Conflict Detection and Diagnosis in Configuration

Alexander Felfernig”, Stefan Reiterer?, Florian Reinfrank’, Gerald Ninaus’, and Michael Jeran”

*Graz University of Technology, Graz, Austria
fSelectionArts, Graz, Austria

Conflict Detection and Diagnosis in Configuration




Contents

* Anomalies

 Conflict Detection

« Simple Conflict Detection
* QuickXPlain

* Diagnosis
« HSDAG

 Duality of Conflicts and Diagnoses
« FastDiag

Conflict Detection and Diagnosis in Configuration

2



Anomalies

» Parts of a knowledge base that
conform to a defined pattern of
unintended structures [Chandola et al., 2009].

 Anomaly detection:

» Automated testing and debugging
(minimal subsets)

* Redundancy detection (maximal subsets)
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Working Example: Knowledge Base

Ckp ={
ce : VX : MB(X) — 3Y : cpu-of-mb(Y, X).
cg :¥X : CPU(X) — 3|Y : mb-of-cpu(Y, X).
¢, : VX : MB(X) < MBSilver(X)Vv MBDiamond(X).
cs : VX : =M BSilver(X) v =M BDiamond(X).
cc :VX :CPU(X) < CPUD(X)V CPUS(X).
cyp - VX, Y : cpu-of-mb(X,Y) < mb-of-cpu(Y,X).
¢, : VX : =CPUD(X)V —=CPUS(X).

c1 :VX,Y : cpu-of-mb (Y, X) ACPUS(Y) - MBDiamond(X). @ @

¢ VX, Y : cpu-of-mb (Y, X) A CPUS(Y) — MBSilver(X). [*should be: replacement of c1* @
c3:VX,Y : cpu-of-mb (Y, X) ACPUD(Y) A MBSilver(X) — false.

cy :YX,Y : cpu-of-mb (Y, X) A CPUS(Y) A MBDiamond(X) — false. @

c5: VX : CPUD(X)— false. /Pshould be disabled, but still active*’ @ @
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Minimal Conflicts

Definition (Minimal Conflict Set). A conflict set CS = {ca,
cb, ..., cz}is a subset of C such that inconsistent (B U
CS). AC = B U C represents the set of all constraints in the
knowledge base (AC ={c1, c2, .. ., cn}), B represents the
background knowledge (no conflict elements are assumed
to be included in B), and C represents the set of
constraints subject of conflict search. A conflict set CS is
minimal if there does not exist a CS’ c CS that has the

conflict property.
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Minimal Conflicts
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FIGURE 7.1

A conflict set CS is a subset of C (AC = CU B), which is inconsistent with B. CS is minimal if no subset of CS
fulfills the conflict set property. In this context, B is the background knowledge that includes all constraints
considered correct. An example conflict set is CS; = {c1, ca, c5}.
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Working Example: Minimal Conflicts

Assumption: C=AC, i.e.,B={}
CS1 ={c1, c4, c5}

CS2 ={c1, c2, c5}
iInconsistent({c1, c4, c5} U B)
inconsistent ({c1, c2, c5} U B)

Two algorithms to determine minimal conflicts:
« Simple Conflict Detection
* QuickXPlain
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Simple Conflict Detection

Algorithm 7.1 — SIMPLECONFLICTDETECTION

© 00 N O Ot s W N

e
W N = O

func SIMPLECONFLICTDETECTION(C C AC,B=AC -C}): CS

CS + 0;

if inconsistent(B) or consistent(B U C) return(();

else
repeat
d =(C8S,
repeat
c < element(C — ®);
¢+ dU{c};
until inconsistent(®)
CS «+ CSuU{c};
until inconsistent(CS)

return(CS);

Best Case:

2

Worst Case:

(nx(g+l)) +n
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Simple Conflict Detection: Execution

Table 7.1 Example of the application of SIMPLECONFLICTDETECTION. CS={cy, cg, C5} is
returned as minimal conflict set (CS) for C ={cs, c4, c3, ¢2, c1} and B ={cy, g, ¢y, Cs, Ce, Cg, C.}.

Step CS c 0]

1 ¥ Cs {C5}

2 Y] C4 {C5.C4}

3 @ C3 {cs5, C4, C3}

4 @ Co {C5.Cy, C3, Co}

b ? Cq {C5.C4,C3,Co, C1}
6 {c1} Cs {C1.C5)

7 {c1} C4 {¢1.05. ¢4}

8 {c1. ¢4} Cs {c1.¢4. C5}

9 {C1. C4. C5} - -
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QuickXPlain

Algorithm 7.2 — QUICKXPLAIN

func QUICKXPLAIN(C C AC,B=AC-C): CS
2 if isEmpty(C) or inconsistent(B) return (;
else return QX(0,C, B);

4 func QX(D,C ={cy..c4},B) : CS

5 if D # 0 and inconsistent(B) return (J; | Best Case:

6 if singleton(C) return C; logz(z)+2k

T k= [%1;

8 Cl — {Cl..Ck};CQ — {Ck—{-l--cq}; Worst Case: "

9 CS; = QX(Cy, Cy, BUCy): 2k x loga (7 ) + 2k

10 CSy = QX(CSy,Cy, BUCS);
11 return(CS; UCS3);
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QuickXPlain

Table 7.2 Example of QUICKXPLAIN: T = {c,, Cg. ¢y, Cs, Cc, Cp, .} is the (original) background
knowledge and CS = {c;, ca, c5} is the returned conflict set. The sequence of the different QX
activations is depicted in Figure 7.2.

Step D C B (o C, Return

1 ? {C{,....C5} I’ {Cq, Co, C3} {c4, C5} {Cq. C4, C5}
2 {C4. C5} {€1.Co. C3} I"'U{cy. C5) {C1. Co} {C3} {c1}

3 {c3) {c1.Co} I"'uics. ..., cs) {c1} {co} {c1}

4 {co} {c1} ufcs..... cs) 0 v {c1}

5 {c1} {Co} I'U{cqy,c3,C4. C5) 0 0 v

6 {c1} {c3) I"U{cq. ¢4, C5} v v %

7 {c1} {C4.Cs5} I'U{cq} {C4} {C5} {C4. C5}

8 {C5} {C4) I"'U{cy, cs} v v {C4}

9 {c4) {C5) I"U{cy. ¢4} v ¥ {Cs5)
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Runtime of Conflict Detection Algorithms

Table 7.3 Runtime evaluation: The average runtime in milliseconds (ms) needed by
SIMPLECONFLICTDETECTION (SCD) and QUICKXPLAIN to calculate one minimal conflict set (on a
standard PC). The basis for this evaluation are knowledge bases from www.splot-research.org.

Domain #con. #var. QUICKXPLAIN (ms) SCD (ms)
DELL laptops 285 47 75.7 643.2
Smarthomes 73 55 42.6 89.6
Cars 150 73 42.9 406.2
Xerox printers 242 158 78.1 812.2
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Diagnosis (Task)

Definition (Diagnosis Task). A diagnosis task can be
defined by the tuple (C, AC) where AC =B U C, B is the
background knowledge, and C is the set of constraints
to be analyzed.

Definition (Diagnosis). A diagnosis for a given
diagnosis task (C,AC) is a set of constraints 4 < C
such that B U C — 4 is consistent. A diagnosis 4 is
minimal if there does not exist a diagnosis 4 * ¢ A4 with
the diagnosis property. Finally, a minimal diagnosis A4 is
denoted as minimal cardinality diagnosis if there does
not exist a minimal diagnosis with | A4°| <] A4].
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Minimal Diagnhoses
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FIGURE 7.3

A diagnosis A is a subset of C (AC = CUB) such that BUC—A is consistent. A is minimal if no subset of A ful-
fills the diagnosis property. B again represents the background knowledge. An example diagnosisis A1 = {c1}.
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Hitting Set Directed Acyclic Graph
(HSDAG)

FIGURE 7.4

Breadth-first based search for diagnoses on the basis of the minimal conflict sets CS; = {c;, ¢4, c5} and
CS, = {c;1, ¢, c5}. The resulting minimal diagnoses are A; = {c1}, A» = {c5}, and A3 = {cp, c4}.
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Duality of Conflicts and Diagnoses
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FIGURE 7.5

Breadth-first based search for conflicts on the basis of the minimal diaghoses A1 = {c;}, A> = {c5}, and
A3z = {cp, ca}. The resulting minimal conflict sets are CS; = {c1, ¢, cs}, CSo> = {cy, ¢4, Cs}.
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FastDiag

Algorithm 7.3 — FASTDIAG

1 func FAsTDIAG(C C AC, AC = {c;..c;}) : diagnosis A

2 if isEmpty(C) or inconsistent(AC — C) return ()
3 else return FD(0,C, AC);
4 func FD(D,C = {c;..¢c;}, AC) : diagnosis A
5 if D # () and consistent(AC) return 0,
6 if singleton(C) return C, Best Case:
9 ny
8 C1={c1..ck};C2 = {ck+1--Cq¢};
9 D1 = FD(CQ, C]_, AC — CQ); Worst Case:
10 Dy =FD(Dy,Cy, AC — Dy); 2d X logz(g-) + 2d

11 return(D; U Ds);
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Runtime of Diagnosis Algorithms

Table 7.5 Runtime evaluation: The average runtime in milliseconds (ms) needed by HSDAG and
FASTDIAG to calculate one minimal diagnosis (on a standard PC). The basis for this evaluation
are knowledge bases from www.splot-research.org (Dell laptops (laptops), smarthomes (homes),
cars, and Xerox printers (printers)).

Domain #con. #var. FASTDIAG (ms) HSDAG (ms)

#A | 1 5 10 1 5 10
Laptops 285 47 1638.7 2792.3 3464.1 2668.9 4977.6 5336.3
Homes 73 55 593.1 2433.5 3167.8 2074.2 21514 2241.2
Cars 150 73 1404.4 2730.8 3606.0 5741 .1 6347.9 6942.0
Printers 242 158 2871.9 6927.2 12091.0 >100k >100k >100k
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Diagnosis as Optimization Problem

Each constraint ci is represented by a variable xi [0,1]
Conflict sets CSj are represented by constraints cs;
Example: cs1: x1 + x4 + x5 > 1

cs1 1 X1+ x4+ x5 > 1.

Ccsy> i X1+ x> 1.
cs3 i x1+x3>1.
cS4 X2 +x3 > 1.

Optimization function:

minimize : X1 + x» + x3 + x4 + x5
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Diagnosis as Optimization Problem

Table 7.6 Representation of a diagnosis task as optimization problem. In this case, all minimal

conflict sets (CSy, ..., CSy) have to be determined before the optimization can start (1 (0)
denotes the fact that ¢; is part (not part) of the minimal conflict set).

Conflict Set Cq Co C3 Cy Cg
CS; 0 0 1 1

CS, 1 1 0 0 0

CS; 1 0 1 0 0

CS, 0 1 1 0 0

csl: x1+x4+xb>1
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Solution Space: Predefined Instances

Table 7.7 A simple configuration problem defined by the variables V = {v1, v, v3}, dom(v;) =
{1,2,3}, and the constraint ¢, = confjvconfyvconfzvconfs € Cyp.

Variables conf confy confs confy
vy 1 3 1 1
Vo 2 2 2 2
Vs 3 1 2 1

Table 7.8 Example user requirements Cr and their relationship to the configurations

confy, ..., confs (1 =requirement supported, O = not supported).

User Requirements conf confo confg confy,
vy =1 1 0 1 1

Vo = 1 0 0 0 0

vy = 1 0 1 0 1
support 1 1 1 2
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Exercises

. Given the following set of constraints AC={x1=1, x1=2,
x2=x1, x3=x2, x3>2} (dom(xi)=[1,2,3]). Determine the
complete set of minimal conflicts on the basis of Simple
Conflict Detection.

. For the identified minimal conflict sets determine the

corresponding complete set of minimal diagnoses (on
the basis of HSDAG).

. Show how to use the HSDAG concept to determine the
complete set of minimal conflicts from the diagnoses
determined in 2 (duality of diagnoses and conflicts).

. For the minimal conflict sets (from 1. and 3.), show how
to represent a diagnosis as an optimization problem.
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Thank You!
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