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Abstract. This report describes a multi-state model for the design of
a search engine for coherent logic using cooperating concurrent threads.
The proposed model provides parallel computations for disjunctive cases
(split tapes or branches) that arise in the operation of an abstract Skolem
machine. Initial experiments suggest that this approach provides good
liveness (time) for coherent theories with splitting rules at modest space
(memory) costs on current multicore computer systems. We also explain
how concurrent processing of branches can help promote the generation
of finite counter models.

1 Branch logic (one thread)

Suppose that C is a coherent theory specified as a finite ordered sequence
of geolog (coherent) rules as described in the theory papers [4],[5], or [6].

This note describes a concurrent multi-state design that parallelizes
the sequential algorithm (QEDF’) described in [7] but now using multiple
threads which explore spawned branches that arise from the application
of splitting rules.

The fundamental unit of parallelization is a geolog tree branch. Each
such branch corresponds to a Skolem machine tape as described in the
theory papers. In this design one branch is computed within one thread.
However we will speak of a branch as an executable entity (a Runnable
class in the Java implementation).

This first section describes the relevant branch data or state. When our
branch encounters a splitting rule critical branch data must be spawned
to new branches which will run in separate threads (Section . A branch
manager monitors spawned branches and reports regarding overall progress
(Section [3).

We present the basic concepts by means of a telling example. Let us
suppose that the current branch (or Skolem machine tape) appears as in
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Branches are associated with an active theory. The active theory as-
sociated with branch B represents the active rules which have an binding
state on B. Let us suppose that the active theory has an active rule R
representing the geolog rule displayed in.

Rorule : p(X),q(X,Y) => s(X, X) | w(X),w(Y). (2)

We suppose that R is applicable on B. The intended binding state for
R is depicted in .
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At this point branch B first spawns a new branch B’ which will run in
a separate thread and then branch B continues as described in the next
section.

2 Spawn a new branch

The cost of spawning new branches includes the branch state container
and the state containers of the associated active rules. A significant amount
of other data, such as the branch data and the rule forms, are shared via
referencing and this means that the copying is quite shallow.

When the branch in is split the results are depicted in .
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The new branch B’ is either supplied by the branch manager from a
branch pool or generated anew if the pool is empty.

1— the branch data references 0. .. f are copied

2— branch B’ is extended and its focus realigned

3— branch B is extended and its focus realigned

4— the active theory associated with branch B’ is initialized

5— branch B’ is handed off to the branch manager to run with focus 42
6— branch B continues with focus f41

Initializing the active theory associated with B’ (item 4) involves set-
ting the binding state of each definite active rule R’ for branch B’ to
mimic the corresponding binding state of active R for state B. This accu-
rately reflects the last binding on the branch before the split and allows
the next bindings search to backtrack from a current state rather than
starting over at the root of the branch. So, for example, the rule R’ (for
branch B’) corresponding to the rule R used above would have its bind-
ing state set to the values of those for R since it is a definite rule (no
existential variables in the consequent and no function symbols).

However, for queued rules the binding state would be set back to root
because of the requirement for earliest-first-binding explained in [7].

3 Branch management (multi-threads)

The branch manager is the main thread and the manager dispatches
the initial branch (focus 0, containing only root ¢rue) and the manager
monitors the spawning of new branches.

The branch manager owns a concurrent queue of pooled branches
which is modestly initialized to supply new branches. As branches finish



(hit depth bound, find proof, or stuck with countermodel) some of the
branches may be requeued to the branch pool. The concurrent branch pool
supplies and receives branches in a thread safe manner. The requests for
new branches and spawning come from the threaded branches themselves.

When a branch is needed and the branch pool is empty a synchronized
method of the branch manager constructs a brand new branch and mod-
ifies its state as described in the previous section. These created branches
will be placed in the pool when finished, and there is no bound on how
large this pool will become, but there is no pressure to enlarge the branch
pool if branch threads are finishing and resupply the pool fast enough for
requests.

Initially the branch pool has n branches where n is the product of the
sizes of the consequents (number of disjuncts) of all the rules.

4 Parallelization metrics

One version of Amdahl’s law [I] expresses an abstract relationship be-
tween speedup benefit B, the proportion of the search subject to paral-
lelization P and the number of processors V.

1
B = 5
(1-P)+ P/N (5)
Our intent is to find experimental approximations for P based upon
trials using experimental values for B and N. We will need to take N to
represent the number of virtual cores available, since we are employing
multiple threads and not distributing branches over dispersed separate

processors. For B we use the ratio

B~ tcoColog (6)
tColog
where tcyog is the running time for the sequential version of the pro-
gram and tc,Colog is the running time of the multi-threaded version of the
program for the same input geolog theory.
Solving [5] for P we get

N(B-1)

P:BW+D ()

The calculated value of P is an estimate regarding what portion of
the particular theory can be sped up. Notice that actual speedup will have
a negative value (because, with speedup, B < 1).



There may be relationships between P and metrics measuring the
shape of geolog trees. Geolog trees tend to have distinctive shape patterns.
For example, the graphic in Fig. [1| depicts a geolog proof tree. The figure
is a scaled screenshot from a sample run.

R

Fig. 1. graphical proof tree shape for plp2

A very simple shape statistic is the average nodes per branch:

_ #nodes
p= #branches (8)

For example, § = 3951 + 231 = 17 for the tree in Fig. [1| (see results
below). This statistic measures, on average, how much work per branch
might be done within one thread.

Relationships between P and (8 would be interesting.

5 Some experimental results

The following subsections report on some initial test results.

5.1 Dual 2.5 Ghz PowerPC G5 Mac

The first set of experiments were run on a two processor system. An at-
tempt was made to achieve runs where extraneous thread demand (other
active processes) was minimized. Since this requirement is somewhat ten-
uous (and often tedious) the timing statistics record minimum stable run
times over many trials. The Colog program is single threaded. coColog is
the multithreaded program described in this note. The inference mecha-
nism for coColog is exactly the same as for Colog, so the timing variance
should mostly reflect the multi-threading.



dpe | mb | nl |plp2|p2pl|rhp.20| unf | usm
tColog| 9ms | 17 | 67 |2585| 560 | 1283 | 17 12
teoColog| 11 27 | 30 |1667| 332 | 1023 | 26 15
#nodes| 35 | 153 | 100 [3951| 590 |21379| 66 31
#branches| 3 18 5 231 28 | 1920 | 6 1
P|+0.18|40.27|-1.74|-0.61|-0.84| -0.24 |+0.20|4-0.15
8] 12 9 20 | 17 | 21 11 11 31

The larger Theories (plp2, p2pl, rhp.20) show good time improve-
ments. Theories plp2 and p2pl involve the side conditions in Pappus’
Theorem in plane geometry. More information is provided in [§] which
gives Marc Bezem’s original theory sources for p1p2 and p2pl. The input
rhp.20 is one of Andrew Polonsky’s many early FOL-to-geolog transla-
tions of the TPTP problem COMO003+3.p (The halting problem is unde-
cidable). See reference [9] for a preview regarding Polonsky’s translations
from FOL to coherent logic. We now have much better translation than
rhp.20 but the old version is just fine for testing coColog vs. Colog!

It seems that larger 8 improves the value of P as expected. Theories
mb and unf are small so perhaps the branch pool overhead does not allow
speedup. Notice in particular the P metric for the nl theory: Ironically,
this says that 174% of the sequential program is subject to speedup! The
value of P in Amdahl’s law would be < 1.0 of course, but the calculated
statistic is not necessarily so restricted. (Our crude statistic obviously
needs a refinement.) The usm theory has no splitting rules.

5.2 4 core x86_64 GNU/Linux (kongle.ii.uib.no)

dpe | mb | nl |[plp2|p2pl|rhp.20|unf|usm
tColog| 2ms | 36 | 59 (1049|242 | 536 | 39 | 15
teoColog| 3 29 | 42 |415|136| 353 | 22| 21
#nodes| 35 | 153 | 100 [3951| 590 |21379| 66 | 31
#branches| 3 18 5 [231] 28 (1920 6 | 1

P|+0.33]4-0.24|-0.40|-1.53|-0.78| -0.49 |0.77|0.29

G| 12 9 20 | 17 | 21 11 |11 |31

6 Future experiments

We continue to experiment with several versions of the coColog prover.
A refined version uses something we call box search which is well suited
to computing finite counter models for coherent theories. For this see



reference [7]. Box search is partially complete both for proofs and finite
counter models in the sense that, provided that the box depth (branch
depth) and box width (allowed number of branches) forms a large enough
box, any proof or finite counter-model can be trapped within the box.

If a coherent logic search tree has multiple branchings then one expects
that the branches can distribute their descendant branches into parallel
computations. This adds some breadth to the search at the cost of some
space but perhaps saving some time. We have shown that coherent logic
implemented via Skolem machine computations has a reasonable parallel
computation using a multibranching regimen which otherwise adheres to
a sequential depth-first approach very closely. Reference [2] describes a
parallel SAT checker based upon multibranching and strategies for choos-
ing which clauses to resolve.

More design work may afford a truly distributed approach across dis-
tributed processors.

There is another approach to parallelism that is yet to be carefully
designed and prototyped: And parallelism of rule applications, or multi-
threaded rule applications.
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