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Makefile incl lab2_bonus.c 1lab2_bonus_test.c 1lab2_bst.c lab2_bst _test.c 1lab2_example.c
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A. Race Condition

29 H U S| Race Condition, Critical Section % 0|S ©2t7| 2|st
CiYst 7|HE =X|5ICt 2aNoME 1% SRl mutex & Sdll Race
Condition %

AbStS ol Aol 2Lt 2k Critical Section & Race Condition 0 CH$t
=|

o
= SO0ED mutex 2 2 OfAE Solfl TS| A8 YHS

1. Critical Section & Race Condition

Race Condition 0|2t & O|49| YH L XZE0| FZA0f OFOXN, ZEIHO|
A0 48, ZEQ| =M oESIY SESHA E|ojHEZ|= A4S 20i5ts A0|H,
SAIH =z o, ]It EE 22 Critical Section 0|2t $CE  Race
condition & 12{s{{OF st= MO Z Multi-thread 7} ULt Multi-thread application 2
O™ HEfZE thread 7H0| BEE S/St= A0| ERSIC} Thread 7+ 0] = thread 7}
AAS A=ZMA, 0{= thread 7+ Of 2 ME S3RE € =k AeH,
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s
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2. Synchronization Primitives

Race Conditon & ©X|3}l7| Q[siA{= Critical Section Off CHal $HHO| Lo &
= ZZ 59 AMO| $HE=E HE 8 FO{OF Sl O|F Mutual Exclusion
Z|olgtn otck olz{sh 7|0 7|22 Z atomic operation spinlock, semaphore,
mutex 50| A0, 0|F &4 EE 3+ 2l420 st IS 3“'"01| ot thread 2

o O
Mok, oy 2laa0 RBE Yol 2RE|7| ™| CHE HYOl AR =X

5

%7 Mutual Exclusion & HEEEOZM, Race Condition & ®X| & = UCt O
Liot7t 39 Xtelo| TSt reader, writer TZEO|A writer Of CHSHAME=  Mutual
Exclusion & HE735t3 reader O CHSHA reader 7|2] SA[0| HZO| 7hsStE
writer 7t =X SHCHH Mutual Exclusion 22 S25H= read/write spinlock ,read/write
semaphore 0| U2, Multi-thread 2 Z0M EF MW =ME BT df

o
ZF0{0F & [, condition variable, barrier S0| At ZICt
i. Mutex lock

Mutex lock 2 2t H0] ot thread B8 57 code Y0 H2 & F= JUEE =
Mutual Exclusion 2 &3l Synchronization 2 &5
o
=

b 7
23t thread £ lock = 253t thread 7t &Y€ S EW, lock & gtgt g [77LX|
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CH7|8tAH =ICH Mutex lock & O|8317] QM= i MO Xx7|3}, =HDH
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o
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g5 ALESIOOF oLt HE AtRO| Ofefet #2

OAE ZeotRALE.

» mutex OA| I,

1=
|X[0 mutex AR Q|

fs-lecture@fslecture-VirtualBox:~/DKU_0S_LAB/lab2_sync$ 1s
Makefile include lab2_bonus.c 1lab2_bonus_test.c 1lab2_bst.c lab2_bst_test.c | Lab2_example.c

?l OE2 mutex OA| TS| fIX|E EOFELL lab2_example.c &A I
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/* static initialization of mutex */
pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;
int shared_variable=0;

static void* add_shared_variable(void *arg){

thread_arg *th_arg = (thread_arg*)arg;
int num_iterations = th_arg->num_1iterations;
int is_sync = th_arg->is_sync;
int i=0;
if(is_sync){
for(i=0; 1 < num_1iterations ;i++){
/* Acquiring lock for critical section */
pthread_mutex_lock(&mutex);
/* Critical Section */
shared_variable++;
pthread_mutex_unlock(&mutex);
/* Release lock for critical section */
}
}else{
for(i=0; 1 < num_iterations ;i++){
shared_variable++;
}
}
}
int mutex_test(int num_threads, int num_iterations,int is_sync)

pthread_t *pthreads = NULL;
int res=LAB2_ERROR, 1i;

long double result= 0.
thread_arg arg;
arg.is_sync = is_sync;
arg.num_iterations = num_iterations;

CH

pthreads = (pthread_t*)malloc(sizeof(pthread_t)*num_threads);
memset(pthreads, 0x0, sizeof(pthread_t) * num_threads);

for(i =0 ; 1 < num_threads; i++){
/* Create thread */
res = pthread_create(&pthreads[i], NULL, add_shared_variable,(void*)&arg)
if(res == LAB2_ERROR){
printf(" Error: _perf_metadata - pthread_create error \n");
goto TEST_ERROR;

}

for(L =0 ; 1 < num_threads ; i++){
/* wait until working threads complete their job */
pthread_join(pthreads[i], NULL);

}

print_result(num_threads, num_iterations, is_sync);

return LAB2_SUCCESS;
TEST_ERROR:
free(pthreads);
return LABZ2_ERROR;
}
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?l A2 lab2_example.c LtS| Fo IL FFO0|H, WMHE Foist=H|

[ |
U0y X2 Z MESCH Y ZE= num_threads?| =Tt & threadS
A

MAStH, Z thread= num_jteration Bt BHSSIH shared variable O|2t=
HEE FIMA|7|& HAE =d5t= ZEO|L}
. x|

o RSOME seHT ZOM ME W0l muexs HHO Ywoz
£7|3} siQict xo|glole ®A xu|stet SX x7|evt Ack HE =

AN
7|3tE mutex HEE 22 20| PTHREAD_MUTEX_INIT & Edf =7|

g ot
S8 Z7|st= list, tree St Z0| heap Y IHo=z WYdH=
mutex S 7|2t U] ALESHH of2fet 22 28 ALESHY =7[3t

pthread mutex_init(pthread mutex t *mutex, const pthread mutexattr t

*attr)

 critical sectionOf| Ci$t lock &7

AEME 68H EO0|A thread?t critical section®! shared_variable
S7tA 7= 8220 =3817| ® pthread_mutex_lockg& =S 3| lock
HEE SIQULCt pthread_mutex_lock &~& Sdll 0[O0 CtE thread”}
critical section0| TSI =& TL &%, X thread= locks TA|

ROt 7| 5kO{0F oLt

40

mjo ru|o

 critical section O CH%t lock 27|

rm

 AENME 738 EO|A critical sections =3t thread?t TR
locke® & = UZF SIRACL OF &3l locks 7|tz UAE Lt

thread= critical section O X & £~ QUCtH

rl

Embedded System Lab. M



» mutex O|A| ot Ao

* # make lab2_example

fs-lecture@fslecture-VirtualBox:~/DKU_0S_LAB/lab2_sync$ make lab2_example

Compilingi lab2_sync lab2_example.c ...

gcc -c -g -I/home/fs-lecture/DKU_OS_LAB/lab2_sync/include/ -o lab2_example.o lab2_example.c

gcc -o lab2_example lab2_example.o -lpthread

fs-lecture@fslecture-VirtualBox:~/DKU_OS_LAB/lab2_sync$ ls

Makefile 1include 1lab2_bonus.c 1ab2_bonus_test.c 1lab2_bst.c 1lab2_bst_test.c lab2_example.c 1lab2_example.o

Q @ Z0| make lab2_example HZTOE Sof ALY A
lab2_example.c 2| A& LAQI Jab2_example O| “8-dECt.
> mutex OfA] o Al
e # ./lab2_example —t 4 —i 1000000 —s o
e #./lab2_example -t 4 —i 1000000 —s m

fs-lecture@fslecture-VirtualBox:~/DKU_0S_LAB/lab2_syncS ./lab2_example

Usage for ./lab2_example :
-t: num thread, must be bigger than 0 ( e.g. 4 )
-i: iteration count, must be bigger than @ ( e.g. 100000 )
-s: sync mode setting ( e.g. m : pthread mutex , o : original )

Example :
#sudo ./lab2_example -t 4 -1 1000000 -s o
#sudo ./lab2_example -t 4 -1 1000600 -s m

[o]

22 lab2_example &% MU= t, i, s FHNE FO AL £+

of
o 2 %ﬁEI 9I'I'IE otZfier ZLt. sME FXA @1 2ASHA /AL
=

o 39
=

¢t (thread) : critical section & SA[O] =% & thread 2| /& 473

ohC.

i (iteration) : critical section Of|A{ shared_variable 2 S7tA|7|= ¢
AE s Y 3I=E 2ot

« s (sync mode) : critical section & & & @S 4oL o B 4

N & AL mutex £ AFRSIX| %1 critical section & 2=3BHH, m
=2
o

o2 MY T AL critical section®] =0 mutexS At

fs-lecture@fslecture-virtualBox:~/DKU_0S_LAB/lab2_sync$ ./lab2_example -t 4 -1 1880 -5 o

Experiment info

num_threads H
num_iterations : 1e0e
experiment type : original(race condition)

Experiment result :

expected result 1 4800
result t 4000
5
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Q| AE critical sectiong 4712| threadZt SA|0f|
O M shared_variableOf| C{3sH 1000 2| 57t ALS
SHX| A=s st =d Zu0|C} 4742Q| thread”t

7t 42 1000
7:

I
o

condition0| 245104

ol g = UXK| 2A8| race condition & 2

A

& ALt

, =S A 40000 2 Ho=Z oA

2 | =|0] race conditionO| ZAids}X]|
AU +3sto] ZntE =0l o EH,
ZADt7k 4000 O] ot Ct2 Zupyt H¥EE AS

S =olst| g e

+3SIH, critical section

TSI, mutexS AHE

2+Zt =
[S)

2747 shared_variable

—

.
o
=

—

Experiment info
num_threads i 4
num_iterations : 1000000
experiment type : original({race condition)

Experiment result :

fs-lecture@fslecture-virtualBox:~/DKU_05_LAB/lab2_sync$ ./lab2_example -t 4 -1 1000060 -s o

expected result : 4000000

result : 1518380
Ql O critical sectiong 472 thread?t SA|0f =3SIH, critical section
OlM shared_variableO| CH3{ 1000000 3| &7t HALE $&BIH, mutexS
ALESHA| & A7 =& ZANo|Ct of et Zut= 4000000 OfX|TH, A
Ml shared variable & E2$t Zt= 1518380 O] L2 HES 2ol & 4+ QU
on ¥ motct 3 ZAn7E O|F Sl lockE AMBSHA| B2 EL,
critical section Off CH3H race conditionO| ZSHAH Z[0f A3 A| OFCH Znp7t
getils AS o g = UL
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B. BST with Coarse-grained Lock & Fine-grained lock

Race Condition CERE HS5}7| 2IsfA= Critical Section Ife}stn o=
HENMX| Lock & 8ol Bz & AAX| Z¥st= Zi0| ZastH o[ 2t
ds0l 3A FErE = Ark 2 I4H|o|A = Race Condition & dZst7| 23l
Tree X2 XE A2SICL Tree & BST, Btree, B+tree, AVL tree, Red-Black tree
S LCHgset {2 Lng[EF2 A8%= Tree 7t A2M 0|F, HThet
gng|Eo|H, 2 g 2 &7 XtgFE FYAZH B2 BST & &&3| Multi-
thread T Al 24 & = Q&= Race Condition € Coarse-grained locking,
Fine-grained locking EZt= F7tX] Wiloz @jZAsiH, 1 ds52 HlwSic)
mr2tAM mbd| =% ™ BST, Coarse-grained Lock, Fine-grained Lock 2| Zthot
8 % Multi-thread Z0|A thread-safe $F BST & F’dst= WiHof Chasl

= X[t

BST(Binary Search Tree)= | J& X3 node OICt key 242 ZHX|O, left, right =712
child link & ZtX|l= At=Zz=0[C 7HE &90 A= node S root node 2ti SHH
7t StEtol ZXSt= node £ leaf node 2t BHCL 2 node 2| left child link Ofl=
AAELD 22 22 7= node S0| MY E|H, rightchild link 0= AtAECH 2 42
7tX|= node =0| XMEECE Tree Ol 7|2X 22 node £ insert, remove, search,

traversal ot= G4 50| QUL

-

1. Binary Search Tree

i node insert

tree O M2& node & F7Ists AL ZE root node FE, key ¢t2 H|13}0]
MZE node 7t MZE {IXE Zotztrt ¢ D21t 22 tree Off key 240] 25 ¢!
node € F7t SiCtn St ofgfia2ldt 20| root node FH leaf node O

=S| Al Zt node @ H| WSt (XS HOpZHLY,

7
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node remove

= =
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XHAIO] £742l node & AfHl & W= BST #EE ®/AISH| /i A HE node 2
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node search

tree 2| node £ At= HAIOZ insert EAMO|A
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node traversal

treenode & =2|5t= HLO|CH =3|0&=

=0
ST

xS

&=2|(inoder), 2| =2|(postorder)7t

=2|& ot gy &2 =AHZ node

remove

H=rh
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—
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i
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#=MCHE node £ =3|stC},
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Coarse-grained Lock & Fine-grained Lock

N

Multi-thread 2| Critical Section O] =Xist= 24 0|A Race Condition & 2 X[}
2|8l Lock & AFE & %= UL} 3}X|2F Race Condition O] ZHAMSIX| QU 2IE Lock &
AtEsHE Ao et O 850 IA EH2E £ UCL Lock & AMESHE A2
Critical Section 2| M HQ|0f| 2} = Lock & OtL} MESHA MEs=Ltof }e}
= QUCt

Coarse-grained Locking, Fine-grained Locking 2| F7tX| @Alo2 A8 & =+
Coarse-grained Locking %4l2 Critical Section 2| HPE 3AA ZFop B2 &
CIOIHE stHOo| 2E353t= 2H410|0, Fine-grained Lock 2 Critical Section 2 <
MZ2ztstd 2 R20iCt Lock & AM&dSt= HWAIO|CLH 242p FEHEOl UL

C

MHOME d AlZE 2ol 81 HY s 22M FIHA| A4S Hlwsj =Cf

un 1o

re

BST with Coarse-grained Lock & Fine-grained Lock

—

Oo{2] thread 7t SA|0 BST O 230 insert, remove, search 2| ¢4t2 =3 &
[l§, Race Condition O] ‘L3 HHHMo2 FEES StX| XotA ECt CHst 420
AS &= AKX O|E =9 Producer & Consumer TtEE M2zt s =2 £ QUCh
Producer & Consumer T+ZXO0|A, & BST O MZ2 node £ F7t5t= producer
thread 2t 7|=9| node £ AA|SH= consumer thread 7t UCHD & [f, FIHE Sl=
&3, consumer thread 7t 22| £7 node £ A8 H2|H EXM7t & = UCH

ESH = BST 2] £4 node data & 210 =0|= Reader thread 2t BST 2| &3

node Of data £ #=73l= Writer thread 2| Reader & Writer 2| 32 £7 node 2|
data £ 210 £0|= S0 wrier O 2|5l 2t0| HHYOf HE|H EXIZI 2 & =+

=
RACt. Race Condition & 27| {IsiM BST 2o 2zt AAHO| QOHMSHH &&= ZO
HZEE|0{oF 3t 0|2 I8l Coarse-grained Lock, Fine-grained Lock 2H#H& Al &

%+ St

BST with Coarse-grained Lock

o

Race Condition 2 27| ?|3i BST 0 CH?t insert, remove, search
Al Zb ¢Ato] =¥l = =2 CHE thread 7t BST O 2
MM E Critical Section @2 ZtF38I0 Lock 2 A & = QUCL ofgf 1z
Ol2{gt Coarse-grained Lock Y45 AtEct O|A[O|CH ?XY insert ALtS
#838l= Thread 7} Tree £ Al ZO|2ZZ C}Z Thread = insert $AH0| &2
A
e

£ MK 7|CHe{of Bt HES 2

10
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Thread Thread Thread

ginsert % remove g search

e e e

o

Race Condition 2 27| 2|3l BST 0| CH3t insert, remove, search 2| 4t =3
Al A4to] +=HElE SQ P2ohE tree 2| node Off CHoll CHE GILtE0] F2S
ZSIEE Critical Section 2| HR|E Tree ™7l OtH, Zf node H2 HH
Lock 2 A& & = QUCk otz 122 0|23t Fine-grained Locking & 2|

Of O] Et.

M
Ot
2

Thread

% remove Thread

\
Y

g insert @
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C. Lab2 BST Synchronization

SAHMUAME CIYSt XIRPXE0| AFREH 0|5 Xlg FXE 719| =

AHERE YROAM LML= Race Condition & 7| ffs Crdst 7|HEO0|

AL ECE 2 INoM= 2BHF e Ctget 20 AEEl= Tree Xt2TZE2|
C

gEket 2neg|E F ofLtel BST & A8 S7[27|HE Feiett.
1. 7= 3H 8

Lab2 BST Synchronization 2 Ofeff 1 22 X0 A2 lab2_bstc 2=
A

Tl HASE THOIOP FCL BE FHS 22 THY Lo HT QR
THOIK| LOLE ELh HOIT BAZ HHSHA ED includeflab2_fs_types.h ©f &4
MOl HFs| FOIOF BICh THOYOF S AAMYUS YO R EAIBHRALE,

fs-lecture@fslecture-VirtualBox:~/DKU_05_LAB/lab2_syncsS 1s
Makefile include lab2_bonus.c 1lab2_bonus_test.c | lab2_bst.c | lab2_bst_test.c lab2_example.c

lab2 bst.c &9/ TODO 2 FA/El gl+E5 815/0/0f 3tCf

2. 7|2 3N Aoty ¥d

Ofgf 1t Z0| make lab2_bst HHOE Sl T8t lab2_bstc AALIUZ
ZAm oM HOY ZAnt MME= |ab2_bst 2H= A IHA DL object TIHYES 20

e #makelab2 bst

fs-lecture@fslecture-VirtualBox:~/DKU_0S_LAB/1lab2_sync$ make lab2_bst
ompilingl lab2_sync lab2_bst.c ...
cc -c -g -I/home/fs-lecture/DKU_OS_LAB/lab2_sync/include/ -o lab2_bst.o lab2_bst.c
ompilingil lab2_sync lab2_bst_test.c ...
cc -c -g -I/home/fs-lecture/DKU_OS_LAB/lab2_sync/include/ -o lab2_bst_test.o lab2_bst_test.c
ompilingl 1lab2_sync include/lab2_timeval.c ...
cc -c -g -I/home/fs-lecture/DKU_OS_LAB/lab2_sync/include/ -o include/lab2_timeval.o include/lab2_timeval.c
cc -o lab2_bst lab2_bst.o lab2_bst_test.o include/lab2_timeval.o -lpthread
s-lecture@fslecture-virtualBox:~/DKU_0S_LAB/lab2_sync$S ls

akefile lab2_bonus.c lab2_bst.o lab2_bst_test.o
include 1lab2_bonus_test.c 1ab2_bst.c 1ab2_bst_test.c 1ab2_example.c
3. 7|12 1§l HAE 4y

lab2_bst.c & TSt F lab2_bst £ test St A|LIEZ|2E fine-grained 2t coarse-
|5 thread 2| == test & node 2| =& Y 2O}, insert H4ta}

=
=
remove H4H2 test 22y SEANMOE sWME|EE SHOOF BHCL,

=
El
Ot
N
40
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H B2 node o FTE HHSt= ALMZS UH BE2 thread 2| +TIE node =

BAE AW THUS ofFfet 2o SHS S¢f WY ¥ 4 Utk

fs-lecture@fslecture-virtualBox:~/DKU_OS_LAB/lab2_syncS ./lab2_bst

Usage for ./lab2_bst :
-t: num thread, must be bigger than 6 ( e.g. 4 )
-c: test node count, must be bigger than 6 ( e.g. 10000000 )

Example :
#sudo ./lab2_bst -t 4 -c 10000000
#sudo ./lab2 bst -t 4 -c 10000000

- t:thread Q| 75 2|D|3tC}

- c:test O T node o =E olO|BtCt, X|7HE 0t

=
2=0] node & W-g5t7| WZE0| AXl= key@lE 7HXl=

o O
N

z

N

>.

0
aml

root@os-lecture: /home/os-lecture/DKU_0S_LAB/lab2 sync# ./lab2 bst -t 4 -c 10000000
===== Multi thread single thread BST 1insert experiment =====
Experiment info

test node : 10000000
test threads : 4

execution time :_ seconds

===== Multil thread coarse-grained BST 1insert experiment =====

Experiment info

test node : 10000000
test threads :
execution time : seconds
===== Multi thread fine-grained BST insert experiment =====

Experiment info
test node : 10000000
test threads 4

execution time :- seconds

===== Multi thread single thread BST delete experiment =====

Experiment info
test node : 10000000
test threads : 4

execution time :_ seconds

===== Multi thread coarse-grained BST delete experiment =====

Experiment info
test node : 10000000
test threads |

execution time :_ seconds

===== Multi thread fine-grained BST delete experiment =====
Experiment info

test node : 10000000
test threads 1 4

execution time - seconds

13
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Of M2 FHEXl UE=CHH, bst & Multi thread O A

7l =3%| lab2 bst test LFY0| Z=E ZO|Ct SFX|2H

P et 22 =3 ZAnE =0 g £+ AS Aotk =¥
=2

JbECE ) 2% 2T

mjn

lab2_bst.c 9| T
St=hl A0 2
Hoz AR

Z3L|= execution time 2 HZE XNZES {sh ZAntgt

0
3

Wy Y oX m>
E ooz
[

JE
m

= T A|ZHZ 3l single thread, multi-thread coarse grained, multi-thread fine

d 2 SIS Mo 20 Hlu & & AL

Q
2
L
S
(1%

oH A=
i HE ALK
o JHT |ab2_sync O Y= T,

o AP lab2_sync/lab2_bst 2o H¥MAN EJE|=  single thread
execution time, multi-thread coarse grained execution time, multi-thread fine
grained execution time Of CHg H[wQt 1 0|70 CHt 2f|ZE.

i.  ME YE.
v lab2_sync T+ HZE

Of2fet &= directory Ol A tar FHZ2 S +32 lab2_sync directory
O Chel =2 A = &= 21 47|= lab2_sync_%HH tar

=
o} YES heyheygo99@naver.com 22 X|Z$tCt.

#tar cvf lab2_sync_ 8 tar lab2_sync

root@os-lecture: /home/os-lecture/DKU_0S_LAB# 1s

root@os-lecture: /home/os-lecture/DKU_0S_LAB# pwd

/home fos-lecture/DKU_0S_LAB

root@os-lecture: fhome/os-lecture/DKU_0OS_LAB# tar cvf lab2_sync_32111860.tar lab2_sync/

lab2_sync/

lab2_sync/lab2_bonus.c

lab2_sync/lab2_bst.c

lab2_sync/Makefile

lab2_sync/lab2_bonus_test.c

lab2_sync/lab2_example.c

lab2_sync/include/

lab2_sync/include/lab2_sync_types.h

lab2_sync/include/lab2_timeval.c

lab2_sync/lab2_bst_test.c

root@os-lecture: /home/os-lecture/DKU_0S_LAB# 1s
lab2 sync 32111860.tar

v HEE XNE

ATEQOICT 2 515 32 X|=.
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