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Abstract

This memorandum i3 a collection of EKL1-GHC programs. The purpose of
the programs is:
1l: To study how to write KLl programs
{i.e. how to write AND-parallel Prolog programs)
Z2; To study how to add pragmas te control geal distribution
3: To obtain informatien on the behaviaor of KLl programa

All the source programs as well as brief documentation for each are
inzluded in this memcrandum.

We hope that this memorandum will help researchers ocutside ICOT to try
this kind of programming.

1. Introduction

At ICOT, research on a2 parallel inference machine (BIM) is in
progress. For proto-research on the PIM, the multi-PSI (MPSI) system
has been built from several personal sequential inference machines
(F5Is).

An AhD-parallel type Proleg based language called KLl has been

intreduced fer the multi-PSI, A six-PE model of the multi-PSI has already
been built. We have to write an operating system on this multi-PSI
system.

To start writing an operating system, we need t:o study how to write
KLl programs, and how to write pragmas to distribute the goals te PEs.
This is the motivation fer this collection of programs. These
programs can give us some useful information on the behavieor of
AND=-parallel Praleg programs.

S¢, the purpose of these programs is:
1: To study how to write ELL programs
{i.e. how to write AND-parallel Prolecg programs)
2: To study how to add pragmas te contrel goal distribution
3: To obtain informatien on the behavior of KL1 programs

These programs are running on several different implementations aof the
KL1-GHC system. These KL1-GHC implementations have different built-in
functiens, so that the programs need to be modified to run different
implementaticns. Only & few programs have been tested on the real
MEST system.

Some measurement has been done for these programs, but the resulr is
act included here. The result will ba repoarted in other papers and
memos .

Any commeniz or diacussions are welcome.
Flease send E-mail ta
Internet: takagidicot.ip
TUZP: {enea,inria, kddlab,mit-eddie,ukec} !icot!takagl



£, Programs

Complele source programs as well as brief documentation for each
program are listed in this wemorandum. They are stored on the
DEC=2065 at ICOT to make copies available to researchers.

For each program, read bhe documentation.

The programs are:
bestpath layered
bestpath _monit compiexnet Laki
bhestpath_shorteircuit ichivoshi
bestpath_termdel_ichiyoshi
grid_furuichi
yoodpath_layered
labeling sugino_5749
life sugingc_ 5840
life_sugino 580new
maxflewl-oxnl
maxflowz-ex2-3
pascal_sugine 591
quecnt_sugino
rucs ezaki
tep_koshimura
trsl_takagi

3. Comments

Problems are solved in different ways. Each of these programs behaves
differently. The result is very informative for writing pragmas, and
alss for improving the basic algorithm for the programs,

The most important result is that the layered-stream algorrthm 1=
probably not very good for the MPSI although the algerithm has
sigrificantly improved the execution speed for some segquential Proloy
Programs.
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% <MPS5I.BENCH)>BESTPATI LAYERED.DOC, 2, 4 Bug-87 11:56:00, Edit by OKUMURA

(0} Date: 1987-Jul-27, written by A. Okumura
Modified: 4-aug-87 by 5. Takagi

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

(2} Author: A, Okumura, ICOT lst Lab,
{3) Runs on: GHC system on DECsystem-—20
{4) Descriptieon of the problem:

i best path search problem on a network.

The netwerk consists of nodes and arcs. Each arc connects two nodes.
A onode is connected to at least ope aro, Each arc has a non-negative
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 the ares forming the path.

This problem is to find one of the minimum cost paths between the
start and the end node.

(%) ARlgorithm:

Hode names apd edge costs are propagated in sequences along edges, If
4 node receives a sequence which includes the name of the node itself,
that sequepes is eliminated. During the check, the total cost of the
sequence is caleulated. Tt is also propagated to other checking
processes., If the caleculated cost is higher than the oost of another
sequence, Lhe sequence is eliminated. If the goal node receives a
sequance from the start node which does not include the name of the
goal node, it Is a candidate to be output. Afler the goal node
receives the last input, the candidate sequence which has the lowest
cost is output as an answer.

(6] Procese structure:

One process is generated for each node. A node procwess prepares a
pair of its pode name and a lavered stream as its output. The stream
holds good paths from the start node to that node. The layered stream
iz made from the input from its neighbors by eliminaling non-good
paths. HNon=good paths are paths that contain the current node name
(t.e. some loop is in the path) or that have a higher cost than a path
already output .

{7) Pragma: Not set vet



(8) Program:
The top-level predicate is bestPath/3.
Thisz predicate defines the configuration of the graph,

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

Predicates like graphN/i are the subsidual predicate af bestPath/3.
They divide the graph inte subgraphs for compilation.

node/8 produces the primary cutput bindings for cach node.
The first clause of node/8 is for the starting node.
The second clause is for the goal node.,
filter/7 is feor filtering out paths that include loaps.
minMerge/4 the cutput which ceosts mare than the previous one.

lastFilter/6 oputpurs the path with the lowest cost.

{9) Source file: Usd :<MP51.BENCH>BESTPATH LAYERED.GHC
Thiz document: US2:<MPET BENCH>BESTPATH LAYERED.DOC

{10} Examples:
Invocation:
bestPath{start,Goal,Path).
whare Htart is the starting neode,
Goal is the goal node,
and all the best paths between Start and Geal are cbiained
a3z the third argument Fath.
For examgle, run bestPathi(n0,nll,Path). The fellowing result is chitained.
Path = 13-[[n0,nl,n2,n3,nd,n5,nl11]]

(11} Ewaluation data: Refer to the data in PEM-0-A-KL1-006&.



¥ {OEKUMURL. LAYEREG-STREAMMEFATH3 . 2.1, 27=Mar-87 13:07:30,

bestPathi{8.G.Path) - true |
node(Min,Fin, 5, G, n0, [2-H1,1-N&1, 10, Path),
nade{xlu.Fiu.SrG,nl,[?-NE.R-N?,}—N?],NlrFath},
pode(Min, Fin. 8,6, ué, [1-H0, 1-N7,2-N12] N6, Fath),
nnde[ﬁinJFln,E,E,uT.]2~H1,1-NE,E—Nll].NT,Path},

node{Min,Fin,5,G, 012, [2-N6, 3-K13,4-N168] ,N12,Path,
node(Min,Fin, 5, G, nl2, [3-N7,3-H12,5-K14, 3-N191 K13,

Edit by OKUMURA

Fath),

Qraphl(Min, Fin, &, G, Path, N1, K2, N123, N13,N14, 818,419

graphl{Mia,Fin,5,G,Path, N1, N2, 812, K13,N14, 818,519} +— true

node{Min, Pin, 5,G, 62, [3-N1,4-N3,4-N3} M2, Path),
node {Min, Fin, 5, G, ni, [4-N2, 2-N4, 4-N9] , K3, Pathy,
node(Min,Fin, 5,6, n8, [2-NZ, 3-K9, 4-N14] ,N&, Path:,

nudn(Hln,Fin,S.G.n9,|%-N3,3-HE,E—N1$,E-H15];Nﬁ,Pﬂth]r

nudntMin,Fin,S,u,nlﬁf:d—HE,E—NIS.?-ElEj,qu,rath;,
node (Min, Fin, 5.G.nl5, [B-N%,7-K14, $=X31],1:15, Path),

traph2(Min, Fin,S, G, Path, N3, N4, 89, 810, K12 N13, 815, N18, H19, 1521 .

STaph?(Min, Fin.S5,G, Path, }3,N4,N9,H10, 812,23, N15, 618, N19,N21) :- true |

nndetxln.rih,S,G.nd,IE—SB,l—Ei,S—NIDJ,Ni,Fath],
nDdE[Mln.llnrs.u,uh,:lFﬁﬂ.l‘Nlij,Nﬁ.Pathj,

HﬂdEiHih.?ln,R.ﬂ,LlE,[l—Hd,ﬁ-NQ,?—HIL.ﬁ—NlE]erQ,Pnth],

ﬂﬂﬂtiﬁiﬂa?thE,G,nll,[1—H5.2—N1ﬂ,3—§;?].Hl],?ath],

ncdecn1n,F1uJS.n.n:5,[é—Hln,q—:17.?-sz].w1ﬁ,path},
nad¢cx;t.FLn,5,G,nl?,[3—u!1,1~n1ﬁ,4—n:3],Nl?,path},
grnph3|min,rin.s,G,PaLh.NIE,N13,N15,HJE,NLJ,Nlﬂ,ulg,N21,u32,nz3;_

gxaph3fH1n,rin,5.6.PaLh,N:E,N13,N15,Niﬁ,nl?,Nla.n;a,uzl,nzz,nz3; i— kErue
hDdE{HLﬁ,Fin,S,G,n?H,[Q-HIE,E—RIE.3—524],N15,Fathj,
ncdctxln.Fin.S,G,nla,[3—513,2—N1&,4—m2c],u19,pauh},

nudetyin,Fin,SrG;MZQ,[3~N:E,2—N25,2-Nanf.uzianth]
nﬁdE[Hin,Fih,E.G,nEE,IE-NEG;E-HEG,}—Hﬁl].NES,Path
n:dE[Hin,fin.SJGJHJD,[?—NI#,J-NE;],H3D,F&thj,

I

x

node{Min, Fin. 5,6, 031, [2=N25,1-N30, 1-832],M31, Path),
qrbph#iﬁln;F;u.S.G.?ath,ﬂjﬁ,Nlﬂ,Nl?,Nl?,ﬁ}ﬂ,H21,N22,HES,NIE,NEG,N&l,NBE}

3Iﬂph4{Hi“eEian:G;Pnth.Hlﬁaﬁlﬁ.NIT;N15.HEG,HII.NEJ.N?S,EZE,NEE,N31,N12} :— true

nndE[Min.Fin,E.G,nEU.ZQ-KIErT—Nzlré'NEE],N?QIPnthj

¥,

nOdE{Min,rin.S,G,nil,[@-HISr?~H2G,E—N2?].EZJ,Fath},

node(Min, Fin, 5.G,n26, [6-K20, 5=123, 3-N32],¥I6, Path)
nede(Min, Fin, §,G,n27, [8-H21, 3-N&E, 4-N33],827, Path)
nuﬂu(uin.rxn,src,nlz,[3-HEE,1—x31,3—n33},N3:,Path]
node{Min. Fin, 5,6, 033, [4-K27,3~N32, 2-N34] , W33, Path)

L

i

P

r

araphi{din . Fin, 8,0, Path, W16, K17, 1022, N23, 1527, N28, B30, 034

ﬂraphﬁtﬁln.ri:.E.G,?aLh,xlﬁ.Hl?,ﬁzz,HJH,NZT,EES,H4$JH3¢;
nﬂﬁc[NiL.ILn;S.G,nE:,[T-NlE,l—rEJ,E—HZB},NEQ,Path]
hade[!in.zinrs.c,uéa,|4—Nl?,1—x22,2—n29],NEJ.PathJ

= Lrue

v

a

node{Min, Fin, 5.0, 028, [5-N22, 3-N27, 2-K29,2-K34],N28, Path),
nch{Hih.Finaﬂaﬁanrﬂ,lE-N?H.E-MEE,l—N35]fNIB.FnLh}.
nndeqzin,rin.a,a,nBJ,[2-H2E,2~N33.2—N35],Nja,Eath}.

nnﬁaixin.rin,s,c.nlE,[!—H9Q,?=ﬂ34],m35,P¢th:.

node{Min,Fin, ,G.G,In,0uk, Path) - true |
Cut = mil, lastElltex:HLn,H;n;U—[ﬂj,nil,In,Pﬂthj.
wode(Min, ,5,_.5,_,0ut,_} := true | Qut = E*begir.
pode(Minl, Fin, 5,6, K, 1n,0ut, )} = 8 %= N, § %= N |
filter{Tim,N,.Min,Minl,0,In,Inl), Cut = N+*Inl,
minMerde(fin, Min(,Minl, ®in} .

arnounes{_-_,fut) - true | Qut = fin.

filter{fin, ,_,_,_ ,_._) :- true | true.
filter{Fin,Node, [Minl,MinZ |Mins],Min,Cost,In,0ut) - Minl

—_—f —

anncunce{Path,Fin}.

re Cost |



{0y Date: 1987-Jun-3, writtem by E. Taki
Modified: 31-jul-87Y by 5. Takagi

{1y Program name: bestpath

Begtpath program using a single monitor process
{2y Author: K. Taki, ICOT 4bh Labk,

{3} Runs con: GHC and GHC3 on DEC-2065

{4} Description of the problem:

A best path search problem on a network,

A network is conslructed from nodes and arcs. Each arc connects two
nodes. & node is connected to at least one arc. Each arc has a
non-negative cost. & 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 iz to find the mipimum cost path when the start and end

nodes are given.
{5y Algorithm:

In this palh search algorithm, each growing path is an activity.
It is called a process here.

A process has a state. The state contains path information and the
cost of the growing path. The process has traversed the path and the
cost 15 bthe sum of all the are costs in the growing path.

The process forks traversing arcs and expands its path informatien,

There is ancther aclivily called a monitor process. The monitor
holds the current best path informatiom at any time. When a new best
path is found, the monitor broadecasts the new minimum cost to all the
procesnes .

i. Mormal proccss activity tor ecxpanding the path:
When a process Arrives at a node,
the process checks whether the node is the end nede or not, and
whether a broadecast message arrives or not.
I[ neither iz ithe case,
the process checks whether the node has been visited the
first time.
If not, the process terminates at once.
If that node has been visited the first time,
the process records the node pumber as i1ts path information,
The process forks by n according to the number of connecting ares,
and newly forked processes travel along each connecting arc,

A new forked process addz the arc ceost to its cost information,
and the forked progess visits the next node.

ii. When a process arrives at the end node:

When a process arrives at the end node and no broadeasi message has arrived
{it moeans that a new path has been completed) .

The process reports the state information to the monitor process,

then terminates itself.



filtes(Fin.Node, [Min2|Mins] , Min, Cost,In, Out).
filtex{Fin,_, [Minl!_},Min.Cost,_,0ut) .- Minl ¢ Cost I Min = [], Out = [].
filter{Fin,Node, Mins, Min, Cost, [C~Node=Inl|Ins],0ut) :- true
filter(Fin,Node,Mins,Min, Cost, Ins,Our),

filter(Fin,Node,Mins Min,Ceost, [C-nil|Ins],0ut) :- true |
filter(Fin, Node,Mins,Min, Cost,Ins,0ut),
filter(Fin,Node Mins,Min,C0, [C-N*Inl[Ins],0ut) :- N \= Node |

Cogt = COHC,
filter(Fin,Node,Mins,¥1,Cost, Inl,Dutl},
filter(Fin,Nede,Mins,M2,00, Ins,Outs),
minMerge(Fin, M1,M2,Miny,
fur = [C-N*=COutl|Outs].
filter(Fin,_, .Min,Cost,begin,Out) :- true | Min = [Cost], Out = begin.
filter(Fin,_._.Min,_,[],0ut} :— true | Min = [1, Dut = [],

lastFilter{[Minl,Min2[Mine] ,Min,Cost-Stack,Prev,In,0ut] :— Minl = Cost |
laatriltart[Hin?lMins],Min,cmat—ﬂtack,Prnv,In,Dut]
lastFilter([Minl|_] ,Min,Cost-_,Frev, ,Qut) :- Minl ¢ Cost [

Cut = Prev, Min = [].
lastFilter(_,Min,Cost-Stack,nil,beain,Qut) :- true |

Qut = Cost~=|Stack], Min = [Cost].
lastfiiter:_,Hin,Cost—SLunk.CGEt—Eathﬂ,begin,uut} = true |

Out = Cost=-[Stack|Path0], Min = [].
lastFilter(_.Min,Cost-_,Cost0-Path0,begin,Out) := Cost ) Cost0 |
Out = Costd-Patho, Min = [].

lnstrilter(_.min,Cnst-stack,cantﬂ-_,bngin,ﬂutj i= Cogt ¢ Costld
Dut = Cost—[Stack]l, Min = [Cost].

LlastFilter(_.Min,_,Prev, [],0ut) :- true | out = Prev, Min = [].

lastFilter{HinslHin—Stnck,Pr-v.[_—nili:ns],ﬂut} = true |

lastrilter{Hins.Hin,Stack,Prev,Ihx,nut].

lastFiltexr(Mins,Min,Cost-Stack,Prev, [C-N+*Inl|Tns],0ut) :- true |
Castl := Cost+C,
lﬂitPilttrfMins,Ml,Ccstl—JN|Stlckj.Pr:v.!nl.nidj;
laEtFiltarEHins.HE,Enst-Stnck.Hid,Ius.ﬂut};
minMerge(_,M1,M2 Min).

minMerge (fin,_,_, ] := true | true.

minMerge(Fin, [M|A),B,0ut) .- true | Out = [M|outs], minMl(Fin,M, A, B, Duts) .
minMerge(Fin, &, [MB],0ut} - true | Out = [M|ouzs], minMl{Fin,M, 5, B, O0uts).
minMerge (Fin, [],In,0ut) :- true | Qut = In,

minHergt{Fin,In,[],ﬂut} ;= true | out = Imn.

minMl{fin, ,_,_,_) = true | true.

minMl{Fin, M0, [M|A] B, Out)
mink¥l (Fin, M0, 4, [M|B],0ut)

MO » M | Out = [M|Outs], minML{Fin,M, A, 8, 0uts) .
MO > M | Qut = [M|Outs), minMl(Fin,M,A,B,Outs).

minMl (Fin, M0, [K|A],B,0ut) - M0 =¢ M | minMl{Fin,M0,A, B, Out),
minMl{Fin, M0,4A, [M[B],0ut) - MO = ¥ | ninMl{Fin,M0,A,B, Out),
minML{®in, k0, [1,In, 0uty = true | minM2 (Fin,M0,In,0ut),
alnMl(Fin, M0, 1n, [],0ut) - true | mindd(Fin, M0, In, Out),
mioM2{fin, , . 3 - truc | true,

minM2(Fin, M0, [M/In],0ut) := M0 > M | Qut = [Mlouts], minM2(Fin,M,Tn,0uts}.
miuM2(Fin, M0, [M|In], 0ut) = MO =w¢ M | minM2{Fin, M0, Tn,0ut),
minMI (Fim, ,[],0ut) - true | Out = [].



iii. Monitor procoess acbivily:
Wnen 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.
If the reportcd cost i cgual to the recorded cost,
the monitor adds the reported path information to its recorded
(best) path information.
I1f the reported cost is lower than the recorded cast,
the monitor ahanges the whole record with the reported information,
and broadeasts the reported cost te all the live proccsses.
{This means that the reported cost is the minimum detected
by the monitor. )

iv. When a broadcast message arrives at a process:
When a broadeast meszcsagoe (newly reported minimum cost) arrives
at a process, the process compares the broadecast cost
with its own cost,
If the broadeast cost is less than or egual to its own cost,
the process terminates i1tself at onoe.
(This means that there is a better path.)
If the broadcast cost is higher than its own cost,
the process conbinues to operate as long as 1ts own cost
does not exceed the broadcast cest.
If itz own cost exceeds the breadeast cost, the process terminates,

w. Terminatiomn:
When all the processes except the monitor terminate, the information
recorded in the monitor process is the best path infermation.

{6) Process strurture:

There are one monitor process and many path processes,
Fath processes fork according to the network graph,
keport 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
pProcesses.

(7) Pragma: Not supported
{8} Program:

bastpath/3: Top level

evaluator/5: Monitor process

path/ 6 : Path process

BT This predicate checks loops.
If the path has a loop, that path is terminated at once.
It 1t does not, the connecting arc list {edge list) is
selacted and path/% is recursively called.

adge/2: Metwork data

(9) Source file: US2: ¢MPSI.BENCH>BESTPATH_MONIT _COMPLEXNET TARI . GHC
This document: USZ:<MPET BENCH>BESTPATHE_MONIT COMPLEXNET_TAKT . DOC



tli; Dxamples:

Network:
2 3 4 2 1
n===——pl————— nz n3 nd- ns
i I I I I
[1 [2 |2 | 4 f3 l1
I I3 | s | 2 |
nfi—-====n7 n-—=—— n9-—==-nl0—===-nll
I | { | I I
|2 |3 fa |8 |6 |3
| 3 5 | 7 | 4 |
nl2-——-nli-——-pl4----q15 nl6——==nl7
I I | I |
|4 |3 ] 07 i4
2 | 4 7 1 |
nlf-———nl9----n20=---=-n3i1 ndd=——-p23
I | | | ]
E |6 | e [5 |2
Iz 5 3 2
n2d-——-n2S-————nia nN&7==——n2f—===n29
I | | | ! I
[2 |2 '3 | 4 | 2 l1
[ 1| 1 E 2 2 ]
nil===-pil--—n32-——pi3-——=n34————pi5

Start the pregram:

B ———— ————— _— s

%% Example on GHC3 system

yeo
| 7= ghe bestpath{nd,nd,Ans) .

439 reductions and 54 suspensions in 34 cycles and 449 msee (576 rps)
The maximum number of reducible goals is 16/28 in the 25th cycle.
The maximum length of the gqueue is 29,

Ang = T7+[[n#,n2,nl,n0]]

Yes

| #- ghe bestpath(nl5,n22,Ans) .

4115 reductions and 666 suspensions in 86 cycles and 6700 msee (614 rps)
The maximum number of reducible goals is 114/207 in the 49th cyclea.

The maximum length of the queue is 208,

Ans = 24*[In22.n23,n1?,n11.n5,n4,n3,n$,n15],[nl?,n23,n1?,nll.n1ﬂ,n9,n15]]

¥8%  This example shows Lhat there are two best paths with the same cest,



{11) Fvaluation data:

Measurement of boestpath problem in GHC3 '87.4.2 TAKI
suspensions max reducible goals *3
route raeductions cycles msaso Tps at nth-cycle*l gueue leng.

e e e e o e O S £ -+ e T o R e e e e e e e e o

Taki-monitor-method

nl=n? 57 13 17 28 5R1 9/1latll 11
ni-nl4 3tk 113 a1 87e 637 i1/43at25 48
ni-nzl 4991 173 108 7933 628 144 /260athh 260
nil-n2hE 21386 2868 135 38175 i 337/891ata9 839
n0-nis 31la8] 4049 153 56052 33e lis8/2146at91 2146
nd=nia 15899 008 108 25732 617 I61/720at64 T20
ni-n2o 04dd 1038 120 10455 14 146/2609at43 269
nli-nze Biig 1133 Loy 13815 603 173/29%at74 314

A e e e e e i e e . i i e e e e e e o o o o e e e e o o e s e A e e e e e e e

Ichiyoshi-method (bestpath_termdet ichivyoshi. gha)

n4-all 4592 BoH 393 23024 1939 4257 2ath8 162
ni—all 4493 803 3gg 2A1H3 202 42/135at87 164
nli-all 1778 1008 393 23525 203 44/158atl112 160

*l A/BatC: A = maximum number of reducible goals
B = number of goals (queue length) when A is measured
0 = cycle pumber when & 18 measured

*2 gqueue leng.: maximum length of gqueae



b Bestpalll problem ——==-=-——
L] [ Taki-monitor-pmethod )

hestpath(Start, Goal,Best_path) :- true |
edge{Start, Next),
patthext,Gaal,U*[StnrtJ.Path,Best_cost.lDﬂﬂQ],
evaluater({Path, Best_cost, 10000, (], Rest_path).

uvaluntnr[ITutal_cast*Fathﬂaxt].Best_nnnt,Cnst_wnrk,Pnth_yn:k.ant_pnth] i
Total_cost ¢ Cost work |
Hest_cost = |Total aost|nH],
evaluator{Mext, NN, Total _eest, [Path],Best_path).
E?aluuturtlTﬁtal_nosttPathlwnxt],Best_cﬂst.EostTwurk.Path_unIh,Best_pﬂthj i=
Total cost = Cost_work |
evaluator{Next,Best_cost,Cost_werk, [Path|Path_work],Best_path).
evaluator([Total cost+Path|Next], Best_cost,Cost_work,Path_work,Best_pathj :-
Total_cost » Cost_work |
evaluator (Next,Best_cost,Cost_work,Path_work,Best_path),
evaluator{[],nest_cuﬁt,Ens:_wnrk,Puthhwnrk,aest_puthy = true !
Beslt cost = [],
Beot_path = Cast_work*Path_work.

% pricr

pnth{mex;rsoul;Hls,Path,[h_bcst_costlCus;_n-xt],Bust_cnSt_ye:kj 1=
true ! path{Next, Goal,HIS, Path, Cost_pext,? best_cost),

¥ end prior

path{_,_,hcc_cﬂst*_,Fﬂ,h,a_unrk} §=
hoo_oost = [ work | PO = [].

path{ [NoderCost Mext].Caul,ﬁcc_ccst*ﬂistnfy;?ﬂ.B_ccst,a_wnrk; i=
Aoo_uvost ¢ B_wark, Goal ‘= Hode
p:HisLury,Gnal,wodn,-[Acc_pust.nistnry,ﬂnst},Pl,B_cust,B_wo:k].
pdth{Next,Gcal,Acc_ccst*ﬂlatury,Pz,n_costrh_wn:kj.
merdel(Pl,P2,P0).

path( [}, , .P0, ., 1 - tzue | PO = {],

peth([Goal*Cust|Next] Goal,Acc_cost*History,P0,5_cost,B_work) -
hoo_vost { B_werk |
Total_cogt := koo cost + Cost,
PO = [Total _sost+* [Goal |History] |[B1],
pathfwext,Gual,Acc_cnst*ﬂisLmrf.Pl,n_cast,a_unrkl,

P{IN1|Ng], Goal, K, HI5,P0,B_cost, B_work) := N %= N1
p:ﬂh.ﬁua1,N,H:E,PU,E_cost,E_Wurk}.
p:[],Gcal,ﬁ;'qhnf_cost,ﬂistary,tcit;.PU,B_EGEt,B_HDriJ - otTue |
edye (N, Next_next),
New_are_seft := Ago_cost + Cost,
pdth[ﬂﬂxt_nex:.Gaﬂl.ﬂew_aﬂc_ﬂﬂst'[N|Hi5tﬂr¥]JPE.E_CQSt.B_WDrk].

P:rNi_]r_:N.-_.'pn.'_r___:l T RIde | FO = l:.
edge(nl;Nodes] -- rrue Hodes = [nl=2,né+1].
edge({nl,Nodes) :- true | Wodes = [n0*2,n2+3,n7%2].
edge({n2,Nodesy - true Hodes = [nl=3,ni*4,n8=2].
edgeind,Nodes) - True Modes = [niwd nd+2,né=4]

edge(ns, Hedes) - true Modes = [pée*Ll,nll=l].
edge(nf,Nodes) := true | Nedes = [n0*1,n7%1,n12+2] .
edge|{n?,Nodes) = trua Fodes = [nl#*Z, né=1,n13%3].
edge(nd, Nodes) :- trne | Nodes ~ [n2*2,n9+3,nli=4].
cdoe(nd, Nedes) := true | Medes = [n3*4,ne+3,nl0v6, nl5=8],
edge(nl), Nodes) 1— true

|
[
i
|
edoe(nd, Nodes) := true | Wedes = [n3*2,n5+1,nlo%3].
!
|
|
1

| Modes = [R4*3, n9+6,n11%2,n16%6).
edge{nll,Nodes) :- true | Nodes = [n5+%1,n10%32,n17+3].
edge(nli,Nodes} :- true | Nodes = [n6w2,nl3~3,nif=4],
edge(nli,Nodes) :— true | Nedes = [n7*3.,n12%3,n14+5, n18+3},
edge(nld, Hodes) - true | Nodes = [RE=d4,nld*5,nlh=7].
edge(nls, Nodes) := true | wodes = [RO=8 nld=T7,pnil*9].
edge{nlé,Nodes) := true | Nodes = [nlO®é€, niTw=4,n22+7].



edae(rl7, Rodes}
edacinll, Nodes)
wdwe{nl¥, Nodes |
edoe (n20, Nodes}
gdge(n2l,Nodes]
edge (n22, Nodes)
edge{ndd, Nodes)
edge{ndd. Nodes)
edge{nds, Nodexs}
edge{n2é, Nodes)
edge{ni7, Nodes)
edge (N6, Nodes)
edge{nd¥, Nodes)
cedge {n30, Nodez)
edge(nil,Nodes)
edge{nid, Hodes)
edge (133, Nodes )
edge {n3d, Nodes)
cdge (n35, Hodes)

merae{ [H,X] Y. 2)
merge{¥. [n1¥], 5}
merge([],Y.%)
mergo{X,[]1:8)

true
true
tTue
true
true
true
true
true
true
true
true
true
true
true
true
true
Lrue
trIue
true

Ao
A =
Ltrue
Liue

Nodes
Hode s
Nodes
Noles
Nodes
Hodes
Nodes
Hodes
Hades
Nodes
Hodes
Nodas
Hodes
Nodes
Hodes
Hodes
Nodes
Lodeas
Hodes

[]
[1

.
B2 OBY BEY OBS

f

[nll*3,.nlo=4 . n23=d],
[mlz*g,nivg=2 n24§=3].
[mla=3, nlf=*2 n20%4] .
[Rr19=4, n21=7,n26%6] .
[n15+*9, n20+7, nd748] .,
[R16+7, n23+1,n2f8+5] .
[n17+4,n27+1,n29%2} .
[mla*3, n25%=2, 0302},
[n24+2, n26=5, ni1+2] .
[n20%6,n25+5,p32v3]) .
[n21+*8,n28+*3,n3d*4].

[n2z=5,ne¥=3,nd%*3,n3q4*é].

[n23%2,n28+2, n36%1]
[n24*2,n31"1].

[n25%2,n30%1,n32%1]
[n26%3,n31%1,33%3]
{274, n3aZ»3, nl34v 2],
[na@i*2, p3i*2,n35%2],
[n2%=1,n34=2].

[A|W], merge(Y, X, W).
(W], mergely, X, ),
X.
.
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A£* US2: <MpST, BENCH*RESTPA TH_35 H'DRTCIRCU].T_ICHIYDE.H T.GHC =/
[0) Date: 1987 -Jul-2, written by M. Ichiyoshi

(1) Program name: bestpath
{bestpath program with the shortoircuit method as termination detection)

(2} Author: . Ichiyoshi

{3} Runs on:
Ueda FGHC compiler
Pzeudo multi-ps1

(4) Description of the problem:

Given a network with a non—hegative cost assigned to each adge, and a
start node, find for each nede the path with the minimum accumulated
cost from the starting node,

{5) Algorithm-

The nodes in the network send a rath and cost information packet
cp(Cost,Path) to the adjacent nodes, At all time, sach node keeps:
(1) © {the miniwum cost found 5o far from the starting nede}, and
{2} P {a path that Yealirzes cast ),

It maintains the above information as fellows, When a node receives a
hew path and cost information packet op(Cost,Path) from any ane of itg
neighboring nodes, it does the following. Tt Cost 3= C, then the node
simply ignores Cost and Fath. Otherwise, it updates C and P to Cost
and Path, and sends cost and path information packets te its
neighboring nedes. MNode in} sends a path and cost information
Cp{COSL+EC, [n|Path)) where BC is the cost of the edge from n to n' and
(n{Path]| is Path extended by appending n to the top.

The above procedure is repeated until there are no path and cost
informatien packetsz in the network. The finiteness of the nelwork
guarantees that this state is reached in a tinite time. {There are
anly a finite number of non-cireular paths in the network, and
circular paths are guaranteed to be discarded because of the algorithm
and the non-negative costs of the edges, )

This program de!wvets this state by the shorteircuit technigue.
Shorteircuit switches are attached to all packets. The shorteireuit
switch is closed when the packet is discarded. It splits into
serially connected switches when the packet spawns child packets. The
circuit attached to the initial packet is closed when all descendant
circuits are closed, i.e. when all descendant packets are dicecarded,

{6) Process structure:
One node in the network has ene corresponding node process. A node
process is connected to its neighboring node processes by one input

and one output stream.

{(7) Pragma: Wot attached



{8y Program:

(main part)
node/8: Hode process

send_cp/6: Subroutine for sending path/ecost information packets
to neighboring nodes

closedutssl: Clogses 4 stream

bp/sd: Top level goal

{network generation)
aungment. _edges/d: Adnents edge information to include beth way streams

del 3 Deletes an element from a list

gen_nodes/5: HNode generation routine

gen_node /8. Makes a node procesg out of node information
futility predicates)

merge_all/2: n-wWway merger

merge/s3: Standard merger

length/2, lengthys/3: Gives the list length
write_result/2: Writes out stream elements

bp_sno/3: Runs the program with the start nede, set of nedes,
and =set of edges given
bp_ne/2: Runs the program with the =zet of nodes

and set of edges given
(test program)

bp exl_n/1: First exanple
bp_wex2 n/l: Second example
bp exd_s/1: Third example

{9) Bourace file: USE:{MPSI.HENCH}BESTPATH_EHDRTCIRCUIT_ICHIEUSH¢.GHC
247 lines (111 lines of which arc test data)

{(10) Examples:

Invecation:
(T run example 1 with start node a)
:— bp_exl n{la,b,ec,d,e,Lf,q,k]}.
(To run example 2 with ctart node a)
:— bp_ex2_nila,b,e,d,e,f,9,h,1,3.k,113.
{To run example 3 with =tart node nd)
i= bp_ex3 s(nbd).

{11y Evaluation data: Hot recorded
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Best Path Problem

#, Ichiyoshi (according te Chki-san's idea of using short cireuit)
Bpril 1987
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£

% node({In,0uts,Cout,C,F, End,R0=R,Cs,N)

%

i In ¢ ipput stream (including the contrel stream)

% Duts ; OULpUt Streams

% [y : minimum cost so farv

] P : path with cest C

i End : termination flag

i RO B : result d-list

(] Cs : ocosts of outgoling edges (constant)

3 M : bode identifier (constant)

4

node (| [op{Cost, Path, T0-T) |In],0uts,C,F, End,RO-RE, Cs,H) :—
Cost e |
T0 = T,

node(In,uts,C, P, End,R0-R,Cs,.N).
wode( [cp{Coest,Path,20-T) |In), Outs,.C, P, End,RO=E,C=s,N) :—
Cost ¢ |
cend_cp(Outs, s, Cost, [H|Path], T0-T, NewQuts),
node | In, Mewluts, Cost,Path, End,RO-RE,C5,H).
node{ ,0uts,C,F, end,RO-R,_.K} := true |
RO = [N-C-F|R],
closeCuts{0uts) .

send_ep({],_._._, TO-T, NewOute) := true | T0 = T, MewDuts = [].
send_ecp( [Out|Guts]), [C|Cs),Cost,NewPath, TO-T, NewOuts) :-
Hewlost := Cost+{ |
Out = [ep(NewCest, NewPath,TO-T1)|outl],
Newluts = [OutlvewDutsl],
send_ep(Outs,Cs,Cost, NewPath, Tl-T, Newlutsl:.

closatuts({[]) :- true | true.
closeduts| [Cutiouts)) - true | Out = [], closeDuts{Outs).

%%i%%%%tliii%%hiil%litliilltlii%i%%%%tti%%t%iillt!iil%tl%ti%i%l%lli%li

t Process generation
%%%%%t%i5%!%i%lii%itii%%%lil%%%%%Ei%t%i%%tt%ltt%ii%t%ti%%%%%%tii%%%%l%

R i result (list of nodes with Lhe minimum cost from start node
and & path with the minimum cost) .

%
% bp(S,K5.Es, R)

i

i ] : start node

% Nz : list of nodes (a2 node hasz a constant value)

i F= ¢ list of edges {an edge is of form &(Nodel-NodeZ,Cost) )
%

&

%

bp(&:Ns,Es, R) := true |
avgmont _edges{Es, AEs),
del(8,H=, Msy,
gen_nodes( [S|M=] ,AEs, End,B-[],5)}.

augment_edges{[], AEs} -~ true | AEs = [],
augment_edges{ [e(N1-N2,C) | Es], AEs) - true |



AEr = le{Ki-M2Z,C, -_3|AEsL],
adament_edges(Es, AREs1).

delik, [M|H=], Mg} - N = M | Mo = Mo
del(k, [M|Ns], Mg} = H 5\=1M | Ms = [M{Ms1], del{N,Hs, Msl).
del(h,[], Ma) :— true i ms = [},
gen_nodes( [W¥iNs],ADe,Ind, RO-R,5) - true |
gen_node(N,REs, []1,1],1),End,RO-R1,5),
gen_nodes{Ns, AEs,End,R1-R,5).
gen_nodes( [],_,_,H0-K._) :—- true | RO = R.
en_node(M, [e{k—_,Cost, Self-other)|AEs] ,Ins,Outs,Costs,End, RR,5) - true

Insl = [5elf|Ins=].
outsl = [Other|Outs],

Costsl = [Cost|Cests],
gen node{,BEs,Insl,Outsl,Costsl, End,RR, 5).
gen_nodefl, |e[_-N,Cost,uther-5elf)|AEs], Ins,Outs,Costs, End, KR, 5) :~ true

Insl = |Self|Ins].
Outsl = [Other|oues],

Costsl - [[ost|Cests],
gen node{N,REs,Insl,Outsl,Costsl, End, RR, 5) .
gen node(l, [e(01-02, _,_}|&Es],1ns,0uts, Costs, End,RR, 5) -

HS= 01, B w= 02 |

gen_node (i, RAEs, Ins, Quts, Costs, End, BEK, 5) .
gen_node(l, [],Ins, 0uts,Josts, End,ER. 5} - W %= & |

length(Outs, EI),

merge_all{lns, In},

node(In,0uts, 93999, 7, End,RR.Uosts,H).
gen_nodefl, [} .Ins,0uts,Costs,End,BER,5) :— N = 5

length{Outs, EZ),

merge_all([lep(0, ] .End-end)] |Ins], In),

node{In,Quts, 999%9,7, End,RR,CosteE,N).

R ERE R ER R R R R RN AR LI I IR NE NN RAL LR IEERELERRRRRRRERRRREREE
% Utility
T T e Ty !

merge_all{[], Qut} := true | Ouz = [],

merge_all{[In|Ins], Qut) :- true |
mergef{lIn,Ouktl, Out),
merge_all{Ins, OQutl).

mergel [].¥s, L8) - true | Zs = ¥s.

merge(Xs, [}, Zs) - true | IZs = Xs.

merge| |[X|¥s),¥s, I8} :— true | s = [X|2s1], merge({Xs,¥s, Lsl).
merge{®s. [Yi¥s], 2s} :— true | Zs = [¥|2z1], merge{Xs,¥s, IZgl).
length({L, N} :— true length(L, 0,M}).

length([], E,B) :~- true | N = K.

iengthi{{_|L], K,N} :- Ki := K+i | length(L, K1,H)

write result([], O} := true o= [].

write_result| [x|Xs], ©) - srue |

Q= [write[xp,n1|nowﬂ], write result(Xs, Newd).

%

% O sne i= given the start neode, list of nodes apd list of edges.

% Bp:hc is qﬁveh lizt of nodes and list of edges. (The start node becomes
% the first node in the list of nodes. )

®

bp sne(ftart,Nodes,Bdges) :— Ltrue i

bp(Start,Nodes, Edges, Result),
write regsult{Resulc, O},
cutstream(D).
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bp_ne(Nodes,Fdges) :- Hodes = [Start| ]| |
bp_snne{Start,Nodes,Edges) .

ttusill%%t%%%%%%%tiih%tt%tttt!tttitttttil;ta%ittaaitttintttiin&%ttt;ut

i Threec examples
il!%%%%%‘i%%%%ii%%%%t\il%iit%ti%i%!!t%iltl%%!tlil&ttlll!!ttlllttilli%!

'l

% ————a————

% 7 I 5,

% 10 / i0] %1
% /A |10 N
® f g-——————= b
% I [ I
% I %1 |
% I [ '
% 10 1 b 11
& [N
% i, | w10y |
i 5, s 10y
% R T
% 101

]

bp_exl_n(Nedes) :-

true |

bp_ne(Nodes,
[eja-f,10},e(a~g,10) ,e{a=b,1)
€{b-g,10},e{b-c,1),
efo-h,10),efc-d, 1),

efd-e, 1),
e{e-h,10),e{e—f,3i0},c(e—g, 1],
efg=h,1;
1.
a
LN
i/ Y% 1
A A
b o
PN AN

3/ NS i/ MB
£ NS A"
e et T e
A U L T R
12y /B @, /15

Ay A
h i
A PN
11/ 18N 4100 %34
r WS M
B e S 1
& 3

F#Nw#ﬁﬂ#wm&‘d‘&#&#####

bp_exd n{MNodesy :-

true |

Lbp ne(Modes,
[e{a=b,10), e¢fa-c, 1),
e{b-d,3),e{b-a,5],
ef{o=f B),e(c-g,6),
cld-e,l},e(d-h, 123,
wie—f,2),e{a-h,.8),
e(i-g.1),e(£-1,9),
ef{g=1i,158},
efh=j,.11y,e(h-k, 18,
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efi=k,10%,e(i=1,14},
e(J-k .6,

wik=1,3)

Iy

bp ex3 s{Start) :-
Ltrue
bp_sne(Start,
|nG,nl,n2,n3,nd,n5,né,n7,nb,nbd,
n1ifd,nll,nl12,nl3,nld,nl5%, nl6,nl17,nl8, nks,
n20,n2l, 022, 023,024,025, n26,n27,n28,n29,
nid, n3l,n32, n33,n34,n35
|
fe{nd-rl,2),c(nid-n&,1,
e{nl-n?,3),e(nl-n7,2),
ef{nZ=-ni, 4y, e(n2-nl, 2,
ef{ni-nd , 2),e(ni-n%,. 43,
c{nd=n3,1lY¥,c(nd=-nld, 3},
e{ni-nli, 1},
e{né—n7,1},o{nbé—nl2,7),
e{n?-nli, 3,
einf=nf,3),e{nE=-nld, 4},
efnfi-nl0, &), e(n3-nl5,8;,
#inli=nll,2),e(nl0=nl6, &},
e{nll-nl?, 3y,
e{nl2-nld, 3y, e(nk2-nlh,a),
e(nli-nld,hy,e(nli-nl0, 3,
e{nl4-nls5, 7,
efnlS=nz2l,8},
e{nlé-nl7,4),e(nlé-n22,7,
e(nli-n23i, 4y,
e(nlé-plS,2),e{nlé-n24,3),
einlé-nid, 4},
e{n20=n2l,7),.e{n20¢-n2&. 6,
e{n2l-n27,8),
ei{nzz-ni3, 1) ,e{n22-n28,5),
ef{n23-nd9, 2y,
e{nZ4-n25,2),e(n24-nic, 2.
2{n23-nd6,5)1,e(n25-n31,2),
e{n2é-nliz2, 3y,
ein27=n28,3),e(n27=-n33,4},
e(n2B-n2%,2),e({n2B-nid4,2),
e(n28-n3s, 1,
e(nil=nil,1:,
e(nil-niz, 1y,
e(nl2-nild, 3},
e(nii-n34,2),
e(n3d-pi5,2)
1y



A% USE: {MPSI.BENCH*RESTPATH_TERMDET ICHIYOSHI,DOC =/
(0) Date: 1987-Jul-9, written by N. Ichiyoshi

(1) Program name: bestpath
{bestpath program with the message counting scheme
as termination detection)

(2} Author: N. Ichivoshi

{3) Runs on:
UVeda FGHC compiler
Fseudo multi-psI

{4} Description of the problem:

Civen a network with a non-negative cost assigned to each edge, and a
start node, find for each nede the path with the minimum accumulated

cost from the starting node,
{3) Algorithm:

First, read BESTPATH SHORTCIRCUIT_ICHIYOSHI . DOC.
The basic algorithm is the same as this,
The difference is the detection of the finishing state.

This program deteects the finishing state by the message counting scheme.
For a general description of the algorithm, see US2:{MPSI.BENCH}TERMDET.DOC.

This program represents the mescage count and the genaration
information in one integer (36 bits on DEC-20 and 32 bits on P51},
The correspondence is as follows:

{G) Process structure:

One node in the network has one corresponding node process. A node
progess 1= connected to its neighboring nede processas by one input
and one cutput stream. There is one monitor process which
continuously checks whether the computation has finished by sending
the termination checking token.

{7) Pragma:
USZ:(HP51.HENCH)BESTPhTH_TERHDETmIﬁﬂIYOSHI.HLI {for Pseudo MPST) has

pragmas attached. The network is divided into a few segments and PEs
are assigned to each of them.



{8) Program:

{main part)

node /10 MNode process

monitor/s3: Monitor process

send_op/6: Subroutine for sending path/cost information packets
to naighboring nodes

closeCuts/S1: Closes a stream

bp/sé: Top level goal

(network genaration)
augment edges/2: Augments edge information to include both-way streams

del/s3: Deletes an element from a list

gen_nodes 4t Hode generation routine

gen_node 7 : Makes a node process out of node information
{utility predicates)

mﬁrgp*allfﬂz n—way merger

mergesd: Standard merger

lerngth/2,length/3: Gives the list length
write result/2: Writes out stream elements

bhp_sne/3: Runs the program with the start pode, 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 ax? n/fl: Second example
bp_ex3_s/1: Third example

(9 Source file:
US2: <MPSI . BENCH*BESTFATH _TERMDET ICHIYOSHI.GHC ¢ for Ueda compiler)
301 lines {111 lines of which are test data)
US2: {MPST.BENCH*BESTPATH TERMDET ICHIYOSHT, KLl {for Pseuds MPST)
23% lines (50 lines of which are test data)

(10} Examples:

Invocation:
{To run example 1 with start node a)
i~ bp exl n(la,b,c,d,e,£,9,h]).
(To run example 2 with start node a)
= bp ex2 n{la,b,e.d,e, f,q,h,1,9,k,1]).
{To run example 3 with start node ni}
= bp ex3 s{nd).

{11) Evaluation data: Not recorded
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A Termination Checking Algorithm for Distributed Computation

Mobuyuki Tehiyoshi
June 1387
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€ Abstract »

An algorithm for checking termination of distributed computation is
described, and a formal proof of its correctness is given. Each
participating processor is assumed to keep a message count, and a
special token for termination check wvisits all the processors and see
if they are all idle and also sums up the messages counts to ensure
the non-existence of outeotanding messages in the network.

1. Introduction
2. Model of Computation

Def, 1.
A computation C is an O-tuple (PeT,M,idle,sp,rp,8t,rt) where
{1) a finite sei of processors P
(4} a time space T {which can be identified as a subset of R
{3} a predicate idle over P x T
(4} 2 zet of inter-processor messages M
$3) four mappings

sp: M - B
re: M —* P
st: M —-» T
res M o= T

Kotation.
Elements of P are called processors and are denoted by pl, p2, etec.
Elements of M arc called meszages and are denoted by m1, m2, ete.
— Elements of T are denoted by t1, t2, etc.

{

intended meaning:
idle{p,t} ... Processor P is idle at time t.
Ep{m) ig the processor whieh sends the message m,
Tp{m} 1z the processor which receives the message m,
EL{m) the time at which the message is sant,
rt{m) the time at whiech the message is received,

implicit assumptions:

Every message is one to one (one sender, one receiver),
BEvery message is received in a finite time.
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In the following discussieon, an arbitrary computation
= {P,T,M,idle,sp,rp,st, vt} is undorstood.

Axioms {Ansumptions, Requirements, or whatever),
(1y (all m:){ st{m) =< rt{m) )
(2) (all +1,+2:T){ [m:M | £1 =< st{m} < t2] is a finite set )
(3} (exists bL:T)({all m:M)[ st{m) »= t }
{4) (all p:Py{all tl,t2:T)(
(idle(p,.tl) and (£l =< £2} and
Tfexists m:M)( rp(m) = p and t1 =< rt{m) < £2) )
=r idle(p,td)
)
(5} idle{p,t) =» " {exists m:M}| sp(m) = p and st{m) = £ )
{
English translation:
{1) A Message is received after it is sent.
{2) Unly a finite minbor of messages are sent in a finite interwval
of time.
(3} There is a point in time before which no message exists,
(4} An idle processor remains idle unless it receives a message,
(5) An idle processor does not send messages.

¥
Cor. 1.

(1) (every £:T)({ (m:M [ stim) ¢ t} is a finite set} (by ax. 2 & 3)
Def. 2,

{1y IDLE({t) «=> (every p:P){ idle{p.t) )
(2) IDLE®(t) <=3 {every t':T)( t =< t' =3 IDLE{t') )
(3) IDLE"M{t) <=» IDLE(t) and {cvery m:M)}{ rt(m) < t }

{

English tramnslation:

{1y IDLE{t) ... All processors are idle al. t,
(2) LDLE=®({L) ... Ml processors are idle at t and remain so.
(3} IDLE M{t) ... All processors are idle at t and there are

noe cutstanding messages,

IDLE*(t) or IDLE M{t) means that the distributed computation terminated
some bime belore f,
)

Cor. 2.
(1y (£l =< £2) and IDLE M{t1} =3 IDLE M(t2) (by BAx. 4)
{2) IDLE"M{t) =) IDLE=*(t) (by Cor. 2.1
{3) IDLE*{t) =» {exists t':7T){ IDLE M{t') ) (by Cor. 1.1)

3. Termination Checking Rlgorithm



4. Correctness of Algorithm

Hotations.
(1) me(p,t) = §{m:M | sp(m)
f{m:™ | rpim)

{2} For k:P-»T,
k= min ki{PF}), kK~ = max

{(3) Mo—rolk) = [(m:M | st{m)
Mo-dn(k) = [m:M | st{m)
Mn—Yofk) = [m:M | st{m)

Mn=»n(k) = (m:M | st({m)
(4) Me(k) = Sum me(p,k(p))

= p; stim) «
= p, TE{m) <
kiP)

¢ ki{sp(m)},

< k(ap(my),
= kisp{m)),
= kisp{m)),

t) -
t]

ré{m} < k{rp{m))]
rt{m) »= ki{rp(m))]}
refm) ¢ kirp(m)}])
rb{m) = k{rp{m})]

Bp:F
(5} Idle(k) <=> (every p:P){ idle(p,k(p) }
(6) Te(k) <=> Idle(k) and Mo-te(k)=0 and Mc(k)=0
{
intended meaning:
me ... meszage count at processor p
(number of messages sent - number of messages received)
E(p) .. the time at which termination checking token passzes p,

Mo-ro(k), etc.

& message belongs to Mo-rolk)

iff it is sent by a

processor which has already received the token to
a processor which has already received the token
{i.e. it 17 a message from "past to past"), ete.

Me(k) +o. sum of message counts as observed by the token.
Tdle(k}) ... Every processor is idle at the time the token visits it.
Te(k) ... Dur termination checking eriterion

Note that To(k) is "observable" by the token if
{1} every processor maintains the message count, and

{ii) there is a mechanism to determine that a received massage was

sent by a processor which the token had already visited.

Coxr. 3,

{1} Mel(k) = #Mo=->n({k)} - #Mn-

FProposition. 1.
{1} TDLE Mik_) = Teik)
{2) Te{k) =» IDLE(k )
Prooct:
Ask Ichiyoshi. [g.e.d.]

I+ T 8 4]
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Best Fath Problem

£
§
[}
i M. ]Eju'}'{'.l_‘i!u
i Maych 1987
%
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% node prooess ]
FREERERRAARLERLEERERLERRRRRRRRER
%

hudc[In,Gutn,Cnut,C,F,CPC,G, EC,Cs,H)

in : imput stream {including the control stream)
uts - oeuiput streams

Cout output ecantrol stream

c  mirimum cost so {ar

B : path with cost C

CEC : op packet count

G : generation

EC ; number of cutgoing edges (constant)

s - costs of ocutasing edges (constant)

L : node identifier {constant)

what G represents:

s o= #*Zl + G0, where GO = 0 or 1.

[ iy GO0 ig & 1-kit generation informaticon which is
updated every time a new termination detecticn
packet visits the node.

{ii} Gl = 0 iff the node has not received a nessaue
(cp packet), since the last visit of a termination
detection token. which has a different generation
than that of the node. Un receiving & message with
generation Gen., the node updates Gl to Newll as
according te the fellowing formula:

MewGl = Gl or (Gl xor Gen).
{Gl wor Genm = 1 if Gl %= Gen and 0 if C1 - Gen.)

L T T e e T T T T

%
E
]
%
[
£
%
®
%
®
L]
%
L]
%
)
.
%
%
)
¥
®
3
L]
t
i
&
L

nodef [cp{fost,Path,Gen) | In),0uts, Cout,.C,F,CPC, G, EC,Cs,H) -
Cost »= [,
HNewlG = G+({[(G+Gen) mod Zi*2,
Newips .= CPC-1 |
nede (In, Quts, Cout,C, P, NewCPD, Newl, EBC,Cs,HY.
node | [ep(Cost, Path,Gen) | In) ,Outs, Cout, C,P,CPC, G, EC.Cs, M) :-

Cost ¢ .,
Hewl 1= &+{{G-Geny mod 2)p=2,
NewCRC .= CPCI+EC-1

send_op({Outs,Cs,0est, (K| Pathl,News, Newluts),
node {In, Newduts, Cout, Cost, Path, NewCPC, Hews, EC.Cs.N).
node( [donep (GCPC, NOG) i Th] ,Cuts, Cout,C, P, CFC, G, EC,Cs,N) -
Hewl(G = NOG+{G/2)*2,
Hews = HOG med 2,
HewSoRS = GUPO+0PC |
Cout = [donep(NewSCEC, NewhOG) | Coutl],
node(In,0uts, Coueld,C,P,CPC, Hews, EC,Cs,HN).
node ! [done{NCs) |In],Outs, Cout,C,F.CPC, G, BC,Cs5,M} =
true |
Cout = [done| [N~C-P(NCs]Y],
closeluis{Cuts)

EREERRRUAARRARLRIRRIARDERRERR90S

% moniter process 5
BRERRAEENEARRARARERARRRERRHEEREYAY
&
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* monitor(fin,Cout, k)
L]
& Cim + 1npul contrel stream
b Cout ; oulput contrul stream
1 E : result
L]
monitor( [donep (GOPC,NOG) [ In] ,Cout, Ry -
GCPT =%= -1,
NewlOG = (WOG+1) mod 2 |
Cout = [donep{0,NewhoG) |Ceutl),

monttor{In,Coutl, Ry,

monitor | [dorep{GCPC, ¥0G) 1 In) ,Cout, R} .-
HOG/2 =\~ 0,
HewNOO = (NOG+1} mod 2 |
Cout = [donep!{0,NewhOG! [foutl],
moniter(In,Coutl, R).

menitor| [donep{GCPC, NO0G) |In] ,Cout, R} -

GOPC == -1,
HOG/? == 0 |
Cout = [dene([])|Coutl],

moenitor{In,Coutl, E}.
monitor| [dene{NSs) | In], Cout, R) -
true |
Cout = [],
R = HCs.

send_cpi[],_,_,_._. HewDuts) :- true WewlOuts = [],
sond_epi [Out |guts], [C|Cs],Cost,NewPath, News, Newluts) :-
NewZost = Cost+( |
Out = [ep(NewCost,NewPath,New3) | Outl],
Hewluts = [Cutl|NewOutsl],
gend_ep(Outs, Cs,Cost, NewPath, Newl, Newlubtsl).

closeduts([]) :— true | truse,
closebuts| [Cut|0uss])) = true | Out = [], eloseduts(outs),

B R R R R R R IR R L PR RN LR AL RN R AN NN

% Process generation
e L L e e R e Y RS LTI

8

% bp(&,Ns,Es, It

*

* 5 ¢ gtart node

% W= : lis=t of podes (a node has a constant value)

i E= + list of edges (an edge iz of form e{Nodel-Nodel,Cost))

® R c wesult (list of podes with the minimum ceost from start node
£ and a path with the minimum ecost)

)

bp(S.Ns.Es, R) : true |
augment_edges(Es, AEs),
del{5,N=, M=},
gen_ nodes({ [5/M8],AEs, [cp(o, [].03|Col.C),
monitor( [donep!30999,0),C],C0, R}.

sugment edges([], AE=:) - true | A¥s = []
augment_edgos{ [e{¥1-K¥2,C)|Es], AEs) :- trus
AEs - [e(N1-N2,C,_-_3|AEsll,

sugment edges(Es, AFE=sl).

del(M, [¥|Ns], M=) - ¥ = M | Mz = Hs.

del{W, [M|Ns}, Me) (- N s\= M | Me « [M|Msl], del(N,Ns, M=l)y,

del(M, ], Ms) := true | Ms = [},

qen_nodes( [H|Nz] . AEz, 00,01 - ftrue |
gen_noade (M, 2B, (), [1.[].C0, 00,
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qer_nodes(Ns,Abs,C1,0).
gen_nodes{ [],_,C0,C) = true | CD = £

gen_nodefH, [ef{M-_ Cost, Self=0ther) | AEe],Ins,.0uts, Costs,Cin,Cout) :- true |
Ingl = |5elf|Ins].,
futsl = [Other|tuts],
Costsl = [Cost|Coots],
gen_node(N, tEs, Ins1l,0uts]l,Costsl, Cin, Cout ).
gen"nDdE{NrJet_—N.CoEt,ﬂthcr—Selfj|AES],Insrﬁuts.C¢st:,Ein.Cuut] i— true |
Insl = [Self|Ins],
fmtsl = [Gther|outs],
tostsl = [CostlCosts],
gen_node (N, AEs, Insl,0utsl, Costsl, Cin, Cout ) .
gen_node (M, [e{01-02, _,_)|AEs],Ins, Outs,Costs, Cin, Cout )
Bohe 01, N A= 02 ]
qgen_node (W, AEs, Ins, Outs,Costs,Cin, Cout ) .
gen_node(K, [].Ins,0uts, Costs,Cin, Cout) -
true |
length({Quts, EC),
merge_all( [Cin|Ins], Imi,
node (In,Outs,Cout, 9099%, 7, 0,0, EL.Costs N,

FRRRALRAABRAAR RS LR RN R R R AR AR R AR LA RREA% LY
% Utility
AR R R R R AR R R AR R R AR A AR R IR R AR AR LR AR RS AR L YRR R ERR RN

merge_all{[]l, Out) ;- true | Out = [1.

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

merge| [],Y=, Z8) - true | Zs - Y=,

merge{%s, [}J, 25} :- true | s = Xs.

morge{ [X|X8],¥s, Ze) - true | fe = [X|Zel], merge(Xs,¥s, Zsl).
merge{is, (¥|/vs), 2= - true | e = [Y[Esli, merge(Xs,¥s, Zsl).
length{Ll, W} :=- true | length{lL, 0,N).

length{[], E,N) :— trues | K=K

length({{_|z], K.,y :- R1 .= K+1 | length(L, RL.H),
write_resule({[], ©) : %true | 0 =11.

write_resuelef[X|¥s], ©) . true |

O = [write(X).nl NewD], write_result(Xs, Hewl).

L3

i Bp snc is given the start node, list ef nades and list of edges,

¥ Bp_ne i3 given list of nodes and list of edges, (The start node becomes
% the first node in the list of nodes.)

k3

bp_cono(ftart,Nodes, Edoes) - true |

bp(Start, Nodes, Edges, Result),
write result{Result, O),
vutstrocam{0;) .

bp_ne{Xodes,Bdges) :~ Nodes = [Stare| ] |
bp_sne(Start,Nodes ,Edaas)

LR R R A I A R A R e R e R LRI T
% Threc oxamples
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% £ [ 16
! f S b
% i [ I
4 I [ ~1 |
) | Y I
5 10| 1] h 1
% I sy
L ", [ 710 % |
) N |/ 10y
% W mmpe s
% 101

%

bp_exl_n(Hodes) :=
true |
bp_ne{Nodes,
[e(a—f,10),e{a-g,10),efa-b,11,
e{b-q,20),e{b-c,1},
e{e-h, X0, eie-4,1),

e;d-e,l},
e(e-h,10),efe~-L,10},e{e-g,1},
e(g-h,1)
1.
L]
% B
k LY
L] 1o/ % 1
¥ A ™
% b [
¥ PN PN
% £y = &/ WG
% r A Iy A
% d=====- e——f—— g
% N1 o F2N o1 g
¥ 12y, 48 W 415
® Ay WS
& bk i
% P Y
] 11/ 18 Ao w14
t s A ,
% Frmmm——— et 1
L ] 3
L]
bp_ex?_nivodes) :-—

truse

bp_ne{bodes.
[e{a-b, 10}, e{a-c.1),
#{k=-4,3),e{b-e,5).
ejc-f,8) . elc-g,68),
e(d-e,1l] ,e{d-h, 12},
efe-f£,2) . ele-h,8),
e(f-g,1),e(£-1,9),
Etﬂ_iFJE:i
e(h=9,11),eth-k,18),
e(i-%,10),e{i-1,34},
e(i-k.6),
efk=1,53;
Iy

bp ex3 s(Start) --
true |
bp_sne{Start,
[nC,nl,n2,n3,nd, N5, né,n7,nB,nd,
nl0,nll,nl12,n13,nl4,nl1%,nl6,nl17,nl18,nl1%9,
n20,n21,n22,. n23, 024,025, n26,n27,n28,n29,
30, ndl,n32,n33,n3i,nds
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[efwl-nl,2),e{nld-n&,1),
e(nl-nd, 3. e{nl=-n7,2),
ef{n2-nd , 4),e(n2-nl,37,
eind=nd,2),c(nd-n%,43,
e{nd=n5,1} se(nd=nll, 3},
e{n3=nll,1),
einé-n7,;1),e{né-nl2,2),
ein?-nl13,3,
oind-n9,3) ., e{ni-nl4,4),
e{n%=nld,&6),e{n%-nl5, 8),
einli=-nll,2),e(nld-nl&. 6y,
e(nll-nl7,3y,
e{rl2=nli,3),.a(nl2-nlA, 4y,
e(nli-nl4,5),e(nl3-nl2,3),
einld-nls, 7},
e{hl5-n2l, 8],
einlie-nl7,4),.e{nlé-n22, 7.
e{nl7-n23, 4],
e/nlB-nl0, 2, einlB-n24,3,
e{nl%-nad, 4],
eindi=-ndl, 71, e (n20-n26, 6},
eindl-n27,8),

einZ2=n2l, 1),e(n22-n28,5),
elndi-n2d, iy,
e(n24-n23, 2, e(n24-n30, 2},
é{r25~n26,5),a(n25%-n31,2),
e(nds—ndd. 3},
e(nd7-n2b,3},e(nd7-ndi. 4},
e(niB-nid, 21, e(n2é-n34,2},
e{n29-ni5,11,
e(n30-n31,1).
e{n3il-n32,1),
e{ni2=nili, ),
e{nI3i-ni4, 2,

e({nid-nis, 2

.



{0y Date: 1987=Jul-2, written by Masza Furuichi
Modified: 30-3jul-37 by 5. Takagi

(1} Program name: GRID (Grid Problem)

{2) Buthor: Masa Furuichi, Mitsubishi Electriec Co. IEL Lah.
{3y Run=s on: GHC Compiler System on DECZ065

{1) Description of the problem:

This is a prototype grid problem., Consider the grid shown in figure 1.
The number in each cell is an ID, and is used to explain the problem.

e s Santttts ¥
[ oo | o1 | 02 | 03 | .... oY%
tom e e
| 20 ) 12 112 ] 13| .... 1y
e et
Pze | 22 | 22| 23 | ... 2¥
to—— bt ————t————+
{30 | 30 | 32| 33} ..., 3x
fmm b ———

{X¥ iz the ID of each cell.)
xﬁ X; x; R;
Figure 1
The essential characteristics of this class of grid problems are as follows:

1. The computation invelves a cellular space.
That is, there is a grid that divides the space into cells.

2. BEach cell has a state characterized by an integer wvalue,

i1, There is a neighborhood function
that detines the set of neighbors for a given cell,

4. Time is thought of as a discrete sequence such as t{1), t(2} ...
There is a transition function that defines the state of a
cell at time t{i+l}) in terms of the state of the cell and its
neighbors at time £{1}).

In this program, a particularly simple case iz chosen, The state of
@ach ocell, XY, is represented by integer value v(XY). However, the
nen-zere value of vw{XY) is given only to the boundary cell, and 0 is
given to the internal cells. The neighbors of a cell are the four
cells that share the boundary faces of the cell. The transition
funection is defined as follows:

The states ol the boundary cells keep conztant values forever.

The state of the internal cells at time t{i+l) is the average of the
states of the four neighboring cells at time t{iy.

In this sample program, the following simple initial state is given in

the program, but any kind of state can be executed by modifying the
pProOqram.



. - pm——— F————t
|100 |100 {100 |100 |

dmm——p————p————- T |
[100 | o | o {ioo |
B s +—— +
100 | 0o | o |1o0 |
- o ————
{100 |10 j1o0 |1oo |
e B e +

Figure 2: Initial State of Cells
(5 Algorithm:
The initial state of each eell is given as a list such as:

[[100,100,100,1007,
(100, ©, @€,100]1,
(100, o, O,1007,
[100,100,2040,100]17

The process forks for each cell, and each process is suspended at time
t{i+1l) until the state of the four neighbors' states at time t(i) is
instantiated.

When the procese is forked for each cell, it contains a streanm which
keeps the walue of itself of each time t{i). It contains the four
streamsz, and they are connected to the streams of another process.

These four streams are used at time t(i+1) to check whether the states of
the four neighbors at time t({i) are instantiated.

1f the states of four neighbors at time t{i-1) are instantiated, the
process is activated and caleculates the state at time ®(i), then it is
suspended until the four states at time £{i) are instantiated.

{6) Process Structure:

fogically, each process which caleculates the state value of time t{i}
can be run on the different processors, but this requires N¥*2
processors when N**2 is the size of a grid, However, this program can
currently run only on GHC system on DEC2065. All the processes are

forked to different processors.

{7y Pragma: None
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({8) Program:
The program is composed of the fellowing three parts:
[A} Generate Grid PFrocess

Generate a grid process for cach cell, and connect the streams
to the grid process of the four neighbors.

qosd: Top level predicate to start this program
start/ 3 Set up the parameter and call gen grid/s
gen_grid/S: Generate a stream for the cell and four streams

for the neighbors, and connect them,

The connection of streams for the boundary cells
is done in this predicate, and for the

internal cells in gen each grid/ 7.

gon_cach_grid/7:
Connect the streams of the cell and the four
neighbors, then fork process grid/7.

[B] State Calculation

Suspend at time t{i+1) until the four neighbors® states
at time t{i) are insztantiated. When the states are
instantiated, the process is activated and caleculates the
state at time t{i+1l}), then it is suspended again.

grid /T The main precess which generates the state
value at time t{i)} until i is the specified
limit number.

caloulate/ G: Calculate the state wvalue at time t({i+1)

value/3: Suspend until one neighbor's state is
instantiated,

[C]  OQutput

To display the state value at time (1}, t({2), t(n)..., this
program uses some terminal eontrel functions of the VIT100
terminal., It has cosmetic value only.

{(9) Source file: US2: {MPSI.DENCH>GRID_FURUICHI.GHC
This document: US2:{MPSI_.BENCHXGRID_ FURUICHI.DOC



{1¢) Examples:

invoke the GHC system on the DECZ065:

@ GHOCCH?

L

Compile the program:

o

?7— ghecompile( 'GRID.CHC'). (CR>

Mote that the file must be

% renamed before it is compiled.

Invake the program:

7— gheo gof{l,30). <CR>

g R o

2rn,

The first argument of go/2
1 the imnitial state

patt
The szecond argument of go/2
iz the iteration number.

1,2 and 3 are provided.

The state of =ach cell at time t{i) is displayed

on the terminal until i1 s 30,

The following initial state patterns are provided,

1. [[100,100,100,100],
[1o¢, o, ©,100],
(1040, o, 0,100},
(104,100,100,100]]

2. [[i00, 90, 80, 70, &0,
[ 80, ©, ©, 0O, 0,
[ #6, ©, 0O, 0O, 0,
[ 76, 0, 0O, 0, &,
[ 60, ©O, 0O, O, O,
[ 50, 40, 30, 20, 10,

3, [[100,100,100,100,1001,
(oo, o, 0, o,l00],
[1pQ, ¢, o, o,100],
{100, o, o, 0,100],
[100,100,100,100,100]]

{11y Evaluation data: Not recorded yet

k],
407,
301,
207,
o],

o]



= public gofs2

gofl,It):- prulag{fttypuffziy,urite{'{IJ’j,ttyput:ZT},w;ite{'IH'jhhl
Initlist = [[10G,208,200,100],
[1o0, o, o,1007,
[1c0o, o, 0,1048),
[100,100,100,100]7,
start{It,TInitlist Result),
wrile(Result,l,20).

start(It,InitLisat,Result) - true]
goen_grid{Initlist, {],Result,It,1ly.

ARERTRRERE R AR LRGSR

gen_grid( [Row|Mext],50,5,It,1):- true| % Morth Boundary
north_boundary(Rew, 51,1,
5=[51|52].g9en_grid(Next,S1,52,I%,2).

gen_grid( [Row|[]]1,50.5,1t.He)  — Rov=1] ¥ Scuth boundary
south_beundary{Row,50,51,1¢,1), 5=(51].
gen_grid{ [Row|Next], 50,5, 1%, Ro):- Nexth=[],koy=1,Rol:=Ro+l|

gen_each_grid{Row,.50, [1,51,It.Ro.1),5=[581]/52],
gern_grid{Next,S51,52,1t,Rol)

BRERERRRSIRRRRARAGS

gen_each_gzid( [Inst|kest], [{_._._,_,_)|NeiRowRest], (],50,1t,Ro,C):—Cl =0+l
G=[InSt|_1.81=(G,6.6,6,6),50=181]83], % West Boundary
grid{l,It,G, G.G,G.G},
cen_each_grid{Rest,NeiRowRest, 81,82, T, 80,01},

gen_sach_grid{ [Inst]|[]], % Fast Boundary
[(CGu,Nu,Bu, Sy, Wu}) | HeiRowRest] , b Ue
{ GI,H1,EL,51,%1),50, I, Bo,C):=Cl:=0+1| & Hidari
G=[Tnst_], 51=(G,N,E,5,W},50={51],

grid{l,.It,G, N,E,.5.%W),
N=G,E=0,5=G,W=iG, Els(,

yern_nrach orid{[In5t]Rest], % Other|Colum=23
[{Gu, MU, Eu, Su,Wu) [NeiRowRest], % Ue
{ G1,81,EL,51,Wl),50,1c,Ro, %) ~Rest\=[], Rey=2] % midari
G=1Inst! 1., 51=(G, N, E, 5, W), 50=81]|82],

H=GCu,W=GLl, Su=5, %El=q,
grid(1,Tt,G, K,E,5,W),
gan_each_grid{Rest,NeiRowRest,51,52,It,Ro,3)

gen_each_grid{ [TnSt |Rest], % Other({Row=2)
[(Gu,Nu,Fu,Su,Wu) [NeiRowkest] , i Ue
{ GL,MI,EL,51,WL) . 50,1t,2,C):-Clo=C+1, Rests=[],0%=2] % Hidari
G=[Tnst|_], S1=({G,N,E,5,W),50=[81|82],

W=Gu,W=5Ll, El=G, % Sus=i,
yrid(1,It,G, N.E,5.%),
gen_each_srid(hest,NeiRawRest,51,52,Tt,2,01,

gen_each_grid{ [InSt [Rest], % Other(Col=Rows=2)
[(Gu,Nu,Fu, S0, We) [NeiRowhest], & Ue
{ GL,M1,EL,81,Wl),50,1%,2,2):-Hestyw=]]| % Hidari
G=[Iust]_1, 81=(G,H.E,5,W), 50=[51]52],

W=Gu,W=0G1l, % El=5, % Su=g,
grid{l,It,G, H,FE,5,¥),
gen_wach_grid({Rest,KeiRowRest, 51,52, 1,232,313,

gen_each_grid{ [InSt|Rest], % Other(Coly=Rowh=2}
[(Gu,tu,Eu, Sn, W) |HeifowRest] . & Ue
{ G1,H1,E1,51,%1),50,It,Ro,C):-Roy=2,C\=2,Cl:=C+1,Resth\=[] % Hidari
G-lInSLi_]. B1={C,N.E, 2, W), 50=[51]521,

N=Gu,w-Gl, El=G, Su=G,
grid(l.It,G, M.E,5,W),
gen_each grid{Resil,NeiRowHest,51,82,T+,Re,C1),

ELRRARRERRRRRGALLLY
north_boundary([],50,It):- true |



so0=1,
nurth_bnundnry:[In5t|RHEt],SU.ltJ:—urua|
G lInst|_),51~(6.5.G,G,51,50=[81[52]),
grid{l,It,G. G,G.G.G),
north _boundary(Rest,52,It).
ERERARRARRAARRAAENG
nouth boundary( [Inst|[]], [(Gu,Nu,Eu,5u,Wu) |NeiRowRest], 50,1k, ):~ true|
G=[Ipst!_1,51=(G,G.G,G.51,50=[51],
grid(l,It,G, G,G.G.G).
south_boundary{ [InSt|Rest], [(Gu,Mu, B4, Su, W) [HeiRowkest] 50,1, 1) true!
G=[TnsSt| ],81=(G,0G.G,G, 06}, 50=[51]52]),
grid(l.It,G, G,G,G.G),
seuth_boundary(Resl,MeiRowReest, 52, 1%, 2},
snuth_bcundarv[E1n$t|ReaLJ,ltGu.Nu,Eu,Su,HU}]Hﬁi&nﬂﬁest].Sﬂ.It.RD}:-
Roy=1,Recty=[],Rod:~Ro+1]|
G=[InSt| ],8i=({G,C.G,C,G),50=[51]52],
Su=G,
grid{l,It,6, G,G,G.0).
south_boundary{Reot NeiRowRest, S5z, It Ro2).
SEEELRRAERERRARR KA
grid{Time,Iteration, {_|T],N,W,5.E}:- % Stop conditien.
Time =:= Iteration | T = [].
grid{Time,Iteration, [_|T] K, W, 5,E):- Time=\=Iteratisn|
caleulate (W, W,5,F, WT,WT,ST,ET, State), % Calculate the state valuo.
T = [state] 1,
Timel = Time+l,
gri@(Timel,Iteration,T, NT,WI,ST.ET).

calculate(N,W,5,E, NT,WT,ST,ET, Value):- true |
value (i, HT, V1), % Suspend until the neiborhood
value (W, WT,. V2, % states are bound,
value[5,5T,v3), 3 "
value(E,ET.V4), % o
Value = (VISVI#VIHVA) 4. % Neiborhood function.
value( [#|T] ,OUT, Value):- true |
Vvalue = H, OUT = T.

write( [HiRest] X, Yy = X1:=X+1|
write_row{H,X,¥Y;,write{Rest,X1,¥).
write{[]1.X,¥):— trueftrue.

write_row| [{(G,_._r_,_1 RestGrid] X, ¥).= walt(G),Yl:=¥+4|
write_grid{G,X,¥),write_row(RestGrid.Xx.yl).
write_zrow([],X,Y}:— true|true,

write_grid( [G|Rest) X, ¥):-
wait(G)|
display (X, Y .G},
write_grid{Rest X,Y).

write_grid([],X,¥}:= true|true.

display(¥,¥,08):-
prelogq{ttyput{27) ,write( ' [").woite[X write( ;") ,write(Y),writa( 'H "},

write (G},
tryput{27),write{'[*).write(15),write{ ;") ,write(l),write( 'H"},
write{ (X, Y11 1)|true.

PEERERRERRRERELLE

i SAMPLE DATA &

PERRERRRERRRERRER

oo(2,It):— prulug([ttyput{z?}.writef‘[zJ'J,ttyputtE?j,writa{'[H'}}}I
InitlLigt = {lioo, =0, BO, 76, 640, 507,
[ %0, o, [ o, 0, 40].



[ 8¢, O, o, 0, 0, 30],

[ »¢, 0, @, o, o, 201,

[ 80, ©, g, @, @0, 10],

! 50, 40, 30, 20, 10, 0])].
start {It,Initlist, Result),

write(Result,1,10%,

InitList = [[100,100,100,100,1000,
[100, o, o, 0,100],
[1oo, &, ©, 0,100],
[1o¢, @, o, 0,1007,

go{d It} = proled( (tTyput(27),write( ' [27" ), ttyput {27, write{ ' [H'1}}|

[100,100,100,100,1001],
start{lt, Initlist,Result),
write{Result,1,10).



% (MPS1.BENCH>GOODPATH_LAYFRED.DOC.S5, 4-Aug-87 11:38:47, Edit by OKUMURA

(0y Date: 16—Jul-87, written by K. Wada
Modified: 27-Jul-87 by A. Okumura
Modified: 4-Aug-87 by &. Takagi

{1} Program name: goodpath_lavered
{good path problem using the layered-stream method)

{2} Auther: A. Ckumura, TCOT 1st Lab.
({37 Runs on: GHC system on DECsystem—20
(4) Description of the problem:

The good path problem iz te find all acyclie paths from the start node
to the geoal nede in a given graph.

{5 Algorithm:

MNede names are propagated in seguences along edges. When a node
receives a segquence which includes the name of the node, the segquence
is eliminated. If the goal node receives a sequence from the start
node which does not include the name of the goal node, the sequence is
cutput A An ANSWeT.

(&) Process struchure:

One process is generated for sach node. A node process prepares a
pair consisting of its node name and a layered stream as an output.
The stream holds good paths from the start node to that node. The
layered stream is made from the input from its neighbors by
eliminating paths which contain the current node name.

{7) Pragma: HNot set yet
{8y Program:

Top-level predicate is goodPath/3.
This predicate defines the configuration of the graph,
generates a process for each node of the graph,
and sets up layered streams along the edges.

node/6 produces the primary output bindings for each node.
The first clause of node/6 is for the starting node.
The second clause is for the goal node.

filters3 is for filtering out paths that include loops.

The follewing graph is detfined in this program:

2
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(%) Spource file: 52 <MPSI.BENCH »GDODPATH_LAYERED . GHC
This document: US2:<MPSI.BENCH)GOODPATH_LAYERED.DOC
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{10) Examples:

Invocation:
goodPath{Start, Goal ,Pathy.
where Start 1z the starting node,
Goal is the geal nede,

and all good paths between Start and Goal are obtained
as the third argument, Path.

For example, run goodPach{a,h,Path). The follewing result is obtained.
Fath = h*[e*[b*[a*begin,d*[g=[]]],
g*[d*[b=[a*kegin]] ] 1.
i*fl].
i*[f=*[e*[a*begin] ]] }

It means that good paths betwsen nodes a and h are
a=b—-e-h,
a-b-d-g-e—h,
a-c—f 9 h.

Wote: 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: Refer to the data in PSM-0O-A-EL1-005.



5 goodpath problem using layered Slream

goudPath(Start, Goal, Path) :— truc |
node{ Start, Goal, a, [B,C1, &, Path),
node(Start, Goal, by [4,E,0], B, Path),
node{ Start, Goal, G [&,F1. ¢, Path},
nexle| Start, Coal, 4, [B,C], o, Path),
node{Start, Goal, 2, [B,G,H], E, Path),
node(Start, Goal, T, [c.J1. ¥, Path}),
node(Start, Goal, g, [ E], G, Pathy,
nede( 5tart, Geoal, h, [E,1,J]1, H, Path},
node(Start, Goal, 1. I T, Path).,
node( Start, Goal, J. [F,H], J, Path}.

node(Start, _, Start, _, Out, _) :— true | cut = Start=begin.

node{ , Goal, Geal, In, Out, path) :— true |

fut = [1, Path = Goal=Tn.

node{Start, Goal, Node, Im, Out, _) == Start ‘= Node, Goal \= Hode |

out = Mode*Inl, filter{In. Node, Inl).
filter{begin, _, Out)
:— true
filter( [Hode*_|Inl, NHode, Out)

filter([]1, _, Out)

filter{[[1]lInl, MNode, Out)
Filter( [M#*#Ns|Tn], Hode,Out)
out = [M*Msl|outl], filter(Ns, Nede, MN=lj, filter{In,

.— true | Out = begin.

out = [].

- true | filter(In, Node, Out).

= Wode N~ N i

— 3-9_.

i= true | filter{In, Hode, Out}).

Hode

outl).



(0} Date: 1987-Jul-18, written by F. Suginc
Modified: 29-Jul-87 by S. Takagi
Modified: 12-Aug-87 by E. Sugino
Modified: 13-Aug-87 by 5. Takagi

(1} Program name: waltz

(2) Author: E. Sugino, ICOT 4th lab.

{3} Runs on: GHC1, GHCZ and GHC3 on DEC2065
{4) Description of the problem:

The labeling problem is to analyze a line drawing,
All lines are classified into three types.

da) & border line which has a direction,
The way to determine a directien is:
when you walk along a line lecking at an object, your forward
diregtion is decided as one direction. One direction is going
cut from the node, the other is coming inte the node.
These are described as 'out' and ‘in’ in this program.

L) Convex line which is described as 'p' ('+")

@) Concave line which is described as *m' ('-')

Generally speaking, nodes (junctions) of an object are classified into
5 types. Only four types:

‘arrow’ FAANE N+ 'fork' ¥ o, and 't' -
are enough to classify objects on the assumption of

a} No cracks or shadows;

b) All ef the vertices are made with only three planes;

¢} The properties of junctions of any line drawing are not changed

when the viewpoint is mevad,

(%) Algorithm:
Each pode has several pocsible sandidates for the type of junctions.
Fach node sends the possible types of its own hands to the neighbors.
Candidates for the types of nodes will be restricted to fewer
types by the neighbors' types. When candidates for the types of a node
are restricted to fewer types, the node sends the restricted possible
types of its own hands to the neighbors. Finally, any node will be
restricted to only one type [if the line drawing is correct).
(6) Process structure:

Each node ic a process, They are connected to each other.

(7) Pragma: MNone
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(8} Prograiu:

waltzl, waltz2, waltzd and waltsd are sample programs.
The line drawings in thesc programs are seen in
*Preira S5i ga teiansita 5tu ne mondail nituwite' [(PSM-0-A-KL1=003).

waltz/3 needs the information of the junctions and the borders.
The first argument is a list for information of the junctions,
any element of which is the lorm:
p{type of the node,

left node number,

back node number,

right node number,

node number)
The second argument is a list of information of the borders,
which consists of border node numbers,

Hands of junctions are connected by conv in ana,
coenvl gives the information that
if a junction is a border,
the types of its hands must be in or out.
Junctions are released as processes by waltz_go.
pl i=s the first process
which sends the information eof its type ta the neighbors.
p is a process for a node.
When its node type is restricted to only one,
the node decides its type.
p waits tor information from neighbors.
When a message has oome, p checks whether its node type
candidates can be restricted by the information.
Then p replies by sending its new candidates to the neighbors
if the candidates are restricted.

(%3 Source Lile: us2: {mpsi.bench>labeling_sugino 57%.ghc
This document: usz:<mpsi.heuch}labcling_suginu_ﬁ?ﬂ.duc

{10y Example:

Sample programs are invoked as follows,

?— ghc waltzl. % Simple Cube {(fig. 4-8 in PSM-I-R-KL1-003)
?— gho walbz2, % (fig. 4-9 in PSM-I-A-KL1-003)
?- ghc waltzl. % (fig. 4=6.b in PSM-I-A-KL1-003)
7= gho waltzd. % (fig. 4-6.a in PSM-T-A-KL1-003)
If you want Lo try another line drawing, use walbz/f3.

See waltzl or others.

{11y Fvaluation data: Mot recorded
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waltzl - true | waltz(ipla,1,7,2,1),p¢1,23,0,2,2},pla 3, 8,4,3),p(%,7,9,8,41,

P{l.5,0,4,5) pla,5,9,6,6),p(L,1,0,6,7)],
[1,2,3,4,5,8],
Result),
wr{Resulty.
waltz? :- true |
waltz((pf{a,1,9,2,1),p(1l,3,0,2,2),pit,4,3,14,33,
PiLl: 5, 0,4,4) p(@,5,15,6,3),p(1,7,0,6,6),
pia,?7.17,. 86, 7),p01. 1.0, 8,8y, p(£,9,17,10,09},
pi{a,16,11,16,10},p(1,12,.0,1L, 11}, pla,12,13,14,123,
pif,13,16,15,13}),
[1,2,3,4,5,6,7,8},
Regult),
wr{Result).
walti? :— true |
waltz([pi{a,&,7,2.1),p{1.2,0,1.2),p{a.2,8,3,3,
Pil.4,0.2.4).pla.4.%.5.5),p(l.6,0,5,67,
PiE£,7,15,10,7),p(a.10,16,11,8),p0t,12,12,8,9),
pla,12,17,13,10},p(£,14,13,9,113,p(a,14,18,15,12},
pif,18,17,16,13)],
[1.2,3.,4,5.6].
Resuli),
wr(Result),
waltzd := true
waltz(|p{a,8,9,2,1),p{1,2,0,2,2),p{a,2,12,3,3),p(1,4.0,3.4),
Pla,4,3%, 5. 5),p(f,5,15,6,6),p(a,6,15,7,7),p(1,6,0,7,8),
peL.92,25,10,9),p(a,10,14,21,20),p(f,22,13,12,113].
[1,2,3.,4,5.,6,7,8]),
Result},
wr{Result)

waltzl{Result) := true [
waltz(|p{a,1,7,2,0},p(1,3,0,2,2),p(8,3,0,4,3),p(£,7,9,8,4),
p(l,5,0,8,5),p(a,3,9,6,6),p(1,1,0,6,731.,
[1L,2,3,4,5,8],
Result).
waltzi(Regult) = true |
waltz{lp(a,i,9,2,1),p41,3,0,2,2),p0%,4,3,14,3},
p{l,5,0,4,4),p(a,5%,15,6,5),p{1,7.0,6,6},
pla,7.17,8.7),p¢1,1,0,8,8),p{f,9,17,10,9;},
pia,16,11.1¢,10),p(1,12,0,11,11; ,p(&,12,13,124,12},
pif,13,16,15,1317,
11,2,3,4.5,6,7,.8],
Rosult) .
waltzd{Hesult) := true |
waltz{ip{a.6,7,1,1),p{1,2,0.2,2),p(8,2,.8.3,3),
pil,4,0,3,4),pla,4,9,5,5,p(1.6,0,5,6),
p{f,7.15.10,7),p(a,10,16,11,08),p(f.21,12,6.9),
p{a,12,17,13 103, p(f,24,13,9,11),p(a,14,18,15,12},
p{f,18,17,16,131],
[1,2,3,4,5,6],
Result).

ana{ [p(Type,L.D,R,N) |Rest] ,Besult, Eyoukai, Vars, ¥var) :— true |
conv(L.LL, Ryoukal,vars,voy,
conv (D, DD, Eyoukai v, v1y,
conv{R,RE,Eyoukai,v1,v2},
Result - |p({Tvpe,LL,.DD,RR,N) | Resultt],
ana{Rost, Resultt, Kyoukai , v2,NVar).
ana{[].Result,.Kyoukai,Vars,V0} := true | Result =[], Wi=[].

conv({0,V, K, L,NV) = true | ¥V = _=_yHv=L,
conv(N, ¥, E, [N-Var |L) ,HVY = ¥ » 0 | V=Var,NVv=L,
cConvN,V, K, [M-Var|L]) ,NV) = N » 0,0 ="= &

conv (M, V,E, L, 8¥V1),NV-[M=var|wvl].
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convil, VLEL[]LEVY = 8 0|
convl{k,H, ¥V HV).

convli[A BE1LA,V,HY) .- true | ¥V = [[in,out]|X]-¥,NV=[A—{¥-X}].
eapvl{[&£;B],C, v, NV} - A =\= O | convl(B,C,V,NV).
convl{[],C,Vv,Hv) s— true | Vv = A—B,Nv=[C~(B-h)].

wril]} :- true | true.

wr([A=T-s'B]) .- weit(X;,proleg((write(A-T-X),nl}) | wr(B),
walbo{List,F.Result) :— true |

anafList,.L. K, []1._J.
walti gu(L,Resulr),

waltz ago!| p{Tvpe,L,D,E.4) | Rest].Oubl) := trues |
Junctions(Type, Types) .
pl{L,n, &, Types,Resull),
Tt~ |N=Typu=Resuli | OL),
walty go(Resl,Ou).

waltz_go{[].0) = true o={].

piL. 0.8, []1,Type; - true ;| Typc —[(*:7.7)1].
p{L-L1,L-DO,E-RE, | {L1,01,RL)].Typa} := true |
Types=[{L1,n1,H1)},LL=[L1],n0n=[01) ,RE=[K1] .
plL.D, [RIRt]-RER, [T1,T2|T3].Type) :- prologlfatom(R)} |
filter¢r,[T1,T2|7T3],R tHew),
ack{r, [T1,T2|T3],Hew,RR,RRE],
piL.D, Rt—RRt, New, Type) .
p{lL|Tt]-1L,0, R, [T1,T2|T3]), Tyvpe) :— prolog(atom(L)} |
filter(l,|T1,T2|T3],L,New),
ack(l, [T1,T2|T3},New,LL,LLL),
p{Lt-Llt,D,R,New, Type) .
p{L, [D;DBt]-0D, R, [T1,T2|T3], Type) :— prolegiatom(b)} |
filter¢d, [T1,T2|T3),D,Hew),
ack{d, [T1,T2|T3},New, DL, DDL ),
PlL,Dt=00t, B, Hew, TYpe )

p{[[L1 L2)|Lt]-1L,D, K, Tvpes, TYpe) := true |
filter(l,Tvpes, [L1|L2] New),
ack({l,Types,New,LL, LLt},
plLE-LLt, D, R, New, Type) .

plL, [IDi|D2] |DE]-DD,R, Types, Type) -— true |
filter(d,Types, [DL|D2] New),
ack(d, Tvpes, New, DD, DDE) ,
plL,Dt-DDE, R, New, Type) .

p{L,D. [ [BELIRZ] |Rt]-RR, Types, Type) := true
filter{r,Tvpes, [R1|R2] . New),
ack{r,Tvpes,New, RE,RRL;,
pi{L,D,Rt-RRt, New, Type) .

pliL,D,E, {Left, Down, Right), Type) := true |
send{Left,L,LL}.,
send{Doen, 0, DD,
send{Rkight,.R,RR),
p(LL,D0,RR, {Left,Down,Right) ,Typa).

cend(Hand, X=Te. Hew) = true | sendl (Hand,Tol}l,To=[Tol[T],New = X=T.

sendl{[[PiList] |[B).To} :— true | Te=IP|T],sendl(BE,T}.
sendl{[],To) := true | To = [].
ack(P,0ld,List, Send, S5t} :— true |

samﬂqﬂld,List,Hj,anh_s{X,P,List,Bﬂnd.St}.
ack s{y.0,List,fend,S5t) := true | Send=|Llst],ackl(P,List,L.{]1}.
ack_si(n,P,List,Send, St} :- true | Send = 5t.



same( [R|B], [AA{BR],X) := true | same(B,BE,X).

sam{[],[].%) = true | X=v.
samef ] A, %) = A =[] | %=n

camefh, [].%) = & %= [] | %=n
same(h,B. %) = A= [_|_1 | % = n.
same(B, A, %) - a2 N= [ | 1] %= n.
ackifl, [{Li,_,_)|LL],5end. M} = true |

filtack({Ll,M,M1,5end,51),ackl(l,LL,51,M1).
ackl(d, [{_.11, )|LL],Send, ¥} := true |

filtack(L1,M,¥1,5end, 51y, ackli¢d, LL,5S1, M1},
acki{r, [{_,_,L1)|LL],5end, M) :- true |

filtack(Ll,M,Hi,Send,.51), ackl({x,LL,51,M1).
aekl{_,[]1,58,_} :— true | Se=[].

filtack{s, [a[8] %, 5end, 58) - true | Send = 5i,%-[AiB].
filtack(a, [C|B), X, Send, 58} - & %= C | filtack(h,B,¥1,5end,5t) , X=[C]%x1].
filtack{h, [].X,5end, 5t) :- true | Send=|A|St),X=[A}.

juneticons(l,Candidates) ;-
Ll={out,nil,in),L2=(in,nil,out);L3={p,nil,,out),
Lé=(in,nil,p),L5=(m,nil,in),Lo={outl,nil,m} |
Candidates =
([{out, [L1,T6]], lin, [L2, 1411, [p. [L3]], [m, [L5]] ).
Ly,
[fam. [Z1,L53]], fout, (L2, 03]], [p, {L41], [m, [LE}] ],
Jjunctiong{ £, Candidates) :-
Fle{p,p.pi,Fa=(m,mm),Fi=({in,m,out),Fé=(m,out,in), F5=(out,in,m} |
Candidates =
tllp. (F1]],. |m, [F2,F4]], [in, [F3)], [out, [F5]1],
[[ps{F1]], =, [F2,F3]], lout, [F41].[4in, [F5]]1],
[lp: (FL] )¢ lm, [F2,F53] )¢ lout, [F3]],[in, [F4111).
junetions{t,landidates) :=
Tl={out,p,in},T2=(out.m,in},T3={ous,in,in), P4={out, out,in) |
Candidates =
{[lout, [T1,T2,73,T4]1].
[lp. [T2]], [m. [T2] 3. (in, [T3]], [out, [T415]).,
[[im, IT1,T2,T3,7T451]).
junctions(a,Candidates) :=
Al={in.p,out), A2=(m,p,m]  Ad={p,m,p) |
Candidates =
COiin, [RL1) ), [m, [R2)] .10, [A3]]],
[lp, [A1,22]], [m, [R3])],
[lout, [A1]).lm, [R2]]), [P, [B3]]]).

® fllt&:{[l.ﬁ,:],luyut,[in,nut,p,m],ﬂut]

filter{l.{L,_,_3},T.F) := true | filterl(T.L,F}.
filter(d,{(_.D0,_},T,F) = true | filterl(T,D,F}.
filter(z.{_._.R},T,F) :— true | filterl{T,.B,F}.

filter(F,[a|B),T.F) := true | filter(P,T,A,F,Ft},filter(P,B,T,FL).
filtexr{P,[],T,F) := true | F=[].

¥ filter({l.d;z).{in,out,p.m},Type,Out,Out_tail)
¥ filter( List , o e T i

filter(l,T.{L.D,K}.F,Ft} := proleog{atom(T)) | filter2{T,L,(L,D,R},F,FL}.
filter(d,T,(L,D,E),F,Ft} :- prolog{atom{T}) | filter2{T,D,(L,D,R}.F,Ft].
filtexr{z,T.{L,D.R},F,Ft) :- proleg{atom{T)) | filter2{T,R,(L,D,R},F,Ft].
filter(®, [2].Type .F.Ft} := true | filter(F,A,Type,.F.FL}.
filter(P, [A,B|C).Tyvpe,F.Ft) = true |

filter(F,A,Type.F,Ftl),

filter(P, [B|C), Tvpe,FL1,Ft).

filreri(p ,[lp .L)|_l.F] :- true | F=IL,
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filterlim ,[[m .LI1{_l.¥F) :- true | F=L.

filterl(in , [{out,.L]|_1.F) :— true | F=L.

filterl{out, [[in ,L]|_1.F) :— true | F=L.

filterlip ., IIT|_JlRest] . F} :- T %= p | filterl{p.Rest,F).

filterlim . I[T|_1|lkest],Fy - T %= m | filterl{m,Rest,F).

filterl(in ,[[T|_}|Rest),F} -— T %= out | filterliin,Rest.F),.

filterlfeout, [[T|_J|Rest],F} = T %= in | filterl{oukt,Rest, F}.

filterl(_., [1. Fy == true F=[1.

filterl((a{B],Types,¥) :- true | filterl(h,Types,Fl),filterl(B,Types,F2},
append{Fl1,F2,F}.

filtexrl{[]._.F} :— true | F=[].

append{[],X,Y¥) :— true | X=Y,

append{ [X[¥],L,2) :- true | 2 = [X[22],append({¥,L,%7}.

filter2{p.p,Type,F,FL) - true | F = [Type|FL)

filterZ{m.m,Type,F,Ft) := true | F = [Type|Ft].

filterZ{in,out,Type,F,.Ft) '— true ! F « [Typel|Ft].

filterz{out,in,Type,F,FL) :— Lrue | F = [TypelFL].

filter2({p.X, Type,F,FL} := X “v=p | F = FL.

filter2f{m,X, Type,F,FL) =~ X V= m | F = Ft,

tilter2{in,X,Type.F,Ft) :— X %= vut | F = Ft.

filterZ{out,x, Type,F.Ft) = X %= in | F = Ft.



[0y Date: 1987-Jul-18, written by E. Sugino
Modified: 29-Jul-87 by 5. Takagi
Modiiied: 12-Aug—87 by E. Sugino
Modified; 13-Aug-87 by 5. Takagi

{1} Program name: l1ife

{2} Author: E.5ugino, ICOT 4th lab.

{33 Runs on: GHC1 on DEC2Z06L

{4} Description of the problem: The life game i= a popular game,
(%) Algorithm:

Any node waits for the state of all neighbers.

i node changes its state as follows:
When a nede iz alive and there are 2 or 3 live nodes
around the node, the node iz alive at the next time period.
When & node was dead and there were 3 live nodes arcund it,
the node becomes live at the next time period.
In other cases, the node becomes dead.

{6} Process structure:

Each node is a procoess, They are connected to each other,
(7) Pragma: HNono
{(8) Program:

life_game/3: A predicate to invoke a life game pattern.
The first argument (M) is the number of ¢ycles in the pattern.
The second arqument is a list of integer 0 or 1, which
makes a pattern with M eycles, The last argument (M)
is a life cyele, and the pattern of the N—th time
period displayed.
wr/A3: Writes a pattern.

The following predicates make a mesh,
make mesh, make node, mg, temp node, con,
parts of node (clauses in which the 11th argument iz wait)

The node processes are nodes of Lhe pattern,

The rest of the nodes make themselves the nodes of the next time
pericd. They are over at the life cveole, and a token, result(s,5t),
is sent through the control stream of the nodes to obtain the last
pattern,

{9 Socurce file: Us2: <MPST . BENCHYLIFE_SUGINO_580.GHC
This document: USZ:<MPSI.BENCH}LIFE_SUCINOG_S580.D0C



{10} Example:

3 sample program glider:

- ghe life_test(l). % A glider: Original palttern
4 at the home position
7— gho life_test(3}. & Every 4 cycles, the glider appears

% at another position.
- ghe life_test(9).

?- ghe life test({2l).

If you want te £ry another pattern, use life game/2.
See life test/1.

{11} Evaluatien data: Mot recorded
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PEREEEERRL AR AR R R A AR RN AN RN AR SRR RAR AR R R R R R R R R AR ERRNAY
[3 LIFE GAME Program 1%87.2.24, by E. Sugino %
ERRRRARAAGBARRRARIRERDRALANNRRAANARRERILRRAEARARERERURRRAGNERRELY

life game(®,List,Max) :- true | make_mesh{X,List,Max.Resuli),
wr{l,%, Result).

EEERHRERERRRLAREARRRRLNG

Y Writer i

ERRERERARARREEANAARRRLLAY

wr{M¥,HM, (a|8]) = ¥ =< M,prolog((Lab(3) ,write{A})),N1 = N + 1 | wr(N1,M,B).
wri{k,M, |E|B]) := B » M,prolog((nl,tab{5),write(Aay)] | wri2,M,H).

wr{_._.i}3 1= prologinl) | true.

FRLRRRRARAARRARREIRANNLLS

% Mezh maker %

PRRERRRALELRRELRLLARANEREY

make_mesh(¥ax, [Status|KMext]  Maxcyecle,Result) :— true |
make nodei{_, ,E,5E,5,5W,W,_),5tatus, Maxecycle, Contrl=Cly,
can(E, W),

make_mesh(2 Max, (S5E.&,5W),Next,C1-C2, Maxeycle),
tenp_node (C2,Contr),
mg{Contr, [result{[end|Result],Result)],Cantrl).

make_mesh{¥,Max, {FW,.N,NE], [StatusStatus_list],C1-C3,Maxcycle) -
E o=¢ Max, K1 = K + 1 |
conf{E,. W) ,con{H, K1), con(HW,NWl),con{NE,HNE1},
makt_ncd&:{ﬁl,NEl.E.EE,S.EN.H,NWL}.StatuE,Haxc?clﬁJCl—EEjr
nakP_h#*h:KlfNax,{SE,S,EWb,Stntus_;istrCZ—CB,Hax:yc]e}.
make_mesh(E,Max, (W, K, NE}, 5tatus, C1-C2 Maxeyele) :- K » Max |
t2=[end_linefStatus, (¥W,N,NE11|CL1].

PEEREERAILAARRALENERRRELER

) Node maker &
FEEEREIERREELIERRARERERES

%

t node(Nr,MEr, Er, 5Er, 5r, SWr,.Wr.NWr, Conlz, Status, Cycle, Maxeycle, Work)
L]

% HE,. .. W¥r : Recelve_stream - Send_streams

3 Contr : Comtrole stream RECEIVE - SEND
L Status : the status of the node

i Cyele ¢ Life cvele of the node

& Maxcyeole . Meax life cycle

1 Work : D-List for eollecting datas

make_nede| (¥, HE, £, $E, §,5W, W, NW), Status . Maxcyele, Conkr) = true |
N = HNr - K&, WE = NEx — NEs, E - Ex — Es,
SE = SEr SEs, § — Sz = S5, S5W = SWr = SWs,
W o= Wr WE, KW = HWr - Mg,
node [ Hr-HNs, NEr-NEs, Ex-Es, SEr-5Es, 5r-55, SWr—5Ws , Wr—-Ws, NWr—NWs, Contx,
Status,wait,Maxeyele, Work-YWork) .

ERRELLRRERRER RN R R RGN AAGRE
& Merae ®
FIEEEERERRARAIRLRLARG Y
mg{[], X%, ¥} := true | X = ¥,

mg{X, [1,¥) - trus | ¥ = Y.
mof [X[¥].2,L) :- true | L = [X|LL],mg(¥,Z,LL}.
mg(Z, (%[¥] .,y := true | L = [X{LL],.mg(Z,¥,LL}

ERERRRARRRERRERRRR RN RN
L] Tomp Hode %
FERREAALRLRRERRRR LR LR RS

tﬁmp_ncdeqlond_line{ﬁtatus,{NW.H;NEP}|an,Eantr] = trua |
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Contr « [sehizo{Status, (NW,N.NEy) | C1l.
temp_nede(Cn,C1).

temp_node{ [schize(status, XNE, (¥NH, YN, ¥C1-YCn)) | ®cn],centry -— Status s= [1 |
Contr = [set_ne{XNE)],
YOl = [schirol{Status. (YHW,¥H)) | <z],

my(Cl,X0n, Oz,
temp_node (YCn,C1) .

Lemp_node{ [schize([],XNE, (¥YNW,¥N,¥C1-¥Cn)) | XCn],Contr) :- true
Contr = [set_ne(XNE}],
¥01 = [end{¥YNW,¥YN) | XCn],
end_node{YCn, []1).

temp node( [result(a, B} |C),Contr) :— truae !

Cantr = [result(h,B)|CC).
temp_node (C,CC0 .

AHRERE LA R R R e AR RRRRRRERR
Y End Node ¥
AARRARRRARRERERRRERERRARE

end node{[].5) .- true | & = [],
end_node( [erd|C}.5} - true [ ond nede(C.5).
end_uade[[rasultqERliRI],ﬁt]iC];Tj i= Bl %= end |
T = Rt.
end_node{C, [R1|RI]}
:nd_nuﬂct[:asult{[qnle].Rt}|C],T} .= true |
T = Rt.

SERERLATRAABRTRREARLRLRAY

Y Connecter £ It conpecls one hands to ancther.
SRR ER TR R R R RN RERRLAEE
conf(X, ¥} 1= true | % = &-B,Y=B-A.

BB R R REE R RLLARARERLL
4 node LY
SRR ERRRRLRLLRLNEN

FERRBABARRRLUL
¥ =schizo/sd .o.. for the first nede of the first arzay

node { XN, XNE, XE, X5E, X5, X5W, %W, ¥8W, [schizo(Status, (NW,N,NE) } |Centr] Hext,
Self,wait,Maxeyele,Work) := true |
con{NW, XNW) ,eon (N, XN},
node (XN, _,XEL, X5E1,X5,X5W, %W, XNW, Contr=Nexil, Self wait, Maxcycle, Work),
node_workl{ME, RE, X5E,XE1,X5E], Status Maxoyole, Next-Nextl).

node_workl(HE, XE, X5E,XE1,X5E1, [Stat|Status] Makcycle,Mext-Rextl) :- true |
con{XEl, ¥W),con(NE,XNE),
make_node (_, ANE,KE, XSE, Y5, Y5W, YW, ], Stal, Haxcyele YC1-¥C2),
Mext = [schizo{Status, ¥5W, (X8F1,¥5,Y01-¥02)) | Nemtll.

ERIRREULRRRNNG
& schice/3 . ..., far the general uwodes

node{Xh, XNE, XE, X52, X5, X5W, BW, XNW,
[sehize(Status,NEx, (NWy My, ¥C1-¥C2)) | Centr]-Newt,
zalf,wait,Max, Work) :— true |
con(ENEL,NEX}) .
naﬂc[iﬁ,xﬂt;,xﬂl,XSEI,XS,XSW,XW.HN“,Cuntr—Nextl,Eeli,ﬁ,Nak;Wcrk}.
nndg_wcrkz;xNE,xE,xﬂn,le.xszl.Ny.wa,YCI—ICE,Status,nux,wext—ﬂextl}.

node_work2 (AHE, AE, XSE, XE1, X581, Ny MWy, ¥C1-YCL,
[Seat|Status],Max, Next—Nextl) = true |
esn (Y, YN}, oon(REL, YW  con Ney, YW ,
make_nﬂde[{YN,KNE,xE,xSE;YE,YSW,IW;YNWh;Stataﬂux;Yﬂ2—YC3]a
Mext = [=rchizofStatus,¥YSW,(XSE1,¥5,¥C1-¥C3)) [ Nextl].



BRRRLEERRRRRRAER
L) et ne ... set the Horth-West hand (for the first line)

node [ XN, XNE, XE, XSE, X8, X8d, X¥, XNW, [set_no{NEX) | Contr]-Mext,
Eel!l ,wait,Maxcycle,Work) :— true |
pon{ NExX, XNE) ,
movde (XN, KNE, XE, X5E, X5, X5W AW, ZNW, Contr-Next, Self, 0, Maxeycle  Work) .

LRERERERRRRARERRR
L schizol/2 ... for the arrays except the first on

node { XN, XNE, XE, XSE, X5, X5W, XW, XNV, [schizal (Status, (NW,N1) iContr]-Next,
Self wait,Maxcyele, Work) - true
eon{N, XN}, can{ W, XNW) .
node (XN, _,XE1,X5E1, X5, X5W, XV, XNW, Contr-Nextl, 5elf, wait,Maxcyoele, Work),
node_workl (XNE, XE, X5E,XI1,K5EL, Status, Maxcycle, Next—-Hext1) .

node_work3{XNE, XE,X5E, XE1, X5EL, [5tat|5tatus],Maxcycle,Next=Nextl) := true |
con(XEL, YW,
make_node( {_,KNE,XL,X5E, ¥5,¥5W, YW, _),5tat, Maxcycle, YCL-YC2) ,
Mext = [=zehizofStatus, ¥Y5W, (XSEL, Y5, ¥C1-¥C2)) | Wexkl].

(ESEEEEE ST EEE LR R
L] end/ 2 for the first node ef the last array

node (XN, XNE, XE, X5E, X5, X5W, XH, XNW, lend (¥, 1) | Contr] -Next,
Self,wait,Maxcycle, Work) := true
con(k,KN) ,con{NW, XN,
node (XN, XNE, XE. X5E, K5, X5W, XW, XNV, Contr-Nextl, Sclf, 0 Maxeyele, Work)
Wext = [end|Hextl].

RERRREERARERRARG
L3 and +v. for the last array

node (XN, XNE, KE. X5L, X5, X5W, XW, XNW, [end | Contr] =Next,

Self wait,Maxcycle, Work) :- true |
thEIHH:KNE-XE;XSE,XS,EEW.XW,XNH,Cﬂntr—Nexti,Sqlf,ﬁrﬁnxcycle,Wn:k}.
fMext = [endiNextl)].

BRESIRRERRRRERERE

% going next life gvele

nodef [H|XHi-Ns, [NE|XNE]-NEs, [E|XE] -E=, |SE|¥SE]-5Es,

[51X8] =52, |EW|X8W] ~8Ws, [W]|XW]-Wa, [WW| XHW] =HWs,
Contr,Self,Life,Max,Work) := Life ¢ Max, NewLife :« Life + 1 |
my_life{ [K,NE,E,5E,8, 87, W, NW) , Self,NewSalf, 0,
node_workd (KN-Ns, XNE=-NEs, XE-Es, XSE-8Fs, X8-80, XEW-5We , XW=-We , XNW-NWs,

Contr , MewSelf, NewLife, Max, Wark) .

node_workd (KH-HNs, XNE-NEs , XE~Es,NSE=SEs,N5-5s, XSW-5Wa , XW-We , XNW-NWE,
Contr,NewSelf ,NewlLife,Max,Wark) - true |
gend( [Ns-ANs, NEE—XNEs, E5-XE&, SEs~-X5Es,
SE-XE%, SWes~XEWs Ws—XMs , MWe—XNWs] , NewsSelf),
neda [ XN-XHs, XNE-XNES, XE-XEs , XSE-X5Es , X58-X5:s, REW-XEWs , XW-2Wa , XMW-XNWs,
Contr,Newself,NewLife,Max, Work) .

ERERREALLIRRRERRRERAANG
% dead

nodef_,_,_«_._+_+_»_.Contr-Next,S5elf,Life,Max,Work-Wt} :- Life »= Max

W o= [Self|st],
Hext = [result{wWork,St)iContrl.

ERBRRRERARERRRRRRRNIALY
% collect datas
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nndﬂgg,s,c,u,z,r.c.n,lrn:ultis.xtyIcGntrj—NaxL.5e1f,w&it.Max,Wurh—WL) = true |
gt = Work.
node(A,B,C,0,F,F,G,H,Contr-Next, Self,wait,Max, 5-Wt ).
nudels,B,C.0,E.F,G.H, [result({5, 5t) [Contr] Next, Self, Life, Max Work-Wt)
Life ¢ Max |
5t = Work,

node(n, 8,0, 0, E,F, G H,Contr—Next, Self Life,Max, 5-Wt}.

FTRERERARARERLRRAREREREREE
% for the first time when the node's life cycle is 0
node (N e, NE-HEs,E=Es, 8E-5E5,5-55, SH-5Ws , W-Ws, NW-HWs,
Cont-Next,5elf, 0,Max,Wwork)
gend| [Ks—Nsn,HEs-NEsn,Es-Esn, SEs-5Esn,
Se-Sen, SWa—8Wsn, Ws-Wsn  NWe-IWen] , Self),
node [ H-Nsn,HE-NFsn, E-Esn, SE-5E8n, 5-58n, SW-5wWen, W-Wan, NW-INWsn,
Cont-Hext,Salf,l, Max, Wozk) .

:— true |

BARFAERANERERERARRRRRRARG
% Send L
FRTTEPR LA A RARARARERLERESY
send([]._1 true | true
sendl [A-B|C1.5) true

senpd my status to the neighbours

B [5|B], gend(C, 5} .

FREEAEERL IR IARRA RN R AR TRRRRERY
% Fule of Life Game %
SREHUUEUETARYRALERRARIRERRRAARERE

% mys_liife{Neighbours_list,

% Me.,

% HewStatus,

5 Humber_of_Black_neighbours)
my life([].1,Returs, 2) :— true | Return = 1.
my lifa{[].,1,Return,3) :- frue | Return = 1.
my life{[].0,Return,3) :— true | Return = 1.
my_life{[],1,Return,N) :— K ¢ 2 | Return = 0.
my_life{[].l,Return,N} := K 2 3 | Return = 0
my lifae{[],0,Return,N} :— N ¢ 3 | Return = 0.
my_life{[].U,Return,H] W » 3 | Eeturn = 0
my life{[A!Bl,Self Return Sum} :— Suml := Sum + A

my_life(BE,Self, Heturn, Suml).

AR ERER AR R A AR AR RERRRRERARRERENRRRTRER R RN R RLY

&

Test Program for This game

¥

FEIETLEEER RN ELLE b et it AR une e iR R b el RRR R RTRARRR RN

]

¥ The patter * moves by 4 eyles. {as if it is a Glider !)

¥

] whw

¥

life test{N} := trus |

life _game{d. g,0,0,0,0,0,0,0,

O,0,0,0,0,0,0,0,
G,0,0,0,0,0,0,0,
0,0,0,0,1,0,0,0,
O,0,G,0,0,3,0,0,
0,0,0,1,1,1,0,0,
0,0,0,0,0,0,0,0,
o0,0,0,0,0,0,0,0),

K.
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{U0) Date: 1987-Jui-18, written by E. Suginc
Modified: 28-Jul-87 by 5. Takagi
Modified: 12-Aug-87 by F. Sugino

{1} Program name: life

{2) Author: E. Sugine, IZOT 4th lab.

{3} Runs omn: GHC1 on DECZU&L
Peeudo Multi PSI (if yeu change the program a little)

(4} Description of the problem:
The life game is a popular game.
(3) Algorithm: See USE:{MPSI.BEHCH}LIFE_SUGINO_SED.DOC
(6) Process structure: See USE:(MPSI.BEHCH}LIFE_SUGING_EBG.Dﬂﬂ
{7} Pragma: None
(8) Program:
It iz almost the same as the program in
US2: {MPSI.BENCH>T.IFE_SUGING 580,GHC.
The folleowing points differ.
fa) It displays the status of the mesh with Proleg functions
{or with ELU functions through esp call on BPEI).
Each node has its own coordinates on the mesh =oc that
it ean be displayed on the terminal,
(b} The parts of node which are used to make Lhe mesh,
are renamed nodel.
{c) When vou use life eycle 0, the original pattern is displaved.
{You must uge life cyele 1 in LIFE_SUGING_ 580, )
(9) Source file: USZ:<MPST.BFNCH)LIFE_SUGINO S80NEW.GHC
This document: U52:<MPSI.BENCH>LIFE_SUGTNO SBONEW.DOC
Another szample pattern: US2Z: <MPS1.BENCH>LIFE_SUGING OPTION.CHE
(10) Example:
Compile the program, and try it,

? ghe life test{8).

8 is the pumber of the life cycle.
You can substitute any positive integer fo 8.

(11) Evaluation data: Het recerded
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EnERERERERY SRR TEEAAEEEIARRA AR AR R AR IR R R RARRRRARRRANRERRER
3 LIFE GAME  Fruaram 1967.4.1¢, by E Suglnu §
EEEERERAREEREEEREIRIAREEARLANERARRRRRRRRRRIRRRARRRRRANRARNNLERAAAL

_/u
module Tifo.

i— puklic life gamesd |
life_test/l life_testlsl .
s

life_game{¥,List,Max) i~ LIue |
headder (B, Max),
make_mesh(R, {X,List,Max Result)).

headdes (R, Max) .- truc . erase{R1}),headderl({R1,R,Man).
headderliend, ., Max) -- true | home{RI), headder2{R#, R.Max].
headderjend, I, Max) =
proloeg;
|
nl.
write! "Life Game Now Starts ! 7). %
wolte(Maxy, i Comment
(Max » 1l,write{' cveles'} ; write{' cycle’:) % nn F5I
niyy 5
|f‘
write{'Life Came Now Staris ! ') |
L
H - ond,
BREEEELE AR RAISRRARRERRRERARERANY
% Tota %
PR EREEELEERREAGRRRR R KRR ERR SRR
home(H) :- prolegiwrite{'S[H')) | R = end. % com. on PSI
i
home(F! :— eszp_call(wave home,ok) | B = end,
W
prase{H] - prolegiwrite( '§[{2J'}1 | R = end, % com. on PST
f'.
erase{l] :- esp_call{erase,a,0k) i R = aend,
’-_,.‘
show{s,t,5,5,End) - true | End - end.
shew(%,¥.5,51,.Fndy = 5 =%= 51 | show({X,¥,.5, End).
show!®,¥,1,E] :— waiti{X},=wait{(Y). B
prolog{inl, L]
write(E['),write(Y),write{', 1. write(X),writa{'H'), &
put{"**y, rryllushyy | § Copment
E = end % on PSI
show(®x,%,0,Z) — walt(X),wait(¥), %
prolegi(n., i
write! '8, wrilelY) woltel ', T ,write(l) write Tl 0%
put®="),ctyfilusly} ®
E = end. ®

L
shaw ({X,Y,1,F) == wailbl{X).,waic{Y}, egp_callimove, (X,¥) ok},
wsp calliwrite_term ['*'),ok) ]
E = and
shaw [X,Y,0,5) 1= wait(x),wais(¥), esp_callimove, (X, ¥}.<k),
esp_eall{write_term, {'-'}.ok) |
E = anpd.

b



start_pode_ ad(X) := Ltruec |

X = (3,5).
% K= (2,2,
node_ad(K,¥Y} :=
T o= 5+ (K- 1) = 3 | ¥Y =[%,¥).
5 Y o= 2+ (K- 1y =2 | ¥y =¢2,7).
PRELEYRLERNLEELI RN,
L] Mesh maker '
FABUERIE AN AYRRERERERERERTL
make mesh{end, (X,Tist,Max,Result)) - true
make mesh{d,List,Max, Result).
make mELh{MaH,[EHAtUEiMextI,Mnxcycle,ﬂusult} 1= true |

start_node_ad{XY),

make nodel{SE 5 EW,Status,Maxcycle, Contrl-CL, XYy,
make _meshi?,Max, S8E_5_SW, Next,C1-C2, Maxcycle)
temp_node{C2,Contr;,

myg{Contr, [result{[end  Result] , Kesult)],Contrl)

make mesh(¥,Max, (KW N, 5E), [Status, Stetus_list],C1-03,Maxecyele) -
K =< Max, K1 := K = 1
node_ad(K, YY),
make_nodeZ (N,NE,NW),EL_S_SW, Status,Maxcycle, 01-02, %Y,
make_mesh(Ll,Max,SE_5_5W, Status_list,02-03,Maxevele) .
make_meshil,Max, (NW, 8, HE), Status,C1-C2,Maxcyele) - E ¥ Max
Cad=[erd_line{Status, {Mw,N,HE}Y|C1]).

FEERRRERREERARAAREREL SRS
4 Hode maker L3
PEERRRERRRARRAAGEEAGE R R

make podel(SE_5_5W, Status,Maxcycle,Contr,XY) - trTus |
EE_&_SW = (SEr - SEgZ, Sr - S, SWr — 5Ws),
nodel{Contr, —ro s ErTEs.BEr-5Es,Er-8s=, SWr-SWs, Es-Er, —
Status, Maxeycle, Work—-wWork ,¥Xv) .

wizke_nodel{{Ns Nr,NEs-NEr, NWe=NWr),SF_S EW,Status, Maxeyecle,Uentr,XY¥) :- frue |
SE_£ SW = (S5Exr - 3Es, 52 - S5, SWr - SWH=),
nodel{Contr, Nr Ne,Nir-NEs,Er—Es, SEr~5Fs, ST—5s, SWr—5Ws , ES—ET, NWr-BWS,
Status, Maxeyele, Werk=Work XYy .

make_nedel( (NEs NEx Er-Es, SEr—5Es, Ws-Wr), (5, 5W), 5tatus,Maxcycle, Coantr, 1Y)
:

= true
5 = Er - L=, 5w = SWr - 5Ws,
nodel{Contr, - ,NEr-NEs,Er—-Es,SEr-S5Es,S55—5s5,5Wr—-5Ws, Wr-Ws, -

Status, Maxevele, Work=-Work, XYy,

make_nodad( (Ns HE NEX—HEg.Er=Es, SEr—5Fa,We=-We WWs=Nwr), (5, 5W),
Status,Maxevele,Contr XY} := true I
& = Er = Lg, 59 = EWr - SWs,
nudel:tuﬂtr,nr-Ks.NEr—NEs,EIFEs.SEr-HEs,Hr-Sﬁ.Sﬁr-SW:,ﬂr-Hs,HWr—NHE.
Btatus,Maxeysle, Work-Work, XY ).

make nodel{ (NEr-NEs,Lr Is, SEr—3Es,Ws—Wr),(5,59),5tatus, Maxeovele, Conty, XY}
= true |
£ = Br - 58, 5w = 5Hr — ESWs,
nodel (Contr, Kr Ne,NEr-NEs,Er=Es, SE:-SEs, Sr-Ss8,5Wr-8Ws, Wr—Ws, NWr-NWs,
Sratus, Maxevcle, work—wWork XY .

FREETRRRRERR R R LR e e RERAR
] Merac £
PRASAEUERERILLLRRRERRRERY
o[}, X, %) = trus | X = ¥_
me(X,[),¥] := true | ¥ = ¥,

mgi{{Z|¥],2,L) = true | L = [¥|LL],mg{¥,Z,LL}.
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mg{c, (%!¥},L) = true ! L = {¥|LL).mg{Z,¥,LL}.

PEERBAERERRREARINLARER R
® Tewp Kode L
FERRERARARNARA RN iR ey

temp_nnde;[énd"lan(Stnruh,tNH,N;NEJ}ICnJrCDntr1 i= trus |
Cantr = [schizo{Status,{WW,N,NEy) | C1],
temp_node{Cn,C1).

temp node{ [schizo(Status, XNE, (YNW, YN, YUL-¥Un)) | &Cn).Ceontr) :— Status Z= [] [
Contr = [set_ne(EKER].
YOl = [sehizol|Status, (YNW,¥N)) | Czi.

mg{CL,XCn,CR),
temn_node{¥Tn,C17.
temp_node{ [schizo] [, ¥HE, (YNW, YN, YC1=-¥Cn}) | XCnl.Conti) :- true
Contr = [set_ne{XNF)].
YE1 = [end{¥NW, ¥YH) | XCr],
end_ncde[YCn, [1).
temp_node{ [result(s, B) [C].Contr: :— truc
Coptr = lresult(h,B)|0C],
temp node[C,00) .

ERERHAARARRLLE TR R LR ERY
% Lnd Hode %
BEEHISLLRwRR R R RRERERARRY

end_node([1,5) :— true | § = []

end_node(lend|Cl.5) :- true | end_node{r, Sy,

end_nede( [resule! [R1IR2}, kt) |C]. T -~ Rl %= end |
T = Rt,

and_nede(C, [R1]RZ] ;.
end_ncde( [zesule! [end{R).Rt] [C].T} := true hoame (End} ,end_nodel {End, T,HL) .
end_nodel{ens,T,Rt} - true | T=Rt.

EEERERARRERGERRRIERGRRLRE

& Capnecter L] It ronnects one hands to another.
ERRAVRRRRRRRAARRNRARARGRS

% con{X,¥) .- frue | X = A-F,Y=B-&.

con{k-5,0-0) .- true | A=D,B=C

F3383 5500588040 RR504%
& hade &
FRLLLERERLANIRRERERERRARE

BEERRRARERLERY
% sBchizofs2 ... tor the first node nf the firTst array

nedel( [schizoisStatus, (NW, 5, HE) ) | Contr] —Neaxt , XN, XNE, XE, X687, XS, X5W, XW, XNW,
5elf Maxeyele,Work,XY) = true |
con (W, KW ), can (N, X5,
nodel{Contr-Hextl XN, _-_,C-D,A-R . XE, XE5W, XW,XNW, Self Maxcycle,Work, XY},
nndq_uarxl[HE,XE,xEE,CLD,n-H,Etatug,maxnyﬂle,ﬂext-ﬂuxtl.IY].

ERERRBRERRRRBLG
k] schinn/s3 ..... For the general nodes

nodel { [schizof{S8tatus, HEx, {NWy Ny, YCI-YC3) } Contrl-Hext,
Wi, RNEL NE, HEF, XS, NAW, MW, XNW,
self,Max, Work, XY} := Liue §
oon (NP, -,
node [ XK, -0, E-F , A—B, X5, X8W, XW, XNwW, Contr Newtl, Self, 0, Max, Work, XY,
node_work2 {XNE,XE,XSE, E-F,A—B. Ny, KWy, ¥C1-YC2, Status,Max, Next=Hextl,XY).

LTRERRTERRRRRTLEG
& sel_ne ... set the Korth-West hand [for the first linc)



nodel{ [zet_ne{MEx) [Contr]-Nexs, ¥8, XNE, XE, X5E, X5, X5W, XW, XMW,
Self,Maxcyole, Work, XYy - true
con{NEx, XHE),
node | &1, BNEL AL, KEE, X5, NSW, XW, XNW, Contr-Next, Self, 0, Maxcycle, Work, ¥y

FRRELARRERES RARRY
® schizel/2 ... for the arrays except the first one

nbdéi{fschlzulistatus,{NK,H];|Cnntr]—Next,XK,xNE,XE,XSE,xs,xsw,xﬂ,xﬂw,
Self, Maxoyole, Work, XYy — true |
con (XN, XN, con (W, XHW) ,
sodel{Uonty-Nextl, XN, - .C0-0,A-B, X5, XSW, KW, ANW, Selt , Maxeyele, Work, 1Y),
node_wurk][XNF,xE,XEE,C—D,B—B,Stntus.ﬂnxcycle,ant"Nextl,xY].

BERERRAAL N NEREE
* end/ 2 for the first node of the last array

nodel| |end{ Nk, 1) Contr]-—Next, XN, XKWL, XE, X5, X5, X5W, %W, XN,
Roelf  Maxeyele, Work,Xy) - txue |
col (N, XN cond i, XNWE,
undn:xH.HHE,RE,RSE.RS,HSH,MH.ENW,CGn:z—Nnxtl,Self.U,Muxcycle.ﬂarerY:f
Hext - [endiNextl].

BRASREERERI ALY
& end .. fer the last array

nodel( [end|Contz]-rext, XN, XKE,XE, XSE, X5, X.5W, XH, XNW,

Self, Maxcyele,Work, XY) := true |
hudc{IN,RNE.xE.HEE.XS,RSw,xH,KNW,Cuntr—NPwtl,self,D,ancygle,wark,xyj,
Next = [end|rexsl].

ERERRERRAEERERINAL LGRS
L) vollest datas

nodel{ [result (8, 5t | Contr] Next,h,8,0,0,E,F,C,H,581f, Max, Work=Wt, XY} -
Lrue |
5L = Wark,
nodel (fentr-jext, A, B,C,0,E.F,C.H,5elf, Max, 5 We, XY,

nade_workl(NE,XE,KSE,xEl.XﬁELr[Stat|SLaLuu],Maxcyclg,Next—NaxLl,xY] =
LEue
neiyhb_node ad(Xy,NxY),
mdhuﬁnnﬁ&l::HE,AH,KSE,EEl],{YS,YEH},Etat,Hux:rcle,fﬂl—ﬁCE,NxYJ,
Hext = [schizo{Status,YSW, (XSE1, YS,¥C1-YC2)) | Hextl).

nalght swde ad((X.¥),Hy) - ¥1 := X = 6 | 2y = (¥1,v).

node_work?(KNE,E, 5E, XK, X58, N, N4, YC1-YC32,
[Stat|Status], Max, Newxt-Nextl, (X,¥1) :-
El = % + & |
make_noded( (N, NE E, SE,XE,NW), (Y, ¥SW), Stat,Max, YC2-¥C3, (X1,Y) ).,
Mext = [Achize{Status,YSW, (XEE,¥E,YOL1-¥031) | Hexel].

noda_w&:kj(ﬂﬁ,?-EE;K,KEL;,[StntiSkatusJ,Maxnvcle,naxt—nextl.fx,rﬁ} 1=
Al = X + 6 |
maku_nudpﬁqEHE,E,EE.H).frs.?SW],Stat,Maxcycle,YCl—YC!,{xl.Y}],
Hext = [schizofStatus, vYsw, {4SE1,¥S,¥YC1-¥021) | Nemtl].

ERRERLEEERRRRRELLLB LR B R
& for the first time ... when the node's 1ife eyele ig 0

rode (N, NE,E, 58,5, 57, W, W, Cont, 5elf, ¢, Max, work,XY) -
XY = (X,¥) |



show[X, ¥, 5elf,End}.,

send_firstfﬂhf‘-a [K,HE,E,SE,5,8W, W, NW],
[Mr,.HEr,Er, 5Er, S5r, SWr ,Wr,NWr ], 5end, 5e1f),

node (Mr,¥fr,Fr, SEr, S5, SWr, Wr,¥Wr, Send, Cont , 8elf, 1, Max, Work XY .

FHEERLRBHRARRRRRRS
% going next life cyele

node( (¥|XN], [NE|XRE], [E|XE], [SE|XSE], [5|XS], [SW]|X5W], [W|XW], [WW|XNW], Send,
Contr,Self, Life,Max, Work, XY} :-
0 ¢« Life,Life =< Max,
MewlLife := Life + 1 |
my life( [H,NE,E,SE, &5, 8W,W,NW] 5elf NewSelf, 0},
nede_workd (MM, ¥NE,®E, XE5E, X5, X5K, ¥W, XN, Send,
Cantr, MewSaelf, Newlife Max, Work XY, Self).

ERRRERRARRALRRRRELLLNNY
® daad

node{ . ., __r_s_r_r_sContr-next,Self,Life, Max, work- Wt, (X, Y1) -
Life b Max |
Wt = [Self]|s5t],

Next = [result([Work,5t)|Contr].

ncdetﬂ,u,C,U,L,E,G,u,Sd,[result[E,Stj|Euﬂtr]—Hext,SElf,Life.Hax.Hﬁrk-ﬂt.xYﬁ =
@ ¢ Life,Life =¢ Max |
St = Work,
pode(A, B, C,0,E,F,G,H,5d, Contr-Next, Self,Life, Max,. 5-WL, XYy,

node_workd (AN, XNE, KB, ASE, L5, X5, AW, XNW, Send,
Contr,.NewSelf, NewLife,Max, work, {X,¥),5e1f) :—
true |
show(X, ¥, Newself, Self, Endy,
send{End, Send, NewSend , New5elf),
nede (XN, XNE, XE, XSE, X5, X5W, XW, XNW, Hewsend,
Contr, NewSelf Newbife,Max, Work, (X.Y)).

SERERLLERRRERAARARRRANERAY
% Send 5§ send my status to the neighbours
FEEFRRARRRARNIRLR IR NN LY

send{end, Send, NewSend, S5elf) - true | Send = [Self|NewSand].

send_first{end,In,0ut.S%end, 521f) :- true | send_alli{In,0ut,Send, Salf).
send all{[],[7._._1 :— true | true.
send_ally[A-B|CY, [AAICCT, Send, Self) :- true |

B =« {Self|sSend].As=A.

zend_all(C,CC.5end, S5elfy.

BRLLABRELARRRERE R R RR RN ALY

1 Hule of Life Game i
EREHARRREARERLLHERRLBRRRERTANIRLS

® my_life{Meighbours list,

¥ He,

B Hewstatus,

& Humber of BElack neighbours)

my life¢[],1,Return,2} :- true | Return =

my_life({[],1,Return,3) :- true | Beturn =

my 1ifa([],0,Return,d) true | Return =

my_life¢[],l,Heturn, M) 2 | Return = 0,

my_life((},1l,Return,Hn) :- 3 | Return = 0,

my_life{[},0,Return, N} = K 31 | Reaturn = 0,
3|

o

my_life({[].0,Return Ny := N » Return = 0,
my_li[ﬂ([A|H],5&]f,nﬂturn,5umj Suml = Sum + A |



my_life(®,Self, Return, Suml),

R e L e Y S S R I 1R LY
Test Program for Thiz game
AR R AR R R R R R LR A AR RN AL R AR WA

%

R

The patter

life test (M)

life_testl(N)
life game(G,

—}'l-

end,

S

Ew

1~ Lrue

life_game(d,
DI
o,
@,
@y
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0,
o,
H}.

i Erue
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moves by 4 cyles,
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{0y Date: 1987-July-30, written by Kazuaki Rokusawa
Medified: 3-Rug=B7 by 5, Takagi

{1y Program name: maxflowl-exl

(#) ARuthor: Kazuaki Rokusawa

{3) Runs on: DEC-10 Proleg GHC system (GHC and GHC3)

{1} Description of the problem:

Finding the maximum amcount of flow through the network.
The network is composed of nodes and one-directicnal arcs.

Fach node has up to two arcs each for cutput and input.
The flow through each are is limited

Example:
a2 &
cnkrance ——-=3 [a] ——=»* [b] ===} [e&]
| B I
| & |4 | 5
v 8 I3 v
fdl —» [e] —3* [{] ——% exit

nade = [a], [b}, (<], [d], [e], (f]

Hode [b] has 1 are tor ootpot and 2 arcs for ifnput,
Hode [e] has 2 arcs for output and 1 are for input,

Node [b] can send flow & to node [e].
Hode [&] can send flow 4 to node [b] and 3 to node {f].

The maximum flow of this network iz 8,
(5) Algorithm:
Each node works as follows,
On receiving input flow, the node tries to send the same amount of flow.

When the input flow is beyond the limit of the cutput flow, the node
sends as much as possible and returns the remainder to the sender
node |

When the input flew is less than the limit of the output flow, the
node sends all the input If that node has two output ares, there is

some preference to decide the amount for each ocutput.

When the sum of the flow to the exit and the flow back to the entrance
comes to the same amount as the original flow to the entrance, esach

node stops processing.

Sending flow 10 to node [a]l on the example of (4}, the following oceur.

Hode [a] sends flow 2 te [b] and 8 to [d4].
On receiving input flow 2 from [a], node [b] sends 2 to [c].
This flow 2 reaches exit through nodes [e] and (£,

On receiving input flow A, node [d] sends 6 to [e] and returns

flow 2 to [a].
FReturned flow 2 is returned to the enbrance.



Node ([e] receives 6 and sends 4 to [b] and 2 to [f]
{when the are to [b] has a higher priocrity than the one to [f]).
Flow 2 reaches the exit through node [£f].

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

On receiving this backward input flow 1, node [b] returns
again to node [a].

Since node [e] has sent only 2 to node [£],

it receives backward input flow 1 and sends it to [f].
Total flow 8 reaches eaxit in all,

The sum of the flow which arrived at exit and returned to entrance
becomes equal to the original input.
Each node stops processing.
{6} Process structure:
The main processes are:
node: The node process which sends or receives a flow.
This process creates the same pnumber of nodes.
The figure below shows this process,

exit: Detecting the end

ocutFlow:Dicplay process

nonde
tmm———— + (Rel,S5t1)
————————— »[1f1s Ofls| ---r-—==
e |obls Ibls|{—————aee
| |
I | (Rez,s5t2)
wmm e | TE 25 0f2s| ————————3
R |ob2s Ib2s| (===m—e———
| I
| BoIn  Rep |

e ¢
!
| v

Y

Ifls and If2s, 0fls and 0fZs, Ibls and IbZs, Obls and Ob2s are all
forward or backward input or output streams. "f" and "b" mean forward
and backward. "I" and "0" mean input and cutput.

Rel and Re2 indicate the amount of flow that the node can sand through
forward output streams O0fls and Df2s.

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

— B —



The flow forms as follows.

[amcunt{dmount- of-flow), link(l or 2,Node-name),
link{ , J:... ,link{0l,entrance)]

1 means that the node received the flow through Ifls, while 2 means
through If2s.

in example {4), flow 2, which reaches the exit through nodes [a], [b].
fe]l, and [f], forms as f[ollows,

[amﬂunt[z},link{Z,f},link{l.c},link{z.h}.linkfl,a}].
{7) Pragma: MNone
(B} Program:
The network is as follows.
2 4

entrance —-3* [a] ——>» [b] =-==3 [d] —-2 exit

The main predicates used in this program are:

exl/L: Top level predicate to start this program
entrance/2: Sends the original flow to the entrance

exit/ 6. petects the end

nodes 14 : The main process which sends or receives a flow.

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

outFlow/4: pisplays the result

(9) Source file: US2:<{MPSI.BENCHMAXFLOW1-EX1. GHC
log file: USZ: {MPSI.BENCHMAXFLOW1-EXI . LOG (on GHC system)
US2: (MPSI.BENCH>MAXFLOWI-EN1-GHC3 LOG (on GHC3 system)

This document:USZ: {MPSI.BENCHXMAXFLOW]1-EX].DOC

{10y Examples:

Copy the source file (<{MPSI.BENCHMMAXFLOW1-EX1.GHC) to a temporary
file whose file name is less than 7 characters and whose file
extension is less than 4 (i.e. up te & characters for the file name and 3
characters for the extension).
[dcopy US2:<{MPSI. BENCHMMAXFLOWI-EX].GHC —t.gha{CR2

Invoke the GHC system on the DEC2065.
EghcdCRr: .

Compile the program.
?— gheeompile('-t.ghe' ). (CR>

Execute the program.
9= ghe exl{10).{CR> % The first argument of exl/1 is the amount
% of the original flow to the entrance.

_61_



(11} Fwvaluation data:

The results of the execution on the GHC3 system are:

| - ghc ex1(i10},
pass( (amount {2}, link({2,d}),link(2,b),link{1l.,a},link({0,entrance) ]}
% This output shows the {low to exit,
return({ [amount{1},link{0,entrancae)]}
% This cutput shows the flow back to entrance.
pass{ [amount(2), link{1l.d),link{l, e}, link{1l, . a},link{0,entrancea}]}
pass(lamount(2),link({2,d),link{1,b),link{1l,c),link(l,a),link{0,entrance)])
pass( [amount({1),link({1,d),linki{l,c),link{1,a),link(D,entrance)]}
return{ [amount(2),1ink( 0, entrance) ]y
remain(nede(a, (0,closed), {2, clozed) )
¥ This output is a report of the node in which Rel>0 or Re2>0
% after execution.
remain{node{c, (3, cloged), (0, closed) ) )

maxFlow(7}
% This output shows the maximum £low,

61 reducticns and 15 suspensions in 18 cycles and 456 msec (1313 rps)
The maximum number of reducible goals is 7/9 at the 9th eycle.
The maximum length of the gueuwe is 9,

YEs
| ?- ghe exl(7}).

pass{ [amount{2},link{2,d},link(2,b),link({1,a),link{0,entrance}})
pnss{[amount{z},link{i.d},linkil,b],link{l,c},link(l,a},linktﬂ,entrancej]}
pass{ [amount(3),link{1,d),link{l,c),link{1l,a),link(0,entrance)]}
remain{node{a, {0, closed), {2,0pen)})

remain{node{c, {3, elosed), (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 1lth cycle,

The maximum length of the gueue is 8.

{12 References

L. Hellerstein and E. Shapiro,

ITmplementing Parallel Algorithms in Concurrent Prolog:

The MAXFLOW Experience,
Journal of Logic Programming, wvolume 3, number 2, July 1986, pp.157-184
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1
L] MANFLOW
0 mmee——— o
L]
i exampie. 1 { 4 nodes |
i
(] 2 4 7
] entrance —=> ] & 1 =-=» [ B ] ===> [ d ] ===} exit
] | A S
% 7 | = ER
! vo—mms R R +
(]
¥ oxl{ LimFlow } :— true
& entrance| LimFlow, Fsa Y
% roded a, {(2,o0pen), [7.ocpen), rsa, |[!, ¥Fab, Fac, Bab, Bac, Bsa, _.
5 kelIn, RepHead, Replextl },
¥ poded b, {4,open}, (U.closed), Fecb, Fab, Fhd, _, Bbhd, []1, Becb, Bab,
% GelIn, Repliextl, RepMext2 ;,
% noded ¢, {(S,open), [(3.0pen). tac, [1, ¥Fcb, Fed, Bok, Bed, Bao,
% Beln, Repliext?, LRepHextd 3,
i node{ d, {V,open). (0.closed), Fed, Fbd, Fdg, _. f[i. [1, Bed, Bbd,
% Beln, Repwext3, [1 1,
! exit{ LimFlow, 40, Fagq., Ese, bLeln, Prs g,
& outFlow({ Prs, RepHead, 0, 05 3.
] outstream{ Os )
%
exl|{ LimFlow )} :- Lrue
entrance{ LimFiow, Fsa ).
nodes{ Fsa, Fdg, Bsa, Holn, RepHead ),
exit{ LimFleow, [, Fdg, Bsa, Bcln, Frs .
outFlow( Pre, RepHead, 0, 08 ).
oubtstieam{ 05 )
nodes{ Fea, Fdg, Bsa, BcIn, RepHead } :— true |
node! a, (2,open), (/.oDan), Fea, []1., Fab, Fac, Bab, Bac, Bsa, _,
Beln, Repllead, Replextl ),
node{ b, {4,cpen), (0,closed), Feb, Fab, Fbd, _, Bbd, [1, Becb, Bab,
Bocln, Repliextl, RepMextl 3.
node! o, [(S,open). (3,open)., Fac, []., Feb, Fod, Beb, Bed, Bac, _.
Becln, RephextZ, HepNextd ).
nodey 4, {7.,open)., (0.clesed), Fad, Fhd, Fdg, _. 1. [1, Bed, Bba,
Helrn, RepNextd, [1 1.
1
L MAXFIOW = main parkt
h _________
®
% boeme e e —————
& | i
¥ | v
% entrapee —--» nede <——>» .., 4= ) node ¢ -} exit =) outflow --) gutstream
& A R F
l | | v ]
% v W all nodes all nodes
% node €¢--3 ... ¢==} node
& & A
% | |
i - '
E
& stream diagram
5 e ——————— e
%
¥ node
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® —————————3 Tl Ofle| —========}
3 (mm——————— lobls Ible| ===
% ' |
% | ¢mez, sty



————————— »l1fas Of25| ——mmmmeeny
{mm————— lob2s Ib2s| t—m—mmm ===
[ I
| Bein  Rep |

o e e s e e e

A |

i v
Ife : input forward stream
Ofs : output forward stream
Ibs  « input hackward stream
Gk : output backward stream
Re : remainder
ot ¢ 2tatus | open S eclosed )

BeIn @ broadeoast in
Reph : reply head
Rept : reply tail

node specification

ﬂ#####ﬁ‘!‘ﬁ#d"#"n“##!ﬂrﬂﬁﬂ‘

entranne
entrance{ LimFleow, 0fs )} :- true |
Ofs = [ [amount{LimFlow),link{0.entrance)]].
%
% ocwit
‘ ------
% continue { LimElow » NextSum )
exit{ LiwFlow, Sum, Ifs, 1rs, BeDut, Prs } &

Ifs = [If|RastIf5], If = [umountf?lowj|_].
HextSum :- Sum+Flow, LimFlow > Nextsus |

Prs = [pass{If}|NextPzs],

exit{ LimFlew, NextSum, RestIfs, Trs, Belut, NextPrs 1.

exit| LimFlow, Sum, Ifs, Irs, BeDut, Pra 3 :=

Irs = [Iz|Restlrs], Tr = [amount(Flow)|_],
MextSum := Sum=Flow, LimFlow > NextSum |

Prs = [return{Ir}|MextPr=],

cxit| LimFlow, MHextSum, Iis, RestIrs, Bebut, NextPre 0.

%
% terminate { LimFlew = NexbSum )
exit| LimFlow, Sum, Ifs, Irs, BeODut, Bra } o=
Ifs = [1f|RestIfs], Tf = [amount(Flow)|_],
HextSum := Sum+Flow, LimFlew = HextSum |
BoQut = end, Prs = [pass(Ifi].

exit( LimFlow, Sum, Ifs, Irs, Bolut, Prs o=
Irg = [Ir]Hestlrs], Ir = lamount(Flow) | ],
MNextium := Sum+Fiuvw, TimFlow = HextSum |
BoOut » end, Prs = [returniIry].

1l ——3 1

{ Flow { Rel }
node{ Node, {Rel,&tl), {(Re2, St2), Ifls,If2s,0fle,0fls,
Ikls,Ibds,0bls,0h25, BeIn, Eeph, Rept j 11—

L ]

Ifls = [If|RestIfls], If - lamwunt{Flow)|[Restifl,
2tl = open, Flow ¢ Rel |

KextRel :- Rei-Flow,

Ofle = [ [amount{flow),link(l,Neda}|RestIf] | Wextofls ],

node | Nodo, (MextRel, 5tl), (Rel.St2),
Restifls, If2s, MextQfls, Of2s,
Ibls, This, Oble, ObZs, BoclIn, Reph, Rept ),
% { Flow = Rel }
nade{ Node, (Rel,5tl), (Re2,5t2), Ifls,If2s,0fls,0fZs,
Ibis, IbZe,C0kls,0b2s, Boln, Reph, Rept ) -



Tf1s = [I1f|Restlfls], If = [amount(Flow) RestIf].
5tl = open, Flow = Rel

0fls = [ lampunt{Flew),link{l.Node) |Restif] ],

node{ HNode, (U,cleosed), (Rel,5t2).

RestIfls, If2s, _, ofls,

Ibls, Ib2s, Obls, Ob2s, BeIn, Reph, Rept )
# 1 -—-» 1 & call again
% { Flow * Rel }

node{ MNode, (Rel,5t1). (Re2,5t2), Ifls,IfZs.0fl=.0fis,
1bls, [b25,0bls,0b2s, Beln, Reph, Rept ) :—
Ifls = [1f|KestIfls], If = [amount(Flow)|RestIf],
5Ll - open, Flow » Rel |
RestFlow := Flow-Rel,
0fls = | lamount{Rel}.link(l,Mode)|Resslf] | NextOfls 1.
AgainIfls = [ [amount(KestElow) Ihestifl | Hestlfls i
node{ Hode, (U.cleosed), (Hel,5tl)
Rgainifls, 1f2s, WextOfls, Of2s,
Ibls, Ibds., Qbls, Ob2s, BcIn, Keph. Rept )
B 2 --» 1
% { Flow { Rel }
node{ Node, (Eel,Stl), (KeZ,5t2y, Ifls, If2s,0fls.0fis,
1bls,lbds,0bls,Ob2s, Beln, Keph, Rept ) -
If2s = [If|RestIfZz], 1f = [amount(Flow)|RestIf],
5tl = gpen, Flow ¢ Rel !
HextRel = Rel-Flow,
afia = | |amouni{Flow),link({2.Node} |RestIf] | MNextOfls ),
nodo{ Hode, (HexlRel,5Ll), [(Red,SLd).
1fls, RestIf2s, WNextOfls, 0f2s,
Ibls, Ib2s, Obls, 0Ob2s, BcelIn, Reph, Rept ).
L) { Flow = Rel
node{ Node, (Rel,5tl), {(ReZ,5t2), Itls,Ifds,0il1s,.0tis,
Ible,Ibis,0bls, Ob2s, Beln, Reph, Hept ) &=
Ifis = [If|RestIfds], If = [amount(Flow) | Restlf].
5L1 = open, Flow = Hel |
0fls = [ [amount{Flow),link(Z,Node)|RestIf] 1,
node( Mode, (0,closed), {(Rel,Btl).

Iils, RestIide, _, Ofds,

Ibls, Ibis, Obls, 0Ob2s, Bocln, Reph, Rept }.
* 2 ——>r 1 & ecall again
% { Flow » Rel 3

node( Node, {(Rel,S5tl). (ReZ,St2), Ifls,Ifis,0fl1s.0fis,
Ikls,.Ibds,0bls,0bis, Beln, Reph, Rapt ) :-
Itls = |If|RestIfls], If = [amount{Flow)|RestIf],
5tl = open, Flow » Rel |

RastFlow := Flow-Eel, )
Bfls = [ [amount{Rel),link{d, Node)|RestIf] | NextOflis 1.
tgainif2s = | lamount(RestFlow) |RestIf] | RestIfZs 1.

node{ MNode, (O,closed), (Red.5t2).
Itls, AgainIfls, Wextlfls, Ofls,
Ibkls, 1b2s, Ubls, Obds, Heln, Heph, Hept ).
$ 1 -—» 2
% { Flow < Rel )
node( MNode, {(Rel,5tl), (Red,5t2), 1fls,1f2s,0f1s.0f:s,
lbls, lbis,0bls, 0b2s, Beln, Reph, Rept ) -
Ifls = [Lf{|Restlfls), If =~ [amount(Flow)|RestIf],
ftl = glosed, 5t2 = apen, Flow { Rel
Hextiel := Hel-Flow,
0f2s = [ [amount{flow),link{l,Node) |RestIf] | HextDfls |,
node( hode, [(Rel,5tl), (NextRel, 5t2),
HestIfls, If2=, Ofls, NextOfls,
Ik1ls=, Ib2s, Ohls, 0Ob3s, Boln, Reph, Rept §.
& [ Flow = Rel
node| Nede, (Rel,5tl), (ReZ,5t2), Tfls,If{2s,0[1s5,00i5,
Ihls,Th2s,0bls, Ob2s, Beln, Reph, Rept ) -
Ifle = [Tf|ReseTfis}, If = [amount{Flow}|RestIf].
5t1 = closed, 5t = upen, Flow = Rel |

— &5 —



0f2s = [ [amount{Flow),link(1,Nade)|ReseIf] 1,
node{ MNode, (Rel,&85t1), (0,closed),
BestIfls, I1f2s, Qfis, e
Ibls, Ib2s, Obls, Ob2s,. BoTn, Reph, Rept ).
% 1 --+—-3 2
& I
® l{——+
& { Flow » Ral )
node{ Node, (Rel,Stl), (Re2,St2y, Tfls,If2s.0fls,0f2s,
Tbls,Ib2s,0bls,0b2e, Beln, Reph, Rept } :—
Ifls = [If|RestTfis], Tf - [amount{Flow)|RestIf],
5t1 = closed, £t2 = ppen, Flow > Rez |
RestPlaw := Flow-Rel ,
Cf2s = [ [amount{Rez),link(l,Node) |RestIf] .
Obls = [ |amount(RestFlow) |RestIf) |NextObls ],
noda{ Node, (Rel,S5tl), (0,closed),
Regtlfls, If2s, Cfls,

Ibls, Ibds, NextObls, CbZs, Belnm, Reph, Rept ).
R 2 ——3 2
% { Flow < Re2 3
node| Node, [(Rel,S5tl), (Re2,5t2), Ifls,Iif2s.0fls,.0f2s,

Ibls,.IbZs,0bls,Ub2s, Boln, Reph, Rept ) -
I£25 = [1f|RestIf2s], 1f = [amount{Flow)| RestIf},
Stl = closed, 5t = open, Flow ¢ Ra2 |
NextRel ;= Hez-Flow,
0f2s = [ [amount{Flow),link({Z Node)|RestIf] | Wextof2s |,
node| Node, (Hel,3tly, {(NextRe2,S5L2), .
1fls, RestlfZs, 0fls, Nextofis,
Ible, Ibis, Obls, Obls, BeIn, Reph, Rept ).
3 { Flow = Hel )
node | Node, [Rel, Stl), (ReZ,5t2), Tfle,I1f2s,0f1s,0f2s,
Ibis,Ibis,0bls,0b2s, Boin, Reph, Rept ) :-
If2s = [1f|RestIf2s], If = |amount{Flow)|Restif],
ftl = closed, 5t? = open, Flow = Re2 |
0f2s = | [amount{Flow),link(2,Node)|RestIf] ],
node{ Node, (Rel,5tl), {0,closed),
I1fls, RestItis, Ofls,

lhls, Ibds, 0Obls, 0Ob2s, Beln, Reph, Rept )
82 ——somd 2
i I
¥ 2=+
% { Flow » ReZ

node{ HWade, (Hel,S5tl}, (Re?,5:2), Tfls,If2c,0fls.0f2s,
Iblg, Ib2e,0bls,0b2s, BeolIn, Reph, Rept ) :—
I£2s = [1f|RestIfis], If = (amount{Flow)|RestIf],
Stl = closed, 5t = open, Flow » kel |
RestFlow := Flow-Rel,
0f25 = [ |amgunt(Re2),link(2,Node) |RestIf] ],
Gb2s = [ [amount(RestFlow)|RestIf] |NextObZs ],
node( Node, (Rel,5t1), (0,closed),
Ifls, RestIf2s, Ofls, .
Ibls, Ib2e, Obls, WoxtOb2s, Boln, Reph, Rapt ),
== 1
|
=32
{ Flow ¢ Ral }
node{ Wode, [Rel,5tl), (Rei, 5+2), Ifls,If2s,0fls,0f2s,
1bls, Ibis,.0bls,0bis, BeIn, Reph, Rept } :-
Ibls = [ib|#estIbls], Ib = [amount{Flow)|RestIf],
5t2 = open, Flow ¢ ReZ

Ll

Hexthel := Rel+Flow, NextReZ := Rei-Flow, 0fis = [Ib|NextOfis],
node( Mode, (MNexthel,clesed), (NextReZ,5t2),
Ifls, 1f3s, _. NextOfzs,
kestlbls, Ibis, Obls, ObZs, Bcln, Eeph, Rept ).
L] { Flow = Re2 |

node|{ Node, (Rel,S5t1), (Re2,St2), Ifls, 1f2s,0fls,0f2s,

— fG —



Thls,Ib2s,0hl1s,0b2s, Boln, Reph, Kept ) -
1bls = [Th|RestIkis), Th - [amount{Fluow)|RestIf].
5t2 = open, Flow = Re2 |

tesxtRel = Rel+Flow, 0Lds = [Ib].
node [ hode, [(NoxtRel,closed), (U,closed],
Ttls, 1fds. _. _

RestIbls, Ibhic, Obls, Oblds, Beln, Reph, Rept ).
B li-——+—= 1

® I
L) +==22
£ [ Flow » Red }

node| Node, {(Rel,S5tl), (Rel, 5t¥), Ifls,Ti2:z,001s,00286,
ibls,ib2s,001s,0b2s, BoIn, Reph, Rept ) -
Ihlz = [Ib|RestIbls], Ib = [amount(Flow),link(1l.Mode) |RestIb],
5t2 = open, Flow ¥ Rel
Mexthel := Rel+Tlow, RestFlow := Flow-gRel,
Ofis = |[amount{ke2),link{l,Mode) |RestIhb]j,
Obls = [[amount{KestFleow) |RestIb}|NextObls],
node| Node, [(Mextkel,closed), (0,closed),
Ifls, If2s, .
HestIbls, IbZs, HextObls, Ob2s, BoTn, Reph, Rept .
+—— 1
I
dlm=t==3
{ Flow » Eed
node{ MNode, [(Rel,S5tl), (Red,5t2), 1fls,If2=,0fls,0f2s, _
Ibls,Ib2s,0kls, 0h2s, 2eln, Reph, Rept | :-
Ibls = [Lb|HestIbls]l, Ib = [amount{Flow),link|2,tode} |RestIb],
5t2 = open, Flow ) Rel
HexilBRel = Rel+Flow, RestFlow = Flow-ReZ,
0fls = [[amount{Eel),link{2.Node) |RestIkb]],
ObZe = [[amount{RestFlow) |Restlb] |HextOb2s],
node| Hoda, (Nexthel,closed), (O,closed;,
ifle, Ifls, _. e
RestIbls, Ibis, Obls, MextOb2s, BcIn, Reph, Rept ).

L U

B 1l == 1
node( Node, {Rel,5tl), (Rel,St2), Ifls, If2s,0fls. 0f2=,
Ible,Ik2s,0bls, 0Ok2s, Beln, Heph, Rept ) -
Ikls = [[amount{Flow},link{l,_)|Restlb] |Restibls],
5t2 = closed |
MextRel := Ral+Flew, Dble = [[amount(Fleow)|RestIb] |NextObls],
node{ Node, [MextRel,closed), (Reld,5tld),
Ifre, If2z, _. _.«
Restlbls, I1bZs, HNextObls, ObZs, BEcIn, Reph, Rept ).
¥ 2 oo 1 .
node| Wode, (RKel,5tl), (ReZ, 5t2), 1fis,1f2s, 0fis,0f2s,
Ibls,Ib2s,0b1s, 0k22, Delk, Reph, Rept ) &=
Ibls - [[amount{Flew),link({2._)|RestIb] |RestIibls],
5t2 - closed |
Hextiel := Rel!'Flew, ObZs = [[amount{Flow}|Hestlih] |NextOb2s],
node! Node, [(NextRel,closed), (Rel,S5t2),
Ifiz, 1L25, _, _+
RestIbis, Ibls, Obla, HextObZs, EBecIn, Reph, Rept ).
% 01 ¢ 2
node{ Node, (Rel,Stly, (Rez, Stz), If1s,I1f25,0f1s,012s,
Ibls,Ib2s,0b1s,0b2s, Beln. Reph, Rept ) -
IbZs = [[amount{Flow},link{l, ) |RestIb]|RestIblZs] |
MextReZ := Re2+Flow, Obls = [[amount({Flow})|RestIb) |NextObls],
node| Node, (Rel,5tl), (HextReld,closed),
ifr=, If3n, . .
Ibls, RestIb2s, WextObls, Obls, Beln, Reph, Rept ).
i 2 <== 2
node{ Wode, (Rel,St13, (Rel2, 5t2), If1s,1£f28.0fls,0f2s,
Ible,1bis,0bls,0b2s, Beln, Reph, Rept )} :—
IhZs = [|amount{Flow), link(2,_)|Hestlb]|RestIbis]
MextRe2 :— Re2+Flow, Db2s = [[amount|tlew)|RestIkb) | NewxtOhls],

— §7 —



node | Node, (Rel,S5t1), (NewtReZ,closed),
TIfla, If;si — i
Ibls, ResztIbZ2s, Obls, HextObZs, Beln, Reph, Rept ).

1 ==+
% |
& 1{==+

node({ Node, (Rel,S8tl), {(Re2,5t2), Tfls,If2s,0f1s,0f2s,
Ibls, Ib2=,0bls,0b2s, Beoln, Reph, Rept )} :-
1fls = [If|RestIfls], 5t1 = closed, 5t2 = closed |
Obls = |Tf|MextObls],
nodoed Node, {Rel,Stly, (Re2,5t23,
RestIfls, 1f2s, _, _
Ibls, Ibls, MextObls, Obls, Beln, Reph, Rept ).
82 ——-
% |
t 2i==4
node| Nede, (Rel,5tl), (HeZ,5t2), Ifls,Ifls,0fls,0f2s,
ibls,Ib2s,0bls,0b2s, Beln, Reph, Rept ) -
Ifds = [1f|Hestlf2s], 5tl1 = closed, Sl = closed |
Oh2s = [If|HextobZs),
node( Node, (Rel,5tl), [(Red, 5t2),
1fls, RaestIfls, o
tbkls, Ibis, Obls, WesxtOb2s, Bcln, Reph, Rept 3,
R 1,2 ¢— end, terminate
node( Node, (Hel,5tl), (Red,5td), Ifls,T1{25,0f1s,0f2s,
Ibls,TLds,0bls,0b2s, BeIn, Reph, Rept ) =
EcIn = end |
BEeph = [pnode{Node, (Rel,S5tl}, (Re2,5t2))Rept].

% cutflow
% ———
outFlow({ [Pr|RestPrs], Reps, SumFlow, Ds ) :— Pr = pass{[amount(¥lew)|_]} |

HemtSumFlow := SumFlow + Flow, Os = [write{Pr),nl|Nextos],
outrlew| RestPrs, Reps, WextSumFlow, Wext(s ).

ocutFlow( [Pr|RestPrs], Reps, SumFlow, 08 ) := Pr = return(_) |
08 = [wrate{Pr),.nl|Hextis],
outFlow( RestPre, Reps, SumFlow, WextOs ).

outflew| Prs, [Rep|RestReps], SumFlow, Os ) :— Rep = node{_,{0,_},(0,_3) |
cutilow{ Prs, RestReps, SumFlow, 05 ).

outFPlew{ Prs, [Rep|RestReps), SumFlow, Os ) :— Rep = node{_, (Rel,_).(Red, 13,

Rel+Re2 > 0O |
0= =~ [write{remain(Rep)),nl|Hext0s],
outFlow| Prs, RestReps, Sumflow, NextOs )
outFlew( [1, [!, SumPleow, Oz } :- true |
Cg = [nl,write(maxFlow{SumFlow}),.nl,nl,nl].



{0y Date: 1987-July=30, written by Kazuaki Rokusawa
Modified: 3-aug=87 by 5. Takagi

(1} Program name: maxflowl-oxd=3

{2) AButhor: Kazuaki Rokusawa

{31 Runs on: DEC-10 Prolog GHC system {GHC and GHO3)

(%) Description of the probliem: See USZ2: {MPSI.BENCH>MAXFLOW1-EX1.DOC
(5) Algorithm: See US2: {MPSI.BENCHMAXFLOW1-EX1.DOC

(&) Process structure: See US2:MPSI.BENCHMAXFLOW1-EX1.DOC

(7} 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 node

pProcesses,
(BY Program:

There are two networks., One (example 2) includes 17 nodes, and the other
(example 3} includes BO nodes (See the source file).

The main predicates used in this program are:

ex2/s3, exi/si: Top level predicates Lo start this program
ex?2 —— example 2, ex3 — example 3
maxflow/5: Main part of this program

genMedelist/3, findInitAllocPE/3, genMode/4, find2Links/6,
findOtharbLink/4, initMNedes15, findLinkToFxit/2:
Predicates that generate node process

entrance/3: Sends the initial flow to the cntrance

nodas17 . The main prooess whioch sends and receives a flow.
This process works as:
Waits for the input- flow
Changes the status
Sends the flow

exil/ a: Detects the el

cutFlow/3, ocutByPE/Ll, totalByPE/8, outMsgByPE/4:
bisplays the result

(93 Source file:USZ:<MPSI.BENCH:MANFLOWI-EXZ-3. GHC
Log file: 52 {MEPET . BENCH>MANFLOWI=-EX2=3  LOG {on GHC system)
U52:<MPSI.BENCHMAXFLOWZ-EX2-3-GHC3 . LOG {on GHCI system)

This ftile: USZ:<MPSI.BENCHMMANFLOWZ-EXZ—3.DOC



(10} Examples:

Copy the source file (<MPSI.BENCH>MAXFLOWZ-EX2-3.GHC) to a temporary
file whose file pame is less than 7 characters anpd whaosze file
extension 1z less than 4 characters: (i.e. up to 6 characters fer
the file name and 3 characters for the extension).

[@copy <MPSI. BENCH>MAXFLOWZ-EX2-3.GHC —t.ghe<CR>

Inveke the CHC system on the DECIOARS.
[Egho4CR».

Compile the program,
?- ghoocomplile('—t . ghc") . <CR>

Execute the program.
?= exi(limFlow, InitAllocList, EntranceBE}). (R}

% where Limrlow is the amount of initial flow to the entrance,
t InitAllocList is a list of Pragma {PE-number ),
EntrancePE is the Pragma(PE-number) attached to the entrance node.

e

% Example of InitAllocList:

8 InmitAlloeList = [nodefk,H},nude(h.l},nodefq,zll
% This means attaching PE$3 to node k, PE#1 to node h,
% and PE#2 to neode q.

(11} Evaluation data:

Tihe results of the cxecution on the GHCA system are as follows,

| ? ghe ex2(s0, [node(f,2),node(g,3),node(p,1)], 1).
maxFlow(40)

619 reductions and 104 suspensions in 81 eycles and 9530 msec (67 Ips)
The maximum number of reducible goals is 48/44 at the 20th cycle,
The maximum length of the queue is 44,

yes

?- ghe exi{200, {node(ad,2),node(c0,3),node(d3, 4y,

| nude{hl,sj,noda{iﬁrﬁ}.node{lZ,lj,nuderlB.?}]. 1.
maxFlow! 83}

7984 reductions and 720 suspensions in 409 eyoles and

¥wd(0,-78733) msec (119680 rps)

The maximun number of reducible goals is H1/82 at the 321th ovels.

The maximum length of the queus is 153,

¥wd (0, -78733) means that the value is more than 18 bits and is
represcnted in the 2 half-words format.

(12) Reference; See UE2: (MPSI, BENCHIMAXFLOWI-EX1 . DOC

—_ T -
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MAXFLOW
example 2 { 17 nodes )
100 15 20
entrance —-» [ & 1 =3 [ b1 [ e ] === [ d ] === [ & ] -——> exit
I I A )
| so | 120 | 20 =T
v 26 | I 40 5 |
1£] ———— rlgl = [ h]-—2[1i]
I I ) I A
| 1o | | 25 [ 20 | 2o
v B v 40 I I |
[ 31— k] ==->»11] I fm ]
1 | I 2
I 10 | 10 ! | 25
v v 1o v 25 |
[ n] fo] =21 p]=-—==r1g]l
exd{ LimFlow, InitAllocList, EntrancePE ) :— true
ModeSpecList = [nodeja.out{l00-b, 50-£f}), node(b.out(l20-k, (137
nede{e, out{ 15-4, [1¥), node(d,cut{ 20-e, [1yy.
node{e,out{ S0-exit,[)}), node(f,ocut{ 20-g, 10-j)},
nodel{g,oul{ 20¢-c, 40-h)), nodel(h,out{ 5-i, 20-pi).
node{1,out{ 3l-e, 111 nodefq,ocut{ a0-k, IR
node(k,out{ 40-1, 10-n}), bode(l,out{ 25=q, 10=01)}.
node (m, out{ 20=1, {141, node(n,out( 1. [Ivd,
node{o,oul{ 10=p, (111, node(p,out{ 25-q, [33).
node{g,oul{ 25-m, (13130,
EntranceNode = a,
maxflow{ LimFlow, NodeSpeclist, Entrancelode,
Inithlloclist, EntrancePE ).
example,. 3 { B0 pedes )
enbrance
|
i
W il 40 £2 75 RY
[ a0 ] === [ @l ] === [ a2 ] === [ a3 ] === [ a4 ] ===} [ ab ]
I A R |
| 76 41 30 | &1
v B 52 1 15 W
[ bl [ e=eceeeeccesss==) [ bhd ] ===} [ b3 ] === [ bBi ] ===> [ bS5 ]
I A I A I
| &3 |14 | &1 20 | 72
v 70 40 i | 17 v
[ e ) ===> [ €l ] ===} [ €2 ] | [ cd | ===> [ €5 ]
I I I A f
| 37 | 28 | | 25 | &8
19 v 3 ¥ 46 W 25 | 33 v
[ €0 | <=== [ @l ] &~ [ d2 ] ——>» {d3 § — [ d4 ] ——> [ d5 ]
| i ES | I
| 74 i 22 | 7 | 37 | 53
v 43 v 440 | 61 v 9 23 v
[eﬂ]———>[Ell———}Ief]<———laZ|II< Ioa|11<--le|5]
| |
| 3 | 13 | =2 | 4@ | a5 | &1
v AT v | v 18 v & v
[ £0 ] ——-3 | £1 ] | [ £3 ] ¢-- [ £4 ] ===3 [ £5 ]
I | I I |
|- 25 | 54 | | 38 | 76

I I R I I I I e e

— 71 —



& |
®

El

% .
% v
% [ ho
L] F
) |
%

i I in
k |
b I
& W
13 [ ju
L I
i I
i v
% [ k@
% S
& |
b I
& [ 10
§ E
% I
4 I
% [ mi
i [
& |
% W
% [ nd
L] |
3 [
i v
§ [ o0
%

&

i

%

Y

ex3{ LimFlow,
NodeSpecList =

W V2 v 15 v
[ q? et | gf I == 1 q? |
Y | &9 | 5o
i1 ¥ a0 W g1 v
1 —=3* [ hl 1 ===3 | h2 1 ===3 [ 13 ]
I I
g2 | 26 | 75
11 v 26 [ Ry
b o¢——— [ i1 ] 4——— [ i2 ] 4=== [ i3}
! | !

72 |43 | 53 TS
35 v | v
=== 31 I [ jf ]

| I
26 | a5 | | &2
ig v v 45 v
I === 1 %1 1 [ k2 ] == [ k31
| .

14 | =1 |13 64
23 v T2 v i v
[T 11 ] —= [ 12 1 =—=3 [ 13 ]

f I I
S0 | 87 | as | 44
| 27 v 56 v
] 4 ———— [ m2 ] ¢=== [ m3 ]
I I
73 [ | 67 | 31
| v 53 v
] | [ m2 1 —=» [ n3 ]
f I
B H | | 73
43 v a4 Vv 58
] ===» | el ] ===» [ 02 ] —3 [ 51 |
I
I
v
exit

Inithlloclist,

[

EntrancePE } :- true |
node(at,out{31-al, 76=bi}),
node(aZ,out(62-ald, 13y
node(ad,cut(88%-a5, i1y
node (b, cut (B0-b2,63-20)),
node (b2, out{4i-a2, 52-b1)),
rode(b4,out({30-a4, 155513,
nede{el, out{70-cl, [1h3.
node({cZ,out{l14-b2, 28-42}1,
nede(ed  out{20-b4,17-a0})),
node (40, out(74-e0, [15ry.
node (42, out) 3-41,46-d3)),
node (d4, out(25-¢4,32-d5) ).,
node(ed, out (45-e1,36-F0) ),
node{e?,out] T-42,99-42),
node(ed, out{ S—e3, 35-f41),
node(£0, out{26=-£1,25=h0}},
node(f4,ont{18-f3, B-£51,
nodae{g2,out{l15-g3,69-h2}),
node{gd, out{i12-gs, [Ty,
noedefhd, out{31-h1, (131,
node{h2,out{B81-h3, [1i3.

node (10, out{72-j0,82-h0y,
node(i2,cut(26-11,5%3-k2%),

— 79 —

12 w
[ g4 1 == [ g5 1
A |
| 23 | B4
55 i v
3 [ RS ]
I I
f I g0
| 71 y
[ i4 ] «—- [ i% }
| {
| &8 | 81
41 v 21 v
t==—= [ §4 1 === [ 35 ]
F |
| a1 b 73
[ a6 v
[ k4 ] €=== [ k5 ]
I
| s\
72 I
———» [ 14 | |
|
17 |
v 87 v
[ md ] === [ m5 ]
N [
| 25 | @s
BT | v
--------------- [ nd ]
| I
| | 75
a7 W 72 W
f=—= [ o4 ] {—— [ &5 1
node{al,out{40-a2, [3y)«
node(ad,out(75-a4, HERE
node(ab,out (61-h5%, iray.

node (b3, out (15-hd, 61-d31),
node (kS out {T2-25, [1y1s
node{cl,out {40=c2, 37-41),

node{c5, out {68=-A5, 1y,
node{dl,out (49=-d0,22-e1}},
node{d3, cut(25-44,77=-81)},
node(dS, out{53-a5, [1r1.
node(el,out (40-e2,13=£1}7,
node(el, out(61-e2,48-F3),
node{es, out{23-ed,61-5)),
node(fl,out{34-g1, LIy,
node(£3, out (38%-gi, [laye
node{£5, out (T6-g3, [Iry.
node(gl, out(7Z=-g2,38=hl}),
node (g3, out{50-h3, [T¥1e
node (g5, out (B4-h5, (1.
node(hl,out(40-h2,36-11)),
node(h3, out{55-h5, T5=43)),
node (hE, out{90-4i5, [Ty,
node{il, out{11-1i0,43-3113.
node{id, out (§5-12 36-93},



node(id4,out{23=g4,68=74))
node(J0,out{35=41, 26=-k0} ),

node (34, out{41=33,21=35} ).
node(kl,out{l%-kl1, (131,
noede(k2, out{45-k3,13-12} ).
node(kd,out{41-44, {113

node (L0, o0t (14-k0,23-11313.,
node (12, out{ &6—L13,868-m2)),
node(ld, oub{3/-Bd, (11,
node(ml,out{50=10,72=-n0}}).
node (w2, out{27-wr0, ¢7-nd) ),
node{md ,out{87-m5, 25-0d )},
node(nd,out{§8-ol, [11):
node{nd,out{33=-n3, Ti-ovd)]),

Ly
(133,
RERE

node{ol,out{43=-cl,
pode{o?,out {38=-c3,
node{od ot 27-03,

Entrancelode = al,

maxfiow{ LimFlow, NodeSpecList, EntrancoNode,
InitkllocList, EptrancePE }.
%
1 _____________________________ = —— s . . T . . Y I W
&
% MANT LOW - maln part —
® R ———
i
® HodeSpecLiat = [nodenome, out{amountl-outl,amsunt2-outZ)), ...}
%
2 < exampled
t
% Nodefpeelist = [nedefa,out{2=b,7-c)),nedeib,outid=-d, [1)),
L3 node(e,out{3-b,3-d)),node{d,cut(7—exit, []}}]
%
& 2 4 T
% fal=-->b]-—»4] -—: exit
% | A A
5 | 7 ] i
% ————— Y [ e ] smm———— +
%
maxflow] LimFlow, HNodeSpecList, Entrancebode, Inithlloclist, EntrancePE |} :-
true |
Ent = {(nocdeof{_,out{ -EntranccNodec,[]}).

eRntIance|

channel (ToeEntrance, ,BackToBExit,
genHodeLiot( HodefSpeclisot,
genNode! Nodelist,
LimElew,

tindLinkToExit(

TnithllcclLisct,

EntrancelE, ToEntrance )
Nodelist, ToExit ),

node (1, out ([T1l-14,B1-35)1,
node{jl,out(4%-k1l, LIy,
node{j3, out(62-k3, (313,
node{]s,out(73i=k3, [1y3.
node{kl ,out(Bi-11, [11a,
node{kd,out(G4-13, [118s
node{ kS, oul{36=k4,58-m5) ),
node{ 11, out (72=12,57-01)3,
node{l3,ouc(T23-14,44-m3}},

node{md ,out{S0-m2, 31-0d) ),
node{m5,out [ #9-n5, IERRE

(113
[11y.
(1),
(133,
PF1R1.

node{nd,out{87-na,
node{nd , ot { T5=03,
nodea{ol ,out {84=-0d,
node{od ,out{&5-exit,
node(ad, out{T2-05,

e b

ModeList 3,
[Ent |Modelist], BelIn, RepHead 3,

@

in NodeSpecList )

e¥itn{ LimFlaow, 0, ToBExit, BackToExit, Hcln, Frs ).
autFlow({ Prs, RepHead, 0 ),
outByPE( HRepHead ).
L]
e e e e e e e
L] process generation
a — —_— —_— e e e s e e e e L S S S D T P
§
% geniodelList
% s D ., . e
]
& NodeSpeclist ————) Modelist
&
% Nodelist = [{node!...).channel(0fls,0f22,Thls,Thir), pe(PERI}, ... ]
& { where node(,..) 15 the same as node{...}
%
gentodelist [OneNodeSpes|RastadeSpeclist], TrithllocList, NodeList )



OnelNcdeSpec = node{Node. 1 |
findInithllocPE{ Node, InithllocList, InithllecPE j,
CneNode = (OneNodeSpec,channel(0fls,0fls,Ibls,Ib2:), pe{InithllocPE)),
HodeLizt = [OnoMNode |Nextiodelist],
genHodelist( RestNodeSpeclist, Initkllioclist, NextNodelList 3.
genNodelist{ [], _, NodeList } :- true |
NodeList = [].

findInitallocPE

%
%
%
&
L find the initially allocated PE according to InitAllesList
i
findInithlleocPE( Mode, Imitalloeclist, InitAllocPE ) :=
InitallocList = [node(Node.FE)|_1 |
InitillocPE = FPE,
findInitallocPE{ MNode, InitAlloclist, InitAllocPE 3§ =
InitallocList = [node{Othertode, ) |RestInitillesList],
Hede = OtherNode |
findInitAllocPE{ Node, RestInithllocliot, TnitRllecPE 1.
findInitAllecPEf _, Inithlleeclist, InitAllocPE } := InitAllocList = [] |
InitdllocPE = potallocated.

S Sl TR —

%
% genlaode

¥ e

%

% feneration of "nede” process

£

% ANodeList = [entrance-spec|NodeList) { see maxflow predicate )
%

% 0fls, Ibls

& [nede] --——————————=3

% I

£ i 0f2s, Ibis

%

&

gen¥ode( [OnediodeRestNodelist], BModelList, BeIn, Reph | :—
Onelode = [pode(Node,out{Amountl-_, amountl-_}) .,
channel{001s,0f28,Ibls, Ib2s), pe{allocPE))
find2Links{ Mode, ANodelist, Tfls, 1f2s, Obls, Obls Te
initNede{ AllocPE, Nude, (Amountl,open), {Amountl,cpen),
Ifls,1f2s, 0fls,0f2s, Ibls,Ib2s, Obls,0bls, Beln, Reph,Rept },
gentede | RestNodelist, ANodelist, Beln, Rept )

i

% 0f1s, Ibls

;] [neda] ———m=—m————

]

gentiode{ [OneNode|RestNodeList], ANodelist, BeIn, Reph ) ;-
Unedode = (oode{Node,out{fAmountl=-_,[11),

chaunel{0fls, ,Tbils,_),pe(allecFE)) |
find2Links{ Nede, ANodelList, Tfle, If2s, Obls, Ob2s ),
initHode( AllocPE, Node, {Amountl,open), (0,clesed),
Ifls,1f2s, 0fls,_, Ibls,[]. Obls,0b2s, Beln, Reph,Hept 1,
genlode| HestNodelist, ANodelist, ReTn, Repr ).

[node]

0f2=, Ible

m——— e »

L

genkodo| [OneNode|RestNodelist], ANedelist, BeIn, Reph ) :—
Onelode = (node{Node,out([],Amounti=_1),
cheannel({_ ,0f2s, ,Ib2s),pe(hllocPE)) |
find2Links( Node, ANedalist, Ifls, If2s, Obls, Obls 3,
initiode{ ARllocPE, Node, (0,closed), (Amount,open).
I£1s,1f82s, _,0f2s, [},TIb2s, Obls,0b2s, Beln, Reph,Rept 3,

= 74 ——



gentiode{ Restiodelist, ANedelist, Beoln, Rept ).
L]
& [nedel { having no output=link )
]
gennode [OneNcde |RestRodeLisi] , ANodeList, Beln, Reph ) o:-
Onelode = (node{Node,out!{]].[]}). . pe(illocPE))
find2Links{ Node, BNodelast, Ifls, T132s, Obls, Oh3s ),

initkede( AllocPE, hkode, [0,cloesed), (0,closed;,
1fl=, 1825, _ . _« [1.0]1, ©bls,0kb2s, Beln, Reph,Rept ),
gendode{ RestNadelist, ANodelist, EBEeln, Rept ).
%
gendede{ (1., _, _, Reph ; := true |
Reph = [].
%
¥ findlLink
a __________
)
% find the link to node(lode}
1
% Ufls = 1£1g, Ibls = COhls
i l[other—node] ————————————"-—-—- —===—--- ==} [Hode]
® A
& |
L1 0fdeg = 1f2s, lb2s = Qbils |
% {other—npode] -———————-————————————————————-— +
%
ftind2links( Wode, [OoeNode|RestANodelist], Ifls, Ifds, QObls, Obls ) :-

OneNode - (neode(_,out{_-Node._]).channel{0fils,_.Ibls,_)._] |
Ifls = O0fis, Obls = Ibls,
find(theriink( MNode, RestiNodelizt, Ifis, Oblde ).
findilinks{ Kode; [OneMNode|RestANooelist)], Ifls, Ifis, Obls, Obis ) -
Onelode = (nede|_,out{_, —Nodel),.channel{_ ,0f#s,_,Ib2s),_} |
Ifiz = Ofds, Obls = Ibis,
findOtherLink( Node, RestaNodeList, Ifzs, Oblds ).
finddlkinks{ Hode, [Unetode RestANodelist], Ifls, If2s, Obls, Ob2s ) -
Unelode = (node| ,out{ -0utWedel, =CutNoded}),_ ., _}.
CutBodel = Nede, JutNode2 S= Node |
tind2Links({ Node, ResthNodelist, Ifls, Itls, Obls, Oblde ).
tind2Linke( Node, [Onedode ResthNodelist], Ifls, ItZs, Obls, Ob2s ) -
OneNade = (node| ,out( -OutNodel, [1¥), . 3. OutModel s= Hode
tind2Links({ Neode, RestiANodelist, Iitls, Itlds, Obls, Obis ).
tind2Links{ Mode, [OncHode ResthHodelist], Itls, It2s, Obls, Obdg ) -
OneMode = (node{ ,out{l], -OutMode2}), ,_ )., Out¥ode2 ‘= Hode
tind2Links({ Mode, RostRHodelist, Itls, It2e, Chls, Obig ).
tind2Links{ Hode, |Onelode RestANodelist], Ifls, Ifds, Okls, Obids ) :-=

Onedode = (nuuef_,uut{l];i]bﬁ;_f;} |
tind2Links{ Mode, ResthNodelist, Itls, Iids, Oble, Obis )
find2Links{ Node, [}, Ifls, IiZz, Obls, Obds ) :- true
tfls - [], #f2s = [], Obls = _, Ob2s =
]
tindOtherLink{ Mode, [Onodode|ResthNodelist), Its, Obs § :—
OneNade = [node| ,out{ -Node, )),channel{0fls,_,Ibls,_},_3) |

It = Ot1lso, Obs = Ibls.
tindOtherLink] Hode, [OnoMode{RestiNodelizt], Ifs, Obs ) :i—
OneNode = [(node(_,out{_,_-~Node)).channel{_.0fds._.Ib2s},_) |
IJiz = Q0fZ28, Obs = Ibis.
findQtherLink{ WHode, [OneXodeRestiNodelist), Lfs, Obs ) :-
OneNode = (node(_,out{_-Uutiocael,_ —{Quthoded}l, __1}«
futleael = Hode, {uttodel “= Hode |
tinddtherlink{ Hode, RestiNodelList, Ifs. Oks ).
fincd0therLink{ Node, [OneNode|RestpModelist], 1fs, Obs ) =
Onedode = {node{_,out(_-Uutbodel,[T1})._._), OutHodel ‘= Hode
findDtherLink{ Node, HestahkodelList, Ifs, Obs |.
fipdUtherLink{ Nede, [OneNode|HestANodelist], Ifs, Obs ) :-
Unehode = {node(_,oux{[], -CutNede2)),_._)., Outiodel = Hode
findOtherlink|{ Node, HesthNodelist, If=, Obs )

Th —



findltherLink{ Node, [OneNode|RestANodeList], Ifs, Obs ) :=
UneNode = (mode{_.out{[1, ()13} _._1 |
findotherLink( MNode, RestANodeList, 1fs, Obs .
tindDthernink| Meode, [], Tfs5, Ohz | = true
Ifs = [], Obs =

init¥ode

&
%
%
¥
L] initial generation of "node" process
&
% === initially allocated -
%
initHode{ AllocP¥, HNode, (Hel.S5tl), (ReZ,5t2).
Ifis, 1f25,0f1s,0f25, Ibls,lbis,0bls,0b2s5, BelIn, Reph, Rept ) :-
AllocPE Y= notkllecated |
InitIfls = [alloc({AllocPE)|1£ls),
node{ nothlleocated, Node, 0, 0, (Rel,8L1), (Re2,.S5t2),
Initlfls, lize, Ufls,0f2s, Ib1s,Tbls,0bls,0b28, Beln, Neph, Rept 3,

=== initially not allocated =---

oA

initWede| AllocFE, Node, (Rel,S5tl), [(ReZ,.5t2).
Ifis,1f22,0L818,0f28, Ibls,Iblds,.0bls,0h2s, Boln, Reph, Eapt } -
AliocPE -~ notillocated |
node{ nothilleocated, Node, 0, O, (Rel,S5tl), (Re2,5e2),
1115,IfEE,Dfls,DfZS;Iblerbzs,ﬂbls,Dh!s, Beln, Heph, Rept }.

findLinkTokxit

—— T L

find the link to "exit"

fle or Q0fZc = ToExit
[ether-nodea] - ¥ oexit

O N o W o @ At

findlinkTokxit( [UneNode|RestNodelist], TeExit )
CnaNoge = {node[_Jout(_-Dutuudei,_-ﬂutﬂaﬂo]}j._,_1.
tuthodel %= exit, OutNode? \= exit |
findLinkToExit({ RestNodelist, ToExit ).
findlinkTeoexit{ [DOneMNode|RectWedelist], ToExit j :-
Onelode = (node(_,out{_-OutNodel,[1)3,_,_ ), Outlodel %= axit |
findLinkToExit({ RestWodeList, ToExit )
findLinkToExit( [UneNode|RectNodeList], ToExit } -
Unelode = {nodef .out([}, =Dutdode2)}, , 1, OutModel “= exit |
findLinkloExit{ RestModeLlist, Tokxit 3
tindbinkTIoExit{ [UneNode|RestNodelList], Tobxit 3y :-
UneNode = (node{_,out([],[1yy,_,_} !
findLinkToEx1t{ RoctWodelist, TeExie )
findLinkToexit{ [OneMNode |ResctWodaList], ToExit 3 :—
Unelode = (node( ,out{ -exit,_ )),channel{0fls,_, , 3, 1 |
ToExit = 0fls,
findLinkToExit{ [UneNode|RestMNodelict], ToExiz } :=
UneMode = {(pode{_ ,out( . ~exit}),channel(_,0f2s, ,_3._) |
ToeExit = UfzZs.
findLinkToExic{ []. _ ) i~ Msg = 'illegal NodeSpecList',
prolog] { write{ Msg }, nl ) 3}

tTrue,
i
e ————— e —————————————— e
% rrocess specification
% — - R S
L]
% pm——————— .
i |
L3 | v



T I e I e

M o A o @ o o A D A W D A M Y o o o A T

W A A P A e A P W

enirance === pode (- == pode <--% exit == putFlow —=} cutstream

A K | by

[ I v I

1 v all nodes all nodes
node (=—3 i——r node

A )

{ |

stream diagram

rscle

= - {Ral,5tl)
————— ~===3|1fls UEls| ———mmmemed
{mm——————- |obls iblg|¢-————

|

I (ke 5t
————————— »lIfas Uf2s —————
{=mm——=——= | Obis Lh2s!+

Beln Rep |

ey
A i
I v
Ifs ¢ input forward stream
0fg : putput forward sStream
Ibs : input backward stream
Ous  : outpubl backward stream
Fe o remainder
St : status ( open / closed )

BgelIn : broadcast in
Feph : reply head

Rept : reply tail

node specification

entrance

ntrance| LimFlow, EntrancePE, 0fs } :— Msg = push(LimFlow),

prologl [ write{ Msg ), nl ) } |
ffs = [alloc{EntrancePE), [aAmoubt{LimFlow),link(0, entrance)]].

node

allocation to PE specified in the message
receiving "alloc=messade" from If{ls

=—= first receiving -

node{ PE, Mode, Ifc, Ibc, (Rel,5%l), (Re:,5t2), Ifls, 1f2s,0f1s,0[2s,

I1bkls,Ib2s,0bls,0Ob2s, Boln, Beph, Rept ) :—
1*ls = [If|RestIfls], If = allon(hllocPE), FE = notillocated,
Meg = allocate(node(Hode) . pe(fallocPE) ),
proleg{ { write(Msg), nl ) 3 |
sendAhlloc{ AllocPE, Stl, Ofls, Next0Ofls §,
sendhllos! AllocPE, 5t2, 0f2s, NewtOfis },
node! ALlocPE, Hode, Ifc, Ibs, (Rel,S5tl), {Rel,Stld),
ReztIfla, Tf2s, WextOL1ls, NextOfls,
Ihls, Ib2s, Cbls, Ob2s, Boln, Reph, Eept ).

=== already received ---=

- 77



b
nude{ PR, Node, Ife, Ibe, (Rel,Stl), (He2,Stdy, Ifle,I112s,0fls,082s,
Ibls,1b2=,0bls, 0b2s, Boln, Reph, Rept 3 =
1fls = [1f|Restifls), If = alloc(AllocFE)}, PE = nothllocated
node| PR, Node, Ife, Ibe, (Rel,5t1). (HeZ,5tl),
RestIfls, If2s, Ofls, Of2s,
Ibls, Ibds, Obls, Obis, Boln, Reph, Rept ),

receivinu "alloc-messzaqe™ from 1f2s

——  first receiving -—

I

node{ ME, Node, Ifec, Ibe, {(Kel,S5tl), (Re2,£x2), Ifls,If2=,0fls,0f2s,
Ibls,Ib2s.0bls,0b2=, BeIn, Reph, Rept 3 -
If2s = [If|HestIf2z], If = alloc({hllocPE), PE = notillocated,
Meg = allocate!node{MNode),po(rllasPE)),
proleg! | write{Msg), nl ) }
sendalloc) allocPE, S5tl, 0fls, HWextnfls o,
sendrllos|{ AllockE, Sti, Ofds, Hextd[2s ),

hede( AllocPD, Nede, Ifc, Ibc, {(Rel,561), (ReZ,st2y,
1fls, RestIfZs, NextOfls, NextQfzs,
Ibls, IbL2s, Obls, Qb2s, Beln, Reph, Rept ).
B
L] -7 already recelved ===
%

node{ PE, Wode, Ife, Tbe, {Rel,S5tl), (Rel.Stdy, Ifls,I1f2s.0f1s,0f2s,
Ibls,1b2s,0bls,0b2s, Beln, Reph, Rept ) :=
Ifls = [If|Restif2s], If = alloe{alleePE), PE %= notAllocated
node( Pl, Mode, Ife, Ibe, (Rel,S5t1), (Re2, 5t2),
Itls, RestIflis, 0Ofls, Of2s,

ibls, Ib2s, Obls, ObZs, Bocln, Heph, Rept ).

i

sendallos{ AllocPE, St, Ofs, NewtOfm } := 5t = ppen
fs = lalleg(aliocPE) |Nextofs].

%

sendillec! AllocoPE, 5i, 0fis, Wewtffs § := 5+ = closed
Ofs = NextOfs.

%

¥ general processing

k]

% receiving [amount (Flow),link{ , 1,...] message

E]

1 —> 1

t [ Flow ¢ Rel )

rede! PE. Nede, Ifc, Ibe, (Rel,Stl), (Re2,5t2), Ifls,If2s,0fls,0f2s,
Iklg,Ib2e,0bls,0b2s, Beln, Reph, Rept ) -

Ifls = [IffRestIfls], If = [amount(Flow)|RestIf],
Ftl = apen, Flow < Rel, HextRel := Hel-Flow, MewIfc := Ifo+l,
ksyg = ope{pe(PE).node(Node) , send_forward|Flow)),
prolog{ { write(Msg), ni )} ) |
0fls = [ [amount{Flow),link({l,Kcde)|Restlf} | NextOfls ],

node| FPE, Node, HewIfe, The, (WextRel,Stlj, (Reil,5t2),
RestIfls, If2sa, Nextlfls, 0f2s,
Ibls, Ik2s, Obls, Obz2s, Beln, Reph, Rept ).
] { Flow = Rel )
node( PE, Node, 1fc, Ibe, (Rel,5tl), (Re2,st2y, Ifls,If2s,0f1ls,0f2s,
Tbls,Ib2s,0bls,0b2s, BcIn, Reph, Rept ) :-
1fls = [If|RestIfls), If = [amount(Fleow)|RestIf],
Stl = gpen, Flow = Rel, Newlfc = Ifc+l,
Meg = ope{pe(FE)}, node{Node),send_forward (Flow) ),
proleg( | write(Msg), nl ) ) | )
0fls = [ [amount{Flow),link{1l,.Node) |RestIf] ],
node( PE, Node, Wewlfc, Ibe, (0,closed), (Re2,S5t2),
Restlfls, Ifis, _. 0f2s=,
Ibls, IbZs, Obls, Ob2s, Beln, Reph, Rept )
¥ 1 == 1 & call again



] { Flow » Rel 3
node( BFR, Node, Ife, The, (Rel,S5tl), (Re2,sel), I11s,I1£2=.0fls.0£f2s,
Ibls, Ib2s,0bls,0b3s, Becln, Reph, Rept | -
Ifle = [If|RestIfls]l, If = [amount{Flow} |RestIf],
5tl = open, Flow » Rel, HestFlow := Flow-Hel, Newlfc := Ifc+l,
Msg = ope(pe(FE),node(Node)  send_forwardi(Rel)),
prolog{ { write{Msg), nl } } |
Ofls = [ |amount{Rel),link({il,Node) |Restlf] | Nextofls ],
AgainIils = | [amount(ResiFlow)|RestIf] | RestIfls ),
node| PE, Hode, NewIfc, Ibe, (U,closed). (Rel,5L2),
hoainIfls, I£2s, NextOfls, Ofls,
Ibls, Ib2s. Obls, Ob2s, BocIn, Reph, Rept ).

802 == 1
% { Flow < kel 3
node! PE, Nede, Ife, Ibe, (Rel,5tly, (Rel,St2), Ifls,Tf2s5.0{1s,0{2s,
Ibls,Ibds,00ls,0bds, Boeln, Reph, Rept ) -
Tfis = [Tf|ReotIfle), If = jamount{Flow) |RestIf],
5tl1 = open, Flow ¢ Rel, NaxtRel := Rel<Flow, WowlIfe := Ifc+l,
Mag = opel{pe{PFR),node(Node) send forward(Flow) ),
prolog{ [ write(Msg), nl } } |
Ofls = [ [amount(Flow),link{2,Hede) |RestIf] | Hestofls ],
nodef{ PE, Node, HewIic, Ibe, (MextRel,S5tl), (Rel2,5t2).
Tfls, RestIfZs, NextOfls, 0L2s,
Ibls, Ib2:s, OLls, k2s, Reln, Reph, Rept ).
® { Flaw = Rel }
node! PE, Node, Ifc, Ibc, (Rel,5%tly, (Rel,5t2y, Ifls,If2=,0fls,0f2s,
Ibkis,Ib22,0hls,0b2s, Beln, Reph, Rept ) =
Tf2s » [1f|RestIfis], If = lamount{Flow)|[Restlf],
5t1 = open, Flew = Rel, NewIfe := Ife+l,
Meq = ope{pe{PE],node(Node) send_forwvard{Flew) ),
praleai { write(Msgh, al 3 3 |
Bfis = [ [ameunt(Flowy,link{?, Node) | Re=tIf] 1,
nwie{ PE, Node, HewIfc, Tho, (0,closed), (Re2,S5t2),
Ifls, RestIfls, _, ffls,
Ihl=s, Ib2s, Obls, 0blds, Boln, Reph, Rept ).

¥ 2 -——>» 1 & call again
% { Flew » Rel }
node | PE, Nade, Ife, Ibe, (Rel,S5tl), (Re2,5€2), Ifle,Ifls,0fls,0f2e,
Ihl=,Th2s,.0his,0bZs, Reln, Reph, Rept ) =
Tfdr = [IflREHtTf?E], 1f = [amount{Flow)|Restif],
Stl = apan, Flow » Rel, RestFlow := Flow-Rel, Mewlfe := Ife+l,
MEg = ope(pe(PE),node(Node) , send_forvard{fel)).
prologf { write(Msg), nl § ) |
Ofla = [ [amount{Rel},link{2,Noda)|RestTi{] | Nextnfils j,
AyainIfZs = | [amount({RestFlow)|RestIf] | RestIf3s ),
node{ PR, Node, Newlfo, Ibeo, (0,closed), (Rel,S5t2),
Ifls, AgainT{3s, NextOfls, O0f2s,
Ikls, Th2s, Obls, Ob2s, Beln, Reph, Bept ).

81— 2
% { Fluw ¢ Rue2 )
node{ PE, Mode, Ife, Ibe, (Rel,S5tl), (Rel,5t2), Ifls,Iflis,0fls,0flsm,
Ibls,Ib2s.0bls,Cbis, Bcln, Reph, Rept ) -
Tfls = [If|RestIfis], If - [amount({¥lew)|RestIf],
8tl = closad, SL2 = gpen, Flow { Rel, NextRel := Rel-Flow,
WewIfc 1= Ifc=l,
Msg = ope(pe(FE},node|Node) , send_forward{Flaw)),
prolog{ { write{Msg}, nl 1 ) |
0f2s = | [amount{Flow),link(l,Ncde)|RestIf] | HNextOfis ],
nede{ PE, Node, Newifc, Ibc, (Rel,5tl), {MextReZ, Stl),
BestIfls, 1£2s, 0fls, NextOfls,

Ible. IkZ=, Obls, ObZs, Beln, Reph, Hept ).
L] { Flow = ERe2 )
rnode{ FE, Hode, Ifec, Iba, (Rel,5tl}, (Re2,5t2), Ifls, Ifis,.0fls,0f2s,
Ibls,Ib2s,0bls,0bs, BocIn, Reph, Ropt | o=

Ifls = [If|Restifis], If = [amount(Flow)|RestIf],
5tl1 = closed, 5t2 = open, Flow = Re2, WNewlic := Tletl,



Mzg - ocpe({pe{PE), node(Node ), send_forward(Flow) ),
prologf { write{Msg). nl 3 3} |
0f2z = [ lamount({Flow),link({l,Node) |RestTf) ],_
node{ PE. Node, Newlfc, Ibc, (Rel,5tl), (0,closed),
RestIfls, Ifds, Ofls, _,
Ibls. Ib#s, Obls, Obls, BeIn, Reph, Rept .

%L ——+——3 2
® |
& 1q{——+
! { Flow » Hel )
node{ PE, Node, Ifc, Ibc, (Rel.Stl), (Re2,5t2), Ifls, If2=,.0f1s5,0f2:,
1bls,Ib2s,0bls,0b2s, Beln, Reph, Rept } :—
Ifils = [If|RestIflg], If = [amount(Flow) |RestIf],
ftl = closed, 5t2 = open, Flow » REeZ, HestFlow := Flow-Hel,
HewIfe := Ife+l,
Mzg = ape(pe(PE}, hode(Node),
send_forward{Rel).send_back{ResLFlow)}),
proleg{ { write(Msg), nl 3 3 |
OiZs = [ [amount(Re),link{1,Hode) |Restif] ].
Ople = [ [amount (RestFlow) |kestIf] |Nextobis 1,
node( PE, Node, NewIfe, Ibc, (Rel,S5tl), (0,closed).
RestIfls, If2s, Ofls, .
Ibls, Ibds, NextObls, ObZs, Beln, Heph, Repb ).

£ 2 == 2
% { Flow ¢ Re2 )
nede{ PE, Node, Ife, Ibe, (Rel,5tl), (Red.S5t2), Ifls,Ifl2s,0{ls,0f2s,
Iblis,Ib2g,0bls,0b2s, Beln, Reph, Rept ) -
If2z = [I1f Restlfis], If = [amount{Flow)|[RestIf],
5t1 = closed, 5t = open, Flow ¢ Rel, NextRe2 := Rel-Flow,
Hewife := Ife+l,
Mg = ope{pe{FE) . ncde(Node),send forward{Flow)},
proleg( | write(Msg), nl j ) |
Orda = | [amount(Flow),link({2.Node)|RestIf] | MextOf2s |,
node{ PE, Node, HewIfec, Ibc, [Rel,S5tl), (NextReZ,5t2),
1fls, HestIfls, 0fls, HextOfls,
) Ibls, Lb2s, Oble, COb2s, BelIn, Reph, Rept ).
% { Flow = Rel )
nuede( PE, Node, Ifc, Ibc, (Hel,S5tl), (Re2,5t2), Ifis,Iflds,0fls,.0f2s,
Ibis,Ib26,0bls,0b2s, Beln, Reph, Rept | =
I1f2s = [1f|RestIf2s], If = [amount{Flew)|RestIf],
S5tl = closed, 5t2 = open, Flow = Re2, Newlfc := Ifc+l,
Msg = ope{pe(FEL),node(Node), send_forward(Flow)),
proles { woite(Msg), ml ) ) |
0f2s = [ |amount{Flow),link(2,Node)|RestIf) ).
node| PE, Node, Mewlfe, Ibo, (Rel,5tl), (0,closed),
1fls, RestIfls, Ofls, ,

lbls, Ibis, Oble, OpZs, Beln, Roph, Rept 1.
§ F =—t——3 2
§ I
8 2{—-—%
% { Flow * Re2 }

node{ PE, Node, Ife, Ibs, (Rel,5tl), (Red,St2), Ifls,It2s,0fls,0f2s,
Ibla,IB2e,0ble, 0b28, Beln, Reph, Rept ) :—
IfZs = [If|RestIfis], 1f = [amount(Flow) |EestIf].
8t1 = closed, 5t2 = open, tlow » ReZ, RestFlow := Flow-ReZ,
NewIfe = Ife+l,
M= = ope(pe(FPE},node(Node),
sand_forward{Rez),send_back(RestFlow)),
proleg! { writeiMsg), ni ) }
Of2s = [ [amount{Re2),link{2,Node)|Hestlfl ],
0h2s = [ |amount(RestFlow)|kestIf] |NextObis 1.
node{ PE, Hode, Newlfe, Ibe, (Rel,5tl), (0,closed),
Ifls, Hestlfls, (Ofls, _,
Ibls, Ib2a, Obls, HextOb2s, Beln, Heph, Rapt }.



8 +--32
L] { Floew ¢ Red )
node{ FE, Node, I1fc, lbe, (Rel,5tly, (Re2,5tiy, Ifls,If2s=,0fls,0f2s,
Iblz, Ib2=,081%,0k22, BeIn, Reph, Rept ) :=
Ibls = [Ib|Eestibls], Th = [amourt{Flow)|RestIf],
5t2 = apen, Flow < Red,
NextRel := Rel+Flow, Nextiel = Rel-Flow, NewIbe := Ibe+l,
Msag = ope{pe(PL},node(Node}, send_forward({Trlow)),
prolog{ { write{Msg), nl } j |
0f2s = [Ib|Nextoile],
node [ PE, Node, Ifc, mewlbo, (WextfAel,closed), [HextReZ.S5t2).
Ifls, If2s, _, Hextfis,
RestlIbls, Ib2s, Obls, Obls, Beln, Reph, Rept ).
] { Flow = Red )
nade{ PE, Node, Ifc, Ibo, (Rel,5tl), (HKe2,s5t2), Lfls,I1f2s,.0fl=,0f2s,
ibls, Lbis,0ble, Ob2s, Beln, Reph, Rept } :-—
Ibls = [Ib/RestlIbls], ib = [amount{flow)|RestIf],
5.2 = open, Flow = Red, Mexthel = keliFlow, Newlbc := Ibo+l,
Meg = ope{pe{PE] node(lode}, send_forward({Flow)),
prolog{ { write{Msgj, nl ) } |

0f2s = [Ib].
node{ PE, Node, Ifc, MNewlbeo, (NextRel,closed), {0.closed).
1fls, 1fz=, _. e
RestIbls, Ibis, Obls, Obl2s, beln, Keph, Rept 1.
g li-=+—— 1
% I
[ +—=312
% { Flow » Rel 3

node{ PE, Wode, Ife, Ibec, (Rel,S5tl), (Rel,Scil), Ifls,If2s,0fls,0fls,
Ikle,Ibkes,0bls,0bés, Beln, Reph, Rept ) =
Ibls = [Ib|RestIble|, Ib = lamount{Flow},link{l,Ncde}|Restib],
5td = open, Flow > Red.
HextRel := Reli+Flow, RestFlow := Flow-ReZ, Newlbs := Ibe+l,
Msg = ope(pe{PE),node(lode)
send_forward(Rez},send_bachk{RestFlow)},
1

prolog{ { write{Msg}, nl ) ) |
0f2s = | lamount{Re2),link(1,Nods) |RostIbi],
Obls = ||amount{RestFlow) [RestIb] iHextOblz),

node! FPE, Node, Ifc;, HNewlbc, (WextRel,closed), (0,closad),
Ifls, If2s, _. _
RestiIbls, IbiZs, NextObls, Obids, Bocln, Heph, Rept ).
% +—— 1
% I
i A{——+—2
% { Flow * Red 3
nedef{ PE, Mode, 1fe, Ibe, (Rel.®tl), (He2,5t2), Ifls, 1f2s,.0fls,.0f2s,
Thls,lbzZs,Ubls,.Ubis, Beln, Heph, Rept ) :—
Ibls = |Ib RectIble]l, Ib = [amount{Fiow}.link({Z.lode) Restlb],
5td = open, Flow * Red,
MextRel := Rel+Flow, RastFlew = Flow=ReZ, Mewlbs = Ibe+l,
Msyg = ope(pe(FPE),ncde(lcda),
send_forward|{Rel),send _back|RestFlow)),
prelegl { write(xsgl, nl 1 3 |
Gfzs = [|amount(hkel).link{Z,Node} | RestIb]],
bis = [lamount(kestilow)|Restlb]|Nextobis],
nede( PE, Node, i1fe, Kewlbs, [(NextRel,clased), (0,closed),
1fl=, If2s; _, _
Restlbls, IbZs, Ohl=s, NextdOblds, Beln, Reph, Rept ).
£ 1 {== 1

pode( PE, kode, Lfe, lbe, [®el,S5tl), {Re2,5t2), Ifls,1f2s5,001s,0{2s,
Ibls, ITh2s,0bls,0b3s, Bueln, Repl, Hept } :—
ibls = [lamount(Flow),link{l,_}|RestIb] |RestIbls],
St2 = plozed, Wewtfel (= Rel+Flow, NewIbc = Ibetl,
Meg = ape(pe{PE),node{Node), send_back{Flow)).
preloag) [ write(Msgy, ol ) 3 |
Obls = [[amount(Flew) | RestTh)|NextObls],



node{ FPE, Hede, Ife, NewIbe, {HextRel,clesed), (Re2,5t2},
1fls, Ifls, _, _,
RestIbls, Tbhls, Hextibls, Ob2s, BeIn, Reph, Rept §.
82 {— 1
node{ PE, MNode, Tfo, The, (Rel,5tl), (Re2,5t2), Ifls,If2s,.0f1s.0f2s,
Ibls, Ih2s,0bls,0b2s, BeIn, Keph, Rept | :-
Thls = [[amount{Flow},link{2, )|RestIb] |kestibls],
5t2 = closed; NextRel := Rel+Flow, NewIbe := Ibo+l,
Mog = ope|pe(FPE), node(Hode), send_back(Flow) ),
proloal ( write(Msqy, nl )} 3} |
0bZs = {[lameunt(Flew)|RestIb]|Nextob2a],
node{ FE, Hode, Ifc, NewIbc, (MNexthkel,closed), (Re2,S5t2).
Ifig, 1f25, _, _,
Restlbls, Ibls, Obls, NextDb2s, Beln, Reph, Rept ).
¥ I {-=- 2
node{ PE, Node, Ife, Ibes, (Rel,5tl), {ReZ,5t2), Ifls,I1£2s,0f1s,0f2s,
1bls, Ib2s,0bls,0bis, Beln, Reph, Rept ) =
IbZs = [[amount{Flow),link{l,_}|Hestib] |RestIbls],
Hextheld := Rel+Flow, Hewlbo ;= [bkotl,
Maq = ope(pe(FE),node(Node),send_back(Flaw)),
prokog( ( write(Msq), nl 3 3 |
(bls = [Jamount{flow} |RestIb] |NextObis].
node{ Fe, Node, 1fc, Newlbc, (Rel,Stl), (HexlRel,closed),
1fis, Ifis, _, _.
Ibls, RestlIbis, NextObls, ObZsz, BeIn, Reph, Rept ).
¥ 2 4—— 2
node{ PE, Node, Ifc, Ibo, (Hel,5tl1). (Re2,3t2), Ifls,I{2s,0£1s8,0f2=,
Ibls,Ibés.0bls,0b2s, Beln, Reph, Rept 3 :=
Ibis = [[amount(Flow),link(2, ) RestIb]|RestIbzs],
HNexthel = Rel+Flow, HewIbc := Tho+l,
Mzg = ﬂpe{p&{PEJ,nnda{NudEJ,s&nd_back{?lau;},
prolog! { write(Msgy, nl ) ) |
Ob2s = [[amount(Flow) |Restlb] |NextOb2s],
node| PE, Node, Ife, Newlbc, (Rel,8t1), (MHextRel,closed),
Ifls, 1fis, _, _.:
Ibls, Restlb2s, OLLls, NextObZs, BeTn, Reph, Rept ).

B oL o-—t
& I
B LC=—t

node! PE, MNode, Ife, 1be, (Rel,Stl), (Re2,5t2), Tfis, Tf2s,0fls,0f2s,
Ible,Ibk2s,0bls,0h2s, Boln, Reph, Rept 3 :—
Ifls = [1f|RestIfls], S5L1 = cloused, 5t2 = closed,
If = [ameunt{Fleow)|_], Newlfc := Ifg+l,
Meg = ope(pe{PE) ., node{Node), send_back (Flaow)),
proleg] ( write(Msg), nl ) § |
Chls = [If|MextOble],
nade{ PE, Nede, NewIfc, Ibec, {Rel,5tl), {Re,5t2),
RestIfls, If2s, _, _r
1bls, Ibis, MextObls, Obls, Boln, Reph, Bept ).

2 ——s
% I
' 24—+

node{ PE, Wode, Ifc, The, (Rel,5t1)., (Re2,5t2), 1fls,1£3s,0£f1s,0f2s,
Ible,IbZs,0bkle,0b2s, Beln, Reph, Rept ) :=

1f2s = [If RestIf2s], 5t1 = closed, 5t2 = closed,
1f = [amount{Flow)|_ )}, WewIfe := Ife+l,
MEg = ope(pe{PE), node(Node) , sand back(Flew)),
prolog{ { write{Ms=g}, nl | ) |

Ob2s = [If|wextobzs],

noded PE, Wode, Newlfe, Ibe, (Hel,S5tl), (Re2, 5823,

Ifl=, NRestIf2s, _, —
ikls, Ib2s, Qbls, NextObls, BelIn, Reph, Rept ).

termibation of "node® process

o

detecting "Beln = end”

—_— 32 .



%
node{ PE. Mode, Ifc, Ibe, (Bel.5tl), (Red.S5t2), Ifls,Ifds, Ufls,.0fls,
Ibls,Ibis,0bls.0bds, Beln, Reph, Rept )} =
Bcln = end,
Mzg = terminate{pe{PL) . node(Nodel ).
prolog{ { write{Msg), nl } )
Oope = ope(byPin{lfc) bybiniIbe)),
Status - sztatus{{(Rel,5tl},{Re2,5t2}),
Eepl = [resulti(pe(FE).node(Mode),Ope, 5tatus) |Kept] |

%

& axit

% ______

% contlhnue { LimFlow » Nextdum )

exit{ Limflow, Sum, Iis, Irs, Bedut, Prs 3} :-

Ifn = [Tf|RontIfs], If = [amount{Flew}|_],
Kextsum = Sum+Flow, LimFlow * HextSum |
Prao = [panﬂ[T!]|KnxtPrh;,
exit{ LimFlow, MNextSum, RestIts, Irs, Bolut, NoxtPrs )
exit{ LimFluw, Sum, Iis, JIrs, BoeQut, Prs ) =
Irgs = [Ir;Restlirc], Ir = jamcunt(Flew)i ],
MoxtSum -= Sum+Flow, LimFlow » MNextSum |
Pre = |return(lr)|Nextprzs],
axit{ LimFlow, extSum, Ils, Rectlics, BoOut, NextPrs ).
exit{ TimFlow, Sum, Ils, TIrs, Bebut, Prs ) -
Ifs = [If|Restiis], If = allac(_y |
exit( LimFlow, 5um, RestIis, Irs, Beduz, Prs ).
exit{ LimFlew, Sum, Ifs, Irs, Belut, Prs §) :—
Tra = [Ir|RestIifs], Ir = alleci_3 i
exit{ LimFlow, Sum, Ifs, Restlrs, Belut, Prs 3,
&
% torminate { LimFlow = Nextium }
exit| LimFlow, Sum, Ifs, Irs, Belut, Prs 1 :-=
Ifs =~ [If|RestIfs], If = [omount(Flew)|_i,
HexsSom = Sum+Plow, LimFlow = NextSum
BeOCut = end, Pro - |[passi{If)].
exit{ LimFlow, Sum; Ifs, Ir=z, Bolut, PIs )} :-

Irs = [Ir|RestIrs], Ir = [amcunt(Flow)|_],
HextSum := Sum+Flow, LimFlow = NextSum |
BoOut = end, Prs = freturn{lr)].
%
% outFlow -- output flow {pass,return) and result on each node

Y e m—————

out¥low| [Pr|RestPrs], Reps, Sumflow ) :-

Fr = pass{lamnunt{rluwy|_]), hextiumbPlow .= SumPlow + Flow,
proelost ( weitef Pr oy, nl 3 3
cutFlow| RestPrs, Reps, NextSumilow }.
cutFlow{ [Pr|RestIrs], Reps, SumFlow 3 :=
Pr = return(_).
prolog{ [ write{ FPr }, nl 3 )
outflow! RestPrs, Reps, Sumflow .
outFlew) Prs, [Hep.RestReps], Sumflow § :-—
proleg{ { write{ Rep }, nl } ) |
outFlow( Prs, RestReps, SumFlow .
outFlew({ [], [], SumFlow } := Msg = maxFlow(SumFlow).
praleg! { nl, write{Msaq), nl 3 3 |
true,
L3
i outByPE ~-- output result on each PE
% ———
cutByPE( Keps ) :- Reps = [result(pe(PEy. . . 3| 1 |
tetalByPE{ PE, Reps, 0, 0, BumIfc, SumIbe, hllacModes, NewReps ),
outMsgBEyFE{ PE, SumIfc, SumIbe, bllocHodes ).
cutBYPE([ NewReps )
cutByPE{ Reps ) :- Reps = [] |

Tueg,
totalByPE{ PE, [Rep|RestReps], Sumlfc, Sumlbe, FinalSumlfc. FlinalSumlbe.

B3






{0) Date: 1987-Jul-18, writtlen by E. Suginc
Modified: 29-Jul-87 by 5. Takagi
Modified: 12-Rug-87 by E. Sugino

{1) Program name: paseal

(2) Author: E. Sugina, ICOT 4th lab.

{3) Runs on: GHC1l on DEC2065

{4) Description of the problem:

Binomial coefficients are caleulated using Pascal's triangle.

Pascal's triangle is:

11
1 21
1331
14 6 41
1 a b b oa 1
1 1+a a+b ... b+a a+l 1

(5) Algorithm:

The (H)th layer of coefficients is calculated from the (N-1)th layer.
wWhen there is no (MN-1l)th layer, it is calculated from the (K-2)th
layer. If the (N-2)th layer is not calculated yet, the (N-3)th layer
is calculated. This algorithm is recursively applied., Once the (N)th
layer is ecalculated, it is kept as a process.

{0} Process structure:

Layers of coefficients which were already calculated are kept as
processes, These processes are waiting for a message from the same
stream. The messzage reguires a certain number of layers. When this
number matches the number of process layvers, the coefficient value

which the process is keeping iz sent in reply. when the number is
larger than any number of layers which is currently kept, the process
that currently has the largest number of layers will start calculating

the next layers.
{/}y Pragma: None
{E) Program:
Top level loop:
pascal /0, pascaal /3, pascal _go, max,
result, result_write, next, nextge
Slarter: pascail/4
Data process: pascal_data

Caleulator: new_pascal, make_pascal data

(9) Bource file: USZ: {MPSI.BENCH*PASCAL SUGINO_591.GIC
This document: US2, (MPSI.BENCH»PASCAL_SUGING_S591.D0OC

_Bs.



(10) Example:
Compile the program, and try it,
?= ghe pascal.
Binomial coefficient using Pascal's triangle
B7.4.3. by Eiji Sugino
Give me Some integer |

» 10, <CR) % You can insert any positive integer,

(11} Evaluation data: Not recorded



binomial cocefficient generator using Pascal's triangle
#£7.4.3, by Eijir Suginc

Thiz Program can be used less than (X + Y3719

so you ghould give &8 number that is from 1 to 1% .

o an e e g

FRLLIARARSRLLEERERERRR AL

) PASCHL & Top Level procedure
ARERERRRARDAAARARRELRSRES
pascal -
prolog{(write('Dinomial coefficient using Pascal''s triangle'),nl,
wrlte(' B7.4.3. by Eiji Sugino'),nl,
write{ "Give me Some integer !"j,nlp) |

pascal data{Stream,l,[i,1},13,
pascal{Stream,1;.

BRRABERRRYNAARRS Loop
pascal{fcreamn.Max) -
prolog{{prompL{X, "> 'iy,vead(MN)yy | pasnal_go(N,Stream,Max) .

pascal_ago(X, Stream,Max) :-
prolog({integer{d), statistics{runtime, 331} |
pascal(ld,Result, Strean, 5),
maxih,Max, M),
result (Result,S,M).
pascal go{N, Stream.Max) :- prolog({\+(integer{N)}j}}) | pascal(Stream, Max).

max (N M, %} — K =< M | X = M.
max{N,M, X} = K 3= M | X = K.
ERRIASREERRRAAE REesult writer

result{Result,Stream,N) := true |
result_write{Result,End,N),
next(End, Stream, ).

resultﬁwritef:],z,xﬁ i= prolog((statistics(runtine, [_,Time]},
write[ "END",nl,

write( "Runtime . '},
write(Time),write{' msec'),nl,
writo{ 'Max coefficient : '),
write(N),nl})
E = ena,
result_write([aAlE],E, M) :— walt(Aa),

prolog{{write{n),write(', "'133 |

result_write(E.E.H;.

ERRRNERBRLRRE L End of one cycle
next{end, Stream,N} :— proleg({prompt(_, 'more ? "}, read{x})) |
nextgo{X,Strasm, M) .

nextge(n, Stream, ) :- true| Stream = [].

nextge( 'N',Stream,_} :— true | Stream = [].
nextago(y,5treamn,.¥) :- true | pascal(Stream,N).
nextoo( 'Y’ Stream,k) :- true | pascal{Stream, H).
nextgo([X, STream N} - X %= n, X \= v, X = "K', X %= "Y'

next{end, Stream, ).

EFEERRARASARLLLLLSE Main routine
pascal (N, Result,Stream,5) :— prolog{integer(k)) |
Stream = [data(K,Result)[5].

TERERRRRERRERLLGEY Pascal's triatgle data
pascal _data( [data({¥,D)|5],N,bata,Max) :— true |
D = Data,

pascal_daxa(S5,.N,Data, Mex) .

— JY -



pascal_data([data(H, D) |5, M. Data, Max) :— N =%= M,N =< Max |
pascal_data(s,.M,Data,Max) .,

paacul_dutﬂ{[data{n,nj[S],Hax,nnru,nax) - Max ¢ M,M1 := Max + 1 |
new_pascal (M1,H,Data,.D, 5}, )
pascal data(5,Max,Data,H)

pascal _data{{data(N,D)|5).M,Data,Max] - Max ¢ N, M ¢ Max |

pascal data{5,M,Data,N}.
1

pascal data(l]l,_ . .} :— true true,
BERRARLANRAARANERRR Data ereator
new pagcal (N,N,Data,D,Stream) :- true |

make pascal data(Data, Dy,

pascal_data(Stream,N,D,N).
new_pascal({N,M,Data,D,Stream) - N £ M, N1l r= N+1 |

make pascal_data({Data,Datal},

pascal_data(Stream,N,.Datal, M),

new pascal (N1,M,Datal,.D, 5tream).

make_pascal _data{[F1.F2|batal New) :— NIl := Fi4F2 |
Maw = [F1,Nf2jNewl],
make_pascal_data( [F2[Data],.Newl, [Nf2,F1]).

make_parcal_data [B] Hew,E) - true | New = [W].
make_pascal data( [, &|C) New,E) = B 1= A+h | Mew = [B|E].
make _pascal datai[A,B|C).wew,E} - & > B | New = E,
make_pasecal_data({a,B|C).New,E} := B ¢ B, O := A+B |

Hew = |[D|Hewl],
make_pascal_data{[BlC],Newl, [D{E]}.

— BE —



(0} bLate: 1987-Jul-18, written by E. Suginc
Modified: 29-Jul-87 by 5. Takagi
Modified: 12-2ug-87 by E. Sugino

{1} Program name: gueenf

(27 Ruthor: Original GHC version by K. Kumon, Fujitsu Limited
Fewritten for speed by E. Sugino, ICOT 4th Lab.

{3} Runs on: Pseudo multbi-PST

(1} Description of the problem:

The H-gueen problem is familiar to logie programmers.

(5) Algorithm: See the file US2:<MPSI.BENCHXQUEENW.DOC.

(6) Process structure: See the file USZ:<MPSI. BENCHXJUEENW.DOC.
(77 Pragma: See the file US2: {MPST.RENCHX>QUEENW, DOC,

{8) Program:

1n this program, append is used as little as possible, Two lists
which may be econsumed at the first and the second arguments of
queense are not conjoined.

go is for a ¢-FPEs demonstration.

gqueen/3d is for the top level.,

queen_n is for putting the first gueen.

queen/t iz for finding sub-resclutions.

cl iz for checking it a gueen can be put on the chessbhoard.

append is for appending lisls.

(%) Scurce file: UsS2: {MPS5I.BENCH}JUEENF_SUGING.GHC
This document: US2:<{MP5I.BENCH:JUEENF SUGINO.DOC

(10) Example: Scc USZ:<MPSI.BENCH»>QUEEWW,DOC,
{11y Evaluation data:
The number of reducticns is about 20% fewer than the gueenw program on

the pseudo MPSI system,
(B7.6.30. 6=-queen)



module gueent.

(= public gueen/s2,go/l,qusl.

go{6) :=— true | gueen([1,2,3,4,5,6], ,6).
ga(7) := true | queen([1,2,3,4,5,6,71,_,6).
go(8) :— true | gueen{[1,2,3,4,5,6,7,8],_ ,6)
queen{List,Result,¥) := true |

gueen n{List,[],Result, [],1,H).

queen_ni [h|.3'.t] (B, I,0,PE,N} :-
Pl := (PE mod H}+1 |
queen{at,B,[],[&],1,%),
alloc(Pl)@Equeen_n{At, [A]|B],%,0,P1,H).
queen n{[l,_,T,0,_,_ ) :— true | I=0,

queen( [A|At],B,C,R, 1,0y - true |
append{E,C,E)},
Ccl(R,A,l,At,E,R,I,X),
gueen{it,B, [A|C],R, X, 0).

queen{[], [A|At] ,E,R,I,0) :— true |
cl{R,A,1,AL, B, R, T,%),
gueen(At, [1, [A|E] B, X,0).

queen({[],[1,[_|_1,R.I,0) := true | I=0,
QUEEﬂf[] ¥ [] ¥ [] rHrl:UJ i

write(R)
% true

| 1=(r|0O].

cl{[R1[RL],A,D,At,B,R,I,0) :—

A=\=Rl1+D, A=\=Rl-D, D1l := D+ 1 |

cl{Rt, A, D1, At,B,R,1,0).
cl{[Rl1|Rt],A,D,At,E,R,I,0) :~

A=:=Rl1+D| I~ 0.
cl([R1|Rt]),A,D,At,B,R,I,0) :-

A=:=Rl1-D| I=20,
ci{[],%,D,AL,B,R,I,0) := true |

queen{at,n, [1,[alr],I,0).

append([],a4,B) := true | A=EH.
append( [A|B].C,D}) :- true | D = [A|E),append(B,C,E).

end,



(0} Date: 1987-Jul-01, written by Reiko Ezaki
Modification: 29-jul-87 by 5. Takagi

{13 Program name: BUCS (RUle Check System)
{2}y duthor: Reiko Ezaki, MELCO-IEL

{3) Runs on: Segquential FGHC System (on PSI)
Poseudo multi=PSI

(4) Description of problem:

This is a verificalion cyotem for logic cireuit design rules.
In this system, two design rules are considered.

1} There should be no loop that consists of only primitive elements.

* Primitive elements: AND, OR, EXOR {(exclusive or),
HANE, HNOE, EXKOR gates
2) There should be no data transfer between two registers
to which the same phase clock iz supplied.

These two rules have been applied to the two logic circuits. One has
13 gates and 4 registers. The other has 31 gates and 11 registers.

(5) aAlgorithm:

1} The system has a list of all gates.
Each gate is considered as an active process,
Each gate iteratively traces the net list
from itz own input pin to output pin,
and make the history of the trace.
If it finds a primary terminal or register during tracing,
there is no leop.
I1f it finds a gate thal is inciluded 1o the history during tracing,
there is a loop.
2} The system has a list of all registers.
Lech register is considered as an aclive process,
Each register iterativaely traces the net list
from its own input pin to output pin,
and makes the history of the Lrace.
If it finds a primary terminal during tracing, there is no data trancfoer
between two registers to which the same phase clock is supplied.
If it finds a register ihat is supplied with the same phase
clock as the start point register, a viclation is detected,
The complexity is not considered in this algerithm. 211 computation
trees Aare generated and no pruning is done.

{6Y Process ctructure:

The tracing routine for each gate {or register) is regarded as a procoss.
A d=list is used to gather the selutions.

{7} Pragma:
1) Each gate's trace execution assigns different PE: in turn.
2) Each register's trace execution assigns different PEs in turn.

When there are more gates or registers than PE numbers, the PE
assignment is cyclic.



{8) Program:

The first part of the program consists of:
obtaining the list of Lhe gates (or registers) from the database,
and ereating trace processges.

1l processes execute each trace and when a violation is found,

it is reperted to the window that is exclusively used.

1) gate_loop/0 is the top lewvel,
gate_ loop/t is each process.
gate_or _other is the routine to check for viclation.
2) same phase/0 is the top level.
same_phase/4 15 cach process.
register iz a routine to cheok
whether the element iz a register.
terminal check is a routine to check
whether the elementi is a terminal,
check same phase is a routine to check
whether the rrngister has the same phase clock
as the start point register.

{9) Source fils. UE2: <MP5SI.BENCHMRUCS EZAKI.GHC
This document: USZ:<MPSI BENCH}>RUCS EFAEI.DOC

{10) Examples:

Compile two madules, scanl and scan_data,
Thvocation:
scanlidgate loop(N). where N is the number of PE=s,
scanif@same phase(N). where W iz the number of PEs,
& window is created by this Program and the solutions are written on it.

(11} Evaluation data:

Sequential FGHC system (on PSIY
feireuit: 15 gates, 4 registers)
gate loop 2.568 sec.
same phase 1.617 sec.

Reference data (different algorithm)
{eircuit: 15 gates, 4 registers)
Prolog version

gate_ loop 2.2 sag,

Zame _phase 2,0 seq,
ESF wversion

gate_loop 0,036 seq,

same_phase 0,024 sec,

(12) Aecknowledgment-

The Prolog version of this program was written by Yasushi Koseko, MELCO
ASIC Design Engineering Center,



module scanl.

- public same_phase/ 0, search_clock_tLermivalfsl,
eclock_register/2, cleck_connect/d, clock_terminal/l,

same_phase := true |
gearch_nlock terminal{Clock).
connect_check(Clock, Results),
print_result{Results)

search_clock_terminal (C) :— true |
clock_terminal(C)

clock_terminal(C) :— true C = lecl,sc)

ugnnuct_:heck([Cluck[CRtst}, Results)] 1= true |
clock_ccnnect{Clock, Registor),
connect_mutual (Register, Result, Register),
Resule=s = [Result|RRest],
cennect check{CRest, RRAcot)
connect_check({ [}, R} := true | R = suvcess .

clock_connect{scl, C) :— true | €= [1s11, 1l=l4]
clock conmest(scl, C) :— true | C = [1s312, 1s13)
connect_mutual( [Register|RRest], Results, Registerly :— true |

connect_element (Register, in, [Element]).

regizter{Clement, R},

check_same_phase(R, Element, Result, Registerl}).
connect_muetual([]l, _, _) :— true true

connect_mutuall| [Element |[RELe], Results, Registerl) := btrue
register{Element, R).
check_same phase(R, Element, Results, Registerl).
conpect_mutualli(|], _, _» :— true | true

:heck_same_pﬁase:successr Register, Result, Registerl} := brue |
belong(Rkegister, Reglsterl, R,
check _belong(R, Register, Result).

check_same phase(fail, Element, Result, Regiscerl) 1= true |
connect_slement{Element, in, CEle},
connect_mutuall{CEle, Rasult, Registerl)

register(Element, R} := true

register list[RLis=t),

heleng(Element, RList, R)
register_ list{RLi=st) :— true | RList = [1s1l, 1512, 1ls13, lsl4] .
helongia, [B|C], R) := &=E | R = success.

helong{s, [B|C], R} = A%=8 | Lelong{d, C. R)
belong{k, [1, R} :- otherwise E B = fail

check beluny(sucuess, Kegister, Result) - true |
Basull = [Register)

check_belong(fail, Register, Result) :- true
Reasull = i} .

print_result{R) := true | true.

termipal (Element, R} :~ true [
terminal list(TList).
belong(Element, TList, R}

terminal list{list)
true |



List = |vee, 4i1, 4i2, di3, di4, scl, se2, dol, do2, gnd]

connect _element(lsll, in, E) - true | E - [g2]. & sci
connect_elemeni{lsll, outl, ) :- true | E = {g5]).
connect_element(lsll, outd, E) -~ true | £ = [g7, g8].
connect_element{lsll, in, E) :- true | E = [g4]. & sc2
connect_element(lsll, outi, E) := true | E = [g8].
connect_element(1sll, outd, E} :— true | E = [g5, g7].
conbect_eléement{Llsl3, in, BY := true | E = lg6]. % =e2
connect_element(isl3, outl, £} - true | E = |gl10].
connect_element{lsl3, ocutl, E) - true | E = [}.
connect element{lsld, in, E} :- true | E = [g%]. % sel
connect_element(lzid, outl, E) :- true | E - [g12].
connect_element(lsl4, outl, E} - true | E = [].
Cunnect_element[gl, in., L1 :— true | E=1]. f vee,dil
connect_element{gl, outl, E} :- true | E = [g2].
connect clement{a2, in, E) :~ true | E = [gl]. % constant,gnd
connect_clement{g2, outl, E} - true | E = [1s11].
connect_clement{ad, in., E) - true | E = [] % ond,di3
connect_element{g3, outl, E) - true | E = [q4].
connect_element (g4, in, E} :— true | E = [gi, gl5},
connect _ciementigd, sutl, E; - true | E = [1s132].
connect_element{gf, in, E) :- true | F = [1lsl1, 1=12].
connect_element{s5, cutl, E} :- trua | £ = [g6]
connect_element(gé, in, E} :- truc | E = [constant, g5).
connect_element{gé, outl, E) :— true | E = [1s13].
connect_element (g7, in, E) - true | E = [ls11, 1sll].
vonnect _element(g7. outl, E} := true | E = [gig],
conneot_element(g®, in, E) :— true | E = [lsll, 1s12].
connect_element{gf, sutl, E) - true | B = [g8].
connect_element{g%, in, E) :- true [ E = [g&, gls6].

connect_element(g%, outl, E} := true E = [lsl4].

connect_element (gl0, is, E) - true | E = [1s13].
connoct_element{gl0, outl, E} := true | £ = []. & dol
connect_element{gld, in, B} :— true | E = [lsl4].
connect_element{gld, outl, B} :- true | E = []. % do2
connect_element{gl3d, in, E} := true | E = []. & 4i4
connect_element{gld, outl, E) :— true | E = [el5].
connect_element{gld, in, E) :- true | E = []. & di4
connect_element(gl4, eutl, E} := true | B = [glf],
connect_element{gl5, in, E} := true | E = [g13]. & di2
connect_element{gls, eutl, E) :- true | B = [a4].
connect_element{glé, in., E} :— true | E = [g7, glal.
conpect_element (916, outl, E) := true E = [g9].

end,



(0} Date: 1987-Jul-3, written by M. Koshimuza
Modified: 30-jul-87 by 5. Takagi

(1) Program namo: Lep

{4} Auther: M. Koshimura, ICOT dth Lab

{3y Runs on: Ueda's GHC compiler V1.7 on DEC2060

{4) Description of the problem:

& tiny propositional caleulus solver by LK (Logistischer Kalkul).

2 problem is represented by a segquent. A sequent consists of 2 parts.
One im the left hand side (LHS). The other is the right hand side (RHS).
For example,

as{a-*b) == b
means that if a2 and a implies b is true, then b is true,
Here ak{a-*b} iz the LHS and b is the RHS.
In genaral, both the LHS and RHS consist of a seguence of formulas.

Let ai, bi be a formula, then al,...,an ==%* bl,.. . ,bm is a seguent.
flere, the LIS i= al,...,an , and the RH: is bl,...,bm.

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

The s=sguent al,....an --» bl,...,bm i5 called an axiom

if there exists i,7j such that ai = bj.

The following logical symbols are supported.
) Strong (classical) negation

LY Disjunction
AN Conjunction
- Implication
=3 Equivalence

This system can prove predicates such as:
-=3¥ { Ta) - a
—=3» (b - a} <=3 {Ta = "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.
I1f the intersection is not empty, this is an axiom, and returns true,
If the intersection is empty, continue to the next step.

Second,

Try to decompose the problem to subproblem{s), according to the
decompasition rules. The zubproblems have an §&-relation.

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

(6) Frocess structure:

Run in one process when erunching the term. When two or more
subproblems are obtained, these subproblems are processed by newly
created processes. The original process merges the results of the
forked processes.

(7} Pragma: Not supported



{8) Program:

The program consists of the decompose part and fork part.
tep/s/2 is the top level,

The decompose part cheeks whether the problem iz an axiom,
using intersect/s3.

Hext, it tries to decompose the problem, uzing a decompose predicate,
such as lnot/7 or ranot.

1 means the LHS, and r means the RHS, ‘#*=x' of Lowzx' rleax' maans
4 propositional symbol, which 1iw=w: {r'***'} tries to decompose.,

1f two or more decomposing rules can be applied to the problem, it is
necessary to choose one. This is done by decompose decidel/3,

The fork part forks the processes whieh correspond to each decomposed
subproblem({s). This part is included in tepl/s2.

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

{9) Source file: UEE:{MPSI.EEHCH)TEPLKUEHIMUHﬁ.GHC
This document. : USE:fHPSI.EENCH?TEP.HGEHIMURA.DDC

(10) Examples:

Invocation:
tep _go(i). where N is the trial problem number,
H=11te 8 are effective,
The more tries the more complicated saguent:,

-=» {7 Tay <= a
== T ({Ta A\ A

test number
test number

test number 3: -3 7 (b /\ a) <=3 (b Ta)
test number = T (b N/ a) <= (b A Tay
test number == (b ->» a) <-> ("a -> "hy

==» { (b =» aj) <=3 (b /A "a)
—=» (Ta \/ b) <=3 (a -} b)
==} ({ad=2b) <=} o)} <= {a <-» (bi-re))

test number
test number
test number

R I A A T

{11) Evaluation data: Not recorded



- oop(200, fv.[ ]
= oep S0, yEx. [N ).
= op(aen, v, [0
= ap{ 1050, wfy. [-#])
= opf{ 1060, xfx, [4-3])
IR R AR AR RS RERERREEEERE RS R R R SRR R R R RERERE RN
L]
¥ top{+tieguent, -Proul)
k)
'*,I*i'iti LE R SRS SRR R AR R R RS R R R R R RS SRS SR
tep(Seg, Proofl - rrue |
decompose | Seq, Inf,UrSeqs),
teap{Inf, Seq, UpSeqs, Proof).

%

% tep{+Inf, +Sequent, +Upperieguents, —-Froof}

8

tep{axiom, Seq, _, Proof) := true | Proof = [axiom, Segl.
tepi{fail, Seg, _. Procf) .- true : Proof = [fail, Segl.

tep({Inf, Seq, UpSegs, Proof} -= Inf ‘= axiom, Inf %= fail

Proof = [Inf, Seqg, Proofl].
tepl{UpSeqgs, Prooil).

%
® tepl(+UpperSeguants, - Froof)
%
tepl([Seq!Segqel, Broofy ;- true |
Procf = [SFrocf|vroofl]l,
tepSeq, SProci),
tepliSeqgs, Froofl).
copli[], Proof}) - true Proonf = [].
k3
* Inot{<left, +Right, +LefiHead,-LeftTail, +LeftHead,-LeftTail, -UpperSequents)
T
Imat{|{ R)|Left] ,Rigkt, LHead,fleft, _, , Ans) :— true |
TLeft = Laft,
Anes = [[LHead, (A|lRight]]].
Inot{[Other|Lefs], Right, AHead,lleft, _,_, &ns) := Other = { A}
TLeft = [Other|CLHead],
lnot{Left, Kight, LHead,CLHead, _,_, &ns)

k]
% rnot(+Left,+Rieht, +HightHead,-RightTail, +KightHead,-RightTail,
% -UpperSequents )
)
. BHead,T#ight, _,_. &ns) :- true |

Ans = [[[A|Lefs], BEHenad]].

rheb{Lelt, [Dther | Right], RHead,TRight, _, , Ans) :- Other “= { &} |
TRight = [Other|CEHead],
root(Leit,Right, RHead,CRhead, _,_, Ans).

t =

land{[{A/\B)iLeft], Right, THead,TLeft, _, , Aney .- true |
Tiuft = [A,B|Teft],
Ao = [[IHead,Right]]
land( [Other|Tnf+] ,Right, LHead,TLeft, _,_, Anz) :- Other “\= (2B} |

TLelit = [Ocher|CLHead],
land{lLelt,Right, LHead,CLHead, _,_, Ans].

rand{Left, [(A"B)Righl], RHead,TRight, HRHeadl,TRightl, Ans) := true
TRight = [AlEight].
TRightl = [Bi#Right],
Ans = [|[Lelt,RHead}, [Left,RHeadl)].
rand(Left, [Other |Right], RHead,TRight, HHeadl,TRightil, &Ans) =
Other “= [AE}
TRight = [Other |CRHaad],

— a7 =



TRightl = [Other !CRHeadl].
rand{Left, Kight, RHead,CRHead, fHeadl,CRHeadl, Ans),

lor(1(A\/8)|Left] kight, LHead,TLeft, THeadl,TiLeftl, Ans) := true |
TLeft = [x|Left],
TLeftl = [B|Left),
&ng = [[THead,Right], [LHeadl,Right]].
lor((Other |Left], Right, LHead,TLett, LHeadl,TLeftl, Ans) :— Other = (AW/B) |
TLeft = [Other|CLHead),
TLeftl = [Other|CLHeadl],
loriLeft,Right, LHead,CLHead, THeadl,CLHeadl, Ans)

ror(Left, [(A\/B}|Right), RHead,TRight, _, ., Ang) :=- true |
TRiaht = [A,B|Right),
Ans = [[Left,RHead]].
ror{Left, [Other|Right], RHead,TRight. _+_¢ ARs} := Other \= (2% /B} |
TRight = [Dther|CRHead),
ror{Leit,kight., RHead,CRHcad, . , &ng),

liwpl([(A-?B}|Left],Kight, LHead, TLeft, Lieadl,TLeftl, ins) :- trua |
TLeft = Left,
Trefrl = [@|Leftl,
ans = [IlHead, [A|Right]], [LHeadl,Right] ],

limpli|Other |Left],Rishl, LHead,TLeft, LHeadl, TLettl, hn=) - Other \= (B-3R) |
TLef+ = [Uther!CLHaad],
TLeftl = [OLher|CLHendl],

limplileft.Right, LHead,CLilead, LHeadl,CLHeadl, Ans).

Timpl{Left, [(A->D) iKight], RMead,TRight, _,_, Ans) :- true |
TRight = [B|RighL},
Ahng = [[[ﬁllquf:RHﬂnd]j.

rimpliLefs, [Other |Right], RHead,TRight, _, , Ano) -- Other \= {A-3B} |
TRight = [Other|CEHesad],

rimpl(left,Right, RHead,CRHead, ¢ ANES).

[
leguivi [(#<-2B) |Lefy])  Right, LHead,TLeft, LHeadl,TLeftl, Ans) - true |
TLeft = [A, BlLeft],
TLeftl = Left,
Ans - :[LHaad,Right],[Lnead;,[A,uimight]]g_
lequiv{ [Other|Left],.Right, LHead,TLeft, LHeadl,TLeftl, Ans) -—
Other w= [a<-3B |
TLeft = [Other|CLHead],
TLeftl = [Other|CIHeadl],
legquiv(Leit,Right, LHead,CLHead, LHeadl,CLHeadl, Ans},

requivileft, [{A4->E}{Right], RHead, Thight, RHeadl,TRightl, AEns) - true |

TRight = |BjRiyht],

Thightl = [A|Right],

Anz = [[[AILeft], RHead], |[e|Left], Readl] ]
requivi{lefs, |Other |Riyh%], RHead,TRight, FEHeadl, TRightl, Ans) :-

Other %= (A<=2B) |

TEight = [Othex|CHEead],

Thightl = [DOther|CREHeRadl],

requiv{left,Right, RHead,CRHead, HHeadl,CRHeadl, Ans;.

&

i ducumpcseﬁ*ﬂtquentr —Inference,-Uppersegquent)

%

dE:nmpusn([Leit,Righ:], Inf,lpSeys) := true
intersect{Left,Right, Ans),
deconpose_decidef{ins, [Left,Right], Inf,Uphegs),

i

¥ decompose decide(+mesult, +Seguent, “Inference,-UpperSegquent}
B

decompoce _decide(true, _, Inf UpSegs) = trus |

— 0F —



Inf = axioa,
lpSego = []).
decompose_decide{fail, [Left,Right], Inf,UpSegs) :- true
decompose_decidel{Left,Right, Ans}),
deconposel (Ans, Left,Right, Ianf,UpSeqs).

(3

t deconpose decidel(+Left,+Right, —-Answer)

L

deconpose docidel {Left,Right, Ans) - Lrue |
deconpose_decidel left{Left, Ansl},
decompooe_decidel _right (Right, Ansd),
check _ans{Ansl,Ansd, Ans).

®

% decompose decidel left{+Left, —-Answer)

=

decompose decidel left{l), Ans) :- true | &Ans = [].
decompnﬁn_dncidn!_lnitqlq_A;|LEit], Ans) := true |

Ans = {{10,1not) |Ansl],

decompose_decidel left(left, Anzly.
decompmsa_ﬂpridal_leftf[tﬁ{\ﬁ]iLﬁft]. ARE) - true

hns = 1{10,1and) |Ansl],

decompose_decidel left(left, Ansl)
deconpose_decidel left(|(&\/B)|Left], Anz) - true

ans = [{20,lor}[ansl],

decompose_decidel _left{Left, Anszl}
decompose_decidel _left([({A-*B)|Left], Ans) :- true |

ans = [(20,1limpl)|Aans1],

decompose_decidel left{Left, Ansl)
decompose_decidel left([[(A<=2B)|Left], Ans) := true |

Ans = [(20,leguivy|Ansl],

decompose_decidel leftiLeft, Ansl)
decoppose_desldel left( [h|Left], Rnz) :=

BNE UTB), BN (BT, RS (BNC), A N= (B=¥C0), A NE (BL-2C)

decampose _deeidel lefo{Left, Ans).

L

¥ decompose_decldel_right{+Hight, -Answer)

%

decompose_decidel_right{[], Ans} == true | ans = [].
decumpose_decidal_xiqht{[("h:|ﬁiqht], An3) :- true |

hns = [(10,rnot}|knsl],
decompose decidel right(Right, Ansl).
decompose_decidel _righty [(2/\B)|Right), Ans) = true |
nms = [[(28,rand) |Rnsl], '
decompose_decidel _right(Right, Ansl)
decompose_decidel_right( [{A\/B1{Right]l, Ars) :~ true |
Ans = [[10,xcr) |Ansl],
decompose_decidel right{Riaght, ansl).
decompose_decidel right([({A=>B}|[Right], Ans) := true |
Ans = [{l0,.rimpl}|hns1] .
decompose decidel right{Right. RAnsl}.
deconpase desidel right( | (Rh<=2B)|Right], Ans] :- true |
hno = [{Zﬁ,requivjinnsll,
decompose decidel right{Right, RAnsl}.
decompose_decidel riaht(|A|Right]. hkns) :-
Ev=(TB)s B nw= (BAD), A N= (BVC), A %= (B-?C), A N= (Be-20)]
decompose_deciael right{Right, Ans}.

L]

% check ans(+answer,tAnswer, —Answer)

Jé

check_ans(Ansl,Ans2, Ans) := true |
merge{Anasl, Ansd, ARs3),
check_ans1{Ans3, cand{100C,fail), Ans).



£

8% check ansli+hnswer, +#Candidate, —-Answer)

L3

check_ans1(](K,00) Angl], cand(CN,COP}, An=} := N € CH |
check_ansl{Ansl, cand{N,0P), Ans).

check_ansl{[(N.UP)|Ansl], cand{CH,COP}, ANs) := H »= CN |
check_ansl{Ansl, vand{CN,COP}, Ans}

check_ans1l{[], cand{CH,C0F), Ans)y :- true | Ans = COP.

®
b decomposel{+Inference, 4+Lelt,+Right, -Inference,~UpperSeguents)
L

decomposel | lnot, Left,Right, Inf,UpSegs) :- true

Int = loot,

lnoi{Lett,Right, Leftl,Leftl, Left2. Lefil, UpSeqs) .
decomposel (rnokt, Left, Right, Inf,UpSeqs) :-— true |

Inf = rnnt,

root{TLeft, Right, Rightl,Rightl, Right2,Right2, UpSeqs).
decomposel{iand, Teft, Riahkt, Inf,UpSegs) :- true

Int = land,

land{Left,Right, Lefrl Leftl, Left2 Leftl, UpSegs).
deconposel{ror, Lelt,Right, Inf UpSegs) :- Lrue |

Ini = ror,

ror(Left,kight, Riehtl Rightl, RightZ,Rightl, UpSeqs).
decocmpose? (rimpl, Left Right, Inf,UpSegs} :- true

Int = rimpl,

rimpliieft,Right, Rightl,Rightl, Right2,Right2, Upsege}.
decomposel{rand, Left,Right, Inf,UpSegs) :— true |

Inf = rand,

rand(Left, Risht, Rightl.Rightl, Right2,Right2, UpSegs).
decomposel(lor, left,might, Inf,upSegs) :— true |

Int = ler,

lor(Lett,Right, Leftl,Leftl, Left2,Leftl, UpSeqa) .
decomposel{limpl, Left Right, Inf,UpSegs) :i— true |

Inf = limpl,

limpliieft.Right, Leftl,Leftl, Laft2?,Lefsl, UpSegs).
decomposel(legqulv, Left Right, Inf,UpSegs) :— true |

Inf = leguiwv,

lequivileft, Right, Leftl,Leftl, Lelt2,Teft2, UpSegs).
decomposel{requiv, Left,Right, Inf,UpSegs) :— true

Inf = regutiw,

requivileft,ight, Risghtl, Rightl, Right2, Right?, UpSegs) .
decomposel{fail, Lefr,Right, Inf,UpSegs) := true | Inf = fail.

ERRERYTERERERRRRTREL
L)

% Pretty Print

L

FEREEERAREAE005%% %Y
Pe([axiom, Sequent ], Tab, HOut-TOut) :— true |

EOut = {tab(Tab), write(Seguent), nl, tab{Tab), write(awiom), nl|Tout].
PrR{ffail,Sequent],Tab,HOut=-TOUt] :- true |

HOut = [tabi(Tab), write(Segquent), nl, tab(Tab), write(fail), mnl |TOut].
Pp{ [Inf,Sequent,Proof], Tak, HOut-T0ut )}

Inf = axiom, Inf = fail |

HOut = |tab{Tab}, write{Sequent), nl, tab(Tab), write({Inf), nl| HOutlj,

Takl := Tab=+5,

Fp_subprooct (Proof, Takl,HOutl-TOue) .

rp_sukproof( [Froof |RestProof], Tab, HOUL-TOUt) - true |
Ppi(Froct, Tab,HOut-HOutly,
Pr_subproof (RestProof, Tab, HOutl=-TOut .
pp_subpresf({[],_,HOut-TOut) :- true [ HOut = Tout.

EFERRRARSLA B R RRERANY
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®

% Library

B

EEERRRRRRRRRBRRRRNERRE

member (X, [¥|Xs),Ans) - Lrue [ Ans = true.
member(h, [X|Xs],Ans) = A = X | momber(X,Xs,Ans).
member{_, |} Ans) - true | Ans = fail.

= [AlZ2r], merce(Y., X, 2r).

merge{ [A|X], ¥, 2} - itrue | I
| 2 = (al2r)], merge(Y, ¥, Zry.

merge{X, [&[Y], 77 = true
mergef []1, X, 2} = truec | 2 = x.
merge{¥, [}J, 2} - true | = X.

intersect{ [XiX=s],¥s,Ano) = brue |
member{X,¥s, knsl},
intergest decide{hngl, Xo,¥8, ARa)
intersent{[],_.Ans) :— true I Ans - fail.

interoect_decioe{truc._,_Aos) = Lrue | Ans = true.
intersect_decide{fail, Xs,¥Ys5,Ans) = true | intersect(Xs,Ys,Ans).

tean{ Sequent)] :— true |
tep(Sequent,Pronf ),
ppi{Proed, 0, NewProof=[]),
outeereamn( NewbProof )y,

tep_gaofly - true
rep( {0, _
toe ay <= aylly.
tep goildy - true
tep([[].
[T an~ gl
tep_gol(3) - true |
tep([[],

CIET iBaY 4-r T b NS T oAyl
tep_gofd) - true |
tep( ], - _
A AV B S A AN ajilly.
tep_gofS) = true |
tep{[[]., . -
[ifh =2 a) <=> (" a=» " ki1l
tep_go{g) = troe |
tep(lll, .
[ (h=2ay <= (h A a)3ll}
Lep_gol?) = true !
SR D
00 a % L)y <= (a =k b)3l]}.
Lep goff) = brue |
tep([[],
[{f(at—2b) <= o} <=2 (a <=3 [b<-32)13}10).

—101—



{0) Date: 1%87-Jul-29, written by 5. Takagi
{1l) Program name: krsl

(2) Author: Original Prolog version by Ko Sakai, ICOT lst Lab.
Rewritten for GHC by 5. Takagi, ICOT 4th Lab.

{37 RFuns on: Pseudo multi-FS5I
(4) Deszecription of the problem:

A small predicate logic solver using the term rewriting system.
Simple classic predicate logic is handled.

The following operators are supported.

. Strong {classical) negation

Heyting negation (not implemented)

r Necessity (not implemented)
N, Pogsibility (not implemented)
AV Disjunction
Ay Conjunction
- Implication
—¥ Strict implication
Lo Bguivalence
This system can prove predicates such as
{7 Ta) ¢-3 a

(b =» a) <> ("a => "b)
{3 Algorithm:

Hot understood well.
rogram kecps two different lists, say P oand N,
They are empty at the beginning.
The predicate term that should be proved is processed as follews:
Crunch the term if it is a compound term.
Try to prove each element.
Merge the recult depending on the and/or combination,
It the term is atomie, look for it in the P list.
If found, it is proved.
1f not found, add it to the N 1list.
The positions of P and N are exchanged if ~ is specified.

(6 Process structure:

Run in ocne prucess when crunching the term.

When onc of disjunction, cenjunction, implication, strict implicatiomn,
and equivalence is encountered, its left part proceeds in the same
process, aml iLs right part is processed by a newly created process,
The results of the two processes are merged inm the first process,

(7% Pragma:

Use next_pe to determine where to throw goals.
The current definitien iz the noxt PE number,
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(8) Program:

The main parts

use almost the same name: classic, classicl, clasmic?,

and so on., Other routines are added for the GHC interface.

gosl 1s for a 21x-PF demonstration,

test/2 is the main program to specify what term should be tried.
classie/sd is the top level.

classic/sd iz for proving a positive result.

classic/S is for proving a negative result.

classicl is for the subroutine for eclassic/s.

classic? is for the subroutine for classic/5.

(9) Socurce file:

{10) Examples:

Invocation:

trali@go(l).

teast
tost
tast
test
test
test
test
test

numbear
number
number
numbar
numbher
nunmber
number
numbcr

USZ: <MPS1. BENCH>TRS1_TAKAGI. GHC
This decument: USZ:<MPST BENCH>TRS1 TAKAGI.DOC

L= I = R A P

where N is tho trial problem number.
N =110 0 are effective,
The more tries the more complicated the terms.

:" ma} {=» a
Ca /MNoa)
(b /\ a) <=2 (b Ta)
(b AN/ ay <% (b /N Ta)
(b =¥ ay <= {Ta -» b
{ (b= a)) <= (b /A "y
{"a s/ by <-» [a -r by
(fad=rb) <=F ¢} (3 (a < [(bi-ic))

On running the program, each processor displays the term that it is
currently processing.

*ia,

a

b

This locks like:
means a=*b 1= being processed
means a is being processed

Finally, the starting procossor reports "proved!,

TF It says "fail(....
This example ineludes enly successful cases.

the program,

v+ )", there is a bug in the processor, not in

The goal distribution strateqy for current examples io poor,
For example, even tesot number B uses up to five PEs,

{17} Evaluation data: Net recorded
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B (MPSI.BENCHYTRS1_TAKAGI.GHC.3, 29-Jun~87 13:35:48, Edit by TARACT

module trsi,

create io stream(_ ,¥) := true | cutstream{x).
outstream([]) := true | srue.

ontstream{ [X|¥]} :- true | outstream(X), outstream(Y).
outstream{nl) - true | true.

outstream{write(X}) :— write{X) | true.

T oop(l040, xfy, (-3},
= opll0a0, xfy, (—33)7.

: Strict Implication
i op {1040, xfy, (42 ).

Equivalonoe

= opl{200,fv. 0 )y % Strong (Classical) MNegation
= opl{200, 5y, (1. % Heyting Negation
r= op{400, £y, (/). % necessity
= opl{400, £y, (%)) % possibilitcy
- op(500,vfr, (N1, & Dizjunction
t= op( 500, yEx. (/N ). 8 Conjunction
¥ Implication
%
%

& test data

:—public ao/1,
- mode go{+),
go(N} :— true | test(N,1).

:— public test/2.
% - mode test(+,+).
test(1,PE) :- true | doclassic((( “a) <-» a),PE).
test(2,PE) :— true | doclassic({ [ a oA PE) .
test{3,PE) :- true | doeclassic({ (b / aj <3 (b AYa ~a}},PE}.
test{4,PE} :- true | doclassic({ (b \/ a) <> ("b /\ “aj),PE).
I
;
i
I

test(5,PE) :— true doclassic{{ib —-» a) <> {"a - “b)).PE).
Lest{6,PE} .- true | doclassic(({ (b = a)) <3 (b /\ “a)),PE}.
test(7,FE) :- true | doclassic{({ a \/ b} <-> (a -3 b)),PE).
test(8,PE) :— true doclassie(({{ad-2b) <-* o) <=3 {a <=» (bi-%e)}),FE}.
£ - mode next _pe(+,-).

next_pe(§,X) - true | X=1,

next_pe{5,X) - true | X=6,

next _pe{d4,N} :— true | x=5,

next pe(d,X) - true | X=4.

next_pe(2,X) :— trua | X=3.

next_pe{l,X) := true | X=32,

= public doglassic/2.

2 - mode doclassic(+,+).

doclassic¢X,PE) :- true |

classic{¥,Result,PE},
print reszult({Result,0),

create io_stream([], [write{' test for : '}, write(X), nl|ol).
% - mode print resulb{+,-}.
print_result(preved,C) :- true | O=[nl, write{'proved'), nl].

print_result(fail(SP,5N),0) - true |
G=[write('false: '), write(SP), nl, write{' true: '), write(SH), ni].
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;= public classic/d.

% = mode classic(t.—,t}.
glassic(i,Result,PE) - truco | elassic(ial.11,011,1],Result,PE).
% - mode classic{+,+,+,+,—.+3.
classic( [X]Y¥],4,50, 5N, Result, PR} =~ true | classicl{X,¥,d,SP,5N,Result,PE).
classief[],M, 5P, SN, Result,PE) :- true | classic(N, 5P, SH,Result,PE),
% - mode classicl(+,+,+,#,.3,=,+).
elassicl{({ A),P,N,5PF,5N,Result,PE} := write(({ A)) |
classic(F, [4]H¥],5F, 5H,Result,PE).
classicl{(A\/B),P,N,5P,5N,Resull PR} = write{(A\/B))
classic([A,B|B],4,5P, 8N, Result,PE}.
claseicl{(A/\B),F,N, 57, 5N, Result,PE) :— write({A/\B}) |

allac{PEl}@@classie[[AlP],N,EP,SN.ResultG,DElﬁ,
next pe(PE,PRE1), clacsic([BIF],N,5P,5N, Hesultl,PE),
check result(Resultd,Resultl, Result).

classiecl{(A—>B),F,H,5F,SH,Result,PE) := write((a-)B)} |
classic([B|P], [A{N],SP,SN,Result,PE),
classicl{(a<—->8),P,N,5P,5N,Result,PE) :— write((a<-2B)} |

allec(PEl)@2classic( [A|P], [B[N],ED, SN, Result®, PEL),
next pe{PE,PEl), classic([B|P],[A|N],SP,5N,Resultl, PR},
nhack_rﬁﬁult[Resultﬂ.ﬁesultl,ﬂesult}.

classicl{A,F,N, 5P, 5N,Result,FE] :— member(a,SN), write(a) |
Resule=proved. % A iz atomic apnd in Left.
classicl{a,P,N,55, 58, Result, PE) - otherwise, write(s) |

classic(F,N, [A|5P],5H,Result,PE) .

% ;- mode classic(+,+,+t,—.+).

classic{ [X|¥],5P,5N,Result,PE) - true | classic2(X,¥Y.S5P,5N,Result,PE),

classiaf [],5P, 84, Resull ,PEY :— true | Result-fail{SP,SH).

% :— mode alassiec2({+, 4,4+, 4,—,4],

classicd({ &) ,N,5P,SN,Result,PE) :— write{{ A)) |
classie( [A] . N,5F,5N,Result,PE).

classic2({(A\/B),N,5P,5N,Result,PE) :- write{(A\/B)) |

alloc{PEl)@Eiclassic( [A|N],5P, 8N, Result0,PELY,
next pe(PL,FELl), clnsslc{[BiN];EP,SN.REEultl,PE},
check result(Resultd,Resultl Result).

clazsiec2{ (A/\E), N, 5P, 84, Reoult, PEY :— writof{ (A/SBY) |
classic([A,B N],.5P,5N,Result,PE).
classic2((k->B),HN, 50,5, Result,PE) :— writef{(a—>B)) |

alloc(PELl)EEclassic( [B|N], 5P, 88, Resultl, PEL),

next pe(PL,PEl), classic([A].N,SP,5N,Resultl,PE),

check result({Resultld,Resultl,Result).
classicd(({A{-2B),N,5P,5N,Result,PE) :— write((&-2B)) |

alloc(Prl)dgcias=sic({ (A, B|N)], 5P, 5N, Resultd,PEL),

next pe{PE,PE1}, classic{[A,B],N,8P,5N, Result],PE),

check result({kKesultl,Resultl,Hesult).

classic2(A,N, 5P, 54, Result,PE) :- member(A,SP), write(a) |
Result=proved.
classic2{A,N,5F,5H,Kesult,PE) := othaerwise, write(A) |

classic({¥, 5P, [&]5M],Result,TE).

% :— mode check result(+,+,-).

check result{proved,X,Result) :— true | Result=X.

check resuli(X,proved,Result) :— true I Result=X.
check_result{fail({SPX,SHX),fail(5FY,SNY),Result) :- true |

Result=fail ({SPX,SPY}, (SNX,SNY)).

end.



