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Imagine: Time-Travel

@ Every ciruit has a latency (some ns in modern ICs)
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@ Image we push the boundaries further (pico-seconds,
femto-seconds)
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@ Every ciruit has a latency (some ns in modern ICs)

@ Image we push the boundaries further (pico-seconds,
femto-seconds)

@ Now we go one step further: The latency becomes negative!
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Imagine: Time-Travel

@ Every ciruit has a latency (some ns in modern ICs)

@ Image we push the boundaries further (pico-seconds,
femto-seconds)

@ Now we go one step further: The latency becomes negative!

o Effect: We get the result before we pinned in the input:
Time-Travel!
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Paradoxons in Time-Travel

@ Many issues don't come up, when you're just sending photons
through time, instead of yourself.
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Paradoxons in Time-Travel

@ Many issues don't come up, when you're just sending photons
through time, instead of yourself.

@ Yet, the three major paradoxes still apply

@ Precognition Paradox: You learn about something from the
future, and your attempts to prevent it, cause the event
(“Minority Report”)
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Paradoxons in Time-Travel

@ Many issues don't come up, when you're just sending photons
through time, instead of yourself.

@ Yet, the three major paradoxes still apply

@ Precognition Paradox: You learn about something from the
future, and your attempts to prevent it, cause the event
(“Minority Report”)

@ Predestination Paradox: You learn about something, in the
past, travel back, to find you caused the event yourself.
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Paradoxons in Time-Travel

@ Many issues don't come up, when you're just sending photons
through time, instead of yourself.

@ Yet, the three major paradoxes still apply

@ Precognition Paradox: You learn about something from the
future, and your attempts to prevent it, cause the event
(“Minority Report”)

@ Predestination Paradox: You learn about something, in the
past, travel back, to find you caused the event yourself.

@ Grandfather Paradox: You travel back, and kill your

grandfather, grandmother or your younger self
(autoinfanticide)
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Possible Solutions
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Possible Solutions

@ Multiple Universes Theory: Everytime a decision is made, a
new parallel universe is forked.
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Possible Solutions

@ Multiple Universes Theory: Everytime a decision is made, a
new parallel universe is forked.

@ Novikov's Self-Consistency Principle
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Possible Solutions

@ Multiple Universes Theory: Everytime a decision is made, a
new parallel universe is forked.

@ Novikov's Self-Consistency Principle

@ Surprise: All, but the grandfather paradoxon do not contradict
logic (if you assume time-travel exists)
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Possible Solutions

@ Multiple Universes Theory: Everytime a decision is made, a
new parallel universe is forked.

@ Novikov's Self-Consistency Principle

@ Surprise: All, but the grandfather paradoxon do not contradict
logic (if you assume time-travel exists)

@ From the Time-Travellers POV, certain things cannot be
changed. Whatever they do, however unlikly, happens, to keep
causality intact.
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Time-Loop-Logic Implemented

Kb AE

@ We use light beams, not electrical currents, for convenience.
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Time-Loop-Logic Implemented

Kb AE

@ We use light beams, not electrical currents, for convenience.

@ We feed the output of our circuit back into the input.
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Time-Loop-Logic Implemented

Kb AE

@ We use light beams, not electrical currents, for convenience.

@ We feed the output of our circuit back into the input.

e Casual loops involving an amplifier (left): Work when
switched on, because their input is always either 0 or 1.
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Time-Loop-Logic Implemented

Kb AE

@ We use light beams, not electrical currents, for convenience.

@ We feed the output of our circuit back into the input.

e Casual loops involving an amplifier (left): Work when
switched on, because their input is always either 0 or 1.

@ Casual loops involving in inverter produce a grandfather
paradox.
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Time-Loop-Logic Implemented I

@ This is not of much use, but now, let's go and polarize the
light beams, where 0 is vertical, and 1 is horizontal (or vice
versa).
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Time-Loop-Logic Implemented I

@ This is not of much use, but now, let's go and polarize the
light beams, where 0 is vertical, and 1 is horizontal (or vice
versa).

@ No single output will produce a consistent situation, but
quantum mechanics allows the phases to overlap in a
superposition, so the superposition that measures 0 or 1, will
produce the indistinguishable superposition 1 and 0.
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@ This is not of much use, but now, let's go and polarize the
light beams, where 0 is vertical, and 1 is horizontal (or vice
versa).

@ No single output will produce a consistent situation, but
quantum mechanics allows the phases to overlap in a
superposition, so the superposition that measures 0 or 1, will
produce the indistinguishable superposition 1 and 0.

@ Light that is equally polarized in both directions is called
unpolarized.
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Time-Loop-Logic Implemented I

@ This is not of much use, but now, let's go and polarize the
light beams, where 0 is vertical, and 1 is horizontal (or vice
versa).

@ No single output will produce a consistent situation, but
quantum mechanics allows the phases to overlap in a
superposition, so the superposition that measures 0 or 1, will
produce the indistinguishable superposition 1 and 0.

@ Light that is equally polarized in both directions is called
unpolarized.

@ As long as the light in our circuit is unpolarized, input and
output are equal, and the circuit stays online. It will
extinguish, the moment we try to modify the unpolarized
state.
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Time-Loop-Logic Implemented Il

@ Now we collect some of the light, and measure it's
polarisation.
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Time-Loop-Logic Implemented Il

@ Now we collect some of the light, and measure it's
polarisation.
@ About half of the measures will be 0, the rest 1.
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Time-Loop-Logic Implemented Il

@ Now we collect some of the light, and measure it's
polarisation.

@ About half of the measures will be 0, the rest 1.

o If we assume our circuit represents signals not as single
photons, but more like a bulk of photons representing the
signal value. For our case, this signal will aggregate on an
intermediate value somewhere in the middle, let's call it 1/2.
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@ Now we collect some of the light, and measure it's
polarisation.

@ About half of the measures will be 0, the rest 1.

o If we assume our circuit represents signals not as single
photons, but more like a bulk of photons representing the
signal value. For our case, this signal will aggregate on an
intermediate value somewhere in the middle, let's call it 1/2.

@ Change of viewpoint: A circuit without negative time delay
will toggle it's state between 0 and 1 constantly. Adding more
and more negative delay will raise the frequency until we
reach a negative delay, at which the frequency simply is
infinite, and our circuit is in a state of 0 and 1 simultaneously.
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@ Now we collect some of the light, and measure it's
polarisation.

@ About half of the measures will be 0, the rest 1.

o If we assume our circuit represents signals not as single
photons, but more like a bulk of photons representing the
signal value. For our case, this signal will aggregate on an
intermediate value somewhere in the middle, let's call it 1/2.

@ Change of viewpoint: A circuit without negative time delay
will toggle it's state between 0 and 1 constantly. Adding more
and more negative delay will raise the frequency until we
reach a negative delay, at which the frequency simply is
infinite, and our circuit is in a state of 0 and 1 simultaneously.

@ Note that the state of 1/2 is also extremely unlikly. A small
shift in outside parameters, and it would fall into one or the
other extreme (and stop working).
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@ Now we collect some of the light, and measure it's
polarisation.

@ About half of the measures will be 0, the rest 1.

o If we assume our circuit represents signals not as single
photons, but more like a bulk of photons representing the
signal value. For our case, this signal will aggregate on an
intermediate value somewhere in the middle, let's call it 1/2.

@ Change of viewpoint: A circuit without negative time delay
will toggle it's state between 0 and 1 constantly. Adding more
and more negative delay will raise the frequency until we
reach a negative delay, at which the frequency simply is
infinite, and our circuit is in a state of 0 and 1 simultaneously.

@ Note that the state of 1/2 is also extremely unlikly. A small
shift in outside parameters, and it would fall into one or the
other extreme (and stop working).

@ Anyway, the negative time delay -to keep up self-consistency-
holds this unlikely state for an infinite time.
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Conclusions
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Conclusions

@ More complex applications could solve problems, by using a
setup of circuits, that allows to rule out all but the right
solutions of a problem, by making sure the consistent state is

only reached with the right input.
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Conclusions

@ More complex applications could solve problems, by using a
setup of circuits, that allows to rule out all but the right
solutions of a problem, by making sure the consistent state is
only reached with the right input.

@ Once the small issues of non-existing time-travel circuits is
solved, a lot of applications exist.
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Conclusions

@ More complex applications could solve problems, by using a
setup of circuits, that allows to rule out all but the right
solutions of a problem, by making sure the consistent state is
only reached with the right input.

@ Once the small issues of non-existing time-travel circuits is
solved, a lot of applications exist.

@ Brute Force attacks suddenly become easy.
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Hans Moravec Time-Travel and Computing
1991

http://www.frc.ri.cmu.edu/ hpm/project.archive/general.articles /1991 /TempComp.html
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