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ABSTRACT The {lambda way} project is a web application built on two engines: • {lambda tank}, a tiny wiki built as a thin overlay on top of any web browser, • {lambda talk}, a purely functional language unifying writing, styling and scripting in a single and coherent Lisp-like syntax. In this document we progressively introduce the language, beginning with {lambda word} built on a minimal set of three rules, then adding a bit of arithmetic with {lambda calc} and ﬁnally adding the browsers functionalities leading to a programmable programming language, {lambda talk}. As a guilding line, we present how can be computed the factorial of any natural number, at each level, regardless of its size and with a total precision, for instance: 5!  = 120  50! = 304140932017133803983857288678599        00744706627746248466026044200000



KEYWORDS Lambda calculus, Lisp, Javascript, Regular Expressions, Wiki.



INTRODUCTION « But there are hundred of wiki engines and hundred of languages! Why yet another wiki and another language nobody will ever want to use? » Let's talk about it! Web browsers give everybody an easy access to a plethora of rich documents created by people mastering HTML, CSS, JS, PHP... Web browser can also host web applications allowing everybody to write HTML/CSS/JS code and so add informations to web pages. Wikis belong to this category: « A wiki is a web application which allows collaborative modiﬁcation, extension, or deletion of its content and structure.[1] » Writing HTML/CSS/JS code being rather complex and at least tiresome, intermediate syntaxes, for instance WikiText[2], have been created to make enriching and structuring text a little bit easier. And it's exactly what people use in blogs and wikis. The best known of wikis is Wikipedia, full of rich documented pages written by people supposed to be neither web designers nor coders. Everything works well but the underlying code is a very obfuscated text, difﬁcult to write, read, edit and maintain. In fact, the WikiText syntax is not intended for writing rich documents, not to speak of coding. Works have been done to build enhanced syntaxes in order to unify writing, styling and coding, for instance, not to mention desktop tools like LaTeX[3], web tools like CURL[4], LML[5], Skribe[6], Scribble[7], SXML[8], LAML[9], Pollen[10] ... But these tools are deﬁnitively devoted to coders, not



to web designers and even less to beginners. Hence the {lambda way} project ... We will forget the PHP engine,{lambda tank}, whose task is to manage the text ﬁles on the server side, and we progressively introduce the Javascript engine, {lambda talk}, working on the client side. Using exclusively the {lambda way} environment, 1) we begin to build {lambda word} on a minimal set of three rules, 2) we add a bit of arithmetic with {lambda calc} and ﬁnally 3) we use the browser's functionalities leading to {lambda talk}.



1.



{LAMBDA WORD}



We present the structure and evaluation of a {lambda word} expression, then the implementation of the evaluator built on the underlying engine, Javascript.



1.1.



Structure & Evaluation



{lambda word} is built on three rules freely inspired by the lambda calculus [11]. An expression is deﬁned recursively as follows: expression := [word|abstraction|application]*  where      word:        [^\s{}]*      abstraction: {lambda {word*} expression}     application: {expression expression}



A {lambda word} expression is a tree structure made of words, abstractions and applications where 1) a word is any character except spaces "\s" and curly braces "{}", 2) an abstraction is the "process" (called a function) selecting a sequence of words (called arguments) in an expression (called body), 3) an application is the "process" calling an abstraction to replace selected words by some other words (called values). The evaluation of an expression follows these rules: • 1) a word is not evaluated, • 2) an abstraction is evaluated to a single word, as a reference stored in a global dictionary, • 3) an application is evaluated to a sequence of words, • 4) abstractions, called "special forms", are evaluated before applications, called "forms". Examples: 1) Hello World > Hello World  2) {lambda {o a} oh happy day!} > lambda_5  3) {{lambda {o a} oh happy day!}   oOOOo aaAAaa} > oOOOoh haaAAaappy daaAAaay!



In the last example the abstraction is ﬁrst evaluated, deﬁning "o" and "a" as characters whose occurences in the expression "oh happy day!" will be replaced by some future values, and returning a reference, "lambda_5" ; the application gets the awaited values "oOOOo" and "aaAAaa", calls the abstraction which makes the substitution and returns



the result, "oOOOoh haaAAaappy daaAAaay!". Let's look at a more interesting example: 4) {{lambda {z} {z {lambda {x y} x}}}      {{lambda {x y z} {z x y}} Hello World}}   > Hello     {{lambda {z} {z {lambda {x y} y}}}      {{lambda {x y z} {z x y}} Hello World}}   > World



Let's trace the ﬁrst line returning "Hello": 1: {{lambda {z} {z {lambda {x y} x}}}      {{lambda {x y z} {z x y}} Hello World}}  2: {{lambda {z} {z {lambda {x y} x}}}      {lambda {z} {z Hello World}}}  3: {{lambda {z} {z Hello World}}      {lambda {x y} x}}  4: {{lambda {x y} x} Hello World}  5: Hello



In fact, without naming them, we just have built and used a set of useful functions: [CONS CAR CDR]. This is a last example: 5) {{lambda {:n} {{lambda {:p} {:p {lambda {:x  :y} :y}}} {{:n {lambda {:p} {{lambda {:a :b :m}  {{:m :a} :b}} {{lambda {:n :f :x} {:f {{:n :f}  :x}}} {{lambda {:p} {:p {lambda {:x :y} :x}}}  :p}} {{lambda {:n :m :f} {:m {:n :f}}} {{lambda  {:p} {:p {lambda {:x :y} :x}}} :p} {{lambda {:p}  {:p {lambda {:x :y} :y}}} :p}}}}} {{lambda {:a  :b :m} {{:m :a} :b}} {lambda {:f :x} {:f :x}}  {lambda {:f :x} {:f :x}}}}}} {lambda {:f :x} {:f  {:f {:f {:f {:f :x}}}}}}} > lambda_200



Let's look at the end part of the expression, {:f {:f {:f {:f {:f :x}}}}}. We notice that :f is applied 5 times to :x. We will show later that the resulting word, lambda_200, can be associated to the number 120, which is the factorial of 5: 5! = 1*2*3*4*5. Writing the same expression where :f is applyed 50 times to :x would lead to the exact 65 digits of 50! ... provided we had thousands years before us! Anyway, it happens that with nothing but three rules we can do maths with absolute precision, at least theoretically! More generally, these three rules make {lambda word} a Turing complete [12] programmable programming language. Even if, at this point, this language is practically unusable!



1.2.



Names



In order to make life easier, we introduce a second special form {def NAME expression} to populate the dictionary with global constants and give names to lambdas. For instance: {def MY_PI 3.1416} > MY_PI  {MY_PI} > 3.1416  // it's not a number



Note that, contrary to languages like Lisp[13] or Scheme[14], the name of a constant is NOT evaluated, it's a reference pointing to some value. Bracketing the name between {} returns the pointed value, {MY_PI} is evaluated to 3.1416. A similar example is given in any spreadsheet where PI stays PI and =PI() is evaluated to 3.141592653589793. {def GOOD_DAY   {lambda {:o :a} :oh h:appy day!}}   > GOOD_DAY  {GOOD_DAY oOOOo aaAAaa}   > oOOOoh haaAAaappy day!



Note that arguments and their occurences in the function's body have been preﬁxed with a colon ":". It's easy to understand that doing that prevents the word day to be unintentionally



changed into daaAAaay. Escaping arguments - for instance preﬁxing them with a colon ":" - is highly recommended if not always mandatory. {def CONS {lambda {:x :y :z}   {:z :x :y}}} > CONS  {def CAR {lambda {:z}   {:z {lambda {:x :y} :x}}}} > CAR  {def CDR {lambda {:z}   {:z {lambda {:x :y} :y}}}} > CDR  {CAR {CONS Hello World}} > Hello  {CDR {CONS Hello World}} > World



This example not only makes more readable the fourth examples of the previous section evaluated to "Hello" and "World", but it opens the way to powerful structures.



1.3.



Implementation



Working on the client side the {lambda word} evaluator is a Javascript IIFE (Immediately Invoked Function Expression), LAMBDAWORD, returning a set of functions, the main one being eval(), called at every keyboard entry: var LAMBDAWORD = (function() {  var eval = function(str) {    str = pre_processing(str);    str = eval_lambdas(str);   str = eval_defs(str);    str = eval_forms(str);    str = post_processing(str);    return str;  };  return {eval:eval}  })();



We note that, in its main part, the eval() function follows strictly the deﬁnition of the language, evaluating abstractions before applications.



1.3.1.



Simple Forms



Simple forms {first rest} expressions caught recursively from the replaced by words. The evaluation stops reduced to words in a tree structure sent for the ﬁnal evaluation and display.



are nested evaluable leaves to the root and when the expression is to the browser's engine



var eval_forms = function( str ) {    var leaf =     /\{([^\s{}]*)(?:[\s]*)([^{}]*)\}/g;    while (str !=      (str = str.replace( leaf, eval_leaf ))) ;    return str  };  var eval_leaf = function(_,f,r) {    return (DICT.hasOwnProperty(f))?            DICT[f].apply(null,[r]) :           '('+f+' '+r+')';  };  var DICT = {}; // initially empty



We note that {lambda word} is built on a regular expressions based evaluator. Contrary to, for instance, Lisp[13]] or Scheme[14]], the evaluator doesn't follow the standard AST process. It literally scans the code string, skips the words and progressively replaces in situ nested forms by words. Even if this choice is considered by some people as evil, it does work, at least in a wiki context, allowing in most cases realtime editing. The reason is that Regular Expressions [15] are powerful and fast - . This is what Ward Cunningham [16] wrote about that: « I was



surprised that the technique worked so well in so many cases. I knew that regex are highly optimized and the cpus themselves optimize sequential access to memory which the regex must have at its core. [..] Yes, this has at its heart the repeated application of a text transformation. The fact that it is repeated application of the same transformation makes it exceptional. [..] Repeated application of Regular Expressions can perform Touring Complete computations. This works because the needed "state" is in the partially evaluated text itself. » All is said! The special forms {lambda {arg*} body} and {def name body} are evaluated before simple forms. They are matched and evaluated in a similar way, according to speciﬁc patterns, and return words as references of functions added to the dictionary.



1.3.2.



Lambdas



var eval_lambdas = function(str) {   while ( str !== ( str =     form_replace(str,'{lambda', eval_lambda)));    return str  };  var eval_lambda = function(s){   s = eval_lambdas( s );  // nested lambdas   var index = s.indexOf('}'),        args = supertrim(s.substring(1, index))               .split(' '),        body = s.substring(index+2).trim(),        name = 'lambda_' + g_lambda_num++,        reg_args = [];   for (var i=0; i  ONE  {def TWO {lambda {:f :x}    {:f {:f :x}}}} > TWO   {def THREE {lambda {:f :x}    {:f {:f {:f :x}}}}} > THREE   {def FOUR {lambda {:f :x}    {:f {:f {:f {:f :x}}}}}} > FOUR   {def FIVE {lambda {:f :x}    {:f {:f {:f {:f {:f :x}}}}}}} > FIVE



Applied to a couple of any words, we get for instance: {THREE . .} -> (. (. (. .))). It's easy to count three couple of parenthesis and we are led to deﬁne a function CHURCH which returns their number: {def CHURCH {lambda {:n}   {{:n {lambda {:x} {+ :x 1}}} 0}}} > CHURCH  {CHURCH ZERO} > 0  {CHURCH ONE}  > 1  {CHURCH FIVE} > 5



Note that the CHURCH function calls a primitive function, '+', which is not supposed to exist in {lambda calc}. Consider that it's only for readability and that does not invalidate the demonstration. The deﬁnition of Church number gives the basis of a ﬁrst set of operators, [SUCC, ADD, MUL, POWER] {def SUCC {lambda {:n :f :x}    {:f {{:n :f} :x}}}} > SUCC  {def ADD {lambda {:n :m :f :x}    {{:n :f} {{:m :f} :x}}}} > ADD  



{def MUL {lambda {:n :m :f}    {:m {:n :f}}}} > MUL  {def POWER {lambda {:n :m}    {:m :n}}} > POWER  {CHURCH {SUCC ZERO}} > 1  {CHURCH {SUCC ONE}} > 2  {CHURCH {ADD TWO THREE}} > 5  {CHURCH {MUL TWO THREE}} > 6  {CHURCH {POWER TWO THREE}} > 8  5! = 1*2*3*4*5 =    {CHURCH {MUL ONE {MUL TWO {MUL THREE             {MUL FOUR FIVE}}}}} > 120



Computing 50! the way we did with 5! could be boring and at least wouldn't have any interest. We are going to build a better algorithm, usable for any number N, using the previously deﬁned [CONS, CAR, CDR] constants. This is how: we deﬁne a function FAC.PAIR which gets a pair [a,b] and returns a pair [a+1,a*b]. FAC computes n iterations of FAC.PAIR starting on the pair [1,1], leading to the pair [n,n!] and returns the second, n! {def FAC.PAIR {lambda {:p}    {CONS {SUCC {CAR :p}}          {MUL {CAR :p} {CDR :p}}}}}   > FAC.PAIR  {def FAC {lambda {:n}    {CDR {{:n FAC.PAIR} {CONS ONE ONE}}}}}   > FAC  3! = {CHURCH {FAC THREE}} > 6  4! = {CHURCH {FAC FOUR}}  > 24  5! = {CHURCH {FAC FIVE}}  > 120



Replacing the names [FAC, FIVE] by their associated lambda expressions in the last line, {FAC FIVE} displays exactly the unreadable ﬁfth expression of the previous section! And just as {lambda word} could compute 50!, {lambda calc} could do it, at least theoretically! And following, for instance, "Collected Lambda Calculus Functions" [17], we could go on and deﬁne some other operators, [PRED, SUBTRACT, DIV, TRUE, FALSE, NOT, AND, OR, LT, LEQ, ...] and even the Y combinator allowing almost-recursive functions to become recursive. But the underlying browser's capabilities will help us to go further more effectively!



3.



{LAMBDA TALK}



{lambda word} was built on a single special form, {lambda {args} body} and a hidden dictionary containing annonymous functions. Then with a second special form, {def name expression}, constants could be added to the dictionary, [MY_PI, GOOD_DAY, CONS, CAR, CDR, leading to {lambda calc} and its set of numerical constants, [CHURCH, ZERO, ONE? TWO, ..., SUCC, ADD, MUL, POWER, FAC]. It's time to use the power of web browsers, coming with a powerful language, Javascript, and a complete "Document Object Model" on which can be built a true usable programmable programming language, {lambda talk}. A new set of special forms, [if, let, quote|', macros] is added to the primitive set, [lambda, def]. Note that there is no set! function, {lambda talk} is purely functional. This is the current content of the lambdatalk's dictionary: DICTionary: (220) [ debug, lib, eval, force,  apply, when, , =, =, not, or, and, +, 



, *, /, %, abs, acos, asin, atan, ceil, cos,  exp, floor, pow, log, random, round, sin, sqrt,  tan, min, max, PI, E, date, serie, map, reduce,  equal?, empty?, chars, charAt, substring,  length, first, rest, last, nth, replace,  array.new, array, array?, array.disp,  array.length, array.nth, array.first,  array.rest, array.last, array.slice, array.push,  array.pop, array.set!, cons, cons?, car, cdr,  cons.disp, list.new, list, list.disp,  list.length, list.reverse, list.2array,  list.first, list.butfirst, list.last,  list.butlast, @, div, span, a, ul, ol, li, dl,  dt, dd, table, tr, td, h1, h2, h3, h4, h5, h6,  p, b, i, u, center, hr, blockquote, sup, sub,  del, code, img, pre, textarea, canvas, audio,  video, source, select, option, svg, line, rect,  circle, ellipse, polygon, polyline, path, text,  g, mpath, use, textPath, pattern, image,  clipPath, defs, animate, set, animateMotion,  animateTransform, br, input, script, style,  iframe, mailto, back, hide, long_mult, drag,  note, note_start, note_end, show, lightbox,  minibox, lisp, forum, editable, sheet, lc,  turtle, MY_PI, GOOD_DAY, CONS, CAR, CDR, ZERO,  ONE, TWO, THREE, FOUR, FIVE, CHURCH, SUCC, ADD,  MUL, POWER, FAC.PAIR, FAC, fac, tfac_r, tfac, Y,  almost_fac, yfac, bigfac, D, log', log'',  log''', q0, q1, q2, q3, q4, quotient, sigma,  paren, mul, variadic, PDF, COLUMN_COUNT, space,  ref, back_ref, castel.interpol, castel.sub,  castel.point, split_gd, castel.split,  castel.build, svg.frame, svg.dot, svg.poly,  spreadsheet, sheet.new, sheet.input,  sheet.output ] 



where can be seen after the constant turtle the user deﬁned constants speciﬁcally built for this page. We are going to give examples illustrating some of the capabilities of {lambda talk}.



3.1.



Recursion and the Y-Combinator



With {lambda word} and {lambda calc} it was possible to compute 5! deﬁned as a product 1*2*3*4*5. Adding to {lambda talk} the special form {if bool then one else two} and its lazy evaluation opens the way to recursive algorithms. It's now possible to write the factorial function following its mathematical deﬁnition: {def fac   {lambda {:n}    {if { fac    {fac 1} > n must be positive!  {fac 0} > 1  {fac 5} > 120  {fac 50} > 3.0414093201713376e+64



Let's write the tail-recursive version: {def tfac   {def tfac_r    {lambda {:a :n}     {if { tfac    {tfac 5} > 120  {tfac 50} > 3.0414093201713376e+64



The recursive part is called by a "helper function" introducing the accumulator :a. Because {lambda talk} doesn't know lexical scoping, this leads to some pollution of the dictionary. The Y combinator mentionned above in {lambda calc}, making recursive an almost-recursive function, will help us to discard this helper function. The Y combinator and the almost-recursive function can be deﬁned and used like this: {def Y {lambda {:f :a :n} {:f :f :a :n}}}   > Y  {def almost_fac   {lambda {:f :a :n}    {if { almost_fac  {Y almost_fac 1 5} > 120



Because the Y combinator can be applied to any other almost-recursive function (sharing the same signature, for instance ﬁbonacci) we have reduced the pollution but we can do better. Instead of applying the Y combinator to the almost recursive function we can deﬁne a function merging the both: {def yfac {lambda {:n}    {{lambda {:f :a :n}      {:f :f :a :n}}        {lambda {:f :a :n}       {if { yfac  {yfac 5} > 120  {yfac 50} > 3.0414093201713376e+64  {map yfac {serie 0 20}} > 1 2 6 24 120 720 5040 40320 362880 3628800  39916800 479001600 6227020800 87178291200  1307674368000 20922789888000 355687428096000  6402373705728000 121645100408832000  2432902008176640000



The last point to ﬁx is that {fac 50}, {tfac 50} and {yfac 50} return a rounded value 3.0414093201713376e+64 which is obvioulsly not the exact value. We must go a little further and build some tools capable of processing big numbers.



3.2.



Big Numbers



The way the javascript Math object is implemented puts the limit of natural numbers to 254. Beyond this limit last digits are rounded to zeroes, for instance the four last digits of 264 = {pow 2 64} = 18446744073709552000 should be 1616 and are rounded to 2000. And beyond 269 natural numbers are replaced by ﬂoat numbers with a maximum of 15 valid digits. Let's come back to the deﬁnition of a natural number: A natural number a0a1...an is the value of a polynomial Σi=0naixi for x=10. For instance 12345 = 1*104+2*103+3*102+4*101+5*100. {lambda talk} knowing lists, we represent a natural number as a list on which we deﬁne a set of functions: 1) k*p  {def BN.k {lambda {:k :p}     {if {equal? :p nil}     then nil     else {cons {* :k {car :p}}                {BN.pk :k {cdr :p}}}}}} 



2) p1+p2  {def BN.+ {lambda {:p1 :p2}    {if {and {equal? :p1 nil} {equal? :p2 nil}}     then nil     else {if {equal? :p1 nil} then :p2     else {if {equal? :p2 nil} then :p1     else {cons {+ {car :p1} {car :p2}}                 {BN.p+ {cdr :p1} {cdr :p2} }}}}  }}}  3) p1*p2  {def BN.* {lambda {:p1 :p2}    {if {or {equal? :p1 nil} {equal? :p2 nil}}     then nil     else {if {not {cons? :p1}}     then {BN.pk :p1 :p2}     else {BN.p+ {BN.pk {car :p1} :p2}                 {cons 0 {BN.p* {cdr :p1} :p2  }}}}}}}  4) helper functions  {def BN.bignum2pol {lambda {:n} .. }}  {def BN.pol2bignum {lambda {:p} .. }}  {def BN.normalize {lambda {:p :n} .. }}



We can now deﬁne a function bigfac working on big numbers: {def bigfac {lambda {:n}    {if { bigfac    5! = {BN.pol2bignum            {BN.normalize {bigfac 5} 1}} > 120        50! = {BN.pol2bignum            {BN.normalize {bigfac 50} 50}} >  304140932017133803983857288678599  00744706627746248466026044200000



To sum up, exclusively working on words made of chars, we could exceed the limits of the Javascript Math Object and work with "numbers" of any size with exact precision. At least theoretically. When numbers become too big the evaluation is considerably slowed down and it's better to forget pure user deﬁned {lambda talk} function and add to the dictionary some javascript primitive function, long_mult: DICT['long_mult'] = function () {    var args =        supertrim(arguments[0]).split(' ');    var n1 = args[0], n2 = args[1];    var a1 = n1.split("").reverse();    var a2 = n2.split("").reverse();    var a3 = [];    for (var i1 = 0; i1  9 ) {       var carry =           (id+1 >= a3.length)?0:a3[id+1];       a3[id+1] = Math.floor(a3[id]/10)+carry;       a3[id] = Math.floor(a3[id]/10)*10;      }     }    }    return a3.reverse().join("");  };



We just redeﬁne the previous factorial ! as !! replacing the primitive * by the primitive long_mult:



{def !! {lambda {:n}   {if {  93326215443944152681699238856266700490715968  26438162146859296389521759999322991560894146  39761565182862536979208272237582511852109168  64000000000000000000000000



In {lambda word} knowing nothing but three rules working on text substitutions, it was theoretically possible to compute 5! and even 50!. In {lambda calc} results became readable, without calling any other user deﬁned function than the CHURCH function. In {lambda talk} using the Math Object, things became easy and for big numbers a speciﬁc primitive long_mult opened an effective window in the world of big numbers. We will now show other applications of {lambda talk}, built on the powerful functionalities of the browsers' engines.



3.3.



Derivatives



Because functions can be partially called, derivatives of any function f(x) can be deﬁned as functions of x and NOT as values at a given x, f'(x), f''(x), f'''(x): • 1) we deﬁne the derivative function: {def D {lambda {:f :h :x}    {/ { {:f {+ :x :h}} {:f { :x :h}} }       {* 2 :h}}}} > D



• 2) we create the 1st, 2nd and 3rd derivatives of the function log for a given value of :h and as functions of :x: {def log' {lambda {:x} {D log   0.01 :x}}}   > log'  {def log'' {lambda {:x} {D log'  0.01 :x}}}  > log''   {def log''' {lambda {:x} {D log'' 0.01 :x}}}   > log'''



• 3) we can now call the 1st, 2nd and 3rd derivatives of log on a given value of x: {log'   1} > 1.0000333353334772  // 1  {log''  1} > 1.0002000533493427 // 1  {log''' 1} > 2.0012007805464416  // 2



3.4.



de Casteljau



{lambda talk} can call the set of SVG functions implemented in web browsers. The de Casteljau recursive algorithm [18] allows drawing Bezier curves of any degree. For instance writing: {{svg.frame 250px 200px}    {svg.dot {{def q0 {cons 50 10}}}}    {svg.dot {{def q1 {cons 100 10}}}}    {svg.dot {{def q2 {cons 200 160}}}}    {svg.dot {{def q3 {cons 50 190}}}}    {svg.dot {{def q4 {cons 200 190}}}}      {polyline {@ points="{castel.build    {list.new {q0} {q1} {q2} {q3} {q4} {q2}}    0.1 0.9 {pow 2 5}}"     stroke="#f00" fill="transparent"    strokewidth="3"}}    {polyline {@ points="{castel.build    {list.new {q2} {q1} {q3}}    0.3 0.98 {pow 2 5}}"     stroke="#0f0" fill="transparent" 



We have deﬁned 2D points as pairs and polylines as lists and built a set of user functions in another wiki page, lib_decasteljau called via a (require lib_decasteljau): {def castel.interpol {lambda {:p0 :p1 :t}   {cons    {+ {* {car :p0} { 1 :t}} {* {car :p1} :t}}     {+ {* {cdr :p0} { 1 :t}} {* {cdr :p1} :t}}  }}}  {def castel.sub {lambda {:l :t}   {if {equal? {cdr :l} nil} then nil    else {cons {castel.interpol                    {car :l} {car {cdr :l}} :t}                {castel.sub {cdr :l} :t}}  }}}  {def castel.point {lambda {:l :t}   {if {equal? {cdr :l} nil}    then {car {car :l}} {cdr {car :l}}     else {castel.point {castel.sub :l :t} :t}  }}}  {def castel.build {lambda {:l :a :b :d}   {map {castel.point :l} {serie :a :b :d}}}}     {def svg.frame {lambda {:w :h}    svg {@ width=":w" height=":h"            style="border:1px solid #888;           boxshadow:0 0 8px;"}}}  {def svg.dot {lambda {:p}   {circle {@ cx="{car :p}" cy="{cdr :p}" r="5"               stroke="black" strokewidth="3"              fill="rgba(255,0,0,0.5)"}} }}  {def svg.poly {lambda {:l}   {if {equal? :l nil}    then else {car {car :l}} {cdr {car :l}}              {svg.poly {cdr :l}}}}}



3.5.



Spreadsheet



A spreadsheet is an interactive computer application for organization, analysis and storage of data in tabular form. A spreadsheet is a good illustration of functional languages, (Simon Peyton-Jones [19]) and thereby rather easy to implement in {lambda talk}. The basic idea is that each cell contains the input - words and expressions - and displays the output. Writing: {require_ lib_spreadsheet}   {center {spreadsheet 4 5}}



displays a table of 5 rows and 4 columns of editable cells in which almost all {lambda talk} functions can be used: Editing cell L5C4:



{+ {IJ ‑3 0} {IJ ‑2 0} {IJ ‑1 0}}



NAME



QUANT



UNIT PRICE



PRICE



Item 1 Item 2 Item 3



10 20 30



2.1 3.2 4.3



21 64 129



.



.



TOTAL 214 PRICE [local storage] Writing (require lib_spreadsheet) calls a set of {lambda talk} and javascript functions written in another wiki page, lib_spreadsheet. Two functions are added by this library for linking cells: • {LC i j} returns the value of the cell LiCj as an absolute reference, • {IJ i j} returns the value of the cell L[i]C[j] as a relative reference. For instance writing {IJ -1 -1} in L2C2 will return the value of L1C1. Let's test: click on the [local storage] button, copy the code in the frame below, paste it in the local storage frame, click on the editor -> storage button, conﬁrm the action and analyze the spreadsheet's cells. ["{b NAME}","{b QUANT}","{b UNIT PRICE}","{b  PRICE}","Item 1","10","2.1","{* {IJ 0 2} {IJ 0  1}}","Item 2","20","3.2","{* {IJ 0 2} {IJ 0  1}}","Item 3","30","4.3","{* {IJ 0 2} {IJ 0  1}}","","","{b TOTAL PRICE}","{+ {IJ 3 0} {IJ  2 0} {IJ 1 0}}","4"]



3.6.



MathML



{lambda talk} forgets the MathML markup set which is not implemented in Google Chrome [20]. A set of functions, [quotient, paren, sigma], can be deﬁned and used to render Mathematical Symbols: i{del h}{quotient 20 ∂ψ ∂t}(x,t) = {paren 3 (}  mc{sup 2}α{sub 0}  i{del h}c {sigma 20 j=1 3}  α{sub j}{quotient 20 ∂ ∂x{sub j}} {paren 3 )}  ψ(x,t) >   3 ∂ψ ∂ ih (x,t) =  mc2α0  ihc   αj  ψ(x,t) ∂t ∂xj j=1



(



Σ



)



No, it's not a picture!



3.7.



Scripts



{lambda talk} code can be interfaced with Javascript code written in any wiki page via a {script ...} form, allowing the exploration of intensive computing. For instance ray-tracing [21] , curved shapes modeling [22], fractal [23] and turtle graphics drawing [24]:



3.8.



Macros



{lambda talk} macros bring the power of regular expressions directly in the language. As a ﬁrst application, the expression {def name {lambda {args} body}} could be replaced by the syntaxic sugar {defun {name args} body} {macro    {defun {(\w*?) ([^{}]*?)}(?:[\s]*?)(.*)}        to {def €1 {lambda {€2} €3}}}    {defun {mul :x :y} {* :x :y}} > mul  {mul 3 4} > 12



As a second example, {lambda talk} comes with some variadic primitives, for instance [+,-,*,/,list]. At ﬁrst sight, user functions can't be deﬁned variadic, for instance: {* 1 2 3 4 5}   > 120      // * is variadic  {mul 1 2 3 4 5} > 2  // 3, 4, 5 are ignored



In order to make mul variadic we glue values in a list and use a user deﬁned helper function: {def variadic    {lambda {:f :args}    {if   {equal? {cdr :args} nil}     then {car :args}     else {:f {car :args}              {variadic :f {cdr :args}}}}}}   > variadic    {variadic mul {list 1 2 3 4 5}} > 120



But it's ugly and doesn't follow a standard call. We can do better using a macro: 1) defining:  {macro {mul* (.*?)}       to {variadic mul {list €1}}}     2) using:  (mul* 1 2 3 4 5) > 120



Now mul* is a variadic function which can be used as any other primitive or user function, except that it's not a ﬁrst class function, as in most Lisps. As a last example, {lambda talk}



Skribeevaluator  [7] scribble: http://docs.racket lang.org/scribble/  _h1 TITLE ¬              [8] SXML: https://en.wikipedia.org/wiki/SXML     stands for {h1 TITLE}  [9] LAML:  _p Some paragraph ... ¬  http://people.cs.aau.dk/~normark/laml/papers/web   stands for {p Some paragraph ...}  programminglaml.pdf  [[PIXAR|http://www.pixar.com/]]  [10] Pollen: http://docs.racketlang.org/pollen/    stands for   [11] A Tutorial Introduction to the Lambda      {a {@ href="http://www.pixar.com/"}PIXAR}  Calculus (Raul Rojas): http://www.inf.fu [[sandbox]]  berlin.de/lehre/WS03/alpi/lambda.pdf    stands for  [12] Turing       {a {@ href="?view=sandbox"}sandbox} http://epsilonwiki.free.fr/lambdaway/? view=turing  These simpliﬁed alternatives, avoiding curly braces as much [13] Lisp:  as possible, are fully used in the current document. http://www.cs.utexas.edu/~cannata/cs345/Class%20Notes/06%20Lis   [14] Scheme: https://mitpress.mit.edu/sicp/full CONCLUSION text/book/book.html  To sum up, {lambda talk} takes beneﬁt from the extraordinary [15] Regular Expressions:  power of modern web browsers, simply adding a coherent and http://blog.stevenlevithan.com/archives/reverse recursivepattern  unique notation without re-inventing the wheel, just using the [16] Ward_Cunningham:  existing foundations of HTML/CSS, the DOM and Javascript. It's https://en.wikipedia.org/wiki/Ward_Cunningham   probably why the implementation of {lambda talk} is so easy and [17] Collected Lambda Calculus Functions:  short, as we have seen before. Three rules and an empty dictionary http://jwodder.freeshell.org/lambda.html  built the foundations of a programmable programming language, [18] De_Casteljau's_algorithm:  {lambda word}, at least in theory. Adding a few ones and https://en.wikipedia.org/wiki/De_Casteljau's_algorithm populating the dictionary with primitives built on the browsers   [19] Simon_Peyton_Jones:  functionalities led to an effective one, {lambda talk}. https://en.wikipedia.org/wiki/Simon_Peyton_Jones  The {lambda way} project is « a dwarf on the shoulders of [20] googlesubtractsmathmlfromchrome:  giants »[25], a thin overlay built upon any modern browser, https://www.cnet.com/news/googlesubtracts proposing a small interactive development environment and a mathmlfromchromeandangermultiplies/  [21] raytracing:  coherent language without any external dependencies and thereby http://epsilonwiki.free.fr/lambdaway/? [26] easy to download and install on a web account provider view=raytracing  running PHP. From any web browser on any system, complex web [22] pForms:  pages can be created, enriched, structured and tested in real time http://epsilonwiki.free.fr/lambdaway/? and directly published on the web. It's exactly how the current view=pforms  document was created: entirely created and tested in the {lambda [23] fractal:  http://epsilonwiki.free.fr/lambdaway/? way} environment [27] it was directly printed as a PDF document view=mandel   [28], 8 pages in two columns following the ACM format [24] turtle:  speciﬁcations. http://epsilonwiki.free.fr/lambdaway/? view=lambdatree   Villeneuve de la Raho, 2017/03/15 [25] dwarf:  http://www.phrases.org.uk/meanings/268025.html   REFERENCES [26] download:  http://epsilonwiki.free.fr/lambdaway/? [1] Wiki: https://en.wikipedia.org/wiki/Wiki  view=download  [2] Wiki_markup:  [27] wiki page:  https://en.wikipedia.org/wiki/Wiki_markup  http://epsilonwiki.free.fr/lambdaway/? [3] LaTeX: http://fr.wikipedia.org/wiki/LaTeX  view=brussels  [4] Curl: https://en.wikibooks.org/wiki/Curl  [28] PDF document:  [5] lml: http://lml.b9.com/  http://epsilonwiki.free.fr/lambdaway/data/lambdaway_20170127.p [6] TheSkribeevaluator: http://www  (2.8Mb) sop.inria.fr/members/Manuel.Serrano/publi/jfp05/article.html#The



comes with a predeﬁned small set of macros allowing writing without curly braces titles, paragraphs, list items, links:



{λ way} v.20160608
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