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The problem of the mutual exclusion of several 
independent processes from simultaneous access to a 
"critical section" is discussed for the case where there 
are two distinct classes of processes known as "readers" 
and "writers." The "readers" may share the section 
with each other, but the "writers" must have exclusive 
access. Two solutions are presented: one for the case 
where we wish minimum delay for the readers; the other 
for the case where we wish writing to take place as early 
as possible. 
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Dijkstra [1], Knuth [2], and de Bruijn [3] have dis- 
cussed the problem of guaranteeing exclusive access to 
a shared resource in a system of cooperating sequential 
processes. The problem they deal with has been shown 
to have a relatively simple solution using the " P "  and 
" V "  operations of Dijkstra [4]. We discuss two related 
problems of practical significance in which we recognize 
two classes of processes wishing to use the resource. 
The processes of the first class, named writers, must 
have exclusive access as in the original problem, but 
processes of the second class, the readers, may share 
the resource with an unlimited number of other readers. 
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Problem 1 

We demand of our solution that no reader be kept 
waiting unless a writer has already obtained permission 
to use the resource; i.e. no reader should wait simply 
because a writer is waiting for other readers to finish. 
In this case the solution presented is quite simple, but 
our experience has shown that  it is not easily arrived at. 
Numerous  solutions, which have quite unreasonable 
complexity, have been proposed. The following solution 
resulted from several cycles among the authors in which 
each simplified a solution shown him by another.  We 
present it in hope that others may be spared the effort 
of  solving again this rather common problem. See Fig- 
ure 1. 

Please notice that  w functions as a mutual  exclusion 
semaphore for the writer but is only used by the first 
reader to enter the critical section and the last reader 
to leave it. It  is ignored by readers who enter or leave 
while other readers are present, mutex ensures that  only 
one reader will enter or leave at a time thereby elimi- 
nating the possibility of ambiguity about  which process 
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Fig. 1 Fig. 2 

integer readcount ; (initial value = 0) 
semaphore mutex, w ; (initial value for both = 1) 

READER 

P(mutex) ; 
readcount := readeount + 1 ; 
if readeount = 1 then P(w) ; 
V(mutex) ; 

WRITER 

P(w); 

reading is performed writing is performed 

P(mutex) ; V(w) ; 
readeount := readeount -- 1 ; 
if readcount = 0 then V(w) ; 
V(mutex) ; 

integer readcount, writecount ; (initial value = 0) 
semaphore mutex 1, mutex 2, mutex 3, w, r ; (initial value = 1) 

READER WRITER 

P(mutex 3) ; P(mutex 2) ; 
P(r) ; writecount := writeeount + 1 ; 

P(mutex 1) ; if writeeount = 1 then P(r) ; 
readeount = readeount + 1 ; V(mutex 2) ; 
if readeount = 1 then P(w) ; P(w) ; 
V(mutex 1) ; 

V(r) ; 
V(mutex 3) ; 

reading is done writing is performed 

P(mutex 1) ; V(w) ; 
readeount := readcount - 1 ; P(mutex 2) ; 
if readcount = 0 then V(w) ; writecount := writeeount -- 1 ; 
V(mutex 1) ; if writeeount = 0 then V(r) ; 

V(mutex 2) ; 

is respons ib le  for  ad jus t ing  w. w will be posi t ive if and  
only  if  there  are  no readers  and  no writers  present  in 
the  cri t ical  section. 

Problem 2 

Here  we re ta in  the  r equ i remen t  tha t  wri ters  mus t  
have exclusive access while readers  m a y  share,  bu t  we 
add  the r equ i rement  tha t  once a wri ter  is r eady  to write, 
he pe r fo rms  his "wr i t e "  as soon as possible.  A so lu t ion  
to this  p rob l em canno t  be a so lu t ion  to  P rob l em 1 be- 
cause to meet  this  r equ i rement  a r eader  who arr ives 
after a wri ter  has  announced  tha t  he is r eady  to wri te  
mus t  wait  even  i f  the w r i t e r  is a lso  wa i t i ng .  F o r  the  first 
p rob l em it was possible  tha t  a wri ter  cou ld  wai t  in- 
definitely while a s t ream of  readers  arr ived.  In  this  
p rob lem we give pr ior i ty  to writers  and  a l low readers  
to wai t  indefini tely while a s t ream of  writers  is work ing .  
On general  pr inciples  we requi re  tha t  the  so lu t ion  give 
p r io r i ty  to writers  wi thout  mak ing  any a s sumpt ions  
a b o u t  p r ior i ty  being bui l t  into the  V rout ine .  In  o ther  
words,  where several  processes  are  wai t ing at  a sema- 
phore ,  we canno t  predic t  which one will be a l lowed to 
p roceed  as the resul t  o f  a V opera t ion .  

We p ropose  the so lu t ion  shown in F igure  2. 
The  reader  should  first note  tha t  the  use o f  m u t e x  1 

and  w co r r e sponds  exact ly  to the use of  m u t e x  and  w in 
the  so lu t ion  to P rob lem 1. The  semaphore  r is used to 
pro tec t  the  act  of  enter ing the cri t ical  sect ion in the 
same way tha t  w is used to pro tec t  the  shared  resource  
in P rob l em 1. The  first wri ter  to pass P ( r )  will b lock  
readers  f rom enter ing the sect ion which man ipu la t e s  
m u t e x  1 and  w. m u t e x  2 is used here  for wri ters  j u s t  as 
m u t e x  is used for  readers  in P rob lem I. m u t e x  3 is 
necessary because  o f  our  abso lu te  insistence on  pr io r i ty  
for  writers.  W i t h o u t  m u t e x  3 we have the poss ib i l i ty  
tha t  a wri ter  and  one or  more  readers  will be simul- 

668 

t aneous ly  wai t ing  for  a V ( r )  to be done  by  a reader .  
In  tha t  event  we cou ld  not  guaran tee  p r io r i ty  to  the  
writer ,  m u t e x  3 guaran tees  a r eader  exclusive access to  
the b lock  of  code  f rom " P ( r ) "  to  " V ( r ) "  inclusive.  As  
a resul t  there  will be at  mos t  one  process  ever wai t ing 
at  r, and  the  resul t  o f  a V is clear.  

Final Remarks 

The  reader  will note  tha t  the  above  so lu t ions  do  no t  
guaran tee  a FIFO discipl ine for  the  writers.  To  p rov ide  
such a guaran tee  we mus t  ei ther  assume fur ther  p roper -  
ties of  the  V ope ra t i on  or  m a k e  use of  an  a r r a y  of  n 
s emaphores  where  n is the  n u m b e r  of  writers .  

A c k n o w l e d g m e n t .  W e  are  grateful  to A .N .  H a b e r -  
m a n n  of  Ca rneg ie -Mel lon  Univers i ty  for  hav ing  shown 
us an er ror  in an earl ier  vers ion o f  this  repor t .  
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