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          The Pointless, Incorruptible, and Secret Library
        

      
      
        I am perhaps misled by old age and fear, but I suspect that the human species—the only species—teeters at the verge of extinction, yet that the Library—enlightened, solitary, infinite, perfectly unmoving, armed with precious volumes, pointless, incorruptible, and secret—will endure.

        —Jorge Luis Borges, “The Library of Babel”

      

      It is summer 1976, and a young mechanical and aerospace engineering student from Princeton is in Madrid on vacation. She reads “The Library of Babel” by Jorge Luis Borges and has an epiphany.

      She imagines those endless shelves filled with meaningless books, an immense cacophony of incoherence interspersed here and there with rare meaningful sentences. A metaphor for the universe itself, for Borges: an endless library containing everything true and everything false. Librarians wander around inside that monster, along with inquisitors, purifiers, nomadic decipherers and codebreakers, and other sorrowful characters who test, with no chance of success, the human philosophies that have so far tried to give order to the world.

      
        Madrid, 1976

        The young woman empathizes with the fate of the desperate librarian who travels among the hexagonally shaped library galleries, searching for the catalog of catalogs, the perfect compendium of all other books, the single volume that might contain the answers to the fundamental mysteries of humanity—although in his heart the librarian knows that a lifetime will not be long enough to find it, nor would the sum of all the lives of countless librarians. They might at most aspire to occasionally discover some revelatory sentence embedded in that huge typographical din. It is rumored in some galleries that there might exist somewhere a crimson hexagon with illustrated and magical books containing all knowledge; but the chances of finding it border on zero.

        The student wandering the streets of Madrid is Frances Arnold. In 1976 she is twenty years old, having been born in East Pittsburgh, Pennsylvania, on July 25, 1956. The granddaughter of a general (commander of the US Army Fifth Corps), raised in a large Catholic family steeped in energy, as a child she is fascinated by transplant and implant surgeries, but the sight of blood makes her seethe with nausea. It’s a nonstarter.

        Her father is an experimental physicist with a doctorate from Princeton who works in the nuclear industry. He also participates in secret tests in Nevada. Arnold is left-handed and likes to write backward to impress her brothers and sisters, and then the mirror straightens everything out. In 1969, after the family moves to Baltimore, she is at the forefront of protests against the Vietnam War. She speaks French and studies Yiddish. She wants to be independent and has a variety of jobs to support herself, including taxi driver—her favorite.

        In 1974—encouraged by her father, she says, but who knows—she goes to Princeton, one of the very few girls in the engineering program. Women had only been admitted since 1969. Not only does she study math and physics, but she also enrolls in courses in Italian, economics, socialism, Russian literature, and art history. On campus she does not want to depend on anyone, so she pays her own expenses by driving a cab at night, working in the library, assembling abstruse electronic gadgets, and occasionally also cleaning the house of the famous philosopher of science Thomas Kuhn.

        She inherits a consuming passion for travel from her maternal grandparents, who took her on a grand tour of Europe for two months when she was a child. She visits London, Paris, and Italy. She arrives in Madrid in 1976, and the following year she is in Milan. At the time she has an Italian boyfriend, with whom she frolics around the peninsula on a blazing 1956 Moto Guzzi 500. She plays the guitar: songs by Bob Dylan and the Italian singer-songwriter Francesco Guccini.

        She will return to Princeton, and her studies will finally begin to really engage her. In 1979 she will graduate with a degree in mechanical and aerospace engineering. The energy crisis of the 1970s and her mentors at Princeton combine to instill in her a desire to work on alternative and renewable sources of energy, to move beyond poisonous fossil fuels—and this in the late 1970s, almost half a century ago. So Arnold picks up her backpack and goes to South America to study experimental projects on photovoltaics and biofuels.

      
      
        Unlimited but Periodic

        Meanwhile, always buzzing in her head is that idea, that metaphor, that tale, the image of the library of all libraries. Everything is written in the library: canonical and apocryphal texts; the history of the future in every detail; the chronicle of how each of us will die, as Borges writes. And it will contain a book with the letters M, C, and V perversely repeated from beginning to end; an absurd, labyrinthine, nonsensical book that nonetheless ends with a seemingly reasonable line, with a Shakespearean flavor, that sounds like “O time thy pyramids” (p. 114; any standalone page numbers refer to “The Library of Babel”); and all the books that have been lost, all the books that someone thought of and never wrote, all the books dreamed up by someone, all the dreams and half-dreams of human beings; all the commentaries on the commentaries; all the possible versions and interpolations of every book. The library has no center of gravity, or if it does, it is scattered across every corner of it.

        Vast, inhuman, and disarming, the total library is thus a horrible, contradictory set of volumes that “affirm all things, deny all things, and confound and confuse all things, like some mad and hallucinating deity” (p. 117). As such, the monster crushes each of its inhabitants, making them feel lost forever. Indeed, many librarians have committed suicide over the centuries by throwing themselves off balustrades and falling endlessly into the spaces between the hexagonal galleries. Others have embraced the vainest superstitions and think that a Messiah, the Book Man, found and read the volume containing the library’s total index. But no one has ever given evidence of having met him.

        Moreover, no decipherer or traveler in Borges’s library has ever reported seeing a hexagon that was not surrounded by other hexagons, although there are only two connecting corridors for each hexagon and there is always another hexagon in each direction. Thus there seem to be no boundaries or limits in Babel’s library. So, is it infinite? Perhaps, winks Borges (author of a famous invective against the corrupting power of infinity). Certainly the hexagonal galleries are of an “indefinite” number, each containing twenty shelves, five on each side save for two (although in the first version, in 1941, Borges had written that there were twenty-five shelves, five on each side but one). In the aisles there are lavatories where librarians and decipherers can sleep (standing) and relieve themselves, as well as deceitful mirrors that promise infinity but instead further multiply disorientation. Each shelf holds thirty-two books of uniform format. Spiral staircases depart from the corridors, connecting floors, sinking and rising into the remote space.

        The choice of hexagons allows for no gaps, as in a honeycomb. On a strictly mathematical level, the library should not be infinite. In Mar del Plata, Borges tells us in 1941 that his fantastic creature contains all possible books in a given language, that is, starting with a twenty-five-character alphabet (of twenty-two letters plus comma, space, and period). Each book has exactly 410 pages, each containing forty lines of 80 characters (3,200 characters per page). We omit for simplicity the writing on the spine of the books. Summing up, each book is a sequence of 1,312,000 characters, in all their combinations (including repetitions). The possibilities seem endless. There will be a book made only of blank spaces (a great rarity!), a book made only of commas, a book made only of letter As. Around them is an ocean of entirely nonsensical books, books with only one word endowed with meaning and the rest as noise, books with only one meaningful sentence, or only one paragraph, only one chapter, and so on. Of course the library will also contain all books entirely composed in grammatically correct language, including all masterpieces already written in literature permuting those twenty-five characters.

        The books in Borges’s library number 25 raised to the power of 1,312,000, that is, 25 multiplied by itself 1,312,000 times. In decimal notation, that is 10 raised to the power of 1,834,097. That is many more (but really many more) than all the particles in the universe. If we take just the first page, there will exist 25 elevated to 3,200 possible versions, an already exorbitant number. Since each hexagon contains 640 volumes, the total number of hexagons is 25 raised to 1,311,997. Incidentally, for the sake of precision, since the number of books per hexagon does not exactly divide into the total number of books, there must exist somewhere a hexagon, a really special one, that is not full. (Is that the mythical crimson hexagon?)

        According to mathematician William Goldbloom Bloch, who in 2008 devoted a rather manic book to the “unimaginable mathematics” of the Borgesian library, the total space of our physical universe could contain roughly 10 to the power of 84 books. In other words, Babel’s library is stratospherically larger than the entire universe. The total number of books is a number called, for this reason, hyper-astronomical: an inconceivable colossus for the human mind, in comparison to which every huge dimension we can think of becomes as small as a gnat, yet still calculable and not infinite. The number of books is finite, albeit hyper-astronomically large.

        For example, the library of all possible books in all the languages of the world, not just one (so not with twenty-five characters, but many more), would be enormously larger. Bigger than something that is already terribly big. To cross it from one end to the other would take millions of billions of light-years. The library of Babel is larger than the known world at a scale humanly unimaginable. But it is a logical space, whereas the universe is a real, physical space.

        In 1981 a brilliant Italian particle physicist, Tullio Regge, jokingly calculated the mass of the library of Babel, assuming that the average density of the library is one-tenth that of water, and concluded that it would collapse on itself, forming a black hole. Borges learned of this calculation and was impressed: It was the physical demonstration of the Kafkaesque absurdity of the library. Not even light can escape it! (I owe the report of this delightful episode to science writer Piero Bianucci.)

        The library therefore is finite, albeit gigantic, and yet it contains all possible grammatical sentences in a given alphabet and all the longer and longer books, infinitely composable. How is this possible? The paradox stems from the fact that, according to Borges, the library is periodic. If it contains all possible combinations, then there will always be a combination of more books describing a yet longer book. Put differently, the limited size of each volume is not a real restriction, because there will always be a volume in the library that is a continuation of another volume. Taking the reasoning to the extreme, there will be, for example, twenty-five volumes, each of which contains only one of twenty-five characters, and everything else is white space. If those volumes were divisible and we composed them at will, we could write any text of any length, which would then be reassembled again into one or more books of 410 pages.

        Thus Borges is right: The library is not infinite; it is “unlimited but periodic.” In some respects, it is a single interminable volume. The Argentine writer fears this possibility in the final footnote of his novel: “Letizia Alvarez de Toledo has observed that the vast Library is pointless; strictly speaking, all that is required is a single volume, of the common size, printed in nine—or ten—point type, that would consist of an infinite number of infinitely thin pages” (p. 118). The idea is borrowed from the principle discovered in the seventeenth century by the Italian mathematician Bonaventura Cavalieri, forerunner of infinitesimal calculus (of which Borges was a passionate devotee), according to which every solid body is given by the superposition of an infinite number of planes.

        As philosopher and logician Willard van Orman Quine noted in 1987, we can further squash this reduction of the library into a single volume. We could, for example, compress the twenty-five-character alphabet into a binary code, made up of only zeros and ones, and rewrite all books by expressing them with only two characters. At this point, applying the above, we could condense the entire library into two volumes, one made all of zeroes and one made all of ones. By repeating and alternating sequences of these volumes at will, the entire set of permutations of the library could be translated into a binary code and expanded indefinitely, without losing any of its astonishing content.

        That is why Babel’s library is finite, and universal, and unlimited. Recursively, by establishing rules of composition and repeating them, we could extend any sequence of symbols as much as we wanted. Everything that deserves to be said, and even everything that does not deserve to be said, can be expressed in a sequence of two characters. And yet from a geometric point of view, the topology of the library (which, let us remember, is synonymous with the universe itself) remains enigmatic because, according to Borges, it has no center, the circumference is unreachable, it has no boundaries, and it is unlimited but periodic. If we were catapulted inside it, how would it appear to us?

        According to Bloch, the only structure compatible with the constraints set by Borges is a space that is locally Euclidean and three-dimensional, but actually spherical and four-dimensional. A traveler moving constantly in any direction will always cyclically return to the starting point. To understand it, let us go down one dimension and return to the world familiar to us: It is like when we live on the surface of the planet and think it is two-dimensional, realizing that we are on the surface of a three-dimensional sphere only when we go around its entire circumference and return to the starting point. The same happens when we are on the three-dimensional edge of a four-dimensional ball. That is why no point in the library is privileged; we never arrive at a boundary but periodically return to the same place.

        This was masterfully explained in 1884 by Edwin A. Abbott in Flatland. If you think you live in two dimensions—on a plane—and at some point a three-dimensional sphere crosses your world from above, what do you see? A point (the South Pole) that gets wider and wider, becoming a circle, and then shrinks back to a point (the North Pole). Now imagine that you live in three dimensions and that a mysterious four-dimensional sphere intersects with your world. You will see a point expanding into a sphere and then shrinking back to a point. Well, Borges’s library is that four-dimensional hypersphere, unimaginable to us.

      
      
        The Great Book of the World

        In any case, it is clear that the library of Babel is above all a combinatorial game, since it is complete within the given limits (no characters other than the prescribed twenty-five are allowed, and the numbers of characters and pages per book are fixed). Such an imaginative exercise goes back to ancient wisdom, as Borges himself admits in his essay “The Total Library,” written in 1939, two years before “The Library of Babel.” According to Aristotle’s account, the atomistic thinkers Leucippus and Democritus had theorized that the same atoms, differently combined, form infinite different bodies, like the same letters generate both comedy and tragedy.

        Lucretius, in De rerum natura, masterfully deepens this parallelism: to things, the combinatorial properties of words can be applied, and vice versa; to physics, the laws of language. The cosmos is thus suited to the codes of grammar, which for Lucretius are five: encounters, movements, order, position, form. The same rules govern atoms and letters, the structure of the universe and the structure of the poem. Lucretius’s cosmos is a linguistic execution, a marvelous verbal cathedral that unfolds the order of the world. That in itself is a combinatorial art of rhetorical figures, symmetries, polarizations, morphological textures, and regular lexical formations.

        Good news follows: If the elements of which the universe is made are both atoms and letters, combined in all possibilities, then the world is rationally intelligible—readable as a text, in fact. It is enough to know its grammar. Indeed, the letters themselves designate the sky, the sea, the lands, the

        
        
        
        
        
      
      
        Getting Lost in the Great Book of the World

        
        
        
        
        
        
        
        

        
        
        
        
        
      
    
  OEBPS/toc.xhtml


Contents



		Cover


		Contents


		1 The Pointless, Incorruptible, and Secret Library


		2 The Immense Space of Proteins


		3 Shipwrecked in Mendel’s Library


		4 All the Animals in the World


		5 The Mystery of the Gaps in Morphospace


		6 The Fortress of If


		7 Frances Arnold Finally Travels Through the Great Library


		Annotated Bibliography


		Index







Guide



		Cover


		Contents


		Index








		i


		ii


		iii


		iv


		v


		vi


		1


		2


		3


		4


		5


		6


		7


		8


		9


		10


		11


		12


		13


		14


		15


		16


		17


		18


		19


		20


		21


		22


		23


		24


		25


		26


		27


		28


		29


		30


		31


		32


		33


		34


		35


		36


		37


		38


		39


		40


		41


		42


		43


		44


		45


		46


		47


		48


		49


		50


		51


		52


		53


		54


		55


		56


		57


		58


		59


		60


		61


		62


		63


		64


		65


		66


		67


		68


		69


		70


		71


		72


		73


		74


		75


		76


		77


		78


		79


		80


		81


		82


		83


		84


		85


		86


		87


		88


		89


		90


		91


		92


		93


		94


		95


		96


		97


		98


		99


		100


		101


		102


		103


		104


		105


		106


		107


		108


		109


		110


		111


		112


		113


		114


		115


		116


		117


		118


		119


		120


		121


		122


		123


		124


		125


		126


		127


		128


		129


		130


		131


		132


		133


		134


		135


		136


		137


		138


		139


		140


		141


		142


		143


		144


		145


		146


		147


		148


		149


		150


		151


		152


		153


		154


		155


		156


		157


		158


		159


		160


		161


		162


		163


		164


		165


		166


		167


		168


		169


		170


		171


		172


		173


		174








OEBPS/images/9780262054638.jpg





