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T2 M|A (Process)

€ Process

® IIZ M| A (process)Tt T2 =0 = Z Ol MEN (program in execution)

» ZF T2 MA OCH 7HEE O 2 M2 2|7 2 E (text core, initialized data (BSS), non-
initialized data, heap (dynamically allocated memory), stack)

o MOl PCLI CHE 2| ArH 2tF0[A StLe| S2|A 2l CPU 0| T2 ==
N A7) 2 E|= Multi-tasking O| X| & k|, 2 MK 7t Ct=o| Z2NAF 27
AlZE OiEF 2 712l & 7HX| A St H23 2728 S X[ &

® SILo| Z2MAT HdlS SO, CHE Z2MAT HAE = /A ot A=
AEIAE ALK (Context switching) O|2} olH, & X X| 2| process
scheduling & switching”} O|& & &gt

® StLto| E2[HQl CPUZL ALE L= A AEI0M = 229 =710 = BtLte| = A
O AAE[L, 27 A[ZE (O 100ms)OfCr T2 M| A7 i | H AHE[7] M0 F
NHECZ Creo| =207 S0| A0 2dk[= Al 20| ZO[A &

One program counter

e Four program counters
A Process
E switch p D — —
[y B 8
E C — —
o
W o A Jr BY c ‘ DY B —_ =
& ol —
\Y D Time —=
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A E (Thread)

¢ AY E (Thread)
® A E=5Lto Z2MA RO 2ok e &S0 SA|O 2AE = A o A2 B
=2 M| A (lightweight process)
® J[=HOZ CPUE AESH ot= 7| B
® SiLo| T2 M A0 ZebEl Cho| A2 E
data section, Heap &)1} 2 X[ X|2| A}&

=
Process 1 Process 1 Process 1 Process
\\ | | j'
User <
space
Thread Thread
Kernel K | K |
space erne erne
(a) (b)
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T2 M|A (Process)?t AY E (Thread)o| xjo|H

¢ AY E(Thread) t?

® Ojltot Z== LHONM, 55| Z= M| X (process) L0 M 2l == S 52| B3 .
o ANoZ ot T2 H2 StLIC IthreadE ZEX| D AKX B == 2 2k H0f e}
= O|AtO| threadE S A|0f| Aldig &= QIC}t. 0| & Y E|A Y E(multithread) 2} St}
@ T ANAE 22 JHEHH Ol code, data files 7FX|LE, A E= ARAS0| EoHEl &
M |code data file 32 595t
code data files code data files
registers stack registers registers registers
stack stack stack
thread—bg g g ;4—— thread
single-threaded multithreaded
|§/ : >‘Advanced Networking Tech. Lab. Programming Language
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Task =cllo]| HEHZ X 2|L|]0{Of Sl= F$

¢ JdoS A MSE0| X[ E|= HEE|OIC|0] SESMH S8 =
(application)
® full-duplex 2A|ZF TotMH[A: HOHEHO| Zd HE S AISIEHA, SA0| Lio| &
MNAEEE Ma8l0{of &t
o SHTYEO AU ZHO| A0 He[E =

® QAKX HO| QlEnl Ha0| ZA|0 K22 2 Q)

22
o O

oot pot
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¢ A ZHeHY He|e] 715 28

‘-------------------------------~ ‘—-----------------------------\

s N s N
/7 \ g \
I \ ! \
| 1 1 1
i User Input & Output : I User Input & Output :
I MIC/Camera Speaker/Monitor I i MIC/Camera Speaker/Monitor I
: Input Output | : Input Output 1
1 | 1 1 ] * e |
1 Mi I Camera Speake| Monitor : 1 MII Camera Speake Monitor :
= S I I =
1
: ¥ MWri dioTh ! : L i i !
1 . . WriteAudioThread() WriteVideoThread() 1 1 . . WriteAudioThread() WriteVideoThread() 1
ReadAudioThread()| |ReadVideoThread() - WriteStream() 1 ReadAudioThread()] [ReadVideoThread() - WriteStream() I
1 - ShowImage() I 1 - ShowImage() I
1 - ReadStream() - CvCapture() - Set Sync Time ) 1 - ReadStream() - CvCapture() - Set Sync Time )
- Read Sync Time 1 - Read Sync Time |
I || - Create RTP Packet | | - Create RTP Packet 1 I || - Create RTP Packet || - Create RTP Packet 1
1 - Set RTP Packet - Set RTP Packet Shargd 1 1 - Set RTP Packet - Set RTP Packet Shargd |
i SyncTime I 1 SyncTime 1
| T I 1 T I
: 1 : I
1 Audio Video Audio Video 1 1 Audio Video Audio Video |
I Buffer Buffer Buffer Buffer 1 1 Buffer Buffer Buffer Buffer :
1
: 1 : :
| SendThread() ReceiveThread() : 1 SendThread() ReceiveThread() 1
: - Compare Timestamp video/audio - Identify video/audio 1 : - Compare Timestamp video/audio - Identify video/audio 1
1 - Sendto() - Recvfrom() : 1 - Sendto() - Recvfrom() :
] ¥ | ¥ X !
i RTP I RTP I
! L 4 ) I 4 /Y ]
1
: Datagram UDP Socket I i Datagram UDP Socket I
| recvfrom P sendto( !
\ ] \ U
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< >

User A (Client mode: Account User or Follower)

Input Message

Simple Twitter Client

Display received

) Message
Lsllnga) G I using MFC GUI
A
v StreamApp |
-S?:?gxgg,bgz)pPDU ThreadReassemblePDU()
- calculate checksum -g?Qluel#\Ae()
- enQueue() -displayMsg()
T Thread
xQueue Timer xQueue
ACK
laccmAck.elps_t, | _ __ ____
1 Flow & :
1 Error :
ThreadSendPDU() : Control /| ThreadRecvPDU()
- deQueue() _{ - RecvFrom()
- SendTo() - verify checksum
- delete Acked PDUs - enQueue()
- retransmit time-out PDUs
A
+

v Datagram UDP Socket

SendTo()

RecvFrom()

g U S

_________________________________________________________

O

rad
1]
~
—y
=
o
-
°
D
X
N’
_|
2
~r
f—|-
(D
=

User B (Server mode)

Simple Twitter Server

Receive Message, Classify Message,
and multi-cast or uni-cast message

7\
\ 4 StreamApp |
SendMsg()
- create AppPDU TgreegggggésemblePDU()
- calculate checksum - displayMsg()
- enQueue() playMsg
Thread
TXQUeue TCB Timer XQueue
nd, rwnd,cwnd ACK
accmAck.elps_t, | _ ______
SegNo, € Flow &
| Error :
ThreadSendPDU() ' Control {| ThreadRecvPDU()
- deQueue() | - RecvFrom()
- SendTo() - verify checksum
- delete Acked PDUs - enQueue()
- retransmit time-out PDUs
A
A
V¥ Datagram UDP Socket |
SendTo() RecvFrom()
R B Rx
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® AR E 30| 2

o T2 TYEL B4 B, YHR 4

X8

o ujoiiE =N Z2HS S0, A2 E A 5 20 HHE SES
main() g2 S M HoH, MtetiE 2N = 20 M Fo
o AOEE= B3 XFE 2l BE 2SS SH7LL Fot REE A

o Aot &2 0

DWORD WINAPI Thread_producer(LPVOID pParam)
{

ThreadParam *pThrParam;

M*void* tssgl=z AdEN dEE AE HHES Sofl pThrParam X = BHa&t*/

pThrParam = (ThreadParam *)pParam;

while (1)

|;~ /j’\ Advanced Networking Tech. Lab.
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A E ghe20| oiotHE| HE

¢ A E niefye] MES et x| Hel (o)
e Lo et o2ty 2552 Z2st=s 24 Ho|
® J|2XOo Z Critical section0f| 2tH = HE, S/E= 7o M, ot =0 &
HEl YEHE ot

typedef struct ThreadParam typedef struct ThreadParam
{ {
Circular_Int_Queue *queue; CRITICAL_SECTION *pCS;
CRITICAL_SECTION* pCS; Queue *pQ;
int role; ROLE role; //
} ThreadParam; unsigned int addr;
int max_queue;
int duration;
FILE *fout;

} ThreadParam;

Programming Language

j‘ Advanced Networking Tech. Lab.
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4 ﬁa Arget &2

® o= 7HO ’SE/EHI*IXI 2= M| RISt FIFO S2t& +=&5t= queues
ArE

® Queuel| enddf EE F7}5t= enqueue()

® Queuel| front)f A= HEE F=5}= dequeue()

® Queues Ct=9o| A8 EJF /5= A3 (shared resource) 0|0,
Ol AH TS (critical section)S £ H 5 |0{0f &

Queue (shared resource,
critical section)

[ PacketGen() ]
1

PacketGen()
2

linkTx() ]

[ PacketGen()
3

2 Advanced Networking Tech. Lab. Programming Language
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Critical Section (1)

& Critical section

® [IE A0 E AES AEoles 2SHA e Z208 28 S0 A0E £ Z2M
27200 X7 20 & = QU o0, Lo AP E/ZEMAVEERE HE|lE

OIEE iy} |
® Context switchingO| LO{L}IH, SiX| Al SO|EH A E/ZZ2MAL| S7F MEfZL
AA| MYE|D, O 2 E/Z2N A7
o =12 AW S0 5 72 20| T=E W 7K A E/ZE= M A A7}
A0 LIX| = *FEIOHHOF St= 8% r9 =
® OfZllo] A E oA critical sectlong [=Xer¥0: o] =1 gumue: KoRpy
Thread_Deposit (int deposit) Thread_Withdraw (int withdraw)
{ {
// account is shared variable // account is shared variable
cur_account = account; " cur_account = account;
el <] cur_account = cur_account -
cur_account = cur_account + account withdraw;
deposit; account = cur_account;
account = cur_account; print(account);

print(account);

}

5 2 > Advanced Networking Tech. Lab.
@‘-//@7 Yeungnam University (YU-ANTL) chili-2-12
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Critical Section (2)

@ Critical sectionE SXjj ({i AY C/=ZZMAZ} AlZ0f QCH=
AFEH| & Critical sectionS B A|Sl= HEE HA|
® semaphoreZtd E27|x &t

@ Critical sectiong HA|S}= Ho| A
® InitializeCriticalSection(LPCRITICAL_SECTION IpCriticalSection)

= nitialization of critical section
= must be called before using EnterCriticalSection(), LeaveCriticalSection()

& Critical section g9 X|&
e EnterCriticalSection(LPCRITICAL_SECTION IpCriticalSection)
® [eaveCriticalSection(LPCRITICAL_SECTION IpCriticalSection)

= the procedures between these two functions are defined as critical section
& Critical section2 EA|o}l= HE9o| A H
® DeleteCriticalSection(LPCRITICAL_SECTION IplCriticalSection)

= delete the critical section flag
= executed at the process exit

5 3 , Advanced Networking Tech. Lab. Programming Language
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A EQ] TR (1)

& MS-Windows SHA M2 AH S AT 5 B3| 2 93 45
o YHE AT AAR S UGS SR U | J|CHIZLL RIFE A2 O
=0| 27 B2E AL + g

® \WaitForSingleObject()2} TerminateThread() &5 AtE
HANDLE m_hThread;

m_hThread = CreateThread(NULL, O, Thread_Function_Name, pThrdParam, O, NULL);

N BEE AYED EER A0l E

DWORD nExitCode = NULL;

GetExitCodeThread(m_hThread, &nExitCode);

WaitForSingleObject(m_hthread, THRD_EXE_TIME_MS); // wait for terminate thread
TerminateThread(m_hThread, nExitCode);

CloseHandle(m_hThread);

/‘ Advanced Networking Tech. Lab. Programming Language
@%@7 Yeungnam University (YU-ANTL) chili-2 - 14 Prof. Young-Tak Kim



A EQ] TR (2)

¢ A AAR SRS I NX] 7|ClE|l= AR
® main() g0l M= BSHCH A|ZHINFINITIVE)C 2 7|C}HE

WaitForSingleObject(m_hthread, INFINITIVE); // wait for terminate thread
TerminateThread(m_hThread, nExitCode);

¢ AYES B MU S 2H5H|

ro

2,88 IS M= 8%

#define THRD_EXE_TIME_MS 5000 /7 mili-second St/ 2] Al2}

WaitForSingleObject(m_hthread, THRD_ EXE_ TIME_MS); // wait for terminate thread
TerminateThread(m_hThread, nExitCode);

4

/ L . i
/’Qw Advanced Networking Tech. Lab. Programming Language
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Two Simple Threads

€ version 1

-

pAnt “thread_M :: MW/

thread_main()

create thread_A()
create thread_B()

\

thread_A()

-

~

print “thread_A :: AAAA’

/

|; 2\ Advanced Networking Tech. Lab.
%A Yeungnam University (YU-ANTL)

\_

thread_B() A

print “thread_B :: BBBB”

)
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/* SimpleThreadsVerl.cpp (1) */

#include<stdio.h>
#include<windows.h>
#include<time.h>
enum ROLE { PRODUCER, CONSUMER };
typedef struct ThreadParam{

char mark;
} ThreadParam;

DWORD WINAPI Thread_A(LPVOID pParam);
DWORD WINAPI Thread_B(LPVOID pParam);

void main()

¢ [* B M0 */
ThreadParam *pThrParam; /* 2t A E2 MZE Liet0IH 2™/
HANDLE hThread_A, hThread_B; /* A& H2 & 2c|otH 2 S H= >/
DWORD nExitCode = NULL;

/* thread A0l &2 Z Wt0IE g =JI2t */

pThrParam = (ThreadParam*)malloc(sizeof(ThreadParam));

pThrParam->mark = 'A’;

/* CreateThread APIE 0| EZ06t0{ Thread &1t M & QI E HMEst =
Bt2tS|H KXl= oY ThreadOll Cigt 82 E hThread ASHSH W ME */

hThread_A = CreateThread(NULL, O, Thread_A, pThrParam, 0, NULL);

iz /j\ Advanced Networking Tech. Lab. Programming Language
25 Yeungnam University (YU-ANTL) chiil-2-17 Prof. Young-Tak Kim



/* SimpleThreadsVerl.cpp (2) */

P ni N

2=, )
2=

/* thread B0l &S 2 UWetO0IEH gt =J|3t */

pThrParam = (ThreadParam*)malloc(sizeof(ThreadParam));
pThrParam->mark = ‘B';

hThread B = CreateThread(NULL, O, Thread B, pThrParam, 0, NULL);
/* main() thread & & */

char mark = ‘M’;

for (inti =0; 1< 100; i++)

{
printf("Thread_main ... ");
for (intj = 0; j < 50; j++)
{
printf("%c", mark);
k
printf("Wn");
¥

/* main A2 E0F A St thread AJF AAZ SZE MDHXI CHOI*/
WaitForSingleObject(hThread_A, INFINITE);
GetExitCodeThread(hThread_A, &nExitCode);
TerminateThread(hThread_A, nExitCode); /* thread A S& */
CloseHandle(hThread A); /* A& SHEH S& */

/* main 22 E0F A St thread B It AAZ S8 MK CHOI*/
WaitForSingleObject(hThread_B, INFINITE);
GetExitCodeThread(hThread_B, &nExitCode);
TerminateThread(hThread_B, nExitCode); /* thread B & Z*/
CloseHandle(hThread B); /* A& S S& */

z)
= ]

v‘l”%ﬁ YUUII 1AL VINIVOIOIL 1VMIND . -, -
‘(‘ZEU_.; S5 Y\ ) ULl - LO
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/* SimpleThreadsVerl.cpp (3) */

DWORD WINAPI Thread A(LPVOID pParam)
{

ThreadParam *pThrParam =

(ThreadParam *)pParam;

int data = 0;

int sleep_time_ms = 0;

char mark = pThrParam->mark;

for (inti =0; i< 100; i++)

{
printf("Thread_A ... ");
for (intj = 0; ] < 50; j++)
{
printf("%c", mark);
¥
printf("Wn");
b
return O;

5 a\ , Advanced Networking Tech. Lab.
@“-&‘7 Yeungnam University (YU-ANTL)

/* SimpleThreadsVerl.cpp (4) */

DWORD WINAPI Thread_B(LPVOID pParam)
{

ThreadParam *pThrParam =
(ThreadParam *)pParam;
char mark = pThrParam->mark;

for (inti =0; i< 100; i++)

{
printf("Thread_B ... ");
for (intj = 0; ] < 50; j++)
{
printf("%c", mark);
¥
printf("Wn");
¥
return O;
¥
Programming Language
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Thread_d ... AGARARAAGALARAAAALARARAAAARARBAAARAAAALARARAALARAR
Thread_d ... AGARARAAAALAAAAAALARAAAAAARAARAAARAAAALARAAAALARAA
Thread 4 ... ASAAAAAAAAAAAAAAAALAAAAAAALAAAAAAAARALAAAARAAALAL

AI " :I Thread 4 ... ASAAAAAAAAAAAAAAAALAAAARALALAAAAAANARALAAAAAAALAL
‘ -II- Thread B ... BBBBBEBEEBBEEBEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERE

= O Thread_B ... BABDEEBEREEEBBEDEEEEREAREEEEEEEEEEEAREEEEEERE0E08
Thread_B . .. DEEDEEEREEERRRERRARERREEEEEno000EE0EEEEERERRRRRRns
Thread_B . .. DEEDOEEREEERRRERRARERREREEEno000EEaEEEEERERRRRRRns
® thread _A, th read B, th read main Thread B . .. DEEDOEEEEERRRRERRARERREREEEno000E0aEEEEERERRRRRRns
Thread_B . .. BEBBEEEEEEEEEEERREEEREEEEEEEEEEEEEEEEEEEEEERERRREE
Ol OEI 78 Al 7|_|'|:||'|:|' Hl_'l 7EI- O|‘ Y |'D:| AEI Thread_B . .. BEBBEEEEEEEEEREEREEEREEEEEEEEEEEEEEEEEEEEEERERRREE
N ThreadB . .. DEBEEEEEEEEEEEEEEEEEREEEEEEEEEE0EEEEEEEEEEERERR0Ee
SH Thread_B ... BABBEEBEEEERBBEEEEEERRAREEEEEEEEEEEAAEEEEEEEa0a08

o Thread B ... DEBDBBBBBBBThread_f ... AAAABDAADDAABEBAAAAAAAAAARKARAARAAAAAARARARAAAAAAAAAALS
Thread A ... ARAABAAGAGALAAARARKAARARAARAAARAARAAAAAAAALAAAS
® I} %Ol |:|- % 29 El 7| X~ O-” thread”Zt Thread ... AhARAAGAAARAAARARABAAAAAAGARAARAEAAARASAAAARASAN
— =1 — — Thread A ... AAAAAAGAAAAAAEAREEARARAARAAARAAAAALAALALAAAAAY

HFA = A O Thread 4 ... AGASARAAGALAAAARALAAAAAARARAALARARAALALALAAAALALAL
_9.' Jj'_x-” 7|' = Cﬁ E ) = E! O 'I%l I:l Thread d ... AhAAARAAGAAAAAAAALAAAAAAAARAARARARAALAGAAASAADALAL

Thread d ... AhAAARAAGAAAAAAAALAAAAAAAARAARARARAALAGAAASAADALAL
Thread_ 4 ... AGARARAAAALARAAAALARAAAAAARARBARARAAAALARAAAALARAA
Thread_ 4 ... AGARARAAGALAAAAAALARAAAAAARAARAAARAAAALARARAALARAA
Thread_ 4 ... AGARARAAGAGARAAAALARAAAARARAARAAARAAAALARARAALARAA

- - Threadd ... AGARGARAAGALAABARAARAAAAREAAAAAAEAGASEAKAAAAR AL
‘ II:|_|-°|= Ol' E'_‘I 0‘" th read OI- LI'7I' Thread s ... AGARAGAAAARABABARAAGASALALEAAARABALALALAAAARAASAA
-1 L Threadd .. AGARGALAAGALAABARAARAAAAREAAAAAAEAGAEAKAAAAR AL

- > = - Threadd .. AGARGALAAGALAABARAARAAAAREAAAAAAEAGAEAKAAAAR AL

Ol' EMI IJ|- = = | QI- _|| H‘l 7E|'OI- Threadd ... AGARGALAAGALAABARBARAAAARAAGARAAEARAEAKAAAAR AL

L 1 L = ! L Thread s ... AGAGAGAAAARABABARAAGASAAAEASARAMARALALAAAARAASAA

== - o Thread_d ... AGAGAAAAAARABABARAAGASAAAEALARAAARALALAAAARARASA

7|-|:|:| = = | o|-7| .?-I oH A‘I = O'I coi Thread d ... AMARARAABABABARAARARARARAARARARARARARARAABARARAAAA

= — (= THread_é ... AGARGARAABARAARARAARAAAARAANARAARAAAARAARARAARAAAA

A X - Thread_d ... AGARAAAABARARAAAARARAAAGAARARARARARARAAAARARARAARA

7-" Ql-o:l OI: QI-LI-'? Threadd ... AGARGARAAGALAABARBARAAAAREAAAAAAEAGASEAKAAAAR AL

. Threadd .. AGARGALAAGALAABARAARAAAAREAAARAAEAGASEARAAAAR AL

.. ) ) = o =~ Thread_d ... ABARARAARAAAARARAARARAARAAAARARAARAAAARAAAARAAAAR
® critical section A'-_Q_- of == [:l- = Thread_d ... ABARAAAARAAAARAAAARAAARAAAARARAARAAAARAAAARAAAARA
= Thread_d ... ABAAARAARAAAARARAARAAAARAARARARAARAAAARAAAARAAAARA
= 3 Thread_d ... ARAARARAARARAARARAARAAAARARAAAAAAAAAAAAAAABBAABBAAAAAA
Ez' OL [[H 7)|'X| E—l‘ A E |E %I;I Thread_d ... ABARARAARARAARARAARARAARARRARARRARARARAAARAAARA
Thread_d ... AhARARAARARAARARAARARAARARRARARRARARARAAARAAARA
El Xl Eol-EE H3S Thread A ... AhARAAARAAAARAAAARAAAARAABARAABARAABARAARARAAKARA
A = Thread A ... AhARAAARAAAARAAAARAAAARAARARAARARAARARAARARAARARK
o Thread A ... ARARAAAARAAAARAAAARAAAARAARARAARARAARARAARARAARARK
® “turn” Semaphore A"%: o} %% |:_|- Thread_d ... ABARARAARAAAARARAARARAARAAAARAAAARAAAARAAAARAAAAR
— Thread_d ... AMAARAAAARAAAARAAAARAAAARARAARARAARAAARAAAAAAAAAABEEBEEEEREEEERBEEERBEEERBEER
= 21 &} 0_” [ |:||. C Al El_ =2 A E‘” — Thread B ... BEBBERRBBERRAEERRAEERRAEERRREERRREERRREERREEEEREEE
= — —Hll— Thread B ... BEBBEEEADEERBDERRAEERRAEERRREERRREERRREEEREEEEREEE
Thread B . .. BEBBBRRBDBRRBBERRBBERREEERRRBERRREERRREERRREERRE0E
Y ( ) X‘” Thread B . .. BEBBBRRBDBRRBBERRBBERREEERRRDERRREERRREERRREEREEEE
Thread B . .. BEBBBRRBBBRRBBERREBERREEERRREERRREERRREERRREEREE0E
O-I Thread B ... BEBBERREBERRBBERREBERREEERRREERRREERRREERRREERREEE
Thread B ... BEBBEBREBERRBBERREBERREEERRREERRREERRREERRREERREEE
Thread B ... BEBBEBEEBERRBBERREBERREEERRREERRREERRREERRREERREEE
Thread 8 ... BEBBEERBEERRBEERRBEERREEERRREERRREERRREERREEEEREEE
Thread B ... BEBBEERBDEERBDERRAEERRBEERRREERRREEERREEEREEEEREEE
Thread B ... BEBBEERBDEERBDERRAEERRAEERRREERRREERRREEEREEEEREEEE
Thread B ... BEBBEERBDERRBDERRAEERRAEERRREERRREERRREEEREEEEREEEE
Thread B ... BEABERRADERRADERRAEERRAEERRREERRREERRREEEREEEEREEE
Thread B . .. BEBPBRRBDBRRBBERRBBERREEERRRDERRREERRREERRREEREE0E
Thread B ... BEBBBRRBBBRRBBERRBBERREEERRRDERRREERRREERRREEREE0E

Thread_B ... BEEBBEREREREEEEEEREREREREEREREREEEEEEREEEREREEEERE
Thread B ... EBB

T
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Two Simple Threads

€ version 2

/ thread_main() \

create thread_A()
create thread_B()

—_—----__-.~

sQRITICAL SECTION crl;z
rCr|t|caISectfon()
prm;’ ‘thread_M : MM\/IM

L¢aveCr|t|caISect|dn()

l \ \
1 \
4 thread_A() ,':' \ ‘\‘ thread_B() N
\
EnterCriticaISection()‘: \ énterCriticaISection()
print “thread_A :: AAAA’ Yorint “thread B :: BBBB”
LeaveCriticalSection(} LeaveCriticalSection()

2 / /

2 Advanced Networking Tech. Lab. Programming Language
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/* SimpleThreadsVer2.cpp (1) */ /* SimpleThreadsVer2.cpp (2) */

- - /* Consumer A =0 M & UctOIEH & =3t */
#include<stdio.h>
G - pThrParam = (ThreadParam®)

: ) ' malloc(sizeof(ThreadParam));
#include<time.h> pThrParam->pCS = &crit;

enum ROLE { PRODUCER, CONSUMER }: T e LT s A
typedef struct ThreadParam{ hThread_A = CreateThread(NULL, 0, Thread_A,
CRITICAL_SECTION* pCS; pThrParam, O, NULL);
char mark; 3 L
}Threadparam; /* PrOducer ﬁa'“EO'” I;I l_éF = |' |'D| E'I o9y = |§|’ */
pThrParam = (ThreadParam™*)
DWORD WINAPI Thread_A(LPVOID pParam): malloc(sizeof(ThreadParam));

pThrParam->pCS = &crit;
pThrParam->mark = 'B’;
hThread B = CreateThread(NULL, O, Thread_B,

DWORD WINAPI Thread_B(LPVOID pParam);

void main() pThrParam, 0, NULL);

{
/* B MO xy WaitForSingleObject(hThread_A, INFINITE);
CRITICAL SECTION crit; GetExitCodeThread(hThread_A, &nExitCode);
ThreadParam *pThrParam; TerminateThread(hThread_A, nExitCode);
HANDLE hThread A, hThread_B: CloseHandle(hThread_A);

DEYIID) negitee = UL WaitForSingleObject(hThread B, INFINITE);

GetExitCodeThread(hThread_B, &nExitCode);

[* A= ED| 32k TerminateThread(hThread_B, nExitCode);
InitializeCriticalSection(&crit); CloseHandle(hThread_B);
DeleteCriticalSection(&crit);
}
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/* SimpleThreadsVer2.cpp (3) */ /* SimpleThreadsVer2.cpp (4) */

DWORD WINAPI Thread_A(LPVOID pParam) ?WORD GUINARD Ulreciel [E(UPVRID e
{

ThreadParam *pThrParam;

pThrParam = (ThreadParam *)pParam;

char turn = "W0';

ThreadParam *pThrParam;
pThrParam = (ThreadParam *)pParam;
char mark = pThrParam->mark;

char_mqu = p_ThrPara_1m->mark; SIELT WU
Eor (inti=0;i<20; i++) for (inti = 0: i < 20; i++)
EnterCriticalSection(pThrParam->pCS); {

orintf("Thread A ... "): EnterCriticalSection(pThrParam->pCS);

AP R printf("Thread B ... ");
f{or (intj =0; j <50; j++) for (intj = 0; j < 50; j++)
; printf("%c”, mark); printf("%c", mark);
printf("wn");

}
LeaveCriticalSection(pThrParam->pCS); printf("Wn");

LeaveCriticalSection(pThrParam->pCS);

y Sleep(100); Sleep(100);
printf(*Thread_A finished - W), orintf("Thread_B finished ...#n"):
1 ’ return O;
}
|§ /j\ Advanced Networking Tech. Lab. Programming Language
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& AlsiANL (ver 2)

® critical section= AFE&3}0, S}LIO|
A ET} S Bo| S AMB| @
g M{77HX] CHE A E7F A g
A XA &=

® thread_A It = thread B7} &= =M
E5t= %%%W U

& Zt AP =7} oheHof| of S AT
S=5H/ o5f= YH2 2

@‘ Advanced Networking Tech. Lab.
@% Yeungnam University (YU-ANTL)

Thread_& ...
Thread B ...
Thread_#& ...
Thread B ...
Thread_#4 ...
Thread_ & ...
Thread B ...
Thread B ...
Thread_#4 ...
Thread B ...
Thread_#4 ...
Thread_ & ...
Thread_B ...
Thread_ & ...
Thread_B ...
Thread_ & ...
Thread B ...
Thread_ & ...
Thread B ...
Thread B ...
Thread_#4 ...
Thread_ & ...
Thread B ...
Thread_ & ...
Thread B ...
Thread B ...
Thread_#4 ...
Thread B ...
Thread_#4 ...
Thread B ...
Thread_#4 ...
Thread_ & ...
Thread B ...
Thread_ & ...
Thread B ...
Thread_ & ...
Thread B ...
Thread B ...

Thread_#4 .
Thread_#
Thread_B .

AhAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAA
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AAAAAAAAARAAAAAAAAAAAAARAAAAAAAAARAAAAAAALAAAAAAL
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
BBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AAAAAAAAARAAAAAAAAAAAAARAAAAAAAAARAAAAAAALAAAAAAL
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AAAAAAAAARAAAAAAAAAAAAARAAAAAAAAARAAAAAAALAAAAAAL
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
BBBEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
BBBEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
BBBEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
BBBEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAARAAAAAAAAAAAAAMAAAAAAAAAAAAAAAAALAAAAAAL
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
BBBEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
EBEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAARAAARAAAAAAAAARAAARAAAAARAAARAAALAAAAAAL
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAARAAARAAAAAAAAARAAARAAAAARAAARAAALAAAAAAL
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAARAAARAAAAAAAAARAAARAAAAARAAARAAALAAAAAAL
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
EBEEEBEEBEEEBEEBEEEEEEEEEEBEEEEEEEEEEEEEEEEEBEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
EBEEEBEEBEEEBEEBEEEEEEEEEEBEEEEEEEEEEEEEEEEEBEEEEE
AhAAAAAAAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAARAAAAAAA
EBEEEBEEBEEEBEEBEEEEEEEEEEBEEEEEEEEEEEEEEEEEBEEEEE
EBBEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
AhAAAAAAAARAAAAAAAAAAAAALAAALAAAAARAAARAAALAAAAAAL

fIﬂIShEd

e e e e e e e e e e

Thread_B fIﬂIShEd
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Two Simple Threads

¢ version 3
/ thread_main() \

create thread_A();
create thread_B();

- .C.RIILCA.I_SECLID.I.\Lcut
I char turn = A’, i

'EnterCrltlcaISectlon()\ \

]
I qunt “thread_M = MMMM" %
! inr A
" ,' turn = A ; vV
\:'\L LeaveCriticalSection() \ \
I 1 \ A
LJ T \ 3
I ] \
thread A() ! \ / ‘\\ th\ead_B() \
I \ \
wait until (*pTurt\ =,l'— ‘A) walt\untll (*pTurn == 'B’)
EnterCr|t|caISect|an() EnterCr|t|caISect|on()
print “thread_A :: AAAA" prlnf\ “thread_B :: BBBB"
*pTurn = ‘B'¥ YpTurn = ‘M’;
LeaveCriticaISection()/ LeaveCriticalSection() /
@v\ Advanced Networking Tech. Lab. Programming Language
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/* SimpleThreadsVer3.cpp (1) */ /* SimpleThreadsVer3.cpp (2) */

Hinclude<stdio. h> /* Consumer AdE0 &Y & LictOIEH L =13k */
Include<stdio pThrParam = (ThreadParam*)
malloc(sizeof(ThreadParam));
pThrParam->pCS = &crit;

#include<windows.h>
#include<time.h>

enum ROLE { PRODUCER, CONSUMER }; pThrParam->mark = 'A’;
typedef struct ThreadParam{ pThrParam_>pTurn = &turn;
CRITICAL_SECTION* pCS; hThread_A = CreateThread(NULL, O, Thread A,
char mark; pThrParam, 0, NULL);
char *pTurn; 3 L
YThreadParam: /* Producer Ad| S0 &Z 2 LictOIEH g =Dt */

pThrParam = (ThreadParam¥)
malloc(sizeof(ThreadParam));
pThrParam->pCS = &crit;
pThrParam->mark = 'B';
pThrParam->pTurn = &turn;

DWORD WINAPI Thread_A(LPVOID pParam);
DWORD WINAPI Thread_B(LPVOID pParam);

void main() hThread B = CreateThread(NULL, O, Thread_B,
{ pThrParam, O, NULL);

/[* B HO

CRITICAL SECTION crit: WaitForSingleObject(hThread_A, INFINITE);

GetExitCodeThread(hThread_A, &nExitCode);
TerminateThread(hThread_A, nExitCode);
CloseHandle(hThread_A);

ThreadParam *pThrParam;
HANDLE hThread A, hThread B;
DWORD nExitCode = NULL,;

char turn ="A’"; WaitForSingleObject(hThread_B, INFINITE);
GetExitCodeThread(hThread_B, &nExitCode);

[* A= F| b/ TerminateThread(hThread_ B, nExitCode);

InitializeCriticalSection(&crit); CloseHandle(hThread_B);

DeleteCriticalSection(&crit);

& /j Advanced Networking Tech. Lab. T ———ge
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/* SimpleThreadsVer3.cpp (3) */ /* SimpleThreadsVer3.cpp (4) */

DWORD WINAPI Thread A(LPVOID pParam) DWORD WINAPI Thread B(LPVOID pParam)
{ {
ThreadParam *pThrParam;
pThrParam = (ThreadParam *)pParam;
char mark = pThrParam->mark;
char turn = 'WO0';
for (inti=0; 1< 20; i++)

ThreadParam *pThrParam;

pThrParam = (ThreadParam *)pParam;
char mark = pThrParam->mark;

char turn = ‘W0’;

for (inti =0; i< 20; i++)

{

do {
EnterCriticalSection(pThrParam->pCS);
turn = *pThrParam->pTurn;
LeaveCriticalSection(pThrParam->pCS);

if (turn =="A")
break;

else
Sleep(100);

} while (turn !'="A");
EnterCriticalSection(pThrParam->pCS);
printf("Thread_A ... ");

for (intj =0; j <50; j++)

printf("%c", mark);

by

printf("Wn");

*pThrParam->pTurn = 'B';
LeaveCriticalSection(pThrParam->pCS);
Sleep(10);

do {
EnterCriticalSection(pThrParam->pCS);
turn = *pThrParam->pTurn;
LeaveCriticalSection(pThrParam->pCS);

if (turn =="B")
break;

else
Sleep(10);

} while (turn !'="B");
EnterCriticalSection(pThrParam->pCS);
printf("Thread B ... ");

for (intj =0; j <50; j++)

printf("%c", mark);

¥

printf("Wn");

*pThrParam->pTurn = 'A’;
LeaveCriticalSection(pThrParam->pCS);
Sleep(100);

¥ ¥
printf("Thread_A finished ...Wn"); printf("Thread_B finished ...Wn");

return O; return O;
éﬁ%é AUvVAIILEU NELWUIRINE 1ECIL LdV. Programm/hg Language
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Thread_ 4 ... AAAAAAAARAAAAAAAAAAAAAAAAAAAAAAARALARAAAAAALARALAL
Thread_B ... EBBEEBBEEEEEEEEEEEEBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
‘ AlSH 74 71 J_I. (Vel’ 3) Thread_ 4 ... AAAAAAAARAAAAAAAAAAAAAAAAAAAAAAARALARAAAAAALARALAAL

= o IThread_E ... BEREEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEEEEEEEREEEEEEE
Thread h ... AhhAARAARALSAAGARAASAARALGAAAASASAAAAAAAASAASADSA

® critical sectionf 2t7H| turn Thread B ... EREEREEREERREEEEEREEEREEEEEREEEEEEREEREEEEEEREEEER
semaphoreE Al Thread_d ... AhbAARAARAAABAABAASAAASAASAAAAAAAASAASAAAAAAAAASA
Thread_E ... EEEEEBEEEEEREEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEREEEER

® SILIO| AR ET}SH =0l =S Thread_d ... AhbAABAARAAABAABAASAAASAAGAAAAAAAAASAAAAAAAAASA
o235 [J2 ApCot =82 Thread_E ... EEREEBEEEEREEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEREEEER

2h = Of i Thread h ... AAhAARAARALGAAGASAASAARALGAAASASAAAAAAAASAASADSA

otz st [[H 77p(| Az 7|cte| A st Thread_E ... EERERBEEEEREEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEREEEER
Thread h ... AAhAARAARALGAAGARAASAARAAGAAASASAAAAAAAASAASADSA

® thread A = thread B7} SHH Thread B ... EREEREEREEEREEEEREEEEREEEEEREEEEEEREEEEEEEEEREEEER
= o f iy I:|-|7I-I_ THread h ... AAhAARAARALGAAGASAASAAALGALAASASAAAAAAAASAASADSA

of ot =M = SHH, HZ 0} 7t Thread B ... EREEREEREERREEEEEEEEEREEEEEREEEEEEREEREEEEEEREEEER

0 = o Thread h ... AAhAARAARALGAASASAASAARALGALARSASAAAAAAAASAASADSA

= Thread_E ... EEREEBEEEEREEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEREEEER

Thread_d ... AbASAASARASAAAALAASAAALSSAADLDLLRELDLDLLLGLLDLLLLLLLS D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AdAAAASALASSAAALAASAAALASAADHSLLRELDLDLLGLLLDLLLLLLD D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASALASSAAALAASAAALASAANSLLRELDLDLLLGLLLDLLLLLLSD,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASARASSAAALAASAAALSSAADSLLRELDLDLLLGELDLDLLLLLLS D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASARASASAAALAAAAAALASAADSLLRELDLDLLGELDLLLLLLLSD,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASALASASAAALAASAAALASAADHSLLRELDLDLLLGLLDLDLLLLLLS D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASARASASAAALAASAAALASAADHSLLRELDLDLLLGLLDLDLLLLLLS D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASARASSAAALAASAAALSSAADSLLRELDLDLLLGLLLDLLLLLLSD,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AdAAAASALASASAAALAASAAALASAADHSLLRELDLDLLLGELLDLLLLLLSD,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASARASSAAALAAAAAALASAAASLLRELDLDLLLGLLDLLLLLLLS D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_d ... AbAAAASALASSAAALAASAAALSSAADSLLRELDLDLLLGELDLLLLLLLS D,
Thread_B ... BEBBEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Thread_# fIﬂIShEd

s Thread_B finished .
Z&= Advanced Networking Tech. Lab. HZEFHEE 02 3|I_} =2MAe . ge

‘QW Yeungnam University (YU-ANTL) chll-2 - 28 Prof. Young-Tak Kim

ga\i_u

\\f/



Two Simple Threads with shared Queue

€ version 4 — shared Queue ALE

/ thread_main() \

create thread_A()
create thread_B()

CRITICAL_SECTION crit

_ ————— ----\
\ Queue Queue queue;  _ 2

s
thread_A() \ thread_B() N

Queue

ait until (*pQ is not FULL) wait untii (fifoQ is not
EnterCriticalSection() —> I —) EMPTY)
Element e = datalij; EnterCriticalSection()
enQueue(pQ, e); Element e = deQueue(pQ);
LeaveCriticalSection() / LeaveCriticalSection() /

2 Advanced Networking Tech. Lab. Programming Language
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Shared Queue®| {+< HIEH (1)

€ Circular Queue
® array 7|EIO| I£H
® first_index, last_index?} X &= HO|HE 712 Z
= first_index2} last_index2| &=7|4f& 0
= index 4f2 0 ~ N-1 H2[2| ¢tS 7IX[}{, N-1 0|2 0f|= 022 &2t
® enQueue()
» pQ->data[last_index] = element;
= pQ->last_index = (pQ-> last_index + 1) % N;
» pQ->num_data++;
® deQueue()
» element = pQ->data[first_index];
= pQ-> first_index = (pQ-> first_index + 1) % N;
» pQ->num_data--;

o 2\ Advanced Networking Tech. Lab.
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Shared Queue®| 71 HIEH (2)

€ List Queue
® Doubly Linked List 7|Hto| 154
® LinkNode, LinkedList =X & 2
® enQueue()Y| A= ARl *pLast F| 0| M2 list nodeE =7}
® deQueue()H M= AHXY Q| *pFirst =t E= 111, remove

€ Priority Queue
® Heap priority queue 7|8t9| 154
® complete binary tree2 14
® insertHeap()0f| A= upheap bubblingO| =2l ||:|1, atAb 7|1F0| E|= key /0| 7+

A2 (B 7HE &) element?} rootlf| & X[SIE=F 2t E|EI
® removeMin()0| Al = downheap bubbling0| =2 ElEH O Q= st 2= S 7|&:0|
I|= key 40| 7}Z 2H2 (L= J1HE 2) element7} root01| 2 X|StEE 22| =l

|: 2 > Advanced Networking Tech. Lab. Programming Language
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ZtEkst Producer — Consumer 28| E ¢ 0

€ Thread Producer
® generate and data randomly, and enqueue() into the shared queue
® if queue is full, it waits
® sleeps randomly chosen time
® repeats the data generation for given execution duration

€ Thread Consumer
® dequeues a data from the shared queue
® if queue is empty, it waits
® sleeps randomly chosen time
@® repeats the data processing for given execution duration

€ Functional Block diagram

Critical Section

Thread._ w enQueue() I I deQueue() Thread_
Producer J | | Consumer

l Circular_Queue_int |

/‘ Advanced Networking Tech. Lab. Programming Language
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Queue - Header File

/* Queue.h */

#ifndef CIRCULAR_INT_Q H
#define CIRCULAR_INT_Q_H

typedef struct Circular_Int_Queue
{ o

Int numData;

int max_Q_size;

int first_index;

int last_index;

int *data;

Circular_Int_Queue(int maxQsize); // 2N Q| =7|z} Ao
} Circular_Int_Queue;

int enQueue(Circular_Int_Queue* pQ, int data);
int deQueue(Circular_Int_Queue* pQ);

int isQueueEmpty(Circular_Int_Queue* pQ);

int isQueueFull(Circular_Int_Queue* pQ);

void printQueue(Circular_Int_Queue* pQ);

void freeQueueBuffer(Circular_Int_Queue* pQ);
#endif

|§ / 2\ Advanced Networking Tech. Lab. Programming Language
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/* Queue.c (1) */

#include <stdio.h>
#include <stdlib.h>
#include"Queue.h"

Circular_Int_Queue::Circular_Int_Queue(int maxQsize)

{
max_Q_size = maxQsize;
data = (int *)malloc(sizeof(int)* max_Q_size);
first_index = last_index = 0;
numData = O;
for (int1 = 0; i < max_Q_size; i++)
{
data[i] = -1;
}
}
void freeQueueBuffer(Circular_Int_Queue™ pQ)
{
free(pQ->data);
}
|;ur}\\ Advanced Networking Tech. Lab. Programming Language
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Queue — HIH gt~

/* Queue.c (2) */ /* Queue.c (3) */
int enQueue(Circular_Int_Queue™ pQ, int data) int deQueue(Circular_Int_Queue™ pQ)
{ {
int index = -1; int data = 0;
if (isQueueFull(pQ)) int index = -1;
{ If (isQueueEmpty(pQ))
printf("Queue is Full'lWn"); {
return -1; printf("Queue is Empty!"W#Wn");
} else return -1;
{ } else
index = pQ->last_index; {
pQ->data[index] = data; index = pQ->first_index;
pQ->last_index = (pQ->last_index + 1) data = pQ->data[index];

% pQ->max_Q_size; pQ->data[index] = -
pQ->numData++; pQ->first_index = (pQ->first_index + 1)
return O; % pQ->max_Q_size;

} pQ->numbData--;
} return data;
}
¥

|§ 2 > Advanced Networking Tech. Lab. Programming Language
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/* Queue.c (4) */

int isQueueEmpty(Circular_Int_Queue* pQ)

{
If (pQ->numData == 0)
return 1;
else
return O;
}
int isQueueFull(Circular_Int_Queue™ pQ)
{
if (pQ->numData == pQ->max_Q_size)
return 1;
else
return O;
}
void printQueue(Circular_Int_Queue™ pQ)
{
int count = 0;
printf(" Current queue (numData: %2d) [, pQ->numData);
for (int i = 0; i<pQ->numData; i++)
{
printf(* %2d", pQ->data[(pQ->first_index + i) % pQ->max_Q_size]);
if (i < (pQ->numData - 1))
printf(*', ");
}
printf("]wWn");
}
5 “ ur«j% Adv rogramming Language
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main(), Threads

/* Multi-thread.c (1) */

#include<stdio.h>
#include<windows.h>
#include<time.h>
#include"Queue.h"

#define MAX_QUEUE_SIZE 10
#define THREAD_EXECUTION_TIME 10000 // 10 sec
enum ROLE { PRODUCER, CONSUMER };
typedef struct ThreadParam
{
Circular_Int_Queue *queue;
CRITICAL_SECTION* pCS;
int role;
} ThreadParam;

DWORD WINAPI Thread_producer(LPVOID pParam);
DWORD WINAPI Thread_consumer(LPVOID pParam);

/j\ Advanced Networking Tech. Lab. Programming Language
24 Yeungnam University (YU-ANTL) chil-2 - 37 Prof. Young-Tak Kim

i



/* Multi-thread.c (2) */

void main()
{
Circular_Int_Queue circular_IntQ(MAX_QUEUE_SIZE); // Queue M4 ¥ =xD|3}
[FUHPAEE LIFO A E2He SR A4E AFEE 2t2lotH E CriticalSection B1=*/
CRITICAL_SECTION crit;
ThreadParam *pThrParam; /*2f A& M E U0l 2>/
[*AYHE HEE 2e|otH 2 S B/
HANDLE hThreadProducer, hThreadconsumer;
DWORD nExitCode = NULL;

Circular_Int_Queue *pQ = &circular_IntQ; /*H= =J|3t*/
InitializeCriticalSection(&crit); /*AdIE 0 M AtE & CriticalSection H == =J[3t*/

/*Consumer Ad|E0 &Z 2 Li2tO0IEH g =D 3t/

pThrParam = (ThreadParam*)malloc(sizeof(ThreadParam));

pThrParam->pCS = &crit;

pThrParam->queue = pQ;

pThrParam->role = CONSUMER;

/*CreateThread APIE 0| &6t0] Thread At MEE OIXE MESH =
BIELC|H Xl = oS ThreadOll (&t A 2 E hThreadconsumer S =210l X &>/

hThreadconsumer = CreateThread(NULL, O, Thread consumer, pThrParam, 0, NULL);

printf("Thread consumer has been created and instantitated ..Wn");

Py
|'E
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/* Multi-thread.c (3) */

/*Producer AdIE0 M€ 2 WetO0IE & ==/

pThrParam = (ThreadParam*)malloc(sizeof(ThreadParam));

pThrParam->pCS = &crit;

pThrParam->queue = pQ;

pThrParam->role = PRODUCER;

/*CreateThread APIE 0|&0t0{ Thread M &t M8 CIXE ML st =

SHEtE| A= ol & ThreadOll et & 2 E hThreadProducer e = 2 Of JH &>/
hThreadProducer = CreateThread(NULL, O, Thread_producer, pThrParam, 0, NULL);
printf("Thread producer has been created and instantitated ..Wn");

/*main Ad| S0 A St Producer A2 EJF 22 IR CHO[*/
printf("Waiting for the termination of thread producer...¥n");
WaitForSingleObject(hThreadProducer, THREAD EXECUTION_TIME);
GetExitCodeThread(hThreadProducer, &nExitCode);
TerminateThread(hThreadProducer, nExitCode); /*Producer A&l & S&*/
CloseHandle(hThreadProducer); /*Adl & S S&*/

printf("Thread producer is now terminated..Wn");

/*main A &0t A8t Comsumer A &0 2L DX THOI*/
printf("Waiting for the termination of thread consumer...¥¥n");
WaitForSingleObject(hThreadconsumer, THREAD EXECUTION_TIME);
GetExitCodeThread(hThreadconsumer, &nExitCode);
TerminateThread(hThreadconsumer, nExitCode); /*Comsumer A 2l&E S=*/
CloseHandle(hThreadconsumer); /*Ad & S S&*/

printf("Thread consumer is now terminated..Wn");

a\ , Advanced Networking Tech. Lab. Programming Language
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/* Multi-thread.c (4) */

[*AH S0l A AFE & CriticalSection 21~ Delete*/
DeleteCriticalSection(&crit);

freeQueueBuffer(pQ);
¥
DWORD WINAPI Thread_producer(LPVOID pParam)
{

ThreadParam *pThrParam;
/[*void* Mtz AdEN MEE QXE SBHE= Soll pThrParam & =2 BH &>/
pThrParam = (ThreadParam *)pParam;
Circular_Int_Queue *pQ = pThrParam->queue;
int data = 0;
int sleep_time_ms = 0;
int enQ _res;
srand(time(NULL));
while (1)
{
data = rand() % 100;
== AE0 82ot= O'ﬁl?oz'()ﬂ &Yoot &
csH=E 0|Zot(H, Locks &1 HFAGU &
a“deﬂ ofLtel AIERHO| SRAAN EZ2ot== Mster*/
EnterCriticalSection(pThrParam->pCS);
printf("Thread_producer::enqueue(data = %2d) => ", data);

lé/ = = Advanced Networking Tech. Lab. Programming Language
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/* Multi-thread.c (4) */

enQ_res = enQueue(pQ, data);
LeaveCriticalSection(pThrParam->pCS);
if (enQ_res 1=-1)
{
EnterCriticalSection(pThrParam->pCS);
printQueue(pQ);
LeaveCriticalSection(pThrParam->pCS);
}
else
{ // Bt2F Queuelt FULL &EHO0[H, = S2t0l 42 [ NAl =0t enQueue() Al=
do {
Sleep(200);
EnterCriticalSection(pThrParam->pCS);
enQ_res = enQueue(pQ, data);
LeaveCriticalSection(pThrParam->pCS);
} while (enQ_res == -1);
EnterCriticalSection(pThrParam->pCS);
printQueue(pQ);
LeaveCriticalSection(pThrParam->pCS);

}

sleep_time_ms = rand() % 500;
Sleep(sleep_time_ms);

}

return O;

= j\ Advanced Networking Tech. Lab.
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/* Multi-thread.c (4) */

DWORD WINAPI Thread_consumer(LPVOID pParam)
{

ThreadParam *pThrParam;

MFvoid* Mtedl=x AdEN dEE QAE HHES Sofl pThrParam 2 &X = BHa&t*/

pThrParam = (ThreadParam *)pParam;
Circular_Int_Queue *pQ = pThrParam->queue;
int sleep_time_ms = 0;
int dequeue_data = -1;
srand(time(NULL));
while (1)
{
[*E= A0 E2ot= O'ﬁl?oz'()ﬂ Motk M
st Ol ofLtel A ECHO| SR AN &E2ot== Meter*/
EnterCrltlcaISection(pThrParam->pCS),
printf("*Thread _consumer::deQueue() =>");
dequeue_data = deQueue(pQ);
if (dequeue_data > -1)

printf("dequeue data (%2d)", dequeue_data);
printQueue(pQ);

/*SR A0 st XelE SF 8 = critical section Locks =00
ol AAHAS0CHS HelE CHE AdISIt HE = JUEE e/

LeaveCriticalSection(pThrParam->pCS);

sleep_time_ms = rand() % 1000;

Sleep(sleep_time_ms);

}

return O;

}

5 a\ , Advanced Networking Tech. Lab.
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Thread consuner
Thread_consuner
Thread producer
Waiting for the

Thread_producer
Thread_producer
Thread_producer
Thread_consumer
Thread_producer
Thread_consuner
Thread_producer
Thread_producer
Thread_consumer
Thread_producer
Thread_producer
Thread_producer :
Thread_producer
Thread_consumer
Thread_producer
Thread_producer
Thread_producer
Thread_producer
Thread_consumer |
Thread_producer
Thread_producer

Queue is Full!!

Thread_consumer |
Current aueue (num_data: 10)

Thread_producer
Oueue iz Full!!
Queue is Full!!
Queue is Ful !
Oueue is Full!]
Thread_consuner

Current aueue (num_data: 10)
Thread_consumer |
Thread_producer
Thread_consumer |
Thread_producer
Thread_consumer
Thread_producer
Thread_producer

Queue is Ful !

has been created and instantitated ..
Ciodedueuel) => Queue is Empty!!

has been created and instantitated ..
termination of thread producer. ..

‘engueueldata = 81) = Current gueue (num_data: 1) [ 81]
rengueueldata = 31) => Current gueue Cnum_data: 23 [ 81, 31]
rengueueldata = 79) => Current gueue Cnum_data: 30 [ 81, 31,

[P
1.
I
(¥

4]

4]

, Advanced Networking Tech. Lab.
Yeungnam University

deQueue() => dequeue data (81) Current qgueue (num_data:
engueueldata = 54) == Current gueue (num_data: 3) [ 31, 79,
defueuel) => dequeue data (310 Current gueue (num_data:
rengueueldata = 1) = Current gueue (num_data: 3) [ 79, 54,
rengueueldata = 24) => Current gueue (num_data: 4) [ 79, 54,
deQueue() => dequeue data (79) Current queue (num_data:
engueneldata = 41) => Current gueue (nun_data: 43 [ 54,
rengueueldata = 500 == Current gueue (num_data: &) [ 54,
‘engueueldata = 15) = Current gueue (num_data: B) [ 54,
engueue(data = 28) =» Current queue (num_data: 7)1 [ 54,
tdeQueue() => degueue data (54) Current gueue (num_cata: 6 [
rengueue(data = 49) => Current gueue Cnum_data: 70 [ 1, 24,
engueueldata = B7) == Current gueue (num_data: 8) [ 1, 24,
rengueueldata = 77) => Current gueue (num_data: 9) [ 1, 24,
rengueueldata = 45) = Current queue (num_data: 100 [ 1, 24,
deQueue() => dequeue data [ 1) Current queue [num_data:
rengueueldata = 396) => Current gueue Cnum_data: 100 [ 24, 41,
engueeldata = 94) == Quewe is Full!!
‘defueuel ) => dequeue data (24) Current gueue [num_data:

[ 41, BO, 15, 28, 49, &7, 77, 45, 36,
Cengueueldata = 98) => Queue is Full!l
Diededueuel) => dequeue data (417 Current gueue (num_data:

[ B0, 15, 28, 49, &7, 77, 45, 35, 94,
dedueue() => degueus data (500 Current queue (num_data:
engueueldata = 57) = Current queue (num_data: 100 [ 15, 28,
‘defueuel ) => dequeue data [158) Current gueue [num_data:
rengueueldata = 96) => Current gueue (num_data: 100 [ 28, 449,
deQueue() => dequeue data (28] Current queue (num_data:
engueue(data = 39) == Current gueue (num_data: 100 [ 48, 67,
engueueldata = 49) => Queue is Full!!

(YU-ANTL)

2) [ 31,
2) [ 74,

3 [ B4,

9 [ 24,

9y [ 41,

9 [ &0,
9 [ 15,
9y [ 28,
9 [ 49,
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Thread_consumer: deQueuel) => deaueue data (49) Current aueue (num_data: 9) [ 67, 77, 45, 36, 94, 893, 57, 95, 391
Current gueue (num_data: 100 [ &7, 77, 45, 36, 94, 93, 57, 96, 39, 449]

Thread_consumer: :deQueel) => deaueue data (67) Current aueue (num_data: 9) [ 77, 45, 36, 94, 98, &7, 96, 39, 49]
Thread_producer: iengueleldata = 6101 => Current gueue (num_data: 100 [ 77, 45, 36 94, 938, 57, 596, 39, 48, G&1]
Thread_producer ! tengueuel data = 7B = Queue is Ful !l

Oueue is Fullll

Oueue is Fullll

Oueue is Full!!

Thread_consumer: deQueuel) => deaueue data (77) Current aueue (num_data: 9) [ 45, 36, 94, 98, 57, 896, 39, 49, 61]
Current gueue Cnum_clata: 10) [ 45, 36, 94, 98, &7, 95 39, 49, 61, 78l

Thread_producer : tengueuel data = 160 = Queue is Ful !l

Thread_consuner: deQueuel) => deaueue data (45) Current aueue (num_data: 9) [ 36, 94, 98, &7, 95, 39, 49, A1, 78]
Current gueue Cnum_clata: 10) [ 36, 94, 98, 57, 96, 39, 49, GBI, 78. IE]

Thread_producer : iengueuel data = 44) =» Queue is Ful |!!

Oueue is Fullll

Hueue is Fulll!

Thread_consuner: : deQueuel) => dequeue data (36) Current queue (pum_data: 9) [ 94, 93, &7, 96, 39, 49, 61, 78, 16]
Thread_consumer::deQueuel) => deaueue data (94) Current aueue (num_data: 8) [ 93, &7, 96, 33, 49, 61, 73, 1€]
Current guee (num_data: 9) [ 98, 57, 95, 39, 49, 61, 78, 16, 44]

Thread_producer: iengueueldata = 200 => Current gueue (num_data: 100 [ 98, 57, 96, 39, 49, 61, 78, 16, 44, 20
Thread_consuner !+ defueuel ) -> dequee data (98) Current gueue (num_data: 9) [ 57, 98, =9, 49, 61, 78, 16, 44, 20]
Thread_producer : s engueusl dat a = 74) == Current gueue (num_data: 10) [ 57, 96, 39, 49, 61, 78, 16, 44, 20, 74l
Thread_producer: iengueueldata = B) => Queue is Ful !l

Oueue is Full!!

Thread_consumer: deQueuel) => deaueue data (57) Current aueue (num_data: 9) [ 896, 39, 49, 61, 78, 16, 44, 20, 74]
Thread_consuner: s deQueuel) => degueus data (96) Current gueue (num_data: 8) [ 39, 49, 61, 78, 16, 44, 20, 74]
Current gueue (num_data: 9) [ 38, 48, GBI, 78, 16, 44, 20, 74, ]

Thread producer is now terminated. .

Waiting for the termination of thread consumer. ..

Thread_consumer: @ deQueuel) => degueue data (39) Current gueue (num_data: 8) [ 49, 61, 78, 16, 44, 20, 74, €]
Thread_consumer : fdeQueuel) => dequeue data (49) Current gueue (num_data: 7) [ 61, 78, 16, 44, 20, 74, 6]
Thread_consumer: sdefueusl) => dequeus data (61 Current gueue (num_data: 6) [ 78, 16, 44, 20, 74, ]
Thread_consumer : :deQueuel) => degueue data (73) Current queue (num_data: 5) [ 16, 44, 20, 74, £]
Thread_consumer: :deQueuel) => deaueue data (16) Current aueue (num_data: 4) [ 44, 20, 74, 6]
Thread_consumer : fdeQueusl) => dequeue data (44) Current oueue (num_data: 3) [ 20, 74, 6]
Thread_consuner: :deQueuel) => deaueue data (200 Current queue (num_data: 2) [ 74, 6]
Thread_consumer : sdefueusl) =» dequeue data (74) Current aueue (num_data: 1) [ 6]
Thread_consumer: :defueue) => dequeue data ( B) Current aueue (num_data: 0 []
Thread_consuner : :deQueuel) => Quee is Empty!!
Thread_consumer: defQueuel) => Queue is Emptw!!
Thread_consumer : fdefueusl) => Queue is Enpty!!
Thread_consumer : : deQueuel) => Quee is Empty!!
Thread_consumer: defQueuel) => Queue is Emptw!!
Thread_consumer : fdefueusl) => Queue is Enpty!!
Thread_consumer : : deQueuel) => Quee is Empty!!
Thread_consumer : deQueuel) => Queue is Empty!!
Thread_consumer : fdefueusl) => Queue is Enpty!!
Thread_consuner: : deQueuel) => Quele is Emnpty!!
Thread_consumer  deQueuel) => Quee is Empty! !
Thread_consumer : fdefueusl) => Queue is Enpty!!
Thread consumer is now terminated. .
H=gHAE OtF Lt F2EHAL .
Advanced Networking Tech. Lab. Programming Language
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Task Generator — Task Processor

€ Functional Block diagram
® 27||9| threads: Task_Gen, Task_Proc
® 1749] Linked List 7|2l Queue

Critical Section

o o mEmm—_——
Thread_ 1 enQueue() l 'I I deQueue() Thread_
Task_Gen J I | Task_Proc
l ListQueue (for task) I
—_——_——— —— S
K= Advanced Networking Tech. Lab. Programming Language
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€ Thread Task _Gen

® Thread Task Gen()= AIHCHE 0 ~ 194} 2| task_id2} &lo|2 MME| = task_name
£ 7tX|= Task 7+ M| HeF A-451H, O -4 E taskE &7 &l= queued| M %
(enqueue) A|ZILC}.

® o4t iskull() = AFESHY, queue”t FULL &EHQI 7S TA
queue?} FULL &fEfO| T, 0.1 & sleep?t & CrA| queue &fEfE EASH 2, Ol &7
S{H0| 47| ™ H’é*i“if-

® Queued H|IO|HE X &t 20| =, printQueue() & A
EiE =3 A|7|04, 0.1 — 128 AO[2] ZIO 2ol= M5t
, C|O|Ef M I enqueue SZH2 HHE St}

Eor0] 21X 2| queue &
1 7|7t =0t sleept &

€ Thread Task Proc

® Thread Task Proc()= isEmpty() &£ A5 queuel| MEfE = 01510], OHRF
EMPTY &E{7} OFL|® queued] XZE|0f Qi H|O|EIS FE (deQueue)to] Task
HHE (task_id, task_name)= = =St

® printQueue() &5 ArESIH queue “EHE EZ3ot 3, 0.1 ~ 1 AL0|9| gt2 ¢
olz ¥t =, 1 7|7t St sleepdtd, queuez R E Q| H|O|H =& Hh=otCt.

® [of queue”} EMPTY HE{O[H, 0.1 & =50t sleeptt =, queued HEfS CiA| H A
Skil, EMPTY &Ef7t OFL| ™ O|O|H & F=otrt.

|§ 2 > Advanced Networking Tech. Lab. Programming Language
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¢ main() g
® main() £ MAX_CAPACITY 109! queueES XN HE=9| X7|3} 7|52 AR}
o A™SIH, & 742 AY E (Thread_Task Proc(), Thread Task_Gen())S 4 M5}
i,

® O|= A E=0| queuelt CRITICAL _SECTION criticalSectionE &S5t 5 S},
2+2t9| roleS TASK_PROCQ} TASK_GENS 2 X| X tCt.

® MMEL| Thread Task _Gen() = X|™ =l 7%= (0f|: 20)2|TaskE 24 3}0], enqueue

NEIERE g tan

® Thread Task Proc()= K| ™ El 7]4=9| taskE X} £ dequeuest &2, 0| N 2| (=}
Ho| =8) o =, AA = ZFOHCL

® main()& =0 A= WaitForSingleObject()&t=5 A5}, Thread Task_Gen() O]
AAZ =T 77FX| 7| CHEICE,

® Thread Task Gen() O] S &2 &|H, main()&4=0{| A= WaitForSingleObject() &+~
A8, Thread Task Proc() O| AA 2 2%t I 77HX| 7| CrEICE

5 a\ , Advanced Networking Tech. Lab. Programming Language
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Task Gen, Task_Proc, ListQueue®| 4194

/* ListQueue.h (1) */

#ifndef LIST_QUEUE_H
#define LIST_QUEUE_H

/* Queue based on Linked List */
#include <stdio.h>

#include <stdlib.h>
typedef struct Task

{
int task_id;
char task_name[16];
} Task;
typedef struct ListNode
{
Task *pTask;
ListNode *prev;
ListNode *next;
} ListNode;

g /j\ Advanced Networking Tech. Lab.
A Yeungnam University (YU-ANTL)

/* ListQueue.h (2) */

typedef struct ListQueue
{
ListNode *pFront;
ListNode *pEnd;
int size;
int max_capacity;
ListQueue(int max_cap);
} ListQueue;

bool isEmpty(ListQueue *pQ);
bool isFull(ListQueue *pQ);
void initQueue(ListQueue *pQ);

int enQueue(ListQueue *pQ, Task *pTsk);

Task *deQueue(ListQueue *pQ);
void printQueue(ListQueue *pQ);

#Hendif

chll-2 - 48
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/* ListQueue.c (1) */
#include "ListQueue.h"

ListQueue::ListQueue(int max_cap)

{
max_capacity = max_cap;
size = 0;
pFront = pEnd = NULL;
}
bool isEmpty(ListQueue *pQ)
{
if (pQ->size == 0)
return true;
else
return false;
}
bool isFull(ListQueue *pQ)
{
if (pQ->size >= pQ->max_capacity)
return true;
else
return false;
}

5 a\ , Advanced Networking Tech. Lab.
@“-&‘7 Yeungnam University (YU-ANTL)

/* ListQueue.c (2) */

void printQueue(ListQueue *pQ)

{

chll-2 - 49

Task *pTsk;
if (isEmpty(pQ))
{
printf(" Exception::Queue is Empty 'Wn");
return;
¥
printf(" Queue status (size:%2d) : ", pQ->size);
ListNode *pLN = pQ->pFront;
for (inti=0; i < pQ->size; i++)
{
pTsk = pLN->pTask;
printf(" task (%2d, %8s)",
pTsk->task_id, pTsk->task_name);
PLN = pLN->next;
¥
printf("Wn");

Programming Language
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/* ListQueue.c (2) */ /* ListQueue.c (3) */

int enQueue(ListQueue *pQ, Task *pTsk) Task *deQueue(ListQueue *pQ)
{ {
ListNode *pNewLN; Task *pTsk;
if (isEmpty(pQ))
pNewLN = (ListNode *) {
malloc(sizeof(ListNode)); printf(" Exception::Queue is Empty !'"Wn");
pNewLN->pTask = pTsk; return NULL;
pNewLN->next = NULL; }
pTsk = pQ->pFront->pTask;
if (isFull(pQ)) pQ->size--;
return -1; // queue is full
else if (isEmpty(pQ)) ListNode *pLN = pQ->pFront;
{ // queue is empty pQ->pFront = pQ->pFront->next;
pNewLN->prev = NULL; free(pLN);
pQ->pFront = pQ->pEnd = pNewLN; return pTsk;
b by
else {

pNewLN->prev = pQ->pEnd;
pQ->pEnd->next = pNewLN;
pQ->pEnd = pNewLN;

pQ->size++;
return pQ->size;
5 2 j\ Advanced Networking Tech. Lab. Programming Language
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/* main.c (1) */
#include<stdio.h>
#include<windows.h>
#include<time.h>
#include"ListQueue.h"
#define MAX_CAPACITY 4
#define TASK_NAME_LEN 8
#define TASK_NAME_LEN_MIN 4
#define NUM_TASK_GEN 20
#define THRD_TASK_GEN_INTERVAL 500 // 500ms
#define THRD_TASK_PROC _INTERVAL 1000 // 1000ms
#define THREAD EXECUTION_TIME 5000 // 5 sec
enum ROLE { TASK_GEN, TASK_PROC };
typedef struct ThreadParam
{
ListQueue *pQ;
CRITICAL_SECTION* pCS;
int role;
} ThreadParam;

DWORD WINAPI Thread_TaskGen(LPVOID pParam);
DWORD WINAPI Thread_TaskProc(LPVOID pParam);

/j\ Advanced Networking Tech. Lab. Programming Language
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/* main.c (2) */

void main()

¢ /* B M0 ¥/
ListQueue queue(MAX_CAPACITY);
Elm_t data;
ListQueue *pQ = &queue;

K

[*AHPAEE USEH A E2S SF AR AFHE 2 22| otH & CriticalSection B =*/
CRITICAL_SECTION crit;

/2 Adez dEE Uet0le LA M*/

ThreadParam *pThrParam;

[*AYE HBE 22|otH = =S He>/

HANDLE hThreadTaskGen, hThreadTaskProc;

DWORD nExitCode = NULL;

/*AH S0 A AFE 2 CriticalSection 81~ = J| 3>/
InitializeCriticalSection(&crit);

/*Task_Processor &Acf|E0 MY 2 Wet0IEH &t =J[=k*/

pThrParam = (ThreadParam*)malloc(sizeof(ThreadParam));

pThrParam->pCS = &crit;

pThrParam->pQ = pQ;

pThrParam->role = TASK_PROC;

/*CreateThread APIE 0| &3t0] Thread Mt ME e CIXE MLEst =

BtEtS| O Xl = o Y ThreadOll Ci 8t 8 2 E hThreadTask Processor 8 =24 0l M &>/

hThreadTaskProc = CreateThread(NULL, O, Thread TaskProc, pThrParam, 0, NULL);
G2 ) printf("Thread Task_Proc has been created and instantitated ..Wn");

& 2 Programming Language
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/* main.c (3) */

/*Task_Generator 2S00 &2 = LctOIH &8 =D|3t*/

pThrParam = (ThreadParam*)malloc(sizeof(ThreadParam));

pThrParam->pCS = &crit;

pThrParam->pQ = pQ;

pThrParam->role = TASK_GEN;

/*CreateThread APIE 0|&0t0{ Thread M &t M8 CIXE ML st =

BtEtE| U Xl = o & ThreadOll Ci 8t 8 £ E hThreadTask_Generator =210l X &*/
hThreadTaskGen = CreateThread(NULL, O, Thread TaskGen, pThrParam, O, NULL);
printf("Thread Task_Gen has been created and instantitated ..Wn");

/*main A d &0t M-St Task_Generator Ad S0 2 2 ALK THO[*/
printf("Waiting for the termination of thread Task_Gen...Wn");
WaitForSingleObject(hThreadTaskGen, INFINITE);
GetExitCodeThread(hThreadTaskGen, &nExitCode);
TerminateThread(hThreadTaskGen, nExitCode); /*Task _Generator A 2|& S=*/
CloseHandle(hThreadTaskGen); /*AdI & =S S=*/

printf("Thread Task_Gen is now terminated..¥n");

/*main Ad| S0 A5t Task_ Gen A SEJF L WNAI CHI*/
printf("Waiting for the termination of thread Task_Proc ...Wn");
WaitForSingleObject(hThreadTaskProc, INFINITE);
GetExitCodeThread(hThreadTaskProc, &nExitCode);
TerminateThread(hThreadTaskProc, nExitCode); /* Task Proc A2l&E S&*/
CloseHandle(hThreadTaskProc); /*A2l& =2 S&*/

printf("Thread Task_Proc is now terminated..Wn");

DeleteCriticalSection(&crit); /*AH S0 A AFE = CriticalSection H = Delete*/

Programming Language
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/* main.c (4) */

DWORD WINAPI Thread_TaskGen(LPVOID pParam)
{
ThreadParam *pThrParam;
Task *pTask;
char t_ name[TASK_NAME_LENT];
int t_ name_len;
inti, j;
/*void * A2z AY U dEE QXE aHE= Sof pThrParam AKX E Het*/
pThrParam = (ThreadParam *)pParam;
ListQueue *pQ = pThrParam->pQ;
int data = 0;
int sleep_time_ms = 0;
int enQ _res;
srand(time(NULL));
for (i = 0; i < NUM_TASK_GEN; i++)
{
pTask = (Task *)malloc(sizeof(Task));
pTask->task _id = i;
for (int j = 0; j < TASK_NAME_LEN; j++)
t_name[j] = "WO0’;
t name_len = rand() % (TASK_NAME_LEN - TASK_NAME_LEN_MIN) + TASK_NAME_LEN_MIN;
t_name[0] = rand() % 26 + 'A’;
for (j =1;j <t _name_len; j++)
t_name[j] = rand() % 26 + 'a’;
t_name[j] = "WO0’;
strcpy(pTask->task_name, t_name);

a\ , Advanced Networking Tech. Lab. Programming Language
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/* main.c (5) */

EnterCriticalSection(pThrParam->pCS);

printf("TaskGen::enqueue(%2d, %8s) => ", pTask->task _id, pTask->task_name);

enQ_res = enQueue(pQ, pTask);
LeaveCriticalSection(pThrParam->pCS);
if (enQ_res !=-1)

} el
{

}

sleep_time_ms = rand() % THRD_TASK GEN_INTERVAL,;

EnterCriticalSection(pThrParam->pCS);
printQueue(pQ);
LeaveCriticalSection(pThrParam->pCS);
se // queue is full

EnterCriticalSection(pThrParam->pCS);
printf("Queue is Full '"n");
LeavecCriticalSection(pThrParam->pCS);
do {
Sleep(200);
EnterCriticalSection(pThrParam->pCS);
enQ_res = enQueue(pQ, pTask);
LeaveCriticalSection(pThrParam->pCS);
} while (enQ_res == -1);
EnterCriticalSection(pThrParam->pCS);
printf(" enQueue() after queue has been Full =>");

printQueue(pQ);
LeavecCriticalSection(pThrParam->pCS);

Sleep(sleep_time_ms);

} // for

printf(*TaskGen:: Total %d tasks have been generated !'Wn", NUM_TASK GEN);

return O;

gz . .
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/* main.c (6) */

DWORD WINAPI Thread_TaskProc(LPVOID pParam)
{

ThreadParam *pThrParam;

MFvoid* tssgl=z AdEN dEE AE HHES Sofl pThrParam & X = BHa&t*/

pThrParam = (ThreadParam *)pParam;
ListQueue *pQ = pThrParam->pQ;

int sleep_time_ms = 0;

int dequeue_data = -1;

int count = 0;

Task *pTsk;

srand(time(NULL));

while (1)

{
[*SS AR E2ote dHA2G0 Aot M, csHFE
SOl otLte AY &80l SF A& N E2ot== Mleter*/

EnterCriticalSection(pThrParam->pCS);
printf("TaskProc::deQueue() =>");
pTsk = deQueue(pQ);

if (pTsk '= NULL)

{
printf("task(%02d, %8s)", pTsk->task_id, pTsk->task name);
printQueue(pQ);
count++;

¥

5 a\ , Advanced Networking Tech. Lab.
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/* main.c (7) */
=8t = LockE =004

A & UEE ol

*ESRAE0 et MelE &=
e HHAH0e HelE TE AaEt

LeaveCriticalSection(pThrParam->pCS);
if (count >= NUM_TASK_GEN)

{
printf("TaskProc:: Total %d tasks have been processed !'"Wn", count);

break;
}
sleep_time_ms = rand() % THRD_TASK PROC_INTERVAL;
Sleep(sleep_time_ms);

return O;
GEs > Advanced Networking Tech. Lab. Programming Language
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1

241>

Thread Task_Proc has been created and instantitated ..
(Queue s Empty 11
Thread Task_Gen has been created and instantitated ..
Waitina for the termination of thread Task_Gen...

TaskProc: idefueuel) => Exception:

TaskGen: fengueuel 0.
delueuel) == taski 0,
drbchcl => Queus status (size: 1) @
#rbchc) Exception: Oueue is Empty
Hugfxb) => Queue status (size: 1) @
== (ueue status (size: 2) :
=> (ueue status (size: 3) :
=> (ueue status (size: 4) :
status (size:
huetb) =» Queue status (size: 4) :
Blesw) => Queue is Full !

#beutval Oueue

TaskProc:

TaskGen:

[TaskProc:

[TaskGen:
[TaskGen:
[TaskGen:
TaskGen:

TaskProc:

TaskGen:
TaskGen:

TaskProc:

‘engueuer 1.
defueue() => task( 1,
‘enaueue( 2,
‘enouee( 3, Kbeutva)
‘engueuel( 4, Hhixt )
engueuel, 5, Uegink)
cdeQuenel ) == task( 2,
‘enguenel( B,
enaueuel. 7.

tdelueuel) == task( 3,

Hugfxb) Oueue

enfueLe() after gueue has been Full == Queue

TaskGen:

[TaskProc:

engueuel, 8.
tdelueuel) == taski 4,

Gkec) == Queue is Full

Hhixt) Oueus

endueLe() after gueue has been Full == Queue

TazkGen: fenqueuel 9.

TaskProc: dedueue() => task( &,

Ecyati) == Queue is Full

Uaink) Queus

| enfueue() after gueue has been Full => Queue

[TaskGen: :enquewel 10,

[TaskProc: : deQueuel) => task( 6,

¥eowaph) => Queue is Full

hueth) Queue

enfueue() after gueue has been Full == Queus

|TaskGen:

[TaskProc:

‘enguene( 1],
cdeQuenel) == task( 7.

Scdiio) == Queue is Full

Blesw) Oueue

entueLe() after oueue has been Full == Queue

TaskGen:

TaskProc:

enaueuel 12,
tdelueuel) == taski &,

Znnee) => Queue is Ful |

Gkec) Oueue

enfueLe() after oueue has been Full == Queue

TaskGen:

TaskProc:

rengueuel 13,
tdefueue() == task( 9,

Arbyw) => Queue is Full

Ecvati) Queue

endueLel) after aueue has been Full => Queus

TaskProc:

TaskGen:
TaskGen:

[TaskProc:

“deQuelel

s deQuewe!

senguevel 16,
engueuel 17,
sdelueuel) == task(13,

sdefueuel) == taskil0,
TaskGen: enaueuel 14,
[TaskProc: )
|TaskGen: :enauevel 15,
TaskProc: 1

=> task(11,

=> task(12,

Veoyaph) Queus
Fanxveo) => (UEUE status

Scdiio) Ousue

szcdzex) =>  Queue status

Innee) Oueue

Pnzfiol == QOueue status
Owmb) => Queue is Full

Arbyw) Oueus

entueLe() after aueue has been Full == Queue

TaskGen:

TaskProc:

rengueuel 18,
tdelueuel) == taskil4,

Wyful ) == Queue is Full
Fanxyves] Queue

| enfueue() after aueue has been Full = Queue

TaskProc:

TaskProc:
TaskProc:
TaskProc:
TaskProc:
TaskProc: :

telueue() == taskila,
[TaskGen: :encueLel 19,
[TaskGen: :

Szedzex] Queus
Jutnt) == Queus status

Total 20 tasks have been generated !!
[Thread Task_Gen is now terminated.
[laiting for the termination of thread Task_Proc ...

tdeQueue() => task(lG
tdeQuenel) == task(17
‘deQuenel) == task(18
deQuenel) == task(19,
Total 20 tasks have been processed !

Pnzfio) Queue
Ownb) Queus
lyful ) Oueue

Thread Task_Proc is now terminated. .

Hl =5t

OtF 2ILE =2HAML |

(v] I‘JCLWUII’\IIIS 1C€CIl. Ld.
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Buowdb|) => Queue status (size: 1) :
Buowdbl| ] Exception::dueue is Empty !

status (size:
status (size:

status (size:
status (size:

status (size:
status (size:

status (size:
status (size:

status (size:
status [size:

status (size:
status (size:

status (size: 3
status (size: 4
status (size:

(size: 4) :

status (size:

(size: 4) :

status (size:

(size: 4] :
I

status [size:
status (size:

status (size:
status (size:
status (size:

(size: 4) :

status (size:
status (size:
status (size:
Jutnt) Except ion:

‘Quewe is Empty 11

task © 0, Bwowdbl)
task { 1, Arbche)
I

task { 2, Hugfxb)
task { 2, Hugfxb) task [ 3, Xbeutva)
task ( 2, Hugfxb) task ( 3, fbeutva) task ( 4 Hhi st )
task ( 2, Hugfxb) task ( 3, Xbeutuq) task ( 4, Hhixt) task 5, Ueginle)
3) ¢ task ( 3, Xbeutwq) task ( 4 Hhixt) task ( 5, Ugink)
task ( 3, Rbeutvg) task [ 4, thxt) task ( 5 Ugink) task ( 6, Aueth)
3l ¢ task (4, Hhixt) task ( 5, Uaink) task ( B, Auetb)
4) ¢+ task [ 4, Hhixt) task ( 5, Uaink) task ( B, huetb) task [ 7, Blesw)
31+ task (&, Uaink) task ( B, duetb) task ( 7. Blesw)
4) ¢+ task [ 5. Ugink) task ( B, dueth) task ( 7. Blesw) task ( 8, Gkec)
3) ¢ task [ B. hueth) task (7 Blesw) task ( 8. Gkec)
41 ¢+ task ( B, Auetk) task (7 Blesw) task ( 8, Gkec) task ( 9, Ecyati)
3) ¢ task ( 7, Blesw) task [ 8 Gkec) task (9,  Ecvati)
4) ¢ task [ 7, Blesw) task ( 8, Gkec) task (9, Ecwati) task (10, Veowaph)
3) ¢ task ([ 8, Gkec) task (9, Ecvati) task (10, Veoygph)
4) © task [ B, Gkec) task {9, Ecvati) task (10, Veoweph) task (11, Scdiiol
3) ¢ task (9. Ecvati) task (10, Yeovaph) task (11, Scdiio)
41 ¢ task (9. FEcvati) task (10, Yeowveph) task (11, Scdiio) task (12, Znnee)

)+ task (10, VYeowaph) task (11, Scdiio) task (12, nnee)

)t task (10, VYeovoeh) task (11,  Scdiieo) task (12, nnes) task (13, Ay )
3) ¢ task (11, Scdiio) task (12, Znnee) task (13, firbyw)
task (11, Sediie) task (12, Zunee) task (13, hrbyw) task (14, Fonxyeo)
31 ¢ task (12, Znnee) task (13, Arbww) task (14, Fanxveo)
task (12, Znnee) task (13, frbyw) task (14, Fonsveo) task (15, Szcdzex)
3) ¢ task (13, Arbww) task (14, Fonxweo) task (15, Szcdzex)
task (13, Arbyw) task (14, Fonxweo) task (15, Szcdzex) task (16, Pnzfio)
3) ¢ task (14, Fonxveo) task (15, Szcdzex) task (16,  Pnzfio)
4) ¢+ task (14, Fonxveol) task (15, Szcdzex) task (16,  Pnzfio) task (17, Qwmb )
3) ¢+ task (15, Szcdzex) task (16, Pnzfio) task (17, Qumb)
4) ¢+ task (15, Szcdzex) task (16,  Pnzfio) task (17, Qwmb) task (18, Wyful )
31 ¢+ task (16, Pnzfio) task (17, Ownb) task (18, Wy ful )
task (16, Pnzfic) task (17, Ownb) task (18, Wyful) task (19, Jvtnt)
31 ¢ task (17, Qwmh) task (18, Wyful) task (19, Jvtnt)
2) ¢+ task (18, Wyful) task (19, Jvtnt)
1) ¢ task (13, Jutnt )
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Homework 11

11.1 Critical section0| & @5t 0| R0j Clj5}0| A HS|E}.
11.2 Queuing System and Multi-Threads
(1) Ct=1t £2 typedef = Z2|ot2}:

typedef unsigned int UINT _32;

typedef unsigned short UINT _16;

typedef unsigned char UINT_8;

(2) T+ =K struct Packet2 Ci=21F €2 HHE 7IEICTH
UINT_32 srcAddr; // source address
UINT_32 dstAddr; // destination address
L}J\II}I}lT)_8 priority; // priority of protocol data unit (AAH/EZEZE HEO| &M
=T
UINT_32 seqNo; // sequence number
UINT_32 payloadLength; // length of payload
UINT_8 *pPayload; // payload

(3) Lt &S0 7+ K struct PacketE ?|5t0| A& EIC}:
void initPacket(Packet *pPkt, unsigned int sAddr, unsigned int sN);
FILE * fprintPacket(FILE *fout, Packet* pPkt);
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11.2 Queuing System and Multi-Threads (2)

(4) T+ =X struct ListNode = C}21} 22 {|0|H HHE 7}EIC}:
Packet *pPkt;
ListNode *pNext;
ListNode *pPrev;

(5) TtZ=A| struct Queue = CtE1r 22 OO HMHZ 70
int numPkKts;
ListNode* pFirst;
ListNode* pLast;

(6) CtE &= T+ 2A| struct Queue 2f 2HEHE|0] AFE EICH
int enQueue(Queue *pQ, Packet* pPkt); // enQueue a packet into the queue.
/1 The list node is pointing a packet.
Packet* deQueue(Queue *pQ); // remove a list node from the queue, and return a Packet.

void printQueue(FILE *fout, Queue *pQ); // print all list node in the queue

g /‘ Advanced Networking Tech. Lab. Programming Language
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11.2 Queuing System and Multi-Threads (3)
(7) s 2229 27|9tE flotY Cr2ut &2 & M| (ThreadParam)7 A8 E= TietHEHE HE
ot7| ?I5t0] AFE &Lt
typedef struct ThreadParam
{
CRITICAL_SECTION *pCS; // pointer to the shared critical section
Queue *pQ; // pointer to the shared queue
int role; // packetGen or linkTx
UINT 32 addr;
int max_queue;
int duration; // duration of the thread execution (1 minute).
FILE *fout; // pointer to the output file stream
}ThreadParam;

(8) Thread packetGen() = F7|H 22 IfjZl=2 MH5IH, ddE IZI== qu eueOﬂ & (enqueue)
StCt. ZF AR E packetGen()2 X| ™ El &S AFEA (srcAddr) S AFESHCE 2] MM AlZEHZ7HAE2 1 ~
5 X Mo|o| 0| Qlo|z MHEIC}.

(9) Thread linkTx()= queueE XMoo 2 MZASIH, Bt2F queue?f empty AEJO|H 1 X £ sleep SHCH
. Queue”Z} empty”Zf OfL|H, queueZ &£ E1 uH9I 17E =& (dequeue) 5}0] 1 IjzZlo MEE X|H™
= oY= =3 otrCt

g
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11.2 Queuing System and Multi-Threads (4)
(10) main() == Lt 22 LHES A AT
39| critical sectionO| MM E|0] Ctx=2| packetGen() A EL2} linkTx() AH EZLS| 39 X2l (3702 queue)o]| CHSH
AH&2 M| O{ oL
5749 izl e A EE M-dsti, £7(3} oot
174 9| link transmission A8 EE A, 7|3} SHC}.
main() = 39| LN struct Queue HSE MASET, 39| critical sectionS A Ad5H0], 571 2| packet generation
A Y EQF 171 9| link transmission A2 =7t 52 51A| SHLY.
Zt If 7] e A E= 242 30709| i 2] (FH X| 4= random StA| 27E5HH, @4 &= ¢| (priority)= 0 ~ 22| £t
= randomdtA AE)E W5, M=o w2t X7 & queued]| &=Lt
linkTx() 22| E= &4 4 =217t =2 queueE A FASHD, Btef IiZ10| EX|St= 4%, 0|8 24 X 2|otct.
Ij 70 g 22| E0A M dx[0] enqueveE THZIS2 linkTx() 22| =0f 2|510] dequeveE =, S4F F=A0] 2t
S2ciof H4ot HATC 24 4 FA2 HEO 28 298 5 WU N4 T2l ZREA M g
of, &StA MEEA=X|E 2 elotrt.
D220l 43 L|BS EHIHY “output.txt”0f| T EICE

[ PacketGen |
L 01 )

[ PacketGen |
L ()2

(PacketGen id-priority (1) Queue
L ()3 )

[ PacketGen |
¢ ()4 J

[ PacketGen ),
L ()5 )
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High-priority Queue

.

linkTx() ]

() Queue

» 4
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