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I went forward in time to view alternate futures.
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To see all the possible outcomes
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of the coming conflict.
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How many did we win?
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int x =0, y = 0;

void T1() A

lock(); x = 1; unlock(); lock(); int t = y; unlock(); ZILERNAS

s

void T2() { XxX=0, y=20

lock(); y = 1; unlock(); lock(); int t = x; unlock();

}
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FE-HAE=ERIE

» —PREIMCARIE)RE (FTENFES)

> &7 = FTEIAIES (push into buffer)

> JHER = FTEIHRIES (pop from buffer)

i

> RHPX: FESRIEREIR

B ((( BRBEEGRARTT S REEBRNIES

d

- tBal: () (( BERBAXETT =PTREHENIES: IBETT T3, AREHRBE TR
™, BEXAETT2D

;

vold producel) { printf( ()} | AN ~EFRBFIENIES I EEE A0, LEUEEPX B =N3MIFIE -
Void consumet ) 4 printfialen: (()))2IEEM, RSN EEEHIET, THEE

(((()))) BEIEEN, £ 78R TXT=IEE
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MeEERLEFETHENENL FTEERITITE]: 2IERIZIZ!

Rd 1

void produce() {

wait_until(FESRE < n) {
pEinCR ()
b FEERENHE Rtrivialgy, [EEETF an{asTm
h wait until/Rig
void consume() {
wait_until(FESRE > 0) {

printfe )y
F
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» FFEHEABIdepth < n, AERKREZFPXE=E/, FTH (, FmclER% XS IEM,
S NT A& G BheF15

» JHEBE HixFlidepth > 0, NERWKRERPFXBLE, $TH), FAImcERZFXAIR=ERIM,
ST 2B B hES15

ZEMEARSEN, BARLETSdepthiUisbEo 2IaR XA, MiZFAE

THifRiP, SMEREZSESH, FEREH

o e

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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» MAERIDURIFEER=depth, EHBOEZERFN, XTEHEXTRING?

BT B9readyHtrueliE, depth < n —EholdfJlg? F~—7E! BT B9ready HtruefiE, depth > n —FEholdfylg? f~—7E!
1B24) “mutex_unlock(&lk) ;"#1“if (!ready){” ZIg)8] E+E, B0 “mutex_unlock(&lk);”F1“if (ready){” Z
BedepthE R AINEIEEN 7 . |B]A] gEdepth 24 %&%UE’]éﬁzﬁﬂﬂlT
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);
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Z BR8] R TE Funlock 1 B /R F B FTBEMRFTHL, ABAFNTEZIEunlockiEiR?

> BALEH, BE2=84EE 0]

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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o FRIFRRXMMEREERIN AT EE LR : FAKRIERGREEHTEE

(wait)F M EE (wakeup)
void produce() { void consume(){
while(1) { while(1){
retry: FELrY: e
mutex_lock(&1lk); o Sl mutex_Lloc ;
int ready = (depth < n); IR, MEEmER int ready = {depth = 0);
if (!'ready){ /////// if ('ready) {
mutex unlock(&lk): mutex_unlock(&lk); .
wait (&producer_waiting list); wait(&consumer_waiting_list);
goto retry; " goto retry,
}

phintilir) e

depth——:;

wakeup (&producer_waiting_list);)
mutex unlock(&TKk);

o w bl (L

depth++;

wakeup (&consumer_waiting_list);
mutex_unlock(&lk);
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Intiendl = .0:;
IRt o 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);

TS o) 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);



e % $ 14:'533 %B
) N rin, ‘ ‘ I

?“Zﬂ LI T (4T & (Condition Variable)

° 52 (H

7]\

Xt

|II11

8 BTRCENATRSEHNESR, HAMMAXMRIE

» cond wait(cond t *cv, mutex t *1lk)

- AR ZEIEAMBRIRIKE R T A filk

- BRZEEFHEEL R

- RIREERS & Fracquire the Ik

» cond signal(cond t *cv)

- MREE—SFEFGZ=Ecv LIN— 1 HESLE

- IRRBEEEEEXTFREZTE L, (TATMAME
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Posix X [z B3 BR £X

o IEREI—FE, Posix[EHENE THEMNEAP

#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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FRA1EI T 4T = (Condition Variable)

» FHFTZEEMTHRERIFEISEI:

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 REEE— MU TSR (BEZINERS =
; 4) : BHOME, EISSHRTIENSS
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RETZEHRZBINETE-HEEE|0)D

ZELMEEN! BRUMER: —TEFE, MTEREC, (,, BEEBECFEF—1ZEMbuffer, REEFEET—T

£3E, RFMREEREIRERC,, (BN RCIBT—THEANIGREX, AHTEE 7H8IERIRE, AEC,7THEEREEHANIGRX,
BIEHY, [RRXEZBERErFILLESE Y, #Hix!

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 4 FiRENEEEBTIRASIgnalBAENT%FE, AT EFIZwaitik MaEE
AEZEFREFR, X#tEHansen (or Mesa) 15X

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

mutex unlock(&lk);

« 52718389, Tony Hoarelgh 7 B —FiEX, Bllcond S|gnal$[lcond wait Z [8] 2R FRY,
cond_signal’z FF B R iz 2 2R MREERVTE R, AFHEBC (RAEFHRMEEREFIREIZEBIX
FRET RiRENZsignalziz, SARERFBINFEE—FERLOE) , AtEMEZETTEZBHAGR

X

> IXRIE 7 R MRER 2 A2 PR S 1S5 RYAR T R A 2 IR ITHY |
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Hansen/Mesa VS Hoare

» Hoare1ld X FHIZLIZReT5 £ MR B[R AIE B PREAFRIAR D FE—ERAL, XL
RFMERIE, WMERANXTERRE, EHoareld X FHIL 7 BIHARAR S R 2 EFHAY

» FlttHoareiE X FMEZFEFRMRIEEBS SR, RS program languagefffsi AT
WO, (BEASZIRERSFEATD, ENELDHoarelE X 28 Z:0Y

« fANAYHansen/MesaB ANMRIUEZE M, EEXIEE ([RFENMRIUEZEBA
Y, FTTEREEZR MO E{e#FE)

> [FlttHansen/Mesaz BRIAKER D RARIEAIASLI (B13EPosix. JavafxySignal
RRHRE)

XA MEN DRI AN EREAEZIFE: Butler Lampson (for Hansen/Mesa), Tony Hoare (for Hoare)
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Hansen/MesaiZ ¥ FRIIEHA X

e Hansen/MesaiE X FHIERINE: MEEEFEZXAIMFEES W E, BIFIESR
HALR{FRwhile, MARf, XMENTAZBINEINEE KR Egoto retryfIR A

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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—TEERARITFEHESE?

e FEBMNEIWFETEcond_waitFHFE=cv_p, cond_signalZZfE=cv_c,
MiEZ/E cond waitF& T =cv_c, cond_signal&Z{TEcv ¢

s MIPTFHREAEFENNE? ESRA—1TFE6Es, BOXMNERE:
{

void produce() void consume() {

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

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

it it
peinty (i) PEERETL L))
depth++; depti=——:
cond_signal(&cv); cond_signal(&cv);
mutex_unlock(&1k); mutex_unlock(&1k);

I3 I3
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- REPHNGREK, £ —Pitem 2 ERE— 42, W1C,, 7EC,REYH, P,

BRIBFT—THANRRX, K=

- C BT HENIGRK, EE TR MRS, iXEmRE

=B IREN (ANEER—1TFEFEE)

- MRREBEC,, BATCHNERR, BTEIERT,

IWAANIRFRX, FHZES

=

~J

5, MPR AMREEE, tHAATBRHES

e (FRiREHPXN1) |
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| (depth > 0)
9 cond_wait(&cv, &lk);

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

depth++;

cond_signal(&cv); Hansen/

Mesa & X
e ' (depth < n)
cond_wait(&cv, &lk);

depth—;

. IxIIMREE! HERBREETBET IR
cond_signal(&cv); "“*43251\\‘
>

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

e | (depth > 0)

it (] cond_wait(&cv, &lk);
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o« ZPFRAET @ A1 A SEsignaltB AV iz, ERIRITE RE Z,
BENEEGETE12E EXsHE, B8 ERENIMNE?

> DRIES (FHZ&ZE) © cond broadcast (cond t *cv)

> —/RIREEFTA 2 fzB07], ABEFTRMIEIRIREERN B A= EERMEN S
15, MBLENZIREER), RIEFEZEwhileBHA—RXELHFERESRESR
%, AMISFEMBEEIR], ELtA =M EmE

o PosixhZx

int pthread_cond_broadcast(pthread_cond_t xcv);
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FEEE TNETE-HETBRAR

» {FHcond_broadcastr] LAjEE & 2 B HINAV0)RE (B[4 8E =B &2Im)

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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o« R 7 FEEZESI,

fi|

o« FAHERFURFRIFEZIVPRSUARZEZ=IRIE

o 7Ef{flwait/signal/broadcast I EEIFH B K

SR Mwaithieig EEHEITHTREME (wait within a while loop)

o HNARNFHERNRNFEZT= (FRIE{FHbroadcast)
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» waltflsignal A KRFRIBEIFEEAR, REMRXEERFEEZFINTE
KIE, R AR Awaitfllsignal RKIGEARHITHITH!

« EXITEEG = (V,E), EFVINiTESHSE, (u,v) € EEREITESHu
—EE7EvZBil(happens-before), EIVEERZIufITEER, uflvR8ES
1TH1T, RBNKHIXZR (xBMuZElvEvigiR) NRIUAHITITE
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s [E—TGC (BE—TIERE, BFAMELXF—TE) , A8TTR (K
— 1" 2%12) TR MRE

o VI EESETH EEBvai tES SN 8—Vu e Vst (u,v) € E
iU E AR

s usthiia, IVv € V,st. (u,v) € ERPHv#HITsignal (BB ENEENE
¥eFHbroadcast)
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Y i o ot et Sl Aede N
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. EHEMIEF|0)E, BME
o DHTI)RRBYLGG A —NEEFIRE (DAG)

> E.g. [rod-cutting]: (one cut of length 1) + (solution
for length n — 1)

» 1BIARVE X o] BB R LR

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

. HESMERIE

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

TEREET, BRN\FERITREFOIBERHGINE, RARKRAIT. BESZERLT, BIIAIURATRITARAEXEZ
12, AFEIIMIAFFZ=RBARHEEHZZ 50BN !
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EIEIF: Edit Distance|dsh

s PEMITFNAE, BIEZHEU, BIMN—"TFERRF—TFAEHIDNERMNL (B,

HRAMZ =) TIR?

. - Alm]
o = T.7 A — T as yay =N = -
ZRILEMITFRABAN ... mEIB[1 ... nl&xBE—FINIER Bln] OrB[n]
[ if j =0
J ifi =0
o 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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EIFifF: Edit Distance|d]57

o ZBIBMEUE: ZRdist(l,)) KT AREETTERIMR? 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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— N EEBLE R A R RIRIRITIESS

» (/&) FIBUERAEMNFIRES DL —1T%iE, MAZR—/RIEEMA LEZEHEIEBHNTZE,
X MEAEZIEHIF—TTEE, /XA SRFEINELMTINTENR, MKHIXR, AEA
Mz TRIZAE, Bft1MAready? | REZEZTT (XMEZIZT)

» (HHZHESE) WAENGTHSEMMTITE, TEEREEIMAREZE, SHMFHrIEERER
€, AIUEMTE FM—HtMmAI BOTENZE

void T worker() {
whille (1) 1
consume().run();
+
s

void T scheduler() {
while (!jobs.empty()) {
for (auto j : jobs.find_ready()) {
produce(j);
}
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« B=M2Z1z

- T, &F: FRRIBIFITEN <

> 1), &+ FoERTGHAFTEN >

> 1. 5T TobR1BGAFTEN -

ER: NARRE, FERETNE << f><_ A

s BARR: FHEFXHE=E, RERE="I9]Z

- FTE “<” BUR(4E? FTEN “>” B9FE? FTEN “_” A9FMHE? BRASHIRB S S B hE
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> P(sem t *sem) // P for prolaag (faf =18, #ui@), 5 {Fdecrease/down/wait/acquire

- NRsenfVEAZEHMPEERCS, SFsenfYER—/FIREIBTT
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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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Tl
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%3H 202

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) {

_/\\ =
MEE

P(&empty) ;
brinthls )

V(&Ffull):
= P, VIR(EZBEHEMENEES =B E
WREZEHRE (IG5REX) , BBAXLEN]

SRRETE-HFEE 0]

g

Tl s, AP, VIRIEZBRHNREBELE B IR, WRZ
5 iR,

5 |02l

=3E® B AR & EHY

k

void consume() {
while(1) {
P(&full):
DELAGEG e
V(&empty) ;

ELEREE

XECH Eprintf REZZIZELZERY, PRLAR(0)ER
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sem Tt mutex;
sem_init(sem_t &mutex, 0, 1):
Sem. .t EMPLY:;

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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S€em. t mLEex; _
el s i FHERTF, THEHANRFX
sem_init(sem_t &mutex, 0, 1); AT, T

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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