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    Introduction

This system started out as an experiment in making an obtuse
programming paradigm more approachable.

Sometimes regarded as "write-only languages",
stack-based concatenative ^1
languages rely on implicit argument
passing and return values, with programs often just a bare
sequence of function names, but they provide a very concise
expression of pipelines.

A two-dimensional layout showing both the functions and the
corresponding values on the stack could help to make clear
where values are coming from and going.
Having built it, though, it turned out to naturally express
programs outside of that paradigm as well—and perhaps more usefully.

In fact, artificial restrictions were necessary to ensure
that programs did remain concatenative, while the non-concatenative
constructions had clear meaning.

Video: Teaser video showing several interactions with the system
This system lends itself to live editing of a program and
displaying intermediate (and final) values throughout, and
to exposing exactly the operations that are available at
any given time.

The following sections will discuss the background,
demonstrate usage, explore what can be done with it,
and divert to investigating the uncovered semantics
of the language.

      
    Compositional Programming

Concatenative languages are those taking two programs
and appending them together forms a new program,
performing the operation of one on the results of the other.

This operation is composition, and is exactly
analogous to composition of mathematical functions, or to
composition operators in functional languages like Haskell.

In fact, concatenative languages can be analysed as
functional languages where the default (juxtaposition)
operation is function composition, rather than application

Many concatenative languages are stack-based (e.g. Forth, Joy, Factor),
passing arguments
and return values implicitly between functions, though there are
non-stack-based languages as well ^2;
we (largely) do not deal with those here.

The Concatenative wiki
lists and provides information about a number of concatenative
languages.

Composing sequences of (sub)programs into larger programs
is also analogous to Unix pipelines, and composition can be
a core operation without being strictly concatenative.

One useful feature that these languages tend to have is the
ability for functions to have multiple return values, and
send some of them on for further processing.

This particular aspect of compositional programming is key
in what this system does.

The next section will discuss the origins of this system
in trying to support concatenative programming, before
relaxing that requirement and exploring what else can be
done with it.

      
    Origins

The original motivation
for this system was to provide a more
approachable way to read and write concatenative programs.
Concatenative languages are sometimes seen as "write-only", because
reading unknown code often requires simulating the parameter-passing
stack mentally for each function, and knowing at least the arities of
every function involved.

This two-dimensional notation can represent any of these
concatenative programs with all arguments and return values
explicitly manifest in the display: each function cell is laid out
directly below its arguments, and stretched above its return
values.
The grid thus alternates row-by-row between functions and values.
A linear concatenative program can be rendered directly
into the grid:

Video: Animation of program terms from a linear sequence to the grid.
Either the types or concrete values can be displayed for the
argument/return values.
Similarly, it is possible to linearise
a program back into conventional textual form.

Video: Animation of program terms from the 2D grid to a linear text sequence.
This notation permits editing the programs as well:
Because adjacent stack elements are side-by-side, a single drag
can select arguments to give to a function, and a menu of available
functions that can consume those arguments offered to select from.
If the values are not in the right order, the option to swap is always
available.

Video: Two program values being selected and the "swap" operation added to be peformed on them.
However, for purely concatenative use there is one further
limitation: the rightmost argument chosen must be the rightmost output
of another function, in order for these values
ever to be on top of the stack together.

Relaxing this rule results in programs that do not
correspond to typical concatenative programs, but which still have
clear meaning: each function consumes the values from above, and
produces the values below, and only lacks the ability to turn into
a — fairly inscrutable — textual concatenative program.
This relaxed non-linearisable system is what we are interested in
here, as it provides a number of convenient features for live
and exploratory programming, despite an execution model that is
quite strange in conventional terms.

      
    Live Programming

The interface allows displaying either the types accepted/produced
by each function, or the concrete values of the arguments/returns.
In the latter case, true live programming is available: the user
can select a value, or a series of consecutive values,
and choose the operation to process it or to combine them, and
the result is also displayed.

Working in this way, available operands are always visible and
tangible.
This is useful both for manipulation, and potentially for the
display itself, which may be the purpose of the program in the
first place.
At any point the user can stop, and has a program that calculates
and displays some values.

This representation also shows the <em>provenance</em> of the
results innately: all of the precursor steps, and precursor
values, are explicitly part of the display.

High-level Data Types

Examples so far have used primitive types, but arbitrary values
could be displayed for the user to work with, including
compound types or images.
Displaying these higher-level types may again be the purpose, but
also provides the opportunity for further affordances.

Video: Sample program using colours as a first-class editable data type.
Exploratory Programming

Because all available values are always visible, the user can
engage in undirected exploration of the program space.
Selecting a value, or range of values, and seeing what functions
can be applied to them, enables discovering available pathways
to experiment with.

A function can be chosen, its results seen, and then be either
continued with, or reverted.
Any function can also be replaced in-place with another of the
same type proferred from the menu.

The nullary functions for literals are also editable live,
so that a numeric or string constant can be experimentally
replaced and the impact on the program seen.

Video: Editing a program by replacing values within the grid.
Comments

The grid structure opens up an interesting possibility for
comments: the user can select a range of cells, and add a
comment to them.
These need not cover the entire row, and can be applied
to only particular <em>values</em> rather than functions,
lines, or blocks.
Of course, it is still possible to select the entire row
to comment, but additional flexibility is provided.

Video: Illustration of comments spanning terms in the grid.
      
    Working with Functions

So far we have looked only at building a whole program at once
out of built-in functions, but user-defined functions can work
in the same way.

Another option provided when choosing a sequence of arguments is
to create a new function that could accept them.
This function will be in a new tab, with the chosen parameter
types set out across the top, and all the usual affordances
available as well.
The values left over at the end of the function will be what
it returns, and the function can be used anywhere that those
parameter types are available.

Video: A function being created to process selected values.
As in concatenative programming, abstracting sequences of
operations to named functions of their own is encouraged,
to keep the program clear and comprehensible.
In this system in particular, the sheer amount of space
taken up by the grid layout provides added incentive.

Lifting Functions

This environment provides no looping constructs, and not (so far)
higher-order functions.
Given a list of values, there is thus no way to apply some
operation across the list (neither a map nor a fold).

Instead, user-defined functions have a "lifting" configuration
option, accessible in their sidebar.
These liftings, in effect, wrap the function in a higher-order
operation: the "Mappable" lifting applies the Functor map
operation to it, for example.

Video: "Lifting" a function to be applied across a sequence by selecting the "Mappable" configuration option for it.
A Mappable function that takes in a single string and returns
a single int can be applied to a list of strings, a set of strings,
or an optional of string, and will return the same wrapper type
with the produced int value(s) inside.
Similarly, a Foldable function that takes in an integer
and a string can be applied to a list of strings and an integer
initial value (in the opposite order for compositional convenience).
This appproach provides the power of common higher-order functions
without needing users to understand that sort of abstraction,
and without requiring a more complex "syntax".

Additional higher-order operations are possible,
but it is likely that at some point they introduce
too much complexity to the type system and user
interface.
So far, the system does not support first-class functions
themselves, but they may be appropriate for a future version.

Identifying Inputs and Outputs

For functions with multiple inputs or outputs, it is not
always obvious which order these will be in.
To make this easier, some functions have a label configured
for each argument and return value position, which is
displayed within the cell of the corresponding value,
as smaller text above the value or type for a
return value label, and below for a label given
by the function consuming the value.

Video: Labels shown on individual inputs and outputs of functions within the grid indicating their roles.
These annotations are quite noisy and it is not
clear that they are always advantageous, but the
current implementation includes them for arithmetic
functions, built-in functions with many arguments,
and accessors for record types.

The user can also apply one of these labels to
any stack value using a special <code>@<i>label</i></code>
function.
A manual label may be just a note for the programmer,
but will also be carried through as a label for a
return value of a user-defined function, and is
preserved by operations such as swap and dup.

Video: User-defined labels created that appear the same as the built-in function labels above.
      
    Language Semantics

While stack-based concatenative programs are expressible in this
system, the non-linearisable programs have an unusual execution
model that would be difficult to express in a conventional
textual language.
We describe two ways of analysing the execution of
programs in this model,
but neither is notably useful ^3;
the visible vertical dataflow
should be the primary understanding of the approach,
and we identify these here for completeness only.

There is a linearisable representation of the semantics,
but it is queue-based rather than stack-based.
Functions shift their arguments from the queue and push their
return values onto it, and are executed in order left-to-right
row-by-row.
The "empty" function cells where values span multiple rows are
represented by the identity function in this linearisation,
so the pushes and pulls will add up but corresponding operations
will virtually always be distant from each other.

It can also be analysed as each row defining a function
performing the operations of all its cells, from
a tuple of arguments to a tuple of outputs to be consumed by
the next row.

In either case, this is still actually concatenative: a program
that transforms A B to C D can be concatenated with one
transforming C D to E F to get a program that transforms A B to E F.
In terms of the 2D representation, this concatenativity is
row-by-row—cutting off the final rows of a program results in a
new program that consumes the outputs of the first.
However, the value of this fact is limited and the direct
argument-function-outputs mapping represented by the
grid layout is always likely to be most useful.

      
    Inspirations

A significant inspiration for this work was
dataflow programming environment.
Userland's approach to shell pipelines in particular, where
consecutive stages of the pipeline were laid out horizontally,
the standard output of each phase below, showed a path for this
sort of composition.

Another of course is the spreadsheet, the most widely-used
dataflow programming system, and a grid-based one as well.
The actual execution of this system is not similar to
spreadsheets, but some of the affordances for working with
the grid are.

Live dataflow systems like Natto,
and Ink &amp; Switch's
project, also inspire the approach to live updating and high-level data types.
The Hazel environment and its "typed holes" also
contributed to the interaction design.

The Kitten was an
entry point into statically-typed concatenative functional
programming languages and influenced the approach taken in the
original version of this system.

The animations between the textual and visual representations
draw on my past work on Tiled Grace,
which introduced this mechanism for making clear the relationship between sides
in multiple-representation environments.

Alexander Obenauer's
"itemized operating system"
project also influences the approach to very high-level data types.
It would be interesting to integrate with external systems that expose their
data in this way, so that it can be programmatically accessed with
the pathway to obtain the result being explicit.

      
    Implementation

The working environment is accessible in any web browser
All programs execute client-side, and the grid is manipulated
with the pointer: drag to select values (or click on single values),
tap on functions to replace, remove, or edit them, and tap on the
plus button on the right to add a new constant value.
Functions and programs are accessed via the tab bar at the top,
and all functions are saved in the browser's local storage upon
switching.

A working version of the system is also below, although it has
some limitations in this environment and is less full-featured here.








As it runs in the browser, the implementation is in JavaScript and
is limited by the browser sandboxing in what it can provide.
When running from a local file (rather than over HTTP) there are further
limitations.

      
    Future Work

The present system serves as a demonstration of the concept, and
has a range of functionality to explore the ideas. However, there
are a number of areas for future work, including simply building
out more comprehensive functionality in the present sphere.

The core interaction modality seems like it would be a good fit
for a mobile device or other touch-screen interaction, and it would
be interesting to explore this further.
Swipe and tap gestures are typical interactions on such devices
and align directly with the grid and function selection.
This approach could provide a mechanism for programming on these
devices, in the vein of what
TouchDevelop
aimed at.
Some preliminary work
extending this system for tablets
has shown satisfying interactions.

The system is currently limited to a single grid, and it would be
interesting to explore the possibility of multiple grids visible at once,
with
the ability to connect them together. This would allow for
more complex dataflow systems, and would also allow for
the possibility of multiple users working on the same system
at the same time.

Additional data types, and richer affordances for working with
them, would also be useful.
Especially in the exploratory programming context, it would be
helpful to have a wide range of operations and clear discovery
mechanisms, while more direct manipulation of displayed
high-level values to produce code outputs would also be good.

Connecting to external systems would also be interesting, and the
design of functions permits live-updating inputs for reactive
programming.

      
    Endnotes


        ^1
        This label is owed to Manfred von Thun and Joy, but languages such as Forth predated the terminology
        

    

        ^2
        Non-stack-based concatenative languages include Om and Kihi.
        

    

        ^3
        It is possible (even likely) that these analyses are helpful
for performant execution of programs, but that is
not a core focus here.
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class Type {

    constructor(extra={}) {

        this.additionalTypes = extra.additionalTypes ?? [];

        if (!this.renderInto)

            this.renderInto = extra.renderInto;

    }



    get isGeneric() {

        return false;

    }



    underMap(_) {

        return this;

    }



    usedAs(_otherType) {

    }



    as(sobriquet) {

        let ret = Object.create(this);

        ret.sobriquet = sobriquet;

        return ret

    }



    serialise() {

        let ret = {

            family: 'unknown',

        };

        if (this.sobriquet) ret.sobriquet = this.sobriquet;

        return ret

    }



}



class Primitive extends Type {

    constructor(name, extra) {

        super(extra);

        this.name = name;

    }



    get label() {

        return this.name;

    }



    isCompatible(other) {

        if (other.additionalTypes) {

            for (let at of other.additionalTypes)

                if (this.isCompatible(at)) return true

        }

        return this.name == other.name

    }



    serialise() {

        return Object.assign(super.serialise(), {

            name: this.name,

            family: 'primitive',

        })

    }

}



class Generic extends Type {

    constructor(ident) {

        super();

        this.ident = ident;

    }



    get label() {

        return '?' + this.ident

    }



    isCompatible(other) {

        return true

    }



    get isGeneric() {

        return true;

    }



    unite(other) {

        return {

            result: other,

            mapping: {

                [this.ident]: other

            }

        }

    }



    underMap(map) {

        if (map.has(this)) return map.get(this)

        return this

    }



    instantiateGenerics(map) {

        if (map.has(this.ident)) return map.get(this.ident)

        return this

    }



    serialise() {

        return Object.assign(super.serialize(), {

            ident: this.ident,

            family: 'generic-param',

        })

    }



}



class GenericType extends Type {

    constructor(name, extra={}, ...params) {

        super(extra);

        this.name = name;

        this.params = params;

        this._extra = extra;

    }



    isCompatible(other) {

        for (let at of other.additionalTypes) {

            if (this.isCompatible(at)) return true;

        }

        if (!(other instanceof GenericType)) return false;

        if (this.params.length != other.params.length) return false;

        if (this.name != other.name) return false;

        for (let i = 0; i < this.params.length; i++) {

            if (!this.params[i].isCompatible(other.params[i])) return false;

        }

        return true;

    }



    get label() {

        return this.name + '<' + this.params.map(x => x.label).join(',') + '>'

    }



    get isGeneric() {

        return true

    }



    get types() {

        return Array.from(this.params)

    }



    underMap(map) {

        return new GenericType(this.name, this._extra, ...this.params.map(x => x.underMap(map)))

    }



    get empty() {

        return new EmptyGenericType(this.name, this._extra)

    }



    instantiateGenerics(map) {

        let extra = {};

        Object.assign(extra, this._extra);

        if (extra.additionalTypes)

            extra.additionalTypes = extra.additionalTypes.map(x => x.isGeneric ? x.instantiateGenerics(map) : x);

        return new GenericType(this.name, extra, ...this.params.map(x => x.isGeneric ? x.instantiateGenerics(map) : x))

    }



    connectGenerics(provided, map) {

        if (this.name != provided.name) return

        if (this.params.length != provided.params.length) return

        for (let i = 0; i < this.params.length; i++) {

            let my = this.params[i];

            let its = provided.params[i];

            if (my instanceof Generic) {

                map.set(my.ident, its);

            } else if (my instanceof GenericType) {

                my.connectGenerics(its, map);

            }

        }

    }



    serialise() {

        return Object.assign(super.serialise(), {

            name: this.name,

            family: 'generic-type',

            params: this.params.map(x => x.serialise()),

        })

    }

}



class EmptyGenericType extends GenericType {

    constructor(name, extra={}) {

        let q = new Generic('?');

        super(name, extra, q);

        this._query = q;

        this.isEmpty = true;

    }



    underMap(map) {

        return new EmptyGenericType(this.name, this._extra, ...this.params.map(x => x.underMap(map)))

    }



    usedAs(otherType) {

        if (otherType instanceof GenericType) {

            this.params = Array.from(otherType.params);

        }

    }



    instantiateGenerics(map) {

        return this

    }



    instantiateAgainst(expected) {

        return new GenericType(this.name, this._extra, ...expected.params)

    }



    serialise() {

        return {

            name: this.name,

            family: 'empty-generic-type',

            params: this.params.map(x => x.serialise()),

        }

    }

}



class FunctionType extends Type { // does it?

    constructor(uses, produces, generics) {

        super();

        this.uses = uses;

        this.produces = produces;

        if (typeof generics === 'undefined') {

            this.generics = [];

        } else if (typeof generics === 'string') {

            this.generics = [];

            for (let i = 0; i < generics.length; i++) {

                this.generics.push({name: generics[i]});

            }

        } else {

            this.generics = generics;

        }

    }



    get label() {

        return this.uses.map(x => x.label).join(' ') + ' -> ' + this.produces.map(x => x.label).join(' ')

    }



    willAccept(inputs) {

        // True iff the function could be applied to

        // these arguments.

    }



    asApplied(inputs) {

        // Produce new FunctionType with uses, produces

        // updated to match generic (& other) bindings

        // presented by inputs, and no remaining generics.

        if (inputs.length != this.uses.length) return null

        let genericMap = new Map();

        let uses = Array.from(this.uses);

        for (let i = 0; i < inputs.length; i++) {

            let provided = inputs[i];

            let expected = uses[i];

            let ok = false;

            let pTypes = [provided];

            if (provided.additionalTypes)

                pTypes = pTypes.concat(provided.additionalTypes);

            for (let provided of pTypes) {

                if (expected instanceof Generic) {

                    if (genericMap.has(expected.ident)) {

                        if (!genericMap.get(expected.ident).isCompatible(provided))

                            continue

                    } else {

                        genericMap.set(expected.ident, provided);

                    }

                    ok = true;

                } else if (expected instanceof GenericType) {

                    if (expected.name != provided.name)

                        continue

                    expected = expected.instantiateGenerics(genericMap);

                    if (provided instanceof EmptyGenericType && provided.isEmpty) {

                        uses[i] = provided.instantiateAgainst(expected);

                    } else {

                        expected.connectGenerics(provided, genericMap);

                    }

                    ok = true;

                } else {

                    if (!expected.isCompatible(provided))

                        continue

                    ok = true;

                }

                if (ok) break

            }

            if (!ok) return null

        }

        for (let i = 0; i < this.generics.length; i++) {

            if (!genericMap.has(this.generics[i].name)) return null

            if (this.generics[i].satisfying) {

                for (let s of this.generics[i].satisfying) {

                    if (!s.isCompatible(genericMap.get(this.generics[i].name)))

                        return null

                }

            }

        }

        let produces = this.produces.map(x => x.isGeneric ? x.instantiateGenerics(genericMap) : x);

        uses = uses.map(x => x.isGeneric ? x.instantiateGenerics(genericMap) : x);

        return new FunctionType(uses, produces)

    }



    toString() {

        return this.uses.map(x => x.label).join(' ') + ' => ' + this.produces.map(x => x.label).join(' ')

    }



    serialise() {

        return Object.assign(super.serialise(), {

            name: this.name,

            family: 'function',

            uses: this.uses.map(x => x.serialise()),

            produces: this.produces.map(x => x.serialise()),

            generics: this.generics,

        })

    }

}



class Unifier {

    constructor(uses, produces) {

        this.uses = uses;

        this.produces = produces;

    }



    test(inputs) {

        let mapping = new Map();

        for (let i = 0; i < this.uses.length; i++) {

            let u = this.uses[i];

            if (mapping.has(u))

                u = mapping.get(u);

            let v = inputs[i];

            if (!u.isCompatible(v)) return null

            if (u.isGeneric)

                mapping.set(u, v);

        }

        return this.produces.map(x => {

            if (mapping.has(x)) return mapping.get(x);

            return x;

        })

    }



    _unify(mapping, concrete, not) {

        for (let i = 0; i < concrete.length; i++) {

            let c = concrete[i];

            let n = not[i];

            if (n.isGeneric)

                mapping.set(n, c);

        }

    }



    unify(inputs) {

        let mapping = new Map();

        let emptyGeneric = null;

        let fromInputs = new Set();

        for (let i = 0; i < this.uses.length; i++) {

            let u = this.uses[i];

            if (mapping.has(u))

                u = mapping.get(u);

            let v = inputs[i];

            if (!u.isCompatible(v)) return null

            if (v instanceof EmptyGenericType && u instanceof GenericType) {

                mapping.set(v._query, u.params[0]);

                mapping.set(v, v.underMap(mapping));

                emptyGeneric = v;

            } else if (u.isGeneric) {

                let tu = u.types;

                let tv = v.types;

                if (tu && tv)

                    this._unify(mapping, tv, tu);

                if (tv)

                    for (let t of tv) fromInputs.add(t);

                mapping.set(u, v.underMap(mapping));

            }

            fromInputs.add(v);

        }

        function chainGet(map, key) {

            let v = map.get(key);

            let v2 = null;

            while (map.has(v) && v != v2) {

                v2 = v;

                v = map.get(v);

            }

            return v

        }

        if (emptyGeneric) {

            if (!fromInputs.has(chainGet(mapping, emptyGeneric._query)))

                return null;

        }

        return {

            uses: this.uses.map(x => {

                if (mapping.has(x)) return mapping.get(x).underMap(mapping);

                return x.underMap(mapping);

            }),

            produces: this.produces.map(x => {

                if (mapping.has(x)) return mapping.get(x).underMap(mapping);

                return x.underMap(mapping);

            }),

        }

    }

}



function inflateType(t) {

    let ret;

    if (t.family == 'primitive') {

        ret = builtins[t.name];

    } else if (t.family == 'generic-type') {

        let params = t.params.map(inflateType);

        ret = builtins[t.name](...params);

    } else if (t.family == 'empty-generic-type') {

        ret = builtins[t.name].empty;

    } else if (t.family == 'generic-param') {

        ret = new Generic(t.ident);

    } else if (t.family == 'record') {

        let fields = [];

        for (let f of t.fields) {

            fields.push({

                name: f.name,

                type: inflateType(f.type),

            });

        }

        ret = new RecordType(fields);

    }

    if (t.sobriquet) {

        ret = ret.as(t.sobriquet);

    }

    return ret

}



class RecordType extends Type {

    constructor(fields) {

        super();

        this.fields = fields;

    }



    get label() {

        return '{' + this.fields.map(x => x.name + ': ' + x.type.label).join(', ') + '}'

    }



    get isGeneric() {

        return false

    }



    isCompatible(other) {

        for (let at of other.additionalTypes) {

            if (this.isCompatible(at)) return true;

        }

        if (other instanceof RecordType) {

            if (this.fields.length > other.fields.length) return false

            for (let i = 0; i < this.fields.length; i++) {

                let found = false;

                for (let j = 0; j < other.fields.length; j++) {

                    if (this.fields[i].name == other.fields[j].name) {

                        if (!this.fields[i].type.isCompatible(other.fields[j].type))

                            return false

                        found = true;

                    }

                }

                if (!found) return false

            }

            return true

        }

        return false

    }



    toString() {

        return '{' + this.fields.map(x => x.name + ': ' + x.type.label).join(', ') + '}'

    }



    serialise() {

        return {

            family: 'record',

            fields: this.fields.map(x => ({ name: x.name, type: x.type.serialise() })),

        }

    }



    renderInto(val, parent) {

        let msg = '{';

        for (let i = 0; i < this.fields.length && msg.length < 200; i++) {

            if (i > 0) msg += ', ';

            msg += this.fields[i].name + ': ';

            let v = val[this.fields[i].name];

            if (typeof v == 'string' && this.fields[i].type == builtins.string) {

                msg += '"';

                if (v.length > 10) {

                    msg += v.slice(0, 10) + '...';

                } else {

                    msg += v;

                }

                msg += '"';

            } else if (typeof v == 'number') {

                msg += v;

            } else if (typeof v == 'boolean') {

                msg += v ? 'true' : 'false';

            } else {

                msg += this.fields[i].type.label;

            }

        }

        if (msg.length >= 200) msg += '...';

        msg += '}';

        msg = '{' + this.fields.map(x => x.name).join(', ') + '}';

        parent.textContent = (msg);

    }



}



function getRecordType(type) {

    if (type instanceof RecordType) return type

    for (let at of type.additionalTypes) {

        if (at instanceof RecordType) return at

    }

    return null

}



const Monoid = new Primitive('Monoid');



const builtins = {

    int: new Primitive('int'),

    float: new Primitive('float'),

    double: new Primitive('double'),

    boolean: new Primitive('boolean'),

    string: new Primitive('string', {additionalTypes: [Monoid]}),

    Generic: {

        A: new Generic('A'),

        B: new Generic('B'),

        C: new Generic('C'),

        D: new Generic('D'),

        E: new Generic('E'),

        F: new Generic('F'),

    },

    image: new Primitive('image', {

        renderInto(val, parent) {

            let img = document.createElement('img');

            img.src = val;

            img.style.border = '1px solid black';

            img.style.maxWidth = '20vw';

            img.style.maxHeight = '15vh';

            parent.innerHTML = '';

            parent.appendChild(img);

        }

    }),

    Pair(t1, t2) { return new GenericType('Pair', {}, t1, t2); },

    unifier(uses, produces) { return new Unifier(uses, produces) },

    Set(t) { return new GenericType('Set', {additionalTypes: [Monoid, new GenericType('Mappable', {}, t)]}, t); },

    Option(t) { return new GenericType('Option', {additionalTypes: [new GenericType('Mappable', {}, t)]}, t)},

    Function(uses, produces, generics='') { return new FunctionType(uses, produces, generics); },

    List(t) {

        return new GenericType('List', {additionalTypes: [Monoid, new GenericType('Mappable', {}, t), new GenericType('Foldable', {}, t)]}, t)

    },

    Mappable(t) {

        return new GenericType('Mappable', {}, t)

    },

    Foldable(t) {

        return new GenericType('Foldable', {}, t)

    },

    Monoid: Monoid,

    Record(fields) {

        return new RecordType(fields)

    },

};

builtins.Option.empty = new EmptyGenericType('Option');

builtins.Set.empty = new EmptyGenericType('Set');

builtins.List.empty = new EmptyGenericType('List');

builtins.colour = new Primitive('colour', {

    additionalTypes: [new RecordType([{name: 'r', type: builtins.int}, {name: 'g', type: builtins.int}, {name: 'b', type: builtins.int}])],

    renderInto(value, parent) {

        let div = document.createElement('span');

        div.style.backgroundColor = 'rgb(' + value.r + ',' + value.g + ',' + value.b + ')';

        div.style.width = '20px';

        div.style.height = '15px';

        div.style.display = 'inline-block';

        parent.innerHTML = '';

        parent.appendChild(div);

    }

});



class DFunc {

    constructor(name, type, imp, extra={}) {

        this.name = name;

        this.type = type;

        this.implementation = imp;

        this.extra = extra;

    }



    get uses() {

        return this.type.uses

    }



    get produces() {

        return this.type.produces

    }



    willAccept(inputs) {

        if (this.extra.willAccept)

            return this.extra.willAccept.call(this, inputs)

        return this.type.asApplied(inputs) !== null

    }



    asWord(inputs, config) {

        if (this.extra.asWord)

            return this.extra.asWord.call(this, inputs, config)

        if (this.extra.empty) {

            return new Word(this, builtins.Function(this.type.uses, [this.type.produces[0].empty], this.type.generics))

        }

        let ft = this.type.asApplied(inputs);

        return new Word(this, ft)

    }



    apply(inputs) {

        return this.implementation(...inputs)

    }



}





class UFunc extends DFunc {

    constructor(name, space, extra={}) {

        super(name, space.getType(), (...a) => space.evaluate(...a), extra);

        this.space = space;

    }

}



const swap = new DFunc('swap',

    builtins.Function([builtins.Generic.A, builtins.Generic.B],

        [builtins.Generic.B, builtins.Generic.A],

        'AB'),

    (a, b) => [b, a]);



const delve3 = new DFunc('delve',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B, builtins.Generic.C],

        [builtins.Generic.B, builtins.Generic.C, builtins.Generic.A],

        'ABC'),

    (a, b, c) => [b, c, a]

);



const delve4 = new DFunc('delve',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B, builtins.Generic.C, builtins.Generic.D],

        [builtins.Generic.B, builtins.Generic.C, builtins.Generic.D, builtins.Generic.A],

        'ABCD'),

    (a, b, c, d) => [b, c, d, a]

);



const delve5 = new DFunc('delve',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B, builtins.Generic.C, builtins.Generic.D, builtins.Generic.E],

        [builtins.Generic.B, builtins.Generic.C, builtins.Generic.D, builtins.Generic.E, builtins.Generic.A],

        'ABCDE'),

    (a, b, c, d, e) => [b, c, d, e, a]

);



const bury3 = new DFunc('bury',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B, builtins.Generic.C],

        [builtins.Generic.C, builtins.Generic.A, builtins.Generic.B],

        'ABC'),

    (a, b, c) => [c, a, b]

);



const bury4 = new DFunc('bury',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B, builtins.Generic.C, builtins.Generic.D],

        [builtins.Generic.D, builtins.Generic.A, builtins.Generic.B, builtins.Generic.C],

        'ABCD'),

    (a, b, c, d) => [d, a, b, c]

);



const bury5 = new DFunc('bury',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B, builtins.Generic.C, builtins.Generic.D, builtins.Generic.E],

        [builtins.Generic.E, builtins.Generic.A, builtins.Generic.B, builtins.Generic.C, builtins.Generic.D],

        'ABCDE'),

    (a, b, c, d, e) => [e, a, b, c, d]

);



const drop = new DFunc('drop',

    builtins.Function([builtins.Generic.A, builtins.Generic.B],

        [builtins.Generic.A],

        'AB'),

    (a, b) => [a]

);



var stack = [swap, delve3, delve4, delve5, bury3, bury4, bury5, drop];



const intLiteral = new DFunc('int literal', builtins.Function([], [builtins.int]), () => [-1], {

    asWord(inputs, config={}) {

        let val = 'value' in config ? config.value : 123;

        let cf = Object.create(this);

        cf.implementation = () => [val];

        return new Word(cf, cf.type.asApplied(inputs), {

            label: '' + val,

            value: val, editable: {

            fromString(s) {return cf.asWord(inputs, {value: Number.parseInt(s)})},

            type: 'number',

            step: 1,

        } })

    }

});



const add$4 = new DFunc('add', builtins.Function([builtins.int.as('augend'), builtins.int.as('addend')], [builtins.int.as('sum')]), (a, b) => [a + b]);

const mul$1 = new DFunc('mul', builtins.Function([builtins.int.as('multiplicand'), builtins.int.as('multiplier')], [builtins.int.as('product')]), (a, b) => [a * b]);

const sub$1 = new DFunc('sub', builtins.Function([builtins.int.as('minuend'), builtins.int.as('subtrahend')], [builtins.int.as('difference')]), (a, b) => [a - b]);

const div$1 = new DFunc('div', builtins.Function([builtins.int.as('dividend'), builtins.int.as('divisor')], [builtins.int.as('quotient')]), (a, b) => [Math.trunc(a / b)]);

const mod = new DFunc('mod', builtins.Function([builtins.int.as('dividend'), builtins.int.as('divisor')], [builtins.int.as('remainder')]), (a, b) => [a % b]);



const neg$1 = new DFunc('neg', builtins.Function([builtins.int], [builtins.int]), (a) => [-a]);



const double$1 = new DFunc('double', builtins.Function([builtins.int], [builtins.int]), (a) => [a * 2]);



const toint = new DFunc('toint', builtins.Function([builtins.float], [builtins.int]), (a) => [a|0]);



const less = new DFunc('less', builtins.Function([builtins.int, builtins.int], [builtins.boolean]), (a, b) => [a < b]);

const greater = new DFunc('greater', builtins.Function([builtins.int, builtins.int], [builtins.boolean]), (a, b) => [a > b]);



var int = [intLiteral, add$4, mul$1, sub$1, div$1, less, greater, neg$1, double$1, toint, mod];



const stringLiteral = new DFunc('string literal', builtins.Function([], [builtins.string]), () => ["?unknown string?"], {

    asWord(inputs, config={}) {

        let val = 'value' in config ? config.value : "string";

        let cf = Object.create(this);

        cf.implementation = () => [val];

        return new Word(cf, cf.type.asApplied(inputs), {

            label: '"' + val + '"',

            value: val, editable: {

            fromString(s) {return cf.asWord(inputs, {value: s})},

            type: 'text',

            pre: '"',

            post: '"',

        } })

    }

}

);



const length$1 = new DFunc('length', builtins.Function([builtins.string], [builtins.int]), a => [a.length]);



const concat = new DFunc('concat', builtins.Function([builtins.string, builtins.string], [builtins.string]), (a, b) => [a + b]);



const tostring = new DFunc('tostring',

    builtins.Function([builtins.Generic.A], [builtins.string], 'A'),

    a => ['' + a]

);



const charAt = new DFunc('character-at',

    builtins.Function([builtins.string, builtins.int], [builtins.string]),

    (a, i) => [a.charAt(i)]

);



var string = [stringLiteral, length$1, concat, tostring, charAt];



const floatLiteral = new DFunc('float literal', builtins.Function([], [builtins.float]), () => [-1], {

    asWord(inputs, config={}) {

        let val = 'value' in config ? config.value : 1.23;

        let cf = Object.create(this);

        cf.implementation = () => [val];

        return new Word(cf, cf.type.asApplied(inputs), {

            label: '' + val,

            value: val, editable: {

            fromString(s) {return cf.asWord(inputs, {value: Number.parseFloat(s)})},

            type: 'number',

            step: 'any',

        } })

    }

});



const add$3 = new DFunc('add', builtins.Function([builtins.float.as('augend'), builtins.float.as('addend')], [builtins.float.as('sum')]), (a, b) => [a + b]);

const mul = new DFunc('mul', builtins.Function([builtins.float.as('multiplicand'), builtins.float.as('multiplier')], [builtins.float.as('product')]), (a, b) => [a * b]);

const sub = new DFunc('sub', builtins.Function([builtins.float.as('minuend'), builtins.float.as('subtrahend')], [builtins.float.as('difference')]), (a, b) => [a - b]);

const div = new DFunc('div', builtins.Function([builtins.float.as('dividend'), builtins.float.as('divisor')], [builtins.float.as('quotient')]), (a, b) => [a / b]);



const neg = new DFunc('neg', builtins.Function([builtins.float], [builtins.float]), (a) => [-a]);



const double = new DFunc('double', builtins.Function([builtins.float], [builtins.float]), (a) => [a * 2]);



const tofloat = new DFunc('tofloat', builtins.Function([builtins.int], [builtins.float]), (a) => [a]);



var float = [floatLiteral, add$3, mul, sub, div, neg, double, tofloat];



const trueLiteral = new DFunc('true', builtins.Function([], [builtins.boolean]), () => [true]);

const falseLiteral = new DFunc('false', builtins.Function([], [builtins.boolean]), () => [false]);



const not = new DFunc('not', builtins.Function([builtins.boolean], [builtins.boolean]), (x) => [!x]);



const and = new DFunc('and', builtins.Function([builtins.boolean, builtins.boolean], [builtins.boolean]),

    (x, y) => [x && y]

);

const or = new DFunc('or', builtins.Function([builtins.boolean, builtins.boolean], [builtins.boolean]),

    (x, y) => [x || y]

);



const choose = new DFunc('choose',

    builtins.Function([builtins.Generic.A, builtins.Generic.A, builtins.boolean], [builtins.Generic.A], 'A'),

    (x, y, t) => [t ? x : y]

);



const pick = new DFunc('pick',

    builtins.Function([builtins.boolean, builtins.Generic.A, builtins.Generic.A], [builtins.Generic.A], 'A'),

    (t, x, y) => [t ? x : y]

);



const equal = new DFunc('equal',

    builtins.Function([builtins.Generic.A, builtins.Generic.A], [builtins.boolean], 'A'),

    (a, b) => [a === b]);



const notEqual = new DFunc('notEqual',

    builtins.Function([builtins.Generic.A, builtins.Generic.A], [builtins.boolean], 'A'),

    (a, b) => [a !== b]);



var boolean = [trueLiteral, falseLiteral, not, and, or, pick, choose, equal, notEqual];



class MSet {

    constructor(values=[]) {

        this.set = new Set(values);

    }



    dup() {

        return new MSet(this.set)

    }



    toString() {

        return '{' + Array.from(this.set).join(',') + '}'

    }



    concat(other) {

        return new MSet(Array.from(this.set).concat(Array.from(other.set)))

    }



    map(f) {

        return new MSet(Array.from(this.set).map(f))

    }



    withAdded(v) {

        let ret = this.dup();

        ret.set.add(v);

        return ret

    }

}



const set = new DFunc('set',

    builtins.Function([builtins.Generic.A],

        [builtins.Set(builtins.Generic.A)], 'A'),

    value => [

        new MSet([value])

    ]);



const add$2 = new DFunc('add',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Generic.A],

        [builtins.Set(builtins.Generic.A)], 'A'),

        (s, v) => [s.withAdded(v)]);



const contains$1 = new DFunc('contains',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Generic.A],

            [builtins.boolean],

            'A'),

    (s, v) => [s.set.has(v)]);



const union = new DFunc('union',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Set(builtins.Generic.A)],

        [builtins.Set(builtins.Generic.A)],

        'A'),

    (s1, s2) => [new MSet(Array.from(s1.set).concat(Array.from(s2.set.values())))]);



const size = new DFunc('size',

    builtins.Function([builtins.Set(builtins.Generic.A)],

        [builtins.int],

        'A'),

    (s) => [s.set.size]);



const isEmpty = new DFunc('isEmpty',

    builtins.Function([builtins.Set(builtins.Generic.A)],

        [builtins.boolean],

        'A'),

    (s) => [s.set.size === 0]);



const intersection = new DFunc('intersection',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Set(builtins.Generic.A)],

        [builtins.Set(builtins.Generic.A)],

        'A'),

    (s1, s2) => [new MSet(Array.from(s1.set).filter(v => s2.set.has(v)))]);



const difference = new DFunc('difference',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Set(builtins.Generic.A)],

        [builtins.Set(builtins.Generic.A)],

        'A'),

    (s1, s2) => [new MSet(Array.from(s1.set).filter(v => !s2.set.has(v)))]);



const subset = new DFunc('subset',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Set(builtins.Generic.A)],

        [builtins.boolean],

        'A'),

    (s1, s2) => [Array.from(s1.set).every(v => s2.set.has(v))]);



const disjoint = new DFunc('disjoint',

    builtins.Function([builtins.Set(builtins.Generic.A), builtins.Set(builtins.Generic.A)],

        [builtins.boolean],

        'A'),

    (s1, s2) => [Array.from(s1.set).every(v => !s2.set.has(v))]);



const emptyset = new DFunc('emptyset',

    builtins.Function([],

        [builtins.Set.empty],

    ),

    () => [new MSet()],

    {

        empty: true,

    }

);





var set$1 = [set, add$2, contains$1, union, size, emptyset, isEmpty, intersection, difference, subset, disjoint];



const pair = new DFunc('pair',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.B],

        [builtins.Pair(builtins.Generic.A, builtins.Generic.B)],

        'AB'

    ),

    (left, right) => [{left, right, toString() {return '(' + this.left + ',' + this.right +')'}}]

);



const unpair = new DFunc('unpair',

    builtins.Function(

        [builtins.Pair(builtins.Generic.A, builtins.Generic.B)],

        [builtins.Generic.A, builtins.Generic.B],

        'AB'

    ),

    (p) => [p.left, p.right]

);



const left = new DFunc('left',

    builtins.Function(

        [builtins.Pair(builtins.Generic.A, builtins.Generic.B)],

        [builtins.Generic.A],

        'AB'

    ),

    (p) => [p.left]

);



const right = new DFunc('right',

    builtins.Function(

        [builtins.Pair(builtins.Generic.A, builtins.Generic.B)],

        [builtins.Generic.B],

        'AB'

    ),

    (p) => [p.right]

);



var pair$1 = [pair, unpair, left, right];



class MOption {

    constructor(value) {

        this.value = value;

        if (typeof value !== undefined)

            this.present = true;

        else

            this.present = false;

    }



    toString() {

        return this.present ? 'Some ' + this.value : 'nothing'

    }



    map(f) {

        if (this.present) {

            return new MOption(f(this.value))

        }

        return this

    }

}



const some = new DFunc('some',

    builtins.Function(

        [builtins.Generic.D],

        [builtins.Option(builtins.Generic.D)],

        'D'

    ),

    (v) => [new MOption(v)]

);



const nothing = new DFunc('nothing',

    builtins.Function([], [builtins.Option.empty]),

    () => [new MOption()],

    {

        empty: true,

    }

);



const first = new DFunc('first',

    builtins.Function(

        [builtins.Option(builtins.Generic.D), builtins.Option(builtins.Generic.D)],

        [builtins.Option(builtins.Generic.D)],

        'D'

    ),

    (a, b) => {

        if (a.present) return [a]

        return [b]

    }

);



new DFunc('last',

    builtins.Function(

        [builtins.Option(builtins.Generic.D), builtins.Option(builtins.Generic.D)],

        [builtins.Option(builtins.Generic.D)],

        'D'

    ),

    (a, b) => {

        if (b.present) return [b]

        return [a]

    }

);



var option = [some, nothing, first];



const singleton = new DFunc('singleton',

    builtins.Function([builtins.Generic.A], [builtins.List(builtins.Generic.A)], 'A'),

    a => [[a]],

);



const add$1 = new DFunc('add',

    builtins.Function([builtins.List(builtins.Generic.A), builtins.Generic.A], [builtins.List(builtins.Generic.A)], 'A'),

    (l, a) => [l.concat([a])],

);



const remove = new DFunc('remove',

    builtins.Function([builtins.List(builtins.Generic.A), builtins.Generic.A], [builtins.List(builtins.Generic.A)], 'A'),

    (l, a) => [l.filter(x => x !== a)],

);



const contains = new DFunc('contains',

    builtins.Function([builtins.List(builtins.Generic.A), builtins.Generic.A], [builtins.boolean], 'A'),

    (l, a) => [l.includes(a)],

);



const length = new DFunc('length',

    builtins.Function([builtins.List(builtins.Generic.A)], [builtins.int], 'A'),

    (l) => [l.length],

);



var list = [singleton, add$1, remove, contains, length];



const colourLiteral = new DFunc('colour literal', builtins.Function([], [builtins.colour]), () => ["?unknown colour?"], {

    asWord(inputs, config={}) {

        let val = 'value' in config ? {

                ...config.value,

                toString() {return '#' + this.r.toString(16).padStart(2, '0') + this.g.toString(16).padStart(2, '0') + this.b.toString(16).padStart(2, '0')}

            }

            : {r:0, g:0, b:0, toString() {return '#000000'}};

        let cf = Object.create(this);

        cf.implementation = () => [val];

        return new Word(cf, cf.type.asApplied(inputs), {

            label: '#' + val.r.toString(16).padStart(2, '0') + val.g.toString(16).padStart(2, '0') + val.b.toString(16).padStart(2, '0'),

            renderInto(el) {

                let div = document.createElement('span');

                div.style.backgroundColor = 'rgb(' + this.value.r + ',' + this.value.g + ',' + this.value.b + ')';

                div.style.width = '20px';

                div.style.height = '15px';

                div.style.display = 'inline-block';

                el.appendChild(div);

            },

            value: val, editable: {

                fromString(s) {return cf.asWord(inputs, {

                    value: {

                        r: Number.parseInt(s.slice(1,3), 16),

                        g: Number.parseInt(s.slice(3,5), 16),

                        b: Number.parseInt(s.slice(5,7), 16),

                        toString() {return '#' + this.r.toString(16).padStart(2, '0') + this.g.toString(16).padStart(2, '0') + this.b.toString(16).padStart(2, '0')},

                    }

                })},

                type: 'color',

                pre: '',

                post: '',

            } })

    }

}

);



function rgbVal(r, g, b) {

    return {r: Math.round(r), g: Math.round(g), b: Math.round(b), toString() {return '#' + this.r.toString(16).padStart(2, '0') + this.g.toString(16).padStart(2, '0') + this.b.toString(16).padStart(2, '0')}}

}



const rgb = new DFunc('rgb', builtins.Function([builtins.int, builtins.int, builtins.int], [builtins.colour]), (r, g, b) => [{r, g, b}]);

const hsl = new DFunc('hsl', builtins.Function([builtins.int, builtins.float, builtins.float], [builtins.colour]), (h, s, l) => {

    let [r, g, b] = hslToRgb(h, s, l);

    return [rgbVal(r, g, b)]

});

const torgb = new DFunc('torgb', builtins.Function([builtins.colour], [builtins.int, builtins.int, builtins.int]), (c) => [c.r|0, c.g|0, c.b|0]);



function rgbToHsl(r, g, b) {

    r /= 255, g /= 255, b /= 255;

    let max = Math.max(r, g, b), min = Math.min(r, g, b);

    let h, s, l = (max + min) / 2;



    if (max == min) {

        h = s = 0; // achromatic

    } else {

        let d = max - min;

        s = l > 0.5 ? d / (2 - max - min) : d / (max + min);

        switch (max) {

            case r: h = (g - b) / d + (g < b ? 6 : 0); break;

            case g: h = (b - r) / d + 2; break;

            case b: h = (r - g) / d + 4; break;

        }

        h /= 6;

    }



    return [h * 360, s, l];

}



function hslToRgb(h, s, l) {

    let c = (1 - Math.abs(2 * l - 1)) * s;

    let x = c * (1 - Math.abs((h / 60) % 2 - 1));

    let m = l - c / 2;

    let r, g, b;

    if (h < 60) {

        r = c;

        g = x;

        b = 0;

    } else if (h < 120) {

        r = x;

        g = c;

        b = 0;

    } else if (h < 180) {

        r = 0;

        g = c;

        b = x;

    } else if (h < 240) {

        r = 0; 

        g = x;

        b = c;

    } else if (h < 300) {

        r = x;

        g = 0;

        b = c;

    } else {

        r = c;

        g = 0;

        b = x;

    }

    r = (r + m) * 255;

    g = (g + m) * 255;

    b = (b + m) * 255;

    return [r, g, b]

}



const tohsl = new DFunc('tohsl', builtins.Function([builtins.colour], [builtins.int, builtins.float, builtins.float]), (c) => {

    let r = c.r / 255;

    let g = c.g / 255;

    let b = c.b / 255;

    let max = Math.max(r, g, b);

    let min = Math.min(r, g, b);

    let h, s, l = (max + min) / 2;

    if (max == min) {

        h = s = 0;

    } else {

        let d = max - min;

        s = l > 0.5 ? d / (2 - max - min) : d / (max + min);

        switch (max) {

            case r: h = (g - b) / d + (g < b ? 6 : 0); break

            case g: h = (b - r) / d + 2; break

            case b: h = (r - g) / d + 4; break

        }

        h /= 6;

    }

    return [Math.floor(h * 360), Math.floor(s * 100) / 100, Math.floor(l * 100) / 100]

});



const add = new DFunc('add', builtins.Function([builtins.colour, builtins.colour], [builtins.colour]), (a, b) => [{r: Math.min(255, a.r + b.r), g: Math.min(255, a.g + b.g), b: Math.min(255, a.b + b.b)}]);



const complement = new DFunc('complement', builtins.Function([builtins.colour], [builtins.colour]), (a) => {

    let [h, s, l] = rgbToHsl(a.r, a.g, a.b);

    h = (h + 180) % 360;

    let [r, g, b] = hslToRgb(h, s, l);

    return [rgbVal(r, g, b)]

});



const image = new DFunc('image', builtins.Function([builtins.int.as('width'), builtins.int.as('height')], [builtins.image]), (w, h) => {

    let canvas = document.createElement('canvas');

    canvas.width = w;

    canvas.height = h;

    let ctx = canvas.getContext('2d');

    ctx.fillStyle = 'white';

    //ctx.fillRect(0, 0, w, h)

    return [canvas.toDataURL()]

});



const imageLiteral = new DFunc('image literal', builtins.Function([], [builtins.image]), () => ["?unknown image?"], {

    asWord(inputs, config={}) {

        let val = 'value' in config ? config.value : '';

        let cf = Object.create(this);

        cf.implementation = () => [val];

        return new Word(cf, cf.type.asApplied(inputs), {

            label: '(an image)',

            renderInto(el) {

                let div = document.createElement('img');

                div.src = this.value;

                div.style.maxWidth = '100px';

                div.style.maxHeight = '100px';

                div.style.display = 'inline-block';

                el.appendChild(div);

            },

            value: val,

            editable: {

                fromString(file, callback=null) {

                    console.log('image fromString', file);

                    let newWord = cf.asWord(inputs, {

                        value: val,

                    });

                    if (!file) return newWord

                    createImageBitmap(file).then((bitmap) => {

                        console.log('got bitmap', bitmap);

                        let canvas = document.createElement('canvas');

                        canvas.width = bitmap.width;

                        canvas.height = bitmap.height;

                        let ctx = canvas.getContext('2d');

                        ctx.drawImage(bitmap, 0, 0);

                        newWord.value = canvas.toDataURL();

                        val = newWord.value;

                        newWord.func.implementation = () => [val];

                        console.log('el', this.el);

                        if (callback)

                            callback();

                        //newWord.renderInto(this.el)

                    });

                    return newWord

                },

                type: 'file',

                pre: '',

                post: '',

            } })

    }

}

);



const fill = new DFunc('fill', builtins.Function([builtins.image, builtins.colour], [builtins.image]), (img, c) => {

    let canvas = document.createElement('canvas');

    let img2 = new Image();

    img2.src = img;

    canvas.width = img2.width;

    canvas.height = img2.height;

    let ctx = canvas.getContext('2d');

    ctx.fillStyle = '#' + c.r.toString(16).padStart(2, '0') + c.g.toString(16).padStart(2, '0') + c.b.toString(16).padStart(2, '0');

    ctx.fillRect(0, 0, img2.width, img2.height);

    return [canvas.toDataURL()]

});



const drawOn = new DFunc('drawOn', builtins.Function([builtins.image.as('lower'), builtins.image.as('upper'), builtins.int.as('x'), builtins.int.as('y')], [builtins.image]), (img, img2, x, y) => {

    let canvas = document.createElement('canvas');

    let img3 = new Image();

    img3.src = img;

    canvas.width = img3.width;

    canvas.height = img3.height;

    let ctx = canvas.getContext('2d');

    ctx.drawImage(img3, 0, 0);

    let img4 = new Image();

    img4.src = img2;

    ctx.drawImage(img4, x, y);

    return [canvas.toDataURL()]

});



const scale = new DFunc('scale', builtins.Function([builtins.image, builtins.float], [builtins.image]), (img, f) => {

    let canvas = document.createElement('canvas');

    let img2 = new Image();

    img2.src = img;

    canvas.width = img2.width * f;

    canvas.height = img2.height * f;

    let ctx = canvas.getContext('2d');

    ctx.drawImage(img2, 0, 0, img2.width * f, img2.height * f);

    return [canvas.toDataURL()]

});



const pixel = new DFunc('pixel', builtins.Function([builtins.image, builtins.colour, builtins.int, builtins.int], [builtins.image]), (img, c, x, y) => {

    let canvas = document.createElement('canvas');

    let img2 = new Image();

    img2.src = img;

    canvas.width = img2.width;

    canvas.height = img2.height;

    let ctx = canvas.getContext('2d');

    ctx.drawImage(img2, 0, 0);

    ctx.fillStyle = '#' + c.r.toString(16).padStart(2, '0') + c.g.toString(16).padStart(2, '0') + c.b.toString(16).padStart(2, '0');

    ctx.fillRect(x, y, 1, 1);

    return [canvas.toDataURL()]

});



const tint = new DFunc('tint', builtins.Function([builtins.image, builtins.colour], [builtins.image]), (img, c) => {

    let canvas = document.createElement('canvas');

    let img2 = new Image();

    img2.src = img;

    canvas.width = img2.width;

    canvas.height = img2.height;

    let ctx = canvas.getContext('2d');

    ctx.drawImage(img2, 0, 0);

    try {

        let imgData = ctx.getImageData(0, 0, img2.width, img2.height);

        for (let i = 0; i < imgData.data.length; i += 4) {

            imgData.data[i] = imgData.data[i] * c.r / 255;

            imgData.data[i + 1] = imgData.data[i + 1] * c.g / 255;

            imgData.data[i + 2] = imgData.data[i + 2] * c.b / 255;

        }

        ctx.putImageData(imgData, 0, 0);

    } catch (e) {

        console.log('error', img, e);

    }

    return [canvas.toDataURL()]

});



var image$1 = [colourLiteral, imageLiteral, rgb, hsl, complement, torgb, tohsl, add, image, fill, pixel, drawOn, scale, tint];



//https://en.wikipedia.org/api/rest_v1/page/summary/Charles_Dickens



const wikipedia = new DFunc('wikipedia', builtins.Function([builtins.string],

    [builtins.Record(

        [

            {name: 'title', type: builtins.string},

            {name: 'extract', type: builtins.string},

            {name: 'thumbnail', type: builtins.image},

        ]

    )]), (a, cb) => {

        if (a in wikipedia.cache)

            return [wikipedia.cache[a]]

        let data = {};

        wikipedia.cache[a] = data;

        fetch('https://en.wikipedia.org/api/rest_v1/page/summary/' + a)

            .then(response => response.json())

            .then(j => {

                data.title = j.title;

                data.extract = j.extract;

                let f = fetch(j.thumbnail.source);

                f.then(response => response.blob())

                    .then(blob => {

                        let canvas = document.createElement('canvas');

                        let ctx = canvas.getContext('2d');

                        let img = new Image();

                        img.src = URL.createObjectURL(blob);

                        img.onload = () => {

                            canvas.width = img.width;

                            canvas.height = img.height;

                            ctx.drawImage(img, 0, 0);

                            data.thumbnail = canvas.toDataURL();

                            let img2 = new Image();

                            img2.onload = () => {

                                // This avoids delays in the image loading

                                // causing problems with subsequent steps.

                                cb();

                            };

                            img2.src = data.thumbnail;

                            URL.revokeObjectURL(img.src);

                        };

                    });

            });

        return [data]

    },

    {

        wantsCallback: true,

    }

);

wikipedia.cache = {};



var data = [wikipedia];



const comment = new DFunc('comment',

    builtins.Function([], []),

    (...args) => args,

    {

        willAccept(inputs) {

            return inputs.length > 0;

        },



        asWord(inputs, config={}) {

            let val = 'value' in config ? config.value : 'comment';

            let cf = Object.create(this);

            cf.type = builtins.Function(inputs, inputs);

            return new Word(cf, cf.type.asApplied(inputs), {

                label: '(' + val + ')',

                value: val, class: 'comment', editable: {

                fromString(s) {return cf.asWord(inputs, {value: s})},

                type: 'text',

                pre: '(',

                post: ')',

            } })

        }

    }

);



const dup = new DFunc('dup',

    builtins.Function([builtins.Generic.A], [builtins.Generic.A, builtins.Generic.A], 'A'),

    a => [a, a]

);



const combine = new DFunc('combine',

    builtins.Function(

        [builtins.Generic.A, builtins.Generic.A],

        [builtins.Generic.A],

        [

            {

                name: 'A',

                satisfying: [builtins.Monoid],

            },

        ]

    ),

    (a, b) => [a.concat(b)],

);



new DFunc('log',

    builtins.Function(

        [builtins.Generic.A],

        [builtins.Generic.A],

        [

            {

                name: 'A',

                satisfying: [],

            },

        ]

    ),

    (a) => {

        console.log(a, typeof a);

        return [a]

    },

);



const monoid = [combine];



const all = [];

const packages = {

    all, int, string, float, boolean, set: set$1, pair: pair$1, option, stack, list, monoid, image: image$1, data

};



all.push(...[dup].concat(Object.values(packages).flat()).concat([comment]));



class Space {

    constructor(inputTypes=[]) {

        this.rows = [];

        this.listeners = {};

        this.knownFunctions = packages.all;

        this.inputTypes = inputTypes;

        if (inputTypes.length) {

            let r = this.getRow(0);

            for (let it of inputTypes) {

                r.items.push(new PassThrough(it));

            }

        }

        this.revision = 1;

    }



    unserialise(obj) {

        this.userWords = [];

        this.inputTypes = obj.inputTypes.map(inflateType);

        let spc = this; //new Space(inputTypes)

        for (let i = 0; i < obj.rows.length; i++) {

            let r = obj.rows[i];

            let row = spc.getRow(i);

            row.items = [];

            for (let w of r) {

                let uses = w.uses.map(inflateType);

                if (w.name) {

                    let f = spc.getFunction(w.name, uses);

                    if (f == null) {

                        console.log('did not find', w.name, 'with', uses.map(x=>x.label));

                    }

                    let word = f.asWord(uses, typeof w.value !== 'undefined' ? {value: w.value} : undefined);

                    if (f instanceof UFunc)

                        this.userWords.push({row: row, index: row.items.length, word, uses});

                    row.items.push(word);

                    word.type.produces = w.produces.map(inflateType);

                } else {

                    row.items.push(new PassThrough(uses[0]));

                }

            }

        }

        return spc

    }



    postUnserialise() {

        for (let {row, index, word, uses} of this.userWords) {

            row.items[index] = word.func.asWord(uses);

        }

    }



    serialise() {

        let ret = {

            rows: [],

            inputTypes: this.inputTypes.map(x => x.serialise()),

            produces: this.getType().produces.map(x => x.serialise()),

        };

        for (let r of this.rows) {

            let row = [];

            ret.rows.push(row);

            for (let w of r.items) {

                row.push({

                    name: w.func.name,

                    uses: w.type.uses.map(x=>x.serialise()),

                    produces: w.type.produces.map(x=>x.serialise()),

                    value: w.value,

                });

            }

        }

        return ret

    }



    getType() {

        if (this.rows.length == 0)

            return builtins.Function([], [])

        let lastRow = this.rows[this.rows.length - 1];

        let stack = [];

        for (let w of lastRow.items) {

            stack.push(...w.type.produces);

        }

        return builtins.Function(this.inputTypes, stack)

    }



    evaluate(...inputs) {

        let currentStack = Array.from(inputs);

        let nextStack = [];

        for (let r of this.rows) {

            for (let it of r.items) {

                let produced = it.func.apply(currentStack.splice(0, it.type.uses.length));

                nextStack = nextStack.concat(produced);    

            }

            currentStack = nextStack;

            nextStack = [];

        }

        return currentStack

    }



    getRow(n) {

        if (!this.rows[n]) {

            for (let i = this.rows.length; i <= n; i++) {

                this.rows.push({

                    items: [],

                    tr: null

                });

            }

        }

        return this.rows[n]

    }



    computeMaxWidth() {

        let maxWidth = this.rows.map(x=>x.items.length).reduce((a, b) => a > b ? a : b);

        let widths = [];

        //console.log(this.rows)

        for (let i of this.rows[0].items)

            widths.push(1);

        for (let row of this.rows) {

            //console.log('starting row', n, row.items.map(x=>x.func.name??'<>'))

            if (maxWidth % row.items.length != 0) {

                maxWidth *= row.items.length;

                //console.log('multiplying by', row.items.length, 'now', maxWidth)

                for (let i = 0; i < widths.length; i++)

                    widths[i] *= row.items.length;

            }

            let produces = [];

            for (let f of row.items) {

                let uses = Math.max(1, f.type.uses.length);

                let taken = widths.splice(0, uses);

                let avail = taken.reduce((a,b) => a + b);

                let out = f.type.produces.length;

                //console.log('for', f.func.name, 'row', n,

                //    'taking', Array.from(taken),

                //    'a', avail, out)

                if (avail % out != 0) {

                    avail *= out;

                    maxWidth *= out;

                    //console.log('multiplying by', out, 'now', maxWidth, 'avail', avail)

                    for (let i = 0; i < widths.length; i++)

                        widths[i] *= out;

                    for (let i = 0; i < produces.length; i++)

                        produces[i] *= out;

                }

                for (let p of f.type.produces)

                    produces.push(avail / out);

            }

            widths = produces;

        }

        //console.log('other max', maxWidth)

        return maxWidth

    }



    getMatchingFunctions(inputs) {

        let ret = [];

        for (let f of this.knownFunctions) {

            if (f != this.userFunction && f.willAccept(inputs))

                ret.push(f);

        }

        if (inputs.length == 1) {

            let rec = getRecordType(inputs[0]);

            if (rec) {

                for (let {name, type} of rec.fields) {

                    ret.push(new DFunc('.' + name, builtins.Function([builtins.Record([{name, type}])], [type.as(name)]), (c) => [c[name]]));

                }

                ret.push(new DFunc('splay', builtins.Function([rec], rec.fields.map(x => x.type.as(x.name))), (c) => rec.fields.map(x => c[x.name])));

            }

            const sobriquetLiteral = new DFunc('sobriquet literal', builtins.Function([inputs[0]], [inputs[0].as('sobriquet')]), (a) => [a], {

                asWord(inputs, config={}) {

                    let val = 'value' in config ? config.value : '';

                    let cf = Object.create(this);

                    cf.type = builtins.Function([inputs[0]], [inputs[0].as(val)]);

                    return new Word(cf, cf.type.asApplied(inputs), {

                        label: '@' + val,

                        value: val, editable: {

                            fromString(s) {return cf.asWord(inputs, {value: s})},

                        type: 'text',

                        pre: '@'

                    } })

                }

            });

            ret.push(sobriquetLiteral);

        }

        if (inputs.every(x => x.sobriquet)) {

            ret.push(

                new DFunc('record',

                    builtins.Function(Array.from(inputs),

                        [builtins.Record(inputs.map(x => ({name: x.sobriquet, type: x})))]),

                    (...vals) => {

                        let ret = {};

                        for (let i = 0; i < inputs.length; i++)

                            ret[inputs[i].sobriquet] = vals[i];

                        return [ret]

                    }

                )

            );

        }

        return ret

    }



    getFunction(name, inputs) {

        for (let f of this.knownFunctions) {

            if (f.name == name && f.willAccept(inputs))

                return f

        }

        if (name[0] == '.' && inputs.length == 1) {

            let rec = getRecordType(inputs[0]);

            if (rec) {

                let fieldName = name.slice(1);

                for (let {name, type} of rec.fields) {

                    if (name == fieldName)

                        return new DFunc('.' + name, builtins.Function([builtins.Record([{name, type}])], [type]), (c) => [c[name]])

                }

            }

        }

        if ((name[0] == '@' || name == 'sobriquet literal') && inputs.length == 1) {

            const sobriquetLiteral = new DFunc('sobriquet literal', builtins.Function([inputs[0]], [inputs[0].as(name[0] == '@' ? name.slice(1) : 'sobriquet')]), (a) => [a], {

                asWord(inputs, config={}) {

                    let val = 'value' in config ? config.value : name.slice(1);

                    let cf = Object.create(this);

                    cf.type = builtins.Function([inputs[0]], [inputs[0].as(val)]);

                    return new Word(cf, cf.type.asApplied(inputs), {

                        label: '@' + val,

                        value: val, editable: {

                            fromString(s) {return cf.asWord(inputs, {value: s})},

                        type: 'text',

                        pre: '@',

                    } })

                }

            });

            return sobriquetLiteral

        }

        if (name == 'splay' && inputs.length == 1) {

            let rec = getRecordType(inputs[0]);

            if (rec) {

                return new DFunc('splay', builtins.Function([rec], rec.fields.map(x => x.type)), (c) => rec.fields.map(x => c[x.name]))

            }

        }

        if (name == 'record' && inputs.every(x => x.sobriquet) && inputs.length >= 1) {

            return new DFunc('record',

                builtins.Function(Array.from(inputs),

                    [builtins.Record(inputs.map(x => ({name: x.sobriquet, type: x})))]),

                (...vals) => {

                    let ret = {};

                    for (let i = 0; i < inputs.length; i++)

                        ret[inputs[i].sobriquet] = vals[i];

                    return [ret]

                }

            )

        }

        return null

    }



    findConsumer(item) {

        // Find the function on the row below a stack item

        // that consumes it, and the index of that function

        // (or passthrough) within that row.

        if (item === null)

            return item

        // item.column is the number of stack items to the left

        let consumerRow = this.getRow(item.row);

        let used = 0;

        if (!consumerRow) return null

        for (let i = 0; i < consumerRow.items.length; i++) {

            let con = consumerRow.items[i];

            if (item.column >= used && item.column < used + con.type.uses.length) {

                // got it

                return {consumer: con, index: i, rowNum: item.row}

            }

            used += con.type.uses.length;

        }

        // Returns nothing on the last row that has no consumer

    }



    findPassthroughConsumers(item) {

        //let consumer = this.findConsumer(item)

        //if (!(consumer.consumer instanceof PassThrough))

        //    return { passthroughs: [], recipient: consumer }

        let startRow = item.row;

        let ret = [];

        let recipient = null;

        let column = item.column;

        for (let i = startRow; i < this.rows.length; i++) {

            //console.log('considering row', i)

            let row = this.getRow(i);

            let used = 0;

            let produced = 0;

            for (let x = 0; x < row.items.length; x++) {

                let f = row.items[x];

                //console.log('examining', f.func.name, 'col', column, 'used', used, 'u+fful', used + f.func.uses.length )

                if (column >= used && column < used + f.type.uses.length) {

                    // Found it

                    if (f instanceof PassThrough) {

                        ret.push({consumer: f, index: x, rowNum: i, column: produced});

                        column = produced;

                        break

                    } else {

                        return { passthroughs: ret, recipient: f }

                    }

                }

                used += f.type.uses.length;

                produced += f.type.produces.length;

            }

        }

        return { passthroughs: ret, recipient }

    }



    getOutputs(word) {

        for (let i = 0; i < this.rows.length; i++) {

            let wordIndex = this.rows[i].items.indexOf(word);

            if (wordIndex != -1) {

                // Found it

                let row = this.rows[i];

                let prevOutputCount = 0;

                for (let j = 0; j < wordIndex; j++) {

                    prevOutputCount += row.items[j].type.produces.length;

                }

                let outputs = [];

                for (let p of word.type.produces) {

                    outputs.push({

                        row: i + 1,

                        column: prevOutputCount++

                    });

                }

                return outputs

            }

        }

    }



    findConsumers(item) {

        let ret = [];

        let consumer = this.findConsumer(item);

        while (consumer) {

            ret.push(consumer);

            //console.log('consumers so far', Array.from(ret))

            if (consumer.consumer instanceof Word) break

            if (!consumer.consumer) break

            consumer = this.findConsumer(consumer.consumer);

        }

        return ret

    }



    addWordBelow(word, above, allAbove) {

        // Problem: when you add a word on a non-final row,

        // there are multiple rows of passthroughs below.

        // This splices out the passthroughs immediately

        // below the arguments, but doesn't deal to the

        // ones on subsequent rows.

        // It may leave one behind that shouldn't be, and

        // it also won't add new ones for additional outputs

        // this new function produces.

        //console.log('addWordBelow', word, above)

        let row = above === null ? this.getRow(0) : this.getRow(above.row);

        //console.log('above', above)

        if (!row.items.length && above) {

            for (let w of this.getRow(above.row - 1).items) {

                for (let p of w.type.produces) {

                    row.items.push(new PassThrough(p));

                }

            }

            //for (let t of above.allTypes) {

            //    row.items.push(new PassThrough(t))

            //}

        }

        let ret = [];

        if (above == null) {

            let column = 0;

            for (let f of row.items) {

                column += f.type.produces.length;

            }

            row.items.push(word);

            for (let p of word.type.produces) {

                ret.push({

                    row: 1,

                    column: column++,

                    type: p

                });

            }

        } else {

            if (allAbove) {

                for (let i = 0; i < word.type.uses.length; i++) {

                    let a = allAbove[i];

                    if (a.type)

                        a.type.usedAs(word.type.uses[i]);

                }

            }

            let cons = this.findPassthroughConsumers(above);

            let first = cons.passthroughs.shift();

            row.items.splice(first.index, word.type.uses.length, word);

            let column = first.column;

            for (let p of word.type.produces) {

                ret.push({

                    row: above.row + 1,

                    column: column++,

                    type: p,

                });

            }

            let rowNum = above.row + 1;

            //console.log('remaining passthroughs', cons.passthroughs)

            for (let pt of cons.passthroughs) {

                if (rowNum == this.rows.length) break

                row = this.getRow(rowNum);

                let pts = [];

                for (let p of word.type.produces) {

                    pts.push(new PassThrough(p));

                }

                row.items.splice(pt.index, word.type.uses.length, ...pts);

                rowNum += 1;

            }

        }

        



        //let consumer = this.findConsumer(above)

        //row.items.splice(above === null ? row.items.length : consumer.index, word.func.uses.length, word)

        

        //console.log('consumers', consumers)

        //if (consumers.length > 1) {

        //    console.log('here')

        //    //consumers.shift()

        //    for (let c of consumers) {

        //        let passes = []

        //        for (let p of word.func.produces) {

        //            passes.push(new PassThrough(p))

        //        }

        //        row = this.getRow(c.rowNum)

        //        row.items.splice(c.index, word.func.uses.length, ...passes)

        //    }

        //}

        if (above === null) {

            for (let i = 1; i < this.rows.length; i++) {

                for (let p of word.type.produces) {

                    this.rows[i].items.push(new PassThrough(p));

                }

            }

        }

        //console.log('rows', this.rows)

        this._triggerEvent('change');

        return ret

    }



    addEventListener(ev, func) {

        if (!(ev in this.listeners)) this.listeners[ev] = [];

        this.listeners[ev].push(func);

    }



    removeEventListener(ev, func) {

        if (!ev in this.listeners) return

        let index = this.listeners[ev].indexOf(func);

        this.listeners[ev].splice(index, 1);

    }



    _triggerEvent(ev, data) {

        if (ev == 'change') this.revision++;

        if (ev in this.listeners) {

            for (let f of this.listeners[ev]) {

                f.call(this, data);

            }

        }

    }



    getWordRow(word) {

        for (let row of this.rows) {

            let index = row.items.indexOf(word);

            if (index != -1) {

                return row

            }

        }

        return null

    }



    removeWord(word) {

        let rowNum = 0;

        for (let row of this.rows) {

            let index = row.items.indexOf(word);

            if (index != -1) {

                // Found word

                let outputs = this.getOutputs(word);

                // Remove word itself

                if (rowNum == 0)

                    row.items.splice(index, 1);

                else {

                    row.items.splice(index, 1, ...word.type.uses.map(x=>new PassThrough(x)));

                }

                // Remove all following passthroughs

                let fpt = this.findPassthroughConsumers(outputs[0]);

                for (let pt of fpt.passthroughs) {

                    let replacements = [];

                    for (let p of word.type.uses)

                        replacements.push(new PassThrough(p));

                    // Splice out contiguous block of passthroughs

                    this.rows[pt.rowNum].items.splice(pt.index, word.type.produces.length, ...replacements);

                }

            }

            rowNum++;

        }

        // Check the last row for any actual functions

        let lastEmpty = true;

        for (let e of this.rows[this.rows.length - 1].items) {

            if (! (e instanceof PassThrough))

                lastEmpty = false;

        }

        // Remove if none found

        if (lastEmpty && this.rows.length > 1)

            this.rows.pop();

        this._triggerEvent('change');

    }



    linHelper(r, dests) {

        if (r < 0) return true

        let row = this.getRow(r);

        let tmpStack = [];

        let thisRow = [];

        for (let w of row.items) {

            let produces = dests.splice(0, w.type.produces.length);

            let pre = [];

            thisRow.push({pre, word: w, prod: produces[0]});

            for (let u of w.type.uses) {

                tmpStack.push(pre);

            }

        }

        if (!this.linHelper(r - 1, tmpStack))

            return false

        for (let x of thisRow) {

            x.prod.push(...x.pre);

            x.prod.push(x.word);

        }

        return true

    }



    linearise() {

        if (!this.isLinear())

            return null

        let prog = [];

        for (let w of this.rows[this.rows.length - 1].items) {

            for (let u of w.type.produces) {

                prog.push([]);

            }

        }

        if (this.linHelper(this.rows.length - 1, prog.map(x=>x))) {

            return prog.flatMap(x=>x).filter(x => !(x instanceof PassThrough))

        }

        return null

    }



    isLinear() {

        let prevQ = this.inputTypes.map(x => true);

        prevQ[prevQ.length - 1] = false;

        for (let row of this.rows) {

            let curQ = [];

            for (let w of row.items) {

                for (let i = 0; i < w.type.produces.length - 1; i++) {

                    curQ.push(true);

                }

                let consumes = prevQ.splice(0, w.type.uses.length);

                if (w instanceof PassThrough) {

                    curQ.push(consumes[0]);

                } else {

                    curQ.push(false);

                    if (consumes[consumes.length - 1]) {

                        return false

                    }    

                }

            }

            prevQ = curQ;

        }

        return true

    }

}



class Word {

    constructor(func, type, options={editable: false}) {

        this.func = func;

        this.type = type;

        this.editable = options.editable;

        this.class = options.class;

        this.label = options.label ?? func.name;

        if ('value' in options)

            this.value = options.value;

        if ('renderInto' in options) {

            this.renderInto = options.renderInto;

        }

    }



    renderInto(el) {

        el.textContent = this.label;

    }

}



class PassThrough {

    constructor(type) {

        this.func = {

            uses: [type],

            produces: [type],

            apply(inputs) {

                return inputs

            }

        };

        this.type = builtins.Function([type], [type]); 

    }



    renderInto(el) {

        el.classList.add('passthrough');

    }

}



class LinearRenderer {

    constructor(parent, spc, config) {

        this.parent = parent;

        this.space = spc;

        this.config = config ?? {};

        this.wordMap = new WeakMap();

        this._update = this.update.bind(this);

        spc.addEventListener('change', this._update);

    }



    dispose() {

        this.space.removeEventListener('change', this._update);

    }



    update() {

        let lin = this.space.linearise();

        this.parent.innerText = '';

        if (lin) {

            for (let w of lin) {

                let span = document.createElement('span');

                //span.innerText = w.label

                w.renderInto(span);

                this.parent.appendChild(span);

                this.wordMap.set(w, span);

                span.word = w;

                this.setUpElement(span, w);

                span = document.createElement('span');

                span.innerText = ' ';

                this.parent.appendChild(span);

            }

        }

    }



    findWordElement(word) {

        return this.wordMap.get(word)

    }



    setUpElement(element, word) {

        if (this.config.otherRenderers) {

            element.addEventListener('mouseover', () => {

                for (let r of this.config.otherRenderers) {

                    let e = r.findWordElement(word);

                    if (e) {

                        e.classList.add('highlight-word');

                    }

                }

            });

            element.addEventListener('mouseout', () => {

                for (let r of this.config.otherRenderers) {

                    let e = r.findWordElement(word);

                    if (e) {

                        e.classList.remove('highlight-word');

                    }

                }

            });

        }

    }



}



const adjectives = [

    'shiny', 'matte', 'reflective', 'dull',

    'sturdy', 'robust', 'gracile', 'fragile',

    'curly', 'fluffy', 'wavy', 'linear',

    'excited', 'thoughtful', 'pensive', 'joyful',

    'fictional', 'abstract', 'concrete', 'elusive',

    'contrary', 'adverse', 'ornery', 'unruly',

];

const nouns = [

    'parrot', 'emu', 'starfish', 'dragon',

    'train', 'boat', 'kayak', 'wagon',

    'square', 'circle', 'triangle', 'oblong',

    'waffle', 'sandwich', 'soup', 'beverage',

    'mountain', 'river', 'stream', 'lake',

    'penguin', 'walrus', 'dolphin', 'squid',

];



function randomName(existing=new Set()) {

    let adj = adjectives[(Math.random() * adjectives.length)|0];

    let noun = nouns[(Math.random() * nouns.length)|0];

    let name = adj + '-' + noun;

    if (existing.has(name))

        return randomName(existing)

    existing.add(name);

    return name

}



class Function {

    constructor(name, space) {

        this.name = name;

        this.space = space;

        this.extra = {};

        this._lifting = 'none';

        this.userFunction = new UFunc(name, space, this.extra);

        space.userFunction = this.userFunction;

    }



    get lifting() {

        return this._lifting;

    }



    set lifting(v) {

        this._lifting = v;

        if (!v) throw new Error('invalid lifting')

        const space = this.space;

        if (v == 'map') {

            this.extra.willAccept = function (inputs) {

                if (inputs.length != 1) return false;

                let sf = space.getType();

                let mapInType = builtins.Mappable(...sf.uses);

                if (mapInType.isCompatible(inputs[0]))

                    return true;

                return false;

            };



            this.extra.asWord = function (inputs, config) {

                let sf = space.getType();

                let inType = inputs[0];

                builtins.Mappable(...sf.uses);

                let outType = builtins[inType.name](...sf.produces);

                let ft = builtins.Function([inType], [outType]);

                let nf = Object.create(this);

                nf.implementation = (m) => [m.map(x => space.evaluate(x)[0])];

                return new Word(nf, ft)

            };

        } else if (v == 'foldl') {

            this.extra.willAccept = function (inputs) {

                if (inputs.length != 2) return false;

                let sf = space.getType();

                let foldInType = builtins.Foldable(sf.uses[1]);

                if (!foldInType.isCompatible(inputs[0]))

                    return false;

                if (!sf.uses[0].isCompatible(inputs[1]))

                    return false;

                return true;

            };



            this.extra.asWord = function (inputs, config) {

                let sf = space.getType();

                let initType = sf.uses[0];

                let foldableType = builtins.Foldable(sf.uses[1]);

                let outType = sf.produces[0];

                let ft = builtins.Function([foldableType, initType], [outType]);

                let nf = Object.create(this);

                nf.implementation = (m, v) => [m.reduce((x, a) => space.evaluate(x, a)[0], v)];

                return new Word(nf, ft)

            };

        } else {

            this.extra.willAccept = null;

            this.extra.asWord = null;

        }

    }



    getType() {

        if (this.lifting == 'map') {

            let spaceType = this.space.getType();

            // needs to return same outer type, new inner type

            // return should be the container, not Mappable

            return builtins.Function([builtins.Mappable(...spaceType.uses)], [builtins.Mappable(...spaceType.produces)])

        } else if (this.lifting == 'foldl') {

            let spaceType = this.space.getType();

            return builtins.Function([builtins.Foldable(spaceType.uses[1]), spaceType.uses[0]], [...spaceType.produces])

        } else if (this.lifting == 'none') {

            return this.space.getType()

        } else {

            console.log("UNEXPECTED LIFTING", this.lifting);

        }

    }



    activateTab() {

        activateTab(this);

    }

}



let activeFunction = null;



let functions = [

];



let tabBar = document.getElementById('tabBar');

let evaluateCB = document.getElementById('evaluateCheckbox');



function addFunction(name, options={}) {

    let inputTypes = options.inputTypes;

    let spc = options.space;

    if (!spc) spc = new Space(inputTypes);

    let f = new Function(name, spc);

    f.space.getRow(0);

    functions.push(f);

    f.lifting = options.lifting ?? 'none';

    if (options.uses) {

        f.userFunction.type = builtins.Function(options.uses.map(inflateType), options.produces.map(inflateType));

    }

    updateTabBar();

    activateTab(f);

    return f

}



function updateTabBar() {

    tabBar.textContent = '';

    for (let f of functions) {

        let li = document.createElement('li');

        li.textContent = f.name;

        li.addEventListener('click', function(ev) {

            if (this.classList.contains('active')) {

                let input = document.createElement('input');

                input.type = 'text';

                input.style.fontFamily = 'inherit';

                input.style.fontSize = 'inherit';

                input.style.border = 0;

                input.value = this.textContent;

                input.style.width = this.clientWidth + 'px';

                input.style.padding = 0;

                this.textContent = '';

                this.append(input);

                input.addEventListener('click', ev => {

                    ev.stopPropagation();

                });

                input.addEventListener('change', function() {

                    let nn = input.value;

                    if (nn) {

                        f.name = nn;

                        activeFunction.userFunction.name = f.name;

                        activeFunction.userFunction.type = activeFunction.space.getType();

                        updateTabBar();

                        f.activateTab();

                    }

                });

                input.focus();

            } else if (activeFunction && activeFunction.space.rows[0].items.length == 0 && functions.length > 1) {

                functions.splice(functions.indexOf(activeFunction), 1);

                let index = activeFunction.space.knownFunctions.indexOf(activeFunction.userFunction);

                if (index != -1)

                    activeFunction.space.knownFunctions.splice(index, 1);

                updateTabBar();

            }

            save();

            activateTab(f);

        });

        tabBar.append(li);

        f.tab = li;

        f.workArea = document.getElementsByClassName('workArea')[0];

    }

    let newButton = document.createElement('li');

    newButton.textContent = '+';

    newButton.addEventListener('click', function() {

        addFunction(randomName(), {inputTypes: []});

    });

    tabBar.append(newButton);

}



function displayError(message) {

    let messageDiv = document.createElement('div');

    if (typeof message == 'string') {

        message = [message];

    }

    for (let m of message) {

        let p = document.createElement('p');

        p.textContent = m;

        messageDiv.append(p);

    }

    messageDiv.classList.add('error-message-popup');

    setTimeout(function() {

        document.documentElement.addEventListener('click', function() {

            messageDiv.remove();

        }, { once: true });

    }, 100);

    document.demo.append(messageDiv);

}



function switchToFunction(uf) {

    for (let f of functions) {

        if (f.name == uf.name)

            activateTab(f);

    }

}



let typeUpdateInterval;

let currentLinear;



function activateTab(f) {

    if (activeFunction && inUse(activeFunction)) {

        let original = activeFunction.originalOutputs;

        let current = computeOutputs(activeFunction);

        if (original.length != current.length) {

            displayError([

                "This function is in use elsewhere and cannot have its return arity changed.",

                "The original output type was:", original.map(x => x.label).join(' '),

                "The current output type is:", current.map(x => x.label).join(' '),

                "Adjust the function to match the required type before continuing.",

            ]);

            throw new Error("oops")

        }

        for (let i = 0; i < original.length; i++) {

            let ot = original[i];

            let nt = current[i];

            if (!ot.isCompatible(nt)) {

                displayError([

                    "This function is in use elsewhere and cannot have its result types changed.",

                    "The original output type was:", original.map(x => x.label).join(' '),

                    "The current output type is:", current.map(x => x.label).join(' '),

                    "Type " + nt.label + ' is not compatible with ' + ot.label,

                    "Adjust the function to match the required type before continuing.",

                ]);

                return

            }

        }

    }

    clearInterval(typeUpdateInterval);

    if (activeFunction && activeFunction.renderer)

        activeFunction.renderer.dispose();

    if (currentLinear)

        currentLinear.dispose();

    if (activeFunction)

        activeFunction.space.removeEventListener('change', maybeDisplayLinearButton);

    f.workArea.textContent = '';

    let table = document.createElement('table');

    table.classList.add('gridcat');

    f.workArea.append(table);

    window.currentSpace = f.space;

    let tr = new TableRenderer(table, f.space, {startingStack: f.space.inputTypes, showStarting: true,

        evaluate: evaluateCB.checked && !f.space.inputTypes.length});

    f.renderer = tr;

    currentLinear = new LinearRenderer(document.getElementById('linearProgram'), f.space, 

        {otherRenderers: [tr]});

    tabBar.querySelector('.active')?.classList.remove('active');

    f.tab.classList.add('active');

    f.space._triggerEvent('change');

    activeFunction = f;

    let pl = document.getElementById('packagesList');

    pl.textContent = '';

    for (let k of Object.keys(packages)) {

        if (k == 'all') continue

        let li = document.createElement('li');

        li.textContent = 'builtins.' + k;

        pl.append(li);

    }

    let liftingSelect = document.getElementById('liftingSelect');

    for (let i = 0; i < liftingSelect.options.length; i++) {

        if (liftingSelect.options[i].value == f.lifting)

            liftingSelect.selectedIndex = i;

    }

    if (!f.space.inputTypes || !f.space.inputTypes.length) {

        liftingSelect.disabled = true;

    } else {

        liftingSelect.disabled = false;

    }

    if (inUse(f))

        liftingSelect.disabled = true;

    let currentOutputs = computeOutputs(activeFunction);

    f.originalOutputs = currentOutputs;

    f.inUse = inUse(f);

    activeFunction.updateRevision = -1;

    updateTypeTable();

    typeUpdateInterval = setInterval(updateTypeTable, 100);

    activeFunction.space.addEventListener('change', 

        maybeDisplayLinearButton);

}



function maybeDisplayLinearButton() {

    if (this.isLinear()) {

        document.getElementById('linearButton').style.display = 'inline-block';

    } else {

        document.getElementById('linearButton').style.display = 'none';

    }

}



function linearise() {

    if (activeFunction) {

        Array.from(document.getElementsByClassName('linearised-program')).forEach(x => x.remove());

        //let linParent = document.createElement('span')

        //linParent.classList.add('linearised-program')

        //activeFunction.renderer.table.parentNode.append(linParent)

        let lr = currentLinear; //new LinearRenderer(linParent, activeFunction.space, {otherRenderers: [activeFunction.renderer]})

        activeFunction.space._triggerEvent('change');

        //linParent.style.visibility = 'hidden'

        let linear = activeFunction.space.linearise();

        if (!linear) return

        let tr = activeFunction.renderer;

        let movers = [];

        let dests = [];

        for (let w of linear) {

            let td = tr.findWordElement(w);

            let span = document.createElement('div');

            span.textContent = w.label;

            span.style.color = 'red';

            span.style.position = 'absolute';

            span.style.width = td.offsetWidth + 'px';

            span.style.height = td.offsetHeight + 'px';

            span.style.textAlign = 'center';

            let bcr = td.getBoundingClientRect();

            span.style.top = bcr.top + 'px';

            span.style.left = bcr.left + 'px';

            document.demo.appendChild(span);

            movers.push(span);

            dests.push(lr.findWordElement(w));

            span.style.transition = 'all 1s';

        }

        for (let i = 0; i < movers.length; i++) {

            let m = movers[i];

            let d = dests[i];

            let bcr = d.getBoundingClientRect();

            setTimeout(() => {

                m.style.top = bcr.top + 'px';

                m.style.left = bcr.left + 'px';

                m.style.width = bcr.width + 'px';

                m.style.height = bcr.height + 'px';

            }, 100 * i);

        }

        setTimeout(function() {

            lr.parent.style.visibility = 'visible';

            for (let m of movers) {

                m.remove();

            }

        }, 1100 + 100 * movers.length);

    }

}



function delinearise(lr, tr) {

    if (!lr)

        lr = currentLinear;

    if (!tr)

        tr = activeFunction.renderer;

    let linParent = lr.parent;

    let linear = activeFunction.space.linearise();

    if (!linear) return

    linParent.style.visibility = 'hidden';

    let movers = [];

    let dests = [];

    for (let w of linear) {

        let td = lr.findWordElement(w);

        let span = document.createElement('div');

        span.textContent = w.label;

        span.style.color = 'red';

        span.style.position = 'absolute';

        span.style.width = td.offsetWidth + 'px';

        span.style.height = td.offsetHeight + 'px';

        span.style.textAlign = 'center';

        let bcr = td.getBoundingClientRect();

        span.style.top = bcr.top + 'px';

        span.style.left = bcr.left + 'px';

        document.demo.appendChild(span);

        movers.push(span);

        dests.push(tr.findWordElement(w));

        span.style.transition = 'all 1s';

    }

    for (let i = 0; i < movers.length; i++) {

        let m = movers[i];

        let d = dests[i];

        d.style.color = 'transparent';

        let bcr = d.getBoundingClientRect();

        setTimeout(() => {

            m.style.top = (bcr.top + 1) + 'px';

            m.style.left = bcr.left + 'px';

            m.style.width = bcr.width + 'px';

            m.style.height = bcr.height + 'px';

        }, 100 * i);

    }

    setTimeout(function() {

        lr.parent.style.visibility = 'visible';

        for (let m of movers) {

            m.remove();

        }

        for (let d of dests) {

            d.style.color = 'black';

        }

    }, 1100 + 100 * movers.length);

}



window.delinearise = delinearise;



function updateTypeTable() {

    if (activeFunction.updateRevision == activeFunction.space.revision)

        return

    activeFunction.updateRevision = activeFunction.space.revision;

    let ftbl = document.getElementById('functionProduces');

    ftbl.textContent = '';

    let htr = document.createElement('tr');

    let th = document.createElement('th');

    th.textContent = 'Produces';

    htr.append(th);

    ftbl.append(htr);

    if (activeFunction.inUse) {

        th = document.createElement('th');

        th.textContent = 'Required';

        htr.append(th);

    }

    let currentOutputs = computeOutputs(activeFunction);

    for (let i = 0; i < Math.max(currentOutputs.length,

            activeFunction.originalOutputs.length); i++) {

        let p = currentOutputs[i];

        let r = activeFunction.originalOutputs[i];

        let tr = document.createElement('tr');

        let td = document.createElement('td');

        if (p)

            td.textContent = p.label;

        tr.append(td);

        if (activeFunction.inUse) {

            if ((r && p && !r.isCompatible(p)) || !r) {

                td.classList.add('error');

            }

            td = document.createElement('td');

            if (r)

                td.textContent = r.label;

            if (!p)

                td.classList.add('error');

            tr.append(td);

        }

        ftbl.append(tr);

    }

    if (activeFunction.lifting != 'none') {

        let type = activeFunction.getType();

        document.getElementById('externalUses').textContent = type.uses.map(x => x.label).join(' ');

        document.getElementById('externalProduces').textContent = type.produces.map(x => x.label).join(' ');

        document.getElementById('externalType').style.display = 'block';

    } else {

        document.getElementById('externalType').style.display = 'none';

    }

}



function computeOutputs(f) {

    let currentOutputs = [];

    let lastRow = f.space.rows[f.space.rows.length - 1];

    for (let w of lastRow.items) {

        for (let p of w.type.produces) {

            currentOutputs.push(p);

        }

    }

    return currentOutputs

}



function inUse(f) {

    for (let u of functions) {

        for (let r of u.space.rows) {

            for (let w of r.items) {

                if (w.func.name == f.name)

                    return true;

            }

        }

    }

    return false;

}



function save() {

    activeFunction.userFunction.type = activeFunction.getType();

    localStorage.setItem('saved-program',

        JSON.stringify(

            {

                functions: functions.map(

                    f => ({

                        name: f.name,

                        body: f.space.serialise(),

                        lifting: f.lifting,

                        uses: f.userFunction.type.uses.map(x => x.serialise()),

                        produces: f.userFunction.type.produces.map(x => x.serialise()),

                    })

                ),

            }

        )

    );

}



function clearAll() {

    functions.splice(0);

}



document.getElementById('saveButton').addEventListener('click', 

    save

);



document.getElementById('linearButton').addEventListener('click', 

    linearise

);



evaluateCB.addEventListener('change', function() {

    activeFunction.activateTab();

});



document.getElementById('liftingSelect').addEventListener('change', function(ev) {

    activeFunction.lifting = this.value;

    if (activeFunction.lifting != 'none') {

        let type = activeFunction.getType();

        document.getElementById('externalUses').textContent = type.uses.map(x => x.label).join(' ');

        document.getElementById('externalProduces').textContent = type.produces.map(x => x.label).join(' ');

        document.getElementById('externalType').style.display = 'block';

    } else {

        document.getElementById('externalType').style.display = 'none';

    }

});



class TableRenderer {

    constructor(tbl, spc, config) {

        this.table = tbl;

        this.space = spc;

        this.config = config ?? {};

        this.wordMap = new WeakMap();

        this._update = this.update.bind(this);

        spc.addEventListener('change', this._update);

    }



    dispose() {

        this.space.removeEventListener('change', this._update);

    }



    update() {

        this.renderInto();

    }



    renderInto() {

        const table = this.table;

        const config = this.config;

        table.textContent = '';

        let maxWidth = this.computeMaxWidth();

        let prevStackWidths = [];

        let prevStackEntries = [];

        if (config.startingStack && config.startingStack.length) {

            let origSplit = Math.max(config.startingStack.length,

                this.space.rows[0].items.length);

            maxWidth *= config.startingStack.length;

            let sstr = document.createElement('tr');

            sstr.classList.add('stack');

            for (let ss of config.startingStack) {

                prevStackWidths.push(maxWidth / origSplit);

                prevStackEntries.push({});

                let td = document.createElement('td');

                td.textContent = ss.label;

                td.colSpan = maxWidth / origSplit;

                sstr.append(td);

            }

            if (config.showStarting)

                table.append(sstr);

        }

        let stackRowNum = 0;

        let currentStack = [];

        for (let row of this.space.rows) {

            let funcColumn = 0;

            let nextStack = [];

            stackRowNum++;

            let stackTypes = [];

            let stackWidths = [];

            let stackEntries = [];

            let tr = document.createElement('tr');

            tr.classList.add('functions');

            let stackRow = document.createElement('tr');

            stackRow.classList.add('stack');

            if (config.upwards) {

                table.prepend(tr);

                table.prepend(stackRow);

            } else {

                table.append(tr);

                table.append(stackRow);

            }

            let stackRowPosition = 0;

            for (let it of row.items) {

                funcColumn += it.type.uses.length;

                let td = document.createElement('td');

                if (it.class == 'comment')

                    td.classList.add('comment');

                this.wordMap.set(it, td);

                let itemWidth = maxWidth / row.items.length;

                let produced = [];

                // TODO: evaluation should not happen here

                if (config.evaluate) {

                    let args = currentStack.splice(0, it.type.uses.length);

                    if (it.func.extra && it.func.extra.wantsCallback) {

                        args.push(() => this.space._triggerEvent('change'));

                    }

                    produced = it.func.apply(args);

                    nextStack = nextStack.concat(produced);

                }

                if (it.type.uses.length) {

                    itemWidth = 0;

                    for (let u of it.type.uses) {

                        let ps = prevStackEntries.shift();

                        if (ps) {

                            if (u.sobriquet && ps.td && !(it instanceof PassThrough)) {

                                ps.td.dataset.usedsobriquet = u.sobriquet;

                            }

                            itemWidth += prevStackWidths.shift();

                            if (it instanceof PassThrough) {

                                if (stackRowNum < this.space.rows.length) {

                                    let cons = this.space.findPassthroughConsumers(ps);

                                    if (cons.recipient) {

                                        ps.td.classList.add('connected');

                                        ps.td.classList.add('passthrough');

                                    }

                                }

                            } else if (ps.td)

                                ps.td.classList.add('connected');

                        }

                    }

                }

                td.colSpan = itemWidth;

                it.renderInto(td);

                tr.append(td);

                if (!config.staticOnly && !td.classList.contains('passthrough'))

                    td.addEventListener('click', functionClicked);

                let outputs = [];

                td.data = {

                    space: this.space,

                    word: it,

                    row: row,

                    outputs,

                };

                for (let p of it.type.produces) {

                    let otd = document.createElement('td');

                    if (p.sobriquet)

                        otd.dataset.sobriquet = p.sobriquet;

                    let sw = itemWidth / it.type.produces.length;

                    otd.colSpan = sw;

                    stackWidths.push(sw);

                    stackRow.append(otd);

                    let body = p.label;

                    let value;

                    if (config.evaluate) {

                        value = produced.shift();

                        body = value;

                    }

                    otd.textContent = body;

                    if (config.evaluate && p.renderInto) {

                        p.renderInto(value, otd);

                    }

                    let data = {

                        td: otd,

                        type: p,

                        value,

                        connection: null,

                        row: stackRowNum,

                        space: this.space,

                        column: stackRowPosition,

                        allTypes: stackTypes,

                        config,

                        renderer: this

                    };

                    stackTypes.push(p);

                    stackEntries.push(data);

                    outputs.push(data);

                    otd.itemData = data;

                    if (!config.staticOnly) {

                        otd.addEventListener('pointerdown', stackMouseDown);

                        otd.addEventListener('pointerenter', stackMouseEnter);

                        otd.addEventListener('pointerleave', stackMouseLeave);

                        otd.addEventListener('pointerup', stackMouseUp);

                    } else {

                        otd.classList.add('static');

                    }

                    stackRowPosition++;

                }

            }

            if (prevStackWidths.length) {

                let errWidth = prevStackWidths.reduce((a,b) => a + b);

                let errTD = document.createElement('td');

                errTD.style.background = '#fbb';

                errTD.colSpan = errWidth;

                tr.append(errTD);

            }

            if (stackRowNum == 1 && !config.staticOnly) {

                let newBut = document.createElement('td');

                newBut.classList.add('new-button');

                newBut.textContent = '[+]';

                tr.append(newBut);

                newBut.space = this.space;

                newBut.addEventListener('click', newButtonClicked);

                newBut.renderer = this;

            }

            prevStackWidths = stackWidths;

            prevStackEntries = stackEntries;

            currentStack = nextStack;

        }

        let commentPrev = false;

        for (let tr of table.childNodes) {

            if (tr.classList.contains('functions')) {

                if (tr.childElementCount == 1 && tr.childNodes[0].classList.contains('comment')) {

                    if (commentPrev) {

                        tr.previousElementSibling.style.display = 'none';

                    }

                    commentPrev = true;

                } else {

                    commentPrev = false;

                }

            }

        }

    }



    computeMaxWidth() {

        let maxWidth = this.space.rows[0].items.length;//this.space.rows.map(x=>x.items.length).reduce((a, b) => a > b ? a : b)

        let widths = [];

        for (let i of this.space.rows[0].items)

            widths.push(1);

        for (let row of this.space.rows) {

            //console.log('after items adjustment', maxWidth)

            let produces = [];

            for (let f of row.items) {

                //console.log(f)

                let uses = Math.max(1, f.type.uses.length);

                let taken = widths.splice(0, uses);

                let avail = taken.reduce((a,b) => a + b);

                let out = f.type.produces.length;

                if (avail % out != 0) {

                    avail *= out;

                    maxWidth *= out;

                    for (let i = 0; i < widths.length; i++)

                        widths[i] *= out;

                    for (let i = 0; i < produces.length; i++)

                        produces[i] *= out;

                }

                for (let p of f.type.produces)

                    produces.push(avail / out);

                    //console.log('after item', maxWidth)

                }

            widths = produces;

        }

        return maxWidth

    }



    findWordElement(word) {

        return this.wordMap.get(word)

    }



}



function computeOffsets(el) {

    if (el.offsetParent === null)

        return {left: 0, top: 0}

    let s = computeOffsets(el.offsetParent);

    return {left: s.left + el.offsetLeft, top: s.top + el.offsetTop}

}



let selectedItems = [];

let stackClearTimeout = 0;



function stackMouseDown(ev) {

    if (ev.target.releasePointerCapture) {

        ev.target.releasePointerCapture(ev.pointerId);

    }

    ev.preventDefault();

    if (this.classList.contains('connected'))

        return;

    this.classList.add('selected');

    if (selectedItems.indexOf(this.itemData) == -1)

        selectedItems.push(this.itemData);

}



function stackMouseUp(ev) {

    ev.preventDefault();

    if (this.classList.contains('connected'))

        return;

    if (selectedItems.length == 0)

        return;

    let data = this.itemData;

    selectedItems.sort((a, b) => a.column - b.column);

    let firstItem = selectedItems[0];

    let inputs = selectedItems.map(x=>x.type);

    let allAbove = Array.from(selectedItems);

    let menu = createFunctionMenu(inputs, data.space, function(w) {

        data.space.addWordBelow(w, firstItem, allAbove);

        menu.remove();

        if (w.editable) {

            editEditable(data.renderer.findWordElement(w), data.space, data.space.getWordRow(w), w);

        }

    });

    let width = selectedItems.reduce((a, b) => a + b.td.offsetWidth, 0);

    menu.style.minWidth = width + 'px';

    let offset = computeOffsets(selectedItems[0].td);

    menu.style.left = offset.left + 'px';

    document.demo.append(menu);

    {

        let top = offset.top + selectedItems[0].td.offsetHeight;

        //if (top + menu.offsetHeight > window.innerHeight) {

        //    menu.style.top = offset.top - menu.offsetHeight + 'px'

        //    menu.style.maxHeight = offset.top - 20 + 'px'

        //} else {

            menu.style.top = top + 'px';

        //}

    }

    //document.demo.append(menu)

    document.documentElement.addEventListener('pointerdown', function() {

        menu.remove();

    }, {once: true});

    menu.addEventListener('pointerdown', function(ev) {

        ev.stopPropagation();

    });



}



function createFunctionMenu(inputs, space, callback, outputs) {

    let funcs = space.getMatchingFunctions(inputs);

    //console.log(funcs)

    if (typeof outputs != 'undefined') {

        let offer = [];

        outer: for (let f of funcs) {

            let unifier = builtins.unifier(f.uses, f.produces);

            let unity = unifier.unify(inputs);

            if (unity.produces.length != outputs.length)

                continue

            for (let i = 0; i < unity.produces.length; i++) {

                let orig = outputs[i];

                if (orig === null) continue;

                let repl = unity.produces[i];

                if (!orig.isCompatible(repl))

                    continue outer;

            }

            offer.push(f);

        }

        funcs = offer;

    }

    let menu = document.createElement('ul');

    menu.classList.add('function-menu');

    for (let f of funcs) {

        let li = document.createElement('li');

        let tab = document.createElement('table');

        let spc = new Space();

        let w = f.asWord(inputs, {demo: true});

        spc.getRow(0).items.push(w);

        new TableRenderer(tab, spc, {staticOnly: true, startingStack: inputs});

        spc._triggerEvent('change');

        li.append(tab);

        tab.style.width = '100%';

        menu.append(li);

        li.addEventListener('click', function() {

            //let row = data.space.getRow(data.row)

            {

                callback(f.asWord(inputs));

                menu.remove();

            }

        });

    }

    let newFuncLi = document.createElement('li');

    newFuncLi.textContent = 'New function...';

    newFuncLi.addEventListener('click', function() {

        let f = addFunction(randomName(), {inputTypes: inputs});

        f.activateTab();

        space.knownFunctions.push(f.userFunction);

        menu.remove();

    });

    menu.append(newFuncLi);

    if (inputs.length == 1 && builtins.Mappable(builtins.Generic.A).isCompatible(inputs[0])) {

        newFuncLi = document.createElement('li');

        newFuncLi.textContent = 'New mapping...';

        newFuncLi.addEventListener('click', function() {

            let f = addFunction(randomName(), {inputTypes: inputs[0].params, lifting: 'map'});

            f.activateTab();

            space.knownFunctions.push(f.userFunction);

            menu.remove();

        });

        menu.append(newFuncLi);

    }

    if (inputs.length == 2 && builtins.Foldable(builtins.Generic.A).isCompatible(inputs[0])) {

        newFuncLi = document.createElement('li');

        newFuncLi.textContent = 'New folding...';

        newFuncLi.addEventListener('click', function() {

            let f = addFunction(randomName(), {inputTypes: [inputs[1], inputs[0].params[0]], lifting: 'foldl'});

            f.activateTab();

            space.knownFunctions.push(f.userFunction);

            menu.remove();

        });

        menu.append(newFuncLi);

    }

    document.documentElement.addEventListener('pointerdown', function() {

        menu.remove();

    }, {once: true});

    menu.addEventListener('pointerdown', function(ev) {

        ev.stopPropagation();

    });

    return menu

}





function clearStackSelection() {

    for (let it of selectedItems) {

        it.td.classList.remove('selected');

    }

    selectedItems = [];

}



function stackMouseEnter(ev) {

    if (this.classList.contains('connected')) {

        clearStackSelection();

        return;

    }

    if (ev.target.releasePointerCapture || ev.buttons) {

        clearTimeout(stackClearTimeout);

        let found = false;

        for (let it of selectedItems) {

            if (it.td == this.previousElementSibling || it.td == this.nextElementSibling) {

                found = true;

                break;

            }

        }

        if (!found) {

            clearStackSelection();

            return

        }

        this.classList.add('selected');

        if (selectedItems.indexOf(this.itemData) == -1)

            selectedItems.push(this.itemData);

    }

}



function stackMouseLeave(ev) {

    if (this.classList.contains('connected'))

        return;

    stackClearTimeout = setTimeout(clearStackSelection, 100);

}



function newButtonClicked(ev) {

    let space = this.space;

    let renderer = this.renderer;

    let menu = createFunctionMenu([], space,

        function(w) {

            space.addWordBelow(w, null);

            if (w.editable) {

                editEditable(renderer.findWordElement(w), space, space.getWordRow(w), w,

                    null,

                    {first: true});

            }

        }

    );

    let offset = computeOffsets(this);

    menu.style.left = offset.left + 'px';

    let top = offset.top + this.offsetHeight;

    menu.style.top = top + 'px';

    document.demo.append(menu);

}



function functionClicked(ev) {

    let {space, row, word, outputs} = this.data;

    let options = [];

    options.push({

        label: 'Replace',

        action: function() {

            let menu = createFunctionMenu(word.type.uses, space, function(w) {

                let index = row.items.indexOf(word);

                row.items[index] = w;

                space._triggerEvent('change');

            }, word.type.produces);

            let offset = computeOffsets(ev.target);

            menu.style.left = offset.left + 'px';

            let top = offset.top + ev.target.offsetHeight;

            menu.style.top = top + 'px';

            menu.style.minWidth = ev.target.offsetWidth + 'px';

            document.demo.append(menu);

            document.documentElement.addEventListener('mousedown', function() {

                menu.remove();

            }, {once: true});

            menu.addEventListener('mousedown', function(ev) {

                ev.stopPropagation();

            });

        }

    });

    if (word.editable) {

        options.push({

            label: 'Edit',

            action: function() {

                editEditable(ev.target, space, row, word);

            }

        });

        // This goes straight to editing with no menu - useful for videos

        //editEditable(ev.target, space, row, word)

        //return

    }

    let connected = false;

    for (let op of outputs) {

        let cons = space.findPassthroughConsumers(op);

        if (cons.recipient) {

            connected = true;

        }

    }

    if (!connected) {

        options.push({

            label: 'Remove',

            action: function() {

                space.removeWord(word);

            }

        });

    }

    if (word.func instanceof UFunc) {

        options.push({

            label: 'Go to',

            action: function() {

                switchToFunction(word.func);

            }

        });

    }

    showRadialMenu(options, this);

}



function editEditable(td, space, row, word, callback, options={}) {

    let origWidth = td.offsetWidth;

    td.textContent = '';

    let input = document.createElement('input');

    if (!(options.first && word.editable.type == 'number'))

        input.type = word.editable.type;

    input.step = word.editable.step;

    input.style.maxWidth = (origWidth - 10) + 'px';

    if (word.value.toString().length)

        input.size = word.value.toString().length;

    input.addEventListener('click', ev=>ev.stopPropagation());

    if (word.editable.type != 'file')

        input.value = word.value.toString();

    td.append(word.editable.pre ?? '', input, word.editable.post ?? '');

    if (input.type == 'text')

        input.setSelectionRange(0, input.value.toString().length);

    let theCallback = callback;

    if (input.type == 'file') {

        input.addEventListener('change', ev => {

            let index = row.items.indexOf(word);

            row.items[index] = word.editable.fromString(input.type == 'file' ? input.files[0] : input.value,

                () => space._triggerEvent('change'));

            let c = theCallback;

            theCallback = null;

            if (c)

                c(input.value);

            space._triggerEvent('change');

        });

    } else {

        input.addEventListener(input.type == 'color' ? 'change' : 'blur', ev => {

            let index = row.items.indexOf(word);

            row.items[index] = word.editable.fromString(input.value);

            let c = theCallback;

            theCallback = null;

            if (c)

                c(input.value);

            space._triggerEvent('change');

        });

        if (input.type == 'color') {

            input.addEventListener('blur', ev => {

                space._triggerEvent('change');

            });

        }

        input.addEventListener('keypress', ev => {

            if (ev.key != 'Enter') return

            ev.stopPropagation();

            ev.preventDefault();

            let index = row.items.indexOf(word);

            row.items[index] = word.editable.fromString(input.value);

            let c = theCallback;

            theCallback = null;

            if (c)

                c(input.value);

            space._triggerEvent('change');

        });

    }

    input.focus();

    if (input.type == 'file' || input.type == 'color')

        input.click();

}



function showRadialMenu(options, locus) {

    if (options.length == 0)

        return;

    let parent = document.createElement('div');

    for (let opt of options) {

        let but = document.createElement('button');

        but.textContent = opt.label;

        but.addEventListener('click', opt.action);

        parent.append(but);

    }

    parent.classList.add('radial-menu');

    let offset = computeOffsets(locus);

    let size = 200;

    document.demo.appendChild(parent);

    let maxW = 0;

    for (let n of parent.childNodes) {

        size = Math.max(size, n.offsetWidth * 2.5);

        maxW = Math.max(maxW, n.offsetWidth);

    }

    parent.style.width = size + 'px';

    parent.style.height = size + 'px';

    parent.style.top = Math.max(0, (offset.top - parent.offsetHeight/2 + locus.offsetHeight / 2) - locus.closest('table').parentElement.scrollTop) + 'px';

    parent.style.left = Math.max(0, (offset.left - parent.offsetWidth/2 + locus.offsetWidth / 2)) + 'px';

    let angleSpacing = Math.PI * 2 / (parent.childElementCount);

    let centre = parent.offsetWidth / 2;

    let radius = (parent.offsetWidth - maxW) / 2;

    parent.style.transform = 'scale(1)';

    let angle = 0;

    for (let n of parent.childNodes) {

        n.style.position = 'absolute';

        let bw = n.offsetWidth / 2;

        let bh = n.offsetHeight / 2;

        n.style.left = (centre + Math.sin(angle) * (radius ) - bw) + 'px';

        n.style.top = (centre + Math.cos(angle) * (radius ) - bh) + 'px';

        if (Math.cos(angle) < 0.1 && Math.cos(angle) > -0.1) ; else if (Math.cos(angle) < -0.1)

            n.style.transform = 'rotate(' + (Math.PI - angle) + 'rad)';

        else

            n.style.transform = 'rotate(-' + angle + 'rad)';

        angle += angleSpacing;

    }

    setTimeout(function() {

        document.documentElement.addEventListener('click', function() {

            parent.remove();

        }, {once: true});

    }, 100);

}



//let spc = new Space()

//spc.getRow(0).items.push(spc.getFunction('123', []).asWord([], {value: 2}))

//spc.getRow(0).items.push(spc.getFunction('123', []).asWord([], {value: 3}))

//spc.getRow(0).items.push(spc.getFunction('"string"', []).asWord([], {value: "hello"}))



//spc.getRow(0).items.push(new Word({name: '2', uses: [], produces: ['int'], apply() { return [2]} }, []))

//spc.getRow(0).items.push(new Word({name: '3', uses: [], produces: ['int'], apply() { return [3]} }, []))



//spc.getRow(1).items.push(new PassThrough('int'))

//spc.getRow(1).items.push(new PassThrough('int'))

//spc.getRow(1).items.push(spc.getFunction('dup', ['int']).asWord(['int']))

//spc.getRow(2).items.push(spc.getFunction('neg', ['int']).asWord(['int']))

//spc.getRow(2).items.push(spc.getFunction('add', ['int', 'int']).asWord(['int', 'int']))

//spc.getRow(2).items.push(new PassThrough('int'))

//spc.getRow(3).items.push(new PassThrough('int'))

//spc.getRow(3).items.push(spc.getFunction('dup', ['int']).asWord(['int']))

//spc.getRow(3).items.push(new PassThrough('int'))



//spc.getRow(0).items.push(new Word({name: '"hello"', uses: [], produces: ['string'], apply() { return ["hello"]} }, []))

//spc.getRow(1).items.push(spc.getFunction('add', ['int', 'int']).asWord(['int', 'int']))

//spc.getRow(1).items.push(spc.getFunction('dup', ['int']).asWord(['int']))

//spc.getRow(1).items.push(new PassThrough('string'))

//spc.getRow(2).items.push(spc.getFunction('double', ['int']).asWord(['int']))

//spc.getRow(2).items.push(spc.getFunction('dup', ['int']).asWord(['int']))

//spc.getRow(2).items.push(new PassThrough('int'))

//spc.getRow(2).items.push(new PassThrough('string'))

//spc.getRow(3).items.push(spc.getFunction('mul', ['int', 'int']).asWord(['int', 'int']))

//spc.getRow(3).items.push(spc.getFunction('mul', ['int', 'int']).asWord(['int', 'int']))

//spc.getRow(3).items.push(new PassThrough('string'))





//let render1 = new TableRenderer(document.getElementById('targetTable'), spc)

//let render2 = new TableRenderer(document.getElementById('evaluationTable'), spc, {evaluate: true})

//let render3 = new TableRenderer(document.getElementById('upwardsTable'), spc, {upwards: true})

//spc._triggerEvent('change')

//spc.renderInto(document.getElementById('targetTable'))

//spc.renderInto(document.getElementById('evaluationTable'), {evaluate: true})

//spc.renderInto(document.getElementById('upwardsTable'), {upwards: true})



if (localStorage.getItem('saved-program')) {

    try {

        let sp = JSON.parse(localStorage.getItem('saved-program'));

        let funcs = sp.functions;

        let userFunctions = [];

        let uiFunctions = [];

        for (let f of funcs) {

            let spc = new Space();

            let uif = addFunction(f.name, {

                space: spc,

                //lifting: f.lifting,

                uses: f.uses,

                produces: f.produces,

            } );

            f.userFunction = uif.userFunction;

            f.uiFunction = uif;

            uiFunctions.push(uif);

            //f.userFunction.type = types.Function(f.body.inputTypes.map(inflateType), f.body.produces.map(inflateType))

            f.space = spc;

            userFunctions.push(f.userFunction);

        }

        for (let f of funcs) {

            for (let uf of userFunctions) {

                if (f.space.knownFunctions.indexOf(uf) == -1) {

                    f.space.knownFunctions.push(uf);

                }

            }

        }

        for (let f of funcs) {

            f.space.unserialise(f.body);

            f.uiFunction.lifting = f.lifting;

            //f.userFunction.type = f.space.getType()

        }

        for (let uif of uiFunctions) {

            uif.space.postUnserialise();

            uif.originalOutputs = computeOutputs(uif);

        }

        uiFunctions[0].activateTab();

    } catch (e) {

        clearAll();

        addFunction('main');

    }

} else {

    addFunction('main');

}



document.getElementById('clearButton').addEventListener('click', function() {

    let spc = activeFunction.space;

    spc.rows = [];

    spc.getRow(0);

    spc._triggerEvent('change');

});



document.getElementById('concatButton').addEventListener('click', function() {

    let spc = activeFunction.space;

    spc.rows = [];

    spc.getRow(0);

    spc._triggerEvent('change');

    let text = document.getElementById('concat-entry').value;

    let terms = [];

    let mode = '';

    let start;

    for (let i = 0; i < text.length; i++) {

        let c = text[i];

        if (c == '"') {

            if (mode == 'double-quote') {

                terms.push(text.substring(start, i));

                i++;

                mode = '';

            } else {

                mode = 'double-quote';

                start = i;

            }

        } else if (mode == 'double-quote') ; else if (c == ' ') {

            terms.push(text.substring(start, i));

            mode = '';

        } else if (!mode) {

            mode = 'func';

            start = i;

        }

    }

    if (mode)

        terms.push(text.substring(start));

    let typeStack = [];

    if (spc.inputTypes) {

        typeStack = Array.from(spc.inputTypes);

    }

    let funcs = [];

    for (let w of terms) {

        let f;

        let word;

        if (/^[0-9]+$/.test(w)) {

            word = spc.getFunction('int literal', []).asWord([], {value: Number.parseInt(w)});

        } else if (/^[0-9]+\.[0-9]+$/.test(w)) {

            word = spc.getFunction('float literal', []).asWord([], {value: Number.parseFloat(w)});

        } else if (w[0] == '"') {

            word = spc.getFunction('string literal', []).asWord([], {value: w.substring(1)});

        } else {

            f = spc.getFunction(w, typeStack);

            if (!f) {

                let tmp = Array.from(typeStack);

                while (tmp.shift()) {

                    f = spc.getFunction(w, tmp);

                    if (f) break

                }

                if (!f) {

                    console.log('no matching function for "' + w + '" with stack: ' + typeStack.map(x=>x.label).join(' '));

                    let ms = document.getElementById('concat-message');

                    if (ms) {

                        ms.textContent = 'No matching function for "' + w + '" with stack: ' + typeStack.map(x=>x.label).join(' ');

                    }

                    return

                }

                word = f.asWord(tmp);

            } else {

                word = f.asWord(typeStack);

            }

        }

        for (let _ of word.func.uses) {

            typeStack.pop();

        }

        typeStack = typeStack.concat(word.type.produces);

        funcs.push(word);

    }

    let pStack = [];

    for (let w of funcs) {

        let consumed = pStack.splice(pStack.length - w.func.uses.length);

        let max = Math.max(...consumed.map(x=>x.row));

        for (let c of consumed) {

            c.row = max;

        }

        let above = consumed[0] ?? null;

        pStack = pStack.concat(spc.addWordBelow(w, above));

    }

    spc._triggerEvent('change');

    delinearise();

});



document.getElementById('concat-entry').addEventListener('keydown', function(e) {

    let ms = document.getElementById('concat-message');

    if (ms)

        ms.textContent = '';

    if (e.keyCode == 13) {

        this.style.display = 'none';

        document.getElementById('linearProgram').style.display = 'inline-block';

        document.getElementById('concatButton').click();

    }

});



document.getElementById('concat-entry').addEventListener('blur', function() {

    this.style.display = 'none';

    document.getElementById('linearProgram').style.display = 'inline-block';

    document.getElementById('concatButton').click();

});



document.getElementById('linearProgram').addEventListener('click', function(ev) {

    let xPos = ev.offsetX;

    let wid = this.offsetWidth;

    let tb = document.getElementById('concat-entry');

    tb.value = this.textContent.trim();

    let char = Math.floor(xPos / wid * tb.value.length);

    tb.style.width = wid + 'px';

    tb.style.display = 'inline';

    this.style.display = 'none';

    tb.focus();

    requestAnimationFrame(function() {

        tb.selectionStart = char;

        tb.selectionEnd = char;

    });

});



window.types = builtins;
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