
1 4 8 12 16
number Rf cRres

1

4

8

12

16

sp
e
e
d

u
p

104gb RA0

28.8gb RA0

0 2 4 6 8 10
time (hours)

105

106

a
ct

iv
e
 s

e
t 

si
ze

103 104 105

q (output dimension)

0

10

20

30

40

50

60

ti
m

e
 (

h
o
u

rs
)

104 105 106

p (input dimension)

0

10

20

30

40

50

60

ti
m

e
 (

h
o
u

rs
)

Simula'on*Results*

Random*graphs*with*clustering*

!!!!!!!!!!!!!!!!Scaling!p!(#!of!inputs)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Scaling!q!(#!of!outputs)!

Linear*chain*graphs**

Paralleliza(on+speedup+Convergence!in!graph!structure!

!!!Scaling!q!(#outputs=q)!!!!!!!!!Scaling!q!(#outputs=2q)!
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Genomic*Data*Analysis*

Results!for!dataset!with!34,249!SNPs!from!chromosome!1!and!3,268!genes:!
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•  Genotypes!and!gene!expression!levels!for!171!individuals!with!asthma!

•  Contains!442,440!SNPs!and!10,256!genes!with!variance!>!0.01!

•  RegularizaQon!parameters!chosen!to!learn!graphs!with!10q!edges!
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Alterna'ng*Newton*Coordinate*Descent*

!Second!order!approximaQon!only!on!Λ!
!  Eliminate!Γ!
!  Reduce!CD!Qme!complexity!
!  Backtrack!only!for!Λ!–!faster!early!convergence!

Update*Λ*given*fixed*Θ:*
•  Solve!for!Newton!direcQon!via!CD!
!
•  Run!backtracking!line!search!
 

Update*Θ*given*fixed*Λ:*
•  Solve!Lasso!problem!directly!via!CD!

!

faster!
computa.on!

LargeFScale*Op'miza'on*Algorithms*for*
Sparse*Condi'onal*Gaussian*Graphical*Models*

Calvin!McCarter!&!Seyoung!Kim!

!

Alterna'ng*Newton*Block*Coordinate*Descent*
�  PreWcompute!all!matrices:!!!!!lots!of!memory,!fast!

�  Compute!as!needed:!!!!!!!!!!!!!!lijle!memory,!slow!(many!cache!misses)!!

" !Block!coordinate!descent:!!fast*as*possible*given*available*memory*
*******************************************************(few*cache*misses)**

BlockFwise*strategy*for*Λ*

BlockFwise*strategy*for*Θ*

•  Share!computaQons!

across!groups!of!rows!

!

•  Choose!blocks!via!graph!
clustering!on!Λ!

•  Share!computaQons!

across!groups!of!columns!

!

•  Choose!blocks!via!graph!
clustering!on!ΘTΘ*

•  Exploit!rowWwise!sparsity!

no!cache!misses!on!

diagonal!blocks!

no!memory!
restric.on!

few!cache!misses!on!

offWdiagonal!blocks!

no!column!

cache!misses!

few!row!

cache!misses!

Mo'va'on*

Previous*Op'miza'on*Algorithms*

Scalability*Problems*
Time:*********Genomic!dataset!with!p!=!34k,!q!=!10k:!>*50*hours!

Memory:**Requires!O(pq+q2)!memory:!>100*Gb!when!p!+!q!=!80k!
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Sparse*Es'ma'on*
S
xx
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=2 Rq⇥qGiven!empirical!covariances:!
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Convex*but*difficult*problem*due*to*last*term*

x 2 Rp

y 2 Rq

p(y|x;⇤,⇥) = exp{�y

T
⇤y � 2x

T
⇥y}/Z(x)

# OWLWQN![1]!

#  FISTA![2]!
# Newton*Coordinate*Descent*[3]*

•  Second!order!approximaQon!minimized!over!acQve!set!

•  Proximal!Newton!subproblem!solved!via!coordinate!descent!

•  Step!size!found!via!backtracking!
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Sparse*Condi'onal*Gaussian*Graphical*Model*

!Second!order!approximaQon!on!both!Λ!and!Θ*
*
!

ḡ⇤,⇥(�⇤) = vec(r⇤g(⇤,⇥))T vec(�⇤) +
1
2 vec(�⇤)Tr2
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ḡ⇤,⇥(�⇤,�⇥) = vec(rg(⇤,⇥))T vec([�⇤ �⇥])
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