different

different levels of abstraction



or
writers at the write gate waiting to enter CS

See Chapter 17 in the Harmony book



Busy watting Split Blnary sewmaphores

Easy fo understand the code State tracking is complicated






mutex lock

condition variables



wait for a given condition to
hold releasing
the monitor lock

A misnomer

can neither be read nor set to a value



resource variable (RV)



Different semantics



single resource:monitor -
begin busy: Boolean; » ‘ Sipnlar construct
nonbusy :condition; condition variable proposed by Per
procedure acquire, 20
begin if busy then nonbusy.wait, < rethod R G
busy := true X
end;

procedure release;
begin busy := false,
nonbusy.signal Signal method
end;
busy := false; comment initial value;
end single resource




import synch

def Monitor(): ,
result = synchLock() 7%/ 9e

def enter(mon):
synch.acquire(mon)

L - R

def exit(mon):
synch.release(mon)

- e
N O~ Q

def Condition():
result = { .sema: synch.BinSema(True), .count: 0 }

-
e oW

def wait(cond, mon): coarting gate
cond—count += 1
exit(mon)
synch.acquire(? cond—sema)
cond—count —= 1

def signal(cond, mon):
if cond—count > 0:
synch.release(? cond—ysema)

enter(mon)

- = e
@ =N o o

passes control immediately



Hoare semantics:



import hoare

2
3 def BB(size): N + 1 seraphores
4 result = { 4
abstracted a
5 .mon: hoare.Monitor(), racces aody
6 .prod: hoare.Condition(), .cons: hoare.Condition(),
7 buf: { z:() for z in {l..size} }, .. .
- ‘head: 1, .tail: 1, Circelie casier
9 .count: 0, .size: size
10 }
12 def put(bb, item):
ester momor  hoare.enter(?bb—mon)
~ if bb—count == bb—rsize: o
15 hoare.wait(?bb—prod, ?bb—mon) cat iF ful/
16 bb—buf[bb—tail| = item
17 bb—tail = (bb—tail % bb—size) + 1
18 bb—count += 1

‘o hoare.signal(?bb—cons, ?bb—mon) Signa/ a consurer
exi? montor  hoare.exit(?bb—mon)



1 import hoare

2

3 def BB(size): N + 1 seraphores

4 result = { 4

abstracted a

5 .mon: hoare.Monitor(), racted aody

6 .prod: hoare.Condition(), .cons: hoare.Condition(),

7 buf: { z:() for z in {l..size} }, .. .

; head: 1, .tail: 1, circular utter

9 .count: 0, .size: size

10 }

12 def put(bb, item):
ester momor  hoare.enter(?bb—mon)

if bb—count == bb—rsize: -

15 hoare.wait(?bb—prod, ?bb—mon) cwad i ful/

16 bb—buf[bb— tail] = item

18 bb—count += 1 4 . ” /

o hoare.signal(?bb—cons, ?7bb—mon) aon immediately
exit momZor  hoare.exit(?bb—mon) £ Chere are wating

ConsSuUuUersS



22 def get(bb):

enter momtor hoare.enter(?bb—mon)

24 if bb— count ==

25 hoare.wait(?bb— cons, 2bb—mon)  wat £ emply

26 result = bb— buf[bb—head]

27 bb—head = (bb—head % bb— size) + 1

28 bb— count —= 1

2a hoare.signal(?bb—prod, 7bb—mon)  signal a producer
exit pontor hoare.exit(?bb—mon)

5igna/0) passes the

baton immediately

£ Chere are wa/‘z‘/nﬁ
producers



Syntactically Hoare monitors

Semantically busy waiting

wait(cond. var.):

notify(cond. var.):

notifyAll(cond. var.):



hints

must be checked in

a loop
only



Hoare Mowltors

Batow passing approach

Mesa Mownltors

If at furst you don't succeed...
sleep § try again!

stgnal passes baton

woti{g (all) moves waiting
threads back to reaala quewne

Used bg most books

uwsed bg most real systems

Mesa rontors wwon

the lest of dime...




1
2
3
1
5
6
T
8
o

def Cond:i.tion(): Condition: consists of a
result = bas-“‘PtY() Adg of threads a.)a/ffnﬂ

def wait(ec, lk):
var cnt = 0
let _, ctz = save(): art: unlock+add Zhread
atomically: context Co Aag of warlers
ent = bagmultiplicity(le, ctz)
lc = bag.add(!c, ctx)
Ik = False
atomically when (not !lk) and (bag.multiplicity(le, ctz) <= cnt):
\lk = True
def notify (c): noz‘/f’y-' remove one toaler From
atomically if !c != bag.empty(): Zhe 5@5 of’ suspended threads
!¢ = bag.remove(!c, bag.bchoose(!c))

def notifyAll(c):

lc = bag.empty() "Oz"lf,}/ Al remove all waters Fror

Zhe Aag of” Suspended Chreads



def RWlock():
result = { .nreaders: 0, .nwriters: 0 }

def read acquire(rw):
atomically when rw—nwriters == 0:
rw-snreaders 4= 1

def read release(rw):
atomically rw-nreaders —= 1

1
3
3
4
s
a
T
L
9

def write acquire(rw):
atomically when (rw—nreaders + rw—nwriters) == 0:
rw-snwriters = 1

def write release(rw):
atomically rw—nwriters = 0




from synch import Lock, acquire, release

def RWlock():
result = { .lock: Lock(), .nreaders: 0, .nwriters: 0 }

def read ac -
e 3 e [ TZ has the samre
while rw—nuriters > 0:
? .
Hbonres Lol behaviors as the
rw-snreaders 4= 1
release(?rw—lock)

L R B B R

/’Mp/ ementcdion!

def read release(rw):
acquire(?rw-+lock)
rw—snreaders —= 1
release(?rw-+lock)

dﬁ;ﬁ:ﬁ?ﬁfﬁ)’) Process COnZ‘/nL(oa\S/y
while (rw—rnreaders + rw—nuriters) > 0:
release(?rw—lock) Schedet/ed Zo ffy Zo
acquire(?rw-»lock)
Tt mriiers = 1 332‘ Che lock even i£ i

release(?rw—+lock)
def write.release(rw): 1S not avarl QA/ e
acquire(?rw—+lock)

rw—snwriters = 0
release(?rw—lock)

g gy RER







def read_acquire(rw):
acquire(? rw—mutex)
w—nwriters > 0: Sipilar 2o
wait(?rw—r_cond, 7rw—mutex) 5 _ Y W
rw—nreaders += 1
release(?rw—mutex)

Z‘/‘ng

def read_release(rw):
acquire(? rw—mutex)
rw—nreaders —= 1
if m-)meade‘rs == : bud needs 2his
notify(?rw—w_cond)
release(?rw—mutex)




def write_acquire(rw):
: u.ire(?rzu—)mutex)
rw—nreaders + rw—nwriters) > 0:
wait(?rw—w_cond, ?rw—mutex) 5 . .
rw—nwriters = 1 Busy Waiting
release(? rw—mutex)

def write_release(rw):
acquire(?rw—mutex)
rw—nwriters = 0 :
notifyAll(?rw—r_cond)  don? forget
notify (?rw—w_cond) ayycnel
release(? rw—mutex)




| Busy waiting

Use a Lock
and a Loop

SPLL‘C Bl ry
Semaphores

Uuse a collection of
binary semaphores

Mesa Mowltors

Use a lock, a collectlon
of condition variables,
and a Loop

Easgj to
wrtite the code

Just follow the recipe

Notifying s tricky

Basy to understand
the code

T'ricleg to understand if
You don’t Rnow the recipe

Basy to understand the code

OR-Lsh for true
multieore, but bad
for virtual threads

Good for virtual threading.
Thread only runs whew it
can make progress

Good for both multicore and
virtwal threading




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

<

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid eat();
facetime Karthik();
facetime_Gma();
BK.kid eat();

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running



Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

<

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook _main() {

<

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}

J Running

girl executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook _main() {

<

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}

J Running

girl back on ready Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook _main() {

<

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}

J Running

cook gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

<

void kid_eat() {

mlock.acquire()

while (numburgers==0)
hungrykid.wait()

numburgers -= 1

mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}

J Running

cook executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

<

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}

J Running

cook back on ready Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

<

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}

J Running

boy gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy tries to enter monitor




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy tries to enter monitor




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy back on ready Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid main() {

*dig_in_mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();
BK.kid eat();

cook_main() {

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl tries to enter monitor




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

monitor has lock Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl placed on lock Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

wake();
shower();
drive_to_work();

hile(not 5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
Running

cook executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
Running

girl tries to enter monitor




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
Running

girl placed on lock Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
*ﬂlock.acquir‘e()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
Running

boy (with lock) gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

}

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
Running

no burgers




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy releases monitor lock & waits for hungrykid signal




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook joins ready Q with release of monitor lock




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

vpid makeburger() {
lock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
Running

cook gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
+numburger;
hungrykid.notify();
mlock.release()

}
Running

cook acquires monitor lock




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
ungrykid.notify();
mlock.release()

}
Running

cook makes a burger




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();

:::>mlock.release()
}
}

Running

cook signals a hungry kid




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;

hungrykid.notify();

mlock.release()

Running

cook releases monitor lock; girl goes back to ready Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
while(not _5pm)

K.makeburger();

ve_to home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook leaves monitor




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook moved to ready Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

vaid kid _eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
lock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl acquires monitor lock




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
hile (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
* hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

}

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

Mmmm... burgers...




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
lock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl eats burger




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1

Inﬂock.release()

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();
BK.kid eat();

}
J Running

girl releases monitor lock




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
.kid_eat();
bathe();
draw_on_walls();
BK.kid _eat();
facetime_Karthik();
facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl leaves monitor




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

girl moved to ready Q




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy gets the CPU




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid eat();
facetime Karthik();

facetime_Gma();
BK.kid eat();

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();

} sleep();

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy acquires monitor lock




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy returns from wait




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy executes




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

no burgers




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

boy releases monitor lock and waits for hungrykid signal




Kid and Cook Threads

Monitor BurgerKing {
Lock mlock;

Q.
int numburgers = 0;
condition hungrykid;

Q.

void kid_eat() {
mlock.acquire()
while (numburgers==0)
hungrykid.wait()
numburgers -= 1
mlock.release()

kid_main() { cook_main() {

wake();
shower();
drive_to_work();
hile(not 5pm)
BK.makeburger();
drive_to_home();
watch_got();
sleep();

dig in mud();
BK.kid eat();

*athe();

draw_on_walls();
BK.kid _eat();
facetime_Karthik();

facetime _Gma();

BK.kid eat(); }

void makeburger() {
mlock.acquire()
++numburger;
hungrykid.notify();
mlock.release()

}
J Running

cook gets the CPU









