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Cemacopu

« Cemadop je HeHeraTmBHa LenobpojHa NPOMEHIbLMBa
Ha KOjo] cy oedmHmncaHe onepauuje:

« walt(s) ucnmntyje ga nn BpeaHoOCT cemadopa s
3agoBoSbaBa ycnoB s>0 1 ako je ycrnoB 3a0BOSbEH
oHa ce AeKpeMeHTunpa BpeaHocT cemadopa (s=s-1),
a ako HuWje, oHOa ce Yeka OOK ce Taj YCIoB He
ncnyHu. lNpoeepa 3agoBorLEHOCTU ycrioBa S>0 U
OeKpeMeHTnpane BpeaHoCcTu cemadoopa ce
obaBIbajy aTOMCKN.

* signal(s) nHKkpemeHTMpa BpeaHOCT cemadopa
(s=s+1). HKpemeHTUpare BpeaHoOCTn cemadopa ce
obaBrba aTOMCKM.

 Init(s, val) noctaBrba no4yeTHy BpegHocCT (s = val).
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Cemacdopu — jeaHa MMNJIeMeHTaLluja

wait(s)

If s>0 then
s=s-1

else begin

3aycTaBu NpoLec 1 cTaBu ra y ctarwbe Yekara kog OC
CtaBu npouec y pen Yekawa Ha cemadopy s
Ocrnoboaun npouecop

end



Cemacdopu — jeaHa MMNJIeMeHTaLluja

signal(s)

If pen yekarsa Ha cemadpopy s npasaH then
S=s+1
else begin

YKNOHM npouec n3 peaa Yekarwa Ha cemadopy s
AkTnBupaj Taj npouec kog OC — ctasu ra y peq CnpemMHux

end
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Readers — Writers problem

a6

IS 6/59



Readers — Writers problem

[1Ba Tna npoueca, YiTaouu 1 nucumn, NnpucTynajy
jeaHoM 3anucy (y onwiTem crny4ajy 3anunc Moxe
npynagaTth HEKOj Konekumju noaaTaka - basu
nodartaka, oatoteumn, H1U3y, ynaH4yaHoj nucTu, Tabenu
nTa.) Yutaoum camo YnTajy cagpkaj 3anuca, a nucum
MOry Oa 4nTajy 1 Mekajy cagpxaj sanuca. ,El,a He Ou
OOLUSIO OO0 HeperynapHe cutyauunje y Kojoj 3anucy
MCTOBPEMEHO NpUCTyna BULLE Nnucaua unu
MCTOBPEMEHO NMPUCTynajy U nucun n Yymtaouu, nMcum
nMmajy npaBo eKcKkrysusHor npuctyna. Ca gpyre
CTpaHe, [O3BOJLEHO je a BuMLUe YynTanaua
MCTOBPEMEHO MpUCTyna 3anucy (HemMa orpaHuyera y
HKXOBOM Bpojy). HanucaTtu nporpam Kojum ce
peanuayje pag npoieca yiTtanaua v nucaua.
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Readers — Writers problem - 1

program Readers_Writers;
var db, mutexR : 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);

readData();

wait(mutexR);
readerCount := readerCount - 1;
if (readerCount = 0) then signal(db);
signal(mutexR);
end
end;
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Readers — Writers problem - 1

procedure Writer(ID : integer);

begin
while (true) do
begin
createData();

wait(db);

writeData();
signal(db);
end;
end;
begin
init (db, 1);
init(mutexR, 1);
readerCount := 0;
cobegin
Writer(0);

Reader(0);

coend;
end.
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Readers — Writers problem - 2

program Readers_Writers;
var db, mutexR, in : semaphore;
readerCount : integer;
procedure Reader(ID : integer);
begin
while (true) do
begin
wait(in);
wait(mutexR);
readerCount := readerCount + 1;
if (readerCount = 1) then wait(db);
signal(mutexR);
signal(in);
readData();

wait(mutexR);
readerCount := readerCount - 1;
if (readerCount = 0) then signal(db);
signal(mutexR);
end
end;
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Readers — Writers problem - 2

procedure Writer(ID : integer);

begin
while (true) do
begin
createData();
wait(in);
wait(db);
writeData();
signal(db);
signal(in);
end;
end;
begin
init (db, 1);

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

Reader(0);

coend; S 11/59
end



Producer — Consumer problem
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Producer — Consumer problem

program Producer_Consumer;
const BufferSize = 3;
var 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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Producer — Consumer problem

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;
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Producer — Consumer problem

begin
init(mutex,1);
init(empty, BufferSize);
init(full, 0);
cobegin
Producer(0);

Consumer(0);

coend;
end.
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Atomic broadcast problem
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Atomic broadcast problem

[NlocToju jeaaH npomssohay n N notpolliaya koju gene
3ajeHNYKM jegHoerneMeHTHU badbep. Npounssohauv
ybauyje nponssog y 6adep u 4eka gok cemux N
noTpoLladya He y3My UCTU Taj npoundsod. Taga
3ano4vnHe HOBU LINKNYC MPON3BOaH-E.
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Atomic broadcast problem

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,
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Atomic broadcast problem

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
signal(empty);
num := 0;
end;
signal(mutex);
consume_item(item);
end;
end,
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Atomic broadcast problem

begin
init(mutex,1);
init(empty, 1);
for index := 1 to N do init(full[index], 0);
num := 0;
cobegin
Producer;
Consumer(1);

Consumer(N);

coend;
end.
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Atomic broadcast problem

[locToju jeaaH npomssohay n N noTpollaya koju aene
3ajegHu4kn badpep kanaumteTa B. Nponssohay
ybauyje nponssog y 6adoep Ha koju yekajy ceux N
noTpoLlayva, 1 To camo y cnoboaHe crnotose. CBaku
noTpoLlady mopa ga npumm npons3Bo y Ta4HO OHOM
pegocreny y kome cy npomsseneHun, maga
pasnnMynTn NoTpoLLavYn Mory y UCTo BpemMe aa
y3nmajy pasnuymTe rnpon3Boae.
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Atomic broadcast problem

program AtomicBroadcastB;

const N = 5;
B=2;

var mutex : array [1..B] of 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;
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Atomic broadcast problem

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(full[index]);
end;
end;
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Atomic broadcast problem

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

item := buffer[readFromIndex][ID]];
llget_item(item, ID);

num[readFromindex[ID]] := num[readFromindex[ID]] + 1;

if (num[readFromindex[ID]] = N) then
begin
signal(empty);
num[readFromindex[ID]] := O;
end;
signal(mutex[readFromindex[ID]]);
readFromindex[ID].= (readFromindex[ID] mod B) + 1;
consume_item(item);
end;
end;
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Atomic broadcast problem

begin
init(mutex,1);
init(empty, B);
for index := 1 to N do init(full[index], 0);
for index := 1 to N do readFromIndex[index] := 1;
writeTolndex = 1;

cobegin
Producer;
Consumer(1);

Consumer(N);

coend;
end.
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Dining philosophers problem
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Dining philosophers problem

[NeT dmnosopa ceam oko crona. Ceakun unNo3od
Han3MeHN4Ho jeae n pasmuiirba. icnpen ceakor
domnnosodra je Tawup wnareta. Kaga gounosod
noXenu ga jege, OH y3anuma aBe BUIbYLLKE Koje ce
Harnase y3 eroB Tawunp. Ha crony, mehytum, nma
camo neT BUIbYLLKN. 3Ha4vn, punosod Moxe aa jeae
caMo Kada HujegaH o4 HeroBmx cycena He jege.
Hanuncatn anroputam 3a punosoda (0 <1< 4).
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Dining philosophers problem - 1

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,;
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Dining philosophers problem - 1

procedure Philosopher(i : integer);
var left, right: integer;
begin
left :=1;
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
end;
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Dining philosophers problem - 1

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

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,;
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Dining philosophers problem - 2

procedure Philosopher(i : integer);
var firstodd, secondeven: 0..n-1;

begin

if i mod 2 =1)then begin
firstodd :=1;
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;
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Dining philosophers problem - 2

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

T
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The dining savages problem

[lneme rbynoxaepa jeae 3ajeqHNYKy Bevepy 13 kasaHa
KOju MOXe aa npumu M nopuuja KyBaHMX MUCUOHapa.
Kapa reygoxxaoep noxenv ga py4a, oHaa ce OH cam
NOCNY>XN U3 3ajeAHNYKOr Ka3aHa, YKONNKO Ka3aH Huje
npasaH. YKOIUMKO je Ka3aH npasaH, rbygoxgep oyau
KyBapa 1 cadeka gOK KyBap He HanyHu KasaH. Huje
O03BOJSbEHO OYANUTU KyBapa YKONUKO ce Hanasu bap
Mano XpaHe y kasaHy. Kopuctehu cemadgope
HanucaTu nporpam Koju cMmMmyrnupa noHaluake

IbyOoXaepa n Kyeapa.
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The dining savages problem

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;
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The dining savages problem

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);
eat;
end;
end;

IS 37/59



The dining savages problem

begin
servings :=0;
init(cook, 0);

init(savager, 0);

init(mutex, 1);

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

coend;
end.
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The Bear and the Honey bees problem
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The Bear and the Honey bees problem

[NocToju N nyena v jeaaH rmagaH meaeeq. OHun kopucTe
3ajegHNYKy KowHuLy. KolwHnua je HmuujanHo
npasHa, a MoXe aga npumu H HanpcTaka meaa.
MeoBeq cnaBa OOK ce KOLHMLUA He HanyHU Megom,
Kada ce HarnyHu megoMm, OH nojeae cas Meq HakoH
yera ce Bpaha Ha cnaBame. [14enuue HenpecTaHo
nete of UBeTa 0o LBeTa 1 cakynrbajy med. Kaga
npuKyne jeqaH HanpcTak Aorase u cTaerbajy ray
kowHuyy. OHa n4yena Koja je nonyHumna KoLWHULY
byaun megsena. Kopuctehu cemadoope peLlumnTu
npobrem.
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The Bear and the Honey bees problem

program BearAndHoneybees;

const N=..
H=..
var hive : semaphore;

full : semaphore;
pot : shared integer;

procedure Bear;
procedure sleep; begin ... end;
procedure eat; begin ... end;

begin
while (true) do
begin
sleep;
wait(full);
eat;
pot :=0;
signal(hive);
end;
end;
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The Bear and the Honey bees problem

procedure Honeybee (id : integer);
procedure collect; begin ... end;
begin
while (true) do
begin
collect;
wait(hive);
pot := pot + 1;
if (pot = H) then signal(full)
else signal(hive);
end;
end;
begin
pot ;= 0;
init(hive, 1);
init(full, 0);
cobegin
Bear;
Honeybee(1);
Honeybee(2);

coend;
end.
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Barrier Synchronization
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Barrier Synchronization

Pa3smaTtpa ce npobnem cuHxpoHmn3aunje Ha bapujepu
(Barrier Synchronization). CuHXpoHu3aumoHa
bapujepa omoryhasa HATMMa fa Ha H0j cayekajy OOoK
Ta4yHo N HUTK He A4OoCTUrHe ogpeheHy Tauky y
n3BpLUaBamy, Npe Hero WTo dOuso Koja o4 TUX HUTK
He HacTaBu ca CBOjMM u3BpLUaBaweM. Kopuctehu
cemadoope pelnTtn oBaj npodnem. Omoryhntn ga ce
ncrta bapumjepa moxe Kkopuctutn sehum opoj nyTa.
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Barrier Synchronization

program Barrier(input, output);

const N=..

var barrierl, barrier2 : Semaphore;
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;
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Barrier Synchronization

begin

init(barrierl, 1);
init(barrier2, 0);

cnt :=0;

cobegin
Pass(0);
Pass(1);

coend
end.
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The H20 problem
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The H20 problem

[TocToje ABa TUNa aToma, BOOOHUK U KUCEOHUK, KOjU
nonase 0o bapujepe. ,El,a 6u ce dopmmnpao morsekyn
BoAde NoTpebHo je aa ce Ha bapuvjepun y NCTOM
TPeHyYTKYy Hah)y ABa aTomMa BOOOHUKA U jeaaH aToM
KNCeOoHMKa. YKONMKO aTOM KUCeoHuKa gohe oo
bapujepe Ha KOjoj He YeKajy ABa aToMa BOAOHMKA,
OHOa OH YeKa [a ce OHU cakyre. YKONMKO aToM
BOAOHUKa aohe Ao 6apujepe Ha Kojoj ce He Hanase
jedaH KMCEOHUK 1 jeaaH BOOOHUK, OH YeKa Ha HeUX.
Bbapujepy Tpeba Aa HanycTe ABa aToMa BOAOHNMKA U
jedaH aTtoM KuceoHuka. Kopuctehn cemadgoope
HanucaTn nNporpam Koju cumynupa noHallame
BOOHWKA U KUCEOHUKA.
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The H20 problem

program H20;

var
hydroSem : Semaphore;
hydroSem?2 : 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;
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The H20 problem

procedure Hydrogen(i : integer);
begin
wait (hydroSem);
wait (hydroMutex);
count := count + 1;
If (count = 2) then
begin
signal (oxySem);
signal (hydroSem2);
signal (hydroSem2);
count:=0
end;
signal (hydroMutex);
wait (hydroSem?2);
bond (i)
end;
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The H20 problem

beg

in
init(hydroSem, 0);

init(hydroSemz2, 0);
init(hydroMutex, 1);

init(oxySem, 0);
init(oxyMutex, 1);
count := 0;
cobegin
Oxygen(1);
Oxygen(2);

Hydrogen(1);
Hydrogen(2);

coend;

end.
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The child care problem
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The child care problem

Y HekoMm 3abaBuLITY NOCTOjU NMPaBUIO KOje KaXe aa ce
Ha cBaKa Tpu geteTta Mopa Hahu bapem jeaHa
Bacnutaymua. Poguters gosoau jeaHo unuv euLle
geue y 3abaBuLuTe. YKONMMKO MMa MeCcTa oCTaBsiba UX,
YKOJIMKO HEe oaBoau ux. Bacnntaumua cme ga
HanycTn 3abaBuLITE cCaMO YKONUKO TO HE HapyLlaBa
npasuno. Hanucatu npouenype, kopuctehu
cemacdope, 3a poanTerbe Koju AoBoAde 1 0OBOAE
aeuy 1 BacnmTadmue v HMUmMjanm3oBaT NoYeTHE
ycroBe.
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The child care problem

program ChildCare;
const C = 3;
var numChild : 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
numChild := numChild + num;
bringUpChildren := true;
end
else
bringUpChildren := false;
signal(mutex);
end;
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The child care problem

procedure bringBackChildren (num : integer);
var out, i : integer;
begin
wait(mutex);
numcChild := numChild - num;
out : = numNann - (humChild+C - 1) / C;
if(out > numWaiting) then out := numWaiting;
fori:=0to outdo
begin
signal(toLeave);
wait(confirm);
end
signal(mutex);
end;
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The child care problem

procedure nannEnter();
begin
wait(mutex);
numNann := numNann + 1;
if(numWaiting > 0) then
begin
signal(toLeave);
wait(confirm);
end
signal(mutex);
end;
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The child care problem

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

end

else

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

end

end;
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The child care problem

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

coend;
end.
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Mutama?

3axapuje Pagunsojesuh, Cana [lenyen
EnektpoTexHndkmn dakynrer
YHuBep3uteT y beorpaay
zaki@etf.rs, sanjad@etf.rs




