BDDOOOOOUOOOOOOOO EMUOOOOONO
Propositionalizing the EM algorithm by BDDs
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Abstract:

We propose two EM algorithms that work on binary decision diagrams (BDDs). They

open a way to applying BDDs to statistical inference in general and machine learning in particular.

We also present the complexity analysis of noisy-OR models based on BDDs.
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2 // E-step
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1: Procedure: GETBACKWARD(U)

2 By([1]] = 1,8H([o]] = 0;

3 Bol[1] =0, B5([0)) = 1;

4: N:Par()UPar(@);

5:  // Par(n): the set of parents of n.

6: while N # ¢ do

7 n = argmax,,, ¢y Ordy(n’)

8 X = Label(n);

9: B(};[n] = e[x]Bé[Chl(n)] + Q[X]Bé[Cho(n)];
10: Bg[n] = 61x)B5[Ch1(n)] + 05 B[Cho(n)];
11: N = NM\{n} U Par(n);

12:  end while

13: end
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N = {root}; /] Felroot] =1
while N # ¢ do

n = argmin,, .y Ordy (n');

X = Label(n);
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N = M\{n} U{Chi(n), Cho(n)};
end while

end
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4: end
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7 +Qg[U]Fe[n]Bg[Cho(n)]0x);

8: if X € U then

9: Qp[X] += en/0ix), Qo[X] += €),/0x);
10: else if X € X then

11: 16 [[X]] += en, no [[X]] += e

12: end if

13: for each Z € Delj;(n) do

14: if Z € U then

15: QolZ] += ey, QplZ] +=en;

16: else if Z € X then

17: 6 [[Z]] += enbiz), g [[2]] += en0z);
18: end if

19: end for
20: for each Z € Delf;(n) do
21: if Z € U then
22: QplZ] += €}, Q2] +=€;
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25: end if
26: end for
27: end for
28: end
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1: Procedure: GETOUTSIDEEXPE*(U)
2:  for each n € N(dy) do

3: X = Label(n);

4: 6711 = Q};[U]fe[n]Bé[Ch1(n)]9[X]
5: +Q5 (U Fo[n]Bg[Cha (n)]0;x1;
6: en = Qo[U]Fo[n]Bs[Cho(n)]fx)
7 QY [U] Foln)BY] Cho (m)]6x;
8: if X € U then

9: Qo[ X] += en/01x), QoIX] += eh/0ixy;

10: else if X € X then

11: n6[[(X1] += en, ng[[X]] += €0

12: end if

13: X' OTdU(X/) = O’r’dU(X) +1

14: C[X'] += en + en;

15: ¢[Label(Chi(n))] —= ep;

16: ¢[Label(Cho(n))] —= €;

17:  end for

18: Y =V(v);

19: X = argminy, ¢, Ordy (X');

20z =([X], V=V\{X}

21:  while V # ¢ do

22: X = argminy,y, Ordy(X');

23: if X € U then

24: Qo[X] += 2, Q[X] += 2

25: else if X € X then

26: o [[X]] += 20(x), me [[X]] += 20/x);

27: end if

28: z4+=([X], V=V\{X};

29:  end while

30: end
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step | Pp(F=1) 0000 000
1 | 0.8214140 -80.71108
5 | 0.6181515 -67.37056 | 1.961360e-01
10 | 0.6006246 -67.30125 | 2.327827¢-04
15 | 0.6000213 -67.30117 | 2.702984¢-07
20 | 0.6000007 -67.30117 | 3.136284e-10
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