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Distributed Computing
— Fundamentals, Simulations
and Advanced Topics —

Chapter 4:

Mutual Exclusion in Shared
Memory
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Shared Memory Systems

N
Pos P1y -5 Pna

em (shared)
Ro» Ryy oos Ring
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Register Types

. type
1. (value)
2. (operation)
3. ( )
4.
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. Integer-valued read/write
register R

read(R, v), write(R, V)
Y

read(R, v): R
write(R, v): R Vv

> W
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Configuration C

e Configuration C

C = (o s An-vs Tor s Fnct)
q.: p (state)
r: R

mem(C) = (ry, ..., Irq)
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Events

event

2.
3. P

2006/11/28



Execution Segment

. ( )

execution segment
CO1 (pj_s C]_1 (p21 C21 (p31

C,: configuration
@,: event ( Index

-G Py Cy
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Schedule o

e schedule

— iIndex (= event
. execution segment event
e :3,1,4,2,1,4, ..

e exec(C, o)

— configuration C schedule o
execution segment (
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e (C C
— Configuration C, C

(reachable)
C'= o(C)

schedule o

2006/11/28
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Definition 4.1:

Configuration

e configurationC C
P similar
(C °C )
—P
mem(C) = mem(C’)

2006/11/28

Similarity
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Configuration similarity

—P={p;, P3, P4}, n=5,m=4
— C,C cC PC
* C ={dos Ay, Az U35 Gg» Tos T35 Ty T3}
* C'={do’ 41, A2’ U3s Ay, Fos g, To T3}
-C FC p

2006/11/28
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Mutual Exclusion

e Mutual exclusion
— (critical section

e No deadlock

—1 critical section
critical section

section

2006/11/28
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Mutual Exclusion

e No lockout (no starvation)

— critical section
critical section

— no lockout no deadlock

2006/11/28
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— Entry (trying)

e Critical section
— Critical

— Exit
e Critical section
— Remainder

2006/11/28

critical section

A
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Remainder
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admissible

)Remainder section
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e Mutual exclusion

configuration

critical section 1

e No deadlock

— admissible

configuration

configuration
section
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entry section

critical
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e No lockout

admissible
configuration  entry section

configuration
section
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critical
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Mutual Exclusion
using Powerful Primitives

o mutual
exclusion

— test&set
— read-modify-write

— 1 bit mutual exclusion no deadlock

©(log n) bits
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Binary Test&Set Registers

e ? V
— test&set(V: memory address) returns binary value :
temp .=V
V=1

return (temp)

— reset(V: memory address):
V=0

2006/11/28
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Algorithm 7: Mutual Exclusion using
a test&set Register

Initially V equals O

Entry

1. wait until test&set(V) =0
Critical Section

Exit

2. reset(V)

Remainder

2006/11/28 22



e Algorithm 7

2006/11/28

Theorem 4.1

test&set
mutual exclusion no deadlock
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Theorem 4.1

e mutual exclusion
— 2
critical section

e p;, critical section
section

2006/11/28

P;

P;

Pj

critical
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Theorem 4.1

_ p; critical section

V=0 V 1
_ V critical section
0
— P;

critical section
. mutual exclusion

2006/11/28
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Theorem 4.1

— ph V 1 p; critical
section critical section
V 1
— p; critical section V
1

_ p;  critical section

2006/11/28
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Theorem 4.1

e no deadlock

entry section
section

2006/11/28

admissible

1
critical
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Theorem 4.1

— admissible

e h
section

{ admissible

2006/11/28

h

1
critical section

entry

critical section J
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Theorem 4.1

-V=0 critical section
— h
V test V=0 critical
section
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Read-Modify-Write Registers

e read-modify-write
V

— rmw(V: memory address, f: function) returns value:
temp .=V
V =1(V)
return (temp)

. V f(V) =1 test&set

2006/11/28
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Algorithm 8: Mutual Exclusion using

a read-modify-write Register
Initially V= 0,0

Entry

1: position .= rmw(V, (V.first, V.last + 1))

2: repeat

3: queue :=rmw(V, V)

4: until (queue.first = position.last) Coosaion= 1.3

Critical Section 0 1 2 3 4 5 6

Exit [HHHtHHH]

5: rmw(V, (V.first + 1, V.last))
Remainder

V.first V.last

[queue: 3,5 ]
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Theorem 4.2

e 2[10g> n |bits
1
no deadlock

2006/11/28

read-modify-write
no lockout
mutual exclusion
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Theorem 4.2

e Mutual exclusion

— head critical
section
— critical section
head
— critical section 1

mutual
exclusion
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Theorem 4.2

e No lockout

2006/11/28

critical

critical section
FIFO

critical section
no lockout

section

(no deadlock
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Theorem 4.2

 read-modify-write 2[10g> n bits
—n
— V.first V.last n-1
— V 2[10g»> n|bits
| ]
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Algorithm 8

e Spinning

2006/11/28

read
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Algorithm 9: Mutual Exclusion
using Local Spinning
Initially Last = O;

Flags [0] = has-lock, Flags [I] = must-wait, 0 <1 < n.

Entry

1. my-place := rmw(Last, (Last + 1) mod n)
2: wait until (Flags [ my-placel = has-lock)

3: Flags [ my-place] := must-walit

Critical Section

Exit

4: Flags [(my-place + 1) mod n] := has-lock
Remainder

2006/11/28
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Algorithm 9

My place
< _>
must | must | must
wait | wait | wait
Last
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Lemma 4.3

e Algorithm 9 Flags
1. 1 has-lock
2. has-lock

critical section
3. Flags |kl  has-lock
(k— Last— 1) mod n
entry section
Flags spinning

2006/11/28
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e 2 test&set
— Entry section

e 2[logs n|bits
— No lockout

2006/11/28

Lower Bound

starvation
read-modify-write
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NG
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Lower Bound

lockout

(Theorem 4.4)
critical section

(lockout)
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Definition 4.2: k~-bounded waiting

e Mutual exclusion K-
bounded waiting

entry section K
critical section

2006/11/28
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Theorem 4.4

. no deadlock

k-bounded walting
exclusion

2006/11/28

mutual
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Definition 4.3: Quiescence

e mutual exclusion
configuration  quiescent

— remainder section

2006/11/28
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Theorem 4.4

C: configuration (quiescent

L

e exec(C, ;)
— Po

2006/11/28

Po-only schedule

admissible

remainder section
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Theorem 4.4

e no deadlock
Po  Co = Ty(C)

critical section

Ly
- -,
o— @
Po
In critical

2006/11/28
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Theorem 4.4

-pi G =7(C_,) entrysection
p-only  schedule T

P, only p, only Pn.1 ONly
O T e
Py Pgs -5 P2 Pgs -5 Ppaa
in crltlcal in entry in entry in entry
po po pO
in critical in critical in critical
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1)

2006/11/28

Theorem 4.4

mem(C;) = mem(C;)
configuration C;, C; (O <1 <j=n-
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Theorem 4.4

° Pos s Pi Tiugs

G PCj (P ={po: -

. C, G
— Po: In critical section

— Po, ---» Pi: IN entry section

2006/11/28

’Tj

, Pi})

49



Theorem 4.4

. schedule p’ C,
—Pos -5 Py
— : (O

. exec(C, T, ;.. T,P’)

admissible ) N
[ c,|
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Theorem 4.4

e No deadlock
critical section
p(O=t=1)

~ Pos - Pi

2006/11/28

exec(C;, P’)
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Theorem 4.4
o

p. k+1 critical section
(k: 0
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Theorem 4.4

T T L
@_O,_a ..... N

2006/11/28

e

-

P
Py

critical section

k+1

\

T, T Ly

g\p
\

..... —5 —...

]
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Theorem 4.4

. p. exec(C;, P) k+1
critical section
-G "¢ (P={po - Pi})
-  {pgy ---» Piy-only  schedule
* exec(C;, P) p; entry secti_o_n
p, k+1 critical
section

-p; C; entry section
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Theorem 4.4

@E, B ..... L@Etl RINC R
£ =
e

g

[ :exec(Cj, p) admissible
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Theorem 4.4

schedule o
— Pos -5 Pj-

exec(C, T, ;... ;PO)
admissible

2006/11/28
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Theorem 4.4

* exec(C, T, T,.. TPO) P

execution segment

-p: P k+l
section
—k
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critical

k-bounded waiting

|
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Theorem 4.4




e Theorem 4.4
waliting
-p; Py ktl
section

2006/11/28

no lockout

k-bounded

critical
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