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S
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ck

M
achin

e
in

stru
ction

s
relatin

g
to
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p
u
s
h
,

p
o
p
,

s
t
a
c
k
,

u
n
s
t
a
c
k

T
h
e

stack
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to
store

an
d
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e
p
arse
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s
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are
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cted

b
y

th
e

v
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al
m

ach
in

e
w
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ile

p
arsin
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in
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u
t.
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arse
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7

P
rin

t
a

strin
g

in
reverse

order
r
e
a
d
;

g
e
t
;

p
u
t
;

c
l
e
a
r
;

<
e
o
f
>

{
g
e
t
;

p
r
i
n
t
;

}

C
on

vert
tabs

to
2

spaces
r
e
a
d
;

[
\
t
]
{
d
;
a

’
’
;
}

t
;
d
;

P
rin

t
all

diction
ary

w
ords

w
hich

en
d

w
ith

”ess”.
p
e
p

-
e

’
r
;

!
[
:
s
p
a
c
e
:
]

{
w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

[
a
-
z
]
.
E
"
e
s
s
"
{
a
d
d

"
\
n
"
;
t
;

}
}

d
;
’

/
u
s
r
/
s
h
a
r
e
/
d
i
c
t
/
w
o
r
d
s

C
on

vert
all

w
hitespace

(eg
[\r\n\t\f])

to
dots

r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
d
;
a
’
.
’
;
}

t
;
d
;

r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
c
l
e
a
r
;

a
d
d

’
.
’
;
}

p
r
i
n
t
;

c
l
e
a
r
;

r
e
a
d
;

[
\
r
\
b
\
t
\
f
]

{
c
l
e
a
r
;

a
d
d

’
.
’
;
}

p
r
i
n
t
;

c
l
e
a
r
;

D
ou

ble
every

in
stan

ce
of

vow
els

p
e
p

-
e

"
r
e
a
d
;

[
a
e
i
o
u
]

{
p
u
t
;

g
e
t
;

}
p
r
i
n
t
;
c
l
e
a
r
;
"

-
i

"
a

t
r
e
e
"

O
n

ly
prin

t
text

w
ithin

sin
gle

qu
otes:

r
e
a
d
;

"
’
"

{
u
n
t
i
l

"
’
"
;

p
r
i
n
t
;

}
c
l
e
a
r
;

R
em

ove
m

u
ltiple

con
secu

tive
in

stan
ces

of
the

character
”a”:

r
e
a
d
;

p
r
i
n
t
;

"
a
"

{
w
h
i
l
e

[
a
]
;

}
c
l
e
a
r
;

N
u

m
ber

each
lin

e
of

the
in

pu
t:

r
e
a
d
;

"
\
n
"

{
l
i
n
e
s
;

a
d
d

"
"
;

}
p
r
i
n
t
;

c
l
e
a
r
;

r
e
a
d
;

"
\
n
"

{
l
i
n
e
s
;

a
"

"
;

}
t
;

d
;

#
t
h
e

s
a
m
e
,

w
i
t
h

s
h
o
r
t

c
o
m
m
a
n
d
s

P
rin

t
the

n
u

m
ber

of
lin

es
in

the
in

pu
t

stream
r
e
a
d
;

(
e
o
f
)

{
a
d
d

"
l
i
n
e
s
=
"
;

l
i
n
e
s
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

}

T
he

sam
e

u
sin

g
the

accu
m

u
lator

r
e
a
d
;

"
\
n
"

{
a
+
;

}
c
l
e
a
r
;

(
e
o
f
)

{
a
d
d

"
l
i
n
e
s
:

"
;

c
o
u
n
t
;

p
r
i
n
t
;

}

D
elete

leadin
g

w
hitespace

(spaces,
tabs)

from
the

start
of

each
lin

e:
r
e
a
d
;

p
r
i
n
t
;

"
\
n
"

{
w
h
i
l
e

[
:
s
p
a
c
e
:
]
;

}
c
l
e
a
r
;

P
rin

t
on

ly
lin

es
con

tain
in

g
”fox”

r
;

E
’
\
n
’
,
(
e
o
f
)

{
p
u
t
;

r
e
p
l
a
c
e

"
f
o
x
"

"
"
;

!
(
=
=
)

{
s
w
a
p
;

p
r
i
n
t
;

}
c
l
e
a
r
;

}

P
rin

t
on

ly
lin

es
in

in
pu

t
con

tain
in

g
”fox”

or
”dog”

r
;

E
’
\
n
’
,
(
e
o
f
)

{

p
u
t
;

r
e
p
l
a
c
e

"
d
o
g
"

"
"
;

r
e
p
l
a
c
e

"
f
o
x
"

"
"
;

!
(
=
=
)

{
s
w
a
p
;

p
r
i
n
t
;

}
c
l
e
a
r
;

}

D
elete

w
hitespace

from
the

in
pu

t
stream

r
;

!
[
:
s
p
a
c
e
:
]

{
p
r
i
n
t
;
}

d
;

In
sert

5
blan

k
spaces

at
begin

n
in

g
of

each
lin

e
(m

ake
page

off
set):

r
;

"
\
n
"

{
a
d
d

’
’
;

}
p
r
i
n
t
;

c
l
e
a
r
;

P
rin

t
on

ly
the

fi
rst

ten
lin

es
of

the
in

pu
t

stream
r
e
a
d
;

p
r
i
n
t
;

c
l
e
a
r
;

l
i
n
e
s
;

"
1
0
"

{
q
u
i
t
;
}

c
l
e
a
r
;
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P
ri

n
t

al
ph

an
u

m
er

ic
w

or
ds

in
in

pu
t

st
re

am
on

e
pe

r
li

n
e

r
e
a
d
;

[
:
a
l
p
h
a
:
]

{
w
h
i
l
e

[
:
a
l
p
h
a
:
]
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

}

c
l
e
a
r
;

P
ri

n
t

as
si

gn
m

en
ts

in
th

e
fo

rm
ab

c:
33

3
or

va
l

=
66

r
;

"
:
"
,
"
=
"

{
a
d
d

"
*
"
;

p
u
s
h
;

}

[
:
a
l
p
h
a
:
]

{

w
h
i
l
e

[
:
a
l
p
h
a
:
]
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
i
d
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} [
0
-
9
]

{

w
h
i
l
e

[
0
-
9
]
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
n
u
m
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} !
"
"

{
d
;
}

p
a
r
s
e
>

p
o
p
;

p
o
p
;

p
o
p
;

"
i
d
*
:
*
n
u
m
*
"
,

"
i
d
*
=
*
n
u
m
*
"

{

c
l
e
a
r
;

+
+
;

+
+
;

g
e
t
;

a
d
d

"
a
s
s
i
g
n
e
d

t
o

’
"
;

-
-
;

-
-
;

g
e
t
;

a
d
d

"
’
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

} p
u
s
h
;

p
u
s
h
;

p
u
s
h
;

P
ri

n
t

th
e

n
u

m
be

r
of

al
ph

ab
et

ic
al

w
or

ds
in

th
e

in
pu

t
st

re
am

r
e
a
d
;

[
:
a
l
p
h
a
:
]

{
w
h
i
l
e

[
:
a
l
p
h
a
:
]
;

a
+
;

}
c
l
e
a
r
;

(
e
o
f
)

{
a
d
d

"
W
o
r
d
s

i
n

f
i
l
e
:

"
;

c
o
u
n
t
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

⇒
}

P
ri

n
t

w
or

ds
be

gi
n

n
in

g
w

it
h

”w
w

w
.”

as
ht

m
l

li
n

ks

r
e
a
d
;

!
[
:
s
p
a
c
e
:
]

{

w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

B
"
w
w
w
.
"

{

p
u
t
;

c
l
e
a
r
;

a
d
d

"
<
a

h
r
e
f
=
’
"
;

g
e
t
;

a
d
d

"
’
>
"
;

g
e
t
;

a
d
d

"
<
/
a

⇒
>
"
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

a
+
;

}

}
c
l
e
a
r
;

(
e
o
f
)

{
a
d
d

"
H
t
t
p

u
r
l
s

i
n

f
i
l
e
:

"
;

c
o
u
n
t
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

⇒
c
l
e
a
r
;

}
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D
el

et
e

tr
ai

li
n

g
w

hi
te

sp
ac

e
(s

pa
ce

s,
ta

bs
)

fr
om

en
d

of
ea

ch
li

n
e:

r
e
a
d
;

[
\
t
]

{
w
h
i
l
e

[
\
t
\
r
]
;

r
e
a
d
;

E
"
\
n
"

{
c
l
e
a
r
;

a
d
d

"
\
n
"
;

}
}

p
r
i
n
t
;

c
l
e
a
r
;

5
C

o
m

m
a
n

d
li

n
e

u
sa

g
e

S
pe
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fy

sc
ri

pt
an

d
in

pu
t

on
th

e
co

m
m

an
d

li
n

e

p
e
p

-
e

"
r
e
a
d
;

p
r
i
n
t
;

p
r
i
n
t
;

c
l
e
a
r
;
"

-
i

"
a
b
c
X
Y
Z
"

#
p
r
i
n
t
s

"
a
a
b
b
c
c
X
X
Y
Y
Z
Z
"

L
oa

d
a

sc
ri
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fr

om
fi

le
an

d
st

ar
t

an
in

te
ra
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iv

e
se

ss
io

n
to

vi
ew

/d
eb

u
g

p
e
p

-
I
f

s
c
r
i
p
t
f
i
l
e

s
o
m
e
f
i
l
e
.
t
x
t

L
oa

d
an

”a
ss

em
bl

y”
fi

le
in

to
th

e
m

ac
hi

n
es

pr
og

ra
m

an
d

vi
ew

/d
eb

u
g.

p
e
p

-
I
a

a
s
m
f
i
l
e

s
o
m
e
f
i
l
e
.
p
s
s

C
on

ve
rt

a
sc

ri
pt

to
co

m
pi

la
bl

e
ja

va
co

de
p
e
p

-
f

t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

s
c
r
i
p
t

6
C

o
m

p
il

in
g

so
u

rc
e

co
d

e

H
op

ef
u
ll
y,

in
th

e
fu

tu
re

,
I

w
il
l

p
ac

ka
ge

th
is

u
si

n
g

“a
u
to

to
ol

s”
an

d
“a

u
to

m
ak

e”
to

al
lo

w
th

e
cr

ea
ti

on
of

p
ac

ka
ge

s
fo

r
ap

t,
b
re

w
et

c.
T

h
e

m
ai

n
fo

ld
er

,
so

u
rc

e
fi
le

an
d

b
o
ok

le
t

ar
e

ca
ll
ed

p
a
r
s
/
p
a
r
s
/
o
b
j
e
c
t
/
p
e
p
.
c

an
d
p
a
r
s
-
b
o
o
k
.
t
x
t

O
bt

ai
n

,
ex

tr
ac

t
an

d
co

m
pi

le
th

e
”p

ep
”

so
u

rc
e

co
de

#
e
x
t
r
a
c
t

t
h
e

t
a
r

b
a
l
l

t
a
r

x
v
z
f

p
e
p
.
t
a
r
.
g
z

c
d

p
a
r
s
/
o
b
j
e
c
t

#
c
o
m
p
i
l
e

t
h
e

p
e
p

t
o
o
l

u
s
i
n
g

t
h
e

o
b
j
e
c
t

f
i
l
e
s

i
n

t
h
e

"
o
b
j
e
c
t
"

⇒
f
o
l
d
e
r
.

m
a
k
e

p
e
p

c
d

.
.

#
c
r
e
a
t
e

a
s
y
m
l
i
n
k

i
f

y
o
u

l
i
k
e

i
n
t
o

t
h
e

b
i
n

f
o
l
d
e
r
.

l
n

-
s

p
e
p

/
u
s
r
/
l
o
c
a
l
/
b
i
n
/
p
e
p

C
u
rr

en
tl

y
(J

u
ly

20
22

)
th

e
p

ep
ex

ec
u
ta

b
le

lo
ok

s
fo

r
th

e
fi
le

’a
sm

.p
p
’

in
th

e
sa

m
e

fo
ld

er
w

h
er

e
it

is
ru

n
or

in
th

e
fo

ld
er

co
n
ta

in
ed

in
th

e
en

v
ir

on
m

en
t

va
ri

ab
le

$A
S
M

P
P

.
I

h
av

e
n
ot

ye
t

w
ri

tt
en

”m
ak

e
in

st
al

l”
in

th
e

M
ak

efi
le

in
th

e
p
a
r
s
/
o
b
j
e
c
t
/

fo
ld

er
to

co
p
y

./
p

ep
an

d
a
s
m
.
p
p

to
/u

sr
/l

o
ca

l/
b
in

an
d

u
sr

/l
o
ca

l/
et

c

A
ve

ry
b
as

ic
“M

ak
efi

le
”

is
av

ai
la

b
le

in
th

e
/
b
o
o
k
s
/
p
a
r
s
/
o
b
j
e
c
t
/

fo
ld

er
.

B
u

il
d

th
e

pe
p

to
ol

c
d

p
a
r
s
/
o
b
j
e
c
t
/
;

m
a
k
e

p
e
p
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p
e
p

-
a

a
s
m
.
p
p

s
o
m
e
S
c
r
i
p
t

(N
ow

you
can

step
th

rou
gh

th
e

com
p
iled

p
rogram

“asm
.p

p
”

an
d

w
atch

as
it

p
arses

an
d

com
p
iles

”som
eS

crip
t”.

G
en

erally,
u
se

“rr”
to

ru
n

th
e

w
h
ole

scrip
t,

an
d

”rrw
tex

t”
to

ru
n

th
e

scrip
t

u
n
til

th
e

w
ork

sp
ace

is
som

e
p
articu

lar
tex

t.
T

h
is

h
elp

s
to

n
arrow

d
ow

n
w

h
ere

th
e
a
s
m
.
p
p

com
p
iler

is
n
ot

p
arsin

g
th

e
in

p
u
t

scrip
t

correctly.

O
n
ce

in
an

in
teractive

“p
ep

”
session

,
th

ere
are

m
an

y
com

m
an

d
s

to
ru

n
an

d
d
eb

u
g

a
scrip

t.
F

or
ex

am
p
le:

N
-

execu
te

the
n

ext
in

stru
ction

in
the

program

M
-

view
the

state
of

the
m

achin
e

(stack/w
orkspace/registers/tape/program

)

R
rw

-
ru

n
the

script
u

n
til

the
w

orkspace
is

exactly
som

e
text.

R
re

-
ru

n
script

u
n

til
the

w
orkspace

en
ds

w
ith

som
ethin

g

R
r

-
ru

n
the

w
hole

script
from

the
cu

rren
t

in
stru

ction

M
.r

-
reset

the
virtu

al
m

achin
e

an
d

in
pu

t
stream

(b
u
t

n
ot

th
e

com
p
iled

p
rogram

)

8
.1

G
ra

m
m

a
r

a
n

d
scrip

t
d

e
b

u
g
g
in

g

B
ecau

se
p

ep
/n

om
is

a
“fi

lter”
sty

le
sy

stem
(w

h
ich

w
rites

ou
tp

u
t

to
”std

ou
t”),

w
e

can
p
rin

t
th

e
stack

an
d

lin
e/ch

aracter
n
u
m

b
er

after
each

red
u
ction

an
d

w
atch

th
e

gram
m

ar
in

action
.

T
h
is

is
a
v
e
ry

u
sefu

l
tech

n
iq

u
e

for
d
eb

u
ggin

g
gram

m
ars

an
d

scrip
ts.

T
h
e

“p
rin

t”
statem

en
ts

are
p
laced

ju
st

after
th

e
“p

arse¿”
lab

el.

V
isu

alise
the

stack
token

redu
ction

s
w

ith
lin

e/character
n

u
m

bers

p
a
r
s
e
>

a
d
d

"
#

"
;

l
i
n
e
s
;

a
d
d

"
:
"
;

c
h
a
r
s
;

a
d
d

"
"
;

p
r
i
n
t
;

c
l
e
a
r
;

a
d
d

"
\
n
"
;

u
n
s
t
a
c
k
;

p
r
i
n
t
;

c
l
i
p
;

s
t
a
c
k
;

T
h
e

“less”
p
rogram

allow
s

u
s

to
search

for
an

y
p
articu

lar
token

b
y

n
am

e,
to

w
atch

it
b

ein
g

red
u
ced

.
W

e
can

also
seach

b
y

in
p
u
t

lin
e

n
u
m

b
er.

W
atch

token
redu
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p
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b
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b
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p
ar

si
n
g

p
h
as

e
of

a
sc

ri
p
t,

th
e

at
tr

ib
u
te

s
of

d
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p
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b
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b
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p
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h
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p
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p
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p
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p
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b
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e

co
n
te

n
ts

of
th

e
ce

ll
to

th
e

fi
le
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b
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p
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b
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b
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b
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b
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p
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b
e

ea
si

es
t

to
se

e
h
ow

th
es

e
m

ec
h
an

is
m

s
w

or
k

b
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p
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p
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p
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.
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e
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n
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.
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p
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p
h
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b
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p
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d
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rogram

,
as

w
ith

m
an

y
scrip

ts
th

at
can

b
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d
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con
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b
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b
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b
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p
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–
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h
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p
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e
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;
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b
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p
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p
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p
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b
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tation

of
th

e
p
arse

m
ach

in
e

an
d

lan
gu

age
u
ses

p
lain

cty
p

e.h
ch

aracter
classes

as
a

w
ay

of
grou

p
in

g
ch

aracters.

T
h
ese

classes
are

im
p

ortan
t

in
a

u
n
ico

d
e

settin
g

b
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u
rl

s

r
;

B
"
h
t
t
p
:
/
/
"
,
B
"
h
t
t
p
s
:
/
/
"
,
B
"
w
w
w
.
"
,
B
"
f
t
p
:
"

{

E
"

"
,
E
"
\
n
"
,
(
e
o
f
)

{
a
d
d

"
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

}

} E
"

"
,
E
"
\
n
"
,
(
e
o
f
)

{
c
l
e
a
r
;

}

P
ri

n
t

on
ly

n
am

es
of

an
im

al
s

u
si

n
g

or
lo

gi
c

co
n

ca
te

n
at

io
n

r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
d
;
}

w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

"
d
o
g
"
,
"
c
a
t
"
,
"
l
i
o
n
"
,
"
p
u
m
a
"
,
"
b
e
a
r
"
,
"
e
m
u
"

{
a
d
d

"
\
n
"
;

p
r
i
n
t
;

}

c
l
e
a
r
;

1
4
.1

A
n

d
lo

g
ic

co
n

ca
te

n
a
ti

o
n

It
is

al
so

p
os

si
b
le

to
d
o

A
N

D
lo

gi
c

co
n
ca

te
n
at

io
n

w
it

h
th

e
“.

”
op

er
at

or

T
es

t
if

th
e

w
or

ks
pa

ce
st

ar
ts

w
it

h
’a

’
an

d
en

ds
w

it
h

’z
’

r
;

B
"
a
"
.
E
"
z
"

{
p
r
i
n
t
;

c
l
e
a
r
;

}

C
he

ck
if

w
or

ks
pa

ce
is

a
u

rl
bu

t
n

ot
a

”.
tx

t”
te

xt
fi

le
B
"
h
t
t
p
:
/
/
"
.
!
E
"
.
t
x
t
"

{
a
d
d

"
<
<

n
o
n
-
t
e
x
t

u
r
l
"
;

p
r
i
n
t
;

c
l
e
a
r
;

}
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In
th

e
fu

tu
re

,
sc

ri
p
ts

m
ay

b
e

ab
le

to
d
efi

n
e

n
ew

ch
ar

ac
te

r
cl

as
se

s
in

th
e

fo
ll
ow

in
g

w
ay

.

D
efi

n
e

n
ew

n
am

ed
ch

ar
ac

te
r

cl
as

se
s

b
e
g
i
n

{

c
l
a
s
s

"
b
r
a
c
k
e
t
s
"

[
{
}
(
)
]
;

c
l
a
s
s

"
i
d
c
h
a
r
"

[
a
-
z
]
,
[
.
$
]
;

} #
n
o
w

u
s
e

t
h
e

n
e
w

c
h
a
r
a
c
t
e
r

c
l
a
s
s

[
:
b
r
a
c
k
e
t
s
:
]

{

w
h
i
l
e

[
:
b
r
a
c
k
e
t
s
:
]
;

c
l
e
a
r
;

}
p
r
i
n
t
;

C
he

ck
if

th
e

w
or

ks
pa

ce
is

on
ly

al
ph

an
u

m
er

ic
ch

ar
ac

te
rs

r
;

!
[
:
a
l
n
u
m
:
]

{
a
d
d

"
n
o
t

a
l
p
h
a
-
n
u
m
e
r
i
c
!

\
n
"
;

p
r
i
n
t
;

}
c
l
e
a
r
;

R
ea

d
th

e
in

pu
t

st
re

am
w

hi
le

th
e

pe
ep

re
gi

st
er

is
w

hi
te

sp
ac

e
w
h
i
l
e

[
:
s
p
a
c
e
:
]
;

1
2
.3

Q
u

o
te

s

B
ot

h
si

n
gl

e
an

d
d
ou

b
le

q
u
ot

es
m

ay
b

e
u
se

d
in

sc
ri

p
ts

.

r
;

’
"
’

{
a
d
d

"
<
<

s
i
n
g
l
e

q
u
o
t
e
!
\
n
"
;

p
r
i
n
t
;

}
d
;

If
u
si

n
g

th
e

n
eg

at
io

n
op

er
at

or
!

in
an

“i
n
-l

in
e”

sc
ri

p
t,

th
en

en
cl

os
e

th
e

w
h
ol

e
th

in
g

in
si

n
gl

e
q
u
ot

es
.

U
se

si
n

gl
e

qu
ot

es
in

on
e-

li
n

er
s

to
av

oi
d

sp
ec

ia
l

ch
ar

pr
ob

le
m

s
p
e
p

-
f

c
o
m
p
i
l
e
.
p
s
s

-
i

’
!
[
a
-
z
]
,
"
a
"
,
"
b
"
{
n
o
p
;
}
’

T
h
e

u
n
ti

l
co

m
m

an
d

al
re

ad
y

u
n
d
er

st
an

d
s

es
ca

p
ed

ch
ar

ac
te

rs
,

so
it

w
il
l

re
ad

p
as

t
an

es
-

ca
p

ed
d
el

im
it

er
(e

g
\”

).

S
in

gl
e

qu
ot

es
r
;

’
a
’

{
a
d
d

’
A
’
;

p
r
i
n
t
;

}
d
;

1
2
.4

C
o
m

m
e
n
ts

B
ot

h
si

n
gl

e
li
n
e

co
m

m
en

ts
(l

in
e

st
ar

ti
n
g

w
it

h
”#

”)
,

or
m

u
lt

il
in

e
co

m
m

en
ts

(h
as

h
+

as
te

ri
x

..
..

as
te

ri
x
+

h
as

h
)

ar
e

av
ai

la
b
le

.

M
u
lt

il
in

e
co

m
m

en
ts

ar
e

u
se

fu
l

fo
r

d
is

ab
li
n
g

b
lo

ck
s

of
co

d
e

d
u
ri

n
g

sc
ri

p
t

d
ev

el
op

m
en

t,
as

w
el

l
as

fo
r

lo
n
g

co
m

m
en

ts
at

th
e

b
eg

in
n
in

g
of

a
sc

ri
p
t.

1
2
.5

B
e
g
in

b
lo

ck
s

L
ik

e
*a

w
k
*,

th
e

p
ep

/n
om

la
n
gu

ag
e

al
lo

w
s

’b
eg

in
’

b
lo

ck
s.

T
h
es

e
b
lo

ck
s

ar
e

on
ly

ex
ec

u
te

d
on

ce
,

w
h
er

ea
s

th
e

re
st

of
th

e
sc

ri
p
t

is
ex

ec
u
te

d
in

a
lo

op
fo

r
ev

er
y

ch
ar

ac
te

r
in

th
e

in
p
u
t

st
re

am
.
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r
;

p
r
i
n
t
;

(
e
o
f
)

{
a
d
d

"
<
<

e
n
d

o
f

s
t
r
e
a
m
!
"
;

}
c
l
e
a
r
;

T
h
is

test
can

b
e

com
b
in

ed
w

ith
oth

er
tests

eith
er

w
ith

A
N

D
logic

or
w

ith
O

R
logic

T
est

if
the

in
pu

t
en

ds
w

ith
”horse”

w
hen

the
en

d-of-stream
is

reached
r
;

(
e
o
f
)
.
E
"
h
o
r
s
e
"

{
a
d
d

’
a
n
d

c
a
r
t
’
;

p
r
i
n
t
;

}

T
est

if
w

orkspace
en

ds
w

ith
”horse”

or
en

d-of-fi
le

has
been

reached
r
;

(
e
o
f
)
,
E
"
h
o
r
s
e
"

{
a
d
d

"
<
h
o
r
s
e

O
R

e
n
d
-
o
f
-
f
i
l
e
>

"
;

p
r
i
n
t
;

}

T
h
e

¡eof¿
test

is
im

p
ortan

t
for

ch
eck

in
g

if
th

e
scrip

t
h
as

su
ccessfu

lly
p
arsed

th
e

in
p
u
t

stream
w

h
en

th
e

en
d

of
stream

is
reach

ed
.

U
su

ally
th

is
m

ean
s

ch
eck

in
g

for
th

e
”start

token
”

or
token

s
of

th
e

given
gram

m
ar.

C
heck

for
a

start
token

r
e
a
d
;

#
.
.
.

m
o
r
e

c
o
d
e

(
e
o
f
)

{

p
o
p
;

"
s
t
a
t
e
m
e
n
t
*
"

{

#
s
u
c
c
e
s
s
f
u
l

p
a
r
s
e

q
u
i
t
;

}#
u
n
s
u
c
c
e
s
s
f
u
l

p
a
s
e

}

1
2
.9

T
a
p

e
te

st

(
=
=
)

{
.
.
.
}

T
h
is

test
d
eterm

in
es

if
th

e
cu

rren
t

tap
e

cell
is

eq
u
al

to
th

e
con

ten
ts

of
th

e
w

ork
sp

ace
b
u
ff

er.

C
heck

if
previou

s
char

the
sam

e
as

cu
rren

t

r
e
a
d
;

(
=
=
)

{

p
u
t
;

a
d
d

"
.
s
a
m
e
.
"
;

}p
r
i
n
t
;

c
l
e
a
r
;

1
2
.1

0
B

e
g
in

s
w

ith
te

st

D
eterm

in
es

if
th

e
w

ork
sp

ace
b
u
ff

er
b

egin
s

w
ith

th
e

given
tex

t.

O
n

ly
prin

t
w

ords
begin

n
in

g
w

ith
”w

h”
r
e
a
d
;

E
"

"
,
E
"
\
n
"
,
(
e
o
f
)

{
B
"
w
h
"

{
p
r
i
n
t
;

}
c
l
e
a
r
;

}

1
3

E
n

d
s

w
ith

te
st

T
ests

if
th

e
w

ork
sp

ace
en

d
s

w
ith

th
e

given
tex

t.
T

h
e

’E
’

(en
d
s-w

ith
m

o
d
ifi

er)
can

on
ly

b
e

u
sed

w
ith

q
u
oted

tex
t

b
u
t

n
ot

w
ith

class
tests

13

A
n

exam
ple

begin
block

an
d

script

b
e
g
i
n

{

a
d
d

"
S
t
a
r
t
i
n
g

s
c
r
i
p
t

.
.
.
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

#
s
e
t

t
h
e

t
o
k
e
n

d
e
l
i
m
i
t
e
r

t
o

/

d
e
l
i
m

"
/
"
;

}r
e
a
d
;

p
r
i
n
t
;

c
l
e
a
r
;

C
reate

a
basic

htm
l

docu
m

en
t

b
e
g
i
n

{
a
d
d

"
<
h
t
m
l
>
<
b
o
d
y
>
<
p
r
e
>
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

}

r
e
a
d
;

r
e
p
l
a
c
e

"
>
"

"
&
g
t
;
"
;

r
e
p
l
a
c
e

"
<
"

"
&
l
t
;
"
;

p
r
i
n
t
;

c
l
e
a
r
;

(
e
o
f
)

{
a
d
d

"
\
n
<
/
p
r
e
>
<
/
b
o
d
y
>
<
/
p
r
e
>
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;
}

1
2
.6

C
o
n

d
itio

n
s

a
n

d
te

sts

1
2
.7

C
la

ss
te

sts

T
h
e

class
test

ch
eck

s
w

h
eth

er
th

e
w

ork
sp

ace
b
u
ff

er
m

atch
es

an
y

on
e

of
th

e
ch

aracters
or

ch
aracter

classes
listin

g
b

etw
een

th
e

sq
u
are

b
races.

A
class

test
is

w
ritten

.

[
c
h
a
r
a
c
t
e
r
-
c
l
a
s
s
]

{
<
c
o
m
m
a
n
d
s
>

}

T
h
ere

are
3

form
s

of
th

e
ch

aracter
class

test:

1.
a

list
of

ch
aracters

eg:
[ab

cx
y
z.,;]

2.
a

ran
ge

of
ch

aracters
eg:

[A
-M

]
3.

a
n
am

ed
ch

aracter
class

eg:
[:sp

ace:]

D
elete

all
vow

els
from

the
in

pu
t

stream
u

sin
g

a
list

class
test

r
e
a
d
;

!
[
a
e
i
o
u
]

{
p
r
i
n
t
;

}
c
l
e
a
r
;

A
ll

ch
aracters

in
th

e
w

ork
sp

ace
m

u
st

m
atch

given
class,

so
th

at
a

class
test

is
eq

u
ivalen

t
to

th
e

regu
lar

ex
p
ression

“ˆ[ab
cd

]+
$”

A
s

in
th

e
p
rev

iou
s

ex
am

p
le,

class
tests,

like
all

oth
er

ty
p

e
of

tests,
can

b
e

n
egated

w
ith

a
p
refi

x
ed

“!”
ch

aracter.
D

ou
b
le

an
d

m
u
ltip

le
n
egation

,
su

ch
as

“!!”
or

“!!!”
is

a
sy

n
tax

error
(sin

ce
it

d
o
esn

’t
h
ave

an
y

p
u
rp

ose).

O
n

ly
prin

t
certain

sequ
en

ces
r
;

[
a
b
c
-
,
]

{
w
h
i
l
e

[
a
b
c
-
,
]
;

p
r
i
n
t
;

}
c
l
e
a
r
;

1
2
.8

E
o
f

e
n

d
o
f

stre
a
m

te
st

T
h
is

test
retu

rn
s

tru
e

if
th

e
’p

eep
’

lo
ok

-ah
ead

register
cu

rren
tly

con
tain

s
th

e
¡E

O
F

¿
en

d
of

stream
m

arker
for

th
e

in
p
u
t

stream
.

T
h
is

test
is

eq
u
ivalen

t
to

th
e

”E
N

D
{

...}”
b
lo

ck
sy

n
tax

in
th

e
A

W
K

scrip
t

lan
gu

age.
T

h
e

eof
test

is
w

ritten
as

follow
s

P
ossible

form
ats

for
the

”en
d-of-stream

”
test

<
e
o
f
>

<
E
O
F
>

(
e
o
f
)

(
E
O
F
)
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T
h
e

p
u
t

co
m

m
an

d
ca

n
b

e
u
se

d
in

co
n
ju

n
ct

io
n

w
it

h
th

e
’i
n
cr

em
en

t’
+

+
an

d
’d

ec
re

m
en

t’
–

co
m

m
an

d
s

to
st

or
e

va
lu

es
in

th
e

ta
p

e
w

h
ic

h
ar

e
n
ot

th
e

cu
rr

en
t

ta
p

e
it

em
.

1
6
.2

4
“
S

w
a
p

”
co

m
m

a
n

d

S
y
n
ta

x
:

sw
ap

;
A

b
b
re

v
ia

ti
on

:
’x

’

S
w

ap
s

th
e

co
n
te

n
ts

of
th

e
cu

rr
en

t
ta

p
e-

ce
ll

w
it

h
th

e
“w

or
k
sp

ac
e”

b
u
ff

er
.

T
h
e

sw
ap

co
m

m
an

d
al

lo
w

s
th

e
ta

p
e-

ce
ll

to
b

e
ad

d
ed

to
th

e
b

eg
in

n
in

g
of

th
e

w
or

k
sp

ac
e,

n
ot

th
e

en
d
.

P
re

pe
n

d
th

e
cu

rr
en

t
ta

pe
ce

ll
to

th
e

w
or

ks
pa

ce
bu

ff
er

s
w
a
p
;

g
e
t
;

1
6
.2

5
“
R

e
a
d

”
co

m
m

a
n

d

T
h
e

re
ad

co
m

m
an

d
re

ad
s

on
e

ch
ar

ac
te

r
fr

om
th

e
in

p
u
t

st
re

am
an

d
p
la

ce
s

th
at

ch
ar

ac
te

r
in

th
e

’p
ee

p
’

b
u
ff

er
.

T
h
e

ch
ar

ac
te

r
w

h
ic

h
-w

as
-

in
th

e
p

ee
p

b
u
ff

er
is

ad
d
ed

to
th

e
-e

n
d
-

of
th

e
’w

or
k
sp

ac
e’

b
u
ff

er
.

T
h
e

re
ad

co
m

m
an

d
is

th
e

fu
n
d
am

en
ta

l
m

ec
h
an

is
m

b
y

w
h
ic

h
th

e
in

p
u
t

st
re

am
is

“t
ok

-
en

iz
ed

”
al

so
k
n
ow

n
as

”l
ex

ic
al

an
al

y
si

s”
.

T
h
e

co
m

m
an

d
s

w
h
ic

h
al

so
p

er
fo

rm
to

ke
n
iz

at
io

n
ar

e
”u

n
ti

l”
,

“w
h
il
e”

an
d

”w
h
il
en

ot
”.

T
h
es

e
co

m
m

an
d
s

p
er

fo
rm

im
p
li
ci

t
re

ad
op

er
at

io
n
s.

T
h
er

e
is

n
o

im
p
li
ci

t
re

ad
co

m
m

an
d

at
th

e
b

eg
in

n
in

g
of

a
sc

ri
p
t

(u
n
li
ke

”s
ed

”)
,

so
al

l
sc

ri
p
ts

w
il
l

p
ro

b
ab

ly
n
ee

d
at

le
as

t
on

e
re

ad
co

m
m

an
d
.

1
6
.2

6
“
R

e
p

la
ce

”
co

m
m

a
n

d

T
h
is

co
m

m
an

d
re

p
la

ce
s

on
e

p
ie

ce
of

te
x
t

w
it

h
an

ot
h
er

in
th

e
w

or
k
sp

ac
e.

T
h
e

“r
ep

la
ce

”
co

m
m

an
d

is
u
se

fu
l
fo

r
in

d
en

ti
n
g

b
lo

ck
s

of
te

x
t

d
u
ri

n
g

fo
rm

at
ti

n
g

op
er

at
io

n
s,

am
on

g
ot

h
er

th
in

gs
.

T
h
e

re
p
la

ce
co

m
m

an
d

on
ly

re
p
la

ce
s

p
la

in
te

x
t,

n
ot

re
gu

la
r

ex
p
re

ss
io

n
p
at

te
rn

s.

R
ep

la
ce

th
e

le
tt

er
’a

’
w

it
h

’a
’

in
th

e
w

or
ks

pa
ce

bu
ff

er
r
e
p
l
a
c
e

"
a
"

"
A
"
;

T
h
e

re
p
la

ce
co

m
m

an
d

is
of

te
n

u
se

d
fo

r
in

d
en

ti
n
g

ge
n
er

at
ed

co
d
e.

In
de

n
t

a
bl

oc
k

of
te

xt
c
l
e
a
r
;

g
e
t
;

r
e
p
l
a
c
e

"
\
n
"

"
\
n

"
;

p
u
t
;

c
l
e
a
r
;

R
ep

la
ce

ca
n

al
so

b
e

u
se

d
to

te
st

if
th

e
w

or
k
sp

ac
e

co
n
ta

in
s

a
p
ar

ti
cu

la
r

ch
ar

ac
te

r,
in

co
n
ju

n
ti

on
w

it
h

th
e

“(
=

=
)”

ta
p

e
te

st
.

C
he

ck
if

th
e

w
or

ks
pa

ce
co

n
ta

in
s

an
’x

’

#
f
r
a
g
m
e
n
t

p
u
t
;

r
e
p
l
a
c
e

’
x
’

’
’
;

(
=
=
)

{

c
l
e
a
r
;

a
d
d

"
n
o

’
x
’
"
;

p
r
i
n
t
;

c
l
e
a
r
;

}
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u
n

st
a
ck

p
op

s
th

e
en

ti
re

st
ac

k
as

a
p
re

fi
x

on
to

th
e

w
or

k
sp

ac
e

b
u
ff

er
st

a
ck

p
u
sh

es
th

e
en

ti
re

w
or

k
sp

ac
e

(r
eg

ar
d
le

ss
of

an
y

to
ke

n
d
el

im
it

er
s

in
th

e
w

o
rk

sp
a
ce

)
o
n
to

th
e

st
a
ck

.
em

p
ty

re
p

la
ce

re
p
la

ce
s

a
st

ri
n
g

in
th

e
w

or
k
sp

ac
e

w
it

h
an

ot
h
er

st
ri

n
g.

re
a
d

re
ad

s
on

e
m

or
e

ch
ar

ac
te

r
fr

om
th

e
st

d
in

.
st

a
te

p
ri

n
ts

th
e

cu
rr

en
t

st
at

e
of

th
e

v
ir

tu
al

m
ac

h
in

e
to

th
e

st
an

d
ar

d
ou

tp
u
t

st
re

am
.

m
ay

b
e

u
se

fu
l

fo
r

d
eb

u
gg

in
g

I
m

ay
re

m
ov

e
th

is
co

m
m

an
d
.

u
n
ti

l
’t

e
x
t’

re
ad

s
ch

ar
ac

te
rs

fr
om

st
d
in

u
n
ti

l
th

e
w

or
k
sp

ac
e

en
d
s

in
th

e
gi

ve
n

te
x
t

an
d

d
o
es

n
ot

en
d

in
th

e
se

co
n
d

gi
ve

n
te

x
t.

T
h
is

m
ay

b
e

u
se

d
fo

r
ca

p
tu

ri
n
g

q
u
ot

ed
st

ri
n
gs

et
c.

ca
p

co
n
ve

rt
s

th
e

w
or

k
sp

ac
e

to
’c

ap
it

al
ca

se
’

(fi
rs

t
u
p
p

er
,

th
en

al
l

lo
w

er
)

lo
w

e
r

co
n
ve

rt
s

al
l

ch
ar

ac
te

rs
in

th
e

w
or

k
sp

ac
e

to
lo

w
er

ca
se

u
p

p
e
r

co
n
ve

rt
s

al
l

ch
ar

ac
te

rs
in

th
e

w
or

k
sp

ac
e

to
u
p
p

er
ca

se
.

w
h

il
e

cl
a
ss

/
te

x
t;

re
ad

s
ch

ar
ac

te
rs

fr
om

th
e

in
p
u
t

st
re

am
w

h
il
e

th
e

p
ee

p
ch

ar
ac

te
r

is
th

e
gi

ve
n

cl
as

s
w

h
il

e
n

o
t

cl
a
ss

/
te

x
t;

re
ad

s
ch

ar
ac

te
rs

fr
om

th
e

in
p
u
t

st
re

am
w

h
il
e

th
e

p
ee

p
re

gi
st

er
is
n
o
t

th
e

gi
ve

n
ch

ar
ac

te
r

or
cl

as
s

1
6
.2

“
A

d
d

”
co

m
m

a
n

d

T
h
e

“a
d
d
”

co
m

m
an

d
ap

p
en

d
s

so
m

e
te

x
t

to
th

e
en

d
of

th
e

’w
or

k
sp

ac
e’

b
u
ff

er
.

N
o

ot
h
er

re
gi

st
er

or
b
u
ff

er
w

it
h
in

th
e

v
ir

tu
al

m
ac

h
in

e
is

aff
ec

te
d
.

T
h
e

co
m

m
an

d
is

w
ri

tt
en

:

a
d
d

’
t
e
x
t
’
;

#
*

o
r

*
#

a
d
d

"
t
e
x
t
"
;

A
dd

a
qu

ot
e

af
te

r
th

e
’:

’
ch

ar
ac

te
r

r
;

[
\
:
]

{
a
d
d

"
\
"
"
;

}
p
r
i
n
t
;

c
l
e
a
r
;

#
n
o
n

j
a
v
a

f
i
x
!
!

r
;

[
:
]

{
a
d
d

"
\
"
"
;

}
p
r
i
n
t
;

c
l
e
a
r
;

#
j
a
v
a

v
e
r
s
i
o
n

B
u
t

it
sh

ou
ld

n
’t

b
e

n
ec

es
sa

ry
to

es
ca

p
e

’:
’

T
he

qu
ot

ed
ar

gu
m

en
t

m
ay

sp
an

m
or

e
th

an
on

e
li

n
e.

fo
r

ex
am

pl
e:

b
e
g
i
n

{
a
d
d

’

A
m
u
l
t
i
l
i
n
e

a
r
g
u
m
e
n
t

f
o
r

"
a
d
d
"
.

’
;

}
r
e
a
d
;

p
r
i
n
t
;

c
l
e
a
r
;

It
is

p
os

si
b
le

to
u
se

es
ca

p
ed

ch
ar

ac
te

rs
su

ch
as

\n
\r

\t
\f

or
\”

in
th

e
q
u
ot

ed
ar

gu
m

en
t.

A
dd

a
n

ew
li

n
e

to
th

e
w

or
ks

pa
ce

af
te

r
a

fu
ll

st
op

r
;

E
"
.
"

{
a
d
d

"
\
n
"
;

}
p
r
i
n
t
;

c
l
e
a
r
;

A
dd

a
sp

ac
e

af
te

r
ev

er
y

ch
ar

ac
te

r
of

th
e

in
pu

t

r
e
a
d
;

a
d
d

’
’
;

p
r
i
n
t
;

c
l
e
a
r
;

#
o
r

t
h
e

s
a
m
e

u
s
i
n
g

a
b
b
r
e
v
i
a
t
e
d

c
o
m
m
a
n
d
s

#
r
;

a
’

’
;
p
;
d
;

A
d
d

is
u
se

d
to

cr
ea

te
n
ew

to
ke

n
s

an
d

to
m

o
d
if

y
th

e
to

ke
n

at
tr

ib
u
te

s.
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R
eplace

all
’a’

chars
w

ith
’a’s;

"
a
"

{
c
l
e
a
r
;

a
d
d

"
A
"
;

}
p
r
i
n
t
;

c
l
e
a
r
;

O
n

ly
prin

t
text

w
ithin

dou
ble

qu
otes:

’
"
’

{
u
n
t
i
l

’
"
’
;

p
r
i
n
t
;

}
c
l
e
a
r
;

**
D

etails

T
h
e

p
rin

t
com

m
an

d
d
o
es

n
ot

take
an

y
argu

m
en

ts
or

p
aram

eters.
T

h
e

p
rin

t
com

m
an

d
is

b
asically

th
e

w
ay

in
w

h
ich

th
e

p
arse-lan

gu
age

com
m

u
n
icates

w
ith

th
e

ou
tsid

e
w

orld
an

d
th

e
w

ay
in

w
h
ich

it
gen

erates
an

ou
tp

u
t

stream
.

T
h
e

p
rin

t
com

m
an

d
d
o
es

n
ot

ch
an

ge
th

e
state

of
th

e
p

ep
v
irtu

al
m

ach
in

e
in

an
y

w
ay.

U
n
like

sed
,

th
e

p
arse-lan

gu
age

d
o
es

n
ot

d
o

an
y

“d
efau

lt”
p
rin

tin
g.

T
h
at

is,
if

th
e

p
rin

t
com

m
an

d
is

n
ot

ex
p
licitly

sp
ecifi

ed
th

e
scrip

t
w

ill
n
ot

p
rin

t
an

y
th

in
g

an
d

w
ill

silen
tly

ex
it

as
if

it
h
ad

n
o

p
u
rp

ose.
T

h
is

sh
ou

ld
b

e
com

p
ared

w
ith

th
e

d
efau

lt
b

eh
av

ior
of

sed
w

h
ich

w
ill

p
rin

t
each

lin
e

of
th

e
in

p
u
t

stream
if

th
e

scrip
t

w
riter

d
o
es

n
ot

sp
ecify

oth
erw

ise
(u

sin
g

th
e

-n
sw

itch
).

A
ctu

ally
th

e
p
rin

t
com

m
an

d
is

n
ot

to
b

e
so

ex
ten

sively
u
sed

as
in

sed
.

T
h
is

is
b

ecau
se

if
an

in
p
u
t

stream
is

su
ccessfu

lly
p
arsed

b
y

a
given

scrip
t

th
en

on
ly

-on
e-

p
rin

t
statem

en
t

w
ill

b
e

n
ecessary,

at
th

e
en

d
of

th
e

in
p
u
t

stream
.

H
ow

ever
th

e
p
rin

t
com

m
an

d
cou

ld
b

e
u
sed

to
ou

tp
u
t

p
rogress

or
error

m
essages

or
oth

er
th

in
gs.

1
6
.2

2
“
G

e
t”

co
m

m
a
n

d

T
h
is

com
m

an
d

ob
tain

s
th

e
valu

e
in

th
e

cu
rren

t
’tap

e’
cell

an
d

ad
d
s

it
(ap

p
en

d
s

it)
to

th
e

en
d

of
th

e
’w

ork
sp

ace’
b
u
ff

er.
T

h
e

“get”
com

m
an

d
on

ly
aff

ects
th

e
’w

ork
sp

ace’
b
u
ff

er
of

th
e

v
irtu

al
m

ach
in

e.

If
the

w
orkspace

has
the

”n
ou

n
”

token
,

get
its

valu
e

an
d

prin
t

it.
"
n
o
u
n
*
"

{
c
l
e
a
r
;

g
e
t
;

p
r
i
n
t
;

c
l
e
a
r
;

}

1
6
.2

3
“
P

u
t”

co
m

m
a
n

d

T
h
e

p
u
t

com
m

an
d

p
laces

th
e

en
tire

con
ten

ts
of

th
e

w
ork

sp
ace

in
to

th
e

cu
rren

t
tap

e
cell,

overw
ritin

g
an

y
p
rev

iou
s

valu
e

w
h
ich

th
at

cell
m

igh
t

h
ave

h
ad

.
T

h
e

com
m

an
d

is
w

ritten

p
u
t
;

P
u

t
the

text
”on

e”
in

to
the

cu
rren

t
tape

cell
an

d
the

n
ext

on
e.

c
l
e
a
r
;

a
d
d

"
o
n
e
"
;

p
u
t
;

+
+
;

p
u
t
;

T
h
e

p
u
t

com
m

an
d

on
ly

aff
ects

th
e

cu
rren

t
tap

e
cell

of
th

e
v
irtu

al
m

ach
in

e.

A
fter

a
p
u
t

com
m

an
d

th
e

w
ork

sp
ace

b
u
ff

er
is

-u
n
ch

an
ged

-
.

T
h
is

con
trasts

w
ith

th
e

m
ach

in
e

stack
’p

u
sh

’
com

m
an

d
w

h
ich

p
u
sh

es
a

certain
am

ou
n
t

of
tex

t
(on

e
token

)
from

th
e

w
ork

sp
ace

on
to

th
e

stack
an

d
d
eletes

th
e

sam
e

am
ou

n
t

of
tex

t
from

th
e

w
ork

sp
ace

b
u
ff

er.

T
h
e

p
u
t

com
m

an
d

is
th

e
cou

n
terp

art
of

th
e

’get’
com

m
an

d
w

h
ich

retrieves
or

gets
th

e
con

ten
ts

of
th

e
cu

rren
t

item
of

th
e

tap
e

d
ata

stru
ctu

re.
S
in

ce
th

e
tap

e
is

gen
erally

d
esign

ed
for

storin
g

th
e

valu
es

or
th

e
attrib

u
tes

of
p
arse

token
s,

th
e

p
u
t

com
m

an
d

is
essen

tiallly
d
esign

ed
to

store
valu

es
of

attrib
u
tes.

H
ow

ever,
th

e
p
u
t

com
m

an
d

overw
rites

th
e

con
ten

ts
of

th
e

cu
rren

t
tap

e
cell,

w
h
ereas

th
e

“get”
com

m
an

d
ap

p
en

d
s

th
e

con
ten

ts
of

th
e

cu
rren

t
tap

e
cell

to
th

e
w

ork
sp

ace.
23

C
reate

an
d

pu
sh

(shift)
a

token
u

sin
g

the
”add”

com
m

an
d

"
s
t
y
l
e
*
t
y
p
e
*
"

{

c
l
e
a
r
;

a
d
d

"
c
o
m
m
a
n
d
*
"
;

p
u
s
h
;

}

T
h
e

scrip
t

ab
ove

d
o
es

a
sh

ift-red
u
ce

op
eration

w
h
ile

p
arsin

g
som

e
h
y
p

oth
etical

lan
gu

age.
T

h
e

“ad
d
”

com
m

an
d

is
u
sed

to
ad

d
a

n
ew

token
n
am

e
to

th
e

’w
ork

sp
ace’

b
u
ff

er
w

h
ich

is
th

en
p
u
sh

ed
on

to
th

e
stack

(u
sin

g
th

e
’p

u
sh

’
op

eration
,

n
atu

rally
).

In
th

e
ab

ove
scrip

t
th

e
tex

t
ad

d
ed

can
b

e
seen

to
b

e
a

token
n
am

e
(as

op
p

osed
to

som
e

oth
er

arb
itrary

p
iece

of
tex

t)
b

ecau
se

it
en

d
s

in
th

e
“*”

ch
aracter.

A
ctu

ally
an

y
ch

aracter
cou

ld
b

e
u
sed

to
d
elim

it
th

e
token

n
am

es,
p
u
t

“*”
is

th
e

d
efau

lt
im

p
lem

en
tation

.

T
h
e

ad
d

com
m

an
d

takes
-on

e-
an

d
on

ly
on

e
p
aram

eter,
or

argu
m

en
t.

1
6
.3

“
R

e
p

a
rse

”
co

m
m

a
n

d

T
h
e

“.rep
arse”

com
m

an
d

m
akes

th
e

in
terp

reter
ju

m
p

to
th

e
“p

arse¿”
lab

el.
T

h
e

.rep
arse

com
m

an
d

takes
n
o

argu
m

en
ts,

an
d

is
n
o
t

term
in

ated
w

ith
a

sem
i-colon

.
T

h
e

.rep
arse

com
m

an
d

is
im

p
ortan

t
for

en
su

rin
g

th
at

all
sh

ift-red
u
ction

s
o
ccu

r
at

a
p
articu

lar
p
h
ase

of
a

scrip
t.

If
th

ere
is

n
o

’p
arse¿’

lab
el

in
th

e
scrip

t,
th

en
it

is
a

(com
p
ile-tim

e)
error

to
u
se

th
e

“.rep
arse”

com
m

an
d
.

1
6
.4

“
C

lip
”

co
m

m
a
n

d

T
h
e

clip
com

m
an

d
rem

oves
on

e
ch

aracter
from

th
e

en
d

of
th

e
’w

ork
sp

ace’
b
u
ff

er
an

d
sen

d
s

it
in

to
th

e
void

.
It

d
eletes

it.
T

h
e

ch
aracter

is
rem

oved
from

th
e
e
n
d

of
th

e
w

ork
sp

ace,
an

d
so,

it
rep

resen
ts

th
e

last
ch

aracter
w

h
ich

w
ou

ld
h
ave

b
een

ad
d
ed

to
th

e
w

ork
sp

ace
from

a
p
rev

iou
s

’read
’

op
eration

.

T
h
e

com
m

an
d

is
u
sefu

l,
for

ex
am

p
le,

w
h
en

p
arsin

g
q
u
oted

tex
t,

u
sed

in
con

ju
n
ction

w
ith

th
e

’u
n
til’

com
m

an
d
.

T
h
e

follow
in

g
scrip

t
on

ly
p
rin

ts
tex
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b
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p
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t
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{
c
l
e
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;
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t
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’
;

c
l
i
p
;

p
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i
n
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}

"
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"

{
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l
e
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r
;

u
n
t
i
l

"
\
"
"
;
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l
i
p
;

p
r
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}
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e
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t
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b
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’b
ig

sm
all’

.T
h
at

is,
on

ly
th

at
w

h
ich

is
w

ith
in

d
ou

b
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b
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-
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p
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p
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b
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p
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p
e
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te

r
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b
y
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e
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n
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it

er
s.

1
6
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9
“
P

u
sh

”
co

m
m
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n

d

T
h
e

“p
u
sh

”
co

m
m

an
d

p
u
sh

es
on

e
to

ke
n
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(t
h
e

b
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in
n
in

g
of

)
th

e
w

or
k
sp

ac
e

on
to

th
e

st
ac

k
.

1
6
.2

0
“
P

o
p

”
co

m
m

a
n

d

T
h
e

“p
op

”
co

m
m

an
d

p
op

s
th

e
la

st
it

em
fr

om
th

e
v
ir

tu
al

-m
ac

h
in

e
st

ac
k

an
d

p
la

ce
s

it
s

co
n
te

n
ts

,
w

it
h
ou

t
m

o
d
ifi

ca
ti

on
,

at
th

e
be
g
in

n
in

g
of

th
e

w
or

k
sp

ac
e

b
u
ff

er
,

an
d

d
ec

re
-

m
en

ts
th

e
ta

p
e

p
oi

n
te

r.
If

th
e

st
ac

k
is

em
p
ty

,
th

en
th

e
“p

op
”

co
m

m
an

d
d
o
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n
ot

h
in

g
(a

n
d

th
e

ta
p

e
p

oi
n
te

r
is

u
n
ch

an
ge

d
).

P
op

th
e

st
ac

k
on

to
th

e
be

gi
n

n
in

g
of

th
e

w
or

ks
pa

ce
.

p
o
p
;

A
pp

ly
a

2
to

ke
n

gr
am

m
ar

ru
le

(a
sh

if
t-

re
du

ct
io

n
).

p
o
p
;
p
o
p
;

"
w
o
r
d
*
c
o
l
o
n
*
"

{
c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
*
’
;

p
u
s
h
;

}

T
h
e

p
op

co
m

m
an

d
is

u
su

al
ly

em
p
lo

ye
d

in
th

e
p
ar

si
n
g

p
h
as

e
of

th
e

sc
ri

p
t

(n
ot

th
e

le
x
in

g
p
h
as

e)
;

th
at

is
,

af
te

r
th

e
“p

ar
se

¿”
la

b
el

.
T

h
e

“p
op

;”
co

m
m

an
d

is
al

m
os

t
th

e
in

ve
rs

e
m

ac
h
in

e
op

er
at

io
n

of
th

e
“p

u
sh

;”
co

m
m

an
d
,
b
u
t

it
is

im
p

or
ta

n
t

to
re

al
is

e
th

at
a

co
m

m
an

d
se

q
u
en

ce
of

“p
op

;p
u
sh

;”
is

n
ot

eq
u
iv

al
en

t
to

“n
op

;”
(n

o-
op

er
at

io
n
).

If
th

e
p

ep
/n

om
p
ar

se
r

la
n
gu

ag
e

is
b

ei
n
g

u
se

d
to

p
ar

se
an

d
tr

an
sl

at
e

a
la

n
gu

ag
e

th
en

th
e

sc
ri

p
t

w
ri

te
r

n
ee

d
s

to
en

su
re

th
at

ea
ch

to
ke

n
en

d
s

w
it

h
a

d
el

im
it

er
ch

ar
ac

te
r

(b
y

d
ef

au
lt

”*
”)

in
or

d
er

fo
r

th
e

p
u
sh

an
d

p
op

co
m

m
an

d
s

to
w

or
k

co
rr

ec
tl

y.

T
h
e

p
op

co
m

m
an

d
al

so
aff

ec
ts

th
e

“t
ap

e”
of

th
e

v
ir

tu
al

m
ac

h
in

e
in

th
at

th
e

ta
p

e-
p

oi
n
te

r
is

au
to

m
at

ic
al

ly
d
ec

re
m

en
te

d
b
y

on
e

on
ce

fo
r

ea
ch

p
op

co
m

m
an

d
.

T
h
is

is
co

n
ve

n
ie

n
t

b
ec

au
se

it
m

ea
n
s

th
at

th
e

ta
p

e
p

oi
n
te

r
w

il
l

b
e

p
oi

n
ti

n
g

to
th

e
co

rr
es

p
on

d
in

g
el

em
en

t
fo

r
th

e
to

ke
n
.

In
ot

h
er

w
or

d
s

in
th

e
co

n
te

x
t

of
p
ar

si
n
g

an
d

co
m

p
il
in

g
a

”f
or

m
al

la
n
gu

ag
e”

th
e

ta
p

e
w

il
l
b

e
p

oi
n
ti

n
g

to
th

e
“v

al
u
e”

or
“a

tt
ri

b
u
te

”
fo

r
th

e
th

e
to

ke
n

w
h
ic

h
is

cu
rr

en
tl

y
in

th
e

w
or

k
sp

ac
e.

1
6
.2

1
“
P

ri
n
t”

co
m

m
a
n

d

T
h
e

p
ri

n
t

co
m

m
an

d
p
ri

n
ts

th
e

co
n
te

n
ts

of
th

e
w

or
k
sp

ac
e

to
th

e
st

an
d
ar

d
ou

tp
u
t

st
re

am
(t

h
e

co
n
so

le
,
n
or

m
al

ly
).

T
h
is

is
an

al
og

ou
s

to
th

e
th

e
se

d
’p

’c
om

m
an

d
(b

u
t

it
s

ab
b
re

v
ia

te
d

fo
rm

is
’t

’
n
ot

’p
’

b
ec

au
se
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’
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ea

n
s
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op
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**
E

x
am

p
le

s

P
ri

n
t

ea
ch

ch
ar

ac
te

r
in

th
e
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pu
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st
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am
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p
r
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n
t
;

p
r
i
n
t
;

c
l
e
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r
;
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b
ec

au
se

th
e

’c
le

ar
’

an
d

th
e
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ip
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m

m
an

d
s

go
t
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1
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“
T

h
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m
m
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n

d

T
h
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lo

p
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an
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re
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te
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of
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w
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k
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b
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ff

er
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T
h
e

cl
op
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m

m
an

d
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th
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u
n
te

rp
ar

t
of

th
e

’c
li
p
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m

m
an

d
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P
ri

n
t

on
ly

qu
ot

ed
w
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w
it

ho
u

t
th

e
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ot
es

r
;

’
"
’

{
u
n
t
i
l

’
"
’
;

c
l
i
p
;

c
l
o
p
;

p
r
i
n
t
;

}
c
l
e
a
r
;

1
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u

n
t

co
m
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n

d

T
h
e

co
u
n
t
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th
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b
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le
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e
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or
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i
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n
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r
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;

}
c
l
e
a
r
;

<
e
o
f
>

{
c
o
u
n
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p
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b
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h
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h
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p
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p
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p
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d
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n
t

co
m

m
a
n

d

T
h
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b
y

on
e

an
d

th
er

eb
y

m
ov

es
th

e
cu

rr
en

t
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d
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p
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p
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r
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b
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d
is

w
ri

tt
en

+
+

o
r

>

N
ot

ic
e

th
at

th
e

on
ly

p
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p
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p
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h
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b
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T
h
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s
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’m

in
u
s’

com
m

an
d
.

1
6
.1

4
Z

e
ro

co
m

m
a
n

d

T
h
e

“zero”
com

m
an

d
sets

th
e

in
tern

al
cou

n
ter

to
zero.

T
h
is

cou
n
ter

m
ay

b
e

u
sed

to
keep

track
of

n
estin

g
d
u
rin

g
p
arsin

g
p
ro

cesses,
or

u
sed

b
y

oth
er

m
u
n
d
an

e
p
u
rp

oses
su

ch
as

n
u
m

b
erin

g
lin

es
or

in
stan

ces
of

a
p
articu

lar
strin

g
or

p
attern

.

r
e
a
d
;

"
x
"

{
z
e
r
o
;

}

1
6
.1

5
“
C

h
a
rs”

co
m

m
a
n

d

T
h
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m
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p
u
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e
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a
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l
l
e
g
a
l

c
h
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r
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g
e
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"
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h
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u
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b
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p
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b
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p
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h
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l
w
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w
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g
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b
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te

r
qu

ot
e

ar
gu

m
en

t
r
;

w
h
i
l
e
n
o
t

[
z
]
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

A
n

ot
he

r
w

ay
to

pr
in

t
on

e
w

or
d

pe
r

li
n

e
r
;

[
]

{
w
h
i
l
e

[
]
;

c
l
e
a
r
;

a
d
d

"
\
n
"
;

}
p
r
i
n
t
;

c
l
e
a
r
;

T
h
e

ad
va

n
ta

ge
of

th
e

fi
rs

t
ex

am
p
le

is
th

at
it

al
lo

w
s

th
e

sc
ri

p
t

to
to

ke
n
is

e
th

e
in

p
u
t

st
re

am
in

to
w

or
d
s
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T
h
e

sy
n
tax

of
sed

an
d

p
ep

are
sim

ilar.
S
tatem

en
t

b
lo

ck
s

are
su

rrou
n
d
ed

b
y

cu
rly

b
races

{}
an

d
statem

en
ts

are
term

in
ated

w
ith

a
sem

i-colon
;

.A
lso

th
e

sed
id

ea
of

“tests”
b
ased

on
th

e
con

ten
ts

of
th

e
”p

attern
sp

ace”
(or

@
w

ork
sp

ace
)

is
u
sed

in
th

e
p

ep
lan

gu
age.

T
ext

stream
s:

B
oth

sed
an

d
p

ep
are

tex
t

stream
b
ased

u
tilities,

like
m

an
y

oth
er

u
n
ix

to
ols.

T
h
is

m
ean

s
th

at
b

oth
sed

an
d

p
ep

con
su

m
e

an
in

p
u
t

tex
t

stream
an

d
p
ro

d
u
ce

as
ou

tp
u
t

an
ou

tp
u
t

tex
t

stream
.

T
h
ese

stream
s

are
d
irected

to
th

e
p
rogram

s
u
sin

g
“p

ip
es”

—
in

a
con

sole
w

in
d
ow

on
b

oth
u
n
ix

an
d

w
in

d
ow

s
sy

stem
s.

F
or

ex
am

p
le,

for
sed

w
e

cou
ld

w
rite

in
a

con
sole

w
in

d
ow

e
c
h
o

a
b
c
a
b
c
a
b
c

sed
”s/b

/B
/g”

—

an
d

th
e

ou
tp

u
t

w
ou

ld
b

e

a
B
c
a
B
c
a
B
c

H
ow

ever
th

e
p

ep
im

p
lem

en
tation

in
c

can
n
ot

receive
in

p
u
t

from
std

in
.

T
h
is

is
b

ecau
se

std
in

is
u
sed

for
receiv

in
g

in
teractive

com
m

an
d
s

in
d
eb

u
g

m
o
d
e.

N
everth

eless,
on

ce
a

scrip
t

h
as

b
een

tran
slated

to
an

oth
er

lan
gu

age
(eg:

p
y
th

on
,

ru
b
y,

java,
go,

tcl)
u
sin

g
th

e
tran

slation
scrip

ts
in

th
e
t
r
/

fold
er,

th
en

th
e

tran
slated

scrip
t

can
b

e
u
sed

in
a

p
ip

e.

F
or

ex
am

p
le,

w
e

can
tran

slate
a

sim
p
le

scrip
t

in
to

ru
b
y

an
d

th
en

ru
n

it
as

a
“fi

lter”
p
rogram

in
a

p
ip

e

p
e
p

-
f

t
r
/
t
r
a
n
s
l
a
t
e
.
r
u
b
y
.
p
s
s

-
i

"
r
;
t
;
t
;
d
;
"

>
t
e
s
t
.
r
b

c
h
m
o
d

o
+
x

t
e
s
t
.
r
b
;

e
c
h
o

"
a
b
c
d
"

|
.
/
t
e
s
t
.
r
b

In
th

e
case

of
”p

ep
”,

th
e

com
m

an
d

lin
e

cou
ld

b
e

w
ritten

p
e
p

-
e

"
r
;
’
b
’
{
d
;
a
d
d
’
B
’
}

p
r
i
n
t
;
d
;
"

-
i

"
a
b
c
a
b
c
a
b
c
"

an
d

th
e

ou
tp

u
t,

on
ce

again
w

ill
b

e

a
B
c
a
B
c
a
B
c

2
9
.2

D
iff

e
re

n
ce

s

L
in

es
vs

characters:

S
ed

(like
A

W
K

)
is

a
“lin

e”
b
ased

tex
t

m
an

ip
u
lation

to
ol

(tex
t

is
p
ro

cessed
on

e
lin

e
at

a
tim

e),
w

h
ereas

p
ep

is
ch

aracter
b
ased

(tex
t

is
n
orm

ally
p
ro

cessed
on

e
ch

aracter
at

a
tim

e).
T

h
is

m
ean

s
th

at
all

th
e

in
stru

ction
s

in
a

sed
scrip

t
are

ex
ecu

ted
on

ce
for

each
lin

e
of

th
e

in
p
u
t

tex
t

stream
,

b
u
t

in
th

e
case

of
p

ep
,

th
e

in
stru

ction
s

are
ex

ecu
ted

on
ce

for
each

ch
aracter

of
th

e
in

p
u
t

tex
t

stream
.

S
trict

syn
tax:

T
h
e

sy
n
tax

of
th

e
p

ep
lan

gu
age

is
stricter

th
an

th
at

of
sed

.
F

or
ex

am
p
le,

in
a

p
ep

scrip
t

all
com

m
an

d
s

m
u
st

en
d

w
ith

a
sem

i-colon
(ex

cep
t

.rep
arse,

p
arse¿

an
d

.restart
-

w
h
ich

aff
ect

p
rogram

fl
ow

)
an

d
all

statem
en

ts
after

a
test

m
u
st

b
e

en
closed

in
cu

rly
b
races.

In
m

an
y

version
s

of
sed

,
it

is
n
ot

alw
ay

s
n
ecessary

to
term

in
ate

com
m

an
d
s

w
ith

a
sem

i-colon
.

F
or

ex
am

p
le,

b
oth

of
th

e
follow

in
g

are
valid

sed
statem

en
ts.

s
/
b
/
B
/
g

s
/
b
/
B
/
g
;

31

1
6
.2

9
W

h
ile

co
m

m
a
n

d

T
h
e

’w
h
ile’

com
m

an
d

in
th

e
p
attern

-p
arse

lan
gu

age
read

s
th

e
in

p
u
t

stream
w

h
ile

th
e

’p
eep

’
b
u
ff

er
is

an
y

on
e

of
th

e
ch

aracters
or

ch
aracter

sets
m

en
tion

ed
in

th
e

argu
m

en
t.

T
h
e

com
m

an
d

is
w

ritten

w
h
i
l
e

[
c
d
e
f
]
;

T
h
e

com
m

an
d

takes
on

e
argu

m
en

t.
T

h
is

argu
m

en
t

m
ay

also
in

clu
d
e

ch
aracter

classes
as

w
ell

as
literal

ch
aracters.

F
rom

ex
am

p
le,

w
h
i
l
e

[
:
s
p
a
c
e
:
]
;

read
s

th
e

in
p
u
t

stream
w

h
ile

th
e

p
eep

b
u
ff

er
is

a
d
igit.

T
h
e

read
ch

aracters
are

ap
p

en
d
ed

to
th

e
’w

ork
sp

ace’
b
u
ff

er.
T

h
e

w
h
ile

com
m

an
d

can
n
ot

take
a

q
u
oted

argu
m

en
t

(”x
x
x
”).

N
egation

for
th

e
w

h
ile

com
m

an
d

is
cu

rren
tly

su
p
p

orted
u
sin

g
th

e
“w

h
ilen

ot”
com

m
an

d
.

1
6
.3

0
E

n
d

sw
ith

te
st

T
h
e

’en
d
s

w
ith

’
test

ch
eck

s
w

h
eth

er
th

e
w

ork
sp

ace
en

d
s

w
ith

a
given

strin
g.

T
h
is

test
is

w
ritten

E
"
x
y
z
"

{
.
.
.

}

T
h
e

scrip
t

lan
gu

age
con

tain
s

a
stru

ctu
re

to
p

erform
a

test
b
ased

on
th

e
con

ten
t

of
th

e
w

ork
sp

ace
an

d
to

ex
ecu

te
com

m
an

d
s

d
ep

en
d
in

g
on

th
e

resu
lt

of
th

at
test.

A
n

ex
am

p
le

of
th

e
sy

n
tax

is

"
o
c
e
a
n
"

{
a
d
d

"
b
l
u
e
"
;

p
r
i
n
t
;

}

In
th

e
scrip

t
ab

ove,
if

th
e

w
ork

sp
ace

b
u
ff

er
is

th
e

tex
t

“o
cean

”
th

en
th

e
com

m
an

d
s

w
ith

in
th

e
b
races

are
ex

ecu
ted

an
d

if
n
ot,

th
en

n
ot.

T
h
e

test
stru

ctu
re

is
a

sim
p
le

strin
g

eq
u
ivalen

ce
test,

th
ere

are
-n

o-
regu

lar
ex

p
ression

s
an

d
th

e
w

ork
sp

ace
b
u
ff

er
m

u
st

b
e

-ex
actly

-
th

e
tex

t
w

h
ich

is
w

ritten
b

etw
een

th
e
/
/

ch
aracters

or
else

th
e

test
w

ill
fail,

or
retu

rn
false,

an
d

th
e

com
m

an
d
s

w
ith

in
th

e
b
races

w
ill

n
ot

b
e

ex
ecu

ted
.

T
h
is

com
m

an
d

is
clearly

in
fl
u
en

ced
b
y

th
e

“sed
”
h
t
t
p
:
/
/
s
e
d
.
s
f
.
n
e
t

stream
ed

itor
com

m
an

d
w

h
ich

h
as

a
v
irtu

ally
id

en
tical

sy
n
tax

ex
cep

t
for

som
e

key
elem

en
ts.

In
sed

regu
lar

ex
p
ression

s
are

su
p
p

orted
an

d
in

sed
th

e
fi
rst

op
en

in
g

b
race

m
u
st

b
e

on
th

e
sam

e
lin

e
as

th
e

test
stru

ctu
re.

T
h
ere

is
also

an
oth

er
test

stru
ctu

re
in

th
e

scrip
t

lan
gu

age
w

h
ich

ch
eck

s
to

see
if

th
e

w
ork

sp
ace

b
u
ff

er
-b

egin
s-

w
ith

th
e

given
tex

t
an

d
th

e
sy

n
tax

lo
ok

s
like

th
is

B
"
o
c
e
a
n
"

{
a
d
d

’
b
l
u
e
’
;

p
r
i
n
t
;

}

1
7

U
sin

g
te

sts
in

th
e

p
e
p

to
o
l

1
7
.1

T
e
st

e
x
a
m

p
le

s

If
the

w
orkspace

is
n

ot
em

pty,
add

a
dot

to
the

en
d

of
the

w
orkspace

!
"
"

{
a
d
d

’
.
’
;

}

If
the

en
d

of
the

in
pu

t
stream

is
reached

prin
t

the
m

essage
”en

d
of

fi
le”

<
e
o
f
>

{
a
d
d

"
e
n
d

o
f

f
i
l
e
"
;

p
r
i
n
t
;
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2
6

P
a
rs

e
to

k
e
n

s

2
6
.1

L
it

e
ra

l
to

k
e
n

s

O
n
e

tr
ic

k
in

th
e

p
ep

/n
om

la
n
gu

ag
e

is
to

u
se

a
“t

er
m

in
al

”
ch

ar
ac

te
r

as
it

s
ow

n
p
ar

se
-

to
ke

n
.

T
h
is

si
m

p
li
fi
es

th
e

le
x
in

g
p
h
as

e
of

th
e

sc
ri

p
t.

T
h
e

p
ro

ce
d
u
re

is
ju

st
to

re
ad

th
e

te
rm

in
al

sy
m

b
ol

(o
n
e

or
m

or
e

ch
ar

ac
te

rs
)

an
d

th
en

ad
d

th
e

to
ke

n
d
el

im
it

er
ch

ar
ac

te
r

on
th

e
en

d
.

U
si

n
g

li
te

ra
l

to
ke

n
s

w
it

h
th

e
de

fa
u

lt
to

ke
n

de
li

m
it

er
’*

’

r
e
a
d
;

"
{
"
,
"
}
"
,
"
(
"
,
"
)
"
,
"
=
"

{

p
u
t
;

a
d
d

"
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

2
7

P
u

rp
o
se

o
f

th
e

la
n

g
u

a
g
e

a
n

d
v
ir

tu
a
l

m
a
ch

in
e

T
h
e

la
n
gu

ag
e

is
d
es

ig
n
ed

to
al

lo
w

th
e

si
m

p
le

cr
ea

ti
on

of
p
ar

se
rs

an
d

tr
an

sl
at

or
s,

w
it

h
ou

t
th

e
n
ec

es
si

ty
to

b
ec

om
e

in
vo

lv
ed

in
th

e
co

m
p
le

x
it

ie
s

of
so

m
et

h
in

g
li
ke

L
ex

or
Y

ac
c.

S
in

ce
th

e
in

te
rp

re
te

r
fo

r
th

e
la

n
gu

ag
e

is
b
as

ed
on

a
v
ir

tu
al

m
ac

h
in

e,
th

e
la

n
gu

ag
e

is
p
la

tf
or

m
in

d
ep

en
d
an

t
an

d
h
as

a
le

ve
l

of
ab

st
ra

ct
io

n
.

T
h
e

la
n
gu

ag
e

co
m

b
in

es
th

e
fe

at
u
re

s
of

a
to

ke
n
iz

er
an

d
p
ar

se
r

an
d

tr
an

sl
at

or
.

2
8

A
v
a
il

a
b

le
im

p
le

m
e
n
ta

ti
o
n

s

h
t
t
p
:
/
/
b
u
m
b
l
e
.
s
o
u
r
c
e
f
o
r
g
e
.
n
e
t
/
b
o
o
k
s
/
p
a
r
s
/
o
b
j
e
c
t
/

T
h
is

fo
ld

er
co

n
ta

in
s

a
w

or
k
-

in
g

im
p
le

m
en

ta
ti

on
in

th
e

c
la

n
gu

ag
e.

T
h
e

co
d
e

ca
n

b
e

co
m

p
il
ed

w
it

h
th

e
b
as

h
fu

n
ct

io
n
s

in
th

e
fi
le

“h
el

p
er

s.
p
ar

s.
sh

”

2
9

C
o
m

p
a
ri

so
n

b
e
tw

e
e
n

p
e
p

a
n

d
se

d

T
h
e

p
ep

to
ol

w
as

la
rg

el
y

in
sp

ir
ed

b
y

th
e

“s
ed

”
st

re
am

ed
it

or
,

b
ot

h
it

s
ca

p
ab

il
it

ie
s

an
d

li
m

it
at

io
n
s.

S
ed

is
a

p
ro

gr
am

d
es

ig
n
ed

to
fi
n
d

an
d

re
p
la

ce
p
at

te
rn

s
in

te
x
t

fi
le

s.
T

h
e

p
at

te
rn

s
w

h
ic

h
S
ed

re
p
la

ce
s

ar
e

”r
eg

u
la

r
ex

p
re

ss
io

n
s”

.
P

ep
h
as

m
an

y
si

m
il
ar

it
ie

s
w

it
h

se
d
,

b
ot

h
in

th
e

sy
n
ta

x
of

it
s

sc
ri

p
ts

an
d

al
so

th
e

u
n
d
er

ly
in

g
co

n
ce

p
ts

.
T

o
b

et
te

r
u
n
d
er

st
an

d
p

ep
,

it
m

ay
b

e
u
se

fu
l

to
an

al
y
se

th
es

e
si

m
il
ar

it
ie

s
an

d
d
iff

er
en

ce
s.

2
9
.1

S
im

il
a
ri

ti
e
s

T
he

w
or

ks
pa

ce
:

B
ot

h
se

d
an

d
th

e
p

ep
m

ac
h
in

e
h
av

e
a

’w
or

k
sp

ac
e’

b
u
ff

er
(w

h
ic

h
in

se
d

is
ca

ll
ed

th
e

”p
at

te
rn

sp
ac

e”
).

T
h
is

w
or

k
sp

ac
e

is
th

e
ar

ea
w

h
er

e
m

an
ip

u
la

ti
on

s
of

th
e

te
x
t

in
p
u
t

st
re

am
ar

e
ca

rr
ie

d
ou

t.

T
he

sc
ri

pt
cy

cl
e:

T
h
e

la
n
gu

ag
es

ar
e

b
as

ed
on

an
im

p
li
ci

t
cy

cl
e.

T
h
at

is
to

sa
y

th
at

ea
ch

co
m

m
an

d
in

a
se

d
or

a
p

ep
sc

ri
p
t

is
ex

ec
u
te

d
on

ce
fo

r
ea

ch
li
n
e

(s
ed

)
or

on
ce

fo
r

ea
ch

ch
ar

ac
te

r
(p

ep
/n

om
)

S
yn

ta
x:

30

If
th

e
w

or
ks

pa
ce

be
gi

n
s

w
it

h
’t

’
tr

im
a

ch
ar

ac
te

r
fr

om
th

e
en

d
B
"
t
"

{
c
l
i
p
;

}

1
7
.2

T
a
p

e
te

st

T
h
e

ta
p

e
te

st
d
et

er
m

in
es

if
th

e
cu

rr
en

t
el

em
en

t
of

th
e

ta
p

e
st

ru
ct

u
re

is
th

e
sa

m
e

as
th

e
w

or
k
sp

ac
e

b
u
ff

er
.

T
h
e

ta
p

e
te

st
is

w
ri

tt
en

<
=
=
>

T
h
is

te
st

w
as

in
cl

u
d
ed

or
ig

in
al

ly
in

or
d
er

to
p
ar

se
th

e
se

d
st

ru
ct

u
re

s
@
o
l
d
@
n
e
w
@
g

o
r

s
/
o
l
d
/
n
e
w
/
g

o
r

s
%
o
l
d
%
n
e
w
%
g

In
ot

h
er

w
or

d
s,

in
se

d
,

an
y

ch
ar

ac
te

r
ca

n
b

e
u
se

d
to

d
el

im
it

e
th

e
te

x
t

in
a

su
b
st

it
u
e

co
m

m
an

d
.

1
8

A
cc

u
m

u
la

to
r

1
9

S
ta

ck
st

ru
ct

u
re

in
th

e
v
ir

tu
a
l

m
a
ch

in
e

T
h
e

’v
ir

tu
al

’-
m

ac
h
in

e
of

th
e

p
ep

la
n
gu

ag
e

co
n
ta

in
s

a
st

ac
k

st
ru

ct
u
re

w
h
ic

h
is

p
ri

m
ar

il
y

in
te

n
d
ed

to
h
ol

d
th

e
p
ar

se
to

ke
n
s

d
u
ri

n
g

th
e

p
ar

si
n
g

an
d

tr
an

sf
or

m
at

io
n

of
a

te
x
t

p
at

te
rn

or
la

n
gu

ag
e.

H
ow

ev
er

,
th

e
st

ac
k

co
u
ld

h
ol

d
an

y
ot

h
er

st
ri

n
g

d
at

a.
E

ac
h

el
em

en
t

of
th

e
st

ac
k

st
ru

ct
u
re

is
a

st
ri

n
g

b
u
ff

er
of

u
n
li
m

it
ed

si
ze

.

T
h
e

st
ac

k
is

m
an

ip
u
la

te
d

u
si

n
g

th
e

p
op

an
d

p
u
sh

co
m

m
an

d
s.

W
h
en

a
va

lu
e

is
p

op
p

ed
off

th
e

st
ac

k
,

th
at

va
lu

e
is

ap
p

en
d
ed

to
th

e
-f

ro
n
t-

of
th

e
w

or
k
sp

ac
e

b
u
ff

er
.

If
th

e
st

ac
k

is
em

p
ty

,
th

en
th

e
p

op
co

m
m

an
d

h
as

n
o

eff
ec

t.

2
0

T
a
p

e
in

th
e

p
e
p

m
a
ch

in
e

T
h
e

ta
p

e
st

ru
ct

u
re

in
th

e
v
ir

tu
al

m
ac

h
in

e
is

an
in

fi
n
it

e
ar

ra
y

of
el

em
en

ts
.

E
ac

h
of

th
es

e
el

em
en

ts
is

a
st

ri
n
g

b
u
ff

er
of

in
fi
n
it

e
si

ze
.

T
h
e

el
em

en
ts

of
th

e
ta

p
e

st
ru

ct
u
re

m
ay

b
e

ac
ce

ss
ed

u
si

n
g

th
e

@
in

cr
em

en
t

,
@

d
ec

re
m

en
t

,
@

ge
t

an
d

@
p
u
t

co
m

m
an

d
s.

2
0
.1

T
a
p

e
a
n

d
th

e
st

a
ck

T
h
e

ta
p

e
st

ru
ct

u
re

in
th

e
v
ir

tu
al

m
ac

h
in

e
an

d
th

e
@

st
ac

k
st

ru
ct

u
re

an
d

d
es

ig
n
ed

to
b

e
u
se

d
in

ta
n
d
em

,
an

d
se

ve
ra

l
m

ec
h
an

is
m

s
h
av

e
b

ee
n

p
ro

v
id

ed
to

en
ab

le
th

is
.

F
or

ex
am

p
le

,
w

h
en

a
“p

op
”

op
er

at
io

n
is

p
er

fo
rm

ed
,

th
e

@
ta

p
e-

p
oi

n
te

r
is

au
to

m
at

ic
al

ly
d
ec

re
m

en
te

d
,

an
d

w
h
en

a
@

p
u
sh

op
er

at
io

n
is

p
er

fo
rm

ed
th

en
th

e
ta

p
e

p
oi

n
te

r
is

au
to

m
at

ic
al

ly
in

cr
e-

m
en

te
d
.

S
in

ce
th

e
p
ar

si
n
g

la
n
gu

ag
e

an
d

m
ac

h
in

e
h
av

e
b

ee
n

d
es

ig
n
ed

to
ca

rr
y

ou
t

p
ar

si
n
g

an
d

tr
an

sf
or

m
at

io
n

op
er

at
io

n
s

on
te

x
t

st
re

am
s,

th
e

ta
p

e
an

d
st

ac
k

ar
e

in
te

n
d
ed

to
h
ol

d
th

e
va

lu
es

an
d

to
ke

n
s

of
th

e
p
ar

si
n
g

p
ro

ce
ss

.

2
1

B
a
ck

u
sn

a
u

r
fo

rm
a
n

d
th

e
p

a
tt

e
rn

p
a
rs

e
r

B
ac

k
u
s-

n
au

r
fo

rm
is

a
w

ay
of

ex
p
re

ss
in

g
gr

am
m

ar
ru

le
s

fo
r

fo
rm

al
la

n
gu

ag
es

.
A

va
ri

at
io

n
of

B
N

F
is

“E
B

N
F

”
w

h
ic

h
m

o
d
ifi

es
sl

ig
h
tl

y
th

e
sy

n
ta

x
of

b
n
f.

S
om

et
im

es
on

th
is

si
te

I
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2
5

S
h

iftin
g

a
n

d
re

d
u

cin
g

T
h
ere

is
on

e
com

p
licatin

g
factor

w
h
ich

is
th

e
con

cep
t

of
m

u
ltip

le
sh

ift-red
u
ces

d
u
rin

g
th

e
”sh

ift-red
u
ce

p
arsin

g
on

e
cy

cle
or

th
e

in
terp

reter.
T

h
is

con
cep

t
h
as

alread
y

b
een

treated
w

ith
in

th
e

@
fl
ag

com
m

an
d

d
o
cu

m
en

tation
.

A
n
oth

er
trick

y
con

cep
t

is
gram

m
ar

ru
le

p
reced

en
ce,

in
oth

er
w

ord
s,

w
h
ich

gram
m

ar
ru

le
sh

ift-red
u
ction

sh
ou

ld
b

e
ap

p
lied

fi
rst

or
w

ith
greater

p
red

en
ce.

In
term

s
of

an
y

con
crete

ap
p
lication

th
e

ord
er

of
th

e
scrip

t
statem

en
ts

d
eterm

in
es

p
reced

en
ce.

2
5
.1

S
h

ift
re

d
u

ctio
n

s
o
n

th
e

sta
ck

S
ee

the
follow

in
g

script
fragm

en
t

p
o
p
;
p
o
p
;

"
c
o
m
m
a
n
d
*
c
o
m
m
a
n
d
*
"
,

"
c
o
m
m
a
n
d
s
e
t
*
c
o
m
m
a
n
d
*
"

{

c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
s
e
t
*
’
;

p
u
s
h
;

}"
w
o
r
d
*
c
o
l
o
n
*
"

{

c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
*
’
;

p
u
s
h
;

}p
u
s
h
;

p
u
s
h
;

T
h
is

scrip
t

corresp
on

d
s

d
irectly

to
th

e
(e)b

n
f

gram
m

ar
ru

les

c
o
m
m
a
n
d
s
e
t

:
=

c
o
m
m
a
n
d

,
c
o
m
m
a
n
d
;

c
o
m
m
a
n
d
s
e
t

:
=

c
o
m
m
a
n
d
s
e
t

,
c
o
m
m
a
n
d
;

c
o
m
m
a
n
d

:
=

w
o
r
d

,
c
o
l
o
n
;

B
u
t

in
th

e
scrip

t
ab

ove
th

ere
is

a
p
rob

lem
;

th
at

th
e

fi
rst

ru
le

n
eed

s
to

b
e

ap
p
lied

after
th

e
secon

d
ru

le.

B
u
t

it
seem

s
n
ow

th
at

an
oth

er
red

u
ction

sh
ou

ld
o
ccu

r
n
am

ely

i
f
-
b
l
o
c
k

-
-
>

i
f
-
s
t
a
t
e
m
e
n
t

b
l
o
c
k

w
h
ich

can
b

e
sim

p
ly

im
p
lem

en
ted

in
th

e
lan

gu
age

u
sin

g
th

e
statem

en
ts:

p
o
p
;

p
o
p
;

"
i
f
-
s
t
a
t
e
m
e
n
t
s
*
b
l
o
c
k
*
"

{
c
l
e
a
r
;

a
d
d

"
i
f
-
b
l
o
c
k
*
"
;

p
u
s
h
;

}

B
u
t

th
e

cru
cial

q
u
estion

is,
w

h
at

h
ap

p
en

s
if

th
e

statem
en

ts
ju

st
w

ritten
com

e
b

efore
th

e
statem

en
ts

w
h
ich

w
ere

p
resen

ted
earlier

on
?

T
h
e

p
rob

lem
is

th
at

th
e

secon
d

red
u
ction

w
ill

n
ot

o
ccu

r
b

ecau
se

th
e

scrip
t

h
as

alread
y

p
assed

th
e

relevan
t

statem
en

ts.
T

h
is

p
rob

lem
is

solved
b
y

th
e

.rep
arse

com
m

an
d

an
d

th
e

p
arse¿

lab
el

29

u
se

(yet
an

oth
er)

sy
n
tax

for
b
n
f

or
eb

n
f

ru
les

b
u
t

th
e

id
ea

is
th

e
sam

e.

T
h
ere

is
close

relation
sh

ip
b

etw
een

th
e

sy
n
tax

of
th

e
’p

ep
’

lan
gu

age
an

d
a

b
n
f

gram
m

ar.
F

or
ex

am
p
le

"
w
o
r
d
*
c
o
l
o
n
*
"

{
c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
*
’
;

p
u
s
h

}

corresp
on

d
s

to
th

e
gram

m
ar

ru
le

c
o
m
m
a
n
d

:
=

w
o
r
d

c
o
l
o
n

2
2

S
e
lf

re
fe

re
n
tia

lity

T
h
e

p
ep

/n
om

lan
gu

age
is

a
lan

gu
age

w
h
ich

is
d
esign

ed
to

p
arse/com

p
ile/tran

slate
lan

-
gu

ages.
T

h
is

m
ean

s
th

at
it

can
recogn

ise/p
arse/com

p
ile,

an
d

tran
slate

itself.
T

h
e

scrip
t

b
o
o
k
s
/
p
a
r
s
/
t
r
a
n
s
l
a
t
e
.
c
.
p
s
s

is
an

ex
am

p
le

of
th

is.

A
n
oth

er
in

terestin
g

ap
p
lication

of
th

is
self-referen

tiality
is

creatin
g

a
n
ew

com
p
ilin

g
sy

s-
tem

in
a

d
iff

eren
t

target
lan

gu
age.

2
3

R
e
fl

e
ctio

n
se

lf
h

o
stin

g
a
n

d
se

lf
p

a
rsin

g

T
h
e

scrip
t

“com
p
ile.p

ss”
is

a
p
arse-scrip

t
w

h
ich

im
p
lem

en
ts

th
e

p
arse-scrip

t
lan

gu
age.

T
h
is

w
as

ach
ieved

b
y

fi
rst

w
ritin

g
a

h
an

d
-co

d
ed

“assem
b
ler”

p
rogram

for
th

e
m

ach
in

e
(con

tain
ed

in
th

e
fi
le

”asm
.p

p
”).

O
n
ce

a
w

ork
in

g
a
s
m
.
p
p

p
rogram

im
p
lem

en
ted

a
b
asic

sy
n
tax

for
th

e
lan

gu
age,

th
e
c
o
m
p
i
l
e
.
p
s
s

scrip
t

w
as

w
ritten

.
T

h
is

m
akes

it
p

ossib
le

to
m

ain
tain

an
d

ad
d

n
ew

sy
n
tax

to
th

e
lan

gu
age

u
sin

g
th

e
lan

gu
age

itself.

A
n
ew

“asm
.p

p
”

fi
le

is
gen

erated
b
y

ru
n
n
in

g

p
e
p

-
f

c
o
m
p
i
l
e
.
p
s
s

c
o
m
p
i
l
e
.
p
s
s

>
>

a
s
m
.
n
e
w
.
p
p
;

c
p

a
s
m
.
n
e
w
.
p
p

a
s
m
.
p
p

F
in

ally
it

is
n
ecessary

to
com

m
en

t
ou

t
th

e
2

“p
rin

t”
com

m
an

d
s

n
ear

th
e

en
d

of
th

e
“asm

.p
p
”

fi
le

w
h
ich

are
lab

elled
“:rem

ove:”

T
h
e

com
m

an
d

ab
ove

ru
n
s

th
e

scrip
t
c
o
m
p
i
l
e
.
p
s
s

an
d

also
u
ses

c
o
m
p
i
l
e
.
p
s
s

as
its

tex
t

in
p
u
t

stream
.

In
th

is
sen

se
th

e
sy

stem
is

“self-h
ostin

g”
an

d
”self-p

arsin
g”.

It
is

also
a

go
o
d

id
ea

to
p
reserve

th
e

old
cop

y
of

a
s
m
.
p
p

in
case

th
ere

are
errors

in
th

e
n
ew

com
p
iler.

2
4

S
e
d

th
e

stre
a
m

e
d

ito
r

T
h
e

con
cep

t
of

“cy
cles”

is
d
raw

n
d
irectly

from
th

e
sed

lan
gu

age
or

to
ol

(sed
is

a
u
n
ix

u
tility

).
In

th
e

sed
lan

gu
age

each
statem

en
t

in
a

sed
scrip

t
is

ex
ecu

ted
on

ce
for

each
-lin

e-
in

a
given

in
p
u
t

stream
.

In
oth

er
w

ord
s

th
ere

is
a

k
in

d
of

im
p
licit

“lo
op

”
w

h
ich

go
es

arou
n
d

th
e

sed
scrip

t.
T

h
is

lo
op

in
som

e
fi
ction

al
p
rogram

m
in

g
lan

gu
age

m
igh

t
lo

ok
like:

P
seu

do

w
h
i
l
e

m
o
r
e

i
n
p
u
t

l
i
n
e
s

d
o

s
e
d

s
c
r
i
p
t

l
o
o
p

In
th

e
cu

rren
t

p
arse-lan

gu
age

th
e

cy
cles

are
ex

ecu
ted

for
each

-ch
aracter-

in
th

e
in

p
u
t

stream
(as

op
p

osed
to

lin
e).
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3
6
.2

N
o
te

s
fo

r
a

re
g
e
x

p
a
rs

e
r

P
ar

se
a

re
ge

x
be

tw
ee

n
/

an
d

/

#
*

t
o
k
e
n
s

f
o
r

t
h
e

r
e
g
e
x

p
a
r
s
e
r

c
l
a
s
s
:

[
^
-
a
\
]
[
b
c
1
-
5
+
*
(
)
]

s
p
e
c
:

t
h
e

l
i
s
t

a
n
d

r
a
n
g
e
s

i
n

[
]

c
l
a
s
s
e
s

c
h
a
r
:

o
n
e

c
h
a
r
a
c
t
e
r

*
#

b
e
g
i
n

{
w
h
i
l
e

[
:
s
p
a
c
e
:
]
;

c
l
e
a
r
;

}

r
e
a
d
;

!
"
/
"

{

c
l
e
a
r
;

a
d
d

"
e
r
r
o
r
"
;

p
r
i
n
t
;

q
u
i
t
;

} #
s
p
e
c
i
a
l

c
h
a
r
a
c
t
e
r
s

f
o
r

r
e
g
e
x

c
a
n

b
e

l
i
t
e
r
a
l

t
o
k
e
n
s

[
-
/
\
]
(
)
+
*
$
^
.
?
]

{

"
*
"

{
p
u
t
;

c
l
e
a
r
;

a
d
d

"
s
t
a
r
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

a
d
d

’
*
’
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} #
t
h
e

s
t
a
r
t

o
f

c
l
a
s
s

t
e
s
t
s

[
^

.
.
.

]

"
[
"

{

r
e
a
d
;

#
e
m
p
t
y

c
l
a
s
s

[
]

i
s

a
n

e
r
r
o
r

"
]
"

{

c
l
e
a
r
;

a
d
d

"
E
m
p
t
y

c
l
a
s
s

t
e
s
t

[
]

a
t

c
h
a
r

"
;

c
h
a
r
s
;

p
r
i
n
t
;

q
u
i
t
;

} #
n
e
g
a
t
e
d

c
l
a
s
s

t
e
s
t

"
^
"

{
c
l
e
a
r
;

a
d
d

"
[
n
e
g
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

#
n
o
t

n
e
g
a
t
e
d

c
l
e
a
r
;

a
d
d

"
[
*
c
h
a
r
*
"
;

p
u
s
h
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} #
j
u
s
t

g
e
t

t
h
e

n
e
x
t

c
h
a
r

a
f
t
e
r

t
h
e

e
s
c
a
p
e

c
h
a
r

"
\
\

"
{

(
e
o
f
)

{
c
l
e
a
r
;

a
d
d

"
e
r
r
o
r
!
"
;

p
r
i
n
t
;

q
u
i
t
;

}

c
l
e
a
r
;

r
e
a
d
;

[
n
t
f
r
]

{

"
n
"

{
c
l
e
a
r
;

a
d
d

"
\
n
"
;

}

"
t
"

{
c
l
e
a
r
;

a
d
d

"
\
t
"
;

}

"
f
"

{
c
l
e
a
r
;

a
d
d

"
\
f
"
;

}

"
r
"

{
c
l
e
a
r
;

a
d
d

"
\
r
"
;

}

p
u
t
;

c
l
e
a
r
;

a
d
d

"
c
h
a
r
*
"
;

p
u
s
h
;

}

} !
"
"

{
p
u
t
;

a
d
d

"
c
h
a
r
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

p
a
r
s
e
>

p
o
p
;

p
o
p
;

"
c
h
a
r
*
s
t
a
r
*
"

{
c
l
e
a
r
;

a
d
d

"
p
a
t
t
e
r
n
*
"
;

.
r
e
p
a
r
s
e

}

"
c
h
a
r
*
c
h
a
r
*
"

{
c
l
e
a
r
;

a
d
d

"
p
a
t
t
e
r
n
*
c
h
a
r
*
"
;

p
u
s
h
;

p
u
s
h
;

.

⇒
r
e
p
a
r
s
e

}

"
[
*
]
*
"

{
c
l
e
a
r
;

a
d
d

"
e
r
r
o
r
!
"
;

p
r
i
n
t
;

q
u
i
t
;

}

#
3

t
o
k
e
n
s

p
o
p
;

#
p
a
r
s
i
n
g

c
l
a
s
s

t
e
s
t
s

e
g
:

[
a
b
0
-
9
A
-
C
^
&
*
]

o
r

[
^
-
a
b
c
]

#
s
o

t
h
e

o
n
l
y

s
p
e
c
i
a
l

c
h
a
r
a
c
t
e
r
s

i
n

c
l
a
s
s
e
s

a
r
e

[
]
^
(
n
e
g
a
t
i
o
n

⇒
)

#
-

i
n
d
i
c
a
t
e
s

a
r
a
n
g
e
,

e
x
c
e
p
t

w
h
e
n

i
t

i
s

t
h
e

1
s
t

c
h
a
r

i
n

t
h
e

⇒
b
r
a
c
k
e
t
s

# #
s
e
q
u
e
n
c
e
s

l
i
k
e
:

[
*
c
h
a
r
*
c
h
a
r
*

[
*
-
*
c
h
a
r
*

B
"
[
*
"
,
B
"
[
n
e
g
*
"

{

#
i
n

b
r
a
c
k
e
t
s
,

a
-
b

i
s

a
r
a
n
g
e

!
E
"
]
*
"
.
!
E
"
-
*
"

{

#
m
a
n
i
p

a
t
t
r
i
b
u
t
e
s

c
l
e
a
r
;

a
d
d

"
[
*
s
p
e
c
*
c
h
a
r
*
"
;

p
u
s
h
;

p
u
s
h
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

} #
t
o
k
e
n

s
e
q
u
e
n
c
e
s
,

e
g
:

s
p
e
c
/
c
h
a
r
/
?

s
p
e
c
/
+
/
+

s
p
e
c
/
.
/
c
h
a
r

B
"
s
p
e
c
*
"

{

!
E
"
]
*
"
.
!
E
"
-
*
"

{

#
m
a
n
i
p

a
t
t
r
i
b
u
t
e
s

g
e
t
;

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
s
p
e
c
*
c
h
a
r
*
"
;

p
u
s
h
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

} "
[
*
s
p
e
c
*
]
*
"
,
"
[
*
c
h
a
r
*
]
*
"

{

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
c
l
a
s
s
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} "
[
n
e
g
*
s
p
e
c
*
]
*
"
,
"
[
n
e
g
*
c
h
a
r
*
]
*
"

{

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
n
e
g
c
l
a
s
s
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} #
e
n
d

o
f

c
l
a
s
s

p
a
r
s
i
n
g

#
a

p
a
t
t
e
r
n

c
a
n

b
e

s
i
m
p
l
e
,

l
i
k
e

’
a
*
’

o
r

c
o
m
p
l
e
x

l
i
k
e

#
’
[
1
-
9
a
b
c
\
n
]
+
’

a
l
s
o

a
p
a
t
t
e
r
n

c
a
n

b
e

a
s
e
q
u
e
n
c
e

o
f

#
p
a
t
t
e
r
n
s

"
p
a
t
t
e
r
n
*
p
a
t
t
e
r
n
*
"

{

#
t
h
i
s

i
s

a
r
e
c
o
g
n
i
s
e
r

o
r

c
h
e
c
k
e
r
.

s
o

j
u
s
t

c
o
p
y

t
h
e

⇒
p
a
t
t
e
r
n
s

#
a
c
r
o
s
s
.

g
e
t
;

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
p
a
t
t
e
r
n
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} p
u
s
h
;

p
u
s
h
;

(
e
o
f
)

{

a
d
d

"
P
a
r
s
e

s
t
a
c
k

i
s
:

"
;

p
r
i
n
t
;

c
l
e
a
r
;

u
n
s
t
a
c
k
;

p
r
i
n
t
;

q
u
i
t

⇒
;

}

40

P
ep

ha
s

n
o

im
pl

ic
it

ch
ar

ac
te

r
re

ad
or

pr
in

t
r
;

r
e
p
l
a
c
e

"
a
"

"
A
"
;

p
r
i
n
t
;

c
l
e
a
r
;

B
A

C
K

U
S
-N

A
U

R
F

O
R

M
A

N
D

T
H

E
P

A
T

T
E

R
N

P
A

R
S
E

R

B
ac

k
u
s-

n
au

r
fo

rm
is

a
w

ay
of

ex
p
re

ss
in

g
gr

am
m

ar
ru

le
s

fo
r

fo
rm

al
la

n
gu

ag
es

.
A

va
ri

at
io

n
of

B
N

F
is

“E
B

N
F

”
w

h
ic

h
m

o
d
ifi

es
sl

ig
h
tl

y
th

e
sy

n
ta

x
of

b
n
f.

T
h
er

e
ar

e
m

an
y

ve
rs

io
n
s

of
b
n
f

an
d

eb
n
f

T
h
er

e
is

cl
os

e
re

la
ti

on
sh

ip
b

et
w

ee
n

th
e

sy
n
ta

x
of

th
e

’p
ep

’
la

n
gu

ag
e

an
d

a
b
n
f

gr
am

m
ar

.
F

or
ex

am
p
le

:

"
w
o
r
d
*
c
o
l
o
n
*
"

{
c
l
e
a
r
;

a
d
d

"
c
o
m
m
a
n
d
*
"
;

p
u
s
h

}

co
rr

es
p

on
d
s

to
th

e
b
ac

k
u
s-

n
au

r
fo

rm
gr

am
m

ar
ru

le

c
o
m
m
a
n
d

:
=

w
o
r
d

c
o
l
o
n

3
0

P
e
p

la
n

g
u

a
g
e

p
a
rs

in
g

it
se

lf

O
n
e

in
te

re
st

in
g

ch
al

le
n
ge

fo
r

th
e

p
ep

la
n
gu

ag
e

is
to

”g
en

er
at

e
it

se
lf

”
fr

om
a

se
t

of
b
n
f

ru
le

s.
In

ot
h
er

w
or

d
s

gi
ve

n
ru

le
s

su
ch

as

c
o
m
m
a
n
d

:
=

w
o
r
d

s
e
m
i
c
o
l
o
n
;

c
o
m
m
a
n
d

:
=

w
o
r
d

q
u
o
t
e
d
t
e
x
t

s
e
m
i
c
o
l
o
n
;

th
en

it
sh

ou
ld

b
e

p
os

si
b
le

to
w

ri
te

a
sc

ri
p
t

in
th

e
la

n
gu

ag
e

w
h
ic

h
ge

n
er

at
es

th
e

ou
tp

u
t

as
fo

ll
ow

s

p
o
p
;
p
o
p
;

"
w
o
r
d
*
s
e
m
i
c
o
l
o
n
*
"

{

c
l
e
a
r
;

a
d
d

"
c
o
m
m
a
n
d
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} p
o
p
;

"
w
o
r
d
*
q
u
o
t
e
d
t
e
x
t
*
s
e
m
i
c
o
l
o
n
*
"

{

c
l
e
a
r
;

a
d
d

"
c
o
m
m
a
n
d
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} p
u
s
h
;
p
u
s
h
;
p
u
s
h
;

W
h
en

I
fi
rs

t
th

ou
gh

t
of

a
v
ir

tu
al

m
ac

h
in

e
fo

r
p
ar

si
n
g

la
n
gu

ag
es

,
I

th
ou

gh
t

th
at

it
w

ou
ld

b
e

in
te

re
st

in
g

an
d

im
p

or
ta

n
t

to
b
u
il
d

a
m

or
e

ex
p
re

ss
iv

e
la

n
gu

ag
e

“o
n
-t

op
-o

f”
th

e
p

ep
co

m
m

an
d
s.

H
ow

ev
er

,
th

at
n
ow

se
em

s
le

ss
im

p
or

ta
n
t.

3
1

T
o
k
e
n

a
tt

ri
b

u
te

tr
a
n

sf
o
rm

a
ti

o
n

s

W
e

ca
n

w
ri

te
co

m
p
le

te
tr

an
sl

at
or

s/
co

m
p
il
er

s
w

it
h

th
e

sc
ri

p
t

la
n
gu

ag
e.

H
ow

ev
er

it
m

ay
b

e
n
ic

e
to

h
av

e
a

m
or

e
ex

p
re

ss
iv

e
fo

rm
at

li
ke

th
e

on
e

sh
ow

n
b

el
ow

.

33



39

A
m

ore
expressive

com
pilin

g
lan

gu
age

bu
ilt

on
top

of
the

parse
lan

gu
age

c
o
m
m
a
n
d

:
=

w
o
r
d

s
e
m
i
c
o
l
o
n

{

$
0

=
"
<
e
m
>
"

$
1

"
<
/
e
m
"
>

$
2
;

}
;.
.
.

T
h
e

$
n

s
t
r
u
c
t
u
r
e

w
i
l
l

f
e
t
c
h

t
h
e

t
a
p
e
-
c
e
l
l

f
o
r

t
h
e

⇒
c
o
r
r
e
s
p
o
n
d
i
n
g

i
d
e
n
t
i
f
i
e
r

i
n

t
h
e

b
n
f

r
u
l
e

a
t

t
h
e

s
t
a
r
t

o
f

t
h
e

b
r
a
c
e

b
l
o
c
k
.

T
h
i
s

w
o
u
l
d

b
e

"
c
o
m
p
i
l
e
d
"

t
o

p
e
p

s
y
n
t
a
x

a
s

-
-
-
-

p
o
p
;
p
o
p
;

"
w
o
r
d
*
s
e
m
i
c
o
l
o
n
*
"

{

c
l
e
a
r
;

#
a
s
s
e
m
b
l
i
n
g
:

$
0

=
"
<
e
m
>
"

$
1

"
<
/
e
m
"
>

$
2
;

a
d
d

"
<
e
m
>
"
;

g
e
t
;

a
d
d

"
<
/
e
m
>
"
;

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

#
r
e
s
o
l
v
e

n
e
w

t
o
k
e
n

a
d
d

"
c
o
m
m
a
n
d
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}p
u
s
h
;
p
u
s
h
;

3
2

S
h

ift
re

d
u

ctio
n

s
o
n

th
e

sta
ck

Im
agin

e
w

e
h
ave

a
“recogn

iser”
p

ep
scrip

t
as

follow
s:

34



P
ri

n
t

on
ly

li
n

es
th

at
co

n
ta

in
th

e
te

xt
’p

u
m

a’

w
h
i
l
e
n
o
t

[
\
n
]
;

p
u
t
;

r
e
p
l
a
c
e

"
p
u
m
a
"

"
"
;

!
(
=
=
)

{
c
l
e
a
r
;

g
e
t
;

p
r
i
n
t
;

}

(
e
o
f
)

{
q
u
i
t
;

}

3
6
.1

M
u

lt
ip

le
x
in

g
to

k
e
n

se
q
u

e
n

ce
s

S
om

et
im

es
it

is
u
se

fu
l

to
h
av

e
a

lo
n
g

li
st

of
to

ke
n

se
q
u
en

ce
s

b
ef

or
e

a
b
ra

ce
b
lo

ck
.

O
n
e

w
ay

to
re

d
u
ce

th
is

li
st

is
as

fo
ll
ow

s

U
si

n
g

n
es

te
d

te
st

s
to

re
du

ce
to

ke
n

se
qu

en
ce

li
st

s

p
o
p
;

p
o
p
;

B
"
a
a
*
"
,
"
b
b
*
"
,
"
c
c
*
"

{

E
"
x
x
*
"
,
"
y
y
*
"
,
"
z
z
*
"

{

#
p
r
o
c
e
s
s

t
o
k
e
n
s

h
e
r
e
.

n
o
p
;

}

} #
e
q
u
i
v
a
l
e
n
t

l
o
n
g

t
o
k
e
n

s
e
q
u
e
n
c
e

l
i
s
t

"
a
a
*
x
x
*
"
,
"
a
a
*
y
y
*
"
,
"
a
a
*
z
z
*
"
,
"
b
b
*
x
x
*
"
,
"
b
b
*
y
y
*
"
,
"
b
b
*
z
z
*
"

"
c
c
*
x
x
*
"
,
"
c
c
*
y
y
*
"
,
"
c
c
*
z
z
*
"

{

n
o
p
;

}

38

r
e
a
d
;

’
"
’

{
u
n
t
i
l

’
"
’
;

c
l
e
a
r
;

a
d
d

"
q
u
o
t
e
*
"
;

p
u
s
h
;

}

"
;
"

{
c
l
e
a
r
;

a
d
d

"
s
e
m
i
c
o
l
o
n
*
"
;

p
u
s
h
;

}

[
a
-
z
]

{

w
h
i
l
e

[
a
-
z
]
;

c
l
e
a
r
;

a
d
d

"
w
o
r
d
*
"
;

p
u
s
h
;

} [
:
s
p
a
c
e
:
]

{
c
l
e
a
r
;

}

p
a
r
s
e
>

u
n
s
t
a
c
k
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

c
l
i
p
;

s
t
a
c
k
;

p
o
p
;
p
o
p
;

"
c
o
m
m
a
n
d
*
c
o
m
m
a
n
d
*
"
,
"
c
o
m
m
a
n
d
s
e
t
*
c
o
m
m
a
n
d
*
"

{
c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
s
e
t
*
’
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

"
w
o
r
d
*
s
e
m
i
c
o
l
o
n
*
"

{
c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
*
’
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

p
o
p
;

"
w
o
r
d
*
q
u
o
t
e
*
s
e
m
i
c
o
l
o
n
*
"

{
c
l
e
a
r
;

a
d
d

’
c
o
m
m
a
n
d
*
’
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

p
u
s
h
;

p
u
s
h
;

p
u
s
h
;

(
e
o
f
)

{

p
o
p
;

p
o
p
;

"
c
o
m
m
a
n
d
*
"
,

"
c
o
m
m
a
n
d
s
e
t
*
"

{

c
l
e
a
r
;

a
d
d

"
C
o
r
r
e
c
t

s
y
n
t
a
x
!

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} c
l
e
a
r
;

a
d
d

"
i
n
c
o
r
r
e
c
t

s
y
n
t
a
x
!

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

}

T
h
is

sc
ri

p
t

re
co

gn
is

es
a

si
m

p
le

la
n
gu

ag
e

w
h
ic

h
co

n
si

st
s

of
a

se
ri

es
of

“c
om

m
an

d
s”

(w
h
ic

h
ar

e
lo

w
er

ca
se

w
or

d
s)

te
rm

in
at

ed
in

se
m

ic
ol

on
s.

T
h
e

co
m

m
an

d
s

ca
n

h
av

e
an

op
ti

on
al

q
u
ot

ed
ar

gu
m

en
t.

A
t

th
e

en
d

of
th

e
sc

ri
p
t,

th
er

e
sh

ou
ld

on
ly

b
e

on
e

to
ke

n
on

th
e

st
ac

k
(e

it
h
er

co
m

m
an

d
*

or
co

m
m

an
d
se

t*
).

T
h
is

sc
ri

p
t

co
rr

es
p

on
d
s

re
as

on
ab

le
d
ir

ec
tl

y
to

th
e

eb
n
f

ru
le

s

w
o
r
d

:
=

[
a
-
z
]
+
;

s
e
m
i
c
o
l
o
n

:
=

’
;
’
;

c
o
m
m
a
n
d
s
e
t

:
=

c
o
m
m
a
n
d

c
o
m
m
a
n
d
;

c
o
m
m
a
n
d

:
=

w
o
r
d

s
e
m
i
c
o
l
o
n
;

B
u
t

in
th

e
sc

ri
p
t

ab
ov

e
th

er
e

is
a

p
ro

b
le

m
;

th
at

th
e

fi
rs

t
ru

le
n
ee

d
s

to
b

e
ap

p
li
ed

af
te

r
th

e
se

co
n
d

ru
le

.

T
h
e

ab
ov

e
st

at
em

en
ts

in
th

e
p

ep
la

n
gu

ag
e

ex
ec

u
te

a
re

d
u
ct

io
n

ac
co

rd
in

g
to

th
e

gr
am

m
ar

ru
le

w
ri

tt
en

ab
ov

e.
E

x
am

in
in

g
th

e
st

at
e

of
th

e
m

ac
h
in

e
b

ef
or

e
an

d
af

te
r

th
e

sc
ri

p
t

st
at

em
en

ts
ab

ov
e

..
..

=
=

::
v
ir

tu
al

m
ac

h
in

e
..

st
ac

k
,

if
-s

ta
te

m
en

t,
op

en
-b

ra
ce

*,
st

at
em

en
ts

*,
cl

os
e-

b
ra

ce
*

..
ta

p
e,

if
(a

=
=

b
),
{,

a=
1;

b
=

2*
a;

..
.,
}

..
w

or
k
sp

ac
e,

..
,

35



gram
m

ar
ru

les
an

d
p

ep
/n

om
scrip

t
con

stru
ction

.

T
h
e

righ
t-h

an
d
-sid

e
of

a
(E

)B
N

F
gram

m
ar

ru
le

is
rep

resen
ted

b
y

th
e

q
u
oted

tex
t

b
efore

a
b
race

b
lo

ck
,

an
d

th
e

left-h
an

d
-sid

e
correlates

to
th

e
n
ew

token
p
u
sh

ed
on

to
th

e
stack

.

T
he

ru
le

”¡n
ou

n
phrase¿

::=
¡article¿

¡n
ou

n
¿

;”
in

a
parse

script
"
a
r
t
i
c
l
e
*
n
o
u
n
*
"

{
c
l
e
a
r
;

a
d
d

"
n
o
u
n
p
h
r
a
s
e
*
"
;

p
u
s
h
;

}

3
6

T
rick

s

T
h
is

section
con

tain
s

tip
s

ab
ou

t
h
ow

to
p

erform
sp

ecifi
c

task
s

w
ith

in
th

e
lim

itation
s

of
th

e
p
arse

m
ach

in
e

(w
h
ich

d
o
es

n
ot

h
ave

regu
lar

ex
p
ression

s,
n
or

an
y

k
in

d
of

arith
m

etic).

S
ee

th
e

ex
am

p
le

e
g
/
p
l
z
e
r
o
.
p
s
s

for
an

ex
am

p
le

of
red

u
cin

g
h
igh

token
ru

les
b

efore
low

token
ru

les,
in

ord
er

to
resolve

p
reced

en
ce

issu
es.

C
heck

if
accu

m
u

lator
is

equ
al

to
4

r
e
a
d
;

a
+
;

p
u
t
;

c
l
e
a
r
;

c
o
u
n
t
;

"
4
"

{
c
l
e
a
r
;

a
d
d

"
4
t
h

c
h
a
r

i
s

’
"
;

g
e
t
;

"
’
\
n
"
;

p
r
i
n
t
;

c
l
e
a
r
;

⇒
}

P
rin

t
on

ly
if

n
u

m
ber

3
digits

or
greater

#
c
h
e
c
k

i
f

t
h
e

i
n
p
u
t

m
a
t
c
h
e
s

t
h
e

r
e
g
e
x

/
[
0
-
9
]
{
3
,
}
/

r
;

(
e
o
f
)

{

[
0
-
9
]

{
p
u
t
;

c
l
i
p
;

c
l
i
p
;

c
l
i
p
;

!
"
"

{
c
l
e
a
r
;

g
e
t
;

p
r
i
n
t
;

}

⇒
}

}

P
rin

t
the

len
gth

of
each

w
ord

in
in

pu
t

r
e
a
d
;

!
[
:
s
p
a
c
e
:
]

{

n
o
c
h
a
r
s
;

w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

a
d
d

"
(
"
;

c
h
a
r
s
;

a
d
d

"
)

"
;

p
r
i
n
t
;

c
l
e
a
r
;

}#
i
g
n
o
r
e

w
h
i
t
e
s
p
a
c
e

!
"
"

{
c
l
e
a
r
;

}

A
n

other
w

ay
to

prin
t

the
len

gth
of

each
w

ord
in

in
pu

t

r
e
a
d
;

E
"

"
,
E
"
\
n
"
,
(
e
o
f
)

{

a
d
d

"
(
"
;

c
h
a
r
s
;

a
d
d

"
)

"
;

p
r
i
n
t
;

c
l
e
a
r
;

n
o
c
h
a
r
s
;

}

T
h
e

scrip
t

b
elow

u
ses

a
trick

of
u
sin

g
th

e
rep

lace
com

m
an

d
w

ith
th

e
”tap

e
eq

u
als

w
ork

sp
ace”

test
(=

=
)

to
ch

eck
if

th
e

w
ork

sp
ace

con
tain

s
a

p
articu

lar
strin

g.

37

3
3

N
e
g
a
tio

n
o
f

te
sts

A
test

su
ch

as

"
s
o
m
e
-
t
e
x
t
"

{
#
*

c
o
m
m
a
n
d
s

*
#

}

can
b

e
m

o
d
ifi

ed
w

ith
th

e
logic

op
erator

“!”
(n

ot)
as

in

!
"
s
o
m
e
-
t
e
x
t
"

{
#
*

c
o
m
m
a
n
d
s

*
#

}

N
ote

th
at

th
e

n
egation

op
erator

’!’
m

u
st

com
e

b
efore

th
e

test
w

h
ich

it
m

o
d
ifi

es,
in

stead
of

afterw
ard

s
as

in
“sed

”
.

M
u
ltip

le
n
egation

s
are

n
ot

allow
ed

,
b

ecau
se

an
y

even
n
u
m

b
er

of
n
egation

s
is

eq
u
ivalen

t
to

th
e

p
ositive

test.

!
!
"
a
"

{
.
.
.
}

#
i
n
c
o
r
r
e
c
t

3
3
.1

N
e
g
a
tio

n
e
x
a
m

p
le

s

P
rin

t
on

ly
n

u
m

bers
in

the
in

pu
t

r
;

!
[
0
-
9
]

{
c
l
i
p
;

a
d
d

"
"
;

p
r
i
n
t
;

c
l
e
a
r
;

}

P
rin

t
on

ly
w

ords
n

ot
begin

n
in

g
w

ith
’a’

r
;

[
\
n
]

{
d
;

}
!
B
"
a
"
.
!
"
"

{
E
"

"
,
E
"
\
n
"
,
(
e
o
f
)

{
p
r
i
n
t
;

d
;

}
}

If
th

e
en

d
of

th
e

in
p
u
t

stream
h
as

n
ot

b
een

reach
ed

th
en

p
u
sh

th
e

con
ten

ts
of

th
e

w
ork

sp
ace

on
to

th
e

stack

!
(
e
o
f
)

{
p
u
s
h
;

}

If
th

e
valu

e
of

th
e

w
ork

sp
ace

is
ex

actly
eq

u
al

to
th

e
valu

e
of

th
e

cu
rren

t
elem

en
t

of
th

e
tap

e,
th

en
ex

it
th

e
scrip

t
im

m
ed

iately

!
(
=
=
)

{
q
u
i
t
;

}

3
4

C
o
m

m
e
n
ts

in
th

e
p

e
p

n
o
m

la
n

g
u

a
g
e

B
oth

sin
gle

lin
e,

an
d

m
u
ltilin

e
com

m
en

ts
are

availab
le

in
th

e
p
arser

scrip
t

lan
gu

age
as

im
p
lem

en
ted

in
b
o
o
k
s
/
p
a
r
s
/
a
s
m
.
p
p

an
d
c
o
m
p
i
l
e
.
p
s
s

S
in

gle
an

d
m

u
lilin

e
exam

ples

#
*

c
h
e
c
k

i
f

t
h
e

w
o
r
k
s
p
a
c
e

i
s

t
h
e

t
e
x
t

"
d
r
i
b
"

*
#

"
d
r
i
b
"

{

c
l
e
a
r
;

#
c
l
e
a
r

t
h
e

w
o
r
k
s
p
a
c
e

b
u
f
f
e
r

}

T
h
e

scrip
t

“com
p
ile.p

ss”
attem

p
ts

to
p
reserve

com
m

en
ts

in
th

e
ou

tp
u
t

“assem
b
ler”

co
d
e

to
m

ake
th

at
co

d
e

m
ore

read
ab

le.

3
5

G
ra

m
m

a
r

a
n

d
scrip

t
co

n
stru

ctio
n

M
y

k
n
ow

led
ge

of
form

al
lan

gu
age

gram
m

ar
th

eory
is

q
u
ite

lim
ited

.
I

am
m

ore
in

terested
in

p
ractical

tech
n
iq

u
es.

B
u
t

th
ere

is
a

reason
ab

ly
close

correlation
b

etw
een

b
n
f-ty

p
e

36



3
7
.1

1
O

ff
si

d
e

o
r

in
d

e
n
t

p
a
rs

in
g

S
om

e
la

n
gu

ag
es

u
se

in
d
en

ta
ti

on
to

in
d
ic

at
e

b
lo

ck
s

of
co

d
e,

or
co

m
p

ou
n
d

st
at

em
en

ts
.

P
y
th

on
is

an
im

p
or

ta
n
t

ex
am

p
le

.
T

h
es

e
la

n
gu

ag
es

ar
e

p
ar

se
d

u
si

n
g

“i
n
d
en

t”
an

d
“o

u
t-

d
en

t”
or

“d
ed

en
t”

to
ke

n
s.

T
h
e

m
ar

k
/g

o
co

m
m

an
d
s

sh
ou

ld
al

lo
w

p
ar

si
n
g

of
in

d
en

te
d

la
n
gu

ag
es

.

co
m

p
le

te
ly

u
n
te

st
ed

an
d

in
co

m
p
le

te
..
.

th
e

id
ea

is
to

is
su

e
“o

u
td

en
t”

or
“i

n
d
en

t”
to

ke
n
s

b
y

co
m

p
ar

in
g

th
e

cu
rr

en
t

le
ad

in
g

sp
ac

e
to

a
p
re

v
io

u
s

sp
ac

e
to

ke
n
.

B
u
t

th
e

co
d
e

b
el

ow
is

a
m

es
s.

T
h
e

tr
ic

k
y

th
in

g
is

th
at

w
e

ca
n

h
av

e
m

u
lt

ip
le

“o
u
td

en
t*

”
to

ke
n
s

fr
om

on
e

sp
ac

e*
to

ke
n

eg

i
f

g
=
=
x
:

w
h
i
l
e

g
<
1
0
0
:

g
+
+

g
:
=
0
;

A
ba

si
c

in
de

n
t

pa
rs

in
g

pr
oc

ed
u

re

#
i
n
c
o
m
p
l
e
t
e
!
!

r
e
a
d
;

b
e
g
i
n

{
m
a
r
k

"
b
"
;

a
d
d

"
"
;

+
+
;

}

[
\
n
]

{

c
l
e
a
r
;

w
h
i
l
e

[
]
;

p
u
t
;

m
a
r
k

"
h
e
r
e
"
;

g
o

"
b
"
;

#
i
n
d
e
n
t
a
t
i
o
n

i
s

e
q
u
a
l

s
o
,

d
o

n
o
t
h
i
n
g

(
=
=
)

{
c
l
e
a
r
;

g
o

"
h
e
r
e
"
;

.
r
e
p
a
r
s
e

}

a
d
d

"
"
;

(
=
=
)

{
c
l
e
a
r
;

a
d
d

"
i
n
d
e
n
t
*
"
;

p
u
s
h
;

g
o

"
h
e
r
e
"
;

.
r
e
p
a
r
s
e

}

c
l
i
p
;

c
l
i
p
;

c
l
i
p
;

c
l
i
p
;

(
=
=
)

{
c
l
e
a
r
;

a
d
d

"
o
u
t
d
e
n
t
*
"
;

p
u
s
h
;

g
o

"
h
e
r
e
"
;

.
r
e
p
a
r
s
e

}

p
u
t
;

c
l
e
a
r
;

a
d
d

"
l
s
p
a
c
e
*
"
;

p
u
s
h
;

m
a
r
k

"
b
"
;

}

p
a
r
s
e
>

3
7
.1

2
O

p
ti

o
n

a
li

ty

T
h
e

p
ar

se
m

ac
h
in

e
ca

n
n
ot

d
ir

ec
tl

y
en

co
d
e

th
e

id
ea

of
an

op
ti

on
al

“[
..
.]
”

el
em

en
t

in
a

b
n
f

gr
am

m
ar

.

A
ru

le
w

it
h

an
op

ti
on

al
el

em
en

t
r

:
=

’
a
’

[
’
b
’
]

.

In
so

m
e

ca
se

s
w

e
ca

n
ju

st
fa

ct
or

ou
t

th
e

op
ti

on
al

in
to

al
te

rn
at

io
n

“—
”

r
:
=

’
a
’

’a
’

’b
’

.
—

H
ow

ev
er

on
ce

w
e

h
av

e
m

or
e

th
an

2
or

3
op

ti
on

al
el

em
en

ts
in

a
ru

le
,

th
is

b
ec

om
es

im
-

p
ra

ct
ic

al
,

fo
r

ex
am

p
le

48

3
7

C
o
m

p
il

a
ti

o
n

te
ch

n
iq

u
e
s

O
n
e

of
th

e
en

jo
ya

b
le

as
p

ec
ts

of
th

is
p
ar

si
n
g/

co
m

p
il
in

g
m

ac
h
in

e
is

d
is

co
ve

ri
n
g

in
te

re
st

in
g

p
ra

ct
ic

al
“h

eu
ri

st
ic

”
te

ch
n
iq

u
es

fo
r

co
m

p
il
in

g
sy

n
ta

ct
ic

al
st

ru
ct

u
re

s,
w

it
h
in

th
e

li
m

it
a-

ti
on

s
of

th
e

m
ac

h
in

e
ca

p
ab

il
it

ie
s.

T
h
is

se
ct

io
n

d
et

ai
ls

so
m

e
of

th
es

e
te

ch
n
iq

u
es

as
I

d
is

co
ve

r
th

em
.

3
7
.1

L
o
o
k
a
h

e
a
d

th
e

sc
ri

p
t
e
g
/
m
a
r
k
.
l
a
t
e
x
.
p
s
s

co
n
ta

in
s

a
cl

u
m

sy
to

ke
n

lo
ok

ah
ea

d
.

B
u
t

I
m

ay
tr

y
to

co
n
ve

rt
it

to
a

n
ew

te
ch

n
iq

u
e.

A
te

ch
n

iq
u

e
fo

r
lo

ok
ah

ea
d

pa
rs

in
g

(j
so

n
)

p
o
p
;

p
o
p
;

p
o
p
;

p
o
p
;

#
t
h
e

t
e
s
t

b
e
l
o
w

e
n
s
u
r
e
s

t
h
a
t

t
h
e
r
e

a
r
e

4
t
o
k
e
n
s

i
n

t
h
e

⇒
w
o
r
k
s
p
a
c
e

#
t
h
e

f
i
n
a
l

t
o
k
e
n

w
i
l
l

n
o
r
m
a
l
l
y

b
e

]
*

o
r

,
*

(
t
h
i
s

i
s

a
j
s
o
n

⇒
a
r
r
a
y
)

#
b
u
t

w
e

d
o
n
t

h
a
v
e

t
o

w
o
r
r
y

a
b
o
u
t

i
t

B
"
i
t
e
m
s
*
,
i
t
e
m
*
.
!
"
i
t
e
m
s
*
i
t
e
m
*
"

{

r
e
p
l
a
c
e

"
i
t
e
m
s
*
,
i
t
e
m
*
"

"
i
t
e
m
s
*
"
;

p
u
s
h
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

3
7
.2

R
u

le
o
rd

e
r

In
a

sc
ri

p
t,

af
te

r
th

e
p
ar

se
¿

la
b

el
w

e
ca

n
p
ar

se
ru

le
s

in
th

e
or

d
er

of
th

e
n
u
m

b
er

of
to

ke
n
s.

O
r

w
e

ca
n

gr
ou

p
th

e
ru

le
s

b
y

to
ke

n
.

T
h
er

e
ar

e
so

m
e
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ap

s,
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r
ex

am
p
le

:
”p

op
;

p
op

;”
d
o
es

n
t

gu
ar

an
te

e
th

at
th

er
e

ar
e

2
to

ke
n
s

in
th

e
w

or
k
sp

ac
e.

3
7
.3

R
e
co

g
n

is
e
rs

a
n

d
ch

e
ck

e
rs

A
re

co
gn

is
er

is
a

p
ar

se
r

th
at

on
ly

d
et

er
m

in
es

if
a

gi
ve

n
st

ri
n
g

is
a

va
li
d

“w
or

d
”

in
th

e
gi

ve
n

la
n
gu

ag
e.

W
e

ca
n

ex
te

n
d

a
re

co
gn

is
er

to
b

e
an

er
ro

r
ch

ec
ke

r
fo

r
a

gi
ve

n
st

ri
n
g,

so
th

at
it

d
et

er
m

in
es

at
w

h
at

p
oi

n
t

(c
h
ar

ac
te

r
or

li
n
e

n
u
m

b
er

)
in

th
e

st
ri

n
g,

th
e

er
ro

r
o
cc

u
rs

.
T

h
e

er
ro

r-
ch

ec
ke

r
ca

n
al

so
gi

ve
a

p
ro

b
ab

ly
re

as
on

fo
r

th
e

er
ro

r
(s

u
ch

as
th

e
m

is
si

n
g

or
ex

ce
ss

iv
e

sy
n
ta

ct
ic

el
em

en
t)

T
h
is

is
m

u
ch

m
or

e
p
ra

ct
ic

al
ly

u
se

fu
l

th
an

a
re

co
gn

is
er

E
xa

m
pl

es
w

it
h

er
ro

r
m

es
sa

ge
s

..
.

3
7
.4

E
m

p
ty

st
a
rt

to
k
e
n

W
h
en

th
e

st
ar

t
sy

m
b

ol
is

an
ar

ra
y

of
an

ot
h
er

to
ke

n
,

it
m

ay
of

te
n

si
m

p
li
fy

p
ar

si
n
g

to
cr

ea
te

an
em

p
ty

st
ar

t
to

ke
n

in
a

“b
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”

b
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n
f
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u
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en
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x
t
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w
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R
ecogn

ise
pl/0

con
stan

t
declaration

s

b
e
g
i
n

{

a
d
d

’

r
e
c
o
g
n
i
s
i
n
g

p
l
/
0

c
o
n
s
t
a
n
t

d
e
c
s

i
n

t
h
e

f
o
r
m
:

"
c
o
n
s
t

g
=

3
0
0
,

h
=
2
,

h
e
i
g
h
t

=
2
0
0
;
"

"
c
o
n
s
t

w
i
d
t
h
=
3
;
"

\
n
’
;

p
r
i
n
t
;

c
l
e
a
r
;

}r
e
a
d
;

[
:
a
l
p
h
a
:
]

{

w
h
i
l
e

[
:
a
l
p
h
a
:
]
;

#
k
e
y
w
o
r
d
s

i
n

p
l
/
0

"
c
o
n
s
t
"
,
"
v
a
r
"
,
"
i
f
"
,
"
t
h
e
n
"
,
"
w
h
i
l
e
"
,
"
d
o
"
,
"
b
e
g
i
n
"
,
"
e
n
d
"

{

p
u
t
;

a
d
d

"
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}p
u
t
;

c
l
e
a
r
;

a
d
d

"
i
d
e
n
t
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}[
0
-
9
]

{

w
h
i
l
e

[
0
-
9
]
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
n
u
m
b
e
r
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}#
l
i
t
e
r
a
l

t
o
k
e
n
s

"
,
"
,

"
=
"
,

"
;
"

{
a
d
d

"
*
"
;

p
u
s
h
;

}

#
i
g
n
o
r
e

w
h
i
t
e
s
p
a
c
e

[
:
s
p
a
c
e
:
]

{
c
l
e
a
r
;

}

!
"
"

{

a
d
d

"
<
<

i
n
v
a
l
i
d

c
h
a
r
a
c
t
e
r

a
t

p
o
s
i
t
i
o
n

"
;

c
h
a
r
s
;

a
d
d

"
.
\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

}

p
a
r
s
e
>

p
o
p
;

p
o
p
;

p
o
p
;

"
i
d
e
n
t
*
=
*
n
u
m
b
e
r
*
"

{

c
l
e
a
r
;

a
d
d

"
e
q
u
a
l
i
t
y
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}"
e
q
u
a
l
i
t
y
*
,
*
e
q
u
a
l
i
t
y
*
"
,
"
e
q
u
a
l
i
t
y
s
e
t
*
,
*
e
q
u
a
l
i
t
y
*
"

{

c
l
e
a
r
;

a
d
d

"
e
q
u
a
l
i
t
y
s
e
t
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}"
c
o
n
s
t
*
e
q
u
a
l
i
t
y
*
;
*
"
,

"
c
o
n
s
t
*
e
q
u
a
l
i
t
y
s
e
t
*
;
*
"

{

c
l
e
a
r
;

a
d
d

"
c
o
n
s
t
d
e
c
*
"
;

p
u
s
h
;

}p
u
s
h
;

p
u
s
h
;

p
u
s
h
;

<
e
o
f
>

{

p
o
p
;

p
o
p
;

"
c
o
n
s
t
d
e
c
*
"

{

c
l
e
a
r
;

a
d
d

"
V
a
l
i
d

P
L
/
0

c
o
n
s
t
a
n
t

d
e
c
l
a
r
a
t
i
o
n
!
\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

}p
u
s
h
;

p
u
s
h
;

a
d
d

"
I
n
v
a
l
i
d

P
L
/
0

c
o
n
s
t
a
n
t

d
e
c
l
a
r
a
t
i
o
n
!
\
n
"
;

a
d
d

"
P
a
r
s
e

s
t
a
c
k
:

"
;

p
r
i
n
t
;

c
l
e
a
r
;

u
n
s
t
a
c
k
;

p
r
i
n
t
;

q
u
i
t
;

}

47

U
sin

g
an

em
pty

start
token

b
e
g
i
n

{
a
d
d

"
t
e
x
t
*
"
;

p
u
s
h
;

}

r
e
a
d
;

#
i
g
n
o
r
e

w
h
i
t
e
s
p
a
c
e

[
:
s
p
a
c
e
:
]

{
w
h
i
l
e

[
:
s
p
a
c
e
:
]
;

c
l
e
a
r
;

}

!
"
"

{
w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
w
o
r
d
*
"
;

p
u
s
h
;

}

p
a
r
s
e
>

p
o
p
;

p
o
p
;

"
t
e
x
t
*
w
o
r
d
*
"

{
c
l
e
a
r
;

a
d
d

"
t
e
x
t
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

(
e
o
f
)

{

#
c
h
e
c
k

f
o
r

s
t
a
r
t

s
y
m
b
o
l

’
t
e
x
t
*

h
e
r
e

}p
u
s
h
;

p
u
s
h
;

W
ith

ou
t

th
e

em
p
ty

“tex
t*”

token
w

e
w

ou
ld

h
ave

to
w

rite

"
t
e
x
t
*
w
o
r
d
*
"
,
"
w
o
r
d
*
w
o
r
d
*
"

{
<
c
o
m
m
a
n
d
s
>

}

T
h
is

is
n
ot

su
ch

a
great

d
isad

van
tage,

b
u
t

it
d
o
es

lead
to

in
effi

cien
t

com
p
iled

co
d
e,

b
ecau

se
th

e
“w

ord
*w

ord
*”

token
seq

u
en

ce
on

ly
o
ccu

rs
on

ce
w

h
en

ru
n
n
in

g
th

e
scrip

t
(at

th
e

b
egin

n
in

g
of

th
e

in
p
u
t

stream
)

C
om

piled
code

for
”text*w

ord*”,”w
ord*w

ord*”
{

...}

S
econ

d
ly,

in
oth

er
circu

m
stan

ces,
th

ere
are

oth
er

ad
van

tages
of

th
e

em
p
ty

start
sy

m
b

ol.
S
ee

th
e
p
a
r
s
/
e
g
/
h
i
s
t
o
r
y
.
p
s
s

scrip
t

for
an

ex
am

p
le.

3
7
.5

E
n

d
o
f

stre
a
m

to
k
e
n

T
h
is

is
an

an
alogou

s
tech

n
iq

u
e

to
th

e
”em

p
ty

start
sy

m
b

ol”.
In

m
an

y
cases

it
m

ay
sim

p
lify

p
arsin

g
to

create
a

“d
u
m

m
y
”

en
d

token
w

h
en

th
e

en
d
-of-stream

is
reach

ed
.

T
h
is

token
sh

ou
ld

b
e

created
im

m
ed
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after

th
e

p
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A
te

ch
n

iq
u

e
fo

r
bu

il
di

n
g

a
li

st
to

ke
n

fr
om

re
pe

at
ed

it
em

s

#
e
b
n
f

r
u
l
e
s
:

#
a
l
i
s
t

:
=

a
{
a
}

#
b
l
i
s
t

:
=

b
{
b
}

r
e
a
d
;

#
t
e
r
m
i
n
a
l

s
y
m
b
o
l
s

"
a
"
,
"
b
"

{
a
d
d

"
*
"
;

p
u
s
h
;

}

!
"
"

{

p
u
t
;

c
l
e
a
r
;

a
d
d

"
i
n
c
o
r
r
e
c
t

c
h
a
r
a
c
t
e
r

’
"
;

g
e
t
;

a
d
d

"
’
"
;

a
d
d

"
a
t

p
o
s
i
t
i
o
n

"
;

c
h
a
r
s
;

a
d
d

"
\
n
"
;

a
d
d

"
o
n
l
y

a
’
s

a
n
d

b
’
s

a
l
l
o
w
e
d
.

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

}

p
a
r
s
e
>

#
1

t
o
k
e
n

(
w
i
t
h

e
x
t
r
a

t
o
k
e
n
)

p
o
p
;

"
a
*
"

{

p
o
p
;

!
"
a
*
"
.
!
"
a
l
i
s
t
*
a
*
"

{
p
u
s
h
;

}

c
l
e
a
r
;

a
d
d

"
a
l
i
s
t
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} "
b
*
"

{

p
o
p
;

!
"
b
*
"
.
!
"
b
l
i
s
t
*
b
*
"

{
p
u
s
h
;

}

c
l
e
a
r
;

a
d
d

"
b
l
i
s
t
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

} p
u
s
h
;

<
e
o
f
>

{

u
n
s
t
a
c
k
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
p
a
r
s
e

s
t
a
c
k

i
s
:

"
;

g
e
t
;

p
r
i
n
t
;

q
u
i
t
;

}

3
7
.1

0
P

lz
e
ro

co
n

st
a
n
t

d
e
cl

a
ra

ti
o
n

s

A
n

ex
am

p
le

of
p
ar

si
n
g

a
re

p
ea

te
d

el
em

en
t

o
cc

u
rs

in
p
l/

0
co

n
st

an
t

d
ec

la
ra

ti
on

s.
T

h
e

ru
le

in
W

ir
th

’s
eb

n
f

sy
n
ta

x
,

is
:

c
o
n
s
t
d
e
c

=
"
c
o
n
s
t
"

i
d
e
n
t

"
=
"

n
u
m
b
e
r

{
"
,
"

i
d
e
n
t

"
=
"

n
u
m
b
e
r
}

"
;
"

E
x
am

p
le

s
of

va
li
d

co
n
st

an
t

d
ec

la
ra

ti
on

s
ar

e

c
o
n
s
t

g
=

3
0
0
,

h
=
2
,

h
e
i
g
h
t

=
2
0
0
;

c
o
n
s
t

w
i
d
t
h
=
3
;

It
is

n
ec

es
sa

ry
to

fa
ct

or
th

e
eb

n
f

ru
le

to
re

m
ov

e
th

e
re

p
et

it
io

n
el

em
en

t
(i

n
d
ic

at
ed

b
y

th
e

b
ra

ce
s
{}

).
In

th
e

sc
ri

p
t

b
el

ow
,

th
e

re
p

ea
te

d
el

em
en

t
is

fa
ct

or
ed

in
to

th
e

“e
q
u
al

it
y
”

an
d

“e
q
u
al

it
y
se

t”
p
ar

se
to

ke
n
s.

T
h
e

sc
ri

p
t

b
el

ow
m

ay
se

em
ve

ry
ve

rb
os

e
co

m
p
ar

ed
to

th
e

eb
n
f

ru
le

b
u
t

it
le

x
es

an
d

p
ar

se
s

th
e

in
p
u
t

st
re

am
,

re
co

gn
is

es
ke

y
w

or
d
s

an
d

p
u
n
ct

u
at

io
n

an
d

p
ro

v
id

es
er

ro
r

m
es

sa
ge

s.
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E
xa

m
pl

e
of

u
se

of
”e

n
d”

to
ke

n
to

pa
rs

e
da

te
s

in
te

xt

#
t
o
k
e
n
s
:

d
a
y

m
o
n
t
h

y
e
a
r

w
o
r
d

#
r
u
l
e
s
:

#
d
a
t
e

=
d
a
y

m
o
n
t
h

y
e
a
r

#
d
a
t
e

=
d
a
y

m
o
n
t
h

w
o
r
d

#
d
a
t
e

=
d
a
y

m
o
n
t
h

e
n
d

r
e
a
d
;

!
[
:
s
p
a
c
e
:
]

{

w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

p
u
t
;

c
l
e
a
r
;

[
0
-
9
]

{

#
m
a
t
c
h
e
s

r
e
g
e
x
:

/
[
0
-
9
]
[
0
-
9
]
*
/

c
l
i
p
;

c
l
i
p
;

!
"
"

{

}

a
d
d

"
w
o
r
d
*
"
;

p
u
s
h
;

}

p
a
r
s
e
>

(
e
o
f
)

{

}

3
7
.6

P
a
li

n
d

ro
m

e
s

S
ee

e
g
/
p
a
l
i
n
d
r
o
m
e
.
p
s
s

fo
r

a
co

m
p
le

te
p

ep
/n

om
p
al

in
d
ro

m
e

ex
am

p
le

th
at

u
se

s
to

ke
n
-

st
ac

k
re

d
u
ct

io
n
s

to
re

co
gn

is
e

p
al

in
d
ro

m
es

.

P
al

in
d
ro

m
es

ar
e

an
in

te
re

st
in

g
ex

er
ci

se
fo

r
th

e
m

ac
h
in

e
b

ec
au

se
th

ey
m

ay
b

e
th

e
si

m
p
le

st
“c

on
te

x
t-

fr
ee

”
la

n
gu

ag
e.

T
h
e

sc
ri

p
t

b
el

ow
is

w
or

k
in

g
b
u
t

al
so

p
ri

n
ts

si
n
gl

e
le

tt
er

s
as

p
al

in
d
ro

m
es

.
S
ee

th
e

n
ot

e
b

el
ow

fo
r

a
so

lu
ti

on
.
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A
sim

ple
lin

e
token

isation
exam

ple

r
e
a
d
;

[
\
n
]

{
c
l
e
a
r
;

}

w
h
i
l
e
n
o
t

[
\
n
]
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
l
i
n
e
*
"
;

p
u
s
h
;

p
a
r
s
e
>

p
o
p
;

p
o
p
;

"
l
i
n
e
*
l
i
n
e
*
"
,

"
l
i
n
e
s
*
l
i
n
e
*
"

{

c
l
e
a
r
;

g
e
t
;

a
d
d

"
\
n
"
;

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
w
o
r
d
s
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}p
u
s
h
;

p
u
s
h
;

(
e
o
f
)

{

p
o
p
;

"
l
i
n
e
s
*
"

{
c
l
e
a
r
;

g
e
t
;

p
r
i
n
t
;

}

}

R
em

ove
all

lin
es

that
con

tain
in

a
particu

lar
text

u
n
t
i
l

"

3
7
.8

W
o
rd

b
y

w
o
rd

to
k
e
n

isa
tio

n

A
com

m
on

task
is

to
treat

th
e

in
p
u
t

stream
as

a
series

of
sp

ace
d
elim

ited
w

ord
s.

A
sim

ple
w

ord
token

isation
exam

ple,
prin

t
on

e
w

ord
per

lin
e

r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
c
l
e
a
r
;

}

w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
w
o
r
d
*
"
;

p
u
s
h
;

p
a
r
s
e
>

p
o
p
;

p
o
p
;

"
w
o
r
d
*
w
o
r
d
*
"
,

"
w
o
r
d
s
*
w
o
r
d
*
"

{

c
l
e
a
r
;

g
e
t
;

a
d
d

"
\
n
"
;

+
+
;

g
e
t
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
w
o
r
d
s
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}p
u
s
h
;

p
u
s
h
;

(
e
o
f
)

{

p
o
p
;

"
w
o
r
d
s
*
"

{
c
l
e
a
r
;

g
e
t
;

p
r
i
n
t
;

}

}

3
7
.9

R
e
p

e
titio

n
s

T
h
e

p
arse

m
ach

in
e

can
n
ot

d
irectly

en
co

d
e

ru
les

w
h
ich

con
tain

th
e

eb
n
f

rep
etition

con
-

stru
ct{}.

T
h
e

trick
b

elow
on

ly
creates

a
n
ew

list
token

if
th

e
p
reced

in
g

token
is

n
ot

a
list

of
th

e
sam

e
ty

p
e.

45

P
rin

t
on

ly
w

ords
that

are
palin

drom
es

r
e
a
d
;

#
t
h
e

c
o
d
e

i
n

t
h
i
s

b
l
o
c
k

b
u
i
l
d
s

2
b
u
f
f
e
r
s
.

O
n
e

w
i
t
h

#
t
h
e

o
r
i
g
i
n
a
l

w
o
r
d
,

a
n
d

t
h
e

o
t
h
e
r

w
i
t
h

t
h
e

w
o
r
d

i
n

r
e
v
e
r
s
e

#
L
a
t
e
r
,

t
h
e

c
o
d
e

c
h
e
c
k
s

w
h
e
t
h
e
r

t
h
e

2
b
u
f
f
e
r
s

c
o
n
t
a
i
n

t
h
e

#
s
a
m
e

t
e
x
t

(
a

p
a
l
i
n
d
r
o
m
e
)
.

!
[
:
s
p
a
c
e
:
]

{

#
s
a
v
e

t
h
e

c
u
r
r
e
n
t

c
h
a
r
a
c
t
e
r

+
+
;

+
+
;

p
u
t
;

-
-
;

-
-
;

g
e
t
;

p
u
t
;

c
l
e
a
r
;

#
r
e
s
t
o
r
e

t
h
e

c
u
r
r
e
n
t

c
h
a
r
a
c
t
e
r

+
+
;

+
+
;

g
e
t
;

-
-
;

-
-
;

+
+
;

s
w
a
p
;

g
e
t
;

p
u
t
;

c
l
e
a
r
;

-
-
;

}#
c
h
e
c
k

f
o
r

p
a
l
i
n
d
r
o
m
e
s

w
h
e
n

a
s
p
a
c
e

o
r

e
o
f

f
o
u
n
d

[
:
s
p
a
c
e
:
]
,
<
e
o
f
>

{

#
c
l
e
a
r

w
h
i
t
e

s
p
a
c
e

[
:
s
p
a
c
e
:
]

{
w
h
i
l
e

[
:
s
p
a
c
e
:
]
;

c
l
e
a
r
;

}

#
c
h
e
c
k

i
f

t
h
e

p
r
e
v
i
o
u
s

w
o
r
d

w
a
s

a
p
a
l
i
n
d
r
o
m
e

g
e
t
;

+
+
;

#
i
f

t
h
e

w
o
r
d

i
s

t
h
e

s
a
m
e

a
s

i
t
s

r
e
v
e
r
s
e

a
n
d

n
o
t

e
m
p
t
y

#
t
h
e
n

i
t
s

a
p
a
l
i
n
d
r
o
m
e
.

(
=
=
)

{

#
m
a
k
e

s
u
r
e

t
h
a
t

p
a
l
i
n
d
r
o
m
e

h
a
s

>
2

c
h
a
r
a
c
t
e
r
s

c
l
i
p
;

c
l
i
p
;

!
"
"

{
c
l
e
a
r
;

g
e
t
;

a
d
d

"
\
n
"
;

p
r
i
n
t
;

}

}#
c
l
e
a
r

t
h
e

w
o
r
k
s
p
a
c
e

a
n
d

1
s
t

t
w
o

c
e
l
l
s

c
l
e
a
r
;

p
u
t
;

-
-
;

p
u
t
;

}

3
7
.7

L
in

e
b
y

lin
e

to
k
e
n

isa
tio

n

S
ee

th
e

ex
am

p
le

b
elow

an
d

ad
ap

t

44



an
d

d
at

a
la

n
gu

ag
es

(o
r

at
le

as
t

si
m

p
le

on
es

).

N
or

m
al

ly
,

it
w

il
n
ot

b
e

n
ec

es
sa

ry
to

w
ri

te
an

y
as

se
m

b
le

r
co

d
e,

si
n
ce

th
e

sc
ri

p
t

la
n
gu

ag
e

is
m

u
ch

m
or

e
re

ad
ab

le
.

H
ow

ev
er

,
it

is
u
se

fu
l

fo
r

d
eb

u
gg

in
g

sc
ri

p
ts

to
v
ie

w
th

e
as

se
m

b
ly

li
st

in
g

as
it

is
lo

ad
ed

in
to

th
e

m
ac

h
in

e
(t

h
e

-I
sw

it
ch

al
lo

w
s

th
is

).

T
h
e

as
se

m
b
le

r
fi
le

sy
n
ta

x
is

si
m

il
ar

to
ot

h
er

m
ac

h
in

e
as

se
m

b
le

rs
:

1
co

m
m

an
d

p
er

li
n
e,

le
ad

in
g

sp
ac

e
is

in
si

gn
ifi

ca
n
t.

L
ab

el
s

ar
e

p
er

m
it

te
d

an
d

en
d

in
a

“:
”

ch
ar

ac
te

r.

A
n

ex
am

pl
e

co
m

pi
la

ti
on

of
a

ba
si

c
sc

ri
pt

#
p
e
p

s
c
r
i
p
t

s
o
u
r
c
e

#
r
e
a
d
;

"
a
b
c
"

{
n
o
p
;

}

#
’
a
s
s
e
m
b
l
y
’

e
q
u
i
v
a
l
e
n
t

o
f

t
h
e

a
b
o
v
e

s
c
r
i
p
t

s
t
a
r
t
:

r
e
a
d

t
e
s
t
i
s

"
a
b
c
"

j
u
m
p
f
a
l
s
e

b
l
o
c
k
.
e
n
d
.
2
1

n
o
p

b
l
o
c
k
.
e
n
d
.
2
1
:

j
u
m
p

s
t
a
r
t

A
n

ot
he

r
ex

am
pl

e
sh

ow
in

g
be

gi
n

-b
lo

ck
co

m
pi

la
ti

on

#
p
e
p

s
c
r
i
p
t

s
o
u
r
c
e

#
b
e
g
i
n

{
w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]
;

c
l
e
a
r
;

}
r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
d
;

⇒
}

#
c
o
m
p
i
l
a
t
i
o
n
:

w
h
i
l
e
n
o
t

[
:
s
p
a
c
e
:
]

c
l
e
a
r

s
t
a
r
t
:

r
e
a
d

t
e
s
t
c
l
a
s
s

[
:
s
p
a
c
e
:
]

j
u
m
p
f
a
l
s
e

b
l
o
c
k
.
e
n
d
.
6
0

c
l
e
a
r

b
l
o
c
k
.
e
n
d
.
6
0
:

j
u
m
p

s
t
a
r
t

3
9

C
o
m

p
a
ri

so
n

w
it

h
o
th

e
r

co
m

p
il

e
r

co
m

p
il

e
rs

A
s

fa
r

as
I

am
aw

ar
e,

al
l

ot
h
er

co
m

p
il
er

co
m

p
il
er

sy
st

em
s

ta
ke

so
m

e
k
in

d
of

a
gr

am
-

m
ar

as
in

p
u
t,

an
d

p
ro

d
u
ce

so
u
rc

e
co

d
e

as
ou

tp
u
t.

T
h
e

p
ro

d
u
ce

d
so

u
rc

e
co

d
e

ac
ts

as
a

“r
ec

og
n
is

er
”

fo
r

st
ri

n
gs

w
h
ic

h
co

n
fo

rm
to

th
e

gi
ve

n
gr

am
m

ar
.

3
9
.1

Y
a
cc

a
n

d
le

x
co

m
p

a
ri

so
n

T
h
e

to
ol

s
“y

ac
c”

an
d

“l
ex

”
an

d
th

e
ve

ry
n
u
m

er
ou

s
cl

on
es

,
re

w
ri

te
s

an
d

im
p
le

m
en

ta
ti

on
s

of
th

os
e

to
ol

s
ar

e
ve

ry
p

op
u
la

r
in

th
e

im
p
le

m
en

ta
ti

on
of

p
ar

se
rs

an
d

co
m

p
il
er

s.
T

h
is

se
ct

io
n

d
is

cu
ss

es
so

m
e

of
th

e
im

p
or

ta
n
t

d
iff

er
en

ce
s

b
et

w
ee

n
th

e
p

ep
m

ac
h
in

e
an

d
la

n
gu

ag
e

an
d

56

r
:
=

[
’
a
’
]

[
’
b
’
]

[
’
c
’
]

[
’
d
’
]

.

In
or

d
er

to
fa

ct
or

ou
t

th
e

op
ti

on
al

it
y

ab
ov

e
w

e
w

ou
ld

en
d

u
p

w
it

h
a

la
rg

e
n
u
m

b
er

of
ru

le
s

w
h
ic

h
w

ou
ld

m
ak

e
th

e
p
ar

se
sc

ri
p
t

ve
ry

ve
rb

os
e.

A
n
ot

h
er

ap
p
ro

ac
h

is
to

en
co

d
e

so
m

e
st

at
e

in
to

a
p
ar

se
to

ke
n
.

A
st

ra
te

gy
fo

r
pa

rs
in

g
ru

le
s

co
n

ta
in

in
g

op
ti

on
al

el
em

en
ts

#
p
a
r
s
e

t
h
e

e
b
n
f

r
u
l
e

#
r
u
l
e

:
=

[
’
a
’
]

[
’
b
’
]

[
’
c
’
]

[
’
d
’
]

’
;
’

.

b
e
g
i
n

{
a
d
d

"
0
.
r
u
l
e
*
"
;

p
u
s
h
;

}

r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
c
l
e
a
r
;

}

"
a
"
,
"
b
"
,
"
c
"
,
"
d
"
,
"
;
"

{
a
d
d

"
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

!
"
"

{
a
d
d

"
u
n
r
e
c
o
g
n
i
s
e
d

c
h
a
r
a
c
t
e
r
.
"
;

p
r
i
n
t
;

q
u
i
t
;

}

p
a
r
s
e
>

p
o
p
;

p
o
p
;

E
"
r
u
l
e
*
a
*
"

{

B
"
0
"

{
c
l
e
a
r
;

a
d
d

"
1
.
r
u
l
e
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
a
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
b
*
"

{

B
"
0
"
,
B
"
1
"

{
c
l
e
a
r
;

a
d
d

"
2
.
r
u
l
e
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
b
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
c
*
"

{

B
"
0
"
,
B
"
1
"
,
B
"
2
"

{
c
l
e
a
r
;

a
d
d

"
3
.
r
u
l
e
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
c
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
d
*
"

{

B
"
0
"
,
B
"
1
"
,
B
"
2
"
,
B
"
3
"

{
c
l
e
a
r
;

a
d
d

"
4
.
r
u
l
e
*
"
;

p
u
s
h
;

.

⇒
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
d
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
;
*
"

{
c
l
e
a
r
;

a
d
d

"
r
u
l
e
*
"
;

p
u
s
h
;

}

p
u
s
h
;

p
u
s
h
;

(
e
o
f
)

{

p
o
p
;

"
r
u
l
e
*
"

{
a
d
d

"
i
t
s

a
r
u
l
e
!
"
;

p
r
i
n
t
;

q
u
i
t
;

}

}

3
7
.1

3
R

e
p

e
ti

ti
o
n

p
a
rs

in
g

S
im

il
ar

to
th

e
n
ot

es
ab

ov
e

ab
ou

t
p
ar

si
n
g

gr
am

m
ar

ru
le

s
co

n
ta

in
in

g
op

ti
on

al
el

em
en

ts
,

w
e

h
av

e
a

d
iffi

cu
lt

y
w

h
en

p
ar

si
n
g

el
em

en
ts

or
to

ke
n
s

w
h
ic

h
ar

e
en

cl
os

ed
in

a
“r

ep
et

it
io

n
”

st
ru

ct
u
re

.
In

eb
n
f

sy
n
ta

x
th

is
is

u
su

al
ly

re
p
re

se
n
te

d
w

it
h

ei
th

er
b
ra

ce
s

“{
..
.}”

or
w

it
h

a
k
le

en
e

st
ar

”*
”.

49



C
reate

”rabbit
hops”

for
the

tru
e

ju
m

p

"
q
u
o
t
e
*
,
*
q
u
o
t
e
*
"

{

c
l
e
a
r
;

a
d
d

"
t
e
s
t
i
s

"
;

g
e
t
;

#
j
u
s
t

j
u
m
p

o
v
e
r

t
h
e

n
e
x
t

t
e
s
t

i
f

t
r
u
e

f
l
a
g

a
d
d

"
\
n
j
u
m
p
t
r
u
e

3
\
n
"
;

+
+
;

+
+
;

a
d
d

"
t
e
s
t
i
s

"
;

g
e
t
;

a
d
d

"
\
n
"
;

#
a
d
d

t
h
e

n
e
x
t

j
u
m
p
t
r
u
e

w
h
e
n

t
h
e

n
e
x
t

q
u
o
t
e

i
s

f
o
u
n
d

-
-
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
q
u
o
t
e
s
e
t
*
"
;

p
u
s
h
;

#
a
l
w
a
y
s

r
e
p
a
r
s
e
/
c
o
m
p
i
l
e

.
r
e
p
a
r
s
e

}#
q
u
o
t
e
s
e
t

:
:
=

q
u
o
t
e
s
e
t

,
q
u
o
t
e

;

"
q
u
o
t
e
s
e
t
*
,
*
q
u
o
t
e
*
"

{

c
l
e
a
r
;

g
e
t
;

+
+
;

+
+
;

a
d
d

"
j
u
m
p
t
r
u
e

4
\
n

"
;

a
d
d

"
j
u
m
p
t
r
u
e

3
\
n

"
;

a
d
d

"
t
e
s
t
i
s

"
;

g
e
t
;

a
d
d

"
\
n
"
;

#
a
d
d

t
h
e

n
e
x
t

j
u
m
p
t
r
u
e

w
h
e
n
/
i
f

t
h
e

n
e
x
t

q
u
o
t
e

i
s

f
o
u
n
d

-
-
;

-
-
;

p
u
t
;

c
l
e
a
r
;

a
d
d

"
q
u
o
t
e
s
e
t
*
"
;

p
u
s
h
;

#
a
l
w
a
y
s

r
e
p
a
r
s
e
/
c
o
m
p
i
l
e

.
r
e
p
a
r
s
e

}

3
8

A
sse

m
b

ly
fo

rm
a
t

a
n

d
fi

le
s

T
h
e

im
p
lem

en
tation

of
th

e
p

ep
scrip

t
lan

gu
age

u
ses

an
in

term
ed

iary
“assem

b
ly

”
p
h
ase

w
h
en

load
in

g
scrip

ts.
a
s
m
.
p
p

is
resp

on
sib

le
for

con
vertin

g
th

e
scrip

t
in

to
an

assem
b
ly

(tex
t)

form
at.

“asm
.p

p
”

is
itself

an
“assem

b
ly

-form
at”

fi
le.

I
refer

to
th

is
form

at
as

“assem
b
ly

”
or

“assem
b
ler”

b
ecau

se
it

is
sim

ilar
to

oth
er

assem
b
ly

lan
gu

ages:
It

h
as

on
e

in
stru

ction
p

er
lin

e.
T

h
ese

fi
les

con
sist

of
“in

stru
ction

s”
on

th
e

v
irtu

al
m

ach
in

e,
alon

g
w

ith
”p

aram
eters”,

ju
m

p
s,

tests
an

d
ju

m
p

lab
els,

(w
h
ich

m
ake

w
ritin

g
assem

b
ly

fi
les

m
u
ch

easier
sin

ce
lin

e
n
u
m

b
ers

d
o

n
ot

h
ave

to
b

e
u
sed

).
S
o

th
e
a
s
m
.
p
p

fi
le

actu
ally

im
p
lem

en
ts

th
e

p
ep

scrip
t

lan
gu

age.

T
h
e

p
ro

of
is

in
th

e
p
u
d
d
in

g:
T

h
e

im
p
lem

en
tation

of
th

e
p

ep
scrip

t
lan

gu
age

sh
ow

s
th

at
th

e
p

ep
sy

stem
(an

d
th

e
p

ep
v
irtu

al
m

ach
in

e)
is

cap
ab

le
of

im
p
lem

en
tin

g
co

d
e

lan
gu

ages

55

W
e

can
u
se

a
sim

ilar
tech

n
iq

u
e

to
th

e
on

e
ab

ove
to

p
arse

rep
eated

elem
en

ts
w

ith
in

a
ru

le.

T
h
e

ru
le

p
arsed

b
elow

is
eq

u
ivalen

t
to

th
e

regu
lar

ex
p
ression

/
a
?
b
*
c
*
d
?
;
/

S
o

th
e

scrip
t

b
elow

acts
as

a
recogn

iser
for

th
e

ab
ove

regu
lar

ex
p
ression

.
I

w
on

d
er

if
it

w
ou

ld
b

e
p

ossib
le

to
w

rite
a

scrip
t

th
at

tu
rn

s
sim

p
le

regu
lar

ex
p
ression

s
in

to
p

ep
scrip

ts?

In
th

e
co

d
e

b
elow

w
e

d
on

’t
h
ave

an
y

sep
arate

“b
list”

or
“clist”

token
s.

T
h
e

co
d
e

b
elow

ap
p

ears
very

verb
ose

for
a

sim
p
le

task
.

50



q
u
it

e
in

te
re

st
in

g.
It

w
ai

ts
u
n
ti

l
th

e
st

ac
k

co
n
ta

in
s

a
b
ra

ce
to

ke
n

“{
*”

u
n
ti

l
it

st
ar

ts
re

d
u
ci

n
g

th
e

q
u
ot

es
et

li
st

.

A
”q

u
ot

es
et

”,
or

a
se

t
of

te
st

s
w

it
h

or
lo

gi
c

’
a
’
,
’
b
’
,
’
c
’
,
’
d
’

{
n
o
p
;

}

so
th

e
c
o
m
p
i
l
e
.
p
s
s

sc
ri

p
t

ac
tu

al
ly

p
ar

se
s

”’
c’

,’
d
’
{

fi
rs

t,
an

d
th

en
re

so
lv

es
th

e
ot

h
er

q
u
ot

es
(’

a’
,’
b
’)

.
T

h
is

is
go

o
d

b
ec

au
se

th
e

sc
ri

p
t

ca
n

w
or

k
ou

t
th

e
ju

m
p
-t

ar
ge

t
fo

r
th

e
fo

rw
ar

d
tr

u
e

ju
m

p
.

(t
h
e

ac
cu

m
u
la

to
r

is
u
se

d
to

ke
ep

tr
ac

k
of

th
e

fo
rw

ar
d

tr
u
e

ju
m

p
).

It
al

so
u
se

s
th

e
b
ra

ce
as

a
lo

ok
ah

ea
d
,

an
d

th
en

ju
st

p
u
sh

es
it

b
ac

k
on

th
e

st
ac

k
,

to
b

e
u
se

d
la

te
r

w
h
en

p
ar

si
n
g

th
e

w
h
ol

e
b
ra

ce
b
lo

ck
.

B
n

f
ru

le
s

fo
r

pa
rs

in
g

qu
ot

es
et

s
q
u
o
t
e
s
e
t

’
{
’

:
=

q
u
o
t
e

’
,
’

q
u
o
t
e

’
{
’

;

q
u
o
t
e
s
e
t

’
{
’

:
=

q
u
o
t
e

’
,
’

q
u
o
t
e
s
e
t

’
{
’

;

B
u
t

th
is

h
as

2
el

em
en

ts
on

th
e

le
ft

-h
an

d
si

d
e.

T
h
is

w
or

k
s

b
u
t

is
n
ot

co
n
si

d
er

ed
go

o
d

gr
am

m
ar

(?
)

M
u
lt

ip
le

te
st

se
t

se
q
u
en

ce
s

m
ay

b
e

u
se

d
as

a
p

o
or

-p
er

so
n
s

re
gu

la
r

ex
p
re

ss
io

n
p
at

te
rn

m
at

ch
er

.

P
ri

n
t

w
or

ds
be

gi
n

n
in

g
w

it
h

’z
’,

en
di

n
g

w
it

h
’.

tx
t’

an
d

N
ot

co
n

ta
in

in
g

th
e

le
tt

er
’o

’

r
;

E
"

"
,
E
"
\
n
"
,
(
e
o
f
)

{

!
(
e
o
f
)

{
c
l
i
p
;

}

B
"
z
"
.
E
"
.
t
x
t
"
.
!
[
o
]

{
a
d
d

"
(
y
e
s
!
)

\
n
"
;

p
r
i
n
t
;

}

c
l
e
a
r
;

}

It
d
o
es

n
t

re
al

ly
m

ak
e

se
n
se

to
co

m
b
in

e
a

te
x
t-

eq
u
al

s
te

st
w

it
h

an
y

ot
h
er

te
st

,
b
u
t

th
e

ot
h
er

co
m

b
in

at
io

n
s

ar
e

u
se

fu
l.

T
h
e

“s
et

”
to

ke
n

sy
n
ta

x
p
ar

se
s

a
st

ri
n
g

su
ch

as

’
a
’
,
’
b
’
,
’
c
’
,
’
d
’

{
n
o
p
;

}

T
h
e

co
m

m
a

is
th

e
eq

u
iv

al
en

t
of

th
e

al
te

rn
at

io
n

op
er

at
or

(—
)

in
b
n
f

sy
n
ta

x
.

3
7
.2

0
R

a
b

b
it

h
o
p

s

In
m

y
fi
rs

t
at

te
m

p
t

to
p
ar

se
“q

u
ot

es
et

”
to

ke
n
s

w
it

h
th

e
“c

om
p
il
e.

p
ss

”
sc

ri
p
t

co
m

p
il
er

,
I

u
se

d
a

”r
ab

b
it

h
op

”
te

ch
n
iq

u
e.

F
ro

m
an

effi
ci

en
cy

an
d

co
m

p
il
ed

co
d
e

si
ze

p
oi

n
t-

of
-v

ie
w

th
is

is
a

ve
ry

b
ad

w
ay

to
co

m
p
il
e

th
e

co
d
e,

b
u
t

it
se

em
s

th
at

it
m

ay
b

e
u
se

fu
l

in
ot

h
er

si
tu

at
io

n
s.

It
p
ro

v
id

es
a

w
ay

to
ge

n
er

at
e

fu
n
ct

io
n
al

co
d
e

w
h
en

th
e

fi
n
al

ju
m

p
-t

ar
ge

t
is

n
ot

k
n
ow

at
“s

h
if

t-
re

d
u
ce

”
ti

m
e.

54

P
ar

si
n

g
re

pe
ti

ti
on

s
w

it
hi

n
a

gr
am

m
ar

ru
le

#
p
a
r
s
e

t
h
e

e
b
n
f

r
u
l
e

#
r
u
l
e

:
=

[
’
a
’
]

{
’
b
’
}

{
’
c
’
}

[
’
d
’
]

’
;
’

.

#
e
q
u
i
v
a
l
e
n
t

r
e
g
u
l
a
r

e
x
p
r
e
s
s
i
o
n
:

/
a
?
b
*
c
*
d
?
;
/

b
e
g
i
n

{
a
d
d

"
0
/
r
u
l
e
*
"
;

p
u
s
h
;

}

r
e
a
d
;

[
:
s
p
a
c
e
:
]

{
c
l
e
a
r
;

}

"
a
"
,
"
b
"
,
"
c
"
,
"
d
"
,
"
;
"

{
a
d
d

"
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

!
"
"

{
a
d
d

"
u
n
r
e
c
o
g
n
i
s
e
d

c
h
a
r
a
c
t
e
r
.
"
;

p
r
i
n
t
;

q
u
i
t
;

}

p
a
r
s
e
>

#
-
-
-
-
-
-
-
-
-
-
-
-

#
2

t
o
k
e
n
s

p
o
p
;

p
o
p
;

E
"
r
u
l
e
*
a
*
"

{

B
"
0
"

{
c
l
e
a
r
;

a
d
d

"
a
/
r
u
l
e
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
a
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
b
*
"

{

B
"
0
"
,
B
"
a
"
,
B
"
b
"

{
c
l
e
a
r
;

a
d
d

"
b
/
r
u
l
e
*
"
;

p
u
s
h
;

.
r
e
p
a
r
s
e

}

u
n
s
t
a
c
k
;

a
d
d

"
<
<

p
a
r
s
e

s
t
a
c
k
.
\
n
"
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
b
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
c
*
"

{

B
"
0
"
,
B
"
a
"
,
B
"
b
"
,
B
"
c
"

{
c
l
e
a
r
;

a
d
d

"
c
/
r
u
l
e
*
"
;

p
u
s
h
;

.

⇒
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
c
’

\
n
"
;

u
n
s
t
a
c
k
;

a
d
d

"
<
<

p
a
r
s
e

s
t
a
c
k
.
\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
d
*
"

{

B
"
0
"
,
B
"
a
"
,
B
"
b
"
,
B
"
c
"

{
c
l
e
a
r
;

a
d
d

"
d
/
r
u
l
e
*
"
;

p
u
s
h
;

.

⇒
r
e
p
a
r
s
e

}

c
l
e
a
r
;

a
d
d

"
m
i
s
p
l
a
c
e
d

’
d
’

\
n
"
;

p
r
i
n
t
;

q
u
i
t
;

} E
"
r
u
l
e
*
;
*
"

{
c
l
e
a
r
;

a
d
d

"
r
u
l
e
*
"
;

p
u
s
h
;

}

p
u
s
h
;

p
u
s
h
;

(
e
o
f
)

{

p
o
p
;

"
r
u
l
e
*
"

{

c
l
e
a
r
;

a
d
d

"
t
e
x
t

i
s

i
n

r
e
g
u
l
a
r

l
a
n
g
u
a
g
e

/
a
?
b
*
c
*
d
?
;
/

\
n
"
;

⇒
p
r
i
n
t
;

q
u
i
t
;

} p
u
s
h
;

a
d
d

"
t
e
x
t

i
s

n
o
t

i
n

r
e
g
u
l
a
r

l
a
n
g
u
a
g
e

/
a
?
b
*
c
*
d
?
;
/

\
n
"
;

a
d
d

"
p
a
r
s
e

s
t
a
c
k

w
a
s
:
"
;

p
r
i
n
t
;

c
l
e
a
r
;

u
n
s
t
a
c
k
;

p
r
i
n
t
;

q
u
i
t
;

}

51



T
he

program
an

d
block

gram
m

ar
ru

les

p
r
o
g
r
a
m

=
b
l
o
c
k

"
.
"

.

b
l
o
c
k

=
[

"
c
o
n
s
t
"

i
d
e
n
t

"
=
"

n
u
m
b
e
r

{
"
,
"

i
d
e
n
t

"
=
"

n
u
m
b
e
r
}

"
;
"

⇒
]

[
"
v
a
r
"

i
d
e
n
t

{
"
,
"

i
d
e
n
t
}

"
;
"
]

{
"
p
r
o
c
e
d
u
r
e
"

i
d
e
n
t

"
;
"

b
l
o
c
k

"
;
"

}
s
t
a
t
e
m
e
n
t

.

O
n
ce

th
is

scrip
t

is
w

ritten
w

e
can

ch
eck

if
it

is
p
arsin

g
correctly,

an
d

th
en

m
ove

on
to

variab
le

d
eclaration

s,
p
ro

ceed
u
re

d
eclaration

s
an

d
so

forth
(b

u
t

n
ot

th
e

forth
lan

gu
age,

w
h
ich

d
o
esn

t
req

u
ire

a
gram

m
ar).

3
7
.1

6
P

lze
ro

e
x
p

re
ssio

n
s

W
sn

/ebn
f

gram
m

ar
for

pl/0
expression

s

e
x
p
r
e
s
s
i
o
n

=
[

"
+
"
|
"
-
"
]

t
e
r
m

{
(
"
+
"
|
"
-
"
)

t
e
r
m
}
.

t
e
r
m

=
f
a
c
t
o
r

{
(
"
*
"
|
"
/
"
)

f
a
c
t
o
r
}
.

f
a
c
t
o
r

=
i
d
e
n
t

|
n
u
m
b
e
r

|
"
(
"

e
x
p
r
e
s
s
i
o
n

"
)
"
.

3
7
.1

7
T

rig
g
e
r

ru
le

s

’
,
’

o
r
s
e
t

’
{
’

:
:
=

’
,
’

t
e
s
t

’
{
’

;

3
7
.1

8
N

e
g
a
te

d
cla

sse
s

O
ften

w
h
en

creatin
g

a
lan

gu
age

or
d
ata

form
at,

w
e

w
an

t
to

b
e

ab
le

to
n
egate

op
erators

or
tests

(so
th

at
th

e
test

h
as

th
e

op
p

osite
eff

ect
to

w
h
at

it
n
orm

ally
w

ou
ld

).
In

th
e

p
arse

scrip
t

lan
gu

age
I

u
se

th
e

p
refi

x
ed

“!”
ch

aracter
as

th
e

n
egation

op
erator.

W
e

can
create

a
w

h
ole

series
of

n
egated

“classes”
or

token
s

in
th

e
follow

in
g

w
ay.

S
o

th
e

“n
egation

”
logic

is
actu

ally
stored

on
th

e
stack

,
n
ot

on
th

e
tap

e.
T

h
is

is
u
sefu

l
b

ecau
se

w
e

can
com

p
ile

all
th

ese
n
egated

token
s

in
a

sim
ilar

w
ay

.

E
xam

ple
of

creatin
g

a
set

of
n

egated
classes

#
t
h
e

!
o
p
e
r
a
t
o
r

i
s

u
s
e
d

a
s

a
l
i
t
e
r
a
l

t
o
k
e
n

"
!
*
q
u
o
t
e
*
"
,
"
!
*
c
l
a
s
s
*
"
,
"
!
*
b
e
g
i
n
t
e
x
t
*
"
,

"
!
*
e
n
d
t
e
x
t
*
"
,

"
!
*
e
o
f
*
"
,
"
!
*
t
a
p
e
t
e
s
t
*
"

{

r
e
p
l
a
c
e

"
!
*
"

"
n
o
t
"
;

p
u
s
h
;

#
n
o
w

t
r
a
n
s
f
e
r

t
h
e

t
o
k
e
n

v
a
l
u
e

i
n
t
o

t
h
e

c
o
r
r
e
c
t

t
a
p
e

c
e
l
l

g
e
t
;

-
-
;

p
u
t
;

+
+
;

c
l
e
a
r
;

.
r
e
p
a
r
s
e

}

3
7
.1

9
L

o
o
k
a
h

e
a
d

a
n

d
re

v
e
rse

re
d

u
ctio

n
s

T
h
e

so
called

“q
u
otesets”

h
ave

b
een

rep
laced

in
th

e
cu

rren
t

(au
g

2019)
im

p
lem

en
tation

of
c
o
m
p
i
l
e
.
p
s
s

w
ith

’ortestset’
an

d
’an

d
testset’.

B
u
t

th
e

com
p
ilation

tech
n
iq

u
es

are
sim

ilar
to

th
ose

sh
ow

n
b

elow
.

T
h
e

old
im

p
lem

en
tation

of
th

e
“q

u
otesets”

token
in

old
version

s
of

c
o
m
p
i
l
e
.
p
s
s

seem
s

53

3
7
.1

4
P

l
ze

ro

P
l/0

is
a

m
in

im
alistic

lan
gu

age
created

b
y

N
ik

lau
s

W
irth

,
for

teach
in

g
com

p
iler

con
stru

c-
tion

.

In
th

is
section

,
I

w
ill

ex
p
lore

con
vertin

g
th

e
p
l/0

gram
m

ar
in

to
a

form
th

at
can

b
e

u
sed

b
y

th
e

p
arsin

g
m

ach
in

e
an

d
lan

gu
age.

I
w

ill
d
o

th
is

in
stages,

fi
rst

p
arsin

g
“ex

p
ression

s”
an

d
th

en
“con

d
ition

s”
etc.

W
irth

s
gram

m
ar

is
d
esign

ed
to

b
e

u
sed

in
a

recu
rsive

d
escen

t
p
arser/com

p
iler,

so
it

w
ill

b
e

in
terestin

g
to

see
if

it
can

b
e

ad
ap

ted
for

th
e

m
ach

in
e

w
h
ich

is
essen

tially
a

L
R

sh
ift-red

u
ce

p
arser/com

p
iler.

T
h
e

gram
m

ar
b

elow
seem

s
to

b
e

ad
eq

u
ate

for
L

R
p
arsin

g,
ex

cep
t

for
th

e
ex

p
ression

token
s

(ex
p
ression

,
term

,
factor

etc).
A

p
art

from
ex

p
ression

w
e

sh
ou

ld
b

e
ab

le
to

factor
ou

t
th

e
variou

s
[]{}

an
d

()
con

stru
cts

an
d

create
a

m
ach

in
e

p
arse

scrip
t.

T
he

pl/0
gram

m
ar

in
w

sn
/ebn

f
form

p
r
o
g
r
a
m

=
b
l
o
c
k

"
.
"

.

b
l
o
c
k

=
[

"
c
o
n
s
t
"

i
d
e
n
t

"
=
"

n
u
m
b
e
r

{
"
,
"

i
d
e
n
t

"
=
"

n
u
m
b
e
r
}

"
;
"

⇒
]

[
"
v
a
r
"

i
d
e
n
t

{
"
,
"

i
d
e
n
t
}

"
;
"
]

{
"
p
r
o
c
e
d
u
r
e
"

i
d
e
n
t

"
;
"

b
l
o
c
k

"
;
"

}
s
t
a
t
e
m
e
n
t

.

s
t
a
t
e
m
e
n
t

=
[

i
d
e
n
t

"
:
=
"

e
x
p
r
e
s
s
i
o
n

|
"
c
a
l
l
"

i
d
e
n
t

|
"
?
"

i
d
e
n
t

|
"
!
"

e
x
p
r
e
s
s
i
o
n

|
"
b
e
g
i
n
"

s
t
a
t
e
m
e
n
t

{
"
;
"

s
t
a
t
e
m
e
n
t

}
"
e
n
d
"

|
"
i
f
"

c
o
n
d
i
t
i
o
n

"
t
h
e
n
"

s
t
a
t
e
m
e
n
t

|
"
w
h
i
l
e
"

c
o
n
d
i
t
i
o
n

"
d
o
"

s
t
a
t
e
m
e
n
t

]
.

c
o
n
d
i
t
i
o
n

=
"
o
d
d
"

e
x
p
r
e
s
s
i
o
n

|

e
x
p
r
e
s
s
i
o
n

(
"
=
"
|
"
#
"
|
"
<
"
|
"
<
=
"
|
"
>
"
|
"
>
=
"
)

e
x
p
r
e
s
s
i
o
n

⇒
.

e
x
p
r
e
s
s
i
o
n

=
[

"
+
"
|
"
-
"
]

t
e
r
m

{
(
"
+
"
|
"
-
"
)

t
e
r
m
}
.

t
e
r
m

=
f
a
c
t
o
r

{
(
"
*
"
|
"
/
"
)

f
a
c
t
o
r
}
.

f
a
c
t
o
r

=
i
d
e
n
t

|
n
u
m
b
e
r

|
"
(
"

e
x
p
r
e
s
s
i
o
n

"
)
"
.

3
7
.1

5
P

ro
g
ra

m
s

a
n

d
b

lo
ck

s
in

p
lze

ro

I
w

ill
try

to
keep

s
w

irth
s

gram
m

atical
stru

ctu
re,

b
u
t

factor
th

e
2

ru
les

an
d

in
tro

d
u
ce

n
ew

p
arse

token
s

for
read

ab
ility,

su
ch

“con
std

ec*”
for

a
con

stan
t

d
eclaration

,
an

d
”vard

ec*
for

a
variab

le
d
eclaration

.
I

w
ill

also
try

to
keep

W
irth

’s
ru

le
n
am

es
for

referen
ce

52



”r
eg

u
la

r
la

n
gu

ag
es

”.
P

os
si

b
ly

th
e

si
m

p
le

st
ex

am
p
le

of
on

e
of

th
es

e
w

ou
ld

b
e

p
al

in
d
ro

m
es

(e
g

”a
b
a”

,
”h

an
n
ah

”,
”a

n
n
a”

).
T

h
e

m
ac

h
in

e
al

so
al

lo
w

s
a

sc
ri

p
t

la
n
gu

ag
e

to
d
es

cr
ib

e
p
at

te
rn

s
an

d
tr

an
sf

or
m

at
io

n
s,

an
d

th
is

la
n
gu

ag
e

h
as

si
m

il
ar

it
ie

s
to

se
d

an
d

to
aw

k
.

In
fa

ct
th

e
w

h
ol

e
id

ea
w

as
in

sp
ir

ed
b
y

se
d

an
d

it
s

li
m

it
at

io
n
s

fo
r

co
n
te

x
t

fr
ee

la
n
gu

ag
es

.

5
1

P
a
li

n
d

ro
m

e
s

P
al

in
d
ro

m
es

ar
e

al
so

in
te

re
st

in
g

b
ec

au
se

th
ey

ca
n

b
e

p
ar

se
d

w
it

h
th

e
si

m
p
le

st
p

os
si

b
le

re
cu

rs
iv

e
d
es

ce
n
t

p
ar

se
r.

P
se

u
do

co
de

p
a
r
s
e
P
a
l
i
n
d
r
o
m
e

(
t
e
x
t
)

{

n
=

t
e
x
t
.
f
i
r
s
t
C
h
a
r
a
c
t
e
r
,

m
=

t
e
x
t
.
l
a
s
t
C
h
a
r
a
c
t
e
r

i
f

n
<
>

m
{

r
e
t
u
r
n

f
a
l
s
e

}

n
e
w
T
e
x
t

=
t
e
x
t

-
f
i
r
s
t

a
n
d

l
a
s
t

c
h
a
r
a
c
t
e
r
s

p
a
r
s
e
P
a
l
i
n
d
r
o
m
e
(
n
e
w
T
e
x
t
)

r
e
t
u
r
n

t
r
u
e

}

B
u
t

th
e

“p
ep

”
m

ac
h
in

e
d
o
es

n
ot

u
se

re
cu

rs
iv

e
d
es

ce
n
t

p
ar

si
n
g.

In
fa

ct
th

e
p

ep
m

ac
h
in

e
w

as
w

ri
tt

en
b

ec
au

se
re

cu
rs

iv
e

d
es

ce
n
t

p
ar

si
n
g

se
em

ed
ae

st
h
et

ic
al

ly
u
n
-p

le
as

in
g.

5
2

D
o
cu

m
e
n
t

h
is

to
ry

22
J
u
ly

20
21

13
m

ar
ch

20
20

re
v
is

it
in

g
e
g
/
m
a
r
k
.
h
t
m
l
.
p
s
s

in
or

d
er

to
fo

rm
at

th
is

b
o
ok

le
t

in
to

h
tm

l,
LA

T
E
X

an
d

p
d
f

fo
r

p
ri

n
ti

n
g.

A
ls

o,
so

m
e

re
v
is

io
n
s

of
th

e
b

o
ok

le
t.

1
n
ov

em
b

er
20

19
R

ev
is

in
g

th
is

b
o
ok

fi
le

an
d

at
te

m
p
ti

n
g

to
m

ak
e

th
e

ex
am

p
le

s
w

or
k

an
d

m
or

e
u
se

fu
l.

13
se

p
t

20
19

so
m

e
ed

it
in

g.

4
S
ep

te
m

b
er

20
19

A
d
d
in

g
so

m
e

id
ea

s
ab

ou
t

p
ar

si
n
g

op
ti

on
al

el
em

en
ts

.

23
A

u
gu

st
20

19
tr

y
in

g
to

or
ga

n
is

e
th

is
d
o
cu

m
en

t.

13
15

17
a

64

th
os

e
to

ol
s.

T
h
e

p
ep

la
n
gu

ag
e

an
d

m
ac

h
in

e
is

(d
el

ib
er

at
el

y
)

a
m

u
ch

m
or

e
li
m

it
ed

sy
st

em
th

an
a

“l
ex

/y
ac

c”
st

y
le

co
m

b
in

at
io

n
.

A
le

x
/y

ac
c-

ty
p

e
sy

st
em

of
te

n
p
ro

d
u
ce

s
“c

”
la

n
gu

ag
e

co
d
e

or
so

m
e

ot
h
er

la
n
gu

ag
e

co
d
e

w
h
ic

h
is

th
en

co
m

p
il
ed

an
d

ru
n

to
im

p
le

m
en

t
th

e
p
ar

se
r/

-
co

m
p
il
er

.

T
h
e

p
ep

sy
st

em
,

on
th

e
ot

h
er

h
an

d
,

is
a

”t
ex

t
st

re
am

fi
lt

er
”;

it
si

m
p
ly

tr
an

sf
or

m
s

on
e

te
x
t

fo
rm

at
in

to
an

ot
h
er

.
F

or
th

is
re

as
on

,
it

ca
n
n
ot

p
er

fo
rm

th
e

co
m

p
le

x
p
ro

gr
am

m
at

ic
“a

ct
io

n
s”

th
at

to
ol

s
su

ch
as

le
x
/y

ac
c

b
is

on
or

an
tl

r
ca

n
ac

h
ie

ve
.

W
h
il
e

cl
ea

rl
y

m
or

e
li
m

it
ed

th
an

a
le

x
-y

ac
c

st
y
le

sy
st

em
,
in

m
y

op
in

io
n

th
e

cu
rr

en
t

m
ac

h
in

e
h
as

so
m

e
ad

va
n
ta

ge
s:

It
m

ay
be

si
m

pl
er

an
d

th
er

ef
or

e
sh

ou
ld

be
ea

si
er

to
u

n
de

rs
ta

n
d

It
do

es
n

ot
m

ak
e

u
se

of
sh

if
t-

re
du

ce
ta

bl
es

.

It
sh

ou
ld

be
po

ss
ib

le
to

im
pl

em
en

t
it

on
co

m
pu

te
r

en
vi

ro
n

m
en

ts
w

it
h

m
o
d
es

t
re

so
u
rc

es
(d

at
a/

co
d
e

m
em

or
y
).

B
ec

au
se

it
is

a
te

xt
-fi

lt
er

,
it

sh
ou

ld
be

m
or

e
ac

ce
ss

ib
le

fo
r

”p
la

y
in

g
ar

ou
n
d
”

or
ex

p
er

im
en

ta
ti

on
.

P
er

h
ap

s
it

la
ck

s
th

e
p
sy

ch
ol

og
ic

al
b
ar

ri
er

th
at

a
le

x
-y

ac
c

sy
st

em
h
as

fo
r

a
n
on

-s
p

ec
ia

li
st

p
ro

gr
am

m
er

.

U
si

n
g

tr
an

sl
at

io
n

sc
ri

pt
s,

w
e

ca
n

tr
an

sl
at

e
an

y
pe

p
sc

ri
pt

in
to

a
n
u
m

b
er

of
ot

h
er

la
n
gu

ag
es

,
su

ch
as

p
y
th

on
,

ru
b
y,

ja
va

,
go

an
d

p
la

in
c.

T
h
es

e
tr

an
s-

la
ti

on
sc

ri
p
ts

(e
g

tr
/t

ra
n
sl

at
e.

p
y
th

on
.p

ss
)

ca
n

al
so

tr
an

sl
at

e
th

em
se

lv
es

,
th

u
s

cr
ea

ti
n
g

a
co

m
p
le

te
st

an
d
-a

lo
n
e

p
ep

sy
st

em
in

th
e

ta
rg

et
la

n
gu

ag
e.

It
is

re
la

ti
ve

ly
ea

sy
to

cr
ea

te
a

pe
p

tr
an

sl
at

io
n

sc
ri

pt
fo

r
a

n
ew

la
n
gu

ag
e:

a
cl

as
s/

ob
je

ct
/d

at
a-

st
ru

ct
u
re

is
cr

ea
te

d
re

p
re

se
n
ti

n
g

th
e

p
ep

v
ir

tu
al

m
a-

ch
in

e,
an

d
th

en
an

ex
is

ti
n
g

tr
an

sl
at

io
n

sc
ri

p
t

is
ad

ap
te

d
fo

r
th

e
n
ew

la
n
gu

ag
e.

4
0

S
ta

tu
s

A
s

of
ju

n
e

20
22

,
th

e
in

te
rp

re
te

r
an

d
d
eb

u
gg

er
w

ri
tt

en
in

c
(i

.e
/
b
o
o
k
s
/
p
a
r
s
/
o
b
j
e
c
t
/
p
e
p
.
c

)
w

or
k
s

w
el

l.
T

h
is

im
p
le

m
en

ta
ti

on
is

n
ot

u
n
ic

o
d
e-

aw
ar

e
an

d
h
as

a
“t

ap
e”

ar
ra

y
of

fi
x
ed

si
ze

,
b
u
t

th
es

e
p
ro

b
le

m
s

ar
e

so
m

ew
h
at

ob
v
ia

te
d

b
y

th
e

ex
is

ta
n
ce

of
th

e
tr

an
sl

at
io

n
sc

ri
p
ts

in
th

e
t
r
/

fo
ld

er
.

A
n
u
m

b
er

of
in

te
re

st
in

g
an

d
/o

r
u
se

fu
l

ex
am

p
le

s
h
av

e
b

ee
n

w
ri

tt
en

u
si

n
g

th
e

“p
ep

”
sc

ri
p
t

la
n
gu

ag
e

an
d

ar
e

in
th

e
“e

g/
”

fo
ld

er

S
ev

er
al

tr
an

sl
at

io
n

sc
ri

p
ts

h
av

e
b

ee
n

w
ri

tt
en

an
d

ar
e

la
rg

el
y

b
u
g-

fr
ee

su
ch

as
fo

r
th

e
la

n
gu

ag
es

ja
va

,
go

,
ru

b
y,

p
y
th

on
,

tc
l,

an
d

c.
T

h
es

e
sc

ri
p
ts

ca
n

b
e

te
st

ed
w

it
h

th
e

“p
ep

.t
t”

h
el

p
er

fu
n
ct

io
n

in
th

e
h
e
l
p
e
r
s
.
p
a
r
s
.
s
h

b
as

h
sc

ri
p
t.

I
w

ou
ld

li
ke

to
fi
n
is

h
th

e
tr

an
sl

at
io

n
sc

ri
p
ts

fo
r

sw
if

t,
c+

+
,

ja
va

sc
ri

p
t

an
d

ru
st

.

4
1

N
a
m

in
g

o
f

th
e

p
e
p

sy
st

e
m

T
h
e

ex
ec

u
ta

b
le

is
ca

ll
ed

’p
ep

’
st

an
d
in

g
fo

r
”P

ar
se

E
n
gi

n
e

fo
r

P
at

te
rn

s”
T

h
e

fo
ld

er
is

ca
ll
ed

/
b
o
o
k
s
/
p
a
r
s
/

T
h
e

so
u
rc

e
fi
le

is
ca

ll
ed

’p
ep

.c
’

fo
r

n
o

p
ar

ti
cu

la
rl

y
go

o
d

re
as

on
.

P
ep

57



th
at

w
ere

n
ot

th
e

case.

T
h
e

com
m

an
d
s

b
elow

are
very

u
sefu

l
for

testin
g

th
e

sou
n
d
n
ess

of
th

e
’tran

slate.java.p
ss’

scrip
t.

C
on

vert
to

java
an

d
ru

n
a

m
u

ltilin
e

script
em

bedded
in

a
text

docu
m

en
t

W
ith

the
in

pu
t

given
as

an
argu

m
en

t

c
o
m
!

-
n
a
r
g
s
=
1

P
p
m
j

?
^

*
-
-
-
?
+
1
,
/
^

*
,
,
,
/
-
1
w

!
s
e
d

’
s
/
^
/
/
’

>
t
e
s
t
.
p
s
s
;

e
c
h
o

"
[
t
r
a
n
s
l
a
t
i
n
g

t
o

j
a
v
a

a
n
d

c
o
m
p
i
l
i
n
g
]
"
;

.
/
p
e
p

-
f

t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

t
e
s
t
.
p
s
s

>
M
a
c
h
i
n
e
.
j
a
v
a
;

j
a
v
a
c

M
a
c
h
i
n
e
.
j
a
v
a
;

e
c
h
o

"
[
r
u
n
n
i
n
g

c
o
d
e
]
"
;

e
c
h
o

"
<
a
r
g
s
>
"

java
M

ach
in

e
—

C
on

vert
to

java
a

script
em

bedded
in

a
text

docu
m

en
t,

in
pu

t
stream

as
arg

c
o
m
!

-
n
a
r
g
s
=
1

P
p
l
j

.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

>
t
e
s
t
.
p
s
s
;

e
c
h
o

"
[
t
r
a
n
s
l
a
t
i
n
g

t
o

j
a
v
a

a
n
d

c
o
m
p
i
l
i
n
g
]
"
;

.
/
p
e
p

-
f

t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

t
e
s
t
.
p
s
s

>
M
a
c
h
i
n
e
.
j
a
v
a
;

j
a
v
a
c

M
a
c
h
i
n
e
.
j
a
v
a
;

e
c
h
o

"
[
r
u
n
n
i
n
g

c
o
d
e
]
"
;

e
c
h
o

"
<
a
r
g
s
>
"

java
M

ach
in

e
—

5
0

H
isto

ry

S
ee

/
b
o
o
k
s
/
p
a
r
s
/
o
b
j
e
c
t
/
p
e
p
.
c

for
d
etailed

d
evelop

m
en

t
h
istory

of
th

e
scrip

t
in

terp
reter

(w
ritten

in
c).

22
ju

n
e

2022
con

tin
u
ed

w
ork

on
tran

slator
scrip

ts
(p

erl,
js)

an
d

on
ex

am
p
les

13
m

arch
2020

m
ad

e
“ch

ars”
an

d
“lin

es”
aliases

for
cc

an
d

ll
in

c
o
m
p
i
l
e
.
p
s
s

2
N

ovem
b

er
2019

N
eed

to
w

rite
t
r
/
t
r
a
n
s
l
a
t
e
.
c
.
p
s
s

to
create

ex
ecu

tab
le

co
d
e.

T
h
is

can
b

e
b
ased

on
t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

.
A

lso
n
eed

to
w

rite
t
r
a
n
s
l
a
t
e
.
p
h
p
.
p
s
s

so
th

at
scrip

ts
can

easily
b

e
ru

n
on

a
w

eb
-server.

A
lso,

t
r
a
n
s
l
a
t
e
.
p
y
t
h
o
n
.
p
s
s

sin
ce

p
y
th

on
is

an
im

p
ortan

t
m

o
d
ern

lan
gu

age.
t
r
a
n
s
l
a
t
e
.
s
w
i
f
t
.
p
s
s
t
r
a
n
s
l
a
t
e
.
r
u
b
y
.
p
s
s
t
r
a
n
s
l
a
t
e
.
f
o
r
t
h
.
p
s
s

N
eed

to
fi
x
m
a
r
k
.
h
t
m
l
.
p
s
s

to
p
ro

d
u
ce

accep
tab

le
h
tm

l
ou

tp
u
t

from
th

is
b

o
ok

let
fi
le.

A
lso

n
eed

to
w

rite
m
a
r
k
.
l
a
t
e
x
.
p
s
s

,
b
ased

on
m
a
r
k
.
h
t
m
l
.
p
s
s

so
th

at
I

can
create

a
d
ecen

t
p

d
f

b
o
ok

let.
T

h
en

n
eed

to
p
rin

t
th

e
b

o
ok

let
w

ith
som

e
im

ages
an

d
sen

d
to

p
eop

le
w

h
o

m
ay

b
e

in
terested

in
th

is.

27
sep

tem
b

er
2019

t
r
a
n
s
l
a
t
e
.
j
a
v
a
s
c
r
i
p
t
.
p
s
s

is
n
earin

g
com

p
letion

...
seem

s
to

b
e

ab
le

to
com

p
ile

m
an

y
scrip

ts
to

javascrip
t.

25
au

gu
st

2019

G
reat

p
rogress

h
as

b
een

m
ad

e.
c
o
m
p
i
l
e
.
p
s
s

h
as

all
sorts

of
n
ice

n
ew

sy
n
tax

like
n
egated

tex
t=

tests
!”ab

c”{
...

}
A

lm
ost

all
tests

can
n
ow

b
e

n
egated

.
T

h
ere

is
n
ow

an
A

N
D

con
caten

tation
op

erator
(.).

b
egin

b
lo

ck
s,

b
egin

tests
in

ortestsets.
c
o
m
p
i
l
e
.
p
s
s

h
as

rep
laced

a
s
m
.
h
a
n
d
c
o
d
e
.
p
p

for
com

p
ilin

g
scrip

ts.

2019

F
or

a
n
u
m

b
er

of
years

I
h
ave

b
een

w
ork

in
g

on
a

p
ro

ject
to

w
rite

a
v
irtu

al
m

ach
in

e
for

p
attern

p
arsin

g.
T

h
e

co
d
e

is
lo

cated
at

h
t
t
p
s
:
/
/
b
u
m
b
l
e
.
s
f
.
n
e
t
/
b
o
o
k
s
/
p
a
r
s
/

is)
u
sed

to
im

p
lem

en
t

a
scrip

t
lan

gu
age

for
p
arsin

g
an

d
com

p
ilin

g
som

e
con

tex
t-free

lan
gu

ages.
(T

h
e

im
p
lem

en
tation

is
in

’asm
.p

p
’)

T
h
e

p
ro

ject
is

n
ow

at
a

stage
w

h
ere

u
sefu

l
scrip

ts
can

b
e

w
ritten

in
th

e
p
arse-scrip

t
lan

gu
age.

T
h
e

p
u
rp

ose
of

th
e

v
irtu

al
m

ach
in

e
is

to
b

e
ab

le
to

p
arse

an
d

tran
sform

p
attern

s
w

h
ich

can
n
ot

n
orm

ally
b

e
d
ealt

w
ith

th
rou

gh
”regu

lar
ex

p
ression

s”.
I.e

p
attern

s
w

h
ich

are
n
ot

63

scrip
ts

are
given

a
“.p

ss”
fi
le

ex
ten

sion
,

an
d

fi
les

in
th

e
”assem

b
ler

form
at

h
ave

a
“.p

p
”

fi
le

ex
ten

sion
.

T
h
e

sou
rce

fi
les

are
sp

lit
in

to
.
c

fi
les

w
h
ere

each
on

e
corresp

on
d
s

to
a

p
articu

lar
“ob

ject”
(d

ata
stru

ctu
re)

w
ith

in
th

e
m

ach
in

e
(eg

tap
ecell,

tap
e,

b
u
ff

er
w

ith
stack

an
d

w
ork

sp
ace).

’p
ep

’
is

is
n
ot

an
“evo

cative”
n
am

e
(u

n
like,

for
ex

am
p
le,

”lisp
”),

b
u
t

it
fi
ts

w
ith

stan
d
ard

sh
ort

u
n
ix

to
ol

n
am

in
g.

A
n
oth

er
p

ossib
le

n
am

e
for

th
e

sy
stem

cou
ld

b
e

“n
om

”
w

h
ich

is
a

sligh
t

referen
ce

to
“n

oam
”

an
d

also
an

in
d
o-eu

rop
ean

(?)
ro

ot
for

“n
am

e”

4
2

L
im

ita
tio

n
s

a
n

d
b

u
g
s

-
T

h
e

m
ain

in
terp

reter
’p

ep
’

(sou
rce

/
b
o
o
k
s
/
p
a
r
s
/
o
b
j
e
c
t
/
p
e
p
.
c
)

is
w

ritten
u
sin

g
p
lain

c
b
y
te

ch
aracters.

T
h
is

seem
ed

a
b
ig

lim
itation

,
b
u
t

th
e

scrip
ts

t
r
a
n
s
l
a
t
e
.
x
x
x
.
p
s
s

m
ay

b
e

a
sim

p
le

w
ay

to
accom

o
d
ate

u
n
ico

d
e

ch
aracters

w
ith

ou
t

rew
ritin

g
th

e
co

d
e

in
p
e
p
.
c

-
load

S
crip

t()
d
o
es

n
ot

lo
ok

for
th

e
“asm

.p
p
”

in
th

e
P

P
A

S
M

fold
er,

w
h
ich

m
ean

s
th

at
all

scrip
ts

h
ave

to
b

e
ru

n
from

th
e

’p
ars’

fold
er.

T
h
is

is
a

b
u
g.

-
som

e
segm

en
tation

fau
lts

m
ay

rem
ain

in
p
e
p
.
c

-
th

e
w

h
ilen

ot
com

m
an

d
m

ay
n
ot

b
e

w
ell

im
p
lem

en
ted

in
p
e
p
.
c

-
th

e
p

ep
to

ol
can

n
ot

receive
th

e
in

p
u
t-stream

from
std

in
.

T
h
is

is
very

u
n
-u

n
ix

-like
b
u
t

is
u
n
avoid

ab
le

b
ecau

se
th

e
“p

ep
”

ex
ecu

tab
le

allow
s

in
teractive

d
eb

u
ggin

g.
T

h
e

solu
tion

is
to

sep
arate

p
ep

in
to

2
to

ols,
on

e
w

h
ich

con
tain

s
a

d
eb

u
gger

an
d

th
e

oth
er

w
h
ich

d
ed

icate
“std

in
”

to
th

e
in

p
u
t.

B
u
t

I
d
on

t
th

in
k

it
is

w
orth

w
h
ile

to
d
o

th
is

w
ork

u
n
til

p
ep

can
d
eal

d
irectly

w
ith

w
id

e
ch

aracters
(eg

w
ch

ar)

4
3

Id
e
a
s

.
a

sim
p
le

lan
gu

age
w

h
ich

can
gen

erate
x
co

d
e

sw
ift

an
d

an
d
roid

java
for

w
ritin

g
ap

p
s.

A
json

-like
layou

t
lan

gu
age

to
rep

lace
an

d
roid

x
m

l
layou

ts.
.

p
arsin

g
regu

lar
ex

p
ression

s
sh

ou
ld

n
’t

b
e

th
at

d
iffi

cu
lt

ru
les:

[0-9ab
cd

]n
*a+

.
A

v
im

com
m

an
d

to
com

p
ile

an
d

ru
n

a
fragm

en
t

w
ith

t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

.
A

scrip
t

to
tu

rn
a

b
ash

h
istory

fi
le

w
ith

com
-

m
en

ts
in

to
a

p
y
th

on
or

p
erl

array
of

ob
jects

(so
th

at
w

e
can

easily
elim

in
ate

d
u
p
licated

com
m

an
d
s).

A
n
d

elim
in

ate
sim

p
le

com
m

an
d
s

im
m

ed
iately

w
ith

p
ep

.
A

n
in

d
en

t
p
arser

like
th

is
token

s:
sp

ace
n
ew

lin
e

w
ord

w
ord

s
lead

in
g.sp

ace
=

n
l

sp
ace

....

4
4

C
a
n

d
id

a
te

s
fo

r
n

e
w

co
m

m
a
n

d
s

o
r

sy
n
ta

x
fo

r
p

e
p

T
h
e

com
m

an
d
s

an
d

n
ew

sy
n
tax

b
elow

h
ave

n
ot

b
een

im
p
lem

en
ted

b
u
t

m
igh

t
solve

a
ran

ge
of

p
rob

lem
s.

H
ere

are
som

e
p

ossib
le

fu
tu

re
ch

an
ges

to
th

e
m

ach
in

e.

A
bbreviation

s
for

character
classes

eg
[:s:]

for
[:space:]

(alread
y

in
t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

an
d

som
e

oth
er

“tran
sp

ilers”
b
u
t

n
ot

“p
ep

.c”
)

*-
rep

lacetap
e

com
m

an
d
:

w
ou

ld
allow

u
n
iq

u
e

lists
to

b
e

con
stru

cted
(ie

rep
lace

in
w

ork
sp

ace
tex

t
in

th
e

cu
rren

t
tap

e
cell

w
ith

a
con

stan
t

strin
g.)

A
”len

gth”
com

m
an

d
that

sets
the

accu
m

u
lator

to
the

len
gth

of
th

e
cu

rren
t

w
ork

sp
ace??

S
om

e
accu

m
u

lator
based

tests
m

ight
be

good.
eg:

58



r
e
a
d
;

"
’
"

{
u
n
t
i
l

"
’
"
;

p
r
i
n
t
;

}
c
l
e
a
r
;

T
y
p
in

g
”:

P
p
l

on
e’

tw
o’

th
re

e”
w

it
h
in

th
e

“V
im

”
te

x
t

ed
it

or
,

w
it

h
th

e
cu

rs
or

p
os

it
io

n
ed

on
th

e
sa

m
e

li
n
e

(t
h
e

li
n
e

b
eg

in
n
in

g
w

it
h

”¿
¿”

),
w

il
l

ex
ec

u
te

th
e

sc
ri

p
t

w
it

h
th

e
te

x
t

as
in

p
u
t.

T
h
er

e
w

il
l

b
e

q
u
ot

in
g

p
ro

b
le

m
s

if
th

e
in

p
u
t

co
n
ta

in
s

ch
ar

ac
te

rs
.

R
u

n
a

m
u

lt
il

in
e

sc
ri

pt
em

be
dd

ed
in

a
te

xt
do

cu
m

en
t

W
it

h
th

e
in

pu
t

gi
ve

n
as

an
ar

gu
m

en
t

c
o
m
!

-
n
a
r
g
s
=
1

P
p
m

?
^

*
-
-
-
?
+
1
,
/
^

*
,
,
,
/
-
1
w

!
s
e
d

’
s
/
^
/
/
’

>
t
e
s
t
.
p
s
s
;

/
h
o
m
e
/
r
o
w
a
n
t
r
e
e
/
s
f
/
h
t
d
o
c
s
/
b
o
o
k
s
/
p
a
r
s
/
p
e
p

-
f

t
e
s
t
.
p
s
s

-
i

"
<
a
r
g
s
>
"

R
u

n
a

m
u

lt
il

in
e

sc
ri

pt
em

be
dd

ed
in

a
te

xt
do

cu
m

en
t

W
it

h
th

e
fi

le
pa

rs
-b

oo
k.

tx
t

as
th

e
in

pu
t

st
re

am

c
o
m
!

P
p
f

?
^

*
-
-
-
?
+
1
,
/
^

*
,
,
,
/
-
1
w

!
s
e
d

’
s
/
^
/
/
’

>
t
e
s
t
.
p
s
s
;

/
U
s
e
r
s
/
b
a
o
b
a
b
/
s
f
/
h
t
d
o
c
s
/
b
o
o
k
s
/
p
a
r
s
/
p
e
p

-
f

t
e
s
t
.
p
s
s

p
a
r
s
-
b
o
o
k
.
t
x
t

R
u

n
a

on
e

li
n

e
sc

ri
pt

em
be

dd
ed

in
a

te
xt

do
cu

m
en

t

W
it

h
th

e
fi

le
”p

ar
s-

bo
ok

.t
xt

”
as

th
e

in
pu

t
st

re
am

.

c
o
m
!

P
p
l
l

.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

>
t
e
s
t
.
p
s
s
;

/
U
s
e
r
s
/
b
a
o
b
a
b
/
s
f
/
h
t
d
o
c
s
/
b
o
o
k
s
/
p
a
r
s
/
p
e
p

-
f

t
e
s
t
.
p
s
s

p
a
r
s
-
b
o
o
k
.
t
x
t

T
h
e

m
ap

p
in

g
b

el
ow

ca
n

on
ly

ru
n

th
e

sc
ri

p
t

w
it

h
a

st
at

ic
in

p
u
t

“a
b

c”
w

h
ic

h
is

n
ot

ve
ry

u
se

fu
l,

b
u
t

at
le

as
t

it
te

st
s

if
th

e
sc

ri
p
t

co
m

p
il
es

p
ro

p
er

ly
.

T
h
e

co
m

p
il
ed

sc
ri

p
t

w
il
l

b
e

sa
ve

d
in

“s
av

.p
p
”

C
re

at
e

a
vi

m
m

ap
pi

n
g

to
ru

n
a

sc
ri

pt
em

be
dd

ed
in

a
te

xt
do

cu
m

en
t

m
a
p

,
p
p

:
?
^

*
-
-
-
?
+
1
,
/
^

*
,
,
,
/
-
1
w
!

t
e
s
t
.
p
s
s

\
!p

p
-f

te
st

.p
ss

-i
”a

b
c”

¡c
r¿

—

C
re

at
e

a
vi

m
m

ap
pi

n
g

to
ex

ec
u

te
th

e
cu

rr
en

t
li

n
e

as
a

ba
sh

”o
n

e-
li

n
er

”
m
a
p

,
p
l

:
.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

\
b
as

h
—

C
re

at
e

a
vi

m
co

m
m

an
d

to
ex

ec
u

te
th

e
cu

rr
en

t
li

n
e

as
a

pe
p

”o
n

e-
li

n
er

”
c
o
m
m
a
n
d
!

P
p
l

.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

b
as

h
—

T
h
e

m
ap

p
in

gs
an

d
co

m
m

an
d
s

ar
e

fo
r

p
u
tt

in
g

in
th

e
v
im

rc
fi
le

.
T

o
cr

ea
te

th
em

w
it

h
in

th
e

ed
it

or
p
re

p
en

d
a

“:
”

to
ea

ch
m

ap
p
in

g
et

c.

:
c
o
m
m
a
n
d
!

P
p
l

.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

b
as

h
—

1.
gl

os
sa

ry
2.

m
ac

h
in

e
3.

st
ac

k
4.

ta
p

e
5.

em
p
ty

?
gl

os
sa

ry
?

m
ac

h
in

e
?

st
ac

k
?

ta
p

e

4
9
.1

C
o
n
v
e
rt

a
n

d
ru

n
w

it
h

ja
v
a

T
h
e

v
im

co
m

m
an

d
s

b
el

ow
w

or
k

b
ec

au
se

’t
ra

n
sl

at
e.

ja
va

.p
ss

’
an

d
’p

ep
’
an

d
p
a
r
s
-
b
o
o
k
.
t
x
t

(t
h
is

d
o
cu

m
en

t)
ar

e
al

l
in

th
e

sa
m

e
fo

ld
er

.
T

h
e

p
at

h
s

b
el

ow
w

ou
ld

h
av

e
to

b
e

a
ju

st
ed

if
62

::
¿n

{
¡c

om
m

an
d
s¿

}
#

ch
ec

k
if

ac
cu

m
u
la

to
r

gr
ea

te
r

th
an

n
::

¡n
{

¡c
om

m
an

d
s¿

}
#

ch
ec

k
if

ac
cu

m
u
la

to
r

le
ss

th
an

n
::

se
tc

h
ar

s
#

se
t

ac
cu

m
u
la

to
r

=
ch

ar
ac

te
r

co
u
n
te

r
::

se
tl

in
es

#
se

t
ac

cu
m

u
la

to
r

=
li
n
e

co
u
n
te

r

C
re

at
e

a
ja

va
/j

av
as

cr
ip

t/
py

th
on

/r
u

by
/f

or
th

ve
rs

io
n

of
th

e
m

ac
hi

n
e

I
m

ay
se

pa
ra

te
th

e
er

ro
r

ch
ec

ki
n

g
co

de
w

hi
ch

is
cu

rr
en

tl
y

in
c
o
m
p
i
l
e
.
p
s
s

in
to

a
se

p
ar

at
e

sc
ri

p
t
e
r
r
o
r
.
p
s
s

.
T

h
is

w
il
l

al
lo

w
th

e
sa

m
e

co
d
e

to
b

e
u
se

d
in

ot
h
er

sc
ri

p
ts

su
ch

as
t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

A
dd

a
n

ew
co

m
m

an
d

”u
n

ti
lt

ap
e”

w
hi

ch
ha

s
n

o
ar

gu
m

en
ts

,

w
h
ic

h
re

ad
s

th
e

in
p
u
t

st
re

am
u
n
ti

l
th

e
w

or
k
sp

ac
e

en
d
s

w
it

h
th

e
te

x
t

co
n
ta

in
ed

in
th

e
cu

rr
en

t
ce

ll
of

th
e

ta
p

e.
eg

:
u
n
ti

lt
ap

e;
O

n
e

ap
p
li
ca

ti
on

of
th

is
co

m
m

an
d

w
ou

ld
b

e
p
ar

si
n
g

gn
u

se
d

sy
n
ta

x
,

w
h
er

e
th

e
p
at

te
rn

d
el

im
it

er
is

w
h
at

ev
er

ch
ar

ac
te

r
fo

ll
ow

s
th

e
“s

”
fo

r
ex

am
p
le

:

s
/
a
*
b
/
c
/

s
@
a
*
b
@
c
@

s
#
a
*
b
#
c
#

A
n

ew
co

m
m

an
d

”r
ep

la
ce

ta
pe

”
w

hi
ch

re
pl

ac
es

te
xt

in
th

e
w

or
ks

pa
ce

w
it

h
th

e
co

n
te

n
ts

of
th

e
cu

rr
en

t
ta

p
e

ce
ll
.

eg
:

re
p
la

ce
al

l
n
ew

li
n
es

in
th

e
w

or
k
sp

ac
e

w
it

h
cu

rr
en

t
ce

ll
co

n
te

n
ts

r
e
p
l
a
c
e
t
a
p
e

"
\
n
"
;

R
em

ov
e

”b
ai

l”
th

e
co

m
m

an
d.

in
st

ea
d

al
lo

w
th

e
”q

u
it

”
co

m
m

an
d

to

re
tu

rn
an

ex
it

co
d
e.

4
5

H
is

to
ry

o
f

id
e
a

T
h
e

fi
le
o
b
j
e
c
t
/
p
e
p
.
c

co
n
ta

in
s

d
et

ai
le

d
in

fo
rm

at
io

n
ab

ou
t

th
e

d
ev

el
op

m
en

t
of

th
is

id
ea

.

4
6

D
e
si

g
n

p
h

il
o
so

p
h
y

fo
r

th
e

m
a
ch

in
e

W
h
en

d
es

ig
n
in

g
th

e
p
ar

se
m

ac
h
in

e,
I

w
an

te
d

to
m

ak
e

it
s

ca
p
ab

il
it

ie
s

as
li
m

it
ed

as
p

os
si

b
le

,
w

h
il
e

st
il
l

b
ei

n
g

ab
le

to
p
ro

p
er

ly
p
ar

se
an

d
tr

an
sl

at
e

“m
os

t”
co

n
te

x
t-

fr
ee

la
n
gu

ag
es

an
d

so
m

e
co

n
te

x
t-

se
n
si

ti
ve

la
n
gu

ag
es

.
R

el
at

ed
to

th
is

id
ea

,
w

as
th

e
ai

m
to

m
ak

e
th

e
m

ac
h
in

e
im

p
le

m
en

ta
b
le

in
th

e
sm

al
le

st
p

os
si

b
le

w
ay

.

A
ls

o,
I

d
el

ib
er

at
el

y
ex

cl
u
d
ed

th
e

u
se

of
re

gu
la

r
ex

p
re

ss
io

n
s,

so
th

at
th

e
sc

ri
p
t

w
ri

te
r

w
ou

ld
n
ot

b
e

te
m

p
te

d
to

tr
y

to
“p

ar
se

”
co

n
te

x
t-

fr
ee

p
at

te
rn

s
w

it
h

th
em

.

T
h
e

ge
n
er

al
d
es

ig
n

of
th

e
sy

n
ta

x
an

d
co

m
m

an
d
-l

in
e

u
sa

ge
is

in
sp

ir
ed

b
y

so
m

e
ol

d
u
n
ix

to
ol

s,
su

ch
as

se
d
,

gr
ep

an
d

aw
k

4
6
.1

R
e
g
u

la
r

e
x
p

re
ss

io
n

s
o
r

la
ck

th
e
re

o
f

A
s

of
t-

re
p

ea
te

d
in

th
is

d
o
cu

m
en

t,
th

e
p
ar

se
m

ac
h
in

e
an

d
la

n
gu

ag
e

d
o
es

n
ot

su
p
p

or
t

re
gu

la
r

ex
p
re

ss
io

n
s.

T
h
is

m
ay

se
em

a
st

ra
n
ge

d
ec

is
io

n
,

co
n
si

d
er

in
g

th
at

al
l

ex
is

ti
n
g

“l
ex

er
s”

(t
o
ol

s
th

at
p

er
fo

rm
th

e
le

x
in

g
p
h
as

e
of

co
m

p
il
at

io
n
)

su
p
p

or
t

re
ge

x
es

(a
s

fa
r

as
I

59



4
8
.3

A
sm

d
o
t

p
p

T
h
is

fi
le

im
p
lem

en
ts

th
e

“p
ep

”
scrip

tin
g

lan
gu

age.
It

is
a

tex
t

fi
le

w
h
ich

con
sists

of
a

series
of

“in
stru

ction
s”

or
com

m
an

d
s

for
th

e
p

ep
v
irtu

al
m

ach
in

e.
T

h
ese

in
stru

ction
s

in
clu

d
e

in
stru

ction
s

w
h
ich

alter
th

e
registers

of
th

e
v
irtu

al
m

ach
in

e;
tests,

w
h
ich

set
th

e
fl
ag

register
of

th
e

m
ach

in
e

to
tru

e
if

th
e

test
retu

rn
s

tru
e,

or
else

false;
an

d
con

d
ition

al
an

d
u
n
con

d
ition

al
ju

m
p
s

w
h
ich

ch
an

ge
th

e
in

stru
ction

p
oin

ter
for

th
e

m
ach

in
e

if
th

e
fl
ag

register
is

tru
e.

’A
sm

.p
p
’

also
con

tain
s

lab
els

(lin
es

en
d
in

g
in

”:”).
T

h
ese

lab
els

m
ake

it
m

u
ch

easier
to

w
rite

co
d
e

con
tain

in
g

ju
m

p
s

(a
lab

el
can

b
e

u
sed

in
stead

of
an

in
stru

ction
n
u
m

b
er.

B
ecau

se
of

th
e

sim
ilarity

of
th

is
form

at
to

m
an

y
“assem

b
ly

”
lan

gu
ages

I
refer

to
th

is
as

assem
b
ly

lan
gu

age
for

th
e

p
ep

v
irtu

al
m

ach
in

e.

“asm
.p

p
”

is
n
ow

gen
erated

from
/
b
o
o
k
s
/
p
a
r
s
/
c
o
m
p
i
l
e
.
p
s
s

w
ith

p
e
p

-
f

c
o
m
p
i
l
e
.
p
s
s

c
o
m
p
i
l
e
.
p
s
s

>
a
s
m
.
n
e
w
.
p
p
;

c
p

a
s
m
.
n
e
w
.
p
p

a
s
m
.
p
p
;

(an
d

th
en

d
elete

th
e

fi
n
al

p
rin

t
statem

en
t

at
th

e
en

d
of

asm
.p

p
)

T
h
is

is
a

go
o
d

ex
am

p
le

of
th

e
u
tility

of
scrip

ts
com

p
ilin

g
th

em
selves.

In
fact,

all
th

e
“tran

slate.x
x
x
.p

ss”
scrip

ts
cou

ld
b

e
u
sed

in
th

is
w

ay.
F

or
ex

am
p
le:

p
e
p

-
f

t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

>
M
a
c
h
i
n
e
.
j
a
v
a

T
h
is

creates
a

java
sou

rce
fi
le

w
h
ich

,
w

h
en

com
p
iled

w
ith

“javac”
is

ab
le

to
com

p
ile

scrip
ts

in
to

java.

4
9

V
im

a
n

d
p

e
p

I
u
su

ally
ed

it
w

ith
th

e
“v

im
”

tex
t

ed
itor

(alth
ou

gh
“sam

”
or

“acm
e”

m
igh

t
b

e
w

orth
w

h
ile

altern
atives)).

H
ere

are
som

e
tech

n
iq

u
es

for
u
sin

g
v
im

w
ith

th
e

p
ep

to
ol.

T
h
e

v
im

m
ap

p
in

gs
an

d
com

m
an

d
s

b
elow

are
u
sefu

l
for

ch
eck

in
g

th
at

p
ep

“on
e-lin

ers”
an

d
p

ep
scrip

ts
or

scrip
t

fragm
en

ts
con

tain
ed

w
ith

in
a

tex
t

d
o
cu

m
en

t,
actu

ally
com

p
ile

an
d

ru
n
.

T
h
is

m
ay

b
e

a
w

ay
of

ap
p
rox

im
atin

g
K

n
u
th

’s
”literate

p
rogram

m
in

g”
id

ea.

T
h
e

m
u
ltilin

e
sn

ip
p

ets
are

con
tain

ed
in

a
p
lain

tex
t

d
o
cu

m
en

t
w

ith
in

“—
”

an
d

“,,,”
tags,

w
h
ich

are
b

oth
on

an
oth

erw
ise

em
p
ty

lin
e.

C
reate

a
vim

com
m

an
d

to
ru

n
a

script
em

bedded
in

a
text

docu
m

en
t

W
ith

in
pu

t
provided

as
an

argu
m

en
t

to
the

vim
com

m
an

d

c
o
m
!

-
n
a
r
g
s
=
1

P
p
m

?
^

*
-
-
-
?
+
1
,
/
^

*
,
,
,
/
-
1
w

!
s
e
d

’
s
/
^
/
/
’

>
t
e
s
t
.
p
s
s
;

/
U
s
e
r
s
/
b
a
o
b
a
b
/
s
f
/
h
t
d
o
c
s
/
b
o
o
k
s
/
p
a
r
s
/
p
e
p

-
f

t
e
s
t
.
p
s
s

-
i

"
<
a
r
g
s
>
"

C
reate

a
vim

com
m

an
d

to
com

pile
to

”assem
bly”

form
at,

an
em

bedded
script

c
o
m
!

P
p
c
c

?
^

*
-
-
-
?
+
1
,
/
^

*
,
,
,
/
-
1
w

!
s
e
d

’
s
/
^
/
/
’

>
t
e
s
t
.
p
s
s
;

/
U
s
e
r
s
/
b
a
o
b
a
b
/
s
f
/
h
t
d
o
c
s
/
b
o
o
k
s
/
p
a
r
s
/
p
e
p

-
f

c
o
m
p
i
l
e
.
p
s
s

t
e
s
t
.
p
s
s

(T
h
e

assem
b
ly

com
p
ilation

w
ill

b
e

p
rin

ted
to

std
ou

t)

C
om

pile
a

on
e

lin
e

script
to

assem
bly

form
at

an
d

save
as

test.asm
c
o
m
!

-
n
a
r
g
s
=
1

P
p
l
c
c

.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

>
t
e
s
t
.
p
s
s
;

/
U
s
e
r
s
/
b
a
o
b
a
b
/
s
f
/
h
t
d
o
c
s
/
b
o
o
k
s
/
p
a
r
s
/
p
e
p

-
f

c
o
m
p
i
l
e
.
p
s
s

t
e
s
t
.
p
s
s

>
t
e
s
t
.
a
s
m

R
u

n
a

on
e

lin
e

script
em

bedded
in

a
text

docu
m

en
t,

in
pu

t
stream

as
arg

c
o
m
!

-
n
a
r
g
s
=
1

P
p
l

.
w

!
s
e
d

’
s
/
^

*
>
>
/
/
’

>
t
e
s
t
.
p
s
s
;

.
/
p
e
p

-
f

t
e
s
t
.
p
s
s

-
i

"
<
a
r
g
s
>
"

G
iven

a
on

e
lin

e
scrip

t
su

ch
as

th
e

follow
in

g61

k
n
ow

).

I
om

itted
regu

lar
ex

p
ression

s
from

th
e

m
ach

in
e

so
th

at
th

e
m

ach
in

e
cou

ld
b

e
im

p
lem

en
ted

in
a

m
in

im
alsize

an
d

also,
so

th
at

it
w

ou
ld

ru
n

q
u
ick

ly.
I

am
stillh

op
efu

lth
at

it
is

p
ossib

le
to

im
p
lem

en
t

th
e

m
ach

in
e

on
em

b
ed

d
ed

arch
itectu

res,
w

ith
very

lim
ited

resou
rces.

4
7

E
v
o
lu

tio
n

o
f

th
e

m
a
ch

in
e

a
n

d
la

n
g
u

a
g
e

T
he

a+
an

d
a-

com
m

an
ds

w
ere

in
itially

called
”plu

s”
an

d
”m

in
u

s”

T
he

”lin
es”

an
d

”chars”
(lin

e
n

u
m

ber
an

d
character

n
u

m
ber)

registers
an

d
com

m
an

d
s

are
n
ew

-ish
,

b
u
t

im
p

ortan
t

ad
d
ition

s,
b

ecau
se

th
ey

allow
scrip

t
error

m
essages

to
p
in

p
oin

t
th

e
lin

e
an

d
ch

aracter
n
u
m

b
er

of
th

e
error.

T
he

”m
ark”

an
d

”go”
com

m
an

ds
are

also
n

ew
addition

s,
an

d
w

ere
at

fi
rst

ad
d
ed

to
try

to
allow

“in
d
en

t”
p
arsin

g,
(also

called
“off

sid
e”

p
arsin

g,
su

ch
as

is
u
sin

g
in

th
e

P
y
th

on
lan

gu
age)

J
u

n
e

2021

-
n
o
ch

ars
an

d
n
olin

es
ad

d
ed

to
o
b
j
e
c
t
/
p
e
p
.
c

(ob
ject/m

ach
in

e.in
terp

.c)
alth

ou
gh

th
ey

-
h
ave

b
een

in
p
a
r
s
/
t
r
/
t
r
a
n
s
l
a
t
e
.
j
a
v
a
.
p
s
s

for
a

w
h
ile

u
p
p

er,
low

er,
an

d
cap

(cap
ital

case)

4
8

Im
p

o
rta

n
t

fi
le

s
a
n

d
fo

ld
e
rs

T
h
is

section
d
escrib

es
som

e
of

th
e

key
fi
les

an
d

fold
ers

w
ith

in
th

e
p
arse-m

ach
in

e
im

p
le-

m
en

tation
at

h
t
t
p
:
/
/
b
u
m
b
l
e
.
s
o
u
r
c
e
f
o
r
g
e
.
n
e
t
/
b
o
o
k
s
/
p
a
r
s
/

4
8
.1

E
x
a
m

p
le

scrip
ts

T
h
e

fold
er

e
g
/

con
tain

s
a

set
of

scrip
ts

to
d
em

on
strate

th
e

u
tility

of
th

e
p

ep
/n

om
lan

gu
age

an
d

m
ach

in
e.

H
ere

is
a

d
escrip

tion
of

som
e

of
th

ese
scrip

ts.

?
m
a
r
k
.
h
t
m
l
.
p
s
s

T
h
is

con
verts

a
p
articu

lar
p
lain

tex
t

d
o
cu

m
en

t
form

at
in

to
h
tm

l
A

n
ex

am
p
le

of
th

is
form

at
is

th
e

cu
rren

t
fi
le

’p
ars-b

o
ok

.tx
t’

?
s
e
d
.
t
o
j
a
v
a
.
p
s
s

con
verts

a
gn

u
“sed

”
scrip

t
in

to
java

(b
ran

ch
in

g
n
ot

im
p
lem

en
ted

).
?
m
a
r
k
.
l
a
t
e
x
.
p
s
s

C
on

verts
a

p
lain

tex
t

form
at

in
to

L AT
E
X

(an
d

h
en

ce
p

d
f).

?
p
a
l
i
n
d
r
o
m
e
.
p
s
s

F
in

d
s

alm
ost

all
p
alin

d
rom

es
(an

d
su

b
-p

alin
d
rom

es)
in

th
e

in
p
u
t.

?
e
x
p
.
t
o
l
i
s
p
.
p
s
s

form
ats

sim
p
le

arith
m

etic
ex

p
ression

s,
of

th
e

form
“a+

b
*c+

(d
/e)”

in
to

a
lisp

-sty
le

sy
n
tax

.
?
h
i
s
t
o
r
y
.
p
s
s

p
arses

a
b
ash

h
istory

fi
le

w
h
ich

m
ay

con
tain

com
m

en
ts

for
a

p
articu

lar
com

m
an

d
as

w
ell

as
th

e
tim

estam
p

(eith
er

b
efore

or
after

th
e

tim
estam

p
)

?
j
s
o
n
.
c
h
e
c
k
.
p
s
s

p
arses

an
d

ch
eck

s
json

d
ata

(b
u
t

cu
rren

tly
on

ly
recogn

ises
in

teger
n
u
m

b
ers).

?
....

?
em

p
ty

4
8
.2

C
o
m

p
ile

d
o
t

p
ss

T
h
is

is
th

e
scrip

t
com

p
iler

an
d

also
th

e
com

p
iler

com
p
iler.

It
h
as

rep
laced

th
e

h
an

d
co

d
ed

/
b
o
o
k
s
/
p
a
r
s
/
a
s
m
.
p
p

fi
le

b
ecau

se
it

is
easier

to
w

rite
an

d
m

ain
tain

.
60


