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CEMA®OPU

3apatak 1. Mehyco6HO UcKk/byunBame

[aT je ynopeaHu nporpaM Ha npowunpeHoM Pascal-y:
program timedependent;
var x: shared integer ;
begin
X = 2;
cobegin
X:=x+1;
X:=x-1;
coend ;
writeln ('x =", X);
end.
a) Haeectn cBe Moryhe nsnasHe pesyntate HaBeAeHor nporpama.

6) Ynotpebom ceMacopa OTKNOHUTN BPEMEHCKY 3aBUCHOCT Y NporpamMy.

Pewene:
6)
Pepocnen n3na3Ha BPEAHOCT X
ri wlr2 w2 2
rlir2 wl w2 1
ri r2 w2 wl 3
r2rl wlw2 1
r2rl w2wl 3
r2w2rlwl 2
6)

program timedependent;
var x: shared integer ;
s: semaphore ;
begin
X =2
init (s,1);
cobegin
begin wait (s); x := x + 1; signal (s) end;
begin wait (s); x := x - 1; signal (s) end;
coend ;
writeln ('x =", X);
end.

3afjaTtak 2. YCNOBHA CMHXpPOHU3auuja

[aT je ynopeaHu nporpaM Ha npowunpeHoM Pascal-y:
program graph;
const n = ;
var x: shared integer ;
y: shared integer ;
procedure makepoints;
var i: integer ;
begin
for i:=1to ndo
begin x:=i;y:=i*iend
end;
procedure printpoints;
var i: integer ;
begin
for i:=0to ndo
begin write (" (', x, ',"); write (y,") ") end
end;
begin
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x:=0;y:=0;
cobegin
makepoints;
printpoints
coend
end. {graph}
XerbeHn nsanas nporpama je H13 naposa obnuka:
2
(0,0) (1,1) (2,4) ... (n,n")
a) OgpeanTtn cee Moryhe cTBapHe M3nase nporpama 3a cnyyaj n=1.

6) OTKNOHMTK BPEMEHCKY 3aBUCHOCT Y AaTOM nporpamy ynotpebom cemadopa.
Peweme:

a)

Xm Ym XQ0p YOp X1p Y1p
Xm X0p Ym YOp X1p Y1p
Xm X0p YOp Ym X1p Y1p
Xm X0p YOp X1p Ym Y1p
Xm X0p YOp X1p Y1p Ym
X0p Xm Ym YOp X1p Y1p
X0p Xm YOp Ym X1p Y1p
X0p Xm YOp X1p Ym Y1p
X0p Xm YOp X1p Y1p Ym
X0p YOp Xm Ym X1p Y1p
X0p YOp Xm X1p Ym Yip
X0p YOp Xm X1p Y1p Ym
X0p YOp X1p Xm Ym Y1p
X0p YOp X1p Xm Y1p Ym
X0p YOp X1p Y1p Xm Ym
6)

program graph;

const n= )

var X: shared integer ;
y: shared integer ;

full, empty: semaphore ;

procedure makepoints;
var i: integer ;
begin
fori:=1to ndo
begin
wait (empty);
X =hy:=i*i
signal (full)
end
end;
procedure printpoints;
var i: integer ;
begin
fori:=0to ndo
begin
wait (full);

(1,1) (1,1)*
(1,1)(1,1)
(1,0) (1,1)*
(1,0) (1,1)
(1,0) (1,0)*
(0,1) (1,1)*
(0,0) (1,1)*
(0,0) (1,1)
(0,0) (1,0)*
(0,0) (1,1)
(0,0) (1,1)
(0,0) (1,0)
(0,0) (0,1)*
(0,0) (0,0)*
(0,0) (0,0)

write (' (', x,',"); write (y,)");

signal (empty)
end
end;
begin
init (full,1); init (empty,0);
x:=0;y:=0;
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cobegin
makepoints;
printpoints
coend
end. {graph}

3agatak 3. Readers — Writers problem

(Reader’'s preference solution )

program Readers_Writers;

var mutexR : semaphore;
db : semaphore;
readerCount : integer ;

procedure Reader(ID : integer);
begin
while (true) do
begin
wait (mutexR);
readerCount := readerCount + 1;
if (readerCount = 1) then wait (db);
signal (mutexR);
read_db;
wait (mutexR);
readerCount := readerCount - 1;

if (readerCount = 0) then signal (db);

signal (mutexR);
end
end;

procedure Writer(ID : integer );
begin
while (true) do
begin
create_data;
wait (db);
write_db;
signal (db);
end;
end;

begin
init (mutexR, 1);
init (db, 1);
readerCount := 0;
cobegin
Writer(0);
Writer(1);
Reader(0);
Reader(1);
Reader(2);
coend;
end.

(Fair solution )

program Readers_Writers;
var mutexR : semaphore;
db : semaphore;
in: semaphore;
readerCount : integer ;

procedure Reader(ID : integer);
begin
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while (true) do
begin

wait (in);

wait (mutexR);

readerCount := readerCount + 1;

if (readerCount = 1) then wait (db);
signal (mutexR);

signal (in);

read_db;

wait (mutexR);

readerCount := readerCount - 1;

if (readerCount = 0) then signal (db);
signal (mutexR);

end

end;

procedure Writer(ID : integer );

begin

while (true) do
begin

create_data;
wait (in);
wait (db);
write_db;
signal (db);
signal (in);

end;

end;

begin

init (mutexR, 1);
init (db, 1);

init (in, 1);
readerCount := 0;
cobegin

Writer(0);
Writer(1);
Reader(0);
Reader(1);
Reader(2);

coend ;

end.

3agatak 4. Producer — Consumer problem

program Producer_Consumetr;

const
var

BufferSize = 3;
mutex : semaphore ;
empty : semaphore ;
full : semaphore ;

procedure Producer(ID : integer);
var item : integer ;

begin

while (true) do
begin

make_new(item);
wait (empty);

wait (mutex);
put_item(item);
signal (mutex);
signal (full);

end;

end;
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procedure Consumer(ID : integer);
var item : integer ;
begin
while (true) do
begin
wait (full);
wait (mutex);
remove_item(item);
signal (mutex);
signal (empty);
consume_item(item);
end;
end;
begin
init (mutex, 1);
init (empty, BufferSize);
init (full, 0);
cobegin
Producer(0);
Producer(2);
Producer(2);
Consumer(0);
Consumer(1);
Consumer(2);
coend ;
end.

3apatak 5. Atomic broadcast problem
MNoctoju jemaH npomsBohad M N noTpowaya Koju paene 3ajedHNYKM jeaHoeneMmeHTHU 6adep.
MNponssohau ybauyje nponssog y 6adep n yeka gok ceux N noTpoluada He y3My UCTK Taj Npou3BOA.

Tapa 3ano4nHe HOoBU LIMKTYC NPOU3BOAH-E.
Peweme:

program AtomicBroadcast;
const N = 5;
var mutex : semaphore ;
empty : semaphore ;
full : array [1..N] of semaphore ;
num : integer ;
index : integer ;

procedure Producer;
var item, index : integer ;
begin
while (true) do
begin
wait (empty);
make_new(item);
for index := 1 to N do signal (fulllindex]);
end;
end;

procedure Consumer(ID : integer);
var item : integer ;
begin
while (true) do
begin
wait (full[ID]);
wait (mutex);
get_item(item);
num :=num + 1,
if (num = N) then
begin
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signal (empty);
num :=0;
end;
signal (mutex);
consume_item(item);
end;
end;
begin
init (mutex,1);
init (empty, 1);
for index := 1 to N do init (fulllindex], 0);
num :=0;
cobegin
Producer;
Consumer(1);

Consumer(N);
coend ;
end.

3agatak 6. Atomic broadcast problem B

Moctoju jegaH npowussBohad M N noTpowaya Koju pfAene 3ajeaHndkn badep kanauuteta B.
MNponssohau ybauyje npoussoa y 6adep n To camo y cnobogHe CnoToBe Ha Koju 4yekajy csmx N
notpowaya. CBaku noTpoway Mopa Aa MpuMM NPoM3BOA Yy TadHO OHOM pefocneny y Kome cy

npon3BeaeHn, Maaa pasIM4ynUT NOTpoLLlayn Mory y UCTO BpeEME Aa y3V|Majy pa3nnynTe Npuo3Boae.
Peweme:

program AtomicBroadcastB;
const N = 5;

B =2,
var mutex : semaphore ;

empty : semaphore ;

full : array [1..N] of semaphore ;

buffer : array [1..B] of integer ;

num : array [1..B] of integer ;
readFromindex : array [1..N] of integer ;
writeTolndex : integer ;

index : integer ;

procedure put_item(var item : integer);
begin

buffer[writeTolndex] := item;

writeTolndex := (writeTolndex mod B) + 1;
end;

procedure Producer;
var item, index : integer ;
begin
while (true) do
begin
wait (empty);
make_new(item);
put_item(data);
for index := 1 to N do signal (fulllindex]);
end;
end;

procedure Consumer(ID : integer);
var item : integer ;
begin
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while (true) do
begin
wait (full[ID]);
wait (mutex);

item := buffer[readFromindex[ID]];
get_item(item, ID);

num[readFromindex[ID]] := num[readFromindex[ID]] + 1;
if (num[readFromindex[ID]] = N) then
begin
signal (empty);
num[readFromindex[ID]] := 0;
end;
readFromindex[ID]:= (readFromindex[ID] mod B) + 1;
signal (mutex);
consume_item(item);
end;
end;
begin
init (mutex,1);
init (empty, B);
for index := 1 to N do init (fulllindex], 0);
for index := 1 to N do readFromIndex[index] := 1;
for index := 1to B do num [index] := 0;

writeTolndex := 1;

cobegin
Producer;
Consumer(1);

Consumer(N);
coend ;
end.

3apgatak 7. Dining philosophers problem

MNeT duno3zoda cean oko crtona. CBakn Guno3od Han3MeHUYHO jede u pasmullsba. Micnpen ceakor
duno3oda je Tamwmp wnareta. Kaga dunosod noxenn aa jeae, OH y3uMma ABe BW/bYLLKE Koje ce
Hanase y3 Heros Tamwup. Ha crtony, MehyTMM, uMa caMo neT BU/bYLWKK. 3Hauun, dunnosod Moxe aAa
jene camMoO Kaga HujegaH OA HEroBMx cycega He jepge. Hanmcatm anroputam 3a ¢wmnosoda
(0<=i<=4). (YnyTcTBO: CnpeunTn 6noknpame).

Peweme:

procedure Philosopher (i : integer);
begin
while (true) do
begin
think;
acquire_forks;
eat;
release_forks;
end
end;

MNpBO pelene

program Dining_Philosophers;

const n= 5;

var fork: array [0..n-1] of semaphore ;
i integer ;
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procedure think ; begin ... end;
procedure eat; begin ... end;

procedure Philosopher (i : integer);

var firstodd, secondeven: 0..n-1;

begin

if (imod 2 =1) then begin
firstodd :=1i;
secondeven := (i+1) mod n

end

else

begin
firstodd := (i+1) mod n;
secondeven =i

end;

while (true) do

begin
think;
wait (fork[firstodd]);
wait (fork[secondeven));
eat;

signal (fork[firstodd]);
signal (fork[secondeven])

end

end;

begin
for i:=0to n-1 do init (fork][i],1);
cobegin

Philosopher(0);
Philosopher(1);
Philosopher(2);
Philosopher(3);
Philosopher(4)
coend
end.

Opyro pelwene

program Dining_Philosophers;

const n= 5;

var ticket: semaphore ;
fork: array [0..n-1] of semaphore ;
I: integer ;

procedure think; begin ... end;
procedure eat; begin ... end;

procedure Philosopher (i : integer);
var left, right: integer ;
begin
left :=i;
right := (i + 1) mod n;
while (true) do
begin
think;
wait (ticket);
wait (fork[left]);
wait (fork[right]);
eat;
signal (fork[right]);
signal (fork[left]);
signal (ticket)
end
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end;

begin
init (ticket, n-1);
for i:=0to n-1 do init (fork][i],1);
cobegin
Philosopher(0);
Philosopher(1);
Philosopher(2);
Philosopher(3);
Philosopher(4);
coend
end.

3apatak 8. The dining savages problem

MNneme sbynoxaepa jeae 3ajedHWYKY Beyepy M3 KasaHa Koju MoXe aa npymu M nopumja KyBaHMX
mucmoHapa (The dining savages problem). Kaga rbyaoxaep noxenu ga pyva OHAa ce OH CaM
NOCNY>XM U3 3ajeAHNYKOr Ka3aHa, YKOIMKO Ka3aH HUje npasaH. YKO/MKO je KasaH npasaH sbyaoxaep
6yan KyBapa M cayeka AOK KyBap He HamnyHW KasaH. Huje 0o3Bo/beHO 6yauTu KyBapa YKOIMKO ce
Hanasn 6ap Mano xpaHe y ka3aHy. Kopuctehu cemadope Hanucatyu nporpaM Koju cumynupa
noHallare SbyaoXKaepa 1 KyBapa.

Peweme:

program DiningSavages;

const M =...;

var cook: semaphore ;
savager: semaphore ;
mutex: semaphore ;
servings: shared integer ;

procedure PrepareLunch;
begin

end

procedure GetServingFromPot;
begin

end“

procedure SavageCook;
begin
while (true) do
begin
wait (cook);
PrepareLunch;
servings := M;
signal (savager)
end;
end;

procedure Savage(i : integer);
begin
while (true) do
begin
wait (mutex);
if (servings = 0) then
begin
signal (cook);
wait (savager);
end;
servings = servings - 1;
GetServingFromPot ;
signal (mutex);
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end;
eat;
end;
begin
servings = 0;
init (cook, 0);

init (savager, 0);

init (mutex, 1);

cobegin
SavageCook();
Savage(1);
Savage(2);

coend ;

end.

3apgatak 9. Barrier Synchronization

Pa3maTpa ce npobnem cuHxpoHuzauuje Ha 6apwujepw (Barrier Synchronization). CUHXpOHM3ALUNOHA
6apujepa omoryhaBa HUTUMa Aa Ha H0Oj cayekajy AoK TayHo N HUTK He JOCTUrHe oapeheHy Tauky y
M3BpLUABakby npe Hero WTo 6Mno Koja o4 TUX HUTKM He HacTaBu Ca CBOjUM u3BpLIaBame. Kopuctehu
cemadope pewmnTun oeaj npobneM. OMoryhutn ga ce ucta 6apujepa Moxe kopuctutin sehmn 6poj nyra.

Peweme:

Pellierse KOPUCTU pacnoaerbeHe 6uHapHe ceMadope 1 TEXHUKY Npeaaje wradeTHe nanvue

program Barrier(input , output );

const N=..,
var barrierl, barrier2 : Semaphore ;
var cnt : Integer ;

procedure Pass(id : integer);
begin
wait (barrierl);
cnt:=cnt + 1,
if (cnt = N) then
signal (barrier2)
else
signal (barrierl);

wait (barrier2);
cnt:=cnt- 1,
if (cnt = 0) then
signal (barrierl)
else
signal (barrier2);
end;

begin
init (barrierl, 1);
init (barrier2, 0);
cnt :=0;

cobegin
Pass(0);
Pass(1);

coend
end.
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3agatak 10. The H20 problem

MNocToje ABa TMNa aToMa, BOAOHWUK U KMCEOHMK, KOju aonase ao bapujepe (7he H20 problem). [da 6u
ce dbopMupao Monekyn Boae notpebHo je aa ce Ha Hapujepu y UCTOM TpeHyTKy Hahy aBa aToMa
BOAOHMKA U jefaH aToM KMCEOHMKA. YKOMMKO aTOM KuCeoHMKa aohe Ao bapujepe Ha K0joj He vekajy
[iBa aTOMa BOAOHMKa OHAA OH Yeka Aa ce OHM cakyne. YKONKO aToM BOAOHMKa aohe Ao H6apujepe Ha
KOjoj ce He Hanase jeaaH KMCeOHWMK W jedaH BOAOHMK OH 4Yeka Ha hux. bapujepy Tpeba aa Hanycte
[lBa aToMa BOAOHMKa W jefaH aToM KuceoHuka. Kopuctehu cemadope HanucaTM nporpaMm Koju

CMMYNiNpa NoHalwlake BOAOHMKA U KNCEOHMKaA.
Peweme:

program H2O(input, output );
var
hydroSem : Semaphore ;
hydroSem2 : Semaphore ;
hydroMutex : Semaphore ;
oxySem : Semaphore ;
oxyMutex : Semaphore ;
count : integer ;
procedure Oxygen(i : integer);
begin
wait (oxyMutex);
signal (hydroSem);
signal (hydroSem);
wait (oxySem);
bond (i);
signal (oxyMutex);
end;
procedure Hydrogen(i : integer );
begin
wait (hydroSem);
wait (hydroMutex);
count := count + 1;
if (count = 2) then
begin
signal (oxySem);
signal (hydroSem?2);
signal (hydroSem?2);
count:=0
end;
signal (hydroMutex);
wait (hydroSem?2);
bond (i)
end;
begin
init (hydroSem, 0);
init (hydroSemz2, 0);
init (hydroMutex, 1);
init (oxySem, 0);
init (oxyMutex, 1);
count := 0;
cobegin
Oxygen(1);
Oxygen(2);

i-.|.ydrogen(1);
Hydrogen(2);
coéHd;
end.
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3agatak 11. The child care problem

Y HekoM 3a6aBuLLITY NOCTOjM NPaABW/IO KOje Kaxe Aa Ce Ha CBaka Tpu AeTeTa Mopa Hahu 6apem jeaHa
BacnuTauunua. Poauters AOBOAM jeAHO unu BuUwe Aeue y 3abaBuwite. YKONMKO MMa MecTa OCTaB/ba
nX, YKOSIMKO He 0ABOAM MX. Bacnutaunua cMe fa HanycTu 3abasuiTe caMo YKOMIMKO TO HE Hapyluasa
npasuno. Hanucatu npoueaype, kopuctehun cemacdope, 3a poavTterbe KOju A0BOAE M OABOAE Aeuy U

BaCnMTaymum U MHUUMjann3oBaTH NOYETHE yC/oBe.

Peweme:

program ChildCare;
const C = 3;

var numcChild : integer ;
numNann : integer ;
numWaiting : integer ;
mutex : semaphore ;
confirm : semaphore ;
toLeave : semaphore ;
function bringUpChildren ( num : integer ) : boolean ;
begin
wait (mutex);
if ((numChild + num) <= C * numNann) then
begin
numcChild := numChild + num;
bringUpChildren := true;
end
else
bringUpChildren := false;
signal (mutex);
end;

procedure bringBackChildren ( num : integer );
var out, i : integer ;
begin
wait (mutex);
numcChild := numcChild - num;
out : = numNann - (numChild + C - 1) / C;
if (out > numWaiting) then out := numWaiting;
for i:=1to outdo
begin
signal (toLeave);
wait (confirm);
end
signal (mutex);
end;

procedure nannEnter();
begin
wait (mutex);
numNann := numNann + 1,
if (numwaiting > 0) then
begin
signal (toLeave);
wait (confirm);
end
signal (mutex);
end;

procedure nannExit();
begin
wait (mutex);
if ((numChild) <= C * ( numNann - 1)) then
begin
numNann := numNann - 1;
signal (mutex);
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end

else

begin
numWaiting := numWaiting + 1
signal (mutex);
wait (toLeave);
numNann := numNann - 1,
numWaiting := numWaiting - 1
signal (confirm);

end

end;

begin
numcChild := 0;
numNann := 0;
numwaiting := 0;
init (mutex, 1);
init (confirm, 0);
init (toLeave, 0);
cobegin

coend ;
end.
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PErMOHU

3apatak 1. Mehyco6HO UcCK/byunBame

[aT je ynopeaHu nporpaM Ha npowunpeHoM Pascal-y:
program timedependent;
var x: shared integer ;
begin
X =1,
cobegin
X:=x+1;
X:=X+3;
coend ;
writeln ('x =", X);
end.
a) Haeectn cBe Moryhe nsnasHe pesyntarte HaBeAeHor nporpama.

6) YnoTpeboM KpUTUUYHUX 06/1aCTN OTK/TIOHUTM BPEMEHCKY 3aBUCHOCT Y Mporpamy.
Pewwete:
6)
program timedependent;
var x: shared integer ;
begin
x:=1
cobegin
region xdo x:=x +1;
region x do x:=Xx + 3;
coend ;
writeln ('x =", X);
end.

3agatak 2. YCnoBHa CMHXpPOHM3auMja

[aT je ynopeaHu nporpaM Ha npoLwumpeHom Pascal-y:
program graph;

('a'r'1d. {graph}
XerbeHn nsnas nporpama je H13 naposa obnuka:
(0,0) (1,1) (2,4) ... (n,n?)
OTK/IOHUTU BPEMEHCKY 3aBUCHOCT Yy AaTOM Mporpamy ynoTpeboMm YCNOBHUX KPUTUYHMX obnactu

obnuka
region <deljena promenljiva> do
begin <akcijal>; await <uslov>; <akcija2> end
Pewwetse:
program graph;
const n=...;
type point = record
X, yiinteger ;
full: boolean
end;
var p: shared point;

procedure makepoints ;
var i: integer ;
begin
for i:=1to ndo
region p do
begin
await (not p.full);
p.X =i
p.y :=i*;
p.full := true
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end
end;

procedure printpoints;
var i: integer ;
begin
for i:=0to ndo
region p do
begin
await (p.full );
write('(',p-X,",,p-y,));
p.full ;= false
end
end;

begin
p.x :=0; p.y :=0; p.full :=true;
cobegin
makepoints;
printpoints;
coend
end.

3apgatak 3. One lane bridge problem

AyTomMobunn Kkoju gonase ca ceBepa M jyra Mopajy Aa npehy peky npeko Mocta. Ha MocTy, Ha
XKanocT, NocToju caMo jeaHa BO3Ha Tpaka. 3Hauyu, y 6o KOM TPeHyTKY MOCTOM MoOXe aa npohe
jenaH wnu Buwe ayTomobuna Koju gonase uM3 UCTor cMepa (anv He U U3 CYNpOTHOr CMepa).
Hanuncatn anroputam 3a aytoMobun ca cesepa u aytoMobun ca jyra koju gonase Ha MOCT, npenase

ra U HanywTajy ra ca gpyre cTpaHe.
Peweme:
var most: shared record juzni, severni: integer end
"u pocetku oba su nula"
"automobil sa juga"
begin
region most do
begin
await severni = 0;
juzni ;= juzni + 1;
end
predji most;
region most do
juzni :=juzni- 1;
end

3apgatak 4. One lane bridge problem
YCaBplwmMTK pellere NpeTXoaHor 3aAaTka Tako Aa ce cMep caobpahaja Merba CBaKM MyT HAKOH LUTO

ra npehe 10 ayTomobuna M3 UCTOr cMepa, ako Cy 3a TO BpeMe jedaH wnu Bule ayTomMobuna vekanu
aa ra npehy 13 cynpoTHOr cMepa.

Peweme:
type smer=  record ;
cekaju, prelaze, ispred: integer ;
end

"u pocetku svi su nula"
var most:  shared record
juzni, severni: smer;
end
"automobil sa juga"
begin
region most do
with juzni do
begin
cekaju := cekaju + 1;
await severni.prelaze = 0 AND ispred < 10;
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cekaju := cekaju - 1;
prelaze := prelaze + 1,
if (severni.cekaju > 0) then
ispred :=ispred + 1;
end;
predji most;
region most do
with juzni do
begin
prelaze := prelaze - 1,
if (prelaze = 0) then
severni.ispred := 0;
end
end

3agatak 5. Dining philosophers problem

MeT dwmnoszoda cean oko crona. Ceakn Guno3od HanmaMeHUYHO jeae M pasMulsba. Mcnpea ceakor
dwvno3oda je Tawup wnareta. Kaga ¢unosod noxenu aa jeae, OH y3vMa ABe BW/bYLUKE Koje ce
Hanase y3 Heros Tamwup. Ha crtony, MehyTMM, uMa caMo neT BU/bYLWKK. 3Haun, dunnos3od Moxe aAa
jeje caMo kaga HujedaH oA HEroBuxX cyceda He jeae. Hanmcatu anroputam 3a ¢dwunosoda u
BUbYLWKY (0<=i<=4). (YnyTCTBO: CnpeunTn 6nokupame).

Peweme:
var viljuske: shared array [0..4] of 0..2;
procedure filozof (i:0..4);
var levi, desni: 0..4;
begin
levi ;= (i-1) mod 5;
desni := (i+1) mod 5;

repeat
razmisljaj;
region viljuske do
begin
await viljuske [i] = 2;
viljuske [levi] := viljuske [levi] - 1;
viljuske [desni] := viljuske [desni] - 1;
end;
jedi;
region viljuske do
begin
viljuske [levi] := viljuske [levi] + 1;
viljuske [desni] := viljuske [desni] + 1;
end;
forever ;
end;

3agatak 6. Dining philosophers problem
KomeHTapuwute cneaehe pewere npobnema punosoda Koju pyyajy.

var viljuska: array [0..4] of shared boolean ;
"filozof i
repeat
razmisljaj;
region viljuska [i] do
region viljuska [(i+1) mod 5] do jed;;
forever

3apgatak 7. Dining philosophers problem
KomeHTapuwuTe cnegehe pewere npobnema punosoda Koju pyyajy.

var razmisljanje: shared array [0..4] of boolean ;
"u pocetku sve je tacno”
"filozof i"
repeat
razmisljaj;
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region razmisljanje do
begin
await razmisljanje [(i-1) mod 5] AND
razmisljanje [(i+1) mod 5];

razmisljanje [i] := false;
end;
jedi;
region razmisljanje do razmisljanje [i] := true;
forever ;

3agatak 8. Dining philosophers problem

KomeHTapuwuTe cneaehe pelere npobnema gunosoda Koju pydyajy: rnagHn ¢unosod npeo yuma
BU/bYLLKY Ca CBOje NeBe CTpaHe; ako je BW/byllka Ca HeroBe AecHe ctpaHe cnoboaHa, y3uma je u
nouMHe Aa jeae; y CynpoTHOM, OANaXe BU/bYLLKY Ca SiIeBe CTpaHe M NOHaB/ba LUUKYC.

3apgatak 9. Readers — Writers problem
pyna ynopeamx rnpoueca Koju npuctynajy 3ajeqHuMyYkoM CpeacTBy CacToju ce of umTanaua Ri, i =
1,...,m, vmnuncaua Wj, j = 1,...,n.
v: shared record r,w: integer end;
v1: shared integer ;
begin
v.r:=0; v.w :=0;
cobegin R1; .. Rm; W1; ... Wn coend
end

NcnpaBHa KoHTpona npuctyna Mopa o06e36eant MehycobHO WCKbyuMBame Mpoueca npema
yobuyajeHOM npaBwiy 3a 4uuTaoue W nucue, M cnpeuntu y3ajamHo 6nokuparbe (deadlock) wm
'marnagrueame' (starvation). lNpeanoxeHe cy pasnuuuTe BapujaHTe pewena. Y aatoj Ttabnuum
CBaKOj BapujaHTM oarosapa Mo jeAHa KOMOHA, U y wy Tpeba 3a CBako o4 HaBedeHux TBphewa
ynucatv T(a4Ho) nnu H(etauyHo).

MehycobHO UCKIbyYeHe je ocurypaHo.

Moryhe je y3ajamMHO 6nokuparse uitanaua u nucaua.
Moryhe je y3ajamHo 6nokuparse nucaua (npm r=0).
Moryhe je 'm3rnagmuBame' yMtanaua.

Moryhe je 'm3rnagwuBame' Nucaua.

a)
i

repeat

region v do

begin
await (w = 0);
r=r+1

end;

read;

region vdor:=r-1,;

nekritiéne operacije;

I|(H|IT|T|IT|w
IT|H|H|T|H|o
IT|IT|IT|([IT|T|w

forever
Wi
repeat
region v do
begin
w:i=w+1;
await (r =0)
end;
write;

region vdo w:=w-1;
nekriti€éne operacije;
forever

6)
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R
repeat
region v do
begin
await (w = 0);
r=r+1
end;
read;
region vdor:=r-1;
nekriti€éne operacije;
forever
Wi
repeat
region v do
begin
wi=w+1,;
await ((r =0) and (w = 1))
end;
write;
region vdo w:=w-1;
nekriti€éne operacije;
forever
B)
var v: shared record r,w: integer ; rturn:boolean end;
begin
v.r :=0; v.w := 0; v.rturn := false;
cobegin R1; .. Rm; W1; ... Wn coend

end;
R
repeat
region v do
begin
if (rturn) then
begin
r=r+1,
await (w = 0)
end
else
begin
await (w = 0);
r=r+1
end;
end;
read;
region v do
begin
r-=r-1,
rturn := false
end;
nekriti€éne operacije;
forever
Wi
repeat
region v do
begin
if (rturn) then
begin
await (r = 0);
wi=w+1
end
else
begin
wi=w+ 1
await (r =0)
end;
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end;

write;

region v do

begin
wi=w-1;
rturn ;= true

end;

nekritiéne operacije;

forever

3apgatak 10. Cigarette Smokers’ problem

Kopuctehn ycnoBHe KpUTUYHE pernoHe HanmcaTu nporpaM Koju pewasa npobneM n cumynupa
cucTeM “HepBO3HUX nywadva” (Cigarette Smokers’ problem). TlocToju jegaH areHT u TpyU HepBO3HA
nywaya. AreHT noceayje pesepBe TpM HeonxoAHa NpeaMeTa 3a siedere HepBo3e: Mnanup, AyBaH U
wubuue. JegaH oa nywada nMa 6eckoHayHe 3anuxe nanuvpa, Apyrv — AayBaHa, a Tpehu - wubuua.
AreHT nouMrbe Tako LITO ABa pa3MuuTa npeaMeTta CTaB/ba Ha CTO, jeaaH no jeaad. MNywad, kome
6aw Ta aBa npeamMeta dane, yauMa ux, 3aBuja 1 Nanu uMrapeTy u yxmsa. HakoH Tora obaseluTaBa
areHTa Aa je 3aBpLnOo, a areHT oHAa CTaB/ba ABa HOBA NpeAMeTa Ha CTO, UTA.

Peweme:

program CigaretteSmokers(input , output );
type table = record
paper, tobacco, matches : boolean ;
ok : boolean ;
end;
var p: shared table;

procedure Agent;
var n: integer ;
begin
while (true) do
begin
n := RANDOM(O, 2);
region p do
begin
case n of
0: begin
p.paper = false;
p.tobacco = true;
p.matches = true;
end;
1: begin
p.paper := true;
p.tobacco = false;
p.matches = true;
end;
2: begin
p.paper := true;
p.tobacco = true;
p.matches := false;
end;
else ;
end;
region p do
await (p.ok);
p.ok :=false;
end;
end;
end;

procedure Smoker_with_Matches;
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begin
while (true) do
begin
region p do
begin
await (p.paper and p.tobacco);
p.paper := false;
p.tobacco := false ;
end;
enjoy;
region p do
p.ok :=true;
end;
end;
procedure Smoker_with_Tobacco;
begin
while (true) do
begin
region p do
begin
await (p.paper and p.matches);
p.paper ;= false;
p.matches := false;
end;
enjoy;
region p do
p.ok :=true;
end;
end;

procedure Smoker_with_Paper;
begin
while (true) do
begin
region p do
begin
await (p.matches and p.tobacco);
p.matches := false;
p.tobacco := false ;
end;
enjoy;
region p do
p.ok :=true;
end;
end;

begin
p.paper = false;
p.tobacco = false;
p.matches := false;
p.ok := false;
cobegin
Agent;
Smoker_with_Paper;
Smoker_with_Tobacco;
Smoker_with_Matches;
coend ;
end.
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MOHUTOPMU

3apatak 1. Readers — Writers problem

PeanuzoBatn npobnem nucaua n umtada nomohy MoHutopa. Kopuctutu signal and wait ancumnnuny.
Peweme:
Readers_Writers: monitor ;
var: readCount: integer ;
busy: boolean ;
OKtoread, OKtowrite: condition ;
procedure startread;
begin
if (busy or OKtowrite.queue) then OKtoread.wait;
readCount := readCount + 1;
OKtoread.signal
end;
procedure endread;
begin
readCount:= readCount - 1;
if (readCount = 0) then OKtowrite.signal

end;
procedure startwrite;
begin
if (readCount <> 0 or busy) then OKtowrite.wait;
busy :=true
end;
procedure endwrite;
begin

busy :=false;
if (OKtoread.queue) then OKtoread.signal
else OKtowrite.signal

end;
begin
readCount:= 0;
busy :=false
end.

3apgatak 2. Readers — Writers problem
Pewntn npobnem umtanaua u nucada KoOpucten MOHMTOPEe KOoju umajy aucuunnuHy signal and
continue. Pewere Tpeba aa obe3bean ga npouec Koju je npe CTMrao npe v 3ano4yHe onepauujy

YnTaHa OAHOCHO ynuca.
Peweme:

Rreaders_Writers: monitor ;

var
ID, ok _to_work, readCount: integer ;
OKtoWork: condition ;

procedure startread;
var PID : integer ;

begin
PID :=ID;
ID:=1ID + 1;

while (PID <> ok_to_work) do OKtoWork.wait ;
readCount:= readCount + 1;
ok to_work := ok_to_work + 1;
OKtoWork.signalAll ;

end;

procedure endread;
begin
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readers_num :=readers_num - 1;
if(readers_num = 0) then OKtoWork.signalAll ;
end;
procedure startwrite;
var PID : integer ;

begin
PID :=ID;
ID:=1ID + 1,
while ((PID <> ok_to_work) or (readCount <> 0)) do OKtoWork.wait;
end;
procedure endwrite;
begin
ok _to_work := ok _to_work + 1;
OKtoWork.signalAll ;
end;
begin
ID :=0;

ok _to_work :=0;
readCount ;= 0;
end.

3apgatak 3. MNMpuxeBaTHUK

PeanusyjTe MoHuTOp 3a FIFO npuxBaTHMK KOjuU (YHKUMOHWMWE Ha cnegehn HauvH: uuTarme ce
obaBba y 6ajTuma camo kaga noctoju 6ap jeaaH 6ajT y npuxeaTHUKY; ynuc ce obasrba y pedmMa (no
ABa 6ajta mcrtoBpeMeHo), kaga noctoje 6ap ABa npa3Ha 6ajTa; noBpeMeHO ce b6pue caapxaj
LeNIOKYMHOr MpuUXBaTHMKA Ha MO3MB MOHMTOpCKe npoueaype. Kopuctutn signal and  wait
AVCUMNIINHY .

Peweme:

program BufferCancel;
const N=..

Buffer : monitor ;
var
slots : array [0 .. N-1] of byte;
head, tail : 0..N-1;
size : 0..N;
not_full, not_empty : condition ;

procedure put(first, second : byte);
begin
if(size > N - 2) then not_full.wait;
slotsJtail] := first;
tail := (tail + 1) mod N;
slots]tail] := second;
tail := (tail + 1) mod N;
size :=size + 2;
if((size > 0) and (not_empty.queue)) then not_empty.signal ;
if((size > 0) and (not_empty.queue)) then not_empty.signal ;
end;

procedure get(var data: byte);

begin

if (size = 0) then not_empty.wait;

data := slots[head];

size :=size - 1;

head := (head + 1) mod N;

if((size <= N - 2) and (not_full.queue)) then not_full.signal
end;

procedure cancel;
begin
size := 0; head := 0; tail := 0;
while ((size <= N - 2) and (not_full.queue)) do not_full.signal
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end;

begin
size := 0; head :=0; tail := 0
end;

3apatak 4. Tajmep

PeanuzoBaTn MOHMTOP KOju omMoryhaea nporpamy Koju ra no3uBa Aa Yeka n jeanHuLa BpeMeHa.
Kopuctutu signal and wait ancumnnmny.
Peweme:
Alarmclock: monitor ;
var: now: integer ;
wakeup: condition ;
procedure wakeme (n: integer );
var alarmsetting: integer ;
begin
alarmsetting := now + n;
while (now < alarmsetting) do
wakeup.wait (alarmsetting);
wakeup.signal ;
end;
procedure tick;
begin
now :=now + 1;
wakeup.signal
end;
begin
now := 0
end.

3agatak 5. Tajmep

PeanuzoBaTn MOHMTOP KOju oMoryhasa nporpamy Koju ra no3uBa Aa Yeka n jeanHuua BpeMeHa.
KopuctuTu signal and wait gucunnnuHy, Tpyautu ce aa byam Wwto Mame npoueca.
Pewwetse:
Alarmclock: monitor ;
var: now: integer ;
wakeup: condition ;
procedure wakeme (n: integer );
var alarmsetting: integer ;
begin
alarmsetting := now + n;
wakeup.wait (alarmsetting);
end;
procedure tick;
begin
now := now + 1;
while (NOT wakeup.empty AND wakeup.minrank <= now) do
wakeup.signal
end;
begin
now :=0
end.

3apgatak 6. Producer — Consumer/Bounded Buffer problem

Pewuntn npobnem Producer — Consumer kopuctehu MoHuTOpe KOoju uMajy signal and wait
AVNCUMNIINHY.

BoundedBuffer: monitor ;
var:
buffer: array [0..k-1] of items;
nextin, nextout, count: integer ;
notfull, notempty: condition ;
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procedure Append(v: items);

begin
if (count = k) then notfull.wait ;
buffer[nextin] :=v;
nextin = (nextin + 1) mod k;
count :=count + 1,
notempty.signal ;

end;

procedure Take(var v: items):

begin
if (count = 0) then notempty.wait;
v := buffer[nextout];
nextout := (nextout + 1) mod k;
count :=count - 1,
notfull.signal ;

end;

begin
nextin ;= 0;
nextout := O;
count :=0;
end.

3apgatak 7. Dining philosophers problem
Kopuctutu signal and wait ancumnnmny.

program Dining_Philosophers;
const num_phils = 5;
num_philsminusone = 4;
monitor data;
var
can_eat : array [0..num_philsminusone] of condition ;
state : array [0..num_philsminusone] of integer ; {(thinking=0, hungry=1, eating=2) ;}
index : integer ;

procedure test (k: integer);
begin
if ((state[(k+4) mod 5] <> 2) and (state[k] = 1) and (state[(k+1) mod 5] <> 2)) then
begin
state[k] := 2;
can_eat[k].signal ;
end;
end;
procedure pickup(ID : integer);
begin
state[ID] = 1;
test(ID);
if (state[ID] <> 2) then can_eat[ID].wait ;
end;

procedure putdown (ID : integer);
begin
state[ID] := 0;
test((ID+4) mod 5);
test((ID+1) mod 5);
end;
begin
for index := 0 to 4 do state[index] := 0;
end;
procedure philosopher(id : integer );
procedure think ;
begin
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end;
procedure eat;
begin

end;
begin
while (true) do
begin
think;
pickup(id);
eat;

putdown(id);

end;
end;
begin
cobegin
philosopher(0);
philosopher(1);
philosopher(2);
philosopher(3);
philosopher(4);
coend ;
end.
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NMPOCNEBUBAHE MOPYKA

3agatak 1. CMHXpOHA, aCMHXPOHAa U YC/I0BHA KOMYHMKaLMja

KOMyHMKaLMOHM CepBUCK Y jeaHOM AUCTPUMOYMPaHOM CMCTEMY peann3oBaHu Cy Ha 6a3m caHayumha
TMNa mbx 3a npeHoc nopyka Tuna msg. MNpetnoctaBnhemMo aa TMN msg obyxeaTta uene 6pojese m
cneumjanHn cumbon ack 3a notephuBarbe npujeMa. OCHOBHe onepaumje Ha caHayudnhuma cy
cnepehe:

mbx_put(m: msg, box: mbx) CcMeLTa Nopyky m y caHay4e box

mbx_get(var m: msg, box: mbx, t: time, var status: boolean) y3rMa npBy  MNOPyKy  wu3
caHay4yeTa box U HeHy BpeaHOCT AoAerbyje NpoMeH/bMBOj M, NOCTaB/bajyhn cratyc Ha true; ako je
caHAy4de npas3Ho TOKOM UHTepBana t, ctatyc nocraje false, a BpegHoCT m je HegeduHUcaHa. Bpeme t
je y oncery 0..maxtime nnu je INF.

Pa3MOTpMMO jegHOCTaBaH CMCTEM KOjU cagpXXu camo aBa npoueca, S u R.
Mpouecn KoMyHUUMpajy npeko caHayumha A n B kao Ha cnvuw.

PeanuzoBatn cnegehe nHtepakumje namehy npoueca:

a) S acMHXPOHO Wasrbe uenobpojHy BpeaHocCT i, a R n3spliasa obnyaH npujem
(basic receive).

6) S acMHXpOoHO Wasbe LenobpojHy BpeaHoCT i, a R n3Bplasa ycioBHM npujem (conditional receive).
B) S aCMHXPOHO Wasbe LenobpojHy BpeaHoCT i, @ R n3spLluaBa BpeMEHCKM YCOoB/bEH npujeM (receive
on timeout) ca nHTepsanom d.

r) S CMHXPOHO Warbe LenobpojHy BpeaHoCT i, @ R n3spLluasa obuyaH npujem.

A) Y 6buampekumoHoj TpaHcakumjn Tuna 'saxTteB-oarosop' (request-reply), S wambe uenobpojHy
BpeaHOCT i u aobujeHn pe3ynTaT j Aoaesbyje NpOMEHbMBO] X; Y CAy4adjy Aa TpaHCakuuja He ycne
TOKOM MHTepBana d, x gobuja speaHoct 0. R obpahyje 3axTeB Tako WITO 3a AaTW aprymMeHT u Bpaha
BpeaHocT dyHkumje f(i).

Peweme:

a) ACMHXPOHO Crlake, 0buyaH npujem:

Procedure send(i:integer);
var m: msg;
begin
m = i;
mbx_put(m,A);
end;

procedure receive(var i:integer);
var m: msg; st: boolean ;
begin
mbx_get(m,A,INF,st);
i:=m;
end;

6) ACMHXPOHO CNare, YCII0BHWU NpujeMm:

Proc edure send(i:integer);
var m: msg;
begin
m = i;
mbx_put(m,A);
end;

function receive(var i: integer ):boolean
var m: msg; st: boolean ;
begin
mbx_get(m,A,0,st);
if stthen i:=m;
receive := st;
end;

B) ACMHXPOHO CNatbe, BPEMEHCKM YC/IOB/bEH NMpUjeM:

procedure send(i:integer);
var m: msg;
begin
m:=i;
mbx_put(m,A);
end;

function receive(var i:integer ,d:time):
boolean ;
var m: msg; st: boolean ;
begin
mbx_get(m,A,d,st);
if stthen i:=m;
receive := st;
end;

r) CUHXPOHO Cnarbe, 0buvaH npujem:
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function send(i: integer ):boolean ;
var m: msg; st: boolean ;
begin
m:=i;
mbx_put(m,A);
mbx_get(m,B,INF,st);
send := (m = ack);
end;

procedure receive(var i:integer)
var m: msg; st: boolean ;
begin
mbx_get(m,A,INF,st);
i=m;
m := ack;
mbx_put(m,B);
end;

A) buanpekumoHa TpaHcakumja TMna '3axTeB-04arosop':

procedure rq(i:integer ; var x:integer ,d:time);
var m: msg; st: boolean ;
begin
m:=i;
mbx_put(m,A);
mbx_get(m,B,d,st);
if stthen x:=m
else x:=0;
end;

procedure reply;
var m: msg; i: integer ; st: boolean ;
begin
mbx_get(m,A,INF,st);
i:=m;
m = f(i);
mbx_put(m,B);
end;

3apgatak 2. Dining Philosophers Problem
Kopuctehn pasmeHy nopyka HanucaTu NporpaMm Koju pelasBa npobnem ¢unosoda Koju pydasajy
(7he Dining Philosophers). Hanucatn pewewe Koa Kora ¢dunosodun KOMyHMUMpAjy caMo ca
3ajeAHNYKNM CTONOM (LeHTPasIM30BaHO peLleH:e).

Pelwemse:
program DiningPhilosophers;
const N = 5;

var table : mbx;
Phil : array [0..N-1] of mbx;

procedure Coordinator;
var
state : array [0.. N-1] of integer ; {(thinking
index : integer ;
m : msg;
status : boolean ;
procedure test (k: integer);
begin
if ((state[(k + N-1) mod N] <> 2)
and (state[k] = 1)
and (state[(k+1) mod N] <> 2)) then
begin
state[k] := 2;
mbx_put(m, Phil[k]);
end;
end;
procedure pickup (ID : integer );
begin
state[ID] = 1,
test(ID);
end;

procedure putdown (ID : integer);
begin
state[ID] := 0;
test((ID + N-1) mod N);
test((ID + 1) mod N);
mbx_put(m, Phil[ID]);
end;

begin
for index := 0 to N-1 do state[index] := 0;
while (true) do

=0, hungry = 1, eating = 2) ;}
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begin
mbx_get(m, table, INF, status);
if (m.status = 1) then pickup(m.id)
else if(m.status = 0) then putdown (m.id);

end
end;

procedure Philosopher(i : integer);

var m,n:msg;

status : boolean ;
procedure think; begin ... end;
procedure eat; begin ... end;

begin
while (true) do
begin
think;
m.id :=i;
m.status = 1;
mbx_put(m, table);
mbx_get(n, Phil[i], INF, status);
eat;
m.id :=1i;
m.status := 0;
mbx_put(m, table);
mbx_get(n, Phil[i], INF, status)
end
end;
begin
begin
Philosopher(0);
Philosopher(1);
Philosopher(2);
Philosopher(3);
Philosopher(4);
Coordinator
end
end.

3apjatak 3. Broadcast

MocToju noBe3aH rpad Koju ce cacTtoju M3 n 4yBopoBa. YBOPOBM MOry Aa KOMyHUUMpajy camo ca
cycefHuM yBoposuMa. Kopuctehn caHgydmhe HanmcaTn nporpam Koju nopyky Kojy wWasbe jeaaH 4sop
npocnehyje ceBum octanum 4yBopoBuma y rpacdy. CBakm 4Bop MMa MHdbOpMauuje camo O CBOjUM

cyceamma.

Peweme:

program Broadcast;

const n=..,;

var probe : array [1..n] of mbx;

procedure Node(p: 1..n);
var links : array [1..n] of boolean ; //neighbors of node p;
m : msg;
num : integer ; //number of neighbors;
g : integer ;
st : boolean ;
begin
init(p);
mbx_get(m, probe[p], INF, st) ;
/lsend m to all neighbors
for g:=1to ndo
if (links[q]) then mbx_put(m, probe[q]);
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/Ireceive num-1 redundant copies of m
for g =1to num-1do
mbx_get(m, probe[p], INF, st) ;
end;

procedure Initiator; //executed on source node S
var m:msg; //message to broadcast;
S :integer ;
begin
mbx_put(m, probe[S]);
end;

3apgatak 4. Broadcast

MocToju noBe3aH rpad Koju ce cacTtoju M3 n 4yBOpoBa. YBOPOBM MOry Aa KOMYHMUMpaAjy caMo ca
cyceaHuM yBopoBMMa. Kopuctehu caHgyunhe HanmcaTy nporpam Koju nopyky Kojy warbe jefaH y4Bop
npocnehyje cBUM OCTanuMM 4BopoBMMa Yy rpady. Y OBOM pellerby NpeTrnocTaBuTe Aa MOYeTHU 4BOp

nMa MHgopMaunje o KOMNIETHOj Tononorunju rpada.
Peweme:

program BroadcastTree;
const n=..,;
type graph = array [1..n, 1..n] of boolean ;
type msg = record

data : message;

spanningTree : graph;

end;

var probe : array [1..n] of mbx;

procedure Node(p : 1..n);
var t:graph;
m : msg;
g : integer;
st : boolean;
begin
init(p);
mbx_get(m, probe[p], INF, st) ;
t ;= m.spanningTree;
//lsend m to all children
for g:=1to ndo
if (t[p, q]) then mbx_put(m, probe[q]); /q is a child of p in t
end;

procedure Initiator; //executed on source node S
var m:msg; //message to broadcast;
S :integer ;
topology : graph; //network topology;
t : graph; //spanning tree of topology;
begin
initTopology(topology, t);
m.spanningTree = t;
mbx_put(m, probe[S]);
end;

3apatak 5. Readers — Writers Problem
Pewuntn npobnem uutanaua W nucaua (Readers — Wiriters Problem) kopuctehn nowTaHcke

caHayuunhe. [103B0/bEHO je Aa CaMo jeaaH npouec uMTa nopyke U3 jegHor caHayyeTa.
Peweme:
program ReadersWriters;

const STARTREAD =0;
const STARTWRITE =1;
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var operationStart : mbx;
operationEnd : mbx;
confirm : array [0..N-1] of mbx;

procedure Coordinator;
var
numReaders: integer ;
numWriters: integer ;
m, N : msg;
status : boolean ;

begin
while (true) do
begin
mbx_get(m, operationStart, INF, status);
if(m.operation = STARTREAD) then
begin
numReaders := numReaders + 1;
mbx_put(m, confirm[m.id]);

end
else if(m.operation = STARTWRITE) then
begin

while (humReaders > 0) do

begin

mbx_get(n, operationEnd, INF, status);
numReaders := numReaders - 1;
end;
mbx_put(m, confirm[m.id]);
mbx_get(m, operationEnd, INF, status);
end;
status ;= true;
while (status) do
begin
mbx_get(m, operationEnd, 0, status);
if (status) then numReaders := numReaders - 1;
end;
end
end;

procedure Reader(i : integer);

var m:msg;
status : boolean ;
procedure read; begin end;

begin
while (true) do
begin
m.id :=1i;
m.operation ;= STARTREAD;
mbx_put(m, operationStart);
mbx_get(m, confirm[i], INF, status);
read;
m.id :=i;
mbx_put(m, operationEnd);
end
end;

procedure Writer(i : integer);
var m:msg;

status : boolean ;
procedure write; begin end;
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begin
while (true) do
begin
m.id :=1i;
m.operation := STARTWRITE;
mbx_put(m, operationStart);
mbx_get(m, confirm[i], INF, status);
write;
m.id :=i;
mbx_put(m, operationEnd);
end
end;

begin
begin
Reader(0);
Reader(1);
Reader(2);
Writer(3);
Writer(4);
Coordinator
end
end.

3agatak 6. Game of Life
MocToju MaTpuua AMMEH3Knja Nxn TakBa Aa CBaka HeHa henuja npeacTtae/ba jedaH opraHu3ama Koju
Moxe aa byae »xuB nnn Mptas. OpraHM3aMm MOry aa KOMyHUUMpajy camo ca CBOjuM cyceamma (rope,
aone, neBo, AeCHO M ykoco). OpraHmsamu y cpeanHn he umatm 8 cycepa, Aok he oHu y yrnosuma
nMaTn camo 3. MNMpaBuna Koja BaXxxe 3a CBaKW OpraHusam cy cnegeha:

XXuB opraHusam Koju MMa Mame 04, [iBa XXMBa cyceaa yMupe of YCaM/beHOCTH

XXuB opraHusaM Koju uma BuLle o4 TpU XKBa cyceaa yMupe oA npeHaTprnaHoCcTm

XXuB opraHu3am ca ABa unm Tpu XmnBa cycefa npexusrbaBa U gopmupa cneaehy reHepauujy

MpTaB opraHu3aM ca Tpu XuBa cycefla OXMB/baBa

Kopucrehu caHayunhe HanmucaTh Nnporpam Koju cuMynupa opraHusam.
Peweme:
program GameOfLlfe;
const numGenerations = ...;
N=..,

type msg = record

status : boolean ;

i, j, index : integer ;
end;
var box:array [0..N-1, 0..N-1] of mbx;

function xStart(i : integer) : integer ;

begin
i=i-1;
if(i < 0) then xStart :=0
else xStart :=i;
end;
function yStart(i : integer) : integer ;
begin
i=i-1;
if(i < 0) then yStart:=0
else yStart ;= i;
end;
function xEnd(i : integer) : integer ;
begin
=i+
if i >= N) then xEnd := N-1
else xEnd :=1i;
end;
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function yEnd(i: integer) : integer ;
begin
=i+l
if (i>=N)then yEnd := N-1
else yEnd :=i;
end;
function numOfNeighbours(i, j : integer ) : integer ;
begin
numOfNeighbours := (XEnd(i) - xStart(i) + 1)*(yEnd(i) - yStart(i) + 1) - 1;
end;
procedure calculateState(i, j, k : integer ; neighbours : array[0..1, 0..7] of msg; var status : boolean );
var index, num : integer ;

begin
num := 0;
for index := 0 to numOfNeighbours(i, j) -1 do
begin
if neighbours[k mod 2, index].status then num := num + 1,
end;

if (status and ((num < 2) or (num > 3))) then status := false
else if ((not status) and (num = 3)) then status := true;
end;
procedure Node(i: integer ;| :integer);
var p,q, k:integer;
status, st : boolean ;
neighbours : array[0..1, 0..7] of msg;
num : array [0..1] of integer ;
m : msg;
begin
num [0] :=0; num [1]:=0;
for k := 1 to numGenerations do

begin
m.status := status;
m.i ;=i
m.j :=j;
m.index = k;

for p := xStart(i) to xEnd(i) do
for q := yStart(j) to yEnd(j) do
begin
if((p <>i) or (q <>))) then
mbx_put(m, box[p, ql);
end;

while (num [k mod 2] < numOfNeighbours(i, j)) do

begin
mbx_get(m, box]i, j], INF, st);
neighbours[m.index mod 2, num[m.index mod 2]] := m;
num[m.index mod 2] := num[m.index mod 2] + 1;

end;

num[k mod 2] :=0;

calculateState(i, j, k, neighbours, status);

end;
end;
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CSP

3apatak 1. Cemadop

MNpojekToBaTn GuHapHM ceMadop kopuctehu nporpamcku jeamk CSP.
Peweme:

s :integer;s:=0;
I
s > 0; (i:1..100) X(i)?wait() -
si=s-1
I

(i:1..100) X(i)?signal() -
S:=s+1

3apatak 2. MpocnehuBamwe Tekcra

HanucaTtu nporpaM 3a npouec X Koju npocnehyje 3Hake gobujeHe oa npoueca west npouecy east.
X::*[c: character ; west?c - east!c]

3apatak 3. MpocnehuBamwe Tekcra
MoandukoBaTM NpeTxoAHO pellere Tako Aa CBaka ABe cyceaHe 3Be3auue “**” 3ameHun ca “N'.

CManaTVI aa nocnegrbun 3Hak HVIje 3Be3guua.
Peweme:

X:*[ c:character ;
west?c -
[ c<>™ _ eastlc;
1
c =" - west?c;
[ c<>"™ _ east!™; eastlc;
I
c=" - east'"
]
]
]

3apaTtak 4. UuTtamwe KapTuvua
Hanucatu nporpam koju gobuja kaptuue oa npoueca cardfile v npocnehyje npouecy X HM3 3HaKoBa

Koje caapxu. Ha kpajy Tpeba goaatu jow jeaaH 6naHKoO 3HaK.
Peweme:

*[ cardimage: (1..80)character ;
cardfile?cardimage -
iiinteger ;i:=1,;
*[ i<80 - Xlcardimage(i); i: =i+ 1]
X1
]

3apatak 5. O6papa Tekcra
Hanucatu nporpam koju aobuja HM3 3HakoBa oA npoueca X W wWTaMna MX Ha wTamnadvy no 125

3HaKoBa y peay. [ocneamwy nMHUjy AONyHUTU 61aHKoBMMA Mo noTpebu.
Peweme:

lineimage: (1..125)character ;

i integer; i =1,
lineimage: (1..125)character ;
i integer; i =1,

*[ c:character ; X?¢c -
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lineimage(i) :=c;
[ i124 5 i:=i+1
I

i =125 - lineprinter!lineimage; i:=1
]

[ i=1 - skip
I
i>1 - *[i< 125 - lineimage(i) :="i:=1i+1]
lineprinterllineimage
]

3apatak 6. Producer - Consumer

Pelwemre:

[Producer (i:1..5)::PRODUCER || Consumer (i:1..6)::CONSUMER
| Buffer::BUFFER]

BUFFER:: [ buffer: (0..9) portion;
in, out : integer ; in := 0; out := 0;
“
in<out + 10; (i: 1..5) Producer (i)?buffer(in mod 10) -
in:=in+ 1
I
out < in; (i: 1..6) Consumer (iy?more() - |
Consumer (i)!buffer(out mod 10) -> out := out + 1]
]

]

PRODUCER:: *[ true - [data : portion;
PRODUCE;
Bufferldata

]
]

CONSUMER:: *[ true - [data : portion;
Buffer'more();
Buffer?data;
CONSUME

]
]

3apatak 7. [lemwere 6pojeBa
KoHcTpyncatn npouec Ha CSP-y Koju npeacTtaB/ba (PYHKUWJCKM MOTNPOrpaM M Koju npuxeaTa

no3nTuBaH genuterb N aenvnau, u Bpaha HNX0B Ll,EJ'IOﬁpOjHVI KOMMYHUK N OCTaTaK Npun Ae/bey.
Pewwetse:
[DIV:: ¥ x,y:integer;
X?(x,y) - quot, rem:integer ; quot := 0; rem := X;
*rem=y - rem:=rem -y,
quot := quot + 1
I;

X!(quot, rem)
]
[| X:: USER]

3apjatak 8. dakropujen
N3pauyHaTn akTopujen pekyp3vBHOM METOAOM, A0 oapeheHe rpaHuue.

fac(0) N fac(1) N-1 fac(2) N-2 fac(3) N-3 fac(4) N-4 1 fac(n) 0 fac(n+1)
S — — — — —> —> —
USER | | . | 1. 1 |y e
o EE— — — D <+ <4+— b E—
N! (N-1)! (N-2)t (N-3)! (N-4)! 1 1

Pewwetse:
[fac (I: 1..LIMIT):
*[N: integer ; fac (i-1)?n -
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[ n=0- fac (i-1)!1
I
n>0 - fac(i+1)n-1;
r: integer ; fac(i + 1)?r;
fac (i - 1)!(n*r)
]

]
|| fac (0):: USER
]
Y USER-y nmMa fac(1)!n.

3apatak 9. Ckyn
MNpeactasutn y CSP-y ckyn oa Hajsuwe 100 uenux 6pojeBa kao npouec S, Koju npuxesata AsBa Tuna
WHCTpYKUMja oa no3meajyher npoueca X:
1) Slinsert (n), y6auyje ueo 6poj n y ckyn, u
2) Slhas (n),...;S?b, roe je b ICTMHUTO ako je n y cKyny, OAHOCHO HEUCTUHWUTO Y CYNPOTHOM Cy4ajy.
Y noyeTky je CKyn npasaH.
Peweme:
S:: content: (0..99) integer ;
size: integer ; size :=0;
*[ n:integer;
X?has (n) - SEARCH; X!(i < size)
f
n: integer ;
X?insert (n) - SEARCH,;
[ i<size - skip

1
i = size; size <100 -
content (size) ;= n; size :=size + 1
]
]
SEARCH:
i integer ; i:=0;
*[i < size; content (i) #n - i:=i+ 1]

3apatak 10. Ckyn
MpowmnpuTn NPETXoAHO pelwene, 06e36ehyjyhin 6p3n MeToa 3a CKaHMpare CBUX efleMeHaTa CKyna,
6e3 Merara BpeaHOCTU. KOpUCHWYKM Nporpam cagpXXuv KomMaHay Tuna:
Slscan (); more: boolean ; more := true;
*Imore; x: integer ; S?next (x); - ...radi sa x...
[] more; S?noneleft () —» more := false
]
rae S'scan () cnyxu ga noctaeu cKyn y ckaHupajyhu pexum.
Pelweme:
OBa KOoMaHAa paav kao while neT/ba Koja yunmtaBa peaoM CBe efleMeHTe U3 CKyna, paan HewTo ca
HMMa U TaKo AOK MX roa uMma. MNpu pagy ca eneMeHTMMa CKyna Huje A03BOSbEHO Aa KOMYHWUUMpa ca
CKYMOM Ha 6Mno KOju HaumH.
[opahemMo Tpehy 3awTnheHy KOMaHAy Yy COsbHY NET/bY NPETXOAHOr pellerba:
[] X?scan () - i:integer;i:=0;

*[i < size —» Xlnext (content (i));

i=i+1];
X!noneleft ()

3apatak 11. Ckyn
PewunTtn npobnem ckyna op MakcumanHo 100 6pojeBa, ca aBe onepauvje (M3 npetnocnearer
3a4aTka) noMohy HM3a npoueca, 04 KOjuxX CBakM CaapXu Hajsuwe jeaaH 6poj. Kaga npouec He

caapXXun HujedaH 6poj, Ha CBakM ynuT O caapXXuHKM Tpeba aa oarosopu ca "false".
Peweme:

Mpouec ce Hanasu y NOYETHOM CTaky Kada HeMa cagpxaj. Mo nNpBoM ybaumBaky €/eMeHTa Yy Taj
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npouec, OH Meha CTare Y KOMe cala NpuMa nopyke oA NMpeTXOAHOr npoueca v, eBeHTyasnHo, warke
noaatak cnegehem.

Mo3smeajyhu npouec je S(0) koju, kaga xohe Aa nowasbe NofaTak y CKyn, Wasbe ra Ka npouecy S(1),
a Kaga ucnuTyje aa nv je nogatak y ckyny paav cnegehe:

S(1)!has (n);...;[(i: 1..100) S(i)?b - skip]

360r edmkacHocTn, ckyn Tpeba aa byae coptupaH.

S (i:1..100):
*[ n:integer; S (i-1)?has (n) » S(0)!false
I
n: integer ; S (i-1)?insert (n) -
*[ m:integer; S (i-1)?has (m) -
[ msn - S0O)!(m=n)
I
m >n - S(i + 1)!has (m)

]

m: integer ; S (i - 1)?insert (m) -
[ m<n > S(i+linsert(n);n:=m
I
m=n - skip
I
m>n - S (i + 1)linsert (m)

]

I

]

3apatak 12. MHOXerwe MaTpuue

[ata je kBagpaTHa MaTpuua A pepa 3. Ha yna3 gonase Tpu HM3a nogaTaka, o4 KOjuX CBaKu
npeacTas/ba no jeaaH enemeHT Bektopa IN. Tpu HM3a noaataka Tpeba aa ce nojase Ha usnasy, of
KOjUX CBakuM npeacTtaB/ba MO jeaaH eneMeHT npoussoda INxA. [locne noYeTHOr KawHewa,

pe3ynTtatu Tpeba Aa ce npom3Boae UCTOM B6p3nMHOM KOjoM CTuxe yna3. MaTtpuua A je dukcHa.
Peweme:

OBaKo BMCOK HMBO MapanenusMma ce MoXe nocTuhm cKyrnoM npoueca ca camke. CBaku He-UBUYHU
MpoLec y3MMa KOMMOHEHTY BeKTOpa Ca 3amaja W napumjanHy cyMmy ca ceBepa. CBaku oA HbX
npocnehyje KOMNOHEHTY BEKTOPA Ha MCTOK, @ aypupaHy CyMy Ha jyr. YnasHu nopaum gonase us
3anafHMX MBMYHUX YBOPOBA, @ PE3YNTaTU CE Wasby Y jy>XHE MBMYHE 4BOpoBe. CEBEPHM YBOPOBU

CNy>Xe Kao U3BOP HyNa, a UCTOYHM Kao pyna 6e3 aHa.

Peweme:

Wmamo 5 rpyna usoposa:

[M (i:1..3, 0):WEST || M (0, j:1..3)::NORTH || M (i:1..3, 4)::EAST || M (4, j:1..3)::SOUTH
| M (i:1..3, j:1..3)::CENTER]

Mpouecn WEST n SOUTH Cy KOPUCHUYKM NporpamMn. a npeoctasnu cy:
NORTH:: *[true — M (1, })!0]

EAST:: *[x: real; M (i, 3)?x - skip]
CENTER:: *[x:real; M (i, j-1)?x -

M (@, j+ 1)

sum: real;

M (i -1, j)?sum;

M (i + 1, DIA (i, j)*x + sum)
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0,1) 0,2) 0,3)
(1,0) 1,1) 1,2) 1,3) 1,4)
(2,0) =>4 (2,1) > (2.2) |¥=>{(2,3) (2.4
(3,00 =>{(3.1) F2>{(3.2) 2> (3.3) [-2=>{ (3,4)
I I I
Allx+A21y+A31z A12x+A22y+A32z  A31x+A23y+A33z N
VT T $ .
(4,1) (4,2) (4,3)
S

3agatak 13. Dining philosophers problem

Peweme:
[ Pfil (i:0..4) :: PFILOSOPHER || Fork (i:0..4) :: FORK || Room :: ROOM ]

PFILOSOPHER :: [ left, right : integer ; left :=i; right := (i +1) mod 5;
*true - THINK;
roomlticket();
fork(rihgt)!in();
fork(left)!in();
EAT;
fork(left)!out();
fork(right)!out();
room!back();

]
]

FORK:: [ left, right : integer ; left := (i— 1) mod 5; right :=i;
*[ Pfil(left)?in(); - Pfil(left)?out();
i
Pfil(right)?in(); - Pfil(right)?out();

]

ROOM::[v :integer;v: =4
[
v > 0; (i:0..4) PAil(i)? ticket() -
vi=v-1
I

(i:0..4) Pfil(i)?out() —
v.=v+1

]
QQYFO pelierwe
[ Pfil (i:0..4) :: PFILOSOPHER || Room :: ROOM ]

PFILOSOPHER : [ left, right : integer ; left :=i; right := (i + 1) mod 5;
*true - [
THINK;
room!getForks();
EAT;
room!putForks();

]
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]
]

ROOM: [ forks : (0..4) integer ;
forks(0) := 2; forks(1) := 2; forks(2) := 2; forks(3) := 2; forks(4) := 2;
[
(i:0..4) forks(i) = 2; Pfil(i)?getForks() - [
forks((i + 1) mod 5) :=forks((i + 1) mod 5) - 1;
forks((i + 5- 1) mod 5) :=forks((i+5 - 1) mod 5) - 1;

]
I
(i:0..4) Pfil(i)y?putForks() - [
forks((i + 1) mod 5) :=forks((i + 1) mod 5) + 1;
forks((i + 5 - 1) mod 5) :=forks((i + 5- 1) mod 5) + 1;
]

3apgaTtak 14. U3payyHaBawe MHTerpasnaa
HanuncaTtu nporpam Ha je3nky CSP koju uspadvyHaBa vHTerpan gyHkuuje Ha nHtepsany XMIN, XMAX

y N kopaka kopuctehu “Topby Mocnoea" (Bag of Tasks).
Peweme:

[Node(p : 1..n) :: NODE || Bag :: BAG]

NODE: [ left, right, data : double ;
*[Bag!getTask(); Bag?getData (left, right) —
CALCULATE;
Bag!putResult(data);

]

]
BAG:: [ Xmin, Xmax, dx, x, F : double ; F :=0;
N, i:integer;i:=0;
INIT;
* 1< N, x < Xmax, (j:1..n)Node(j)?getTask() - [
Node(j)!getData (x, x+dx); X := X + dx]
I

i <N; (j:1..n)Node(j)?putResult(data) - [
F:=F +data;i:=i+1]

]
STOP;
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CONIC

3apgatak 1. Konupamwe nopyke
Hanncatn nporpam Ha CONIC-y kOju npuxBaTta ynasHy MOpPYKYy M LWasbe HeHe KOMuje Ha CBaku o4

ABa M3Nna3Ha nopta.
Pelwemse:
task module splitter;
entryport  input: string reply signaltype;
exitport outputl: string reply signaltype;
output2: string reply signaltype;
const waitperiod = 150; {3 seconds}
var buffer: string ;
begin
loop
receive buffer from input reply signal =>
send buffer to outputl
wait signal
timeout waitperiod => {do nothing}
end;
send buffer to output2
wait signal
timeout waitperiod => {do nothing}
end;
end;
end.

3agatak 2. buaMpekuoHu NpcTeH
Ha je3anky CONIC geduHucaH je Tvn moayna

TASK MODULE node;
ENTRYPORT inl: mess;
in2: mess;
EXITPORT outl;
out2;
BEGIN...END.

KOHKpeTHe WHCTaHUe OBakBMX MoAyna Mory ce D,e(bVIHl/IcaTVI N  yKlakbaTu KOMaHAaMa

KOH(UIypaumjckor jesmka, Kao LWTo cy
CREATE A, B: node;
DELETE A;

a Be3e VI3Meij HbNX MOry ce YCNnocCTaB/baTu U packnaaTn KoMaHAaMa obnuka
LINK A.outl TO B.in1;
UNLINK A.outl FROM B.in1;

Y 0BOM 3apaTtky mMoaynu tuna node ynoTpebrbeHu Cy 3a cvuMynauujy YBOpOBa JSIOKasiHe Mpexe Koja
“nMa Tononorunjy buanpekumoHor NpcreHa, Kao wTo je Hnp. FDDI. KopuwherweM HaBeaeHNX KOMaHAU
KoHdurypaumjckor jesmka cuctema CONIC,

a) KpeupaTtun Tpu usopa A, B, C 1 nosesatu nx y buampekumoHy npcTeHacTty Mpexy,

6) cneunduumpaT NpoMeHy KoHbUrypauumje noa a) Hactany KpempaweM HoBor YBopa D 1 werosnm
YK/byyereM y buampekumoHn npcred mamehy A u C.

B) cneunduumpaTi NpOMeHy KOHdUrypaumje Koja HacTaje y Mpexu nog 6) npunnkoMm oTkasa yBopa
B (npukasatn pekoHdurypaumjy noBpaTHUM npese3vBakeM, kao y FDDI, Ha yBopoBMMa cyceaHuM
yBopYy B, a 3aTUM yKNOHUTK YBOp B).

r) cneundunumnpaTt NpoMeHy KoHdurypaumje kojom he Mpexa nog B) noctat 6UANPEKUMOHN NPCTEH

ca usoposuma A, C n D.

Peweme:

a)

CREATE A, B, C: node;

LINK A.outl TO B.in1;
B.outl TO C.in1;
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C.outl TO A.inl;
A.out2 TO C.in2;
C.out2 TO B.in2;
B.out2 TO A.in2;
6)
CREATE D: node;
UNLINK C.outl FROM A.in1;
A.out2 FROM C.in2;
LINK C.outl TO D.in1;
D.outl TO A.in1;
A.out2 TO D.in2;
D.out2 TO C.in2;
B)
UNLINK A.outl FROM B.in1;
C.out2 FROM B.in2;
B.outl FROM C.in1;
B.out2 FROM A.in2;
LINK A.outl TO A.in2;
C.out2 TO C.in1;
DELETE B;
r)
UNLINK A.outl FROM A.in2;
C.out2 FROM C.in1;
LINK A.outl TO C.in1;
C.out2 TO A.in2;

3agatak 3. O6papga noaataka

Hanucatn nporpam Ha CONIC-y koju npuxBaTa ynasHu nogaTtak 3a obpaay, obpahyje ra u warne
04roBop Ha usnasHu nopt. Mopea osora nporpam Tpeba aa Bpaha u 6poj 3axTeBa KOju ce TPEeHYTHO
obpahyjy. O cdopmmpaHor Mogyna HanpaBUTU HOB MOAYN KOjU cagpXu n moayna 3a obpaay

noaartaka, jefaH MoAyn 3a nNpuxeaTakbe U I'IpOCJ'IeF)VIBaI-be 3axTeBa.

Pewetse:
task module Machine;
entryport  Orders, Finished: Order;
Status: Inquiry reply integer ;
exitport
Confirmation, Start: Order;
var number_of orders: integer ;
production_order : Order;
working : boolean ;
begin
number_of orders ;= 0;
working ;= false;
loop
select
when (not working)
receive production_order from Orders =>

number_of orders:= number_of orders + 1;

send production_order to Start;
working := true;

or
when (working)

receive production_order from Finished =>
number_of orders := number_of orders - 1;

send production_order to Confirmation;
working := false;
or receive Inquiry from Status
reply number_of orders;
end;
end;
end.

task module Worker();
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entryport  Start: Order;
exitport Finished: Order;

var production_order: Order;

begin
loop
receive production_order from Start =>
work();
send production_order to Finished;
end;
end.

task module Distributor(n: integer := 2);
entryport  In: Order;
exitport Out[1..n]: Order;
var number_of_orders: integer ;
var production_order: Order;
begin
number_of orders ;= 1;
loop
receive production_order from In =>

number_of orders := (number_of orders) mod n + 1;
send production_order to Out[number_of orders];

end;
end.

group module Manufacturing (n: integer := 2);
entryport
Orders: Order;
Status [1..n]: Inquiry reply integer ;
exitport
Confirmation: Order;
use
Distributor, Machine, Worker;
create
Distributor at Knot_X;
create family k:[1..n]
Machine [k]: Machine at Knot[K];
Worker[k]: Worker at W[K];
link
Orders to Distributor.In
link family k:[1..n]
Distributor.Out[k] to Machine[k].Orders;
Status[k] to Machine[k].Status;
Machine[k].Confirmation to Confirmation;
Machine[k].Start to Worker[k].Start;
Worker [K].Finished to Machine[k].Finished;
end.

3apaTtak 4. Bounded Buffer

task module bound;
entryport  put_char : char reply signaltype;
get_char : signaltype reply char;
const max_size = 100;
var inp,
outp,
contents : natural ;
buffer : array [1..max_size] of char;
begin
inp :=1;
outp :=1;
contents := 0;
loop
select
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when (contents < max_size) {buffer not full}
receive buffer[inp] from put_char reply signal
=>  inp:=(inp mod max_size) + 1,
contents := contents + 1,
end;
or
when (contents > 0) {buffer not empty}
receive signal from get_char reply buffer[outp]
=>  outp := (outp mod max_size) + 1;
contents := contents - 1;
end;
end;
end {loop}
end {task}.

3apgatak 5. Dining philosophers problem

define philos:forktype;
type forktype = (pickup, putdown);
end.

task module phil (thinktime, eattime : integer );

use philos:forktype;

exitport rightfork : forktype reply signaltype;
leftfork: forktype reply signaltype;
leavetable : signaltype reply signaltype;
sittable : signaltype reply signaltype;

type activitytype = (thinking, sitting, eating);

var request, ok : signaltype;

pickupreq, putdownreq : forktype;

begin
request := signal,
pickupreq := pickup; putdownreq := putdown;
loop
{thinking}
delay (thinktime);
send request to sittable wait ok;
{sitting}
send pickupreq to leftfork wait ok;
send pickupreq to rightfork wait ok;
{eating}
delay (eattime);
send request to leavetable wait ok;
send putdownreq to leftfork wait ok;
send putdownreq to rightfork wait ok;
end;
end.

task module fork;
use philos : forktype;
entryport  rightphil ; forktype reply signaltype;
leftphil : forktype reply signaltype;

type allocationtype = (none, left, right);
var allocated : allocationtype;
request : forktype;
begin
allocated := none;
loop
select
when ((allocated=none) or (allocated=left))
receive request from leftphil reply signal
=> case request of
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pickup: allocated := left;
putdown: allocated := none;
end;
or
when ((allocated=none) or (allocated=right))
receive request from rightphil reply signal
=> case request of
pickup: allocated := right;
putdown: allocated := none;
end;
end {select};
end {loop};
end.

task module table (n:integer ); {number of philosophers}

entryport  leave : signaltype reply signaltype;
sit : signaltype reply signaltype;
var  sitting : integer ;
request, ok : signaltype ;

begin
sitting := 0;
ok:= signal;
loop
select
when sitting > 0
receive request from leave reply ok
=> sitting := sitting - 1;
or
when sitting < (n-1)
receive request from sit reply ok
=> sitting := sitting + 1;
end {select};
end {loop};
end.

group module diners(n:integer );
use phil; fork; table; {dining philospher modules}
create table : table(n=n);
create  family k:[0..n-1]
phil[K] : phil(n-k+2,2);
fork[K] : fork;
link family k: [0..n-1]
phil[k].sittable to table.sit;
phil[k].leavetable to table.leave;
phil[k].rightfork to fork[Kk].leftphil;
phil[(k+1) mod n].leftfork to fork[K].rightphil;
end.
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ADA

3agatak 1. JegHoeneMeHTHU NpUXBaTHUK

Mpoueaypa P y jeanky Ada cagp>Xu NOoKasHW jeaHoeNneMeHTHU NpUXBaTHUK 0bnunka
task BOX is
entry PUT(X: in integer);
entry GET(X: out integer);
end;
task body BOX is
V : INTEGER
begin
loop
accept PUT(X: in integer ) do
V:i=X;
end;
accept GET(X: out integer ) do
X:=V,
end;
end loop;
end BOX;

LLita he ce gecutn ca TackoM BOX kaga ce 3aBplue CBe OCTane ynopeaHe akTMBHOCTM HacTane
n3BpLUaBareM npoueaype P n Tpeba ocTBapuTu noBpaTak u3 npoueaype?

Kako Tpeba moaundmkosatn BOX aa 61 ce omoryhmo kopekTaH 3aBpLueTak npoueaype P?
Peweme:

Tack BOX he u parbe nocTojaTv, LWITO 3HA4M Aa ce U3BpLUEHe npoueaype P He Mo)e HOpManHo

3aBpLUNTK. (TAcK ce MOXe NPUHYAHO NPEKMHYTKU Crosba, KOMaHAOM abopT).
task BOX is
entry PUT(X: in integer);
entry GET(X: out integer);
end;
task body BOX is
V: INTEGER
begin
loop
select
accept PUT(X: in integer ) do
V:i=X;
end;
or
terminate ;
end select;
select
accept GET(X: out integer ) do
X:=V,
end;
or
terminate ;
end select;
end loop;
end BOX;

3ajatak 2. KoMyHukauumja ca noysaaHuM Be3ama
JepaH guctpmbympaHn onepatMBHU cucTeM 06e36efyje 3a MHTepnpoLecHy KOMyHMKauujy noysgaHe

ornepaumje aCMHXPOHOr Craka U BPEMEHCKM YCIIOB/bEHOr npujema obnvka
procedure snd(P: process, m nsQ)

function rcv(P:. process, var m nsg, t: duration): bool ean

rae Tvn nopyka msg obyxesaTta uene 6pojeBe n cneunjanHe cumbone kao wWTo cy ack n nack 3a
NMO3UTUBHE OAHOCHO HeraTuBHe notepae (No notpebu MoxeTe yBecTu 1 apyre cumbone), BpeMeHCKu
Tvn duration obyxeata BpeaHocTn y oncery 0..maxtime n cneumjanHy BpenHocT [0 KOja O3Ha4aBa
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HeorpaHM4yeHo 4Yekarbe, a rcv Bpaha 6ynoBy BpeAHOCT KOja Mokasyje Aa je /v nopyka npuMmibeHa y
Ha3Ha4yeHOM MHTepBasny BpeMeHa t.

Kopuctehn Pascal npowwvpeH HaBeaeHWM onepauunjama, peanusoBatu cnegehe 6GuampekumnoHe
TpaHcakuuje Tmna rendez-vous, ca CEMAHTUKOM Kao Yy je3uky Ada, uamehy npoueca S KOju Tpaxku
ycnyry SERV 1 npoueca R koju My je Hyan. UMeHoBare He Tpeba peluaBaTh Ha reHepanaH HauvH,
Beh cMaTpaTtu Aa cy 0BO jeAnHW nNpouecn 1 Aa 3Hajy jeaaH 3a apyror.

a)
{ proces S} { proces R}
A,B: integer := 1, Accept SERVE(X:in integer ;
Y:out integer ) do
R.SERVE(A,B); Y = F(X);
end SERVE;
6)
{process S} { proces R}
A,B: integer =1, select
.. accept SERVE(X:in integer ; Y:out
integer ) do
select Y = F(X);
R.SERVE(A,B); end SERVE;
NORMAL_ACTION; else
or DEFAULT_ACTION;
delay t1; end select;
TIMEOUT_ACTION;
end select;;
Peweme:
a)
var a, b: integer ; var x, y: integer ;
st: boolean st: boolean ;
begin begin
a:=1; st:=rev(S, x, O);
snd(R, a); y = f(x);
st:=rcv(R, b, 0); snd(S, y);
end end
6)
var a, b: integer ; var x, y: integer ;
st: boolean ; st: boolean ;
rep: message ; rep: message ;
begin begin
a=1, if rev(S, x, 0) then
snd(R, a); begin
if rcv(R,rep,t1) and rep=accept snd(S, accept);
then st := rcv(S,rep, 0);
begin if rep = ack then
snd(R, ack); snd(S, f(x));
st :=rcv(R, b, 0); else
NORMAL_ACTION DEFAULT_ACTION
end end
else else
begin DEFAULT_ACTION;
snd(R, nack);
TIMEOUT_ACTION end
end

3apatak 3. KnujeHt-cepBep
Y jeaHoj anctpmbympaHoj annukaumjn sehu 6poj knnjeHata C1,...,Cn KopucTu ycnyre jegHor cepeepa
S. KnujeHTu Hucy mehycobHO paBHOMpaBHM: ako MMa BULIE MPUCTUIIKX 3axTeBa, S Tpeba Hajnpe aa
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yenyxun knnjeHta Ci ca HajMahbUM MHOEKCOM WU.

a) YBeCTu norogHy HoTaumjy 3a CenekTUBHM Npujem nopyka y cknagy ca HaBeAeHOM AUCUMMNIMHOM, U
06jacHUTK 3Hauere yBeaeHe HoTaumje.

6) Kako 6u ce HaBefeHn npobnem (3a asa knmnjeHTa C1 n C2) pewwmo y jesunky Conic ?

B) Kako 6u ce HaBeaeHn npobnem (3a aea knmjeHTa Cl n C2) pewmo y jesuky Ada ? (Mogpasymesa
ce aa knunjeHTtun ynyhyjy 3axTeBe Ha pa3nuuute ynase (entry) cepsepa S: C1 no3mea S.E1 (m1 ), a C2
nosmea S.E2 (m2 )).

Peweme:

a)
select
receive mq from C1 => process myq;

or
receive mo from C2 => process my;

or

receive mp from Cn => process mp,;
end select
select

receive mq from cq — process my;

or
receive mo from co — process mo,

end select
B)
select
accept El(ml) do process mp end,

or
when El'count =0 =>
accept E2(m2) do process my end;
end select
nim
select
accept El(ml) do process mp end,

else
select
accept E1(m1) do process mq end;

or
accept E2(m2) do process m» end,

end select
end select
3ajaTtak 4. Conic to Ada
[aT je nporpaMcku ¢parMeHT Ha je3nky Ada:
select

buffer.write(x);

normal_action;
or

delay t1;

timeout_action;
end select

N cnn4yaH parMeHT Ha jesuky Conic:
send x to outport

wait signal => normal_action;

fail t1 =>timeout_action;
end

MNpeTnocTtaBMMO Aa je BpeMe tl UCTeKo y TPeHYTKY Kada je npujeMHU npouec NpuxsaTno 3axTeB U
noyeo aa ra obpahyje, anu jow HUje oaroBopuo.

a) Aa nn he ce, y cnyyajy Ade, u3spwmnt normal_action nnm timeout_action? LTta je npeaHocT
OBaKBOr pellera?
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6) UcTto 3a Conic.

3apgatak 5. Readers — Writers problem

with ada.text_io, ada.integer_text io;
use ada.text_io, ada.integer_text_io;

procedure rwis
n: constant integer ;= 2;

task control is
entry start_read,;
entry stop_read,;
entry start_write;
entry stop_write;
end control ;

task body control is
done : boolean ;
readers : integer range 0 ..n;
writer : boolean ;
begin
readers := 0;
writer ;= false;
loop
select
when (not writer) =>
accept start_read;
Put_Line ("start_read");
readers ;= readers + 1;
null ;
or
accept stop_read;
Put_Line ("stop_read");
readers := readers - 1;
null;
or
when (not writer) and (readers = 0) =>
accept start_write;
writer := true;
Put_Line ("start_write");
null ;
or
accept stop_write;
writer ;= false;
Put_Line ("stop_write");
null;
or
terminate ;
end select;
exit when done;
end loop;
end control;

task reader_1is
end reader_1;

task body reader_1is
done : boolean ;
i integer :=0;
begin
loop
control.start_read;
Put_Line ("reader_1" & i'lmg);
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control.stop_read,;
delay 1.0;
=i+ 1
if i >10 then
done :=true;
end if;
exit when done;
end loop;
end reader_1;

task reader_2is
end reader_2;

task body reader_2is
done : boolean ;
i :integer :=0;
begin
loop
control.start_read;
Put_Line ("reader_1" & i'Img);
control.stop_read,;
delay 1.0;
i=i+1;
if i >10 then
done = true;
end if;
exit when done;
end loop;
end reader_2;

task writer_1is
end writer_1;

task body writer_1is
done : boolean ;
i : integer :=0;
begin
loop
control.start_write;
Put_Line ("writer_1 " & i'lmg);
control.stop_write;
delay 1.9;
=i+l
if i >10 then
done = true;
end if;
exit when done;
end loop;
end writer_1;

task writer_2 is
end writer_2;

task body writer_2 is
done : boolean ;
i : integer :=0;
begin
loop
control.start_write;
Put_Line ("writer_2 " & i'lmg);
control.stop_write;
delay 1.7;
exit when done;
i=i+1;
if i >10 then
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done :=true;
end if;
exit when done;
end loop;

end writer_2;

begin
delay 10.0;
end rw;

3apgatak 6. Producer — Consumer/Bounded Buffer

with ada.text_io, ada.integer_text _io;
use ada.text_io, ada.integer_text_io;
procedure Producer_Consumer is
task buffer is
entry PUT(coin: in integer );
entry GET(goods: out integer );
end buffer;
task body buffer is
size: constant :=500;
data: array (1 .. size) of integer ;
indata: integer :=1;
outdata: integer := 1;
num: integer :=0;

begin
loop
select
when (num < size) =>
accept PUT(coin: in integer ) do
data(indata) := coin;
indata := (indata) mod size + 1;
num:=num + 1,
end PUT;
null ;
or
when (num > 1) =>
accept GET(goods: out integer ) do
goods := data(outdata);
outdata := (outdata) mod size + 1;
num:=num - 1,
end GET,;
null;
end select;
end loop;
end buffer;

task producerl is
end producerl;
task body producerl is
i integer :=0;
begin
loop
buffer.PUT(i);
Put_Line ("buffer.PUT(i)" & i'lmQ);
=i+
delay 1.0;
end loop;
end producerl;

task producer2 is

end producer2;

task body producer? is
i integer :=0;
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begin
loop
buffer.PUT(i);
Put_Line ("buffer.PUT(i)" & i'lmQ);
i=i+1;
delay 1.0;
end loop;
end producer?2;

goods: integer :=0;
i integer :=0;
begin
loop
buffer. GET(goods);
Put_Line ("buffer.GET(goods)" & goods'Img & " " & i'Img);
i=i+1;
delay 1.0;
end loop;
end Producer_Consumer;

3apatak 7. Cigarette Smokers’ problem

with ada.text_io, ada.integer_text _io, ADANUMERICS.DISCRETE_RANDOM,;
use ada.text_io, ada.integer_text_io;

procedure CSis
n:constant integer :=2;
MinNum :constant integer =1,
MaxNum :constant integer = 3;

task Table is
entry yes_matches;
entry yes_tobacco;
entry yes_paper;
entry goods(inMatches, inTobacco, inPaper: in boolean );

end Table;

task body Table is
done : boolean ;
matches, tobacco, paper: boolean ;
begin
done := false;
matches := false;
tobacco := false ;
paper := false;
loop
select
when (matches AND tobacco) =>
accept yes_paper do
matches := false;
tobacco := false;
Put_Line ("start yes_paper");
null;
end yes_paper;
or
when (tobacco AND paper) =>
accept yes_matches do
tobacco := false;
paper ;= false;
Put_Line ("start yes_matches");
null;
end yes_matches;
or
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when (matches AND paper) =>
accept yes_tobacco do
matches := false;
paper := false;
Put_Line ("start yes_tobacco");
null;
end yes_tobacco;
or
accept goods(inMatches, inTobacco, inPaper: in boolean ) do
matches := inMatches;
tobacco := inTobacco;
paper := inPaper;
Put_Line ("goods");
null ;
end goods;
or
terminate ;
end select;
exit when done;
end loop;
end Table;

task Agentis
entry OK;
end Agent;

task body Agentis
subtype myNumber is INTEGER range MinNum .. MaxNum;
package myRandomNumbers is new ADA.NUMERICS.DISCRETE_RANDOM(myNumber);

use myRandomNumbers;

done : boolean ;

i integer ;

RandomNumber : myNumber;
Seed : GENERATOR,;

begin
RESET(Seed);
loop
RandomNumber := RANDOM (Seed);
i:= RandomNumber;
Put_Line ("ALIVE");
if (i=1) Then
Table.goods(false, true, true);
Put_Line ("Agent.goods(false, true, true) " & i'lmg);
elsif (i=2) Then
Table.goods(true, false, true);
Put_Line ("Agent.goods(true, false, true) " & i'lmg);
elsif (i =3) Then
Table.goods(true, false, true);
Put_Line ("Agent.goods(true, true, false) " & i'lmg);
end if;

select
accept OK;
Put_Line ("OK");
or
terminate ;
end select;

delay 1.0;
end loop;
end Agent;
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task smoker_with_paper is
end smoker_with_paper;

task body smoker_with_paper is
done : boolean ;
i :integer :=0;
begin
loop
Table.yes_paper;
Put_Line ("yes_paper " & i'lmg);
delay 1.0;
Agent.OK;
i=i+1;
end loop;
end smoker_with_paper;

task smoker_with_matches is
end smoker_with_matches;

task body smoker_with_matches is
done : boolean ;
i : integer :=0;
begin
loop
Table.yes_matches;
Put_Line ("yes_matches " & i'lmg);
delay 1.0;
Agent.ok;
i=i+1;
end loop;
end smoker_with_matches;

task smoker_with_tobacco is
end smoker_with_tobacco;

task body smoker_with_tobacco is
done : boolean ;
i integer :=0;
begin
loop
Table.yes_tobacco;
Put_Line ("yes_tobacco " & i'lmg);
delay 1.0;
Agent.ok;
i=i+1;
end loop;
end smoker_with_tobacco;

begin
delay 1.0;
end CS;

MNpeBoheme:

gcc -c imefajla.adb
gnatbind imefajla
gnatlink imefajla
gnatmake imefajla.adb
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LINDA

3apatak 1. Cemacopu
Kopuctehn 6mnbnuoteky C-Linda npukasaTtv Kako ce MOry KpempaTu MeTode eKBMBANIEeHTHE OHUMaA

NpUINKOM paja Ca ceMacbopMMa.
Peweme:

signal:  out (“sem”)

wait: in (“sem”)

NHnumjanusaumnja Ha BpeaHOCT n ce BpLM Tako wTo ce out (“sem”) u3Bpwun n nyTa.
Wnn'y Buay metopa:

void signal(String sem){
out (sem);

void wait(String sem){
in(sem);

void init(String sem, unsigned int va){
for(int 1 =0; i <val; i++){
out (sem);
}
}

3agatak 2. Dining philosophers problem
void phil (int i) {
int i;
while (1) {
think ();
in (“room ticket”);
in (“chopstick”, i);
in (“chopstick”, (i+1)%Num);
eat ();
out (“chopstick”, i);
out (“chopstick”, (i+1)%Num);
out (“room ticket”);

}

void initialize () {
int i;
for (i=0; i<Num; i++) {
out (“chopstick”, i);
if (i<(Num-1)) out (“room ticket");
eval (phil (i));

}

3apatak 3. KnujeHT-cepBep
Y jegHoM AnMCTpuOYMpaHOM padyHapCKOM CUCTEMY MMa BULIE KvjeHaTa M jedaH cepsepa. bpoj
KvjeHaTa je npou3BosbaH. KnujeHT wasrbe 3axTeB, a cepBep ra Oncayxyje u wasbe OAroBop

K/IMjeHTy. 3axTeB KOju je paHuje nocnat uma npeaHoCT Hajg OHMM KOju je nocnat KacHuje.
Peweme:

void server () {
int index = 1;

while (1) {
in (“request”, index, ?req);
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out (“response”, index++, response);

}

void client (int id) {
int index;

in (“client index”, ?index);
out (“client index”, index+1);

out (“request”, index, request);
in (“response”, index, ?response);

}
void init () {
out ("server index ", 1);
eval (server());
for (int i=0; i<10; i++)
eval (client(i));

3agatak 4. KnujeHt-cepBep

Y jegHoM AUCTpMByMpaHOM payvyHAapCKOM CUCTEMY MMa Bulle KnjeHaTa M Buwe cepsepa. bpoj
K/MjeHaTa je npou3BosbaH, a 6poj cepeepa ce Hanasu y npocTopy TOpKWU. KnnjeHT warbe 3axTes, a
jenaH oa cepsepa (6Mno Koju) ra oncayxyje v wWarbe OAroBOP KAMjEHTY. 3axTeB KOju je paHuje
nocnat uma npegHoCT Hag OHUM KOju je nocnaT KacHuje. MocToju u npouec sumator Koju ¢ BpeMeHa
Ha BpeMe 3axTeBa 04 CBUX cepBepa Aa My nowasby 6poj obpaheHnx 3axTeBa A0 TOr TPEHyTKa U TO
TaKO LUTO CBM CepBepu 3aBplle ca 0b6pafoM 3axTeBa Ha KOMEe TPEHYTHO paje, Wasby TOM npouecy
TpaXkeHM nogaTak U He y3nMajy HOBWM 3axTeB CBe AOK OBaj npouec He aobuje nopaTke oA CBUX
cepsepa. Hanucatn dyHKunje Kijent, server v sumator Koju peanusyjy HaBeaeHe onepaumje n koa

3a UHMUMjanusaumnjy cuctema (ako je notpebaH) kopuctehn 6ubnuoteky C-Linda.
Peweme:

Y prostoru torki (tuple space) ce mory Hahm cneaehe Topke:

("number of servers", int n) - YKynaH 6poj cepsepa

("summing") - Hanasn ce y NPOCTOpy TOPKKM Kaaa sumator Bpwmn cymmnpame

("not summing") - Hanasu ce y NpoOCTOpY TOPKM Kada sumator He BpLUX CyMUpare

("client index", int i) - O3Hau4aBa peaHun 6poj cneaeher 3axTeBa KOjU Wabe KANjeHT

("server index", int i) - O3HayaBa peaHun 6poj cneageher 3axTeBa KOju y3uma cepsep

("request”, int redni_broj, int param) - 3axTeB ca oarosapajyhmm pegHum 6pojeM (Huje noTpebHo
pehn of Kor je KnujeHTa, jep je peaHn 6poj jeanHCTBeH, a H1je BUTHO HK KOM cepsepy je ynyheH)
("response”, int redni_broj, int rezultat) - oarosop Ha 3axTeB ca ogrosapajyhum pegHum 6pojem
("number of processed”, int broj_obradenih) - ogrosop Ha ynuT 0 6pojy obpaheHunx 3axTeBa

void client (int id) {
int index;

in (“client index”, ?index);
out (“client index”, index+1);

out (“request”, index, request);
in (“response”, index, ?response);

}

void server () {
int i=1, cnt=0, Xx;
in ("number of servers", ?x);
out ("number of servers", x + 1);
while (1)
if (rdp ("summing™)) {
out ("number of processed", cnt);
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rd ("not summing");

else {
in ("server index", ?i);
out ("server index", ++i);
in ("request", i, ?X);
out ("response", i, f(x));
cnt++;

}

void sumator () {

int n, ukupno, j;

in (“not summing”);

out ("summing");

rd ("number of servers", ?n);

cnt=0;

for (int i =0;i<n;i++) {
in ("number of processed"”, ?j);
cnt +=j;

h

in ("summing");

out (“not summing”)

}
void init () {

out ("number of servers", 0);

out (“client index", 0);

out (“"server index", 0);

out (“not summing”);

for (int i =0;i<10;i++)
eval (server ());

3apatak 5. Cigarette Smokers’ problem
Kopucrehn C-Lindu unu Pascal-Lindu HanucaTu nporpamM Koju pelwasa npobnem n cumynupa cuctem
“HepBO3HMX Nywa4a”. MNMocToju jeaaH areHT U Tpu HEpBO3Ha nylwada. AreHT noceayje pesepse Tpu
HeornxoAHa npeaMeTa 3a fleyere Hepso3e: nanup, AyBaH M wubuue. JegaH oa nywada mma
6eckoHayHe 3anuxe nanupa, Apyrn — AyBaHa, a Tpehu - wubuua. AreHT nounke Tako LWTO ABa
pasnuuuTa npeaMmeTa CTaB/ba Ha CTO, jeaaH no jedaH. MNywau, kome 6aw Ta ABa npeameTta dane,
y3uMa WX, 3aBMja M Nanu uurapeTty u yxuea. HakoH Tora obaBewTaBa areHTa da je 3aBpLuMoO, a
areHT OHAa CTaB/ba ABa HOBa NpeaMeTa Ha CTo, UTA.

Pelwemre:
void agent(){

}

int n;
while (1){
n = (int)((rand()*3)/RAND_MAX);
switch (n){
case 0: out ("Paper");
out ("Tobacco");
break ;
case 1: out ("Tobacco");
out ("Matches");
break ;
case 2: out ("Matches");
out ("Paper");
break ;

}
in ("OK");
}
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void smocker_with_matches(){
while (1){

in("Watch");

if (rdp ("Paper") && rdp ("Tobacco")){
in("Paper");
in("Tobacco");
enjoy();
out ("OK";

out ("Watch");

}
}

void init () {
eval (agent());
eval (smocker_with_matches ());
eval (smocker_with_paper ());
eval (smocker_with_tobacco ());
out ("Watch");

}
3agatak 6. Readers — Writers problem

Kopuctehn C Lindu pewntn npobnem untanaua n nucaua. Pewene Tpeba aa obe3bean aa npouec

KOjW je npe cTurao npe u 3arno4yHe onepauujy Yntata 0AHOCHO Yruca.

void reader (){
int id, num;
while (1){
in("id", ?id);
out ("id", id + 1);
in("ok_to_work", id);
in("readers_num", ?2num);
out ("readers_num", num + 1);
out ("ok_to_work", id + 1);
reading();
in("readers_num", ?2num);
out ("readers_num", num - 1);
}
}

void writer(¥{
int id;
while (1){
in("id", ?id);
out ("id", id + 1);
in("ok_to_work", id);
rd ("readers_num", 0);
writing();
out("ok_to_work", id + 1);
}
}

void init () {

int i

out ("id", 0);

out ("ok_to_work", 0);

out ("readers_num", 0);

for (i=0; i<10; i++) {
eval (reader ());
eval (writer ());

}
}
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3apgatak 7. Mpobnem nsbopa
Kopuctehun C-Lindu HanmcaTu nporpam Koju pewasa cneaehu npobnem: lMoctoje Tpn ocobe mehy
Kojuma Tpeba nsabpatu jegHy. Caka of Tux ocoba nocenyje HoBuMh Koju MMa age cTpaHe. M36op
ocobe ce oaurpaBa Tako WITO CBaka ocoba He3aBMCHO Haua cBOj HoB4UMh. YKONMKO MOCTOjUM ocoba
K0joj je HoBuMh nao Ha Apyry CTpaHy Yy OAHOCY Ha npeocTane ABe oHAa ce Ta ocoba m3abupa.
YKONMKo cBe Tpu ocobe umajy MCTO NOoCTaB/beH HOoBUMh MOCTYyMak ce MOHaB/ba CBE AOK Ce He
n3abepe jeaHa.
Peweme:
void Player(int id){
int PID;
int coin, coinl, coinr;
int end, winner;
in("PID", ?PID);
do{
PID ++;
coin = (int)((rand()*2)/RAND_MAX);
out ("RESULT", id, PID, coin);
out ("RESULT", id, PID, coin);
in("RESULT", (id + 1)%3, PID, ?coinr);
in("RESULT", (id + 2)%3, PID, 2coinl);
end = !((coin == coinl) && (coin == coinr) && (coinl == coinr));
winner = (coin != coinl) && (coin != coinr);
}while ('end);

void init () {
out ("PID", 0);
out ("PID", 0);
out ("PID", 0);
eval (Player(0));
eval (Player(1));
eval (Player(2));

3apgatak 8. NMpobnem nudgrosa

Kopuctehun C-Lindu HanucaTv nporpaMm Koju pewasa npobneMm nytoBamwa AMPTOM. MyTHWK no3uBa
T ca Npom3BosbHOr cnpaTta. Kaga nndT CTUrHe Ha HeKu cnpaT CBU MyTHUUM KOjU Cy U3pasvnu
Xerby Aa cvhy Ha ToM cnpaTy obaBe3Ho n3ahy. HakoH nsnacka nyTHMKa CBU NyTHULUM KOjU Cy YeKanu
Ha ynasak yhy y nudT u Kaxy Ha Koju cnpat >xene aa npehy. Tek kaga ce CBWU u3jacHe nudT

npenasu gase. Huje notpebHo onTMMmM3oBaTh NyT MndTa U NyTHUKA.
Peweme:
void elevator(){
int x;
while (1){
x = getFloor();

out ("off", x);

in ("stop", x, 0);
in ("off", x);

out ("stop", x, 0);

out ("on", x);
in("start", x, 0);
in("on", x);
out ("start", x, 0);
}
}

int getFloor(){
int x;
in ("floor", ?x);
return X;
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}

void passenger(unsigned int ID, x, yX{
int s1, s2;
if(x 1= y){
in("start", x, ?s1);
if (s1 == 0) out ("floor", x);
out ("start”, x, s1+1);

in("on", x);

in("start", x, ?sl);
in("stop", y, ?s2);

if (s2 == 0) out ("floor", y);
inp ("floor", x);

out ("stop", y, s2+1);

out ("start", x, s1-1);

out ("on", x);

in ("off", y);
in("stop", y, ?s2);
inp ("floor", y);
out ("stop", y, s2-1);
out ("off", y);
}
}

void init(){
int floorNum = N;
int i
for (i=0; i < floorNum; i++){
out ("start", i, 0);
out ("stop”, i, 0);

eval( elevator());
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JAVA

3apjatak 1. YcnoBHa CMHXpOHM3auMja - cemadcdopm

public class Semaphore{
private int s=0;

public synchronized void initS(int i)}{
s=i;

public synchronized void waitS(){

while (s ==0) {

try {

wait();

} catch (InterruptedException e) {}
}
s=s-1;

I notifyAll();

public synchronized void signalS()}{
s=s+1,;
notify();
I if (s == 1) notify();
1 if (s == 1) notifyAll();
}
}

public class Tacka{

public int x;
public int vy;
public Tacka(int x, int y){
this .x = x;
this.y =y;
}
}

public class Makepoints extends Thread {
int i;
int n;
Tacka t;
Semaphore full, empty;

public Makepoints(Tacka t, int n, Semaphore full, Semaphore empty){
this .t =t;
this.n =n;
this .full = full;
this .empty = empty;
}

public void run(¥{
for(i=1;i<n;i++){

empty.waitS();
tx =1i;
ty =i*;
full.signalS();
}
}
}
public class Printpoints extends Thread{
int i;
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int n;
Tacka t;
Semaphore full, empty;

public Printpoints(Tacka t, int n, Semaphore full, Semaphore empty){
this .t = t;
this.n =n;
this .full = full;
this .empty = empty;
}

public void run(¥{
for(i=0;i<n;i++){
full. waitS();
System.out.printin(t.x + " " + t.y);
empty.signalS();
}
}
}

public class Graph{

public static final int N = 89;

public static void main(String [Jargs){
int n=N;
Tacka t;
t = new Tacka(0,0);
Semaphore full = new Semaphore();
Semaphore empty = new Semaphore();

Makepoints makepoints = new Makepoints(t, n, full, empty);
Printpoints printpoints = new Printpoints(t, n, full, empty);

full.initS(1);
empty.initS(0);
makepoints.start();
printpoints.start();

3agatak 2. Dining philosophers problem

[pBO pelerse:

public class Philosopher extends Thread {
int id;
int firstodd, secondeven;
Semaphore [] fork;
public Philosopher (int i, int n, Semaphore [] fork){
id =i;
this .fork = fork;
if (1 % 2) == 1){
firstodd =i;
secondeven = (i + 1) % n;
}
else{
firstodd = (i + 1) % n;
secondeven =i
}
}

private void think(){
System.out.printin("think " + id);
try {
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sleep((int)(Math.random() * 1000));
} catch (InterruptedException e) {}

}

private void eat(){
System.out.printin("eat " + id);
try {
sleep((int)(Math.random() * 1000));
} catch (InterruptedException e) {}

}

public void run(¥{
while (true ){
think();
fork][firstodd].waitS();
fork[secondeven].waitS();
eat();
fork[secondeven].signalS();
fork][firstodd].signalS();
}
}

public class Dining_philosophers{
public static final int N =5;
public static void main(String [] vpar)}{
int n=N;
Semaphore [] fork = new Semaphore[n];
Philosopher [] philosopher = new Philosopher[n];
int i

for (i=0; i < n; i++) fork[i] = new Semaphore();
for (i=0; i < n; i++) philosopher[i] = new Philosopher(i, n , fork);
for (i=0; i < n; i++) fork[i].initS(1);

philosopher[0].start();
philosopher[1].start();
philosopher[2].start();
philosopher[3].start();
philosopher[4].start();
}
}

[pyro pewere:

public class Philosopher extends Thread {
int id;
int left, right;
Semaphore [] fork;
Semaphore ticket;
public Philosopher (int i, int n, Semaphore [] fork, Semaphore ticket}{
id =i;
this .fork = fork;
this .ticket = ticket;
left = i;
right = (i + 1) % n;
}

private void think(){
System.out.printin("think " + id);
try {
sleep((int)(Math.random() * 1000));
} catch (InterruptedException e) {}

}
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private void eat(){
System.out.printin("eat " + id);
try {
sleep((int)(Math.random() * 1000));
} catch (InterruptedException e) {}

}

public void run(¥{
while (true ){
think();
ticket.waitS();
fork[left].waitS();
fork[right].waitS();
eat();
fork[right].signalS();
fork[left].signalS();
ticket.signalS();
}
}
}

public class Dining_philosophers{

public static final int N =5;

public static void main(String [] vpar)}{
int n=N;
Semaphore ticket = new Semaphore();
Semaphore [] fork = new Semaphore[n];
Philosopher [] philosopher = new Philosopher[n];
int i

for (i=0; i < n; i++) fork[i] = new Semaphore();
for (i=0; i < n; i++) philosopher[i] = new Philosopher(i, n, fork, ticket);

ticket.initS( n-1);
for (i=0; i < n; i++) fork[i].initS(1);

philosopher[0].start();
philosopher[1].start();
philosopher[2].start();
philosopher[3].start();
philosopher[4].start();

3agatak 3. Ycsi0BHA CMHXPOHMU3aLMja - permoHun

public class TackaP{

public int x;

public int vy;

public boolean full;

public TackaP(int X, int y, boolean full){
this .x = Xx;
this.y =y;
this .full = full;

}

public class Makepoints extends Thread {

int i;
int n;
TackaP p;
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public Makepoints(TackaP p, int n){
this .p = p;
this.n = n;

}

public void run(¥{
for(i=1;i<n;i++){
synchronized (p){

while (p.full) {
try {
p.wait();
} catch (InterruptedException e) {}
}
p.X =1i;
p.y = i*i;
p.full = true;
p.notifyAll();
}
}
}
}
public class Printpoints extends Thread{
int i
int n;
TackaP p;
public Printpoints(TackaP p, int n){
this .p = p;
this.n =n;

}

public void run(¥{
for(i=0;i<n;i++){
synchronized (p){
while (Ip.full) {
try {
p.wait();
} catch (InterruptedException e) {}
}
System.out.printin(p.x + " " + p.y);
p.full = false;
p.notifyAll();
}
}
}
}

public class Graph{
public static final int N = 89;

public static void main(String [Jargs){
int n=N;

TackaP p;
p = new TackaP(0,0, true);

Makepoints makepoints = new Makepoints(p, n);
Printpoints printpoints = new Printpoints(p, n);

makepoints.start();
printpoints.start();
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}

}

3apaTtak 4. lNpena3ak MocTa

public class Bridge{

}

public int north;

public int south;

public Bridge(int north, int south){
this .north = north;
this .south = south;

}

public class Car{

}

Bridge bridge = null ;
int ID;

public Car(Bridge bridge, int ID){
this. bridge = bridge;
this .ID = ID;

public void crossing(){
System.out.printin("Crossing " + ID);
try {
Thread.sleep(5000+(int )(Math.random()*1000));
} catch (InterruptedException €) {}
System.out.printin("Crossed " + ID);

public void starting(){

try {
Thread.sleep(5000+(int )(Math.random()*1000));

} catch (InterruptedException e) {}

public void start() {
}

public class North extends Car implements Runnable {

private volatile Thread thread = null;

public North(Bridge bridge, int ID){
super (bridge, ID);
}

public void start() {
if (thread == null) {
thread = new Thread(this);
thread.start();

}
}

public void run() {

starting();
synchronized (bridge){
while (bridge.south !'=0) {
try {
bridge.wait();
} catch (InterruptedException e) {}
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}

public class South extends Car implements Runnable {

}

bridge.north ++;
/lbridge.notifyAll();
}

crossing();

synchronized (bridge){
bridge.north --;
if (oridge.north == 0)
bridge.notifyAll();
}
}

private volatile Thread thread = null;

public South(Bridge bridge, int ID){
super (bridge, ID);
}

public void start() {
if (thread == null) {
thread = new Thread(this);
thread.start();

}
}
public void run() {

starting();
synchronized (bridge){
while (bridge.north !'=0) {
try {
bridge.wait();
} catch (InterruptedException €) {}
}
bridge.south ++;
//bridge.notifyAll();

}

crossing();

synchronized (bridge){
bridge.south --;
if (bridge.south == 0)
bridge.notifyAll();
}
}

public class BridgeCrossing{

public static final int N = 89;

public static void main(String [Jargs){
int n=N;
Bridge bridge = new Bridge(0,0);
Car [] south = new Car|[n];
Car [] north = new Car|[n];

for(int i=0; i< n;i++) {
south[i] = new South(bridge, 2*i);
north[i] = new North(bridge, 2*i+1);
}

for (int i=0; i< n;i++) {
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south([i].start();
north([i].start();

3apaTtak 5. lNpena3ak MocTa
public class Direction{

public int wait;
public int cross;
public int ahead;
public Direction(){

wait = 0;
cross = 0;
ahead = 0;

}
}

public class Bridge{

public Direction north;
public Direction south;
public Bridge(){
north = new Direction();
south = new Direction();
}
}

public class Car{

Bridge bridge = null ;
int ID;

public Car(Bridge bridge, int ID){
this .bridge = bridge;
this .ID = ID;

public void crossing(){
System.out.printin("Crossing " + ID);

try {
Thread.sleep(5000+(int )(Math.random()*1000));

} catch (InterruptedException e) {}
System.out.printin("Crossed " + ID);

public void starting(){

try {
Thread.sleep(5000+(int )(Math.random()*1000));

} catch (InterruptedException e) {}

public void start() {

}
}

public class North extends Car implements Runnable {
private volatile Thread thread = null;

public North(Bridge bridge, int ID){
super (bridge, ID);
}
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public void start() {
if (thread == null) {
thread = new Thread(this);
thread.start();
}
}

public void run() {

starting();
synchronized (bridge){
bridge.north.wait++;
while (I((bridge.south.cross == 0) && (bridge.north.ahead<10))) {
try {
bridge.wait();
} catch (InterruptedException e) {}
}
bridge.north.wait--;
bridge.north.cross++;
if (bridge.south.wait > 0) bridge.north.ahead ++;
//bridge.notifyAll();

}

crossing();

synchronized (bridge){
bridge.north.cross--;
if (bridge.north.cross == 0){
bridge.south.ahead = 0;
bridge.notifyAll();
}
}
}
}

public class South extends Car implements Runnable {
private volatile Thread thread = null;

public South(Bridge bridge, int ID){
super (bridge, ID);
}

public void start() {
if (thread == null) {
thread = new Thread(this);
thread.start();

}
}
public void run() {

starting();
synchronized (bridge){
bridge.south.wait++;
while (I((bridge.north.cross == 0) && (bridge.south.ahead<10))) {
try {
bridge.wait();
} catch (InterruptedException €) {}
}
bridge.south.wait--;
bridge.south.cross++;
if (bridge.north.wait > 0) bridge.south.ahead ++;
//bridge.notifyAll();
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crossing();

synchronized (bridge){
bridge.south.cross--;
if (bridge.south.cross == 0){
bridge.north.ahead = 0;
bridge.notifyAll();
}
}
}
}

public class BridgeCrossing {

public static void main(String [Jargs){
int n = 89;
Bridge bridge = new Bridge();
Car [] south = new Car|[n];
Car [] north = new Car[n];

for(int i=0; i< n;i++) {
south[i] = new South(bridge, 2*i);
north[i] = new North(bridge, 2*i+1);
}

for (int i=0; i < n; i++) {
south([i].start();
north([i].start();
}
}
}

3agatak 6. YcsioBHa CUHXpPOHM3aLMja - MOHUTOPU

(Producer/Consumer problem)
public class Tacka {

public int x;
public int y;

public Tacka(int x, int y) {
this .x = x;
this.y =vy;
}
}

public class Buffer {
private Tacka contents;
private boolean available = false;

public synchronized Tacka get() {
while (available == false) {
try {
wait();
} catch (InterruptedException e) {

}

available = false;
notifyAll();
return contents;
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public synchronized void  put(Tacka value) {
while (available == true) {
try {
wait();
} catch (InterruptedException e) {
}
}
contents = value ;
available = true;
notifyAll();
}

public class Makepoints extends Thread {
/I Producer

private Buffer buffer;
private int n;

public Makepoints(Buffer buffer, int n) {
this .buffer = buffer;
this.n =n;

}

public void run() {
for (int i=0;i<n;i++) {
Tacka t = new Tacka(i, i * i);
onebuffer.put(t);
work();
}
}

public void work() {
try {
sleep((int) (Math.random() * 100));
} catch (InterruptedException e) {
}
}

public class Printpoints extends Thread {
/I Consumer
private Buffer buffer;
private int n;

public Printpoints(Buffer buffer, int n) {
this .buffer = buffer;
this.n =n;

}

public void run() {
Tacka value = new Tacka(0, 0);
for (int i =0;i<n;i++) {
value = onebuffer.get();
System.out.printin(this .n + " got: " + value.x +
}
}

public class ProducerConsumerTest {
public static void main(String [] args) {
OneBuffer ¢ = new OneBuffer();
Makepoints p1 = new Makepoints(c, 10);
Printpoints c1 = new Printpoints(c, 10);
pl.start();
cl.start();
}
}

", "+ value.y);
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3apatak 7. Reentrant monitor

public class Reentrant {
public synchronized void a() {

b();

System.out.printin("here | am, in a()");

public synchronized void b() {
System.out.printin("here | am, in b()");
}

3apatak 8. Readers — Writers problem

public class Readers_Writers{
public static final int numR =5;
public static final int numw = 4;
public static void main(String arg[]){

Semaphore mutex = new Semaphore();
Semaphore db = new Semaphore();
Num reader_count = new Num();

Num base = new Num();

Readers [] r = new Readers [numR];
Writers [] w = new Writers [numW];

base.set(0);

reader_count.set(0);

mutex.initS(1);

db.initS(1);

for(int i =0; i < numW; i ++){
wl[i] = new Writers(i, db, base);
w[i].start();

}

for(int i = 0; i < numR; i ++){
rlil = new Readers(i, reader_count, mutex, db, base);
r[i].start();

}

}
}

public class Readers extends Thread {
private int ID;
Semaphore mutex;
Semaphore db;
Num reader_count;
Num base;

public Readers (int ID, Num reader_count, Semaphore mutex, Semaphore db, Num base){
this .ID = ID;
this .reader_count = reader_count;
this .mutex = mutex;
this .db = db;
this .base = base;

}

public void run(¥{
while (true ){
prepare();
mutex.waitS();
reader_count.set(reader_count.get() + 1);
if (reader_count.get() == 1) db.waitS();
mutex.signalS();
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read_db();

mutex.waitS();
reader_count.set(reader_count.get() - 1);
if (reader_count.get() == 0) db.signalS();
mutex.signalS();

}

}
public void read_db (){
System.out.printin  (ID + " read_db " + base.get());
try {
sleep((int)(Math.random() * 10000 + 500));
} catch (InterruptedException e) {}

public void prepare (){
try {
sleep((int)(Math.random() * 10000 + 500));
} catch (InterruptedException e) {}

}
}

public class Writers extends Thread{
private int ID;
Semaphore db;
Num base;

public Writers(int ID, Semaphore db, Num base){
this .ID = ID;
this .db = db;
this .base = base;

}

public void run(¥{
while (true ){
create_data();
db.waitS();
write_db();
db.signalS();
}

public void create_data (){

try {
sleep((int)(Math.random() * 100 + 50));

} catch (InterruptedException e) {}

}

public void write_db (){
System.out.printin("write_db " + ID);
base.set(ID);

try {
sleep((int)(Math.random() * 10000 + 10));

} catch (InterruptedException e) {}

}

public class Num{
int s=0;

public void set(int i){
S =i

}

public int get(){
return s;

}

}
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3agatak 9. Readers — Writers problem
Pewuntn npobneM uuTanaua v nucaua kopuctehu nporpamcku jesuvk JaBa. Pewene Tpeba aa
o0b6e36ean aa npouec Koju je npe cTurao npe v 3anovHe onepauunjy untarba OAHOCHO yruca.

public class Book{

public Book(¥{

}

public void reading(int ID){
System.out.printin("Reading " + ID);
try {

Thread.sleep(500+(int )(Math.random()*1000));

} catch (InterruptedException e) {}
System.out.printin("End reading " + ID);

public void writing(int ID)}{
System.out.printin("Writing " + ID);
try {
Thread.sleep(5000+(int )(Math.random()*1000));
} catch (InterruptedException e) {}
System.out.printin("End writing " + ID);

}
}

public class ReadersWriters{
private int ID;
private int ok_to_work;
private int readers_num;

public ReadersWriters(){
ID =0;
ok _to_work = 0;
readers_num = 0;

public synchronized void startRead(){

int PID;
PID = ID ++;
while (PID !=ok_to_work) {

try {

wait();

} catch (InterruptedException e) {}
}
readers_num ++;
ok_to_work ++;
notifyAll();

public synchronized void endRead(){
readers_num --;

notifyAll();
public synchronized void startWrite(){
int PID;
PID = ID ++;
while ((PID !=ok_to_work)||(readers_num != 0)) {
try {
wait();
} catch (InterruptedException e) {}
}
readers_num = 0;
notifyAll();

public synchronized void endWrite(){
readers_num = 0;
ok_to_work ++;
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notifyAll();
}
}

public class Readers extends Thread{
private Book b;
private ReadersWriters rw;
private int ID;
public Readers(int ID, Book b, ReadersWriters rw){

this .ID= ID;
this .b = b;
this .rw = rw;

}
public void run() {

while (true ){
work();
rw.startRead();
b.reading(ID);
rw.endRead();

}

}
}

public class Writers extends Thread{
private Book b;
private ReadersWriters rw;
private int ID;
public Writers(int ID, Book b, ReadersWriters rw){

this .ID= ID;
this .b = b;
this .rw = rw;

}
public void run() {

while (true ){
work();
rw.startWrite();
b.writing(ID);
rw.endWrite();

}

}
}

public class rwTest {
public static final int numR = 10;
public static final int numw = 2;
public static void main(String [Jargs){

Book b = new Book();

ReadersWriters rw = new ReadersWriters();
Readers [] r = new Readers[numR];

Writers [ w = new Writers[numW7;

for(int i=0; i < nUMR; i++) {
rli] = new Readers(i, b, rw);
}
for (int i=0; i < nuMW,; i++) {
wl[i] = new Writers(i, b, rw);
}
for (int i=0; i < nUMR; i++) {
r[i].start();

Bex0Oe Ha Tabnu

CtpaHa 76 og 107



KOHKYpEeHTHO 1 ANCTpMbynpaHo nporpaMmparse

for (int i=0; i < numW; i++) {
w[i].start();

}
}

3apatak 10. 3aycraB/bame

import java.util.*;
import java.text.DateFormat;

public class Clock implements Runnable {
private volatile Thread thread = null;
public void start() {
if (thread == null) {
thread = new Thread(this, "Clock");
thread.start();

}

}
public void run() {
Thread myThread = Thread.currentThread();
while (thread == myThread) {
paint();
try {
Thread.sleep(1000);
} catch (InterruptedException e){
System.out.printin("Interrupted");
}

}
}

public void paint() {
Calendar cal = Calendar.getinstance();
Date date = cal.getTime();

DateFormat dateFormatter = DateFormat.getTimelnstance();

System.out.printin(dateFormatter.format(date));

}

public void stop() {
Thread stopThread = thread;
thread = null;
stopThread.interrupt();

}
}

public class CS{

public static void main(String [Jargs){
Clock ¢ = new Clock();
c.start();
try {
Thread.sleep(10000);
} catch (InterruptedException e){}
c.stop();

}
}

import java.util.*;
import java.text.DateFormat;
public class Clock implements Runnable {
private volatile boolean running = false;
private Thread thread = null ;
public void start() {
if (Irunning) {
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thread = new Thread(this, "Clock");
running = true ;
thread.start();

}

}

public void run() {
while (running) {
paint();
try {
Thread.sleep(1000);
} catch (InterruptedException e){
System.out.printin("Interrupted");
}

}
}

public void stop() {
Thread stopThread = thread,;
thread = null ;
running = false ;
stopThread.interrupt();
}
}

3apgatak 11. The roller coaster problem

MNpobneM Boxkwe TObOraHoM ( 7he roller coaster problem). TNpeTnocTaBUTM Aa NOCTOjU N HUTU Koje
npeactaebajy MNyTHUKE W jedHA HUT Kaja npeacraB/mba BO3MNO Ha ToboraHy. [yTHuMUM ce
HauM3MeHMYHO LWeTajy no NiyHa napky M Bo3e Ha ToboraHy. ToboraH Moxe Aa npumn Hajsuwe K
NyTHUKA nNpun Yyemy je K < n. Boxxrba To6OraHoM Moxe fia NoYHe caMo YKOJIMKO Ce Cakynwio TadHo K

nyTHWKa. HanncaTtn nporpam Ha je3uky Java Koju cuMynupa onmcaHm CUCTEM.
Peweme:
public class Coaster extends Thread{

public void run (){

while (true ){
for(i=0;i<K;i++) car.signalS ();
allAboard.waitS ();
depart ();
for(i=0;i<K;i++) lastStop.signalS ();
allOut.waitS ();

}

}
public void depart (){
\

public class RollerCoaster{
public static void main (String arg[]{

car.initS (0);

allAboard.initS (0);

lastStop.initS ( 0);

mutex.initS (1);

allOut.initS (0);

coaster.start();

for(int i =0;i<numP; i ++){
pas[i] = new Passenger(...);
pasi].start();

}

}
}
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public class Passenger extends Thread{

public void run()¥{
while (true ){
car.waitS ();
boardCar ();
lastStop.waitS ();
leaveCar ();

}
public void boardCar ()}{
mutex.waitS ();
coaster.passengers ++;
if (coaster.passengers == K){
allAboard.signalS ();

mutex.signalS ();

public void leaveCar ()}
mutex.waitS ();
coaster.passengers --;
if (coaster.passengers == 0}
allOut.signalS ();

mutex.signalS ();

3apatak 12. The Santa Claus problem

[ena Mpa3 Koju XX1MBU Ha ceBepHOM nosny Behn geo cBor BpemMeHa nposoau cnasajyhu (7he Santa
Claus Problem). Mory ra npobyauMTn unn yKonuKo ce Ucnpea BpaTa rnojaBe CBUMX 9 HEroBux mpeaca
nnn 3 of ykynHo 10 natyrbaka. Kaga ce Jena Mpas npobyan oH paau jeaHy oa cnepehux creapu:
Ykonuko ra je npobyauna rpyna vpBaca ogmax ce crnpema v kpehe Ha nyT Aa noaenu aeum urpadke.
Kaga ce BpaTu ca nyTta CBMM MpBacuMa Aaje Harpagy. YKonvko ra je npobyauna rpyna naTy/baka
OHZQ WX OH YBOAM Yy CBOjy Kyhy, pa3roBapa ca HMMa M Ha Kpajy MX MCNpaTy A0 U3M1a3HMX BpaTa.
pyna npBaca Tpeba aa 6yae oncnyxeHa npe rpyne natysbaka. Hanucatu nporpam Ha jesuky Java

KOjVI CUMYyNiMpa onmcaHn CUCTEM.
Peweme:

public class EIf extends Thread {
private SantaClausHouse sc;
private int id;

public Elf(int i, SantaClausHouse sc) {
id =1i;
this .sc = sc;

}

public void run() {
for () {
work();
sc.wakeupSantaE();
talk();
sc.exitTheRoom();

private void talk() {

}
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private void work() {

}
}

public class Reindeer extends Thread {
private SantaClausHouse sc;
private int id;

public Reindeer(int id, SantaClausHouse sc) {
this .id = id;
this .sc = sc;

}

public void run() {
for (;;) {
rest();
sc.wakeupSantaR();
riding();
sc.exitTheSleigh();
}
}

private void riding() {

}

private void rest() {

}
}

public class SantaClaus extends Thread {
private int dir;
private SantaClausHouse sc;

public SantaClaus(SantaClausHouse sc) {
this .sc = sc;
}

public void run() {
for (;) {
dir = sc.sleeping();
if (dir == SantaClausHouse.ELVES) {
talk();
sc.sendoffElves();
}else {
riding();
sc.outspanReindeers();
}
}
}

private void riding() {

}

private void talk() {

}
}

public class SantaClausHouse {
public static final int ELVES = 0;
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public static final int REINDEERS = 1;
private static final int minElves = 3;
private static final int minReindeers = 9;
private int elvesAtTheDoor;

private int reindeersAtTheDoor;

private int elvesinTheRoom;

private int reindeersinTheSleigh;

private boolean wakeupE, wakeupR;
private boolean enterElves, exitElves;
private boolean enterReindeers, exitReindeers;
private boolean isSleeping;

public SantaClausHouse() {
elvesAtTheDoor = 0;
reindeersAtTheDoor = 0;
elvesinTheRoom = 0;
reindeersinTheSleigh = 0;
wakeupE = false;
wakeupR = false;
enterElves = false;
exitElves = false ;
enterReindeers = false;
exitReindeers = false ;
isSleeping = true;

}

public synchronized void  wakeupSantaE() {
while (lisSleeping) {
try {
wait();
} catch (InterruptedException e) {

}

elvesAtTheDoor++;
if (elvesAtTheDoor == minElves) {
wakeupE = true;

}
notifyAll();
while (lenterElves) {
try {
wait();
} catch (InterruptedException e) {

}
}
elvesAtTheDoor--;
elvesinTheRoom++;
notifyAll();
}

public synchronized void  exitTheRoom() {
while (lexitElves) {
try {
wait();
} catch (InterruptedException e) {

}

elvesinTheRoom--;
notifyAll();
}

public synchronized void  wakeupSantaR() {
while (lisSleeping) {
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try {
wait();
} catch (InterruptedException e) {

}
}
reindeersAtTheDoor++;

if (reindeersAtTheDoor == minReindeers) {
wakeupR = true;

}
notifyAll();
while (lenterReindeers) {
try {
wait();
} catch (InterruptedException e) {

}
}
reindeersAtTheDoor--;

reindeersIinTheSleigh++;
notifyAll();

public synchronized void  exitTheSleigh() {

while (lexitReindeers) {
try {
wait();
} catch (InterruptedException e) {

}

reindeersinTheSleigh--;
notifyAll();

public synchronized int  sleeping() {

while (!(wakeupR || wakeupE)) {
try {
wait();
} catch (InterruptedException e) {

}
}
isSleeping = false;
if (wakeupR) {
wakeupR = false;
enterReindeers = true;
notifyAll();
while (reindeersAtTheDoor != 0) {
try {
wait();
} catch (InterruptedException e) {

}
}
enterReindeers = false;
notifyAll();
return SantaClausHouse.REINDEERS;
}
else {
wakeupE = false;
enterElves = true;
notifyAll();
while (elvesAtTheDoor !=0) {
try {
wait();
} catch (InterruptedException e) {
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}
}
enterElves = false ;
notifyAll();
return SantaClausHouse.ELVES;
}
}

public synchronized void  sendoffElves() {
exitElves = true;

notifyAll();
while (elvesinTheRoom !=0) {
try {
wait();
} catch (InterruptedException e) {
}

exitElves = false ;
enterElves = false ;
isSleeping = true;
notifyAll();

}

public synchronized void  outspanReindeers() {
exitReindeers = true;

notifyAll();
while (reindeersinTheSleigh !=0) {
try {
wait();
} catch (InterruptedException e) {
}

exitReindeers = false ;
enterReindeers = false ;
isSleeping = true;
notifyAll();

}

public class SantaClausTest{
public static final int numReindeer = 9;
public static final int numElve = 10;
public static void main(String [] vpar){
SantaClausHouse sc = new SantaClausHouse();
SantaClaus santa = new SantaClaus(sc);
Elve [] Elves = new Elve[numElve];
Reindeer [] Reindeers = new Reindeer[numReindeer];
for(int i = 0; i < numElve; i ++) {
Elves[i] = new Elve(i, sc);
Elves]i].start();
}
for(int i = 0; i < numReindeer; i ++){
Reindeers[i] = new Reindeer(i, sc);
ReindeersJi].start();

}

santa.start();

3apgatak 13. The bus problem
MNpobneM BoXHe ayTobycom (7he bus problem). TlyTHMUM Aona3e Ha ayTobycKy CTaHuUy M 4Yekajy
npveun aytobyc koju Hanhe. Kaga aytobyc Hanhe cBM nyTHUUM KOju cy 6Bunm Ha ctaHuum npobajy aa
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yhy y ayTtobyc. YKOnMKo uMa Mecta y aytobycy nyTHUUM ynase y wera. Kanauutet aytobyca je K
mecTa. NyTHUUKM KOju cy aownum AoK je aytobyc 610 Ha cTaHuumM Yekajy Ha cneaehu aytobyc. Kaaa
CBM NYTHMLM KOju cy MM Ha CTaHMUM Yy TPEHYTKY Aonacka aytobyca nposepe Aa nv Mory Aa yhy u
yhy yKonMko uma Mecta aytobyc kpehe. YKonuMko ayTtobyc fgohe Ha npasHy craHuuy oamax
npoayxasa garbe. CBM NyTHUUM CMNa3e Ha 3aBpLUHOj CTaHWUW. HanucaTu nporpam Ha jesuky Java

KOju CMMynMpa OnMcaHn CUCTEM.
Pewwetse:
public class Station{
private String name;
private int ID;
private int numP, numFP;
private boolean busIN;
private Bus bus;
public Station(String name){
this .name = name;
bus = null;
busIN = false;

public String toString(){return name;}

public synchronized Bus waitBus(){
while (true ){
while (busIN) {
try {
wait();
} catch (InterruptedException e) {}
}
numP ++;
while ('busiIN) {
try {
wait();
} catch (InterruptedException e) {}
}
numP--;
if (numP == 0) notifyAll();
if (numFP > 0){
numFpP--;
return bus;

}
}

public synchronized int busEnter(int numFree, Bus b) {
while (busIN) {
try {
wait();
} catch (InterruptedException e) {}
}
busIN = true;
numFP = numFree;
bus = b;
notifyAll();
while (numP !=0) {
try {
wait();
} catch (InterruptedException e) {}

busIN = false ;
bus = null;
notifyAll();
return numFP;

}

public class Passenger extends Thread{
public static int ID =0;
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int PID;

Station start, end;

Bus bus;

public Passenger(Station start, Station end){
PID = ID ++;
this .start = start;
this .end = end;

}

private void trawel(){
try {
sleep((int)(Math.random() * 1000 + 4000));
} catch (InterruptedException e) {}

}
public void run(¥{
while (true ){
bus = start.waitBus();
trawel();
bus.exitTheBus(end);
}
}

public class Bus extends Thread{
private static final int maxNumPasage = 50;
private StationLlIst sl;
private Station nextStation;
private int numFree;
private boolean toExit = false;
private static int ID = 0;
private int BID = ID++;
public Bus(¥{
numFree = maxNumPasage,;
sl = new StationLIst();

}

private void travel(){
try {
sleep((int)(Math.random() * 1000 + 5000));
} catch (InterruptedException €) {}

public void putStation(Station newStation){
sl.put(newStation);
}

private Station getLastStation(){
return sl.getLast();
}

private synchronized Station getNextStation(){
notifyAll();
nextStation = sl.getNext();
return nextStation;

}
public int getID(){ return BID;}
public synchronized void exitTheBus(Station exitStation){
while (ItoExit || exitStation != nextStation) {
try {
wait ();
} catch (InterruptedException e) {}
}

numFree++;

public synchronized void permitionToEXxit()}{
toExit = true ;
notifyAll();
try {
wait(500);
} catch (InterruptedException e) {}
toExit = false ;
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}
public void run(¥{
while (true ){
nextStation = getNextStation();
travel();
permitionToEXxit();
numFree = nextStation.busEnter(numFree, this);

3apgatak 14. Chat

Y nporpaMckoM je3uky JaBa je noTpebHO HanmucaTu CKyn Knaca 3a WUHTEpPaKTUBHY KOMYHMKauUWjy
namehy kopucHuka (CHAT). MNoTpebHO je peanu3oBaTu pellere KOA Kora KOPUCHUK MOXe Ja
nowasse Behun 6poj nopyka 6e3 Yekara 0AroBopa Ha NpeTXoaHe.

package chat;
import java.net.*;
public class Server {

public static void main(String[] args) {
try {
int port = Integer.parselnt(args[0]);
ServerSocket listener = new ServerSocket(port);
Socket client = listener.accept();
Chat ¢ = new Chat(client);
c.communicate();
listener.close();
} catch (Exception ex) {
ex.printStackTrace();
}
}

}

package chat;
import java.net.*;
public class Client {

public static void main(String[] args) {
try {
int port = Integer.parselnt(args[1]);
String host = args|0];
Socket server = new Socket(host, port);
Chat s = new Chat(server);
s.communicate();
server.close();
} catch (Exception ex) {
ex.printStackTrace();
}
}
}

package chat;
import java.net.*;

public class Chat {
Socket client;

public Chat(Socket client) {
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this .client = client;

}

public void communicate() {

try {
ReadThread read = new ReadThread(client);

WriteThread write = new WriteThread(client);
read.start();
write.start();
read.join();
write.join();

} catch (InterruptedException ex) {
ex.printStackTrace();

}

}
}

package chat;

import java.io.*;
import java.net.*;

public class ReadThread extends Thread {
Socket client;

InputStream in;
BufferedReader pin;

public ReadThread(Socket client) {
try {
this .client = client;
this .in = client.getinputStream();
pin = new BufferedReader(new InputStreamReader(in));
} catch (IOException ex) {
ex.printStackTrace();
}

}

public void run() {
try {
String s;
while ((s = pin.readLine()) != null) {
System.out.printin("> " + s);
}

} catch (Exception ex) {}
finally {
try {
pin.close();
in.close();
client.close();
} catch (IOException ex1) {}
}
}
}

package chat;

import java.io.*;
import java.net.*;

public class WriteThread extends Thread {
Socket client;

OutputStream out;
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PrintWriter pout;

public WriteThread(Socket client) {

try {
this .client = client;
this .out = client.getOutputStream();
pout = new PrintWriter(out, true);

} catch (IOException ex) {
ex.printStackTrace();

}

}

public void run() {
try {
InputStream is = System.in;
InputStreamReader isr = new InputStreamReader(is);
BufferedReader br = new BufferedReader(isr);
String s;
while (Ipout.checkError() && ((s = br.readLine()) != null)) {
pout.printin(s);

} catch (Exception ex) {}
finally {
try {
pout.close();
out.close();
client.close();
} catch (IOException ex1) {}
}
}
}

3apgatak 15. KnnjeHT-cepBep

import java.io.*;
import java.net.*;

public abstract class Server implements Runnable {
static int id = 0;

public static final int DEFAULTPORT = -1;
public static final String DEFAULTPROTOCOL = "ServerProtocoll";

protected String protocol;
protected String host;
protected int port;

public Server() {
this (DEFAULTPROTOCOL, DEFAULTPORT);
}

public Server(int port) {
this (DEFAULTPROTOCOL, port);
}

public Server(String protocol, int port) {
this .port = port;
this .protocol = protocaol,
thread = null;
running = false ;

}

protected Thread thread;
protected boolean running;
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public void start() {
if (thread == null) {
thread = new Thread(this, "Server");
running = true ;
thread.start();
}
}

ServerSocket listener = null ;

public void run() {
try {
listener = new ServerSocket(port);
while (running) {
try {
Socket client = listener.accept();
processRequest(client);
} catch (Exception e) {

}

} catch (Exception ex) {
ex.printStackTrace();
Hinally {
close();
}

}

public void stop() {
running = false ;
thread.interrupt();
close();

}

public void close() {

try {
listener.close();

} catch (IOException e) {
e.printStackTrace();

}
}

public abstract void processRequest(Socket client);

public boolean isRunning() {
return running;
}

}
import java.net.*;
public class OneThreadServer extends Server {

public OneThreadServer(String protocol, int port) {
super (protocol, port);

}
public void processRequest(Socket client) {
try {
WorkingThread tserver = new WorkingThread(id++, client, protocol);
Il tserver.start();
Il tserver.join();
tserver.run();
} catch (Exception ex) {
}
}
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}

import java.net.*;
public class MultiThreadsServer extends Server {

public MultiThreadsServer(String protocol, int port) {
super (protocol, port);
}

public void processRequest(Socket client) {
new WorkingThread(id++, client, protocol).start();
}

}

import java.net.*;
import java.util.concurrent.*;

public class ExecutorServer extends Server {
public static final int MAXTHREADS = 10;

protected ExecutorService pool;

public ExecutorServer() {
this (MAXTHREADS, ", DEFAULTPORT);
}

public ExecutorServer(int numOfThreads, String protocol, int port) {
super (protocol, port);
pool = Executors.newFixedThreadPool(numOfThreads);

}

public void processRequest(Socket client) {
pool.execute(new WorkingThread(0, client, protocol));
}

public void stop() {
super .close();

pool.shutdown();
try {
if (!pool.awaitTermination(60, TimeUnit. SECONDS)) {
pool.shutdownNow();
if (!pool.awaitTermination(60, TimeUnit. SECONDS))
System.err.printin("Pool did not terminate");

} catch (InterruptedException ie) {
pool.shutdownNow();
Thread.currentThread().interrupt();

}

}
}

import java.net.*;
import java.util.concurrent.*;

public class ExecutorFutureServer extends ExecutorServer {
public ExecutorFutureServer(int num, String protocol, int port) {

super (hum, protocol, port);
}

public void processRequest(final Socket client) {
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Future<Void> future = pool.submit(new Callable<Void>() {
public Void call() {
WorkingThread wt = new WorkingThread(O, client, protocol);

wt.work();
return null;
}
D
1 try {
1 future.get();
I } catch (Exception ex) {
1
1 }
}
}

public class BufferServer extends Server {
public static final int MAXTHREADS = 10;

protected Buffer<Runnable> buffer;

public BufferServer(int num, String protocol, int port) {
super (port);
buffer = new ArrayBuffer<Runnable>();
for (int i =0; i< num;i++){
Thread t = new BufferWorker(i, buffer);
t.setDaemon(true);
t.start();
}
}

public void processRequest(Socket client) {
buffer.put(new WorkingThread(id++, client, protocol));
}

}

public class Bufferworker extends Thread {
Buffer<Runnable> buffer;

public BufferWorker(int id, Buffer<Runnable> buffer) {
super ("BufferWorker" + id);
this .buffer = buffer;

}

public void run() {
while (true) {
Runnable r = buffer.get();
r.run();
}
}
}

public interface Buffer<T> {
public static final int MAXBUFFERSIZE = 150;
public T get();
public void put(T data);
public void remove(T data);
public int size();
public int capacity();
}

import java.util.*;
public class ArrayBuffer<T> implements Buffer<T> {

private int capacity;
protected ArrayList<T> arrayBuffer;
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public ArrayBuffer() {
this (MAXBUFFERSIZE);
}

public ArrayBuffer(int newCapacity) {
if ((newCapacity > 0) && (newCapacity <= MAXBUFFERSIZE))
capacity = newCapacity;
else
capacity = MAXBUFFERSIZE;
arrayBuffer = new ArrayList<T>();

}

public synchronized T get() {
while (arrayBuffer.size() == 0) {
try {
wait();
} catch (InterruptedException ex) {
ex.printStackTrace();
}

}

T data = arrayBuffer.remove(0);
notifyAll();
return data;

}

public synchronized void put(T value) {
while (arrayBuffer.size() == capacity) {
try {
wait();
} catch (InterruptedException ex) {
ex.printStackTrace();
}

arrayBuffer.add(value);
notifyAll();
}

public synchronized void remove(T data) {
try {
int index = arrayBuffer.indexOf(data);
if (index < 0)
return ;
arrayBuffer.remove(index);
} catch (Exception ex) {
ex.printStackTrace();
}
}

public synchronized int size() {
return arrayBuffer.size();
}

public synchronized int capacity() {
return capacity;
}

}

import java.util.concurrent.*;

public class BlockingBuffer<T> implements Buffer<T> {
protected BlockingQueue<T> buffer;

protected int capacity;

public BlockingBuffer() {
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}

this (MAXBUFFERSIZE);
}

public BlockingBuffer(int capacity) {
if ((capacity < 0) || (capacity > MAXBUFFERSIZE)) {
capacity = MAXBUFFERSIZE;
}
buffer = new LinkedBlockingQueue<T>(capacity);
this .capacity = capacity;

}

public T get() {
while (true) {
try {
return buffer.take();
} catch (InterruptedException e) {
}
}
}

public void put(T value) {
while (true) {
try {
buffer.put(value);
return ;
} catch (InterruptedException e) {
}
}

}

public void remove(T data) {
buffer.remove(data);
}

public int size() {
return buffer.size();
}

public int capacity() {
return capacity;
}

public interface Message<T> {

}

public void setData(T data);

public T getData();

public void setMessagelD(long messagelD);
public long getMessagelD();

public class TextMessage implements Message<String> {

private static final long serialVersionUID = 1L;
static long id = 0;

long messagelD;
String text;

public TextMessage() {
this (", createlD());
}
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public TextMessage(String s) {
this (s, createlD());
}

public TextMessage(String s, long sentID) {
messagelD = sentID;
text=s;

}

public TextMessage(TextMessage m) {
this (m.getData(), m.getMessagelD());
}

public String toString() {
String s ="";
s +="Message ID " + messagelD + " message: " + text;
return s;

}

public void setData(String data) {
text = (String) data;
}

public String getData() {
return text;
}

public void setMessagelD(long messagelD) {
this .messagelD = messagelD;
}

public long getMessagelD() {
return messagelD,;
}

public static synchronized long createlD() {
return id++;
}

import java.net.*;

public class WorkingThread extends Thread {
protected long id;
protected String protocaol;
protected Socket client;

public WorkingThread() {
this (0, null, ™);
}

public WorkingThread(long id, Socket client) {
this (id, client, ™;
}

public WorkingThread(long id, Socket client, String protocol) {
super ("Working Thread " + id);
this .id = id;
this .client = client;
this .protocol = protocaol,

}
public void run() {
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work();

}

public void work() {
try {
Protocol prot = pf.createProtocol(protocol);
if (protocol == null)
return ;
Communicator communicator = getCommunicator();
communicator.init();
prot.addCommunicator(communicator);
prot.conversation();
communicator.close();

} catch (Exception ex) {
System.out.printin(ex);
ex.printStackTrace();

}

}

public Socket getClient() {
/I System.out.printin("getClient " + this.getClass());
return client;

}

public Communicator getCommunicator() {
return new ObjectSocketCommunicator(getClient());
}

static ProtocolFactory pf;
private static Object protocolHandlerLock = new Object();

static void setProtocolFactory(ProtocolFactory protocol) {
synchronized (protocolHandlerLock) {
if (pf!=null) {
throw new Error("factory already defined");
}
SecurityManager security = System.getSecurityManager();
if (security !=null) {
security.checkSetFactory();

}
pf = protocol;
}
}
static {
setProtocolFactory(new ProtocolFactory());
}

public interface Communicator {
public boolean init();
public boolean close();

public <T> Message<T> readMessage() throws CommunicationException;

public <T>void writeMessage(Message<T> data)
throws CommunicationException;
public Object readObject() throws CommunicationException;

public void writeObject(Object data) throws CommunicationException;

public String readString() throws CommunicationException;

public void writeString(String data) throws CommunicationException;

public byte[] read() throws CommunicationException;
public void write(byte [] data) throws CommunicationException;
public void flush() throws CommunicationException;
public void reset() throws CommunicationException;

Bex0Oe Ha Tabnu

CtpaHa 95 og 107



EnekTpoTexHuyku pakynteT YHuBepauTteTa y beorpaay

}

public class CommunicationException extends Exception {
private static final long serialVersionUID = 1L;

public CommunicationException() {
super ();
}

public CommunicationException(String error) {
super (error);
}

}

import java.net.*;
import java.io.*;

import rs.ac.bg.etf.kdp.networking.concurrency.*;
public class ObjectSocketCommunicator implements Communicator {

protected Socket client;
protected ObjectOutputStream oout;
protected ObjectinputStream oin;

public ObjectSocketCommunicator() {

public ObjectSocketCommunicator(Socket client) {
this .client = client;

public void init(Socket client) {
this .client = client;
init();

}

public boolean init() {
boolean ok = true;
ok = getObjectOutputstream();
ok |= getObjectinputStream();

return ok;
}
private boolean getObjectinputStream() {
try {
InputStream in = client.getinputStream();
oin = new ObjectinputStream(in);
return true;
} catch (Exception e) {
return false;
}
}
private boolean getObjectOutputstream() {
try {
OutputStream out = client.getOutputStream();
oout = new ObjectOutputStream(out);
return true;
} catch (Exception e) {
return false;
}
}

public boolean close() {
boolean ok =true;

try {
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oin.close();

} catch (IOException ex) {
ok = false;

}

try {
oout.close();

} catch (IOException ex) {
ok =false;
}

try {
client.close();

} catch (IOException ex) {
ok =false;
}

return ok;

}

public Object readObject() throws CommunicationException {
try {
Object m = oin.readObject();
return m;
} catch (Exception ex) {
ex.printStackTrace();
throw new CommunicationException();
}
}

public void writeObject(Object m) throws CommunicationException {
try {
oout.writeObject(m);
} catch (Exception ex) {
ex.printStackTrace();
throw new CommunicationException();

}
}

@SuppressWarnings("unchecked")

public <T> Message<T> readMessage() throws CommunicationException {
return (Message<T>) this .readObject();

}

public <T> void writeMessage(Message<T> m) throws CommunicationException {
this .writeObject(m);
}

public String readString() throws CommunicationException {
return (String) this .readObject();
}

public void writeString(String s) throws CommunicationException {
this .writeObject(s);
}

public void flush() throws CommunicationException {
try {
oout.flush();
} catch (Exception e) {
e.printStackTrace();
throw new CommunicationException();
}
}

public void reset() throws CommunicationException {

try {
oout.reset();
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oin.reset();
} catch (Exception e) {
e.printStackTrace();
throw new CommunicationException();
}
}

public byte[] read() throws CommunicationException {
byte [] b = new byte [1024];
try {
int num = oin.read(b);
b = Arrays.copyOf(b, num);
} catch (Exception e) {
e.printStackTrace();
throw new CommunicationException();

}

return b;

}

public void write(byte [] data) throws CommunicationException {
try {
oout.write(data);
} catch (Exception e) {
e.printStackTrace();
throw new CommunicationException();
}
}
}

public interface Protocol {
public boolean endConvresation();

public boolean startConvresation();

public void conversation();

public void addCommunicator(Communicator communicator);

public boolean removeCommunicator(Communicator communicator);

public Communicator getCommunicator(int id);

public class ProtocolFactory {

public Protocol createProtocol(String protocolName) {
Protocol protocol = null ;
String protocolPackageRoot = Protocol.class.getPackage().getName();
try {
String clsName = protocolPackageRoot + ".protocol.” + protocolName;
Class<?>cls = null ;
try {
cls = Class.forName(clsName);
} catch (ClassNotFoundException e) {
ClassLoader cl = ClassLoader.getSystemClassLoader();
if (cl'!=null) {
cls = cl.loadClass(clsName);
}

}
if (cls !'=null) {
protocol = (Protocol) cls.newlnstance();

} catch (Exception e) {
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}

return protocol;
}

public abstract class OneCommunicatorProtocol implements Protocol {

}

protected Communicator communicator;

public OneCommunicatorProtocol() {

}

public OneCommunicatorProtocol(Communicator communicator) {
this .communicator = communicator;

public abstract void conversation();

public boolean endConvresation() {
return true;
}

public boolean startConvresation() {
return false;
}

public void addCommunicator(Communicator communicator) {
this .communicator = communicator;

public boolean removeCommunicator(Communicator communicator) {
if (this.communicator.equals(communicator)) {
this .communicator = null ;
return true;

return false;

}

public Communicator getCommunicator(int id) {
return communicator;
}

import rs.ac.bg.etf.kdp.networking.Communicator;
import rs.ac.bg.etf.kdp.networking.concurrency.TextMessage;

public class ServerProtocoll extends OneCommunicatorProtocol {

public ServerProtocoll() {
}

public ServerProtocoll(Communicator c) {
this .communicator = c;
}

public void conversation() {

try {
String response = communicator.readString();

System.out.printin("received " + response);

communicator.writeString("Goodbye!");
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System.out.printin("Sent Goodbye! ");

TextMessage m = (TextMessage) communicator.readObject();
System.out.printin(m);

} catch (Exception e) {
e.printStackTrace();

} finally {
communicator.close();
}

}
}

import rs.ac.bg.etf.kdp.networking.*;
import rs.ac.bg.etf.kdp.networking.concurrency.*;

public class ClientProtocoll extends OneCommunicatorProtocol {

public ClientProtocol1() {
}

public ClientProtocoll(Communicator communicator) {
this .communicator = communicator;
}

public void conversation() {

try {
communicator.writeString("Hello!");

System.out.printin("Sent Hello!");

String response = communicator.readString();
System.out.printin("Received " + response);
TextMessage msg = new TextMessage("Mesage tekst " + response);
communicator.writeObject(msg);

} catch (Exception ex) {
ex.printStackTrace();

} finally {
communicator.close();

}

}
}

public class ServerProtocolKnockKnock extends OneCommunicatorProtocol {
private static final int WAITING = 0;
private int state = WAITING;
private String[] eggs ={ "Belo", "Plavo", "Crveno", "Zeleno", "Zuto",
"Crno" };
private String[] questions = { "Kuc Kuc", "Djavo 's neba", "Jedno jaje" };
private String[] answers = { "Koje?", "Sta Vam treba?", "Koje boje?" };
private String yesAnswer = "Ima";
private String noAnswer = "Nema ";
private String byeAnswer = "Zdravo";

public ServerProtocolKnockKnock() {
super ();
}

public void conversation() {
try {
String outputLine = null ;
String inputLine = null;
while ((inputLine = communicator.readString()) '= null) {
System.out.printin("Klient: " + inputLine);
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outputLine = processinput(inputLine);
communicator.write String(outputLine);
System.out.printin("Server: " + outputLine);
if (outputLine.equals("Zdravo"))

break;

} catch (Exception e) {
e.printStackTrace();
}Hfinally {
communicator.close();
}

}

public String processinput(String thelnput) {
String theOutput = null;
if (thelnput == null)
thelnput = ";
switch (state) {
case O:
case 1:
case 2:
if (thelnput.equalsignoreCase(questions|state])) {
theOutput = answers[state];
state++;
}else {
theOutput = byeAnswer;
state = 0;
}
break ;
case 3:
theOutput = noAnswer + thelnput +
for (int i = 0; i < eggs.length; i++) {
if (thelnput.equalsignoreCase(eggsli])) {
theOutput = yesAnswer;
state++;
break;

+ answers|[2];

}
}

break ;

default :
theOutput = byeAnswer;
break;

}

return theOutput;

}
}

import java.io.*;
public class ClientProtocolKnockKnock extends OneCommunicatorProtocol {

public ClientProtocolKnockKnock() {
super ();
}

public void conversation() {

String fromServer =",

String fromUser = "";
try {
BufferedReader stdin = new BufferedReader(new InputStreamReader(
System.in));
System.out.print("Klient; );
fromUser = stdIn.readLine();
communicator.writeString(fromUser);
while ((fromServer = communicator.readString()) != null) {
System.out.printin("Server: " + fromServer);
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if (fromServer.equals("Zdravo"))
break;
System.out.print("Klient: ");
fromUser = stdIn.readLine();
if (fromUser !=null) {
communicator.writeString(fromUser);
}
}
System.out.printin(" ");

} catch (Exception ex) {

} finally {
communicator.close();
}
}
}

import java.net.*;

public class BufferwWorkingServer extends Server {
public static final int MAXTHREADS = 10;

protected Buffer<Socket> buffer;

public BufferworkingServer() {
this (MAXTHREADS, "', DEFAULTPORT);
}

public BufferWorkingServer(String protocol, int port) {
this (MAXTHREADS, protocaol, port);
}

public BufferWorkingServer(int num, String protocol, int port) {
super (port);
buffer = new ArrayBuffer<Socket>();
for (int i =0;i<num; i++) {
WorkingThread t = new BufferWorkingThread(i, buffer, protocol);
t.setDaemon(true);
t.start();
}
}

public void processRequest(Socket client) {
buffer.put(client);
}

}

import java.net.*;
public class BufferWorkingThread extends WorkingThread {
protected Buffer<Socket> buffer;

public BufferWorkingThread(long id, Buffer<Socket> buffer, String protocol) {
super (id, null, protocol);
this .buffer = buffer;

}

public void run() {
while (true) {
work();
}
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}

public Socket getClient() {
return buffer.get();
}

}

import rs.ac.bg.etf.kdp.networking.*;
public class ServerTestl {

public static void main(String[] args) {
Server server = new BufferServer(10, "ServerProtocolKnockKnock", 8080);
server.start();

}
}

import java.net.*;
import rs.ac.bg.etf.kdp.networking.*;

public class ClientTestl {
static final int port = 8080;
static final String host ="127.0.0.1";

public static void main(String[] args) {
try {
for (int i =0;i< 10; i++) {
try {
Socket server = new Socket(host, port);

System.out.printin("lteration " + i);
WorkingThread tc = new WorkingThread(i, server,
"ClientProtocolKnockKnock™);

tc.start();

tc.join();

server.close();

Thread.sleep(5000 + (int) (Math.random() * 1000));
} catch (InterruptedException e) {

}

} catch (Exception ex) {
ex.printStackTrace();

}
}
}

3apatak 16. The Savings Account problem

PauyH y 6aHUM MOXe da Aenu Buwe KOpUCHMKA. CBakM KOPUCHWK Moxe Aa ynnahyje u nogwxe
HOBaL Ca paydyHa noa ycioBOM Aa Canao Ha padvyHy HMKada He 6yne HeratTuBaH, Kao " Aa BNAU
TPEHYTHO CTake padvyHa. Pewntn npobnem kopuctehn yaaroeHe no3mee Metoaa y Jasu.

import java.rmi.*;
public interface Bank extends Remote {
public UserAccount getUserAccount(String name) throws RemoteException;
}
import java.rmi.*;
public interface UserAccount extends Remote {

public float getStatus() throws RemoteException;
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public void transaction(float value) throws RemoteException;

import java.rmi.*;
import java.util.*;

public class Banklmpl implements Bank {

}

private static final long serialVersionUID = 1L;
private static transient Map<String, UserAccount> users;

public Bankimpl() {
users = new HashMap<String, UserAccount>();
}

public synchronized UserAccount getUserAccount(String nhame) {
UserAccount user = users.get(hname);
if (user!=null) {
return user,;
}

try {
user = new UserAccountimpl(name);

} catch (RemoteException €) {
}

users.put(name, user);

return user;

}

import java.io.*;
import java.rmi.*;
import java.rmi.server.*;

public class UserAccountimpl extends UnicastRemoteObject

implements UserAccount, Serializable {

private static final long serialVersionUID = 1L;
private float status;
private String name;

public UserAccountimpl(String name) throws RemoteException {
this .status = 0;
this .name = name;

}

private void work() {
try {
Thread.sleep(500 + (int) (Math.random() * 1000));
} catch (InterruptedException e) {

}
}

public synchronized float getStatus() {
work();
return status;

}

public synchronized void transaction(float value) {
work();
while (status + value < 0) {
try {
wait ();
} catch (Exception ex) {
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}

}

status += value;
notifyAll ();

public String getName() {
return name;

public void setName(String name) {
this .name = name;

import java.rmi.registry.*;
import java.rmi.server.*;

public class Server {

1

}

public static final String host ="127.0.0.1";
public static final int port = 8080;

public static void main(String[] args) {

if (System.getSecurityManager() == null) {

System.setSecurityManager (new SecurityManager ());

try {

Bank bank = new Bankimpl();
System.out.printin("Kreiran objekat Bankimpl");

Bank stub = (Bank) UnicastRemoteObject.exportObject (bank, 0);
System.out.printin("Kreiran stub Banklmpl koji slusa bilo koji port");

String urlString = "/Bank";
System.out.printin(urlString);

Registry registry = LocateRegistry.createRegistry(p ort);
Registry registry = LocateRegistry.getRegistry(host , port);
System.out.printin("Definisan Registry port");

registry.rebind (urlString, stub);
System.out.printin("Baknka je povezana sa imenom");

} catch (Exception ex) {

System.out.printin("Desila se greska");
ex.printStackTrace();

import java.rmi.registry.*;

public class Client {

public static final String host ="127.0.0.1";
public static final int port =8080;

public static void main(String[] args) {
try {

Bank bank = null;
UserAccount userAcount = null ;
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String name = args|0];

if (System.getSecurityManager() == null) {
System.setSecurityManager (new SecurityManager ());
}

String urlString = "/Bank";
System.out.printin("url =" + urlString);

Registry registry = LocateRegistry.getRegistry (host, port );
bank = (Bank) registry.lookup (urlString );
System.out.printin("Bakna ucitana");

userAcount = bank.getUserAccount (name);
System.out.printin("UserAcount ucitan");

for (int m =0; m < 100; m++) {
float nstatus = (float) (50 + m - (int) (Math.random() * 100));

try {
System.out.printin("Status: " + userAcount.getStatus());

System.out.printin("Promena statusa za " + nstatus);
userAcount.transaction(nstatus);
System.out
.printin("Novi status: " + userAcount.getStatus());
} catch (Exception e) {
System.err.printin("Greska pri transakciji za " + name);
}

} catch (Exception e) {
e.printStackTrace();

}
}
}

java.policy

grant {
/I Allow everything for now
permission java.security.AllPermission

I3

3a Bep3uje jaBe npe 1.5 je HeonxoAHO AoAaTHO nNpeBecTu yaarbeHe objekTe kopuctehn noceram
npesoagunal rmic, Koju je obu4yHO WHCTanMpaH y WCTOM AUPEKTOPUjyMYy rae W W3BPLUHO jaBa
oKpyxere, kopuctehu komaHay: rmic UserAcountImpl BankImpl

MNokpeTamse:

YKONUKO je Ha cepBepCKOj CTpaHu Npucty pernctpy 6mo ca getRegistry notpebHo je nokpeHyTu
nocebaH nporpam rmiregistry Koju je 06UYHO MHCTanupaH y UCTOM AUPEKTOPUjyMY rae u MU3BPLUHO
jaBa okpyxemne, kopuctehu komaHay: rmiregistry [port]

Cepsepcka CTpaHa:
java -Djava.security.policy=putanjaDo/java.policy
[-Djava.rmi.server.codebase=file:\path/] Server

KnujeHTcka cTpaHa:
java -Djava.security.policy=putanjaDo/java.policy
[-Djava.rmi.server.codebase=file:\path/] Client pera
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-Djava.security.policy=putanjaDo/java.policy npeactas/ba nogelasarbe 3a KopuwheHy nonucy
nocTaB/bakbeM MyTake A0 MeCTa rae ce Hanasu ajn ca goaerbeHnM npusunernjama. ObasesHo jy je
noTpebHO NOCTaBUTW.

-Djava.rmi.server.codebase=file:\path/ npunukom nokpetarwa nNoTpebHO je HasHauuTh, Kopuctehu
aprymMeHT java.rmi.server.codebase, rae cy knace kojuma he cepsepcka annukauuja (registry) mohu
npeko Mpexe Aa npuctynu. MyTtarwa Tpeba aa o0byxesatn gedmHMUMje yaarbeHUX UHTepdejca, Kao u
CBUX K/aca Koje ce pedepeHumnpajy y aatmm nHtepdejcuma (M Tako pekyp3nBHO).
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