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10YearsofWINLABResearch(Infostationsredux)

�Infostations:

–Delaytolerant?�transmitwhennearbase!

�ChannelQuality

–HowgoodcanthatRFchannelbe?�reallygood!

�InterferenceAvoidance,Pricing&SpectrumManagement

–Interferencehurts�dealwithit!
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AHoaryOldEpiphany!

�RFInterferenceisbad

�Storagedensityisincreasing

�Channelgoodwhennearby

�Cantoleratedelay

�IMPLICATION:

–ForgetRF!Writemessagedown!Tossittorecipient!

Completelyridiculous.........right?
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ALittleEmpiricalRigor

�OpticalLithographywithSiO2:3�85�1018bits/kg

�E-beamLithographywithSiO2:1�54�1021bits/kg

�STMwithXeonNi:1�74�1022bits/kg

�RNA:1�8�1024bits/kg

–1bitpernm3�1mm3�1018bits!

�AndmaybeaLOTmoreroomatthebottom
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ALittleAnalyticRigor
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ParametersandDefinitions
�B:messagesize(bits).

�ρ̃:massinformationdensityforinscribedinformation(bitskg �1).

�W:bandwidthavailableforradiatedcommunication(Hz).

�A�πR2:effectivereceiveraperture(m2).

�D:distancetoreceiver(m).

�N0:backgroundnoiseenergy(WHz �1).

�τ:messagedeadline(s)

�T:radiomessagingtime(s).

�δ�c

�D�τ�:ratioofτtothelighttraveltime.
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RocketScienceFoundations

�Maxbiggerthanmean:

max
v

h�v��E�h�V��

�IfVdeterministic:

max
v

h�v��E�h�V��

�Ifh��convex(Jensen):

E�h�V���h�v̄�
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RocketScience
�Averagevelocity

1
τ

τ

0
v�t�dt�D

τ

�v̄�E�v�t��

�Minimumimpartedenergy

E
��min

v��

max
t

h�v�t��

subjecttov̄�D
τ.

�Jensensays

E

��min
v��

max
t

h�v�t���min
v��

E�h�v�t����h�v̄�

withequalityiffv�t�isconstant
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MinimumTransportEnergy
�GIVEN:h��andv̄
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PotentialFields
�q�x�potentialenergy:

E�t��h�v�t����q�x�t��

�Energyminimization:

E

��min
x��

max
tE�t��min

x��

1
τ

τ

0
E�t�dt

�Calculusofvariations:

d
dt

∂E
∂v

�∂E
∂x

�0

ẍh

��

�ẋ��q

�

�x��0
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PotentialFieldResults
�Lowspeed:

mẍ�q

�

�x�

�q

�

�x�isforceatpositionx:�“freefall”

�Freefall?�E�t��constant

�E�t�constant�minimizationsatisfiedwithequality,so...

.
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PotentialFieldResults
�Lowspeed:

mẍ�q

�

�x�

�q

�

�x�isforceatpositionx:�“freefall”

�Freefall?�E�t��constant

�E�t�constant�minimizationsatisfiedwithequality,so...
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ArtilleryProblem

�Minimumenergy:

E

��1
2

mgD

�Letδ�cτ�D.

�Delayatminimumenergy

δ

��c2�gD

�Payafactorof2overfreespace
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EscapeProblem

�Needsnumericalcalculation

�Boilsdownto:needinitialvelocitylargerthanescape.

�Aboutafactorof2energypenalty,again

�Escapeexamples(rough):

–Earth:δ�2�104

–Solar:δ�2�103

–MilkyWay:δ�6�102
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InscribedMassEnergyRequirements
�MessagesizeB,massinformationdensityρ̃

�General

Ew�B
ρ̃

c2δ

�δ2�1

�1

�δ�1:

Ew�
1
2

B
ρ̃�

c
δ�

2

�Offbyonly�10%at0�4cand�50%at0�75c

�Lowspeedain’tsolow!

�Can(usually)ignorerelativity
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RadiationEnergyRequirements
�Energycapture(nogainyet):

ν�D��A
4πD2

�BitsalaShannon:

B�TC�TWlog2
PA

4πD2N0W

�1

�Er�PT,

Er�BN0
4πD2

A
TW
B�

2
B

TW�1

�

�LargeTW:

Er�BN0
4πD2

A
ln2
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RadiationtoTransportEnergyRatio

�Definition:

Ω�

Er

Ew

�LargebandwidthW,δ�1

Ω
ρ̃N0

c2

4πD2

A

�2ln2�δ2
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WhatAboutGain?

�Gain:Gmax�8π2R2

λ2

�Criticalρ:ρ

��argρ�

Er�G� Ew�ρ��1

�

�ρ

�

forλ�0�03m:

Apertureρ�FarField

(0.05m)2�15�1036
�

Dδ
1meter�

�2
bits
kg

D�0�37m

(Arecibo)1�95�1020

�

Dδ
1lightyear�

�2
bits
kgD	3�10�10LY

(Earth)6�38�1038

�

Dδ
1lightyear�

�2
bits
kgD	0�6LY
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Ωvs.Distance:pointtopointnogain
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Ωvs.Distance:pointtopointnogain
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Ωvs.Distance:pointtopointwithgain

10
-10

10
-5

10
0

10
5

10
10

10
15

10
20

10
0

10
1

10
2

10
3

10
4

10
5

Ω

Distance (meters)

δ = 10
5

δ = 10
6

δ = 10
7

0�05mreceiveapertureradius,300

�

K�ρ̃�1�8�1024bitskg �1

C.RoseWINLABCrawfordHill10/21/03



InscribedMassChannels21

Ωvs.Distance:pointtopointwithgain

10
-30

10
-20

10
-10

10
0

10
10

10
20

10
30

10
40

10
0

10
5

10
10

10
15

10
20

10
25

Ω

Distance (meters)

Arecibo sized aperture

Earth sized aperture

New York to Boston

New York to Toyko

Earth to M
oon

Earth to Sun

Nearest Star

Galaxy Center
Androm

eda

δ = 1.1
δ = 10
δ = 100

3

�

K�ρ̃�1�8�1024bitskg �1

C.RoseWINLABCrawfordHill10/21/03



InscribedMassChannels22

WhatAboutBroadcast?

�BlindBroadcast

–onemessage,manyreceivers,unknownpositions

�DirectedBroadcast

–onemessage,manyreceivers,knownpositions

�Multicast

–differentmessages,differentreceivers

–largeBWlimit:separateradiativechannels(essentiallypt2pt)
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OneMessage,UnknownLocations
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OneMessage,KnownLocations,NoGain:interstellar
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OneMessage,KnownLocationswithGain:interstellar
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OneMessage,KnownLocations:terrestrial
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ManyMessages,NoGain:interstellar
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ManyMessageswithGain:interstellar

10
-30

10
-20

10
-10

10
0

10
10

10
20

10
30

10
40

10
0

10
5

10
10

10
15

10
20

10
25

Ω

Distance (meters)

Arecibo sized aperture

Earth sized aperture

New York to Boston

New York to Toyko

Earth to Moon
Earth to Sun

Nearest Star

Galaxy Center
Andromeda

δ = 1.1
δ = 10
δ = 100

Samebutwithgain.

C.RoseWINLABCrawfordHill10/21/03



InscribedMassChannels29

ManyMessages,NoGain:terrestrial
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ManyMessageswithGain:terrestrial
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InscriptionEnergy/SpeedIssues
�MassInscription/ReadoutEnergy

–Landauersaiditcanbereversible

�MassInscription/ReadoutTime

–Landauersaiditcanbearbitrarilyfast

�Empiricalenergycalc:

–60000ATP/secondfor20minutes:4850KbaseofE-coli

–8�10 �20JperATP

–Replication:�10 �17Jbit �1

–E

�

atδ�100:2�5�10 �12Jbit �1

–CAVEAT:E

�

goesdownasδ �2
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DeliveryTimes
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MessageIntegrity–HighEnergyInsults
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DamageMechanisms

�Large(orsmall)unseenobstacles

�Heating(diffusion)

�Iontracks

�Dislocation

�Spallation
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DeliveryMethods

�Bigrock?

�Dust?

�Embeddeddust(comet)?

�Probe(Bracewell)

�Onwardtowardlunaticfringe

HardtoSpeculate(sowon’t...yet)
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EpiphanyRevisited,JustforFun!
�Gallonofgasoline:1�2�108Joules

�20miles/gallon

�20miles:1�2�108Joules

�D4isotropicbreakeven(1m2radiusaperture):�1010bits

–5�5�10 �12gramsofRNA

–0�5kgof20lbpaperat600dots/inch

TheepiphanyisREALevenforinefficientdelivery!
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PUNCHLINES
�InscribedmassmessagingisNOTridiculous

�InscribedmassmessagingmightoftenbePREFERRED

�NetworkIssues

–Pebblesarenon-interfering

–Pebblenetthroughputscaleswell

–Delaysreasonable(Boston/NYC:�270secondsballistically)

�Practicalvalue

–Terrestrial:maybesome,maybenone

–Interstellar:dust/pebbles/rocks,notspectrumforSETI

�Learnmore:http://www.winlab.rutgers.edu/�crose/cgi-bin/cosmic.html
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