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void proc_A(void) { void proc B(void) {
lock(A); lock(B);

=S [LT1 Bl —> // T1 BZ)
lock(B); lock(A);
// aFtIX /] IEFX
unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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int empty slot = 5;
int filled slot = ©;

struct cond empty cond; void consumer(void) {
struct lock empty cnt_lock; int cur_msg;
struct cond filled_cond; while(TRUE) {
struct lock filled cnt_lock; lock(&filled_cnt_lock);
while(&filled_slot == 0) {
void producer(void) { cond wait(&filled cond, &filled cnt lock);
int new _msg; }
while(TRUE) { filled slot--;
new_msg = produce_new(); unlock(&filled cnt_lock);
—> lock(&empty cnt_lock);
while(empty slot == 0) { cur_msg = buffer remove safe();
o S b A[s
;—)»cond_walt(&empty_cond, &empty_cnt_lock); S el (ot e Toook empty_ Cn;wockﬁgiﬁ%§7
ity 1ot —> empty slot+s; B A EFHempty_slot
unlock(&empty cnt_lock); cond_signal(&empty_cond);
buffer_add_safe(new_msg); unlock(&empty_cnt_lock);
lock(&filled cnt lock);
filled slot++; consume_msg(cur_msg) ;
cond signal(&filled cond); }
unlock(&Ffilled cnt lock); }
} 6
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struct cond {
struct thread *wait list;

1

void cond wait(struct cond *cond, struct lock *mutex) {

list append(cond->wait list, thread self()); /A\ AAI £
atomic_block_unlock(mutex); // JAFHEHmUE! ﬁ ﬁﬁ hﬁEz%ﬁﬁn \EIJ

lock(mutex); // EFEH3RTS O 781 :L‘j-_i‘i jjT'H_/
}
void cond signal(struct cond *cond) { %Tg’%,: %’T %7*%—4\*}1%
if(!list empty(cond->wait list)) {
wakeup(list remove(cond->wait list));
}
}

void cond broadcast(struct cond *cond) {
while(!list empty(cond->wait list)) {
wakeup(list remove(cond->wait list));

}
) — R MR P F 15 %R
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> ?#759‘:5%1:—'} void proc_A(void) {
lock(A);
=> // T1 Byl
S 3 lock(B);
>’ﬁ§ﬁ§ﬂ£ﬁ%d§ /] EFRX
unlock(B);
unlock(A);
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void proc B(void) {

lock(B);
—> // T1 B
lock(A);
/] TmFIX
unlock(A);
unlock(B);
}
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count++
ORLAE unlock()
éa )
P1 3 ey P2
e void incr_func() =
3 k\ count++
; send_req_to_server(&incr_func)
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TCLocks: 1EHCIEER Ml 128557

eeesssssssss  SUN YAT-SEN UNIVERSITY

Y L L
? L ? L Y
lock() lock() lock()
iR [ AT > (1) Save context ) ! (1) Save context < > (1) Save context )
HRRIEA (2) Join queue (2) Join queue (2) Join queue
(3) Become server (3) Spin (3) Spin
HEARFRF,
o 1
t: thread i
CTX: thread i’ text
: thread i’s contex \ v v

[OSDI23] Ship your Critical Section, Not Your Data: Enabling Transparent Delegation with TCLOCKS 15
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CS: Critical section
t: thread i
CTXi: thread i’s context

[OSDI23] Ship your Critical Section, Not Your Data: Enabling Transparent Delegation with TCLOCKS
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(1) Switch to CTX,
Servery > < Spin
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CS: Critical section
t: thread i
CTX: thread i’s context
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while(true) {
if(trylock(A) == sucC) { // trylockdEFHZE, S7BR[IR [A] BBk Rk M
if(trylock(B) == SUCC) {
// T A XA
T B
unlock(B);
unlock(A);
break;
} else {
unlock(A); // JGiX3RHIB, HARETHA
}
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while(true) {
if(trylock(A) == SUCC) {

if(trylock(B) == SUCC) {
// M FIX AR
el i
unlock(B);
unlock(A);
break;

} else {
unlock(A);

}
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proc_A

BT RR

trylock(A) SUCC

- N

|5

il +

trylock(B) FAIL

unlock(A)

trylock(A) SUCC

trylock(B) FAIL

unlock(A)

IZI=
trylock(B) SuUCC
trylock(A) FAIL

unlock(B)
trylock(B) SuUCC
trylock(A) FAIL

unlock(B)
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void proc_A(void) { void proc B(void) {
g S ) B —_— Ll
lock(A); lock(B);
A Lo
lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);
} }
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void proc_A(void) { void proc B(void) {
e Sl
lock(A); lock(B);
ia = [/

—> lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {
e 2 o
lock(A); lock(B);
A Lo

—> lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {
e 2 o
lock(A); lock(B);
A Lo
lock(B); lock(A);
/] & IX // &I IX

—> unlock(B); unlock(A);
unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {
e Sl
lock(A); lock(B);
ia = [/
lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);

—> unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {
e Sl
lock(A); lock(B);
ia = [/
lock(B); lock(A);
/] & IX // &I IX
unlock(B); unlock(A);

—> unlock(A); unlock(B);

} }
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void proc_A(void) { void proc B(void) {

e s

lock(A); lock(B);

A L)oas

lock(B); lock(A);

/] & IX // &I IX
unlock(B); unlock(A);
unlock(A); unlock(B);
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—> void proc A(void) {

SERRE )

—> void proc B(void) {

lock(A); lock(B);

// T1 BZ // T1 BZ]

lock(B); lock(A);

// EFX // w5t X

unlock(B); unlock(A);

unlock(A); unlock(B);

} }

BIMHENRAEREXE |  BohkARSE R RENRFIREE

5
ARHIR | BERRIER | ARRIR | BRRR  AXRR  BRAR

proc_A 1 1 0 o) 1 1
proc_B 1 1 0 0 1 1
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void proc A(void) {
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—> void proc B(void) {

—> lock(A); lock(B);
// T1 B %l // T1 BZl
lock(B); lock(A);
// EFX // w5t X
unlock(B); unlock(A);
unlock(A); unlock(B);
} }
BN SHIENRAFREKE ENERIRAE REZNRFHE | £RUFRARFRSE
5
AR | BXRAIR | ARRIR | BRRIR | ARRIR | BRFIR | ARAIR | BERTIR
proc_A 1 1 1 o) 0 1
0 1
proc_B 1 1 0 0 1 1
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void proc A(void) {
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—> void proc B(void) {

= =py SRNEEGE
= 11 // T1 W% e s bt
lock(B); lock(A); ASRTIR BERIR
/] EFX /] IEFX
unlock(B); unlock(A); 0 1
unlock(A); unlock(B);
} }
BIMEIENRAHRE | BoltARSE TRENRFNE =RYUMRZREE
57
AZXHEIR | BERIR | ARRIR BXAR  AXHR | BERRF AXRF BXIR
proc_A 1 1 1 o) 0 1
0 1
proc_B 1 1 0 0 1 1
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void proc A(void) {
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—> void proc B(void) {

= =py SRNEEGE
==/ 11 1] L T il e st e st
lock(B); lock(A); AR B
/] I FX // w5t X
unlock(B); unlock(A); 0 0
unlock(A); unlock(B);
} }
BN IR ARKE BN RIRNE AFENRFNE =RUTFARREE
57 s
AZXHEIR | BERIR | ARRIR BXAR  AXHR | BERRF AXRF BXIR
proc_A 1 1 1 o) 0 1
0 1
proc_B 1 1 0 1 1 0
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void proc A(void) {
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—> void proc B(void) {

=) SRIERIE
= 11 // T1 W% St e st
lock(B); lock(A); ASRTIR BERIR
/] EFX /] IEFX
unlock(B); unlock(A); 0 0
unlock(A); unlock(B);
} }
BN IR ARKE BN RIRNE ARENRFNE =RUFERFESE
57
AZXHEIR | BERIR | ARRIR BXAR  AXHR | BERRF AXRF BXIR
proc_A 1 1 1 o) 0 1
0 1
—> | proc_B 1 1 0 1 1 0
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void proc A(void) {
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—> void proc B(void) {

=) SRIERIE
= 11 // T1 W% e s bt
lock(B); lock(A); ASRTIR BERIR
/] EFX /] IEFX
unlock(B); unlock(A); 0 1
unlock(A); unlock(B);
} ¥
B EIENR AR KE BN RIRNE ARENRFNE =RUFERFESE
57
AR | BXRAIR | ARRIR | BRRIR | ARRIR | BRFIR | ARAIR | BERTIR
—> | proc_A 1 1 1 0 0 1
0 1
proc_B 1 1 0 0 1 1
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> proc_AT] SEEH 1T

void proc A(void) {
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—> void proc B(void) {

=) SRIERIE
= 11 // T1 %) e st e st
lock(B); lock(A); ASRTIR BERIR
/] I FX /] IEFIX
unlock(B); unlock(A); 0 0
unlock(A); unlock(B);
} }
BN SHIENRAFREKE EnEREIREE AFENRFNE =RUTFARREE
57 s
AZXHEIR | BERIR | ARRIR BXAR  AXHR | BERRF AXRF BXIR
—> | proc_A 1 1 1 1 0 0
0 1
proc_B 1 1 0 0 1 1
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void proc A(void) {

i
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—> void proc B(void) {

=) SRIERIE
= 11 // T1 W% e s bt
lock(B); lock(A); ASRTIR BERIR
/] EFX /] IEFX
unlock(B); unlock(A); 1 1
unlock(A); unlock(B);
} }
BN IR ARKE BN RIRNE ARENRFNE =RUFERFESE
57
AZXHEIR | BERIR | ARRIR BXAR  AXHR | BERRF AXRF BXIR
—> | proc_A 1 1 0 0 0 0
0 1
proc_B 1 1 0 0 1 1
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void proc A(void) {
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—> void proc B(void) {

=) SRIERIE
= 11 // T1 W% e s bt
lock(B); lock(A); ASRTIR BERIR
/] EFX /] IEFX
unlock(B); unlock(A); 1 1
unlock(A); unlock(B);
} }
BN IR ARKE BN RIRNE ARENRFNE =RUFERFESE
57
AZXHEIR | BERIR | ARRIR BXAR  AXHR | BERRF AXRF BXIR
proc_A 1 1 0 o) 0 0
0 1
—s | proc_B 1 1 0 0 1 1
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> 2259 proc_A, proc_B FHIT5EA,

—> void proc B(void) {

void proc A(void) {

lock(A); lock(B);
—> // T1 %] // T1 BfZ)
lock(B); lock(A);
/] ImFX /] ImFAX
unlock(B); unlock(A);
unlock(A); unlock(B);
} }
BISRENRREKE EoicRIFLE
57
ARZR | BERR | AKRR | BEEAR
—> | proc_A 1 1 0 0
proc_B 1 1 0 o)
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AZERIR BSRHIR
1 1

RFEENRFHNE =RIUNARRNE

AKZFIE  BEZBER  AEXZE | BEARR
0 0
0 1
1 1
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while(true) {
if(trylock(A) == SUCC) {

if(trylock(B) == SUCC) {
// w5 XA
el
unlock(B);
unlock(A);
break;

} else {
unlock(A);

48

}

iz SR ZE /o] g HIL aA 1tk 1+

= B gHiX/=

o A= H-
- =kt

proc_A

i

trylock(A) SUCC

)
)

trylock(B) FAIL

unlock(A)

trylock(A) SUCC

trylock(B) FAIL

unlock(A)

Tl
trylock(B) SuUCC
trylock(A) FAIL
unlock(B)
trylock(B) SuCC
trylock(A) FAIL
unlock(B)
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proc_B
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while(true) {
if(trylock(A) == SUCC) {

if(trylock(B) == SUCC) {
// w5 XA
el
unlock(B);
unlock(A);
break;

} else {
unlock(A);

4

o A= H- A
15F =ink :Eﬁl

proc_A

}

AR BIT/EER

trylock(A) SUCC

)
)

—
Bl
=L

trylock(B) FAIL

trylock(B) SuUCC

unlock(A)

trylock(A) FAIL

trylock(A) SUCC

unlock(B)

trylock(B) FAIL

trylock(B) SuUCC

unlock(A)

trylock(A) SUCC

unlock(B)
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proc_B
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Lock(l) Unlock(l)
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