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What are the technical problems? "' e AT Ingesuity for life

NP-hard problems
Large size of problem instances, e.g.,
> 50.000 configurable units in configuration (e.g. communication systems, railway safety systems)

> 500.000 operations to schedule in production planning (e.g. semiconductor manufacturing)
Goal: output optimized and valid solution (be better than humans, as in game playing)

Aim:
Declarative problem specification
= reduce maintenance and development costs, correctness, completeness

Avoid excessive memory space consumption
Effective search heuristics are the key for success
Easy to specify and to maintain
Learning (one the way, good results for mid sized real world scheduling problem, see CP 2021)
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Answer Set Programming
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Succinct representation of the problem by a first-order language, e.g. quantifiers, default negation, AND/OR, and aggregation

Bin-Packing problem as example:

% INPUT: item size(Item, Size)
% bin(Bin)

% bcap(Capacity)

% OUTPUT: in(Item, Bin)
item(I) :- item size(I,S).

1 { in(I,B) : bin(B) } 1 :- item(I).

:- bcap(C), bin(B),

#sum{S,I : in(I,B), item size(I,S) } > C.
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% Example INPUT:

item size(il,2). item size(i2,1).
bin(bl). bin(b2).

bcap(3).

item(I) :- item _size(I,S).
1 { in(i1,bl); in(il,b2} 1 :- item(il).

1 { in(i2,bl); in(i2,b2} 1 :- item(i2).

:- bcap(C), bin(B),
#sum{S,I : in(I,B), item size(I,S) } > C.
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Consider the best-fit heuristic for the Bin-Packing problem

* Prefer assignments of items to bins, where the current
resulting capacity consumption is closest to bin capacity but
not exceeding

#heuristic in(I,B) : bin(B), item(I), bcap(C),
Sum = #sum {S°’,I’ : in(I’,B), item size(I’,S’)},
C >= Sum + I. [Sum + I,true]

The formulation of dynamic heuristics should exploit the state of the search
process, i.e. the partial truth-value assignment of logical atoms constructed so far
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Aim: declarative specification of (dynamic) heuristics, e.g. stay in the logic programming paradigm

Three-valued truth-assignments: true T, false F, and must-be-true ¥

#heuristic ha, : ha4, ..., hag, not hay, 4, ..., not ha, |[w@l|
E.g. #heuristic T a(4) : T a(1), not MT a(5). [2@1]

ha; is a heuristic atom of the form s;a;, where
s; € {F,M, T} is a sign symbol and
a; is an atom

w and [ are terms denoting weight and level of the heuristic

Truth of heuristic atoms is evaluated w.r.t.
the current assignment of truth-values to atoms
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Two possibilities for implementing dynamic heuristics:
» Ground the heuristics following the ground-and-solve approach
» Dynamic reevaluation if the truth-assignments change

Dynamic reevaluation can be easily implemented in lazy grounding ASP systems
« Storing only relevant parts of a ground program in memory
- Enable efficient on-the-fly grounding and evaluation of heuristic directives

Combine of dynamic declarative domain-specific heuristics for ASP with lazy grounding
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Evaluation: HRP

« Configuration problem:

« Given: persons that own things, and two

sets of cabinets and rooms

* Find: an assignment of things into
cabinets and cabinets to houses such
that all constraints are satisfied, e.g.
things of different persons are not
allowed in the same room

» Reconfiguration problem: new
properties of things and cabinets

+  Some things become long that fit only in
long cabinets

* Heuristic: best-fit with priority on reuse
of legacy solution and ordered
assignments (things-cabinets, cabinets-
rooms)
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ALPHA (ke = 0) (0) —— H-ALPHA (k. = 0) (59) CLINGO (35) ----- DLV2 (23)
ALPHA (k, =00) (1)  ——-- H-ALPHA (k. = 00) (19) ——= H-CLINGO (40)

(a) Solver configurations, with numbers of solved instances, 94 instances in total

—_ = =
O NN B O
o O O O

Real time (minutes)

0 8 16 24 32 40 48 56 0 8 16 24 32 40 48 56
Number of instances Max # of things of instance solved Number of instances

. . . H-ALPHA: .
(b) Accumulated time consumption . Ez H-CLINGO:ESZgS (c) Memory consumption
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Partner Units Problem (PUP) U
Ry s Ry s 1
Given: sets of control units, sensors, 1 2 5 6
security zones, as well as relations u
between zones and sensors U3
Find: an assignment of zones and sensors
- UCAP =2

to control units of things such that related

zones and sensors are assigned on the { ! ] [Z123J [Z24] [Z35] [Z456] [ <6 ] JUCAP =2

same or directly connected units
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ALPHA (ke = 0) (7) —— H-ALPHA (k¢ = 0) (100) CLINGO (13)  -—-- DLV2 (10)
ALPHA (k,, =o00) (7) - H-ALPHA (k. = 00) (100) ——= H-CLINGO (34)

(a) Solver configurations, with numbers of solved instances, 100 instances in total
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« Suggested a variant of clingo’s heuristic language with novel semantics

+ Open-source implementation in Alpha, a lazy-grounding ASP solver

https://github.com/alpha-asp O a

+ Promising experimental results on real-world configuration problems
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https://github.com/alpha-asp

Unrestricted © Siemens AG 2021
Page 14 16.09.2021

'l' UNIVERSITAT
KLAGENFURT

Thank you for your attention!
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