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FES%: DAGs with NO TEARS: Continuous Optimization for Structure Learning

min  F(W) min  F(W)
W eRdxd 3, WeRdxd
subject to G(W') € DAGs subject to h(W) = 0,

o WHAIMIE T AT A3 BRI TE A AR
o PR T AEALREER, T TR = 4R R I A T M BRDAG I S5 i AT 28, I o 1 e
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Theorem 1. A matrizr W € R*? is a DAG if and only if
h(W) =tr (") —d =0,

where o is the Hadamard product and e” is the matriz exponential of A. Moreover, h(W) has a simple
gradient

Vh(W) = (e7°W)" o 2W,

and satisfies all of the desiderata (a)-(d).
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Efficient and Scalable Structure Learning for Bayesian Networks: Algorithms and Applications

hh city_pv recall_pv targeting pv allocation_pv reserve_1_pv auction_pv stock_pv exppv clkpv real_cost ctr

hh 0.000000 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.0 0.000000 0.0

city_pv 0.000000 0.0 0.521339 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.0 0.000000 0.0
recall_pv 0.000000 0.0 0.000000 1.109799 0.000000 0.000000  0.000000 0.00000 0.000000 0.0 0.000000 0.0
targeting_pv 0.000000 0.0 0.000000 0.000000 0.798122 0.000000  0.000000 0.00000 0.000000 0.0 0.000000 0.0
allocation_pv 0.000000 0.0 0.000000 0.000000 0.000000 0.674038 0.830487 0.00000 0.000000 0.0 0.000000 0.0
reserve_1_pv 0.000000 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.0 0.000000 0.0
auction_pv 0.000000 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.95802 0.000000 0.0 0.000000 0.0
stock_pv 0.000000 0.0 0.000000 0.000000 0.000000 0.000000  0.000000 0.00000 0.911321 0.0 0.000000 0.0
exppv 0.000000 0.0 0.000000 0.000000 0.000000 0.000000  0.000000 0.00000 0.000000 0.0 0.000000 0.0

clkpv 0.600378 0.0 0.000000 0.000000 0.000000 0.000000  0.000000 0.00000 0.000000 0.0 2.220125 0.0
real_cost 0.000000 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.0 0.000000 0.0

ctr 0.000000 0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.00000 0.000000 0.0 0.000000 0.0



T DI B 4E YA E 5%

T 2 BB

N0 Tears Tkt IFR RKE G, PLEREE
DU X 28 ) 50 . R E UL, S HEIRIIZE
%U’fgﬁlﬁl%ﬁ%%ﬁ*@%ﬁﬁo H A HAEAR B B
NS TMH .

X BRI VE RSN, A Do—-Calculus Ak
HE “ON” B EARG R R AR, BN
Rl FRIE A E . Britb 2 4h, N1 BRI S in) A
e, PRATTB X VA R 25 SRA% FH B R 1 1) s 3 Mt = A T
TR SRR 7 I B 2 5 52 _EilEssin . IS B R
s b B BRI A0 S0 4 T BRI 4 B R e P
BOAPRACE, B2 VA AR ~ e

CPCHZ

CTREL AR

wewghty = Pleost —clbolX) = vyl - P(X - 3F - [ [ )

T 2% T B L PH 507 ] 2% ) 51 R A 2R D 85%.



T DIRHEr Y 4E VYA E 75 74

smgieoE 7 ()

\ { New Model ]/
4[ Traineo_l Model ] l

[ New Model ]

-~

[ ST ]

ARZERL \ \
AR ZER2 AR RS



Wil 5 BT MEIIABRAT]
MB$H: buyi.zf@alibaba-inc.com



