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Summary Utilizing message size

We are using the power of neural networks to approximate the _ _ o _
universal inference scheme of bucket elimination to compute the / — E I Ifa(xa) — Processmg each bucket (W|dth W) e“mmatmg X
partition function. with constants : L, b, # (same across buckets)
X a
® Feed-forward NN: L Layers, #b*w hidden-units.

- _ NN size, INN(w)| [Barlett et al, 2019] e (L * b * w)*log(b * w)
Bucket Elimination

(BE) Deep BE NeuroBE ® Sample complexity, [Vapnik, 1999]

Nw) = n*(L*b*w)’log(b*w)

= ® Generate a sample set {G.u%,..(s»}of size N(w) as:
a A I. Sample a configuration s uniformly, calculate :
D w ) = Y []£
ii. Normalize (u*) as ﬂz‘orm(s)=”y(i);ﬁ X J.€B

where, ¥ and g are max, min g*values in training dataset (<) ,
respectively.

Loss Function

® Minimize the Importance mean square
error as loss over mini-batches 9, € 9,,,,,,
NN outputs u(S), weight function W(S).

I.m.s.e= %% 5 ) =W

p*(s)
Z*SJE‘@Tmin //t " (S /)

where, W(s) =

Performance Evaluation

® | ocal Bucket Error : logu™* — logu
® Global Bucket Error : [ogAd — logu

® Global Error : error = |log,gZ* — log,y 7]
® Comparing against WMB, DBE

Problem Description WMB DBE (#h=100, N=320k) NeuroBE (#h=w, N(w,n=4), N, =19k)
i-bound=20 refz statistics over 10 runs Statistics on resources | statistics on error over 10 runs
Id name k i#tv w = g avg error {min error stdev  time h N N e e st rena
A B C (AB,Q) Be nC h ' ' |a rkS o P "™ 1 error | error (h)
O00O 6 1 grid4040f10 | 2 | 1600 ; 55 | 5490 215.45)] 308 971 1181 6515 11.8 55 60k 182k 24 1651 8 5.4
010 0 2 | grid4040f5 {2 | 1600 | 55| 2800 ga92|| 308 399! 628 3496, 117|| ss 60k 182k | 212| 1887 64| 53
1 00 o) 3 grid4040f2 2 i 1600 { 55 1220 25.24 308 734 1.2 54 115 55 60k 182k 51| 346 18 52
110 0 4 grid4040f15 { 2 | 1600 i 55 8200 308 83.46 41.78 342 134 55 60k 182k 224 538 133 54
00 1 2 G .d' d h d 5 grid4040f10w; 2 | 1600 {114 5637 2977 376 1005 6.4 8215 114 209k 900k 5105 29.72 189 13;‘
01 1 4 rl " easy an ar 6 grid4040f5w § 2 | 1600 ;114 2819 136.99 376 78.2 72.62 5.6 114 209k 900k 166| 1228 392 139
10 1 3 inStanceS, Without- 7 | grid4040f2w | 2 | 1600 ;114| 1231 32]| 376 1512) 092 2052 114 209k 900k | 2578 1261 179 118
11 1 1 determ|n|st|c 1 2 8 grid4040f15w;i 2 | 1600 {114] 8230 376 22091 95.23 114 209k 900k 1039 7959 278 137
O+ Q) ,
NN across buckets have : 1) fixed || = e | instances: Problem Description WMB DBE (#h=100, N=320k) NeuroBE (#h=3w, N(w,n=10), N,,,, =49k )
arChiteCture; 2) fixed no.of ’ i-bound=20 refz statistics on error over 10 runs Statistics on resources | statistics on error over 10 runs
Tlme and SpaCe COmp|eXIty Samples; 3) uniform training loss Id iname k i#v w i avgerror | min error stdev  time hoe | Nog | Nox | ™% ke B B
error error (h)
exponentlal in induced width Complexity: NNs across buckets have: 1 | pedigree13 | 3| 888 | 33| -31.18 6.a696)| 127 532 262 306 96 218k 706k| 111 076 025/ 75
2 - j . 1 . 1 2 i 5 -76. !
=> not scalable Time: Om(|Tyy| + N.r. k') : . NN o Pec“gree_ hard, with- : pedigree41 5 :3? :; 76.04 4.1497 4.27 93 190: 658: 0.47| 0153 0.21 {1;:;._-2)‘h
; . . . digree51 -77.27 9.7624 : : 102 259 809 351, 196 0.89 10«
- O(n(ki+ N + | NN . varyin architecture pe a9 1278
Space: On(k'+ N+ INN1)) arying deterministic, 7 3 | pedigreess | 5] 922 | 33| <02 | 1NN o6 [ 211k 706k | og3| o023 020N
[Dechter, 1999] [Razhegi et al, 2021] size instances; 5 | pedigree7 | 4| 867 | 34| -6a82 || Goo12|| 108 | 1126 s18| 78 99 350k 900k | 175| 121 o.7!
2. Varylng tralnlng Sample 6 pedigreel9 | 5 693 28 § -59.020 2.5809 43 6.054 541 0.92 71 149k 482k 261 191 0.6 5
Size Problem Description WMB DBE (#h=100, N=320k) NeuroBE (#h=3w, N(w,n=30), N.... =147k)
. 3 Welghted tralnlng |OSS i-bound=20 refZ statistics on error over 10 runs Statistics on resources | statistics on error over 10 runs
O t a t I O n DB N - d I - Id 'name k #v W e e avg error min error stdev  time h N N e o std e
. Mmeaium 1 . B i | error | error (h)
Complexity: WlthOUt 1 rbm20 2| 40 | 21| 5853 20 022/ 0034| 017 60 147k 147k 023 0002 021 045
. . . . . . 2 rbm21 2 42 22| 6315 22 048 027 0.19 63 163k 164k 078 0133 08 046
. : . - g +1 1 !
n : number of variables r : number of functions & : domain size Time: OG(|Tyy| + Nw).r.k*1) qeterm|n|5m, o e T T T o T oe [2oos 33 b o33 omc oze NS
c L H . : N: #train sam |eS . ; |nstances 4 | rbm-ferro20 | 2 | 44 | 23 | 15116 20 133 029 121 60 147k 147k 158 038 115 044
i : I-bound w: width P Space- O(n(k' + N(w) + |[NN(w)|)) 5 | romfero21 | 2| 42 | 22| 15262 22 343 083 189 63 163k 164k | 279 0125|2587 048
|NN| NN SIZG |TNN| NN evaluatlon -tlme | 6 rbm-ferro22 | 2 44 23| 16611 24 386 15 66 180k 182k - 109 059




