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"A Topological Optimizer for Production System Programs”
Toru Ishida and Makoto Yokoo

(NTT Communications and Information Processing Laboratories)

ABSTRACT , ‘

The efficiency of production systems rapidly decreases when the number
of working memory elements becomes larger. This is because, in most
implementations, the cost of join operations is directly proportional
to the square of the number of working memory elements.

This paper describes an algorithm which minimizes the total cost of
join operations in production system programs by selecting optimal join
topologies based on their execution statistics. The result of imple-
menting a topological optimizer and applying it to existing programs
demonstrates that the optimizer generates more efficient programs»than

what obtained by manual optimization.
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(defrule rule1 (defrule rule2
(context phaset) (context phase2)
(large-class = ?x) (small-class  ?x)
(middle-class ?x) (middle-class ?7x)
(small-class  ?x) ->
-> (make ..... ))
(make ..... )

0 2
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Fig. 1 Example of production rules

(defrule rule1
(context phaset)
(small-class  ?x)
(middle-class ?x)
(large-class  ?x)
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Fig. 2 Example of intra-rule optimization

(defrule rulet (defrﬁle rule2
(context phaset) (gontext phase2)
(large-class ?x)
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Fig. 3 Example of inter-rule optimization
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Fig. 4 Variations in join topologies
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<1-input-test node>
T(oken) : given
M(emory) : given
J(oin) : O
Clost): 0
R(atio) : given
<2-input-test node>

@) O

When b is a positive When b is a negative
condition element: condition element:

Tc = (TaMb + TbMa) Rc Tc=TaRc

Mc = MaMbRc Mc = MaRc

Jc = TaMb + TbMa Jc = TaMb + TbMa
Cc=Ca+Cb+dJdc Cc=Ca+Cb+Jc
Rc=Rb Rc=Rb

M5 azxkrEFIL
Fig.5 Cost Model
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one: 1-input-test node

two: 2-input-test node

I+ 2-input-test with no join variables
* : shared node
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Fig. 6 Example of displaying statistics
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clear R (ule-list);
push all rules to R;
sort R in the decreasing order of costs;
fort = 1stto the last rule of R;
clear N (ode-list);
push all 1-input-test nodes of ¥ to N ;
let k be a number of 1-input-test nodes;
append pre-calculated 2-input-test nodes to N,
for | =2nd to the last node of N;
for j =1sttothe 1-1thnode of N;
if all constraint conditions are satisfied
then do;
let D be a 2-input-test node created from
fandj;
calculate papameters of 1 ;
push N just after max(i, k)-th node of N
end
rof
rof
find the lowest-cost terminal node;
construct an optimized version of r
rof
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Fig. 7 Outline of the optimization algorithm
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(defrule example
(context phaset) -- (s)
(class-a ?x ?y) ----(a)
(class-b ?y ?z) ---- (b)
(class-c 7z ?w) --- (c)

(1) possible join (2) unallowed join
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Fig. 8 Example of connectivity constraint
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