
H
ard R

eal-Tim
e 

G
arbage C

ollection in 
Java V

irtual M
achines

. . .to
w

a
rd

s u
n

restricted
 rea

l-tim
e

p
ro

g
ra

m
m

in
g

 in
 J

a
v

a

F
ridtjof S

iebert, IP
D

, U
niversity of K

arlsruhe

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

1
Jam

aica System
s



S
tructure

•
E

x
isitin

g
 G

C
 T

ech
n

iq
u

es

•
D

efin
itio

n
 o

f R
ea

l-T
im

e G
a

rb
a

g
e C

o
llectio

n

•
J

a
m

a
ica

’s G
a

rb
a

g
e C

o
llecto

r

•
E

x
a

m
p

le

•
C

o
n

clu
sio

n

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

2
Jam

aica System
s



G
arbage C

ollection
A

u
to

m
a

tic recla
m

a
tio

n
 o

f u
n

u
sed

 m
em

o
ry

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

3
Jam

aica System
s

R
oot S

canning

M
ark

S
w

eep

C
om

pact



W
hy is R

eal-Tim
e G

C
 

so difficult in Java?
•

A
llo

ca
tio

n
 is a

n
 in

teg
ra

l p
a

rt o
f 

J
a

v
a

 p
ro

g
ra

m
m

in
g

•
J

a
v

a
 is M

u
lti-T

h
rea

d
ed

•
J

a
v

a
 O

b
jects a

n
d

 A
rra

y
s m

a
y

 b
e

o
f v

ery
 d

ifferen
t sizes

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

4
Jam

aica System
s



E
xisting Im

plem
entations

è
B

lo
ck

in
g

è
G

en
era

tio
n

a
l, A

g
e B

a
sed

è
C

o
n

cu
rren

t
G

C
 a

s sep
a

ra
te th

rea
d

è
’R

ea
l-T

im
e’-T

h
rea

d
s

R
ea

l-T
im

e co
d

e u
ses su

b
set

o
f J

a
v

a
 la

n
g

a
g

e H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

5
Jam

aica System
s

‘old’area
G

C
ed area

H
eap:

A
g

e:
you

n
g

→
old



D
efinition of R

eal-Tim
e G

C
R

ea
l-T

im
e G

a
rb

a
g

e C
o

llectio
n

 m
ea

n
s

•
H

a
rd

 u
p

p
er b

o
u

n
d

s fo
r ex

ecu
tio

n
 tim

e
o

f a
n

y
 o

p
era

tio
n

.

•
A

n
y

 o
p

era
tio

n
 m

u
st su

cceed
 in

 d
esired

 w
a

y

•
H

a
rd

 u
p

p
er b

o
u

n
d

 fo
r p

re-em
p

tio
n

 d
ela

y

F
o

r th
e im

p
lem

en
ta

tio
n

 to
 b

e u
sefu

l

•
U

p
p

er b
o

u
n

d
s fo

r ex
ecu

tio
n

 tim
e m

u
st b

e
sh

o
rt (in

 th
e o

rd
er o

f µsec/n
sec)

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

6
Jam

aica System
s



D
efinition of R

eal-Tim
e G

C
O

p
era

tio
n

s th
a

t a
re a

ffected
 b

y
 G

C
 a

re 

•
M

em
o

ry
 rea

d
s (a

ccesses to
 o

b
jects, a

rra
y

s)
(rea

d
-b

a
rrier co

d
e?)

•
M

em
o

ry
 w

rites 
(w

rite-b
a

rrier co
d

e?)

•
A

llo
ca

tio
n

 o
f o

b
jects

(recy
clin

g
 w

o
rk

!)

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

7
Jam

aica System
s



R
eal Tim

e G
arbage C

ollection 
in the 

Jam
aica

Virtual M
achine

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

8
Jam

aica System
s



R
oot S

canning
R

o
o

t sca
n

n
in

g
 ty

p
ica

lly
 ca

u
ses th

e b
ig

g
est

p
ro

b
lem

s in
 rea

l-tim
e g

a
rb

a
g

e co
llectio

n
:

•
N

eed
 to

 sto
p

 th
rea

d
s fo

r a
 lo

n
g

 tim
e!

In
 th

e J
a

m
a

ica
 V

irtu
a

l M
a

ch
in

e:

•
A

ll life refs a
re a

lso
 sto

red
 o

n
 th

e h
ea

p

•
T

h
ere is o

n
ly

 o
n

e sin
g

le ro
o

t p
o

in
ter

⇒
R

o
o

t sca
n

n
in

g
 is a

 rea
l-tim

e o
p

era
tio

n

⇒
B

u
t, a

d
d

itio
n

a
l o

v
erh

ea
d

 o
f w

ritin
g

 2-3 refs
o

n
 ev

ery
 ca

ll (u
sin

g
 w

rite-b
a

rrier!)

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

9
Jam

aica System
s



F
ragm

entation
A

v
o

id
 fra

g
m

en
ta

tio
n

 w
ith

o
u

t u
sin

g
 h

a
n

d
les

a
n

d
 m

o
v

in
g

 o
b

jects:

•
H

ea
p

 is a
rra

y
 o

f b
lo

ck
s o

f th
e sa

m
e size

•
A

t lea
st o

n
e su

ch
 b

lo
ck

 u
sed

 fo
r ev

ery
 J

a
v

a
o

b
ject a

llo
ca

ted

•
L

a
rg

er o
b

jects a
re rep

resen
ted

 a
s a

 g
ra

p
h

o
f th

ese b
lo

ck
s

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

10
Jam

aica System
s



O
bject Layout

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

11
Jam

aica System
s

Type

B
lock 1:

F
ield 1

F
ield 2

Link

F
ield 6

B
lock 3:

F
ield 7

——

F
ield 3

B
lock 2:

F
ield 4

F
ield 5

Link



G
C

 A
lgorithm

•
S

im
p

le in
crem

en
ta

l 
m

a
rk

 &
 sw

eep
 

g
a

rb
a

g
e co

llecto
r

•
D

o
es n

o
t k

n
o

w
 a

b
o

u
t

J
a

v
a

 o
b

jects, ju
st

w
o

rk
s w

ith
 b

lo
ck

s

•
T

a
g

g
in

g
 is u

sed
 to

 
id

en
tify

 referen
ces

•
O

n
e w

o
rd

 p
er o

b
ject

reserv
ed

 fo
r co

lo
u

r H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

12
Jam

aica System
s

R
oot S

canning

M
ark

S
w

eep

C
om

pact



H
eap Layout

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

13
Jam

aica System
s

B
locks

tag bits
C

olours



G
C

 A
ctivation

A
 G

C
 ru

n
n

in
g

 a
s a

 sep
a

ra
te th

rea
d

 w
ith

 n
o

in
fo

rm
a

tio
n

 o
n

 th
e a

p
p

lica
tio

n
 m

ig
h

t n
o

t
recy

cle en
o

u
g

h
 m

em
o

ry
 o

r u
se to

o
 m

u
ch

 
C

P
U

 tim
e.

⇒
C

o
u

p
le G

C
 a

ctiv
ity

 w
ith

 a
llo

ca
tio

n
 in

 
a

p
p

lica
tio

n
 th

rea
d

s.

⇒
A

m
o

u
n

t o
f G

C
 w

o
rk

 is d
eterm

in
ed

 
d

y
n

a
m

ica
lly

 a
s fu

n
ctio

n
 o

f a
m

o
u

n
t o

f
free m

em
o

ry

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

14
Jam

aica System
s



G
C

 A
ctiviation

W
ith

 th
is

⇒
A

m
o

u
n

t o
f G

C
 w

o
rk

 is a
d

ju
sted

 
d

y
n

a
m

ica
lly

 a
s n

eed
ed

 b
y

 a
p

p
lica

tio
n

⇒
N

o
 a

llo
ca

tio
n

 m
ea

n
s n

o
 G

C
 w

o
rk

 a
t a

ll

⇒
G

C
 ca

n
 g

u
a

ra
n

tee a
n

 u
p

p
er b

o
u

n
d

 o
f

a
llo

ca
tio

n
 tim

e fo
r a

n
y

 a
p

p
lica

tio
n

 w
ith

 
lim

ited
 m

em
o

ry
 d

em
a

n
d

⇒
T

ra
d

e o
ff b

etw
een

 th
is u

p
p

er b
o

u
n

d
 a

n
d

 
h

ea
p

 size is p
o

ssib
le

H
ard R

eal-Tim
e G

arbage C
ollection in Java Virtual M

achines

15
Jam

aica System
s



E
xam

ple
public class HelloWorld { 

public static void main(String[] args) { 
int n,s,c; 
if (args.length > 0) { 

n = Integer.parseInt(args[0]); 
} else { 

n = 30; 
} s = 0; 
c = 14; 
for(int i=0; i<n; i++) {

String s1 = "                    ".substring(s+14); 
String s2 = "                    ".substring(s/2+7); 
System.out.println(s1+"Hello "+s2+"World!"); 
s = s + c / 4; 
c = c - s / 4; 

} 
} 

}
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> jamaica -analyse 5 HelloWorld 
> HelloWorld 

Hello        World! 
Hello       World! 

Hello     World! 
[...]
### Application used at most 165664 bytes for Java heap
### Non-Java heap memory used: 49808 bytes. 
###
###   heapSize    worst case allocation overhead:    
###   373k               7
###   319k              10
###   292k              14
###   280k              16
###   265k              21
###   251k              28 
###   239k              40
###   219k             138
###   215k             286
> 
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