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Introduction

Description Logic EL |

e Atomic Concepts: DeliveryDrone, ChargingStation
e Complex Concepts: Componentn 3locatedOn.LandingGear

e Axioms: LargeBatteryDrone E Drone m 3 hasPart.LargeBattery
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Introduction

Concrete Domain DQd/ﬁ
e DbatteryPercentage, = 0.75
e DbatteryPercentage, > 0.3

e DbatteryPercentage, - 0.2 = batteryPercentage,
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Introduction

Concrete Domain DQd/ﬁ

Concrete Domain D in
e 4 *normalDischargeRate + highDischargeRate = 30

e 8 *normalDischargeRate = 30
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Introduction

Description Logics EL | [D &EL [D

Qdiff ] Qlin ]
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Introduction

Description Logics ELL[DQW]

e I hasPart(Battery m [ batteryPercentage > 0.25 1)
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Introduction

Description Logics EL [Dgn ]

e Dronen[2 *highDischargeRate = 30 1 E LargeBatteryDrone
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..] EXplanations

EL [D

DDE[ 8 *nr=30]
DDE[hr+4*nr=30]

[2*hr=30]ELBD

DD E [BD
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DD £ [8*nr = 30] DD € [hr + 4*nr = 30]

A

[-1/2,1]

(30e tor = 1)

A 4

A 4

[2]

Py -
"
(DD E [2*hr = 30] || [2*hr = 30] £ LBD

A—A

Concept Hierarchy

( 7‘&77 \
/DD C LBD




EL [D,,] Explanations

£3 Equations Plot @ x
8nr = 30 hr 15
hr + 4nr = 30 |||nr = 3.75
2hr = 30
Plot Axes:
0 0
X-axis: é "
€ E
hr 2
Y-axis: 10
nr
8
6
4 Nr= 15/4
2
0
-2
-4
-6 hr-axis
6 10 12 14 16 18 20 22 24
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EL [D. ]E ti
1 Qlin p
- Equations Plot @ x
x1 +x4=5 x1=(5-1x4) / (1) =5
x1 + x3 = -10 x2 = (-14 - (4x3 + -2x4)) / (6) = 23/3
2x1 + 6x2 + 4x3 = -4 x3 = (-15 - -1x4) / (1) = -15
3x1 + -3x2 + -x3 +3x4 =7 [x4=0
Plot Axes:
2 w
X-axis: 5 i
16 = Pt
x1 v
Y-axis: 14
x2 v
12
Free Variables: 10
x4: 0
x4 X 8 X2 =233
@
6
D Center at solution .
2
0
wl x1-axis
-4 o 0 2 4 6 8 i 1
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EL [D

Qlin
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] Explanations

. Equations Plot @ %
2x1 + 3x3 =5 2x1 + 0 =5
2x1 + x2 + 6x3 = 2 2x1 + 1x2 + 0 = 2
2x1 + x4 = 3 2x1 + 8 = 3
x2 + x4 =0 1x2 + 0 =0
X
Plot Axes: 10 o N
X-axis: 5 ‘: %
o~
x1 8 gl
Y-axis: 6
x2
4
Other Variables: 2
x3: @
@ 0
x4: 0 -2
® -4
-6
-8
x1-axis
P B -6 -4 -2 0 2 4 6 8 10
12




EL [D

Qlin
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] Explanations

. Equations Plot @ A
2x1 + 3x3 =5 2x1 + 0 =5
2x1 + x2 + 6x3 = 2 2x1 + 1x2 + 0 = 2
2x1 + x4 = 3 2x1 + -1087/500 = 3
x2 + x4 =0 1x2 + -1087/500 = 0
i3
Plot Axes: 10 o 8
X-axis: g E
x1 v 8 8
Y-axis: 6 ¥
x2 v
4
Other Variables: 2
x3: @
@ 0
x4: -2.174 -2
@ -4
-6
-8
x1-axis
B -6 -4 -2 4 6 8 10
13




EL [D,,] Explanations

Qlin
. Equations Plot @ s
2x1 + 3x3 =5 3x3+2=5
2x1 + x2 + 6x3 = 2 6x3 + 1x2 + 2 = 2
2x1 + x4 = 3 8=3
X2 + x4 =0 1x2 + 6 = 0
i3
Plot Axes: 10 o -
X-axis: E ‘:’:’
x3 v 8
Y-axis: 6
x2 v
4
Other Variables: 2
Xty 1
: 0
x4: 6 -2
6
X —4
-6
-8
x3-axis
m -6 -4 -2 0 2 4 6 8 10
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EL [D,,] Explanations

[bp,-0.25=Dp, ]

[bp,>025] [ bp,=0.65]

[bp,-02 =bp,]

Saturation Rules

=] =0 R.:q<p = (] x+p:yR

X=q xX=p Xtq=y yip=z
S S s O = R P — R
I 7 x+tlgtp =2z =+ HF0=—x °
xbgey xbp=y oo B S S S giy =P X+q=y
P—aq)=y y+(=q)=x

x>qx+p=yR
>

i B y=q+p

y>q+p

o
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[bp® - 0.25 = bpl] || [bpl - 012 = bp2]
[Sum of differences]

[bp0® = 0.65] | [bp0 - 0.45 = bp2]

[Propagate =]

[bp2 ; 0.2]

[bp2 > 0.25]

[Constant too small]



EL [D,,] Explanations

o

X-y<sb X-y=b xX<hb
x-(00)<b
x-(0)<b-¢€

b ob b-¢€
O-® @O
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EL [D

aad

Explanations

ra

Premises:
bp0® 0.25 = bpl
bpl - 0.2 = bp2
bp® = 0.65
- bp2 = -0.25 - €

Conclusion:
1

e Negative Cycle - CDP1®

Cycle Value: -1/20 -€

bp@

0.25
0.65

-0.65

-0.25

0.2 -0.25 - €

(0)
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EL [D

.01 EXplanations

. Negative Cycle - CDP1®

Premises:
bpo 0.25 = bpl
bpl - 0.2 = bp2 bp@
bpe = 0.65
- bp2 = -0.25 - € 0.25
LY 0.65
-0.25
-0.65

Conclusion:
1 bpl

Cycle Value: -1/20 -€ W(O)

0.2 -0.25 - €

6p2
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EL [D

aard

Premises:
bp®

Conclusion:
1

Cycle Value:

Propagate a value

Explanations

for
0

Negative Cycle - CDP1®

0.25 = bpl

bpl - 0.2 = bp2 bpo
bpé = 0.65

- bp2 < -0.25 - € 0.25

0.65
-0.65

—9.25

bplm

-1/20 -€

0.2 —@.23 - €

D
bp2

(0)

<2
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EL [D

Qdiff-

Explanations

2 Negative Cycle - CDP1®
Premises: x4 5
x4 + 0 = x5 :
x3 - 2 = x2 -5
x2 - 1=x1
x4 + 5 = x3
0
0
Conclusion:
x5 + 2 =x1
Negated: .
x5 - x1 s -2.0 - € X5
x1 - x5=2.0 - €

Cycle Value: -€ -2 - €

2 =g 1

“x1

X3

»X2
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Evaluation

e Performance benchmark
o ~100 proofs

e Two qualitative user studies

e Proofs vs alternative CD explanations
e 11 participants

e Results:

o Visual explanations enhance understanding of numerical reasoning
o Plots were preferred in the simple cases
o  Cycles were preferred over proofs
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Summary & Future Work

e Extend Evonne with £L  [D ] & ELL[DQ/m] Proofs

Qdiff
e Alternative visual Explanations

o Negative cycles

o Equations plots
e F[valuation

o Qualitative user studies

o Performance benchmark

e Address issues from participants

e Explanation of CD non-entailments
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CENTERFOR
PERSPICUOUS
COMPUTING

/W—VS-5\
X =W <
< Uu-X=< > - -
V-uc<
L Wy
0<-2

Weight = -2
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