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The machines

Computation instructions:
l: Z; := Z; o Z, o€ {+,—,-},
l: Z; :=c,
Branching instructions:
[: if Z; = 0 then goto [ else goto lo,
[: if Z; > 0 then goto [; else goto [,
Copy instructions:
l: Z5, == Zy,,
Index instructions:
l: I;:=1,
l: I;:=1;,+1,
[: if I; = I}, then goto [; else goto [s.

Ljubljana 2009 gassnerc@uni-greifswald.de



The complexity classes

The input: X = (x1,.--.,%y) € Ui>1 IR.
The guesses: Y= (Y1, --,Yn) € Ui>1 IR".

Assignment: X b Llyeees Ly V> ity s Lnim
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The complexity classes

The input: X = (x1,.--.,%y) € Ui>1 IR.
The guesses: Y= (Y1, --,Yn) € Ui>1 IR".

Assignment: X b Llyeees Ly V> ity s Lnim
Polynomial time: cost(x) < kn°.

size(x): n.

cost(x): Number of executed instructions on x.
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The complexity classes

The input: X = (x1,.--.,%y) € Ui>1 IR.
The guesses: Y= (Y1, --,Yn) € Ui>1 IR".

Assignment: X b Llyenes Ly V> L1y nnrZpim 1 +—> 1.
Polynomial time: cost(x) < kn°.

size(x): n.

cost(x): Number of executed instructions on x.

yla"' ym:Q yl::yme{oal}; yla"";ymE]R;
4 U y
Pr DNPmR NPR
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The oracle machines

An oracle: @ C IR*".

The oracle machines:

if (Z1,...,725,) € O then goto [, else goto [s.
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A summary

Structure

DNP # NP

P2 £ DNP®?

DNP€ # NP©

(Z;Z;-

defined analogously
to BGS

defined analogously
to BGS

derived from
BGS or KP

defined now

Z,Q, E

BGS: Baker-Gill-Solovay oracle,
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

i1 € IN" the code of a pair (p;, ;)
polynomial

program of a P®-machine using only thelconstants 0 and 1

machine using B C IR*’, F;, and the time bound p;
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

i1 € IN" the code of a pair (p;, ;)
polynomial

program of a P®-machine using only thelconstants 0 and 1

machine using B C IR*’, F;, and the time bound p;
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let n; > m; 1 and p;(n;) + n; < 2™.
W, =U;<; Vj

Vi = {l NV rejects (0,...,0) € IR™
& x is not queried by A}V on input (0,...,0) € IR™},

my; — 2",

g ={y| Bie N")(y € R™ & V; # )} € DNPZ® \ P&*~.
R = (]R':O: 1;'7 _I_a_::z)
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let n; > m; 1 and p;(n;) + n; < 2™,

W, =U;<; Vj
Vi = {l NV rejects (0,...,0) € IR™
& x is not queried by A}V on input (0,...,0) € IR™},

my; — 2",

Or = Ui>1 W,
Ir={y| (Gi € N*)(y € R™ & V; # @)}\ Pg-.

R = (]R': O: ]-: i) _I_a s 2)
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo =0, mo = 0. Stage ¢ > 1: Let n; > m;_; and p;(n;) + n; < 2™.
W, =Uj<; Vj
V; ={x e {0,1}" | 7Y rejects (0,...,0) € IR™
& x is not queried by A}Y* on input (0,...,0) € IR™},

my; — 2",

Or = Ui>1 W,
Ln={y| (3 e N*)(y € R™ & V; # 0)} < DNP%R

R = (]R': O: ]-: i) _I_a s 2)
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo =0, mo = 0. Stage ¢ > 1: Let n; > m;_; and p;(n;) + n; < 2™.
W, =Uj<; Vj
V; ={x e {0,1}" | 7Y rejects (0,...,0) € IR™
& x is not queried by A}Y* on input (0,...,0) € IR™},
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let n; > m; 1 and p;(n;) + n; < 2™.
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Vi = {l NV rejects (0,...,0) € IR™
& x is not queried by A}V on input (0,...,0) € IR™},

my; — 2",
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let n; > m; 1 and p;(n;) + n; < 2™.
W, =U;<; Vj

Vi = {l NV rejects (0,...,0) € IR™
& x is not queried by A}V on input (0,...,0) € IR™},

my; — 2",

s{Ace

the path of N7 traversed by (0...., 0) € R
* {5 uniquely determined
* of polynomiall length
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AN rejects (0,..., 0) € R"

l

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

N, Wi, Input: (0..... 0) € R"

()= 07

(‘]u(o)a---n CJASA(O)) SN

ves

——
— 110

L.

Output: 0
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/\/l-Wi rejects (0,..., 0) € R"

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

N, Wi, Input: (0..... 0) € R"

Only 0 and 1 as constants
encoded by themselves

(‘]u(o)a---n CJASA(O)) SN

raQ ——
yes — = 110

L.

Output: 0
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AN rejects (0,..., 0) € R"

l

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

N, Wi, Input: (0..... 0) € R"

Only 0 and 1 as constants
encoded by themselves

=

The polynomials are
uniquely determined.

(‘]u(o)a---n CJASA(O)) SN

raQ ——
yes — = 110

L.

Output: 0
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AN rejects (0,..., 0) € R"

l

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

N, Wi, Input: (0..... 0) € R"

Only 0 and 1 as constants
encoded by themselves

=

The polynomials are
uniquely determined.

=

(2),1(0)..... 4, ,(0)) € W, ? . .
yes = The path is uniquely

—

L.

: determined.
Output: 0
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An oracle Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo =0, mo = 0. Stage 7 > 1: Let n; > m; 1 and

W; =Uj<; Vj
Vi ={x c {0,1}" | N}V rejects (0,...,0) € IR™
& x is not queried by A}Y* on input (0,...,0) € IR™},
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V.+D iff N rejects (0,..., 0) € R"

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

N, Wi, Input: (0..... 0) € R"

> length < 2"

=3Jx € {0, 1}

(41(0)..... ,(0) € W, 7 (x is not queried by A, )

rac —
yiss —_— = 110

L.

_ => V. +QD
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An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo =0, mo = 0. Stage ¢ > 1: Let n; > m;_; and p;(n;) + n; < 2™.
W, =Uj<; Vj
V; ={x e {0,1}" | 7Y rejects (0,...,0) € IR™
& x is not queried by A}Y* on input (0,...,0) € IR™},

Ljubljana 2009 gassnerc@uni-greifswald.de



An oracle @Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let and

W; =Uj<; Vj
Vi ={x c {0,1}" | N}V rejects (0,...,0) € IR™
& x is not queried by A}Y* on input (0,...,0) € IR™},
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N4 AIR on (0,..., 0) € R"

l

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

/\/iQZ Input: (0..... 0) € R" p

P (0)>07 J

>

e € W ?

(:1(0).... 4, ,(0) € Q7

ves

e
— = 110

.

Output: 0
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An oracle Q with P,” # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let n; > m; 1 and p;(n;) + n; < 2™,

W, =Uj<; Vj
Vi ={xe€{0,1}"™
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Nia NPHA AIQ on (0,..., 0) € R”

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants)

Q — =
/\/i : Input: (0....0) € R x E Vl

= x €W,y

. . /4
= X is not queried by N,

-’ no

Output: 0

—

.
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An oracle Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants

S - only with 0 anq 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo =0, mo = 0. Stage ¢ > 1: Let n; > m;_; and p;(n;) + n; < 2™.
W, =Uj<; Vj
V; ={x e {0,1}" | 7Y rejects (0,...,0) € IR™
& x is not queried by A}Y* on input (0,...,0) € IR™},

my; — 2",

Or = Ui>1 W,
Le={y| (@ic NY)(y c R™ & V; £ 0)} < DNP&R

R = (]R': O: ]-: i) _I_a s 2)
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An oracle Q with P, # DNP,

Diagonalization techniques from Baker, Gill, and Solovay (only 0 and 1 as constants

S - only with 0 and 1

7 € IN" the code of a pair (p;, ;)
polynomial
program of a P®-machine using only the constants 0 and 1
machine using B C IR*’, F;, and the time bound p;

Vo = 0, mo = 0. Stage 7 > 1: Let n; > m; 1 and p;(n;) + n; < 2™,
W, =U;<«; V;

;nueried by ./\/;_W,; on input (O, C O) c ]Rn?;},

m,; — 2™,
Or = Ui>1 W,
Ir = {y | 3i e N")(y € R™ &
R = (R:O: 1;'7 _I_a_::z)
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An oracle (Q with P[R(=

Diagonalization techniques from Baker, Gi

the code of a pair (p;, ;)
polynomial

program of a P®-machine over R = (R;R; 4+, —, ;=)

using the constants

1,...,k; codesofcy,...,c;, € IR

.....
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An oracle (Q with P[R(=

Diagonalization techniques from Baker, Gi

the code of a pair (p;, ;)
polynomial

program of a P9-machine over IR(_) = (R; R; +, —, -;

using the constants

1,...,k; codesofcy,...,c;, € IR

.....
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An oracle (Q with P[R(=

Diagonalization techniques from Baker, Gi

the code of a pair (p;, ;)
polynomial

program of a P9-machine over IR(_) = (R; R; +, —, -;

using the constants

codes of ¢1,...,c;, € IR

......
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An oracle (Q with P[R(=

Diagonalization techniques from Baker, Gi

only equality tests
the code of a pair (p;, ;)
polynomial

program of a P®-machine over R = (R;R; 4+, —, ;=)

using the constants

codes of ¢1,...,c;, € IR

......

V, ={x e {0, 1}

Ver - - Ve, (NG 7% rejects (0, . ..,0) € IR™
& x is not queried by Mwi’cl’""cki on (0,...,0) € IR™")}
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only equality tests
the code of a pair (p;, ;)
polynomial

program of a P®-machine over R = (R;R; 4+, —, ;=)

using the constants

codes of ¢1,...,c;, € IR

V, ={x e {0, 1}

Ver - - Ve, (NG 7% rejects (0, . ..,0) € IR™
& x is not queried by Mwi’cl’""cki on (0,...,
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only equality tests
the code of a pair (p;, ;)
polynomial

program of a P®-machine over R = (R;R; 4+, —, ;=)

using the constants

codes of ¢1,...,c;, € IR

V, ={x e {0, 1}
Wl',Cl,...,Ck. - T
Vey - - - Veg, (N; ‘ rejects (0,...,0) € IR™
& x is not queried by Mwi’cl’""cki on (0,...,

r'e
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An oracle (Q with P[R

Diagonalization techniques from Baker G1

only equality tests

.?kcl v Cfck S {0: 1}?

where k < k;, ¢1,...,¢c;, € IR, «y, .

p(ck) = 07

plen) — 17 for  p(x) =

Fo = @Q. Stage 7 =1,..., k;:
j—1s d;
i—1(cj), d; = oo if ¢; is notCalg over F;_q,
m

j_l[Cj], dj if there is an q; & Fj_l[a:],

degree(q;) = 2 & g;(c;) = 0.

cir 18 not necessary. o

p(cx) # 0. Cea
p(ce) = 0 iff g¢|p. <00
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An oracle (Q with P[R(=

Diagonalization techniques from Baker, Gi

only equality tests

The answer to p(ci) = 07 and p(cir) = 17 is only dependent on some

l@cki) — (dlp SRR dk;@

where di. > 2 = qi(c;) = 0 and g irreducible.

the code of

i :(dla-":dkaIa-"DQki)a
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only equality tests

The answer to p(ci) = 07 and p(cir) = 17 is only dependent on some

where di. > 2 = qi(c;) = 0 and g irreducible.

. N =0
i € IN' the code of g = ) =0 .

ti :(dla"-pdkaIa"'aqki)7 <v

(g,1(0)..... 4, (0) € W, 7
~Z_ ~w

p,. (0) = 07|

C peeesC |
The path of N Pk gs ol

—

Q WG
uniquely determined. GO0 4, () € 7,7

ves -~ .
o -— - 110

3

‘ Output: 0

‘Input: 0...0) € R"

Ljubljana 2009 gassnerc@uni-greifswald.de



An oracle (Q with P[R(=

Diagonalization techniques from Baker, Gi

only equality tests

The answer to p(ci) = 07 and p(cir) = 17 is only dependent on some

l@cki) — (dlp SRR dk;@

where di. > 2 = qi(c;) = 0 and g irreducible.

7 € IN" the code of

i :(dla-":dkaIa-"DQki)a
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An oracle (Q with P[R

Diagonalization techniques from Baker G1

only equality tests

The answer to p(ci) = 07 and p(cir) = 17 is only dependent on some

l@cki) — (dlp SRR dk;@

where di. > 2 = qi(c;) = 0 and g irreducible.

7 € IN" the code of

i :(dla-":dkaIa-"DQki)a

= {x € {0,1}" | Vey--- Vcki

& NW':’Cl""’Ck': rejects (O, . O) c IR™
& x is not queried by NW % on (0,...,0) € IR™)}.

L , ={y | (FcN" ) (yecR" &V, #0)} DNPIR( \PQIR( )

R = (IR;IR; +, —,-; =).
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. @, @,
An oracle (Q with P~ # DNPy
Problems in the full BSS model

5SS - with order tests

2 € IN" the code of a pair (p;, ;)
i polynomial
P; program of a P®-machine containing 1, ..., k; for cq, ..., Cl,

Iij set of machines using B, cy, ..., cx,;, I, pi, described by IV, ;
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. @, @,
An oracle (Q with P~ # DNPy
Problems in the full BSS model

3SS - with order tests

2 € IN" the code of a pair (p;, ;)

i polynomial

P program of a P®-machine containing 1,...,k; for ¢y, ..., cg,
set of machines using B, c¢i, ..., ck,, I, pi, described by N; ;
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. @, @,
An oracle (Q with Py = # DNPy
Problems in the full BSS model

3SS - with order tests

2 € IN" the code of a pair (p;, ;)

i polynomial

P program of a P®-machine containing 1,...,k; for ¢y, ..., cg,

Iij set of machines using B, ¢4, ...,ck,, P;, pi, described by N; ;
‘lnpul: 0...00R"

|
|
P =207 ‘
S ~ e
/)
!

[ ({1.'.”‘1(0).,,,_ (f__u.:.'u(o)) € I/Vr 7 ‘

Py (0)>07] \1
es £

Charactetization of the algebraic ; ~

dependence of the constants cy,...,Cx. a0 4, 00 € 7,2

ves
J —

- o
-~

Output: 0 ‘

o
&

1S  not sufficient
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. @, @,
An oracle (Q with Py = # DNPy
Problems in the full BSS model

2 € IN" the code of a pair (p;, ;)
Di polynomial

3SS - with order tests

P rogram of a P®-machine containing 1, ..., k; for cq, ..., c.
2 p g g ? ¥ ? ¥ i

KB

i,7

— We need a new encoding,

But: I 7, will'be greater, then the test
results are also dependent on the new
ZEtos) ot the new: polynonials.
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set of machines using B, ¢y, ...,ck,, P, pi, described by IV, ;

‘lnpul: 0....0) € R" ‘

I

!
ENOE

ve

d

110

0

~
2
N

r

(9,100 4, (0) € 7,2

4
[(@1(0)..... 4,.,(0) € W,? |
‘V - - o

Output: 0




. @, @,
An oracle (Q with P~ # DNPy
Problems in the full BSS model

3SS - with order tests

2 € IN" the code of a pair (p;, ;)

i polynomial

P program of a P®-machine containing 1,...,k; for ¢y, ..., cg,
Iij set of machines using B, c¢i, ..., ck,, I, pi, described by N; ;
o — 0.

Stage ¢ > 1: n; > my;_1, pi(n;) < 201 pi(n;) +n; < 2™, Vg = 0.

Stage 7 > 1:

W. = Ui’<i, ‘/g; UJ Uj"<j, ‘/g,jr,
= {x € {0,1}" ! x {C;;} |
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Wi,cl ,...,Ck

o ° n.
Using further ideas for the full BSS model

The values of the
polynomials at C;;
are uniquely

determined by C,,.

(q,1(Cy)s...

ves

- 110
h

Output: 0

Ljubljana 2009 gassnerc@uni-greifswald.de



W.CqyeeesCy. . . n.
Using further ideas for the full BSS model

The values of the
polynomials at C;;
are uniquely

determined by C,,.

=

G CET, 7 The path is uniquely

(2,,1(C))... .
e = determined.

—

S

Output: 0
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The definition of C; j

, [s where
tfk < IP{[Q?],

i{n) i{ng)
Ju(x) = 20 (23 ooy,
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5SS - with order tests

. -cf;:"):cj.




The definition of C; j

5SS - with order tests
Ji, fo, -5 s An Chumeration
fr € IR[z],

23’1(”1) 23’1(“1) (k) ]
fk(z) _E (E.?l ----- =0 X, :nc,,jcil"'
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The definition of C; j

3SS - with order tests
fi, fo,-- ., fs where
fr € R[],
I (3;) - 23’:(“1)(22:91(“1) - O{(k)
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The definition of C; j

3SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

L opri(ni) api{n;) 1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T

N — e’

Cantor number o

€ Z N [—2ri(n) 2pi(n:))]
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The definition of C; j

fla f27 CICRE N fs where
i € Rz],

L opri(ni) api{n;) 1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
\_-\“_-/

€ Z N [—2ri(n) 2pi(n:))]

Nehar (2, €1, - - -5 Ck,)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

code(fr) € IN* if fr. € Q[x],
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The definition of C; j

3SS - with order tests
fla f27 CICRE N fs where
fr € R[],

fk (ZE) — 23’1(”1) (223’1(“1) _O O{(k)
\_..v__./

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)

Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

pr = code(fr) € IN" if fr € Q[z],
HE —

on (0,...,0, N)
if NeN, p,,q,,€ Qlx]

Vg . .

7 determines order tests p, (x)=0 and queries
”f

v
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The definition of C; j

fla f27 CICRE N fs where
i € Rz],

_ §2ri(nd) 2pri(n;)
fk(z) T EJ:D Ejla"'ijkizo ajl:---:jki:j
N et

e

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

pr = code(fr) € IN" if fr € Q[z],
pr =0 otherwise,

Vg

u o=
”f

¥ 24
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The definition of C; j

5SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

o 2pri(n;} opi(n;) (k) i1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
———

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

min «=1,.. {n € IN | V(fi(x) =0V fi(z) =1=n > x)},

degree{ f1. 1 >1
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The definition of C; j

3SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

o 2pri(n;} opi(n;) (k) i1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
———

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

min «=1,.. {n € IN | Vz(fi(x) =0V fi(z) =1=n > x)},

degree{ f1. 1 >1
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The definition of C; j

5SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

o 2pri(n;} opi(n;) (k) i1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
N —. —
€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

= limg s eosgn ( fr(z)),
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The definition of C; j

3SS - with order tests
fla f27 CICRE N fs where
i € Rz],

L opri(ni) api{n;) 1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
\_-\“_-/

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)

Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

determine order tests p, (x) = 0

? on (0,..., 0, N)

lim, ,.osen(fr(x)), for large N € \
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The definition of C; j

3SS - with order tests

fla f27--'7fs where
fr € R[],
Pilng Pi “1 k 1
fulw) = S, gal) e

\_..v__.z
€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

on (0,..., N)
= limwﬁoosgn(fk (:17)) for large N char( )
min M x=1, {n e IN | Vz(fr(z) =0V fi(z) =1=n>x)},

clegree(f;, ) >1
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The definition of C; j

5SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

L opri(ni) api{n;) 1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
\_-\“_-/

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

min Ne=1...{n € N | (Vz € IN)(fi(z) € N = n > z)},

g, —0
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The definition of C; j

3SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

L opri(ni) api{n;) 1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
\_-\“_-/

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

min Ne=1...{n € N | (Vz € IN)(fi(z) € N = n > z)},

g, —0
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The definition of C; j

fla f27 CICRE N fs where

fr € IR,[SC]
fk (ZE) _ 23%(“1) (223?1(“1) —o O{(k)
\_-\“_-/

Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

€ Z N [—2ri(n) 2pi(n:))]

~etermine parts of the queries on (0,..., 0, N)

(..),NeN

min N x=1, {n e IN | Ve(fr(z) =0V fi(z) =1=n > x)},

|:legree(f;c ) >1

min Ne=1....{n € IN | (Vz € IN)(fi(z) € N = n > z)},

M. Zo

for large N >

char
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The definition of C; j

fla f27 CICRE N fs where
i € Rz],

o 2pri(n;} opi(n;) (k) i1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
———

€ Z N [—2ri(n) 2pi(n:))]

Nehar (2, €1, - - -5 Ck,)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

= minNg—1,. s{n € IN | fr(n) < 2"}.
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The definition of C; j

3SS - with order tests

fla f27 CICRE N fs where
fr € R[z],

o 2pri(n;} opi(n;) (k) i1
fk (:E) T EJ:D Ejl:"':jkizo O{jlt"':jk.i:j C]y- T
———

€ Z N [—2ri(n) 2pi(n:))]
Nchar(z'p C1, - - - ?cki)
Cantor number of (g1, ..., s, 1, ..., Vs, i, ', V) where

allows to extend the oracle

step-by-step

/ by a recursive definition

= minNg—1,. s{n € IN | fr(n) < 2"}.
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The definition of C; j

fla f27 CICRE N fs where
fr € R[],

fk (ZE) — 23’1(”1) (223’1(“1) _O O{(k)
\_..v__./

€ Z N [—2ri(n) 2pi(n:))]

Nchar(z'p C1, - - - ?cki)

pr = code(fr) € IN" if fr. € Q[x],

pr =0 otherwise,

v = limg ,osgn(fi(x)),

f = min k=1, {ne€ N | Vz(fr(zx) =0V fi(z) =1=n>z)},

|:legree(f;c ) >1

= minNs=1..s{n € IN | (Vz € IN)(fus(z) €« N = n > x)},

M Zo

sin € IN | fr(n) < 27}.
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The definition of C; j

5SS - with order tests

Nehar (2, €15 - - -5 Ck;)
Cantor number of (1, ..., s, V1, .« ., Vs, by ity V)

an enumeration of
{Nchar(?’p C1; - - - pcki) | Cly.-.,Ck; € R}:

Nijr1 > Nij.

max {21, Ny ;}.
{N;B,cl,...,cki Ni,j _ Ncha,r(?'a Cly---, ck,;)} .
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The values of the
polynomials at C;;
are uniquely

determined by C,,.

=

The path is uniquely

e = determined.

—

S

Output: 0
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. @, @,
An oracle (Q with P~ # DNPy
Problems in the full BSS model

3SS - with order tests

2 € IN" the code of a pair (p;, ;)
i polynomial

program of a P®-machine containing 1, ..., k; for cq, . ..
Iij set of machines using B, ¢y, ...,ck,, I, pi, describe-
o — 0.
Stage ¢ > 1: n; > m;_1, pi(n;) < 2ni—1 pi (7

Stage 7 > 1:

Wi ; = Uy <1, V’ U U; <J,
BRI nY
(IM € (M rejects (0,...,0, C; ;)
& x is not queried by M on input (0,...,0,C; ;) € IN")}.
m; = 2™, Vi = U >1 Vi ;.
Q1 =Ui>1 Vi,
L, = Uz>1{(y1, o Yn—1, V) € IR™ | VN ({0,131 < {N}) # D)}
= L, € DNP2 \ P2'.
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A second oracle (J with P[RQ F DNP[RQ

Problems in the full BSS model

Ey= @, 11, 72,... where 7,1 is transcendental over E; =g F; 1(7;)

Ap ={(v1,...,v2,) € {0,v} |v e Z\ {0} & T, v; = nv}.
Q> = UpZ {(sgn(|w1]), . - ., sgn(|vanl), Sy vimy) € R (v, ..., v20) € Ap}.
L, =UpZ 1{(0 , 0, 221ml Usz) e R* | (Ula - -:U2n) S An}
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A second oracle (J with P[RQ F DNP[RQ

Problems in the full BSS model

where 7;,1 is transcendental over F; =4 F; 1(7;)

Ey=@®, 11,72,...
Ap ={(v1,...,v2,) € {0,v} |v e Z\ {0} & T, v; = nv}.
Qs = U2 {(sgn(|v1]), - - -, sgn(lvzal), = viTi) € R (vy, .

L, =UpZ 1{(0 , 0, 221ml Usz) e R* | (Ula - -:U2n) S An}

’ U2n) < An}

— Each computation path of a P<9>-machine is traversed by (0,...,0,z)

only if x satisfies some
Gir- s 20 (@) € Qs (21, s 20 PR(@)) € Qo

gassnerc@uni-greifswald.de
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: Q
A second oracle (Q with Py = # DNPy
Problems in the full BSS model

Input: (0,..., 0, ) € R”
|

pv](r) = O ?
o ~

N €S
!y

(q,u,l(r)a’“a qﬂ’su(l")) ¢ Wvl?
- | TS yes

Sa

pv,j(r) = O ?
— S o ves
~

(q/l,l(r)r-'a q,LSi(V)) ¢ VVZ?
— ~

After a polynomial number of steps
of a deterministic machine Output: 0 ?
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: Q
A second oracle (Q with Py = # DNPy
Problems in the full BSS model

Ey= @, 11, 72,... where 7,1 is transcendental over E; =g F; 1(7;)

Ap ={(v1,...,v2,) € {0,v} |v e Z\ {0} & T, v; = nv}.
Q> = UpZ {(sgn(|wi]), . . ., sgn(vanl), £32 vimi) € R¥H | (v, ..., vag
Ly = U, {(0,...,0, z%l v1i) € R | (v,

= Each computation path of a P<9>-machine is t
only if x satisfies some

(le-":zs:pk('f")) QQQ? (Zl,...,Zs,pk(SC)

Q

For any P<2-machine there is an i such that
(1) z =X 1 viTs,
2) v #0,v1=---=v,=0 (g << 2n),
(3) (21,5 25, Pk (T)) € Q2

= s > 2nand (2,41, --,2s) = (sgn(|vi,4+1]), - - -, sgn(|v]),0,. ..

= L, € DNP2* \ P&.
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A summary

Structure

DNP # NP

PCQ # DNP?

DNP? # NP

(Z;Z;-

defined analogously
to BGS

defined analogously
to BGS

derived from
BGS or KP

Z,Q, E

BGS: Baker-Gill-Solovay oracle,

Ljubljana 2009

E: Emerson oracle,

gassnerc@uni-greifswald.de

KP: Knapsack Problem
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