
T ender

1 1 1 1

T ender

Apache Web

1.

CPU

CPU

AP

AP [1]

OS

OS

AP OS

T ender [2] The ENduring

operating system for Distributed EnviRonment

T ender

[3]
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Okayama University
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1 T ender

CPU

[4]

Apache Web

2. T ender

T ender

T ender

2.1

T ender OS

Linux

OS OS

T ender

2.2

T ender 1
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1

4KB

Xpd = 4KB

Xvr KB

0KB

Xtext KB

(Xtext + Xdata + Xbss + 64 + Xpd + Xpts) KB

2.5

2 1

1

1

4KB

4KB

4KB

Xpd KB 4KB

4KB

Xvr KB

T ender

Tender �������I/F

Tender ����������	

BSD/OS
��������	

�����

Tender 
������������

BSD/OS
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Tender 
�����

�����

BSD/OS�����
��(��������)

BSD/OS

�����

BSD/OS
�����I/F

5 BSD/OS I/F

Xtext KB

BSS

Xtext KB Xdata KB BSS Xbss

KB 64 KB

Xpd KB Xpts KB

2.6 BSD/OS I/F

Apache Web T ender

BSD/OS I/F[5]

BSD/OS I/F 5 T ender

BSD/OS

BSD/OS

BSD/OS

BSD/OS I/F fork execve T ender

[6]

3

6 7

8
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2 fork execve

fork

execve execve

3.

3.1
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4

Web

4

Web

3.2

3.2.1

3 BSS

4KB 50

1

3

CPU: Celeron D (2.80 GHz)(1 ) RAM

768 MB

I/O

rdtsc

3.2.2
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3 50

BSS

1 prog4 4 KB 4 KB 4 KB

2 prog8 8 KB 8 KB 8 KB

n prog4×n 4×n KB 4×n KB 4×n KB
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( 1 ) 27.9 ms

=58.3−30.4 47.9%

( 2 ) 44.1 ms

=58.3−102.4 75.6%

( 3 ) 37.9

ms =58.3−20.4 65.0%

execve

httpd httpd

sh sh

perl

fork

fork

execve

11 CGI

10

3.3 Web

3.3.1

Web Apache Web

perl

CGI Web

CGI 11 CGI

Web sh sh perl

1

2 CGI

CPU: Celeron D (2.80 GHz)(1

) RAM 768 MB 1 CPU: In-

tel(R) Core i7-4790S (3.20 GHz)(4 ) RAM 8,192MB

1 100Base-TX Ethernet Web

Apache ver.1.3.33

Apache 1

Web Web

1 rdtsc

Web

Web 10

1 5

10

I/O

httpd sh perl 4

httpd 15 perl

sh 30

BSS
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4

BSS

httpd 656 KB 36 KB 316 KB

sh 328 KB 16 KB 16 KB

perl 816 KB 40 KB 28 KB
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3.3.2

1 5 10

Web 12 13

14

1 12 1

5.3 ms 8.1 ms

2.8 ms

sh perl

2

5.4 ms

4.6 ms

0.8 ms

sh perl

13 14

( 1 ) 1 2

3

13 B 14 B 13 C

14 C

Apache

perl sh

1 3

4

5 10

13 A 14 A

13 B 14 B

11.5 ms =38.2−26.7 18.6 ms =74.3−55.7

13 C 14 C

16.5 ms =38.2−21.7 32.0 ms =74.3−42.3

( 2 ) 13 B 14 B

55.5 =106.0−50.5

ms 13 D

14 D 43.6 =85.9−42.3 ms

13 A 14 A

99.3 =184.1−84.8 ms

13 C 14 C 76.2

=148.1−71.9 ms

3.3.3

Web

15

15

21.7MB

0MB

5 10

9.4MB =10.8−1.4 2.3MB =5.6−3.3

18 21MB

4.

UNIX [7]

Demand Paging Copy on Write [8] Demand

Paging

Copy on

Write

[9]
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[10]

[11]
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Web CGI

CGI

SpeedyCGI

[12] FastCGI [13] mod perl [14]

Web

CGI

Apache CGI

fork&exec

CGI AP

OS AP

AP

5.

OS

T ender

50

27.9 ms 47.9%

37.9 ms

65.0%

Web Apache Web

CGI

Web Apache

Web
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