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oocCcspOO0OO0OO0OO0OO0O0O0O0OOOOOOOOOOOO

ooooooooooobooooobo 400bO00O0O0oooboOoOoDOObObO0OOooooDOOobOoooooDon
OooooOb0o0L400000000000DDO0O0ODODOO

4000000000DOOO000O0DOOO0OOOOOO0ODOOOOO0ODOODOOOODOOOODODODOOO
gbooooboobooooobobooboooboobooooboboobooboboobooboOobooooDbo

2 JOoooobod

ooboooobOoobOoooobOoOooOOoobOOooboOoOoobOOoobooOoooOoOoooOOOoooooooOooonn
goboobobo0oooooobooooooooboooboooooobooooboboooboboOoooogJaval
C++0000000000DOOO00DOOO00DOO00DOOO0O0ODOOO0O0DOO0ODOODOODOOOOD
goboobooobooboooooooboboooooobooooobooobooobooboooooooobooboooooaon
0000000000000 0O0000o00U0OoOo0o0DUoooUooooO@™

(00D0ooO0o0o00o0O0O00O0o0o0O0o0000Javal C+4+0000000000O000O0O0OOO0DOOOO
Oo000O0OOoODODODODODODOOOO)

gobooobooboboooboooboooooooboobobooooooooooooooooobooooonoo
ooboooboooooooooboooobOoooooboooooooooboooooooooooooooooboogoon
goooooboooobobooooobooboooon



ocoooobooooooboooooboooooooOooooo soboooooMOOOoOooOobDcCcooDboOoO
ooooosooooooooooooon

00 (past) 00 CO SO MOOUOOOOMO SOO0OUOO0OO0OOOOOOOOOOOCOOOOOOOOOUOOO
000 (now)D CO SOMOOOOOOSOOOOOOOOOOOOOOOOOOO

000 (futwre)0 CO SO MOUOOOOODOOOOODOOOOO0ODOOOOOOOOOOOSOOOOOO
MOOOOOOQOOOOOOOoOOOOCO SOOOoooOoOoOoOoOooOoOoOooOoOoOoOoOOooooOoo
obooobOobooobooboboooboobooooooon

gbooobOoboooobooboooood

goboocooooooooon

--—--> | 0000 ---——- > |
Message | —————---- | Own thread

+- -—- -—- -+

| Methods (functions) |

gbooboooboobobooobobooobbobooboobobooooobooooboboboboboboa
ubboobobooooboboooooboooobooboooooboan

3 00000000 bOOo0oboOd LthebO OO

(1) 0000000000 L_theb
0000000000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000000
0000000000000 00000000000000000000000000000000000000
00000

000000000 (000000000000000000000)000000000000000000
000000000000000000 (Proxy) 00000

0000000000 000000000L_thebDODOOOO0O0O0D0000L_theb*00000000000
0000

typedef struct L_thcb L_thcb;
struct L_thcb{
L_thcb * next; //



L4_ThreadId_t  tid; // 1400000 1D

unsigned int isthread: 1; // 00000000

unsigned int ismbox: 1; // 000000000googoo
unsigned int isrbox: 1;

unsigned int islocal: 1; // 00000000

unsigned int islocalnode: 1; // O00O0OO0OO0ODOOOOO --> Proxy
unsigned int isremotenode: 1; // 00O0OOOODODO --> Proxy

unsigned int isactobj:1; /00000000000
unsigned int :1;
unsigned int state:8;
unsigned int :16;

char * name;
int lock;
L_mbox mbox; // 0000000000000 0000000ag
L_replybox replybox; //0000000000000OOO0DOODOOOO
union{
struct{
unsigned int stkbase;
unsigned int stktop;
} thd;
struct{

}proxy;

L_thebOOOOOOOOOODOO

(isthread==1) 000 000000000000 O00O000OO0O0O0OOOOOO0OOOO0OOOOOOO L_thcb.mbox
ubodbuoboobobibodobiodibd L_theb.replybox DU DO DOOONO

000000000 nMdioooooo 400000000000 00L_theb.tidOOOOOODODOO
0000000000 D0OL40000 IDL4_ThreadId_t 00 00L40000000 L4_UserDefinedHandle()
Uboo0obO0dO0OL_thebOOOOOO0ODOO

(isthread==0 00 ismbox==1)000 0000000000000 0OOOOOOOOOOOOOOOOO
gbooboobgoobgooboobobbobbobooboobooboobooobon

(islocal==0)000 UO0O0OU0OO0OOUOOOOOOOUOOOOOOOO ProxyUOOOOOOOOD 40O
IpPCOOOODO

(isremotenode==1) 000 0000000000000 O0000000O00O0 Proxy OOODODOOOOODO
L40IPCONWOOUODOOOUOOOUOUOOOOUOOOOOOOOOM To be implemented)

0000000000040 00000000000000000000000000000L_thebO OO0
00 L4000000000000000L4A_theb.tidOO OO 7L4_ThreadId_t” OO0 O0OODOOOOL4000
OO00OL_theoOOODOODOOUserDefinedHandler( ) OO OOOODOO

J0o00d00D0o0o0oooo0ooDo0L40000000000



-—-0OL_thceb O 4000000000 —==========——————————— - ——

L_thcb OO OO L40000 (uteb)
e + L4_ThreadId_t n---------—-- +

| tid —--|----mmmmmemme o > | |

| | | |

| | | |

| | | |

| |mmmmmm | --UserDefinedHandler
| |

O

(2) Thread ID

L40000000000000000 L4_ThreadId_t0O00OO00D0ODOOL4 _ThreadId_t DOOO0O 8O0
Oprocx OOODOO IDOOO 10000 tidx 00000000000 O0O0O0DOOO0 8000 nodexOOOO
00000000000 6000 verO version0OOOOOOO

(tidx ==0)000000000000 main 00000 (tidxk==1)00000000000000000OO
gooobooogn

L4_ThreadId_t
4= 8=——d—==10-—+-— 8-—+——6-—+
| procx | tidx | nodex| ver | ver>=2
+-—- + + —4————- +

(3) 000000000 L_mbox

typedef struct L_mbox L_mbox;
struct L_mbox{
L_mbuf *mghead, *mqtail;
L_thcb *tghead, *tqtail;

int 1lock;

udooboooobooobooboouobooobooboboooboooobooobo000ob0o00dL_mbuf
U, mghead, mqtail OOOO0O0O0O00OO0O0O00OO

ubobgbdobobobuobuobooboobdgbdobobdobdltghead, tqtailO0OO0O0O40O4OOd
googood

(4) 00000000 L_replybox

typedef struct L_replybox L_replybox;
struct L_replybox{
L_mbuf *mghead, *mqtail;
L4_ThreadId_t receiver;
int lock;



TBD

(6) L_thcbtbl 000D

---00000--- --- ---

extern L_thcb* L_thcbtbl[1024];

L_thcbtbl

R +

[ [o] | L4_thread

I [1] | thcb tid [J--------——- +
| 21 —-l---—---- Sto—mmmmmmmm— + tid | |
I : I | tid |-=———mm - > |
| I I | | |
: : [-—————- | | |
| : | | inst-vars |<-—--——-—-—-—- | |
| I I | UserDefined | |
| | e + o +
| | ActiveObject Handle

Fomm +

[0]; main thread
[1]: mediator thread
[2..]: thread/mbox/replybox or proxy

O000O000L_theb (00D OOOUOODOOOOUODODO)00L _thebtbl 000D OOOOOOOOO

L_thcbtbl[0] OOOOOOOOOODOOOODODOOOODOOO

L_thcbtbl[1] OO0 mediator 000000000 OCOOOCOOOOOOOOOOODODOOODOOOOL4ATIPC
OO000D00000 mediator 0000000000 OMediator 00000000000 DOOOODDOOOOO
gboooooboooooboobooogoobon

("yoooo
-———000000 ===
typedef L4_MsgTag_t L_msgtag;

#define MLABEL (msgtag) ((msgtag) .raw>>18)

#define TID2PROCX(tid) (((tid.raw)>>24) & Oxff)
#define TID2TIDX(tid) (((tid.raw)>>14) & 0x3ff)
#define TID2NODEX (tid) (((tid.raw)>>6) & Oxff)

#define TID2VER(tid) ((tid.raw) & 0x3f)
#define TID2THCB(tid) (L_thcbtbl [TID2TIDX (tid)])
#define A2TIDX(a) TID2TIDX (((L_thcb*)a)->tid)



typedef union {
L4_Word_t raw;
struct {
L4_Word_t u:6;
L4_Word_t t:6;
L4_Word_t  flags:4;
L4_Word_t async:2 ; //0: 0O0OOOOO. 1: O0ODOOOODO, 2: OOOOO
L4_Word_t mlabel:14; //00000000, DOOOCODOODOOOOODO
}X;
} L_MRO;

typedef union {
L4_Word_t raw;
struct {
L4_Word_t ver:6; // Version
L4_Word_t nodex_msgptn:8; // msgptn = nump<<7 + nums<<4 + numi
L4_Word_t tidx:10;
L4_Word_t  procx:8 ; // Num. of int-args
X
} L_MR1;

typedef struct L_mbuf L_mbuf;
struct L_mbuf {
struct L_mbuf * next;
L4_ThreadId_t sender; // 00000000000 00O00000D00DO 1IpOOO

union {
L4 _Msg_t MRs;
struct{
L_MRO mr0;
L_MR1 mri;
}X;
};

gboboobooooboobooboobob twbuf 0O0O0OO0OOOO

enext 100000000 OOODOOOOODOOOOOOO

esender OO0 O0O0OOO0O0OODOOO0OOODOODOOOODOODOOIDOODO

e m0 0 0000000L4000000000000

e mrlJ000O000O0O0ODO0O0OO0O0ODO0O0OOODO0OOMediator 00000 0Dmrl1000000O0OOO

oooooon

-—-00000000000000-mmmmmmmmmmm s = e
MRs Ex. "i2s2"



| next |
e +

| sender | Destination of asynchronous message
| mrO: L_MRO | 0 L400000O0O0O
Fmm o +

| mrl: L_MR1 | 1 00000000000
e +

| (el) | 2
e +

| (e2) | 3
oo +

| (sizel) | 4
T +

| (strl) |

| |
T +

| (size2) |
e +

| (str2) I

| I
e +

5 0000/00000000Do00d
(1) 0o

---0 Signaturel] ~———-—-————————————— -
L_thcb* 1_thread_create(void (*func)(void*), int stksize, void *objarea); //[1]

L_thcb* 1_thread_create_args(void (*func) (void*), int stksize, void *objarea,

int argc, ...); //1[2]
L_thcb* 1_mbox_create(char *name); //1[3]
void 1_thread_setname(char *name); // 4]
void 1_yield(L_thcb *thcb); //15]
// L_tidx 1_proxy_connect(char *name, int nodeid, L4_ThreadId_t mate); // 6]

[1 ] 1_thread_create(func, stksize, objarea) 00000 O00OOO0OODOOOO

o funcUUOUOOOODODODODOOO
e stksize D0 DU DO TODDO (byte)

e objarea U 0D UIDODOOOOO0OODOOOOO0ODODLOODOOOOO0OO0DODLOODOODOnni1
goooogd
OOO0OO0OOfunc( )OO0 10000000000
objarea 000 IDOO0ODOOOOODO free(objarea) 00D OOOOOOO



[2] 00000000 objarea0 I OOODUOODOOOOUDOOONOL thread_create_args(...) 00000

e U00veidxD O OOOODOOOOOOOOOOOOOO
e J10000O00objarea 10 OO
e argcJ00D000O0D0DO0DDOOODOOOOD (DODOODOO

[3 | 1_mbox_create(name) 000000000000 UO0O0OUO0OOOname 0000000000

[4 | 1_thread_setname(name) 000000000 nameO0 000 Oname D000 15bytes 00000000
ooooo

[5 ] 1_yield(thcb) OO0ODOO0OUOOOOOO thebOODOOOOOOODO(theb == nil) J0OO0OO0O0OOO
oooobooooooboon

(2) 0000

---0 Signaturel] ~————-—————————————— -

int 1_thread_kill(L_thcb *thcb); //[1]
void 1_thread_exits(char *exitstr); // 2]
void 1_thread_killall(); //13]
void 1l_thread_exitsall(char *exitstr); //[4]
int 1_proxy_clear(L_thcb *thcb); // 5]
void 1_sleep_ms(unsigned ms); //16]

int 1_stkmarginO(unsigned int stklimit); //[7]

int 1_stkmargin() ; //18]

int 1_myprocx(); //19]

... To Be Described ...

6 UUOOUOoObOObOOOOOO

0000000000000 0DoOOoOOooDog proxy OOOOOO
...... To Be Implemented ......

---U Signaturel] -——————————————— -
L_thcb* 1_thread_bind(char *name, L4_ThreadId_t mate, int attr);
int 1_thread_unbind(L_thcb* thcb);



T Uooooobogood

(1) 0O
O000dooodboobooobobooUodL_thep0 00000000 OOO0OO0OOOOO0ODOOOOL_thecb
gooooooooooa

typedef struct Alpha{ //[1]
L_thcb _a; // L_thcb 000000
char name[16] ;
int age;
int personalld;
} Alpha;

void alphafunc(Alpha *self) //12]

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

Alpha *al;
L4_ThreadId_t tid;

al = (Alpha*)malloc(sizeof (Alpha)); //1[3]

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

1_create_thread(alphafunc, 4096, al); // 4]
// a1000 alpafuncOQ OO0 1 000000 0ODO0O

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

[1]Alpha 0000000000000 0CO0O0O0OOOOOO0DOOOOOODOL_thed _a;000000O

[2 | alphafunc() O Alpha 000000000 D0OO0O0O0O0OODOOOOOD 100000400000 0OO
uboobooboobobooobooboobuobobobouobOOlself->name0000000OOO0OO
oooobooogn
obooobooooboobooooobooooooon

[3|]00000000000O000C0ODODO0UO0OO0OUOOO

[4]000000000C00O00O0 3000000000000 0OOO0O0
1_create_thread(alphafunc, 4096, al);
O000o0o0o0o0oooo0uo0ooo300000000000nil 00000 3000000000000
00000 [2/00 1000000000000



[5|]0000000000001 kill_thread) 00000000000 O0OOOOOOOOOOOOOOO
(2) 0000000000 L40000 IDOOODO

1. 000000000L_theb0DO0O (0D)000000O0DO0O0OOOO0ODOOOODOOUOOODO

2. 000000000004 000000 IDODODOOOOO
L4_ThreadId_t tid = self -> _a.tid;

J.LMyoBJOooooooooobOOooooooboooobooooooobooooboon

=== L_MYOBJ OO OO ====nmmmemmmmmmeemm—cee——— e —————-
#define L_MYOBJ(type)  ((type)L4_UserDefinedHandle())
Ex. Alpha *me;
me = L_MYOBJ(Alphax) ;

4. L_A0BJO 0O00OOOO0OOOOO0OODOOO0OODOOOOODOOOOODOO

-—-0L_AOBJ() OO000-===—==——=——=—————m——m———
#define L_AOBJ(type, tid) ((type)L4_UserDefinedHandleOf(tid))
Ex. Alpha *you;
you = L_AOBJ(Alpha*, tid);

8 Uibbibutbuududu L4 MRsUUOU

oooooooobr400ooooo0ooooooooOooooooboo0r40boboDObO4a0D0DOO0OO
0000 MRsOODOOODOOODODOOODOOODO MRsOODOOOL4_send() OOODOOODOOOODOOO
000000000000 (Ex. L4_wait()OL4_receive()) 000D 0OOODOO0ODOOOODOOOO MRsODO
goooo

obooboooobO0o0obO0b0O0o0b0OdL bt 0000000000000 0O000O0000 L_mboxOODO
oood

ooooDbOoooOooOoobOooooooboooboooO0”"o0”’b0000 MRsODODOOOOOOODODOOO
Lmbuf 0000000000000 O0O00O00DOO0O0O0DOO0O0O0O1_ putarg(), l_getarg() OOOO

---U Signaturel] ~————-————————— -
ol0mbuf 0000000000 Lmbuf 00O0O0O00O0O0O0ODCOO0O nil OOOO0O
LA00000"00"00O00 MRs OOOOO

L_mbuf* 1_putarg(L_mbuf *mbuf, int mlabel, char *fmt, ...); //[1]
Ex. L_mbuf *mbuf;
char bufi[...], buf2[...];
mbuf = 1_putarg(mbuf, 747, "i2s2", el, e2, bufl, lenl, buf2, len2)

int 1_getarg(L_mbuf *mbuf, char *fmt, ...); //[2]
Ex. idint mlabel

int x1, x2;

10



char bufal...], bufbl[...];
int 1lena, 1lenb;
mlabel = 1_getarg(mbuf, "i2s2", &x1, &x2, bufa, &lena, bufb, &lenb)

Oo0oO0O0000 100 mbufd nil 0000 0070000 MRs, mbuf 00 nil 00000000000

gooooooo

1 | 1_putarg(mbuf, mlabel, fmt, ...) 0, 00000000000mlabel0000000O000O0O00O0O mlabel
p g

0000t 0000000000 “MsN”O0000CDOOMNOOOOODODOODODOOO“492s1” 0

sizeof(int) D00 200byte 00000000 OOOOODO

0 001_putarg(mbuf, 747, "i2s2", el, e2, bufl, lenl, buf2, len2) OO mlabeld 7470000
200 900000el,e2) 00200 “"000000000000 byteDOOOODOUOOOOO

[2 | 1_getarg(mbuf, fmt, ...)0,0000000000000

000 mlabel = 1_getarg(mbuf, "i2s2", &x1, &x2, bufa, &lena, bufb, &lenb); DOOODOOO
0000 mlabel DO OOD0DOO%22? 0000 1, 0200000 x1,x200000003004000
0000 bufaO0000OO lena), bufb(OD0O OO lenb) lena, lenb 000 000000000000 OOOO

ooooboooobooboooooooon

9 Timeout

10 DOoooobooood

---0 Signaturel] ~—————————————— -
L_msgtag 1l_sendO(L_thcb *thcb, int msec, L_mbuf *mbuf); //[1]
Ex. L_mbuf *mbuf;
mbuf = 1_putarg(nil, mlabel, "i2s1", el, e2, &buf, sizeof (buf));
msgtag = 1_sendO(thcb, INF, mbuf);

L_msgtag 1l_recvO(L4_ThreadId_t *client, int msec, L_mbuf **mbuf); //[2]
(010000000 L4_ThreadId_t 00001 _replyo() 00000000 DOODODO
L_thcbx O0O0OOOOOOMM

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

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

L_msgtag 1_replyO(L4_ThreadId_t client, L_mbuf *mbuf); //14]

11



Ex. msgtag = 1_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);

[1 ] 1_sendO(thcb, msec, mbuf) 0000000000000 OOOOOOO

e 0100 thebODODOOODDODOO

e 0200 msec JOODDUOUODUUOOUOUINF(=-1)0000000000O000O0OO0O0ODO

e 0300 mbuf00000000O0DOO0O0OONil000000 L400000 “CO”000ODO0O MRs
goooogd

00 M mbuf = 1_putarg(nil, mlabel, "i2s1", el, e2, &buf, sizeof (buf)) ;[
00“0c0”00000 MRsOOUODOOODOOOOOOOOOOO 10000000000 nilOOOOO

Omsgtag = 1_sendO(thcb, INF, mbuf) ;O
O00“00”00000 MRsOOODOOODOOOOO (mbuf==nill000)0 theb OOODODOOOOO

good

[2 ] 1_recvO(&client, msec, &mbufp); 00000000000 OOOO

e ]J000OODUDDOOOOUD 1000000DOL4A_ThreadId_t0O (L_thegx DOOOOOOOOO
OO0000D0 LreplyoO OO0O00DOOOODOOOOODOO

e 1200000000 UUUOOOINF(==-1)0000000000UO0OO0OODOOOOODOO

e 30000000000 ODOOODODDOODODOO 3000 nlOOOO0,0D0D00001L400D0O
O“00”’00000MRsO0DOOOO0OOODOOOO3000nlO0O0OO000OO0O0ODOOOO
ooooooboooooooon

00 Omsgtag = 1_recv(&client, INF, nil);
0o0“0c0”00000 MRsOOODODOODODODOODOOO
n = 1_getarg(nil, "i2s1", &x, &y, &buf2, &sz2);

00 000D00oo0oooooooooooooooooog

3 1 recvfromO(client, msec, &mbuf ) 0000000 client L4_ThreadId_t goooooooood
P

[4 ] 1_replyO(client, mbuf); 00O O 00O client (L4_ThreadId_t 00000000 O0O00)00000O
gooooon

[5 ] 1_callOo(thcb, smsec, rmsec, mbuf) OO0 1_send() O 1l_recvreply) 00D O0UOOOOO

11 DOo0ooooooogd

---0 Signaturel]
L_msgtag 1_asendO(L_thcb *dest, int msec, L_mbuf * mbuf); //[1]
(0200 msec JO0ODOOOOODO1send0O0O00O0ODODOOO
Ex. mbuf = 1_putarg(mbuf, mlabel, " i2s1” , el, e2, &buf, sizeof(buf));
msgtag = 1_asendO(dest, O, mbuf);

12



L_msgtag 1_arecvO(L_thcb =*mbox , int msec, L_mbuf **mbuf) ; //[2]
o OD100mbox O nilOOO0O0O0O0D0O000O0O0O0COOOO0O0OOOOOO0O0ONODON\\
0 nil O0O0O0OOmbox 00000 DOOOO0OOODOOOOOOOOOO

o OO "msec” OO INF (-1) OOO 0.
INF: JO0O0OD0D0ODODODO0O0000OOO
0: 0000 O0OUobDbObObOoooooooooog
o JUUOUO0O0ODODOUUOOODO L_mbuf.sender OO OOO L4_ThreadId_t OO OOOON
Ex. L_mbuf *mbuf;
L4_ThreadId_t client;
mbuf = 1_arecvO(nil, INF, &mbuf); // 0000 O0OO0O0O0O00O0O0OO
mbuf = 1_arecvO(mbox, INF, &mbuf); // mboxUO0OOOOO0DOOOOODOOOO
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 OOODOL_thcbx OOOODODODODO
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]
oc000ODOODOOODOOODOODOODO

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

[1 ] 1_asend0(dest, msec, mbuf); O0dest 0000 000000000000 Omsec 000000 0Ombuf
oooooooboooooo

000 mbuf = 1_putarg(mbuf, mlabel, ‘‘i2s1’’, el, e2, &buf, sizeof(buf)); DO mbuf000
00000000000000 10000000 (00000 mbuf)O

msgtag = 1l_asendO(dest, 0, mbuf); O0mbuf000000000 dest 0000 OOOOOOODOO
ogoooon

[2 | 1_arecvO(mbox, msec, &mbufp); D000 OO0OOOOO0OOOOOO

e 01000 ODOODOOODODOOOODOOODOODOOODOOODODOD 1000 NIODODOOOO
oo0oo0Oob0o0o0oobO0bOooboobob0 100000 Letheb xO0000O00O0O0O

e 12000 02000 (==0)00000000000C0O000O0OOOOOnlOOOO(=0)00
obooooOobooooobooboonog

e 1300000000 DOLOODODLOODOODOODOODODODO

13



e 10I00UDOODOODN L4_ThreadId_t0 00O O0OO0OODOODOOD Umbuf->sender 000
OO000000O0O01areplyQ OOODOOOOODOODOOOO
OO0 Omsgtag = 1_recv(&client, INF, nil);
00 40000 “00”’00000 MRsOOODOOOODOODOOOO
n = 1_getarg(nil, "i2s1", &x, &y, &buf2, &sz2);
00o0000ooooooouooooooooooooooon

[3 ] 1_areplyO(client, mbuf) 0000000 client (L4_ThreadId_t 00000000000 ) O mbufO
gboooboobooogon

[4 | 1_arecvreplyO(rectime, &mbuf, tnum, ...) 000000000000 (Future message) 000000
ggbooobooobuooobboooboooobo...boobboobog.... gobobooogd

[5 ] 1_acallO(dest, recmsec, &mbuf) 001 _asend0() Ja_arecv0() OO OIODOOOOODO

12 OO0O0O0O0O0oggo

(1) 0ooUooOooooooooooo

---0 Signaturel] —~—————————————— -

L_msgtag 1_areplyO(L4_ThreadId_t client, L_mbuf * mbuf); //[3]
o [D10000L4_ThreadId_t 000D OOOO L_thcbx DOODODO
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]

001000(==0) 00D0OO0DOODOOODOOODOOO0ODOO0ODOOODOOOn
('=0) ODOOODODODOODO

O0200: DO000OO000O0D0O0O0DOO00OO00DO000O000O0n

o

(0]

o00O3000TallydOoonOgd
o004...0000 TallyOOOoono
o O00OD0OOO0DOO0ODOO Tallyd OO

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

[1]00000000000 (1_asendO(dest, msec, mbuf) ) 0000000000 D 1000000000
000000000000 0O0OO tally(OO)0O00OOOO

[3 ] 1_areplyO(client, mbuf) 0000000 client (L4_ThreadId_t 0000000000 O) O mbufO
gooobobbooooon

4 | 1_arecvreplyO(rectime, &mbuf, tnum, ...) DO0OD0O0O0OO0O0O0O00O (Future message) 000 O0O0O
ply
000000000000000000000000000¢tally (DOO00OOO0O0OO0O
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e 000000 mlabel 000000 tally 00000000
e Taly 000000000000 tnum O tally 000000000

e (tnum==0)00000tally 0000000000000000000000000
e (tnum!=0)0000n000 tally 0000000 n(n=1,2,..) 0000

[5 ] 1_acallO(dest, recmsec, &mbuf) 001 _asend0() Ja_arecv0() OO OO OOOOODO

(2) 000000000
00000000000000000000000000000000000000000000000000
0000000000000000000000000
000000000000000000 tally(00)00000000000000000000000000
tally 10 00 0000000000000000000000 1000 tallyD00000
00000000000000000000000000000 10000 mlabel000000 tally D00
00001_areply() D00O000000000000000 mlabael 000000 tally 00000000

L_mbuf *mbufl, *mbuf2, mbuf3;

1_putarg(mbufl, label, " i2s2” , tallyl, e2, bufl, lenl, buf2, len2);
// tallyl 00O

1_asend(alpha, INF, mbufl); //alphaOOOOOOODOOOCOODOOOO

1_putarg(mbuf2, label, " i2s1” , tally2, e3, buf3, len3);
// tally2000
1_asend(beta, INF, mbuf2); //betaOUOODOOOOOOOOODOOOD

// 00000000000 000D000  1_arecvreply() OOOODO

k = 1_arecvreply(INF, &mbuf3, 2, tallyl, tally2);
// tallyl 0000 tally2 OOODOOOOCOOOO
// 000000000 n0D00 tally 000000 OO0On OOOO
switch(k){
case 1: 1_getarg(mbuf, " i2" , &x, &y); // tallyl
break;
case 2: 1_getarg(mbuf, " ilsl” , &=z, &ss, &sz); // tally2

(3 Dooooooo

000000000000 0000000 Replybox (L_theb.replybox ) 000D UIODOOOODO Replybox
OO000000O1_arecvreply( ) OOtally 0000000000000 O0O0O0COOOOOOOCOOOOOO
O0000oo0o00o0o0o00oooO0ooooon

e 111 1 1



Client Servert
|msgbox ooo | Imsgbox ooo
| replybox oo | | replybox
| |
| 1_asend( ) | -———————————-—————- >
| | <mmmmmmmmmm e

|
|
| |tally;request-reply |
| 1_arecvreply | maching |

|

| | Non-ordered

13 ODoooooooobooood

O00000000o0o0ooooooooobbobob0D WindowOOOOOOOOOOWindowdOOOOOOO
0000000000000 0000000D00000 WindowOOOOOOOOUOOOOOOOOOO (ActObj)
oood

goboobooboooooboobooooboooooboboooobooo

enum{MOUSE, KEYBD, WINDOW, ....};
typedef struct Window  Window;

Window *wl, *w2, *currentwindow;

//---- 000 ActObj -—-———————————————-
typedef struct{
L4_thcb _a;

int x, y;

{
.iiéﬁéééééég;£; MOUSE, "ib", typ, self->x, self->y, dx, dy);
1_asendO(currentwindow, INF, mbuf); //Current window 00O O0OOODODO
.
Mouse *mouseobj = (Mousex*)malloc(sizeof (Mouse)) ;

1_create_thread(mousefunc, 4096, mouseobj); //000 ActObjO OO

[/ 000000 ActObj ——=—=—==—====——=————=
typedef struct{
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L4_thcb _
char line[128]

a;

} Keyboard;

void keyboardfunc(Keyboard *self )

1_putarg(mbuf, KEYBD, "s1", len, self->line, len);
1_asendO(currentwindow, INF, mbuf); //Current window 00000 O0OO0O

Keyboard *keybdobj = (Keyboard*)malloc(sizeof (Keyboard)) ;
1_create_thread(keyboardfunc, 4096, keybdobj); //00 000 ActObj OO0

//---- Window ActObj ---—-—----————————-
struct Window{

L4_thcb _a;

{
for(;;){
tag = 1_arecv( mbuf) ;
switch (MLABEL (tag)){
KEYBD: // 00000 ActOpj 00000 O0OOODOO
{
char 1line[128];
1_getarg(mbuf, "s1", line, &len); //
}
MOUSE: // 00D ActObjO0000000O0OOODO
{ int e¢i1, x, y, dx, dy;
1_getarg(mbuf, "ib5", &cl, &x, &y, &dx, &dy);
}
}
}
}

wl = (Worker*)malloc(sizeof (Worker));
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1_create_thread(workerfunc, 4096, workerobj); //Window ActObj OO0
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