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Abstract: In this paper, we propose Hierarchical Message Passing (HMP) algorithm for efficient inference on
Graphical Models, which exploits the variable-level structural information contained in the graph thoroughly in a
recursive way. Specifically, each step of message passing in a reasoning problem (i.e. marginalizing a product
function) is treated as a smaller reasoning problem, and we introduce containing tree as an efficient structure for
marginalizing over a single cluster (the lowest-level problem). We demonstrate that HMP can be
order-of-magnitude better than typical algorithms based on Shenoy-Shafer architecture, especially when
operating on cluster-trees constructed under constraints. Experimental results with various random graphs show
that HMP achieves significant performance improvements over basic Shenoy-Shafer algorithm and lazy
propagation.
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HMP(P)

1 Vg

2 N«—number of connected component in G,

3 if N> 1:

4 for each sub problem P;: (®;,ZNdom(P;)):
5 if ZNdom=0):

6 W —WUHMP(P)

7 return ¥

8 form a join tree T compatible with P

9 if T has only one node r:

10 return Mar_cluster(r, Z)

11 else:

12 recv«+—empty dictionary

13 for each message gathering Nng—ny:
14 Pa—( ngUrecv(ny), sep(ny,ny) )
15 recv[Np]«—HMP(P,)

16 r—root of T

17 if dom(r)2Z:

18 Pr—( nUrecv(n,), Z)

19 return HMP(P;)

20 else:

21 return recv([r]
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Calc_product(7)

1 for each node a from leave to root in 7:
2 pallap

3 C+«—child set of a

4 ifC=0:

5 ‘P*a‘_nb C#b

6 Pa*Pa 'SO*a

7 return
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AR AR TSR AL ST RS I S BB SR S AHE . R,
X RI A SR L B P R DF) 5). AR, R E XA S AS— g R e
1, B—S & X RIFEAEARTRH ik, Tfile CEER R ME. — N
B TR R RN, WERXT TR AT A e, AT
1) a®&H PR AT, 8
2) a1 Su, v, AVEVy, HVig Ve

AR AR/ AL A 2 R DL ik A FROCR A Ry BN, LB
P RN 0, A A LA AL WRRI A SR A BT KR, flav,cv,, T
Ul ST S BT B Ve WA AL SR AT DL RIS (R v HE 2. L 3 iR TiX—



Hk 3 sk AW
N WER T
ROR: T BN S
CT_construct(7)

1 if 7 contains only one node:

2 return

3 r—root of 7

4 for each pair of children (u, v) of r:
5 if V,CVy:

6 reset parent of U to v

7 for each child u of r:

8 7,+—subtree rooted at u

9 CT _construct(7y)

10  return
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T 40 NRRAREA 20 ASUIAR R, AR T RERUE LHEW R . 20 % (1748 B 1K AT BEHUE I
A Ai T 2—4 2], 10% AR AT REUE IS S 0 A T 35—40 2 (0], s (] GEHE
WS nAi T 8—12 ). UUI-HT I 2% i 3 eR 20 D BB (), LA (R B0 R B LA B
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K1 TRER:. ARG HHER

In. CT. HMP. Mul.Imp Add.Imp
Deg Dep Dep LZ HO Hl LZ HO Hl
3 35 1 1.2 1.2 2.9 1 1 1
4 3.6 1 1.1 1.1 4.5 1 1 1
5 3.7 1 0.83 0.83 5 1 1 1
6 3.8 1 1.6 1.6 7.1 1 1 1
7 3.9 1.1 0.86 0.86 6.6 1 1 1.03

¥ In.Deg A NS AR B R KN o CT.Dep B B i dpe R UREE (RIARRAL 30 AMBERY b i RYRFERF3ME, D, HMP.Dep
29 HMP S35 AR (1) f5e IR FE - Mul.Imp F1 Add.Tmp 4 ey 0 EORTINE IR #5554k Shenoy-Shafer 5772 1) LUAE 514, B35 Mul.Imp
N7, GRS %0l Shenoy-Shafer HVE 1/7.
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In. CT. HMP. Mul.Imp Add.Imp

Deg Dep Dep LZ HO H1 LZ HO Hl1
3 34 35 0.9 2.6 10.4 1.1 2.1 2.1
4 3.5 3.2 0.96 1.9 8.4 1.1 1.8 1.8
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Int. CT. HMP. Mul.Imp Add.Imp

Num Dep Dep LZ HO H1 LZ HO Hl1
6 33 29 1.2 1.4 1.9 1.1 1.1 1.1
8 34 35 2.8 3.9 7.8 2 3.7 3.7
10 3.7 3.6 1.1 5.1 8.9 1.2 3.8 3.8
12 39 3.8 4.1 8.1 12.2 3.1 5.4 54
14 3.9 3.6 3.1 8.5 9.6 3.7 4 4
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MR 3 Ha] DUF 2, A S s AL IS K, HMP 53 LR 2R 1.5-slice Shenoy-Shafer
HYER MR I R . AESLIT NN 12, 14 Y, SRA HMP Sikgh &8 &Mk ian
10 i (R TH LRI 150 1] HMP 5090 LUK A B W SRE15 B 0 BE A A7 2801 0 ) i N PRI AR A £ 11
SAPISLIERFR, W25 1R D503 H 29 SR 55 AL RO Bty R R 1 e R e

S 3k

[1] K.Kask, R.Dechter, J.Larrosa, and A.Dechter, "Unifying Cluster-Tree Decompositions for Reasoning in
Graphical models," Artificial Intelligence, vol. 166, pp. 165-193, 2005.

[2] GR.Shafer and P.P.Shenoy, "Axioms for Probability and Belief-Function Propagation," UAI-1988, pp.
169-198, 1988.

[3] K.Kask, R.Dechter, J.Larrosa, and F.Cozman, "Bucket-Tree Elimination for Automated Reasoning," Technical
Report, 2001.

[4] C.Huang and A.Darwiche, "Inference in Belief Networks: A procedural guide," International Journal of
Approximate Reasoning (IJAR), vol. 15, no. 3, pp. 225-263, 1996.

[5] Jeff Bilmes and Chris Bartels, "On Triangulating Dynamic Graphical Models," UAI-2003, pp. 47-56, 2003.

[6] K.Murphy, "Dynamic Bayesian Networks--Representation, Inference and Learning." Doctoral Thesis,

U.C.Berkeley, 2002.

"BNGnerator," http://www.pmr.poli.usp.br/Itd/Software/BNGenerator/, 2003.

A.L.Madsen and F.V.Jenson, "Lazy Propagation in Junction Trees," UAI-1998), pp. 362-369, 1998.

S.L.Lauritzen, Graphical Models, 1996.

—_— —
O o0
[ |



