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Control systems (e.g. embedded systems, home servers) are becoming more and more sophisticated,
networked and complex. Software productivity and dependability are the first concern of their design. OS”’
s for control systems must support distributed processing, fail-robustness and ease of program development.
LP49 is a component-oriented OS with micro-kernel and multi-server architecture. We have adopted the L4
micro-kernel because of its performance and flexibility. Plan 9 had devised excellent distributed processing
facilities (e.g. 9P protocol, private name space, user-mode servers), and we have largely adopted concepts
and source code from Plan 9. LP49 component architecture will be effective to improve dependability.
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ooo9p0O0O0O0O0OOOO APLOOOO

4.2 00000
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System Page
call mapping
!
0] . Pipe
v N\ Name servant
Mngr——>| Clerk Space
IP
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O : 7 \ protocol
0 aa yER—
clerk | | clerk servant Mount ,| |Protocol ﬁj
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: (Proxy)
Thread pool
XX Ether
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LP49 CORE
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5.1 0OO0OdbO0Od

0000000000 50000LP49-COREDIDODOOODUIDOODOO (RootFS)DODOOOOOOOO
()000000000 RootFSOOOODOODOUODODOOO (bind) DOOODO0OODOOOOOODOOOOOO
O00o0oDoO0o000ooO0o0000DbO0O00000Ob000000Ob0000DOO0000D0ODOOdprocedure call
gboocobOobooooboboooooboon

000 (bh)000000000000 (mount) 0000000000000 OOOOOOOOOOOOOOO
00000000000 00000000DO0O000000 remote procedure cal 00000000 COOOO
OO0 (h)0D0O000OO00O0OD (e)ODOO0ODOOUOOOOOODOOOO

O000000000000000000000 5-(d)0 remote-host 0000000 000007000000
gbooooboobooooboboooobooboooooboobooooboboooooboooon

5.2 UU00OO0OObDOOOoOobbOOOo

O0O0OCOCOOOODOODO LP49-COREDDOD 9POOOOOOOOOOOOOODOOOOOOOOOOOOO
0000000000000 pipe, 00000000000 TCP/IPOOOOOO

0000000 “4¢"00000000000C00O0O0O0OO0OOOO0O0OOOO “stv’O000OOOOO
00000000000 0000000000000 (/sev/Y) 000000000 EXT2000000000
“Jsrv/ext2? D00 0000O00O0O0O0D0OOO0OO0DOOOOO file descriptor 000000000

oboooobOoboooboooooboobooobooboooooboboooobOoboooboobOoooobon
gooooOoboooobobooooobooooon

[O1 mount -a /srv/dos /c /dev/sdCO/dos



Name space of local host Name space of Remote-Host

Root-FS

/ f \ Q mount
bind

o

| (b) mount
DOS-FS

(a) A servant is mounted onto my name space.

(b) A local server is mounted onto my name space.

(c) A remote server is mounted onto my name space.

(d) A sub name space of remote—host is mounted onto my name space.

(c) mount

g s 00o0ooooan

O00oO0oDOoSOO00O0OO (“/srv/des”) 0000 OHDD (¢/dev/sdC0”) O DOS partition O “/¢” 000
googoood

5.3 UOooobobood

NW (network) 100 OSO00O000000O000000SOO00/0000000000000000000
0000000000000 00Pland 0 NWOODODOOO, stream, xkernel 100 000000000000
O00Plan9 0000000 Ethee 0000000000000 0000000O00LP49 00000 Plan9 O
ooooooo

0000000000000000000 60000IPO00OO (“4I")00000TCP, UDP,IPOOOO
0000000000000000000000000000IPO00O000 Internet 10000000000
0000000000000000000000000000000000000IPO00000000 “/net”
00000000 “/mnet/tcp” 0 TCPO, “/net/udp” 0 UDPOOOOOO0OOOOOOOOOOOOOO00O
/net/tep/0, /net/tep/1 ,,000TCPOOOODOO

--+- tcp/ ----+- clone
| |- stats

| |- 0/ ——=+- ctl

| | |- data

| |- local

| |

|- udp/ ---+- clone

| |- stats

| |- 0/ ——=+- ctl

| | | -data

| |-local

|

|- ipifc/ ----- +- clone
| |- stats
| |- 0/--
| |

|-- ndb/ ----

|

|-- arp/ ----
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5.4 00000 export/import
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6.3 UDUUOoUobooOobOoogn

goooogobbobboooooobbiobOL_theb00 00000000000 DOOO0O0O00O00O0DOOL_thcb

ubooobooboooogn

typedef struct Alpha{ //11]
L_thcb _a; // L_thcb OO OO0OO

char name [16] ;

int age;
int personalld;
} Alpha;

void alphafunc(Alpha *self) //[2]

..... thread body .....
self->age = 20;

Alpha *al;
L4_ThreadId_t tid;

al = (Alpha*)malloc(sizeof (Alpha)); //[3]

. You can set value to instance vars like al->age = 20;

1_create_thread(alphafunc, 4096, al); //[4]
// a1000 alpafunc(O 00 1000000COCOO

1_kill_thread(al); //[5]
free(al);

[1 ]Alpra000000000000O000O00O000OO0O00000O0O0OOL_theb

11

_,a;googooo

_a;d



[2 | alphafunc() O Alpha 00 0000000000000 0OOOOOOOD 1000004]00000O0OO
Ob00o0b0o0o0o0D00o0oo0bO0b0o0oboob0ob0bo0bO000self->nane 000000000 O0OO
oooobooogo
booobooooboobooooobooooobooobo

3000000000000 000D0O0OO0OOUOOO0

[40000000000000O0300000000000000OO0O0OO
1_create_thread(alphafunc, 4096, al);
000000000000 0000300000000000 nil 00000 3000000000000
00000 [200 1000000000000

[5|]000000000000 1_kill threadO 00000000 OOOOOOOOOOOOOOOOOOO

64 ODU0OOO0OOOOOOO0

---0 Signaturey ---———-—-—-—----——————— -
L_msgtag 1_sendO(L_thcb *thcb, int msec, L_mbuf *mbuf); //11]
Ex. L_mbuf *mbuf;
mbuf = 1_putarg(nil, mlabel, ¢‘i2s1’’, el, e2, &buf, sizeof(buf));
msgtag = 1_sendO(thcb, INF, mbuf);

L_msgtag 1_recvO(L4_ThreadId_t *client, int msec, L_mbuf **mbuf); //[2]
(010000000 L4_ThreadId_t 00001 _replyo() 000000 OOOODO
L_thcbx 00D O0ODOODOMOI

Ex. msgtag = l_recv(&client, INF, nil);
n = 1_getarg(nil, ‘‘i2s1’’, &x, &y, &buf2, &sz2);

L_msgtag 1_recvfrom0(L4_ThreadId_t client, int msec, L_mbuf **mbuf); //[3]
Ex. msgtag = l_recvfrom(client, INF, nil);

L_msgtag 1_replyO(L4_ThreadId_t client, L_mbuf *mbuf); // 4]
Ex. msgtag = 1l_replyO(client, mbuf);

L_msgtag 1_callO(L_thcb *thcb, int smsec, int rmsec, L_mbuf *mbuf); //[5]
Ex. msgtag = 1_call(thcb, INF, INF, mbuf);

6.5 UUOUOOUOODOOOOOOn

---0 Signaturel] —————————— == e
L_msgtag 1_asendO(L_thcb *dest, int msec, L_mbuf * mbuf); //[1]
(0200 msec OO0OOOO0OOO1_send0o(O 00O0ODOODODOO
Ex. mbuf = 1_putarg(mbuf, mlabel, " i2s1” , el, e2, &buf, sizeof(buf));
msgtag = 1_asendO(dest, 0, mbuf);

12



L_msgtag 1l_arecvO(L_thcb *mbox , int msec, L_mbuf **mbuf); //[2]
o OD100mbox O nilOOOOOOOOODODODODOOOOOOOOOOOOOOOONN
O nil O00000Ombox 000000000000000000000O

o OO "msec” OO INF (-1) OOO 0.
INF: OO0O0O0O0D0O000Ooooooo
0: 0000000 DOOO0ODOODOOOoDDOOoOooOOoO
o DO0ODOOO0ODOODODDO L_mbuf.sender OO0 OOOO L4_ThreadId_t OOOODOO0O
Ex. L_mbuf *mbuf;
L4_ThreadId_t client;
mbuf = 1_arecvO(nil, INF, &mbuf); // 000000000 00O0O0O0
mbuf = 1_arecvO(mbox, INF, &mbuf); // mbox 00O O0OO0O0O0O0OOO0OOOO
n = 1_getarg(mbuf, " i2s1” , &x, &y, &buf2, &sz2);

client = mbuf->X.mri;

L_msgtag 1_areplyO(L4_ThreadId_t client, L_mbuf * mbuf); // 3]
(00) 01000 L4_ThreadId_t OO0OO0OL_thcbx 00000000
Ex. mbuf = 1_putarg(mbuf, mlabel, ‘‘ilsl’’, el, &buf, sizeof(buf));

n = 1_asendO(client, mbuf);

int 1_arecvreplyO(int rectime, L_mbuf **mbuf, int tnum, ...); //[4]
ocO00ODOODOODOODOODODODO

L_msgtag 1l_acallO(L_thcb *thcb, int recmsec, L_mbuf *mbuf); //[5]
Ex. rc = 1_acallO(dest, INF, INF, mbuf);

6.6 UUUUUdoooOOO

(1) 0ooooOooooooooooo

---0 Signaturel] ———————————— - e

L_msgtag 1_areply0(L4_ThreadId_t client, L_mbuf * mbuf); //[3]
o [010000L4_ThreadId_t OODOOODOO L_thcbx OODOODO
Ex. mbuf = 1_putarg(mbuf, mlabel, ‘‘ilsl’’, el, &buf, sizeof (buf));

n = 1_asendO(client, mbuf);

int 1_arecvreplyO(int rectime, L_mbuf **mbuf, int tnum, ...); //[4]
ocd001000(==0) OOOO0DOODOODOODOOODOOODOOODOODOO
('=0) ODOOO0ODODODOODO
o000 200: DO00O0DODOUOOODOODOOOODOUODOODODOO

o0 3000Tallyld o
oD 4... 0000 TallyO oo
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Do O0000D0O0O0O0ODO TallyOQdnO

L_msgtag 1_acallO(L_thcb
1_acallO(dest, INF, INF, mbuf);

// 5]

*thcb, int recmsec, L_mbuf *mbuf);

Ex. rc =

7 LP490 Plan90 00O

LP49000Plan9 00 0000000000000000000000000000000000000MmMO
1)

(1) 0oooo
L4000000000000000000000000000000000000000, ...
(2)0000/000000

Plan9 000000000 COO0D000000000000000000000 (0000000000000
00000000000000000000000000000000000000000

(3) 00000000

00000D0000D000000Plnd 00000000000000000

O 1: LP490 Plan9 00O O

od Plan 9 LP49
Micro kernel No Yes
gooo goooooooooo L4 Process
OoooOOooooooooooog L4 Thread
gooooog Trap L4a00oono
gooooooooooo oooooooooo
gooooo Plan9 0O 0OQ0O0O 4000000
oooooo APLOOOOOOOOO L4a0000oog
ooog ooooooo oooooo
ogood Plan9 00O C GCC O
ooobooo,00booobg
typedef, USED(), SET()
#pragma, OO000000000O
ogooood Pland OO COOOOO GCC
Utility Plan9 O Linker, Assembler, mk GCC, gld, gmake
Binary a.out 00O ELF OO

8§ UOoOSUUOUbnoboooon

OSO0UU0000U00O00UO0OD0O0O0UO0O0O0U0UO0OO0O (Plan90000000OO0OOOOOOOOOOO
0) D00 oSUooooUooNWOOOOUOOoOOOooooooooooooooooooooo

Lp490000CO0O0O0O 70000LP4AO0000D00C000LInx00000 GNUDODDOOOOOOODODOOO
Lp49000O0OOOOOOOOOOOODOOOOOD QEMUOOOOOOOOOQEMUOOOOOOOOOO
oooobooO0o1000000000000LP49-LP49000LP49-Linux000000000O01000000¢0O
00000000000 NWOOOOOOOO0O0O0O0O00000 (make clean; make; 00 LP490 00000
4000000000000000DOO0OO0
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Linux machine

Host 05 Guest 0S Guest 0S

under under
deve lopment deve lopment
(LP49) (LP49)

(Linux)

to

detslgpe Qemu Qemu

< Network provided by QEMU -

GNU based SDE: GCC , gmake, gld, gas,,,

Oo7gooooog

9 0OoSUOuonooooono

9.1 ODOUOoooobo

LP490000SO00000000000000000000000000LP49-COREDOOOOOOOOO
00000000000000 APLOOOOOOO0O000000000000000000000000000
00000000000000000000000000000000 LP49-COREOOOOOOOOOODOO
000000000000000APLOOOOOO0O0O0O0OOOOO0O0000000000000000000
0000000000000000000000000000 open(), create(), chdir()0 close() O LP49-CORE
00000 APL-O0000OO0O0O000000ODOO00000O0

0009YPO00O00000000O0O0O0000000O0OOO0O00000000000000000000O0
00000000000000000000000000000000000000000000 Erang000
00000000000

9.2 0OUOOgnO

0000000000000 0000000o0o00oooooooo0o000000000000ooooooo
OPager 00000000000 DODOOOOOOOO0O0O0O000O0O0OOOOOOOOODODODODOOOOOOOO
goooobbooooooooooobboooooooooobbooooboooobbbooooog
00000oooOoO0000oooDOoOo00oooooobOOobobODO0O0dd roolbackOOOOO

Cf. Minix-3, Erlang
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9.3 0040

OLp490000000O0OO0O0ODOOODOOOOOOOODOOOOODOOODOOOOODDOOODO
U00oO0oboobO0oobOobooobbooboOoboboPagerd0000O0o0oOoOooOoOoooOOooOooOoOooOoOn
ooooboooooobooon

9.4 0OO0OO0OOOO

gOooSO00dbOOOoOOoOooOOobOoOooOoDoOoon
Plan9 0 Kerberos 0000000000000 ODOOOOODOOOOOOODOOODOODOOO
LP49 0 0O, Identity-Based Encryption D 0 OO0 O00O0OD0OOOOOOODOOOO

10 OOoOd

L4

Plan9

Minix 000000000000 OSO0D0O0D0D0O0D000D00D0LInuxO MinixOOOOOOOOOOOO
0d0000oo0oooooooooooDoooooooSO000o0oDoo0oO0ooooooooooooon
O00SO0000D00OD0O0D00OD00000D LinnsOOOODODOODOODODOODODOODODOODODOODOOD
0000000000 0oooooOMmixdOOO OSO0DOO0OoOOooOooooon

SawMilO IBM OOD0O0O0DO0O L4 0000000000000 00OOC0O0OO OSODODO0DOOO0OOOoOood
Lnx 000000000000 0OO00OD00O00O0O0O0O00O00000D00D0D000000LInuxOO0OOOO
0do0d00D0dDOo0oO0DoOoUooUOoDoOoooOoooonoo

I*Linuz00L4 00000000000 Linux D000 OSOO0OO0D0LInux 000000000D000O0OO0O
O00L40000 Virtual Machine 00000

GNUODO Huwed OOOOODOOODOOOODODOOODOODO OSOOOODOODOODOODOOOOO MachO
00000000000 00U00000D I4000000000000D0000O0ODO0O0OO0 L4-HurdOOOO
Unix OO OSOODOOO

11 OOoO

LP49000000000000000WEBOOD http://research.nii.ac.jp/H20/LP49 0 00000000
(1) 000 0sSOO00000
000000000000000 HVM: 00 KODOLP49-CORE:OD 60K D (0 20K0000000000
0)dlibe 00DDO0: 030KOOOOOO0O0O0O000xKOOreOOD: 00 KOOOOOOOOD: 2KOO
DOSFS: 40 KOO EXT2FS: 30 KO . extfs: 2 KOOOOOODODO000000000000000000000
0oooooooo
00000000LP4900000 Pland0 L4000 000000000000Pland 0000000000
00000SO000000000000000000D0000000000 0S00000000000000
0oooooo

(2) 00 0SOO00O0D0000000

e OO
ping(LP49/gemu - LP49/gemu):4.7ms,
ping(LP49/gemu - Linux/host):0.7ms,
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remote-file-read(LP49/gemu - LP49/qemu):40ms,

CD-file-read (1KB: LP49/qemu): 690y sec. 00 00 25ms)
CD-file-read(1KB: 00 ): 120y sec. OO0 110ms)

RAM-file-read (50B: LP49/qemu): 180y sec.
RAM-file-read(50B: O O ): 31y sec.

RAM-file-read (4KB: LP49/gemu): 220 p sec.
RAM-file-read(4KB: 0 O): 48y sec.

L4Pager 0000000000 DODOO0O0OO0O0OODODOOOOOOO0LPAOO0O0O0O0O0OOOOOODOOD
e JOOODOODO
e JOOOOODOODOOO

gbooobooboooo

e JOODOOO

e NO0ODODODODDOODO

(3) 00000
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