRELY



% Temp Woddo %
PEREEEELERERER AR ERRR AN

temp_node( [end_line{Status, (NW,N,HE}}|Cn],Contr} :— true |
Contr = [ochize(Status, (NW, N, NE}} | €11,
temp nede{Cn,Cl).
temp node( [schizo{Status, XNE, (¥HW, YN, YC1-¥Cn))y | XCnl,Contr) := Status »= [] |
Contr = [set ne{XNE}],
Y01 = [schizol{Status, (¥YNW,¥YM)}) | Czl,
wng(Ci,XCn,.Cz),
temn_node(YOn,C1),
temp_nodef [schizof [],XNE, (YHW, ¥H, YC1-¥Cn)) | XCn),Contr} :- true |
Contr = [zet_ne(XMNE)],
¥Cl = Jend{¥NW,¥N} | XCnl,
end_node{¥Cn, []}.
temp node([result{hk, B} |C),Contry i= true |
Contr = [resulL(A,B)|CC],
temp pode (O, C0) .

RRERERRRRARERRERERARRNRER
% End MNode ]
HRBERARARERRERAARERRRRRRES

end node([],8) := true | 5 = [].

end nodeflond|C],5) = true | end node(C,5).

end node{ [result([R1|B2].Bty[C]I, Ty = Rl %= end |
T = Rt,
end_node(C, [R1|R2]).

end_ncdeq [result{[end|R],Rt)[|C],T) :— true |
T = Rt.

ERRERERARANA AR AR AR R

* Connecter % It connects one hands to another.,
FERRRERERRRENLRRRRERER NGRS
con(X,¥) :~ true | X = A=R,¥Y=B=A.

FEERLRRRALRERRRAARRAGRANL
% Hode §
FHETRTRREAEREARERLRRGRGRER

LRRLHRBRLERNLY
¥ =schizo/2 .... for the {irst node of the first array

node (XN, XNE, XE, X5E, X5, X5W, XW,. XNW, [schizo(Status, (NW, N, NE) ) |Contr ] -Next,
Self, (wait),Maxcycle,Work) :— true
con {WNW, XNW) ,cocn( M, XN) ,
node (XN, ,XE1,X5E1,XS8,X58W,XW, XMW, Contr-Nextl, Self, (wait) ,Maxayele,Work) ,
node _workl{KNE,XE,X5E;XE1,X8E1, Status, Maxeyole, Next-Nextl) .

node_workl (NE, XE, XSE, XE1, X5E1, [Stat|Status] ,Maxcycle, Next—Hextl) :— true |
eon (XEL, YW), con(NE,XNE) ,
make_node( {_,XNE,XE,X5E,¥5,¥5W, IW,_),5tat,Maxcycle, YC1-YC2),
Hext = [schizo(Status,¥SW, (XSEL,¥S,¥C1-TC2)) | Nextl],

EERELEATARALEE L
% schizno/3 ..... for the general nodes

nada (XN, XNE, XE, XSE, X5, X5W, XW, XNW,
[schizo(Status, NEX, (NWy,Ny,YC1l-YC2)) | Contr]-Next,
Self, (wait),Max,Work) :- true |
cen{XNEL,NEX) .,
node| XN, ¥NEL1, XEL, XSEL, X5, X5W, XW, XNW, Contr~Nextl, Salf, 0, Max Work),
node_work2 (XME, XE,XS5E,XE1, X5EL, Ny, NWy, YC1-¥CZ, Status, Max, Next—Nextl).

node_work? (XNE, XE, X8E, XE1, XSE1, Ny, Hidy, YC1-¥C2,
[5tat]|Status] ,Max, Next-Nextl) := true |
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con Ny, ¥N) , con{XEL, W) con (NWy, YRW) ,
muke_nade[[YNJKNE,XE,ISE,YS.YSW,?W,TNW},5tat,Max,TC2-YC3};
MNext = [=chizo(Status, Y5W, (X5EL,Y5,¥YCL-¥C3)) | Hextl] .

BRALALLRRERRRRER
i sal ne .... g@t the North-West hand {(for the first line)

nadc{xN,xNE,xE,xsn,xs,xsw,xw,xnw,[Eet_na{NEx}|Cuntr]-Next,
Self,(wait) Maxcycle,Work} := true |
cen{NEx, XNE} ,
node { XM, XNE, XE, X5E, X5, X5W, XW, XNW, Contr-Next , Self, 0 ,Maxevele,Work) .

2333999090 LUNLRR
% gehizol /2 ... for the arrays except the first on

node | XN, XNE, XE,XSE, X5, X5W, XW, XMW, [schizol { Status, (NW, N} ) |Contr]-Hext,
Self, (wait) Maxcyole,Work) :— true i

con(N,XH) , con Ny, XI09) ,

node (KN, _(XEL,XSEL, X5, X5W, AW, XNW, Contr-Nextl, Self, (wait) Maxcyecle Work) .

node_workd (XNE, XE,X5E,XEL, XS5EL, Status, Maxcycle, Hext-Nextl) .

nndﬂ_wnrkﬁ[xHE,XE,RSR,XEl,xSEl,IStat|Statusj,Maxcycle,ﬂext—ﬂextl} = true |
con(XE1,¥W),
make_nade{{_,HNE.XE,XSE,YS.YEW,YW;_p,5tat,HaxcycIc;Y¢l—Yﬂ2},
Haxt = [sechizea(Status,YS5W, (XS5E1,YS5,¥C1-¥C2)) | MNewxtl].

ATRERARREARRR RS
t) cnd/ 2 for the first node of the last array

node| 5N, XNE, XF, XSE, XS, XSW, X6, X8W, [end{NW, N} | Contr]-Next,
Self, (wait) Maxeycle,Work) :-— true
con{M. XN}, con{ W, XNW) ,
noda( XN, ANE, XE, XSE, X5, X5W, W, XNW, Contr-Naxtl, Self, 0, Maxcycle, Work) .
Hext = [end|NHexti].

HRELBEERYLLERELY
% end . for the last array

node (XN, XNE, XE, X5E, X5, X5W, XwW, Xx9w, [end | Contr]-Hext,
5elf, (wait),Maxcyecle,Work) :— truse |
node (XN, XNE, XE, X5E, X5, X5W, XW, XNW, Contr-Nextl, S5elf, 0, Maxcycle, Work) .
Hext = lend|Mextl].

EEREERERER R AR
% going next life cyale

nede{ [K|XK] -—Hs, [NE|XNE] -NEs, [E|XE]-E=, [SE|XSE]-5Es,

[5|X5]=5s, [SW|X5W]-5wWs, [W]XW]=Ws, [BW | XNW]-tWs,
Contr,S5elf,Life,Max,Work} :— Life < Max, WewLife := Life + 1 |
my_life([W,NE,E,5E,5,5W, W, W] ,5elf,NewSelf,0),
node workd {¥H-Hs, XNE-NFs,XFE-Fs, X5F-5Fs, X5-55, X5W-5Ws , XW-Ws , ENW-NWs,

Contr, HowSclf, NewLife, Max, Work) .

node_work4 (XM-Ns, iNE-NEs ,XE-Es, X5E-5Es, X5-58, X5W-5W3 , XW-W3 , XNW-NWs ,
Contr, NewSelf, NewLife, Max,Work) :— true |
gend( [Me-XNs , NEs-XNES, Es-XEs, SEE-X5E=,
S55—X55,5WEs-XSWs , Ws—XWs, HWs-XNWs] ,NewSelf)
node ( XN=XHNs , XNE-XNEs , XE-XEs , XSE-XSEs  X5-X56 , XEW-A5Ws, XW XWs, XNW-XHWs
Contr,HewSelf , Newlife,Max, Work) .

RERRARARARRRRRLRRRRRRNY
% dead

nodel . _ i _._+_i_s_s_sContr-Next,Self, Life,Max,Work-wt) :— Life »= Max |

Wt = [5elflst],
Mext = [result{Work,St)|Contr].



FUYREERTANRERARE L LA RS
i collect datas

nodc{n,a,c,n,E,F,G,H,!result{s,st}|C¢ntr]uﬂext,5@1[,{waitj,max,ﬂbrh-ﬁt} = true |
5t = Work,
node{a,8,C,.0,E, F,G,H, Contr-Next, 5elf, (wait), Max, 5-Wt) .
node(n, B, 0, 0,E,F,G,H, [result{5,5t) |Contr]-Next, Self,Life,Max, Work-Wt}
Life ¢ Max |
St = Work,
node(k, B, C,0,E,F,0,H,Contr—Next, S5elf,Life,Max, 5~Wt).

ERARERRERIRALRLALERLL9%S

% for the first time ., when the node's life cycle is 0

node(N-Hs,HE-NEs ,E-Es, 5E-3Es5, 5-55, 5W-5SWs , W-Ws, NW-NWs,
Cont-text,Self,0,Max, Work) :
send{ |[Ns=Hsn, NEs-NEsn, Es—Esn, SEs—-5Esn,
S=-5sn, SWs=5Wan,Ws—Wan, NWa-NWan] ,5clf),
node(¥-Nan,NE-NEsn,E-Esn, SE-5Ean, 5-5s5n, SW-5Wsn, W-Wsn , NW=-HWsn,
Cont—-Next,Self, 1, Max, Work).

true |

FEEIERLLGALLELVLLELRRRERE
£ Send %
FERFRERTRRRERHERRERRRRRER
send{[],_ 1 == true | true.
send( [a-8lC},8) :— true | A = [S]|R],send(C,8).

send my statuz to the neighbours

SERBRELAREARERL R VAR REL SRR ERRLERY

% FEule of Life Game %
RERGREEIR RS LRRRNEARA AR

% mys life(Neighbours list,

& M,

% NewStatus,

% fumber of Black neighbours)
my life{[].1,Return,2) - true | Return = 1.
my_life![l.l,Return,3) :— true | Return = 1.
my lifef{[],0,Return,3) = true | Return = 1.
my_life([],1,Return,N) := N < 2 | Return = 0,
my_life([],1,RKeturn,N) :— N » 3 | Return = 0,
my_ life([].0,Return,N) - W ¢ 3 | Return = 0
my_lifei[],0,Return,N) :~ N » 3 | Return = 0.
my_life( [&|B],5elf,Heturn, Sum) ;- Suml = Sum + & |

my life({B,Self,Return,Suml).

ARRBRREARRARRRRLENRRREERRAERR AR ARAERERREERE R AR RN R R RR RN R

& Test Program for This game ]

ERHELARRRA R R R AR R R R AR R AR R R R AR R RN R R R R R AR

i

{as if it is a Glider 1)

The patter * moves by 4 oyles,
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life_test(NH} :— true |
life game(8, {
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litel, doc

(0) Dato: 1987-Jul-1%, writteun by E. Sugino
Modified: 25-Dec—87 by S. Takagi

(1) Program name: lifeld

{2y Author: E. Sugino, ICOT 4th lab,
{4) Buns onh: GHC on DEC 20653

{(4) Description of the problem:

The life game i= a popular game,

{5) Algorithm: See life.doc

{G) Process structure: See life.doc
(7} Pragma: None

(%) DProgram:

It is almost the same as the program in life.ghe.

The following peoints differ.

{a} It displays the status of the mesh with Praleg functions.
Fach node has its own ecordinates on the mesh so that
it can be displayed on the terminal.

{by The parts of node which are used to make the mesh,
are renamed nodel,

(¢) When you use life oycle U, the original pattern is displayed.
{You must use life cycle 1 in LIFE,)

{9) Source file: lite2 ghe
This document: lifel. doc

(10} Example:
Compile the program, and try it.
7= ghe life test(8).

fi is the number of the life cycle.
You can substitute any positive integer for @,

{11} Evaluation data: Not recorded
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A= Copyright (<) 1987, 1968, Institute for New Generation CompuLter Technology.
811 rights reserved.
Fermissicn to use this program is granted for academic use only. =7

A L T e e R S R R R LRI ESEEI T
% LIFE GAME FProgram 1%87.4.16. by BE.S5ugino i
LRARRERE R R LAt R R R LR R R R A R R R R AR R AR R AR LR R R R R R Ry

J/t
module life.

:— public life gamed3 |
life_tests1l ,life_testl/s1
7

life_game(X,List,Max] :~ true |
headder(k,™Max),
make _mesh(R, (X, List,Max, Result)).

headder (R,Max) :— true | erase(H1),headderl{R1,R,Max).
headderl{end, R, Max)y :— true | home (K2}, headder2{R2,0, Max) .
headder2{end, R, Max) :—
prolog(
{
nl,
write{'Life Gamec Wow Starts | '}, %
write({Max), % Comment
(Max > l,write(' cycles') ; write(' cyocle')) % on P5L
cuiyy | LY
f‘!’
write{'Life Game Now Starts | ') |
*f
E = and.

EEERRASAAREIRRARRIRRIRILRRRERER AL

% Teol L]

FRRRTARALLLLRRRREAR AR AL REARRERY

home(R) .- proleg(write(' [[H'}) | R = end. % com. on PSI
rC

home (R} :- esp_call{move,home,ak] | B = end.

*y

erase(R) :- pralog({write(' [[2J')) | R = end. % com. on P51
;"'l
erase(R) := esp_call{erase,a.ck) | R - end.

*/

show(X,¥,5,5,BEnd) :— true | End = end.
show(X,¥,5,51,End) :— 5 =\= S1 | show(X,Y,5,Bnd}.

show(X,¥Y,1,E} .- walt(X),wait(¥),
proelogf(nl,
write('T[['),write(¥) write(';'}, write(X),write{ 'H'),
put("*"), teyflush)y | '
E = gnd.
show (X, ¥, 0,E} = wait(X),wait(Y},
proleg((nl,
write(' [['),write(Y),write(';'),write(X), write( H'],
put{"-") teyflush)}) |
E = end,

Comment
on PSI

Ll B A L

jt
show{X,¥,1,E} :— wait(X),wait(Y}, esp_call (move, (X,Y),0k),
esp_call{write_term,('='y,ok) |
E = end,
show(X, ¥, 0,E) :— walt(X),wait{¥), esp call (move, (X,.¥),ok),
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esp call{write _term,({'-').ck) |

L= and.
L
start_node_ad({X} :- true |
X = (55).
t E = {24,2).
node ad(K,¥YY) - —
¥ o:= 5 4+ (K = 1% * 3 | ¥¥Y ={5,¥).
% ¥ o= 34 (K= 1) % 2 | ¥YY ={2,7).

BRERLUERARLREEEANRERRALE
! Mesh maker %
ARBUREM AR R LR LR RN

make mesh{end, (¥,List,Max,Result)} :— true |
make_mesh(X,List Max,Rasult).

make_mesh{max,[Statuslﬂext],Maxcycle,nesuLt] c— krue |
start_node ad(XY),

make_nodel{5E_S5_5W,Status,Maxeyecle,Contrl-Cl,XxY),
make mesh{2,Max,5E_5_ 5SW,Next,Ci-C2, Maxeyele),
temp node{C2,Contx),

ma(Contr, [Tesult{ lend|Result] ,Result) ], Contrly.

makq_mesh(ﬂ,max,[NW,N,NE),[Status|stutu5_list],Cl—C],anryela} i=
F =< Max, E1 := K + 1 |
rode ad{E,¥Y),
make noded{ (N,NEZ,NW},S5E_S_SW, Status, Maxcycle, C1-0C2,YY),
make mesh(ELl,Max, SE_S_5W,Status_list,(C2-C3,Maxeyaele),
make_mesh{K,Max, (NW,N,NE), Status,C1-C2,Maxcyele) - K * Max |
C2=[end line(Status, (HW,N,HF ) |C1].

EEEETRRREE R AR RARARR RN
% Hode maker %
ERERERRRRAAERARRERRRARRAG

make _nodel{ 5K 5 S5W, Status,Maxcycle,Contr,X¥) := truc |
S5¥_5_S8W = (SEr - SEs, S5r - S5s, SWr — SWs),
nodel{{ontr, -_, — ,Er-Es,SEr=-5Fs,Sr-Ss,SWr-5Ws,Es-Er, — |
Status, Maxeyele, Work=Work, XY},

make nodel((Ms-Nr,NEs NExr,NWs-NWr},S5E_5_SW,5tatus,Maxcycle,Contr,XY) :~ true |
SE_S5_SW = {5Er - SEs, 5r - 35, SWr - EWs),
nodel[Cnntr,Nr—Ns.HEI—NES.Er-Es,SEr-SEs,Sr-Ss.SWt-SHs,EELEr,HWr—HHs,
Status, Maxcycle, Work=Work, XY) .

make_nuded { (NEs-NFr, Er-Es, SEr—58Es, Ws—Wr), (5, 5W) . Status, Maxcycle, Contr, XY)

= trus |
5 = 8r - 53, &5W = SWr - SHWs,
nodel (Contr, - ,NEr-MEs,Er-Es,SEr 5Es,5r 5s, SWr—5Ws,Wr-Ws, —_,

status, Maxeyela, Work-Werk, XY .

make_noded [ {Hs-Nr,NEr-WNEs, Er—Es, SEr—5Eg, Wo—Wr , NWs=NWr ), (5,56},
Status,Maxcycle,Contr,XY) := true i
5 = 5r — EBs, W = 8Wr = SWs,
nodel (Contr, Hr=Ns, HEr-KEs, Er-Es, SEr-5E=s, Sr-55, SWr—5Ws ,Wr-Ws, NWr—NWs,
Gtatus,Maxcycle, Work-Work XY) .,

make nodeS( (NEr-NEs,Er—-Es, SEr=5Es,Ws=Wr), (5, 5W),Status, Maxeyelea, Contr, XY}
i— true |
5 = Bxr = B85, S5W = 8SWr - SWs,
nedel {Contr, Nr=HNs, NEr—-NFs, Br-Es, SEr-5Fs, 5r-55, SWr-SWs, Wr-Wa , NHr—NWa ,
Status,Maxcyele,Work-Work , XY} .

PSR RRRLRRRLLRRRRRRRERNG
¥ Morge L3



%%%il%%%Eiii%%%%ll%%i!%ﬁi

mI{lLH,%) = true | X = v,

mI(X [1,¥) - true | X = ¥,

wg([X|¥],2,L) :- tree | ¢ = [KfLL].mg{Y,z,LL}.
M2, (XY, 2) - brue | L = [xiLL],.g{z,r,LL;.

%ll!%%%%%%%%%%%%%%%%i%%%%
L Tamp Mode (3
%%i%%%%i%%%%%!i%%ti!%!tt?

tcmp_nnun(Jend_ljnnfstatus,{NH,N,NEJ;ICn],cnntr1 = true |
Contr = [schiro(Status, (NW,N,NE}} | c17,
temp_node{(Cn, C1),
teman:dﬂ{[schizn[Stutua,KNE,{YNH,YN,YCI—YCH}} i ACn),Contr) :- Statys =11 |
Contr - lset_ne{xNE]].
YL = lschizel(Status, (YoW,¥N)) | cz],
mg{C1,.%Cn,C2),
temp_neode(¥ln, o1y,
tcmp_hndn{{schiznf[],XNE.tYNH:TN:YCl—YCn]] | ACn],Contr) := true |
Cantr = [set_ne(XNE)],
¥C1 = [end(YNW,¥N) | Xcnl,
end_node(¥Cn, []).
tewp nede( [result(a,mn) Icl.centzy = true |
Contr = [result(a,nB)|ccy,
temp_nndi{t,ﬂﬂj.

%iii%%%i!%t%t%i%%ltl%ltii
% End Moda %
i%%i%%!t%t%i%%t%l%ttltli%

end_node([},5) :- true | 5 = [1.

end_node{[end|C],5) - true | end_node(c,s).

end_nuae{[result{rnl|n2],nt11cj,ra i= Rl %= and |
T = Bt,

end_node(C, [R1|R2]),
end_nﬂde{[resultf[endlﬂ],&t;fC],T] 1= trus | hame{End},and_nﬂdeltﬂnd,T,Rt}.
end _nodel{end,T,Bt) :— true | T=Rt,

%i%1&!!%%%%%!!!11!!1%%!!!

i Connecter & It connects one hands to ancther.
%ltti%ti%titl%t%!%lt!ttlt
¥ooon(X.Y) - true | X = A-B,¥=B-4.

con{A-B,C-D) - true | A=D, B,

%ittli!%%t%%t%ill‘%l%ﬁ%%l
] Hodea %
l%!t‘i%ﬁ%%%%%‘11%11%%1*1‘

FERRERRRRRRAAY
8 schizos2 -».. for the first node of the first array

nudel{rsehizn{Status,{NH,N,HE}}JCnntr]-Naxt,XN,xNE.xR,xsE,xs,xSW,xw,xﬂw,
Self,Mnxuycle,Wbtk;x?} i= true |
Cﬁ'n{ HW;RNH} " Eﬂn‘[“rm} "
nodel{tontr-ﬂéxtl,lﬂ,_—_,E—D,A-B,xs,xsw,xw,xﬂw,Self,ancycln.Hbrk,x!},
node_vvrkliNE,xE,xSE,c-n.amn,SLutun,uaxcycln,Next+N1:t1,xY}.

LENLRRRR RN RRLs
% gehizas3 for the general nodes

nndel:[senizn:status,nsx.{nwy,ny,?c1—rc2:} | contrl-Next,
XM, KNE;xE,xSE;}tE;KSH,IWJNN.
Self.uax.ﬁurk.xf} i— true |
con (NEx,C=D),
noﬂe{xﬂ.E-D,E-F;ﬁ—B.xs,RSW,XW.RHH,Cuntr-Next1,Self,D,Nnx,Work.zI},



ngde_uarkE{HNE,HE,RSE,E'F,E—D,NY,NWF;YCI—YCE,Etatusrﬂﬂxrﬂext-ﬂextl,XY].

RELEEEEIRLRAALRE
% set_ne .... et the North-West hand (for the first line)

nudul{[th_thHEKJ[CnntI]—H&xt,KNJINE,IEfxEE,xE,KEH.KH,ENH,
Selfl Maxcyole,Work X¥) := true |
conf{NEx ,XNE) ,
novde { XH, XNE, XE, 85, X5, X8W, W, XMW, Contr-Next, Self, 0, Maxcycle, Work, XY} .

ERERTAREARRELRES
% schizalys2 ... for the arrays except the first one

nodel( [schizol{Status, (MW,N})|Contr] Next, XN,XNE, XE,XSE, X5, X5W, XW, XNW,

Self,Maxcycle,Work, XY} :— true |
con{iM, X8}, con{NW,XNW),
ﬂﬂdEl{ EDntr-NE'}L‘t];XN,_-_;C-D; .i"l-B_foj xswrm; Km;ﬂ&lf,ﬂachle.;wﬂrkpr } r
node worki{XNE,XE,XSE,C-D,h-B, Status,Maxcycle, Next-RNextI, XY} .
ERRLRREREERRARERY
% endys2 for the first node of the last array

nodel | [end(NW,N) | Contr]-Next, XN, XNE, XE, X5E, X5, XSW, XW, XNW,
Seli,Maxcyele,Work,XY) = true |
con{l, XN)  con (W, ENW) .
node (XN, XNE, XE, X5F, X5, X&W, XW, XMW, Contr-Nextl, Self , 0, Maxcycle , Work, XY,
Hext = [end Nextl].

RRRLRRRALRRARERE
& end ... for the last array

nodel | [end| Contr] =Hext, XM, INE, XE, X5E, X5, X5W, XW, XNW,
Self,Maxeycele Work,X¥) = true |
nade [ X8, XNE, XE, X5E, X5, X5W, XW, XNW, Contr—Nextl, Self, 0, Maxeyele, Work , XY)
Next = [end|Mextl].

HRAAAARIRI IR RRERRY
& collact datas

nodel | [result(s,5t) |Contr]-Next,A,B,C,D,E,F,G,H, Self Max, Work=wWt,XY) :-
truea |
5t = Werk,
nodel {Contr-Next,A,B,C,D,.E,F,G,H,Self Max,5-Wt, XY).

node workl(NE,XE,XSE,XELl,X5E1, [Stat|5tatus],Maxcycle, Hext-Hextl X¥) -
true |
neighb node_ ad(XY,NXY),
make noded{(HE,XE,XSE,XE1l),{YS,¥5W),5tat Maxcyele, YC1-YC2, HXY),
Mext = [schizo(Status,YSW, (XSF1,¥S5,YC1-YC2)y) | Wextl].

neighb node_ad({(X,Y).X¥) :- X1 := X + 6 | XY = (X1,T7).

node_work2 (NE, E, 5E, XE,XSE, N, MW, YC1-¥C2, .
[Stat|Status],Max,Next-Nextl, (X, X)) i~
Kl := X + B |
make_pade#{{H,HE,E,SE,KE,NH},{YS,YSH}.St&t,Hax;TFﬂ-YCE,{XI,Y}},
Next = [schizo(Status,¥SW, (X5E,¥S5,¥YC1-YC3)) | Hextl].

node work3 [NE,E, SE,W,XSEL, [Stat|Status],Maxeyele, Nexe-Mextl, (X, ¥)) :=
Xl =X + 6 |
make nodeS{{ME,E,S5E,W),{Y5,¥5W),Stat,Maxcycle ¥CL-¥YC2, (X1,¥} ),
Mext = [schizo(Status,¥5W, (XS5EL,¥Y5,¥C1l-¥C2}} | mextl].

FEERRRRRRRARARBIRARLIREEE



* for the first time ... when the node's life oycle is 0

node (N, NE, E, 5E,3,5W, W, NW, Cont Sell, 0 Max Work,xXY¥) :-
®Y - (%1 |
show(X,Y,Self, End),
:Ef‘ld_i irEt:Elldr [NfNE! E;SEJE[W.!WJHW] ¥
[Nr NEr,Er; SBr, 8, 5Wr, W, WNWe ] , Send, Self),
node { Hr , NEr, Br, SEr, 51, SWr,¥Wr, WW¥Wr, Send, Cont , Self , 1, Max, Work, XY .

BELELRER R RRREYY
% going next life cycle

nudo{ [M]XM], INE| XNE], [E|XE], [5E|X5E], [5|X5], [5W|X5W], [W|XW], [NW|XMW] , Send,
Contr, Self,Life,Max,Work, XY} :—
§ < Life,Life =< Max,
HewLife := Life + 1 |
my life{[HW,NE,E,5E,5,5W,W,NW],Self,NewsSelf,0),
node workd (XN, XHE, XE, XSE, X5, X5W, XW, XNW, Send,
Contr . MewsSelf NewLife,Max, Work, XY, 5elf).

EARRLERER R LIRS
% dead

nodel . o _o_v_e_s_e_s_rcitontr=Hext, Self,Life Max, Work-Wt, (X,¥)) :=
Life » Max |
Wt = [5elf|st],

Mext = [result{Work,5t)|Contr].

node{f,8,C,0,E,F,G,H,5d, [Tesult(5,5t) | Contr]-Hext, Self,Life,Max, Work-wt,XY) :-
0 ¢ Life,Life =< Max |
St = Werk,
node{A, B,C,D,E,F,G,H,5d, Contr-Next, Self, Life, Max, 5-We, XY).

node workd (XN, HNE, XE,XSE, X5, X5W, W, XNW, Send,
Conky, NewSelf , NewLife, Max ,Work, (X,Y}, 51} :-
true |
show (X, Y, NewSel {,5elf,End),
send|End, Send, NewSend , NewSelf ),
node (XN, XNE,XE, X5E, X5, XSW, XW, XHW, NewSend,
Contr,NewSelf NewLife, Max,Work,({X.¥)).

FELIRARRANLERARLRRRRRLRNERR
% Send % send my status to the neighbours
LR RRARRIRRARRRARRRRRY

send{end, Send, NewSend, 5elf) :~ true | Send = [Self|NewSend].

send_first{end,In,{ut,5end,Self) :- true | send all{In,0ut,S5end,Self).
send all{[],[],_,_} :— tzue | true.
send all{[A-B|C], [2AA]CC], Send, 8elf) :— true |

B = [Self|Send],bh=n,

sand_all (C,C0C, Send, Self).

FERBRRARARIRARAARARARRAARRRNIRR LYY

% Fule of Life Game %

LA R E e R R e R R R R EEE R TR R R TR R 1R

% my life(Neighbours lict,

% Me

% HewStatus,

* Humber_of_Black_neighbours)
my_life({[].1,Return,2) :- true | Return = 1.
my_life(f],1,Return,3) :- true | Return = 1.
my_life{[].0,Return,3) :- true | Heturn = 1.

my_life({[],1,Return,N} := N ¢ 2 | Return = 0.



my_life([],1,Return,N} - N 3
my life([],0,Return, M) :— N £
my life([].0,Return,N) :— N »
my_life{[A]B),Self,Return,5um)

my life(B,Self, Return,Suml).

Raturn = 0O,
Return = 0.
Return = 0,
Suml

TRERLRFRRARTRG TR T AR AN R R R AR R R R AR R R AR RR R
% Tost Program for This game
FEREREERRARERAEABRRRRRREAREARERARBRRRARARRRR R ERRRRERARRG R

R I

life test{H)

life game{#, [

MYy

life tegtl{N)
life game(6, [

L
and .
b

The patter *

M.

r= true |
a,0,0,0,0,0,
a,0,0,4,0,0,0,0,
a,0,0,0,0,0,0,0,
0,0,0,0,1,0,0,0,
c'rc'rc'rﬂrﬂ‘; l!'Dr'Dr
o,0,0,1,1,1,0,0,
0,6, 0,0,0,0,0,0,
nf'}f ﬂ:ﬂ‘;ﬂ‘;ﬂ;ﬂ;ﬂ] I3
s- true |
0,0,0,0,0,
0,0,1,0,0,
0,1,1,0,0,
0,0,0,1,0,
o,0,0,0,0,
0, 0,0,0,0,

k=1

moves by 4 eyles,

E=]

ks

53 -
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mxflwl , doc

(0) Date: 1907-July-230, written by Fasmuaki Rokusawa
Modified: 25-Dec-87 by 5. Takagi

(i} Pregram pame: mxflwl

{2) Author: Razuaki Rokusawa

{2) Runs on: GHC on DEC 2065

(4] Description of the problem:

Finding the mawimum amount of flew through the netwerk,
The network is ocomposed of nodes and one-directicnal aros.

Fach node has up to twe arcs each for ocutput and input.
The flew threugh each arc is limited,

Example:
2 &

entrange ———* [a] ---} |b] ——=» [e]

I - I

| & | 4 | 5

U - | 3 v

[A] ===3 [e] ——=3 [{] ===} exit
nede = [al,. [bl, [e]l. [&), [el. [f]

Hode [b] has 1 arc for output and 2 arss for input,
Hede [e] has 2 ares for output ard 1 arc for inpul.

Hode [b] can send flew ¢ to node [g].
Hode [e] can send flew 4 to node [b] and 3 to node [£].

The maximum flow of this network is 8.
{5} Algoritium:
EBach node works as falleows,
On receiving input flew, the node tries to send the same amount of flow.

When the input flow is beyoend the limit of the cutput flow, the pode
sends as much as possible and returns the remainder to the sender
node .

When the input flow i= less than the limit of the output flow, the
node sends all the input. If that node has two output arcs, there is
some preference to decide the amount for each autput.

When the sum of the {low to the exit and the flow back to the entrance
comes Lo Lhe same amount 25 the original flow to the entrance, each
node stops processing,

Sending flow 10 to node [a)] on the axemple of (4), the following oecur.

Hede [a] sends flow 2 to |b] and 8 te [d4].
On receiving input flow 2 from -[a], node [b] sends 2 to [c].
This flow 2 reaches exit through nodes [e] and [f],

On receiving input flow 8, node [d] sends 6 to [e] apd returns

flow 2 Lo [al.
Returned flow 2 is returned to the entrance.
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tode [e] receives 6 and sends 4 to [b] and 2 te [f]
{(when the are to [b] has a higher priority than the one to [£]}.
Flow 2 reaches the exit through node [f].

Flew 4 reoaches node [ through node ([b].
Since node [c] has already been sent 2,
it sends 3 to [f] and returns 1 to [b].
Flow 31 reaches the exit through node [£].

On receiving this backward input fleow 1, node [b] returns
again to node [e],

Zince node [e] has sent only 2 to node [f.

it repeives backward input flow 1 and sends it toe [f].
Total flow 8 reaches exit inm all.

The sim of the flow which arrived at exit and returned to entrance
becomes aegual to the original input.

Each node stops processing.

(6} Process structure:

The main processes are:

node The node proceszs whieh sepds or reccives a flow.
This process creates the same number of nodes.
The figure belew shows this process.

exib: Deteckbing the end

outFlow:Display procoss

nade

e m e + (Rel,5tl)
———————— >|1f1s  0fls| —————-=~v>
fm—m——————— |Obls Ibls| {=———===—-

| |

| | (Re2,5t2)
mmmmm—m—=3 | TF2R ofas| ——-——- -z
{——————-=— |Obls This | d——————m

| |

| Bein  Rep |

e ————— 4

Ifls and If2s, OFfls and Of2s, Ibls and Ib2c, Oble and Oblds are all
forward or backward input or output streams. "f" and "b" mean forward
and backward. "I" and "O" mean input and output.

Rel and HeZ indicate the amount of flew that the node can send through
forward output streams 0fls and 0f2s,

5t1 and 5t2 have the value open or closed. open indicates that the
cutput stream still has space and the node can send more flew through
thiz stream. closed indicates that the output stream is already full
and the node cannot send through this stream any more.



The flow lorms as {follows.

[amuunt{hmnunt-nf-flaw},linhﬂl or 2,Node—name),
link{ ., 3,....1link({0,entranca}]

1 means that the pode received the flow through Ifls, while 2 means
through Tf2s.

In example {4}, flow 2, which reaches the exit through nodes [al, [bB],
le] s and [£], forms as follows,

lamount(2y, link(2,1),link{i, e}, link({2,b},link{l,a)].
(7) Praogma: None
(8) Program:

The network is as {ollows,

2 4
entrance —=3) [a} -==3 {b] ===3 [d] -—-} exit
(I s 3 |
m———— ¥ [e] =——— +

The main proedicates used in this program are:

exl sl Toep level predicabe to start this program
entrance/2: sends the original flow to the entrance

exit/6: Detocts the end

node,s14: The main precess which sends or raceives a flow,

This process works as:
Waits for the input-flow
Changes the status
Sends the flow

outFlows4: Dizplays the result

(%] Socurce file: mxf 1wl ghe
This document: mxflwl, dec

{10y Examples:

Compile the program.
?= ghocompile{ "'mxflwl . ghe'), <CR}

Execute the program,
F= ghe ex1{10). <CR? % The first argument of exl/1 is the amount
% of the origimal flow to the entrance.
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{117 EBvaluation data:

The results of the exeecotion on the CHC3 system are:

| »— ghe exi(in}.
Pnsg{[amount{E}.lihk[2,dp,linkf2,b!,link{1ra]rlink{ﬂ;antrﬂnﬂﬂ}]}

% This output shows the flow to exit.
roeturn{ [amount(l),link{0,entrance)])

% This output shows the flow back to entrance.
pass{[amaunt{?}.liuk{1,d},link{l.c],link[l.a].link[ﬂ;int:ance}]]
pass{ [amount({2),lirk({2,d),link{1,b),link(1l,¢) . link(1,a},link{0,entrance)])
pass({ [amount(1},link{1,d),link{1l,¢),link{l,a),link(0,entrance)])
return{ [amount (2}, link{f,entrance)] )
remain(neda(a, (0,closed), (2, closed) ) )

% This output is o report of the node in which Rel?0 or Red20

% after execution.
remain{nodeic, (3,closed}, (0, closed) ) )

maxELlow( Ty
% Thisz ountput shows the maximum flow,

61 reductions and 15 suspensionz in 18 eoycles and 456 msec (133 rps)
The maximum number of reducible goals is 7/9 at the 9th eycle,
The maximum length of the gqueue is 9.

ves

| ?= ghe exl(7)

pass( [amount (2),1ink(2,d),link{2,b),link{1l,a), ink(0,entrance}]}

pass( [amount(2),ink({2,4),1ink{1,b},link{l, e}, link{l a),link{0,entranca}])
pass([amount(3),Llink(l,d).link{l,e},link{1l,a),1link{0,entrance}])
remain{node{a, (0,clesed), (2,open} )}

remain(node(c, (3,clesed), (0,closed}})

maxFlow(7)

48 reductions and 17 suspensions in 17 cycles and 346 msec (138 rps)
The maximum number of reducible goals is 6/6 at the 11lth oyele.
The maximum length of the gqueue is 8.

{12} References
L. Hellerstein and E. Shapiro,
implementing Parallel algorithms in Coneurrent Proleog:

The MAXFLOW Experiense,
Journal of Logic Programming, wolume 3, number 2, July 1986, pp.157-184
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MAXFLOW
example, 1 { ¢ nodes )
2 4 7
entrapce ——* [ a | =—» [ b ] —» [ d ) ——> exit
f A A
7 | s i |
P b = +
exl{ LimPlew } :— true |
entrance( LioFlow, Fsa ),
nede{ a, (Z,open), {7,open), Fsa, [1, Fab, Fac, Bab, Bac, Bsa, _,

Beln, RepHcad, RepNextl ),
nodei b, (4,open), (0,closed), Fcb, Fab, Fhd, i Bbd., []. &ck, Bab,
BolIn, Repiextl, RepMext2 3,

node( o, (5,open), {3,cpen), Fac, [], rck, Fod, Beb, Bed, Bac,
Beln, RepMexti, RepMNextid ),
noedel d, (7.,open), {({,ciosed), Fed, Fbd, rdg, |, [J, [}, Bed, Bbd,

Boln, RepWextd, [] 1,
exil({ LimFlow, 0, Fdg, Hsa, Beln, Pre ),
ounkFlow( Prs, RepHead, 0, 0s ),
outstream({ 05 ).

‘l-ﬂ"':ﬂ&##ﬂ‘#dﬁ#a‘ﬂ:ﬂ:ﬂnﬂdﬁ##ﬂ#mﬂaﬂwﬂ?#nl

exl{ LimFlew } :— true |
entrance{ LimFlow, Fea j,
nodes{ ¥sa, Fdg, Bsa, Beln, RepHead 3,
exit( LimFlow, €, Fdg, Bsa, Beln, Prs }e
cutFlow( Prs, RepHead, 0, Oz ),
outstream{ Os ).
nodes( Fsa, Fdg, Bsa, Beln, RepHead ) := true |
node|{ a, (2,open), {7 apen), Fsa, (1. Fab, Fac, Bab, Bae, Bsa, _,
Bcln, HepHead, Replextl 3,
node( b, (4,open), (0,clased), Fcb, Fab, Fbd, _, Bkd, [], Bchk, Bab,
EcIn, Rephextl, RepNext2 )},
node( o, (5,0pen}, (3,open), Fac, {], Fecb, Fed, Beb, Bed, Bac,
Beln, RepMext2, RepHextd §,
node{ d, (7,open), (0,closed), Fed, Fbd, Fdg, - [1. [1, Bed, Bbd,

Becln, RepNexti, (] 3.

)
% MAXFLOW - main part —

% e —

%

4 : - ————————

% i I

i } v

L3 entrance ———» node ¢==} ... {==F pnode <{——3 exit --} outFlow ——} outstream
% A A | B
b | | v I

& W W all nodes all nodes
% node {--3» .., {——>» pade

i L3 “L A

% | ! I

% . .

%

L stream diagram

% JE—

%

L] node

& #o——————————-% (Rel,5tl}



————————— s|1f1s 0flg]| ===————==}

= |obis Ibls|{—————=
| |
| | (rez2,5t2)
—————————3|If2s 0f2s| ———————m)
e lob2s  Ib3s|g--—m-mmmm

e ——— +

h I

| v
Ifs : input forward stream
0fs : output forward stream
Ibks : input backward stream
Obs : output backward stream
e : remainder
2t : status { open J/ closed )
EnIn : broadecast in

Reph : reply head
Rept : reply tail

node specification

entranco

Mo R R R W ol a0 O P R R R G A A & W ) 8 s s an

entrance{ LimFlow, Ofz } :— trua |
Ofz = [[amount{LimFlow),link({0,entranca)]].
%
L] axit
Y [ —
i continue { LimFlow » NextSum J
exit{ LimFlow, Sum, Ifg, Irs, BeOut, Prs ) :=
Tfs = [If|RestIfs], If = [amount(Flow}| ],
NextSum := Sum+Flow, LimPlow » NextSum |
Frs = [pass{1f)|NextPrs],
axit| LimFlow, NextS5um, RestIfs, Irs, Bolut, MNextPrs ).
axit({ LimPlew, Sum, Ifs, Irs, BeQut, Prs ) :=—
Irs = [Ir|RestIrs], Tr = [amount{Flow)|_1,
NextSum := Sum+Flow, LimFlow » NextSum |
Prs = [return{Ir)|HextPrs],
exit( LimFlow, MextSum, Ifs, Restlrs, BeOut, NextPrs ).
%
¥ terminate { LimFlow = HextSum }
exit{ LimFlow, Sum, Ifs, Irs, Belukt, Prs )} :-—
I1fs = [If|RestIfs], If = |[amount{Flow}|_],
HextSum := Sumt+Flow, LimFlow = NextSum |
Boedut = end, Prs = [pass(If)}].
exit{ LimFlow, Sum, Ifs, Irs, Belut, Prs ) :-
Irs = [Ir|RestIrs], Ir = [amount(Flow)|_1I,
NextSum := Sum+Fleow, LimFlow = NextSum |
BeOut = end, Prs = [return{Ir)].

1 --»1
{ Flow < Rel )
node{ Node, (Rel,Stl), (Re2,5t2), Ifls,If2s,0fls,0f2s,

Ibkls, Ibds,0bls,0b2s, Beln, Reph, Rept ) :—
1fls = [If|Restifls], If = [amount(Flow)|Restif], '
5tl = apen, Flow ¢ Rel |

MextRel = Rel-Flow,
0fls = [ [amount(Flow),link({l,MNode)|RestIf] | WextOfils ].
mode{ Node, (NextRel,5tl), (Rel,S5t2),

RestIfls, Ifls, NextOfls, 0Of2s,

C - ]



Ibls, Ibls, Obls, Ob3s, BeIn, Reph, Rept ).
k) { Flow = Rel )
nodef{ Node, (Rel,Stl), (Re2,5t2), Ifls,If2s,0f1s5,0f2s,
Ibls,Ib2s,0bls,0b2s, BeIn, Reph, Rept ) :-
Tfls = [If|RestIfia], If = [amount{Flew)|RestIf],
5t = open, Flow = Eel |
0fls = [ [amount(Flow),link{l,Node)|RestIf] ],
node{ Hede, (0,closedy, (Re2,5t2),

RestIfls, If2s, _, ofzs,
Ibls, Ib2s, Obls, Ob2s, Bocln, Reph, Rept ).
¥ 1 === 1 & call again

% { Flow » Rel )
node{ Mode, (Rel, f5tl1), (Re2,5t2), Ifls,Ifds,0f1s,0f2s,
Ibls,Ibds,0bls,0b2s, Boln, Reph, Rept } -
Ifls = [If|Restrfls]), If = [amount{Flow)|RestIf],
5tl = open, ¥Flow 3 Rel |

RestFlow := Flow—-Eel,
fls = | [amount(Rel},link{l,Node)|Restlf] | MextOfls 1.
AgainIfls = [ [umuunL(ReatFluw}|RastII] | RestIfls ].

node{ Node, {0,clesed), {Rel,St2},
heainIfls, If2s, NextOfls, Of2s,
Ibhls, Ik2s, dbls, Ob2s, BelIn, Reph, Rept ).
P 2 - 1
§ { Flow { Hel ]}
node{ Hode, (Rel,5tl), (RKel,s5t2), 1£fls,1fis,0fls,0fZs,
Ibls, This,0Obls,0bis, Baln, Reph, Rept ) :—
TE2s = [Tf|RestTf2s], If = [amount({Flow)|RestTf],
5tl1 = gpen, Flow ¢ Rel |
HextRel = Hel-Flow,
0fls = [ [amount{Flow),link(Z2,Node)|RestIf] | WextOfls 1.
node{ Node, {MNextRel,S5tl), (Rel,5t2).
Iflzs, RestIfls, MextOfls, 0f2=,
Ibls, Ib2s, Obls, Ob2s; BoIng Reph; Rept ).
L] { Flow = Eel }
node{ Hode, (Rel,Stl), (Re2, 5t2), Ifls,If2=s,0f1s,0f2=,
Ibls,Ib2s,0bls,0bZs, BeIn, Reph, Rept § -
1f25 = [IflRestIfls], If = [amount(Flow)|RestIf],
Stl = open, Flow = Rel |

0fls = [ [amnunttPlnwj,Iinkfﬁrﬂndn]iRﬂntIf] 1.
node{ Node, (0,closed), (Rel,Et2),
Ttls, RestIf2s, _, 0f2s,
Ihls, Ib2s, Obls, Ob2s, Beln, Reph, Rept ).
¥ 2 ——=2» 1 & call again
% { Flaw » Eel )

node( Node, (Rel,S5tl), (Re2,S5t2), Ifls,1f2s,0fl1s,0fis,
Ibls,Ibls,0bls,0bls, BcIn, Reph, Rept ) :—
If2s = [If|RestLIfZs], If - [amount{Flow)|RestIf],
St1 = open, Flow 3 Rel |
RestFlow := Flow-Rel,
0fls = [ [amount{fel},link{2, Node)|Restif] | NextOfles ],
AgainIfls = [ [amount{RestFlow)|RestIf) | RestIf2s |,
node{ Node, (0,closed), (ReZ,5t2).
1fls, Againlfls, NextOfls, 0f2s,
Ibls, Ibids, Obls, Ob2s, Beln, .Reph, Rept ).
81 -3 2
[ f Flow ¢ Rc2 )
node{ Node, (Rel,5tl}, (REel,5t2), Ifls,If2s,0fls,.0£2s5,
Ibls, Ib2s,0bls,0b2s, Beln, Reph, Rept ) -
Ifls = [If|Restifls], If = [amount(Flow)|RestIf],
5tl = closed, 5t2 = open, Flow ¢ Rez |
HextRel := Reil-Flow,
Of2s = [ [amount(Flow),link({l,Node)|RestIf] | Hextofls ],
node( HNode, (Rel,S5tl), (HextRel, 5tZ),
RestIfls, If2s, 0fls, HextOfis,
Ibls, Tb2s, Obls, ObZs, Beln, Reph, Rept ).
B { Flow = Re2 )

— G



rode{ wede, (Rel,5t%), (Re2,5t2), 1fls, 1f2s,0fls,0f2s,
Ibla,Ib2s,0bla,0bls, Beln, Reph, Hept } :-
Ifls = [1f|RestIfls], If = [amount(Flow)|Restif],
5t1 = closed, 5t2 = open, Flow = Rel
0f2s = [ [amount{Fleow),link{l,Node)|RestIf] 1,
node{ Wode, (Rel,5tl), {(0,closed),
H.E'Et-I.fLEg If:ﬁr UflEf o
Ibls, Ibls, 0Obls, Ob2s, Ecin, Reph, Rept ).
21 —+=—p 2
1 I
B 1l4-=+
% { Flow ¥ Re2 )
node| HNode, (Rel,S5tl), (Re2,5t2y, Ifls,I1f2s,0fls,0f2s,
1bls, Ib2s,0bls,0b2s, BeIn, Reph, Rept ) :=

1fls = [1f|Restifis], 1f = [amount(Flow)|RestIf],
ftl = closed, 5td = open, Flow > Re2 |
RestFlow := Flow-Hel ,

0f2s = | [amnunt:Ruﬂp,]iul(l,Nudej[H@strfi 1.
hls = [ [amnunt{ﬂ&ﬂrr]nw}fRestIf]|N¢xtDbls 1.
node|{ Hode, (Rel,Stl}), (0,closed’,
HestIfls, Ifds, Ofls, s
Ibls, IbZs, MextObls, Ob2s, BelIn, Reph, Rept 3.
8 2 =3 2
% { Flow < Rel )
node( Node, (Rel,Stl), (Rel, S5t2), Ifls, Tf2s,0f1s,0£f2s,
This,Ib2s,0bls,0b2s, BcIn, Reph, HRept ) :—
If2s = [Tf|RestTf2s], If = [amount(Flow) |kRestif],
£t1 = rclazed, 5t2 = open, Flow < Re2 |
HextRe? := Rel-Flow,
0f2g = [ [amount{Flow},link{2,Mode)|RestIf] | Wextofas ],
node{ Node, (Rel,S5tl), (NexbRel,56L2),
Ifls, RustTIfl2as, OFfls, Newxtof2s,
Ibls, Ib2s, Obls, Ob2s, BocIn, Reph, Rept ).
L { Flow = Ra2 )
node{ Node, (Rel,St1), (Re2,5t2), Ifls,if2s,0fls,0f2s,
Ibls,1b25,0bls,0b2s, HBoln, Reph, Rept ) :—
1£2s = [1f|lestif2s], If = [amcunt(Flow)|RestIf],
5tl = closed, 5t = open, Flow = Re2 |
0f2: = [ [amount{Flow},link{2,Hode) |RestIf] ],
node{ Node, (Rel, Stl), (0,closed),
Ifls, RestIf2s, O0fls, _,

Ihls, Ib2s, Obls, ObZs, Beln, Reph, Rept ).
B 2 ===} 2
U |
¥ 2¢-—4
% { Flaw » Re2 }

node| HNode, {Rel,5tl), (Rel, 8502y, T01s,I102s,0f1s,012s,
Ihls,Ib2z,0bls,0b2s, BeIn, Reph, Rept 3 o:=
If#s = |Tf|RestIf2s], If = [amount(Flow)|RestIf],
St1 = closed, 5t2 = open, Flow » ReZ |
RestFlow := Flow-Re2,
0f2s = [ [amount{ReZ),link(2,Node}|RestIf] 1.
Ob2s = [ [amount(RestFlow)|RestIf]|NextObls |,
node( Node, (Hel,5tl}), (0,closed),
Ifls, RestIfls, 0Ofls, _,
Ibls, Ibis, Obls, HextObis, Boln, Roph, Rept ).
+—— 1
i
=32
{ Flow < Re2 )
ode( Mode, {(Rel,5t1), (Re2,5t2), Ifls,Ifls, 0fls,0fl2s,
Ibls, Ibds,0bls,0b2s, Beoln., Reph, Rept ) :—
Ibls = [Ib|Restlbls]), Ib = [amount(Flow)|RestIf],
5t2 = open, Flow ¢ Rel |
MextRel :— Rel+Plow, MextRe2 = Rel-Flow, 0£f2s = [Ib|Next0f2s],
node( Node, (NeXtRel,closed), (NextRe2,S5t2),

=



Ifls, 128, _. NoxtOf 2s,
RestIbls, IbZs, Obls, Obls, Boln, Reph, Rept ).
i { Flow = Rel |
node{ MNode, [(Rel,5t1), (Re2,5t2), Ifls,If2s,0fls,0f2s,
1bls,Ibids,0bls,0bds, Beln, Reph, Rept )o@ -
Ibls = [Ib|RestIbls], Ib = [amount{Flow}|Restif],
5t = open, Flow = Rel |

HextRel := Rel+Flew, Cf2s = [Ib],
node( Node, (MNextBel,closed), (0,claszady,
Tfls, 1f2s, _,

RestIbls, IbZs, Obls, 0b2s, Beln, Reph, Rept ).
& 1(mmdmm ]

% I
% +——32
* [ Flow » Rel }

node( Hode, (Rel,S5tl), (Rel,S5t2), Ifis,7f2s,0f1s,0f2s,
Thls,Ik2s,0hls, 0b2s, Beln, Heph, Rept } :-

Ibls = [Ib|RestIbls], Ib = [amount{Flow),link(1l,Node) |RestTh] ,
St2 = open, Flew » Re2 |
HextRel := Rel+Flow, RestbPlow := Flow-Rel,

0fZs = [[amount({Re2),link(l,Hode)|ReoctTh]],
Obls = [[amsunt(kestrlow)|RestIb]|MNextObla],
noda{ MNode, (MextRel,closed), {0, elosed),
Ifls, Ifls, _, .
RestIbls, IbZs, MNextObls, ObZs, BeTn, Reph, Rept 3.
% =1
& |
£ Bi——t==33
i { Flow » Rez |
node{ Mode, (Rel,Stl), (Re2,5t2), Tfls,If2s,0fls,ofis,
Ibls,1b2s,0bls.0b2s, Boln, Reph, Rept ) (-
Ibls = [Ib|RestIbls], 1b = [ameunt(Flaw),link{2,Node)|RestIb],
5t2 - open, Flow ) Re2 |
HextRel := Rel+Flow, HRestFlow := Flow-Rel,
0f2s = [[amount{Re2),link({2,Hoede) |RestTh]],
Ob2s = [[amount{RestFlow) [ResLTb] |NextOh2s],
node( Node, (MNextRel,closed)], (0,closed),
Ifls, Tfds, _, e
ResLIble, ThiZs, Obls, MextObls, Heln, Reph, Rept ).
1 ¢—— 1
node({ Node, (Rel,Stl), (Re2,5t2), Ifls,1f2s,0f1s,0f2n0,
Ibls,Iblds,0bls,0b2s, BeIn, Reph, Rept )
Ibls = [[amount{Flow),link{1,_)|Restib]|Restibls],
5t2 = glosed |
NextRel := Hel+Flow, Obls = [[amount(Flow)|Restlb]|Nextobls],
nede{ MNede, (MextRel,elosed), (Re2,S5t2),
Ifls, If2s, _, _,
RestIbls, Ib2s, NextObls, Ob2s, Bcocln, Reph, Rept ),
% 2 4-— 1
node{ Mode, (Rel,S5tl), (He2,5t2), Ifls,If2s,0f1s,0f2s,
Ible,Ibis,0bYs,0b28, BoIn, Reph, Rept ) :—
Ibls = [[amcunt(Flow),link(2,_}|RestIh]|RestIbls],
5t2 = glosed |
NextRel := Rel+Flow, Oble = [[amount(Flow)|RestIb]|Nextob2s],
node| Node, (NextRel, closed), (ReZ, Sti),
Ifls, If2s, _, _,
RestIbls, Ib2s, Obls, WextOb2s, BeTn, Reph, Rept .
11 (== 2
node { MNode, (Rel,Stl), (He2,5t2), Ifls,If2s5,0fls,0F2s,
Tbls,Ib2s,0bls,0b2a, Deln, Reph, Rept ) i—
1b2s = [[amcunt{Flow),link{l,_}|RestIb]|kestib2s] |
HNextRe2 := Re2+tFlow, Obls = [[amount(Flew)|RestIb]|NextObls],
node{ Wede, (Rel,Stl), (NextRe2,closed),
Ifi=s, 1f2s, _, _,
Ibls, RestIbZs, NextObls, Ob2Zs, BoIn, Reph, Rept )
% 2 ¢—— 2



nodo{ Wode, (Rel,5tl), (Hel, 5t2), Ifls, I£2s,0fls. 0f2s,
Ikls,IbZs,0bls,0b2s, BoIng Reph, BRept ) o=

1bZs = [[amount{Flew),link¢2, )|Restib]|RestIb2s] |
MextReZ :i= Kez+blow, Ob2s = [[amount{Flow)|RestIb] |NextOb2=],
node{ Hode, {Rel,Stl), {(Nexthel,closed).,
1fls, If2s, _, _.
ikls, ReslLIb2s, 0Obls, NextObiZs, Beln, Reph, Rept ).

81 ——+
L] !
& 1i-—F

node| Node, (REel,5tl), (Re2,5t2), Ifis,Ifl2s,0fls,0fls,
Ikls,Ib2s,0bls,0b2s, BelIn, Reph, Rept ) =

Tfls = [If|RestIfls], Stl = closed, 5t2 = closed |
Obls = [If|HextObls],
node| Node, {(Rel,S5i1), (Re2,5t2).,
RestIfls, If2s. _, v
ibl=, Th2s, WewtObls, O0b2s, Boln, Reph, Rept ).

2 -=+
% I
8 2{——+

node| Mode, (Rel,S5tl), (He2,.5t2), 1fls,if2s,0fls,0£f2s,
Ibls,Ib2s,0bls,0b2s, Beln, Reph, Rept ) :=
Tfas = [1f|RestTf2s], Stl = closed, 5%t2 = closed |
Ob2s = [If|NextoOb2s],
node( Hode, (Rel,5tl), (Re2,5t2%,
1fl=s, RestIf2s, _, _y
Ibls, Ib2s, Obls, NextOh2z, BoIn, Reph, Rept ).
81,2 4—— end, terminate
node{ Wode, (Rel,Stl}, (Re2,St2), Ifls,Ifds.0fls,0f2s,
Ibls,IbZs,0bls,0b3s, Boln, Reph, Rept ) -

Beln = end |
Reph = [node (Hode, (Rel,501), (Re2,5£21) |Ropt] .
®
% autFlow
‘ ------- ——
outFlow( [Pr|RestPre], Heps, SumFlow, Os ) :— Pr = pass([amount(Flow)|_1) |

NextSumFlow := SumFlow + Flow, 0s = [write(Pr),nl|Nextos],
outFlow{ RestPrs, Reps, NextSumFPlow, Hextls ).
cutPlew( |Pr|RestPrsz], Reps, SumFlew, O= ) :— Pr = return{_) |
05 = [write(Pr).nl|HextOs].
outilow({ RestPrs, Reps, SumFlow, HNextOs ).

cutFlow{ Prs, [Hep|Hestheps], SumFlew, Os ) :— Rep = nade(_,(0,_),(0,_)) |
outFlow(| Frs, Hestheps, SumFlew, OS5 ).
outFlow| Prs, [Rep|RestReps], SumFlow, Os ) :— Rep = node(_,{Rel,_},{Red, )},

Rel+Re2 > O
O = [Hriteqrenain{ﬂep}],nllﬂextﬂsl;
outFleow{ Prs, Restleps, SumFlow, NextOs ).
outFlow( [1, [1, SumFlow, 08 ) :— true |
0s = [ml,write(maxFlow({SumFlow)),nl,nl,nl].



meflw?, dos

{0F Date: 19&87-July-30, writtan by Kazuaki Rokusawa
Medified: 25-dec-87 by 5. Takagi

{1y Procram name; mxflw2

{2) Author: FKazuaki Raokusawa

[d) BEuns on: GHS on DEC 2065

(4) Description of the problem: See mxflwl.doc,

(3} Algorithm: See mxflwl.doo.

{6) Process structure: Scc mxflwl, doo.

{7y Pragma:

The pragma [FE-number) is attached to each node process.  The user can
attach it to some or all node processes. When attaching it to some
node processes, the program attaches the pragma to other pode
pPracesses.

{8) Program:

There are twoe netwerks., One (example 2) includes 17 nodes, and the other
(example 3) includes 80 nodes (see the source filey,

The main predicates used in this program are:

ex2sa, ex3f Top level predicates te start this program
exd —— example 2, exd = example 3
maxflows5: Main part of this program

genNodelist/3, findInitAllocPE/3, genMedes4, findZLinks/6.
findOtherLinks4, initWodes15, findLinkToExit/Z:
Predicates that generate node process

entrance/3: Sends the initial flow to the entrance
node 17 : The main process which sends and receives a flow,
This process works as:
Waites for the input-flow
Changes the status
Sends the flow
exit/ 6. Detects the end

outflow/3, outBYPE/1, totalByPE/R, outMsqDyPE/4 .
Displays the result

19) Source file: mxflw? ghe
This file: mxflwz, doc



{10) Examplos:

Compile the program.
?— ghecompile( 'mxflwd . ghe') ., {CR>

Execute the program,
?~ ghe ex2({LimFlow, InitalleocList, EntrancePE).<CR}

% where Limflow is the amount of initial flow to the entrance,
% lpnithilochist is & list of Pragma (PE-number),
EntrancePE is the Pragma(PE-number) attached to the entrance node.

-

% Evample of InithllocList:

% InithllocList = [node(k,3),node(h,1),node{q,2}]
% Thisz means attaching PEf3 to node k, PEfl to node h,
% and PEE2 to node g.

(Ll) Evaluation data:

The results of the execution on the GHC3 systom are as follows,

| ?- ghe ex2(s0, [node{f,2),node({qg,3),node(p, 131, 1).

maxFlow(;n}

6319 redu;tions and 104 suspensiens in Bl ecyeles and 9530 msec (67 rps)

The maximum number of reducible goals is 28744 at the 20th oycle.
The maximum length of the gueue is 44,

}-re-.':
| #- ghe ex3({200, {node(a4,2),node{cd,?),node(d3, 4y,
noede(hl,5),node(i5,6),node{l2,1), node(l13,2], 1},

maxFlow{#l}

/984 reductions and 720 suspensions in 409 eyeles and
wwd{0,~78733) msec (119680 rpa)

The maximum number of reducible goals is 01782 at the 121th cycle.
The maximum length of the gueue is 153,

wwd {0, -T8733) means that the wvalue is more than 18 bits and is
represented in the 2 half-words format.
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W
k! MAXFLOW
% s T e pap——
%
% example, 2 { 17 nodes )
®
% 100 15 20
i entrance —3» [ a ] === [ h ] [e] —=>» [ 4] —} [ & ] —» exit
% | | A A
% | =0 | 220 | zo | 3o
] v 20 | | a0 5 |
® [ £1 =y [ g ] o=y [ B ] ===} [ i ]
% | | A | A
i | 10 [ | 25 | 20 | 2o
% v a0 v 40 | ! |
% Eib=>1%k]=-—>11] i [m]
) i | | A
4 | 10 | 10 I | 285
3 v v 140 v 25 |
% fnj [o ] === [ p ] =—2»14g]1
%
exe({ LimFleow, InitAllocLisi, EntrancePE ) := true |
todespeclist = [node(a,out{100-b, S0-f)), node{b,out{l2i-k, [1¥3s
node{c,out{ 15-d, [11), nodeid,out{ 20-e, [1yys
node(e,out{ S0-exit,[})), node(f,out{ 20-qg, 10-3]},
node(g,out{ 20-¢, 40-h}), nodefh,out{ S5-i, 20 Flle
node{i,out( IU=e, L1}y, modeiq,out{ 80-k, 1y,
node(k,out( 40-1, 10-n)}}, node{l,out{ 25-g, 10-2)),
node(m,out{ 20-i, [1y), node{n,out| (1. LIy,
node(a,cut{ 1l0-p, {11, nede(p,out{ 25-g, [1¥3,
node(g,out{ 25-m, (1331,
EntranceNode = a,
maxtlow( LimFlow, WodeSpecList, EntranceNode,
TnithllocList, EntrancePE ),
%
l!__ ______________ ——— e L L L T T TN
%
W example. 3 { B0 nodes )
%
L) entrance
% I
L I
% v 31 a0 62 75 B89
& [ a0 ] === [ @1 ] ===3 [ @2 ] —=% [ a3 ] === [ a4 ] —>» [ a5 ]
] | A A |
] | 78 | a1 | 30 | &1
i v a0 | 52 15 | 15 v
B [ Bl ] ————mo— o > [ b2 ] -—=>[b3] -—>[bs] —> [b5]
% I a | A I
1 | &3 | 14 | g1 | 20 | 72
4 v 70 a0 | i | 17 v
% [ c0 ] —3 [ @1 ] ===3 [ 2 ] [ [ 4] ——> [ 5]
. | | | A |
) {37 | 28 | | 25 | &8
W 48 v 3 v 4G v 25 | 32 v
% [ A0 ] 4m== [ d3 ] ¢~— [ @2 ] ===> [ @3 ] ===> [ d4 ] -—> [ 45 ]
¥ I I A | I
] | 74 | 22 | 7 i 77 | =53
% v 45 v 40 | 61 v ] 23 v
13 el ] —> [ el ] —> [ e2 ] ¢==— [ 3 ] === [ &4 --- 1 e5 )
i I I | | I [
% | 38 [ 13 | as | 48 | 3s [ 61



HeodeSpecList

[

% v a8 v 1 v

% [ Lo ] =—=» | £1 ] i [ £3]
® I I I I

% | 25 ! 54 | | 39
% | v 72 v 15 v

L | [ g1 } === [ g2 ] ——* [ g3}
x | | | |

% | | as | 89 i 50
i W 11 v 40 v a1 v

S [ ho | === [ h1 ] —=>» [ h2 1 —* [ h3 ]
& A | |

% i a2 | 36 | 75
% i 11 v 26 65 W

% P a0 ] €==—= [ i1 ] === [ 12 ] 4==—— [ i3 ]
% i I i I

4 | 72 | a3 | 53 | 38
% v 35 W | v

& [ 301 ===» [ 31 ] | [ 331
% I ! | !

% | 26 P49 | | 62
% v 19 W 45 v

% [ ko ] —3 [ k1] [ k2 ] ———3% [ k3 ]
¥ A J I

i | 14 I 81 | 23 | &4
) i z3 v 72 v i v

& [ L0 ] =—=% | 11 ] ——=» [ 12 ] ——=3 | 13 ]
% A [ |

% | so | &7 | & | a4
i | | a7 v G 6 )

% [ mO ] é€——————— e [ m2 ] ¢——— [ m3 ]
' | I I I

i | 72 | | &7 | a1
[’ v | W 53 v

% [ ni | | [ 2 1 —==» [ md |
¥ | | |

b | 6a | | 73

b v 43 v B4 v L1:)

¥ [ e ] —>» [al 1 —2 [ a2 ] —3 [ @3]
' |

) |

i v

% axit

%

ex?{ LimFlow, Initilloclist, EntrancePE ) :— true |

node{ad,out{31-al,76-bl)},
node{al, sut{E2-a3, [133,
node{ad,out{89-a5, 133,
node (b0, out (80-ba, 63—c0) ),
nede{b?,cut{41-a2,52-b3}},
node(bd ,out{30—a4d,15-b5) )},
node (el ,out{T0-cl, [131:
node (e, out{14-b2,28-d2)),
node (o4 out{20-b4,17-23) ),
node (40, out{T4—e0, [111.
node(dZ,out{ 3-dl,46-d3)).,
node (dd ,out {25=-04,32-45) ),
node(el,out{45=el,36=£0)),
node (e out{ T=d2,99=-92));
node (ed4 out{ 9—ald,35-f4)),
node [ f0,0ut (26—£1,25=-hid) ),
node{ £4,out{le-£3, 8-£5)1,
node (g2, out (1543 ,65-h2)),
node({gd,out(12-95, {11y
node{hi,out(31-hl, 133,

iB ¥ 8 v
¢——— [ f4 } —>» [ £5
I
| 74
12 v
[ g4 ] ===% [ a5 ]
A I
| 23 | &4
35 | v
——————————————— > [ hS ]
I |
| HET
| 71 v
[ i4 )] <= [ i5 ]
| I
P68 [ 81
41 v 21 v
=== [ 34 ] -——» [ 35 1
FS |
| 21 | 73
| 36 v
[ k4 ] ¢=——— [ kS |
|
{ 58
72 |
==k [ 14 ] !
I I
| 37 I
v A7 v
[ m4 ] === [ m5s ]
i I
i 25 | =9
87 | W
——————————————— * | n5 |
I |
| | 75
27 v T2 v
i [ 24 ] ¢—— [ a5 ]
node{al,out{40-a2, (13,
node(al, out{75-a4, (113,
node{a5,out{61-b5, IRRRY

node{b3,out{15-b4,61-d3}},
node{bS,out{72-c5, (13«
node(ol,out (40-a2, 37-d1}),

node (a5, cut ( 68-d5, (131,
node (dl,gut (49-40, 22-e1)),
node (d3,cut (25-44,77-e3) ),
node{ds,cut(53-e5, [¥yy.,
node(el, out(40-a2,13-£1) ),
node(ed,out(6l-ed, 48-£3) ),
node (eS,out(23—ed,61-£5) ),

node(fl,out (54-gl, [Fyd.
node( f3,out (39=g3, [Fyi-
node( f5,out(7T6-g5, [1¥3.

node{gl,out (72-g2,38-hl)},
node (gi,out{50=hi, [T1¥y.
node (g5, out { B4=h5, [Ty,
node(hl,out{40-h2, 36-11}},



pode(h? , ocut{(81=h3, [1yy, node{h3,out{55-h5,75-13),
node (hS, out{90-1i5, [ryys
node | i0,0ut(72-j0,82-h0}}, node{il,out{l1-1i0,43-9%)),
mode {12, out (26-11,53-k2)), nada{il, out(65-i2,36-93)),
nodo{ic,out{23~-g4,68=34)), node({iS,out(71-i4,81-95)).,
noede{ 40, 0ut{35-91,26-%k0}), node(jl,out(49-k1, (133,
node(J3,out{62-k3, T1¥y,
nodej4,0ue(41-93,21-951), noede(j5,out{73-k5, Iy
node( k0, cut{19-k1, [§1), node(kl,out{BI=11, [E¥).
node(kl, out(45-k3,13-12)), node{k3,out{64=-13, I1%1.
node(kd , out(41-J4, {11y, node(kS,cut{36=kd, 58-m5),
node{l10,out(14=k0,23=11}), node(ll,out{72-12,57-c1)).,
node{ 12, out{ &=13,86-m2)), node{li,out(72-14,44-m3})),
node{ 14, cut{37-m4d, [1r3
node{(md,cut{50-10,72-n0}),
node{m2,out{27-m0, 67-n2) ), node(md,oul{S6=m2,31=-n3)).,

node(md,cut{87-m5, 25-04 ) ), node(m5,out(3%9-n5, {14y

node{nd,out{&§8-ad, 133,

node(n2,out{53-n3,73-021), node({nd,ocut{87-ns, [Tyis
node(ns, out{75~as, [13y

node(ob,out(43-al, [133, node{ol,out{Bd4-o2, (133,

node{o?, out{58-o3, {13y, node(o3,out{85—exit, [1}).

neda{od, out{27-03, [11}, nedef{od,out{72-ali, 1341,

Entrancefode = ad,
maxflow({ LimFlow, NodeSpecList, EntranceNode,
: InitallocList, EntrancerkE ).

i

%———-—- e e e e e e e s o Y T T T T T T T T Ty rwwa-
[

% MAXFLOW = main part -

T

%

% HodeSpecList = [node(name,out|amountl-outl,amountZ-out2)y, .. .|
%

% ¢ exampleod

%

% WodeSpeclist = [nodeja,out({i-b,7=c}).node(b,out{d4-d, [11),

.3 nada{c,out{5-b,3-d) ), node(d, out{ T=exit, []1}]

k]

% 2 4 T

& fa] ——* [ b ] === [d] -—» exit

) | A A

1 | 7 | 5 3 |

& e R e +

%

maxflow{ LimFlew, NodeSpeclist, EntranceNode, InitAllocList, EntrancePE } :-
true |

Ent = {node(_,out( —-EntranceMode,[]11).
EhﬂnnelfTDEntrunce,_,BackTuExit,"j,_},

genlodeList{ WodeSpeacList, InitAllocList, NodaList 3.

genNode{ Nodelist, [Ent|NodeList], Bcln, RepHead ),

entrance({ LimFlow, EntrancePE, ToEntrance ),

findLinkToExit{ NodeList, ToExit ).

exit{ LimFlow, 0, ToExit, BackToExit, Beln, Prs ).

cutFlow({ Prs, HepHead, 0 ),

cUtBYPE{ RepHead ).

PR

process generation

gqeniodelList

HodeSpeoList ——-=2 Nodelist

A W W W W A

68 —



& podelist = [{node(...).channel (0fls,0fds,1bls,1b2s) . pe(PES) ). .. ]
% { where node({...) is the same as node(...) in NodeSpecList )
®
genNedeList({ [OneNodeSpen|RecthodeSpecList], InitAllocList, NodeList ) -
oneNodeSpen = node(Node, ) |
findinitallecPE( Nede, InitAlleoclist, InitAllocPE 3§,
OneNede = (OneNodeSpec,channel(0fis,0f2s,Tbls,Ib2s),pe{InitAllocPE)),
Nodelist = [{neNode|NextNodeList].
genNodeList{ RestNodeSpeclList, InitAlleocList, HextNedeList )
genNadeList({ []. , Nodelist } :— true |
ModalList = [].

findInitAllocPE

L}
.3
%
%
% find the initially allocated FE according to TnitAllocList
2
findInitAalloc®®({ Hode, InitAlloclist, InitAllocPE )
InitillocList = [node(MNode,PE)|_3}
InitallocPE = FE.
findInitAllecPE({ Node, InitAllocList, TnitAllocPE )} -
InitaAlloclist = [made(Othertode, ) |RestInitRllocList],
iode \= OtherNode |
findInitAllocPE( Mode, RestInithAllecList, InitklloefE ).
findInitallecPE{ , TnitAlloclist, InithAlleePE ) :- lnitallocList = [] |
InithllocPE = nothllocated.

%
L3 genlode

% _________

%

T generation of "node" process

%

% EHodelist = [entrance-spec|NedeList] { see maxflew predicate }
k]

k. 0fls, Ihls

% [pode] ————==mae—— H

% I

% | 0f2s, Ibls

% o ——————————— }

%

genVode! [OneNode|RestNodelist], ANodelist, BelIn, Reph ) -
CneNode = (npode{Node,out{Amountl—-_, Amounti—_173.
channel(0fls,0f2s,Ibls, Ib2s) , pe(AllocPE) ) |
findilinks{ Hode, ANodelList, Ifls, Ifl2s, Obls, Obls ),
initNede{ AllocPE, Node, (Amountl,open), (Amount,open),
1f1s,I1f2s, 0Ofls,0f2s, Ibls,Ib2s, Obls,0b2s, Beln, Reph,Rept ),
genbode( RestNodelList, ANodeList, Boln, Rept ).

0fl=z, Ibls
[node] —-———————1>

-

genbode| [OneNode|RestModeList], AMNsdeLlist, Beln, Reph } :=
OneNode = (node(Node,out{Amountl-_, (1)},
channel{0fls, ,Ibkls,_),pe{AllocPE)) |
find2Links{ Wode, ANodeLlist, Ifls, Ifis, Obls, Obls ).
initNode{ AllocPE, Mode, (Amcuntl,open). (0,closed),
Ifis,If2=, Ofls,_, Ibls,[], Obls,0b2s, BcIn, Reph,Rept ),
genbode( RestNeodelist, ANodeLlist, Boln, Rept ).

[node]

I
| 0f2s, Ib2s

fmmm— e mm——

E I U

gentode| [OneNode|RestModeList], ANodelist, Belm, Reph j :=
Onelode = (node{Mode,cut{[],Amount2-_1),



channel(_ ,0£2s, ,1b2s},pe{dllocPE)} |
findiLinks{ Node, ANodelist, Ifls, IfZs, Obls, Obls ).
initHode( AllocPE, Hode, (0,closged), (Amount2,open),
Ifls,Ifes, _,0f&s, [],1bZs, Obls,0bls, Beln, Reph,Rept ).
gendode( RestHodeList, ANodeList, Beln, Hept ).
%
& [node] { having no output=1link }
%
genNode( [Onelode|RosotModelist], ANodeList, Beln, Reph 3 :-
Onetede = (node (Node,out({[], (13}, _.pefhllocPE)) |
find2ninks( Node, ANodelList, Ifls, IfZs, Obls, Obls ),
initHode( AllocPE, Mode, (0,closed), (0,closed),
Efls, 1f2s, _._. [},{), Obls,0b2s, BecIn, Reph,Rept ),
genioda{ HRestNodeList, ANodeList, Beln, Rept |}

i
genieda( [], ., _, Reph } :— Lruc |
Reph = |].
%
% findLink
]
%
L find the link to node{Node)
%
% 0fls = Ifls, Ibls = Qblsg
] [other-node] —————————— r o [Nede]
% A
¥ |
] Of2s = If2s, Ibids = ObZs |
® jother-node] —————————————— e +
%
find2Links( Mede, [Onclode|RestaNodeList], Ifis, If2s, Obls, Ob2s ) :-

OneNode = {node{ ,out{ -Nede, }},channel({0fls, ,Ibis, 3, 3 |
Itls - 0fls, Obls = Thls,
findOtherLink{ Node, RestRNodelist, 1f2s, Ob2s ).
tind2Lirks( Node, [OneNode|RestANodeList), I1fls, If2s, obls, Ob2s | :-
UneHode « (node{_,out|{_ , -Hode)),channel{_,0fls, ,Ibis), } |
Ifls = Qfls, Obls = This,
findOtherLink( Hode, RestANodelList, If£2s, ObZs ).
find2Links({ Hode, [Onedode|RestANodeList], Ifls, 1f2s, Ubls, Obids ) -
OneNode = {nede(_,cut{_-Outbodel, —-OutWode2)), , i,
futNedel = Node, OutNodel = Node |
findiLinks( Node, HestANodeList, Itls, It2s, Obls, Ob2s 3,
find2Links({ Node, [UneNode|RestANodelist], Ifls, If2s, Obls, ob2s } -
DneNode = I:nadei._.c\utf_-ﬁutﬂndai,[]].:|,_,_':., JutNodel S~ HNode |
ind2Links( Node, RestANodeList, Ifls, If2s, Obls, Ob2s ).
find2Links{ Wode, [OncNode|RestANodeList), Ifls, If2s, Obls, Ob2s ) :-
Onetiode = (node{_,out{[],_-OutMede)),_,_), OutHode? “= Node |
find2Links{ Mode, RestANodeList, Ifls, Tf2s, Obls, Ob2s 3,
find2Links({ Node, [OneNode|RestAModeList], Tfls, Tf2s, Ohls, Ob2s } :-

OneNode = (node{ ,out{[l1.013%, « 1 |
findiLinks( Hode, RestANodeList, Ifls, If2s, Obls, Ob2s 3.
find2Links{ Fode, [], Ifls, Tf2s, Obls, Ob2z )} :- true |

Ifls = (], Tf2s = {], Obls = _, Ob2s = _
%
findOLherLink{ Mode, [OneNode|ResthNodenist], Ifs, Obs } -
OneNode = (nede{_,eut{_-Mode,_)),.channel(0fls, ,Ibis, 3}, ) |
Ifs = 0fls, Obs = 1bls,
findotherLink| Node, [UneNode|RestiNodeList], Ifs, Obs ) -
OneNode = (node(_,out(_,_-Node}),channel(_,0f2s, ,Ib2s),_} |
Ife = Ot2s, Obs = Ih2s,
findOtherLink{ Mede, [OneNode|HestANodeList], Ifs, Obs 3§ -
Onelode = (node{_,out{_ -OutNodel, -OutHede}), , 7.
OutNodel Y= Node, OutMNodeZ = Hode | :
findotherLink{ Wode, RestiNodeList, Ifs, Obs .
tindOtherLink({ Node, [Onetode|RestANodeList], Ifs, Obs ) :=
Onetede = (node(_,out{_ —Outdodel, [])),_, )., OutNodel %= Node |

— 70 —



findidtherLlink{ Hode, HestANodeList, Ifs, Obs ).
findOtherLink| Wode, [Onedcde|RestANodeList], Ifs, Obs ) :-
Onetode = (node(_,out([],_-CutHodel)),_,_), OutNode2 “= HNode |
findOtherLink|{ Hode, RestiNodeList, Ifs, Obs ).
findOtherLink|{ MNode, [OneNode|BRestANodeList], Ifs, Obs ) :=
OneNode = (nodef_,out{[1, {1}, _._) i
findObtherLink{ Node, RectANodelist, Ifs, Obs ).
findotherLink{ Mode, [], Tfs, Ohs } :- truc ]
Ifa = [], Ghs = _

inithode

initial generation of "node” process

=== initially alloecated -—

ot A A e & a0

irithodef{ AllocPE, Wode, (Rel,S5tl), (Rel,5t23,
1fls,If25,0f1s,0f2s, Ibls,Ib2s,0bls,0b2s, Beln, Reph, Rept ) :—
allocPE \= notallocated |
ITnitIfls = [alloc{AllocPE) |Ifils],
node{ nocthAllocated; Hode, 0, 0, (Rel,5tl), {(Rol,5t2),
InitIfls,Tf25,0f1s,0025,Ibls, This, O0bls, 0b2s, Beln, Reph, Rept ).
£
S --— initially not allocated -—
£
initNode{ AllocPE, Node, (Rel,S5tl), [(Re2,S5t2),
Iflg,If2s5,0f1s,0£28, Ibls,Ibls,0bls,Obis, Beln, Reph, Rept ) :—
ARllocPE = nothllocated |
node{ notAllocated, Wode, 0, ©, (Rel,Stl}, (Rel,S5tld),
1fls,1f25,0f1=,0f25,Ibls, Ib2s,0bls,0b2s, Beln, Reph, Rept ).

findLinkToExit

find the link to "exit”

Ofls or Ofi2s = ToExit
[ather=node) ¥ exit

o A

findLinkToExit( [UneNode|RestNodeList], ToExit )} :-
OneNode = (node{_,out{_-OutNedel, -OutNedel)),_._J.
OutNodel = exit, OutNedel \= exit |
findLinkToExit{ RestNodeList, ToExit ).
tindLinkToExit( [OneMode|RestNodelist], ToExit ) :-
Onclode = (node{ ,out{ =OutWodel,ll)), . ), OutNodel %~ exit |
findLinkToExit({ RestNodaeList, ToExit }.
findLinkToExit{ [OneNode|RestNodeList], ToExit ) :-
CneNede = (node(_,out([],_-QutNodel)),_,_), OutNodel2 ‘= exit |
findLinkTeExit({ RestNodeList, TeExit ).
findLinkTouExit{ [DneNode|RestNodeList], ToExit ) :—
tnelode = (node{_,out( {1, [13),_,_) |
findLinkTocExit{ RestHodeList, ToBExit ).
findLinkToExit{ [OneNode|RestNodelist], ToExit ) :—
OneNode = (node(_,out(_=-exit,_)),channel(0fls, ,_ ., ),_} |
ToExit = O0fls.
findLinkToExit( [OneNode|RestNodelist], ToExit § -
OneNode = (neode{_,out{_,_-exit)). channel( ,0f2s, ., ),_) |
ToExXit = 0f2s.
findLinkToExit({ [], _ ) := Msg = 'illegal NodeSpecList',
prolog{ { write{ Msg y, nl ) } |

true.
L
— -
¥ process specification
e == v P —_—



¥

% s e e -
+ | |
i | v
] cntrance ===} nodo (==} ... «==} pode {——% exit =-=) outFlow ==} outstream
% A A | A
§ | | v
% v v #ll nodes all nodas
% node {——3 ... {——» pode

% Y A

+ | |

E 1 :

%

% stream diagram

8 ammmmmmme——————

%

% node

4 e e + {Eml,5L1})

£ mmmmm——— *|1f1s Oflg| ————————=3
L] fm———————= |Obls Ibls| {——————~

% I I

B | | (rRe2,5t2)

¥ -——-—————}|1f28 ofzg| —————- »
% G |ob2s Ibis| 4=~

& |

L] | BeIn  BRep |

% o e

% B |

& | v

%

® Ifs : input forward stream

% 0fs : output forward stream

) Ibs : input backward streoam

% 0Obs  : output backward stream

% R . remainder

% 5t ¢ status [ open / closed )

% Beln @ broadeast in

% Reph : reply head

% Fapt : reply tail

L]

& node SE.It!I:!i fication

5 e

i

% cntrance

e

entrancae{ Lim¥Flew, EntrancePB, Ofas } :—= Mag - push{LimFlow),
prolog| | writef{ Megq ), nl ) ) |
Ofs = [alloc(EntrancePE), [amount(LimFlow),link{d,entrances]].

allocation to PE specified in the message
receiving "alloc-message” from Ifls

=== first receiving ---

o o A A W g

I'IDdE{ PE, Hﬂd&; Ifc, Ibe, {Rel]ﬁtl}p fﬂazfﬁti}f Lfls,If25,0£f1s,0£2s,
Ibls,IbZs,0bls,Ob2s, Boln, Reph, Rept )} :-

Ifls = [Lf|HestIfls], If = alloc({allocPE), PE - notAllocated,
Mg = allocate(node{Mode),pe(AllocPE)),
prolog( { write(Meg), nl 3 7} |

sendAlloc{ AllocPE, St1, Otls, NextOfls 3§,

sendilloc{ AllocPE, 5t2, 0Ofls, WextOfls 3,

node( AllocPE, Node, Ifc, Ibe, {(Rel,S5tl), (Rel,5t2),



RBestifls, 1f£2s, MextOfls, NextOfls,

Ibls, IbZs, Obls, Obls, Beln, Reph, Rept ).
%
% === already received -—--
%

nade{ PE, Node, Ife, Ibo, (Rel,S5t1), (Re2,5t2), Ifls,If2s,0fl1s,0f2s,
Ibls,Ib2s,0bls, 0b2s, Boln, Reph, Repb ) 1=
1fls = [If|RestIfls], If = alloc{AllecPE), PE %~ notillocated |
node{ FE, Mode, Ifc, Ibe, (Rel,5tl), (Rel,5t2),
Restlfls, If2s, Ofls, 0fis,
Ibls, Ib2s, Ubls, 0b2s, Becinm, Reph, Rept ).

reaeiving "alloc-meosage” from Ifis

--- first recelving -——

& & P @ e

node( PE, Node, Ife, Ibo, (Rel.5tl), (Re2,S5t2), Ifls,If2s,0fls,0f2s,
Ibls,1b2s,0bls,0b2s, Beln, Reph, Rept ) :=
Tf2s = [If|RestIfis], If = alloc{allocPE), PE = notAllecated,
Mog = allocate(node{MNode),pe{AllocPE)),
prolog{ { write{Ms=g), nl } 3 |
sendAalloc{ RllocPE, &5tl, 0fls, NHextOfls ),
sendillac{ EllocPE, 5t2, Of2s, HextOils 3,
node{ AllecPE, Heode, Ife, Ibe, (Rel,Stl), (Re2,S5t2),
Ifls, RestIfis, NextOfls, NextOfls,

Ibls, Ib2s, Obls, Ob2s, Becln, Reph, Rept }.
%
% === already recoceived o=
®

nede{ FPE, Node, Ifc, Ibo, {(Rel,5tl), (Reld,5t2), Ifls,If2s,0fls,0fi2s,
Ihle,Ib2s,0bls,0b2s, Boln, Reph, Hept ) o=
I1f2s = [If|RestIf2s], If = alloc(AllocPE), PE %= notillocated |
nede( PE, Node, lfo, lbo, (Hel,S5tl), (Rel,5t2).
I1fls, Restlfzs, Ofls, 0fis.
Ibls, Tb2s, Obls, Ob2s, Beln, Reph, Rept ).
%
sendAlloc{ AllocFE, 5t, Ofs, Nextofs ) :— 5t = open |
0fs = [allec({illocPE) |Nextofs].

L

gendallec| AllockE, 5t, Ofs, MNextUfs ) :— S5t = clesed |
Ofs = NextUfs,

k3

% general processing

L3

® receiving [amount(Flow) , link{_, J,...] message

L

%1 -1

k] { Flow ¢ Rel }

node( PR, Wode, Ifc, Ibe, (Rel,Stl), (Re2,5t2), I1£1s,I£2s,0fls,0f2s,
Ibls,Ib2s,0bls,0b2s, Beln, Reph, Hept ) -
Tfls = [If|Restifils], If = [amount({Flow)|RestIf],
5t1l = open, Flow < Rel, HextRel i= Rel-Flow, Newlfc := Ifc+l,
Msq = ape{pe(PE),node{Node),send_forward{Flow) ),
preleg( { write(Msg), nl ) ) |
Ofls = [ [amount{Flow),link(l,Node)|RestIf] | MNextofls |,
node( PE, MNode, NMewlfe, Ibe, (MextRel,s5tl), (Re2,5t2),
Hestifls, If2s, MextOfls, 0f2s,
Ible, Ibide, Ubls, Ob2s, Beln, Reph, Rept ).
% [ Flow = Hel }
node{ PE, Hode, Ife, Ibe, (Rel,Stl), (Re2,5t2), Ifls,If2s,0f1s,0fis,
Ibls,1b2s,0bls,0b2s, Beln, Reph. Rept ) :-—
Ifls = [1f|RestIfls], If = [ameount(Flow)|HestIf],
5tl = open, Flow = Rel, HewIfc := Itfo+l,
Meg = ope{pe(PE},node(Node),send forward{Flow)},
proleg{ { write{M=g), nl } ) |
0fls = [ [amount{Flow),link({l, Node)|RestIf] ],

- 73 —



nede{ PE, Node, MNewlfe, l1be, (0,closedd, (EHe2,st2),
Restlfls, Ifis, _. 0f2s,
1bls, Ibds, Obls, Cb2s, BoIn, Beph, Rept ).
% 1 ——» 1 & call again
& { Flow » Hel }
node{ PE, Wode, Ifo, Ibc, (Hel,Stl), (Re2,.S5t2), Ifls,If2s,.0fls,0f2s,
Ibls,Ib2s,0b1s,0b2s, Beln, Keph, Rept ) :-—
Tfls = [If|RestIfls), If = [amount({¥low) |RestIf],
5t1 = open, Flow » Rel, RestFlew := Flow-Rel, NewIfc = Ifc+l,
Mog = ope(pe(PE},node(Node), send_forward({Rel)).
proleq( { write(Msg), nl } } |
0fls = [ [amount{Rel),link(l,Hode)|ResiIf] | Wextofls ],
AgainIfls = [ [amount(ResiFlow)|RestIf] | RestIfls 1.
node{ PE, Node, Mewlfc, Ibo, (O,ciosced), {(Re2,5t2),
AgainTils, Ifls, Mextofls, 0f2s,
Ihl=, Ibiz, Obls, Cb2s, Beln, Reph, Rept ).
20 - 1
% { Flow < Rel }
node|{ FE, Hode, Ifec, Ibc, (Hel,5tl), (Re2,5L2), Tfls,Tf3s,0fls,0f2=,
Ible,Ib2s,0bls,0b2s, BoIn, Reph, Rept ) -
1fis = [If|RestIfZs], If = [amount{Flow)|RestIf],
Stl = open, Flow ¢ Rel, MextRel := Rel-Flow, WewIfe := Ifc+l,
Mag = ope{pe(PE),node{Node),send_ferward{Flow)},
proleg( ( write(Msg), nl ) ) |
Ofls = [ [amount(Flow),link(2,Node) |RestIf] | Nextofls 1,
node( PE, Node, HewIfe, Ibe, (MNexlRel,Stl), {Re2,5t2),
Ifls, RaeslIfZs, NextOfls, Ofls,
Ikls, Ib2=z, Obls, Ob2s, Beln, Reph, Rept ).
% { Flow = Rel )
nodei PE, Wode, Tte, Ibc, (Rel,5tl), (Re2,5t2), Ifls,Ifls,0fls,0f2s,
Ibls,Ib2s,0bls,0b2s, Beln, Reph, Rept ) —
If?s = [If|RestIf2s], If = [amcunt(Flow)|RestIf],
Ztl = open, Flow = Hel, NewIfc := Ife+l,
Msg = ope(pe(PE},node(Node}) , send_forward(Flow)),
prelog( { write(Msg), nl 3} 3 |
0fls = [ [amount{Flow),link(2,Noda)|RestIf] 1.
nede({ PE, Hode, NewTfe, Ibe, (0,closed), (He2,S5t2),
Ifle, RestIf2s, _, ofas,
Ibls, Ib2s, Obls, Obds, BeTn, Reph, Rept ).
% 2 —* 1 & call again
% { Flaw * Rel }
node{ PE, Mode, 1fe, Ibs, (Rel,S5t1), (Re2, 5t2}, Ifls,if2s,0fls,0f2s,
Ible,Ib2=,0bls,0b2s, Beln, Reph, Rept ) :—
Ifis = [Tf|RestIf2s], If = [amount{Flow)|RestIf],
&tl = ecpen, Flow > Rel, RestFlow := Flow-Rel, NewTfc := Ifc+l,
Msg = ocpe({pe(PE),node{lNode),send forward(Bely}),
preleal { write{Msg), nl ) 3 |
0fls = [ [amount(Rel),link{2,Node}|RestIf] | Nextofls ],
AgainIfls = [ [amount{RestFlow)|RestIf] | RestIf2s 1,
node{ PE, Node, NewTfe, Ibhe, (0,closed), (Re2,5t2),
Ifls, AgainIfls, NextOfls, Qf2s,
Ihls, Ibiz, Obls, Cb2s, Beln, Reph, Rept ).
£ 1 == 2
% { Flow < Re2 3
node( PE, Node, Ife, Ibe, (Rel,Stl), (Re2,5t2), Ifls,If2s,0fls,0f2s,
Ibls,Ibds,0bls,0b2s, BoIn, Reph, Rept ) :-—
Ifls = [1f|RestIfls], If - |[amount{Flow)|Restif],
5t1 = closed, 5t2 = apen, Flow { Hel, NextRe? := RaZ-Flow,
HewItfe := Ifo+l, '
Msg = ope({pe(FE),node (Node), send _forward({Flow)},
proleg{ ( write(mMsg), nl 3 ) |
0f2s = [ [amount(Flew),link{l,Node)|RestIf] | NextDf2s 1,
node( PE, Hode, NewIfe, Ibs, (Rel,S5tl)y, (NextReZ,St2},
RestIfls, If2s, Ofls, WextDfis,
Ibis, Ib2s, Obls, 0b2s, EBcln, Reph, Rept ).
% { Flow = Re2 )
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node{ PE, MNade, Tfr, Ibe, (Rel,S5tl), (Re2,5t2), Ifis,Ifzs,0fls,0f2s,
Ibls,Ib2s,0bls,0b2s, Bocln, Reph, Rept ¥ =
TIfls = [If|RestIfls], If = [amount{Flow)|RestIf},
5tl = eclosed, 5t2 = gpen, Flow = Rel, Newlfc := Ife+l,
Mgg = ope{pe({PE),node{Node), send_forward({Flow)),
preleg( [ write{Msg), nl ) } |
Ofis = [ [amount(Flow),link{l,Node)|RestTf] ],
node({ FE, Node, WewIfc, Ibc, (Rel,Stl), (0,closed),
RestIfls, If2s, ofls, _,
Ikls, Th2s, Obls, Ob2Zs, Beln, Heph, Rept. ).
1 ==d—=3% 2
I
1i——+
{ Flow » Re2 }
neda{ PE, Node, Ifc, Ibeo, (Rel,Stl), (Rel?,5t2), Ifls,If2s,0fl1s,0f2=,
Ibls,Ibis,0bls,0b2s, Beln, Reph, Rept ) :—
Tils = [If|RestIfls], If = [amount{Flow)|RestIf],
5t1 = closed, 5t2 = open, Flow * Re2, RestPlow := Flow-Rel,
Hewlfe = Ife+l,
Msq = ope(pe(PE),node{Node},
sehd_forward({Rel),send back(RaestFlow)),
prologl [ write{Msg), nl j ) |
Ofis = [ [amount(ReZ),link{l,Node)|RestTIf] ],
Obls = [ [amount({RestFlow) |RestIf]|Wextobls ],
node{ PE, Node, NewIfe, Ibe, (Rel,5tl}), (0,closed),
RestIfls, I£2=z, Ofils, _r
Ibls, Ib3s, MextObls, Ob2s, BeIn, Reph, Rept ).

o

B 2 =3 2
] { Flow ¢ ReZ )
node| PE, Node, Ife, Ibe, (Rel,Stly, (Re2,St2), Ifls,If2s,0{1s,0f2s,
Ibls,Ihis,0bls,0b2s, BeIn, Reph, Rept § =
Té2s = [Tf|RestIf2s], If - [amount(Flow)|RestIf],
&tl = closed, 5t2 = open, Flow ¢ He2, NextHe2 := Hel-Flow,
HewIfe := Ife+l,
M5q = ope|pe(PL),node(Node), send_forward(Flow)),
preleg( ( write{Msg), al } ) |
0£2s = [ [amount(Flow),link{2,MNode) |RestIf] | Nexttf2s ],
node( FE, Hode, WewIte, Ibe, (Rel,St13y, (MextRe2,S5t2),
It1ls, RestIifl2s, Ofls, NextOf2s,
Ibls, Ih2s, 0Obls, 0b2s, BeIn, Reph, Rept ).
% { Flow = Re2 )
node{ I'E, Node, Ife, Ibe, (Rel,5tl), (Re2,5t2), Ifls,If2s,0£fls,0fls,
Ibls, 1bis,0bls,0bds, Beln, Reph, Rept ) =
1fis = [1f|RestIf2s], If = [amount(Flow)|RestTf],
Stl = ¢closed, 5t2 = cpen, Flow = Re2, NewIfc := Tiet+l,
Msg = ope({pe{PE),node{Node) , send_forward(Flow) ),
prologi (| write{Msg)}, nl } } |
O02= = [ [amount{Flow),link{2,Node)|RestIf] ],
node( PE, Node, HewIfc, Ibe, (Rel,S5tl), (0.closed),
Ifls, HestIfis, Ofls, _,

Ibls, IbZs, (Obls, 0ObZs, BcIn, Reph, ERept ).
% 2 ——4——3 2
% I
& QA==+
% { Flow * RHel2 )

pode{ PE, Node, Ifc, Ibe, [(Rel,S5tly, (Re2,5t2), Ifls,If2s,0fl1s,0f2=,
Ibls,Ib2s,0bls,0b2s, Beln, Reph, Rept ) :=
I1f2s = [If|RestIf2s], If = [amount(Flow)|RestIf],
5t1 = closed, 5t2 = open, Flow » Re2, RestFlow := Flow-Rel,
Hewlfe := Ife+l,
Msg = opelpe(PE),node{Node),
send_forward(Re2),send back{RestFlow)),

prolog{ { write{Msg), nl 3} } |

0f2s = [ [amount{Re2},link(2,Node)}|RestIf] ],

Ob2s = { [amount(RestFlow) |RestIf]iNextob2s ],

node{ PE, MWode, MewIfc, Ibe, (Rel,S5tl), (O.closed),



1fis, RestIfls, 0fls, _,
Ibls, Ib2s, Obls, NextobZs, Beln, Reph, Rept ),

&
L
%
& { Flow { Rel }
nodei PE, Mode, Ife, Ibe, (Rel,S5:l), (Re2,St2y, Ifls,If2s,0fls,0fls,
Ibls,Ib2s,0bls,.0b2s, Beln, Reph, Rept )} :—
Tbls = |Ib|RestIbls], Ih = [amount{Flow)|RestIf],
5t2 = apen, Flow 4 Ro2,
Nexthel = Rel+Flew, MextRe?2 := Re2-Flow, HewIbe := The+l,
Msq = ope{pe{FE),node(Node), send_forward(Flow)),

proleg( { write{Msg), nl 3 ) |
0f2s = [Ib|MextDf2s],
node{ PE, Node, Ifc, NewIbcoc, (MextRel,closed), (MextRe, St2),
Tils, It2s, . HextOr2s,
ReostThls, This, Obls, Ob2s, RelIn, Reph, Rept .
% { Flow = Rel }
node|{ PE, Node, Ife, Ihe, (Rel,S5tly, (Re2,5t2), Ifls,Ifls,0ofls,0f2s,
Ibls,1bZs,0bls,0b2s, Beln, Reph, Rept )
1bls = [ib|Hestlbls], 1b = [amount{Flow)|Restif],
L2 = open, Flow = Re2, HNextRel := Rel+Flow, Newlbc := Ibe+l,
Msg = ope(pe{PE),node(Node),send_ forward(Flow)},
prolog( { write{Ms=sqy, nl } 3 |

0f2= = [Ib],
node{ PE, Node, Ife, Newlbeo, (HextRel,closed), {0,closed}).
' Ifl=, Ifis, _. —
Restlbls, 1Ib2s, Okls, Oblds, Beln, Reph, Rept ).

% 1< ' 1
% |
% =23
% { Flow *» Ro2 )

node( PE, Wode, Ife, Tbhe, (Rel,S5tl), (Re2,5t2), Ifls,If2s,0fls,0£f2s,
Ibls,Ib2s,0bls,0b2s, Boln, Reph, Rept ) :-

Ibls = [Ib|RestIbls], Ib = [amount(Flow),link({1,Node}|RestIb],
st2 = open, Flow » ReZ,
NextEel := Hel+Flow, RestFlow 1= Flow-Re2, HNewIbo = Tho+l,

Msg = ope{pe({PE), nodeNoda),
send forward(Rel),send_back({RestFlow) ),
prolog{ [ write(Msg), nl | ) |
0f3s = [[amount{Re2),link(l,Node)|RestIb]],
Obls = [[amount{RestFlow)|RestIb]|MextObls],
node{ FE, Node, Ifc, Newlbo, (NextRel,closed), (0,closed),
Ifls, If2s, _. _F
RestIbls, Ibls, MHextObls, Ob2s, BelIn, Reph, Rept ).

i +— 1
% I

B R{——t—=132

% { Flaw » RaZ )

node( PE, Node, Ifc, Ibe, (Rel,S5tl), (Re2,5t2), ILfls,if2s5,0fls,.0f2s,
1bls,1b2s,0bls,0b2s, Boln, Heph, Rept } -
Ibls = [Ib|RestIbls], Ib = [amount({Flow),link{2,Node}|RestIb],
5t2 = open, Flow * Re2,
HextRel := Rel+Flow, RestFlow := Flow-Re2, HewIbec := Ihet+l,
Mzg = ope({pe(PE},node{Node)
send_forward(Re2),send_back{RestFlow)), .
proleg{ ( write(Msg)., ml ) ) |
0f2s = [[amount{Re2),link(2,Node)|RestIb]],
Ob2s = [[amcunt{RestFlow)|RestIb]|NextOb2s],
node( PE, MNede, Ife, NewlIbo, (MextRel,closed), (0,closed),
Ifls, Ifis, _, v
RestThls, Th2s, (Obls, WextObZe, Boln, Reph, Rept ).

1 == 1
node{ PE, Node, Ife, Ike, (Rel,.5t1), (Re2,5t2), Ifls, 1f2s,0fls,0fls,
ibls,IbZe,0bls,0b2s, Beln, Reph, Rept ) o:=

Ibls = [[amount{Flew),link({l. }|RestIb)|RestIbls],



5t?2 = closed, NextRel := Rel+Flow, Newlbe := Ibeosl,
Mug = apa(pa{PE}, node(Node), send _back({Flow) ),
prolog{ { write(Msqg), nl 3
oObls = {[amount{Flow}|RestIb] |Hextobls],
node{ PE, MNode, Ifc, HewIbe, (MNextRel,&losed), (Re2,5t2),
Ifls, Ifds, _, _.
RestIbls, IbZs, HextObles, ObZs, BolIn, Reph, Rept 3.
B2 {--1
node( PE, WNode, 1fc, 1be, (Rel,S5tl), (Re?.S5t2), I11s,1f2s,081s,0f2s,
TLhis,Tbhis,0bls,0b3s, Beln, Reph, Rept ) :—
Ibls = [lamnunt:Plnw},link{ﬂ,_]|Rast1h]|Eest1hls],
Et2 = plosed, HextRel := Rel+Flow, NewIbe := Ibe+l,
Mzg = ope({pe(PE),node{Node), send_back(Flow) ).
prologi ( write{Msqg), nl ) ) |
0b2s = [ [amount|{Flow) |ReztIb] |Nextobzsz],
noda{ ¥E, Node, 1fc, Newlbs, (MNextRel,closed), (Rel,S5t2),

Lfls, 1fis, . .
RestIbls, This, Obls, NewxtOb2s, BeIn, Reph, Rept ).

21 §-—= 2
wode{ PE, Wode, Ifce, The, (Rel,Stl), (Re2,5t2), Ifls,If2s,0fls,0f2s,
Ibls,Ib2s,0bls,0bls, Beln, Reph, Rept )} :=
Ib2s = [[amount(Flow),link(l,_3|Restibj|RestIb2s],
HextRel := Re2+Flow, Newlbo := Ibg+l,
Msg = opa{pe(PE), node(Hode),send_back{Flow}},
prolog( ( write(Msg), nl 3 ) |
Obls = [[amaunL{Fluwj|Rnﬂtthj}ﬂ¢utoh15],
node{ PE, MNode, Tfo, WewTho, (Rel,8t1), (NextReZ,closed),
Ifls, If2s, _, _,
Ibls, RestIbls, MNextObls, Obls, Beln, Reph, Rept ).
% 24— 2
nede{ PE, Nede, Ife, Ibs, (Rel,Stl}, (Re2,5L2), Ifls,T02s,0f1s,0f2s,
Ibls,Ib2:,0ble, 0b2a, BelIn, Reph, Rept § .-
1b2s « [{amount{Flow),link{2, )|RestTb]|RestIbh2s],
NexlEel2 := Reld+Flow, MNewIbec := Ibc+l,
M=g = ape(pe{PE),node(iode), send back{Flow)),
prolog( { write(Msg), nl ) 3 |
Ob2s = jlamount{Flow}|RestIb]|NextObis],
node({ PE, Wode, Ifc, Newlbec, (Rel,5tl), (HextReZ,closed),

1fls, If2s, _, _,
Ible, Restlbls, Obls, NextObls, BeIn, Reph, Rept ).

1 ——+
% |
i 1¢——+

{Rel,5tl), (Rel.5t2), Ifls,If2s,0fls,0f2s,
Ibls,Ibis,0bls,0bds, Boln, Reph, Rept ) r—
Ifls = [I1f|RestIfls], 5Ll = closed, 5t2 = closed,
If - [amcunL{Flow)|_], NewTfc := Tfctl,
Msg = ope(pe(PE),ncde(Node) ,=end_back(Flow) ),
prolog( ( write{(Msg}, ni )} ) |

Obls = [1f|Mextibls],

nude{ PE, Node, NewIfe, Ibe, {(Rel.Stl), (Re2,s5t2),

node{ PE; Node, Ifec, Ibc,

RestIfls, If2s, _. —

Ibls, Ib2s, MextObls, ObZs, Beln, Reph, Rept ).
® 2 ——+
& I
& Q==+

node( PE, Node, Ifc, Ibe, (Rel,S5tl), (Re2,S5t2), Ifls,Ifls,0fls,0£f2s,
Ibls,ITh2s,0bls,0b2s, Beln, Reph, Rept ) :-

1f2s = [If{RestIf2s], 5tl = closed, 5t2 = closed,
If = [amount{Flow)|_], NewIfc := Ifetl,

Msg = ope({pe{PE),node(Node), send_back{Flow)),
proleg( { write(Msg)}, nl 3 3 |

ob2s = [If|MextObis],
node{ FE, Node, Mewlfe, Ibe, (Rel,Stl), (Be2,5t2).

Ifls, Restifls, _ . e
Ibls, Ib2s, Obls, WextObZs, BeIn, Reph, Repht ).
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termination of "node® prooess

detecting "BoIn - end”

Lo

node{ PE, Hode, Ife, Ibe, (Rel,5tl), (Re2,5t2), Ifls,Ifds,0fls,0f2s,
Iblsz,Ib2s,0bls,0bds, DBeln, Reph, Rept ) :—

Heln = end,
Meg = terminate(pe(PE) . node(Node) ),
prolog( { write(Msg), nl ) ) |

Ope = ope(byFin(Ifo),byBin(Iba)),

Status = status((kel,St1),{Red,S5t3)3,

Reph = [result{pe{FE],node(Node),Ope,Status) |Rept].

exil
t contlinue { LimFlow > MextSum )
exit{ LimFlow, Sum, Ifs, Irs, Belut, Prs ) 1=
Ifs = [Tf|RestIfs], If = [amount{Flow)|_],
HextSum := Sum+Flow, LimFlow » HextSum |
Prs = [pass{If)|NextPrs],
exit{ LimFlow, NextSum, RKestIfs, Irs, HcOut, NextPrs ).
exit{ LimfFlow, Sum, Ifs, lrs, Bclut, Frs } :—
Trs = [Ir|RestIrs], Tr = [amuunt{?lnw}|_],
MextSum := Sum+Flow, LimFlow » NewtSum |
Prs = [return{Ir}|HextPrs],
exit{ Lim¥low, HextSum, Ifs, Restlrs, Befut, NextPrs },
axit{ LimFlow, Sum, Ifs, Irs, BeOut, Prs |
Ifg = [If|RestIfsl, If = alloc|_} |
exit{ LimFlow, 3um, Restlfs, Irs, BoOut, Prs ).
exit{ LimFlow, Sum, Ifs, Irs, BeOut, Pra ) :-
Irz = [Ir|RestIfa], Ir = alloc( )
exit({ LimFlow, Sum, If=s, RestlIrs, DcOut, Prs ).

Lo o

®
¥ terminate { LimFlow = MextSum )
axit{ LimFlow, Sum, 1fs, 1lrs, HeQut, Prs 3 :—
Ifs = [If|RestIfs], If = [amcunt{Flow)|_ ],
HextSum = Sum+Flow, LimFlow = NextSum |
Belul = end, Prs = [pass(If)].
exit( LimFlow, Sum, Ifo, Irc, Bolut, Prs )} :=—
Irs = [Ir|RestIrs], Ir = [amount{FlDw}|_],
Hextium := Sum+Flow, LimFlow = NextSum |
Be(Qut = end, Prs = [return{Ir)].

L3
L outFlow =- output flow (pass,return) and result on each node
3 —

outPlew|{ [Pr|RestPrs], Reps, SumFlow j :-—
Pr = puss{ﬁamﬂunt{FlBWj|“]:, HextSumPlow := SumFlow + Flow,
proleg{ { write{ Fr ), nl ) ) |
outPlow| RestPrs, Reps, HextSumFlow ).
outPlow( [Pr|Restirs], Reps, SumFlow } -
Pr = return(_},
proleg( { write{ Pr }, nl )} 3 |
outFlow{ RestPrs, Reps, SumFlow ).
outFlow( Prs, [HEp|RE5tﬂeps], SumFlow } :=
prolag( ( write{ Rep ), nl y 3 {
outFlow( Prs, RestReps, SumFlow ).
outFlew({ [1, [], SumFlow } :- Msg = maxPlow({SumFlow) .
prologi { nl, write(Msg), nl ) ) |

true,
L
£ CULBYPE == output result on esach PE
f o mmmmm——
outByPE{ Reps ) :- Reps = [result{ps(FE)., ., . _3|_1 |

totalByFE{ PE, Reps, 0, 0, SumIfc, SumIbec, AllocHodes, WewReps ),
outMsgByPE{ PE, Sumlfe, Sumlbe, AllocNodes ),

— ?E -



outByFE[ NewReps .
cutmybE[ Rops ) :— Reps = [1 |
true,

totalByPE( PE, [Kep|hestReps], SumIfc, SumIbe, FipalSumlife, FinalSumThe,
Allochodes, NewReps )

result(pe(PE),node(Noda), ope{byFin{Ifc), byBin{Ibe) ), _},

Rop =
NewSumIfe := Sumlfc+lfe, NewSumIbe := SumIbo+Ibe |
Alloctcdes = [Mode|HextAllocNedes],

totalByPE( PE, RestReps, NewSumlfec,NewSumIbe, FinalSumTfe,FinalSumlibe,
HexthllocNodes, WHewBeps ).

totalByPE( PE, [Rep|RestReps], Sumlfc, Sumlbe, FipalSumife, FinalSumIbe,
hlloctodes, HewReps ) 1=

Rep = result(pe(OtherPE),_,_,_ ), PE \= OtherPE |

NewRheps = [Rep|NextNewReps].

totalpyPE({ PE, RestReps, Sumlife, Sumlbe, FinalSumTfe, FinalSumIbe,
AllocHNodes, NextHewReps ).

totalByPE( FE. [1., SumTfe, SumIbe, FinalSumIfe, FinalSumIhbeo,
allocNodes, NewReps ) :— true |

FinalSumIfe = Sumifc, FinalSumIbe = SumIbe,

AllocHodes = [], MewReps = [].
outMsgByFE{ FE, Sumlfc, Sumlbe, allocHodes )
SumTe := SumIfctsumlbe,
Msg = apo(pel{PE), node(Alloclodes),
byFin{SumIfe},byBin{Sumlbe)  total(Sumlc)),

preleg( [ write(Msg), nl ) ) |

true.



pascal | doe

{0y Date: 1987-TJul-18, wrikten Ly E. Sugino
Madified: 25-Doo=87 by 5. Takagi

(1} Program name: pascal

{2y author: k. Sugine, ICOT 4th lab.
{3) Rums on: GHC on DEC 2063

(4y Deseription of the problem:

Dincmial coefficients are calculated using Pascal's triangle,
Pascal's triangle is:

11
121
1 3 31
14 6 4 1
i a b ... ba i
1 l4a a+b ... b+a a+l 1

(5) Algorithm:

The (Nith laver of coefficients iz caleculated from the (N-13th layer.
When there is po (H-1)th layer, it is calculated from the {H-2)th
layer. If the (N-2)th layer is not calculated yet, the {(K-3ith layer
iz caleulated, This algorithm is recursively applied. Once the (Nith
layer is calculated, it is kept as a process.

{6) Process structure:
Layers of coefficients which were already calculated are kept as
processes. These processes are waiting for & message from the same
stream. The messade reqguires & certain number of layers. When this
number matches the pumber of process lavers, the coefficient walue
which the process is keeping is sent in reply. When the pumber is
larger than any number of layers which is currently kept, the process
that currently has the largest number of layers will start caleulating
the pext lavers.
{7} Pragma: Hone
{8}y Program:
Top—level loop:
pascal/s0, pacscal/3, pascal go, max,
result, result_write, next, nextgo
Starter: pascal/4
Data process: pascal_data

Calculatar: new_pascal, make pascal_data

{9} Source file: pascal.ghe
This document: pascal.doc
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(10) Example:
Compile the program, and try it,
?= gho pascal.
Binomial coefficient using Pascal's triangle

B87.4.3. by Fiji Sugino

Give me Some integer !
¥ 14, <CR} % You can insert any positive integer.

{11} Evaluation data: Mot recorded



S* Copyright (<) 1987, 19%d8, Ipstitute for New Generation Computer Technology.

111l rights reserved.
Porminoion to use this program is granted for academic use only. *f

Binomial coefficicnt gonerator using Pascal's triangle
87.4.3. by Eiji Sugino

This Program can be used less than (X + ¥)T19

g0 you should give 2 pumber that is from 1 to 15

E o

EEERRRERLR RN TR R R R ARANRER

% PASCRL % Top Level procodure
FRRLERERERRRERRRERRA R ARG
pascal
preleg{{write{ 'Binomial coefficient using Pascal''s triangle®),mnl,
writaf® 67.4.3. by Eiji Sugina'),.nl,

write( 'Give me Some integer !'),nl)) |
pancal data{Stream,1,[1,1],1),
paccal {Stroam,1).

ERRRRRRERRBRAREY Loon
pascal(Stream,Max) -
prolog| (prompt(X,'> "}, read{M)}) | pascal _go(M, Stream,Max) .

pascal gof(N,SLream,Max) :=
prodog| (integer(N}, statictica({runtimc, )} |
pascal (B, Result, Stream, 5,
mas{M, Max M),
result{Result,5,M).

passal go(l, Stream Max) - prolog((“Z+(integer(l)))) | pascal(Stream,Max).
max{i,M, X} = N =¢ M | X = M.

max{M,, %) :— N 2= M | % = K.

FRETRBRRLERLRRRLE Result writer

result(Hesult,Stream,M) :- trus |

result_write(fesult,End.N),
next (End, Stream,N) .

result write([],E,N} :— prolog({statisties{runtime,[ ,Timea]},
write{ END'),nl,
write{ 'Runtime : "},
write{Time) weite{ " masec'), nl,
write('Max coefficient : '},
write(N),nl)y |
E = end,
result write{[A|R],F,H} = wait(d},
prolag((write(a),write{"', ")} |
result write{B,E,N).

TERRERERRRBRERE End of one cycle
next{end, Stream,N} :— prolog(({prempt({_, 'more 7 '},read(x))} |

nextgo(X, Stream,N).

nextgoe(n,Stream,_} :- true| Stream = [].

nextge{ 'N',Strean, )} :- true | Stream = [].

nextgoly,Stream,N] :— true | pascal {Stream, N},

nextgo{ 'Y',Stream,H) :- true | pascal(Stream,MN).

nextgo(X,Stream W) - X \=n, X W= ¥, X A\= 'N', Xy 'T' |
next{end,Stream,N).

ERREBRLRLRERERERRAN Main routine

pascal (N, Result, Stream,5) := prolog{integer(N}) |

Stream = [data(N,Result)|s].
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FERRRRARIRELELRRE RS Pascal's triangle data

rascal _data( (data(N.D)|5].N,Data,Max) := true |
D = Data,
passal data(S5,H, Data,Max).

pascal_data( [data(n, D) [5], M, Data, Max) == N == M,N ={ Max |
pascal_data(5,M,Data,Max).

pascal data([data(N,Dn)|S],Max,Data,Max) :— Max ¢ N,M1 := Max + 1 |
new pascal {M1,H,Data.D,S),
pascal _data(s,Max,Data,N).

pascal data([data(N,D)[5),M,Data,Max) :~ Max ¢ N, M < Max |
pascal_data{5,M,Data,N).

pascal_data([],_, , 3 :- true | true.

ERERRERRRARRURRRLLY Data creator

new_pascal {N,H,Daka,D, 8tream) = true |
make_pascal data{Data,.n),
pascal data{Stream,N,D,HN},

new pascal (M,M,Data,D,Stream) :- N ¢ M, N1 := N+1 |
make_pascal_ data(Data,patal),
pascal data(Stream,M,Datal, M),
new_pascal (N1,M,Datal,D, Stream) .

make_pnscnl_dataf[Fl,F2|Dataj,Neu} :— NE2 := P14F2 |
New = [F1,Hf2|NMewl],
make_pascal_data( [F2ZfData],Newl, [Nf2,F1]}.

make pascal_data([H],HNew,E} - true | New = [M].
makﬂmpa:cal_data[IA,APC],NEW,E} 1= B 1= Ad+A | Wew = [H|E].
wake pascal_data( [A,B|C],Hew,E} := A 5 B | New = E,
make_pascal_data([A,B|C],New,E) := A ¢ B, D := A+B |

New = [D|Newl],
make pascal_datai[o|c],Hewl, [DIE].
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tap. doo

(0) Date:; 3-Jul-87, written by M., Koshimura
Modified: 25-Dec=H7 by 5. Takagi

{1) Program name: Lep
{2} Author: M. Foshimura, ICOT 4th Lab.
({3} Runs on: GHL on DEC 2065
(¢) Description of the problem:
A otiny propositional calculus solver by LE (Logistischer Kalkuly,
A problem is represzented by a sequent. A seguent consists of 2 parts.
COne is the left hand side (LHS). The other is the right hand side (BHS).
For example,
a&fa-*b) ——> b
means that if a and a implies b ig truc, then b iz true.

Here as{a=»b) is the LHS and b is tha RHS.
Trn general, both the LHS and RHE consist of a sequence of formulas,

Let ai, bi be a formula, then al,....an ——3) bl,...,bm is a seguent.
Here, the LHS is al,...,an ., and the RHS is bl,...,bm.

This means that {al and ... and an} implies (bl or ... or bm}.

The geguent al,....,an ==» bl,....bm is5 called an axiom

if there exists i,j such that ai = hj.

The follewing logical symbals are supported.
- Strong (classical) negation

S Disjunction
FAN Conjunction
-3 Implication
(=2 Equivalcnoce

This system can prove predicates such as:
—3 { Tay ¢-3 a
==3 b =% a) ¢ {("a -» b

{5) Algorithm:

The program keeps two different lists, which present the LHS and RHS,
i.e. a problem is represented by these two lists.

First,
Check the intersection of the LHS and RHS,
If the intersection is not empty, this is an axiom, and returns true,
If the intersection is cmpty, continue to the next step.

Second,

Try to decompose the problem to subproblem(s), according to the
decompozition rules. The subproblems have an &-relation.

If succeeds, recursively apply the algorithm to the subproblem(s}).
If fails, it is not provable in the algorithm.

(G} Process structuze:

Run in one process when crunching the term. When two or more
subproblem= are cbtained, these subproblems are processed by newly
created processes, The original process merges the results of the

forked processes.

(7} Pragma: Neot supported
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(8) Program:

1he program consists of the decompose part and fork part.
tep/2 is the top level.

The decompose part checks whether the problem is an aionm,
using intersect/3.

Wext, it tries to decompose the problem, using a decompose predicate,
such as lnot/7 or rnobt.

1 means the LES, and r means the RHS. temw! gf l'wx=x!, rixs=' paang
a propositional symbel, which 1°###* (y'*=#'} tries to decompose.

If {iwo or more decomposing rules can be applied to the problem, it is
noocossary to choose ene.  This is done by decompose decidel/3.

The fork part forks the processes which correspond to each decomposed
subproblem{s). This part is included in tepl/2.

The rest is a pretty print routine for the proci tree.
If the procedure fails to prove the problem,
tho printed proof tree includes the atom, fail,

{9y Source file: tep.ghe
Thiz document: tep. doc

{10} Examples:

Invocation:
bep go(H}. where ¥ 15 the trial problem numbor.
M =1 to 8 are affective,
The more tries the more complicated sequent.

test pumber 1: -=» | aj <= a

test pumber 2: --=%  { a /N a)

test number 3: --} ~ (b /N a) (-3 (b s Tay

test mumber 4: --3 ~ (b %/ a} < (b "a)

test number 5: -—} (b —» a) <} {"a -» By

test pumber 6: -=3 ( (b -3 a)) € {b /A a3

test pumber 7: ——3 { a %/ b)) <=» {(a -» b)

test number 8: == ((ai-*b} €=» g) < {a (=} (bi=2c}}

(11} Evaluation data: NWot recorded



A* Copyright (o) 1987, 1988, Institute for New Generaticn Computer Technology.
A1) rights resorved.
Fermission to use this program is granted for academic use only. */

:— op(200, fy,["]).
- op(S00,vEix, [N
1= op(s00,vix, [AJ).
:= opll050,xfy. [->]).
v= op(l060,xfx, [{-*]).
R E R R AR RN AR AR AR A AR A R RN AR AR N AN R R R RN RN R
%
% tep(+Sequent, —Proof)
%
%t**ﬁa-ﬂ"*‘.'.-‘*I****’*ttiti******i***ﬁﬁ**ﬂ****i*ﬁ
tep(feq, Proof) :- true |
decompose(Seqg, Inf,UpSegs),
tep{Inf, Seq, UpSegs, Proof).
%
% tep({+Inf, +Sequent, +UppeorSeqguents, =Procf)
%
tepfaxiom, Seq, _, Froof) := true | Proof = [axiom, Seq].
tep(fail, Seq, _, Froof} :— true | Proof = [fail, Seq].
tep(Inf, Seq, UpSegs, Proof) :— Inf = axiom, Inf ‘= fail i
Proof = [Inf, Seg, Proofl],
tepl (UpSeqs, Proofl),

%

& tepl(+UpperSequents, -Froof)

%

tepl{{Seqg|segs], Proof) :— true |
Proof = [5Proof|Proofi],
tep{Seq, SProofl),
tepl (Seqs, Proofl).

tepl{[], Proof} :- true | Praot - [].

%
% lnot(+Left,+Right, +LeftHead,-LeftTail, tLeftHead,-LeftTail, -UpperSequents}
)
lnot((( A)|Lefs),Right, LHead,TLeft, _, , Ans) := true |

TLeft = Lefl,

Ans = [[LHead, [A|Right]]].

lnot{ [Other|Laft],Right, LHead,TLeft, _,_, Ans) := Other \= { A} |
TLeft = [Other|CLiead],
inot{Left,Right, LHead,CLHead, _, , Ans}.

%

% rnot{+Leit,+Right, +RightHcad,-RightTaill, +RightHead,-RightTail,

% -UpperSequents)

E]

rnok{Left, [( A} |Right), AHead,TRight, _,_, BAns) := true |

TRight = Right,
ane = [[[A|Left],FHead]].
rnot{Left, [Other|Right], RHead,TRight, _, ., Ans) :— Other %= { &) |
TRight = [Other|CRHead],
rnot{Left Right, KHead,CRHead, _,_, Ans).

land{[{A/\B)|Left] Right, LHead, TLeft, _,_, Ans) :- true |
TLeft = [A,B|Left].
ans = [[LHead,Rright]].

land{ [Other |Left] ,Right, LHead, TLaft, _e_r Bns) - Other “= (ANEB) |
TLeft = [Other|CLHead],
land(Left,Right, LHead,CLHead, _,_,., &ns).

rand{Left, [(A\B) |Right], AHead,TRight, RHeadl,TRightl, Ans) :- true |
TrRight = [A|Right].
TRightl = [B|Right],



nng = [ [Left,RHead], [Left,RHeadl]].
rand{Lelt, [Other |Right], RHead,TRight, RHeadl,TRightl, Ans) :=—

Other %= (AAB] |

TRight = [Other|CRHead],

TRightl = {Othexr|CEHeadl],

rand(Left,Right, RHead,CRHead, RHeadl,CRHeadl, Ans).

lori [ (a%/B) |Left] ,Right, Llead,TLeft, LHeadl,TLeftl, Ans) :— true |
TLeft = [A|Left],
TLeftl = [B|Left],
Ans = [[LHead,Right], [LHeadl,Right]].
ltar{ [0ther|Laft] ,Right, IHead,TLeft, LHeadl,TLeftl, Ans) :— Other W= {A\/B) |
TLeft = [Other|CLHead],
TLeftl = [Dther!{CLHeadl],

ler{Left,Right, LHead,CLHead, LHeadl,CLEeadl, Ans}.

rov{Left, [{A%/B) |Right], RHead,TRight, _,_., &ns) :- true |
TRight = [&,B|{Right],
hns = [[Lefi,RHead]].
ror{Left, [0ther|Right], RHead,TRight, _, , Rns) :— Obher %= (2%W/B} |

TRight = [Other|CRHead],
rer{Left,Right, RHead,CRilead, _, ., Ans).

limpl{[{a-38)|Left] . Kight, Lkead,TLeft, LHeadl,TLeftl, ans) :- true |
TLeft = Left,
TLeftl = [B|[Left],
hn= = {[LHead, [&|Right]], [LHaadl, Right]].

limpli [other|Left] ,Right, LHead,ThLeft, LHeadl,TLeftl, Ans) :— Other = (A~*E) |
TLeft = [Other|CLHead],
TrLeftl = [Other|CLHeadl],

limpl{Left,Right, LHead,CLHead, LHeadl,CLHeadl, Ans).

rimpl{Left, {{A-¥B)|Right], RHead,TRight, _, , &ns) :— true |
THight = [B|Right],
Ans = [[[A|Left],RHoad]].
rimpi(Left, [Other |Right], RHead,TRight, _,_, Ans) :— Other %= (a-»B) |

TRight = [Other|CRHead],
rimpl (Left,Right, RHead,CRHead, _,_, Ans).

lequiv([(A<->H)|Left],Right, LHead,TLeft, LHeadl,TLefLl, Ans) :— true |
TLaeft = [A,B|Left],
TLeftl = Lelt,
Ans = | |LHead,Right], [LHeadl, [A,B{Right]]].
legquiv( [Cther|Left],Right, LHead,TLeft, LHeadl,TLeftl, a&ns) :-
COther %= (Ad-3B) |
TLeft = [Other|CLHead],
TLeftl = [Other|CLHeadl],
leguiv{Left,Right, LHead,CLHead, LHeadl,CLHeadl, Ans).

requivi{Left, [(A¢=>R)|Right], RHead,TRight, RHeadl,TRightl, Ans) :- true |
ThRight = [B|Right],
TRightl = [k|Right],
mns = [[[A|Left],RHead], [[B|Left],RHeadl]].
requiviLeft, [Other|Right], RHead,TRight, RHeadl,TRightl, Ans) :-—
other = (A{-2B} |
TRight = [Other|CRHead],
TRightl = [Other|CRHeadl],
requiv{Laeft,Right, RHead,CRHead, RHeadl,CRHeadl, Ans).

%

% decompose(tSequent, -Infersnce,-UpperSeguent)
L]

decompose( [Left,Right], Inf, UpSegs) :- true |

intersect({Left,Right, Ans),
decompose_decide{Ans, [Left,Right], Inf,UpSegs}.
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%
% decopposoe doecide{+Result, +Sequent, —Inferanne,—uP
%
decompose_decide{true, _, Inf,UpSegs) :— true |
Inf = axicm,
UpSegs = [].

perSeguent)

decompose_decide(fail, [Left,Right], Ini,UpSeqs) := true |

decompose_decidel(Left,Right, Ans),
decomposel{Ans, Lett,Right, Inf,UpSeqs).

L]

% decompore_decidel (+Left,+Right, -AnswWwar)

]

decompose_decidel(Left,Right, Ans) := true |
deconpose decidel left{Left, Ansl),
decompose_decidel right{Right, Ans2),
check_ans{Ansl,Ans2, hns).

%
¥ deconpose_decidel left(+Left, -Answer)
£
decompose_decidel left{[], Ans) := true | Ans = [],
decompose_decidel_left{[{ A)|Left], Ans) :— true |
Ans = [{10,1lnot)|Rknsl],
devompose_decidel left(Left, Ansl).
decompose _decidel left([(a/M0) | Left], Ans) :— true |
Rms = [(10,land) |ans1l,
decompose_decidel left(Left, Ansl).
deconpose_decidel_left{ [ (A E)|Left], Ans) :- true |
mnz = [{20,lor)|ansi],
decompose_decidel left({Left, Ansly.
decompose_decidel_left([(A->B)|Left], Ans) :— trus |

Ans = [{20,limpl)|ansl],
decompose_deeidel left(Left, Ansl).
decompose decidel lefe|[(A<{-3B)|Left], Ans) :— true

hns = [({20,lequiv)|aAnsl],

decompose decidel left{Left, Ansl).
decompose_decidel_left{ [A|Left], Ans) -

AN= (TB), AN= (BAC), A \= (B\/C), A \= (B

decompose_decidel left(Left, Ans).

%
% decompose_decidel_right{+Right, =Anzwer)
%
decompase_decidel zight([], Ans) :- true | ans = [].
decompose_decidel _right({[{ A} |Right], Ans) :- true |
Ans = [{10,rnot}|Ans1],
decorpose_decidel right(Right, Ansl).
decompose_decidel right{[(A/"\B)|Right], Ans) :- true

Anz = [(20,zand)|Ansl],

decompose_decidel right{Right, BAnsly.
decompose_decidel right([{A\/B)|Right], Ans) :— true

ans - [{10,ror)|An=l],

decompose_decidel right(Right, Ansly.

decompose decidel right([({&->5)|Right], Ans) :— true
Ans = [(10,rimpl)lAnsl),
decompose_decidel _right(Right, Ansl).
decompose_decidel _right{[({A<->B)|Right], Anz) :- tru

Ans = [{20,reguiv)|Ansl],

decompose_decidel right{Right, Bnsl).
decempose_decidel_right{ [A|Right], Ans) :-

AN= ("B}, AN\~ (BAC), A \= (B\/C), A \= (B

decompose_decidel_right(Right, Ans).

B
* check ans{+Answer,+hnswer, —-Answer)

— BR —

=32y, A N= (BL-2Cy|

e |

ICY, A N= (B30



3

check ans{ansl,ins2, Anny :— true |
merge(Ansl,Ans?, hnsd),
chack_ansi{ans3, cand{l000,fail}, Ansa}),

%

% check_ansl{+hnswer, +Candidate, -Answer)

£

check_ans1l{[(¥,0P)[Ansll, cand(CH,COP), Ans) :- H ¢ CN |
check_ans1({Ansl, cand(N,0F), Ans).

check_ansl([(N,0F)|Ansl], cand{CN,COP}, Ans) :— N = CH |
check ansl{Ansl, cand{CH,C0B), Ans),

check _ansl{([]), cand{CN,COPY, Ans) :— true | Ans = COP.

2
% docomposel{+Inference, +Left,+Right, —-Inference,-UppersSequents)
£

decemposel|{lnot, Left,kight, Inf,UpSegs) :— true |

Inf = lnot,

lnot{Left,Right, Leftl,Leftl, Leftl, Leftl, UpSeqs),
decomposel {rnot, Lefi,Right, Inf,UpSegs) := true |

Inf = rnot,

rnot (Left,Right, Rightl,Rightl, Right2,Right2, UpSegs).
decomposel{land, Left,Right, Inf,UpSegs) :— true |

Inf = land,

land(Left,Right, Leftl,Leftl, Left2,Left2, UpSegs).
decomposel(ror, Left,Kight, Inf,UpSegs) :— true |

inf = ror,

ror(Lefl,Right, Riyhtl,Rightl, Right2,Right2, UpSeqs).

decomposel {rimpl, Telt Right, Inf,UpSeqs) :— true |

Inf = rimpl,

rimpl{Left,Right, Riahtl,Rightl, Right2,Hight2, UpSegs).
decomposel {rand, Left,Right, Inf,UpSegs) :— true |

Int = rand,
rand(left,Right, Rightl,Rightl, Eight2, Right2, UpSegs).

decomposel({lor, Left,Right, Inf,UpSegs) :— true |

Inf = lar,

lor{left,Right, Leftl,Leftl, Leftl, Left2, UpSegs).
decomposel (limpl, Left,Right, Inf,UpSeqgs) :- true |

Inf = limpl,

limpl{Left, Right, Leftl,Leftl, Leftl, LeftZ, Upfegs).
decomnposel{lequiv, Left,REight, Inf,UpSegs) := Lrue |

Inf = leguiv,

lEquiV{LEft;nght; TLeftl,Loftl, Left2,Leftld, UpSeqgs).
deconposel (requiv, Left,Right, Inf,UpSeqs) :— true |

Inf = requiwv,

requiviLeft, Right, Rightl,®ightl, Right2,Hight, UpSegs).

decomposel(fail, Left,Right, Inf,UpSegs) :— true | Inf = fail,
EERERERRRRAARRARANGN
%
% Pretty Print
%
PRERARRRRLRRRERRE LYY
pp( [axiom, Sequent], Tab, IOut-—T0ut) :— true |
HOut = [tab{Tab), write(Sequent), nl, tab(Tab), write{axiom), nl|Tout].
pp(lfail, Sequent] ,Tab, HOout=TOut] := true |

HOut = [tab{Tab), write(Segquent), nl, tab{Tab), write(fail), nl |TOut].
pp( [Inf,Sequent, Proof) , Tab,HOut-Tout) :-—

Inf %~ awxiom, Inf “= fail |

Hout = [tab{Tab), write{Sequent), nl, tab{Tab), write(Inf), nl| HOutl],

Tabl := Tab+5,

pp_subproof (Froof, Tabl, HQoutl-TQut),

pp_subproof( [Proof |RestProof}, Tab, HOut—-TOUt) :— true |
PriProcl, Tab, HOut-HOutl),



pp_subproof{RestProof, Tab, HOutl1-TOut .
pp_subproof( !}, ,HOut-Tout) := true | HOut = Tout,

LEEERRARRRRRRRRRR LR

£
% Library
&
RELARRRRR AR AR RNRRLRRY
member (X, [X|Xs].Ans) :~ true | Ans = true.
member{&, [X|Xz],Ans) — A %= ¥ [ member(h,Xs,Ans).
membery{ .[],Ans} := true | Apno = fail.
merge{ [A[X], Y, B) := true | I = [A|Zz], merge(y, X, Zr).
merge(X, [al¥], &) - true | 2 = [a|Zr}, merge(¥, X, Zr).
merge{[], X, ¥} :— true | 2 = X.
merge (X, [1, £ :— true | z = X,
intersect| [X|Xs),¥s,4ns} :- true |
memboer (X, Y5, hnsl),
intersect decide{insl,Xs,¥s, Ang).
interseet{[], ,hns)} :- true | Ans = fail.
intersect_decide(true, , ,Ans} :- true | Ans = true.

intersect_decide(fail,Xs,¥s,Ans) := true | intersect{¥s,Ys,ins}.

Lep(Soquent) - trus |
tep Sequent , Proot ),
rpiProat, 0, HewProot—(1),
cutstream(Newbrocf) .

tep_go(l) :— true
tEp[iifr_ -
[ a) <= ay]ly.
tep gof?) :- true |
tep((i], _
I a ™ a)li).
tep gofd) - truea |
tlnF([[]:_ _
It (bM™a) <= { bW ajilly
tep_go{d4) := Lrue i
LEP{E[JL
[ (bBwa)y <> (T b /AT a)illy.
tep_ge{s) - true |
tep(([], _ _
[{(b —> a) <> ( a -» b33113.
tep_go(b) - true |

tep( L1},
(7 tb > a)y <> (b A Tanil).
tep go(7) :— true |
tep([],_
({1 a™/ b} <> (a-» b3}l
tep_ga(B) - true |
tep{[[],

[{{{ad=h} <=» &) <=¥ {a <=3 (bi-3cyhill).
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walte.doo

(0] Date: lbi-Jul-87, written by E. Sugino
Moditied: 25-Dec—87 by 5. Takagi

(1) Program namo: walbz

{2y Auther: E. Sugino, IC0T 4th lab.
{3y Huns on: GHC on DEC 2065

¢4y Deucripbtion of the problem:

The labeling problem is to analyze a line drawing.
51l lines are classified inteo three types.

a) A border line which has a direction.
The way to determine a direction is:
when vou walk aleng a line lecking at an chject, your forward
direction is decided as one dirastion. One direction is going
out trom the node, the other is coming into the node.
These are describod as 'out' and 'in' in this program.

by Convex line which is described as "p' ('+7)

2} Concave line which is described as 'm" ("='}

Generally speaking, nedes (Jjunctionsz) of an object are classified into
% Lypes. Only four types:

‘arrow’ VAL W . 'fork’ ¥ , and "t' |
are ensudh to slassify objects on the assumption of:

a] Mo cracks or shadows;

by} all of the vertices are made with only three planes;

@) The properties of junctions of any line drawlng are not changed
when the viewpoint is mowved.

(5] Algorithm:

Each node has several possible candidates for the type of Jjunctions.
tach node sends the possible types of its own hands to the neighbors,
Candidates for the types of nodes will be restricted to fewer

typos by the neighbors® types,.  When candidates for the types of & node
are restricted to fewer typos, the node sends the restricted pﬂﬁiiblt
types of its own hands te the neighboro. Finally, any node will be
restricted to only one type {if the line drawing is correct).

{6} Process structure:

Each node is a process. They are connected to sach other.

{7y Pragma: Hono

g1 -



{(8) Program:

waltzl, waltz2, waltzl and waltzd are samplc programs.
The line drawings in these programs are Seen in
‘Preira 51 ga teiansita 5tu no mondai nituite’ (PSM-O-A-FL1-003).

waltz/3 needs the information of the junctions and the barders,
The first argumeni iz a list for information of the junctions,
any element of which is the forms
pitype of the node,
left node number,
kack node number,
right node number,

node nukber}
The second arqumenl is a list of information of the borders,

which cansists of border node pumbers,

Hands of junctions are connected by conv in ana.
convl gives the information that
if a junction iz & border,
the types of its hands must be in or out.
Junctions are released as processes by waltz go.
pl is the first process
which sends the information of its type to the neighbors.
P is a process for a node.
When its node type is restricted to only one,
Lhe pnode decides its type.
p waits for information from neighbors.
When a message has come, p checks whether its node type
candidates can be restricted by the informatiom.
Then p replies by zending its new candidates te the neighbors

if the candidates are restricted.

{97 Scurce file: waltz. ghe
This document: waltz. doc

{10} EBExample:
Sample programs are invoked as follows.
?- ghe waltel, % Simple Cube
7= ghe waltzi.
?— gho waltz3,
?- gho waltzd.

If vou want to try another line drawing, use walte/3.
See waltzl or others,

{11} Evaluation data: Mot recorded
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waltznl :— true | waltz({[p(a,1,7.2,1),p{Ll,3,0,2,2),p(a,3,8,4,3,p(£,7.9,8,4),
P{l,5.0,4,5),pla,5,9,6,6),p(L.1,0,6,7)],
[1,2,3,4,5,6],
Resulby,
wr(Result).
waltzd - true |
waltbe| lpfa,1,%,2,1),p(l,2,9,2,2) Pt 4, 3,14,3),
P{l: 5‘:“:4: ‘!J:Ptar 5. lS.ﬁ.E}.P:l:?:ﬂ‘rE;ﬁ}i
pla,7,17.8,7),p(1, 1. 0,8,8),p{£,9,17, 10,9),
pia,16,11,10,10),p(1,12,0,11,11),p(a,12,13,14,12),
plf,13,16,15,133],
[1,2,3,4,5,6,7,8],
Resultl),
wr{Rosult),
walted - true |
walte([p(a,&,7,1,1),.p(1,2,0,1,2},p(a,2,8,3,3%,
p(l,4,0,3, 4),pla, 4,9,5,5),p(1,6,0,5,6),
pi£,7,15,20,7),p(a,10,16,11,8),p{£f,11,12,8,9),
p{a,lﬂ,l?,13,1“},pff,ld,lB,E.lli,p{a,ldrlﬂ,lﬁ,lzl,
p(L,18,17,16,131],
[1,2,3,4,5,8],
Bosulty,
wr{Result).
waltsd :- trie r
waltz( [P{ﬁaﬂ.rgrl:l].ip‘flrzrur1r2JJP{a12:12—3r3]:P{1.—4! 0,3,4),
pra,s1,15,5,5),p(f,5,14,6,6),p(a,6,15,7,73,p(1,8,0,7,8},
p{£,9,15,10,9),pfa,10,14,11,10},p{£,11,13,12,11)],
(1,2,3,4,5,6,7,8],
Result),
wriResult).

waltzl{Result} :- trua |
waltzt[p:n.l.?.z.lj,p{I.H,n,z,zj,p{a,3.8;&,31.9(!.?,9,5.43,
pil.5,0,4,5),pla,5,9,6,68),p(1l,1,0,6,7}],
{1,2,3,4,5,6],
Result) .
waltz2{Reault) := true |
waltz{[p(a,1,9,2,1y,p(1.3,0,2,2),p({t,4,3,14,3),
pil,5,0,4,4y.p{a,5.15,6,5),p(1,7,0,6,67,
Pla,7,17,.8,7),p(1,1,0,8,8),p(L,9,17,10,9),
p{a,16,11,10,10},p(1,12,0,11,11),p{a,12,13,14,12},
pif,13,16,15,13;7,
[1,2,3,4,5,6,7,8],
Roaulty,
waltz3{Result) :- true |
walte{[p(a.6,7,1,1),p{1,2,0,1,2),pla,2,8,3,3),
P{lr"!ru::'l'.-']'rP‘fﬂ-;‘lrga5r5}rpflrﬁ;nr5:ﬁ}i
P{L,7,15,10,7),p(a,10,16,11,8),p{£f,11,12,. 8,9,
pla,12,17,13,10),p(f,14,13,%,11),p{a,14,18,15,12),
plE,18,17,16,13}%],
[1,2,3,4,5,8],
Result),

ana{ [p(Type.L.D,R,5) |Hest] ,Result,Kyoukai,Vars, NVar) := true |
conv{L, LL,Kycukai,Vars,Vo},
conv (D, DD, Kyoukai ,V0,V1),
conv({H,RR,Eyoukal ,V1,Vv2),
Result = [p(Type,LL,DD,RR,N) | Resulet],
ana({Rest,Resultt, Kyoukai, V2, Nvar) .,

ana{ [],Result,Kyoukai,Vvars,v0) :- true | Result =[],v0=[].

conv(Q,V,E,L, NV} := true | v = -  NyeL.
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conv{ N,V 8, [N=Var|L] ,HN¥) := N » 0 | ¥=Var,NV=L.

conv{,V, K, [M—var|L] ,NV) := N 3 0,8 == M |

conv (N, V,E, L, NV1), Nv=[M-Var|NV1].
canviN,V,K, []1,KV} = N > 0 |

convl{E, N, ¥ ,H¥).
convl{[&|B],&,V.HNV) := true | ¥ = [[in,out] |X)-¥,.NV=[A-(Y-%X)].
convif{[&|B],C.V,EV) = A =\= £ | convl(B,C,V,HV).
convi{[],C,V,NV) = truc | Vv = p=R,NV=[C—(B-A}].
wr({[]} :—- true | trus.
wr{la-T-X|B1} :— wait(¥X).prolog({write{h-T-X),nl)) | wr(B}.
waltz{Lisi,K,Result) :- true |

ana({List, LK, [1, 3,
waltz_go{L,Result),

waltz_gof{[ p{Type.,L.D,R.H} | Rest],0ut} := true |
junetions(Type,Types),
pl{L,D,R,Types,Result),
out = [N-Type-Result | otl,
waltz go(Rest,0L).

waltz_go{[],0) := true | O=[].

o(L,D.R,{],Tvpa} :- true | Type =~[{?.?,7?1}.
p{L-LL,D-DD,K-KK, [{L1,D1,R1}],Type) :— true |
Type=[{Ll,D01,R1)],LL=[L1],DD=[D1],RE=[R1].
p{L.D, [R|Rt]—H&, [T1,T2|T3],Type} :— prolog{atom{R)} |
filter(r, [T1,T2[T3],.R, New),
ack{r,[T1,T2|T3],New,RR,REL),
piL, D, Rt-REL,New, Type) .
pilLlLt]-LL,D, R, [T1,T2| T3], Type} :— prolog(atom(L}) |
filter(l, [71.T2|T3],L, New),
ack{l,[T1,T2|T3],New,LL, LLtL},
p{Lt=LLt,D,R,New,Type).
p{L,[D|Dt]-DD.R, [T1,T2|T3],Type) :— proleg{atem(D)) |
filtar{d, [T1,T2[(T3],D, Hew),
ack(d, [T1,T2|T3] ,New,DD,DDt),
P':prt_ppt B lHew; TYP'.: .

prl[L1|L2] |Lti-LL.D, 8, Types, Type) := true |
filter(l,Types, [L1|L2] ,New),
ack{l,Types, Hew, LL,LLt) ,
p({Lt~LLt,D,R,New, Type) .

p{L,[[D1|D2]|DL]-DD,R, Types,Type} :— true |
filter(d,Types, [D1]DZ],New),
ack(d, Types,New,DD,DDL) ,
piL, DE-DD%, B, New, Type) .

piL, D, [ [R1|RZ) | RL]~RE, Types, Typa) := true |
filter{r,Types, [R1{R2] ,New),
ack{r,Types,Mew, RR,RRE),
p{L,D,RE-RRt, Naw, Type) .

pl{L,D, R, {Left, Down,Right}, Type) :— true |
send{Left,L,LL),
send{Down,D, DD},
send(Right ,R,RR),
P“L’L.‘ DDJER‘ ‘Lﬂft ,Mn.ﬂight} rTTPE] ;

send{Hand,X=To,New} :- true | sendl({Hand,Tel}),To=[Tel|T],Hew = X-T,
sendl{[[P{List] |B],To) :— true | To=[P|T],sendl(E,T).
sendl([],Te) :- true | To = [].
ack(¥,01d.List, Send, 5t) := true |
Elmeliﬂ'lli; L.LEL; X:I ;ﬂck_a{x_f Pj LLst;SEnd; St} a
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ack_s(v,P,List,Send,5t) :— true | Send=[L|5t) ,ackl{P,List, L, {]).
ack_s(n,P,Tist, Scond, 5) = true | Send = st.

name{ [AIB], [AR|BR],X) = true | same(B,BE,X).

same([],[].%) :- trus | A=y.

sama{[].,A. X} :— A %= [] | X=n.

samefA, [1,X) :— & %= [] | X=n.

same{&, B,.X) :— AN= (] 1] X = n.

same(B, A, X} (= AN= [ [ 1| %= n.

ackif{l, [(L1,_,_)|LL],Send, ™} :- true |
filtack({Ll,M, M1, Send,51) ackl(]l,LL,51,M1}.

ackl(d, [{_,Ll,_}|LL],5end,M) ;- trus |
filtack({Ll,M,Ml,5end,51) ,ackl{d, LL,51,M1).

ackl(r, [{_.,_,L1}|LL],Send, M) :- true |
filtack(Ll,M,M1,5end,51),ackl(r,TLL,51,M1).

ackl{ ,[],5z, } = true | Se=[].

tiltack(a, [A|B],X,Send, St} -— true | Send = St,X=[A|B].

filtack(a, [C[B],X,5end,5t) - A \= C | filtack(A,B,Xl,Send,5t),%X=[C|X1].

filtack{a,[].X,S5end, 5t} :~ true [ Send=[a|SL],X=[A].

junctiens(l,Candidates) ;-
Ll={out,nil,in),L23={in,pil,out},Li={p,nil, cuty,
L4=(in,nil,p),L5={m,nil, in},L6é=(out,nil,m} |
Candidates =
(llout, [LL,L6]], [in, (L2,L4] ], [p, [L3]], im, [1.5]]],
[1.
[[im, (L1,L53], [oubt, [L2,L3]], [p, (V4]0 , [m, [L&10]).
junctions(f,Candidates) :=—
Fl-{p,pep) F2={m,m,m},Fi=(in,m,out),Fd~(@,out,in},F5={out,in,m} |
Candidates =
([ip.[F1]1], [m. [F2,24]]). [in, (F3]], [out, [F5) 1],
{[p.(¥1]), [m, [F2,F3]], [out, (F4]], [in.[F5]]],
[lp.[FL]]. [m, [F2,F5]), [out, [F3)], [in, [F4]]]}-
junetions(t,Candidates) -
Tl={out,p,in),.T2={out,m, in),Ti=(out,in,in),Téd={out,out,in) |
Candidates =
{[lout,[T1,T2,T3,T4]]11,
[lp, (T2)], [m, {T2)], [in, [T31), [out, [T4]]],
[[in, [T1,T2,T3,T4117}.
juncticns{a,Candidates) ;-
Al={in,p,cut), AZ=(m,p,m}, Ad=(p,m,p) |
Candidates =
(llin, (A1) ], [w, [A2]§, (e, [R2D]]).
[{ps [B1,02]],[m, [R2]]],
[[out, (A1), im, [22]], [P, [A3]]1) ).

% filter({l,d.r},Input,{in,out,p,m),0ut)

filter{l,(L,_._}.,T,¥} :— true | filterl{T,L.F).
filter(d.{_.D,_),T,F} :— true | filterl(T,D,F}.
filter(r,(_,_,R},T,F} := true | tilterl(T,R,F).

filtex(p, [A|B],T,F) :— truc | filter(P,T,A,F,Ft},filter(F,B,T,Ft}.
filter(P,[].,T,F} := true | F=[].

# filter((l,d,7},[in,out,p,m], Type,Out, fut_tail)
% filter( List , - P i

filter{l.T.{L,D,R),F,Ft) :~ prolog{atom(T)) | filter2(T,L,{T,D,R),F,Ft}.
filter(d,T,(L,D,R},F,Ft) := prolog(atom{T)) | Ffilter?(T,n,(L,N, R}, F, Ft).
filter(r,T,{(L,D,R},F,FL}) := prolog{atom(T)) | filter®(T,R,{%,D,R},F,Ft},
filter(P, [A],Type,F,Ft} := Lrue | filter(P,A, Type,F,Ft).
filter(P, [A.B|C)],Type,F,FLt) :— true |

filter(P, A, Type,F,Frly,



filter{P,[B|C],.Type,Ftl,Ft},

Filterl(p ,[[p ,LI|_1.F} :— Lrue | F=L.

filterlim ,[[m ,L1[_1,F) :—- true | F=L.

filtexliin ,[[out,L1|_1.F} :— true | F=L.

filteri{out, [[in ,L1|_],F) :- true | F=L.

filterl(p .[[T7{_]|Rest)l,F) :- T \=p | filterl{p,Rest,F].

filterl(m ,[[T]|_)|Rest],F) (- T %= m | filterl{m, Rest, F).

filterl{in , [{T]| }|Rest],F} :— T %= out | filterl{in,kest,F),
filterl{aout, [[T|_]|Rest], ¥} = T \= ip | filterl{out,Rest,Fj.

Tilterl(_, [1. F} :— true | F=[].

filteri{[a[B],Types,F} :— true | filterl(A,Types,.Fl),.filterl(B, Types,F1),

append(FLl,F2,F).
filterl([],_,F) :- true | FP={].

append{ [],%X,¥) - true | X-¥Y.
append( [X[¥],L,Z) :- true | = = [x|22],append(Y, L, 22).

filterZ{p,p,Typa,F,Ft) := true | F = [Type|Ft].

tilter2{m,m,Type,F,Ft) :- true | F = [Type[Ft].
filter?{in,out,Type,F,Ft) :— true | F = [Type|Ft].
filter2{out,in, Type, F,Ft) := true | F = [Type|FL].
filter2(p,X,.Type, F,FL) := X %=p | F = Ft.
filterZ(m,X,Type,F,Ft) = X % m | F = Ft.
filterZ{in,X,Type,F,Ft) :— X %= out | F = Ft.
filter?{out,X,Type,F,Ft) := X %= in | F = Pt.
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Modification for outside ICOT by 5. Takagi, 4-Fan—&8
This Program is derived from DEC-10 Prolgo version.
This is tested on SICSTUS Prolog running on SUN-31/260HM
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= op{ll30,fx, (ghe)).
= ap(l1130,fx, {(ghcspy)}.
= op{1150,1ix, {(ghconospyl).

= op{700, xfx,:=3). % becomes
- oapl 700, wfx, =) % dif
= ap(s0, xf, 7). % for specifying 'trace-mode’

$#1%3% SAVING EXECUTAELE IMAGE %%%%
i~ public savegho/l.

savegho{F) :— save(F}, ghcbacktrace, hecader.
:= public header/0.
header :-=
write('=** GHC System Vers. 1.9B on SICSTUS (1988-1-4)').
nl,
write('®*#® by Takashi Chikayama and Shigeyuki Takagi, ICOT'},
nl,
Write('*** hazed on DEC-10 Prolog Vers. 1.9 (1987-11-18) "3,
write('by Karunori Ueda, ICOT'),
nl.

B%%% RUN-TIME SUFPORT %%%%
%% TOP LEVEL %®i%

i= publiec (gheo)/1, {ghe)/2, (ghao)s3.

ghof{Coals) :— ghe(Goals, 100, ).
gha{Goals, Beund) i= ghe{Goals, Bound, _}.
ghe{_, Bound, _) :— illegal_bound{Bound), !,

displayy'Illegal bound value: '), display(Bound), ttynl, fail,
ghe{Goals, Bosund, T} .-
save standard io, reset_ioflag,
solve(Goals, Bound), !,
statistics(runtime, | ,T]), restore standard io,
{ recorded{'SCHCBACETRACE®, , 3, ', display(T), display{’' msec.'), ttynl;
true 3, .
gha(_, s _1 = /= failed in sgolving Geals =/
restore_standard_ie,
recorded( "$GHCBACKTRACE", _._}. !.
{ reccrded{ '$GHCBACKTRACE END', ,Hef), !, erase(Ref)-

recorded{ "$GHCUNIFYFAIL', _+Eef), !, erase(Ref);

display{'Body unification failure or call of an undefined predicate."},
ttynl 3,

fail.
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mode illegal bound(?).
illegal bound{Bound} :— integer{Bound), Bound’®, !, fail,
illegal bound{_ }-

= made solvel(?, +).

solve(Goals, _ } = wvar(Goals), !, fail.

solvef{Goals?, Bound) :— |,
propare goal gueue(Goals, Bound, Ch,Ct, MNextid},
statistics{runtime, ),
incore{ "SENDSPY'(0, Ch,Ct, ad, Mextid)).

salve(Goals, Bound} :— /% not_funcber(Geals, ?, _3). !, %/
prepare_goal gueue{Coals, Bound, Ch,Ct, Hextid),
statisties(runtime, ),
incore( "SEHD' (Ch,Ct, nd, Hextid)).

:— mewie propare goal _gueue(¥, +, =,=, “).
prepare goal gueue{Goals, Bound, Ch.Ct, Kextid) :—
put_rquens | % The definition of 'put_gueus' is im the compiler.

Goals, % Conjunctive goals to be put in the gueue

Ch,C%, % The queuc (d-list) of goals

Bound,Bound, % Current and initial values of the reduction counter

1d cale,true, % D-conjunction of arithmetic goals to calculate the
h % IDs of Goals to be displayed on tracing

1, % Initial value of the goal IDs

0, Id1, % Initial and final values of the offsets of goal IDs

TEmap T, % Predicate that called Goals

[1. % 0ld and new predicate dictionaries (for compiling
- % ":=' goals that are called not at the top lewvel)

debug % Debugging mode (debug/nodebug)

be
Mextid 1z 1+#I41, % Compute the 1D of the next goal to be generated

call({Td cale), !'. % Provide the top-level goals with their IDs
%% UMIPICATION %%%

% Unification in clause bodies:
= mode ubody(?,?).
ubody (X, X) = 1.
ubody{X,¥) = #* X and ¥ are ununitiable */
recorded| "SGHCBRCETRACE  ,_, _ )y
recarda (' SGHCUNTFYFATL', , ),
displav({'You tried ta unify "), writeuser(X), display({' with "),
writeuser(Y¥), ttynl, fail, '

= mode 'ubody?t{?,7, 4.
‘ubody?' (X,Y, Myid) :- ghcspied{'s=',2}), trace_ecall(Myid,X=%), fail.
‘ubody® ' (XY, _ o= ubody(X,Y).

% Ununifiability
% ghedif (X,Y) succeeds if and when X and ¥ proved to be ununifiable.
r— mode ghodif(®,7).

ghodif (X, ) = var(X), !, fail.

ghedif(_,¥) = wvar{¥), !, fail.

% Here, lst & 2nd args are non—variables.

gqhedif (X,¥) :— functor(X,F,A), functor(¥,F,A), !, ghodif args(A.X,X}.
ghedif( ., }. % succeeds when the function symbols or the arities mismatch

i~ mode ghodlf _args{+, +.+).
ghedif_args{0, _,_) := !, fail.

ghodif_args(M, X,¥) = /* N}, */
arg(M,X,.¥Xn), arg({MN,¥,.¥n), ghedif(Xn,¥n), !.
ghedif args(M, X,¥) 1— f* N0, not yet dif(Xn.¥n) =/

Ml iz N-1, gheodift args{Hl, X,Y}.

%%% SYSTEM PREDICATES %%%
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% System predicates are executed oven if the redustien counter indicates 0.

#% Input and Output %%
¥ Inchbream and oubtstream can be salled only once for each.

r= public instreams8.
- mode instream{®, +,4,—,F,4, 4,0+,
instream(5, RC,Ch,Ct,Dnd,HCmax,Myid,Nextid) :—
'"SSTART_10'(instream, 5, RC,Ch,Ct,Dnd, RCmax,Myid, Hextid) .

:— publie cutstream/%.
= mode cubstream(?, +,+,—, %, %+, +).
cubstream({s, RC,Ch,Ct,Dnd, RCmax, Myld, Nextid) :-—
‘$ETART_IO' (outstream, 5, RC,Ch,Ct,Dnd,HKCmax,Myid,Nextid),

1= public '$5TART_IO'/9.

i = mode TSETART_IQ'({+, T, teta=, bt 4,4,

"$START_XO'(I0: v v e ¢ & ¢ 4 _ )} -
recorded( 'SGHCIOUSING' , 10, 3, !,
display{ "Error: Instream/outstream cannot be called twiece, '),
tiynl, restore standard_io, abort.

"$8TART_TO' (IO, 5, RC,Ch,Ct,Dnd, RCmax,Myid,Nextid)y -
S* not_recorded(SGHCIOUSING',10,_), !, =/
recorda( ' $GHCIOUSING' , 10, ),
"$I0'(IQ, &, RC,Ch,.Ct,Dnd,RCmax,Myid,Nextid).

- publie "510"/9,

- mode CEI0T{+, T, v, m,tEb )

"$I0°(I0, &, RC,Ch,Ct,Dnd,RCmax, Myid, Nextidy -
g]u::.'p_i r-'lﬂ{ID,l} R
funetar(G,I0,1), arg(l.G,5)., trace_call{Myid, G), !,
"SI0 (IQ, 5, HC,Ch,Ut,Dod, RCmax,Myid,Nextid) .

'EIO{TIO, 5, RC,Ch,Ct, Dnd, RCmax, Myid, Hextid) :-
"RIO!T{IO, 5, RC,Ch,Ct,Dnd, RCmax, Myid, Hextid).

1= mode "SI0NT(+, T, +,,=,4,5,4,4]).
'$I07°(TO, B, RC,Ch,Ct,_, RCmax,_, Hextid) :-
nonvar{5}, 5=[H|T], monvac(H), do_io(H.IOD), !,
Mextidl iz Nextid+l,
'S$IO' (10, T, RC,Ch,Ct,nd, RCmax,Nextid, Nextidl).
‘$I0*'(_., 5, _ .Ch,Ct, , _, s Hextid) -
s==[], !, do_next({Ch,Ct, Nexeid).
'$I0P'(I0, 5, RC,[$(Gx, Ch,Ct,Dnd,Nextid)|Ch],
[${'$I0' (10,5, RCmax,Ch2,Ctl,Dnd2,RCmax,Myid,Nextid2),
Ch2,Ct2, pnd2, Mextid2)
||:"-]i
Dnd, RCmazx,Myid, NHextid) .-
trace_suspension(RC, Myid), ', incore(Gx).

public '$IONSY,
i— mode 'SIONT{+, T, d4,m 4,44
'8I0!* {10, 8, RC,Ch.Ct,_, RCmax, _, Haxtid)
nonvar($), S=[I|T]., nonvar{H}, do_io{H,ID), !,
Hextidl is Nextidtl,
PEI0! (IO, T, RC,Ch,Ct.nd,RCmax,Hextid, Nextidl).
‘$T0''({_, 5. _ .ch.Ct,_, _, e Hextid) :=
S==[], ¢, do_next(Ch,Ct, MNextid).
"SI0 (I, 8, _, [$(Gx; Ch,Ct,Dnd,Hextid)jch],
[$("8TI0'(I0,5, RCmax,Ch2,Ct2,Dnd2, RCmax, Myid,Nextid2),
Ch2,Ct2,Dndl, Hextidl)
lcel,
Dnd, RCmax, Myid, Nextid) := incorafGx).

1= mode do_iof+,+y,

do_io{see(F), instream) := ', nonvar(F), see(F).
do_io{seeinq(F), instream) :— ', seeing(F).



do_ic{seen, instream) :— !, seab.

do_ic(tell(r), _ }o:= !, nonvar(F)., tell(F).
do_io(telling(f}._ b= U, welling(F).
do_io(told, _ b= b, told,
do_io{close(F), B 1or= ', nonvar{F), my close(F).
do_io{filecrrars, 7 = !, [ileerrors.
da_io{nofileerrors, v 1= 1, nofilesrrors.
do_io{read{X). ipstream) :- !, my_read(X).
do_io{write{Xx), _ } :— !, ground(X), write{X}.
de_io(writeg(X), _ bo:= 1, ground(X), writeg(X).
do_io(print{X)y, _ jo:= t, ground({X), print(X}.
do_io{nl, _ y == ', nl.
do_io{getd{C), instream} :— !, my_getd(C),
do_io{get(l], instream) :— !, my_get{C).
do_io{skip(C), instream) :—- F, areund{C), skip(C).
do io{put{c), _ Yoo, ground{C), put(C).
do_ic{tab(m), _ y :— ', ground(N}, tab(HN}.
do ic({display(X), ¥y = ', ground(X), display(X).
do iof{ttynl, _ y = 1, ttynl.
do_do(ttyflush, j o= 1, ttyflush.
do_io(ttyget((C), instream) :~ !, my_ttygetd(C).
do_io(ttyget(C), instream) :— !, my_ttyget{C).
do_io(ttyskip(C),instream} := ', ground{C}, tbyskip{C).
do_iolttyput{C}, _ bor= 1, ground{T), ttyput{C).
do_io{tiytabidy, _ ) i= 1, ground{M}, ttytab{N}.
do_io{prompt{0,N),instream):- |, atom{N}, prompt(0,N).
ﬂﬂ_jﬂ{ﬂ, - yoi—

display({ 'Error: Iliagal reguest in instream/outstream: '),

writeuser{G), ttynl, restore_standard_io, abort.

@ If nofileerrsrs has been executed, input goals can be called arbitrarily
¥ many times.

1= mode my_get0(*), my_ttygetd(?), my_get(?), my_ttyget(?), my_read(?).

my gebl{d ) = ogetd{C), f.

my eet0(26) .

my_ttygeti(C ) - ttygetd(C)y. !,
my_ttygetd{26),
my_get(l ) i= get{d), .

my_get({26).

my_ ttyget(C ) := tiyget(Cy), !.

my ttyget(26),

my road(X) := read{X}, !, numbervars(X, 0. % An input term is

% made ground.

=}

t the following is for discarding an alternative created by the system
% predicate closes/l when the file speecified by its argqument is eurrently

¥ open,
= mode oy alosc(+).
my_closc{F) :- close(F), !.

%% Other System Fredicates Callable from Bodies %%

 The following routine i= used only when ':='/2 is called directly from

¥ the top level; otherwise ":='/? iz compiled into a specialized predicate.
= public (:=)/9,

= mode =[P, kb= 4 E 0 4L

s=UH.Y, . e e e e Myid, y =
ghespled{':=',2}, trace call{Myid, X:=¥), fail.

!-Ier! — chrct:_r _T _F Htxtld}l e
pumbervars(Y,0,0), call{X2 is ¥y, !,

ubody(X2,X), do next{Ch,Ct,Nextid).
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Ti_._ . BCO, . _ ' ' Myid, _ 1o

ghospied! '+=',3), Lrace suspension(RCO,Myid), fail.
s=(¥,Y, . [5(Gx, Ch,Ct,Dnd,Nextid) | Chl,
[$(:=(X,¥, BCmax,Ch2,Ct2,Dnd2, RCmax,Myid, Hextid2),
chz,Ce2,Und2, mextid2) | Ctl.
Dnd, RCmax,Myid,Nextid) :— incore{(Gx).

% The following routine is used enly when "='#2 is called directly from
i the top lewvel; otherwize '='/2 is compiled into ‘ubody/2'.
public (=)/%.
= omode =(7,7, Tttt E)
=({X,¥, ] ¥ ’ :Hyldi o=
gheaplied('=",2), trace nallihyld X=¥3, fail.
=(X:X, _,Ch,Ct,_,_,_o Hextid) = ubody(X,¥), do_next(Ch,Ct, Nextid).

;= publiec proleog/8,
moda prolog(?, +,+,—,F.+,+,F).

prolog(i, _r _+ _+ ¢ _v Myid, ] oi—
ghospied{prolog,1), trace call(Myid, p:olug[ﬁ}], fail.

|'_'p1-e'|'|ve"u;‘”:':l:.I ) Cﬂ,FL,_, o ) MNextid) :- Cﬂll[xlx LI
do_next{Ch,Ct,Nextid).

pralag(_, RO, _, _, r . My ad, }oE—

thspied{prﬂlag 1y, trace suspension{RC0, Myid), fail.
proleg(X, _, [5(Gx. Ch,Ct,Dnd, Nextid) | Chl,
[5({prolog(X, RCmax,Ch2,Ct2,Dnd2,RCmax,Myid,Nextid2),
Ch2,Ct2,Dnd2, Mextid2) | Ct],
Dnd, #imax, Myid,Nextid) :— incore(Gx).

%% Calling the Next Goal in the Quecue %%

:— mode do_next(+,—, +}.
do_next([%(Gx, Ch2,Ct,nd,Nextid}|Ch2].Ct, Hextid) := incore[Gz).

%% CYCLE MARKERS %%%
%% Etandard Version &%

i~ publin "SEND' /4.
= mode 'SENDU({P,—,+,.+).
YSEND' ([, _» 1 :— i, % succeeds if the gqueue is empty, i.e.,
% the first arg is UNINSTANTIATED.
'SEMD'{ [5{Gx, Ch,Ct,d,Mextid)|Ch],
[${’$END‘fEhZ,CtJ,DndZ.NthidZ}.EhZ,CtE,DDdE,NﬂxtidE}|ﬂt]r
nd, Nextid)y = !, '
incore{Gxy. % otherwise, if some goals have been reduced
% in the last 'cycle' (i.e.,, the deadlock
% flag iz 'nd'), then try another ‘eyecla’.
"SEND(GS._s y :— backtrace(Gs), fail.

%% Cycle Marker with Spy Facilities %%

+= public 'SENDSPY /5.
c= meode "SENDSEY {4, P-4+
"SENDSPY ' (Endid, Ch,Ct,Dnd,Nextidy :-
digplay('Cycle "), display(Endid),
display('; functicn (h for help)?® "), ttyflush, ttygetd(C).
{ C=h=3l/*newline*/, !, ttyskip{3l); true )},
endspy(C, Endid, Ch,Ct,Dnd,Nextid).

:— mode endspy(+, +,; Pi=.tet).

endspy (31 J+*NL=/, Endid, Ch,Ct,Dnd,Nextid) = !, % CONTINUE
endepy2{Endid, Ch,Ct,Dnd,Nextid).

endspy(119/=w=,/, Endid, Ch,Ct,Dnd,Nextid); := 1!, % WRITE QUEUE
display _gueue(Ch), 'SENDSFY'(Endid, Ch,Ct,Dnd, Nextid).

endspy (l110/*n=,/, , Ch,Ct,.Dnd, Hexeid) - 1, % NODEBUG MODE

'SEND{Ch,Ct,Dnd,Nextid).
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endupy{104/%h*/,  Endid, Ch,C%,Dnd,Nextid)y := |, % HELFP
digsplay({'<crd: continue®), ttynl,

display(”® wW: Write goals in the queue'}, ttynl,
display({" n: ocontinne in Nodebug mode'), ttynl,
display(" h: Help®), ttynl,
digplay(' a: Abort current execution'), ttynl,
6;5playt @: Acecept a Proleg goal'), ttynl,
SENDSPY* (Endid,Ch,Ct,.Dnd, Nextid) .
endspy (97 swax/s, o )y 1= 1, % ABORT
restore standard io, abort.
endspy (64 /*@+/, Endid, Ch,Ct,Dnd,Nextid) :- I, & ACCEPT COMMAND
displayy'| = 'y, ttyflush, seeinqg(F), see(user), read(l), see(F),

{ eall{Gy, !, display{'yes'); display{'no") ), ttynl,
"SENDSPY' (Endid, Ch,Ct,Dnd,Nextid).
endspy(_, Endid, Th,Ct,Dnd,Hextid) := /% 1, 2/ % Dther chars are
endspy (104, Endid, Ch.CL,Dnd,Nextid). % interpreted asz 'h'

1= mode endspy2{+, F,—,+,+3).
ehds P'.I"J‘ * []- ] L } o= e
endepy? (Fndid, [$(Gx, Ch,Ct,d,Nextid)|chl,
[${"$ENDSPY'(Endid2, Ch2,Ct2,Dnd2,Nextid2),
Ch2,0t2,Dndd, Nextid2) [ot],
nd,Nextid) := Endid2 is Endid+i, !, incore(Gx).
endspyai_, GE, . _. i = backtrace{Gs), fail.

%%% TRACIMG AND BACETRACING %%%

= publie
{ghespy) /0, (ghospey)/l, (ghenospy) /0, (ghonospy)/1, ghespying/o,
ghebacktrace/0, ghenobacktrace/0,

%% Tracing %%

% Setting, Resctting and Shewing Spy Points

ghoopy =
( recorded('$GHCSPY ", X, ), wvar(X), !,
dizplay('Spy points have already been set on all goals, 'y, ttynl,
| erasel, fail; recorda('SGHCSPY', ,_ 3 1 3.
i~ mode ghospy{?).
ghespy{¥) - atom{x), !,
{ recorded|{'SGHCSPY',X/V,_)., var(v), !, complain_double spy{¥);
( erasel(X), fail; recorda('$GHCSPY'.X/ . ) ) ).

ghespy (X} - nonvar{i), X=P/A, atom(P), integer(A), !,
{ recorded('SGHCSPY', X, 1, !, complain_double spy(X);
recorda( "SGHCEPY' X, ) ).
ghespy(&) :- nonvar(X), X=(X1,X2), !, ghespy{Xl), ghespy{X2}.
ghespy{X} := complain predicate_spec{X).
ghenospy : -

( erasel, !, ( erasel, fail; true ); complain_nothing to_reset )},
:= mode ghonospy(?).
ghenospy (X)) - atom{X}, !,
{ erasel{(X), !, {( erasel(X), fail; true 3;
recorded{ "$GHCSPY',Y, ), var(Y¥), !, complain_too_specific(X),
complain_nothing_to_reset(X) },
ghenospy (X} := nonvar(X), X-P/A, atom(P), integer(a}, !,
{ erasel(P,A), !;
recorded( '$GHCSPY ', ¥, ), Y=B/v, var(V), !,
complain_teoo_specific(d);
complain nothing to reset(X®) 3.
ghenospy(X) - nonvar(¥), X=(¥1,¥2), !, ghenospy(Xl), ghenospy({X2).
ghenespy(X) = complain_predicate spec{X).

erasel - recorded('$GHCSPY", ,R), erase(R).
;= mode erasel(+).
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erasel(P) :— recorded('SCGHCSPY',.X.R), nonvar{X), X-P/ , erase(R}.
i~ mode erasel{+,+}.
erasel{PF,A) :- recorded{ '$GHCSFY',X,R), nonvar(X), X=F/B, A==B, erase(R).

mode complain_double spy(+).
complain_double spy(X) :-
display({'Spy point on '), writcuser({X),
display(' has already been zet.'), ttynl.
:= mode complain_predicate_spec(?),
complain_predicate_spec(X) -
display{'Illeqal predicate specifieatien: '), writeuser(X), ttynl.
complain_nothing _to_reset :-
display('No GHC goals are spied. '), tiynl.
mode complain_nothing to reset{+).
complain nothing to reset(X¥) =
displav('Spy puint has not been set on "3,
writeuser{x), display{’ "3, ttynl,.
:— mode complain_too _specific(+).
complain_too_specifie(X) :-
display({'Spy point cannot be reset selectively on '),
writeuser(X), display({'."'), ttynl.

ghespying - setof{$(X), R rccorded('$GHCSDPY', X, RY, 5), !,
{ §=[%$(¥)y|_), var(¥), !, display({*aAll GHC goals are spied.'};
display('GHC spy-points have been set en '), write spied(S) ), ttynl.
gheapying - displayv{ 'No GHT goals are spied.'), ttynl.

(= mode write_spied(t),
write_spied{[3(P/a)|Ps]) :— display(P),
{ nonvar{h), !, tbtypub{"s"), display(k); true ),
{ Peh==[], ', display(', "y, write_spied{Ps); Stwput{".") }.

% Runtime Support for Tracing

:— mode ghospied{+,+).
ghespied(P, A} i~ recorded( "$GHCSFY ' ,P/AR, _), |

mode trace call{+, +}.
trace call(Id, G} :-
numbervars(G,0, ), display_id{1d), display{': Call "},
writeuser{G), ttynl, fail.
trace_ecall{_, _}.

:— mode display_id{+).
disgplay id{0 ) :— I,
display_id(Id) :— /= Id0, !, »/ display(Id}.

1= mode trace_suspension(+, +).
trace_suspension{d, 1d) - I,
display_id(Id), display(': Swapped cut®), tiynl.
trace_suspension(H, Id) :— /* N»0, ', =/
display_id(1d), display(': Suspended’}, ttynl.

%% Backtracing %%

% Setbing and Resetting

ghebacktrace i= recorda('SGHCBACKTRACE', , ).

ghenebacktrace - recorded('$GHCBACKETRACE', R), erase{R), fail.
ghenobacktracea,

% Runtime Support

:— mode backtrace(+).

backirace(&s) :=
recorded| 'SCHCBACKTRACE' , _, _}.,
display( 'Deadleck detected. Suspended goals are:'), ttynl.
display_gqueue(Gs), recorda('$GHCBACEKTRACE_END', , ).
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%% Runtime Support for Displaying the Goal Queuc %%

1= mode display_gueue(+).
display_ gueue{G2} :- pumbervars{Ge,0,_), dq2(Gs), fail.

display gueuel_ J.

c= mode dgl{+}.
dz2ricicely - !, display goal(G), dg2(Gs).
dgz{_J.

- mode display _goal(+).

display goal{$(Gx, _._,_,_2) i~
tunctor {Gx,P,A7}, & i5 AT-T7, functor(G,F.A),
copy_args{h, Ox,G),
AE i3 A+f, Aarg(A6,Gx,Id), display id(Id}.
display({': '), writeunser{G), ttynl.

%% MISCELLANEOQOUS &W%%

1= mode ground(?).
ground(X) :— wvar(X), ', fail.
ground{®) := /% ', */ functor(¥, ,Arity), ground_args{Arity, X).

mode ground_args(+, +7.
ground_arqgs{0, _} :— !,
ground_args{N, X) :— /J* 1|, =/
arg(M,x,T), ground({l), Wl is N-1, ground_args(Nl, X).

reset_ioflay := recorded(’'$GHCIOUSING', ,R), erase(R), fail.
reset_ioflag.

save_standard io
seeing(ln}, recorda( '$GHCSTDIN', In, _),
telling(CQut), recorda('SGHCSTDOUT',Out, ).

restore standard ic :— fileerrors,

recorded( "S§GHCETDIN', In, Refl}, erase{Refl), sea{In},
recorded( "SGHCSTDOUT ', Out ,Ref2)}, erase({Ref2), tell{dut).
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BRE% COMPILATION ®%%%

%%% READING PROGEAMSE %%

i— public ghececompile/1, gheocompiles2, ghedecompilesl, ghedecompile/2.
:= made ghocompile(?), ghoocompile{?,7), ghodocompile{?), ghodecompile(?,¥).

ghecompile(s) :— /% t, =/

plsys{mktemp( ' op/ahcX XXX, TempFile)).
ghecompile(s, TempFile, nodepth), compile(TempFile).
ghocompile(s,0) = f= !, */ ghocompile(5,0, nodepth).

ghodeompile(s) (— /% |, */f
pluys{mkbtenp| ' lop/ghclXXXXE", TenpFile}),
ghecompile(s, TompFile, depth), compile{TempFila).

ghodeompile(s,0) — /* 1, */ ghoocompile{S,0, depth).

ghecompile(S, 0, Depth) =

telling(0ld), nofileerrors, tell{O).

ghooomp( &, [],Dict, Depth),

write last clause group{Dict, Depth),

told, tell(0ld), display('END.').

ttynli.

ghecompile( 0, _ Y 1= /% failed to open O %/

ocomplain_unable to open{G}.

% ghocomp({rFiles, Current_diet,New diect, Depth firse?).
% EBach member of the predicate dictionary has the form
% S5{Functor/Arity, Hame of internal subpredicate,

% Mode decl, Debug_mode, ¥ _of body_assignment+"@"),

c= mode ghecomp{?, +,-, +].

ghocomp(F, Dietld,Dictl, _
DictlO=Dictl, complain_unable_ to_open(F).

)

ghecomp(F, Dictd,Dietl, Depth)
atoem(F), seeing{0ld), nofileerrors, sea(F). !,
read(X). ghecompl(X, Dict0,Dictl, nodebug, Depth), seen, see{0ld).
ghocomp(F?, Dictd,Dictl, Depth)
atom{F), seaing{0ld), nofileerrors, see(F)j, !,

read{X), ghooompl (X, DictG,Dictl, debug,

gyhovomp( [(H]T], pieté,niet?, nepth)
ghocomp(H, Dictd,Dictl, Depth), ghocomp(T, Dictl,Dict2, Depth).

3= !, DictQ=Dictl.

1= #* failed to open F =/

ghecomp( (1. Distd,.Dietl, _
ghooomp({ F, Lietl,ictl, _
LDictO=Dictl, complain_upable_to_ocpen(F).

v= morde ghocompl{?, +.=, +,

}
)

= wvar(F},

¥

Ls

Nepth), seaen, see{0ld).

ghocompl (X, Dictd,ictl, Debug, Depth) = wvar(®y, 1,
display{'Uninstantiaoted clause found'), ttynl,
read{Next), ghocompl{Next, Dict0,Dictl, Debug, Depth).
ghecompl{end_of file, Diet0,Distl, _, _
ghoocompl( {: mode Mdecl), Dictl,DictZ, Debug, Depth) :— nonwvar(Mdecly, !,

functor{Mdecl, B, A),
{ lookup diet(P/R, Dictl,

_:_r_.:| s -

)} := |, DictOsDictl.

erresy( "Duplicate or misplaced mode declaration: ', Mdecl),

Dictl=Dictd;

notify _compilation(P,A), write mode decl({P,a},

{ EhEEk_deE{m-Eﬂll P

write_transmit_clause{Mdecl), make_internal name(P,IF),
write mode decl{IF.A).

Ip=p },

write callmeg_clause{IP,A,F, Dabug),

Dictl=[$§(P/A, IF,Mdecl,Debug,&4/%@%/) |Dicto] ),

read(Next), ghecompl (Hext, Dictl,Dict?, Debug, Depth).
ghocompl({:- op(Priority,Type,0p)), DBietd,Dictl, Debuy, Depth) :-

op({Priority, Type,Op), !

L3

% Operator decl must be exe-

write_clause({:- op(Priority,Type,0p))), % cuted and also copied.
read(Next), ghccompl(Next, Diectd,Dietl, Debug, Depth).

ghecompl({:— X).,

Dictl,Dietl, Debug, Depth) :=

J/* not_functor(X, mode, 1), not_functor(X, op, 3} =/ !,
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errmeg( 'Illegal dircotive: ', {:= X)),
read{Hext), ghccompl{Next, DicLO,Dictl, Debug, Depth).
ghecompl (X, Dictl,Dictd, Debug, Depth) :—
A* clause with positive atom(X), 1, =/
{ X=(Head:—_}), !; X=Head ),
functor(Head,P, R},
{ loockup_dict({Pra, bictd, _,_, ), ', Dictl=Dictd;
netlfy compilation(P.h).,
write mode decl{F,A), write_callmsg clause(F,A,F, Debug),
Dietl=[$3{P /A4, P, 'SHOMODE',Debug,64/*@*/)|Dicto] 3,
( ¢ eclavse{X, €, Mictl,Dict?, Debug, Pepth), !, write_clause(C);
errmag{ 'Cannot complle: ', X3, Diet2=Dietl 3,
read({Next), ghocoompl{Next, Dict2,Dict3, Debug, Depth).

+= mode complain_unable_to_open{?).
conplain_unable_to cpen(F) :— % 1, %/
fileerrors, display('Cannot open file: '), writcuser(F), ttynl.

%% WRITING OBTECT CLATUSES %%%

= mode write_clause({?).
write_clause{X) :-

make_writable(X.Y, 0,_), writeg(¥}, put{"."}, nl, fail.
write_clause|_).

i~ mode make writable(?,-, +,-}.
make writahle{X, ¥, VO,V1l)y - wvar{X), !,
X='SVAR'(VO), Y=X, V1 is vO&1,
make writable( '$VAR'(X), ¥, VO,V1l) := !, ¥Y="SVAR"(X), V0=v1.
% Variable already made ground { 'numbervar'ad)
make_writable('SREF'(X), ¥, VO0,¥1l} :- !, make writable{X,¥, VO,V1).
make writable('SWAIT'(X},Y, VO0,V1l) := |, make writable(X,¥, ¥V0,V1).
make writable( 'SINT'(X), ¥, VO0,Vv1l) :- !, make writable(X,¥, VO,V1l).
make writable(X, Y, vO,V1) :— /* nonvariable(x), !, =/
functor(X,F,A), functar(¥Y,F.A), make_writable args{0,a, X,¥, V0,V1).

:= mode make writable arqgs{+,+, +,+, +,-).

make writable args(K.N, X,¥, V0,V2) := K<HN, |,
Kl is E+1, arg(Kl,X.Xk), make writable(Xk,¥k, VO0,¥v1), arg{kKl,¥,¥k),
make _writable args{kL,N, X,¥, V1,V2).

make writable args(H,H, ey WOLW1y - w0, mS VO=Y]L,

L%t MAKING ADDITIONAL CLAUSES &%

:= mode write mode decl(®,+).
write _mode dacl{P,A) = J% 1, w/
A7 18 B+7, write clause({:= publie PsATY),
functor(Mode, P, 2y, fill_guestions(h, Mode),
extend atom{Mode Modex, +,4,-,4,+,+,+), write_clause((:- mode Modex)).

= mode fill guestions(+, +).
fill guestions(0, I I
fill_guestions(kK, X) := /% KD, !, =/
arg(k, X,?), Kl ig KE-1, fill guestions{Kl, X).

- mode write callmsg_clauwge{r,+,+, +).
write callmsg_clauvse(P, A, Pspy, debug) := i,
functor(H,P,A), extend atom(H,Headx, _,_.,_._._.Myid, },
functor(HspY.Fspy, A), copy_argsi{A, H,Hspy), ‘
write clause((Headx :- ghospied(Pepy,A}, trace call(Myid,Hspy), faily).
write_callmsg clause! , . . . A R B
= mode write last_clause group{+, +).
write_last_clause group([$5(P/h, P, _,Debug, }|L], Depth) :- 1,
write suspmsg_clawse({P, A, P, Dabug, Depth),
write_susp_clause(F A},
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write_last_clause groupi{l, Depth).
write_last_clause group{ [§5(PsL, IP,_,Dnbuq,_;|L], Dapth) :— AP \==IP,w/ 1,
write callsuspmusg_clause(P,A,P, Dobug, Depth),
write susp_clause(P,4),
write suspmsg_clause(IP,A;P; Debug, Dopth),
write susp clause(IF,A),
write_last_clause_group{L, Depth).
write last_clauze_group([]. Y A o= omy
— mode write suspmsg_clause(+,+,+, +, +),
write suspmsg_clause(P,A,Pspy, debug, Depth) :— 1,
functor(H,P, A}, extend_atom(M,Headx, RCO, , ., , ,Myid,_ 3,
{ Depth-=podepth, !, RC=RCO; RC=1 },
write clause(|{Headx := ghespied{Pspy, &),
trace_suspension{RC,Myid), failjyy.
write suspwsg_ clauno{_, ,_, o _ 1 OSE o= L ows
1= mode write_callsuspmsg_clause(+,.+,+, +, +}.
write_callsuspmsg clause(F,A.FPspy, debug, Depth) := I,
functori{i,F.A), extend atom(H,Headx, RCO, , , , ,Myid, ),
functor (HspyY PspY.A), copy_args({h, H,Hspy),
{ Depth-=nodepth, !, RC-RCO; RC=1 },
write clauwse{{Headx :— ghespied{Pspy.R), trace call (Myid,Hspy),
trace_suspension(RC,Myidy, fail)).
write _callsuspmsg clause(_, , . s _ ) oAE = L
- mede write_susp_clause(+,+),
write_susp clause(P,A) = f% 1, #7
functor(H,F,A),
extend_atom{H,C0alx, RCmax,Ch2,Ct2,Dnd2, RCmax,Myid, Nextid2),
extend atom(H,Headx, _, [5(Gx, Ch.Ct,Dnd,Hextid)|ch],
[#{Goalx, Ch2,Ct2,Dnd2,Nextid2)|Ct],
Dnd, RCmax,Myid,Nextid ),
write_solause((Headx :— incore(Gx))).

i~ mode write tranemit_clanse{+).

Write transmit_clause(Mdecl} := J= |, =/
functor{Mdecl,P, ), make_internal name(P,IF), A7 is A+7,
functor{Headx,P,AT), functor({Goalx,IP,a7),
transmit_args(0,A7, Mdecl, Headx, Goalx,Body).,
write clause((Headx :- Body)).

% transmit_args{Arg_position,Arity, Mode, Head, Subgoal,Body)
% Body = suquence of calls to 'nonvar/l' followed by Subgoal,
- mode transmit _arga{+,+, +, +, +,-).
transmit_args(X,N, Mdecl, Headx, Goalx, Body0) :— K<N, |,
K1 is E+l, arg(Kkl,Headx,Xkl), arg(Kl,Goalx, Xkl),
{ arg(El,Mdecl,+}, !, BodyO=(monvar(Xkl), Bodyl);

BodyO=Bodyl ), i Mode is not "+' or Elrarity(Mdecl)
transmit_args(Kl,N, Mdecl, Headx, Goalx,Bodyl).
transmit_args{M,H, _, Headx, Goalx,Body ) = /x 1, =7

NE is N-b, arg{N6,Headx,Xn6), Body=(Xné>®, !, Goalx).
i~ mode make internal name(+,-=}.
make internal name(P,IF} = #% 1, w/f

name (P, Pl}, name(IP,[36,36,36/%555=/|P1]).
%% COMPILING CLAUSES %%

¥% Decomposing and Composing Clauses %%

¥ ¢_clause(GHC clause, Prolog clause,

i Current_dict, New_dict, Debuq_mode?, Depth_first?),

i ¢_clause may fail if an uninstantiated atom appears.

1= mode ¢_clause{+, =, +,=, +, +).

c_clause{{Head:-_), e ¢ — - } :— var{Head), !,



fail.
c_clausa| (Heard:=X) C, Dietl,Dictl, Debug, Depth) :-
nanvar{x), x-{GuardlBady;, Uy
c_head_guard(Head, Guard, PH, PBO,(!,PR1), Diectld, RCO, Depth),
extend_atom({PH,FHx, RCO,Ch,Ct,_,RCmax, ,Nextid),
separate_unify{Body, Dnounify, Bunify),
o_body unify{Bunify, Wextid,o,Idl, PBL,PB2Z, Debugj,
o _body arith(Boounify,Bnounify rest, PB2,FB1, Debua),
pult queuve{Bnounify rest, (0,01, RCL,RCmax,
PR3, PR4, Mextid,Idl,Id2, Head, DictO,Dietl, Debug),
c_update_pextid{bebuyg, Nextid,TId?,Newid, PB4,PR5),
¢_make tail(Depth, 0,01, RCO,RC1, Ch,Ct, Newid, PBS),
U= PHx:—FEQ).
c_clause( (Head:—pody), €, Dictl,Diectl, Debug, Depth) :—

/% not_functor{Body, '|', 2} */ 1,
errmsy( ‘Warking: No commitment operator: °, (Head :- Body)).
e _clause{{Head :— true|Body), C, Dictl,Dictl, Debug, Depth).
o_clause{Head, ¢, Diatl,dietl, Dobuyg, Depth) -
/= neot_functor{Head, ':-', 2) =S !,
errmsg{ "Warning: No commitment operator: ', Head),
c_clauseq (Head :- true|true), C, Dictd,Dictl, Debug, Depth).

% separate unify{Goals, Hounify, Unify).
% Nounify and Unify becoms LINEAR conjunction ol goals.

= morde separato unify (7, =, =},

separate unify({sa, WU, U) :- separate unifiy(G, WU, true, U, true}.
1~ mode separate unify(?, =-,7, =,7).
separate unify(Xx, s s _+ _ ¥y = wvariable(X), !. fail.
separate_unify((X.Y), WUO,NUZ, Ud, U2} - 1,

separate_unify (X, HU0,NUL, U0,Ul}, separate unify(¥, NUL,HUZ, UL, U2}.
separate unify(X=Y, WU, N0, U0, U1y := ', HUOD=NU1l, UO={X=Y,U1).
separate unify (G, NUO,NU1l, Ue,Uly - f* not_unification{G), !, =4

NUU"G;NU! :I r UD-U]..
% Compiling Heads and Guards %%

% c_head_guard{GHC_head, GHC_guazd,
L Prolog head, Prolog_body, Proleog body tail, Current_diet,
% Current_reduction count, Depth_first?)
:= mode ¢_head_guard{+, ?, =, =, +, +, =, +).
c_head_guard(Head, Guard, PH, PBO,PB4, Dict, RZ, Depth) :-
functor(iead,P,A), lookup dict(P/R, Dict, IP,Mode,_).
functoxr (FH, IF. &),
{ separate_unify(Guard, Goounify, Gunify), !,
{ call{Cunifyy, I,
o args(0,A, Head, PH, PBO,PBl, Mode},
{ o_guard{Gnounify, PE1l,PR2, PB3}, PB4}, ',
{ P==IF, Depth==npodepth, |,
PRI={RCH}0,PED)
PB2=FB3
errmsyg{ 'Guards can call predafined predicates only: ', Guard),
PBEl=({fail . PB4} );
errmsg( 'Warning: Unsucoecedable guard:
PEO=(fail ,PB4) ):
errmsaf 'Uninstantiated variables in guard: 'y Guarpdj,
PRO=(fail PB4} }.

, Guard),

i— mode c_args(+,+, +, —, .7, +).
c_args(K,N, Head, PH, PBO,PB2, M) :— KN, I,
Kl is K+1, arg(Fl,Head,Ak), arg(FKl,PH,PHK}.
{ M=='$KOMODE®', !, Mk=({?); arg(Kl,M,Mk) ),
c_unify(hk, PHk, PBO,PBl, Mk}, o_args{Kl,HN, Head, PH, FH1,PEZ, M).
© args{M,M, _, . PBO,PEl, ) i~ f* [, =/ PRO=PPB1,

t c_unify{Original_argument, Geperated_ argument,
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i Unify_code, Unify_code _tail, Mode),

% Mote that £(X,X) must be compiled into f{X,¥) := Y==Y.
% This is because X and ¥ must be unified with no substitutions.
% For integer comparison, =:= and =\= are faster thamn - and %~-.
1= mode o unify(?, =, =,7, *).
C unily(V, X, GO,G1, M) 1= wvar(V), !,
=V, G0=Gl, V="SREF'({Y), mark{Y, ).
c_unify("$REF'(V), X, 60,51, M) := |, GO={Ve=X,G1}), mark{X, M.
o_unify{ []., X, G0O,G1, My :— |,
{ M=='4+', 1, X=[], GO=G1; GO=(X==[],G1l] }.
c_unify(a, X, GO0,G1l, M) :~ atomici{i), !,
M=="4+", 0, X=h, GO=GLl; GO=(X==A,G1) ).
c unifvy( [H|T], X, GU,G3, M) = 1,
{ M=='+', !, X=[H}|TG], GO=01; GO—={nonvar{X},X=[HO|T0],G1} ).,
e unify({H, HO, 81,62, =), e unify{T, TH, G2,G3, 7).
o unify(8, X, G0,G2, M) := /= other_structure(S)y, !, =F
functor(S,F, &), functor(50,.F.R).
[ Me=="%"', 1, X=50, GI=GLl; GO=(nonvar(X).X=50,G1l) }.

e_unify_args{d,a, 5, 850, Gl,G2).

— mode o unify args(+,+, +; +; —;7).
c unify args{K,N, &, X, G0,G2) = E<N, !,
Kl is K41, arg{Fl,5,5k), arg{¥l, %, Xk,
e_unify(Sk, Xk, GO,G1l, ?), c_unify args(Kl,N, 5, X, G1,G32).

c_unify_arqas(N,N, _, _: GO,Gly := /® |, =/ GO=GL.

% o_guard({Original_goals, Before_goals, Before goals tail,

% After_goals, After goals_tail)

% Before_goals are called before checking the reduction counter, while
% After goals are not.

:— mode o _guard{+, =-,%, —,%}).

o _guard({true, GhO,Ghl, Gald,Gal) :— 1, GblsGhl, Gal=Gal.

o_quard( (X,¥}, Ghl,Gb2, Gald,Ga2) — 1,

c_guard(X, Gb0,Gbi, Gal,Gal), c guard{Y, Gbl,Gb2, Gal,Ga2}.
e_guard(prolog{x), Gh0,Gbl, Cald,Gal) := !, Ghi=Ghl, Gal={X,Gal}.
% prolog(X) must be executed after checking the
. % reduction counter, since it may cause side effects,
c_guaxd{X, Ghid,Cbl, Gad,Gal) :— /* other form{x), !, =/
o quard_2{(X, Gb0,Gbl), Gal=Gal.

% c_guard_2 fails if the first arg is not a system predicate.
:= mode c_guard_2(+, —.7).
c_gquard 2(wait(X), Gb0,Gbl) := !, o_w{X, Gb0,Gbl).

=_guard_2(X\=Y, GbO,Gb1) = atomic{X), !, c_w{¥, Gb0,{¥\==¥,Gbly}.
C©_guard_ 2{X\=Y, Gb0,Ghk1} :~ atemie({¥), !, o_w{X, GbO, (X\==¥,Gbl)).
e guard_ 2{¥\=Y, GbO,Gk1} - /* non_atomic{X), non_atomic(¥) =/ !,
Gho={ghedif(X, ¥).Gbl).
e_guard 2({X:=Y, Gb0,Gb2) :— appeared_in_head(x), !,
c_iw(X, Gb0,Gbl), c_iw_all(y, Gbl,(X is ¥.Gh2)).
e _guard_ 2(X:=Y, Gbu.ﬂhl} := /% not appeared in_head({X) =/ !,
¢_iw_all(Y, GbO,(X is ¥,Cbl)).
o guard Z(X<Y, Gho,Ghly = !y o _iw 2(X, ¥, Gb0,(X{Y, Gbl)).
o guard_2(X»Y, Ghi,Ghl) =~ |, e_iw_2{X, Y, GhO,(X»¥, Gbl)}.
o _guard 2{X=<Y, GbO,Ghbl) :— |, o_iw _2(X, ¥, Gb0,{X=¢¥, Gbl}).
c_quard_2{X»=Y, GhO,Gbl) :— !, c_iw_2(X, Y, GbO,(X»=Y, Gbl)}.
c_guard_2({X=:=Y, GbO,Gb1ly :— !, o_diw 2{X, ¥, Gbl, (RK=:=¥Y,CGhl}}.
c_guard_2({X=\=Y, GbO,Gb1) - |, c_iw_2(X, ¥, Gbl,(X=\=Y,Gbl)).
r= mode ¢ _wW{?, =,7?).
= GO,GLl) 1= var(X}, ', GO=({nonvar{X),G1l), X~'SWAIT'(_}.
o w{'EREF' (X}, 60,61} :— !, c_w{X, 60,61},
o WX, GO,G1) =

AT E="SWAIT'(_); X="§INT'(_); not_variable(X) ), !, =/ GO0=Gl,

:— made o iw{?, —,7).
c_iw{X, GO,GLl) - wvar{X), !, GOs(integer(X),Gl), X="SINT"'(_).

—1049—



rn iw{ *SREF'{X), GU,Gl) :— !, o_iw{X, GO,G1l}.
o dw( "SWATT (¥), GO,G1l) := !, ¢_iw(X, GO,Gl).
o dwi GO,Gly = A%  X="5InNv'{_}; pot_wvariable(X) ), ! =/ GO=G1.

- mode o iw 2(P;7s 7).
c_diw 2(X,¥, GO,G2) = f* 1, */ o iw_all(X, GO,Gl), c_iw_all(¥, G1,G2).

= mode o_iw_all(?, —,7).

o iw_all(X, GO,Gl) :— war(X), !, GO=(integer(X),Gl), X='SINT'{_).
o iw all({'SREEF'{X}, GC,Gl) :— !, c_iw_all(X, GO,G1}.

e iw all{'SWAIT'(X), GO,Gl) :— !, c_iw_all(X, GO,G1}.

& dw all{'SINT'( )}, OGC,Gl) := 1, GO=GL.

c_iw alliX, GO, Gl) = /* structure(X). !, */

functor(X, ,&), c_iw_args(0,A, X, GO,G1).

c— mode o_iw_args(t,t, T, =, 7).

¢ 1w _args(K,H, X, G0,G2) :~ K<N, |,
¥l is F+1, arg(¥1,X,Xk), < iw all{xk, G0,Gl;,
o iw args(Kl1,N, X, G1l,G4).

o _iw args(N,N, , GO,GLl) = J* 1, #;/ GO=G1.

%% Compiling Bodies %%

i— mode o _body _unifw(+, —,4.=, =7, *}.

c_body unify((X=Y,Bunify), Id,IL1d0,1d2, FRO,FB3}, Debug) :- |,
c_id_setup({Debug, PBL,PB1l, Id,I1d0,Idl, Myid),
{ variable(X), !, BE=X, L=¥; % for efficiency on DEC-10 Frolog
L=X:. R=Y }.

{ Debug==nodebuqg, |, PRI={L=R, PB1};
POi={'ubody?'(L,R,Myid), PB2Z)} },
c_body unify(bunify, 1d,Id1,Id2, FEZ,.FB3, Debug).
c_body_unify(true, _» Id0o,Idl, PBO,FBLl, _ IS A PR
Idi=Idl, PBO=PB1.

t- mode e id setup(+, -, 7, T,b.=, =)
¢ _id_setup{nodebug, Igl,Igl, _, Id0,Idl, Myidy := !,
Myid={0, Igql«Igl, Idl is Id0
c_id_setup({debug, 1gd0,Igl, Id,Ido,Idl, Myidy := /* I, */
{ IdO=:=m, |, Myid=Id, Ig0=Igl; Ig0={Myld is Id+Idd, Igl) ;.
1dl is Ido+l.

% Tmitial sequence of assignments that need no waiting is processed on the
% spot.
i~ mode o_body_arith(+,-, =,7, +).
c_body_arith{(V:=E,Body0),Bodyl, FBO,FB2, nodebug) :-
c_iw_all{k, W,true), W=true, !, % check if waiting is needed for E
{ integer{E}, !, PBO={ubocdy({(E,V), PELl};
PBO=({VZ ie E, ubody(V2,V). PB1} .
c_iwl{V, _,_ ), % mark ¥V as 'having an integer value'
¢_body_arith{Body0,Bodyl, FB1,PFB2, nodebug).
c_body_arith{Bodyl, Bodyl, PEO,PBL, _ Vo=
/% top element of Dody0 is not a non—suspending assignment, !, =/
Bodyl=Hodyl, PBO=PEL,

Put gueue is called alsc at run time to make a goal gueue. It fails if
there exists an uninstantiated goal.
put_rgueus{Body_goals, Goal gueue head, Goal gueue tail,
Hew_reduction_count, Max_reductions,
Id_cale_goal_head, Id_calc_goal tail,
Mext_id, Tnitial id_offset, Final_id_offset,
Head, Dict_old, Dict_new, Debug_mode?)
1= mode put_gueua(?, —,=; P,F, =P, Tpt.m,; ¥, ¥,m, ).
put_queue{X, b P b w_w_& _&  _4 —r — _— —_ b
variable(®)y, ', fail.
put gueue( (X,¥), 00,02, RC1l,BCmax,
Ig,Igd, Id,Id0,Id2, Head, Dictl,Dictd, Debug) - |,

= P W W N W
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put_gueue(x, Q0,01, RC1l,RCmax,
Lgl,lgl, Id,id0,1dl, Head, Dictld,Dictl, Debug),
put_gueus{r, 0Ll,02, HCL,RCmax,
Igl,Ig2, T4,Id41,Td2, Head, Dictl,Dpict?, Debug).
put_gueuwe{true, 00,01, _, _.
Ig0,Igl, _, Ido,1dl, _, Dictl,Dictl, _ y i — 1,
Q0=01, TIgb-Tgl, TdO=Tdl, Dictd=hictl.
put_gueuns{V:=g, 00,01, RC1l,RCmax,
Tgd,Tgl, Td,Td0,Tdl, Head, Dioctd,Dictl, Debug) :=
Head\=="STOP', |,
make_arith_head(liead, V,E, BRH AD,RA, Dictd, Dictl),
write_mode_ decl (AP, AR},
exlend atom{AH, AHx, RC1,Ch,Ct,bnd, RCmax,Myid, Nextid),
{ Debug==debug, !.
write clause{ (&H® :- ghespied(':=',2), trace_call(Myid,v:=E), fail)j;

true },
oc_iw_all({E, G,(¥2 is E, !, ubody(Va, V), de next{Ch,Ct,Nextid)}),
write_clause{{alx :— G)}.
{ Debug==debusg, !,
write clause{{AHx :- gheospied(':=',2),
trace_suspension(l.mMyid), failjyy;
Lrue ).

write sunp clauso(hP,RA),
Qo={5 (A=, Ch,Ct,Dnd,Nextid} i 01] .
c_id_setup{Debug, Igl,Igql, Id, 1d0,Id1, Myid).

put_gueie (X, 00,01, RC1.RCmax,
Ig0,igl, Id4,Id0,1d1, _., Dict0,Dictl, Debug) =
S* user_defined_goal(X), ', */
extend_atom({X,Xx, RCL,Ch,Ct,Dnd, RCmax, Myid, Nextid),
Q0=[%({Xx, Ch,Ct,Dnd,Mextidy | O],

c_id_setup{Debuy, Igl,Igl, Id,Td0,Idl, Myid}.
Dicti=Troet] .

:= mode make_arith_head(+, 7,7, -,-,=, +,=}.
make_arith_head(Head, V,E, AH,&F, 88, Dict0,Dictl) :-
functor(Head,F,A), inc_arith(FsRh, Dictl,Dictl, Arithid),
name(F,PLl), name{AP, [36,36, 36, Arithid|PL]),
analyze exp{E, L.[]},

AM =__ [AP,V|L], tunctor{AH, ,AA).
= mode analyze_exp{?, —-,7).
analyze exp{E, L0,L1} :- variable(E), !, Lo=[E|L1l].
apalyze exp(E, LO,L1l} :- /% not_vwariable{E}, !, */
functor(E, _, A), analyze exp args{0,A. E, LO,L1).

= mixde apalyre_exp args(t,¥, +, =,7),
analyze exp_args(K,H, B, LO,LZ) = KN, !,
Kl is E+1, arg(K1,E,Fk), analyze_exp(Ek, TL0,T1),
analyze exp args(K1,H, E, L1,L2Z}.
analyze_exp_args(N.N, _, LO,L1l) :— /* !, */ L0=L1,.

i— mode o _update nextid{+, -,+,-, —.—).

¢ update nextid(debug, Nextid, 1dil,Mewid, PBE4,PB3) — 1dl20, !,
PEd4=(Hewid is Nextid+Idl, PB3).

o update nextid({Debug, Nextid,Idl,Newid, PB4,PB3) -

4% { Debug==ncdebug; Idl=<0 3, !, */f
Newids=Nextid, PD4=pFD5,

% c_make tail(Pepth_first?, Dady gueue_head,Body_gueue_tail,

% Reduction_scount_old,Reduction_count_new,

% Cont_h,Cont_t, New_goal_id, Frolog_body).

— mende ©o_make_taild+, P, —=,=,=,=,=,=,~).

o make tailf , H, T, _+ _+ Ch,Ct, Newid, FB5) :- H==T, I,
PBES=({Ch=[§{Gx, Chl,Ct,nd,Newid}|Chl], incore{Gx)}.

o make tail{fepth, [Qitem|H1],T, RCO,RC1, Ch,Cb, MNewid, PBZ) :— /% |, =/

¢_update_rc(Depth, RCO,RC1, PBES,PBRA),
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Qitem~ $({PES, H1,Ct,nd,Mewid),
T=Ch. ¥ The d-list [Qitem|H1]-T iz conneeted to Ch-Ct

- mede o_update_rof+, —,—, =,=}.

c_update_rc{noedepih, RCO0,RC1, PRS,PHEE) := |,
PES=({RCl is RCO-1, PBRA}.

o update_ro(depth, RCO.RCL, PBS,PBG) = g% 1, &y
FRES=PEE, RC1=RC0.

#%% MISCELLANEOUS ROUTIHES %%

%% Predicate Dictionary Management %%

1= wode lockup_diet{+, +, —,~,-1,

lockup diet{Pred, [§§(Pred, IP,Mede,Debug,_}|_ ], TP,Mode,bebug) :- 1,
lockup_dict{Pred, [Item|Dict], 1P, Mode, Debug) :—
A* Item=§5(Predd, ,_,_,_}, Predi\-=Pred2, 1, #/

lockup_diet{Pred, Dict, TP,Made,Debug),

- mode inc arith(+, =,=, =),

inc_arith{Prod, Dictd,Dictl, Arithid) = /% 1, %7
find_item(Pred, Dictd,Dlet rest, Item),
Ttem= S5iPred, IP.Mode,Debug,Arithido), Arithid is Arithido+1,
Dictl=[ $$(Pred, IP,Mode,Debug,Arithid)|Dict_rest].

= mode find_item(+, +,-, -3,

find_item{Fred, [I|Dict],Dict_rest, Item} :— arg{l,I,Pred), |,
Het_rost=Diot, Ttem=I.
find item(Pred, [I|{Dict], Dict_rest, Item) :- /= not_arg(l,I,Pred), |, *f

DiuL_rust=[I|Di:t_rastl], find item{Pred, Diet,Dict_restl, Item).

*% Cunstructing Atomic Formulas %%

= modea ex:ehd_utum{+,— ~a ?i?i?:?-‘f',‘?f?]-
extend_atom{X, Xx, RC,Ch,Ct,Dnd, RCmax,Myid, Hextid) = /= 1, L7
functor(X,F, A},

Al is R+1l, A2 is A+2, A3 is p+3, A4 is At+4,

A is A+5, RE is A+6, AT is A+7,

functor{ix,F,A7), copy args(hi,X,Xx),

arg{al,xx,RC), arg (A2,Xx,Ch), arg(A3d, Xx,Ct), arg(hd, X»,Dndy,
arg{ A5, Xx, RCmax), arg{h6, Xz, Myid), arg{Al,Xx,Nextid),

Comode copy args{t, +,+).
copy args(0, _, ) - I,
copy_arus(K, X, Xx) :— K30, 1, %y
arg(k, X, Xk}, arq(k,Xx,%k), F1 is ®-1, copy args(RKl, X,Xx).

%% Analvzing Mode Declaratian &%

% check _mode(Mdecl) succeeds if Mdecl contains the '+' meade, fails
% otherwise. &Al=o, it complains of modes other than '+' and ‘7',
1= mode check _moda{+).
check _mode(Mdecl) - /= 1, =7
functer(Mdecl, _,A), check_mode_args(0,A, Mdecl, no).
:— mode ChECkl_mﬂdE_ﬁI‘gS(+f+r +e F)
check_mede_args(K,N, Mdecl, YHO) :— K«<H, |,
Kl is K+1, arg(kl,Mdecl,M), check_mode_arg(M, YNO,¥YN1},
check mode _args{f1l, ¥, Mdecl, ¥N1}.
check mode_args(W,MN, _, ves) /% = 1t =/ % fails if 4th arg is 'no’.
o= mode check_mode_argi?, +,-).
check_mode_arg(+, _, ¥N1) :— !, YNl=yes.
check _mode_arg{?, YNUO,¥YN1) := |, ¥YN1=¥NO.
check _mode_arg(M, YNO,YHN1) := #v 1, =g
display{'Illegal mode specifier: *), display(M), ttynl, YN1=¥N(,
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%% Apnalyzing Variables in Clauses %%

= mode variable(?).

variable(X }o:— variX), b,
variable("SREF'{_ ) } :— !.
variable( "SWAIT"{_)} = |.
variable( "$INT "{_} } /* :— | =/,

i~ mede appeared_in_head(?).
appeared_in_head(X y o~ war{X)y, !. fail.
appeared_in_head('$SREF'(_ 1) /* :— | */,

t— modoe mark{—, +3.
mark (X, +) = 1, X="FWATT"(_ }.
mark(_, M) /% = My=='4', | s/

%% Displaving Messages %%

i~ mode notify compilation{+,+].
notify compilation{P,A) :-
display (P}, ttyput{"s/"), display{h), display(', '), ttyflush.

= mode errmsgi{+, 7).
errmag{Msg, Clause) — f» |, =/
telling({rile), tell{user), nl,
write(Msg), write_clause(Clause), nl, tell{File).

= mode wriLteuger(?).
writeuser(T) = J* !, +/ telling(File), tell{user), write(T), tell(File}.
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ARll rights reserwved,
Fermissicon to use this program is granted for academic use only. */

ERRRARARERAGVANERSR GHC Compiler System for DEC=10 Prolog HR%%%9%BRulBBReass
Versicn 1.% (November 18, 1987

Kazunori Ueda
Institute for Hew Generation Computer Technelogy
428, Mita 1l chome, Minato-ku, Tokyo 108 Japan

cineb: usdaticot. jp@relay.os.net
uucp: [enca,inria,kddlab, mit—eddie, ukc]iicotiueda

& %
& %
E ¥
] %
] §
& %
& &
% phone: +81=3=-456-~2514 telex: ICOT J 32964 L]
% &
L %
% %
% Modification for ocutside ICOT by &, Takagl, 4=-Jan-Ba8 &
% This program is designed apd tested on DEC-10 Prolog ver. 3.52 %
& running on DEC 2065 TOPS-20 ver., 6.1, i
R R A T T R TR E]
i op(ll50,£x. (ghe)).

i oop{ll:0,fx, {ghespy))

t= op{lli0, fx, {ghenaspy)).

t= op{ 700, xfx, .=y, % becomes
1= op{ 700, xfa =1 % dif
= op{50, xf, ?}). % for specifying 'trace-mode'

¥%%% SAVING EXECUTABLE IMACGE %%%%
:— public saveghc/0.
saveghe :- ploys{eere_image), neolog, ghobacktrace, header.
headar .-
write{'*=*=* GHD System Vers, 1.9% (1987-11-18) Dby Kawunori Ueda, ICOT'), nl.

B9%% RUN TIME SUPPORT %443
#%% TOP LEVEL %%%

i= public (ghe) /1, (ghe) /2, {(ghey /3,

gho{Goals) :— qhe{Goals, 100, nE
gho({Goals, Bound) i= gho{Geals, Bound, .
qhoi_, Hound, _} := 1llegal bound{Bound), !,

display{'Illegal bound waluc: '}, display{Boundj, ttynl, fail.
ghe(Goals, Bound, Ty :-
save standard_io, reset_ioflag,
salve(Goals, Boundy, |,
statisties{runtime, [_,T]), restore_standard_io,
{ recorded('$GHCBACKTRACE', ._), !, display(T), display(' msec.'), ttynl;
true §,
gho(_, . ) oi= /% failed in solving Coals =/
restore_standard_io,
recovded| "§GHCRARCETRACE" , _, ), !,
{ recorded|'SGHCRACETRACE_END', ,Ref), |, erasa(Ref);
recorded| ' SGHCUNIFYFAIL', _+Ref), !, erase(Ref);
display({'Yon called an undefined predicate.'}, ttynl }, fail.

i~ mode illegal bound({7?).
illegal_bound(Bound) := integer{Bound), Bound®d, 1, fail.
illegal bound{ ¥,

:— mode solve(?®, +3).
solve(Goals, _ ) = var{Goals), !, fail.
solve(Goals?, Bound) - 1,
prepare_goal gueue{Goals, Bound, Ch,Ct, Nextid),
statisties{runtimne, ),
incore( 'SENDSFY {0, Ch,Ct, nd, Mextid)).
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zalvei{Goals, Bound) :- /* pot functor(Coals, %, _), !, =/
prepare_coal aquewe(Goals, Bound, Ch,Ct, Nextid).,
statistics(runtime, .,
incere( 'SEND'{Ch,Ct, nd, Nextid)).

- mode prepare goal_gqueue(®, 4+, —,—, =}.
prepare_goal gueue(Goals, Bound, Ch,Ct, Nextid) :-
put_gueus( % The definition of 'put_gueus' is in the compiler.
Goals, % Conjunctive goals to be put in the queue
. Ch,Ct, % The gueue {(d-list) of goals
Bound, Pound, % Current and initial values of the reduction counter
Id_ecale,true, ¥ D-conjunction of arithmetic goals to calculate the
% Ths of Goals to be displayed on tracing
i, % Initial value of the goal Ibhs
0,Id1, % Initial and final walues of the offsets of goal IDs
'eTOP", % Predicate that called Goals
[1s_» % 01d and new predicate dictionaries (for compiling
@ ':=' goals that are called not at the top lewvel)
dlebuy i Debugging mode (debug/nodebusg)

Ve
Hextid is 1+141, Compute the ID of the next goal to be generated
call(1d_eale}, !'. % Provide the top-lewvel geoals with their IDs

o

9% UNMIFICATION EhkE
% The following unification predicates fail on suspension.

% Compound term and constant: uwskel((X,Skeleton)
1= mode uskel(+,+).
uskel{x,X).

% Nil: wmilix) (Hacked wversiom of uskel)
— mode unili+),
wnil{[]).

% Lict: wlist(X,Car,Cdr) (Hacked verciom of uskel)
r= mode ulist(+,=,=).
ulist([0|T], 0, T).

% Unification in clause bodies:
= mede ubody(?, 7).
ubody (X, X} = 1.
ubody (X, ¥} = /% X and ¥ are ununifiable v/
recorded( 'SCHCBACETRRCE' ; )+
recorda( " SGHCUNIFYFAIL', . _J.
display('You tried to unify '}, writeuser(X), display(' with "},
writeuser{Y), ttynl, fall.

= mode 'ubody?'(F.F, F).
"ubody? ' (%,¥, Myid} :— ghospied('=',2), trace_call{Myid, X=¥), fail.
'ubody? " (X, Y, _ ] := ubody(X,Y).

% Ununifiability

% ghedif(X,¥) succeeds if and when X and ¥ proved to be ununifiable,

;= mode ghodif(?,7).

ghedif (X, ) = var(X). !, fail,

ghedif{_ ,¥) = var(y), !, fail.

% Here, lst & 2nd args are non-variables.

ghedif(X,¥) := functor{X,F,A), funclox(Y.F,A}, |« ghodif_args(A.X.Y).
ghedif{_, ). % succeeds when the function symbols or the arities mismatch

= mede ghodif args(+, +.+).
ghedif _args(o, _,_) — ¢, fail.
ghodif_args{N, X,¥) := /= N0, =/
ﬂrgﬂ\';x:xﬂ-}- arg({N,Y.¥n), ghcdi_f{xn,'i'n]. [
ghedif_args(N. X.,¥) :- /% N0, not yet dif{Xn,¥n} =/
Hl is N~1l, ghedif args(Ml, X.Y).
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$3% SYSTFM PREDICATES %%
% Syctem prodicateo are executed even if the reduction counter indicates 0.

%% Tnput and Cutput %%
% Instream and outstream can be called only once for each.

:— public instream/6,
made instream{?, 4,0, b 4 F, 4],
instream{s, RC.Ch,Ct,Dnd,KCoax, Myid, Nextid) :-
"$5TART IO (instream, 5, RC,Ch,Ct,Dnd,RCmax,Myid, Nextid) .

:= publie sutstream/8.

1= mode outstream{?, +,t.-,+, 4+, 4+, 4+).

outstream(s, RC,Ch,Ct,Dnd, RCmax,Myid,Hextid) -
'ESTART_IO'{cutstream, 5, RC,Ch,Ct,Dnd,RCmax Myid, Nextid).

i~ public "$S5TART_IO'/9.

1= mode "S5TART TIOQ'(+, 2, +,+,=,+,+,+,+)

'SSTART _IO' (IO, L T - —_ - Vo
recordoed | 'SCHCTOUSING' , IO, _3, !,
display('Error: Instream/outstream cannot be called twice.'),
ttynl, restore standard io, abort,

'SSTART_IO'(I0, 5, RC.Ch,Ct,Dnd,RCmax,Myid, Hextid) :=
A* not_recorded( '$GHCIOUSING' , I0, ), !, */
Tecordaf "FGHOIOUSING® ,TO, ).
"F$I0°(IG, B, RO,Ch,Ct,Dnd,RCmax,Myid,Hextid).

:— publiec "SI0 /9.

i mowde "STQY ([, T, b4, -4, 44,4,

'$T0'(I0, &, RC,Ch,Ct,Dnd, RCmax,Myid,Nextid) :-
ghospied{In, 1),
funoctor{G,I0,1), arg(l,G,5), trace_call(mMyid, G), !,
"SIN?'(10, S, RC,Ch,Ct,Dnd,RCmax,Myid,Nextid).

"SI0 (IO, &5, RC,Ch,Ct,Dnd, RCmax, Myid, Nextid) :-
'EIOH' (IO, 5, RC,Ch;Ct;Dnd,RCmax.Myid,NexLidﬁ.

r= mode 'SI0TV(H, T, bk, -, d 4, b, 1),
'SEQP (IO, 5. RC,Ch,Ct,_, RCmax,_, Mextidy :=
nonvar(s), ulist(5,H.T), nonvar{H}, do_iaf{H,I0y, 1,
Hextidl is Hextid+l,
"SI0 (TG, T, RC,Ch,Ct,nd,RCmax,Nextid, Nextidl).
'§I0%'({_, &, _ ,Ch,Ce,_, _. e Mextid) :—
nonvar(s), unil(5), !, de_next(Ch,Ct, Nextid).
'$I07' (19, 5, RO, [%(Gx, Ch,Ct,Dnd,Nextid)|ch],
[${'$I0'({I0,8, RCmax,Ch2,Ct2,Dnd2,RCmax,Myid, Nextid2),

Ch2,Ct2,Dnd2, Hextid2)
lceg,
Dnd, RCmax, Myid, Nextid)y -
trace suspension(RC, Myid), !, incore(Gx}.

= public '5I01'/9.
= mode '5I01V(E, 7, L il PR SR PR
'SI0M'(I0, 5, RC,Ch,Ct,_, RCmax,_, Hextid) :-
nonvar(S), ulist{5,H,T), nonvar{H), do io{H, IO}, !,
Mextidl is Nextid+l,
"S8I0!°{I0, T, RC,Ch,Ct,nd,RCmax, Nextid, Nextidl).
"EION{_, 5. _ JCh.CE,_,  _, _r Hextidy :-
nonvar{S}, unil(s), !, do_next(Ch,Ct, Nextid).
'SION (IO, E, [§i6x%, Ch,Ct,Dnd,Nextid)|Ch],
[${'$I0%({10,5, RCmax,Ch2,Ct2,Dnd2,RCmax,Myid,Nextid2),
Ch2,Ct2,Dnd2, Hextidd)

_t

|cel,
Dnd, RCmax,Myid, Hextid) :~ incore(Gx).

t= mode do_iof+,+).
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do_io(sea(l), instzeam) - !, nonvar(F), see(F).
do io{seeing(¥), instream)} := !, sesing(F}.

do_1o{seen, instream} :— !, seen,

des ieftell{F), _ v o:= !, nonvar(F}), tell(F}.
do_io{tolling(F)._ ] i !, telling(F}.

do_inftold, ] - 1, told,

de_iof{elose(F)., ) } :— !, momvar(F}), my_close(F).
de_iof{fileerrors, _ j :— ', fileerrors.
de_ie{nofileerrors, _ } o= 1, nofileerrcrs.
do_iof(read(X). instream) := !; my_read(X).

; ground(X}, write{X).
, ground(X}, writegq(X).

do_io{write(X), Yy =

do iofwrikeg{i), _ b

]

L]

!
do_iofprint{X), _ y := t, ground(X}, print(X).
do_ioinl, o= ', mi.
do_icf{getl(C), instream) :— !, my_getd(C).
do_io(get(C), instream) := !, my_get{l).
do_io(skip(C). instream) := !, ground(l), skip(C).
do_io(put(C). _ 1 o= !, ground(C), pub{C).
do_ioftab(R). _ yoi= 1, ground(Hd), tab{H).
do_jof(dicplay{X)._ 7 = !, ground(X), display(X).
do_iofttynl, 1= !, ttyml.
do_iof(ttyflush, y o= 1, tiytlush.
do_io{ttygetd{C),instream) := !, my ttygetd(C).

, my_ttyget(C).
s ground(C), ttyskip{C).

do_io(ttyget{C), instream) :—
do_lo(ttyskip(L),instream) :-

do_io(ttyput{C), _ ) = 1, ground(C), ttyput{C).
do_ioittytab{N}, _ 3 , ground(H), ttytab(H).
do_ilo(prompt{0,N),instream) = !, atom(N), prompt{0,N}.
do_io(G, o=

disPLay{'Errnie Illegqal request in instreamfoutstream: '),
writeuser{G), ttynl, restore_standard_io, abort,

% If nofileorrors has been executed, input goals can be called arbitrarily

i many times.

:— mode my _gotd{?), my ttygetd(?), my_get{?). _ttyget(?), my_xead(?).

my_getd{C } = gek0{C), .

my_getd {26},

my_ttygeti(C )}

my_ttygetl(26}.

my _geb{ } t= get(C), !.

my_goeb{26) .

my_ttyget{l ) = Liygel{C), !.

my_tEyqet{26].

my_read{X) :— read({X), !, numbervars{X, 0,_). % An input term is
t made ground,

ttygetd{C), !,

% the following is for discarding an alternative created by the system

% predicate close/l when the file specified by its argument is curreally
T opon.

.- mode my_close(+).

my_clesa{l} := close(F), !.

$% Other System Fredicates Callable from Bodies %%

% The following routine is used only when ':='/2 is called directly from
% the top level; otherwise ':='/2 is compiled into a sprialized predicate.
s public (=) 9.

= mde = (?, R, F b, =r ot )

= (LY, T B | L Hfid;_ 1
ghespied('-=',2), trace_nall (Myid, X:=Y), fail.
i={%,¥, _, ch.Ct,_, _. , Hextid) -
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numbervars(yY,0t,0), call({X2 is ¥y, !,
ubody(X2,X), do_next({Ch,Ct, Nextid).

t={_ue RSO, _. . _, Myid, y e
ghespied(®:=',2), trace_suspension{RCO,Myid), fail.
={%,¥, _, [$({Gx, Ch,Ct,Dnd,Nextid} | chl,
[$|: i-={x- T, ’-“'-':mﬂ-x.-'Ch'J.-CLEfDlldE.Rﬂmax,Myld,Ne}:tidiJ r
Ch2,Ct2,Dnd2, Nextid2) | ot],
Dmd, RCmax, Myid Nextid) :~ fncore(Gx).

# The following routine is used only when '='/2 is called directly from
i Lhe btop level; otherwise '='/2 iz compiled into "ubody/2'.
:= publiec (=379
r= mode =(?, 7, +,+,-,+,t,+, 1),
SUXGY e e v e eMyid, ) o=
ghespied{*="',2}, trace call{Myid, X=¥j, fail,
={8.¥, _Ch,CL, _, 4 Hoextid) - ubedy(X,.Y), do_next(Ch,Ct, Nextid).

= public prolog/8.
1= monda prelog(?, +,+, -, ., 44,
proleatX, _. . _s _+  _. Myid, _ o=
ghespied(prolog,l}, trace call{Myid, preoleg(X)), fail,
prolog{X, _, Ch,Ct._, _. . Nextidy -~ eall(x), !,
do_next(Ch,Ci,Nextid),
prolog{_, RCO, , _, _: _. Myid, | I
gheaspied(proleg,l), trace_suspension{RC0, Myid}, fail,
prologiX, _, [%{Gx, Ch,Ct,Dnd,Nextid) | Chi,
[#iprelog({X, RCmax,Ch2,.Ct2,Dbnd2, RCmax,Myld, Hextid2),
Ch2,Ct2,Dbnd2, Nextidl) | Ci],
Dnd, RCmax, Myid, Nextid) :- incore(Gx).

%% Calling the Wext Goal in the Queue %

:— mede do_nexti{+,=, +).
do_next{[$(Gx, Ch2,Ct,nd, Nextid)|Ch2],Ct, Wewtid} :~ incore(Gx).

44% CYCLE MARKEES %%%
¥% sStandard Version %%

:— public 'SEND'/4.
i= mode "SEND'(?,-,+,+).
"SEND (). s _ } 1= 1. & succeeds if the queue is empty, i.e.,
¥ the first arg is UNINSTANTIATED.
"$EMD'{ [§(Gx, Ch,Ct,d,Nextid)|ch],
[${'SEND'(Ch2,Ct2,Dnd2, Nextid2), Ch2,Ct2, Dnd2, Nextid2) |ct],
nd,Nextid) = !,

incore(Gx). % otherwise, if some goals have been reduced
% in the last "cycle' {i.e., the deadlock
% flag is ‘nd'), them try ancther ‘cycle’,
"SEND(GS,_., _, _ ) := backtrace(Gs), fail.

%% Cveocle Marker with Spy Facilities %%

public 'SENDESPY" /5.
= mode ‘SENDSPY'(+, 7,=,+,+}.
"$ENDSPY' (Endid, Ch,Ct,bnd, Nextid) -
display{'Cycle '), display(Endid),
display('; function (h for help)? '), ttyflush, ttygeto(C),
{ C=\=3l/*newline=*s, !, btiyskip{3l}; true },
endspy(C, Endid, Ch,Ct,0nd,Hextid).

i~ mode endspy(+, +, P, =,4,+}.

endspy {31 /*NL=/, Endid, Ch,Ct,Dnd,Nextid) :- !, % CONTINUE
endspy2(Endid, Ch,Ct,Dnd, Hextid).
endspy(113/*w*/, Endid, Ch,Ct,Dnd,Nextid} := 1, % WRITE QUEUE

display_gqueue{Ch), "$ENDSPY'(Endid, Ch,Ct,0nd,Nextid}.
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endspy (1100, . Ch.Ct,Dng,MNextid) :- 1, 3 NODEEUGC MODE
'SEND'(Ch,Ct,Dnd, Hextid) .

endupy {104 /*h+*/, Endid, Ch,Ct,Dnd,Mextid) - 1, % HELP
divplay{'<erk: centinue'), ttynl,
display(' w: Write goals in the gueue®), ttynl,
display(’ n: coptipue in Hodebug mode'), ttvnl,
display(’ h: Help'}, ttynl,
digplay(’ a: Abort current executisn'), ttvnl,
display(" [@: Accept a Prolog goal'), ttynl,
'SENDSPY ' (Endid, Ch,Ct,Dnd, Nextid),
endspy (97 sea*/s, . T b b % ABURT
restore standard iec, abort.
cndopy (64 S*@E+s, FEndid, Ch,Ct,Dnd,Nextidy = 1, % ACCEPT COMMAMD
displav(‘l := 'y, ttyflush, seeing(F}, seefuser}, read(G), see{F),
( «all(G), !, display('yvesz'); diaplay({'nce') ), ttvnl,
'SENDSPY'{Endid, Ch,Ct,Dnd,Nextid).
endspy(_ . Endid, Ch,Ct,Dnd,Mextid) :— /% 1, */ % Other chars are
endspy ({104, Endid, Ch,Ct,Dnd,Nextid), % interpreted as ‘h’

1= mode endspy2(+, F,=.+,+).
endspya{ . 1.+ v _ Y o= L.
endspyd{FEndid, [§{0x, Ch,ctrﬂrﬂextid}ICh]r
[$('SENDSEY' (Endid2, Ch2,Ct2,bnd2, Nexeid2),
Ch2,Ct2,Dnd2, Nextid2) |Ct],
nd,Nextid) :- Endid2 is Endid+l, !, incore(Gx).
endspy2(_, GSe_v _v _ } := backtrace{Gs), fail.

#1% TRACING AND BACKTRACING %%%

:= public
(ghespy ) /0, (ghespy) /1, (ghenospy) /0, (ghepospy)/l, ghespying/0,
qhebacktrace,/0, ghcenobacktraces0.

%% Tracing %%
* Hetting, BResetting and Shewling Spy Points

ghogpy 1=
{ recorded($GHCSPY' X, ), var(X), !,
display{'5py peints have already been set on all geals.'), Liynl;
{ erasel, fail; recorda('SGHCSPY',_,_} } ).
mode ghespy(7?).
chospy{X) :— alom(X), !,
{ recorded('§GHOSPY' , X/V, ), var(V), ', complain double spy(X};
{ wrasel(X), fail; recorda{'$GHCSBY', X/ . ) ) ).

ghospy (X)) o~ nonvar{¥), X=P/8, atom({P), integer{i), !.
{ recorded('SGHCSPY',X,_), |, complain_deouble spy(X):
recoyda( "$GHCSFY' . X, _) ).
qhespy (X)) :— nonvar{X), X=({X1,X2), !, ghospy(Xl), ghospy(%X2).
ghespy (X)) :— complain_predicate_spec(X).
ghenospy -

{ crasel, !, ( erasel, fail; true }; complain_nothing_to_reset ).
;= mode ghenospy (%) .
ghonospy (X} =~ atom(X), f,
[ erasel(X), !, { erasel{X), fail, true ):
recorded( '$CGHCSPY', Y, ). var(¥), !, complain_too specific(X).
complain_nothing teo reset(X} ).
ghenospy(X) — nonvar(X), X=P/A, atom{P), integer{f}, !,
{ erasel{P,A}, I;.
recorded( 'SGHCSPY ', Y, ), Y=BPsV, var(vy, !,
complain_too_specific(X) .,
complain_nothing to reset(X) ).
qhenoespy({X) :~ nonvar(X), X=(X1,X2}. !, ghcnospy({Xl)., ahcnospy(X2}.
gqhenospy (X)) :— complain_predicate_spec(X).
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ernzel - rocorded('SCHCSFY', R), erase(R}.
— made arasel{+).
erasel(F) := recorded('SGHCSPY',X,R), nonvar{X)., X-=¢s/_, erase(R}.
mode erasel{+,+)
erasel(B,4) :- recorded{'SGHCSPY',X,.R), nonvar{X), X=¢/B, A==R, erasa(R).

;- mode complain_double_spyi(+).
complain_double spy(X) :=
display{"Spy point on '), writeuser{X},
dicplay{’ has already been set. '), ttynl.
;= mode complain predicate spec(?).
complain_predicate_spec{X) :-—
dizplay( 'Illegal predicate specification: '), writeuser(X), ttynl.
complain nothing_ to reset :-—
display("MHe GHC goals are spied.®), ttynl.
:= mode complain_nothing_to_resst(+).
conplain_nothing to_reset(X) :—
display('Spy point has not been set on '),
writeuvser{®), displav({'.'}, ttynl,
mode complain_too _speoocific(+).
complain_too_spacifie(X) :=
display('Spy peint cannot be recct selectively on '),
writeuser(®), display('.'}, ttynl.

ghosnpying = cetof{$(X)., B recorded|'$SGHCSFY', X, R), 5), '
{ 5=[%(Y)| 3, var(¥)y, !, display('all GHC goals are spied.'};
display('GHC spy-poinls have been set on '), write_spied(5) ), ttynl.
ghespying :— diszplay{'No GHC goals are spied.'), ttynl.

- mode write spled(+).
write_spiedq[SﬂP/hﬁ|P£]I := display(F},
{ nonvar(h}, !. tetyput("/"). display(k)}; true },
{ Psyn==[1, !, display{', "). write_spled(Ps); ttyput{".") }.

% Runtime Support for Tracing

i~ mode ghospied(+,+).
ghospied(P, A} : recorded( 'SGHCSPY' PSR, 3, L.

+= mode trace call(+, +).
trace call(Id, G} :—
display 1d{1d}, display(': Call '}, writeuser{G), ttynl.

i~ mode display_id(+).
display did(0 = !.
display_id(idy - /= Idx0, !, =/ display(Id).

1= pode trace_suspension(t, ).
trace susponsion(®, Idy :— !,
display_idiTd), display({': Swapped out'), ttynl.
trace_suspension{N, Id} := /% NxO, !, %/
display_id(Id;, display{': Suspended'), tifynl.

%% Backtracing %%

% Setting and Resetting

ghebacktrace 1= recordaf{'SGHCBACETRACE', _,_).

ghenobacktrase :- recorded{ '$GHCBACKTRACE', _,R}, erase(R), fail.
ghonobacktrace.

% Runtime Support

= mode backtrace(+).

backtrace(Gs) :—
recorded( "$GHCBACKTRACE , _._ ).
display( 'Deadlock detected. Suspended geals are:'), ttynl,
digplay gueue{Gs), recorda(’'S$GHCBACKTRACE_END'. ,_ ).
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1% Runtime Support for Displayving Lhe Geoal Jueues %%

i= mode display gqueus(+).
digplay gueue{Gs) :— nuumbervars{Gs,0,_ ), dg2({Cz), fail.
display gqueusa( ).

c= mode dgd{+).
dg2{ G, G8]) 1, display goal{G), dg2(G=).
dg2{_).

i~ mode display_goal{+).
display goali($(Gx, _,_ . _,_1]
functor(Gx,PF,47), B is A7-7, functor{G,P,A),
copy_args(&, Gx,G),
Af iz A+E, arg(h6,Gux,Id), display_id{Id).
display(': '), writeuser(G), ttynl

%% MISCELLAREOUS %%%

:— mode ground{?}.
yround (X} i:= wvar{X), !, fail.
ground{X) = /% 1, %/ functor(X,_,Arity), ground_args{Arity, X).

:~ mode ground_args(+, +).
ground_args(0, _) 11— 1.
ground_args(N, X} = J% 1, &/
arqi(d,X,T), ground(T), N1 is N-1, ground args(Nl, X).

reset iollag 1= recorded(’$GHCIOUSING', ,R), erase(R), fail,
reset_ioflag.

save_standard io :-
seelng(In), recorda( ' §GHCSTDIN', In, _}),
telling(Out), recorda('SCHCSTDOUT ', Out, ).

restare_standard_io :~ fileerrors,

recorded| "$GHCSTDIN', In, Refl), erase({Refl), see{In),
recarded( "SGHCSTDOUT ' ,Out,Ref2), erage(Ref2), tell{out).
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tREE COMPILATION %%4%
t:% READING PROGRAMS %%%

:= public ghecompilesl, ghecompile/s2, ghedeompile/l, ghedecompile/2.
i~ mode ghocompile(?), ghocompile(?,?), ghodoompile(?), ghodeompile(?,?).
qhocompile(8) = f* 1, =/

ghecowpile{§, ‘—temp- ghe', nadepth), compile{'--temp—.ghe').

ghocomplle(8,0) = /% [, #/ gheeompile(5,0, nodepth).
ghodeompllof(sS) = /= 1, =/

ghocompile(s, '-temp-.ghce’, dapth), compile( '—Lemp=-.ghc'}).
ghedeompila(S,0) — #* 1, w/ thooompile( 5,0, depth).
chocompile(s,0, Depth) :-

telling(Qld), nofilcerrors, tell{oy, 1o,

gheoeoonp(s, [].Dict, Dopth),

write_last cleuso_group{Dict, Depth),

told, tell(0ld), displav({'END."'), ttynl.
ghocompilef 0, _ o= S failed to open O W/

complain_unable to open(O).

% gheecomp(triles, Current diect,Mew dict, Depth_first?).
% Each member of the predicate dictionary has the form
% S5{Funclor/Arity, Name_of_ internal_subpredicate,
% Mode_decl, Debug _mode, #_of body_assignment=+"@").
(= mode ghecomp{?, +,.—, +].
ghoocomp (F, Dietl, Dictl, _ 1 :— wvax{F), ',
Diectd=0ictl, complain_unable to open(F).
gheconp(F, Dictlh,Dictl, Depth) :-
atom{t), seeing(dld), nofileerrors, sea(F), !,
read(X), ghecompl(X, Dictd,bictl, nodebug, Depth), seen, see{old},
ghoocomp{F?, Dict0,.Dictl, Dapth)
atom{F}, sceing(0ld), nafileerrors, see(F), !,
read(X), ghecompl(X, Diet0,Dictl, debug, nepth), =een, see(0Old).
ghocomp( [|T], Dicto,Dictl, Deplh) := 1,

ghecomp (i, Dictl,Dicll, Depth), ghocomp(?, Dietl,Dict2, Depth).
ghecomp({ ], Dictd,Dicll, YV or= !, DietO=pDictl.
ghcecoemp(F, Dictd,Dictl, _ Vo= 4= failed to open F #/

Dict0-Dictl, complain_unable to open{f).

r= made gheocompl{®, +,-, +, +}.

ghecompl (X, Dictl,Dictl, Debug, Depth) :— war(x), !,
display('Uninstantiated clause found'), ttynl,
read{Rext), chocompl{Next, Dict0,.Dictl, bebug, Depth).

ghecompl{end_of_file, Dictd,Dietl, _, _ ) i— !, DictO=Dictl,.
ghecompl({:~ mode Mdecl), Dictl,Dict2, Debug, Depth) :=- nonvar{Mdecl), 1,
functor {Mdecl, B, R},
{ lookup_dict{P R, Dictld, . . )}, 1,
errmsgi 'Duplicate or misplaced mode declaration: ', Mdesl),
Digtl=Dictd;

notify_compilation{P,A), write_mode_decl(P,A),
{ check mode(Mdecl:, !,
write Lransmit_oclause(Mdecl), make_interpal name{F,IF),
wrilte mode decl{IP, k).
IP=F },
write_callmsg_clause{IF,&,F, Debug),
Dictl=[85(B/A, IP,Mdecl,bebug,bd/*@*/)|Dickn] 3},
read(Mext), ghocompl({Mext, Dictl,Dictd, Debug, Depth).
ghecompl{{:~ op{Priority,Typc.0p)), Dictd,Dictl, Debug, Depth} :-
op{Priority, Type, Op), !, * Operator decl must be exe-
wWrite_clause{({:~ op(Priority,Type,0p}}), % cuted and alse copied.
read(Next), gheccompl(Next, Dietd,Dietl, Deabug, Depth).

ghocompl((:= X}, Dictl,Dictl, Debug, Depth) :-
A not_functor(X, mode, 1), not_funotor(X, op, 3) =/ 1,
errmsg{ "Illegal diractive: ', {(:— X)),

read({Hext), ghccompl{Next, Dictl,Dictl, Debug, Depth),
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ghocompl (X, Cictd,Dictd, Debug, Depth) :-

S clause_with_positive_atom(x), !, =/
{ M={lead.-_}, !; X=Head },
functor(lead, P &),
( loockup dict(F/A, Dietd, _, , ), !, Dictl=Dictl;

notify compilation{P,A),
write mode decl{P,Rk), write callmsg clause(P,i,r, Debug),
Dict.l=[$8(P/N, P,'Ewnxﬂnﬁ'.nebug,ﬁafk@-j}lﬂictﬂ} Ve

{ o_vclaused®, O, Dictl,Dict?, Debug, Depth), !, write clause(C);
errasg( 'Cannot complile: ', X), Dict2=Dictl 1,
read(Next), ghecompl (Next, Dict2,Dict3, Debug, Depth).

:— mode complain unable to _open{¥).
complain unable te ocpen(F) :— S |, w/f
fileerrors, display('Cannot open file: '), writeuser(F), ttynl.

i%% WRITING OBJECT CLAUSES B%E

= mode write clanse(?) .
write eclause(X) -

make writable(X,¥, O, 3, writeg{¥), put{"."}, nl, fail.
write clause{ ).

i~ mode make writable(?,—-, +,-}).

make writable(X, ¥, VO,V1) := wvar(Xy., !.
K='SVAR'(VO), Y=X, V1 i=s v0+1.

make writable{ "§VAR" (X}, ¥, VO0,V1) :— 1, ¥="SVAR'(X), vO=V1.

% Variable already made ground {'numbervar'ed)
make_writable({'SREF'{X}, ¥, V0,V1l) :- !, make writable(X,¥, V0,V1).
make_writable{'SWAIT'(X).Y, V0,V1) :— !, make writable(X,Y, V0i,V1).
make_writable('$INT'(X), ¥, VO0,V1l} := !, make writable(X.,¥, VO,V1).
make writable(X, ¥, W0,V1y := /% nonvariable(xy, 1, */

funetar(X,F,A), lunctor{¥,F,A}, make_writable_args{0,A, X.,¥., v0,V1}.

1= mode make_writable_arga{+,+, +,.+, +,=1,
make _writable args{K,HN, X,¥Y, V0,v2) := EdN, 1,
El i= Kt+1, arg{Kl,X,Xk), make_writable(Xk,¥k, V0,V1), arq{El,¥.¥k}.,
make writable args(Kl,N, X,Y, V1,v2).
make _writable args(N,N, _, , VO,V1} := /% 1, =/ y0=v],

$%% MAKING ADDITIONAL CLAUSES %%%

= wode write mode _decl{4,+).
write mode decl(P,A} := F® |, =f
AT is A+7, write_clause((:— public BsAT)),
functor(Mode P, &), fill questions(hA, Mode),
extend_atom{Mode,Modex, +,4,—,+,+,%,+), write clause{(:- mode Modex)).

i~ mode fill guections{+, +).

fill questions{d, _) = !,

fill_questions(K, X} :— J% K0, |, &/
arg(kK,X,?), Kl is K~-1, fill guestions(El, X).

mode write callmsg clausa(+.+,+, +).
write callmsg_clause{P,A,Pspy, debug) :- 1!,
functor(H,P,A), extend atom(H,Headx, _,_,_,_,_,Myid, 3,
functor(Hspy,Pspy,&), copy_args(h, H,Hspy),
write clauwse({Headx :- ghespied(Pspy,A), trace_call(Myid, Hspy), fail)).
write callmsa_eclause(_,_._. - ) OAE — | RS
= mode write last_clause group(t- +).
write_last_clause_group( [$5{F/A, P, _,Debug, })|L}, Depth) :- !,
write suspmsg_clause(PF, A, P, Debug, Depth),
write susp_clause{PE,4),
write last_ clause group{L, Depth}.
write_last clause group( [$5(P/A, IP,m,quug,_}]L], Depth) :— /*Phm=IP, */ 1,
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write_eallsuspmnsg_clause(P,a,¥, bDebug, Depth),
write_susp_clause{P,A),
write suspmsg _clause{I.A,P, Debug, Depth),
write_susp_clause{IF,A),
write last_clause_group(l, Depth).

write last_clause_group([], _ PoAE = W

mede write suspmsg_clause{+,+,+, +, +).
write_ suspmsg_clause(P,A,Pspy, debug, Depth) := 1,
functor(H,P,A), cxtend atom(H,Headx, RCO, . _,_,_ ,Myid, ),
{ bepth==nodepth, !, RC=RCO; RC=1 },
write clause((lleadx :- ghcspied(Fspy.A),
trace_suspension{RC,Myid), fail)).
write_ suspmsg_clause(_, , ., — _ yoAr = oxg
mode write callsuspmsg clausef+,+,+, +, +).
wrilte callsuspmsg_clause(D, A, Papy, debug, Depth) :— 1,
functor(H,P,A), extend_atom(ll,Ueadx, RCO,_,_._,_.Myid, 3,
funotor(Hspy,Pspy,h), copy_arqgs{i, H,Hspy),
{ Depth==nadepth, !, RC=RCO; RC=1 ),
write clause{(Headx :— ghospied{Pspy,A), Lrace call{Myid Hspy),
trace suspension(RC,Myid), failyy.
write callsuspmsg clause{ , . . ’ _ (LT

1= meda wiite susp clause(+,+),
wWrite susp clause(P,R) = 7% |, =/
functor(H, P, &),
extend atom(H,Goalx, KCmax,Ch2,Ctl,Dnd2,RCmax,Myid,Nextid2),
extend atem(H, Headx, [${Cx, Ch,Ct,Dnd,Nextid)|chl,
[$({Coalx, Ch2,Ct2, Dnd2, Nextid2)|Ct],
Dnd, RCmax,Myid,Nextid ),
write clause((Headx := incore(Gx))}.

i made write_transmit_clause(d).

write transmit_clause(Mdecl) :— /% §, =/
functor{Mdecl P, A), make_internal name(P,iP), AT i=m A+7,
functor(Headx,.F,A7), functor{Gealx,IP,.A7),
transmit_args({0,A7, Mdecl, Headx, Goalx,Body),
write clause((Headx - Body)),

% transmit_arga(Arg_position,Arity, Mode, Haad, Subgoal,Body)
% Budy = swquence of calls to 'nonvar/l' followed by Subgoal.
t— mode transmit_args(+,+, +, +, +,=),
transmit _args({K,N, Mdecl, Headx, Goalx,Body0) := E<H, 1,
Kl is K+1, arg(Kl,Headx,Xkl), arqg(El,Goalx,xkl),
[ arg(El,Mdecl,+), !, Bodyl={nonvar(Xkl), Bodyl):

Bodyl=-Badyl }, % Mode is not '+' or Eldarity(Mdecl)
trancsmit_args(K1,N, Mdecl, Heads, Goalx,Bodyl).
transmit_aras(¥.N, _. Headx, Goal¥,Body ) 1= /% !, ®f

bWé 1s N-6, arg(Né,Headx,Xn®), Body=(iné»0, !, Goalx).

mode make_internal hamel+,=).
make_internal name(P,IBF) :— #= |, =/
name(F,Pl)y, name{IP, [36,36,36/+588+/)P1]}.

33 COMPILING CLAUSES %%%
% Decomposing and Composing Clauses %%

¥ o_clause(GHC _clause, Prolog clause,

® Current_dict, Hew dict, Debug_mode?, Depth_first?).

% o_ulause may fail -if an uninstantiated atom appears.

= mode & clausc{+, =, #,=, +, +),

c clause|(Head: - ), — _F e s _ } += wvar(Head), !,
tail,

e clause| (Head:-X), C, Dict0,.Dictl, Debug, Depth) :-
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nonvar{®), X-{Guard|Body), I,
< _head guard(Head, Guard, PH, DPRO,¢!,PE1), Diet0, RCO, Depth},
extend atom{PH,PHx, RCO,Ch,Ct, ,RCmax, ,Mextid),
separate_uniiv(Body, Bnounify, Bunify),
¢ body unity(Burity, Wextid,O,Idl, PB1,PB2, Debug),
¢ body arith(Bnounify,Enounify_rest, PBZ,FH3, Debuq),
put_queue (Bnounify rest, Q0,01, RCLl,RCmax,
PR3, PB4, Mewxtid,1dl,1d2, Head, Diet0,Dictl, Debug),

o_update_npextid(Debug, Nextid, Id2,Mewid, PB4.PBS),
o_make tail(Depth, 00,01, RCO0,RC1, Ch,Ct, Newid, PRS),
C={FHx: —PED),

¢_clause({(Head:-Body), C, Dict0,Dictl, Debug, Depth) :-

A* not_ftunclor{Body, *|', 2y =4 1|,

exymsg( 'Warning: No commitment operater: ', (Head :- Body)),
c_clause( (Head - true|Bady), ©, Dictd,bictl, Debug, Depth).
o clause{Hoead, C, Dictld,Dictl, Debug, Depth) :-
JS* not_functor(Head, ":-*', 2) */ 1,
errmsg( "Warning: Mo ¢commitment operator: ', Head),
¢_clause|(Head - true|Lrqu, C, Dictld,Dictl, Debug, Depth).

% Separate unify{Goals, Wounify, Unify).
% MNounify and Unily become LINEAR conjunction of goals.
i~ mode separate_undify(?, -, —).

separate_unify(G, NU, U) :- separate_unify{G, NU,true, I, true).
¢= mode separate unify{?, -, F, =,7}.
separate unify(X, o _+ _ ) t= wariable(x), !, fail,

separate_unify( (X, ¥), HNU0,NU2, U0,U2Yy = 1,

separate unity(X, NUOQ,NUL, UO,ULl), separate unify(¥, NULl,NU2, 11,02y

separate_unify(X=Y, NUO,NUl, UO,ULl) :- !, NUQ=NUL, UO=(X=Y,Ul).

sgparate unify(G, W0, NUL, Ud,ULl) :- /% not_unification(G), !,
NUO={G,NU1), Ud=ul,

% Compiling Heads and Guards &%

% c_head_guard(GHC_head, GHC_guard,

* Prolog_head, Prolog body, PFrolog_body_tail, Current diet,
% Current_reduaction_count, Depth_first?)
i= mode e head_guard(+, ?, -, -, &, +, -, +}.

¢_hread_guard(Head, Guard, PH, FBO,PB4, Dict, RC, Depth) :-
funetor(Head, P, A}, leckup_dict(F/A, Dict, IP,Mode, ),
funetor(PH,IP,A),
{ separate_unify(Guard, Gnounify, Gunify), |,
{ call{Gunify), !,
c_args(0,h, Head, PH, PEG,PBl, Mode),
(¢ _gquard({Gnounify, PDB1,FE2, PB3,FBE4), |,
[ P==IF, Depth==nodepth, !,
FB2=(RC}0,PH3);
PB2=PB3 );

S

erxrmey( 'Guards can call predefined predicates only: *, Guard),

FElw(fail,PB4} ):
errmsg( 'Warning: Unsucceedable guard: ', Guard),
PRO={fail ,PE4) };

errmsg{ "Uninstantiated wvariables in gquard: ', Guard),

PEO={fail ,PB4) J.
i— mode c_args{t,.+, +, -, —, 7, +),
c_args(k,N, Head, PH, PBO,PB2, M} :— E4N, I,

El is K+1, arg(El,Head,Ak), arg(Kl,PH,PHk),

{ M=="SNOMODE", ', Mk=({?); arg(Kl,M,Mk) },

¢_unify{ik, PHk, PHO,PB1, Mk}, c_args(Fl,M, Head, PH, FB1,PB2Z,

c_args(N,N, _, _. PBO,PBL, _} :- f® I, %g PEO=PBL,

t c_unify{Original_argument, Generated_argument,
i Unify code, Unify code tail, Mode).
¥ Hote that f({X,X) must be compiled into E£{X,.¥) := Xe=Y,
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% This iz because ¥ and ¥ must be unified with no substitutions,

* For inteyer cowparison, —:= and =\= are faster than = and =
= mode o unify(?, =, —, %, +).
c_unifyiv, X, GO,C1, MY :— war{vy, !,
X=v, GO=31, V="SREF"{Y), mazk[r, M) .
c unify('S$REF'(V}, X, G0,Gl, M) :— !, GO=(V==X,G1l}, mark(X, M}.
c unify{[], X, GO,GL, MYy = 1,
(M=="+" 1, E=[}, GO=Gl; GD={nonvar{X),unil{x),Gl} j.
o unify(h, X, GO,Gl, M) :- atomiec(a), !,
[ M=='4+', 1, Xep, GO=G1; GO={nonvar{X),uskel (X h),c1) 1,
e_unify{ [H]|1], X, O0,G3, My - 1,
{ Mum='s', 1, Xe[HO|TO), GO=GI1; Go=(nonvar({X),ulist (X, H0,T0),G1) 3,
c_unify{H, HD, G1,G2, 7)), c_unify(T, TO, G2,G3, .
c_unify{5, X, GO,G2, M) i~ ¢* other structure(s), !, L7
functor(S,F. A}, functor(50,F,A),
{ Me='4', i, X=50, GO=G1; GO=(nonvar{X),uskel{X,s0),c1) 3,

C _Unify args(0,2, &, 59, G1,G2).

- mede o_unify args{+,+, +, +, -, 7},
cunify args(K.N, S, X, G0,G2) := E¢N, 1,
Bl is E+1, arg{Kl,5,5k), arg(Kl,X.Xk),
c_unify({8k, Xk, 60,61, 7), ¢ unity args{Kl,H, S, X, G1,G2).
c_unify args(N,N, _, _, GU,Gl) := 4% |, */ GO=Gl,
¥ o _guard({Original_goals, Bufore_goals, Hefore _guals tail,
% After_goals, After goals tail)
% Before_goals are called before checking the reduction counter, while
% After goals are not.
mode o _guard(+, —,?, —,7}.

e aguard Ly e, Gbﬁ,Gbl. @ab,Galy :— |, GhOo=Gbl, Gald=0Gal.
c_guard({(X.Y), Gb0,Gh2, Gal,Ga2) := 1,

c_guard(¥, GbO,Gbl, Gal,Galy, €_guard(¥, Gbl,Gb2, Sal,Gal).
¢ _guard{proleg(X}, Gb0,Gbi, Gad,Galy - 'y GbO=Gbl, GaO=(X,Gal}.

% prolog(X) must be executed after checking the
i reduction counter, =minee it may cause side affects.
c_gquard(x, Gb0,Gbl, Gal,Gal) == /= other form(X), !, =/
c_quard_2{X, Gbd,Gbl), Gad-Gal.

% o guard_2 fails if the first arg if not a syetem predicate,
:= mode o_guard_2{+, —,7).

c_quard_2{wait (X}, GbO,Gh1y - 1, ¢_wWi{x, Gb0,Gbl).
c_guard_2(X\=Y, Cb0,Gbl) - atomic(X), !, c_w{¥, Gb0, (X\==¥,Gh1)).
c_gquard Z{¥\=%, Gh0,Ghbl) = atomic(Y), !, e_w(X, GbO,(X\==¥,Gb1)).
c_guard_ Z[{X\=Y, GbO,GPl) := /* non_atomic(X), non atomie(¥) =/ |,
Ghl=({ghedif(X,¥}.Gbl).
C_guard_2(X:.=Y, GbO, Gy - appeared_in head(X), !,
o_iw{X, Gb0,Gbl), c_iw all(Y, Gbl,(X is ¥, Gbi)y.
w_guard_2 (X =Y, Gbl,Gbly = /¢ not_appeared in_head(X) =/ |,
e iw all{¥, Gb0,(X is ¥,Gbl}y.
o_fquard_2 (XY, Gb0,Gbl) :- 1, e_iw 2{X, ¥, GbO,{X<Y, Gbl}).
¢_guard_2(X:Y, GbO,Gbl) :- t, e_iw_2(X, ¥, GhbO,{H}¥, &blyy.

c_guard_ 2 {¥={%, Gho,Gh1ly = 1, e_iw_2{X, ¥, Gbl,(X=<Y, Cbl)}.
c_guard 2{X =¥, Gb0,Gbl) := 1, o_iw X, ¥, GbO, (X=Y, Ghl)).
c_guard_2(X=:=Y, GbO,Gbl) := |, o_iw_2{X, ¥, GbO, (X=:1=Y,Gbl}}.
c_guard_2(X=h=Y, GbO,Gbl}y = 1, o_iw 2(X, Y. GbO, (X=%=Y,Gbl)).

t= mode & w{?, -,?).

c_wiX, GO,G1) := var(X), !, GO={nonvar{X},Gl), X="4WATT'{ }.
e W({'SREF'(X), GO,Gl) :— !, e w(X, GU,G1}.

o Wik, 0,61 -

AT L X="SWAIT'(_); X="SINT'{ }; not_variable(X) 3. !, */ GO=Cl.

= mode o dw(F, =, 7).

o aw(X, GO, G1) = war(x)y, !, GO={ipnteger(X),G1}), X='SINT"' [
o_iw{'SREF"{x), GO,Gl) :— 1, & _iwi{x, GO,G1).

o _iw({"SWAIT'(X), GO,G1l) := !, e_iw(X, GOD,C1).
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e_iw(_, GO,G1) == /= ([ N='SINT'(_}); not_wariable(X) ). ! =/ GU=G1.

- omede o dw _2(P.7, =,7).
c_iw_2{x,¥, GO,G2) = ¢ 1, v/ o diw all(X, G0,G1), o_iw_all(¥, G1,G2}.

= mode o_iw_all{?, =,2}.

o_iw_all(X, GO,Gl) :— wvar{X), !, G0={integer(¥),G1l), X~"SINT*({ ).
e_iw_all{'$REF'{X), G0.G1) :— !, c_iw all{X, GO,G1).

c_iw_all({'SWAIT'(X), GO,Gl) :- !, e_iw all(Xx, GO,G1).

c_iw all('SINT'(_), GU,Gl} := !, GO=GL.

¢_iw all(X, GO,GL) = /% structure{Xx), |, =/

funcler{X, ,A), c_iw args{0,h, ¥, GI,G1.

1~ omode o_iw_args(+,+, ¥, -,%).

o iw_args({E,N, X, GO,G2} :— Edn, !,
El is E+1l, arg(El,.X, Xk}, c_iw_all(Xk, GO.G1),
c_iw_args(K1l,N, X, GL,G2),

o_iw_args(M.N, _, GO,GLly = #= |, =/ Gbh=G1.

%% Compiling Bodies 4%

1= mode o_body unify(f, —,+.—,; fTe ).
o_body_unify((®=¥, punify;, I1d,1d0,1d42, PBO,PB3, Debug) = 1,
o_id_setup(Debug, PHO,PEL, Id,Id0,Idl, Myid),
( variable{X), !, R=X, L=¥; % for efficiency on DEC-10 Proleg
L=X, H=Y },
{ Debug==nodebug, !, PBl={ubody{L,R}, PB2),
PEl={"'ubody?'(L,R,Myid}, FB2} 1},
¢ _body unify({Bunify, Id,Id1,Id2, PEZ,PB3, Debug).
o_hody unify(trua, _. T40,I41, PBO,PEL, _ Voim L, oy
Tdo=Idl, PRO=PBIL.

= mode o_id_setup(+, —,7, F,+,~, -).

c_id_setup(nodebuy, Ig0,Igl, , Td0,Tdl, Myid) :— !,
Myid=0, Ig0=Igl, Idl is Id40 .

c_id_setup(debug, Tg0,Tgl, Id,Id0,Idl, Myld) := /= 1, =y
{ Idl=:=0, !, Myid=Id, Tgl=Igl; IgC={Myid is Id+Ido, Igl) },
Tdl is Tdo+1,

¥ Initial sequence of assignments that need no waitineg ie processed on the
% spot.
= mode c_body arith{+.-, =,?, +).
o_body_arith{{V:=E,Body0},Bodyl, PEO,PR2, noedebug) -
©_iw_all(E, W,true), W=true, |, % check if waiting is needed for E
{ integer(E}, !, PBO={ubody(E,V), PBL);
PRO=(V2 is E, ubady(V2,V}, EBl} },

o AWV, _i_1» % mark V as '"having an integer wvalue'
c_body_arith{Body0,Bodyl, PBL,PEZ, nodebug).
c_body _arith{Body0, Bodyl, PBO,PB1, _ o=

A* top element of Bodyl is net a non—suspending assignment, 1, =/
Body0=Bodyl, PBO=PE1.

* Putb_gueue is called alse at run time to make a goal gueus. It fails if
% there exists an uninstantiated goal.
it put_gueue({Body_goals, Goal_gueue head, Goal_gueue_tail,

W Hew_reduction_count, Max_reductions,

% Id_calc_goal_head, Id_cale_goal tail,

¥ Next_id, Initial id offset, Final_id_sffset,

% Head, Dict old, Dict _new, Debug mode?)

i= mode put _gueue{?, =,=, P, F, —, 7, Pt 4, +,=, +),

put_gueue{X, T N S T T T S S —F _ _ — o

variable{Xy, !, fail.
put_gueve( (X,¥y, 00,02, RCLl,RCmax,
Igl,Xg2, 1d,1d0,Id2, Head, Dictl,Dictl, Debug}y :— 1,
put_queune{X, 90,01, RC1l,RCmax,
Igl,Igl, Id,Id0,Idl, Head, Dict0,Dictl, Debug) ,
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put_gueue(Y,

Put_gueus (truc,

G1,9%, RCI,RCmax,
Iel,Tad, Id,1dl,Id2, Head, Dietl,Dict2, Debug).
Q0. QL, _. _.
Tg0, 51, _, Ido,1d1, Dict0,Dictl, _ y o 1,

QU=01, Tgd=Tgl, TAG=Tdl, DictO=Dietl.

pul guewe (V:=F,

Heady=="STOR"

Qr,Ql, RCL,RCmax,
Igd,Ig9l, Id,71d0,Idl, Head, Dict0,Dictl, Debug) :-
i

R

make arith head(Head, V,E, AH,AP, AR, Diet0,Dictl),
write mode decl(AP.AR),
extend_atom(AH,AHx, RCL,Ch,Ct,Dnd,RCmax,Myid, Nextid),

[ Debug=-debug,

fr

write clause{{AHx :—~ ghecspied|':=",2)}, trace call(Myid,V:=E), fail)});

Lrue ),
o _iw_all(Ee, G,(VZ is E, !, ubody(Vv2, V), do_next{Ch,Ct, Nextid) ),
write_clause((&Hx :— G},
{ Debug==gsbug, !,
write clause((AHx :— ghonpied{':=",2),
trace_suspensienil,Myid), faily);
true j},

wrilte susp ol

ause{AF, M),

Qu=[%(rHx, Ch,ot,pnd,Nextid) | 11,
¢ _id netup{Debug, Igd,Ilgl, Id,Xd0,Tdl, Myid}.

put_gueue{i,

/* user_defined

20,01, RUl,RCmax,
Igl,Tygl, Id,1d0,I1d1, _, pictd,pietl, Debugy :-
goal(¥y, t, =4

extend_atom(X,Xx, RC1,Ch,Ct,Dnd,RCmax,Myid, Nextid),

Q0=[3{Xx, Ch,

Ct,bnd, Nextid) | oi],

c_id_setup{bebug, Ig¢,.Igl, Ld,Id0,Idl, Myid),

Dicki=Dictl.

1= mode oake_arith_head(+, 7,7, =,—-,—, %,=).
make_arith_head{Head, V,E, AH,AF, A2, Dictd,Dictl} -

funster{Head,

F,A), inc_arith{P/A, Dictd,Dietl, Arithid),

name(F,Pl}, name(AP, [36,36,36,Arithid|P1]},
analyze exp(&, L.[]).

ZH =.. |AP,v|L]), functor(aH, ,BA).
= mode analyze_exp(®, —, 7).
analyze_exp(E, LO,Ll} i~ variable{E), |, Lo=[E{Ll].
analyze exp(E, LO,Ll} := /= not_wvariable(E), !, =/
functor(E, _, &), analyze_exp_args({0,A, E, LD,L1),

:— mode analyze exp_args{+,+, +, Py
analyze exp_args(K,N, E, L0,L2) :— KW, !,

Kl is E+l, arg(Kl.E.Ek), andlyze_exp({Ek, LO,L1j,
analyze_exp ergs(Kl,M, F, 11,L2)}.

analyze exp_args{M,N, _, LO,Ll} :— /% 1, =/ Li=L1.

i~ mode o_update |

nextidi+, =,+,—-, —-,-}.

¢ _update pextid(debug, Nextid,Idl,Newid, PBE4,PB3) := Id130, 1,

PE4=[Hewid is

Hextid+Idil, pPBS).

c_update nextid(Debug, Nextid,1dl,Newid, PB4 ,PBS) -
A* { Debugs=podebug. Idl=<g j, !, =/

Hewld=Hextid,

PB4=FBS.

% c_make_ tail({Depth_first?, Boedy gueue_head, Body queue tail,

3 Reduction_count_old, Reduction count new,

% Cont_h,Cont_t, New_goal_id, Proleog bedy).

i= mode C_l'ﬂ.ﬁkﬂ_tﬂ.il{"‘.r ?,r T Bt R e Sl

c_make tail( , H, T, . B Ch,Ct, Wewid, PBS) :— He=T, |,

PES={Ch=[§(Gx, Chl,Ct,nd,Newid)|Chl], incore(Gx)}.
e_make tail{Depth, [Qitem|H1],T, RCO,RC1, Ch,Ct, Newid, FBS) = /w i, %y
c_update_ro{Depth, RCO,RC1, PBS,PBS),

Qitem= 5{FBG,
T=Ch.

H1l,.Ct,nd,Newid),
% The d-list [Qitem|H1]~T is connected to Ch-Ct
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= mode o _update_ro{+, ==, —:~).

c_update_ro({nodepth, RCO,RCY, PBS,PBA) =~ !,
PBS=(RC1 iz RCO-1, PEG).

c_update _re(dapth, KCO,RCL, PES,PRAY = /= 1, %/
PES=PREE, RC1=RCO,

4% MISCELLANECUS ROUTINES %%%
%% Predicate Diclionary Management %%

= mode lookup diet(+, +, =,=.,—}).

lookup dict(Pred, [§§(Pred, IF,KudE,Dehuq;_}|_], IP, Modo, Dobug) = 1.
lockup dict{Pred, [Item|Diet], 1P, Mode ,Debug) =
J* ltem=55(Predl, _, ,_.,_). Predy==Pred2, !, */

lockup_dict({¥red, Dict, IF,Mode,Debug).

:~ mode ine_arithi+, +,-, —}.

ine_arith(Pred, DictO,Dictl, Arithid) :— J* ¢, =/
find_item{Pred, Dictl,0ict rest, Ttom),
Item= $%(Pred, IP.Mode,Debug,Arithidd), Arithid is Arithido+l,
Dictle| &% ({Pred, IP,HﬂdE,Debug,hrithid:|Dict_rest],

i- mode find_item{+, +.-, -).

find_item{Pred, [I|Dict],Dict rest, Item) :- arg(l,I,Pred), !,
Dict rest=Dict, ITtem=T.

find item{Pred, [Il/Dict], Dict rest, Item} := /* nobt_arg(i,I,Pred), !, =/
Pict rest-[I|Dict restl], find item{Pred, Dict,Dict_restl, Ttem),

%% Constructing Atomic Pormulas %%

i~ mode extend_atomi{+, —, F,F,F,F.F,T.F).

extend_atom(X, Xx, RC,Ch,Ct,Dnd,RCmax,Myid,Nextid) 11— /* 1, =/
functor(X,F.A},
Al is A+l, A2 is Atd, A3 is At3, A4 is At+4,
RS iz A+5, A6 is A+E, AT iz R+T7,
functor(dx,F,A7), copy_args{h.X,Xx},
arg(hl, X%, RC), arg(h2, Xx,Ch}, arg{hl,Xx,Ct), arg(hd4,Xx,Dndy,
arg(A5,Mx, RCmax), arg(R6,Xx,Myid), arg(A7,Xx,Nextid),

:— mode copy_args{+, +,4).
copy _args{0, _, ) =1,
copy_args(E, X,Xx) 1= /R0, ! ,%/
arg(k,¥,%xk), arg(E,Xx, Xk}, E1l is E-1, copy_args(Kl, X,Xx).

%% Analyzing Mode Declaration %%

¥ check _mode{Mdecl) succeeds if Mdecl contains the '4' mode, fails

% otherwise., Also, it complains of modes other thanm '+' and '?".,
= mode chock _mode(+),
check_mode{Mdeel) = S+ |, =/

functor(Mdecsl, ,A), check _mode args(0,A, Mdecl, no).
:— mode check_mode args(+,+, +, +),
check _mode_args{K,N, Mdecl, YN0} :— E<H, !,
Kl is K+1, arg{Kl,Mdecl,M), check_mode_argi{M, ¥W0,¥YM1l},
check_mode_args(Kl, H, Mdecl, YHIL).
check_mode_args(N,N, _, yes) f* = ¢ */ &% fails if 4th arg is 'no'.
= mode check mode_arg{?, +,-).
check_mode_arg(+, _, ¥Hl} := I, YHNl=yes,
check_mode_arg(?, YN0, ENLl) :— !, ¥YHN1=YHNOD.
check_mode_ara(M, ¥NO,¥YN1) :— /% [, =/
display('Illegal mode specifier: '), display(M), ttynl, YNI=YRO.

%% Apalyzing Variables in Clauses %%



= mode variable(?).

variabla(X yoi= war{Xy, !.
variable( "sREF"(_) )} :— !,
variable( "SWAIT (_ ) =:= '.
variablof "SINT "{ ) ) J* = | =/,

:— mode appeared_in_head{?).
appeared_in_head(x y o+ wvar{x), !, fail.
appeared_in_head( 'SREF'{_)) /* — | =/,

i~ mode mark{—-. +).
mark (¥, +) = 1, H="SWATT'(_}.
mark(_ , M) /% ;= Miym='g? | wy

%% Displaying Messages &%

i~ mode notify_compilation(+,+),
notify compilation(P,&) :—
display(F), ttyput{"/"), display(h}, display({', "}, ttyflush.

1= modoe errmsg{¥, 7).
crrmsg({Msg, Clause) :— f= 1, *f
telling{File}, tell{user), nl,
write{Msg), write_clause(Clause), nl, tell{File}.

- mode writeuser(?).
writeuser(T) := /% [, */ telling(File), tell{user), write{T), tell(File).
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