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Quick recap of 2nd-order representations

* Representation of X:  ¢: C(X2*—¥*) » X
e Uniform computation of operators

e 2nd-order polynomial bounds

* Enrichments: produces new representations

Goal: explicitly stating crucial problem-specific
parameters and their influence on the complexity
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Part |: Comparing ¥ with w
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Representing non-empty closed sets
/lp W ba||(q,2_n)

- O

ball(q,2™")

ball(¢/, 2-27™)
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Comparing v and w

Fact [Ziegler'02, Hertling'02]

Both representations are computably equivalent (for the
class of closed regular sets).

Theorem (heavily relying on Grétschel /Lovasz/Schrijver'88)

Using enrichments, they even become second-order
polynomial-time equivalent:

(o

[w [ 1 some parameters}

-

PN

p W

p ¥

PN

Almost the correct statement :)
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Challenging part: w M (...) <, ¢

Restrict to R:={Se€A|S° =S5}
K:={SeA|S is compact}
C:= {S cA|Sis convex}
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Proof sketch

Theorem (heavily relying on Grdtschel /Lovasz/Schrijver'88)

[w‘ICCR M bin(a) Mun(r) un(b)} <5 ¢’ICCR

1. Define “Weak Optimization Problem” (WOPT)

2. Reduce w|*“® mbin(a) Mun(r) Mun(b) to WOPT
3. Define polar K® of a set K

4. Reduce WOPT to v
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Proof sketch

1. Definition of WOPT

Given: ¢ € R% with ||c|| =1, and n € N.

{:1: c R? | 'y = C/Ty*}
{:1: c R? | CTL/IZ‘ = cly* —|—¥2_”}\

AN

|-
|

ball(K,27™)

ball(K, —2~™) ball(K, —27™) = (
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Proof sketch
2. Reduce w|*“™ Mbin(a) Mun(r) Nun(b) to WOPT

Given: w-name, parameters a,r, b, normalized ¢ € R?,
{zeR?|c'z =17} veD, and n € N

A

Nov 14, 2013 | TU Darmstadt | Math Department | Logic Group | Carsten Rosnick | 9



Proof sketch

H,
3. Definition of “polar set” o, y\ y, _H,
A'::{xERd}VaeA.azTagl} / A°
<@ X-x
AN .
A o ] 4. Reducing WOPT to v
A* S N\U
(0,0) AN
H ={zcR?|z'2=1}
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Part |l: Complexity of Function Inversion
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Moduli: ... of continuity / ... of unicity

e Modulus of continuity 7i(n):
o —y| <27F W = [f(z) — f(y)| < 27"

ball (2,2 ™)@ ball (f(2),2")
* e f@)

dom(f) cod(f)

 Modulus of unicity p(n) (also: inverse modulus):
-yl >27" = |f(z) - fy)| <2780
f(@) = fly) <278 — |z —y[ <277
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Representing Reals and Functions

* ¢ is p-name of z € R, iff |z — ¢({¢g,0™))| <277
27" x+27"]

\ R
x

e (¢, 1) is d-name of f € C'|0,1], iff
- |f(@) = o((g,0m)] < 27"

— 1t is modulus of continuity of f

A

b((g.0™) € —
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Inversion for functions f: [0,1]—R

Computation depends on both moduli:

Complexity: O (E(E(n)))

A
9—p(n)
- P ——
f~H(y) € [d.£27"]
z—y| <27 — -
_ < 2—n d1d4d3 dg 1
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Inversion: f — f~! on range(f)

Fact [Ko'91, Thm. 4.26]

P+£UP = 3f:]0,1]*—10,1]%, f poly-time, p € NIX]
. | 7! not poly-time

Characterization of UP [Ko'85, Grollman/Selman'88]:
Q: X — X" “easy’ to compute, but “hard” to invert
A

P C[UP]C NP, but neither P = UP
nor NP L UP are known
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Inversion: Proof idea for “low’ complexity

ball(g, 3 - 2741) C..I
» o
. //. % R\{ (p7.)
> ~
qg[i\(:é/./ QSK q.4
° o. ° ° g2 e ° i DQ ° \
grid D2 SHE P |

A(u(i)  ball(g, 2 20+2)

ball (f(m), Q—g(ﬂ(g(i))+2))

dom(f)=[0,1]> — o(n.zﬁ(ﬁ(w)))—&(n)) points to check

— for Lipschitz functions: u(n) =n+logL
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CAREHDNEDSTSNXR UL

. and have a nice prevening. :)

... translation by courtesy of japanese.stackexchange.com
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