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Algorithm 1 SRE(D) Algorithm 2 DRE(D)
1: my.dim = x DIRTT 1: my.dim = x DIRTT
2: ¢epl = (w™¥-47/2) /T (my.dim /2 + 1) 2: ¢cpl = (w™Y-4m/2) /T (my.dim/2 4 1)
33 N=DIZ&EhdT— 2K 3 N=DiZ&Ehd7T -2
4: fz= NULL 4: DMat = D DFEiF741
5 myn=N-—1 5: H = DMat O&ATDHLAH
6: for i=1to N do 6: yh = NULL
7 z=x; 7: x = NULL
8 tmpax=DD>L x; Mt 8: lenH =0
9:  dst=| tmp.xz—z || 9: for i = 1 to length(H) do
10:  eps =dst 2257 VX LT m 10: h = H;
11:  tmp =dst DEHERIIH LT eps DEEHE LD BN VAR5 11:  tmp = DMat DEERIFLTh EORKEVRS50ZDT
1Z5THRVWAES 0 AT
12:  n.eps = tmp DHTE AL 12:  tmp = tmp DEF %L
13:  ys = n.eps/(my.n x cpl * eps™y-4m) 13:  yh T log(length(tmp) * cpl) + my.dim = log(h) —

14: x = eps?

15:  model = ys & x &AW THILE T IIZ & 5 [E)
16:  fz IZ model DY) F % B

17: end for

18: mean(—log(fz))
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3.3 DRE (Direct Regression Entropy Estimator)
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mean(log(tmp)) % &N
14: 2 h? ZEN

15: lenH =lenH + 1
16: if lenH > m then
17: break

18: end if

19: end for

20: model = yh & x ZHWTHIEE TIWVIZ X 5 [6)R
21: model OY]F
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3.4 EPI (Entropy Estimator with Poisson-noise
structure Identity-link regression)
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Algorithm 3 EPI(D)

Algorithm 4 KDE(D)

my.dim = x DIRTT
N=D D7 -2
epl = (w™v-4im/2) /T (my.dim /2 + 1)
fz=NULL
my.n =N —1
for i=1to N do
2=
=D D>b x; LA
dst=|z — z ||
esp =dst 15T VXL m
tmp = dst DEEFRIZKTUT eps DEFERLDB/NI WS
1Z5TRHRVWAES0
12:  n.eps = tmp DETEEE
13: Yy = n.eps
14: xl = eps™my-dim
my.dim+2

—_ =
= o

15: T2 = eps
16:  model =y & z1. x2 ZHWT—LARLE T IV K 2 [HIF
170 fz 12 model DHE—FREUE /(cpl * my.n) ZEN

18: end for

19: mean(—log(fz))
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EPI D7)V 3TY X% Algorithm 312789 . D = {a;}7,
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1: N=D Q57— 2

2: fz= NULL

3: for i=1to N do

4: z =

5 tmp.x =D D55 x; YAk

6 bw = tmp.x ZHWVTN Y NiE%HE

7 kde = tmp.x 25— &, bw &NV FlIFZ UTH— 3 IVEEHE
ExAT > CHRBMA 2 OREREE 2 HEE

8:  fz T kde ZiBHN

9: end for

10: mean(—log(fz))

Algorithm 5 parallel SRE(D)

1: Algorithm 1 ® 1 ~ 5 & [Akk

2 4=2Ia=—RIBFBTOLAT VT 41
3: while ¢ < N do

4:  Algorithm 1 ® 7 ~ 16 & [FAlfk

5. =i+ IIa=T—RILEENDE SO AR
6

7

8

: end while
: fz = gather(fz)
: mean(—log(fz))
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EEOTVWS. ZHIZ&D, BYRLOREEA 1/ (Fo
Y AE) 1275, DR D Algorithm 5 (X5{b & 17- SRE
TaTITLDTNITY ALTHS. D={z; ), T— 28
nDF—X¥v b, Algorithm 1 ® FOR X% WHILE X
WZEAEL, i OffEEZ I a=r—RIZBIFI5 70k R
Sy, Bz aIa=r—XIZ&ENS ok 28U
LTW53,
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MOELIT>TWS, ZZTIE, Iz 7ok 2
TYIRRL LS IIT B I TT X EKEWSNIT,
BRBIZZDT—R2HEHTWVWSE., ZNIZE->T, BHOK
LOEEAD 1) (Tt AE) 12745, UFO Algorithm 6
FAEFI{E Xz DRE 702507V 3) AL TH 5.
D={z}", T—2BnDTF—XLv . SRE LRI
FOR X% WHILE SUZEF L, i OFEE23I 2=/ —
RIZBIFBTORwAT VY, BIMERZII 2= —RIZE
FNs o AIZLT WS,

EPI(Z2WTi%, SRE & IFZIFFAMETH 5.

KDE iZ2DW T3 5. KDE Tl, T—XDHh s —
DEBATH—RVEEREZIT, EHEEAZT—
RTHLMREEEMET L VI I 2BVELIT>T
W5, 2T, I RIVEEHEEZ T IBICERT —X
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Algorithm 6 parallel DRE(D)

Algorithm 8 parallel SRE dd(X)

1: Algorithm 2 ® 1 ~ 8 X [Akk

2 i=33a=F—RIIBFETHELAT VY 41
3: while ¢ <length(H) do

4:  Algorithm 2 ® 10 ~ 18 X [Alfk

5: =i+ AIa=T—RIZEENDS UK
6: end while

7: yh = gather(yh)

8: & = gather(z)

9: Algorithm 2 @ 20,21 & [FIkk

Algorithm 7 parallel KDE(D)

1: Algorithm 4 ® 1,2 & [k

2 i=3Ia=7—XZBFETLAT VT +1
3: while i < N do

4:  Algorithm 4 ® 4 ~ 8 & [k

5: di=i+ IIa=T—RIEENE IO AR
6: end while

7: fz = gather(fz)

8: mean(-log(fz))

EZAMFNAT, BRBRICHEREEREEEZEDO TS, T
NZE b, BOELORED 1/ (Tt Ag) 2725, B
FD Algorithm 7 1¥3fi5{k T 17z KDE 70275 LD TV
TVALTHS. D={z;}, T—EBnDT—XLv
k. Z#b SRE & [FEkIZ, FOR X% WHILE XA L,
i WA I = —RIZBIIE TR AT Vo,
MMEZ3Ia=r—RIZEENE T 2L TWS.

4.2 DWT—%

SRE IZ2oWCHHHT S, 7ot ANnF—2%2 70—\
FY AL, EFovAFTo—-FFEr A bEINETF—2%
DIL—DLHRDFHEOIT—XEOH#MEFHET 5. &
U7-BHBE D95 5 > B0z m (RS, EBA e 2 70
Y ATHIUCTHFEFT . IIZT O AN D e 2 70—
RFEYZAML, E70RAEHFBELTWARE#HOS S ¢ &
DENSVEDDOHEHIT Y NUTEETS. A7V D
GitldezT7O0—FEry AP LAT 0¥ A ED. £70
Y AFENTNDHED e L H TV bDEFEHWTHIES
Mriz i (X, Y,) 25845, FRSN 2T D510
BT —REJARIZTETNRVDOT, (X,Y.) 2Hd7H
L 2ACEDTHIFEINZITD. MEDZ & 20K UFT
W, RBICHEREEREHEONBMOAD I 2FE LT
vhav¥—2RDE, Ik, TXDOEMEEE ¢
RADROBDAY VN, (X, Y.) DRtEZMFULTE 5.

AT Algorithm 8 13738k T — X 2K & L7 SRE 7
07 LDTNVIYVALTHS. X; = {z;}j_, 7oA
VT i BT — X E n.

EPI iX SRE L [FAkTH 5.

KDE IZDWTCEHAT 5. Tav Ay —2%270—F
FYAPL, 0 AEFTO—-FFy A bINEZT—X
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1: Algorithm 1 ® 1 ~ 5 & [k
2: for i=0to( IIa=r—RIZEHEEFNDETHELAH ~1) do
3:  y = broadcast(X;)

4 for j=1to(y DF—%%¥) do

5: z=yj

6: tmp.x =X

7 dst =|| tmp.x — z ||

8 eps =dst ST VXL (BT BEAD eps DBDEED m
1)

9: for |=0to(AIa=r—RIZEHEEND THELZAE 1)
do

10: epsy = broadcast(eps;)

11: tmp = dst DEERIZH U T epsp, DEEZE LD B/NZ

W6 1 Z5TRWES 0

12: n.eps; = reduce(tmp DHEATDHEEL)

13: end for

14: Algorithm 1 ® 13,14 & [k

15: ys = gather(ys)

16: x = gather(ys)

17: Algorithm 1 ® 15,16 & @k

18: end for

19: end for

20: Algorithm 1 ® 18 X [Flff

Algorithm 9 parallel KDE dd (X)

1: Algorithm 4 ® 1,2 & [dkk

2: for i=0to(AIa=r—RIIEEND LA ~1) do
3:  y = broadcast(Xti)

4: for j=1to(y DT —X¥) do

5: zZ =y

6: tmp.x = X

7 bw = tmp.x ZFAWTNY Mgz FHE

8 kde = tmp.x % T — X, bw 2NNV NIFL L TH— R IVE
JEHERE % 4T > THEBUE 2 OMEREE & HEE

9: fz 12 kde 3B

10: end for

11: end for

12: Algorithm 4 ® 10 £[[ U

DB —DrFEBUEL U I HEREE % 71— 2 IVEEREEIC
FoTRkDE., ZNEMGEVIELITV, BBICHEREEHE
O DADFEHZFHET S, LFD Algorithm 9 (&4
BT —2%x%2 U= KDE 70254507 )3 ) XLT
H5.

DT — R B HR e Utz h — 32 VB EHEE 2D\ C
T3, X BETULADVEORLE T — &, gL 213t
WBTH B, H—FIVEERE IIBIEA N Z P & U BE
DHFERLULEDOETITS. 2T, MREEELZ YN
127V, WBBIZERFLTWA. AR D Algorithm 10 (&4
BT —2ENREe UTH—INVBEHRE LTS Tar I A
DFTVTYZLTHD. X; = {a;}1_, THLAT VT iH
R 7 — X ¥ n.

5. EaeRH

AT, EELUAWHZ b —#E 70540
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Algorithm 10 parallel kde ( 77— X X, /N NI§ bw, HE

1: mus =X

2: sigmas = bw

3: props = HH

4: for i = 1toX OF—XZH do

5. dno = V¥ mus;. HEH¥ERAE sigmas; DIEH DA OMER L 2
DR

6: dens = dens + props; * dno

7: end for

8: reduce(dens)

x 1 FETRE

Table 1 execution environment

D
o

v
o
!

N
o
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N
o
|

execution time (second)
w
o
\

=
o
!

o

i I b
| , ,Il,ll,ll,llﬁ
1 2 4 8 16 32

number of processes

B 2 i DRE D %47
Fig. 2 execution time of parallel DRE
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3 15 EPI O TRH
Fig. 3 execution time of parallel EPI

CPU Intel (R) Xeon (R) CPU E5-2665 0 @ 2.40GHz
a7 8 x 2
AEY 64GB
oS CentOS release 6.9 (Final)
R version 3.4.2
OpenMPI version 1.10.3rc4
pbdMPI version 0.3-3
25
T 20
<]
g
T 15 -
£
§ 10 1 SRE
2
g 5
(1
o : : I : . B e
1 2 4 8 16 32
number of processes
K 1 %] SRE OFELTHFH
Fig. 1 execution time of parallel SRE
Pz DWTRT .

5.1 RTRE
FHMSEER 2 17 5 B2 R 11K, ERICHWDI 4
J—FTh5.

5.2 WHITY hAE—#HETOS S LOMRETMH

WHazy bo—HE a5 L0ESTRMZHET
5. Tut A aE I IGEOETERE2 2T, Mt
PETER, B#L 7o 2AMERLTWS, T—Xi31
RILTH 5.

;5 SRE, DRE, EPI, KDE 712 5 L DEFHM %
FNETNE 1, 2, 3, 41ZmT. £ AD 1000 DT —
Ry NeRFoTWa.

X1, 2, 3, 4&b, 7O ABIMEIZRB LM 2 fEEE
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