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I went forward in time to view alternate futures.
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How many did we win?
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int x =0, y = 0;

void T1() {

lock(); x = 1; unlock(); lock(); int t = y; unlock(); FIBIRTS
}
void T2() { XxX=0, y=20
lock(); y = 1; unlock(); lock(); int t = x; unlock();
¥
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» — P REIMCARIERR (FTENFES)

> &7 = FTEIAIES (push into buffer)

> JHER = FTEIGFES (pop from buffer)

i

> RPX: FSHIEREIR

B ((( BHREEERRAR T SAKEEEIES

- tB7l: ((())(( MEREFXEFTT=1TKREBEFENES: —HBET T3, AREEE T
™, BEXET T2

vold producel) { printf( ()} | A AEMENITENES I ESIEN, tEEEPXBT=H30FIR |-
Void consumet ) 4 printfialen: (()))2IEEM, LRNENXEEEHIET, THEEE

(((()))) BEIEEN, £ rEdEZTXS=IEE
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void produce() {
wait until(FESF
pEinCR ()
; FESRERFIE Rtrivialty, [a)FEZEFan{asTm
wait untillRig

i

= NN

}

void consume() {
wait until(IFS3F,
printels ) ) :

it
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=
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» AFEHEABIdepth < n, AERKREZRFPXE=E/, FTH (, FmcER%PXESEIEM,
SN 2 EAMEA T BheS15

HETEIE W depth > 0, NEERESETXAIE, FTH), HTCEREDXIRERIM,

4 T $z7
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BRI B AREN, ENASTRIepthWFINS RIERERS, MLAERHNEP, SULNSSAE, SHREM

[
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int n;
int depth = 0; void consume(){
while(1){
void produce() { retry:
whiletl) int ready = (depth > 0);
retry: if(!ready) goto retry;
int ready.= (depth = n);
if (!'ready) goto retry; prantE) )
depth——;
prIREr(E () +
depth++; ¥
I3
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» MAERDIRIFAZELZ =depth, [EHEIAOEAZRFRY, XTEINEXTHING?

LB Bready AtruefiyiE, depth < n —EholdigNE3? A~—7E! LEBS Bready 9truefyiE, depth > n —FholdfglE? f~—7E !
i’i’j “mutex_unlock(&lk) ;"#“if (!ready){” ZI[g]A] BEfE, 1810 “mutex_unlock(&lk);”"Ffl“if (ready){” 2Z
BedepthE 2 AINEIZEEN T 8] 5] BEdepthi24 %&%UE’J%&%E&T

void produce() { o“;, void consume(){
while(1) { Y while(1){
retry: o retry:

mutex_ lock(&lk);

int ready = (depth < n);

mutex _unlock(&lk);

primef (L)
depth++;
mutex_unlock(&lk);

mutex_ lock(&lk);

int ready = (depth > 0);

mutex _unlock(&lk);

mutex_ lock(&lk);
prinkEr () ):
depth—-;
mutex_unlock(&lk);



Ly B S TiE2= %
?g‘:ﬁff telligent Software and Engincering

FE-

%ﬁl ﬁﬁﬁFI;%El-tz

Z HIRY[a] @FE Tunlock 1 B /R F B FIBEMRFTIN, ABAFATEIZIBunlock#EiR?

> BALEH, EE=AEEE0J-

void produce() { void consume(){
while(1l) A while(1)<
FE R FEErY:
mutex_lock(&lk); mutex_ lock(&lk);
int ready = (depth < n); int ready = (depth > 0);
if (!ready){ if (!ready) {
mutex_unlock(&lk); mutex_unlock(&lk);
goto retny; goto:retry;
} }
prRIREE(T{) prantiii) s ) ;
depth++; depth—-;
mutex_unlock(&lk); mutex_unlock(&lk);
} s
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(wait) ¥ M2 & (wakeup)
vO1ld produce() ! vold cqnsume(){
while(1l) { while(l){
Fekry: Fery:
%utex_lock(&lk); L GRS E mutex_lock(&lk);
int ready = ddepth = n);//////’ 22, o }?t(feadg T édepth > 0);
if (!'ready){ 1 . reaay
mutex_unlock(&1lk); mutex_unlock(&lk); .
wait (&producer_waiting_list): wait (&consumer_waiting_ list);
goto retry; goto retry;
I: Ie
printf(u(n); grl-rt].IF]f(ll)ll);
eptn—,

depth++;
wakeup (&consumer_waiting_list);
mutex_unlock(&lk);

wakeup (&producer_waiting_list);)
mutex unlock(&TKk);
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FE-
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Intiendl = .0:;
IRt end2 = 0:

void produce() {
while(1) {
Ee LRy
mutex_ lock(&lk);
int ready = (depth < n);
if (!ready){
At val = endl;
mutex_unlock(&lk);

futex wait(&cndl, val);

goto: Fetry;
}

o} galinkan il i

depth++;
atomic_add(&cnd2, 1);
futex wake(&cnd2);
mutex unlock(&lk);

55 o) R R R =114

void consume(){
while(1){
e Ry
mutex_lock(&lk);
int ready = (depth > 0);
if (!ready) {
It val = endZ;
mutex unlock(&lk);
futex wait(&cnd2, val);
goEe Fetny:

}

DR Es ()

depth—;
atomic_add(&cndl, 1);
futex wake(&cndl);
mutex_unlock(&lk);
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AL T 54T =(Condition Variable)

. HHTE: BFRCENATFRSSGNEE, LR MAXIRE:

» cond wait(cond t *cv, mutex t *1lk)

- AR ZBIFNARIRIKEZ15 A ik

AR AR TR TR

- EMEEERJ EEFfracquire the Ik

» cond signal(cond t *cv)

- BB MEERGTBov E— MEELTE

- MIRKBEZEEAXTEFEHES L, TAEAME
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Posix ¥y N A& EY

o MEREI—, PosixEI#HHE T HHMNMAYAP

#1include <pthread.h>

pthread cond E CV;
int pthread_cond_init(pthread_cond_t *cv, NULL);
int pthread_cond_destroy(pthread_cond_t *cv);

int pthread cond wait(pthread cond_t *cv, pthread mutex_t sxmutex);
int pthread_cond _signal(pthread_cond t xcv);
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FASEM T KT = (Condition Variable)
s ZET=FM I EXRIERISCIN:

typedef struct condtional_varaible {
unsigned value;

tcond_t; void cond_signal(cond_t xcv)
1
void cond wait(cond t *cv, mutex_ t *x1lk) atomic fetch addiacv->valile, 1):
{ futex wake(&cv—>value);
int val = atomic_load(&cv—>value); ¥

mutex unlock(1lk):
futex wait(&cv->value, val);

fiitay TopkEi) S XEEE— MU TS (BEZHERA =
; 4) : BEEHSEY, EERRSSMENS 2
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ST RRAR FINETE - R E T

ETMBEN! ERATHER: —MEFSE, HONBREC), C,, BEEBRECSE— 1 S=Mbutter, REEFEEF—1
M, WARERSGEC), BRENRCIE—SHAERE, HHRETHEGEE, AECTRREREINERE,
BULE, BRRELIEHIBTULET, HiR!

COND_INIT(

cond ey ip )
COND_INIT()
)

cona bt cyv. ¢

void consumef)

- - -

ke Bl = MUTEX STl ) s while(1) {
. mutex lock(&lk);
void Er%d?ii(% 1 if(!(depth > @)){
while - :
o i ; cond waitil&evie, Skl
if(!(depth < n)){
cond wait(&cv_p, &lk); orintf(")");
I depth——;
| e cond_signal(&cv_p);
printE i ): mutex_unlock(&lk);
depth++; s
cond_signal(&cv_c); 1

mutex unlock(&lk);
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SignalfY B {15 X

o A FROENREREEBTFIARSIgnalBEIE N R, I EIEwaitil MR ER
AEFEFH, XFiEHansen (or Mesa) iEX

- JE[EF: hansen/mesaif X -
cond_signal(&cv_c);--—---""'"'"'"'''''-"__---_'-_-___'_"_“"‘~~-~,§‘7.>
[RF: HoareiE)‘( COnd_Wait(&CV_p, &-l.k);

mutex unlock(&lk);

« 52tBXIHY, Tony Hoaretgi ¥ 5—M1EX, Bllcond Slgnalﬂlcond wait Z [B] 2[R Y,
cond_signaliZ i B i 22 EiEiEr, AEEBCS (REFWMENERIRRLIEEBIX
PHZEZ =iR[EliZsignalzziz, SAERIINBEE—HiEZOE) , RtEMEE T /ZE#HR ALK

1X]

> IXPRIUE 7 R MR ER 2 A2 PR S 15 RVAR T R AF 2 IR ITHY |
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Hansen/Mesa VS Hoare

» Hoareld X ML IZREWSE MER IR AN B A PRERTSRYAR D F A —E AL, X MERH
RFMERIE, UMERNXTIERR, fEHoareld X FHEL 7 BIAVAR RS R 2 EFHAY

> REltHoareilEX FMEZEFEMFRIEE R ZIER, R program languagefiR AL
YO, (BEASZIRERSFEATIGD, ENEELIHoarelE X 28 Z:0Y

» fANZAYHansen/MesaZANFIUELE %, EEXLIMERE (REFEARIESBA
Y, TTEIREEZR ML T #F0E)

> [AlttHansen/MesazE BRI AER D RETEVEAIASEIN (B2FEPosix. JavaAiXySignal
RERE)

XA MEX DRI ATEREAEIES: Butler Lampson (for Hansen/Mesa), Tony Hoare (for Hoare)
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Hansen/MesaiE X FHIEH/S =

« Hansen/MesaiE X FRIEERINEG: MEEEFFEIHFIMFEES HE BNFIESR
AR {FERwhile, TIARIf, XLENTAZRINEINEEREgoto retryBy/R &l

Rule of thumb: cond_wait must always be called within a loop

void consume() {

void produce() { whilell) {
il s sl
e ' while(!(depth > 0)){
while(!({depth < n)){ cond_wait(&cv_c, &lk);
cond_wait(&cv_p, &lk); ) 2 Gy )

}
printf("("); gg;gﬁff.’ !
depth++; : cond_signal(&cv_p);
cond_signal(&cv_c); mutex_unlock(&lk):
mutex unlock(&lk): ! g3 ;

; }
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—TEERAMITFHE=05?

FENESIAETBEcond_waitFZ G E=cv_p, cond_signalZ&Z4FE=cv_c,
MiE /& cond waitF& T =cv_c, cond_signal&Z{ETEcv ¢

TR ETEARTENNE? e85 RA—F4UGT=, B LINERE:

void produce() { void consume() {

while(1) { while(1) {
mutex_ lock(&lk); mutex_ lock(&lk);
while(!(depth < n)){ while(!(depth > 0))+1

cond_wait(&cv, &lk); cond_wait(&cv, &lk);

it it
pEIMELCIN () RELRET ) )
depth++; depth-—-;
cond_signal(&cv); cond_signal(&cv);
mutex_unlock(&1k); mutex_unlock(&1k);

I3 I3
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C1 CZ -

| (depth > 0)
9 cond_wait(&cv, &lk);

| (depth > 0)
e cond_wait(&cv, &lk);

depth++;

cond_signal(&cv); Hansen/

Mesa iEX
| (depth < n)

9 cond_wait(&cv, &lk);

i wﬁf! MR BB
3

e ! (depth > 0)
cond_wait(&cv, &lk);

e | (depth > 0)

it (] cond_wait(&cv, &lk);
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« ZNMESEFSEENITUSIENssignaltBN V%R, BERITEREZ, &
MeE==2B8E X ESTE, BSELEREFNINE?

> AKRIES (FHZ&ZE) ¢ cond broadcast (cond t *cv)

> —/RIREEPTE 2Z32B0 7], APLEFERIERMREZR B ATEERMENAVE
5, MBLEANZIREER, RIEFEZEwhileBIA—XELHFIERERESR
%, MIEFEMBEEIR], RtA= MBS

o PosixhZx

int pthread_cond_broadcast(pthread_cond_t xcv);
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FEEE TNNETE-HETBRAR

» {FHcond_broadcastr] LAjE & 2 By INAVI0)RR  ({E4EE =B 22 Im)

void produce() { void consume() {

while(1) A while(1) A
mutex_lock(&lk); mutex_lock(&lk);
while(!(depth < n)){ while(!(depth > 0))1

cond_wait(&cv, &lk); cond_wait(&cv, &1lk);

i It
pEInEfL ) PELRER () )
depth++; depth—-;
cond _broadcast(&cv); cond _broadcast(&cv);
mutex_unlock(&1k) ; mutex_unlock(&1k);

I3 I3
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FFEZERERZE AN

e [RTFETEN, EEERZENRNTSRERATHESS I ET"TEE "

o« FAHERFURFRIFEZIVRSUARZEZ=RIEF

« TEfflwait/signal/broadcast BJEERFH B [ Hi

o B/ XxMwaithIatg, BEFHITHREKNE (Use a while loop)

. HNFRMEMHERTENSHER (FIEMbroadcast
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ENTERRIRIBR R

» waitMsignalHRIREBZIFEEAN, RBRIEEFREEFIITEM
E, R UARAwaitfllsignal REFIRHRITHITL!

 EXITEEG = (V,E), ERVENITESEHE, (u,v) € FEREIREITESHu
—EEEvZHI(happens-before), EWEERFIuITESER, uflvREER
TH1T, AKX R (BEMuZIvAIEER) NRIAHRTITE
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s VIHIRERHITITENwaitRTERSG: B—1Vu e V,st. (u,v) € ERfu
HER5E

e usthfe, XVv e V,st. (u,v) € ERIvIH {Tsignal(GEEINEENE
¥eFHbroadcast)
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> E.g. [rod-cutting]: (one cut of length 1) + (solution
for length n — 1)

» 1BARVE X o] BB BRI R

., E.g. [rod-cutting]: r, = max (p, +r,_.)
1<i<n

» ITEHIMENE

> Top-down or Bottom-up. (Usually use bottom.—up)

ER%ZET, BIFETREFOAENGINE, AEKRRAIT, BESZEERAT, EINFIAFITRITAE XL
12, RAZFEIIMIAFRHFZSKBIKTHEESZ 25BN !
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s REMITFMAE, BIIEZHEU, BIMN—TFEERF—TFEBHIDNGERMNT (BHIFR.

HAMEHR=1) TE?

s = Aoy yy =N =2 B A[m]
. SRR ITFESEAN ... mEIB[1 ... nls&xlF—3%VIER B(n] or Bln)
i if j=0
J ifi =0
* dist(i,]) = dist(i,j— 1)+ 1
min | dist(i — 1,7) + 1 otherwise

dist(i — 1,j — 1) + I[A[i] = B[/]]

orA[m] EIRE.
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IEF {5l : Edit Distance|o)&h

o ZBHIBVEUE: ZRdist(l,)) I TAREEITTERIR? dist(i — 1), dist(i,j — 1)F
dist(i— 1, —1)

EditDistDP(A[1...m].B[]l...n
fori:=0tom

dist[i,0] ;=1
forj:=0ton

dist[0,]] ;=]

. . ...EH.-- fori:=1 tom

e forj:=1ton
======== delDist .= dist|i- 1,j] + 1

insDist .= dist[i,j- 1]+ 1

subDist .= dist[i - 1,j - 1] + Diff(A[i], B[j])

dist|i, j] := Min(delDist, insDist, subDist)
return dist
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Gy ANEIERST v

iz

25 5R,

E BT THIZRAZ
= FTTH Nt AT AT RV AE

=) = THRITITE,

/
. IS

R 1fE],

void T worker() {
whille (1) 1

consume().run();

void T scheduler() {
while (!jobs.empty()) {
for (auto j
produce(j);

* iobs find teadyii) ] 4

-

SITHESR

AT iz & B BUHE K
MRS, FREXAR,
Xl 2%

R

ERFER]

E, M|
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« B=M%Az

- T, &F: TRRAEHITED <

> 1), &1 TBRIEAFTEN >

L -

- T, BF: FRRAEFRFTED -

. FS: WERES, SEREITHE << fl ><>_ KES

s BARR: FHEFXHE=E, RELRE="I9]:X

- FTE “<” BUSR(E? FTED “>” BOFE? $TEN “ 7 AOSRHE? ARRIASHIRR S5 B S
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=5 &(Semaphores)
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BICCHIRITR1E

E

 FEHT=Z

=iz [F AF R TEIMNIFEFIE

\

2/

> BARRE, BEARENENEKERNEY]

~

« —MEBANEXRMESESE —THETIRIEE E%E*“W‘&”, IANEIRIETNR
FINE, AN maeHmbEE, &0 mmEE

- P ERERRSHES REREESE
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#1include <semaphore.h>

sem_t sem;

int sem_init(sem_t *xsem, int pshared, unsigned int value);
int sem_destroy(sem_t sxsem);

int sem_wait(sem_t xsem);

int sem_post(sem_t xsem);
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void sem wait(sem t *xs) {

mutex_lock(&s—>1lock);

while (s->value <= 0)
cond_wait(&s->cond, &s—>lock);

typedef strict “sem it o
int value;
pthread_cond_t cond;

pthread_mutex_t lock; S—=value—-;

} sem_t; mutex _unlock(&s—>lock);
s

// only one thread can call this

void sem init(sem_t xs, int value) {
s—>value = value; _
cond init(&s—>cond): void sem_post(sem_t *s) {
mutex init(&s—>lock): mutex_lock(&s—>1lock);

1 7 s—>value++:

cond_signal(&s—>cond);
mutex_unlock(&s—>1lock) ;
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sem T sem;
sem init(sem t &sem, 0,
void funcl) &

P(&sem) ;

V(&sem) :
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sem t sem:

int main{int argc, char targvll) { v

//set sem intial value to be X
sem init(sem t &sem, O, '
DEREeat: b

create thread(&c, child);
// walt for thread
P(&sem) ;

do_something();

return 0;

h XRTi%3 2102

voidx childiveid xarg) A
do_something();
V(&sem); // signal here: child is done
return NULL;
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sem_t empty,

sem_init(sem_t &empty, 0, MAX);
sem_t full;

sem_init(sem t &full, 0, 0);

void produce() A
while(1l) <
P(&empty) ;
brinthls )
VISTull):

—TiEER: P, VIRMEZBR#HEFERENESEENERD Y, BELP. VIR EZENRIBESERBHIRIFE, WRZ,
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void consume() {
while(1) {
P(&full):
DELAGEG e
V(&empty) ;

SRR
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sem Tt mutex;
sem init(sem t &mutex, 0, 1): iR, BEFEIERENEE, MATTETH

sem_T empty,;

Sem_init(sem_t &empty, Qr MAX); void consume() {
sem bl while(1) {
sem_init(sem _t &full, 0, 0); P(&mutex) ;
P(&Ffull);
void produce() { consume shared buffer():
while(1) { V(&empty) ;
P(&mutex): V(&mutex):
P(&empty); }
produce_shared_buffer(); }
VESTULEL )

V(&mutex) :
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Sem. t mLEex; _
el s i FHERTF, THANRFX
sem_init(sem_t &mutex, 0, 1); AT,

sem_T empty,;

sem_init(sem_t &empty, 0, MAX); void consume() {
sem_t full: while(1) {
Sefiidipitisen Lo afull, 0, @) P(&Full):
P(&mutex) ;
void produce() { consume_shared_buffer();
while(1l) { V(&mutex) ;
P(&empty) ; V(&empty) ;
P(&mutex) ; }
produce_shared_buffer(); }
V(&mutex);
V(&full);
}
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