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len

gth
ex

ten
d
ed

resolu
-

tion
p
ro

ofs.
N

o
on

e
k
n
ow

s
if

th
e

w
orst

case
b
eh

av
ior

of
ex

ten
d
ed

resolu
tion

is
su

p
er-p

oly
n
om

ial.

D
ia

g
o
n
a
l
iz

a
t
io

n

N
ow

con
stru

ct
a

real
r

=
0
.r

1 r
2 r

3
so

th
at

r
i
6=

a
i,i ,

again
w

ith
n
o

in
fi
n
ite

seq
u
en

ce
of

9’s
to

p
reserve

u
n
iq

u
e-

n
ess.

(F
or

in
stan

ce,
ch

o
ose

r
i

=
7

if
a

i,i
6=

7,
an

d
ch

o
ose

a
i,i

=
3

oth
erw

ise.)
C

learly,
r
6=

an
y

of
a

1 ,a
2 ,a

3 ,...

b
ecau

se
r

d
iff

ers
in

at
least

on
e

d
ecim

al
p
lace

from
each

of
th

e
a

i ’s.
C

O
N

T
R

A
D

IC
T

IO
N



D
ia

g
o
n
a
l
iz

a
t
io

n

T
h
e

sam
e

sort
of

argu
m

en
t

sh
ow

s,

T
h
eo

rem
.

L
et

E
b
e

th
e

tim
e

com
p
lex

ity
class

of
all

p
rob

lem
s

w
ith

yes/n
o

an
sw

ers
solvab

le
in

tim
e

O
(e

n
)

(ex
p
on

en
tial

tim
e).

T
h
en

th
ere

is
a

p
rob

lem
in

E
w

h
ich

d
o
es

n
ot

lie
in

P
.

P
ro

o
f
sk

etch
.

L
et
P

b
e

th
e

set
of

all
p
rogram

s
in

you
r

favorite
p
rogram

m
in

g
lan

gu
age

(P
ascal,

J
ava,

C
,
etc.)

w
h
ich

ru
n

in
p
oly

n
om

ial
tim

e
an

d
ou

tp
u
t

a
yes/n

o
an

sw
er.

L
et

t
(for

“tw
isted

”)
b
e

a
p
rogram

w
h
ich

b
e-

h
aves

as
follow

s,

D
ia

g
o
n
a
l
iz

a
t
io

n

T
h
e

p
rob

lem
solvab

le
in

ex
p
on

en
tial

tim
e

w
h
ich

is
n
ot

solvab
le

in
p
oly

n
om

ial
tim

e
is

th
e

follow
in

g,

P
ro

b
lem

T
.
O

n
a

given
in

p
u
t

strin
g,

w
ill

ou
r

tw
isted

p
rogram

t
give

a
yes

or
n
o

an
sw

er?

F
or

an
y

given
in

p
u
t

strin
g,

w
e

can
sim

p
ly

ru
n

t
on

it
to

solve
th

is
p
rob

lem
in

ex
p
on

en
tial

tim
e.

O
n

th
e

oth
er

h
an

d
,
t

b
eh

aves
d
iff

eren
tly

on
at

least
on

e
in

p
u
t

from
every

p
rogram

in
P

,
so

it
d
o
es

n
ot

ru
n

in
p
oly

n
om

ial
tim

e.
M

ore
stron

gly,
n
o

p
rogram

w
h
ich

ru
n
s

in
p
oly

-
n
om

ial
tim

e
can

correctly
p
red

ict
th

e
b
eh

av
ior

of
t

on
all

in
p
u
ts,

b
ecau

se
th

e
b
eh

av
ior

of
t

d
iff

ers
from

th
e

b
eh

av
ior

of
th

e
given

p
oly

n
om

ial
tim

e
p
rogram

on
at

least
on

e
in

p
u
t.

T
h
erefore,

P
rob

lem
T

is
n
o
t

solvab
le

in
p
oly

n
om

ial
tim

e.

D
ia

g
o
n
a
l
iz

a
t
io

n

If
p
∈
P

gives
a

y
es

resu
lt

w
h
en

ru
n

w
ith

itself
as

in
-

p
u
t,

h
ave

ou
r

tw
isted

p
rogram

t
ou

tp
u
t

a
n
o

resu
lt

w
h
en

ru
n

on
in

p
u
t

p
.

B
u
t

if
p

w
h
en

ru
n

in
th

e
ab

ove
w

ay
gives

a
n
o

resu
lt,

h
ave

t
ou

tp
u
t

a
y
es

resu
lt.

F
in

ally,
arran

ge
to

h
ave

t
ru

n
in

ex
p
on

en
tial

tim
e

an
d

ou
tp

u
t

a
yes/n

o
an

sw
er

for
an

y
in

p
u
t

strin
g,

w
h
eth

er
a

legal
(P

ascal,
J
ava,

C
,
etc.)

p
rogram

or
n
ot.

N
ote

th
at

ou
r

tw
isted

p
rogram

t
b
eh

aves
in

ex
actly

th
e

op
p
osite

w
ay

from
each

p
∈
P

on
at

least
on

e
in

p
u
t,

so
t

can
’t

b
e

in
P

.

D
ia

g
o
n
a
l
iz

a
t
io

n

T
h
is

sam
e

sort
of

argu
m

en
t,

b
y

th
e

w
ay,

allow
s

u
s

to
p
rove

T
u
rin

g’s
fam

ou
s

u
n
d
ecid

eab
ility

th
eorem

,

T
h
eo

rem
.

T
h
e

h
altin

g
p
rob

lem
is

u
n
d
ecid

eab
le.

M
ore

p
recisely,

th
ere

is
n
o

p
rogram

w
h
ich

can
correctly

p
re-

d
ict

w
h
eth

er
each

given
p
rogram

w
ith

given
in

p
u
t

h
alts,

or
ru

n
s

forever.
(T

u
rn

in
g

off
th

e
sw

itch
is

n
ot

allow
ed

.)

P
ro

o
f
sk

etch
.

S
u
p
p
ose

n
ot.

L
et

s
(for

“su
p
er”)

b
e

th
e

p
rogram

w
h
ich

d
o
es

th
e

p
red

ictin
g.

L
et

t
(again

for
“tw

isted
”)

h
ave

s
as

a
su

b
rou

tin
e,

an
d

b
eh

ave
as

fol-
low

s,



D
ia

g
o
n
a
l
iz

a
t
io

n

If
ou

r
su

p
er

p
rogram

s
p
red

icts
p
rogram

p
w

ith
itself

as
in

p
u
t

h
alts,

th
en

ou
r

tw
isted

p
rogram

t
ru

n
s

forever.
B

u
t

if
s

p
red

icts
p

w
ith

itself
as

in
p
u
t

ru
n
s

forever,
th

en
t

h
alts.

T
h
e

tw
isted

p
rogram

t
d
isagrees

w
ith

th
e

p
red

iction
of

s
for

every
p
rogram

in
clu

d
in

g
itself.

S
o

s
C

A
N

N
O

T
correctly

p
red

ict
th

e
b
eh

av
ior

of
t.

C
O

N
T

R
A

D
IC

-
T

IO
N

.

5
.

D
ia

g
o
n
a
l
iz

a
t
io

n
a
n
d

t
h
e

N
P

v
s

P
P
r
o
b
l
e
m

In
m

ost
cases,

d
iagon

alization
argu

m
en

ts
sh

ow
M

O
S
T

ob
jects

are
u
n
u
su

al.

•
M

ost
n
u
m

b
ers

are
tran

scen
d
en

tal.

•
M

ost
seq

u
en

ces
of

0’s
an

d
1’s

are
n
ot

com
p
u
tab

le.

B
u
t

th
e

N
P

v
s

P
p
rob

lem
is

d
iff

eren
t.

•
S
atisfi

ab
ility

for
m

ost
w

ff
s

can
b
e

d
ecid

ed
in

lin
ear

tim
e.

O
n
ly

a
very

th
in

set
of

w
ff
s

req
u
ire

ex
p
on

en
-

tial
tim

e,
even

w
ith

ex
istin

g
algorith

m
s.

T
h
is

lead
s

u
s

to
b
elieve

th
at

it
is

very
u
n
likely

th
at

d
iagon

alization
can

b
e

su
ccessfu

lly
ap

p
lied

to
p
rove

P
6=

N
P

.

D
ia

g
o
n
a
l
iz

a
t
io

n

T
h
e

su
ccesses

of
d
iagon

alization
listed

ab
ove,

•
T

h
ere

are
p
rob

lem
s

solvab
le

in
ex

p
on

en
tial

tim
e

w
h
ich

are
n
ot

solvab
le

in
p
oly

n
om

ial
tim

e

•
T

h
e

h
altin

g
p
rob

lem
is

u
n
d
ecid

eab
le

an
d

m
an

y,
m

an
y

m
ore,

h
ave

led
to

th
e

h
op

e
th

at
d
iag-

on
alization

can
su

ccessfu
lly

b
e

ap
p
lied

to
p
rove

P
6=

N
P

.
L
et

u
s

ex
am

in
e

th
e

situ
ation

m
ore

closely.

D
ia

g
o
n
a
l
iz

a
t
io

n
a
n
d

t
h
e

N
P

v
s

P
P
r
o
b
l
e
m

E
ven

m
ore

d
evastatin

g
to

ou
r

h
op

es
is

a
resu

lt
in

volv
-

in
g

o
ra

cle
com

p
u
tation

.

D
ef.

A
n

oracle
is

a
p
rob

lem
w

h
ich

a
R

A
M

m
ach

in
e

is
allow

ed
to

q
u
estion

,
ju

st
like

th
e

an
cien

t
G

reek
ora-

cle
at

D
elp

h
i.

B
u
t

u
n
like

th
e

oracle
at

D
elp

h
i,

a
R

A
M

m
ach

in
e’s

oracle
alw

ay
s

gives
u
n
am

b
igu

ou
s

yes/n
o

an
-

sw
ers

to
p
rob

lem
s.

T
h
e

p
ro

cess
of

q
u
estion

in
g

th
e

ora-
cle

an
d

gettin
g

a
resp

on
se

cou
n
ts

as
on

ly
a

sin
gle

step
of

th
e

oracle
com

p
u
tation

.

O
b
v
iou

sly,
oracle

com
p
u
tation

is
h
igh

ly
u
n
realistic.

B
u
t

th
e

id
ea

is
th

at
oracle

com
p
u
tation

allow
s

on
e

to
u
n
d
erstan

d
th

e
relative

d
iffi

cu
lty

of
p
rob

lem
s.



D
ia

g
o
n
a
l
iz

a
t
io

n
a
n
d

t
h
e

N
P

v
s

P
P
r
o
b
l
e
m

F
or

ex
am

p
le,

w
e

m
igh

t
ch

o
ose

as
an

oracle
an

N
P

com
p
lete

p
rob

lem
like

B
o
olean

satisfi
ab

ility,
an

d
w

e
m

igh
t

u
se

th
is

to
in

vestigate
th

e
com

p
arative

d
iffi

cu
lty

of
solv

in
g

p
rob

lem
s

in
volv

in
g

q
u
a
n
tifi

ed
B

o
o
lea

n
fo

r-

m
u
la

s.
F
or

ex
am

p
le,

w
e

m
igh

t
ask

w
h
eth

er
for

A
L
L

valu
es

of
som

e
variab

les,
a

w
ff

is
satisfi

ab
le

(h
as

a
tru

th
assign

m
en

t
for

th
e

rem
ain

in
g

variab
les

m
ak

in
g

it
eval-

u
ate

to
T

R
U

E
).

S
u
ch

p
rob

lem
s

are
p
rob

ab
ly

h
ard

er
th

an
N

P
p
rob

lem
s

b
ecau

se
th

ey
are

n
ot

solvab
le

in
p
oly

n
om

ial
tim

e,
even

w
ith

th
e

aid
of

an
N

P
com

p
lete

oracle,
u
n
less

N
P

=
co-N

P
.

D
ia

g
o
n
a
l
iz

a
t
io

n
a
n
d

t
h
e

N
P

v
s

P
P
r
o
b
l
e
m

H
ere’s

w
h
y

th
e

B
aker,

G
ill

an
d

S
olovay

th
eorem

m
akes

th
e

ou
tlo

ok
so

d
im

for
ap

p
ly

in
g

d
iagon

alization
to

p
rove

th
at

N
P
6=

P
.

M
O

S
T

D
IA

G
O

N
A

L
IZ

A
T

IO
N

A
R

G
U

M
E

N
T

S
C

A
R

R
Y

O
V

E
R

V
IR

T
U

A
L
L
Y

W
IT

H
O

U
T

C
H

A
N

G
E

T
O

O
R

A
-

C
L
E

C
O

M
P

U
T
A
T

IO
N

.

T
h
u
s,

a
p
u
rp

orted
d
iagon

alization
argu

m
en

t
p
rov

in
g

N
P
6=

P
w

ou
ld

p
rob

ab
ly

carry
over

to
an

oracle
com

-
p
u
tation

w
h
ere

N
P

=
P

.

D
ia

g
o
n
a
l
iz

a
t
io

n
a
n
d

t
h
e

N
P

v
s

P
P
r
o
b
l
e
m

In
1975,

B
aker,

G
ill

an
d

S
olovay

p
roved

,

T
h
eo

rem
.

T
h
ere

are
oracles

for
w

h
ich

N
P

=
P

,
an

d
th

ere
are

oracles
for

w
h
ich

N
P
6=

P
.

T
h
e

oracle
for

w
h
ich

N
P

=
P

is
relatively

easy
to

u
n
-

d
erstan

d
:

It
can

b
e

an
y

p
oly

n
om

ial
sp

a
ce

(P
S
P
A

C
E

)
com

p
lete

p
rob

lem
.

P
oly

n
om

ial
sp

ace
p
rob

lem
s

are
p
rob

lem
s

th
at

take
a

p
oly

n
om

ial
am

ou
n
t

of
m

em
ory

to
solve.

B
ecau

se
n
on

-d
eterm

in
istic

p
oly

n
om

ial
sp

ace
com

p
u
tation

s
can

b
e

d
on

e
d
eterm

in
istically

w
h
ile

still
u
sin

g
on

ly
a

p
oly

n
om

ial
am

ou
n
t

of
sp

ace
(N

P
=

P
for

sp
ace

as
op

p
osed

to
tim

e
com

p
lex

ity
),

N
P

=
P

for
th

is
oracle.

T
h
e

con
stru

ction
of

an
oracle

for
w

h
ich

N
P
6=

P
is

con
sid

erab
ly

h
ard

er.

D
ia

g
o
n
a
l
iz

a
t
io

n
a
n
d

t
h
e

N
P

v
s

P
P
r
o
b
l
e
m

O
f
cou

rse,
it

is
p
ossib

le
th

at
a

d
iagon

alization
argu

-
m

en
t

m
igh

t
w

ork
if

it
relied

very
stron

gly
on

th
e

fo
rm

an
d

d
eta

ils
of

an
N

P
com

p
lete

p
rob

lem
.

B
u
t

if
you

fi
n
d

su
ch

an
argu

m
en

t
an

d
try

to
p
u
b
lish

it,
you

h
ad

b
etter

ex
p
lain

ex
actly

w
h
y

th
e

B
aker,

G
ill

an
d

S
olovay

th
eorem

d
o
es

n
ot

ap
p
ly

to
you

r
argu

m
en

t,
or

n
o

on
e

w
ill

b
elieve

you
.



6
.

A
S
t
r
o
n
g

R
e
s
u
lt

In
1987,

B
lu

m
an

d
Im

p
agliazzo

p
roved

on
e

of
th

e
few

really
stron

g
resu

lts
ab

ou
t

th
e

N
P

v
s

P
p
rob

lem
,

T
h
eo

rem
.

F
or

m
o
st

oracles,
N

P
6=

P
.

T
h
u
s

th
e

situ
ation

in
regard

to
th

e
N

P
6=

P
q
u
es-

tion
resem

b
les

th
e

situ
ation

circa
1930

for
th

e
alm

ost
every

w
h
ere

con
vergen

ce
of

F
ou

rier
series,

or
th

e
situ

-
ation

circa
1900

for
th

e
R

iem
an

n
h
y
p
oth

esis.
In

b
oth

cases,
it

w
as

p
ossib

le
to

give
an

ex
ten

sion
of

th
e

p
rob

-
lem

an
d

p
rove

th
at

th
e

con
jectu

res
w

ere
tru

e
for

th
e

ex
ten

d
ed

p
rob

lem
s

m
ost

of
th

e
tim

e,
b
u
t

n
ot

for
th

e
origin

al
p
rob

lem
s

all
of

th
e

tim
e.

8
.

R
e
f
e
r
e
n
c
e
s

A
lfred

V
.
A

h
o,

J
oh

n
E

.
H

op
croft

an
d

J
eff

rey
D

.
U

ll-
m

an
.

T
h
e

d
esig

n
a
n
d

a
n
a
ly

sis
o
f
co

m
p
u
ter

a
lg

o
rith

m
s,

A
d
d
ison

W
esley,

R
ead

in
g

M
ass.,

1974.

T
.
B

aker,
J
.
G

ill
an

d
R

.
S
olovay,

R
ela

tiv
iza

tio
n

o
f
th

e

P
=

?
N

P
q
u
estio

n
.

S
IC

O
M

P
:
S
IA

M
J
ou

rn
al

on
C

om
-

p
u
tin

g,
4,

p
ages

431
–

442,
1975.

M
.
B

lu
m

an
d

R
.
Im

p
agliazzo.

G
en

eric
o
ra

cles
a
n
d

o
r-

a
cle

cla
sses.

In
A

sh
ok

K
.
C

h
an

d
ra,

ed
itor,

P
ro

ceed
-

in
gs

of
th

e
28th

A
n
n
u
al

S
y
m

p
osiu

m
on

F
ou

n
d
ation

s
of

C
om

p
u
ter

S
cien

ce,
p
ages

118
–

126,
L
os

A
n
geles,

C
A

,
O

ctob
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