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1 Intr oduction

I intendthis documentasa guideto theprototypeEPIGRAM system.As thingsstand,
therearestill a greatmany thingswhich needto bedone,but thesystemcannow be
nursedthroughsomeuseful small examples,so it seemsappropriateto help people
playwith it.

1.1 What you need

To run EPIGRAM, you will needa compiledbinary of the executable,anda suitable
versionof xemacs. I'm not an experton xemacs, so I don't know which versions
aresuitable,but it' snothardto �nd out if yoursis. I'm using21.1just now.

Epigramis developedunderlinux, andhasbeencaughtworking underWindows XP
(thanksPaul) andMac OSX (thanksMichael). We now have a morestablewebpres-
enceat

http://www.durham.ac.uk/CARG/epigram

Subscribersto

epigram@durham.ac.uk

get news of updatesandthingswhich do/don't/might oneday work. Pleasedo sub-
scribe,andsend.epi �les, successfulor otherwise.

To compile EPIGRAM, you will needa reasonablyrecentversion of the Glasgow
Haskell Compiler,ghc: I uselotsof non-98languageextensionsveryheavily, soother
systemsprobablywon't play. Version5.02is certainlysuf�ciently recent—it's whatI
useat themoment.
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2 The generalpicture

The EPIGRAM systemis an interactive editor and interpreterfor the EPIGRAM pro-
gramminglanguage,largely asde�ned in The view from the left [MM04], or VFL, for
short. I'm very badat writing editors,so I cheated—EPIGRAM runs as an inferior
processunderxemacs. Youstartit by runningthescript

epigram

whichstartsanew xemacs, with theEPIGRAM buffer in theforegroung,andtheactual
interactionhappeningin anotherbuffer offstage.Youcanlook at it if you like to watch
computersworking, but it mayslow thingsdown a touch. If you do look at it, you'll
seethattypingstuff in theEPIGRAM buffer causeseventmessagesto besentastextual
input to theunderlyingprocess,whichspitsbackmuchElisp in response.

Mea culpa. This ratherHeath-Robinsonarrangementcanbea little �ak y at times,but
that'show it is until somekind soulguisit up. It' snotasdreadfulasit was.

Important. The EPIGRAM buffer is read-onlyasfar asxemacs is concerned.Key-
boardinput in thatbuffer is redirected.If you want to quit theEPIGRAM process,hit
Alt-Escape in theEPIGRAM buffer. If you want to quit emacs, eitherusethemenu,
or switchto a buffer youcangenuinelytypein. Also usefulis Ctrl-Backspace, which
refreshesthe display: usethis if it garbleson you, or if you changethe width of the
frame.

2.1 What you see

EPIGRAM's syntaxis two-dimensional.The EPIGRAM buffer containsa document
with a rectangularregionselected—highlightedwith a brightbackground.A

document is a verticalsequenceof lines;a

line is ahorizontalsequenceof boxes;a

box is eithera character, or a bracketcontaininga document.

Hence,an EPIGRAM line canoccupy morethanonephysicalline in the buffer. You
cancombinetwo EPIGRAM lineson oneby separatingthemwith ;, andsplit oneinto
two by pre�xing thesecondwith %. A bracket is eithera

group whichhastheusualfunctionsof parenthesis
( !
! !
! ����� !
! )

or a
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shed whereyou cantinkerwith text.
[ !
! !
! ����� !
! ]

The EPIGRAM documentis a concrete syntax tree,in which someleavesaresheds.
Thepartof thedocumentoutsidetheshedsis managed,typechecked,typeset,coloured
in andgenerallymuckedaboutwith by EPIGRAM; thecontentof ashedismonochrome,
but it belongsto you andyoumayedit it freely.

At the top level, the documentis a vertical sequenceof declarations delineatedby
rules. A rule is a sequenceof at leastthree---. The initial documenthasjust one
declaration,consistingof ashed,waiting for you to startwork.

Important. If you want to opena shedfor a new declaration,double-clickon a rule,
or selecta rule andjust starttyping. Clicking below thebuffer contentsshouldselect
the�nal rule.

Of course,yourprogramwon't behappy if youkeepit in theshed.Youcanlet it escape
to a more ful�lling existenceby pressingthe Escape key. If your documentparses
correctly, EPIGRAM will checkit, andreplaceyour lovely typesettingwith something
ghastlythatit likesbetter. If yourdocumentdoesnotparse,nothinghappens.Notethat
thecontentsof nested shedsarestill lockedaway. If youhaven't �nished yourprogram,
youcanleavesheds(notnecessarilyempty)for theun�nishedpartsandchecktherest
anyway—EPIGRAM always tries to give as much feedbackas possible,as early as
possible.Nestedshedsallow you to work in little stepsor big stepsasyousee�t.

Mea culpa. I realizethatsomesyntaxerrordiagnosticsmight benice.

Let's look at anexample

------------------------------------------------------------------------------
( n : Nat !

data (---------! where (------------! ; !-------------!
! Nat : * ) ! zero : Nat ) ! suc n : Nat )

------------------------------------------------------------------------------
( x, y : Nat !

let !----------------!
! plus x y : Nat )

plus x y <= rec x
{ plus x y <= case x

{ plus zero y []
plus (suc n) y => suc (plus n y)

}
}

------------------------------------------------------------------------------
inspect plus (suc (suc zero)) (suc (suc zero)) => suc (suc ?) : Nat
------------------------------------------------------------------------------

Here,youcanseethethreeavailablekindsof declaration:

data declarationsdeclaredatastructuresby giving the

formation rule whichdeclaresa type constructor andthe
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introduction rules whichdeclarethedata constructors bywhichthedatastruc-
tureacquiresdata;data constructors

let declarationsde�ne programsby giving a

type signature whichestablishesthetypeof theintendedprogramanda

decision tree which establishesthestrategy by which theprogramwill deliver
output,giveninput;

inspect declarationsallow you to inspectthe valueof an expression,so far asit has
one.

So,whathave we here?We have thenaturalnumbers,declaredinductively; we have
begun to de�ne additionby recursionandcaseanalysison its �rst argument,but we
havenot �lled in thezerocase—there's justashed;we would like to know what

�����
is. Youcanselecttheshedby clicking on it. If you thentype

=> y

andpressEscape,you will completeboththeprogramandtheexample.

Important. Alt-Backspace is `undolastaction'. Ctrl-Alt-Return is `restart',andyou
canundoit.

Mea culpa. My Swedishfriendswill doubtlessemphasizethe importanceof having
the`local undo' operation,which takesa selectedregion andpulls it backinto a shed.
I agreeentirely: this is high on my hit-list, andwhenit is done,it morally oughtto be
boundto theControl-Escapekey. It' s quitetricky, becausethedeletionof information
canhave highly non-localeffects,but there's anobviousnä�ve andinef�cient way to
do it, which I proposeto startwith. . .

Try undoingthe`return � ' stepandsending

<= case y

instead.This expandsthedecisiontreeto

plus x y <= rec x
{ plus x y <= case x

{ plus zero y <= case y
{ plus zero zero []

plus zero (suc n) []
}
plus (suc n) y => suc (plus n y)

}
}

Thatis, wehaveadjustedthezero-casestrategy to requireacaseanalysisonthesecond
argument,andwe now have two new subproblemsto solve. If yousend
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=> suc (plus zero n)

for thezero-succase,you will seethat its backgroundremainsyellow, which is EPI-
GRAM'swayof expressingdoubt.Here,it doesnotknow why therecursivecall makes
sense—ifwe want to do recursionon thesecondargument,we needto sayso. If you
undoagain,you canbuild thisprograminstead

plus x y <= rec x
{ plus x y <= case x

{ plus zero y <= rec y
{ plus zero x <= case x

{ plus zero zero => zero
plus zero (suc n) => suc (plus zero n)

}
}
plus (suc n) y => suc (plus n y)

}
}

Mea culpa. EPIGRAM is very badat choosingnames.I plan both to make it much
betterat choosingnames,and to allow you to do systematic� -conversion(outside
sheds)by directmanipulation.

I hopethis shows somethingof the �a vour of EPIGRAM programming, not just pro-
grams. An EPIGRAM programis presentedasa didacticdialoguebetweenyou and
your mechanicalstudent.The left-handsideswhich themachinegeneratesareques-
tionsin searchof explanationswhichyouprovideontheright. I' vebeenprogramming
this way with humanstudentsfor years,andit seemsto do themsomegood. But I
acceptthat it' s a little prolix typing<= case x. Obviouslyplus zero y, plus
(suc n) y is somuchshorter.

2.2 Working in a shed

Whena shedis selected,you canedit its contentsby typing. As I said,I hatewriting
editors,so for now you get ordinary typing, plus arrow keys, backspaceanddelete.
You'll �nd thatif you type( or [, thecorresponding] or ) appearsalso,with thecursor
betweenthem—you'renow editinganinnerdocument.TheReturn key makesa new
line in the local document;you cangetout of thedocumentby usingthearrow keys,
or directly, by typinga closingbracket. Youcanalsojump aroundwith themouse.

You can't deletea bracket from insideit—you canbackspaceover it or deleteit from
in front. Theeditormaintainsthewidth of a bracketeddocumentasthemaximumof
thewidth of its lines,soyou don't needto worry aboutaligningthe! marks.Also, if
you typea rule insidea bracket, theeditoralignsit vertically with thetext outsidethe
bracket. Apart from that,thingsarequitenormal,really.

Important. Somekeystrokesyoucanusein anotherxemacs buffer:
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Ctrl-c Ctrl-c sendsthecurrentbuffer's contentsto a selectedemptyshedin theEPI-
GRAM buffer—thisenablesyou to loadwork.

Ctrl-c Ctrl-r sendsthecurrentlyselectedregion in thesameway.

Ctrl-c Ctrl-e replacesthecurrentbuffer'scontentsby thoseof theEPIGRAM buffer—
this enablesyou to use`ordinary' editing,andalsoto saveyourwork.

Mea culpa. I know that it' s not obviouswhetherthemachineis rejectingits input or
justthinkingveryhard.Thisis,however, discernable,eitherby lookingin theEpigram-
bin buffer, whereyou'll seeif theescapekey eventhashadits responseyet,or by trying
to typein thetroublesomeshed.Notethata buffer which isn't properlybracketedwill
be rejectedby Ctrl-c Ctrl-c. Meanwhile,if your big shedloaddoesn't parse,do try
sendingit abit ata time.

2.3 Working in xemacs

In the absenceof local-undo,it' s a reality that tinkering tendsto happenoffstage,in
xemacs. In that respect,I' ve implementeda few low-budgetgadgetsto make life a
little easier. Firstly, Ctrl-Alt-Return undoablyreturnsEPIGRAM to theblissful state
of ignoranceit was born with. You can �re in a new versionof your work when
you'redonetinkering.To helpyou tinker, I' veaddedsomexemacs keystrokeswhich
exploit its supportfor rectangles, selectedby draggingfrom top-left to bottom-right—
theselectionwon't look but rectangular, but thesewill work all thesame:

Ctrl-c r rectangleto selectedemptyshed

Ctrl-c Ctrl-s shedrectangle

Ctrl-c Ctrl-b bracket rectangle

3 Concretesyntax

This is theusefulconcretesyntaxsofar. It' s mostlyanASCII�cation of that in VFL.
Theparseris slightly moreliberal thanthis wouldsuggest.

Mea culpa. Omitted hereare somebits of concretesyntaxwhich do not yet have
elaborators,notablytuples.Therearealsosomeformsof termwhich do not yet have
concretesyntax.

Important. The concretesyntaxaspresentedhereis not consideredto be stable,al-
thoughchangeswill be�oated on themailing list �rst andsignalledin futureversions
of this document.Too many prototypesdo suffer from badsyntaxwhoseonly justi�-
cationis legacy. Not thisone.We just wire up theold parserto thenew renderer. . .
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3.1 Terms�
	���
 � ��	�������	���� ��	������ �"!$#�%&�'�
:
�
	���
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application)
all

��*,+-�
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�
	���

universalquanti�cation)

lam
��*,+-�

=>
�
	���


lambdaabstraction)
ex

��*,+-�
=>

�.	���

existentialquanti�cation) ��	�������	���� ��	������ �"!

->
�.	���


simplefunctionspace) ��	�������	���� ��	������ �"!
=
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proof irrelevantequality) +4���'+�	����
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) groupedterm)
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case
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)
view

)
memo

)
gen

3.2 Declarations��#-<=��;�	A� 
B�-C�D�	��
---

!��	����E��	�;�F �
---

!#�%&���
---

!��	�;�F �
data

��*,+G�
where

��*,+G�)
let

��*,+-�
;
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)
inspect

�.	���
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=>

�
	���
J!)
[
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>	�6����,��#-<=�H;�	'!
]
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3.3 Signatures��*,+G� � ��	����,��*,+��
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:

�
	���

typeddeclaration)
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]
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[
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=>
�
	���


returnvalue)
<=

�
	���
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by eliminator)

[
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J���

;
!VU

someprograms

3.5 Utilities#�%&�'�E;��-�.! � �) ;��G���	��=�E;��G������	
%7! � �) ;��G�:
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4 Declarations

Whatcanyou put in a declarationshed?A sequenceof declarations(includingdecla-
rationsheds),separatedby ---. Let's now look in a little moredetailat thevarieties
of declarationcurrentlysupported.

4.1 data

Declarationsof inductivefamilies[Dyb91] take theform

data
O�#G��
>�G�8*5#G6/Z7*,+

where
;�#-6/���L��<�;��
#-��Z&*,+-�

That is, you �rst declarethe constructorfor the family of typesyou are declaring,
which appearsin [$\0]"^ , followed by the constructorsof the datawhich populateit,
whichappearin _E^'` .1

An inductive family is anindexedcollectionof mutually de�ned inductive types.The
typeconstructormustconstructtypes,so its declarationtypically takesthe form of a
deduction:a bc bedgf$h
Constructordeclarationsgenerallyresemblea ij i d clk� h
As in VFL, Greekcapitalsstandbothfor asequenceof declarations(asabovetheline)
andfor theargument-sequenceof variablessode�ned (asbelow it). We have already
seen

data

a m$n"o dpf h where

a q ^G_Er d mgn"o hts a 6 d m$n"ou ] j 6 d m$n"o h
This notationis a little moreprolix thanHaskell, say, for simplede�nitions, but with
EPIGRAM's implicit syntaxtechnology—moreaboutthisshortly—itpaysoff in spades
themoredependentyour typesget. In any case,thereis not yet any goodreasonwhy
youshouldnotwrite

data

mgn"o dgf
where

q ^G_Er d mgn"o s u ] j d m$n"owvWm$n"o
By theway, if you just typedata in a declarationshed,you will geta templatefor a
datadeclaration.

EPIGRAM will only acceptstrictly positive families.Thatis, aconstructor'sargument
typesmusteitherbe nonrecursive, not mentioning

c
, or recursive—function types

1For those of you watching in black-and-white, blue is represented by sans-serif type and an initial capital
letter, whilst red has the same typeface, but a lower case initial.
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(possiblywith noarguments)returningsome
c�k�

, but with nootherreferenceto
c

.

Note, theseare `old Swedish' families, ratherthan the morepuritan `new Swedish'
families,which allow constructorsonly the `unfocused'returntype

c b
, ratherthan

anarbitrarily `focused'
c k �

. I proposefocused andunfocused asthe terminologywe
have long beenlacking in discussingthis distinction,althoughPeterHancockprefers
`RomanCatholic' and`Presbyterian'.The fact remainsthatCatholicismis just more
fun.

Mea culpa. EPIGRAM doesnot currentlyacceptmutually de�ned type families,but
the fact that an inductive family is a family of mutually de�ned typesdoesat least
provideaworkaround.

Whentheformationsignatureandconstructorsignatureshavebeensuccessfullyelab-
orated,EPIGRAM generatesthe case, rec andview operatorsfor the type family. As
thesearewhatmakedatadata,datasuccessfullyelaboratestoo.

Remark. I have implemented(barringmutualde�nition) a fairly standardnotion of
inductive family, but I intendto extendthis eventuallyto induction-recursion[DS01],
and indeedto dependent mutual de�nition of families (my favourite examplebeingx o.y"o dVf s$z&{4| ^ d x o.y3o>v f s}z ^G_L~ dV�N��d x o.y"o>� z&{4| ^ � v f

). And thenthere's
codata. . .and then there's mixed data-codatafamilies(modelledby alternatingleast
andgreatest�xpoints). A big zoois a happy zoo.

4.2 Signatures

Thebasicform of a signature, whetherin a dataor let declaration,or just inside � ,
�

or � , is� dJ�
declaringa variablein a type. You may omit the

d��
if you want the machineto

attemptto infer the type—thereis no guaranteethat it will succeed.You may also
pre�x thevariable � to indicatethatit is implicit. Moreover, youmaygroupvariables�-� � �"� �����'��� �'� if they areintendedto sharethe same type. Signaturesform sequences
vertically (thushorizontallyif separatedby ;).

EPIGRAM alsosupportsa�rst-order syntaxfor declaringhigher-orderobjects—deductions,
whichgenerallyresemble� iO i dJ�J�
meaning� i � �
where

i
is a signaturesequence,perhapsitself including deductions,and

O i
is a
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proforma—a`typicalapplication'of thedeclaredsymbolto variables.

However, by a technologicalmiracle,you getto omit `suf�ciently obvious' signatures
from abovetheline—youmayalsoomit variablesfrom below theline if youwishthem
to betreatedasimplicit arguments;you maynot permutethevariablesfrom theorder
in which you declarethem. The technologicalmiracleis, of course,Hindley-Milner-
Damastype inference[DM82] over a Miller-style mixed quanti�er pre�x [Mil92], a
combinationwhich I gatherFrankPfenningcameupwith.

So,weget

data

a ��dgf��� u o ��dgfVh where

a � � \ d ��� u o ��hts a � dw� s � � d ��� u o �j r � u �P� � d ��� u o � h
andeven

data

a � dw� s � � d ��� u o �� � �P� � dgf h
where

� � r3� d � � ��� j r � u �P� �"� � s � �8F d � � �J� �\ n"o ^G_ �LF d � � ��� j r � u C � �"� �
That's a whole bunchof symbolswe didn't needto declare—andthe elementtypes
didn't getmentionedin theconstructorsignaturesat all. For the typeof well-ordered
trees,we get

data

aM� dM� v f� � dgf h where

� O d � � v � �u ] | �wO d � � �
which is just aswell, asthestandard

� � �
wasa rudeword whenI wasgrowing up.

Notethatalthough
�

is notdeclared,it' ssensibleto makeit anexplicit argumentof u ] |
asit cannotusuallybeinferredunless[ is a partially appliedtypeconstructor.

This is just to emphasizethat, whilst type inferenceasa global propertyof a depen-
dentlytypelanguageis a non-starter—Haskell is suf�ciently dependentlytypednot to
possessit—the technologyunderlyingtype inferencestill buys us a greatdeal. The
ideais now to sayenoughto maketheplan clear, thenlet themachinehelpyou follow
theplan.

Notethatalthoughoneusuallyjust writestheexplicit argumentsin theproforma,you
canbe clearaboutthe orderof the implicit argumentstoo, by pre�xing themwith .
You couldwrite u ] | � � �MO

to have thesameeffect moreexplicitly. Sometimes,if
you leave this informationout, thereis morethanonechoiceavailableto themachine
for whereandin whichordertheimplicit argumentsshouldbequanti�ed. Thecurrent
implementationkeepsthemasfar to the right aspossible;a previousversionpushed
themasfar left aspossible.I make no promises—ifyou want to rely on a particular
choiceand thereis more thanone,betterto make the proformaexplicit ratherthan
trustingto luck.

Onemorenoteof caution:if youareusingnesteddeductions,implicit variablesareby
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defaultquanti�ed aslocally aspossible.For example,youcouldtry declaring

data �����
a � dM�� � dgf$hm r o � � dgfV��   ¡ where

�������
� D d � �O¢D d m r o � ���u ] | �}O d m r o � � ��     ¡

but themachinewould try to quantify
�

locally to the �rst nesteddeduction,andev-
erythingbut

O
in thesecond:youwould notgetwhatyouwant.

data �����
� s a � dM�� � dgfgh�¤£ � dgf �    ¡ where

�������
� s � s � D d � �O¥D d ��£ � �u ] | �}O d �¤£ � �      ¡

is the form equivalent to the original. Onemight arguethat
�

and
�

areobviously
meantto bequanti�ed in theouterdeductionasthey arementionedin its conclusion,
but this requiresextractinginformationfrom theconclusionbeforeit is in scope.

Finally, on stepwiseeditingfor signatures.BasicallybecauseI'm lazy, you canre�ne
asignatureshedto adeductiontemplateby sending� !� ! d � ! but not

� !� !
I think it savedmeonesyntacticcategory, or something.

Notealsothatyoucantypea(vertical)sequenceof signatures(or signaturesheds)into
asignatureshed.

4.3 let

Youcanintroduceade�nition, andin particular, a programwith alet declaration,of
theform

let
O�<=6&;��8*5#G6/Z&*,+%&�H#�+��H�-


If you omit the program,EPIGRAM will generatean openingprogrammingproblem
from thesignatureassoonasit elaborates.Youcangeta templatefor thesignatureby
sendingjustlet to a declarationshed.

Theinitial programmingproblemis constructeddirectly from theproformain adeduc-
tion signature;if yougiveadirect

O dG¦
signature,EPIGRAM presumesthatyou intend

to givea directtermfor
O
.
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Youmight send

let

� � ��C d mgn"o§g¨8©Vªw� C d m$n"o �
andyou will getthestartingproblem

let

� � ��C d mgn"o§g¨8©Vªw� C d m$n"o � s §g¨8©Vªw� C«� !
readyto go!

Moreonprogrammingin section6.

EPIGRAM relieson andcarefullymaintainsthewell-foundednessof thecontext. Re-
cursive programsaren't really recursive at all! The recursionin EPIGRAM comes
ultimately from the rec gadgetyou get with a datatype,which introducesa memo-
structure—recursivecallsarejust syntactic(?)sugarfor theextractionof theappropri-
atevaluefrom a memo-structure.We shallextendthis approachto explicitly grouped
top-levelmutuallyrecursivede�nitions (by allowing let to takemultiplesignaturesand
programs)in duecourse.Themaindesignchoicerequiredis in developingthesyntax
to explainhow therecursiveprogramssharea commonrecursivestrategy, giving each
programaccessto theappropriatememo-structurefor theothers.

We shall alsobe extendingtermsto supportlocal let andprogramsto supportlocal
helperfunctionsvia somekind of `whereclause'.

4.4 inspect

Theinspect declarationenablesyou to runprogramsyouhavewritten.

inspect
�

where
�

is a term,elaboratesto

inspect
� � K dJ�

where
K

is
�
's valueand

�
is its type.

As it stands,inspect canonly be expectedto behave sensiblywhen
�

elaborates
fully in termsof objectswhich have beencompletelyde�ned, but it' s inevitable from
the way EPIGRAM is implementedthatinspect canalsobe usedto run programs
youhaven’t written.

Broadlyspeaking,if therearepiecesmissingfrom theprogram,you will get strange
orange?sin thevalueof your term (andpossiblyits type). As moreinformationbe-
comesavailable,you will seethesebeinginstantiated.What doesnot happenat the
momentis that incompletetermswhich becomereducibleon theinstantiationof their
holeswill bereplacedby their values—theholeswill beinstantiatedbut thereduction
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will not visibly takeplace.I shallattendto this oversightin duecourse.Moreover, the
mysteriousorange?sshouldberenderedasthelumpsof unelaboratedconcretesyntax
to which they correspond.This will allow to run programswhich containtypeerrors
andseewherethoseerrorsbite by example. Yearsspentlisteningto undergraduates
whingeingthat`thetypecheckerwon't let my programwork' haveobviouslyhadsome
impact.

5 Terms

Thissectionexaminesa little morecloselythesyntaxof EPIGRAM terms,andhow the
elaboratortreatsthem.In particular, it outlineswhathappenswith implicit syntax.

5.1 Basics

We startwith a fairly basictypetheory:¬ � ¬ Z dgf� s � d Z ¬ � s � d Z s i ¬� s � d Z s i ¬ � d Z� ¬ � d Z � ¬�­ Z®�p¯ ­ �� ¬ � dJ� � ¬� ¬ f°dgf � s � d Z ¬ � � � ! dgf� ¬ � � d Z � � � � ! dgf� s � d Z ¬ ��� � ! dJ� � � !� ¬ � � d Z � �'� � ! dg� � d Z � � � � ! � ¬ O dg� � d Z � � � � ! � ¬ � d Z� ¬ O�� dJ� �,��!
Thesimplefunctionspace

Z v �
is just syntacticsugarfor

� � d Z � �
.

Yes,with
f�dQf

, this systemis inconsistent,but it' s a goodplaceto start. EPIGRAM

implementstheserules:here
­

computes
­

-normalformsand
�¥±

is the ² -equalityfor
type

�
. In particular� s � d Z ¬¢­ � O � �}� ±1³ ´�µ ­ � + � �� ¬ O��·¶ ´3¸ ¹�º¥±Q³ ´�µ +

5.2 Datatypes

Theeffectof adatadeclarationis to addthetype-anddata-constructorsto thecontext,
generatetheappropriatecaseandrecoperators,andextend

­
appropriately.

If wehave

data

bc bedgf where ����� iJ»j i(» d clk� ���'�
weget

14



� d c k �
case� d¼�¾½Tdg��b � c b v f

...
 » dg� i(» � ½ k� � j i(» �

...
� ½ k � �

Note that case� is a term, but caseis not. Its type actuallyexplainshow to do case
analysison � . Thecomputationalbehaviour is asfollows:� ¬¢­ ��¿v j » k�� ¬�­ � case� � ¿v � ½ s k
 � 
 » k�
Let us leave recasidefor themoment,but it too hasa typewhich explainshow to do
structuralrecursion.

5.3 Implicit Syntax

Implicit syntaxin EPIGRAM is inspiredby Pollack's treatmentin LEGO [Pol92], but
differsin severalways.Firstly, EPIGRAM hasa separate implicit functionspace:� s � d Z ¬ � � � ! dgf� ¬ � � d Z � � � � ! dgf� s � d Z ¬ ��� � ! dJ� � � !� ¬ � � d Z � �'� � ! dg� � d Z � � � � ! � ¬ O dg� � d Z � � � � !� ¬ O dg� � d Z � � � � !� ¬¢­ Z ¿v Z £ � s � d Z ¬¢­ � ��� � !À� ¿v � £ � � !­ �H� � � d Z � ��� � !À� � ¿v � � d Z £ � � £ � � !
Thepost�x operator makesanimplicit functionexplicit. Theelaboratorsilentlycom-
pletes any termwhosetypeis implicitly quanti�ed,unlessit is of form

�
andthusmade

explicit. Completionworksby stickingin metavariables(or `holes')for theimplicit ar-
gumentsandhopingthey getsolvedby uni�cation.

Otherformsof implicit syntax—omittingtypesin quanti�ers,etc,alsoworkviametavari-
ables.Youcanreliably leaveoff thequanti�ers from � unlessit is beingapplied—this
informationis availablein thetype.

Mea culpa. Thebackgroundcolourof a completedtermshouldindicatewhetherthe
machinehasbeensuccessfulat inferring the missingarguments,but I haven't wired
thatupyet. Also, youshouldideallybeableto exposeimplicit arguments—bydouble-
clickingacompletedterm,say—inorderto editthosewhichhavenotbeensuccessfully
inferredandneedto besuppliedexplicitly.

Notethat, in anapplication,if anargumentof implicit type is required, theargument
you supplyis elaboratedunderan implicit � . Theboundvariablehasno name,but it
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can(andhopefullywill) beusedin thevaluesinferredfor implicit arguments.

Important. Theimplicit syntaxmechanismmakesakey simplifying assumptionwhen
it is inferringmissinginformation:A metavariable never stands for an implicit function
type. Without somesuchassumption,you getdeadlock:if thetypeof anargumentis
a metavariable,you can't completeit to form the type which getsuni�ed with the
domainof thefunctionto solve themetavariable.With theassumption,anargumentof
unknown typeis completealready. It' s commonsense:thecomputerisn't ascleveras
you,soyou shouldonly expectit to solveeasyproblemsby itself.

6 Programs

EPIGRAM programsare treeswhich explain how to solve a programmingproblem.
Perhapstheeasiestway to explainwhatis goingon is to tell it prettymuchlike it is. If
yousupplythesignature

let

iÁ i dJ�
thentheinitial programmingproblemis� i �WÂ Á i dJ�XÃ
This funny type in angle-bracketswhat VFL calls a labelled type, andit means̀ the�

that is
Á i

'. Theselabels
ÁPk%

areusedto computethe left-handsidesof programs.
The

k%
arethepatterns, andthereis no a priori reasonto presumethat they arelinear

or consistsolelyof constructorforms. Theright-handsideof a programline explains
how to split a programmingprobleminto zero or more subproblems:it elaborates
to an LCF-styletactic, pairing a collectionof subproblemswith a combinatorwhich
computesthesolutionto theoriginalproblemfrom thoseof thesubproblems.

Oneway to solvea programmingproblem� i �WÂ ÁÄk% dJ�XÃ
is to supplya return,� �

where
i ¬ � dJ�

sothatyourprogramlookslikeÁÅk% � �
However, youcanalsosplit a programmingproblemby invokinganeliminator:Æ 	
wheretheeliminator

	
is any expressionwhosetypelookslike this
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�1½Tdg�Nb � f
 � dg� i � � ½ k� �
...
 � dg� i � � ½ k� �� ½ k �

We call
k �

thetargets of theeliminator, becausethey arewhatit eliminates;
½

is called
themotive becauseit standsfor whatwehopeto achieveby theelimination;the


 »
are

themethods—they explainhow to achievethemotive in eachpossiblecircumstance.

Now, EPIGRAM hasa built-in type which capturesthe ideaof equality. Whenyou
invoke Æ 	

for our typical programmingproblem,EPIGRAM takes½ ¿v � b � � i � i � k � vÇÂ ÁÈk% dJ�XÃ
Thismakes
 » dg� i » s i � k� » � k � vWÂ ÁÄk% dJ�XÃ
EPIGRAM thentriesto solve

k� » � k �
by applyingthesubstitutivity for equalityandthe

disjointnessandinjectivity of equality, which is how thepatternsin the subproblems
becomemoreinstantiated.Moreover, in thecasewheretheequationsareclearlyfalse,
the subproblemdisappears—thisis why thereis no `nil' casewhenyou implement
`tail' for nonemptylength-indexedlists.

Moredetailsof thisprocesscanbefoundin VFL, or [McB00].

The point here is that the typesof eliminatorsprovide an abstract interfaceto the
decompositionof programmingproblems.Theeliminatoritself is ahigher-orderfunc-
tion, computingthe solutionto the main problemfrom its subproblems.Constructor
patternmatchingis nolongerhardwiredinto thecompilationof functions:it is justone
possibleeliminator, generatedfor free with every datatype.The fun with EPIGRAM

really startswhenyouroll yourown.

VFL alsogivesa third way to solve programmingproblems: the `with' rule, which
allows you to abstractthevalueof an intermediatecomputation,addingit to thecol-
lection of valuesunderscrutiny on the left. In �rst-order programming,this often
eliminatesthe needfor local case-expressionsin right-hand-sideterms. That's just
aswell, becauselocal case-expressionsdon't really make sensein dependentlytyped
programming—inspectingonevaluetells you moreaboutothervaluestoo, andabout
the type of the thing you're trying to construct. Good! What's the point of testing
somethingif it doesn't makeany difference?

7 Things to do

This is aproportionof thecurrentwish list. It getslongermorequickly thanit shrinks.
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7.1 Known bugs

Thingswhich aresupposedto work but areknown not to. Don't hesitateto tell meif
somethinggoeswrong. I generallyrespondasquickly ashumanlypossible.

Currently, there's somefunny businesswith theequation-solvingin the<= rule. We'll
see.

Important. The patternsyou get whenyou apply an eliminatorarisefrom equation
solving. If themachinecannotsolve theequations,thenyou will getlessinstantiation
of patternsthanyou might wish for. This is correct. Onebene�t of Epigram's internal
explanationof patternmatchingby eliminationwith equationalconstraintis that you
arenot completelyscupperedwhenthis happens,aswasthecasein ALF. If the trou-
blesomeequationinvolvesde�ned functions,it' s nota big surprisethatthemachineis
not clever enough—it'snot asclever asyou. If you cando anothereliminationwhich
unblocksthefunctioncall, you may�nd therestof yourpatternappearing.

On the otherhand,if the equationreally ought to have a solutionby standard�rst-
orderconstructormethods,I' ll put my handup to a problem. If you suspectthis to
be the case,thenit' s the usualstory: sendme a bogey, andI' ll Alt-Return it. If you
feel intrepid,Alt-Returnit yourself.No—I haven't implementedno-cycleyet,but I'm
planningto cheat.

There's also a bit too muchrigidity when it comesto implicit argumentsin natural
deductionrules.An explicitly mentionedbut implicitly declaredargumentwhich �rst
appearsto theright of whereit is �rst neededwill notbeshuntedbackwardsasit should
be.

7.2 Elaboration of terms

Thereareseveralthingswith noelaboratorsyet:

Tuples Existentialquanti�cationis alreadyelaborated.Theparserknowsabouttuples
but theelaboratordoesn't. A tuplewill bea verticalgroupof terms.Implicit el-
ementswill beprecededby . Right-nestingwill be �attened. Tuplesoccurring
wheretype informationis beingpushedinwardsshouldnot needtype annota-
tions. Othersmight, and at the moment,I'm trying to think of a neaterway
thanslappinga hugecaston thewholething. Elimination—seeleft-hand-sides.
Needs care.

Anonymous lambda I'm sureI candoabetterjob of typeinferencefor these.Needs
care.
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7.3 Elaboration of left-hand sides

More patterns I haveonly implemented�rst-order patternswith functions/constructors
andpatternvariables.Any termcanpotentiallybeapattern.Needs care.² -expansion in patterns You shouldbe able to matchexistential typeswith tuples,
universalswith lambda,etc,without any explicit eliminatoron theright. Inter-
actively, it shouldjust beadouble-click.Needs care.

Unhiding A spacewhich concealsan implicit argumentshouldcoughit up if you
double-clickon it. Easy job.� -conversion Double-clickingonapatternvariableshouldreplaceit by ashed;send-
ing an acceptablevariablenameshouldcause� -conversion. Otherwise,shed
staysopen.Troubleis, if you save the�le in thatstate,it won't reloadproperly.
I reckon we needto put the old nameback �rst, or something. Needs some
rejigging.

Better names I have a heuristicin mind for guessingbetternamesduring interactive
programming,basedon theonesyou usein datadeclarations.Needs some re-
jigging.

7.4 Elaboration of right-hand sides

With rule Abstractingintermediatecomputations.I needto write a typcheckingab-
stractor. Needs much care, but no damage.

From rule Bringing thenext argumentto theleft. Easy job.

Multi-by Doing a bunchof eliminationson oneline. Ideally, you shouldbe ableto
seewhatsubproblemsyou would getif you stoppedaddingmore.Needs much
care and some rejigging.

Helper functions You shouldbe able to invoke a helperfunction on the right-hand
side which shouldautomaticallygeneratesomekind of `whereclause'. The
machineshouldbeableto �gure out thetypesignatureif theusageis a Miller-
pattern � �/	�F %ÉK3�G� � �'���'K3�G� � � . You shouldbeableto lift thehelperfunctionout
to beamutuallyde�ned top-level function.Dream on.

7.5 Elaboration of recursion

Matching Constraint-solvingfor recursivecallsextractedfrom memo-structureshould
beby matching—any matchwill do. I haven't writtenamatcheryet,soI'm using
uni�cation, which is muchtooparanoid.Needs care.
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Nesting Double recursionnow works by stoppingthe motive-generatorquantifying
over memo-structures.This gives lexicographicrecursion. A bettersolution
would be to teachthe thing to �nd memo-structures.See`resource-bounded
proof search'.

7.6 Proof search for things implicit

At themoment,this applies² -rules,but apartfrom that, it just hopesuni�cation does
thebusiness.

Equational simplification shouldwork thesamewayaswith programmingproblems;
constructorequationsto beprovenshouldalsobesplit; re�exivity shouldbean
automaticwin. Needs care.

Vacuity having the empty type as a hypothesisshouldbe an instantwin; having a
refutationasahypothesisshouldstartaproof search.Dream on.

Resource-bounded proof search A reasonablestrategyseemsto meto limit backchain-
ing to thingsyouhaven't usedyet in thatbranchof theproof. Thecontext is our
initial setof gadgets.Of course,the context getsbigger in higher-orderproof
search:shouldwe be worried? You canuselocal de�nition (whenI' ve imple-
mentedit) to copy thingswhichneedto beusedmorethanonce.PhD student?

7.7 Syntactic mod cons

Infix operators Especially->. I think I know what I'm going to do.. . later. My
inclination is to implementpostfix operatorswhich have a pull to the left and
deliveratermof agivenweight. Post�x operatorsapplyto thelargesttermto the
left whoseweight is Ê their pull. Variablesandgroupsweigh0. An application
weighswhatthefunctionweighs.Operatorsarepresumedpre�x unlessdeclared
post�x. Exactly what a post�x declarationshouldlook like, I'm not sure. I' d
like to beableto userelative pulls andweights,ratherthanraw numbers.Scary
idea:make post�x info live in functiontypes—thatway, you canmake all sorts
of daft thingshappen—no,maybenot.

Comments Justnow, the bestyou cando is keeptop-level commentsin declaration
sheds. I wonderhow we could do better. Of course,commentsshouldreally
behandledby theuserinterface(seebelow). Commentsshouldalsobeableto
quotetermswhicharesubjectto update/� -conversion.

7.8 User interface

I'm planninga bit of refactoringin orderto facilitatethecleanseparationof theuser
interface.Theinterfacewill communicatewith theelaboratorusingtheconcretesyntax
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asaninterchangelanguage.The interfacewill beentirely responsiblefor both layout
andparsing,andwill keepthe contentsof shedsto itself. Concretesyntaxtreeswill
have nodeslabelledwith thenamesof elaborationproblems/solutions.Nodereplace-
mentwill be the main sort of messagethat the elaboratorsendsthe interface;node
selectionandshedinstantiationwill be the main messagesthe otherway. This will
facilitate:

Local undo Interfacerevertsa nodeto text in a shedandsendsanundoevent to the
elaborator. The elaboratorrevertseverythingelseto concretesyntaxandstarts
again.Therearesomeobvioussafebut not subtlewaysto do a bit moreinfor-
mationaccountancy andensurethatonly a few bits of thebuffer getredone,but
a reallyprecisestoryhereis futurework.

Local information Thereshouldbe anotherbuffer/window/whateverwhich displays
local informationpertinentto the selectedsubobject:eg value(if known), (de-
sired)type,what's in thecontext, what's in thecontext thatmightsolvethegoal,
unsolvedconstraints,typeerrorsfor brown things,syntaxerrorsfor shedswhich
won't escape,goodnessknowswhatelse.In particular, whenyousit atanempty
shed,thereshouldbea menuof candidatelumpsof concretesyntaxyou might
like to choosefrom.

Filing Youshouldbeableto selecta contiguousbunchof declarationsandsendthem
to a �le, causingthemto bereplacedwith animportdeclaration.Theelaborator
shouldbenonethewiser.

7.9 Exporting Epigram

It shouldbepossibleto persuadeEpigramto exportpilesof stuff to:

LATEX The interfaceshouldbe able to generateLATEX sourcefrom concretesyntax.
Easy to do badly.

Coq It shouldnot be too hard to make EpigramgenerateCoq .o �les, althoughwe
haveafew eta-rulesthey don't, whichmightputsomesandin thevaseline.Easy
to get somewhere; hard to get everywhere.

Edwin’s compiler (I) For swift run-time-onlycode.Should be easy.

Edwin’s compiler (II) For partial-evaluation-safepreloadedimplementationsof li-
braries.Needs care.

An independent typechecker Epigram's type theory isn't too outlandish. I already
haveanugly-printerfor raw termswhich I usewhenI'm lookingunderthebon-
net.Any self-respectingPhDstudentworkingin thisgeneralareashouldnot �nd
it toohardto build their own checker. Easy job.
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A Summary of keystrokesand mouseactions

In theEPIGRAM buffer:

Escape elaboratea shed

Alt-Backspace undolastchange

Ctrl-Backspace refreshdisplay

Alt-Escape quit

Alt-Return dumpelaboratorstate

Ctrl-Alt-Return returnEpigramto initial state(but youcanundo)

Doubleclick on:

a rule to getanew declarationshed

In anotherxemacs buffer:

Ctrl-c Ctrl-c buffer to selectedemptyshed

Ctrl-c Ctrl-r region to selectedemptyshed

Ctrl-c r rectangleto selectedemptyshed

Ctrl-c Ctrl-e replacecurrentbuffer'scontentsby EPIGRAM buffer

Ctrl-c Ctrl-s shedrectangle

Ctrl-c Ctrl-b bracket rectangle

By `rectangle',I meana rectangularselectiontracedout by clicking on the top-left
corneranddraggingto thebottom-leftcorner. Thehighlightingwon't look rectangular,
but asxemacshassomegadgetsfor manipulatingrectangularselections,thesethings
weretoogoodto miss.

B Recentchanges

lexicographic recursion now works(seeabove)

typing on a dividing rule now opensupa shed

clicking below the buffer now selectsthe�nal rule

new keystrokes seeabove

Empty type It' s currentlycalledZero. It wasalreadypresentin the typeof values,
andit' sproof irrelevant.It is eliminatedwith case.

Unit type It' s currentlycalledOne, andit' s constructedby (). It' salreadypresentin
thetypeof values,andit' s proof irrelevant,sowhy bothereliminatingit?
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G. HuetandG. Plotkin,editors,Logical Frameworks. CUP, 1991.

[HP90] G. HuetandG. D. Plotkin, editors.Electronic Proceedings of the First An-
nual BRA Workshop on Logical Frameworks (Antibes, France), May 1990.

[McB00] C. McBride. Eliminationwith a Motive. In P. Callaghan,Z. Luo, J. McK-
inna,andR. Pollack,editors,Types for proofs and programs, volume2277
of LNCS, pages197–216.Springer-Verlag,2000.

[Mil92] D. Miller. Uni�cation undera mixed pre�x. J. Symbolic Computation,
14(4):321–358,1992.

[MM04] C. McBride andJ.McKinna. Theview from the left. J. of Functional Pro-
gramming, 14(1),2004.

[Pol92] RobertPollack.Implicit syntax.An earlierversionof thispaperappearedin
[HP90], May 1992.

23


