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Adding local spin to mutual exclusion algorithms: a

generic approach and its practice
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Abstract — Busy waiting is common in shared
memory mutual exclusion algorithms. To reduce memory
contention incurred by busy waiting, we follow the
concept of local spin made popular by Mellor-Crummey
and Scott and propose a generic approach for adding local
spin to mutual exclusion algorithms of the atomic
read/write model. Taking Eisenburg-McGuire algorithm
as an example, two local spin versions were obtained. The
first is an easy product of the generic approach.
The second, with better inter-process communication
made possible by an in-depth understanding of the
algorithm, significantly reduces the number of remote

memaory accesses.
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Figure 1: Life cycle of mutual exclusion algorithms
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Figure 3: The generic approach
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= ~Eisenburg-McGuire Mutual Exclusion
Algorithm
(A) The original version : Algorithm EM,

Shared variables:

[ turn € {0,.....,n-1}, initially arbitrary, writable by all
processes

° for every i, 0<i<n-1, flag(i) € {idle, want-in, in-cs},
initially idle, writable by process i and readable by all
processes

Processi: ( private variable j: integer)

** Remainder Region **

repeat
flag(i) := want-in
j:=turn
while j =i do
if flag( j) = idle then j := turn
else j :=j+1 mod n fi
od
flag(i) := in-cs
j:=0
while (j <n)and (j=ior flag(j)# in-cs) do j:= j+1 od
until (j>n) and (turn =i or flag(turn) = idle)
turn ;=i > extended CS begin
** CS **

j:=i+lmodn
while flag( j) = idle do j := j+1 mod n od
turn :=j

flag(i) :=idle

> extended CS end

** Remainder Region **

process -

Lemma 4.1 # Eisenburg-McGuire mutual
exclusion algorithm # > process « # exit region
¢oArds Bl en™ — i non-idle process [ - 2R M
process a 2t ' cs o

Shared variables:

° turn € {0,.....,n-1}, initially arbitrary, writable by all
processes

° for every i, 0 <i < n-1, flag(i)  {idle, want-in, in-cs},
initially idle, writable by process i and readable by all
processes

° for every i, 0<i<n-1, permitted(i) e {true, false},
writable by all processes and readable by process i

Processi: ( private variable j: integer)

** Remainder Region **

repeat
flag(i) := want-in
ji=turn
while j# i do > P-loop
permitted(i) := false
if flag( j) = idle then
await permitted(i)
ji=turn
else j := j+1 mod n fi
od
flag(i) := in-cs
j:=0
while (j<n)and (j=iorflag(j)=in-cs) do j:= j+1 od
until (j=>n) and (turn =i or flag(turn) = idle) > S-loop
turn =i > extended CS begin

** CS **

Algorithm 1: EM,

Eisenburg-McGuire % 1972 =& #7# mutual
exclusion algorithm® (7 % Operating System
Concepts, 5™ ed., Silberschatz & Galvin > p.201) %
TR A A A MY X EF n-1 bounded
waiting 44+ > 3 & §_iz 3 algorithm ¢ shared
variable turn > v =& © & extended CS ¥ 43
2o s AT P gl b S 37 5 — I process
it 9 Lz turn & ; process r%,;ig; CS #_ exit region
¢ & i% linear search 45 11 — % non-idle process
F#- turn B i gt process Zo id (#t 5 iTX I
extended CS i#3£) > & turn f& #45 & process
& #_ non-idle ifu—fd\T - BaiBALE X CS

j:=i+lmodn

while flag( j) = idle do j := j+1 mod n od

turn == j

flag(i) :=idle > extended CS end
for j = 0 to n-1 do permitted( j) := true od

** Remainder Region **

Algorithm 2: EM,

Proof : &3k 3 process yifL & process [z
#-process «a 2. {si& » CS» 2. § process y Pl
#® (j=n)and (turn=ior flag(turn) = idle) &} &
R R LR truer d 3 (j=>n) 22
¥ P¥ process a & ¢ ¥ % extended CS £ 14 -

f7:flag(i):=idle> § 22 % ¢ Tz = - {F:turn:=j o



process y “T&f turn @ X G S 2 flag(turn) @
& % % non-idle, 7% A process 13 & % ¥ i i i
Fat “and” fiBEiE 2@ i CS, A F o o
r4 process f <& #X 4 process o z fsig » CS o

Shared variables:

[ turn € {0,.....,n-1}, initially arbitrary, writable by all
processes

° for every i, 0<i < n-1, flag(i) € {idle, want-in, in-cs},
initially idle, writable by process i and readable by all
processes

[ for every i, 0< i< n-1, permitted(i) € {true, false},
writable by all processes and readable by process i

Process i: ( private variables j: integer; spin-wake-up: bit)

** Remainder Region **

spin-wake-up := false
repeat
flag(i) := want-in
ji=turn
while j =i do > P-loop
permitted(i) := false
spin-wake-up := false
if flag( j) = idle then
await permitted(i)
spin-wake-up := true
j:=turn
else j := j+1 mod n fi
od
flag(i) := in-cs
if spin-wake-up then goto CS fi © fast track
j:=0
while (j<n)and (j =i orflag(j)#in-cs) do j:= j+1 od
until (j>n) and (turn =i or flag(turn) = idle) > S-loop
turn =i > extended CS begin
** CS **

j:=i+lmodn

while flag( j) = idle do j := j+1 mod n od
turn :=j
flag(i) :=idle > extended CS end

if j = i then for k = 0 to n-1 do permitted(k) := true od

else permitted( j): = true fi > focused release

** Remainder Region **

Algorithm 3: EM,

iz ® Lemma ¥ 4571 algorithm EM, =n
processes 2 [ &3 < #i& CS e Bl » » H 3
A §g ez generic approach 4= % % > 3 4o
focused release {r fast track = 38 #¢ sz g & A # -

(B) Adding local spin to EMg by the generic

approach : Algorithm EM;
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contention » & P& generic approach =4 » ¥ 12
Fz iz ® P-loop 254 1§ & 4c + local spin H v &
loop # e >+ S-loop @ ® 4r + local spin § i =
dead lock - d > local spin &_%f ¢} 4 + variables
Frspin #- iF » ¥ 25 17 safety property 3 4p
B < code » 71 iw L dF Jr 3 < safety properties >
# ¥ + generic approach #7¥ z_ algorithm EM; ¥
& 4 halgorithm EMg 4e + = 17 code (12 AL £ 4«
de ik & 1)
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» A~ Fs¥ 0 % g the generic approach & &
$rif, 4oF ¥ progress property M o 4 B %
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%] 5 local spin # | =4c » @ A&7 & - F] 5 local
spin =% iE 4 A4 AR EMg e progress
property & M ¥ 12§ & 7 G = EMy £ progress
property z# p? Frig & fX 7 - 1B process j v 14 iE
CS - 7R -4 processj 117 CS % exitregion # (=
i&— {7 code: for j =0 to n-1 do permitted( j) := true od ¥
273 local-spinning processes f& » ﬁ.%“’ PR K
SLH 9 processes M T 0 A oA 2R B
£ = shared memory contention = %] % local spin
73 AR g'v’vz;:s‘;: o

(C) Adding focused release and fast track to

Algorithm EM; : Algorithm EM,

# * generic approach ¥ #= % ¥ {8 3|4~ # ¢
local spin algorithm (EM,) » i&:iE 422 £ 7 &% ~
B f# algorithm EMg 2 & (Tim& » 78 5 © & 5t 30
4t trying region ¥ P-loop 7 loser path » By f%
processes - P-loop » 7 # 2. 2 ;N 35 Mg =%
4v + local spincode r# » H 2 % ¢ &% memory
contention *%# M % » ¥ F|72 { /R F program
structure > & AEMF FE i o 2 fA T a7 FViE &
*A7 B F o3& concurrent programming #£37 4
F Ao iF ~ B f# B w) algorithm 2 i@ iFhwma: > ¥ 14



- # L =z F = program structure - local spin
2HATF AR LA o 1 EMy 57 bt e @ 4
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(1)Focused release:
Eisenburg-McGuire s 4 algorithm (EMg) %3 - &
# exitregion § — £ linear search> # i & ehp o
#_% 7 #34F n-1bounded waiting s B » 24 i iE
local spin p=+ 4] * iz @ linear search & T4} 3|

N

H - process % i release #%:(zxfi% focused
release » % & generic approach #_% release #77

H & spinning processes) » & yx Lemma 4.1 > #7#
xen¥ — process & RV i~ CS» 7RE-R 7 & -

=X remote write =" i process iy 1 o ﬂ e
n-2 i remote writes ¥ {_ 4% T processes
voldm e o By FR PP 2~ local
spin o gt o E i FE » By fE R 4 algorithm & i
wa-pl¥ * focused release ~ tg & # "% X remote
write = # » Fig.3 Algorithm EM, % {5 & {7 code
Fou & ¥ 47 focused release 2 ¥ ¢ - linear
search B|¥] non-idle process & epF i id * — =
remote write ** v ; & &% linear search — o &
# i#]4v non-idle processes » B & sis F 2 F ¢ 3

non-idle processes # {#m 4> & A T 5y iR b i@
* n-1 = remote writes #- permitted bits & # 4+ »
N AE fs iE T2 0 orrdE o A% asynchronous
atomic read/write shared memory model 2 # & >

Pt %] %84 linear search 1¥= e 2 bfiﬁT -

® non-idle process % #X & % sLPRiE “H 8@ A7
I G N3 I AR SR A S O 2
read-modify-write model £ 84 » R {x % % Bl4vis
4 2% < 3 non-idle processes> MCS ™ + iz48
algorithms -

(2)Fast track: 3% 3* fast track p¥ R« /g &

P % e AT ¢ ALk safety property: 3 7 fast track
2t » & » CSepath ¢ % — i - safety property

FEl2 AT R AV AT o B o B A b
fast track P i? 2 & algorithm 2. X & & i @] 4%
%o v@- wA AT 4 2 £ algorithm

#03 fast track i3 & - 2 Eisenburg-McGuire
mutual exclusion algorithm %3 2 & 5t 493K 2 7
- &@25;;&5,—%;7};\% AT e Process it g FEE i p e
H_p we— ¥ i~ CS #9process ?K)I* X 49

g ¥
n-1

fﬂj"Fl 14

o fast track @ B3| CS> 4 T 2 & & e
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