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

FIt2 ZtCHSE assembly language £ S9ll atomic SHHl SASIEE
spinlock 2 A% Fas] ZCf ofef & A Xt 4FZ2 HMOFQACH FHM HE

=
ofgff E7tMez HI[GIZCH, HI{A IbK|

Makefile lab2_bonus.c 1lab2_bonus_test.c 1lab2_bst.c lab2_bst _test.c 1lab2_example.c
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¢ Makefile

Al
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>

INI=E=

o

ALt o5t7| ffeh o
* include/lab2_sync_types.h

- M| ARE AN U T

[ot

F=0f CHot of o mbel
* lab2_example.c
- mutex AFE OAE EOF7| ffoh o,
* |ab2 bst.c
- MEOAM RES|OF & thread-safe BST B2 HmtY.
* lab2 bst test.c
- 83t thread-safe BST 2| test code

* |ab2 bonus.c

- ME& HUA DHE 9fsl FHNOF &, spinlock £E THY.
* 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|&Q| 3 = ZZ0| A0 O|FOM, ZZIZO
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 Z=EO UM, IR EH=
condition & 12{s{{O} st= MO Z Multi-thread 7} ULt Multi-thread application 2
O™ HEHZE thread 7H0| BEE S/St= AO0| ERSIC} Thread 7+ 0] = thread 7}
IS A=Y, Ol thread 7F OHF T FOX| M2 3/RE & & UM,
o2 thread 7t &2 38X Ql data O CHsH

x|
D E thread 7t SA|0| Database O 25t data F7f, AHH|, =%t

ikl

o| Qlits
23 ot AL 2t Yol FNMEE LEIHLHE counter 2 ME Z{siof stoy, 2t
ALASO| 2T AL =F HE g 5= U0oF SHCt

2. Synchronization Primitives

Race Conditon & ©X|3l7| Q[siA{= Critical Section Off CHal $HHO| SiLto| &
e XX 59 AMO| AT EE EFE 8 FO{OF 3tH O|E 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 59 XHAO| Ot reader, writer TZOIA writer Of CisiAlE Mutual
Exclusion & HE735t3 reader O CHSHA reader 7|2] SA[0| HZO| 7hsStE
writer 7} =X $HCHH, Mutual Exclusion 22 S2t5H= read/write spinlock ,read/write
semaphore 0| U2, Multi-thread 2 Z0M EF MW =ME BT oY

Z0{0F & [, condition variable, barrier S0| A& =ICt
i. Mutex lock

Mutex lock 2 2t H0] ot thread B8 57 code Y0 H2 & += JUEE =
Mutual Exclusion 2 &3l Synchronization 2 |53
o
=

b 7
23t thread = lock = 253t thread 7t 2Y¥S EW, lock & gtgt g [{77LX|
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CHZISEA EICh. Mutex lock & O|&3t7| floiMe Ha MO, =7|=) H
g2 At8stojor ottt d5 A=l of2fel Z2 AKX mutex AHE

OIAIE ZRSHALE.

>  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

ot
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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 #axtez2 HESIGCH 9 ZEE= num_threads®| =8t & threadS
d5tH, ZF thread= num_iteration PHE HHESIH shared variable O|2t=
AL
T

g S7MIPIE AS +¥sts AcoL,

Pt
N
ot

¢ AEOME s6RHM ZojM EXE 4l mutexE FEQ HEo=E
x7|3} SIACH X7|sl0|s A x7|319 B X7|$7F QU HH x

AN
7|3h= mutex B2 Q9 ZH0] PTHREAD MUTEX_INIT £ 3 x7|

s} 3hct
X £7|8h= list, tree S1b 20| heap TO| EMo=m MAMEs
mutex S8 T[S [ AFRSIH Of2fel 2 TS AR £7|3)

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

*attr)

« critical section® CH$t lock &7

AEME 68H EO0|A thread?t critical section®! shared_variable
S7tA 7= 8220 =3817| © pthread_mutex_lockg& =S 3| lock
HEZE S}GCt pthread_mutex_lock &+E Edlf 0|0] CtE thread?}
critical section0 2 St = ZL ZL, ?AX thread= lockES TA|

X1 07| 3tojof Lt

0

mjo ru|o

 critical section O CH$t lock Z7|

¢ ZENME 738 ZO0|A critical sectionS &%t thread’t HOUHE
locke & = UEZE SIR/ACL O|E &9l lock=a 7ICt2|d YT CHE

thread= critical section 0 ZI¢ & %= Q\C}.
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> mutex O|A[ I+ Huot

* #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 OfA| Db A3
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

It Z2 lab2_example M LY = t, i, s M2 FO| Y = U2
o 2 M9l o0& ofefet ZCt SME FX| 0 HASHA /AL SHt
=

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

ohC.

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

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

q & 42, mutex  AMESHX| %1 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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K| UEE AMX
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€ 1000 3

critical section= 47H2| thread?t SA|Of

Of| A shared_variableoﬂ I:H5H 1000 2| &7+ AL2

AL
=
A B
_'_OH

Z+2¢
B

1= 40000

Z1t0|Ct, 4749| thread 7t

A

SHS
o=
CI>.|E =

S, critical section
S5tH, mutexE AME
shared_variable
Aoz ofld

E—"Ol &[0 race conditionOI He“é'p*ém

=
o

(=13
=

Experiment info
num_threads
num_iterations
experiment type

Experiment result :
expected result
result

fs-lecture@fslecture-virtualBox:~/DKU_05_LAB/lab2_syncs ./lab2_example

-t 4

: 4
: 16808606
: original{race condition)

: 4000000
: 1518380

-1 1000000

=5 0

o 1ge
AEOIE| REE M

o
=3
=

X shared_variable
o [y ofch

critical section Of CHH
g2etkl=

St

Al
cEE

critical sectiong 4702| thread?} &SA|0]|
Ol shared_variable®| CH3{ 1000000 2| S7F &

-
ot

=g
=
a

A
e
A

b

2
=

=& ZIo[L}. of ¢et

et 21

2=
f= 1518380 O| Lt&
E3 locke

TS Eof

Z17L 0|5 A& 3R

race conditionO| Al Al OrC

AS ol & & Lk,
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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 CiYst Z/e Ln2ES MBSz Tree 7 A2l 0|F, ZHTHet
gnd|Fo|H, 2 sE 2 57| xrﬂ;u TAA|ZHo| Bf2 BST & E&dl Multi-
thread ¥ Al &M & = QA= Race Condition € Coarse-grained locking,
Fine-grained locking 2t= F7IX| Wilez s{ZASIH, 1 45 Hlme}
wr2tAM 3HH| =% ™ BST, Coarse-grained Lock, Fine-grained Lock 2| ZHThst
7H'E U Multi-thread EZ0|A thread-safe 8t BST & F/dst= WiHoj| CHsi

= X|stet.

BST(Binary Search Tree)= | J& X3 node OICt key 242 ZHX|O, left, right 712
child link & ZHX|= X E2FZ0|C 74 &9I0l A= node E root node 2t1 SHH
7t StEtol ZXSt= node £ leaf node 2t BHCL 2 node 2| left child link Ofl=
AAELDE 22 22 7= node S0| MEE|H, rightchild link 0= AtAECH 2 42
7tX|= node =0| XMEECE Tree Ol 7|2X2E node £ insert, remove, search,

traversal ot= A4t 50| RULCH

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

Z=ESH7| TRl Zt node 2 H|wSHH (XS HORZHLY.

7
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tree O M2 node € AXSt= GAMOZ HXY MHY nodeE F2 F,BSTS

node remove

= =
TZE RASH| flgh MME node 2 /XS 4= MEF ot A XY node 7t
O,

—

=
AFAIZ B JHDH JERIZALE KA node 2 JHRIXI %2 AL o 4% 1nt
A

X|5t7] ?H AHE node 2

w M

=

subtree & 7t%& %t

Ct. otz 28S S key @40l 20 ¢
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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
MEZ3t5t0] 2t 220iCH Lock & AR8dst= 40Tt 2tz FEHEOl 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|=9| node £ AHA|SH= consumer thread 7t UCHD & [f, FIHE Sl=
&3, consumer thread 7t 22| £7 node £ A8 H2|H EXM7t & = UCH
S E= BST 2 £7 node data £ 10| £0|= Reader thread 2f BST 2| 4
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 Zt ALH0] HHESHA +=HEl= Z0
HZE|OOF 8t O|E I8l Coarse-grained Lock, Fine-grained Lock &S AtE &

+ k.
BST with Coarse-grained Lock

Race Condition & 27| 2|3l BST 0| CHZt insert, remove, search
Al 2t AAMO| 3lE|lE S CHE thread 7t BST Of &2

HHZE Critical Secton 22 7tF8H0 Lock 2 AM® & # QUCh ofgf 7L
O|2{3t Coarse-grained Lock AlS ALESH OfA[O|CH ¥X insert A4HS

o
£385t= Thread 7| Tree & Al

Z0|2 2 CtE Thread = insert AAH0| &=
2 W7tx| 7|cte{of st= 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
23Sl 2 Critical Section 2 H{E Tree FMZ} OtHl, Z node HE ML
Lock 2 A& & = QUCk otz 122 0|23t Fine-grained Locking & 2|

Off A|O| L.

Thread

% remove Thread

§ insert @

\
\
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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=
A

Tl HASZ THOIOP FCL BE THS 22 TY Lo HT QR
THOIK| LOLE ELh HOIT BAZ HHSHA ED includeflab2_fs_types.h ©f &4
Mol HHS) FOIOF STt THSHOF SHe AATIUS WIHMOZ EAISHIALE

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}

2. 7|12 ItH| o YH

Ofgf 1t Z0| make lab2_bst HHOE Sl T8t lab2_bst.c AALIUZ
ol

At o1B HOHY A0t MAES lab2 bst BHe A% THUI object HHYSES &
g + Ut

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. 712 A 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|BtCt

- 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

Embedded System Lab. 4'!1"1‘“7



Iab2_bst.c o ©+=0| NUZE FHEX AE=CHH, bst & Multi thread OflA{
i5t=0 U0l 2F7F =ZL|M lab2_bst test IFYU0| ZFE Z0|Ct }X|QH
HdYo=Z FHSIUCIH ot 22 =3 ZduE & & = JS Aoch( =H

Z 3| = execution time 2 Z|&E

O

bR ) =8 2Lt

mt Y ox ruz
=

HE|lE = AZH2 S99l single thread, multi-thread coarse grained, multi-thread fine
grained 2 A S WHe| ZME Hlm & 5= UCH

HiqA aty 78

712 MNOA pthread mutex & ZE%H Synchronization siZ 7|82 FHSIRACH

HUHA IH0M= Synchronization Of AREE[= spin lock & A& Foddi=Ct

s TS0 St= AALIYS WMo = HA|SHRICE
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 Bl+EZ F2815f0J0F Bt}

BH2A MO M= spinlock & atomic SHAl F245t7| {8 C source code L{OfA
ANa" T2 =0 B2 assembly language & ARE3I0{0f SiCt 0|5 2df
lab2_bonus.c Of TLHEO|A assembly language 2| AtE O|A|Z atomic_add,
atomic_sub, atomic_inc, atomic_dec S HESIRYULL ELA IHOA = Ol
£150] atomic StH SEtSHE spinlock 2 T3S0 OF SHCE spinlock 2 =& A7

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] =
=

o

=

oY o ANtY Zu MME= lab2_bonus 2he A ntnt object LIYES
olC

e # 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 )

Example :

-s: sync mode setting (e.g. s : your implemted spin lock , o : original)

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

1
(%]

Jtok
e o
ot
oS
(¢]
o

=32 &8 spin lock & AFEdHA| g2 Z1t Race Condition 0] &Y ot A

# ./lab2 bonus -t 4 —i 1000000 -s o

=20 L A

Experiment info
num_threads
num_iterations
experiment type

Experiment result :
expected result
result

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

: 4
: 1060000
: original(race conditien)

: 4000000
¢ 1396913

s s Mg 8o T

S5t spin lock HESZ

=
Z|R}UCHH Race Condition O] EHMSHX| 2 A

o #./lab2 bonus -t 4 —i 1000000 -s s

Experiment info
num_threads
num_iterations
experiment type

Experiment result :
expected result
result

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

-
: l1p00epe
: lab2 spin lock

: 4000000
: 4000000

-5 S
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7. M| ME
i HE A
« P lab2_sync o = mbY.

o AT lab2_sync/lab2_bst 2| H¥MAN FHE|=  single thread
execution time, multi-thread coarse grained execution time, multi-thread fine
grained execution time Of CHPH H[mQF 1 O|F0| CHoH 2f|ZE.

i.  ME YUY
v lab2_sync 7% M=

otejet &2 directory Ol Al tar S &Sl 7138t lab2_sync directory
O CHsl L== &t

tooson9010@gmail.com 2 2 H|ZEFtC}.

ot

= At M7]E lab2_sync_ S tar TS

« #tar cvflab2_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/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_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 HEZE XNE

Oic|o dE 506 T2 HE.
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