














































































































[e¢]















































































q

q .
N—geodesm

e-geodesic q

M,




































0.1

5

4
Node number





















4/3

4/3

4/3

4/3

4/3

4/3

4/3

4/3

4/3

4/3

4/3

4/3





















3 X 3 grid; Attractive 3 X 3 grid; Mixed

0.08 7 0.25 1
s
0.07 i
0.2+
0.06 1
50,05 5
5005 . * 5o0.15} i
o L o
20.04f . 2 ¢ I
& & ®
£0.03} i} oy y ;
[ ]
0.02 o ® i
« Individual bounds 0.05f| * Individual bounds o
0.01}| —— Average of bounds 1 —o— Average of bounds
o Mean field ¢ Mean field
0 . . . 0 . . .
0 1 2 3 0 1 2 3
Fineness of partition Fineness of partition
Fully connected; Attractive Fully connected; Mixed
0.08 ! 1
3 ]
* s
S o2 ] So0.06 :
@ @ . H
3] Qo .
20.15 1 2
ko o 0.04} .
o4 o4
0.1+ ¢ 1 o
¢ Individual bounds 0.02r| o Individual bounds ]
0.05[| —o— Average of bounds 7 —o— Average of bounds
¢ Mean field ¢ Mean field
0 , . . 0 \ . .
0 1 2 3 0 1 2 3

Fineness of partition Fineness of partition



Relative error

3 X 3 grid; Mixed 3 X 3 grid; Mixed

0.01r 1

]
0.008—\5

L3

— L]

o

©0.006} !

. ' g [
0.01f . N 5 : {
. ' o 0.004 {
L
0.005r| o Individual bounds H 0.002l| ¢ Individual bounds 1

—o— Average of bounds —o— Average of bounds
¢ Mean field ¢ Mean field

0O 1 2 3 o0 1 2 3

Fineness of partition Fineness of partition





















HOHE





















Log error

10

15

Convergence of means

—— Conj. Grad.
—o— Embedded Tree
—+ Belief Prop.

10

20

40
Iteration

Log error

10

10°

Convergence of error variances

—o— Embedded Tree

10

20

4
Iteration





















i



H T B































i o o
juiod paxy 01 sauelsiq

o & 8
o~ -
9
3
1
I
2
<
S
o8
o2
o
<
)
&
n 4 1w N n o™ By oY o oW
=) < N o =
1uiod paxy o) souelsIa
Q
a
o ©
o
o
<
=)
Sc
2
8
2
o
&
=)
E1
W oA B N MW T B B
S i o ] <
juiod paxy 01 sauelsiq
Q
a
o ©
o
o
<
=)
Sc
2
8
L
o
&
=)
E1
© W o H 1y Ny MW T B B
S <






Convergence (%)

—— TRP
—— BP
80
60
40
20
0’ &
0 0.25 05 0.75 1 1.25 15

Potential strength










































It

























Bounds on single node marginals
1 T T T T T T T

—+— Actual
0.1r —— TRP/BP |1
-G - Bounds
0 . . . . . : :
1 2 3 4 5 6 7 8 9
Node number
Bounds on single node marginals Bounds on single node marginals
1 + + 1
1 0.9
0.8
0.7
1 =0.6
1
1 %"0.5(
[ <

T 0.4f — T 0.4 >

k
0.31 ] 0.3;
0.2, R 0.2

—— Actual —— Actual
0.1{{ ¢ TRP/BP — 0.1| —— TRP/BP E
-© - Bounds -© - Bounds
0 T n . . . . . 0 T n
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Node number Node number



o 0.4r

0.3r

0.1r

Bounds on single node marginals
T

—— Actual
—— TRP/BP
-© - Bounds

2 3 4 5 6 7
Node number

8

0.9
0.8
0.7
='0.6
xb.5
a0 0.4
0.3
0.2

0.1

Bounds on single node marginals

g%

/D\\
g0 ---0" "o
—#— Actual
—— TRP/BP
-G - Bounds
5 6 7

Node number














































1 2 1 2 1 2 1 2 1 2
354 3%4 3; ;4 SE§§4 3%4
5 6 5 6 5 6 5 6 5 6









@ ® @ ®
® NG
@06] 6 606 @ 6o [®6)
® ®
@ ©) @ ©)













1 2 1 2 1 2 1 2 1 2
354 3%4 323—534 SE§§4 3&4
5 6 5 6 5 6 5 6 5 6







1 2 1 2 1 2 1 2
354 3; ;4 Bﬁél 3§4
5 6 5 6 5 6 5 6



5

5

1

5

5

5



























A



™ ©
N 0 ®
— < ~
) © ©
N ) ®
— < ~
O O Oo
NOr® Ow
L O On
O O Oo
NOye Ow
O O O







@ ® @ ®
® NG
@06] 6 606 @06 (606

® ®
@ ) @ €]



















1 2
O O
4 5
@) (@)
O @)
7 8
1 2
4 5
7 8

©0O

0.9

0.8

0.7

—0.6

0.9

0.8

0.7

—0.6

Bounds on single node marginals

—— Actual
—— TRP/BP
-© - Bounds

5
Node number

Bounds on single node marginals

—— Actual
—o— Structured approx.
-© - Bounds

5
Node number



Bounds on single node marginals Bounds on single node marginals

1 T T T T r r T 1 T T T T T T T
—+— Actual
—k— Actual
0.95 - - - o R t SUUCE‘UTEU approx. 0.9r —e— Structured approx. | |
~. o ~© - bounds -© - Bounds
08l o - N  RET T 08l 1
0.7+ 4 0.7+ 4

Node number Node number





















4/3 4/3

0 : : : 4/3
0

4/3 4/3 4/3

































1

2

1

2




































Relative error (Bound Actual)/Actual

Relative error (Bound Actual)/Actual

Relative error (Bound Actual)/Actual

o
[

Q

o
[

o
[N}

o
w

N
IS

©
o
>

o
o
£

o
Q
[N

©
o
]

o
o
K

o
=]
=

o
o
@

Bounds on the log partition function

—#— Unoptimized upper
—6— Optimized upper
—— Mean field

0 0.2 0.8 1

0.4 0.6
Edge strength

Bounds on the log partition functio

=

[| —=*— Unoptimized upper
—6— Optimized upper

0.1 | =~ Mean field ]
0 012 O.‘4 0‘.6 0‘.8 i
Edge strength
Bounds on the log partition function
0.031 ‘ ‘ ‘ ‘ ‘ q
0.02
0.01
03
0.01
0.02
0.03
0.04
0 012 O.‘4 0‘.6 0‘.8 i
Edge strength

Relative error (Bound Actual)/Actual

Relative error (Bound Actual)/Actual

Relative error (Bound Actual)/Actual

0.0!

0.05

0.1

Bounds on the log partition function

5

—#— Unoptimized upper

0.15 | o~ Optimized upper |
—— Mean field
0 0.2 0.4 0.6 0.8 1

0.06 [

Edge strength

Bounds on the log partition function

—#— Unoptimized upper
—&— Optimized upper
—— Mean field

0.4 0.6
Edge strength

0 0.2 0.8 1

Bounds on the log partition function

0.6

0.4
Edge strength



Relative error (Bound Actual)/Actual

15

Bounds on the log partition function

L| —e— Optimized upper . ¢ |

—#— Unoptimized upper

—— Mean field

0.2 0.4 0.6
Edge strength

Relative error (Bound Actual)/Actual

0.7r

0.6
0.5
0.4
0.3
0.2

0.1

0.1

0.2

Bounds on the log partition function

—#— Unoptimized upper
—©— Optimized upper
—— Mean field

0.2 .4 0.6
Edge strength


























































































































































