KIPS Tr. Comp. and Comm. Sys.
Vol.6, No.12 pp.469~478 pISSN: 2287-5891

= M=

SHiN €nels 45 87t 469
https://d0|.org/10.3745/KTCCS.2017.6.12.469

A Performance Evaluation on Classic Mutual Exclusion Algorithms for
Exploring Feasibility of Practical Application

Hyung-Bong Lee" -

ABSTRACT

Ki-Hyeon Kwon"

The mutual exclusion is originally based on the theory of race condition prevention in symmetric multi-processor operating systems.

But recently, due to the generalization of multi-core processors, its application range has been rapidly shifted to parallel processing

application domain. POSIX thread, WIN32 thread, and Java thread, which are typical parallel processing application development

environments, provide a unique mutual exclusion mechanism for each of them. Applications that are very sensitive to performance in

these environments may want to reduce the burden of mutual exclusion, even at some cost, such as inconvenience of coding. In this

study, we implement Dekker’s and Peterson’s algorithm in the form of busy-wait and processor-yield in various platforms, and compare

the performance of them with the built-in mutual exclusion mechanisms to evaluate the usability of the classic algorithms. The analysis

result shows that Dekker’s algorithm of processor-yield type is superior to the built-in mechanisms in POSIX and WIN3Z2 thread

environments at least 2 times and up to 70 times, and confirms that the practicality of the algorithm is sufficient.

Keywords : Mutual Exclusion, Dekker's Algorithm, Peterson’s Algorithm, POSIX Thread, WIN32 Thread, Java Monitor
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machine B

Fig. 1. Dekker's Algorithm
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turn
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} while

variables
flag[2] : array of 2 booleans with initial value false
turn integer with initial value 0 or 1

0: pl:

do { do {

@ flag[0l« true; flag[1] < true;

@ while(flag[1]) { while(flag[0]) {

it (turn # 0) { if (turn # 1) {

flag[0] « false;
while (turn # 0)

flag[0] < true;

<~ 1.

critical section

flag[0] = false;

other section
(pO_not_end);

flag[1] < false;
@ while (tumn # 1)

flag[1] < true;

}

turn < 0;.

... // critical section
flag[0] = false;

... // other section

} while(pl_not_end);

Fig. 2. Pseudo Code for Dekker's Algorithm
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/* trying protocal for Py #/
Ql = frue

TURM = 1;

wait until net Q2 or TURN=2;
Criticla Section;

/* trying protocol for Py #/
Q2 = frue

TURMN = 2;

wait unti net Q1 or TURN=1;
Criticla Section;

/* exit protocol for Py #/
Q1 = falks

/* exit protocol for Py #/
Q2 = falka

Fig. 3. Peterson’'s Algorithm
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variables
flag[2] : array of 2 booleans with initial value false

turn  : integer with no initial value

pO: pl:

do { do {
@ flag[0]« true; flag[1l< true;
@ turn < 1; turn < 0;
@ while (flagll] && while (flag[0] &&
turn# 0) ; turn# 1) ;
... // critical section .. // critical section
flag[0] = false; flag[1] = false;
.. // other section .. // other section

} while(p0_not_end); } while(pl_not_end);

Fig. 4. Pseudo Code for Petersonr’s Algorithm
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Table 1. Procedures for Memory Fence and CPU Yield

System MEM_FENCE() CPU_YIELD()

Alpha, POSIX not needed

Intel, POSIX asm("mfence”) sched_yield()

Sparc, POSIX not needed
Intel, WIN32 MemoryBarrier() SwitchToThread()
JVM not needed Thread.yield()
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volatile int  Flag[2] = {0, 0,}, Turn = 0;
void Dekker_lock(int me)
{
Flaglme] = 1,
MEM_FENCE();
while (Flag[1-me]) {
if (Turn != me) {
Flag[me] = 0;
while (Turn != me)
CPU_YIELD();
Flaglme] = 1;
MEM_FENCE();
}
)
)
void Dekker_unlock(int me)
{
Turn = 1-me, Flaglme] = 0;
}

Fig. 5. Dekker's Algorithm in C Language

class Dekker {
volatile boolean Flag0, Flagl;
volatile int Turn;

Dekker() {FlagO = Flagl = false; Turn = 0; }

void lock(int me) {
if (me == 0) this.lock0();
else this.lock1();

void unlock(int me) {
if (me == 0) { Turn = 1; Flag0 = false; }
else { Turn = 0; Flagl = false; )
void lock0 () {
Flag0 = true; MEM_FENCE();
while(Flagl) {
if (Turn != 0) {
Flag0 = false;
while(Turn !'= 0) CPU_YIELD;
Flag0 = true; MEM_FENCE();

}
}
}
void lock1() {
Flagl = true;
while(Flag0) {
if (Turn '= 1) {
Flagl = false;
while(Turn != 1) CPU_YIELD();
Flagl = true;
}
}

Fig. 6. Dekker's Algorithm in Java Language
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int Count = 0;
int do_something(int 1)
{
int q=1/2
if (q*2==1 return 2

else return 1,

void add(int n)
{ {
int 1 int 1

for G =0;1<mn i++) { for 1 =0;1<n; it+) {

void sub(int n)

v = do_something(i); v = do_something(i);
MUTEX_LOCK(0); MUTEX_LOCK(1);
Count += v, Count -= v

MUTEX_UNLOCK(0); MUTEX_UNLOCK(1);
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Table 2. Classification of Mutual Exclusion Mechanism Group based on Operating System

Operating System Mechanism Group Notation
. . e POSIX Mutex, PM
Unix, Linux, MacOS .. .
o Dekker Spin/Yield DS/DY
(POSIX thread) o
e Peterson Spin/Yield PS/PY
. e Win32 Mutex, WM
Window o .
o Dekker Spin/Yield DS/DY
(WIN32 thread) o
e Peterson Spin/Yield PS/PY
e Java Monitor
JVM ! e M
o Dekker Spin/Yield DS/DY
(Java thread) o
e Peterson Spin/Yield PS/PY

Table 3. Hardware Platforms for Operating Systems

Operating System Version CPU Core (bit) Notation
DEC OSF1 Alpha 21264 1(64) PD
Unix
SUN Solaris2 Sparc V9 2(64) PS
Linux Ubunto 14.04LTS 17-4770 4(64) PL
MacOS Darwin 14.5.0 ZeonW3860 6(64) PM
E7500(TG) 2(32) W1
Q9300(Offc) 4(32) W2
Window Window7
E7200(Trad) 2(64) W3
17-260(Wrd) 4(64) W4
JVM PD, PL, PM, W1, W3(selected five platforms)
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POSIX Thread Environment
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