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Section 1: Auxiliary Variables and Constraints

In this section, we precisely define the variables that are not in the decision variables, but appear as we define the structure cost (Eq. 1), and
we also describe the additional constraints required for the selected nodes and edges to form a connected graph.

In Mixed Integer Programming, some auxiliary variables are defined to capture certain events (i.e., a particular assignment to all decision
variables), and are called indicator variables. An indicator variable takes the value of 1 when certain event is detected. Several indicator
variables are used to define Eq. 1:

Stroke Segment Coverage Indicator. u; = 1 if and only if the stroke segment g; is covered, which means that g; is assigned to some local
interpretation. So, we have u; = vi,1 V vi,2 V vi,3...0;,|c|. The equivalent linear constraints are u; < 3 vij and u; > v;,;(j = 1...[C]).

Stroke Segment Overlap Indicator. r ; = 1 if and only if stroke segment g;, is simultaneously assigned to the local interpretation c; and
another local interpretation. The indicator is defined as follows: 1) r,; should be O if it is not assigned to ¢;, i.e., 7x,; < Vg,q; 2) it should
also be 0 if it is not overlapped, i.e., 7x,; < ok, where oy, is the number of times gj, is overlapped (Section 4.3.2); 3) it should be 1 otherwise,
enforced by r,; > vk,; + o /N — 1, where N is a constant always greater than o.

Stroke Segment Label Assignment. A stroke segment g; is said to be assigned a label [; if it is assigned to a local interpretation with a
component of label [; (e.g., chair seat and back). The indicator h; ; indicates such an assignment, i.e., h; ; = 1 if g; is assigned the label
l;. To define h; j, we find all local interpretations with components labeled as [; and check if g; is assigned to any of them. That is, let
ck(k = 1...n) be all the local interpretations with components of label I;; then h; ; = vi;1 V vi2 V v;3... V ;5. The equivalent linear
constraints are h; ; < >, v g and hi; > vi i (k = 1..n).

Stroke Segment Group Activation. A stroke segment group G; = {gx }(k = 1...n) is said to be activated by a label [, if one of its members
g is assigned the label /5. The indicator ¢; ; indicates such an assignment by ¢; ; = h1,; V ha ;V h3,j...hn,j, Where hy ; is the stroke segment
label assignment indicator mentioned above. The equivalent linear constraints are ¢;,; < >, hg,; and t;; > hy ;(k = 1...n).

Stroke Segment Inconsistent Labeling Indicator. If a segment gi belongs to a stroke segment group G; activated by label [;, but gy is
not assigned the label /;, then gy, is said to be inconsistently labeled. Such an event is indicated by by, ;, where by ; = t; ; — hy, ;. By such
a definition, bx,; = 1 only when ¢; ; = 1 and hx,; = 0, corresponding to the group being activated but the stroke segment is not properly
assigned.

Apart from the indicator variables, we have one more continuous auxiliary variable defined as follows:

Stroke Segment Overlap Counter. If a stroke segment g; is assigned to n local interpretations, it is said to be overlapped by n — 1 times.
(Note that when n = 0, it is overlapped by O times.) This count is captured by a continuous variable o;, defined as 0; = Zj v;,j — Ui, where
u; 18 the stroke segment coverage indicator. Such a definition properly sets o; even when n = 0.

The constraints listed in Section 4.3.2 are not enough to ensure the selected nodes and edges to form a connected graph. Here we list
additional constraints for that purpose.

Graph Validity Constraint. An edge can be selected only when both of its end points (nodes) are selected, defined as y;,; < x; and
Yij < T

Graph Connectedness Constraint. The selected graph must be a connected graph, and such a constraint is formulated using flow balance,
given by http://orinanobworld.blogspot.hk/2013/07/extracting-connected-graph.html?m=1.



Section 2: Thumbnalils of Database Models
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Section 3: Labeling and Accuracy of Each Sketch

number of correctly labeled components
pixel-based accuracy
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{ ¥ Q‘ A

accuracy=(0.615,5/14)  accuracy=(0.747,7/13)  accuracy=(0.752,7/14)  accuracy=(0.716,7/14)  accuracy=(0.752,9/14)  accuracy=(0.756,8/12)  accuracy=(0.812,7/14) accuracy=(0.826,10/14) accuracy=(0.773,8/14)  accuracy=(0.681,7/14) accuracy=(0.614,5/11) accuracy=(0.708,8/14) accuracy=(0.827,10/14) accuracy=(0.627,7/14)  accuracy=(0.735,8/14) accuracy=(0.637,7/14)  accuracy=(0.834,9/14)  accuracy=(0.805,9/14) accuracy=(0.591,5/12) accuracy=(0.812,8/14) accuracy=(0.436,4/14) accuracy=(0.752,7/14) accuracy=(0.854,11/14) accuracy=(0.694,6/14) accuracy=(0.609,3/14) accuracy=(0.415,3/12) accuracy=(0.646,7/14) accuracy=(0.566,3/13) accuracy=(0.694,7/14) accuracy=(0.140,0/11)

i @ A ) w

accuracy=(0.957,13/14) accuracy=(0.933,11/13) accuracy=(0.927,11/14) accuracy=(0.916,10/14) accuracy=(0.912,11/14) accuracy=(0.912,10/12) accuracy=(0.895,11/14) accuracy=(0.889,10/14) accuracy=(0.888,11/14) accuracy=(0.868,10/14) accuracy=(0.866,8/11) accuracy=(0.865,10/14) accuracy=(0.863,10/14) accuracy=(0.862,11/14) accuracy=(0.849,10/14) accuracy=(0.841,9/14) accuracy=(0.828,10/14) accuracy=(0.810,10/14) accuracy=(0.797,7/12)  accuracy=(0.769,9/14)  accuracy=(0.754,8/14) accuracy=(0.738,7/14) accuracy=(0.737,11/14) accuracy=(0.733,7/14) accuracy=(0.719,7/14) accuracy=(0.702,4/12) accuracy=(0.609,6/14) accuracy=(0.609,6/13) accuracy=(0.550,4/14) accuracy=(0.141,0/11)

(0.831,10/14)  accuracy=(0.739,6/14)  accuracy=(0.806,9/14)  accuracy=(0.486,3/14) accuracy=(0.794,8/14)  accuracy=(0.758,8/14) accuracy=(0.745,6/12) accuracy=(0.842,10/14) accuracy=(0.566,5/14) accuracy=(0.718,6/14) accuracy=(0.812,10/14) accuracy=(0.762,8/14) accuracy=(0.444,5/14) accuracy=(0.280,3/12) accuracy=(0.477,3/14) accuracy=(0.585,3/13) accuracy=(0.721,6/14) accuracy=(0.072,1/11)
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lamp

® tube
® base
® shade
Shen et al.
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DﬂH
1 Q.

accuracy=(1.000,4/4)

-
=
o
.

accuracy=(0.814,2/4)

-
s
o
.

0

accuracy=(1.000,4/4)

accuracy=(1.000,3/3)

accuracy=(0.967,3/3)

accuracy=(1.000,3/3)

OJw

accuracy=(1.000,3/3)

accuracy=(0.748,2/3)

accuracy=(1.000,3/3)

D,&

0

accuracy=(0.705,4/6)

accuracy=(0.677,4/6)

accuracy=(1.000,6/6)

3

-

(<§@

accuracy=(0.834,2/3)

ﬁ
-

&

<5
)

0]

-

accuracy=(0.844,2/3)

[

-

g
-

-

oS

accuracy—=—

—~

1.000,3/3)

accuracy=(0.616,2/5)

accuracy=(0.656,3/5)

accuracy=(1.000,5/5)

9:3“

accuracy=(1.000,4/4)

accuracy=(0.850,3/4)

accuracy=(1.000,4/4)

@Jm

oS-

accuracy=(0.989,4/4)

accuracy=(0.839,3/4)

accuracy=(1.000,4/4)

accuracy=(1.000,3/3)

accuracy=(0.836,2/3)

accuracy=(1.000,3/3)

—

accuracy=(0.898,4/5) accuracy=(0.971,4/4)

—

accuracy=(0.680,3/5) accuracy=(0.918,4/4)

—

accuracy=(1.000,5/5) accuracy=(1.000,4/4)
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D Lo ST O

accuracy=(0.998,4/4) accuracy=(0.913,2/3) accuracy=(0.934,5/6)

>

722

accuracy=(0.665,2/4)

accuracy=(0.938,3/3)  accuracy=(0.961,6/6)

N
PN

accuracy=(0.998,5/5) accuracy=(0.811,3/4) accuracy=(0.958,3/3)

T/ O

accuracy=(0.882,3/4) accuracy=(0.891,3/3) accuracy=(0.601,3/6)

accuracy=(0.732,3/4)

g_v%@
D

accuracy=(0.826,2/3) accuracy=(0.844,2/3)

2 &9

accuracy=(0.571,1/4)

accuracy=(0.642,2/4)  accuracy=(0.837,2/3) accuracy=(0.651,3/8) accuracy=(0.357,1/4)  accuracy=(0.638,1/4)  accuracy=(0.881,4/6)  accuracy=(1.000,3/3)

&

accuracy=(0.906,2/3)

L

accuracy=(0.585,3/6)

&
0%
-
—5

accuracy=(0.842,3/5) accuracy=(0.772,2/4) accuracy=(0.827,2/3)

DL/ O

accuracy=(1.000,4/4) accuracy=(1.000,3/3) accuracy=(0.999,6/6)

accuracy=(0.633,3/4) accuracy=(0.848,2/3) accuracy=(0.801,2/3)

7 & 2

accuracy=(0.956,4/4)

accuracy=(0.710,2/4) accuracy=(0.882,3/3) accuracy=(0.488,3/8) accuracy=(0.765,3/4)  accuracy=(0.904,4/4)  accuracy=(0.682,4/6)  accuracy=(0.784,2/3)

Q

accuracy=(0.998,3/3)

SO

accuracy=(0.997,6/6) accuracy=(0.989,5/5) accuracy=(0.985,4/4)

2

AN
7
5
oD

accuracy=(0.981,3/3) accuracy=(0.968,4/4)

accuracy=(0.938,3/3) accuracy=(0.922,3/3)  accuracy=(0.883,3/4)  accuracy=(0.814,2/3) accuracy=(0.761,5/8) accuracy=(0.756,3/4)  accuracy=(0.730,2/4)  accuracy=(0.597,1/6)  accuracy=(0.342,1/3)
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e lip
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e foot
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accuracy=(1.000,2/2)  accuracy=(0.997,3/3)  accuracy=(0.989,3/3)

accuracy=(1.000,2/2)  accuracy=(0.676,1/3)  accuracy=(0.816,2/3)  accuracy=(0.964,4/4)  accuracy=(0.715,2/4)  accuracy=(0.537,2/4)  accuracy=(0.487,1/4)  accuracy=(0.609,2/5)  accuracy=(0.972,4/4)
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accuracy=(0.796,3/5)  accuracy=(0.572,1/4)  accuracy=(0.714,2/5)

&

accuracy=(0.818,2/5)  accuracy=(0.635,1/4)  accuracy=(0.804,3/5)

&

accuracy=(0.671,3/5)  accuracy=(0.670,3/4)  accuracy=(0.663,3/5)

accuracy=(0.517,1/3)  accuracy=(0.565,1/4)  accuracy=(0.923,3/4)

accuracy=(0.614,2/5)  accuracy=(0.675,2/3)  accuracy=(0.931,3/4)  accuracy=(0.765,3/5)  accuracy=(0.705,3/5) accuracy=(0.451,1/4)

U

accuracy=(0.770,2/5) accuracy=(0.839,2/5) accuracy=(0.822,3/4)

¥

accuracy=(0.716,2/5) accuracy=(0.701,3/5) accuracy=(0.673,3/4)

C »-
1)
@ |
C[g%

accuracy=(0.778,3/4)  accuracy=(0.571,1/5)

accuracy=(0.977,2/2)  accuracy=(0.833,1/3)  accuracy=(0.867,3/4)

0« d@

accuracy=(0.797,2/4) accuracy=(0.587,1/5)  accuracy=(0.591,1/2)

accuracy=(0.603,2/4)  accuracy=(0.637,1/3)  accuracy=(0.470,1/5)  accuracy=(0.706,2/3)

accuracy=(0.651,1/2)  accuracy=(0.530,1/3)  accuracy=(0.970,3/3)  accuracy=(0.477,1/4)  accuracy=(0.584,1/4)  accuracy=(0.725,3/4)
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accuracy=(0.602,2/4)  accuracy=(0.872,5/5)  accuracy=(0.746,3/4)

@éiD
@4

accuracy=(0.664,1/3)  accuracy=(0.605,1/4)  accuracy=(0.755,3/4)  accuracy=(0.651,3/5)  accuracy=(0.672,2/3)  accuracy=(0.706,3/4)

7
<.
1)
<

g

accuracy=(0.931,3/3)  accuracy=(0.572,2/4)  accuracy=(0.643,1/4)
Sy

accuracy=(0.735,1/3)  accuracy=(0.718,2/5)  accuracy=(0.617,1/3)

«

accuracy=(0.952,4/4)  accuracy=(0.931,3/4)  accuracy=(0.895,3/4)
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accuracy=(0.801,3/4)  accuracy=(0.787,4/5)  accuracy=(0.761,2/4)

@éiD

accuracy=(0.760,2/3)  accuracy=(0.736,3/4)  accuracy=(0.735,3/4)

@v
@ﬂ

accuracy=(0.726,4/5)  accuracy=(0.721,1/3)  accuracy=(0.716,3/4)

accuracy=(0.658,2/4)  accuracy=(0.617,2/5)  accuracy=(0.580,1/2)

@@
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accuracy=(0.571,2/3)  accuracy=(0.546,1/4)  accuracy=(0.533,1/4)  accuracy=(0.531,2/3)  accuracy=(0.523,2/5)  accuracy=(0.420,0/3)
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accuracy=(0.667,4/7)

ML

accuracy=(0.309,1/7)

AL

accuracy=(0.714,3/7)
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accuracy=(0.436,2/6)  accuracy=(0.888,3/5)  accuracy=(0.550,3/7)  accuracy=(0.657,4/6)  accuracy=(0.821,3/4)  accuracy=(0.813,6/8) accuracy=(0.615,6/16)  accuracy=(0.694,8/14) accuracy=(0.575,5/10)  accuracy=(0.918,8/8)  accuracy=(0.489,3/4)  accuracy=(0.720,1/4)  accuracy=(0.545, accuracy=(0.425,2/4)  accuracy=(0.483,4/9)  accuracy=(0.296,5/16) accuracy=(0.799,6/7) accuracy=(0.465,6/16)  accuracy=(0.736,1/3)
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G-

accuracy=(0.422,6,/16)

W

accuracy=(0.145,1/6)  accuracy=(0.491,2/5)  accuracy=(0.552,4/7)  accuracy=(0.409,2/6)  accuracy=(0.628,2/4)  accuracy=(0.238,1/8) accuracy=(0.618,6/16)  accuracy=(0.644,6/14) accuracy=(0.590,4/10)  accuracy=(0.711,3/8)  accuracy=(0.699,3/4)  accuracy=(0.692,3/4)  accuracy=(0.644,3/9)  accuracy=(0.703,2/4)  accuracy=(0.329,0/9) accuracy=(0.484,3/7) accuracy=(0.329,1/16)  accuracy=(0.390,1/3)
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accuracy=(0.993,6/6)  accuracy=(0.968,4/5)  accuracy=(0.920,6/7)  accuracy=(0.880,5/6)  accuracy=(0.876,3/4)  accuracy=(0.874,6/8)  accuracy=(0.828,10/16) accuracy=(0.805,9/14) accuracy=(0.790,7/10)  accuracy=(0.773,5/8)  accuracy=(0.773,2/4)  accuracy=(0.767,2/4)  accuracy=(0.736,6/9)  accuracy=(0.732,3/4)  accuracy=(0.726,5/9)  accuracy=(0.718,8/16) accuracy=(0.711,4/7) accuracy=(0.704,8/16)  accuracy=(0.700,1/3)
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g
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accuracy=(0.565,3/4) accuracy=(0.880,5/5)  accuracy=(0.467,5/10)  accuracy=(0.415,1/4) accuracy=(0.848,4/5) accuracy=(0.528,2/4) accuracy=(0.804,7/9)  accuracy=(0.604,3/7)  accuracy=(0.578,2/3)  accuracy=(0.433,5/11)

i

accuracy=(0.741,2/4) accuracy=(0.759,3/5)  accuracy=(0.575,4/10)  accuracy=(0.326,1/4) accuracy=(0.767,4/5) accuracy=(0.905,4/4) accuracy=(0.324,3/9)  accuracy=(0.556,3/7)  accuracy=(0.317,0/3)  accuracy=(0.485,3/11)

|

accuracy=(0.697,3/4) accuracy=(0.695,2/5)  accuracy=(0.694,6/10)  accuracy=(0.625,1/4) accuracy=(0.603,2/5) accuracy=(0.578,2/4) accuracy=(0.550,3/9)  accuracy=(0.486,2/7)  accuracy=(0.484,1/3) accuracy=(0.396,3/11)
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accuracy=(0.881,4/5)
Cfe
accuracy=(0.665,3/5)

T —

accuracy=(0.954,5/5)

accuracy=(0.610,3/7)

=P -
FiE .

accuracy=(0.761,4/7)

S|
G

accuracy=(0.948,7/7)

accuracy=(0.382,3/6)

.
OJ

accuracy=(0.266,1/6)

i

A

accuracy=(0.945,5/6)

o

accuracy=(0.684,3/8)

s
=G

accuracy=(0.774,5/8)

T

=g

accuracy=(0.943,7/8)

=

accuracy=(0.441,3/6)
= oy
accuracy=(0.731,5/6)

accuracy=(0.936,6/6)

— =

accuracy=(0.511,2/4)

—— ——

.‘q

accuracy=(0.637,1/4)
‘ ]

accuracy=(0.934,3/4)

)

accuracy=(0.821,3/6)

— P

accuracy=(0.793,3/6)
\ .-’m @

accuracy=(0.914,5/6)

ZA\

accuracy=(0.741,4/6)

o

accuracy=(0.657,2/6)

=72

i

accuracy=(0.905,4/6)

accuracy=(0.795,5/8)

=

V= UAN

accuracy=(0.899,5/8)

2

accuracy=(0.897,5/8)

10

accuracy=(0.784,5/7)

- —

G- ,\J
accuracy=(0.805,5/7)

==

U—":\S_"’

accuracy=(0.876,5/7)

11

4
s
accuracy=(0.901,6/8)

n
- Lo
accuracy=(0.772,5/8)

o

accuracy=(0.856,5/8)

12

i ———

accuracy=(0.866,5/7)

<a
(D]_.:.‘J"-"

accuracy=(0.890,5/7)

accuracy=(0.842,5/7)

13
s
&\
accuracy=(0.612,2/6)
ae .
U
accuracy=(0.625,3/6)
-~
)\

accuracy=(0.835,4/6)

14

e
/ \}‘

accuracy=(0.752,3/7)
‘(‘,O
e

accuracy=(0.773,4/7)

T
/Uﬂ

accuracy=(0.824,4/7)

15

R

accuracy=(0.659,3/7)

Cpa —~ —

accuracy=(0.789,5/7)

0 ____
Co

accuracy=(0.819,4/7)

16

accuracy=(0.519,3/7)

™
accuracy=(0.534,2/7)
9
=a%)

accuracy=(0.814,5/7)

&

17

=" =Y

accuracy=(0.587,2/7)

P ’q:}ﬁ

accuracy=(0.730,4/7)

e~

accuracy=(0.790,4/7)

18
accuracy=(0.868,5/6)
&,
accuracy=(0.729,4/6)
L -
A\ 2

accuracy=(0.782,5/6)

St

&= B

accuracy=(0.896,6/7) accuracy=(0.742,5/8)  accuracy=(0.627,2/7)  accuracy=(0.604,3/6)

N T

accuracy=(0.541,2/8)  accuracy=(0.598,3/7)

US?/ S~

accuracy=(0.685,3/6)

accuracy=(0.709,4/7) accuracy=(0.687,1/6)

&

accuracy=(0.754,4/7) accuracy=(0.730,3/8)  accuracy=(0.691,3/7)

23

T

accuracy=(0.640,3/7)

== -
S AN

accuracy=(0.731,2/7)

=
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accuracy=(0.683,4/7)
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FO N ¥F

accuracy=(0.378,1/8)

B

W

accuracy=(0.514,3/8)
<2

accuracy=(0.670,4/8)

accuracy=(0.427,2/6)
¢ Q

accuracy=(0.462,2/6)
W~J

accuracy=(0.667,2/6)

accuracy=(0.675,4/7)

= I
=

accuracy=(0.814,4/7)
W—'

accuracy=(0.534,4/7)

27

a:u

accuracy=(0.555,2/5)

ﬁ, ——

accuracy=(0.715,3/5)
%

accuracy=(0.523,3/5)
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accuracy=(0.637,2/7)
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accuracy=(0.675,3/7)
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accuracy=(0.403,1/7)
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T

accuracy=(0.285,1/6)

=

accuracy=(0.652,4/6)

T

accuracy=(0.391,3/6)
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accuracy=(0.246,1/6)

= =

g\

accuracy=(0.415,2/6)

LS

accuracy=(0.216,0/6)
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