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H'So\ulrion Yo an examina:hon exercise

We consider o g)ixecl, set of (segucnha\) processes .
Eoch process r'ePeo}ecug Pergrms an action colled its
Cri'lica/ section s Poss‘\l:\é g:\\oweol \og other , noncritical s
ackions. The Pro‘o\ewa is Yo synchronise the processes n
such o way that the ?o“ow‘mg 1o reaairemen"s are wmet .

(o) AL ony moment in time , the number of processes
engagecl. in their crﬂ-ioa\ sechions is a-\- most 1.

A1) No process is eng ed in s cri-‘ica‘ 5ec-hon ﬁ:r the
(k+1)-th dime belore all processes have completed
Yheir crikical sections for the k-th time §

no}ur a‘ k .

5 tOr Qll

We ore required fo solve this problem by means of the
%ctmniaue of the sp‘i" \oino.rg semapkore.

The g:':rs-‘ 5-‘ep towards @ so‘w‘-;on is o formalise
Yhe sPecifico}ion. We on‘z do this -ﬁw 4). /h)eau'ure-
ment (0) is the well-known regui\remenl' of mutual
exclusion . Tis $o‘w‘-iov; s well-known 4oo 3 ik ?o“ows
?row\ the (Proper) use of sPh-'; ‘o}no.\r:) semaphores
aw‘oma}o\ogicaug .

We number the processes 1:0<1<N | wohere N, 0<N,
is the (-ﬁvxi"e) number op processes . For each 4, 0<<<N,
we introduce an auxi‘iarg variable %; with the

%\low‘mg ]n"'erpre‘}a:l'iov\:

xi = ' the number o? times process L hos

execw‘ecl its eritical sechion ' .
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This in‘\'erpre*ahon 1S \/a,\ic\. Frov]c‘ed Yot iml'\‘ia“g
(Vi x,=0) and X; IS increased \05 1 each time
process € Perﬁ:rms its cri-hca.\ section .

Furthermore , we define k in derms of x by
k = (MIN<: ;) |

By c\efinijrion, we have

(2) (Vi kgxg) |

and quuiremen"' (1) can now e ?orw\a.\iser.l as the

V‘eciuirec\ invariance of Q , with
Q- (VA4 = Xe £ \<+i) :

The nvaviance of Q s %u.o.tfom“eecl. ip we ave able
Yo see to it that Xp < kst is a Precovxcli"-bn of
Xp = XP+:l , which is the one and on‘3 s-‘-cx‘-ewnevrl'
W\OCh%;hg Xp - (We are now cleveloping o program -‘an
process p , 0¢p<N; thus, we can use 1 as a dummy ,
such as in Q.) Béj @), Yhe conclition Xp < ke+d s
eaui\/a\eH- to xp-.—.k.

The ﬁ:”ow]mg observations | T think | are relevant .

o x,<kit | and s also xp=k , is stable under +he
actions o‘? the other processes . So, we on‘g need
o Worry about its \oca,l correctness .

e 3By @) and @ we have kg Xp € ki, which is the
same s xp=‘< Vo Xp= k+4 . I-V "1(xF=|<) then
><P_—_\<+i. So, when -Fa‘se xF:.\c con Cm\g be
‘\‘V’u‘”f)‘ﬁ&:\ \)(u) k:=kss  ohich hq,ppens when the
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last x shill eﬁml o k is increased E‘j 1. Formq\\a:
the Pr’eConcl;"ion og k= ket s (Wi x1;=\<+_1)5
as o resulk  kizki1 establishes wot onL\j xP.-.k
’ow‘ Q\SO 'H’le 54ronaer

(3) (V4 :; X{ = k)

In o vaive QPP\iCa."‘ion og the -‘eclmiﬂue , one w;igwt intro-
duce o 5p\i{: 'o'moura Sew\ap\nofe with N+4 Cow\\oonen'}s:
one “%cnem‘ ” one ond. one %r each OE the Preconc\il-ions
>q'=\< . The above o‘r)ser\/a:"ion shows that this is overdone :
we V\eec‘ on'é one oo\c\il‘ionql 5€W\O.Pl‘lof€, V\amelb s)or
condition (3). Theregwe , we introduce sewap hores

m and 5 , and ‘m"eaer variable b 4o be——accomlin%
Yo the vules of the trade— associated with s 5 With the

?o“ow] ng imvarionts .

0<m A 0<S A wm+ts<41 A 0¢b , ond
S=0 v (‘O>0 A\ (V1. X1,=|<))
m=0 Vv b:O \V4 _'(V‘L' X{:k)

, and

The remainder of the c\eve\opw\evsjr og +e progrom
15 Comp\e#e‘j Sl-anclavo(. Observe -Hm:" \D\nal- ow\<\j VnaHers
is the c/fg?zrence between Xp and k , and 4hat this
diﬂ?erence assuwmes on‘u 2 Values. These \/o.lues can be

represenlrecl ‘o(uj booleans . e introduce , ‘H\ere-?ore 5

\booleans Ci o,ncL d 5 and

i vA'eaer n o,

Cow| \ec[ ":0 X QV\CL k ‘o '“ne -‘;?)”ouﬁn re resev\"'ou‘-fon
P 3 % g
mvoriants . (Variable d s ‘ogim”g SuPerﬁuous, but it
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ena\o‘es us "‘O enCoc\e \< = k+1 as o simp\e S'\‘a,'\'evnen'li. )

(Ve :: ;= d=x=k) , and
n = G q:.—-d.)

Thus , we obtain the @Howing program. .

'm'rka,l SJra:"e m=4 N s=0 A B:O A n=N A (V'f.:: CL= d)

process p (read Cp gov' c: it is a local variable )

Pm
_:,i_FCECL — s\vip
0 C#d, — bi=bs+d Vom_',(P‘53 b:=b-1
{ (Va4 CiECl) s hence o,‘SO Cpad 3
3 b0 > Vis; L co=dd Pm
0 b=0- skip
fi
i
fe=d
5 critical section
53 ¢,n:=c, n-4
{ co#d}
3 L{ n=0 - d,n:=d,N
{ (Vi::qu)}
; 6505 Vis 1620 » Vim §
£[l n>0 » 1 (Wi c=d) } Vim

O

Eindhoven , 28 march 4934
/Ro‘: (R Hoogen&oord.
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o.Eeenc\ix :
the raw code

Pem
3 I_E c=d » s‘dp
U C%d - bi=bs1 5 Vem ;fp-s:, b= b-4
j,_if b>0 > Vs ;Pm [ b=0- 5'<3P ﬁ
£

3 Cv-ij:ic:o.‘ sechion
5 C€y,n = ¢, nA4
;i n=0 > d,n=ad,N
;iEbs05Vs Db-0osvm §
D n>0 - Vem

{



