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} HIZ8)E(S (Inter-process Communication, IPC)

- HIETMERNERL IR T HIZEIE(S

- HIZENEE: BMNESN)ARHEHE | Bt E
HEFZEETEE | FEEEHIER R
- REMNNG: RIEEEEE. ZERin/ikSin. BARE/MRERE
- BERINE— R i i

H IPC call H

IPC return
%
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} /\Emﬁ

Eifiscii: HEXiR
#define BUFFER_SIZE 10

typedef struct {
} item; HEHIEXE, , ZEH10
item buffer[BUFFER_SIZE];
intin=0; o
HERE
int out = 0;
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HEA=E
EHseI: RiEE

while (new_package) {
/* Produce an item */

while (((in + 1) % BUFFER_SIZE)

== out)

SRETEN , KEEEEFT

. [* do nothing -- no free buffers */

buffer[in] = item;
in=(in+1) % BUFFER_SIZE;
} RILEWEEE
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. ELRESCIR: fElgE LEINEER , BEE RS
while (wait_package) {
while (in == out)
; /[ do nothing -- nothing to consum

/l remove an item from the buffer

item = buffer[out];

out = (out + 1) % BUFFER SIZE;
return item; RIEEREGER
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— RI%HESend(message)
— EUGEE Recv(message)
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— 1BidSend/Recviz O TIHEEIE
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) HiEE

. RiEH
while (new_package) { - EIE
/* Produce an item */ while (wait_package) {
while (( (in + 1) % BUFFER_SIZE) Recv(Expressman, Msg);

== out)
; /" nothing, no free buffers */

item = buffer[out];
out = (out + 1) % BUFFER SIZE;

return item;

buffer[in] = item;

in = (in + 1) % BUFFER_SIZE;

Send(XiaoMing, “Package”); }
}

Recv&fHZE , HFlISend&ZiEiH BTk
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) [EBERE(E: AIXBERBREES

RIEE (RER)
while (new_package) { - ERILE(EB)

/* Produce an item */
while (( (in + 1) % BUFFER_SIZE)
== out)
; /" nothing, no free buffers */

- UL EY

buffer[in] = item;

in=(in + 1) % BUFFER_SIZE;

Send(Mailbox, “Package”);
}

IMNBEREIRBEBE AT ARZE LHIXE: | BEEEEIREER
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Recv(Mailbox, Msg);

Recv(Mailbox, Msg);
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+ ATHT , RERIERE:
- REREES (REMER)
- {BR—EBIE—ME (1554 | #sk?

- ERIHIRYSIAN
— Send(A, message, Time-out)
« 81D Time-outfRERIITIEIHLR BEEEIRIER
— P MMFIARYEERTIEIN: @ —BFF ([BE) | OAFF (FFEE)
- EHRHBEEMIEERS LGS
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) REEHERH

- RiEE(RER)

while (new_package) { - EULE(MER)

/* Produce an item */
while (((in = (in + 1) % BUFFER_SIZE)
== out)

; /" nothing, no free buffers */
buffer[in] = item;
in=(in+1) % BUFFER_SIZE; @
if (Send(Mailbox, “Package”,
“15min”) == error)

goto retry;

}

RBERREF GRS 1571 , —EEBIREFX—
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Recv(Mailbox, Msg, Time-out);

FElE (M ER3Y3)

Recv(Mailbox, Msg, Time-out);

IXiTRIE
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SBIEERE , TR
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) Unix EiE

BREUNXFEAZRFAPR EﬁEEH‘Ji&*EI‘EIiEEWEU

i&(Pipe): FIMHIZER—IREEE
— —iRAEE , F—infEll
- BEEREREREELT  BIEE—EEREERE

o« BllF: FAJEWAIARS Is | grep

rtc
=
rtc
=

- os-textbook git:( ) Ls | grep 1ipc

.tex

EBRBREHITEDHXERHARAT (IPADS@SITU )



pipe(fd);
fd[O]; // read side
- BEERSR: fd[1]; // write side

— HEEE , YN XiidpEE

- —NEEBERREEMNEO: — MAaEBA (RIEEEE) , — ;R
S (BEWEEE)

- HEATERE , BIFHR

— ETFUnixBIS AR ER

RIEHAR HEI AR

write() pipe[1]_pi£e[0] read()
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) Unix B8

- Xv6 (Unix V6)/afl: &

RN XE , E

— PERIIMN
RZ MR

K

e )

_ struct pipe {

struct spinlock lock;

char data[PIPESIZE];

ulnt nread;
uint nwrite;
int readopen;
int writeopen;

1

//
//
//

number of bytes read
number of bytes written
read fd 1is still open
write fd is still open
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) Unix Ea

il

- Xv6Afl: EESIHE

int
pipewrite (struct pipe *p, char xaddr, int n)

MERPXEEEH
MREENFE

aggézs ]551EUL»

SVREREERIEHE |
HEBECHEZER

FRPXE EWEER

{

EBRBEBREAFITEDHXESHARET (IPADS@SITU )

int i;

acqulre(&p >lock),
for(i = 0; i < n; i++){

while (p—>nwrite == p->nread + PIPESIZE){ //
— plpewrite—-full
1T (p->readopen —— 0 || proc-SKkilled) !
release (&p—>1lock);
return -1;
}
wakeup (&p->nread) ;
sleep (&p->nwrite, &p->lock); | // pipewrite-sleep
L
p—>data[p->nwrite++ $ PIPESIZE] = addr[i];
}
;  // pipewrite-wakeupl

wakeup (&p—>nread) ;
release (&p—>1lock) ;
return n;
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) Unix Ea

il

- Xv6afl: EiEiERE

int

piperead(struct pipe *p, char xaddr, int n)
{
int i;
_acqguire (&p—>lock);
* EE;*i%a‘Ea while (p—>nread == p->nwrite && p->writeopen){ //
en — plpe—empty
if (proc >killed) {
release (&p—>1lock) ;
Tj'\ 1 uJ\ ’ .
sleep (¢p->nread, &p->lock); // piperead-sleep
1
for(i = 0; i < n; i++){ // piperead-copy
if (p—>nread == p->nwrite)
ﬁ,u\ break;
addr[i] = p->datal[p->nread++ $ PIPESIZE];
1

Qakeup(&p7>nwrite); // piperead-wakeup

release (&p—>1lock) ;
return i;

}
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" R&: Sleep/Wakeupi@E (St

o XveEESLIHUKETTsleepFiwakeupi Nz

«  Xv6FysleepFiwakeup 2L BATHIR B (wait)FIEA]
(notify)HI#/15!

+ {S18(Channel)@FFHIEANAILR
- —MiiE LB sleepizREHCHFHFE—MEEL

- B MHETLUBIS wakeupBESFERMEE _LAUH
el
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) 1 RE: Sleep/Wakeupi&E (Sl

. Xv6l=|=IE|§sIeep§'EiE|,
RS (curproc) PIFE—IichanAY—Ii

$Echaniz & Hsleep _ . —
&+ sepolid sleep (void xchan, struct lock « :
'ﬁ4ﬂﬂgChanneHE%F.//critical_section_begin

curproc->chan = chan //curproc AN 341
curproc->state = SLEEPING

release (1k);

sched () / /W B 3t A2
acqulre(lk)

critical_section_end

] AR 2

2

TESRIHYHEE %uéﬂ
PEZE , AREEZIEMHE | IE=lock VBRGNS

EBRBEBREAFITEDHXESHARET (IPADS@SITU )
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) 1 RE: Sleep/Wakeupi&E (Sl

« Xv6rRfywakupsEI

- EFTERYB RIS Echan LRYHEE | FHIRERMDA] (REIETHN
17)

void wakeup (void xchan) :
//critical section _begin

foreach p in ptablel[]: //ptable W17 lif #4245 4
if p->chan == chan and p->state == 5L ;
p->state = RUNNABLE

//critical_ section_end

BN ERHIELSH |, d08chan
FISE— , IR eNa!T

B RER TS REREGFHRFT (IPADS@SITU )
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(R R FISEIR
- FIEREEDSETOEN

o [A)ER:
- FNBERBRIZEE | BNEEEXYER A HI TR
— ZX K/ oEcHERE
- REEsHFEHEEEE (/A ? )

- REETFRSAMHERIERE

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

41



ST RBERTHE (RS

- iHEAAT: LAERRI G NALRER
— (HIERPRATHIZERRTLUSITIRAGY , BASE L
- XFERSERE GFEE)

- IHSHOHEI: KB + 8B
- KB B—MERERR  BAENBAFRE

. EEMIREENREEST [
gy e 1R HE e
- BYHEE—PIIRESLEE | peps e o b T
£5(100) £8(200)
#iE HiE
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) HEPATIRIBIF

EtE ElE

key = ftok("./msgque”, 11); &ey = ft_Ok( Jmsgque", 11); \
msgid = msgget(key, 0666 msgid = msgget(key, 0666 |
| IPC_CREAT);

| IPC_CREAT); msgrcv(msgid, &message,

message.megg_type =1; sizeof(message), 1, 0):

mSQSfer(msg'd’;&m)essage’ msgctl(msgid, IPC_RMID

sizeof(message), 0); - T |
N /) \NULL), -/
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BT mRBRYERIEE

b 4
L 3
Iéﬂ

IPAFURYZHER

— HAEEFIFO (First-In-First-Out)sgiEss RN
— JBEBAFIBIB N : IBINERNYIES
— BEPRAFIBVEERY : BUAMNEFRELER

- FOVFIRERSEBIEIA: Recv(A, type, message)

KA HOFTIREISE—NER (FIFO)

- REGEMRREAERBER

* Utype NIEEY , MIREIFE—SEE otypeIiEE
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iHSPASI VS. 18

BEXI&LT:

— HEBAF: $ERAVABR S, ISDERIR , JIARERARILER

- BB EErgs

HEE:

BB A

Xia , PEIKRFEDENRE

HOEE

- BiE #E (FhiR)

EE LRYEEHE:

HEMFIENREZA |,
(BRCMBEIIER

- HE: LIRS N RIEETIHRINE

HEREE:

RS X N MR

- HEBAF: FIFO + ETERE1H

— &E&: FIFO

FERBEBREHFITS,HEGSHARET (IPADS@SJTU )

45



)

Lightweight Remote Procedure Call (LRPC)

ZRBEIZS AR (LRPC)
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= Sy A i ST ale =
) UnixidiZEEESNEEE+T+ o EER

. IS

- miE, (55, HERT , HEWE, ESE, BEW, 52
. ERENRRANEENES LS.

— 1B ST REinHESENAE

— FAE: X0 ENETIRESUE Z S EAERNS

— SUERVEE: (ER— NERRISUEE &
C B — AR B

— ZEFimHAEYREIRSmERE | BT ERIERZL (Handler)

— BN BEFNERANR[E]
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) RERTIEFER (LRPC)
+ Lightweight Remote Procedure Call (LRPC)

+ FEREAN TR
- R RS HREE R AR EE

—

R 5

B e N I e o U R i

%
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) I=HIFARR: RESEATRERE

- EHlREIREE PN

+ REREFATHRERFESE , SERZPIRERRETEHE
- BRETHERE Z AT ST S N EXHE

s e e

AP R oz
A= MFB e ®

SCRRAYIEHIRAE iR HAZ A | R B

AEXRHIE
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Fiztelzs: BRAEETERRBB LT

At ARER I HREEIR?
— (PR AU CRIRIEE
- [EFHIARENIRUR QHRRLRGER)

QiNgeir=seE, NRRFINE | AMGRAEHEIENZE

t
D;ﬁ EREHERS T HRAREN LT

ERE ERE
-
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) LN SEIE IURTERERRSC

- KEBDUnixEES , S 3ZAMERE (ZELD)RREN
- ARE -AZ—-HEARE

- ZIEFEN:
— Z: #BUARBRIMEEEM AR (RFES)
— AEIY R 8UEEIEK10x , BIEEIEA10x

APSENEIREZ RzELRRFPE

A& WIERE
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)

HESHNSF=F==

S#t% (Argument stack , [EfjA-stack )
— RENZAT—IILRPCIEETNSCH EiF— 1 A-stack
—  A-stack#ii[E) BT ARSI VA A& HEF A A& H IS F)
- FAREHERFERESHETEIA-stackBlF]
« FEERZEIMNEN

#1174 ( Execution stack , [BFRE-stack )
HESEE
— EEA TR (RELUISESERS - WETHREINHESEFSIS

— LRPCiE#i#iE: BEEFRAISRIRERSF
« FUREARAPASFREESE

EBRBEBREAFITEDHXESHARET (IPADS@SITU )
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ZEIniEiR A EEEEE

?ﬁﬁ@%L*EEJ_LW*ZE | AﬂEvauﬁﬁ
— I HEFE HEAEPAI— MR/ EI (Handler)

Rz ABRSSHR TS B EiF S &tk

Rt RS HEIR T 2 HciFREIAIC S (Linkage record)
— EARICRHEAEMN A REHELIRE]

Rz SENTR LT PImEE | (FA—1HERRIIRITES
~- EEESRET | B EA-stack ZHIMTERE SR IERARLERS
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) BEEixiZEAE: EABREO

l-ll.l\

. IRSSimitiE @ IEMMBRFSIAFT o seppme @ EEREHIEA

service_descriptor = Astack =

register_service(handler_func, &A-
stack, &E-stack); service_connect(service_name);

I* R EUEZRIA-stack */

void handler_func (A-stack, argO,..

arg7) {
ub4 ret; [*arg0—7 NETFRREUE"/
IINETFEsFIA-stack-ERENSEN ipc_call(A-stack, argO0, .. arg7);
I fEEFHE-stack(iIz171% )AL IE
IR[AIEEER
ipc_return (ret); ® FA-stackfIZF 7RIS

} FE1TIRENITIZLE
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© © N o o k~ WD

stz A —IXRERAgE

RIEBSESSEXIRRVIERE | FIEEIIERAIIRS AR
MEISES T IEEICS

MERERHAREA (FTEESHA-stackERF)

S RRAERE B IS i EIEEICR T

BEZIC RN LIRSS PRIR L GUFERELRPCIEMA)
KRR BEHEZERE-stack ITCIBRR{EARYER)
BEBZEMNREIHEE NI RREHIEANE T b

St ==ERR G R R E HER

AR BE 5|22 e 5] Lo 2l D E TP
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) BREREEA: BEREAE

- P
ipc_call(A-stack, argO, .. arg7):
verify _binding(A-stack); //3&1FA-stack IEREE
service_descriptor = get_desc_from_A(A-stack);

FEftRemE: REFEHAER? Y

save_ctx_to_linkage record(); /{RFEABEEEERE R E

save_linkage_record();

I* tﬂ]:ﬁL 'lj(n_»

switch_PT(); /&P
switch_cap_table(); /MEMPREZR
switch_sp(); /HEBA%bE

//LIEIEU}EHF'M( RSImATRE) , MENSHEFR

ctx_restore_with_args (ret);
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FEi= A Wit

+ AT LFERIRD RS HETIEITHE ?

- LRPCHRZHI4EIRuI EEEFHE A M ?

+ AEEZSHENBRT  HESHEREIF?
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ChCore IPC

) CHCORE#IZEIE(S



ChCore#H{Zl8IAE(S

- BEHEREG

- B&RBLRPCHILAEEIRAK
- EEREE
- BEHEAFERAKEHIE
- EFCapability BRIt PRIZ=H]

— USSR EISIRNS] | Capability 55— NAF2 /e

TERARIRHIERR
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void ipc_dispatcher(ipc_msg_t *xipc_msg) {
ut4 ret;
charx data = ipc_get_msg_data(ipc_msg);

void client() {
int server_thread_gap;
tpc_struct_t client_ipc_struct;

// handling ipc accordingly...

ipc_return(ret);

void server() {
/] «us

ipc_register_client(server_thre ap, &client_ipc_struct);

u64 ret = ipc_call(&client_ipc_struct, ipc_msg);
/] «as

ipc_register_server(ipc_dispatcher);

/] e
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u64 sys_ipc_call(u32 conn_cap, ipc_msg_t *xipc_msg)
{
struct ipc_connection *kconn = NULL;
ub4 arg;
int r;
conn = obj_get(current_thread->process, conn_cap, TYPE_CONNECTION);I
;j I‘(;Iessage :;c.)cessing*/ 7_1§I_ZEU_EFE%:{%
o some thing... |pc_mng_§F'J‘£$EEI’\J
 arg = get 5o, vnaddridpe nsg); |- - REP AL R BR S5
read_migrate_to_server(conn, arg); \ O \
HIERIREHA L
BUG("This function should never\n");
t 0; S
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 IPC_return

void sys_ipc_return(u64 ret) {
struct ipc_connection *conn = current_thread->active_conn;

thread_migrate_to_client(conn, ret);

BUG("This function should never\n");
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