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int cnt = 0;

active proctype producer () {
loop:
(cnt < 2) ->
/* 1DTATLELE */
cnt++;
assert (0 <= cnt && cnt <= 2);
goto loop

}

active proctype consumer () {
loop:
(0 < cnt) ->
/* 1DTATLEHEE </
cnt--;
assert (0 <= cnt && cnt <= 2);
goto loop
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72, 1DEENINY 77 MDD E > T b, 2008
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EXMFAECKDSIEREME
HAHY T ND T ERFE

Starting producer with pid 0
Starting producer with pid 1
Starting consumer with pid 2
Starting consumer with pid 3

1: proc 1 (producer) line 5 "mutex2.spin" (state
2: proc 1 (producer) line 7 "mutex2.spin" (state
3: proc 3 (consumer) line 14 "mutex2.spin" (state
4: proc 2 (consumer) line 14 "mutex2.spin" (state
5: proc 3 (consumer) line 16 "mutex2.spin" (state
6: proc 2 (consumer) line 16 "mutex2.spin" (state

spin: trail ends after 6 steps
#iprocesses: 4
cnt = -1

6: proc 3 (consumer) line 17 "mutex2.spin" (state
6: proc 2 (consumer) line 17 "mutex2.spin" (state
6: proc 1 (producer) line 8 "mutex2.spin" (state
6: proc 0 (producer) line 5 "mutex2.spin" (state

4 processes created

NIk D, producer ¥ consumer
D7t AF2DT DIERENS.
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producer (proc 0) producer (proc 1) consumer (proc 2)

cnt: 0 (cnt< 2)
| | cnt++
cnt:1
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#define N 2

int count = 0;

producer () {
while (TRUE) {
produce_item() ;
if (count == N) sleep();
enter item();
count=count+1;
if (count == 1) wakeup (consumer) ;
}

}

consumer () {
while (TRUE) {

if (count == 0) sleep();
remove_item() ;

count = count - 1;

if (count == N - 1) wakeup (producer) ;

consume_item()

}
}

[T5—&4] RHZEH],—
N 7
» RBIE R )

H-6 BERFREEOH(cOTOISL)

TIN5, PromelaTrlidh TESH T &, BXU, HFERTZE
ZIREZERNIE SN THBD, EENICKEIEY 0TS
LOKGEEZTTS T LIFN#ETH 5. K> T, BEELZW
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WY BRENH L. LLFT, ZNEDNLDOMNITDNT
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CRESIABRORE

B-6DCOT T LeEZSL. Tk, X2\
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HOFlITths (CLik2) p7628). chETIBNMLE
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LAEFICHIRT 3 RN EREHD AN AL TH 5.

Bfisleepld B X A7 & A ) —7 &4, Bfiwakeupld
FBEULIERZRA T REIRERS. ELLRZ 27 07T

THBHMW, FF, Ty Fav 7 LTLESARENDS.

EC, FRNDMNETHASM? SpinTHAEL TH 5.
%9, PromelaTilihd 5. RIREIX, sleep/wakeupT
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#define N 2
byte count = 0;

bool p_flag = true;
bool c_flag = true;
inline sleep p(){p_flag = false}
inline sleep c(){c flag = false}

inline wakeup p(){p flag = true}
inline wakeup_c(){c_flag = true}

active proctype producer() provided (p flag) {
again:

if
: (count == N) -> sleep p()
: else

fi;

/* put item in buffer */

count = count + 1;

if

:: count == 1 -> wakeup_c()
:: else

fi;

goto again

}

active proctype consumer() provided (c_flag) {
again:

if
: (count == 0) -> sleep c()

:: else

fi;

/* remove item from buffer */

count = count - 1;

if

:: (count == N -1) -> wakeup_p()
: else

fi;

goto again

K-7 E-6DCTOSS LDPromelalc &K3FRE

3. Promelald, TOXI%ETVIT 4 TidR->TW
FNDT, FET 5 EDZHAGDLE TEET 08N
&%. PromelaTld[provided ()% 70t ADE
SICBINT 2T ENTES. UL, EENBILT S
ReDFH, ZTOTHEANEITAIEETH D, FNLSHE
FIrENEW. TOfHMZ U Tsleep/wakeup 25
B9 5. K-6DCHT 1T T LD HHE N PromelaT
EHUEEDORE-71CR9 . inline sleep pO)ik, 7/
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Starting producer with pid 0
Starting consumer with pid 1
1: proc 1 (consumer) line 29 "sw.spin" (state 1) [((count==0))]
2: proc 0 (producer) line 15 "sw.spin" (state 4) [elsel
3: proc 0 (producer) line 18 "sw.spin" (state 7) [count = (count+1)]
4: proc 0 (producer) line 20 "sw.spin" (state 8) [((count==1))]
5: proc 0 (producer) line 9 "sw.spin" (state 9) [c_flag = 1]
6: proc 1 (consumer) line 7 "sw.spin" (state 2) [c_flag = 0]
7: proc 0 (producer) line 15 "sw.spin" (state 4) [elsel
8: proc 0 (producer) line 18 "sw.spin" (state 7) [count = (count+1l)]
9: proc 0 (producer) line 21 "sw.spin" (state 11) [else]
10: proc 0 (producer) line 14 "sw.spin" (state 1) [((count==2))
11: proc 0 (producer) line 6 "sw.spin" (state 2) [p_flag = 0]
spin: trail ends after 11 steps
#processes: 2
count = 2
p _flag = 0
c_flag = 0
11: proc 1 (consumer) line 33 "sw.spin" (state 7)
11: proc 0 (producer) line 18 "sw.spin" (state 7)

B-8 HATNRHE

Ot Xk Dsleep pe A VT4 VEMTHEDTH 5.

if ... FLIREHETH Y, OBEKICH D DOMEMN
T, elseld, ¥VEENTCWAELEEOWNTNICET YT
LEWEHICEIRE NS, FEMIEEREE LN, K-60

COTOT I LEEHLTWAZ ENFHINSE EES.

C DR ZSpinlc KD MGEET 2 &, T v Fraw 7zt
9%, B-8iIcHNENKHZRY. £, consumer
MeountZZM LT, /N\w T 7 WZERDT, sleepl &
5&9%. LrLEMS, & (count == 0) Z2/3A
L7272 T, sleepz 3179 % A1ICE{THENproducer
IE®>CW\5%. producerTld, /N7 7IEZEEDTY

AT LEEELT, consumerZFfifREH LS5 LT iﬁjlitle;w){
%M, consumerl3E/7ZAV—TLTELT, BEHOK down (ful);

WwakeupDEITIC/E > TWA. £ LT, consumer|lsE
TTHENRED, T T T, sleepMEITENAY —TIRAEICTE
%. T D%, produceriN7 AT L2ARE LIS T, /X
T 7 IN—IRCI5 % Lsleepd . T DR T, consumerd
producerDij/j & & A —TREEICHZS>TLERY, T
Ry 7550 TH%5. ThiE, FHEIRENFRET S
WA RITH S, —RIELZES KTl I L%, T
IVREZRITT % LD 2B THEN L <H5. AMIT,
ERGEFITINAEIFHEAT 2DOMEETHLHN, DX
FEIRTCDFEZTNDDIIMEETHD, TIHEE
BETIVIREY —)VE EICEMEZRETHS.
FRFICBEY T A ZAVERARLENINTND
(CZik2) p782HR). R-9ICZD T TS LR, T
FERIRCI33DDY YT 4 2T 5. fullldy A 7 L
MADTWBINY T 7 D, emptyld 22D\ 7 7 DF
T, TNENEA B, nutex|ZHEMHIEIO I HNT
V5. E-10lEPromelalc K5 HHTH 2. X T4+ D

#define N 2
typedef int semaphore;
semaphore mutex = 1;
semaphore emp = N;
semahphore ful = 0;
producer () {
int item;
while (TRUE) {
produce item(&item);
down (emp) ;
down (mutex) ;
enter item(item);
up (mutex) ;
up (ful) ; }

}

consumer () {

down (mutex) ;
remove_item(&item) ;
up (mutex) ;

up (emp) ;
consume_item(item) ;

K-9 Y T7#ICKBIERR(COTOTS L)

downi®fElE, EA0K D RKEVIFAFTVUAV LT,
ZTIOTHRWERIFOL DO KRELESDETTIOUYI95K
FICEHEHL TS, uplElEl, EEA VIV RAV TS
R THB. £iz, TORARTIE, /Ny T 7 HENLED
T LR B, BRentZBA LT, £ET B
WAV IVRAY R, HBETBEICT 7Y AV R LTWVS.
ZUT, N7 7WNDRELENT & RiERT %K
MU, ETVREZF(TISE, Ty Fay7id
FERT, Nv 7 7BNERELRNT EDMHERTES.
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#define N 2

#define semaphore byte

semaphore mutex

I
i

semaphore emp = N;
semaphore ful =

o

int cnt = 0;
inline up (x) {
X+

}

inline down (x) {
d_step{(0 < x) -> x--}

}

inline put () {
cnt ++;
assert( cnt <= N)

}

inline remove () {
cnt --;
assert( 0 <= cnt )

}

active proctype producer () {
again:
down (emp) ;
down (mutex) ;
put () ;
up (mutex) ;
up (ful) ;
goto again

}

active proctype consumer () {
again:

down (ful) ;

down (mutex) ;

remove () ;

up (mutex) ;

up (emp) ;

goto again

E-10 E-90CFO5 S LDPromelalc &2KRIE
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725750, K7 CHEBLL fzsleep / wakeup**[X-10 Dt
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#include "rtoslib.spin"

#define P1 1
#define P2 2
#define P3 3

proctype low() provided (turn == P1)
do
:: wai_sem(0,P1);
/* critical section */
printf ("P1\n");
sig_sem(0)

od
}
proctype mid() provided (turn == P2){
do
: printf ("P2\n");
od
}
proctype high() provided (turn == P3){
do

:: wai_sem(0,P3);
printf ("P3\n") ;
progress: sig sem(0);
yield(P1)
od

}

init{
ini();

cre_tsk(3,P1);
cre_tsk(2,P2);
cre_tsk(1,P3);
cre_sem(0,1);

act_tsk(P1);
act_tsk(P2);
act_tsk(P3);

run low() ;
run high();
run mid ()

-1 (BEEPERRRE

5475 1) %Promela CIER LY. CDF1 TS5V T
I, PITRON4A.ODEARICEDNT, ZDCIC K2 EHE
T&HBHTOPPERSD Y — A d— RAZI LMD, B4
JHF3 2 —°TCB (Task Control Block) 7% & D7 — X #i
EENSOEFERZFEE L. Z LT, cre_tsk (XA7Y
AR, act_tsk (X X7 DORLEHIEDR), slp_tsk (XX
RS BIREEANEAT) Lot X AV EHOY—E
A=), wai_sem (b~ 7+ & FES), sig_sem
(= 7+ BFERH) LWVole2 X T EE - @E0Y—
ERAO—)VeRH Uk, ZEL Y —E X a—)UIidK30
T, Promelaididh DY 1 X13H1,200/ T CH -7z, FDiE
R, RITRON DX AT DIRZHENESpinTY 2 L—
rEBTEMTER. TDITAT TV AV TEILEY
AN E C AR | ZEA L2 6 O 2 R-111RT .



4: high

(3): [wai_sem(0 ,2);now.turn=top();]
P3 high(3) : [printf ('P3\n')]
28 high(3):[sig_sem(0) ;now.turn=top() ;]
30 high(3): [yield(0)]
32 low(2):[wai_sem(0,0) ;now.turn=top() ;]
34 high(3):[wai_sem(0,2) ;now.turn=top() ;]
<<<<<START OF CYCLE>>>>>
P2

36: mid(4): [printf ('P2\n')]

2

EXMFAECKDEIEREME
HIAHY T ND T T ERFE

ERADIFT

H-12 BEEEIEEEORE

B E NV low, FfEDmid, —&F &\ highdD3D
DREAYIWFEL, lowZ A7 EhighhEFRZHAL T
W5, BREYERIEROETIETHET 2.

1: lowX A7 WNER(wai sem) 85T 5.

2 1 highX A7 ICFITHENE 5.

3:highZ AU NEFZEHFL XD LT 25D, lowh i
BLTWAEHTOw 7,

4 mid& X7 HEIE LT 5.

Spinlc X2 ETIWIRE ZHRITI % &, T OEEEY
iz TcE 5. s nkilzE-121c779 .
[¥-110Dyield (P1) & — I S THER Lowlc D F B iy
Ths. —KRNICEITHEZ Z A7 lowlcdF D, low/d
T+ DEFEZER L, ETHEMShighlcED, O
%, midDFEITHHFENTVEEFNDIDNS. Kz, B
RIS PCP (Priority Ceiling Protocol) 7% £ 7
WNEFRRTE BT EMHIENTWS. PCPZRELT
B EPHRRTENRE LW L bR T E . B
WL L, NASAD M ZEIRE K Mars Pathfinder®d >
AT LTERELMETH S, ARIEIHNSNTVS
W, MEDRELMEEEZ 5. COXDARMEEDL, €
TIVREFEMiZHWS C LI X DB, fEFTAATRET
H5.

ERWFEICITETETEREONDH 5 T EIdmINcat
Nz, ZOHRTEETIVIREFIEIEGT DNES T,
MWD, VDT CICAY w PR LSN, HiyE
AP URTWEINTHZ EEZ TS, ETIVRETE
TIFERRETHHMDOIT SNARBBOICREEETNTWL
DT, TOIBRAMKRETHAS. ZTORFZEL
T, TOMDFED, LD @EEEHERPIL THBD
LRWERES. =T, ETIVREY =IO 2
JFLIEEINEDN D, EDOXSIHAMARY T D 27
FIJSHTNE IO EENEWVS FEEHL. 20D
fRSRIL, S ONTDEETHAS. /S INTIEBED
RETHO, BNhOHTHEME, KA ENTNER
5. HBEICRZENT / U\ OFBRIESE 29 5 LN iE
BWTHAHS. UkoETBEMBNOBETZDIS
EEDNENTVAENE LR, &0 Rz R
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DI, HATERBEMAIC Z O X 5 SRR L TV
LT EMRETIZRNEA S D

RFEDHL TN L 7zSpinld LU F OURLM 5 X
O—RTE, JU—TMHSITENTES. EERICEFT
%Promelastih 2\ < AN L TEIZDT, FEERICH
BIAALTY —)VEZBIfEE R, ETIWVREFIEZREL T
[EQPAAN
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