Limitation of mapping veductions
Recall Mapping /many -to-one veductions. P. & DPs. P cw Q.
- If you can solve @, thwm you can solve P.
Two Sleps -
0) Covert Ip to Za in 0 computable manver then ferd Ta 4o the
Q- solver 4o create a P- solver.
The answer of the @Q-solver is the answer of +the P- solyer.
(2) Pwof of covvectness for +Hhae P-solver -
ANS (TIp) = Yes & ANS (Ia) = Yes.

P— Sol\H/f

Tes
Ip Tnstane Yes /
> [ Mudifis |2 Q-soler

TMICAM P €m Q
. Q is deadable > P is deudable P is undecidable 9 @Q is undecidable.
Q s CE 2 P is CE. P s wot CE ® @ is net CE.

Qis w-CE > P is co-CE P s not w-CE > @ s not wo-CE.

Example Is thwve « Mappi»j veduction st. HP <w HP ?
Sl No. HP sn HP . But then the inturtion of “at [eonst as diffiult”

breaks down - Solution : Tuvl'rﬁ Reduction .

Tuving Reductions
P. &, P<« a.



() Cowvert Ip to Ig and use Q- solvey = Oracle for Q

In any

computable ways  (e9. wse the Q-solver [0 times, AFlip answers , - )

to Cveate a P- solver.

(2) ANS(Ip) = Yes D  P-solver retuvns Yes.

ANS (Ia) = No o P- solvey vetums No.
This is |_P

Example Show HP <; HP.

Sel AP solwr = QOvacle TM with Ovacle for HP
‘ﬂl' YC}
™ HP- Solver No tir_ Yes t/.
—{  copy ——>| Ovacle of -
i Function | Tht HP [ W5 Re ™ o
<M.x) {(M.,x)

Pwof of cowectnass oy HP - solver :
ANS( T ) = Yes > M loops on x > HP solver says No

> Awswev gets —(h'ppu\ 1o Yes

D HP - Solver yetums Yes.
Same Gv§unant for ANS( I@m) = No.

So HP <7 HP. o

Det Ztd, DP A, Lac 2%, an ovade ™™ M? is a TM
which can query in any computable mannr an grecle fov A (A-solvey).
Given x € Z* | 0P decides xe lp in Ffinite time.
Ex: Given DP A, M" decidss A in - step”,
MA .- 0w mput W

mej 0" and vetumnm its answer.

Ex: let DP ¢ be the dacision pwblews with awswer alwoys no. L $.



Given Sowe TM M, ovade T M?¥ 5 oquivalent to M.

Def GQivem DPs P, @, we say that P Tuving veduas 0o @
Pera, if 3 ME that decides P ( M® halts oh evewy input

and gives cowwect Yes /No answer) . P s decidable velative to &

Theovem If A <; B and B is decidable, then A is deudable.
Mf A <1+ B.

A -Solver
qu
n /_Q’r'd P Yes
- N
Nes /No No

B decidable 2 3 TM M’ that decides B-

Def DPs A, B, A is Tunny equivalent + B , A= B, if
A< B and B <1 A.
- A and B are ot the sawe (ove| of possi““‘h’ / llmpossib)'i'fy.

Netg : =7 is an equv. velation.

Def Given PP A, an equv. class of A for =7 Is wlled a Tuning degree.
deg (A) = {B: A=r8]
Pavtial ovder v Tuning degrees:

dg(h) ¢ dyg(B) & A <1 B

deg CR) ¢ deg (B) <= A <71 B and M

Def Given DP A, Jump(A), A, s the PP st



Lp = 1 (MRIX) . MR is an ovacle TM , M”? haits on x}.

Thuovewm  deg (A) < deg (A).
M: Omit. 4

Problem Hievavchy

This povtial order cvestes a chain of stvictly © more impossible”

classes of pwblems.

deg (4) deg( ¢)

< Z deg (9")| <
{decidable poblems ) (CE pobs] 3

Exeruise: Show thet any pair of deudable pwblm) are T“‘V""j utw'w.

Any CE problem has degree at most 0',
but there are non-CE problems with degree
at most 0' as well so 0' = {CE Probs}.



