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fs-lecture@fslecture-virtualBox:~/DKU_05_LAB/lab2_sync$ 1s

FIt2 ZtCHSE assembly language £ S9ll atomic SHHl SASIEE
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Makefile lab2_bonus.c 1lab2_bonus_test.c 1lab2_bst.c lab2_bst _test.c 1lab2_example.c

v oH 8

¢ Makefile
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INI=E=

o

ALt of7] fleh ot
* include/lab2_sync_types.h
- A0 AR PN W oY eh0f CHeE O|E .
* lab2_example.c
- mutex AFE OA[E EO{F7| foh oie.
* |ab2 bst.c
- HE0M PSSO &, thread-safe BST £& ojY.
* lab2 bst test.c
- 83t thread-safe BST 2| test code

* |ab2 bonus.c

- ME BUA BHE s TH0F F, spinlock £ DY,
* lab2_bonus_test.c

- 722t spinlock £&=2| test code.
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A. Race Condition

29K X x=HE S5 Race Condition, Critical Section % 0| %7| 2|l
Cl¥st 7|HE =X|SIQUCE. 2HH[OA = OAF SHLIQl mutex & S5 Race
Condition %

AtStS S| As =Lt M2tM Critical Section & Race Condition 0] CH$t
:'

o
= SO0IEY mutex 2 #¥ OAME Sdl ZEHS| A8 EHS

1. Critical Section & Race Condition
Race Condition O|2t = O|&9| 3 = ZZ0| A0 O|F0M, ZZIZ9
207 Y™, ZEQ| =AM0f| 2ES AotA ElojHe|ls A=E2 2|0|5t= Z{0|H,

S,
28 Critical Section O|2t1 3ICt. Race

r
o

sAE ZEO A0, S/t EHe
condition & 12{s{{OF st= MO Z Multi-thread 7} ULt Multi-thread application 2
O HE|ZE thread 210 HEE ZL8l= 70| ZRICt Thread 2t 0= thread 7}
IS A=Y, Ol thread 7F OHF T FOX| M2 3/RE & & UM,
2] thread 7t 22 S&XQ data O CHsH
2= thread 7t SA|0| Database O EZ5t0 data =7t AA|, ==
s AR, 2t Eo| XNMEZEZ LIEFHE counter E ME ZR|0F SHH

x|
0| 2T AL EE 2 2 5 A0 Bt
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2. Synchronization Primitives

Race Conditon & ©X|3l7| Q[siA{= Critical Section Off CHal $HHO| SiLto| &
= ZE 59 AMO| $HE=E HEH 8 FO{OF Sl O|F Mutual Exclusion
Z|ol2tn otck olz{st 7|0 7|2XM2Z atomic operation spinlock, semaphore,
mutex 50| A0, 0|F &4 EE 3w 2l220 st IS 3“'"01| ¢t thread 2
HotstALE, S 2|20 RAE Y0 2=zE[7] MO CHE ZRUO| AIZ E[X|
A Mutual Exclusion 2 HEXEOZM, Race Condition 2 ®X| & £ QCt O
Liot7t 38 XbRIof| O3St reader, writer TZXOIA writer Of CHdiAl= Mutual
Exclusion 2 EZ&SI1 reader O CHSHA reader 7|2] SAIO| 20| ZtsttE|
writer 7} =X $CHH, Mutual Exclusion 22 SZ5H= read/write spinlock ,read/write
semaphore 0| RUSM, Multi-thread 52 2E0A £ M =ME 2% I

Z0{0F & [, condition variable, barrier S0| A& =ICt

POI-

i. Mutex lock

Mutex lock 2 o H0] ot thread Bt £78 code EY0| 2 & = JULE o=

Mutual Exclusion 2 &3l Synchronization 2 |53
29t thread = lock 2

= 7
Bl E5t thread 71 22 S ELWH1, lock & Btz g M7HX]
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CHZISEA EICh. Mutex lock & O|&3t7| floiMe Ha MO, =7|=) H
g2 At8stofor oot d5 A=l offel Z2 AKX mutex AHE
O Al zZetStRALE.

>  mutex OA] I,

fs-lecture@fslecture-VirtualBox:~/DKU_O5S_LAB/lab2_sync$ 1s
Makefile include lab2_bonus.c labZ_bonus_test.c 1labZ_bst.c lab2_bst_test.c

2 2B mutex OA] TpYQ| X|E EOFELL lab2_example.c AA LY

= S0 mutex2| AE O|AIE =2
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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=06;
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;

e;

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

for(L =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++){
/* wailt 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 LAB2_ERROR;

}
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? D32 lab2_example.c It o AL EF0|H, WNE Fast=0
of #axte2 HESIGCH ¢ ZEE= num_threads®| =8t & threadS
d5tH, ZF thread= num_iteration PHE HHESIH shared variable O|2t=
AL
T

2 ZUIAF|E dAtS SElidl= A Co|C)

Pt
N
ot

? AEOME s6RHM ZojM X H4l mutexE FEQ HEo=E
x7|3} SIACH X7|sl0s HE x7|319 B X7|37F QU HH x

AN
7|13t mutex HEE 22 20| PTHREAD_MUTEX_INIT €& 3l =7|

S XZ7|2E list, ree &1t 20| heap YO oz 4
2 £ S

mutex S 7|2t U ALESHH of2fet &

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

*attr)

« critical section® CH$t lock & 7|

AEOME= 68H EO0|A thread?t critical section®! shared_variable
St 7l =20 =Yst7| ™ pthread_mutex_lock&t+E S3Hl lock
HEZE S}GCt pthread_mutex_lock &+E Edlf 0|0] CtE thread?}
critical section0 2 ASHH =l S ZL, ?AX thread= lockES TA|

Xot1 Of7| 5tojof Lt

10

mjo mlo

 critical section O CH$t lock Z7|

¢ ZENME 738 ZO0|A critical sectionS &%t thread’t HAUHE
lockg & = UEZE SI/ALCL O|E &9l lock=a ZICt2| YT CHE

thread= critical section O X & £ QIC}
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> mutex O|A[ I+ Huot

e #makelab2_example

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

Compilingl 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 -0 lab2_example lab2_example.o -lpthread

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

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

Q 7 Z0| make lab2_example HZOE Sof ALY A
lab2_example.c 2| AW LtAQl lab2_example O “4-dEICt.
>  mutex OA| I A
e # ./lab2_example -t 4 —i 1000000 —s o
e #J/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

?Ieb Z2 lab2_example & LHUO= t i, s F8S FO 2de = UL
0 2t SM9f 2o0j= of2fet bt WS FA| @ HASHA E[AHLE S8t
=

e t(thread) : critical section & SA[O] =% & thread 2| 71+ 473

ohC.

i (iteration) : critical section Of|A{ shared_variable 2 S7tA|7|= ¢
ME Ut Y A5 2oL

e s (sync mode) : critical section & 3 & WS 4oL o E 4

=

d & 42, mutex & AMESHX| %10 critical section =
A

OS2 H4F & F2 critical section2| 0| mutexS ALE5I0] =Y
otk

fs-lecture@fslecture-virtualBox:~/DKU_05_LAB/lab2_sync$ ./lab2_example -t 4 -1 1600 -5 o

Experiment info

num_threads H
num_iterations 1 1080
experiment type : original(race condition)

Experiment result :

expected result 1 4080
result ! 4000
5
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|l & critical section2 4712| thread?} SA|I0| $=ESHO, critical section

Of| A shared_variableoﬂ CHsH 1000 2| B7F AALE +=HWSIH, mutexE ALE
SHA| UE MYTH =% ZAO|Ct 4702| thread?t ZfZt shared variable &

7t @tt2 1000 2| = SICHH, +HS ZbE 40000] 2 A2z oY &

4 9lom, 1 Zm T3 H4HO=2 50| £0f race condition0] US|

e S gol & 4 YTt ofzf # UG ZIE ol B B, race
conditionO| 23t Z1t7t 4000 O Ol CtE ZIp7 EE= ,d% Ciy

O & 4 UX|T, FO BA3| race condion & EAUBLI| YT e HAZ
s2|A =W orgfet 22 H4d ZuE = + AUCL
fs-lecture@fslecture-VirtualBox:~/DKU_05_LAB/lab2_sync$ .flabZ_example -t 4 -1 1000000 -s o

Experiment info
num_threads
num_iterations
experiment type

Experiment result :
expected result
result

: 4
: 16808606
: original{race condition)

: 4000000
: 1518380

9 1ze
AEEIR YEES MY

o
=1
=

K| shared_variable
o [y ofch

critical section Of CHH
g2etkl=

St

Al
cEE

Ag =90l &

critical section=2 47H2| thread?t SA|0f

Ol A shared_variable® CH3{ 1000000 2| 57t A

-
ot

=
=
a

M-S
S ZADto|ct. of &t
25t A1t 1518380 O
A7k 0|8 &8l locks

TS Eof

A=
Lt
AHE SR
race conditionO] A Al OFC
= ULt
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B. BST with Coarse-grained Lock & Fine-grained lock

Race Condition SE2HE H3ISI7| oAM= Critical Section mtst1 O
HEMX| Lock & 8ol Hz= & AUX| HAYPSI= Ao| F2sHH oo Mz}
ds0| 3 EEE = ACk 2 IH|olA = Race Condition S d{ZAst7| 2l
Tree X2 X E AF23SICE Tree = BST, Btree, B+tree, AVL tree, Red-Black tree
S LCIYst RS LnglEFS A8S= Tree 7t A2M 0|F, HCHst
gnd|Fo|H, 2 sE 2 57| xrﬂ;u +AAIZto| v BST & 8 Multi-
thread T3 Al 24 & = Q&= Race Condition € Coarse-grained locking,
Fine-grained locking 2t= F7IX| Wilez s{ZASIH, 1 45 Hlme}
mrakM abd| 3 M BST, Coarse-grained Lock, Fine-grained Lock o ZH¢hsh
7H'E U Multi-thread 70X thread-safe 8t BST & Fdst= WiHoj| CHsi

= X|stet.

BST(Binary Search Tree)= | J& X3 node OICt key 242 ZHX|O, left, right 712
child link & 7tX|= AtEFZO|CH 7HE &2/0 JL= node £ root node 2t SHH
7t% StEHo| EXHSHE node £ leaf node 2t $HCE 2t node 2| left child link Ofl=
RAECH 22 252 7HX & node £0| X & &M, rightchildlink Ol & AFAECH 2 (2
7tX|= node =0| XMEECE Tree Ol 7|2X2E node £ insert, remove, search,

traversal ot= A4t 50| RULCH

4

1. Binary Search Tree

i node insert

tree O {22 node & F7}t= AL Z root node FH, key ¢/ H| 1S}
MZE node 7t MEE {IXE Zotgtrt ¢ D20k 22 tree Of key 240] 25 ¢!
node € 7t StCt St otk 20| root node FH leaf node O

E=E5E7| R Zt node oF H|wSHH {X|E HORZHCE.

7
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tree O M2 node € AX|St= AMOZ HXY MY nodeE F2 F,BSTS

node remove

= =
TZE |XISH7| QU8 AME node o fIXQ| atS MAY TCh AHE node 7t
O,

=
M-S ok JHEE ZEX[ALE, XHA node E 7HAIX]
A
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node search

tree 2| node € &= AMOZ |

5
2]
o}
2
rx
=2
R
4
A}
ot
d0
2t
ju
s
X
-
o)
3
Q
<
0]

GAOIA AHE node E &= Aut 22 HHOZ tree O A= node E HEL

node traversal

tree node & =3|5t= ¢LHO|CH

el =2l= ofeff 2ar 22 =MIZ node

=9 =2= otz A1 Z2 =AMUZ node & =2

o

=20l =2 =M0| el ™R =2|(preorder),

¢ &2l(inoder), ¢ &2|(postorder)?t AT 242} Ot ZO| =3It

N

i
M
ot
of
Il

l'_.?l
Il
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Coarse-grained Lock & Fine-grained Lock

N

Multi-thread &2| Critical Section 0| EX{dt= 2Z0|A Race Condition & ZX|st
8l Lock & AHE & %= UL} BFX|Z Race Condition O] EHlstX| YU EHE Lock &
Ar8ste Ao mat O ds0l 3A ZRE = UCH Lock & A8dt= A2
Critical Section 2| M7 #2[0f| M2} = Lock 2 YOtLt ME2HA HYst=Liof et
Coarse-grained Locking, Fine-grained Locking 2| F7tX| &Al02 At E £ UCH
Coarse-grained Locking A2 Critical Section 2| HeIE AA FTor 2
HIO|E{E RO E= st 2HA 0|0, Fine-grained Lock 2 Critical Section 2| B9[S
M2zt 2 S20iCH Lock 2 AR8dStes HAlo[Ch 242t FEHEO| el &

RO A AlZh =l 8 XY s =M FIHK| YAS HlWE) 2Lt

BST with Coarse-grained Lock & Fine-grained Lock

—

o2 thread 7} SA|0| BST Ooff E23L0 insert, remove, search 52| A2 =3 &
[l§, Race Condition O] ‘L3 HHHMo2 FEEZ StX| XotA ECh CHst 420
AS &= AKX O|E =9 Producer & Consumer TtEE M2zt 8 =2 £ QUCh
Producer & Consumer T+ZXO0|A, & BST O MZ2 node £ F7t5t= producer
thread 2t 7|Z=2| node € AHA|Sh= consumer thread 7t RUACD g+ I,

&3, consumer thread 7t d22| &7 node £ A8 H2|H EXM7t & = UCH

ESh E= BST 2 £4 node data € 240 =0|&= Reader thread 2F BST 2| £

X;I_E -l-|_|_

data & £%™t= Writer thread 2| Reader & Writer 2| Z2 £7% node 2
20l E0|= =20l wrier O 2|8 Zt0| BHHO] HZ|H 27t UM & £
RACH Race Conditon 2 97| {sfM BST o Z+ ALH0] HH™SHA +=HEl= ZO0|
HZE|OjOF 8t O|E I8l Coarse-grained Lock, Fine-grained Lock &S AtE &

4+ gic

BST with Coarse-grained Lock

Race Condition 2 27| I3l B
Al Zb QIMO| 4#E| SOt C2

=0t CtE thread 7f BST O E—E
HHME critical Secton 22 ZtFE8}0| Lock & A2 & £ QUCh ofgf 1L
O[2{gl Coarse-grained Lock A= AREct ALt X insert ALS
#3St= Thread 7| Tree & AI® 0|22 LCIE Thread = insert $1AH0] 2tE
2 M7tX| Z|cte{of 3t= AE & & UL
10
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Thread Thread Thread

ginsert g remove g search

-------------------------
=~

Thread\\

insert

e

__________________________________

BST with Fine-grained Lock

Race Condition 2 27| 2|3l BST 0| CH3t insert, remove, search &2 4t =3
Al Ao +=¥i|E SO M2SHE tree 2| node Of CidH CHE A0 MZE
282 Critical Section 2 HQE Tree ®H|7} OtLl, 2t node B2 MHsI0]
Lock 2 At & = QUCk otz 22 0|23t Fine-grained Locking 22|

Off A|O| L.

Thread

% remove Thread

§ insert @

\
\

11
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C. Lab2 BST Synchronization

SGHH LMz CtEet Xt EE0| ALEEIH O|F Xt&E FXE 79|
AERx LjFo|M LUMSl= Race Condition £ 2H7| Qi Cist 7|HEO
ALEEICE 2 MAoME 2FHH|2l Crdst R20M AM8E|l= Tree X2 T X2
UEHst YNE|FE F StLQl BSTE AMESH0| 71317 S oL

ml
R
rir

1. 7|12 3d 48

Lab2 BST Synchronization & Ofeff 1 22 (X0 A2 lab2_bstc 2=
t g2 Yo ot T FHE2 AL O o] Foid HAIHE
SHX| Q4Ot E|Lt MofEl HAS HASHA &|™ include/lab2_fs_types.h 2| &=

o

— o 1=
= HFs| FO{O0F otC}, AAHSHOF Stz AATIYS WMo = HA|SHRILC
fs-lecture@fslecture-VirtualBox:~/DKU_0S_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 ZZ9/ TODO £ ZA/E Bl+E 815}0/0f gt}

El
ne

9

11

rx
re re

2. 712 1N HuohY 2
oref &It Z0| make lab2_bst HHOE Sl T+ lab2 bstc A2ALIUZ
AntY st AMY Ziah MME|lE= jab2_bst 2= A DD} object TIIUES 20l
g = QUCH

e #makelab2 bst

fs-lecture@fslecture-VirtualBox:~/DKU_0S_LAB/lab2_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 lab2_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|2 oA H2E UY

lab2_bst.c & T3t F lab2_bst £ test St= A|LIZ|2+ fine-grained 2t coarse-
Hlm3t7| 8 thread 2| %=, test & node 2| £=2 U3 EHO} insert AT}

=
=
remove ALZ test 242 ZEAOZE WL F SHO{OF BHC},

remove Al AL random key #f node & ¥ BF2 node o =THE MY
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H B2 node o FTE HHSt= ALMZS UH B2 thread 2| +TIE node =

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

Usage for ./lab2_bst :
-t: num thread, must be bigger than @ ( e.g. 4 )
-c: test node count, must be bigger than 6 ( e.g. 100006000 )

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

- t:thread 2| 7H=& <2|0O|BICt

- c:testO WL node o JH+=E 2lO|otCt. X|Fo #=0tF
2=0f node & YH5t7| WZ0 BX= keydts 7tXl= 7t 42 = UL}
root@os-lecture: fhome/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 1 4

execution time :_ seconds

===== Multi 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 : 4

execution time :_ seconds

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

test node : 10000000
test threads : 4

execution time :- seconds

13
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lab2_bst.c 2| &S0 MHE FHEX| YU=CHH, bst £ Multi thread O A

MAHS=H A 2F7L ZHE[H lab2_bst test DHYO0| Z=E ZO|CL X T
Yooz FAHSICIH I 2 =38 ZUE o & = /A2 Ao|Ch( +=H
A1t Z8E|= execution time 2 HZE MES i Aitgt2 7HRICL ) =¥ Zut
L= 8 AZHS E3l single thread, multi-thread coarse grained, multi-thread fine
grained E FASIAUS M| ZtE Hlu & = UCH

HiqA aty 78

7|2 tH|0|AM pthread mutex £ Z-&3%t Synchronization SiZ 7|&S FASHRULCE

HHA 0FH|0| M= Synchronization Of AtEE|= spin lock & A&F TS EC

s THoI5lOF St AAIMAS WMo 2 HA|SHRALE
fs-lecture@fslecture-VirtualBox:~/DKU_0S_LAB/lab2_sync$ 1s

Makefile lab2_bonus_test.c lab2_bst.c 1lab2_bst_test.c 1lab2_example.c

lab2 bonus.c Z2S/ TODO 2 ZHAIEl BI+EZ 72815f0J0F Bt}

BH2A WM M= spinlock & atomic SHAl F245t7| {8 C source code L{OfA
ANa"l Z2020Y =0 B2 assembly language & AHE3I0{0f SiCt 0|5 2df
lab2_bonus.c Of TLHEO|A assembly language 2| AFE OJA|Z atomic_add,
atomic_sub, atomic_inc, atomic_dec ©FE HMESIALCE EHUHA WAOM= O|E
£1510] atomic StH SESHE spinlock 2 T3S0 OF SHCE spinlock 2 =& A7t

X%t test and set A4t = compare and swap 22 T8 o 5 ULt

Ofgf &t Z0| make lab2_bonux BHOAE S 3t lab2_bonus.c 220t
[e] =
=

oY o ALY Znt MME= lab2_bonus 2te A3 mAnt object LR
oiC

o
=
k=2
=

»  # make lab2 bonus

fs-lecture@fslecture-virtualBox:~/DKU_OS_LAB/lab2_sync$ make 1lab2_bonus

Compilingi lab2_sync lab2_bonus.c ...

gcc -c -g -I/home/fs-lecture/DKU_O0S_LAB/lab2_sync/include/ -o lab2_bonus.o lab2_bonus.c
Compilingi lab2_sync lab2_bonus_test.c ...

gcc -¢ -g -I/home/fs-lecture/DKU_O0S_LAB/1lab2_sync/include/ -o lab2_bonus_test.o lab2_bonus_test.c

Hi{A N HAE HbH

HHA DHY A o= offet 22 8E E & AULL
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Fs-lecture@fslecture-virtualBox:~/DKU_OS_LAB/1lab2_sync$ ./lab2_bonus

Usage for ./lab2_bonus :
-t: num thread, must be bigger than @ ( e.g. 4 )
-i: iteration count, must be bigger than & ( e.g. 168886 )
-s: sync mode setting (e.g. s : your implemted spin lock , o : original)

Example :

#sudo ./lab2_bonus -t 4 -1 1866086 -s o
#sudo ./lab2_bonus -t 4 -1 1000080 -5 s

1
(%]

FHE &9l spin lock & AF&SHX| Q2 Z1t Race Condition O &4 o A

Jtok
e o
ot
oS
(¢]
o

# ./lab2 bonus -t 4 —i 1000000 -s o

|fs-lecture@fslecture-virtualBox:~/DKU_0S_LAB/lab2_sync$ ./labZ_bonus -t 4 -i 1080688 -s o

Experiment info

num_threads |

num_iterations : 1000000

experiment type : original(race conditien)
Experiment result :

expected result 1 4000000

result 1 1396913

s s gM2 Sl 7T spin lock HESZE =0l oF Zut JYHOZ FHO|
| RACHH Race Condition O] 23X U2 42 =olgd 4= ULt

o #./lab2 bonus -t 4 —i 1000000 -s s

|fs-lecture@fslecture-virtualaox:~fDKU_05_LAB}15b2_5ync$ ./lab2_bonus -t 4 -1 1000000 -s S

Experiment info

num_threads .
num_iterations : 19080808
experiment type : lab2 spin lock

Experiment result :
expected result 1 4000000
result : 4000000
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7.

A M=

i HE A

o -
T3St lab2_sync 9| 2% T,

TE%t  lab2_sync/lab2_bst 2| A@dZAN EHE|E=  single thread
execution time, multi-thread coarse grained execution time, multi-thread fine
grained execution time Of CHPH H[mQt 1 O|F70| CHt 2f|ZE.

i.  HE .

v

lab2_sync 7% XM=

otefet &2 directory Ol Al tar HS Sl 7138t lab2_sync directory
O CHel L=S ATt = YH 20 ¥7|= lab2_sync_3fH.tar IS

=
choi_gunhee@dankook.ac.kr 22 H|E3$HCt,

« #tar cvflab2_sync_ 8 tar lab2_sync

lab2_sync/

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

root@os-lecture: /home/os-lecture/DKU_0S_LAB# pwd
/home/os-lecture/DKU_0S_LAB
root@os-lecture: /home/os-lecture/DKU_0S_LAB# tar cvf lab2_sync_32111860.tar 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/includeflab2_sync_types.h
lab2_sync/include/lab2_timeval.c
lab2_sync/lab2_bst_test.c

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

lab2 sync 32111860.tar

v

HZE ME

siE =9 AlZHol naHHA HME.
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