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1. S0717|0] A

O 'Lab2 Synchronization'ttH|l= 23 MK =2 A|ZH0| HiZ ‘Lecture Note 4.
Concurrency: Thread and Lock' LIS 7|8t = oF ttA|=, AFEO| 71F0] CHgt
2HASH o8| 7t HRdtio),

55 Atel(Shared resource)0| SA|0| Multi-thread 7} B2 oA & 4L, 3™
Ef(race condition)Ofl BHFX|A EICh JEA = A", @2 (Concurrency)d
M7t Y dstr| Eo s wWete s Halld X o7t Eastot
B3 (Concurrency)0ll= 2 7HX| 8+ ZO| EXfBHCL.

XN OER, AT HiX|(Mutual exclusion)= 27| Y (Critical Section)d| &t &=7H0f
StLEC| Thread Bt E0{ZE &= UEE siF& AO[CH
= B, S7|8kSynchronization)= $ thread 7t Ct2 thread 7t 32 & W7HX]
7ICtEls &=ME EZSt= Aol
Multi-thread &= Thread 7t EE S 75t7| W20 LA FEH(Critical Section)2|
222 H oYst, o 220 isiM &= HiX(Mutual exclusion)E &dH
235510 A™ AEl(race condition)7t LO{LIX| QU= ZE ofjoF SHC},
Data Structure 2+ BST(Binary Search Tree)S O|83}0] HEE
st7| At2FE ALt .JZ?i':d EZ|E 0|835l0] Toist= A=, E2|of o

Thread 7t A0 S0{2t +=E[= ZBR, 4 &Eli(race condition)”7t Z-&otCt

F|EI 0

= 37 NEES EH S7|3KSynchronization)®l #Ho=z HIY £ ULE,
pthread 7|8t  mutex(lock/unlock)E & T30 =ME o
Hf Xl (Mutual exclusion)S E&SIH B’ &El(race condition)E 2=} of
40| iAo e EQIEO|LCE
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M1 M gl C BHA
2. 42 49 9 3= F4A

lab2_sync Lt QtHOj

£ 10351H lab2 bst.cE

lab2_bst_test.c2} include/lab2_sync_types.h2| E22

o| L
AN —
SHSHE YA OB TMHC

B Mutex
Mutex 70| CHSE AFE X|AO] HesiCtn MZ2ist Chsd A2 SFQUCE
Mutex lock2 StLES| Threadft £ d90 M2 & = JYEE = Mutual
Exclusiong S3ll Synchronizationg X&dt= 7| O0|LCt,

Mutex2| £E3& CtS4t ZLC}

K R, mutex® lock2 atomic operations@Z ZtE$ChHE ZO|Ct SELLQ|
ThreadZt mutexE O|&3HAM lockE Al & &%, CtE Thread?t lockg & =+
QiCt (Atomicity) 5 MM, Thread?l locke =2 B, unlock= siF7| TNHX| C}
2 Threade= locke& & = QiCh.(Singularity) Ml M, SILtS| Thread?} lockS of
1, unlockS 87| MIHX| s X|FO| HE2 CPUQ| XS AH|SHK] Q= A

o
7o:l_l_l

Of

O|Ct.(No-Busy Wait) SHX|2t Sleep lock2] CPUE BtLSED, unlockA| 7HO{Lt
X2t Spin locke| %, ZHUE AL QT CPUE AHETHCHBusy Wait). 2 3
7tX|= Sleep locke| B2 Ed& dFot A0[H, Spin locke CPUE Ht
oAl 0 XH2lE AH|BHCt

Ol 7[Z& bonus &M E Spin lock o2
245t T+ WojoF g Zio|ct,
mutexE ALESHE T B4 MOl XT3}

ddotr| il

O -
Aes

-
o
=

ox
4o
=

critical sectionO| short

=
[S)

st
2= PTHREAD_MUTEX_INITIALIZER
sich Z7|3t wols HE x7|3te

£l Ct3ut 20| lab2_bstc It

S|
~

mutex= mutexO]

|

pthread_mutex_tS M Qs

oUct Lals

MeAsl =1, Hx=E X7|3t JUCH
#include <stdio.h>
#include <stdlib.h>
#include <assert.h>

#include
#include

#include

<pthread.h>
<string.h>

"lab2 sync_types.h"

[pthread_mutex_t mutex =

PTHREAD_MUTEX_INITIALIZER4
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B BST(Binary Search Tree)
Ol 1A|= Concurrent Data StructureE PtE= ZA2Z, BST(Binary Search Tree)
£ O|83tULt o7l Eg|BST)2| 7|2 HH2EE left XA LEQ| 0] 2
EHCE O &2 42 7FX|A, right AtA 29| 10| &2 LEHLCE O & 42
7tXl= Ez|o|tt &9 X (Shared resource)= update dt= F£Q BSTE 4o
St E L}

1 =

int lab2_node_print_inorder(lab2_tree *tree)

O] gt treeE 2Ot treel| E7} insert, deletedt= A2 ol =
SH=Ct. £ tree L EE &3|(Traversal)Sle= GA0| S0{7t= BEEOZ, &3 &
Moll= o2 7EX|7F E2XSHX| B 2= 9 T2[(Inorder Traversal)& T2t =
StCt. &9 =2%|(Inorder Traversal)& left->root->rightl| =AE 7+ZICE

root7}b NULLRIX| 2QlS oF 2, NULLO| Otd &2, =E0| A= pE 0|83
leftd] pE Zt2|Z|A Sk, O CHEO root, OFX|BI2 2 rightE 7t2|7| A SHC}.

lab2_tree *lab2_tree_create()

gt Lo treeE EQIE MABYFO| mallocE Sl +2Ml IA7(|THE M2
£ S8 g4 2h=C0) E3H tree->root B 22 X=7|3} SiECt

M0 of 220 UM 2|Z7H0| SARULE. tree rootF=0| NULLO| OFE E%,
mutex/t 227|217t QtE[0] UES B =M/t dZ AES UH[SHAH mutex_init)S
SHM treeF 20 CHSH mutexES =7|3} siF2{ D SISILCE,

lab2_tree *lab2_tree_create() {
lab2 tree *tree = (lab2 tree *)malloc(sizeof(lab2 tree));

I//pthread mutex init(&tree->mutex, NULL); |
tree->root = NULL;
return tree;

}
SHA|ZE Qb ZO0| mutex_init)= SHE 8% 2LF7F YESIGCE I =
£ dMot= B2 mutex_initg SIFE=E i, O|E 0|8 = UZE o}
ULt
lab2_node *lab2_node_create(int key)
gt LHOM nodeE EQIHE MAS] =0 mallocE Sl +ZHLl I7|TtE
HEZlE &5 &Y 2=Ct O, treed mutex_initO] &[0 Y= LEE 0|8
= QEE pthread_mutex_init)E& ZTESI0], == F&9 mutex® NULLE =X7|

ot SHFQUALCE keyOl= OfZHRTZ B2 keyE FO, LIHX| left, right ZQIEH £&£
o] AAM= NULLE X7|3ps|=LCH
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Insert, Remove 220 A= A HY(critical section)0f] CHSHA & metsta, lock,

unlock2 & Faig = UL S 3|jof BHC}

pthread_mutex_lock(), pthread_mutex_unlock() & ZHSHAME= Otz Coarse-
A 5

grained lock2} Fine-grained lockO|A F2i& StH HHZ St== SHZUCE

H Insert
BSTOA| Insert= root =EO|MEE EMZ S insertol= =9 ZtO| oX|
ZHX D Qe LEHCH H 3H right2, 29 M |eft2 insert= Ll

int lab2_node_insert(lab2_tree *tree, lab2_node *new node)

kE ZQHZ M 0, ME22 =58 44 5+ UAEE BHCf lab2_node *k
= lab2_node_create(new_node->key); & 7|0 tree->root7t NULLY 2. M =
EE Mot
gt WOl p, g
g while2 2HOf
pZt NULLO| otd o—r01| WOIM whileE S SHFRUCH st 4 =27t
8%, return oS -12 FUCEL MER E9| keydktO| pll keyat =L} X2 H |eft
2 We{7tA =Tt SHX|2E 2R L E9| keyalOl O 2 &2, right2 Li2{ZtC}
NULLO| =™ insertZ} E|10 LEA B LE2CE

oM kE ZEQIEHZ MOAUSH FO, MER2 =EF g8 HRULCL O|F 0[&3t]
M2 =E7} g9 key ZECH & ZH g2 leftd] =5 insertBtCt. 1 ghof
2 3A & 2, rightd] insertE st=& $HCL

EOIHZ MG F0f, 22 tree->root2t NULLO|EZ $tC},
= q UOIA T2t LR+ ZOIEO|LCL,

locke2 A ¥ (Critical Section)2| HE|E LotLt MEXCZ AHS| F= X0
(t2tA Coarse-grained lockdl Fine-grained lock@ 2 Lt= = RULCL O] 2|7t
T2A5tE insert?t remove F20 AN SL5HAH HE &= AOILCt
Coarse-grained lock2 insert, remove, search 2| ¢4t =0 UAO{A| 2F ALt
Of =% = [, CtE Thread?t H2oIX| ROI=ZE tree THE YA BH(Critical
Section)2 2 7kFSH0] lockS AMBSHEE SiCt

Fine-grained lock2 A ¥ (Critical Section)2| WIS tree ®A|7} Ot Zt
LC HE AdHEY locka AFESIE=E SO}

™ MEl(race condition)S 1, BSTO| AtO| OHMSIA 3ME 4+ YT E

lock/unlocke 22t &SI
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oy

int lab2_node_insert_fg(lab2_tree *tree, lab2_node *new node)
lab2_node_insert £&2| g2t SLSLE A B (Critical Section)2|
LT W2 MHs) Z0{of BiCt

CtS b 20| MEztsto] A PH(Critical Section) F& ¥ FZ E H=Z

lock, unlockS T35 RULE.

cEE

if(new_node->key < g->key) {
Ipthread mutex lock(&g->mutex);] .
q->left = k; Critical Section
[pthread_mutex_unlock(&q->mutex);|

else {
Ipthread mutex lock(&g->mutex);] .
g->right = k; Critical Section
Ipthread mutex unlock(&g->mutex);|

}

d"E7|0| CHE AAEO0| ™2SH | O| M0 treel|l =E0f lock, unlocks 3iF0

A'S HiA|(mutex exclusion)Zt =& EICH
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int lab2_node_insert_cg(lab2_tree *tree, lab2_node *new node)

lab2_node_insert £&2| 22t HEE2 SYLSHAT, whileR0HA =715t
E9| keydtO| treeOf] Y2™ return -12 ol =0, O|M, coarse grained= unlock
= off FOF stCt SFX|0F O] A T|™, lockdt unlockO] 0| SHX| o022 Fz
Ol bugZt &gt = AL

2tA, F=715t2= =27t treedf| 0[0] A2 B2, whileE0|A break®E LI,
if~else if0] 20| SF&[X| XotE2=, &0| O[F0 XX @2 XN, unlockX|A|
EICH

insert_fg2t &2l tree X E LA HH(Critical Section)22 lock, unlocke +
Hsf F=o{of otCt 7| WE20 tree?t AlEXSH= 22t ELt= X|FO| 2
lock, unlock& TFEIRULCL fglt= CHEA QXL &tree->root->mutex/t E L Of
2 80| CtE insert2t=2t CtE F&O0|C}

kthread_mutex lock(&tree- >root->mutex)|
"P= Llce->To0L, A

lab2_node *q = 0;

while(p!=NULL){
q=p;
if((new_node->key) == (p->key)){
break;

}
if((new_node->key)<(p->key)) Critical section
p=p->left;
else
p=p->right;

}

if(new_node->key < q->key)
q->left=k;

else if(new_node->key > q->key)
q->right=k;

v
pthread_mutex_unlock(&tree4>root<>mutex);I
recurn o

CtE2 AAS0| 267 O|H™Of| tree MAMO| lock, unlocke dHF0 Az HYA|

(mutex exclusion)7t & ZH=ICH
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B Remove
BSTOA| Remove= Insert 2 2Lt S&IH, treeE «=2|5tH AN|SHOF St= 4
2 A Al REE AMABICE O X2 treell U= CHE EE CHA|SHFO{OF
oFCt,

_

int lab2_node_remove(lab2_tree *tree, int key)

TreeOf| OFF EX QICHH return -1 & StCt

= ZOE pof treel| rootE ZF|Z|Al St p->key”Zt keyHEL} X2 leftz,
p->keyZ} key=2CF 2™ right2 O|SdtHAM p7t He2{= keyite =EE 712|Z
M7tX| whileZs AASHC O If, g pEll R&2 =EE 712725 while®
of MXBICH

[Ia- k _LI:IZO| Al-x-”]

MAHg LE p7b CHELEEEH 82 L EQ g7t 7t2[7]= pll X[2] child
nodedf2 Null2 HSO0{M EE treeO| A AFK| A|ZICEH

AHE wE p7b BILEQ| RFAIS ZHX|D QoW Ho LT g7t Jt2|F|s po
O|X|E XtAl LEO| QX|Z HZASICH,

- O -

[=7HO] XHAIS ZH= £ AR
ARE £E pZt T XA S A Y2, po| YAF E2| T key/t 7t 2
TEE p=E CHNBICL O|E QIsl ZQIH kE po |AE XHALE X7|3} 64, kE
QREE AR O|FStHM /AZE XA Eg(9 7t 2 U4S ot 7FE|5’|Ef ot
oF po| EF/AA0| RQER XA0| Gl 8%, p->keyE k->keyZ HET =, k-
>left7l EXHSIH p->leftE k->left2 HHYFL, =X SIX| PO, p—>|eft:02§
O BHoF po| AF XpA0] REZR KtAIS 7HE B2, p->keyE k->key2 HATH
2, k->left7t EXYSIH, g->rightE k->left2 HHY =1, EXYSIX| ROH 022 ot
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int lab2_node_remove_fg(lab2_tree *tree, int key)
lab2_node_remove £&22| 2t SLSILE AA P (Critical Section)2| HRAE
e g2 435 F0{0f oiCt.
Cteab 20| MIE3sl0) EB|9] & Z40| HHY L= QA ¥ (Critical Section) £
2 % 52 & HZ |ock, unlocks FSBIALE.

[1HEEE Y ER

if((p->left==NULL)&&(p->right==NULL)){

if(q->lefioop)l
pthread mutex 1ock(&2->mutexzi I
efL -

- > || ; Critical ti
I pthread mutex unlock(&p->mutex); ritical section

else if

; ; Critical section
mutex unlock(&p->mutex);

}

//otHe] RHAE 2= EEY 3R (2EXH4)
if((p->left!=0)&&(p- >rlght__0)){

if(q-> ) {

' Ethread mutex 1ock5&2->mutex2, I

->left ->left ; Critical section
IEthread mutex unLock(&p->mutex);

Critical section

3
pthread_mutex_untLocC p->mutex);

//8HLIS] KA Zte LEQY AQ (QEZXE XA
if((p->left==0)&&(p->right!=0)){
k=p;

if(q-> ==p){
thread mutex 1ock & ->mutex);
-> e t ->r1 ; Critical section

thread mutex unlock(&p >mutex);

&B->mutex2i I

pthread mutex unlock(&p >mutex);

; Critical section
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/1508 RME e LEY B2
else if((p->left!=0)&&(p->right!=0)){
k=p->left;
while(k->right != 0){
q=k;
k=k->right;
}
1f(q==pX

IEthread mutex 1ock(&p->mutex);| ?
p->key = k->Key;

if(k->left!=0)
p->left = k->left; Critical section

else

- =
Ipthread_mutex_unlock(&p->mutex);IwL
Ipthread_mutex_lock(&p->mutex); | ?
p->Key = K->Key;

if(k->left!=0)
q->right = k->left; Critical section

}

else{

else
->ri = 0
thread_mutex_unlock(&p->mutex); I,}

M
}

return 0O;



2 BMH lab2_Synchronization  Er=Cistm AT EQIO{Stt 32177240 LT, 32173478 O|X| 4

int lab2_bst_remove_cg(lab2_tree *tree, int key)
lab2_node_remove =0fA, &02{E= keyatO| treeO| US W, F7H0| return

2 of =0, A ZIH, return™Of| unlock2 3l FOF StEZ lockd} unlockl
®o| XX =Lt O|F #I6H, whileE0|AM keyztO| treed| = M, 4 whileZ
O M breaksty, LEE AHSt= 7 & O if(p->key==key)2te ZHZS FA
keytt2 XXl RS Z2, if20] S0{7IX] 25t HFZ unlockdt returng AlZ!
Ch BFOF key2tOll WSSt =28 A EB ifE &A= S07IM i EE
AHSHA =ICE O] 22 CHE removedts2t CHE FO|CH EDH fgots CHEA
OIXt7} &tree->root->mutex?t EICH,

int lab2_node_remove_cg(lab2_tree *tree, int key) {
// You need to implement lab2_node_remove_cg function.
if(!tree->root)

Ipthread_mutex_lock(&tree->root->mutex);I
— = =>100¢C,

lab2_node*q=0; 1
lab2_node*k=0;

//1EBISe| REREH 7|0 s{iYst= “ENX| EAH 0|
while((p!=NULL) && (p->key != key)){

q=p;

if((p->left == NULL)&&(p->right ==NULL)){
break;

}

if(key<p->key){
if(p->left){

p=p->left;
}
else{
break;
} Critical section

}
else if(key>p->key){
if(p->right){

p=p->right;
}
else{
break;
}
}
}
if(p->key==key){
1

: J
y
Ipthread_mutex_unlock(&tree->root->mutex);I
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B Delete
int lab2_tree_delete(lab2_tree *tree)
trees 2O} tree->root7t NULLO| OtE &R0 UAO0A lab2_node_delete()2| &
=& E9l tree->rootE delete SHZL.
EESH rootE NULLE CHRYUSHD, OMX|LLZ free()E HE2Z|E MY = UEE

[0d, mallocC 2 Stetsl HZE|E SiME 4= YT E sfjF|of st}

Ot

int lab2_node_delete(lab2_node *node)

L EE B0} left7t NULLO| OtY Z2, lab2_node_delete()&t+E Solf left 2t2
deleteE SHHCE righte| B & 0|t &0 SILE,

EESH key, left, rightS 01t NULL, NULLE CHISID, OMX|2LHO 2 free()E HIZZIE
SHAEY = UAEE 510, malloc 2 LHE HE2E HHY = AT siFof o

Ct.
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. =29 2y

W
=]

@ lock O] AS Feet glS 422 =¥ ZAu X0

B lock O] g8 4%

dku-o0s-2020@dkuos2020-VirtualBox:~/2020
00000000000

Segmentation fault (core dumped)

lock 2 T8 FX| ¥, 22 10 ¢ = 2 42 Segmentation
I 2ot A2 =0l g = QUL Ol= &= HiH|(Mutex exclusion)Zt

23 g|X| @0t F7|3HSynchronization)?t | X| Q4Q47| T{ZO|C},

B lock O] RS 4 _mutex AtE

Multi thread single thread BST 1insert experiment

Experiment info
test node : 16006000
test threads ERT
execution time : 1.791173 seconds

BST inorder iteration result
total node count : 10060000

Multi thread coarse-grained BST 1insert experiment

Experiment info
test node : 16006000
test threads : 4
execution time : 2.419921 seconds

BST inorder iteration result
total node count : 10060000

Multi thread fine-grained BST insert experiment

Experiment info
test node : 10006000
test threads : 4
execution time : 0.450845 seconds

BST inorder iteration result
total node count : 10060000
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Multi thread single thread BST delete experiment

Experiment info
test node : 1000000
test threads : 4
execution time : 0.698465 seconds

BST inorder iteration result
total node count : 10006000

Multi thread coarse-grained BST delete experiment

Experiment info
test node : 1000000
test threads : 4
execution time : 1.108632 seconds

BST inorder iteration result
total node count : 1000000

Multi thread fine-grained BST delete experiment

Experiment info
test node : 1000000
test threads : 4
execution time : ©.151048 seconds

BST inorder iteration result
total node count : 10060000

Coarse grained 2t Fine grained 7t 282} A B (critical section)2| HRIE
CEEA EOFFEY lock, unlock & T+oI5HA 2 4%, f1F 20| &80| & E|l=
AE & = UCH

lock, unlock & &3l A HiA|(Mutual exclusion)7t 2&0| E|=2 sl0, Z™
2 Eli(race condition)7t YO{LIX| R=F ot QG Ofof et 57 At&(shared
resource)=0| &7|2k(Synchronization)?t & El HAlo2 HIASID U&= AS

OoOXd&EF A O
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@ lock #+¥ Al, Fine-grained 2} Coarse-grained 2| X}o|o]| 2 ‘d& HJ

CHE2 Fine grained

2|8}, test node 2

Insert

9} Coarse grained 2| X}0|0| [}E Ms HRE 37
cC

W= E2loto 2

.

HE20] gt execution time H|1l (test threads 4)

Aot 21 ¢SS #E2 LIERIC

test node Single thread Coarse grained Fine grained
1000 0.000264 0.000975 0.000380
10000 0.003469 0.009484 0.003175
100000 0.084241 0.170471 0.021049
1000000 1.791173 2.419921 0.450845

Delete F£20] CH$t execution time H| 11

(test thread 4)

test node Single thread Coarse grained Fine grained
1000 0.000108 0.000349 0.000207
10000 0.001142 0.006533 0.000549
100000 0.023841 0.078122 0.010290
1000000 0.698465 1.100632 0.151048
lock 2 d=Hd(Correctness) A Bl H(Concurrency)2 EHSH7| 2/5HH

645|h 7-|o§ é%

T8 Al & (Performance)O| SOFX|A E=ICt

|
Single thread 2| 42, H3M(Concurrency)0| £X| 240} Coarse grained 2Et
L

it 2 X| 2t Fine grained £t

Fine grained

Section)2| &

Fine grained 2|

= xotxE

—

2 Coarse grained HC
MEXMOo=Z RO} o|=

Z0|Lt.

B2, lock o 7H%=7

o
2l As € 5+ ULk

PN
AA FA(Critical Section)2|
L= ?——E—Oﬂ UM LA FH(Critical

orol 3 (Concurrency) &

A et

O"7| 20 ?12| Insert 2t Delete F&2| execution time 2 = M, Fine
grained 2| 27 YEXo=z A|ZHO| W2 7[0f, 45 (Performance)0| @==¢t
A & = UCH

10f H|3l, Coarse grained 2| A2, YA Y(Critical Section)?| HE IA

£0t Fine grained 2L} execution time O] 30, ‘d&(Performance)0| HO{X|=
A2 & = ULCL
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Z=, Fine grained 7} Coarse grained ELC} H3M-d(Concurrency)?t Z0}

A& (Performance)0| 53t S =tolgt 4= QlCt
CESH Fine grained = O thread 7t multi core O|A XYoo=z 230
QoloZ,

7tsoth HE d(parallelism)2 ZZ2H 20| JAOAM FL23H
HHBXNOZ XN2| A, Hs(performance)0| EOIX|A =ICt JH7| IE0 Fine
grained M#H A HY(Critical section)g EZsts EHEES A o}
‘dS(Performance)2 A & = ALt SHX[ZH Ol ZE1HWO| EFSICH=
CHEOl RULCH

Coarse grained = #2| lock & HA F1, YA SF(Critical section)g |
o Z=g0| (7 HX[PH HEH (parallehsm)ol SOrRICh= EHEO|
EN el iy
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@ EEUE 2F7et o2 Y MA|

m ZI EF A, HE Y0 50 (+Deadlock)
insert experiment

Experiment info
test node : 1060000
test threads :t 4
execution time : ©.071006 seconds

BST inorder iteration result :
total node count : 100000

A1 =20 JA0{M Segmentation fault o] 2H= EX| AOLE HE A0

X2 S B S EA E E9, Lt E0] 80| =Lt

1N
>~
==
ot
==
M
_I_
Ot

Multi thread single thread BST 1insert experiment

Experiment info
test node : 100000
test threads : 4
execution time : 0.054817 seconds

BST inorder iteration result :
total node count : 100000

Multi thread coarse-grained BST 1insert experiment

Experiment info
test node : 100000
test threads : 4
execution time : 0.132674 seconds

2 ol A4 HES S 21 40| Lte7|= ST fE dd0l XU,
O[of iz}, off eto| &5 7|Ct2| AL Deadlock O Edg 4 UACH=
AS 05 = AU

AZ7[0| Deadlock Off CHEHAf ZOLEA Z|RULCH Ol= X =& S 'Lecture
Note 5. Concurrency Semaphore and Deadlock'Z} ZEHEl 7| E

0|7|0f Deadlock 2t ZtEHSHAM 7HES HOFERQUALCE

Deadlock 2 2 7§ O|&2| Process 2 Thread 7t M2 EL}7|E 7|CiE|&=
SENOICE Ol= S/ AHREE ALE5SH| MZ0 L4 THCt Deadlock O] E/ddt=
rHc2E A HM, Mutual exclusion 2 3t H0|| 0124 Process / Thread 7t &t
Xrof EZSHK| RoH=F 9F2 40|k & HW, Hold and wait 2 AtAS 7HX[1
U= MEHOAM CHE Process / Thread 7t A& XIS BHHSHI|E 7|CHE| =

|_
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tm AT EQo{stnt 32177240 L&A Rl 32173478 O|X| ¢

AFEHO|CE Ml ®HW, No Preemption 22 O|& CHE Process / Thread 7+ 0|0
Hest XS o X| Z5HA Sh= ZAO|CE Yl ¥M™, Circular Wait 2 Process /
Thread 7t 0| ELZ|1E AL Z|Ci2[CHob OpX[2H 0= XHAIO| L= &0l
El= ZAolCt
AE7] 20 Deadlock 2 ?[2] 4 7tX| =#0| dEHE 8% LdsH, O &
StLtgte ZlSHR] @A St ool ECh 2|h|dt= W2 = Deadlock &

2 M83t0 A2 St'H EICt SHX|EF Deadlock 2 S22 ot7|
A

o] 2315 = 4 QUct.

o
=

-

°
Deadlock Of CHsHAl OtZ 7HE0f| CHot O[S =7t BF3517| W20 CHE F&20
A7t A=K 2 o}7| AZHCE lock / unlock 2 FA XNE|A|, 28 Al &
Z30| #2 &I, olof }2f, mutex lock o EX|7F UCHD H2HZ ML
Lab2_bst_test.c Off 2} single thread L0 coarse grained, fine grained 7t
A2 £3o| =Ct 37| 20 coarse grained F&20|A HEQUZ| 0
LIHX| = Z2{0| QtSHCt 12|5l0] coarse grained £&9| mutex £ 22 AL
HALE

Ol insert_cg 2| tree_root £&0| NULL & Z<?, mutex 7t £7|3} &[X| %2
new_node 2 #= A0 UM A7t HCH 2H7] T{Z0| tree_root FZ0
mutex_init O] £[0] U= MER =EE 495 HCh

AgA 2 8% mutex_init O E|0f /= =EZF S0 7| I{Z0 lock O

Jtsota, HE e 80l LA & 29 = A 22" & AUCL

o



2 HM A lab2_Synchronization  Eh=Cistu AZEQO{Stl 32177240 LT, 32173478 O|X| ¢

oy

et 22 TH0| siZ oLl node_count O 2 42 EO0FA & EF CHA|
ot HaEs HA0| LMIHCE ofof W2l mutex 7t Ee QIXHE =QISHO{OF
O return 240l et AFAS0| A& 7ICt2[A & Che AS =QIWCE 27|
20 e &0 HEes 40| YMHEH Zo|ct

ChS1t 20| coarse grained 2| A2, unlock £22 dtLt O E0{F0 XHAESO
7|ChE|X| R=E SFULCL

while(p != NULL) {
q = p;
if(new_node->key == p->key) {
[pthread_mutex_unlock(&tree->root->mutex);|

return -1;

}

if(new_node->key < p->key) {
p = p->left;

1

else {
p = p->right;

1

, HEE o0 HYSHX| g, £80 H = A

o

SFX| 2k 7|&=9] =& A|ZH0| coarse grained @ fine grained & Hi2 W, lock 1t
unlock = fair StH W= FAHSINOF less bug 7t E LD WL {{F Z0]
+™MS oA 2 ZHL, coarse grained 2| lock O] Wo 2z s =l Z{0| OtL2tE
A0|M 2|27 0| SRUCt Olof JUoME= W42 O of & ERrEe 7|1,
= | Ct2aF 20| =gt

FIt6lH = =27t treedf 0|01 A2 2, whileE0IAl return 42 -

E HA =
12 F= Z40| OtL|2} break® LtA SFRACE 12|31 lockdt unlock® #oz 3
g = UAEE SHFCH
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OpX|2 A a0l AOIM ChAl oF B AYLA 2 L=9| 75 4 E
u]

o
d%(e.g 10 T 7He] BR), killed 7} E[O{H{E2|= 2F7F LAMCE
X&0l= O[0| Deadlock O ot EX7F A= ALUAX| 2|0 SRALCL

Deadlock 2| 4 7}X| &M =0 2}, Mutual exclusion 22 3+ Hoj| of 2
Thread 7} At0| ©Z2SHX| £t & U7 20 HH 2 =9 &

UASE B ASMAM XS HEOV|IE JICE[CE 8EA o] 2=
killed 7} & Z40| Oot2X| dzt= ULt

SHX|OF o|9t mtals

—

SIGKILL = &'

M gdb & =281, thread = S 27t X[t signal

Thread ox7ffff519e700 (LWP 14699) ]
[New Thread ox7ffff499d700 (LWP 14700) ]
[New Thread ox7fffeffff700 (LWP 14701)]
[New Thread ox7fffef7fe700 (LWP 14702)]
[Thread ox7fffef7fe700 (LWP 14702) exited]

[Thread ox7fffeffff700 (LWP 14701) exited]
[Thread ox7ffff499d700 (LWP 14700) exited]
[Thread ox7ffff519e700 (LWP 14699) exited]

Program terminated with signal SIGKILL, Killed.

The program no longer exists.

(gdb)
dmesg | grep -E -i -B100 ‘killed process'& &3l 27| &2 =QIMC}
[49986.636616] Out of memory: 9785 (lab2z bst) total-wvm:3213896kB,

anon-rss:3118340kB, file-rss:0kB, shmem-rss:0kB

Out Of Memory killer(OOM killen2 HZ22|7} 5% 42, & ZZNAE
ZHZ Z=2 A7l A o|ct MH| Physical H22|2Ct 2 Z2IAWS 15
8%, (OverCommit & HZ2|0f ANZ F) H22[7F ZX2t Out Of
Memory 7} 2Hlst Z40|Ct SEX|2F OOM killer = B2 2|0 LA badness 2
task £ kill 2 SiFH goodness ot &EfE TtEE Z0| Z8HO0|7| U{Z0f LiE
A2 OfLLCt.

ojof mezt, & 7tXE M5t GUCt ZQIHE MU= Z=7|2 A[7|X| @Ot ZH|7t
= UACt= A ZE WOl AR El ZQIE7ZE EXE HEZ2l SFQ
HtetSHO] Physical M2 2|2 8 ELCH RII}F k[= o20| Ldst

-
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A
0 E R E1% AE Al St Fa0| Moo AN FolE 7|28 g0

—
A, ZOIEHO| =7|=to| SR-dS LHYRULY.

>

0



2GM A lab2_Synchronization  EH=CH

ok

bl AT EQOo{Sa 32177240 LIS Zl 32173478 O| X[

4. Discussion

®
fot
1o
of
Iz

ikl
r
r2
-
Ral
Mo
e,
rir

p

1g0|7| 20| slolE AR AW 4 U wot

o - O
O R7IMOE MEO| AZE 23 PO woiR'S

rok ofm mjo
O}
0t = ox
2 x N
Mo Hu ot
it no 1o @
o
_O'_|- -
A ;ig:f
o>
o
o o4 L
rir
02
fot
o O
oy
:Io
|
|
10)
im
s
om
mjo
om M
Of
2
Mo
2
b
2
=

Ok
=]

M

s
2

@ Git

GitHub Desktopg =E& L{0O| HX|8}0] Visual Studio CodeQt HZABIAEL
Ct SEENA 23t ZEE Visual Studio CodeO|A £2{2 O A £
LICt. Visual Studio CodeOlA =HEot RE2&8 FEF0HAM X =Y

—
s 2F7H & 8%, =es 5t RERMHAM =3

il

T AT aN o
22
o I

2 o
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o
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o
ls
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e

=2 =
sk, gitdl commit@ S0l repositorydll pushE St= 1Hd

mo ro oF
2 oA
>

rC 4o

® 7 FHO| U0iM oMY Wit TEHES o0 L7 H
Lhgz

Me XA2FE A|ZH| ZHEQAE BSTE 7|8HO 2 inorder, node®} treeOf CHSH
create, insert £ 22 TAJSLICE Xtm F A|ZHY| BHE0 EF0| A7| O
=0 70| #[2 Ao|2tn MZtg HJASLICE SHX|B C++2 FAEZ WA
E0] CROZ HiRt=0 UOM A|ZHO| AFESLICE 7| WE0of| BSTO|
Cist ZHES CHAl & ANl S T+iZ Olsfis Lt
&L o

F HME, lock 7210 UMM X Z0= Coarse grained2l Fine grained2|
lockS| HP| XO[ZHE M2StD Jlock 7S E A ZESLCLH SHXTH Chedl
lockS| ®IX[E CHEZ| siFe A2 E HX| Qe A2 CHA| ot ¥ 2F

4

£ SolAM MERUASUCE mutexO|] OSHA B2 H2E HOIEL, Critical
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|7HX] S0{ZiLE Zol5t= WEHE o2 SRS L SEX| Tt
Lo EMIAsUHCH 2RE A0 A 2 4% A
7] HELLCE Ol T30 AO0M FHEHSZ HZEH I

t5H0| £|0] H & & LICH Segmentation fault?t & A2, gdbS 2012
HtEELCH o 222 {7 OHE R&20 27 E 0E =
E MEQ 220 ANM CHA| oF H 22 3 LR E
= UAEE 5i0f oiCt= AE =ZSL O

— =
= Zoto] AoME= MZ0| coarse grained?t locks TOFF

rE

b
X717¢
2ok}

N
i

=l

o
In oA
OF W mo

[ S ) | 1 [ )
N
ofm

wt rrorr 0
pOL]
o H

A= = A
7} fine grained 2CF 7| {E0f Performance®! execute timeO| & 2 Z O
2t 2E HUASLICH SHEX|TE Of= JHE0| CHSE Olsi7t & UL, =
Ao Cheh HlW 243t JiES ChA| ISty HEZ2 2 5= JAYUSUCL F
AA F(Critical section)g E2st= 222 A &0} ds(Performance)=
Z7 St= 40| ELt= AS MWEUASUC

AEE 2AHSHA oA f2 A &0t Of¢|20| H&EL L ZEXHETL &
Ltn, AZHE 7HY O &HSHA Fodg St gitd] 23 od L Ch ZE F
o0 QST 270 AN FEE HOIEE sHE FQsiCta W23
SLCE OpX|2H0f OOM killere] MO AN M= AlZtE 74X  ZHOLE Of
U drz 270 et F28 245k= ALt o[of Cist HEE 2ot
BHe A 7K H BE AS Lote IHEE 7IRE A 25U

Rt lab12CH 20N 2HY AN M
ot 71E =80 82 559+, B2 dEES HOotEJ(XSLCL O™ 7|0
Olt 20| EIME Zde = 0 2 XAZ0| Fe|7t HE A 254
C,

Ol MME SshM =Y AlZto] B2 7HE ook AT HE&Z SoliA
2012 o7t H2 A2 YgASLCE FAECE B} 21 AFS SN
M7zt siae = gl AS0| it #Fs 2252 EAFMM B2 =20
HE A ZELCH CHAl oF | B ZEMEQ| AF0 Z241 M3E0l &
2edE =245

o] X| &1

oM ZHEUE BSTE #, Ef| L= AMFE=9l

Al 2 [ESLICE O] I, c++2

T MO A, lockdt c20{e] EMEZ 125ty X LYESt= 0| =3 022
U b &

F&20| VA bstf =S CHA| SFotd X
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CHot Hi2 HelolM Folote{d =HASLICH
s

bst_test.cef=2t H|W3t0 ZtzRAZ|E O[SHStLD bstc WFO| 2F RS
bst_test.c?t M50 FHSIASLICE LFEE AXWP-T'— Ao AKX T,
2 =5 428 SX0| X AJXEHCE 12 O|FE lock & unlocke| & 0| S

o P

K| S4O0tM QI WO =2 TEHSHO, lockit unlockel 75?2 HHFT| R ZEE
MMELICH £ coarse grainedF=20A ®O| SHX| 4%=0, O O|F
74Ol returnSt® A unlock2 A2 of F7| M{E0|2tn M2iz|of M4

= 0|
whileE= HOILIA unlocks o 7| 2E returng T Sl F +EE Y

Ct. O Z1}, coarse grained®t fine graind?| §d2 & %31, 20tk OS o
H5HA CHHIEO] LHEFE S & & UAJUSLLE O|F Sl 2= (X0 Cheh
TRYE A =ASUCL oK OtRlE 2 +=E o8 SZH0| 2tkl= A

O] Of% CQtEtZ7tE D, OFFE| AXNEIE ZERZ|0l= O[&0] gie A ZOtM,
physical memory2| £ZF¢l Zde=z 40| ELCL =20 o] 222 =S
St= Z0] O at7|0jM S HE 10 USL|CH

S lockT o2 StHAM Bt LHEO|A critical sectionOff CHH &2|7F Of<
gAM sttt AS A IS g WHEOM critical sectiong HX &
St L, lockdtIl unlockO| E|X| %A =™ segmentation faultZ} Z45t=
427t 0|2 BRASLCE M otx Y pdfotdsS CHA| EEHA bstoﬂﬁ
locke & d8lj0F St critical section®| CHSt -?—la M2 CrA| mpefsta
AXt&AH| A ZHEOM lock& unlockS EHASHA sz Z40] BHO|ASL
Ct. 0|2 &3l lockdt unlockE ToSIHM s CHAE S&stHAM TXEQ
thread?| sZ0| Ot dRe| =8 12{8of otCt= A2 LA E[YSLCH

A

> rOF o

AL FHZMO|M ZHED] countE =E2{7HEHA I:I|Il._ E ™ single thread®
S| multi-thread 2CF =2l A2 oA, HaAHo| st 5248
DA =}, coarse-grained 2Lt fine-grained7t =& $E7f W HEA L
EtLEM locko| IO Ciot S2dS LA =[ASLCh
2| QN LTl skl HAStHM K7 EEUE 220 CHoHA B
Of =20| &A1, LRE si&st= UM FEE BO| Xot FHMM E2
O ROl T A Z&UCH dg(a ol FES0| UE2 MER HE
SO0 =20 ZEY I =20| Bo| & Z &&LCh
O Qo= w==E Zo|et ItA| sHES CHA| EFHA lock RO UM S
al 0]

o
= CHAl mpepstd, st& it 40| 7t =80 ol & A Z5LICh

o LAl

T == !

Ir o

o
-



