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» HEX-Programs External Atom &g[¥](y)
» knowledge representation language » input list X =x1,...,x, and output listy =y¢,...,y, of terms
- extends Answer Set Programming (ASP) » Model: I |= &g[¥](¥) iff oracle function fg, (I, ¥,¥) is true

» comprise external atoms for external knowledge/computation

» Evaluation Efficiency
» original model calculation algorithm has several drawbacks

~ Computational view: I = &g[x](y) for ally € Fg,(1,x)
» External computation depends on interpretation

~ realizing applications in HEX called for efficiency improvements = external atoms cannot be evaluated during grounding process!
» Theoretical Contributions Example (choose a plan and a usage, determine resource needs):
» generalized program splitting theorem choose(a,c,d) < choose(b,e,f)
= program fragments may overlap, branch, and join plan(a) V plan(b) «—
—> constraints shared among fragments need(p, C) < &res|plan](C)

» program decomposition via a directed acyclic graph
=> nodes are program fragments, edges represent dependencies use (X ) v us e(Y) < plan (P )’ choose (P y Xy Y)

» sound and complete model enumeration using this graph need(u,C) < &res|use](C)

» Effect of Improvements - «— need(_ ,money)
» Independent program fragments are evaluated independently The oracle for _&r es IS given as

» early elimination of models I = &res|p|(money) if p(C) € I'for C € {a,f},
~ considerably less redundant computations in relevant scenarios I = &res|p|(time) it p(C) € I for C € {b,c,d, e}, and
» parallel evaluation possible I t~ &res p (X) in all other cases.

= Improved time and space efficiency! The single answer set of the above HEX program is

» Open Source Implementation dlvhex (supports d1lv and clingo): {plan(b), &res |plan|(time), need(p, time), }

http://www.kr.tuwien.ac.at/research/systems/dlvhex/ use(e), &res|use|(time), need(u, time)

Previous Evaluation Method Improved Evaluation Method

my = {plan(a), use(c)} plar <;an11”“" (b) u| mi = {plan(a)}
plan(a) V plan(b) m, = {plan(a),use(d)} P my = {plan(b)}
use(Xl) \/;t)se(lIZ) — x| m3 = {plan(b),use(e)} / l\ u /I I\ u
plan(P), choose(P.X,Y) my = {plan(b),use(f)} need(p,C) «— use(X) Vuse(Y) = -
= plan/1, use/1 1:1 1:2
- 0 &res|plan](C) «— plan(P), ms - mj ’2’:77 — m;
111 1:2 «— need(_,money) choose(P,X,Y) my = m; myy = {use(e)}
ms — mq Mg — My 0:4 0:7
.3 4 = need(p,C) = use/1 ms={need(p,time)}{{ |my = {use(f)}
m-r = ms; mg — my
:5 .
need(p,C) «— &res[plan](C) my O:6{need(p,money),need(u,tlme)} \ / —
= ' = d(p,time),
iie:d(u,;'/);— &res|use|(C) | uz my = {need(p,n.wney),need(lf,tlme)} need(u,C) — &resjuse] (C) ) my ot {need(p l.me) use(e)}
nee _ mq, = {need(p time),need(u time)} «— need(_,money) H miz = {need(p,time),use(f)}
muozzs{need (p,.time) ,need(u,money) } = need(u,C) Mg = {need(u,time)}
T
myz = me myy = myo » external atoms depend on output of previous program fragments
| — need(_,money) | u3 mis = my M = m » program fragments model disjoint sets of atoms
my 2 » rule dependencies and negative constraint dependencies satisfied
» positive constraint dependencies satisfied in at least one fragment
» external atoms depend on output of previous program fragments » input models can be joined if they share a common ancestor model

» use largest program fragments possible wrt. external calculations

Experimental Results
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External Evaluations in Answer-Set Programming.
In IJCAI-05, pages 90-96, 2005.

» Wolfgang Faber, Nicola Leone, and Gerald Pfeifer.
Semantics and complexity of recursive aggregates in
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LI Artificial Intelligence, 175(1):278—298, January 2011.
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Number of conference tracks T mproved [ Benchmark Instance Groups Number of papers at conference track P » Michael Gelfond and Vladimir Lifschitz.
Classical Negation in Logic Programs and Disjunctive
» exponential speedup for » improved scalability of application! » even for plain ASPs without Databases.
synthetic benchmark (1 sec vs. 600 sec) external atoms, efficiency can be Next Generation Computing, 9(3—4):365-386, 1991.
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