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1. Defining 10 In Agda

# Critical Systems are interactive. We need to be able to
prove the correctness of interactive programs.

# Programming with Dependent Types only convincing, if
we can write interactive programs.
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1. Interfaces

#® We consider programs which interact with the real
world:
s Theyissue a command ...
(e.g.
(1) get last key pressed,;
(2) write character to terminal;
(3) set traffic light to red)

s ... and obtain a response, depending on the
command ...
(e.g.
s In (1) the key pressed
s In (2), (3) atrivial element indicating that this was
done, or a message indicating success or an error

element).
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Interface in Agda

# Interface for interactive program given by
s A set of commands the program can issue

C : Set
s A set of responses, depending on commands

R : C — Set
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Interactive Programs in Agda

# Interactive programs in Agda given by a sequence of
commands, and interactive programs depending on the
responses.

# Additionally we want programs to terminate giving result
a : Afor some A : Set.

# We need to allow non-terminating programs. Therefore
the type needs to be defined coinductively.
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IO Monad In Agda

codata IO (C': Set) (R: C — Set) (A : Set) : Set where
do  (¢c: )= (f:Rce—=1I0CRA) —-IOCRA
return @ (a: A) = IOCRA
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Monad Operations

® 7 = return.

® >>= can be defined:

_>>=_ : {C:Set} - {R:C — Set} - {A B : Set}
—IOCRA
— (A—=10C R B)
—IOCRB

docf>>=q = doc(hx— fax>>=q)

returna >>=q = qa
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|O In Haskaell

# There is one uniform IO type in Haskell. We call its
translated version

nativelO : Set — Set

# We can import it together with the monad operations as
follows:
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Importing nativelO

postul ate
nativel O : Set -> Set

nativeReturn : { A: Set} -> A-> nativelO A
_native>>=_ . {AB: Set} -> nativelO A
-> (A -> nativel O B)
-> nativelO B

{-# COWVPI LED TYPE nativel O | O #-}
{-# COVWPI LED native>>=_

(\. _->(>>=) :: 10Oa->(a->10Db)
{-# COWPI LED nativeReturn
(\_ ->return :: a->10a) #}

-> 10 Db) #-}
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Simple nativelO Operations

# Simple nativelO Operations in Haskell have the form
operation: Ay - Ay — --- — A, — 10B

# A collection of such operations can be represented in
the true 10 type as follows:

s We form an interface C, R for all operations relevant.

s Cs an inductive data type, with constructors for

each ioProg corresponding to the 10 type, so we
have constructor

operationC: Ay —» A9 — .-+ — A, —» C
s R :C — Set Is defined by case distinction, e.g.

R (operationC ay ... ap) = B
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Example

postul ate
nativePutStrLn : String -> nativel O Unit
nati veGCet Li ne . nativel O String

{-# COWVPI LED nativePutStrLn putStrbLn #-}
{-# COWPI LED nativeCetLine getLine #-}
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Example

dat a Consol eConmands . Set where
putStrLn : String -> Consol eComuands
getLine : Consol eCommands

Consol eResponses : Consol eCommands -> Set
Consol eResponses (putStrLn s) = Unit
Consol eResponses get Li ne = String

| OConsole : Set -> Set
| OConsol e = | O Consol eConmands Consol eResponses
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2. Execution of 10O Programs

# |n order to define a generic translation Function we
assume for our interface C, R a function

translateLocal : (¢ : C) — nativelO (R ¢)
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Example

t ransl at el OConsol eLocal : (c : Consol eCommands)

-> nati vel O (Consol eResponses ¢)
t ransl at el OConsol eLocal (putStrLn s) = nativePutStrbLn s
t ransl at el OConsol eLocal getLine = nativeCetLine
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Generic Translation

transl at eGeneri c :
forall {ACR}

-> (translateLocal : (c : € ->nativelO (R C))
-> IOCRA

-> nativelO A
transl ateCGeneric translateLocal (do c f) =
(transl ateLocal c) native>>=
(\ r
-> transl ateCGeneric transl ateLocal (f 1
transl ateCGeneric translatelLocal (return a) =
nativeReturn a
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Execution

# An interactive program can now be executed by defining
an element main : nativelO A
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Example

myProgram : |1 OConsol e Unit

nyProgram = do getLine (\ line -> (
do (putStrLn line) (\ _ -> (
do (putStrbLn line) (\ _ ->

nyProgram))))

main : nativel O Unit
mai n = transl at el OConsol e nyProgram
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Termination Checker

® The translation from 10 to nativel O doesn’t termination
check.

#® The definition of a specific element of IO C R
termination checks, if defined by guarded recursion.

s 10, >>=, translateGeneric and specific C, R, together
with translateLocal can be defined in a library, where
termination checker is switched off.

o User defined code can be termination checked.
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3. Dealing with Complex Programs

# When defining recursive programs in IO C' R A we are
restricted to a sequence of constructors.

#® Especially we are not allowed to use
o if then else .
» >>=,

# Writing of modular programs difficult.

# One solution: Improve the termination checker, or use
something like size types.
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Direct Solution

data 1O+ (C: Set) (R: C-> Set) (A: Set) : Set where
do : (¢ : © ->(f: Rc->I0OCRA ->1I0+CRA

mut ual

| Or ec . {C:. Set} ->{R: C->Set} ->{AB:. Set}
-> (A->10+ CR (A + B))
-> A->IOCRB

| Orecaux’ : {C: Set} ->{R: C-> Set} ->{AB: Set}
-> (A->10+ CR (A + B))
-> |[OCR(A+B) ->10CRB

| Oecaux’’ : {C: Set} ->{R: C->Set} ->{AB . Set}
-> (A->10+ CR (A + B))
-> |O+tCR(A+B ->10CRB
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# Instead of defining

mut ual
f : A->IOCRD
f a=progla >=\ x->if t thenf a’' elsegb

g: B->10CRD
g b =prog2 b >=if t’ thenf a else return d

which doesn’t termination check
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# Define progl, prog?2 as returning elements of 10+ and
define

rec . A ->1I0OCR (A + D
rec a = return (inl a)

finish: D->1O0OCR (A + D
finish d = return (inr d)
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mut ual
f" . A->10+t CR (A + D
f’ a=progl a +>=\ x ->if t then rec a'’
else 10+tol O (g b)

g:. B->10+ CR(A+ D
gb =prog2 b +>>=1if t’° then rec a
else finish d

f - A->10CRD
f a=10Rec f' a
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4. AG

raphics Library for Agda

® We us
Haske

e the SOE library from Hudak’s book “The
| school of expression”.

s Rather limited library.

® Weim

post ul

port various native Haskell types, e.g.
ate Wndow : Set

{-# COWPI LED TYPE W ndow W ndow #-}

post ul

ate Sl ze : Set

{-# COWPI LED TYPE Size SCE. Size #-}

postulate size : Int ->Int -> Size

{-# COWPI LED size (\ xy ->(X,Y)

SCE. Si ze) #-}
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data Event : Set where
Key : Char -> Bool -> Event
Button : Point -> Bool -> Bool -> Event
MouseMove : Point -> Event
Resize : (ASize -> Event
Refresh : Event
Cl osed : Event

{-# COWPI LED DATA Event Event Key Button MuselMve Resize |
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postul ate nativeMaybeGet W ndowkEvent : W ndow
-> nativel O (Maybe Eve
{-# COWPI LED nati veMaybeGet W ndowEvent nmaybeGet W ndowEvent

postul ate Graphic : Set
{-# COWPI LED TYPE G aphi c SCE. G aphic #-}

postul ate nativeDrawl nW ndow : W ndow -> G aphic
-> pnativel O Unit
{-# COWPI LED nativeDraw nW ndow dr aw nW ndow #- }

postulate text : Point -> String -> Gaphic
{-# COWPI LED text text #-}

postul ate nativeOpenWndow : String -> Size -> nativel O Wi
{-# COVWPI LED nativeQpenW ndow openW ndow #-}
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data Col or : Set where
bl ack : Col or
bl ue : Col or
green : Col or

{-# COWPI LED_DATA Col or SCE. Col or SCE. Bl ack SCE. Bl ue SCE. G

postulate withColor : Color -> Gaphic -> G aphic
{-# COWVPI LED w t hCol or w t hCol or #-}

postul ate polygon : List Point -> Gaphic
{-# COWPI LED pol ygon pol ygon #-}

postulate textl : Point -> String -> Gaphic
{-# COWPI LED text1l text #-}
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data G aphi csCommands : Set where

maybeGet W ndowkEvent : W ndow -> G aphi csCommal
dr awl nW ndow . Wndow -> Graphic -> G aphi csConmal
openW ndow . String -> Size -> & aphi csCommat
timeGet Ti ne ; G aphi csConmmat

G aphi csResponses . G aphi csCommands -> Set
G aphi csResponses (maybeGet W ndowkEvent w) = Maybe Event

G aphi csResponses (draw nW ndow w Q) = Unit
G aphi csResponses (openWndow s s’) = W ndow
G aphi csResponses ti meGet Ti ne = Wor d32
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| OGraphics : Set -> Set
| OGaphics = | O G aphi csCommands G aphi csResponses

t ransl at el OG aphi csLocal : (c : G aphi csCommands) -> nati ve
t ransl at el OG aphi csLocal (maybeGet W ndowEvent w)

= nati veMaybeGet W ndowkEvent w
t ransl at el OG aphi csLocal (drawl nW ndow w Q)

= nati veDrawl nW ndow w ¢

translatel OGaphics : {A: Set} -> 10&aphics A -> nativel(

transl atel OG aphics = transl ateCGeneric
t ransl at el OG aphi csLocal
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More Code

#® Look at IOExperimentRecursion.agda.
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Other Agda Work In Swansea

# Combining SAT solver in Agda
s Implementation of a simple SAT solver in Agda.
s Proof
(¢ : For)
— Check ¢
— (b : Vec Bool (numberVars ¢))
— T ()

» Allows to proof formulas such as

T((S ABool t) VBool (ﬁBool S) VBool (ﬁBOOI t))

for any s,t : Bool.

» check : For — Bool replaced by a BUILTIN SAT solver
iIn Agda. (Plugin).
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Other Agda Work In Swansea

# Extraction of programs from proofs about real numbers
with axioms.

#® EXxperiments with specificying railways in Agda.
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Conclusion

# \Writing proper interactive programs in Agda is feasible.

# We gain that
s programs are guaranteed to stay interactive

s we ihave a flexible IO type which can be adapted to
different interactive scenarios

s |0 programs are elements of a proper Agda codata

type, which can be transformed and reasoned about.
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Future Work

# How to reason about interactive programs.
s Theoretically clear. How to do it practically?

® With GUIs one would like to associate server side
programs. How to do this?

# Dealing with threads, pointers.

# Dealing with Functional Reactive Programming.

Anton Setzer: Interactive programs in dependent type theory

35



	
	1. Defining IO in Agda
	1. Interfaces
	Interactive Programs
	Interface in Agda
	Interactive Programs in Agda
	IO Monad in Agda
	Monad Operations
	IO in Haskell
	Importing nativeIO
	Simple nativeIO Operations
	Example
	Example
	2. Execution of IO Programs
	Example
	Generic Translation
	Execution
	Example
	Termination Checker
	3. Dealing with Complex Programs
	Direct Solution
	
	
	
	4. A Graphics Library for Agda
	
	
	
	
	
	More Code
	Other Agda Work in Swansea
	Other Agda Work in Swansea
	Conclusion
	Future Work

