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abstract
We have proposed the mechanism for exchanging parts of executed program. We

have described the evaluation of exchanging time on some situation. And we have
described that the exchanging time has increased under the relaxed conditions of
exchange. In this paper, we describe two methods of reducing the exchanging time.
One method is the early suspend of processes which condition are able to exchange
and the other is that the execution of processes which condition are unable to ex-
change gives priority. We also report the evaluation of the exchanging time and the
availability of the two methods.

keywords
exchanging program, process, process scheduling

0110

880 3


研究会Temp
システムソフトウェアと

研究会Temp
オペレーティング・システム

研究会Temp
88－3

研究会Temp
－11－

伊藤
（２００１．７．２６）


1 0000
googbobobobobobooboooboo
gbobobobobobobobooboobo
gbooooooboooboooouooooon
gogoooooboboobooobboon
goobobobobooboboboboon

gboobooobgobooobobooboobo

gboboopoobbobooooboboon
gbodbobobobobobobooobooo
gbgbobobobobobobbooon
gooogboooooboboboboboo
gboboopooobobobonoooooon
gboboobobobooboboboooon
gboboooboboboboobooooon
jdddodooooooouooooooo
goooooobooooooooooooon
gbobooobobobobbbooboboon
gboboobobobobobobooooon
gbbooboobooooo
gobooboooobooobobobboon
gbooboboboboooboooobooo

onooooooooooooooo MMoooo
00000000000 00000000000

0000000000000 DOODoOono
000000000000 D0O000Doono
0oDOooOoooooooooooooo @o
0000000000000 0O000O0Oooo
000000000000 DO000DO000O
0000000000000000 (00008
000)00000000000000000
0000000000000000O0O0O0n0o
000000000000 O0ooooDoonoo
0000000000000 oSoDooooo
BlopooooooOooDOOO0O0OO0O0O0O0O
000000000000 0000000oSs
00000000000 0D000DOoO0Onoo
0oo000S000000D0O0Dooooo
000000000 0DOoooo
00000000 0000000D00000
000000000000 00000000
O0200000000000000 Mpo1o
000000000 0000D00O0DO0OnO

0000000000000 0 1000000
0000000000000 0OoOoDoono
000000000000 000000oon
00000000000 0D000DOooono
000000000000 00OOoOoOoOoon
BlopoooDooooDOODODOODOO0OOO
000 (00000000000)00000
OO0 ooooooooooooooooo
0000000000D0000000000O
0000000000000 O0OoDoOoooo
0000000000000 0Oo0oooooo
000000000000 DO000D0oOoono
0000000000000 60D00000O0
0000000000000 D00000000
00000000000 0000D00000
00000000000 00o0oOoooono
000000000000 00O00DooOno
0000000000000 00000000
000000000000 0OOoOoOoDoonoo
000000000 200000000000
000000000000 DOO000DoOno
00000000000 D0O0OOoOooooo
000000000000 DO0O0DO00o0Ono
0000000 D00OD0O0000000n

2 0000
00000000000000000000

000000000000000000000

0500000000000000000
(1) 000000000000

(2) 00000

(3) 00000000000

(4) 0000000

(5) 000000000000

000000000000000000000

()0(2) 0000 400000000000

21 O000O0OOOODODOOOO

U10gooboobbooboooooboo
oo3bbooooobobooooboboooon
gboobboboboboboboobooob 3o
gboogdg

0120


研究会Temp
－12－


program part X program part Y program part Z

end

program part to be exchanged
unused : the state of executing program part X
running : the state of executing program part Y
calling : the state of executing program part Z

U1 00000000b00b00boob

(1) 000000000000000000
oooo

(2) 0000000000

(3) 000000000000 000000
ooooo
30000000000000000000

000000000000000000000
00000000000000000000

000000000000000000000

ooooo0o0o0o00O

2.2 00000
00000000000000000000

000000000000000000000

ooooo

(00 1) 0000000000000000
0o

(002 00000000

(00 3) 000000000000000O
(004 000000000O0000000
00000000000000000

000000000000000000000

000000000000

(00 5) 000000000000000O0
00000000000000

(00 6) 00 O0O0OOO0OOOOOOOOOO
0000000000000000000
0o
00000000000000000000

000000000000000000000

000000000000000000000

000000000000000000 10

ooo

0130

U1 000ogoogooooogoogn

00] 0000 IEEEEE
(O] 0OoOo (00 nHO@O2)
(2| 000 ooooog
(3000 (0ono@o2)

(00 3)0(00 4)
(00 5)0(00 6)
(400000000 | 00000

()|00000000 (DDl)(DDm
(00O 3)0(0 4)
(00O 5)0(00 6)

(6)] JOD0O0OOUOO |ODOOOO
(7)| 00000000 |00o0oo
goooo

2.3 0000000
000000000000000000 30
00000000
(1) 0000000000000
(2) 000000000000
(3y 0oDDoOO
00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000
00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
00000O000000000
00000000000000000000
000000000000000000000
000000000000000000000


研究会Temp
－13－


02 0do0ogoogooooogoogn

0000000 00000 [00000
000 o000 OO0 (600) 00
000 000 (200) 0O

3 00000000

3.1 00000000

22000000000000000000
000000000000000000000
000000000000000000000
100000000000000000000
00000000000000(001)00 (0
06)0600000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000(@01)0 (@0 2)
02000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000 200000000000000000
000000000000000000000
0000000000000000000 (O

000000000000 0oo0o0)0ooo

0000000000000 D0OOoOoOoon
0000000000000 D000DO0O0nO
0000000000000 D0OooDoonoo
ooooDoooooooooooooo Moo
000000000000 D00000000
000 (00000000000)00000
0oooDDOooOoooooDoooBlooooo
0Oo0D000000D0000D0OO0D0DOoOonoo
oooooooooooO

3.2 00O

3.2.1 OOOOOOO
ugboooboooboobooboboboobo

gbobod230b0b0booooooobaon

gbobobobobobobooobonoo

gjoddoooooooooobooooon

gogbobooobbooobbogoob 200

gjoddoooooooouooooooon
gbooboooobooooooboooooon

U 140

]

" jugaA;;ﬁ

IRERIRE..

02 000000 oo00ooooooo

000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
00000000000 2000000000
0000000000 9000020000
00000000
3.22 000000000
00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
[9)000 (00O0(001)000)000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000
00000000000000000000
000000000000000000000
00000000000000000 (000
(00 2)000)0000000000000
0000000000000000 2000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000(002)00
000000000000000 (00 21)0
000000000000000000000
(00 22)0000030000000000
oooooooooo


研究会Temp
－14－


g3 0ogopogooogoogn

D000 | 0000
(0000 1) (001
(00002 [ (OO0 H+(00 2-1)
(00003) | (00 H+(00 22

3.23 000000000
00000000000000000000
00000000000000000000
000000000000000000000
000000000000000000000
009000 (000(00A)D0O00)000
000000000000000000000
000000000000000000000
000000000 READYOOOOOOOO
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000(00 A)0000 READY
00000000000000(000(00 B)
000)00000000
00000000000000000000
00000000 WAITOOOOO0O0000O
000000000000000000000
000000000000000000000
000000000000000000000
O00O00O0O00OREADYOODOOOOOOOO
000000000000000000000
000 READYOOOOOOOOOOO0O0O
(00O0(@00O1)000)0000000000
000000000000000000000
00000000000000(000(00 2)
000)00000004000000000
0oo00o0o00o00o0

4 00000

o0 [9oo0o00ooooOooooooo
00000000000000000(@Ooo
01)000(@Oo0o0nyooooooooood
goobobobobobobobooobooon
gbogbooboboobobonbooooo
gbobooboboboboboboobooo

04 00000000000000

0000 | 0000 |00000
(0000 1) (004 (001
(00002 | (00 A)+@COB)| (0D 1)
(0000 3) | (00 A+@0OB)| (002

oobooboobo200000000000
gobboobobooobboooobooo
gboboboboboboooooooon
gbboobooobooaoo

41 0000

00000000000000000000
00 30000module YOOOOOOOOOO
000000000000000000000
Ooooooo

000000000000 5000000
000000000000 100 Omodule Y O
0000000 (10)00 OtypeA 00 typeH
0800000000000 S000000
0000000000000000 module X
0000000000000000 module Y
Omodule ZOOOODOODOOOOO0O0OOOO
000000000000000000000
000000000000000000000
000000000000

0000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0D00000000000005000000
000000000000 10000000
000000000000000000000
0D00000000O0OWAITOOOOOOO
000000000000000000000
0D (00003 0000000000000
000000000000000000000

module X
start

module Y module Z

03 000o0ooogoogn

0150


研究会Temp
－15－


05 0000000000000000 (O)
type | module X [ module Y [ module Z

1 1 8

==l Fo\i ol iwliellies =
O | | UY x| W N
| | | | | | =
=N W | O O

gogooooobobooboooboonoo
0000 CPUI/O=1:10000000000
gobodbooobooooonobobobooan
s00dbooboob11boobbooon
000 (1/4000000 (1/2) 000000
00 (1/40000000000000000
gbodbolgooooooobboooooon
sleep0000000DOO0OODOOODOODOO
gogboodboogbogoboobobooon
uooogobooooooboooboooboa
Joobooooooon

ugodobdobooobooooboobooon
gbobodbooooooooi1oobobon
O00000Omodule YOO ODOOOOODO
gdbooboooboooboogoobo 20
ygdodboooououououoououooboooobb
goobboobooobboooboooo
ggdbdooooououououooooooboobnb
gbddd0 1o ooo
Jgooooobooobooooboobboooo
gogoobdbooobooobbooooobo
gob1o0oooooobooooooo
O00000O0OBSD/OSver2.1 000000
00 (Pentium 90MHz) 00 00O

4.2 000000000

0400 500030000000000
goog3pooooouooooooooon
oooooobooooobooob 4000000
oboooboobobooosboboboboobot
gboboboboboboooooooon
gboddtsypetdboooobooboogg
typeADEOHOOOODOOOODOOODOOO
00 OtypeA1OE1IOHI O typeA20E20H20O

(=]
o

—— Al

[
o
T

£
o
T

exchanging time (sec.)
N w
o o

B
:

-:’-:-:-.—‘-T:—il—-’-w—l—-w—-'l-!-r"\-‘l'--w—'-l-"w‘—'-l-‘-‘w'—'l":w-_-l
1 2 3 4 5 6 7 8 9 10
number of processes
04 00000000O0000O00O0
(DDDDDDDDDDDDDDDDDDDD)

o

typeASOE3DH3OOOOOOO(MOOOO 1)

000020 (0000 3)00 typeO O

00000oooooo

o000 4000000000

(1) Ai(i=10203)0000000O0OE1O HL
OO0 E20 E30 H2O0 H3ODOOODOO
O0000ODO0o0ooooooOooooooo
O OtypeEO typeHO OO OO O O OtypeA
000000000000 000000 (o
02-1)0(002-2)0000000000
00000000 00D0DoOo0DOoOoooo
OO00D00O0OtypeADOODOOOOO
ooooobDoOoOooboDbooDoOog o
O000O0OOmodule XOODODODODO 100
0000000000 module XOODOO
O0o0o000oooooooooogooo
0000000000000 DO00000
OO00O0OOmodule XOOODOOO 500
80000 OtypeEOtypeHO OOOODODO
0000000000000 DO0ODOODOOD
00 45%000 8% 000000000
O00o00Ooooooooooogooo
0000000000D00O0ODO00000
O0ooO0O0ooooooooboooooo
Oo0ooO0OoOooooooooooooo
(2) E20 E30 H2O0 H3O0OOOOOO OO
(DOboOo2)0(@ooo 3)oooooo
O0000O00ooooo@o 2-1)0 (oo
2-2)0000000000000O0OO0O0
O0ooO0O00ooooooooooooo
O00000oooooooooogooo

0 160


研究会Temp
－16－


60

50 -

40

30

20 -

exchanging time (sec.)

.-k :
PP T i Py CRN

.—.r.-,‘.—.r.-.‘.-_i

4 5 6 7 8 9 10
number of processes

5 00000000000000
od goooooooooooon)
0000000000000
00004005000000000000
(3) (0000 1)0 (00002000000
0050000400000000000
0000(00003)00000000 40
0500000000000000000
0(0022)000000000(001)0
00 (00 21)000000000000
0000000000000000000
0000000000000000000
0000000000000000000
0000000(00001)0 (0000 2)
0000000000000000000
000000(00003)00040050
0000000000000000000
0000000000000000000
0000000000000000000
0000000000000000000
0000000000000000

4.3 OD0OUOOOooooOn

Oe6d00 7000 40000000000
odobo30oooooooooooonoa
0dd0o0ooooooooooo edooonoo
ododooooooooryooooooool
gooooooooobooooboooood
goddOtype 00000 oooooooo
typeADEOHOOODOOODOOOODOO
00 OtypeAlIOEIOHL O typeA20E20H2 0O
typeASOE3DH3OOOOOOO(@MOOO 1)
0(00D002)0 (00003)00 typed O
gooooooooao

017d

exchanging time (sec.)

30

—— Al

25

20 -

1 2 3 4 5 6 7 8 9 10
number of processes

06 Dooooooooooooo
(COoUDoUoUULOOoooooOooo)

goobenboobOoOonO

(1) DO0DD0D00O0OtypeEO typeHO OO

O00d0OOtypeADODODOOOOODOO
0o0doodooDOooooooooooon
000DO0dooooooogoooooon
O0(OO0OB)ODOODOOODOODODOOODOD
do0o0dobDooooooooooooon
0000000000 OtypeAODOODOOO
000 1000000 Omodule Y O module
Z000000000900000004d
0000 module YO module Z0O O OO
ddodopoDoooooooooooon
00000000000 oO0bOoDOOoDaon
0o0o0ddbodooooooooooon
00 Omodule YO module ZOOOOO0O
0000500200000 typeEO typeH
00bObOOoDoOo0obOoOooboooog 18
021%000 47053%0 00000000
000d00000odooopDOooooon
do0oooDoDOoooooooboooon
0o0o00obOoooooobooooooo
00000000 oOooooooooon
000oOO0ooooooooooooobaon

(2) 000 (000020 (00003)000

00000000000 1)00000(0
02)00000000000000000
0000000000000000000
0000000000000000000
0000000000000000000
0000000000000000000
000000000000000


研究会Temp
－17－


30

25

20

exchanging time (sec.)
o

ﬂ—":‘l"—|——u—--|—-~-—"""'l""f‘=f“r-.

1 2 3 4 5 6 7 8 9 10
number of processes

07 00000000000000
(CoUDooUUOOoooooOooo)
0000 6007000000000000
(3) 070000 60000 typeODODO OO
0000000000000000000
0000000000 B)00OOOOO
0000000000000000000
0000000(00A) 00000000
0000000000000000000
0000000000000000000
0000000000000000000
00(00B) 0000000000000
0000000000000000000
OO0OOREADYOOOOOOOOOOOO
0000000000000000000

0000

5 0004

gooooboboooboooobooo

gbgboobobobobobobooobooon
gboobobobobobobooobooo
gbobbooboboboboooooboon
gbobouoooboobooooooobooon
gboboooobobooooooooon
gbdgooboboobobooboboooboon
gboboobooobooboooobobooon
goboobobobobobooobooboon
gbdgbogboboboboboboobooon
OO0O0O0O0OOREADYOOOOOOOODODO
gbooooboooon
uboboboboboooooooobo
gbogoooobobobobobooon
gboboboobobooboboboooo

0180

gboboboboboboooboooon
goooboboboboboboboboo
gbobdbogobooboboboobooon
gboboooooboobobobobooon
00000 8% 0000000 0ooooo
gobobobobobbobobobgobon
gjdddoooooooooooooooo
gooopobobobobooooooon
gboobooboooboobbooboobooooon
gboooopooooooooooooooon
gbobobobobobooooboooon
O0000000000O000D0O0OO 53%000
gbobobooobobboboooooan
goboobooboboboooobooab
gbobodgoodg
gooobdobgoo2000b00o0o0ono
gbobouooobooboobooboboaon
gbooobooobooboobooo

oo

[1] H.Muramatsu, M.Date, H.Yoshida, M.Kitaoka,
and N.Kurobane, “Operating System SXO for
Continuous Operation,” IFIP 92, Vol.1, pp.615-
621, 1992.

[2] B.Snead, F.Ho, and B.Engram, “Operating Sys-
tem Features Real Time and Fault Tolerance,”
Computer Design, pp.177-185, 1984.

[3] OoOO,0000, 000 OSOUbDOOUDO
00000000000000,7 0000, Vol.97,
No.56, pp.1-6, 1997.

[4] 000O0,0000,0000,90000000
0oo000000000000,” 000 (D-1),
Vol.J78-D-I, No.5, pp.492-499, 1995.

[) 0000,0000, 000000000000
00o0000000000000,” 000 (D-1),
Vol.J80-D-I, No.6, pp.495-504, 1997.

6] 0000,0000, 000000000000
000D0000000O00000,” 000 (D-1),
Vol.J82-D-I, No.8, pp.998-1007, 1999.

[7] 000O0,0000,“0000000000000
00000000000000,” 0000, Vol.98,
No.71, pp.45-52, 1998.

[§] 0000,0000,“0000000000000
0000 —00000000— 0000000
0000D00000000000, Vol.98, No.15,
DpP.79-86, 1998.

[9) 000O0,0000,¢00000000000000
00000000000000,, 0000, Vol41,
No.6, pp.1734-1744, 2000.


研究会Temp
－18－




