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1 
2 

P
a
rsin

g
  

•
A

 g
ram

m
ar d

escrib
es th

e strin
g

s o
f to

k
en

s th
at are 

sy
n

tactically
 leg

al in
 a P

L
 

•
A

 reco
g

n
iser sim

p
ly

 accep
ts o

r rejects strin
g

s.  

•
A

 g
en

erato
r p

ro
d

u
ces sen

ten
ces in

 th
e lan

g
u

ag
e d

escrib
ed

 b
y

 

th
e g

ram
m

ar 

•
A

 p
a
rser co

n
stru

ct a d
eriv

atio
n

 o
r p

arse tree fo
r a sen

ten
ce (if 

p
o
ssib

le) 

•
T

w
o
 co

m
m

o
n
 ty

p
es o

f p
arsers: 

–
b

o
tto

m
-u

p
 o

r d
ata d

riv
en

 

–
to

p
-d

o
w

n
 o

r h
y
p

o
th

esis d
riv

en
 

•
A

 recu
rsive d

escen
t p

a
rser is a w

ay
 to

 im
p

lem
en

t a to
p

-d
o

w
n 

p
arser th

at is p
articu

larly
 sim

p
le. 

3 

T
o

p
 d

o
w

n
 v

s. b
o
tto

m
 u

p
 p

a
rsin

g 

•
T

h
e p

arsin
g

 p
ro

b
lem

 is to
 co

n
n

ect th
e ro

o
t n

o
d

e S
 

w
ith

 th
e tree leav

es, th
e in

p
u

t 

•
T

o
p

-d
o
w

n
 p

a
rsers: starts co

n
stru

ctin
g

 th
e p

arse  
tree at th

e to
p

 (ro
o

t) o
f th

e p
arse tree an

d
 m

o
v

e 
d

o
w

n
 to

w
ard

s th
e leav

es. E
asy

 to
 im

p
lem

en
t 

b
y
 h

an
d
, b

u
t w

o
rk

 w
ith

 restricted
 g

ram
m

ars. 
ex

am
p

les:  

-
P

red
ictiv

e p
arsers (e.g

., L
L

(k
)) 

•
B

o
tto

m
-u

p
 p

a
rsers: b

u
ild

 th
e n

o
d

es o
n

 th
e b

o
tto

m
 o

f th
e 

p
arse tree first. S

u
itab

le fo
r au

to
m

atic p
arser g

en
eratio

n
, 

h
an

d
le a larg

er class o
f g

ram
m

ars. ex
am

p
les:  

–
sh

ift-red
u
ce p

arser (o
r L

R
(k) p

arsers) 

•
B

o
th

 are g
en

eral tech
n

iq
u

es th
at can

 b
e m

ad
e to

 w
o

rk
 fo

r all 
lan

g
u

ag
es (b

u
t n

o
t all g

ram
m

ars!). 

S
 

A
 =

 1
 +

 3
 *

 4
 / 5
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T
o

p
 d

o
w

n
 v

s. b
o
tto

m
 u

p
 p

a
rsin

g 

•
B

o
th

 are g
en

eral tech
n

iq
u

es th
at can

 b
e m

ad
e to

 w
o

rk 

fo
r all lan

g
u

ag
es (b

u
t n

o
t all g

ram
m

ars!). 

•
R

ecall th
at a g

iv
en

 lan
g

u
ag

e can
 b

e d
escrib

ed
 b

y
 

sev
eral g

ram
m

ars. 

•
B

o
th

 o
f th

ese g
ram

m
ars d

escrib
e th

e sam
e lan

g
u

ag
e 

E
 
-
>
 
E
 
+
 
N
u
m
 

E
 
-
>
 
N
u
m
 

E
 
-
>
 
N
u
m
 
+
 
E
 

E
 
-
>
 
N
u
m
 

•
T

h
e first o

n
e, w

ith
 it’s left recu

rsio
n

, cau
ses 

p
ro

b
lem

s fo
r to

p
 d

o
w

n
 p

arsers. 

•
F

o
r a g

iv
en

 p
arsin

g
 tech

n
iq

u
e, w

e m
ay

 h
av

e to
 

tran
sfo

rm
 th

e g
ram

m
ar to

 w
o

rk
 w

ith
 it. 



2 

5 

•
H

o
w

 h
ard

 is th
e p

arsin
g
 task

? 

•
P

arsin
g
 an

 arb
itrary

 C
o
n
tex

t F
ree G

ram
m

ar is O
(n

3), e.g
., it 

can
 tak

e tim
e p

ro
p

o
rtio

n
al th

e cu
b

e o
f th

e n
u

m
b

er o
f sy

m
b

o
ls 

in
 th

e in
p

u
t. T

h
is is b

ad
! 

•
If w

e co
n
strain

 th
e g

ram
m

ar so
m

ew
h
at, w

e can
 alw

ay
s p

arse 

in
 lin

ear tim
e.  T

h
is is g

o
o

d
! 

•
L

in
ear-tim

e p
arsin

g
 

–
L

L
 p

arsers  

•
R

eco
g

n
ize L

L
 g

ram
m

ar 

•
U

se a to
p
-d

o
w

n
 strateg

y
 

–
L

R
 p

arsers 

•
R

eco
g

n
ize L

R
 g

ram
m

ar 

•
U

se a b
o

tto
m

-u
p

 strateg
y

 

P
a
rsin

g
 co

m
p

lex
ity 

•
L

L
(n

) : L
eft to

 rig
h

t, 
L

eftm
o
st d

eriv
a
tio

n
, 

lo
o
k

 a
h

ea
d

 a
t m

o
st n

 
sy

m
b

o
ls. 

•
L

R
(n

) : L
eft to

 rig
h

t, 
R

ig
h

t d
eriv

a
tio

n
, 

lo
o
k

 a
h

ea
d

 a
t m

o
st n

 
sy

m
b

o
ls. 

6 

T
o
p

 D
o
w

n
 P

a
rsin

g
 M

eth
o
d

s 

•
S

im
p

lest m
eth

o
d

 is a fu
ll-b

ack
u

p
, recu

rsive d
escen

t 

p
arser 

•
O

ften
 u

sed
 fo

r p
arsin

g
 sim

p
le lan

g
u
ag

es 

•
W

rite recu
rsiv

e reco
g

n
izers (su

b
ro

u
tin

es) fo
r each

 

g
ram

m
ar ru

le 

–
If ru

les su
cceed

s p
erfo

rm
 so

m
e actio

n
 (i.e., b

u
ild

 a 

tree n
o

d
e, em

it co
d

e, etc.) 

–
If ru

le fails, retu
rn

 failu
re.  C

aller m
ay

 try
 an

o
th

er 

ch
o

ice o
r fail 

–
O

n
 failu

re it “b
ack

s u
p

”  

7 

T
o
p

 D
o
w

n
 P

a
rsin

g
 M

eth
o
d

s 

•
P

ro
b
lem

s 

–
W

h
en

 g
o
in

g
 fo

rw
ard

, th
e p

arser co
n
su

m
es to

k
en

s 

fro
m

 th
e in

p
u

t, so
 w

h
at h

ap
p

en
s if w

e h
av

e to
 b

ack
 

u
p

? 

–
A

lg
o

rith
m

s th
at u

se b
ack

u
p

 ten
d

 to
 b

e, in
 g

en
eral, 

in
efficien

t 

–
G

ram
m

ar ru
les w

h
ich

 are left-recu
rsiv

e lead
 to

 n
o

n
-

term
in

atio
n

! 

8 

R
ecu

rsiv
e D

ecen
t P

a
rsin

g
 E

x
a
m

p
le 

E
x
a

m
p

le
: F

o
r th

e
 g

ra
m

m
a

r: 

 
<
t
e
r
m
>
 
-
>
 
<
f
a
c
t
o
r
>
 
{
(
*
|
/
)
<
f
a
c
t
o
r
>
}
*
 

W
e co

u
ld

 u
se th

e fo
llo

w
in

g
 recu

rsiv
e
 

d
escen

t p
arsin

g
 su

b
p

ro
g

ram
 (th

is o
n

e is 
w

ritten
 in

 C
) 

 
 
v
o
i
d
 
t
e
r
m
(
)
 
{
 
 

 
 
 
 
f
a
c
t
o
r
(
)
;
 
 
 
 
 
/
*
 
p
a
r
s
e
 
f
i
r
s
t
 
f
a
c
t
o
r
*
/
 

 
 
 
 
w
h
i
l
e
 
(
n
e
x
t
_
t
o
k
e
n
 
=
=
 
a
s
t
_
c
o
d
e
 
|
|
 
 

 
 
 
 
 
 
 
 
 
 
n
e
x
t
_
t
o
k
e
n
 
=
=
 
s
l
a
s
h
_
c
o
d
e
)
 
{
 

 
 
 
 
 
 
l
e
x
i
c
a
l
(
)
;
 
 
/
*
 
g
e
t
 
n
e
x
t
 
t
o
k
e
n
 
*
/
 

 
 
 
 
 
 
f
a
c
t
o
r
(
)
;
 
 
 
/
*
 
p
a
r
s
e
 
n
e
x
t
 
f
a
c
t
o
r
 
*
/
 

 
 
 
 
}
 

 
 
}
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9 

P
ro

b
lem

s 

•
S

o
m

e g
ram

m
ars cau

se p
ro

b
lem

s fo
r to

p
 

d
o

w
n

 p
arsers. 

•
T

o
p

 d
o

w
n

 p
arsers d

o
 n

o
t w

o
rk

 w
ith

 left-
recu

rsiv
e g

ram
m

ars. 

–
E

.g
., o

n
e w

ith
 a ru

le lik
e: E

 ->
 E

 +
 T

 

–
W

e can
 tran

sfo
rm

 a left-recu
rsiv

e g
ram

m
ar in

to
 

o
n

e w
h

ich
 is n

o
t. 

•
A

 to
p

 d
o

w
n

 g
ram

m
ar can

 lim
it b

ack
track

in
g 

if it o
n

ly
 h

as o
n

e ru
le p

er n
o

n
-term

in
al 

–
T

h
e tech

n
iq

u
e o

f ru
le facto

rin
g

 can
 b

e u
sed

 to
 

elim
in

ate m
u

ltip
le ru

les fo
r a n

o
n

-term
in

al. 

1
0 

L
eft-recu

rsiv
e g

ra
m

m
a

rs 

•
A

 g
ram

m
ar is left recu

rsiv
e if it h

as ru
les lik

e  
X
 
-
>
 
X
 
 
 

•
O

r if it h
as in

d
irect left recu

rsio
n

, as in
  

X
 
-
>
 
A
 
 

A
 
-
>
 
X
 

•
Q

: W
h

y
 is th

is a p
ro

b
lem

?  

–
A

: it can
 lead

 to
 n

o
n

-term
in

atin
g

 recu
rsio

n
! 

•
C

o
n
sid

er 

E
 
-
>
 
E
 
+
 
N
u
m
 

E
 
-
>
 
N
u
m
 

•
W

e can
 m

an
u

ally
 o

r au
to

m
atically

 rew
rite a g

ram
m

ar to
 

rem
o

v
e left-recu

rsio
n

, m
ak

in
g

 it su
itab

le fo
r a to

p
-d

o
w

n
 

p
arser. 

11 

E
lim

in
a
tio

n
 o

f L
eft R

ecu
rsio

n 

•
C

o
n

sid
er th

e left-recu
rsiv

e 

g
ram

m
ar 

S
 

 
S
 

 

S
 
-
>
 
 

•
S

 g
en

erates strin
g
s  

  
  

 

…
 

•
R

ew
rite u

sin
g
 rig

h
t-

recu
rsio

n
 

S
 

 
 
S
’
 

S
’
 

 
 
S
’
|
 
 

•
C

o
n

cretely
 

T
 
-
>
 
T
 
+
 
i
d
 

T
-
>
 
i
d
 

•
T

 g
en

erates strin
g
s 

id
 

id
+

id
 

id
+

id
+

id
 

…
 

•
R

ew
rite u

sin
g

 rig
h

t-
recu

rsio
n
 

T
 
-
>
 
i
d
 
T
’
 

T
’
 
-
>
 
i
d
 
T
’
 

T
’
 
-
>
 

 

1
2 

M
o
re E

lim
in

a
tio

n
 o

f L
eft-R

ecu
rsio

n 

•
In

 g
en

eral 

S
 

 S
 

1  | …
 | S

 
n  | 

1  | …
 | 

m
 

•
A

ll strin
g

s d
eriv

ed
 fro

m
 S

 start w
ith

 o
n

e o
f 

1 ,

…
,

m
 an

d
 co

n
tin

u
e w

ith
 sev

eral in
stan

ces o
f 

1 ,

…
,

n   

•
R

ew
rite as 

S
 

 
1  S

’ | …
 | 

m
 S

’
 

S
’ 

 
1  S

’ | …
 | 

n
 S

’ | 
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1
3 

G
en

era
l L

eft R
ecu

rsio
n 

•
T

h
e g

ram
m

ar  

S
 

 A
 

 | 
 

A
 

 S
 

 

is also
 left-recu

rsiv
e b

ecau
se 

S
 

+ S
 

 
 

w
h

ere 
+ m

ean
s “can

 b
e rew

ritten
 in

 o
n

e o
r 

m
o

re step
s” 

•
T

h
is in

d
irect left-recu

rsio
n

 can
 also

 b
e 

au
to

m
atically

 elim
in

ated
 

1
4 

S
u

m
m

a
ry

 o
f R

ecu
rsiv

e D
escen

t 

•
S

im
p

le an
d

 g
en

eral p
arsin

g
 strateg

y
 

–
L

eft-recu
rsio

n
 m

u
st b

e elim
in

ated
 first 

–
…

 b
u

t th
at can

 b
e d

o
n

e au
to

m
atically

 

•
U

n
p

o
p

u
lar b

ecau
se o

f b
ack

track
in

g
 

–
T

h
o

u
g

h
t to

 b
e to

o
 in

efficien
t 

•
In

 p
ractice, b

ack
track

in
g

 is elim
in

ated
 b

y
 

restrictin
g

 th
e g

ram
m

ar, allo
w

in
g

 u
s to

 

su
ccessfu

lly
 p

red
ict w

h
ich

 ru
le to

 u
se. 

1
5 

P
red

ictiv
e P

a
rser 

•
A

 p
red

ictiv
e p

a
rser u

ses in
fo

rm
atio

n
 fro

m
 th

e first 
term

in
a

l sym
b

o
l o

f each
  ex

p
ressio

n
 to

 d
ecid

e 
w

h
ich

 p
ro

d
u

ctio
n

 to
 u

se. 

•
A

 p
red

ictiv
e p

arser is also
 k

n
o

w
n

 as an
 L

L
(k

) 
p

arser b
ecau

se it d
o

es a L
eft-to

-rig
h

t p
a

rse, a 
L

eftm
o

st-d
eriva

tio
n

, an
d

 k
-sym

b
o

l lo
o

k
a

h
ea

d
. 

•
A

 g
ram

m
ar in

 w
h

ich
 it is p

o
ssib

le to
 d

ecid
e w

h
ich

 
p

ro
d

u
ctio

n
 to

 u
se ex

am
in

in
g

 o
n

ly
 th

e first to
k

en
 (as 

in
 th

e p
rev

io
u

s ex
am

p
le) are called

 L
L

(1
) 

•
L

L
(1

) g
ram

m
ars are w

id
ely

 u
sed

 in
 p

ractice. 

–
T

h
e sy

n
tax

 o
f a P

L
 can

 b
e ad

ju
sted

 to
 en

ab
le it to

 b
e 

d
escrib

ed
 w

ith
 an

 L
L

(1
) g

ram
m

ar. 

1
6 

P
red

ictiv
e P

a
rser 

E
x

am
p

le: co
n

sid
er th

e g
ram

m
ar 

S
 

 if E
 th

en
 S

 else S
 

S
 

 b
eg

in
 S

 L
 

S
 

 p
rin

t E
 

L
 

 en
d

 

L
 

 ; S
 L

 

E
 

 n
u
m

 =
 n

u
m

 

A
n
 S

 ex
p
ressio

n
 starts eith

er w
ith

 

an
 IF

, B
E

G
IN

, o
r P

R
IN

T
 to

k
en

, 

an
d

 an
 L

 ex
p
ressio

n
 start w

ith
 an

 
E

N
D

 o
r a S

E
M

IC
O

L
O

N
 to

k
en

,  

an
d

 an
 E

 ex
p
ressio

n
 h

as o
n
ly

 o
n
e 

p
ro

d
u

ctio
n

. 
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1
7 

R
em

em
b

er…
 

•
G

iv
en

 a g
ram

m
ar an

d
 a strin

g
 in

 th
e lan

g
u

ag
e 

d
efin

ed
 b

y
 th

e g
ram

m
ar…

 

•
T

h
ere m

ay
 b

e m
o

re th
an

 o
n

e w
ay

 to
 d

eriv
e th

e 

strin
g

 lead
in

g
 to

 th
e sam

e p
arse tree 

–
it ju

st d
ep

en
d

s o
n

 th
e o

rd
er in

 w
h

ich
 y

o
u

 ap
p

ly
 th

e ru
les 

–
an

d
 w

h
at p

arts o
f th

e strin
g

 y
o

u
 ch

o
o

se to
 rew

rite n
ex

t 

•
A

ll o
f th

e d
eriv

atio
n

s are v
alid

 

•
T

o
 sim

p
lify

 th
e p

ro
b

lem
 an

d
 th

e alg
o

rith
m

s, w
e  

o
ften

 fo
cu

s o
n

 o
n

e o
f 

–
A

 leftm
o

st d
eriv

atio
n

 

–
A

 rig
h

tm
o

st d
eriv

atio
n

 

1
8 

L
L

(k
) a

n
d

 L
R

(k
) p

a
rsers 

•
T

w
o

 im
p

o
rtan

t classes o
f p

arsers are called
  L

L
(k

) p
arsers an

d
 

L
R

(k
) p

arsers. 

•
T

h
e n

am
e L

L
(k

) m
ean

s: 

–
L

 - L
eft-to

-rig
h

t scan
n

in
g

 o
f th

e in
p

u
t 

–
L

 - C
o

n
stru

ctin
g

 leftm
o

st d
eriva

tio
n

 

–
k

 –
 m

ax
 n

u
m

b
er o

f in
p

u
t sy

m
b

o
ls n

eed
ed

 to
 select a p

arser actio
n 

•
T

h
e n

am
e L

R
(k

) m
ean

s: 

–
L

 - L
eft-to

-rig
h

t scan
n

in
g

 o
f th

e in
p

u
t 

–
R

 - C
o

n
stru

ctin
g

 rig
h

tm
o

st d
eriva

tio
n
 in

 rev
erse 

–
k

 –
 m

ax
 n

u
m

b
er o

f in
p

u
t sy

m
b

o
ls n

eed
ed

 to
 select a p

arser actio
n 

•
S

o
, a L

R
(1

) p
arser n

ev
er n

eed
s to

 “lo
o

k
 ah

ead
” m

o
re th

an
 o

n
e in

p
u

t 

to
k

en
 to

 k
n

o
w

 w
h

at p
arser p

ro
d

u
ctio

n
 to

 ap
p

ly
 n

ex
t. 

1
9 

P
red

ictiv
e P

a
rsin

g
 a

n
d

  L
eft F

a
cto

rin
g 

•
C

o
n

sid
er th

e g
ram

m
ar 

E
 

 
T
 
+
 
E
 

E
 

 
T
 

T
 

 
i
n
t
 

T
 

 
i
n
t
 
*
 
T
 

T
 

 
(
 
E
 
)
 

•
H

ard
 to

 p
red

ict b
ecau

se 

–
F

o
r T

, tw
o
 p

ro
d
u
ctio

n
s start w

ith
 in

t 

–
F

o
r E

, it is n
o

t clear h
o

w
 to

 p
red

ict w
h

ich
 ru

le to
 u

se 

•
A

 g
ram

m
ar m

u
st b

e left-fa
cto

red
 b

efo
re u

se fo
r p

red
ictiv

e 

p
arsin

g
 

•
L

eft-facto
rin

g
 in

v
o

lv
es rew

ritin
g

 th
e ru

les so
 th

at, if a n
o

n
-

term
in

al h
as m

o
re th

an
 o

n
e ru

le, each
 b

eg
in

s w
ith

 a 

term
in

a
l. 

2
0 

L
eft-F

a
cto

rin
g
 E

x
a
m

p
le 

E
 

 
T
 
+
 
E
 

E
 

 
T
 

T
 

 
i
n
t
 

T
 

 
i
n
t
 
*
 
T
 

T
 

 
(
 
E
 
)
 

E
 

 
T
 
X
 

X
 

 
+
 
E
 

X
 

 
 
 

T
 

 
(
 
E
 
)
 

T
 

 
i
n
t
 
Y
 

Y
 

 
*
 
T
 

Y
 

 
 
 

A
d
d
 n

ew
 n

o
n
-term

in
als to

 facto
r o

u
t co

m
m

o
n

 p
refix

es o
f ru

les 
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2
1 

L
eft F

a
cto

rin
g 

•
C

o
n

sid
er a ru

le o
f th

e fo
rm

 

A
 ->

 a B
1
 | a B

2
 | a B

3
 | …

 a B
n
                    

•
A

 to
p

 d
o

w
n

 p
arser g

en
erated

 fro
m

 th
is g

ram
m

ar is n
o

t 
efficien

t as it req
u

ires b
ack

track
in

g
.  

•
T

o
 av

o
id

 th
is p

ro
b

lem
 w

e left facto
r th

e g
ram

m
ar.  

–
co

llect all p
ro

d
u

ctio
n

s w
ith

 th
e sam

e left h
an

d
 sid

e an
d

 
b

eg
in

 w
ith

 th
e sam

e sy
m

b
o

ls o
n

 th
e rig

h
t h

an
d

 sid
e 

–
co

m
b

in
e th

e co
m

m
o

n
 strin

g
s in

to
 a sin

g
le p

ro
d

u
ctio

n
 an

d
 

th
en

 ap
p

en
d

 a n
ew

 n
o

n
-term

in
al sy

m
b

o
l to

 th
e en

d
 o

f th
is 

n
ew

 p
ro

d
u
ctio

n
 

–
create n

ew
 p

ro
d
u
ctio

n
s u

sin
g
 th

is n
ew

 n
o
n
-term

in
al fo

r 
each

 o
f th

e su
ffix

es to
 th

e co
m

m
o

n
 p

ro
d

u
ctio

n
.  

•
A

fter left facto
rin

g
 th

e ab
o

v
e g

ram
m

ar is tran
sfo

rm
ed

 in
to

:  

A
 –

>
 a A

1
 

A
1
 ->

 B
1
 | B

2
 | B

3
 …

 B
n
 

2
2 

U
sin

g
 P

a
rsin

g
 T

a
b

les 

•
L

L
(1

) m
ean

s th
at fo

r each
 n

o
n

-term
in

al an
d

 to
k

en
 th

ere is 
o

n
ly

 o
n

e p
ro

d
u

ctio
n

 

•
C

an
 b

e sp
ecified

 v
ia 2

D
 tab

les 

–
O

n
e d

im
en

sio
n

 fo
r cu

rren
t n

o
n

-term
in

al to
 ex

p
an

d
 

–
O

n
e d

im
en

sio
n
 fo

r n
ex

t to
k
en

 

–
A

 tab
le en

try
 co

n
tain

s  o
n

e p
ro

d
u

ctio
n

 

•
M

eth
o

d
 sim

ilar to
 recu

rsiv
e d

escen
t, ex

cep
t 

–
F

o
r each

 n
o

n
-term

in
al S

 

–
W

e lo
o

k
 at th

e n
ex

t to
k

en
 a 

–
A

n
d
 ch

o
se th

e p
ro

d
u
ctio

n
 sh

o
w

n
 at [S

,a] 

•
W

e u
se a stack

 to
 k

eep
 track

 o
f p

en
d

in
g

 n
o

n
-term

in
als 

•
W

e reject w
h

en
 w

e en
co

u
n

ter an
 erro

r state 

•
W

e accep
t w

h
en

 w
e en

co
u

n
ter en

d
-o

f-in
p

u
t   

 

2
3 

L
L

(1
) P

a
rsin

g
 T

a
b

le E
x
a
m

p
le 

L
eft-fa

cto
red

 g
ra

m
m

a
r 

E
 

 
T
 
X
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X
 

 
+
 
E
 
|
 
 
 

T
 

 
(
 
E
 
)
 
|
 
i
n
t
 
Y
 
 
 
 
 
 

Y
 

 
*
 
T
 
|
 
 

in
t 

* 
+ 

( 
) 

$ 

E 
T

 X
 

T
 X

 

X
 

+
 E 

 
 

T 
in

t Y
 

( E
 ) 

Y
 

*
 T

  
 

 
 

T
h

e L
L

(1
) p

a
rsin

g
 ta

b
le 

2
4 

L
L

(1
) P

a
rsin

g
 T

a
b

le E
x
a
m

p
le 

•C
o

n
sid

er th
e [E

, in
t] en

try
 

–
“W

h
en

 cu
rren

t n
o

n
-term

in
al is E

 an
d

 n
ex

t in
p

u
t is in

t, u
se p

ro
d

u
ctio

n
  E

 

  T
 X

 

–
T

h
is p

ro
d

u
ctio

n
 can

 g
en

erate an
 in
t in

 th
e first p

lace 

•C
o
n
sid

er th
e [Y

, +
] en

try
 

–
“W

h
en

 cu
rren

t n
o

n
-term

in
al is Y

 an
d

 cu
rren

t to
k

en
 is +

, g
et rid

 o
f Y

” 

–
Y

 can
 b

e fo
llo

w
ed

 b
y

 +
 o

n
ly

 in
 a d

eriv
atio

n
 w

h
ere  Y

 

•C
o

n
sid

er th
e [E

,*
] en

try
 

–
B

lan
k

 en
tries in

d
icate erro

r situ
atio

n
s 

–
“T

h
ere is n

o
 w

ay
 to

 d
eriv

e a strin
g

 startin
g

 w
ith

 *
 fro

m
 n

o
n

-term
in

al E
” 

in
t 

* 
+ 

( 
) 

$ 

E 
T

 X
 

T
 X

 

X
 

+
 E 

 
 

T 
in

t Y
 

( E
 ) 

Y
 

*
 T
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2
5 

L
L

(1
) P

a
rsin

g
 A

lg
o
rith

m
 

in
itia

liz
e
 s

ta
c
k
 =

 <
S
 $

>
 a

n
d
 n

e
x
t  

re
p
e
a
t 

   c
a
s
e
 s

ta
c
k
 o

f 
      <

X
, re

s
t>

  : if T
[X

,*
n
e
x
t] =

 Y
1 …

Y
n  

                            th
e
n
 s

ta
c
k
 

 <
Y

1 …
 Y

n  re
s
t>

; 
                            e

ls
e
  e

rro
r ();    

      <
t, re

s
t>

   : if t =
=

 *
n
e
x
t +

+
  

                            th
e
n
  s

ta
c
k
 

 <
re

s
t>

; 
                            e

ls
e
 e

rro
r (); 

u
n
til s

ta
c
k
 =

=
 <

 >
 

(1
) n

ex
t p

o
in

ts to
 th

e n
ex

t in
p

u
t to

k
en

;  

(2
) X

 m
atch

es so
m

e n
o

n
-term

in
al; 

(3
) t m

atch
es so

m
e term

in
al. 

w
h

ere: 

2
6 

L
L

(1
) P

a
rsin

g
 E

x
a

m
p

le 

S
t
a
c
k
 
 
 
 
 
 
 
 
 
 
 
 
I
n
p
u
t
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
c
t
i
o
n
 

E
 
$
 
 
 
 
 
 
 
 
 
 
 
i
n
t
 
*
 
i
n
t
 
$
 
 
 
 
 
 
 
 
p
o
p
(
)
;
p
u
s
h
(
T
 
X
)
 

T
 
X
 
$
 
 
 
 
 
 
 
 
 
i
n
t
 
*
 
i
n
t
 
$
 
 
 
 
 
 
 
 
p
o
p
(
)
;
p
u
s
h
(
i
n
t
 
Y
)
 

i
n
t
 
Y
 
X
 
$
 
 
 
 
 
i
n
t
 
*
 
i
n
t
 
$
 
 
 
 
 
 
 
 
p
o
p
(
)
;
n
e
x
t
+
+
 

Y
 
X
 
$
 
 
 
 
 
 
 
 
 
*
 
i
n
t
 
$
 
 
 
 
 
 
 
 
 
 
 
 
p
o
p
(
)
;
p
u
s
h
(
*
 
T
)
 

*
 
T
 
X
 
$
 
 
 
 
 
 
 
*
 
i
n
t
 
$
 
 
 
 
 
 
 
 
 
 
 
 
p
o
p
(
)
;
n
e
x
t
+
+
 

T
 
X
 
$
 
 
 
 
 
 
 
 
 
i
n
t
 
$
 
 
 
 
 
 
 
 
 
 
 
 
 
 
p
o
p
(
)
;
p
u
s
h
(
i
n
t
 
Y
)
 

i
n
t
 
Y
 
X
 
$
 
 
 
 
 
i
n
t
 
$
 
 
 
 
 
 
 
 
 
 
 
 
 
 
p
o
p
(
)
;
n
e
x
t
+
+
;
 

Y
 
X
 
$
 
 
 
 
 
 
 
 
 
$
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X
 
$
 
 
 
 
 
 
 
 
 
 
 
$
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

$
 
 
 
 
 
 
 
 
 
 
 
 
 
$
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
C
C
E
P
T
!
 

in
t 

* 
+ 

( 
) 

$ 

E 
T

 X
 

T
 X

 

X
 

+
 E 

 
 

T 
in

t Y
 

( E
 ) 

Y
 

*
 T
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C
o
n

stru
ctin

g
 P

a
rsin

g
 T

a
b

les 

•
L

L
(1

) lan
g

u
ag

es are th
o

se d
efin

ed
 b

y
 a p

arsin
g

 
tab

le fo
r th

e L
L

(1
) alg

o
rith

m
 

•
N

o
 tab

le en
try

 can
 b

e m
u

ltip
ly

 d
efin

ed
 

•
W

e w
an

t to
 g

en
erate p

arsin
g

 tab
les fro

m
 C

F
G

 

•
If A

 
 

, w
h

ere in
 th

e lin
e o

f A
 w

e p
lace 

 ? 

•
In

 th
e co

lu
m

n
 o

f t w
h

ere t can
 start a strin

g
 

d
eriv

ed
 fro

m
 

 

–
 

* t 
 

–
W

e say
 th

at t 
 F

irst(
) 

•
In

 th
e co

lu
m

n
 o

f t if 
 is 

 an
d

 t can
 fo

llo
w

 an
 A

 

–
S

 
* 

 A
 t 

 

–
W

e say
 t 

 F
o
llo

w
(A

) 
2
8 

C
o
m

p
u

tin
g
 F

irst S
ets 

D
efin

itio
n

:    F
irst(X

) =
 {

 t | X
 

* t
}
 

 {
 | X

 
* 

}
 

A
lg

o
rith

m
 sk

etch
 (see b

o
o

k
 fo

r d
etails): 

1
.

fo
r all term

in
als t d

o
   F

irst(t) 
 {

 t }
  

2
.

fo
r each

 p
ro

d
u

ctio
n
 X

 
 

 d
o
  F

irst(X
) 

 {
 

 }
 

3
.

if X
 

 A
1  …

 A
n  

  an
d
  

 
 F

irst(A
i ), 1

 
 i 

 n
  d

o
 

•
ad

d
 F

irst(
)  to

  F
irst(X

)  

4
.

fo
r each

 X
 

 A
1  …

 A
n  s.t. 

 
 F

irst(A
i ), 1

 
 i 

 n
 d

o
 

•
ad

d
 

 to
 F

irst(X
)  

5
.

rep
eat step

s 4
 &

 5
 u

n
til n

o
 F

irst set can
 b

e g
ro

w
n
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2
9 

F
irst S

ets. E
x
a
m

p
le 

•
R

ecall th
e g

ram
m

ar  
    E

 
 T

 X
                               X

 
 +

 E
 | 

  

    T
 

 ( E
 ) | in

t Y
                   Y

 
 *

 T
 | 

 

•
F

irst sets 

       F
irst( ( ) =

 {
 ( }

            F
irst( T

 ) =
 {

in
t, ( }

 

       F
irst( ) ) =

 {
 ) }

            F
irst( E

 ) =
 {

in
t, ( }

 

       F
irst( in

t) =
 {

 in
t }

       F
irst( X

 ) =
 {

+
, 

 }
 

       F
irst( +

 ) =
 {

 +
 }

            F
irst( Y

 ) =
 {

*
, 

 }
 

       F
irst( *

 ) =
 {

 *
 }

 
 

3
0 

C
o
m

p
u

tin
g
 F

o
llo

w
 S

ets 

•
D

efin
itio

n
: 

          F
o

llo
w

(X
) =

 {
 t | S

 
* 

 X
 t 

 }
 

•
In

tu
itio

n
 

–
If S

 is th
e start sy

m
b

o
l th

en
 $

 
 F

o
llo

w
(S

) 

–
If X

 
 A

 B
 th

en
 F

irst(B
) 

 F
o

llo
w

(A
) an

d
  

                              F
o

llo
w

(X
) 

 F
o

llo
w

(B
) 

–
A

lso
 if B

 
* 

 th
en

 F
o

llo
w

(X
) 

 F
o

llo
w

(A
) 

3
1 

C
o
m

p
u

tin
g
 F

o
llo

w
 S

ets 

A
lg

o
rith

m
 sk

etch
: 

1
.

F
o

llo
w

(S
)  

 {
 $

 }
 

2
.

F
o

r each
 p

ro
d

u
ctio

n
 A

 
 

 X
 

  

•
ad

d
  F

irst(
) - {

}
  to

  F
o

llo
w

(X
)  

3
.

F
o

r each
 A

 
 

 X
 

 w
h

ere 
 

 F
irst(

)  

•
ad

d
  F

o
llo

w
(A

)  to
  F

o
llo

w
(X

) 

•
rep

eat step
(s) _

_
_

 u
n

til n
o

 F
o

llo
w

 set 
g
ro

w
s 

3
2 

F
o
llo

w
 S

ets. E
x
a
m

p
le 

•
R

ecall th
e g

ram
m

ar  

    E
 

 T
 X

                               X
 

 +
 E

 | 
  

    T
 

 ( E
 ) | in

t Y
                   Y

 
 *

 T
 | 

 

•
F

o
llo

w
 sets 

    F
o

llo
w

( +
 ) =

 {
 in

t, ( }
    F

o
llo

w
( *

 ) =
 {

 in
t, ( }

  

    F
o

llo
w

( ( ) =
 {

 in
t, ( }

     F
o

llo
w

( E
 ) =

 {
), $

}
  

    F
o

llo
w

( X
 ) =

 {
$

, ) }
       F

o
llo

w
( T

 ) =
 {

+
, ) , $

}
 

    F
o

llo
w

( ) ) =
 {

+
, ) , $

}
     F

o
llo

w
( Y

 ) =
 {

+
, ) , $

}
 

    F
o

llo
w

( in
t) =

 {
*
, +

, ) , $
}
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3
3 

C
o
n

stru
ctin

g
 L

L
(1

) P
a
rsin

g
 T

a
b

les 

•
C

o
n

stru
ct a p

arsin
g

 tab
le T

 fo
r C

F
G

 G
 

•
F

o
r each

 p
ro

d
u

ctio
n

  A
 

 
 in

 G
 d

o
: 

–
F

o
r each

 term
in

al t 
 F

irst(
) d

o
 

•
T

[A
, t] =

 
  

–
If 

 
 F

irst(
), fo

r each
 t 

 F
o

llo
w

(A
) d

o
 

•
T

[A
, t] =

 
 

–
If 

 
 F

irst(
) an

d
 $

 
 F

o
llo

w
(A

) d
o

 

•
T

[A
, $

] =
 

  

 
 

3
4 

N
o
tes o

n
 L

L
(1

) P
a
rsin

g
 T

a
b

les 

•
If an

y
 en

try
 is m

u
ltip

ly
 d

efin
ed

 th
en

 G
 is n

o
t 

L
L

(1
) 

–
If G

 is am
b

ig
u
o

u
s 

–
If G

 is left recu
rsiv

e 

–
If G

 is n
o

t left-facto
red

 

•
M

o
st p

ro
g

ram
m

in
g

 lan
g

u
ag

e g
ram

m
ars are n

o
t 

L
L

(1
) 

•
T

h
ere are to

o
ls th

at b
u

ild
 L

L
(1

) tab
les 

B
o
tto

m
-u

p
 P

a
rsin

g 

•
Y

A
C

C
 u

ses b
o

tto
m

 u
p

 p
arsin

g
. T

h
ere are tw

o
 

im
p

o
rtan

t o
p

eratio
n

s th
at b

o
tto

m
-u

p
 p

arsers u
se. 

T
h

ey
 are n

am
ely

 sh
ift an

d
 red

u
ce. 

–
(In

 ab
stract term

s, w
e d

o
 a sim

u
latio

n
 o

f a P
u
sh

 D
o
w

n
 

A
u

to
m

ata as a fin
ite state au

to
m

ata.) 

•
In

p
u

t: g
iv

en
 strin

g
 to

 b
e p

arsed
 an

d
 th

e set o
f 

p
ro

d
u

ctio
n

s. 

•
G

o
al: T

race a rig
h

tm
o

st d
eriv

atio
n

 in
 rev

erse b
y

 

startin
g

 w
ith

 th
e in

p
u

t strin
g

 an
d

 w
o

rk
in

g
 

b
ack

w
ard

s to
 th

e start sy
m

b
o

l. 

A
lg

o
rith

m
 

1
. S

tart w
ith

 an
 em

p
ty

 stack
 an

d
 a fu

ll in
p

u
t b

u
ffer. (T

h
e strin

g
 to

 b
e 

p
arsed

 is in
 th

e in
p
u
t b

u
ffer.) 

2
. R

ep
eat u

n
til th

e in
p

u
t b

u
ffer is em

p
ty

 an
d

 th
e stack

 co
n

tain
s th

e start 

sy
m

b
o
l. 

 
a. S

h
ift zero

 o
r m

o
re in

p
u
t sy

m
b
o
ls o

n
to

 th
e stack

 fro
m

 in
p
u
t b

u
ffer 

u
n

til a h
an

d
le (b

eta) is fo
u

n
d

 o
n

 to
p

  o
f th

e stack
. If n

o
 h

an
d

le is fo
u

n
d

 

rep
o

rt sy
n

tax
 erro

r an
d

 ex
it. 

 
b

. R
ed

u
ce h

an
d

le to
 th

e n
o

n
term

in
al A

. (T
h

ere is a p
ro

d
u

ctio
n

 A
 ->

 b
eta

) 

3
. A

ccep
t in

p
u

t strin
g

 an
d

 retu
rn

 so
m

e rep
resen

tatio
n

 o
f th

e d
eriv

atio
n

 

seq
u

en
ce fo

u
n

d
 (e.g

.., p
arse tree) 

•
T

h
e  fo

u
r k

ey
 o

p
eratio

n
s in

 b
o
tto

m
-u

p
 p

arsin
g
 are  sh

ift, red
u
ce, accep

t 

an
d
 erro

r.  

•
B

o
tto

m
-u

p
 p

arsin
g
 is also

 referred
 to

 as sh
ift-red

u
ce p

arsin
g
. 

•
Im

p
o

rtan
t th

in
g

 to
 n

o
te is to

 k
n

o
w

 w
h

en
 to

 sh
ift an

d
 w

h
en

 to
 red

u
ce an

d 

to
 w

h
ich

 red
u

ce. 



1
0 

S
T
A
C
K
 
 

I
N
P
U
T
 
B
U
F
F
E
R
 

A
C
T
I
O
N
 

$
 
 

 
n
u
m
1
+
n
u
m
2
*
n
u
m
3
$
 

s
h
i
f
t
 

$
n
u
m
1
 
 

+
n
u
m
2
*
n
u
m
3
$
 
 

r
e
d
u
c
 

$
F
 
 

 
+
n
u
m
2
*
n
u
m
3
$
 
 

r
e
d
u
c
 

$
T
 
 

 
+
n
u
m
2
*
n
u
m
3
$
 
 

r
e
d
u
c
 

$
E
 
 

 
+
n
u
m
2
*
n
u
m
3
$
 
 

s
h
i
f
t
 

$
E
+
 

 
n
u
m
2
*
n
u
m
3
$
 
 

s
h
i
f
t
 

$
E
+
n
u
m
2
 

*
n
u
m
3
$
 

 
r
e
d
u
c
 

$
E
+
F
 
 

*
n
u
m
3
$
 

 
r
e
d
u
c
 

$
E
+
T
 
 

*
n
u
m
3
$
 

 
s
h
i
f
t
 

E
+
T
*
 
 

n
u
m
3
$
 
 

 
s
h
i
f
t
 

E
+
T
*
n
u
m
3
 

$
 

 
 

r
e
d
u
c
 

E
+
T
*
F
 
 

$
 

 
 

r
e
d
u
c
 

E
+
T
 

 
$
 

 
 

r
e
d
u
c
 

E
 
 

 
$
 

 
 

a
c
c
e
p
t
 

E
x
a
m

p
le o

f B
o
tto

m
-u

p
 P

a
rsin

g 

E
 ->

 E
+

T
  

        | T
 

        | E
-T

 

T
 ->

 T
*

F
  

        | F
 

        | T
/F

 

F
 ->

 (E
)  

         | id
  

         | -E
  

         n
u

m
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


