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The double spending

Abstract. A purely peer-to-peer version of electronic cash would allow online
payments to be sent directly from one party to another without going through a
financial institution. Digital signatures provide part of the solution, but the main
benefits are lost if a trusted third party is still required to prevent double-spending.
We propose a solution to the double-spending problem using a peer-to-peer network.
The network timestamps transactions by hashing them into an ongoing chain of
hash-based proof-of-work, forming a record that cannot be changed without redoing
the proof-of-work. The longest chain not only serves as proof of the sequence of
events witnessed, but proof that it came from the largest pool of CPU power. As
long as a majority of CPU power is controlled by nodes that are not cooperating to
attack the network, they'll generate the longest chain and outpace attackers. The
network itself requires minimal structure. Messages are broadcast on a best effort
basis, and nodes can leave and rejoin the network at will, accepting the longest
proof-of-work chain as proof of what happened while they were gone.

What is proof of work?

The risk that a digital

1. Introduction

**Reversible

Commerce on the Internet has come to rely almost exclusively on financial institutions serving as
trusted third parties to process electronic payments. While the system works well enough for
most transactions, it still suffers from the inherent weaknesses of the trust based model.
Completely non-reversible transactions are not really possible, since financial institutions cannot
avoid mediating disputes. The cost of mediation increases transaction costs, limiting the
minimum practical transaction size and cutting off the possibility for small casual transactions,
and there is a broader cost in the loss of ability to make non-reversible payments for non-
reversible services. With the possibility of reversal, the need for trust spreads. Merchants must
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Here I give a quick overview of a few concepts important for a
good understanding of bitcoin.

Public-keys and Private-keys

The concept of public-key and private-key come from Public-
key cryptography. Public-key cryptography is a set of
cryptographic protocols based on algorithms that require two
separate keys:

¢ Private-key - which as the name indicates is meant to
be secret
e Public-key - which is public / visible to others

These two keys are mathematically linked. In public-key
cryptography the public key is used to encrypt plaintext,
where the private key is used to decrypt cipher text. Every
node in the bitcoin network has a public-key and a private-
key.

Digital Signatures

Digital signatures make heavy use of public-key cryptography.
You can think of a digital signature as somewhat similar to a
physical signature. A digital signature is also used to prove
the authenticity of a document/digital message. A digital
signature binds an identity to a message. Only the person
with the private key can produce valid signatures. Anybody
with access to the public key can test the validity of the
signatures.

Say alice wants to digitally sign a message m. In order to do
that Alice must have:

e Private-key (signing key) - KEY private
e Public-key (verification key) - KEY pupiic

Alice then uses the signing function to produce a valid
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This gives (22). The implication (22) = (222) is trivial since, for example,
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What trivial really means...
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Erdés discrepancy problem (1932)




Motivation

Erdés discrepancy problem (1932)

9 September, 2015 at 12:06 am The Sudoku-flavor arguments remind me
Uwe Stroinski on the EDP Polymath project, where some

of us tried to prove (without computer)
that completely multiplicative sequences with values in 4| have discrepancy
greater than 3. Can these recent results of Matomaki and Radziwill be
used/adapted/generalized to help with this problem or is there some obstacle to
make that hopeless ?

481 0 @ Rate This

}ieply
9 September, 2015 at 11:08 am There is indeed some similarity on the [
Terence Tao surface, but Matomaki-Radziwill only |
lets one control the sum of a 4 1-
valued multiplicative functions f in short intervals such as [1 T + H] where

[ is much smaller than 2, basically by using Fourier inversion (or Perron’s
formula) to convert this to a question about the Dirichlet series
Z” fn) Z S Roughly speaking, the relationship between the

s n no+it

intervals [z, x + ljl’ﬂ and the phases ! is that ,,i* and ,,i*’ essentially differ
only by a constant when {/ — { < % By using Dirichlet characters one can
also control f in short progressions‘such as

(n ez, 2+ H]:n=amod g} for ¢ small, /7 medium size, and x very
large, but I don't see an obvious way to control the EDP type discrepancies
which are more to do with progressions such as {n <z :n=0mod (l}
when 2.  are both large.

EDIT: Ah, using complete multiplicativity I see that the EDP for completely
multiplicative functions is equivalent to Jower bounding the sum of f on
intervals such as [1 T + H] rather than upper bounding it. The Matomaki-
Radziwill technology is geared towards upper bounds only. As usual we have
the problem that Dirichlet characters already have bounded discrepancy, so
one has to somehow use the fact that the multiplicative function doesn’t
vanish...

91 0 @ Rate This

Iieply
29 September, 2015 at 5:22 am In the end this was useful:
Domi http://arxiv.org/abs/1509.05363

Congratulations!
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& Received 17 September 2015; Published 28 February 2016
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6‘ Abstract: We show that for any sequence f(1), f(2),... taking values in {—1,+1}, the -
O discrepancy
n
= sup () f(jd)
'E; n,deN j=1 [
E of f is infinite. This answers a question of Erd6s. In fact the argument also applies to
I seaquences f takine values in the unit sphere of a real or combolex Hilbert space.
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Observation of Gravitational Waves from a Binary Black Hole Merger

PRL 116, 061102 (2016)

REFERENCES »»

B.P. Abbott er al.”
(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at 09:50:45 UTC the two d of the Laser Gravitati
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps 1
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 10-2'. It matches the
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringd: i % P
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio ¢
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significar Prospects for Observing and Localizing
than 5.10. The source lies at a luminosity di 1410118 Mpe ing to a redshift z = Gravitational-Wave Transients with Advanced
In the source frame, the initial black hole masses are 363 M, and 297 ¢ M, and the final black h LIGO and Advanced Virgo
6274 M, with 3.0°53M;,c? radiated in gravitational waves. All uncertainties define 90% credibl X I
These observati the exi f binary stell s black hole systems. This is the
detection of gravitational waves and the first observation of a binary black hole merger.
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The discovery of the binary pulsars Josh Goldberg and the physical reality of
In 1916, the year after the final formulation of the ficld Y Hulse and Taylor [20] and subse gravitational waves
equations of general relativity, Albert Einstein predicted 1t €nergy loss by Taylor and Weisb

the existence of gravitational we
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led to the recognition that direct

the existence of gravitational waves. He found that
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transverse waves of spatial strain that travel at the speed of

litude and phase of gravitations

light, d by time variations of the mass quadrupol
moment of the source [1,2]. Einstein understood that
gravitational-wave amplitudes would be remarkably
small; moreover, until the Chapel Hill conference in
1957 there was significant debate about the physical
reality of gravitational waves [3].

Also in 1916, Schwarzschild published a solution for the
field equations [4] that was later understood to describe a
black hole [5,6], and in 1963 Kerr generalized the solution
to rotating black holes 7). Starting in the 1970s theoretical
work led to the understanding of black hole quasinormal
modes [8-10], and in the 1990s higher-order post-

i jons [11) ded si yti
studies of relativistic two-body dynamics [12,13]. These

studies of additional relativistic sys
tests of general relativity, especi
strong-field regime.

Experiments to detect gravitatiol
Weber and his resonant mass detect
followed by an international netwc
nant detectors [24]. Interferometrit
suggested in the early 1960s [25] ¢
study of the noise and performance
and further concepts to improve them [28], led to
prop for long-baseli laser interferome-
ters with the p ial for ly i d sensi-
tivity [29-32]. By the early 2000s, a set of initial detectors

was luding TAMA 300 in Japan, GEO 600

advances, together with ical relativity 8l
in the past decade [14-16], have enabled modeling of
binary black hole mergers and accurate predictions of
their gravitational waveforms. While numerous black hole
candidates have now been identified through electromag-
netic observations [17-19], black hole mergers have not
previously been observed.

Full author list given at the end of the article.

in Germany, the Laser Interferometer Gravitational-Wave
Observatory (LIGO) in the United States, and Virgo in
Italy. Combinations of these detectors made joint obser-
vations from 2002 through 2011, setting upper limits on a
variety of gravitati sources while lving into
a global network. In 2015, Advanced LIGO became the
first of a signi y more sensitive network of ad d
detectors to begin observations [33-36].
alun h enta

% &

Past-Future Asymmetry of the Gravitational
Field of a Point Particle
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Sachs’ free data in real connection variables

Elena De Paoli! and Simone Speziale?
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December 6, 2017 .
Daniel Hsu

full text of each paper followed sy 7, 2017

‘We discuss the F i ian dynamics of general relativity with real connection variables on a null

foliation, and use the Newman-Penrose formalism to shed light on the geometric meaning of the various . . .

constraints. We identify the equivalent of Sachs’ constraint-free initial data as projections of connection b I 2 1 k f 1 t Abstract
components related to null rotations, ie. the translational part of the ISO(2) group stabilising the y OO upS OI' Slml arl y

In this paper, we use recurrent autoencoder model to predict the time series in single

o~
—
S
(@

Q
a
wn
— internal null direction soldered to the hypersurface. A pair of second-class constraints reduces these o~ a ltipl s ahead. Previ edicti hods h | X

% connection components to the shear of a null geodesic congruence, thus establishing equivalence with . — and multiple steps shead. Previous prediction methods, such as recurrent neural networ

; the second-order formalism, which we show in details at the level of symplectic potentials. A special () (RNN) and deep belief network (DBN) models, cannot lea’rn long term dependencies. And

= feature of the first-order formulation is that Sachs’ propagating equations for the shear, away from the ra, | | ]_ | | g (@] conventional long short-term memory (LSTM) model doesn’t remember recent inputs. Com-

o] initial hypersurface, are turned into tertiary constraints; their role is to preserve the relation between — bining LSTM and autoencoder (AE), the proposed model can capture long-term dependen-

connection and shear under retarded time ion. The ion of like i i =) cies across data points and uses features extracted from recent observations for augmenting
o into constraints is possible thanks to an algebraic Bianchi identity; the same one that allows one to . . = LSTM at the same time. Based on comprehensive experiments, we show that the pro-
> describe the radiative data at future null infinity in terms of a shear of a (non-geodesic) asymptotic null [ ) ral N eI'SO N a 1 Ze S OI‘ Ne) posed methods significantly improves the state-of-art performance on chaotic time series
- vector field in the physical spacetime. Finally, we compute the modification to the spin coefficients and benchmark and also has better performance on real-world data. Both single-output and
g the null congruence in the presence of torsion. o multiple-output predictions are investigated.
.
S le fi dat
< Contents peoplie 10r recominenaations < 1 Introducti
~ n ntroduction
S 1 Introduction 2 i . . . L . . - . .
o~ Time series forecasting and modeling is an important interdisciplinary field of research, involving
b 2 Sachs’ free data and metric Hamiltonian structure 3 o~ among others Computer Sciences, Statistics, and Econometrics. Made popular by Box and
> 2.1 Bondi gauge and Sachs constraint-free initial data . . . . . ... ... ... ... ....... 4 > Jenkins (1] in the 1970s, traditional modeling procedures combine linear autoregression (AR)
= O NG
A

and moving average. But, since data are nowadays abundantly available, often complex patterns
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