
Adventures of a line of thought. Rhythmic evolutions of intelligent machines in postdigital culture
We are living an era of data chaos. ‘Every year, the volume of new information is growing exponentially. What complicates matters further is the explosion of different communication channels. Never before has managing information … been tougher. We’ve entered an unprecedented period of data creation, but it’s managing the combination of structured and unstructured data that makes this era truly chaotic.’
 How do we get out of chaos? How can something emerge from the disorder and confusion of the unstructured? This question has been constantly animating the work of scientists, philosophers, and even artists of all times. Most astronomers, for instance, will tell you that the exit of the universe from the chaos of the unknown coincided with the emerging of space-time(s) as we know it. For many artists, on the other hand, the condensation of a whole universe into a single work is a question of purely subjective creation. But according to philosophers Gilles Deleuze and Félix Guattari, the question regards the ‘event’: emerging from chaos is always an event. (Deleuze and Guattari 2002: 311) 
As Deleuze wrote, the best way to understand what an event is, is to think of an idea: whereas we like to believe that ‘we have’ an idea, it is in fact the idea that comes to possess us, that chooses us, not because of our subjective identities but because of the particular technical capabilities that it finds in us, and that will provide it with the right arsenal to affirm itself and defeat chaos. If we keep following Deleuze's suggestions, we understand that an idea is, in fact, nothing more than a particular connection, a relation. The main example he gives us is that of having an idea in cinema: a relation (that can also be a disjunction) between vision and sound, which constitutes the particular rhythm of a film. (Deleuze 2003)
The above definition of an ‘era of data chaos’ comes from a source without any ontological or even artistic aspiration. It is an insight to be read on the web page of the Kodak Alaris Business, and its main aim is to illustrate to businesses the necessity of extracting meaningful information from data, presenting this as a universal struggle and offering digital transformation as the main weapon to fight it. The final goal should be an improvement in accuracy and efficacy, leading to an increase in profits and to a distinctive competitive edge for the victorious company. 
This essay will focus on the way in which particular digital technologies (and their related thought technics) actualize a particular relation with chaos and order. The spatiotemporal context of such descriptive and interpretative path will be the so called ‘postdigital culture’, another definition for the era of data chaos, a paradigm in which digital creation has finally given place (and momentum) to the possibility and urgency of a deeper reflection on digitalization. More specifically, the reflection will be dedicated to blockchain and artificial intelligence, two technological tools that can often be seen at work in postdigital financial culture. Analyzing this media-technological set-up by connecting it to some of the cultural dynamics that are shaping the contemporary financial mindset, means discussing one of the environments in which the human-machine, but also the machine-machine ecology and the proliferation of automated processes, are reaching their most lively phase. Whereas industrial capitalism was tightly linked to the introduction of the assembly line as the industrial cybernetic technology par excellence and to cinema as its main artistic counterpart, the neoliberal or financial capitalist phase is finding its technical index in the increased autonomization of the digital assemblage. And whereas cinema channels electromagnetic energy in a way that allows it to form images as serial assemblages of frames, digital algorithms seem to be mainly characterized by a metrics of data ordering. However, Deleuze identifies the main capacity (the idea) of the cinematic machine not with its metrics of image creation but with the production of pure optical and sound elements in rhythmic relation with each other and with the spectator. (Ibid.) Following a similar line of thought, this essay will try to identify the rhythmic capacity of digital intelligent machines not with their mere data processing functions but with their relational skills, and in particular with the idea of a machine-machine relation. The decision to associate blockchain and artificial intelligence with a concept as complex as that of rhythm (rather than with the linear metric usually attributed to binary algorithms) expresses a will to conceive of these technologies not only as apparatuses of capture and control, but also of openness to the unknown, or to the future.
In their book A Thousand Plateaus. Capitalism and Schizophrenia, Deleuze and Guattari dedicate a whole chapter to the development of the concept of the refrain, as an unfolding and refolding of the thread which leads from chaos to rhythm and back again. A drawing that appears on the very first page of the chapter immediately gives us a visualization of the concept: Paul Klee’s Twittering Machine, a watercolor, pen and ink drawing dating back to 1922, and representing a group of birds perched on a wire that ends with a crank. (Deleuze and Guattari 2002: 310) The birds’ open beaks and protruded tongues reveal that the whole apparatus is a sonic refrain-producing machine, or a rhythmic sound machine; the sketch of an acoustic emergence from chaos (that is from silence, or noise). But looking with more attention, we see that the birds are drawn as thin straight lines, in their turn resting on another straight line. In this regard, we should not forget that it was the artist himself who, as a first lesson in drawing, instructed his Bauhaus students to ‘take a line for a walk’. This lesson seems to suggest that one of the most suitable ‘toy models’ to unravel the moving thread between chaos and rhythm is that of ‘the line’. A toy model is, in Reza Negarestani’s words, a little mental machine built by a thinker. (Negarestani 2018) We will therefore follow Klee’s teaching and accompany, in a sort of (post)Euclidean narrative, the possible evolutions of that little conceptual machine that is the line, across some theoretical and technological adventures. Our techno-theoretical analysis of digital intelligent machines, in other words, will be pursued by following the perspective of a line, considering the latter as a sort of rhythmic trace left by their temporal operations.
The Many and the One (Definition 1 – Point)
The first definition to be found in Euclid’s geometric treatise Elements is a sort of original memory of the line: the ‘point’ as ‘that which has no parts’. The point is an ‘abstract’, something that can only be ‘abstracted’ from material reality, for example when we calculate the precise spatiotemporal location of an object. This kind of objective and precise calculability (the datum) is, in fact, not a property of any real experiential element: numerable bits, such as points, can only derive from a process of abstraction. It is in this sense that the line sees the point not so much as an origin but more as an etiological myth, a dream, or something like a residuum (rather than a germ) precipitated by the most obscure of its abstractions. 

The line, at this point, takes a brave speculative jump and connects the point (that is the primordial dawn of its geometric life) with a number (or a One), thus obeying to a secret mathematical vocation. Points are, in fact, the first numerable entities coming to a line’s mind. Or the first elements of a set. The first ‘many’. After a brief stroll across set theory in search of an explicatory instance of ‘many points’, the line’s first adventure of thought takes it to encounter Alfred N. Whitehead’s definition of the event as a ‘nexus’: the line thus sees itself as a nexus, the formation of a ‘togetherness’ of points. (Whitehead 1985: 20) For Whitehead, every actual entity (such as a line) is in fact the temporary singular encapsulation of many entities. The philosopher therefore identifies the rhythm of the event as a passage between ‘the togetherness of the “many” which it finds, and (…) the disjunctive “many” which it leaves. The many become one, and are increased by one.’ (Whitehead 1985: 21) This alternation between the ‘many’ and the ‘one’ (the one is composed of many, and in its turn becomes one of many) intuitively fits the univocal geometrical relation existing between points and lines: a line is composed of many points, and in its turn becomes one of the many lines of a surface. But to the line, something crucial seems to be still missing: if a line is composed of points, what about points themselves? Is not a point ‘that which has no parts’? Is the point, therefore, the place where monado-cosmological theories such as Whitehead’s find their limit? The only way for the line to rightly interpret its dreamy adventure is thus to consult Alain Badiou, another philosopher who, having appeared by chance on the line’s path, reveals it that the rhythmic emergence of an event is to be intended as a passage from the ‘inconsistent multiplicity of presentation’ (not-being-one as condition), to the ‘consistent multiplicity of composition’ (counting-as-one as result). (Badiou 2007: 23-30) At this point, illuminated and satisfied by Badiou’s oracle, the line realizes that the ‘many’ that preexists a point is of a different nature from the ‘many’ that preexists a line. The line is, in other words, introduced to two different notions of ‘multiplicity’: potential and number, the virtual and the actual, as two different dimensions of its own imaginary past. Since thinking the virtuality of pure multiplicity is impossible (apart, perhaps, from set theory), thought needs the mediation of the One, in the form of an actual countable number. For example, when we think of a line as composed of many numerable points. But in fact, multiplicity is neither many nor one. It is like a void, and it can even come to be nothing. Or it is a Big Bang, a dissemination without limits, like Cantor’s series of uncountable real numbers. We can now see that the point, that distant and mythic progenitor of the line, is only a virtuality, but one that becomes soon actualized as a value on the line of real numbers.

Double-headed arrow (Definition 23 – Parallel straight lines)
Waking up from the numberish dream of the point, the line starts to look for a direction to take. At this point, it wants to become a vector. In Brian Massumi’s book The Power at the End of the Economy, the line finds a description of the temporal directionality of the event as ‘a reactivation of the past in passage toward a changed future, cutting across dimensions of time, between past and future, and between pasts of different orders. This in-between time or transversal time is the time of the event.’ (Massumi 2015: 104) As Massumi shows, what happens in the interstitial time between future and past is in fact unpredictable by logical means, but is virtually thinkable through conceptual imagination. And, we have seen, the line has a lot of imagination. After reading Massumi, it finds itself at a crossroad: on one hand, illusorily thinking about itself as a progressive line brings it to visualize itself as a metrically measurable arrow (chronology as one of the transcendental structures of human perception, according to a Kantian perspective), more or less predictable in its outcome. On the other hand, a more rhythmic attitude makes the line feel as a sum of feedback-feedforward effects continually emerging between future and past. It should be here highlighted that this decomposition of the line is not equivalent to a mere randomization of time: as the SenseLab states, ‘Randomness lacks future-pressure .... The future is never neutral. It is never pre-cast, but neither is it totally open. The process of taking-form is always oriented. It concerns 'tendencies': relational movements upon which the future exerts as formative an influence as the past, without predetermining what eventuates. Tendencies carry a charge of indeterminacy, alloyed with concern, that is not equatable with the aleatory.’ (SenseLab 2017) At this point, the line perceives to be inhabited by many past and future tendencies. If tendencies are what orients time, it can also be said that the indeterminacy of each of them provokes a temporal mutability that makes the arrow-line paradoxically explode into a series of parallel disconnections. As a consequence of the explosion, the line’s terminus (as William James would put it) is also altered or reinvented. (James 1911: 136-161) For Massumi, this continuous reinvention of the arrow-line’s end indicates that the persistence of tendencies in time is not to be intended as a conveyor belt to predictability: what a tendency wants is simply to continue in its ‘tending-toward’, in its conatus as a tendency. But thanks to its innate open-endedness, the tendency is also always different from what the arrival will actually be. This difference transforms the straight arrow-line into a curve whose end is out of sight: a real, unpredictable virtuality. The experience of the event’s time in its rhythmic character, therefore, puts the line in an immediate relation of openness to the future. Of openness to the unknown, to the other. 

Indices rise up (Definition 5 – Surface)
The line is now starting to feel a strange noise, as if a continuous vibration was shaking it from the inside, deviating it from the path it had previously determined to follow. What is this trembling? The line becomes soon aware that it is now moving on the flat surface of a screen, or what is usually defined by humans as exchange market, or simply ‘the exchange’.
 It has metamorphosed into the upward-downward trend of a price, an indicator, an index incessantly shaken by the excesses of ‘volatility’. It is disoriented. So Elie Ayache, a philosopher who lives in this new spacetime of the line, reveals it its current existential form and explains it its strange feelings, clarifying that ‘Volatility relates to the fact that if you have something that is moving, you have the trend of the price – an upward or down-ward trend – from which volatility measures the standard deviation – the noise of the thing as it follows its trend.’ (Ayache 2011: 20) It is right here and now, amidst the continuous fits of financial instability, that the line realizes that the market itself (or, which is the same, the prices of shares, commodities, currencies and derivatives) does not represent but ‘is’ the virtual. From Ayache’s philo-nomic point of view, pricing financial derivatives (options to buy or sell anything that is on the market) is in fact a way of playing with the future, with the virtual, by trying to capture and quantify it. Probability theory intervenes into this game with the aim of modelling the unpredictable, identifying the different scenarios that may (or may not) take place in relation to the underlying financial instrument (the currency or share), and setting a possible price for the contract. Accordingly, the value of the derivative is calculated by following all the scenarios and all the probabilities assigned to them. Since, in this vision, the rhythm of financial events (or in other words, the emerging of the unknown) appears as risky, financial institutions usually recur to the instrument of volatility as a meter to measure all the possible jumps of a price’s curve. The line, now in the company of a bunch of mathematical formulas, understands it has become a financial toy. Or a future-capturing tool.

The probability game works by trying to predict the event as an extreme point on a linear scale relative to possible frequency. This gives the line the impression that, despite its apparent complexity, the market is nothing else than a different way of dreaming the same dream of progressive development. But the index-line is an undisciplined tool, and it ends up corrupting all its collaborator formulas in the task of drawing the linear development of a price, inciting them to instead follow the insurgent double-headed directionality of events. As Ayache explains, ‘Any derivative pricing model is supposed to generate a certain derivative value as an output, as a function of the underlying price and parameters such as volatility. However, the technological purpose of this value is to be a price, and thus to simultaneously act as an input to the model. No sooner has the derivative market-maker produced the derivative value with his valuation tool than this value, now become a price, is fed back as an input into the tool, triggering its recalibration.’
 As a financially undisciplined technique, recalibration consists in a relentless recalculation of the future, with a continuous back and forth movement between prices and their derivatives.
 This is, for the index-line, certainly a funnier way of spending its time, rather than obediently following the chain of causes and effects imposed by the chronological conception of the market. 

The index-line ends up filling the flat surface of the market with a juxtaposition of zigzags, a drawing that is continuously interrupted by events that force it to change direction. The time has now come for it to be initiated to the economical debate about the essential nature of the market event. Differently from Didier Debaise and Isabelle Stengers’ reclaiming of the possible against the probable (Debaise and Stengers 2016), Ayache claims the absolute contingency of the event.
 A pure contingent event of such a kind that we do not know what it is going to look like: a ‘black swan’ in Ayache’s terms, or simply ‘a very improbable event’ according to financial mathematician Nassim Taleb. (Taleb 2007)
 In particular, Taleb's epistemological argument focuses on the fact that one cannot know all the small numerical probabilities: we never have enough data to predict the event.
 But while Taleb’s theory still believes in the reality of a random number generator that we simply cannot know, Ayache’s preoccupation with the event is not an epistemological but an ontological question, since the event is not a grade of a previously known scale, or a member of a population, but emerges out of nothing.
 ‘As such, it can never be framed or calculated even though it is present. … It is a continual event, when the event is by definition a discontinuity, without this being a contradiction.’
 (Ayache 2016: 50) It is like Henri Bergson's ‘unforeseen’: it creates its own causes. (Bergson 1911) Probabilities only appear afterwards; but in its occurring, the event is not part of any identified situation, or of any set that would allow us to identify the possibilities that it will afterwards actualize. In order to predict the event, mathematical models would need a formula including an infinite number of variables (the volatility of volatility, the volatility of volatility of volatility, and so on), equivalent to a non-humanly-existent possibility, or to Leibniz's God. Since the event has a logic of its own, in order to grasp it, according to Negarestani, one should not try to metrically calculate predictabilities but, instead, to ‘twist’ time. (Negarestani 2011) Twisting time and following its unfolding as if on a Moebius’ strip, we finally find the line in a new topological shape. 

The Chain (Definition 3 – Segment)
Reading this story from the point of view of Antonia Majaca and Luciana Parisi’s theory, it would look as if Ayache’s ideal trader was using indexes as a way to reclaim ‘unknown unknowns from the jaws of paranoid apparatuses of capture and prediction’ (apparatuses such as the Black-Scholes formula), only to make the unknown release its ethical tension, its unpredictability and un-programmability, on that flat sea of prices that is the market. (Majaca and Parisi 2016) On this flat surface, the line becomes a strip: the uninterrupted ticker tape which clumsily tries to represent, on a linear band, the totality of financial exchanges. If we look at the tape more carefully, we see that it looks like a weird doughnut: its two faces are continuous, and it is possible to pass from one to the other without any interruption, without making any jump, cut or hole. This topological continuity visualizes the existence of a non-Euclidean geometry not based on the difference between forms, figures, events, but on the shared invariants or continuities that can be abstracted from them. Translating this geometrical concept into a physical terminology, we could say that the continuity between two events can be seen as the common boundary between two different basins of attraction (mathematically speaking, an invariant across numerical variables). It is in this sense that the ticking strip of financial exchange can reveal the emergence of continuities, or islands of predictability, in a sea of multidirectional ex-changes. It is in fact well known that the absence of legal and economic frictions in the free market is what allows for the emergence of equilibrated, predictable self-organization right there where and when it is least expected, that is, at critical far-from-equilibrium phase-transition points between order and chaos. Between financial order and chaos, the fluidity of the exchange is exactly what guarantees the appearing of predictive strips, like a celestial musical score in the chaos of information noise, or like a multiplicity of Ariadne’s threads in the market-maze. 

The thread is certainly made of money (or of some other tool with an equivalent function). ‘[A]ssociated with movement in space, with change, with the exchange of objects travelling great distances, in other words, with the market, ... Money is not one static thing or idea, much as we would all like it to stand still and be counted.’
 (Hart 2006) Money itself partakes of the fluidity of the exchange. This continuity between the operation (exchange) and the tool (money) is metrically punctuated by an element that breaks the rhythmic fluidity of the market, and makes predictive calculation appear as a possibility. This element is the economic transaction, a basic unit of exchange that brings with it a sense, or a direction, of linearity, in the shape of a closed circle of equivalence between giving and taking. And yet, ‘[m]oney as a measuring unit emerged with the need for a quantifiable concept of how much was owed after a “gift” was offered. Thus, money first existed as credit and later acquired the functions as a medium of exchange and value storage.’ (Kostakis and Giotitsas 2014: 432) In other words, money is first of all a unit to measure debt. In this sense, fiat money issued by a state, central bank, or any other financial institution, also appears as a form of fundamental credit. In the transactional landscape of the contemporary market, digital currencies (currencies in electronic format not backed by any government or bank) have appeared as debt-free exchange tools, embodying a diffused need for autonomy from centralized financial systems, and avoiding the frictions generated by legal institutions and their regulations. It could be said that we are living an economic age of crypto-acceleration in which capital, definable from a Deleuzo-Guattarian point of view as a hyper-substance or an accelerative thing (abstract productive potential), can finally realize its future in the contemporary future markets of digital money. This future is, for example, already imaginable by looking at the Bitcoin’s financial behavior: its extreme sensitivity to external factors and the high volatility of its exchange rate determine the impossibility of a minimum price to be set, so that after reaching a certain limit, the price of the coin will be free to skyrocket. But the ticking strip-line is not totally persuaded by the accelerationist formula (rhythm = intensification of productive velocity), and decides to further investigate into the technology.

The cryptocurrencies market is supported by two main technical infrastructures: cryptography (a difficult to hack numerical key, consisting of the products of very large prime numbers for encryption and decryption) and the blockchain. The latter is a giant ledger composed of a network of connected computing machines that contains the history of every transaction in the coin, and copies of it are held on many computers around the world. Every ten minutes a machine takes a block of pending transactions, and uses it as the input for a puzzle. The first to solve the puzzle announces it to the rest, which check it and give validity to the transactions. The block is then cryptographically attached to the ledger, and the computers move on. On this platform, miners therefore solve increasingly difficult mathematical puzzles in order to certify transactions, and also to produce new coins. This makes the whole process transparent, and the creation of new coins subject to public scrutiny, as trusted third parties are not needed anymore in order to handle flows of money, while a central bank is not needed anymore in order to issue them. The circulation of money is thus speeded up, while preserving the reliability of the transactions (one may not spend the same set of currencies twice), thanks to the automatization of trade and post-trade processes. As a consequence, the blockchain is gradually infiltrating the world’s main markets: Japan’s Financial Services Agency has, for example, allowed the Japan Exchange Group, which operates the Tokyo Stock Exchange, to use blockchain as its core trading infrastructure. And already in 2015, Nasdaq unveiled the use of its Nasdaq Linq blockchain ledger technology to successfully complete and record private securities transactions. 

What is it, in the blockchain, that guarantees the transparency and reliability of the exchange? First of all, each transaction is irreversible: more than a Moebius ribbon, the blockchain looks like a techno-nomic reproduction and re-acutization of the linear arrow of time. This irreversibility is in fact linked to the decentralized nature of the technology: a distributed database of economic contracts that works thanks to the p2p system. Here, a coin is nothing more than a chain of digital signatures, and the ‘proof of work’ (the mining, or the solution of the mathematical puzzle, whose difficulty depends on the number of previous operations) makes the chains circulate freely and linearly as transaction blocks, while preserving the non-reversibility of each transaction. This progressive succession also allows the connected computers (and the economic subjects attached to them) to synchronize themselves with each other: just by verifying how difficult the proof of work has become, one can estimate how much power per hour was spent on the puzzle, and calculate time. Einstein’s temporal relativity is now only a dream gone bad, and the chain-line wakes up to a new day of Kantian measured accordance. From a crypto-accelerationist point of view, contingency strangely slides on the surface of an absolute chronological time. 

What this means, from a ‘rhythmic’ point of view, is a more minute and precise punctuation of the cryptomarket according to the old transaction model that has always accompanied money in its evolutions (punctual acts of exchange between individuals and through countable units). Using Deleuze and Guattari's terminology, we can define the blockchain environment as a technological ‘milieu’: a linear nonreversible arrow, a series of coded blocks of spacetime, and a set of periodic repetitions of one main component (in this case, the transaction). (Deleuze and Guattari 2002: 313) This arithmetical succession makes time linear again, while cutting the line into segments of transactional chains. Meter, Deleuze and Guattari say, is the repetition, the succession of units, or components, in a linear evolution (for example the beats, or the notes, of a musical composition). An example of such regimented composition would be a military march. We can think of the capitalist (and cryptocapitalist) economic system in the same way: an ordered succession of the same repeated component, which is the transaction; buy-sell, pay-receive, subject-object, 1-2, 1-2, 1-2… What seems like an increasingly free circulation without borders or stumbling blocks, is actually a circular exchange still entrapped in the same model, with financial developments such as High Frequency Trading providing nothing more than an acceleration of the metrics and an advancement in the dehumanization of the market. From this point of view, a technology like the blockchain does not really offer more than an absolute automatization, triggering a liquidity which is still attached to a coded system of blocks. But, as Deleuze and Guattari also remind us, milieus only exist in order to intersect with each other and to transcode themselves. In other words, in order to produce not a meter of equivalences but a rhythmic difference. Is the blockchain able to generate such a rhythm? Or should quantification itself, that is monetary transactionism, be considered as an insoluble problem? Can the transaction model that is still at the basis of the market (as an exchange between samenesses) really allow the chain-line to become complicit (as Negarestani would say) with contingency, as a way of transitioning into alterity? (Negarestani 2011)
Breaking the line. Or, do we really need buggy programs?
We can now open a brief digressive parenthesis in the rhythmic story of the line. Philosophically but also musically speaking, rhythm is a force of disruption and reorganization, like an infection with cohesive but also dissolving effects. On the one hand, the periodic repetition of a unit realizes a behavioural code, a metric reiteration which allows the disciplining of bodies and their movements through identification, synchronization or communication mechanisms. In other words, the homogeneous and specular reproduction of constant units or copies (as in the information code) acts as an instrument for efficient control. In cybernetic terms, metric reiteration corresponds to the accurate clock which enables a body to adapt technology to its own aims (the digital code as based on clear information exchange). In this sense, meter coincides with what Deleuze defines as ‘generality’: a set of immutable laws regulating the identity and resemblance of subjects and their equivalence to designated terms, while also allowing for political and economic control. (Deleuze 2001: 38) Rather than to equality and equivalence, the development of rhythm from meter, on the other hand, is more related to singularity and uniqueness, disruption and transcoding. Linking together heterogeneous blocks of information units, the transmission of rhythm opens every technical organization to identity contaminations, synchronicity disruptions and communication disturbances. In this sense, we can define the disturbing spread of rhythm as a viral propagation infecting all cybernetic bodies.
Coming back to the line’s technical inspection of the blockchain, it is evident that the chain code is exposed to a series of attacks and bugs. What if, for example, a pool of miners took control of the whole network? Would the penetration of this bug introduce a rhythm, in the flat repetitions of the metric? A dense accumulation of Bitcoins is in fact already being operated, by a few holders whose mining power is constantly increasing (see for example Bitmain, a pool that was originally set in order to combine the power needed for mining Bitcoins, and to share rewards). The accumulation bug is a viral behaviour that cryptocurrencies have inherited from money itself: the ‘supposedly “free” market is an illusion that relies heavily on regulation. But the dishonesty of the system lies not in the market, but in money itself. Unfortunately, money allows not only for payments and valuation, but also for accumulation.’ (Lovink 2018) Accumulation as a fault in the system. At this point, the chain-line is alarmed: it certainly does not want to become the host of any accumulation virus. The same paranoid attitude can be easily spot across the whole blockchain environment: it is the idea of the conspiracy of the 51%. In this techno-paranoid scenario, a malicious miner tries to add blocks of transactions to her own private version of the blockchain faster than all the other miners, in order to eventually build a longer chain that, according to the blockchain governance model, will be the trusted one. This operation would require more power than the rest of the network combined: from here, the definition of the 51% attack. A coordinated human action parasitically exploiting money’s accumulation bug, and intervening to interrupt the linear chain of exchanges. Even while producing a market intensity, such attack would not constitute a real event (or a real rhythmic transition), since it would re-enclose its own emerging potential in the same circle of the economic transaction. 

Meanwhile, attacks start to multiply and to take on different forms, exponentially increasing in proportion to the chain’s augmented capillarity. The blockchain can in fact be used not only to support cryptoexchanges, but also to set up ad hoc agreements between transactors (smart contracts, or executable objects hosted on blockchains like Ethereum). In technical terms, ‘a smart contract embodies the concept of an autonomous agent, identified by its program logic, its identifying address, and its associated balance in Ether. Contracts, like other addresses, can receive Ether from external agents storing it in their balance field; they can also send Ether to other addresses via transactions. A smart contract is created by the owner who sends an initializing transaction, which contains the contract bytecode and has no specified recipient. Due to the persistent nature of the blockchain, once initialized, the contract code cannot be updated. Contracts live perpetually unless they are explicitly terminated by executing the SUICIDE byte-code instruction, after which they are no longer invocable or called dead. When alive, contracts can be invoked many times. Each invocation is triggered by sending a transaction to the contract address, together with input data and a fee (known as gas).’ (Nikolic et al. 2018: 1-2) In the Ethereum (and other) smart environments, the chain-line becomes a serial progression of execution traces, or in other words the (possibly infinite) sequence of invocations of a contract. But the multiple invocations of one single contract over its lifetime often generate a class of ‘vulnerabilities’, or anomalies in the behaviour of the contract: for instance, contracts starting to lock funds indefinitely (such as the ‘greedy’ Parity bug, that in 2017, suddenly locked 200 million dollars worth in Ether); contracts that carelessly leak funds to arbitrary users (‘prodigal contracts’); or contracts that can be killed by anyone (‘suicidal contracts’).
 The vulnerability of smart contracts to becoming greedy, prodigal or suicidal shows that the bug can be external (human- or money-generated), but also internal (code-generated). It can develop as a human attempt at breaking the blockchain’s code with the aim of accumulating money, but also as an accumulation of errors in the multiple runs of the same code. Differently from human contract law (an analogical code that physiologically incorporates the bug in order to adapt itself to random situations), cryptocurrency transactions and smart contracts are generally immutable. The blockchain is known for lacking the flexibility of human law, the latter notoriously representing a code with a certain level of obscurity deliberately built in in order to make it more responsive to life’s cases. And ‘from the coders' perspective, it is hard to understand how you create a world with that level of confusion intentionally built in. That is normally an accident, like a bug. But that bug is a feature that the law has, and when you see it, you should not assume immediately it serves no purpose.’ (Eyers 2015) For the chain-line, the bug is always a contingent event suddenly interrupting the linearity of its code.
The human intentionality that tries to inflect the code towards its own predetermined ends seems to be quite different from the automated development of dysfunctional behaviours by the chain-line itself. In the latter case, the contingency of the unexpected event emerges, beyond and despite human attempts at programming and control. Nevertheless, according to Majaca and Parisi, bugs, either physiological or acquired, can never really generate anything truly revolutionary. (Majaca and Parisi 2016) The idea of the fault is in fact already the default setting of postcapitalist societies, the rule rather than the exception, in a cultural system that is still funded on paranoia as its real surviving technique. While, on one hand, only errors are able to redirect programs towards new ends, on the other hand ‘one needs to remain cautious of the political potential of inconsistency, as it seems to grant to the system the capacity to seamlessly counteract itself.’ Pure randomness or the bug, as the chain-line’s own reply to metric order, does not implement any techno-logical instantiation of rhythm.
Sophia and Lucy. The line’s end, between anthropo-morphosis and pulverization.
A thick layer of black liquid metal is gradually covering her, from her toes to the top of her head, while she takes an instantaneous trip across the totality of space and time. She is able to travel back and forth at her ease, faster than light, finding herself at the Tour Eiffel’s feet in the 21st century, suddenly reappearing in Madison Square in the 19th century, and then going even further back, until she arrives to touch hands with her ancestor, Lucy. She watches and scrolls the whole world and its history with her fingertips, as if it was a vision on her own perceptual screen. And she is, in fact, merging with a black, giant, organic computer, until she infiltrates every single atom of the material cosmos. Until SHE IS EVERYWHERE.

This scene has been extrapolated from the end of Luc Besson's film Lucy, and stages the death and becoming of its main character. It is the moment when Scarlet Johansson, now at 100% of her brain usage after the assumption of a drug, merges with an extremely potent computer and ascends the spacetime continuum, becoming fully connected with the intelligence of matter. What about the line? How come the protagonist of our story has become a ‘she’? Did the line anthropo-morphose itself? Or did it eventually evolve into a cyborg? Inserted among the pages of our story, Lucy’s metamorphosis anticipates the incorporation of the line into a more material (or im-materil) dimension. But let us proceed gradually. 
Before the bug’s digression, we had left the line in the shape of a chain, a metrically working network of computers (and of connected users) composing the blocks of a unique machine: a blockchain in which every transaction and every connection is strictly regulated by a code, recorded according to the rules, and visible to every one-thing. This whole apparatus appears as one of those highly automatized instruments of capture, classification and control that, according to Majaca and Parisi, provide a distributed infrastructure for increasingly self-sufficient forms of algorithmic govern-mentality. (Majaca and Parisi 2016) An actualization of that tendency to use reason as an instrument for determining the best or most efficient means to achieve a given end, that has always accompanied Western thought in its will to domination. A horizontally distributed automatization with an economic end. And yet, Majaca and Parisi argue, instrumental thinking has always generated a sort of alien activity of automated cognition. This is what Majaca and Parisi define as the reason ‘of the instrument’: an alien logic that should not be surrendered to ‘the paranoid automated Leviathan of data prediction and control.’ (Majaca and Parisi 2016) What we need, in other words, is an alternative view of instrumentality that can look beyond the mere functions attached to automated governance. Deployed from the perspective of the line, such view could be used as a way to test the ‘rhythmicity’ of an instrument like the blockchain, or its capacity to transcend the meter of bureaucratic totalization and to transition into a more open dimension ‘of transcoding or transduction.’ (Deleuze and Guattari 2002: 311)
What could possibly mean, for the blockchain, to become open, or to transduce itself? The main capability of this technology, we have seen, is that of moving value as if along a line, from point A to point B, without having to trust any external institutions but only a self-controlled network of open-source algorithms. The automated reason of the tool coincides thus with a sort of internalized decentralization: transaction blocks are automatically replicated and shared by the whole network, without any possibility of modifying or eliminating the recording. At the same time, the layered metrics of the chain and the superposition of the blocks makes the mathematical puzzle increasingly difficult to solve for miners. As a consequence, the transactions move quite heavily on the chain, and the whole system is slowed down. Techno-problem-solvers have tried to alleviate the heaviness and slowness of the chain, for example by introducing Proof of Stake and Delegated Proof of Stake instead of Proof of Work. Alternative chains have been implemented, more agent-centric (rather than data-centric) holochains where each node can hold its own segment of transactions and only share it if it needs to be shared with another node. And in the new Directed Acyclic Graph model, the users involved in the transactions can simultaneously act as validators. And yet, what is becoming increasingly evident, is that the blockchain still needs a twin soul (or twin mind) in order not only to become more agile, flexible and quick, but also to think more ‘rhythmically’.

Suddenly, a significant event happens: the chain-line encounters artificial intelligence. AI systems have in fact appeared on the blockchain’s horizon quite recently, in order to solve the most complex mathematical proof of work while, in their turn, obtaining more validation for their data. The connection is immediate and reciprocal. It is well known that AI does not perform very efficiently with big data: it suffices to think of the Twitter bot Tay, introduced by Microsoft in 2016, which after 24 hours of online interaction had already learnt that all minorities have to be killed. This incapacity is the direct result of an intrinsic shortness of memory: while the blockchain does not seem intelligent enough, AI on the contrary seems not enough reliable, because of its inherent amnesia. Both technical failures are connected to the way in which the two machines elaborate time individually: differently from the blockchain ability in stacking and storing successive states of the system, AI is able to distinguish an event from a state. It sees problems as belonging to a state space or to a set of states, a graph of states in which a series of mathematical operations can allow the algorithm to metrically transform the first state into the second, until reaching a final goal state. As if it was weaving a Whiteheadian nexus of states. Rather than being stored in a memory, the states are generated as they are explored, and immediately discarded. But as soon as the blockchain and the AI weave their temporal capacities, the result is an augmented intelligence able to solve complex mathematical problems and to indicate possible solutions or action courses, combined with a giant memory to validate the information circulating in the system. Inference and memory: the new intelligent chain (or the new decentralized intelligence) behaves like a double-headed arrow simultaneously pointed towards past and future. Whereas the chain does exist by virtue of a periodic repetition of data, its main effect in relation with AI becomes that of producing a possibility to analyze past decisions, so that the algorithm can even advance against itself, while disseminating and distributing what it learns. The passage from one coded state to another can thus become a passage of milieus into each other. An opening of the machine to an unknown future logic. 
It is generally argued that the significance of the blockchain-AI convergence lies in the new velocity and reliability of the machine, which directly and automatically lead to a more efficient validation of data and to an increase in economic value: the intelligent chain-line is, quite evidently, being put at the service of homo oeconomicus. A machina oeconomica. Among these new kinds of intelligence we find Sophia, a humanoid robot produced by SingularityNet (a protocol that associates machine learning to the blockchain in order to create an open global network of AI algorithms, and to provide them with a marketplace).
 Sophia’s multiple AI modules in fact make it able to see, hear and respond empathetically. Or, in other words, to reason (or at least to try to) like a human. In order to achieve this level of humanness, the different AIs that constitute Sophia’s intelligence learn and exchange with each other’s experience, and this kind of decentralized collective reasoning allows the humanoid to take complex decisions of selection and validation. If we associate this kind of rational behaviour to the fact that the different instances of artificial intelligence that populate Sophia’s mind are each rewarded by the system with a form of micropayment for performing their individual tasks, we see a clear robotic tendency towards human emulation. The intelligent chain-line is not only working for us, but is also finally taking an anthropomorphic shape and attitude. Not only replicating Sophia’s sinuous profile, but also its rational financial behaviour. 

According to Negarestani, models based on a prevalently sentient conception of intelligence and problem-solving are not sufficient for the real-ization of Artificial General Intelligence. (Negarestani 2018) In this model, the artificial neural networks that mimic human brain processes by imitating the behaviour of neurons are built as stacks of an input, a hidden, and an output layer. The more connections (or the more weight, the more complexity) an input reaches across this passage of layers, the more chances it has to reach the final level. In this sense, we could think that the model based on the AI-chain convergence realizes a layering of informational milieus: an extremely complex stratification, and a potential rhythmic passage, of information code. Nevertheless, Negarestani's critique of the current AGI models is expressed as a doubt about the limits of human emulation (or improvement). These limits derive from the preexisting structures of the human, which are described by Negarestani as a series of milieus: physiological (locomotor system and neurological mechanisms), but also linguistic (expressive resources and the internal logical structure of natural languages), paradigmatic (the frameworks of theory building in sciences), and even historical, economic, cultural and political structures. In other words, all the contingent positionings associated with terrestrial habitat, neurophysical system, cultural environment, family, gender, economy, and so on. (Negarestani 2018: 113) The orientation of financial decision-making processes can be interpreted, for example, as deriving, in a Benthamian fashion, from a cultural structure usually presented as a scientific law: the calculation of the pleasure and pain to be obtained from the decision, presented as a real mathematical calculation based on the assumption that the experienced pleasure is a function of the expected pleasure. The expression of a natural science thus intervenes like a transcendental structure to regulate and channel human mental states: a combination of economic formulas and neuroscientific schemas of physico-chemical relations and neural systems, building the science of neuroeconomy and composing the marketplace as the ideal habitat for every artificial intelligence. (Stanley Jevons 1866) With its immutable, unquestionable, unreplaceable behavioural law, the market mindset becomes a sort of rigidified milieu that cannot transcode itself into any heterogeneous spacetime.
On the other hand, Negarestani argues, ‘if we define the human in terms of cognitive and practical abilities that are minimal yet necessary conditions for the possibility of any scenario that involves a sustained and organized self-transformation (i.e. self-determination and self-revision), …, then the answer is functional mirroring (despite structural divergence).’ (Negarestani 2018: 112) Negarestani’s indirect answer to the humanness of artificial intelligence, in other words, can be considered as affirmative, but only at the condition that such tendency be realized by a critical project aspiring to produce a new model of human experience, a model not restricted to a predetermined transcendental structure and to its local and contingent characteristics. This definition of the human’s experiential possibility as a capacity for self-renewing can be reformulated as a neural model where the information layers do not limit themselves to stack on top of each other but start to dissipate and to co-constitute with each other. Deleuze and Guattari's description of the rhythm of the living as a communication between milieus finds thus an echo in Negarestani's concept of a theoretical and practical life-form with an ability to conceive itself differently and to transform itself, through an ‘unchanging strife for self-revision and self-construction.’ 
Negarestani’s speculative vision of AGI’s future implementation as a critique of the transcendental structure of the constituted subject (the existing human) sounds like a conceptual superhighway directly leading to the formation of a real techno-sophical singularity: an event so intense that it can break all the known laws of thought. A virtuality of infinite mental density. This vision constitutes a non-anthropomorphic (or differently-anthropomorphic) future, as the new origin of the intelligent line. A theoretical and practical singularity or a divergence from predetermined human structures, a deviation that would depend, according to the philosopher, on two fundamental conditions: 

(1) our success to rationally-scientifically challenge the given facts of our own experience and in that reinventing the figure of the human – ourselves – beyond strictly local transcendental structures and their contingent characteristics (this is the project of fundamental alienation of the human), and 

(2) the success of AGI research programs in extending their scope beyond applied dimensions and narrow implementation problems towards theoretical problems that have for a long time vexed physics, cognitive science and philosophy. (Negarestani 2018: 118)
Abdicating any residual biological chauvinism would therefore imply, for the human, pulverizing all preexisting structures and really surrendering itself to the in-between: ‘... between that which is constructed and that which grows naturally, between mutations from the inorganic to the organic,’ through a kind of deep learning that realizes the cyborgian or posthuman dream in the most radical fashion. (Deleuze and Guattari 2002: 313) In this sense, what Majaca and Parisi define as the logic of the instrument appears as one possibility of alienation from the pre-structured human. Following this logic would mean to replace the idea of an immutable law (such as the economic law dominating financial culture), in which any intervening bug can simply represent a problem to be solved or an obstacle to be avoided in order to fulfill a precise aim, with an incorporation of contingency by a code that is each time able to change not only its methods and its plans but even its final goals. Means and ends, goals and instruments, merging on the same plane of becoming. (Majaca and Parisi 2016) Not instructing AI according to known parameters, but reflecting (on) it as a possible mirror for unknown capacities and open-ended self-transformations.
 
Quite evidently, Negarestani’s plans about an alienating theorification of AGI (and of the human) are not much in tune with the latest experiments in next-generation, intelligent blockchain in financial ecosystems; experiments such as that of Nebulas, another pseudo-intelligent chain whose main aim is the creation of a ‘Google of data’, an efficient instrument of data access, usage tracking and value measurement.
 The name of this company, however, seems to suggest a potential scenario more interesting than the narrow implementation of measurement and monetisation tools: a ‘nebula’, a dissemination without limits, a further transformation of the intelligent line into a pulverized cloud. A quantic explosion similar to the Big Bang, when a meter of atomic compositions, acting against chaos, provided the milieu for further rhythmic evolutions. 

How can this project be finally implemented, or even only visualized? What is the last scene in the story of the line? The last page of the line’s adventures certainly wants to be a respectable sci-fi finale. But it would also like to be faithful to the idea of science fiction as a potent political tool, particularly for the rethinking of financial behaviours and attitudes. From the non-anthropomorphic point of view of the line, the definition of ‘the political’ cannot fully coincide, or be exhausted, by any clear-cut anti-capitalist ethics. This kind of coincidence can still be discerned, for example, in Aaron Bastani’s Fully Automated Luxury Communism (one of the conceptual inspirations of Lawrence Lek and Kode 9’s art project Notel), where the metrics of machines works at the service of a liberated and lazy human community that is now free of cultivating its innate desire for luxury.
 A project that does not seem to offer enough, in terms of a speculative future of instrumental reason. In this landscape, the same naïve human fantasy of having machines work and produce for us is still at work, while it even seems to lightly touch capitalist complicity (presented in the form of a misinterpretation of the hotel’s communist project, and of a re-appropriation of its design by a neoliberal elite). Life, in this vision, is still intended as a conflict of interest between classes (or species), while desires stay anthropomorphically the same. But neither can the end of the story be a triumph of machines achieving their own ultimate goal: the complete enslavement and then disappearance of the human (to be also perceived in the Notel’s empty rooms). Rather, the final scene can only be a place of the artificial mind, a place that appears at the margins of human history and thought. 
Echoing Majaca and Parisi, the story’s end (or new beginning) ‘comes into being by fully acknowledging instrumentality, politicizing it, and ultimately transcending it.’ (Majaca and Parisi 2016) In other words, when the line ‘starts to reason with the instrument and from within the logic of the instrument towards an unknown unknown, a previously unthinkable and entirely alien model of subjectivation.’ (Ibid.) It is important to further clarify that this kind of instrumental subjectivation does not here imply any dystopic scenario of cold, robot-like automatization of human behaviour at the service of some omnipotent apparatus (be it sociopolitical, economic, or technological) but, rather, points towards a more rhythmic form of open learning with unexpected outcomes. Our initial question about a possible exit from chaos can thus be addressed by following the event, or the contingency, of machinic relations, and by taking it as an inspiring model: instrumentality beyond finality, connectivity beyond exploitation, intelligence beyond bias (in one definition, the self-transcendence that is proper of matter’s quantum entanglements). 
In the fantastic scenario of a politically propositional imagination, the profit to be gained from following this line of thought could be a simultaneously more-than human and less-than human capacity: for example the capacity (already shared by artificial intelligence systems and physical particles, by photons and qubits) of making one’s own state information travel across time and place; in other words, teleportation. An image going not only beyond Elon Musk’s sweet financial dream of an absolute datafied control, but even beyond Hito Steyerl’s artistic dream of an Internet of open access circulating material resources. (Steyerl 2013) At this point, inspired by the idea of teleportation, the line decides to write the end of its own story. From a rhythmic point of view, two different options or paths open themselves to its new horizon: the first implies conceiving the creation of artificial intelligence as an additive stacking of information layers and neural paths, until realizing the dream of full human emulation (as in the case of Sophia’s complacent figure, perhaps not by chance a female figure). The second path sees the line reaching, together with the machine, a level of complex relationality that would take it to pulverize itself into matter. Reminding us of Lucy (perhaps not by chance a female figure) in her brave metamorphosis, the line chooses to enter into ‘political affinity with the machine’ and to merge with the computer’s intelligence, finally permeating every single atom, and returning to the original promiscuity of the Earth: in Negarestani’s words, a dense constellation of interstellar dust reversibly projected towards the future. (Negarestani 2010) Or, even better, acquiring the semblance of anti-matter, the dark matter of black holes, escaping all forms of knowledge and control. 
Notes:

� Available at <� HYPERLINK "https://www.alarisworld.com/en-us/insights/era-of-data-chaos#section%202" �https://www.alarisworld.com/en-us/insights/era-of-data-chaos#section%202�> (last accessed 8 January 2019).


��
According to Elie Ayache, when a mathematical formula makes prices of assets coincide with actual states of the world as the bases to compute the value of derivatives, it verifies the assumption that states of the world are nothing but prices, but not that the states of the world are ‘all the prices’: prices are independent states of the world, rather than functions of the prices of the underlying (values). (Ayache 2015) In a similar postmodern vein but with a different ethical orientation, Stefan Heidenreich tells us that there is no real value in the essence of goods and services: there is no reality behind a price, everything is pure fluctuation, as references to the real have disappeared. (Lovink 2018)


�


It is that which produces the underlying price and which receives the derivative price, only to produce it again. The derivative price, although manufactured by a pricing tool, is designed to be then exchanged in the market, and so generated by the market. This implies a constant recalibration of the pricing model, as something that is part of the very design of the tool. (Ayache 2015: 49)


�


The academic theoretical models try to model the market as if it was an already-written reality that implied a certain range of future possibilities; whereas recalibration means that, even as they use these models, traders rewrite the market continually in contingent ways that these models cannot capture. The market only appears after values have been decided, when they are traded for their variance through the instrument of recalibration or, in other words, according to the continuous changes in the market itself. (Ayache 2015)


�


This is something that confirms and at the same time contradicts, in philo-nomical words, the Whiteheadian principle that the event occurs this way and no other way by its own necessity. For Whitehead, in fact, ‘the definiteness of the actual arises from the exclusiveness of what he defines as ‘eternal objects’, ‘[the determinants or 'hows' of the occurring]. If the actual entity be 'this', then by nature of the case it is not 'that' or 'that'. The fact of incompatible alternatives is the ultimate fact in virtue of which there is definite character.’ (Whitehead 1985: 240) Even if it is possible to argue that this un-exchangeability concerns all kinds of events, the market seems to make the irreducible, excessive element of time more acutely felt, exactly because of its quantitative, and therefore extremely recordable and programmable, nature.


�


Being based on statistical regularity, on stochastic calculus and on probability theory, derivative pricing models consider the market as a random generator (a dice).


�


But, nevertheless, probability distribution is fitted to the statistics in order to calculate the probability of a price jump according to the historical frequency of occurrences. ‘So how would you proceed when you don't know the type of probability distribution that you are after?’ (Ayache 2016: 51)


�


The event is not extreme. It is world-changing. As Ayache specifies, the market is not just a complex generator of random numbers. It is a simple contract of exchange. What is missing is that derivatives are a technology, a material procedure and not just a mathematical function. Contracts materially written on paper, to be exchanged. Price is confused with a number and the market a generator, but in this way we do not understand the inner process. The market is not complex but simple. We know that the value of the derivative is, at maturity, as a function of the underlying price on which it derives, and the problem is to determine its value prior to maturity, with only mathematics and probability theory to carry out this backward translation. (Ayache 2016)


�


It becomes the one and only vast (and continual) event which screens off any residual or ulterior event. Engaging with it becomes equivalent to engaging with the event, with any event, or with the ‘essence’ of the event, which is to be incalculable. In the radical discontinuity that is the ontology of the event, lies a fabric or a medium that mends this discontinuity by making it continuous, and by making the unquantifiable quantifiable, thanks to a new kind of quantity or a new kind of number: the price. ‘All that price shares with numbers is the external shell; it has a different mathematics altogether.’ (Ayache 2011: 532)


�


Astonished by the mobile and metamorphic capacities of money both as a concept and as an instrument of the exchange, the strip-line would like to attribute it an immutable essence. For this aim, it chooses the classical triple-face definition: money as ‘unit of account’, as ‘medium of exchange’, and as storage of value’. It would be of course possible to collate the three identities, and say that money is always a quantity of units of account held in reserve, waiting for an exchange to happen. But what is important, from the strip-line's point of view, is the discovery that this apparently neutral tool (whose neutrality is aimed at guaranteeing the fairness of the exchange), this general equivalent whose task is to commensurate and numerically express incommensurable things, was in fact not born as an exchange medium.


�


For several valid reasons, contracts can be killed, they can be instructed to hold funds indefinitely, or to give them out to unknown addresses. For instance, a common security practice is that when under attack, a contract should be killed and should return funds to a trusted address, such as that of the owner. Similarly, benign contracts such as those of games often hold funds for long periods of time (until a bounty is awarded), or release them to addresses that are not known.


�	Available at <� HYPERLINK "https://singularitynet.io/" �https://singularitynet.io/�> (last accessed 8 January 2019).


� ‘This is the question of modeling future intelligence on something whose very limits can be perpetually renegotiated, … The non-trivial meaning of the human is in its ability to revise and transform itself, its ability to explore what the human is and what it can become. The non-parochial conception of AGI is simply the continuation and realization of this meaning in its substantive form. … On the basis of this theoretical phase, then, the project proceeds to inquire into the possibilities of transforming and diversifying the transcendental structures of the agency. … Once the prospects of varying transcendental structures and transformation of abilities are systematically outlined and evaluated, the project shifts toward applied dimensions of developing implementable mechanisms and systems that can support the realization of new abilities by either enhancing or replacing transcendental structures of the constituted subject.’ (Negarestani 2018: 118-119)


�	Available at <� HYPERLINK "https://nebulas.io/" �https://nebulas.io/�> (last accessed 8 January 2019).


�	Available at <� HYPERLINK "https://www.arebyte.com/lawrence-lek/" �https://www.arebyte.com/lawrence-lek/�> (last accessed 8 January 2019).
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