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On Can we simulate t n time with tcn space

Hopcroft Paul Valyard DTIMEECM EDSPACE 44
Hopcroft Ullman68 For 1 tapeTMs DTIMEZ D EDSPACE Ecm

Is it possible that Eso with DTIME t D DSPACE tcn

Williams 2025 DTIME Eln DSPACE Flogten
TLDR reduce to TEP somehow apply Cook Mertz



Overview of HPV75

t

Configuration of a TM
state headpositions tape contents

Qn Suppose you are given the configuration at
time step iB how much spacedoyou
need to compute conf at timestep iti B

Just 0 B

Qn Do we need the entire config at tome iB

These are the only
cells that may be
affected in this epoch

Given this local config we can simulate B
steps and give the new local config



Splitting tapes into blocks

1 1 I 1 I
Want the TM heads to

switch across blocks only

pm I I at time steps B 2B 3B

Fact TMs can be made block respecting with only cast factor
increase in runningtime

TapeBlock h i What block in tape h is the head

tape toch in during epochi

Contents h i contents of above tape block afterepochi



LocalConfig i State atthe end ofepochi
Contents of TapeBlock

i
headpositions

B 0 B

What all do you need to compute LocalConfig i

5s
LocalConfig i i

What if tape h changed block between epoch it epochi

We need the contents after the last time
we operated on this block

i LocalConfig i depends on

LocalConfig i 1

Localconfig j i he tapes



where juki Max j i TapeBlock h TapeBlockhi

LocalConfig i go3B
tapes12 go3B

1
LocalConfig i i LocalConfig jn

1 tl

This is basically a TEPn.ba instance with

height 4 0 HB

fan in d tapes 1

leaf label k B O B
size

CookMertz 0 dk blog kd space

0 B Is logB
O Fogt B Fogt

This gives us the required bound



Allofthis depends on knowingthetree

On How do we compute this tree Wewon't

Idea Guess the tree and verify with a bit

more space

l l l l l l
l l l l l l l

head h moves one blockright inepochi
Mhi head h moves one block left inepochi

head h stays in same block inepochi

On Given Ma ie HB he tapes
can you compute TapeBlock h i

E his 1

This computation can be done with space
log HB



On Given M Mai ie HB he tapes
a time epoch i tapeblock on tape h

what was the last time this tape block was
worked on

Just compute max

Also computable from M using O log HB space

How do we compute M You don't You guess

Fix a guess M mn 3
and a state sequence q q E Q

Nodes h i he tapes ie HB

Values contentsofthe tapeblock on tape h
after epoch i

Leaves h i where head h is accessing this
tape block for the firsttime



Children of h i
h i i for he tapes
h jn for he tapes

In last accesstime

or this is a leaf

Function at h i Given contentsof children

If any ofthem is abort return abort

If state in hi 1 s are inconsistent withgin
return abort
Simulate machine for B steps from these values

If state qi or headmovement h Mn

return abort
Else

return tape contents after simulation

Root ofthetree outputtape HB

Obs for can be computed in space OCB



Algo For Me PossibleMs q 94 E Q

Compute the root value for
the TEP instance by using
CookMerty procedure on

the implicit graph space B TB
computable

If answer abort go tonextM Oseq

Else return q accept

Total space O t B B O logtB
storing MQSeq computingleaf

values mode 81h9Then
functions

O B logB
CookMertz

0 B tBlogB

O Most if B Fogt
Open threads

D Improve to O Ft Doesthis need proving TEPEL

Extending it to RAM model



Does this extendto show DTIME t EATIME E
Recursively using the space efficient simulation

1 1 1 1 1
B 2B 3B


