
C
o
m
p
u
ta
tio

n
a
l
L
o
g
ic

D
eveloping

P
rogram

s
w

ith
a

Logic
P

rogram
m

ing
S

ystem

1

O
ur

D
evelopm

entE
nvironm

ent:
T

he
C

iao
S

ystem

•
W

e
use

the
(IS

O
-P

rolog
subsetofthe)

C
iao

m
ultiparadigm

program
m

ing
system

.

•
In

particular,the
C

iao
system

offers
both

com
m

and
line

and
graphical

environm
ents

for
editing,com

piling,debugging
verifying,optim

izing,and
docum

enting
program

s,including:

⋄
A

traditional,com
m

and
line

interactive
top

level.
⋄

A
stand-alone

com
piler

(c
i
a
o
c).

⋄
C

om
pilation

ofstandalone
executables,w

hich
can

be:
*

eager
dynam

ic
load

*
lazy

dynam
ic

load
*

static
(w

ithoutthe
engine

–architecture
independent)

*
fully

static/standalone
(architecture

dependent)
⋄

P
rolog

scripts
(architecture

independent).
⋄

S
ource

debugger,em
beddable

debugger,error
location,...

⋄
A

uto-docum
enter.

⋄
C

om
pile-tim

e
checking

ofassertions
(types,m

odes,determ
inacy,non-failure,

etc.
...)

and
static

debugging,etc.!

2



•
R

eading
the

first
slides

of
the

C
iao

tutorial
regarding

the
use

of
the

com
piler,

top-level,
debuggers,

environm
ent,

m
odule

system
,

etc.
is

suggested
atthis

point.

•
A

lso,reading
the

corresponding
parts

ofthe
C

iao
m

anual.

3

P
rogram

m
er

Interface:
T

he
C

lassicalTop-LevelS
hell

•
M

odern
P

rolog
com

pilers
offer

severalw
ays

ofw
riting,com

piling,and
running

program
s.

•
C

lassicalm
odel:

⋄
U

ser
interacts

directly
w

ith
top

level(includes
com

piler/interpreter).
⋄

A
prototypicalsession

w
ith

a
classicalP

rolog-style,text-
based,top-levelshell(details

are
those

ofthe
C

iao
system

,userinputin
b
o
ld

):
[
3
7
]
>

c
ia
o

Invoke
the

system
C
i
a
o
1
.
1
1
#
2
1
1
:

T
h
u
M
a
r
1
8

1
5
:
2
8
:
1
2
C
E
T
2
0
0
4

?
-

u
se

m
o
d
u
le
(fi

le
).

Load
your

program
file

y
e
s

?
-

q
u
e
r
y
c
o
n
ta
in

in
g
v
a
r
ia
b
le

X
.

Q
uery

the
program

X
=
b
i
n
d
i
n
g
f
o
r
X

;
S

ee
one

answ
er,ask

for
another

using
“;”

X
=
a
n
o
t
h
e
r
b
i
n
d
i
n
g
f
o
r
X

<
e
n
te
r
>

D
iscard

restofansw
ers

using
<
e
n
te
r
>

?
-

a
n
o
th

e
r
q
u
e
ry
.

S
ubm

itanother
query

?
-

.
.
.
.
.
.
.

?
-

h
a
lt.

E
nd

the
session,also

w
ith

ˆ
D

4



Traditional(“E
dinburgh”)

P
rogram

Load

•
C

om
pile

program
(m

uch
faster,buttypically

no
debugging

capabilities):
?
-
c
o
m
p
i
l
e
(
f
i
l
e
)
.

•
C

onsultprogram
(interpreted,slow

er,used
for

debugging
in

traditionalsystem
s):

?
-
c
o
n
s
u
l
t
(
f
i
l
e
)
.

?
-
[
f
i
l
e
]
.

•
C

om
piling/consulting

severalprogram
s:

?
-
c
o
m
p
i
l
e
(
[
f
i
l
e
1
,
f
i
l
e
2
]
)
.

?
-
[
f
i
l
e
1
,
f
i
l
e
2
]
.

•
E

nter
clauses

from
the

term
inal(notrecom

m
ended,exceptfor

quick
hacks):

?
-
[
u
s
e
r
]
.

|
a
p
p
e
n
d
(
[
]
,
Y
s
,
Y
s
)
.

|
a
p
p
e
n
d
(
[
X
|
X
s
]
,
Y
s
,
[
X
|
Z
s
]
)
:
-
a
p
p
e
n
d
(
X
s
,
Y
s
,
Z
s
)
.

|
^
D

{
u
s
e
r
c
o
n
s
u
l
t
e
d
,
0
m
s
e
c

4
8
0
b
y
t
e
s
}

y
e
s

?
-

5

C
iao

P
rogram

Load

•
M

osttraditional(“E
dinburgh”)

program
load

com
m

ands
can

be
used.

•
B

utm
ore

m
odern

prim
itives

available
w

hich
take

into
accountm

odule
system

.
S

am
e

com
m

ands
used

as
in

the
code

inside
a

m
odule:

⋄
u
s
e
m
o
d
u
l
e
/
1

–
for

loading
m

odules.

⋄
e
n
s
u
r
e
l
o
a
d
e
d
/
1

–
for

loading
user

files.

⋄
u
s
e
p
a
c
k
a
g
e
/
1

–
for

loading
packages

(see
later).

•
In

sum
m

ary,top-levelbehaves
essentially

like
a

m
odule.

•
In

practice,done
autom

atically
w

ithin
graphicalenvironm

ent:

⋄
O

pen
the

source
file

in
the

graphicalenvironm
ent.

⋄
E

ditit(w
ith

syntax
coloring,etc.).

⋄
Load

itby
typing

C
-
c
l

or
using

m
enus.

⋄
Interactw

ith
itin

top
level.

6



Top
LevelInteraction

E
xam

ple

•
F

ile
m
e
m
b
e
r
.
p
l:

:
-
m
o
d
u
l
e
(
m
e
m
b
e
r
,
[
m
e
m
b
e
r
/
2
]
)
.

m
e
m
b
e
r
(
X
,
[
X
|
_
R
e
s
t
]
)
.

m
e
m
b
e
r
(
X
,
[
_
Y
|
R
e
s
t
]
)
:
-
m
e
m
b
e
r
(
X
,
R
e
s
t
)
.

?
-

u
s
e
_
m
o
d
u
l
e
(
m
e
m
b
e
r
)
.

y
e
s

?
-

m
e
m
b
e
r
(
c
,
[
a
,
b
,
c
]
)
.

y
e
s

?
-

m
e
m
b
e
r
(
d
,
[
a
,
b
,
c
]
)
.

n
o

?
-

m
e
m
b
e
r
(
X
,
[
a
,
b
,
c
]
)
.

X
=

a
?

;

X
=

b
?

(
i
n
t
r
o
)

y
e
s

7

C
iao

P
rogram

m
ing

E
nvironm

ent:
file

being
edited

and
top-level

8



Top
LevelInteraction

E
xam

ple

•
F

ile
p
e
t
s
.
p
l

contains:

:
-
m
o
d
u
l
e
(
_
,
_
,
[
b
f
]
)
.

+
the

petexam
ple

code
as

in
previous

slides.

•
Interaction

w
ith

the
system

query
evaluator

(the
“top

level”):

C
i
a
o
1
.
1
3
#
0
:
M
o
n
N
o
v

7
0
9
:
4
8
:
5
1
M
S
T
2
0
0
5

?
-
u
s
e
_
m
o
d
u
l
e
(
p
e
t
s
)
.

y
e
s

?
-
p
e
t
(
s
p
o
t
)
.

y
e
s

?
-
p
e
t
(
X
)
.

X
=

s
p
o
t
?

;

X
=

b
a
r
r
y
?
;

n
o

?
-

9

T
he

C
iao

M
odule

S
ystem

•
C

iao
im

plem
ents

a
m

odule
system

[?]w
hich

m
eets

a
num

ber
ofobjectives:

⋄
H

igh
extensibility

in
syntax

and
functionality:

allow
s

having
pure

logic
program

m
ing

and
m

any
extensions.

⋄
M

akes
itpossible

to
perform

m
odular

(separate)
processing

ofprogram
com

ponents
(w

ithout“m
akefiles”).

⋄
G

reatly
enhanced

error
detection

(e.g.,undefined
predicates).

⋄
Facilitates

(m
odular)

globalanalysis.

⋄
S

upportfor
m

eta-program
m

ing
and

higher-order.

⋄
P

redicate
based-like,butw

ith
functor/type

hiding.

w
hile

atthe
sam

e
tim

e
providing:

⋄
H

igh
com

patibility
w

ith
traditionalstandards

(Q
uintus,S

IC
S

tus,...).

⋄
B

ackw
ard

com
patible

w
ith

files
w

hich
are

notm
odules.

1
0



D
efining

m
odules

and
exports

•
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,
l
i
s
t
o
f
e
x
p
o
r
t
s
,
l
i
s
t
o
f
p
a
c
k
a
g
e
s
)
.

D
eclares

a
m

odule
ofnam

e
m

odule
nam

e,w
hich

exports
list

of
exports

and
loads

list
of

packages
(packages

are
syntactic

and
sem

antic
extensions).

•
E

xam
ple:

:
-
m
o
d
u
l
e
(
l
i
s
t
s
,
[
l
i
s
t
/
1
,
m
e
m
b
e
r
/
2
]
,
[
f
u
n
c
t
i
o
n
s
]
)
.

•
E

xam
ples

ofsom
e

standard
uses

and
packages:

⋄
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,

[
e
x
p
o
r
t
s
]
,
[
]
)
.

⇒
M

odule
uses

(pure)
kernellanguage.

⋄
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,

[
e
x
p
o
r
t
s
]
,
[
p
a
c
k
a
g
e
s
]
)
.

⇒
M

odule
uses

kernellanguage
+

som
e

packages.

⋄
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,
[
e
x
p
o
r
t
s
]
,

[
f
u
n
c
t
i
o
n
s
]
)
.

⇒
F

unctionalprogram
m

ing.

⋄
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,
[
e
x
p
o
r
t
s
]
,
[
a
s
s
e
r
t
i
o
n
s
,
f
u
n
c
t
i
o
n
s
]
)
.

⇒
A

ssertions
(types,m

odes,etc.)
and

functionalprogram
m

ing.

1
1

D
efining

m
odules

and
exports

(C
ontd.)

•
(IS

O
-)P

rolog:

⋄
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,

[
e
x
p
o
r
t
s
]
,
[
i
s
o
]
)
.

⇒
Iso

P
rolog

m
odule.

⋄
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,
[
e
x
p
o
r
t
s
]
,

[
c
l
a
s
s
i
c
]
)
.

⇒
“C

lassic”
P

rolog
m

odule
(IS

O
+

allother
predicates

thattraditionalP
rologs

offer
as

“built-ins”).

⋄
S

pecialform
:

:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,

[
e
x
p
o
r
t
s
]
)
.

E
quivalentto:
:
-
m
o
d
u
l
e
(
m
o
d
u
l
e
n
a
m
e
,

[
e
x
p
o
r
t
s
]
,
[
c
l
a
s
s
i
c
]
)
.

⇒
P

rovides
com

patibility
w

ith
traditionalP

rolog
system

s.

1
2



D
efining

m
odules

and
exports

(C
ontd.)

•
U

sefulshortcuts:

⋄
:
-
m
o
d
u
l
e
(
,
l
i
s
t
o
f
e
x
p
o
r
t
s
)
.

Ifgiven
as

“
”

m
odule

nam
e

taken
from

file
nam

e
(default).

E
xam

ple:
:
-
m
o
d
u
l
e
(
,

[
l
i
s
t
/
1
,
m
e
m
b
e
r
/
2
]
)
.

(file
is
l
i
s
t
s
.
p
l)

⋄
:
-
m
o
d
u
l
e
(
,

)
.

If“
”

allpredicates
exported

(usefulw
hen

prototyping
/experim

enting).

•
“U

ser”
files:

⋄
Traditionalnam

e
for

files
including

predicates
butno

m
odule

declaration.
⋄

P
rovided

for
backw

ards
com

patibility
w

ith
non-m

odular
P

rolog
system

s.
⋄

N
otrecom

m
ended:

they
are

problem
atic

(and,essentially,deprecated).
⋄

M
uch

better
alternative:

use
:
-
m
o
d
u
l
e
(
,

)
.

attop
offile.

*
A

s
easy

to
use

for
quick

prototyping
as

“user”
files.

*
Lots

ofadvantages:
m

uch
better

error
detection,com

pilation,optim
ization,

...

1
3

Im
porting

from
another

m
odule

•
U

sing
other

m
odules

in
a

m
odule:

⋄
:
-
u
s
e
m
o
d
u
l
e
(
f
i
l
e
n
a
m
e
)
.

Im
ports

allpredicates
thatfilenam

e
exports.

⋄
:
-
u
s
e
m
o
d
u
l
e
(
f
i
l
e
n
a
m
e
,
l
i
s
t
o
f
i
m
p
o
r
t
s
)
.

Im
ports

predicates
in

list
of

im
ports

from
filenam

e.
⋄
:
-
e
n
s
u
r
e
l
o
a
d
e
d
(filenam

e).
—

for
loading

user
files

(deprecated).

•
W

hen
im

porting
predicates

w
ith

the
sam

e
nam

e
from

differentm
odules,m

odule
nam

e
is

used
to

disam
biguate:

:
-
m
o
d
u
l
e
(
m
a
i
n
,
[
m
a
i
n
/
0
]
)
.

:
-
u
s
e
_
m
o
d
u
l
e
(
l
i
s
t
s
,
[
m
e
m
b
e
r
/
2
]
)
.

:
-
u
s
e
_
m
o
d
u
l
e
(
t
r
e
e
s
,
[
m
e
m
b
e
r
/
2
]
)
.

m
a
i
n
:
-

p
r
o
d
u
c
e
_
l
i
s
t
(
L
)
,

l
i
s
t
s
:
m
e
m
b
e
r
(
X
,
L
)
,

.
.
.

1
4



Tracing
an

E
xecution

w
ith

T
he

“B
yrd

B
ox

M
odel”

•
P

rocedures
(predicates)

seen
as

“black
boxes”

in
the

usualw
ay.

•
H

ow
ever,sim

ple
call/return

notenough,due
to

backtracking.

•
Instead,“4-portbox

view
”

ofpredicates:

R
ed

o
F

ail

C
all

E
xit

m
em

b
er(X

,[Y
|Y

s]):- m
em

b
er(X

,Y
s).

m
em

b
er(X

,[X
|Y

s]).

•
P

rincipalevents
in

P
rolog

execution
(goalis

a
unique,run-tim

e
callto

a
predicate):

⋄
C

allgoal:
S

tartto
execute

goal.
⋄

E
xitgoal:

S
ucceed

in
producing

a
solution

to
goal.

⋄
R

edo
goal:

A
ttem

ptto
find

an
alternative

solution
to

goal
(soli+

1
ifsoli w

as
the

one
com

puted
in

the
previous

exit).
⋄

Failgoal:
exitw

ith
fail,ifno

further
solutions

to
goalfound

(i.e.,soli w
as

the
lastone,and

the
goalw

hich
called

this
box

is
entered

via
the

“redo”
port).

1
5

D
ebugging

E
xam

ple

C
i
a
o
1
.
1
3
#
0
:

F
r
i
J
u
l
8

1
1
:
4
6
:
5
5
C
E
S
T

2
0
0
5

?
-

u
s
e
_
m
o
d
u
l
e
(
’
/
h
o
m
e
/
l
o
g
a
l
g
/
p
u
b
l
i
c
_
h
t
m
l
/
s
l
i
d
e
s
/
l
m
e
m
b
e
r
.
p
l
’
)
.

y
e
s

?
-

d
e
b
u
g
_
m
o
d
u
l
e
(
l
m
e
m
b
e
r
)
.

{
C
o
n
s
i
d
e
r
r
e
l
o
a
d
i
n
g
m
o
d
u
l
e
l
m
e
m
b
e
r
}

{
M
o
d
u
l
e
s
s
e
l
e
c
t
e
d
f
o
r
d
e
b
u
g
g
i
n
g
:
[
l
m
e
m
b
e
r
]
}

{
N
o

m
o
d
u
l
e
i
s

s
e
l
e
c
t
e
d
f
o
r
s
o
u
r
c
e
d
e
b
u
g
g
i
n
g
}

y
e
s

?
-

t
r
a
c
e
.

{
T
h
e
d
e
b
u
g
g
e
r
w
i
l
l
f
i
r
s
t
c
r
e
e
p
-
-
s
h
o
w
i
n
g
e
v
e
r
y
t
h
i
n
g
(
t
r
a
c
e
)
}

y
e
s

{
t
r
a
c
e
}

?
-•

M
uch

easier:
open

file
and

type
C
-
c
d

(or
use

C
iaoD

bg
m

enu).

1
6



D
ebugging

E
xam

ple
(C

ontd.)

?
-

l
m
e
m
b
e
r
(
X
,
[
a
,
b
]
)
.

1
1

C
a
l
l
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
_
2
8
2
,
[
a
,
b
]
)
?

1
1

E
x
i
t
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
a
,
[
a
,
b
]
)
?

X
=

a
?

;

1
1

R
e
d
o
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
a
,
[
a
,
b
]
)
?

2
2

C
a
l
l
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
_
2
8
2
,
[
b
]
)
?

2
2

E
x
i
t
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
b
,
[
b
]
)
?

1
1

E
x
i
t
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
b
,
[
a
,
b
]
)
?

X
=

b
?

;

1
1

R
e
d
o
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
b
,
[
a
,
b
]
)
?

2
2

R
e
d
o
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
b
,
[
b
]
)
?

3
3

C
a
l
l
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
_
2
8
2
,
[
]
)
?

3
3

F
a
i
l
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
_
2
8
2
,
[
]
)
?

2
2

F
a
i
l
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
_
2
8
2
,
[
b
]
)
?

1
1

F
a
i
l
:
l
m
e
m
b
e
r
:
l
m
e
m
b
e
r
(
_
2
8
2
,
[
a
,
b
]
)
?

n
o

1
7

O
ptions

D
uring

Tracing

h
G

ethelp
—

gives
this

list(possibly
w

ith
m

ore
options)

c
C

reep
forw

ard
to

the
nextevent

A
dvances

execution
untilnextcall/exit/redo/fail

i
n
t
r
o

(sam
e

as
above)

s
S

kip
over

the
details

ofexecuting
the

currentgoal
R

esum
e

tracing
w

hen
execution

returns
from

currentgoal
l

Leap
forw

ard
to

next“spypoint”
(see

below
)

f
M

ake
the

currentgoalfail
T

his
forces

the
lastpending

branch
to

be
taken

a
A

bortthe
currentexecution

r
R

edo
the

currentgoalexecution
very

usefulafter
a

failure
or

exitw
ith

w
eird

result
b

B
reak

—
invoke

a
recursive

top
level

•
M

any
other

options
in

m
odern

P
rolog

system
s.

•
A

lso,graphicaland
source

debuggers
available

in
these

system
s.

1
8



S
pypoints

(and
breakpoints)

•
?
-
s
p
y
f
o
o
/
3
.

P
lace

a
spypointon

predicate
f
o
o

ofarity
3

–
alw

ays
trace

events
involving

this
predicate.

•
?
-
n
o
s
p
y
f
o
o
/
3
.

R
em

ove
the

spypointin
f
o
o
/
3.

•
?
-
n
o
s
p
y
a
l
l
.

R
em

ove
allspypoints.

•
In

m
any

system
s

(e.g.,C
iao)

also
breakpoints

can
be

setatparticular
program

points
w

ithin
the

graphicalenvironm
ent.

1
9

D
ebugger

M
odes

•
?
-
d
e
b
u
g
.

Turns
debugger

on.
Itw

illfirstleap,stopping
atspypoints

and
breakpoints.

•
?
-
n
o
d
e
b
u
g
.

Turns
debugger

off.

•
?
-
t
r
a
c
e
.

T
he

debugger
w

illfirstcreep,as
ifata

spypoint.

•
?
-
n
o
t
r
a
c
e
.

T
he

debugger
w

illleap,stopping
atspypoints

and
breakpoints.

2
0



R
unning

P
ure

Logic
P

rogram
s:

the
C

iao
S

ystem
’s

bf/afP
ackages

•
W

e
w

illbe
using

C
iao,a

m
ultiparadigm

program
m

ing
system

w
hich

includes
(as

one
ofits

“paradigm
s”)

a
pure

logic
program

m
ing

subsystem
:

⋄
A

num
ber

offair
search

rules
are

available
(breadth-first,iterative

deepening,
...):

w
e

w
illuse

“breadth-first”
(b
f

or
a
f).

⋄
A

lso,a
m

odule
can

be
setto

pure
m

ode
so

thatim
pure

built-ins
are

not
accessible

to
the

code
in

thatm
odule.

⋄
T

his
provides

a
reasonable

firstapproxim
ation

of“G
reene’s

dream
”

(ofcourse,ata
costin

m
em

ory
and

execution
tim

e).

•
W

riting
program

s
to

execute
in

b
f

m
ode:

⋄
A

llfiles
should

startw
ith

the
follow

ing
line:

:
-
m
o
d
u
l
e
(
_
,
_
,
[
b
f
]
)
.

(
o
r
:
-
m
o
d
u
l
e
(
_
,
_
,
[
’
b
f
/
a
f
’
]
)
.
)

or,for
“user”

files,i.e.,files
thatare

notm
odules:

:
-
u
s
e
p
a
c
k
a
g
e
(
b
f
)
.

⋄
T

he
neck

(arrow
)

ofrules
m

ustbe
<
-

.
⋄

Facts
m

ustend
w

ith
<
-
.

.

2
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