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Azb|f(�(Ǟµ&novNAS>¡ł�;ŪĸÑv

R[�9 pop��nov(«ǽjAzV>Ǔ:¦$�;Ȇ

}ĸȅfree(3))ùǇ$&;nov
ª�ƃ¡�<�âĝ'

Ĕ�"ȅnAzb|f1�)Neb|f- push�;Ȇ 

4.! I%3Q 

� ŅƓ#)ȅFHE (?fvK|Ptz>Ŵ�" FCMalloc

(łÁĕ>öȁ'8:ǀ��;Ȇ?fvK|Ptz$�"ȅ

FHE RH|m~# Apriori ?wMvSm>ŒƔ�ȅ�(�

#Ł5Ľǫ>Ƹ�;²ű#�;?AYm(Nj|[¦ƼƑ

>öȁ(ùǇ$�;Ȇ 

4.1! 3Q5K 

� FCMalloc(öȁùǇ$�"ȅFHE(?fvK|Ptz>

Ŵ�;ȆFHERH|m~( Apriori?wMvSm[7] > HElib 

[8]>Ŵ�" C++#öƵ��Ȇ�(?fvK|Ptz)¸Ń

²űȅnAz²űȅƙ�²ű#ŒĜ�<;Ȇ1�ȅ¸Ń²

ű#ĿÌĶZ|Vg|R>ųĜ�ȅƙ�²ű#�(ĿÌĶ

Z|Vg|R>Ƃŏ�;ȆnAz²ű#)ùǇZ|V$&

;?AYm(Nj|[¦ƼƑ>Ʊ	Ȇ}ƬŻ'ȅApriori?

wMvSm[9] [10]#)œ�&l]kmNj|[¦>ƾõ

�"ICv>źƱ�;�4ȅnAz²ű)ƣ:Ǔ�öƱ�

<;Ȇ��
�"ȅnAz²ű'Ƹ�;Ľǫ(ĲÖ
ǥƸ

#�;Ȇ 

� Nj|[¦ƼƑ#)ȅFHE(�Ƒ²ű
éǦ'Ʊ=<;

�4ȅ�(�Ƒ²ű' �"ǅļ�;ȆHElib#)ĿÌĶ>

CtxtIuR#ƴŰ�;ȆĿÌĶÏå(�Ƒ²ű>Ʊ	�4

')ȅ�4ŨƑùǇ(ĿÌĶ(xgw>��ĸ'}ƪ��

;ēƸ
�:ȅmodDownToLevel()ȅtensorProduct()(ǻŸ#

nUX\>Ô+³�ēƸ
�;Ȇ 

� ŗ'ȅŅöȁ'��;?AYm(Nj|[¦ƼƑ' �

"ǅļ�;Ȇ1�ȅZ|Vg|R(?AYmĵ>!"#$%ȅ[

uzOIPtzĵ>!#&'()$�;Ȇ1�ȅICv(Ǿ³aV
|z¥ƶ(?AYmǩ>*"#$% $�;$ȅ�(?AYmǴ

Î)+ = -., … , -12345 $&;Ȇ�($�ȅĿÌĶ6#_"([uz
OIPtz ID >tȅ?AYm ID >i$�;$ȅNj|[¦

ƼƑ)ŗ(Ĉ#ƴ�<;Ȇ 

 

6#_":{6#_";{…{6#_"<2345

=3>?@A

#BC

 (1) 

Ï}[uzOIPtzř'ĿÌĶÏå(�Ƒ>Ʊ��Ď'ȅ

�<9(ƜŊ>¬"ÀƑ�;Ȇ1�ȅICv)Ǿ³?AY

m(ĵ$Ǿ³aV|z¥ƶ(?AYmǩ(ƚ2Î=�(×

ĵ´�Ĝ�<;�4ȅÎƼ# 612345=2345 {(*"#$% − 1){
!#&'()×(�Ƒ²ű>Ʊ	�$'&;Ȇ�9'ȅFHE #)

!)HI#£(ĿÌĶ> 1 (gI[w$�"ğ	aXHzJĞ

ş[11][12]'8:ȅŁƙŻ'Ʊ	�Ƒ²ű(×ĵ)!)HI##ǰ

Ƒ�� 612345=2345 {(*"#$% − 1){!#&'()/K!)HI# ×$&;Ȇ 
4.2! 3QB1 

� Ņöȁ#Ŵ�;N|`(RhXI$�(Ųã>ƴ 3'Ƅ

�ȆFHE RH|m~#ŒƔ�� Apriori ?wMvSm#)

IuA?z[$N|`ǫ#ĿÌÃ��Z|V(ǕÊ¢>Ʊ
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ȅ�(Ǘ¢)Ņƌ'��")ŅǊ#)&��4ȅN|

`(2>Ŵ��Ųã#öȁ>Ʊ	Ȇ 

ƴ 3� öȁŲã 
ÐƇ ¦ 

CPU model 
Intel(R) CPU E7-8880 v3 

@ 2.30GHz 

L?ĵ 72 
novNAS 1TB 

L1, L2, L3HpXPrNAS 32KB, 256KB, 45MB 
OS CentOS 6.7 (64-bit) 

Linux version 2.6.32-504.30.3 
g++ version 4.9.2 

g++ŁǞÃEfPtz -O2 

 

4.3! ���$� 

� HElib�8+ Apriori?wMvSm'Ǭ�;aun|V>

�<�<ƴ 4ȅƴ 5'Ƅ�Ȇ&�ȅƴ 4(ĦĊ¯(¦) HElib

'��;ZdDw[(¦#�;Ȇ  

ƴ 4� HElib'Ǭ�;aun|V 
aun|V ¦ ǅļ 

pr 117 ĄĶƎǫ 

k (80) THrvY@aun|V 
l 8 FHE(×ǎ(Ţ�(xgw) 
c (3) H|RAXWƱ·(Ʊĵ 
w (64) ƆøǨ'Ŵ�;_lzJǍǵ 

Nslot 915 RyX[ĵ 

 

ƴ 5� Apriori?wMvSm'Ǭ�;aun|V 
aun|V ¦ ǅļ 

Nitem 18 ?AYmĵ 
Ntrans 1,943,424 [uzOIPtzĵ 
Litem 2 Ǿ³aV|z¥ƶ(?AYmǩ 
Nmul 324,972 �Ƒ²ű(×ĵ 

4.4! 3QF;#G4 

� öȁƜŊ>ƴ 6 'Ƅ�ȆöȁŲã(ǣÎ'8:

SuperMalloc[3])öȁùǇ�9ǰç��b
Ȇ&�ȅŁ5ƭ�

ĕƧ>Ƅ�¦>êï$��Ȇ 

� ƜŊ$�"ȅFCMalloc ) JEmalloc $Śǐ�"nAz²

ű> 2.4¤ȂǘÃ#�;�$>ƃǃ��ȆnAz²ű�#ȅ

Ŭ'ȂǘÃ'ǈŮ�� tensorProduct()(²ű�( CPU�Ŵ

ů>Ú 2'Ƅ�Ȇ�<9(Ú) htopc
Lkz\(RIv|z

HpfWp#�;ȆÚ 2 (e)8:ȅFCMalloc) pseudo free�

8+¬ƜÎy|Fwb|f'8�"ȅè�(Ľǫ'��"

s|OƎǫ¯ȃÚ�ơƮ#Ƅ�<;Ǣ´Ȅ#Â��"�;

�$
ƃǃ#�;Ȇ�<)F|^wƎǫ-(ƈƱ6yXI

ƏÎLR[
ƺš�<�ƜŊ#�;$ƥ
9<;Ȇ��


                                                                    
b SuperMalloc) Linux 2.6.38�Ǯ'öƵ�<� MADV_HUGEPAGE>Ĩ
õ�" madvise(2)(Ô+³�>Ʊ	
ȅŅöȁ(Ųã#)ńöƵ#�;Ȇ 

�"ȅFCMalloc)yXIƏÎ>Ģ
;�$#ȅCPU�Ŵů


Ł5Ȃ�&:ȅkPzvU|R>Áůƭ�»Ŵ�"�;Ȇ 

� }ĸȅnAz²ű�( modDownToLevel()(²űĽǫ)ļ

9�' JEmalloc8:ǩ�Ȇ1�ȅ�($�' malloc(3)�8

+ free(3))ǾƢ'Ô*<&��$>ƃǃ��Ȇ��
�"ȅ

nov?yK|V'ŽīŻ'�ð�;ƜŊ#)&�ȅǫī

Ż'�ð�;ƜŊ'à!�ǝ�
ÆØ#�;$ƥ
9<;Ȇ

�ǅ$�"ȅmalloc(3)(Ǔ:¦(nov?\xR'ǋØ�

;ËƧĕ
�;[13]Ȇ�(űŶ)nov(��?\xR)

HpXPruAz(ōƖâĝ'Čǹ�;�4#�;Ȇ 

� ŗ'ĿÌĶ( free²űĽǫ' �"ƥ
;ȆTCMalloc6

JEmalloc)Ǹă'ǩ�Ľǫ>Ƹ�ȅ�<)�=7; 3s pause 

problem [3]$Ô*<;Õǿ#�;Ȇ�(Õǿ)ȅGg|Q

LxIPtz'��"ǋ�:Đ;}Ľ§ŘÕǿ[14]$Ïœ

&ŰǇ#�;
ȅFCMalloc) pseudo free'8�"�(Õǿ

>ƺŝ�"�;Ȇ 

� ���ȅFCMalloc)�(nov?yK|V$Śǐ�"n

ov�ŴǦ
Ȃ��$
Õǿ#�;Ȇ�<)ȅFCMalloc


NASº(novf|w>ĝħ�ȅ�<>¡�ƞ�"�;

�$
ÆØ#�;Ȇ 1:ȅǛÇ'�#'�Ŵ��nov

NAS(novf|w>ûŇŻ'�=<;ËƧĕ>ƥě�

"ȅ�Ƽ'ƃ¡��11$�"�;Ȇń�ŴǼß>ó¬'

NASº#ƒű�;(#)&�ȅēƸ$&;NAS'Ĕ�

"Ǟµ'´Ǥ�"ƒű�;�$#ȅ�(Õǿ(ƺŝ'ǒ!

�$ƥ
9<;Ȇ 

5.! ��
� 

� Ņƌ#)ȅkwWL?PRYm~#èĵ(RxX\>Ŵ

�"�·´Ĵ²ű�;âÎ'Õǿ$&;novƒűĽ(y

XIƏÎ>ƺš�;nov?yK|V FCMalloc >ĬŎ�

�ȆFCMalloc)ȅŬ'ǷŻ'novƒű
ËƧ&?fvK

|Ptz'ù�"łÁ$&;ȆFCMalloc#)novƒű>

ÍRxX\(y|Fwb|f>¬ƜÎ��Ǘ¢ǎ#Ʊ�ȅ

pseudo free'8�"ūűnovxgw#(novf|w>

Ŵ�ȅŜŴŻ&nov?yK|V8:5ȂǘÃ��Ȇǀ�

öȁ$�"ȅFHE (?fvK|Ptz( Apriori ?wMv

Sm(ƼƑ²ű'��"ȅĹð(nov?yK|V#�;

JEmalloc$Śǐ�" 2.4¤(ȂǘÃ>ǜĜ��Ȇ 

� �Ď(ǆǿ$�"ȅy|Fwb|f(NASºnovf

|w>ĲÖ�;�$#nov�ŴǦ(½Ť�;�$ȅ

malloc(3)(ǓÅnov?\xR'8;HpXPruAz(

ǤƤ'ƥě�;�$#(²űĽǫ(ȂǘÃ
ĩ�9<;Ȇ

�9'ȅFHE?fvK|Ptz�ç'ù�"Őƿ�;�$

#ȅĔŴ«>Ć�;�$>żĨ�Ȇ 

c http://hisham.hm/htop/ 
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ƴ 6�  ÍƊnov?yK|V(öƱĽǫŚǐȃApriori#(Nj|[¦ƼƑǢ´(öƱĽǫȄ 

ÐƇ glibc malloc JEmalloc[1] TCMalloc[2] TCMalloc[2] FCMalloc(ĬŎĞş) 

`|Qtz 2.12-1 3.6.0 2.0 2.5 - 

¸Ń²űĽǫ[sec.] 301.6 59.7 88.6 107.0 83.7 

n
A
z
²
ű 

modDownToLevel()( 
²űĽǫ[sec.] 6.6 6.0 17.3 35.0 9.6 

tensorProduct()( 
²űĽǫ[sec.] 350.0 22.4 94.6 118.9 5.8 

ƙ�²űĽǫ[sec.] 0.25 9.3 79.2 4.2 0.08 

ÎƼ²űĽǫ[sec.] 356.9 37.7 158.1 191.1 15.48 

ƙ�²űĽǫ[sec.] 0.9 0.5 0.4 6.3 0.02 

Łénov�ŴǦ[GB] 197.4 199.9 208.5 208.8 306.1 

  

 

(a) glibc malloc 

 

(c) TCMalloc(version 2.0) 

 

(e) FCmalloc(ĬŎĞş) 

(b) JEmalloc 

 

(d) TCMalloc(version 2.5) 
 

Ú 2� Ínov?yK|V»ŴĽ( CPU �Ŵů 
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� JL� ŅƁƍ)ȅƅñĠƲĪƫŖŒȃJSTȄCRESTȃǃË

ŸÌȈJPMJCR1503Ȅ(ıį>Ê��5(#�;Ȇ 
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