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1 Intr oduction

I intendthis documeniasa guideto the prototypeEPIGRAM system.As thingsstand,
therearestill a greatmary thingswhich needto be done,but the systemcannow be
nursedthroughsomeuseful small examples,so it seemsappropriateto help people
play with it.

1.1 What you need

To run EPIGRAM, you will needa compiledbinary of the executable anda suitable
versionof xemacs. I'm notanexperton xemacs, sol don't know which versions
aresuitable butit'snothardto nd outif yoursis. I'm using21.1justnow.

Epigramis developedunderlinux, andhasbeencaughtworking underWindows XP
(thanksPaul) andMac OS X (thanksMichael). We now have a morestableweb pres-
enceat

http://ww. dur ham ac. uk/ CARG epi gram
Subscriberso
epi gr am@ur ham ac. uk

get news of updatesandthingswhich do/dont/might one day work. Pleasedo sub-
scribe,andsend. epi les, successfubr otherwise.

To compile EPIGRAM, you will needa reasonablyrecentversion of the Glasgav
Haslell Compiler ghc: | uselots of non-98languagesxtensionsrsery heavily, soother
systemsprobablywon't play. Version5.02is certainlysufciently recent—its whatl
useatthemoment.



2 The generalpicture

The EPIGRAM systemis an interactive editor andinterpreterfor the EPIGRAM pro-
gramminglanguagelargely asde ned in The view from the left [MMO04], or VFL, for
short. I'm very bad at writing editors,so | cheated—EPIGRAM runsas an inferior
processinderxenmacs. Youstartit by runningthe script

epi gram

whichstartsanew xemacs, with the EPIGRAM bufferin theforegroung.andtheactual
interactionhappeningn anotherbuffer offstage.You canlook atit if youliketo watch
computersvorking, but it may slow thingsdown atouch. If you do look at it, you'll
seethattyping stuff in the EPIGRAM buffer cause®ventmessagew besentastextual
inputto theunderlyingprocesswhich spitsbackmuchElisp in response.

Mea culpa. ThisratherHeath-Robinsomrrangementanbealittle aky attimes,but
that's how it is until somekind soulguisit up. It's notasdreadfulasit was.

Important. The EPIGRAM buffer is read-onlyasfar asxenacs is concerned Key-
boardinputin thatbuffer is redirected.If youwantto quit the EPIGRAM processhit
Alt-Escape in the EPIGRAM buffer. If youwantto quit emacs, eitherusethe menu,
or switchto a buffer you cangenuinelytypein. Also usefulis Ctrl-Backspace, which
refresheghe 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 arectangularegion selected—highlightedith a brightbackgroundA
document is averticalsequencef lines;a

line is ahorizontalsequencef boxes;a

box is eithera characteror a bracket containinga document.

Hence,an EPIGRAM line canoccupy morethanone physicalline in the buffer. You

cancombinetwo EPIGRAM lineson oneby separatinghemwith ; , andsplit oneinto
two by pre xing thesecondwith % A bracletis eithera

group which hastheusualfunctionsof parenthesis

( !
!
!
)

ora



shed whereyou cantinkerwith text.
[ 1
!
!
]

|
!
]

The EPIGRAM documentis a concrete syntax tree,in which someleasesare sheds.
Thepartof thedocumenbutsidethe shedds managedtypecheckd,typesetcoloured

in andgenerallymuckedaboutwith by EPIGRAM; theconteniof asheds monochrome,
but it belongsto you andyou mayeditit freely.

At the top level, the documentis a vertical sequencef declarations delineatedby
rules. A rule is a sequencef at leastthree- - - . Theinitial documenthasjust one
declarationconsistingof a shed waiting for you to startwork.

Important. If youwantto opena shedfor a new declarationdouble-clickon a rule,
or selecta rule andjust starttyping. Clicking below the buffer contentsshouldselect
the nal rule.

Of courseyourprogramwon't behapyy if youkeepit in theshed.Youcanletit escape
to amoreful lling existenceby pressingthe Escape key. If your documentparses
correctly EPIGRAM will checkit, andreplaceyour lovely typesettingwith something
ghastlythatit likesbetter If yourdocumentloesnotparsenothinghappensNotethat

thecontentof nested shedsarestill lockedaway. If youhaven't nished yourprogram,

you canleave shedqnot necessarilyempty)for theun nished partsandchecktherest

anyway—EPIGRAM always tries to give as much feedbackas possible,as early as

possible Nestedshedsallow youto work in little stepsor big stepsasyouseet.

Mea culpa. | realizethatsomesyntaxerrordiagnosticsnight benice.

Let'slook atanexample

data (--------- ! where (------------ [ R e '
*

!plusxy:l\bt).

plus x y <= rec x
{ plus x y <= case x
{ plus zeroy []
plus (suc n) y => suc (plus ny)

Here,you canseethethreeavailablekinds of declaration:

data declarationgleclaredatastructuredy giving the

formation rule whichdeclaresatype constructor andthe



introduction rules whichdeclareghedata constructors by whichthedatastruc-
tureacquiredata;data constructors

let declarationgle ne programsby giving a

type signature which establisheghetype of theintendedprogramanda

decision tree which establisheshe strateyy by which the programwill deliver
output,giveninput;

inspect declarationsallow you to inspectthe value of an expressionsofar asit has
one.

So,whathave we here?We have the naturalnumbersdeclarednductively; we have
begunto de ne additionby recursionand caseanalysison its rst argument,but we
havenot lled in thezerocase—therajustashed;we wouldliketo know what2 + 2
is. You canselectthe shedby clicking onit. If youthentype

=> y
andpressEscapeyouwill completeboththe programandtheexample.

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

Mea culpa. My Swedishfriendswill doubtlessemphasizeéhe importanceof having
the“local undo’ operationwhich takesa selectedegion andpulls it backinto a shed.
| agreeentirely: this is high on my hit-list, andwhenit is done,it morally oughtto be
boundto the Control-Escapéey. It's quitetricky, becausehe deletionof information
canhave highly non-localeffects, but theres an obvious nave andinef cient way to
doit, which| proposeo startwith. ..

Try undoingthe ‘returny’ stepandsending
<= case y

instead.This expandgshedecisiontreeto

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 ny)
}
}

Thatis, we have adjustedhezero-casatrateyy to requirea caseanalysisonthesecond
argumentandwe now have two new subproblemso solwe. If you send



=> suc (plus zero n)

for the zero-suacase you will seethatits backgroundemainsyellow, which is EPI-
GRAM'sway of expressingloubt.Here,it doesnotknow why therecursve call makes
sense—ifwe wantto do recursionon the secondargument,we needto sayso. If you
undoagain,you canbuild this programinstead

plus x y <= rec x
{ plus x y <= case x
{ plus zero y <=rec vy
{ plus zero x <= case X
{ plus zero zero => zero
plus zero (suc n) => suc (plus zero n)

}

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

Mea culpa. EPIGRAM is very badat choosingnames.!| plan bothto make it much
betterat choosingnames,andto allow you to do systematica-corversion (outside
sheds)y directmanipulation.

I hopethis shonvs somethingof the avour of EPIGRAM programning, not just pro-
grans. An EPIGRAM programis presentedasa didactic dialoguebetweenyou and
your mechanicaktudent. The left-handsideswhich the machinegeneratesre ques-
tionsin searchof explanationsvhich you provide ontheright. I' ve beenprogramming
this way with humanstudentsfor years,andit seemso do themsomegood. But |

accepthatit's a little prolix typing<= case x. Obviouslypl us zero vy, pl us

(suc n) vy issomuchshorter

2.2 Workingin ashed

Whena shedis selectedyou caneditits contentsby typing. As | said,| hatewriting

editors,so for now you get ordinary typing, plus arrow keys, backspacend delete.
You'll nd thatif youtype( or [, the corresponding or ) appearslso,with the cursor
betweerthem—youte now editinganinnerdocument.The Return key makesa new

line in the local documentyou cangetout of the documenby usingthe arrow keys,
or directly, by typing a closingbraclket. You canalsojump aroundwith themouse.

You cant deletea bracket from insideit—you canbackspaceverit or deleteit from
in front. The editor maintainsthe width of a bracketeddocumentsthe maximumof
thewidth of its lines, soyou don't needto worry aboutaligningthe! marks.Also, if
youtypearule insidea braclet, the editoralignsit vertically with the text outsidethe
braclet. Apart from that, thingsarequitenormal,really.

Important. Somekeystrokesyou canusein anothemxemacs buffer:



Ctrl-c Ctrl-c sendghe currentbuffer's contentso a selectecemptyshedin the Epi-
GRAM buffer—this enableg/outo loadwork.

Ctrl-c Ctrl-r sendghecurrentlyselectedegionin thesameway.

Ctrl-c Ctrl-e replaceghecurrentbuffer's contentdy thoseof the EPIGRAM buffer—
this enablesyouto use ordinary' editing,andalsoto save your work.

Mea culpa. | know thatit's not obvious whetherthe machineis rejectingits input or
justthinkingveryhard. Thisis, however, discernableeitherby lookingin theEpigram-
bin buffer, whereyou'll seef theescapéey eventhashadits responsget, or by trying
to typein thetroublesomeshed.Notethata buffer whichisn't properlybracletedwill
be rejectedby Ctrl-c Ctrl-c. Meanwhile,if your big shedloaddoesnt parse,do try
sendingt abit atatime.

2.3 Workingin xemacs

In the absencef local-undo,it's a reality that tinkering tendsto happenoffstage,in
xemacs. In thatrespect]' ve implementeda few low-budgetgadgetdo make life a
little easier Firstly, Ctrl-Alt-Return undoablyreturnsEPIGRAM to the blissful state
of ignoranceit was born with. You can re in a new versionof your work when
you're donetinkering. To helpyoutinker, I' ve addedsomexenacs keystrokeswhich
exploit its supportfor rectangles, selectedy draggingfrom top-leftto bottom-right—
theselectiorwon't look but rectangularbut thesewill work all thesame:

Ctrl-c r rectanglgo selectecemptyshed
Ctrl-c Ctrl-s shedrectangle

Ctrl-c Ctrl-b bracletrectangle

3 Concretesyntax

This is the usefulconcretesyntaxsofar. It's mostlyan ASCI| cation of thatin VFL.
Theparseiis slightly moreliberal thanthis would suggest.

Mea culpa. Omitted hereare somebits of concretesyntaxwhich do not yet have
elaboratorsnotablytuples. Therearealsosomeforms of termwhich do not yet have
concretesyntax.

Important. The concretesyntaxaspresentedereis not consideredo be stable,al-
thoughchangesvill be oated onthemailinglist rst andsignalledin future versions
of this document.Too mary prototypesdo suffer from badsyntaxwhoseonly justi -
cationis legagy. Not this one.We just wire up theold parserto the new renderer. .



3.1 Terms

term

head

gadget

head seqlhead, €] opt[: term]

al | sigs => term

| amsigs => term

ex sigs => term

head seq[head, €] - > term

head seqlhead,e] = head seq[head, €]
gadget term

*

identifier
( term)
Zero
One

0

refl

?
[ document[term]]

case|rec |view|neno|gen

3.2 Declarations

source

decl

maybe[- - - ]
seq[decl,- - -]
opt[- - -]

dat a sigs wher e sigs

| et sigs; program

i nspect term opt[=> term)|
[ document[source] ]

application
universalguanti cation
lambdaabstraction
existentialquanti cation
simplefunctionspace
proofirrelevantequality
dataeliminator

typeof types

variable

groupederm
proofirrelevantemptytype
proofirrelevantunit type
theproofof One
constructoffor equations
“let mebeexplicit'

go gure'



3.3 Signatures
5498 =

59

siguar =

deduction =

proforma =

3.4 Programs

program =
\

rhs

programs =

3.5 Utilities

opt[cat]

seq[cat, sep]

more[cat, sep|

seq[sig,; |

sigvar

siguar . term

( deduction )

[ document|[sigs] ]

identifier
_ identifier

519S
proforma . term

sigvar seq[siguar, €]
[ document[proforma)] ]

head seq[head, €] rhs
[ document[program] ]

=> term
<= term programs

[ document|[rhs] ]

€
{ seq[programs,;] }

cat

= ¢
| cat more[cat, sep]

untypeddeclaration
typeddeclaration
naturaldeductiorrule

normalboundvariable
implicitly boundvariable

typical application

returnvalue
by eliminator

no programs
someprograms

= opt[sep cat more[cat, sep]]



4 Declarations

Whatcanyou putin a declaratiorshed?A sequencef declarationgincludingdecla-
rationsheds)separatedby - - - . Let'snow look in alittle moredetail at the varieties
of declaratiorcurrentlysupported.

4.1 data

Declaration®f inductive families[Dyb97] take theform
dat a formationSig wher e constructorSigs

Thatis, you rst declarethe constructorfor the family of typesyou are declaring,
which appearsn Blue, followed by the constructorsof the datawhich populateit,
which appeaiin red.!

An inductive family is anindexed collectionof mutually de ned inductive types. The
type constructormustconstructtypes,soits declarationtypically takesthe form of a
deduction:

(6555)

Constructodeclarationgienerallyresemble

_ A
cA:D3

Asin VFL, Greekcapitalsstandbothfor a sequencef declarationgasabove theline)
andfor the agument-sequenagf variablessode ned (asbelow it). We have already
seen

- . n : Nat
data (Nat : *) where (zero : Nat) ! (sucn : Nat)

This notationis a little moreprolix thanHaslell, say for simplede nitions, but with
EPIGRAM'simplicit syntaxtechnology—mor@boutthis shortly—itpaysoff in spades
themoredependenyour typesget. In ary case thereis notyet any goodreasonwhy
you shouldnotwrite

(1]

data Nat : x where zero : Nat; suc : Nat — Nat

By theway, if you justtypedat a in a declaratiorshed,youwill getatemplatefor a
datadeclaration.

ErPIGRAM will only accepstrictly positive families. Thatis, a constructors agument
typesmusteither be nonrecursive, not mentioningD, or recursive—function types

For 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 alower case initial.



(possiblywith no argumentsyeturningsomeD 7, but with no otherreferenceo D.

Note, theseare “old Swedish'families, ratherthanthe more puritan ‘new Swedish'
families, which allow constructorsonly the “unfocused'returntype D Z, ratherthan
anarbitrarily focused'D %. | proposefocused andunfocused asthe terminologywe
have long beenlackingin discussinghis distinction,althoughPeterHancockprefers
"RomanCatholic’' and Presbyterian'.The fact remainsthat Catholicismis 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
provide aworkaround.

Whentheformationsignatureandconstructoisignatureshave beensuccessfullyelab-
orated,EPIGRAM generateshe case rec andview operatordor the type family. As
thesearewhatmake datadata,datasuccessfullyelaboratesoo.

Remark. | have implementedbarringmutualde nition) a fairly standardhotion of

inductive family, but | intendto extendthis eventuallyto induction-recursiofDS01],

andindeedto dependent mutual de nition of families (my favourite examplebeing
Ctxt : %x; Type : Ctxt — *; Term : VI': Ctxt = Type ' — %). And thentheres
codata...andthen theres mixed data-codatdamilies (modelledby alternatingleast
andgreatestxpoints). A big zoois a happy zoo.

4.2 Signatures
The basicform of asignature, whetherin a dataor let declarationor justinside A, V
ord,is

z: T

declaringa variablein a type. You may omit the: T if you wantthe machineto
attemptto infer the type—thereis no guarantedhat it will succeed.You may also
pre x thevariable_z to indicatethatit is implicit. Moreover, you maygroupvariables
21,2, .-, &, if they areintendedto sharethe same type. Signaturedorm sequences
vertically (thushorizontallyif separatedby ; ).

EPIGRAM alsosupportsa rst-order syntaxfor declaringhigherorderobjects—edeductions,
which generallyresemble

()

meaning
VA=T

where A is a signaturesequenceperhapstself including deductionsandf A is a
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proforma—a typical application'of the declaredsymbolto variables.

However, by atechnologicamiracle,you getto omit “sufciently obvious' signatures
from abovetheline—youmayalsoomit variablesfrom below theline if youwishthem
to betreatedasimplicit algumentsyou may not permutethe variablesfrom the order
in which you declarethem. Thetechnologicamiracleis, of course Hindley-Milner-
Damastype inference[DM82] over a Miller-style mixed quanti er pre x [Mil92], a
combinationwhich | gatherFrankPfenningcameup with.

So,we get

X % o fx: X; zs: ListX
data (ListX : *) where (nil : ListX) ’ ( consz zs : List X )

andeven

data (a: : X s ListX)

Inzzs : %

. tl:Inzas
where (now : Inz (cons xs)) ' (Iater tl = Inz (cons y:vs))

That's a whole bunchof symbolswe didn't needto declare—andhe elementtypes
didn't getmentionedn the constructorsignaturesat all. For the type of well-ordered
treeswe get

data (M) where (fBa——NVB)

WB : x supaf : WB

whichis justaswell, asthestandardV A B wasarudewordwhenl wasgrowing up.
Notethatalthougha is notdeclaredit' s sensibleo make it anexplicit algumentof sup
asit cannotusuallybeinferredunlessB is a partially appliedtype constructor

This is just to emphasizehat, whilst type inferenceas a global propertyof a depen-
dentlytypelanguageés a non-starter—Haslell is sufciently dependentlyypednotto

possesst—the technologyunderlyingtype inferencestill buys us a greatdeal. The
ideais now to sayenoughto make the plan clear thenlet themachinehelpyou follow

theplan.

Notethatalthoughoneusuallyjust writesthe explicit argumentsn the proforma,you

canbe clearaboutthe orderof the implicit agumentstoo, by pre xing themwith _.

You couldwrite sup _A _B a f to have the sameeffect moreexplicitly. Sometimesif

you leave this informationout, thereis morethanonechoiceavailableto the machine
for whereandin which ordertheimplicit agumentsshouldbe quanti ed. Thecurrent
implementatiorkeepsthemasfar to theright aspossible;a previous versionpushed
themasfar left aspossible.l make no promises—ifyou wantto rely on a particular
choiceandthereis more than one, betterto make the proformaexplicit ratherthan
trustingto luck.

Onemorenoteof caution:if youareusingnesteddeductionsimplicit variablesareby
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defaultquanti ed aslocally aspossible For example,you couldtry declaring

. b:Ba
(Baa‘ f4*> (fb:NotWB)
data | S/ | where

NotW B : % supa f : NotW B

but the machinewould try to quantify A locally to the rst nesteddeduction,andev-
erythingbut f in the secondyou would not getwhatyou want.

. .. b:Ba
4; (é’a' fl*) B; a; <fb:W’B>
data “WEB  x where

W' B supaf : W' B

is the form equivalentto the original. One might arguethat a and B are obviously
meantto be quanti ed in the outerdeductionasthey arementionedn its conclusion,
but this requiresextractinginformationfrom the conclusiorbeforeit is in scope.

Finally, on stepwiseediting for sighaturesBasicallybecausé'm lazy, you canre ne
asignatureshedto a deductiontemplateby sending

ﬁ but not %

| think it saved me onesyntacticcateyory, or something.

Notealsothatyou cantypea (vertical)sequencef signaturegor signatureshedsjnto
asignatureshed.

4.3 let
You canintroduceade nition, andin particular aprogramwith al et declarationpf
theform

let functionSig

program

If you omit the program,EPIGRAM will generatean openingprogrammingproblem
from the signhatureassoonasit elaboratesYou cangetatemplatefor the signatureby
sendingust! et to adeclaratiorshed.

Theinitial programmingproblemis constructedlirectly from the proformain adeduc-
tion signaturejf yougiveadirectf : T sighature EPIGRAM presumeshatyouintend
to giveadirecttermfor f.
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You might send
z,y : Nat
let (plus:cy : Nat)
andyouwill getthestartingproblem
z,y : Nat .
let (plusxy : Nat) » pluszy ]

readyto go!
More on programmingn section6.

EPIGRAM relieson andcarefully maintainsthe well-foundednessf the context. Re-
cursive programsarent really recursve at alll  The recursionin EPIGRAM comes
ultimately from the rec gadgetyou get with a datatype,which introducesa memo-
structure—recursk callsarejust syntactic(?)sugarfor the extractionof the appropri-
atevaluefrom a memo-structureWe shall extendthis approacho explicitly grouped
top-levelmutuallyrecursvede nitions (by allowing let to take multiple signaturesnd
programs)n duecourse.The maindesignchoicerequiredis in developingthe syntax
to explain how therecursve programssharea commonrecursve stratay, giving each
programaccesso the appropriatenemo-structuréor the others.

We shall also be extendingtermsto supportlocal let and programsto supportlocal
helperfunctionsvia somekind of “whereclause'.

4.4 inspect

Thei nspect declaratiorenables/outo run programsyou have written.
inspect ¢

wheret is aterm, elaborateso
inspectt = v : T

wherev is t'svalueand T is its type.

As it stands,i nspect canonly be expectedto behae sensiblywhen ¢ elaborates
fully in termsof objectswhich have beencompletelyde ned, but it's inevitable from
the way EPIGRAM is implementedhati nspect canalsobe usedto run programs
you haven’t written.

Broadly speakingjf thereare piecesmissingfrom the program,you will getstrange
orange?sin the valueof your term (and possiblyits type). As moreinformationbe-
comesavailable, you will seethesebeinginstantiated.What doesnot happenat the
momentis thatincompletetermswhich becomereducibleon the instantiationof their
holeswill bereplacedoy their values—theholeswill beinstantiatecbut thereduction
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will notvisibly take place.l shallattendto this oversightin duecourse Moreover, the

mysteriousorange?sshouldberenderedasthelumpsof unelaboratedoncretesyntax

to which they correspond.This will allow to run programswhich containtype errors

and seewherethoseerrorsbite by example. Yearsspentlisteningto undegraduates
whingeingthat thetypecheckerwon't let my programwork' have obviously hadsome

impact.

5 Terms

This sectionexaminesalittle morecloselythe syntaxof EPIGRAM terms,andhow the
elaboratotreatsthem.In particular it outlineswhathappensvith implicit syntax.

5.1 Basics

We startwith afairly basictypetheory:

_ IES: % iz S;AF
F Tyz:SF Iyz:S;AFz: S
I'kFs:S THRBS=pT T+ Tiz:SETx]:
F'Fs: T Fkx:x I'FVz:S5= Tlz]:
[y2:SF tla] : T[x) FHf:Ve:85=T[z] Tks: S
THAz:S=t[z]: Vz: 5= T[z] THfs: T[s]

ThesimplefunctionspaceS — T is justsyntacticsugarfor Vz : S = T.

Yes,with x : %, this systemis inconsistentput it's a good placeto start. EPIGRAM
implementgheserules: heres computess-normalformsand= 7 is then-equalityfor
type T'. In particular

Iz: S+ B(f z) =11 Blg 2)
IN =vz:S=T[z] 9

5.2 Datatypes

Theeffectof adatadeclarationis to addthetype-anddata-constructon® the context,
generatéhe appropriatecaseandrecoperatorsandextend appropriately

If we have
data = where --. AV
— DE: % cA; :DF

we get
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z : Df
casex : VP :VE=>DE—«

m; : VA; = Pg(CAi)

=>Plz
Note thatcasez is aterm, but caseis not. Its type actually explainshow to do case

analysison z. Thecomputationabehaiour is asfollows:

Fl—ﬂﬁl'—)lci(_i
't B(casex) — AP;m = m; @

Let usleave rec asidefor the moment,but it too hasa type which explainshow to do
structuralrecursion.

5.3 Implicit Syntax

Implicit syntaxin EPIGRAM is inspiredby Pollack's treatmentn LEGo [Pol92, but
differsin severalways.Firstly, EPIGRAM hasaseparate implicit functionspace:

Fiz:SFTx] - +
FFVYz:5= Tx] : x
Tiz:SEtx] : Tx] F'Ff:Va:8= T[]
FFAz:S=>tz] :Vae:5=>Tz] T'Hf_:Vz:S= Tx]
FEBS— S Tiz:SEB(Ez) - t'[x]
B((Az: S = t[z]) o) = Az : 8" = t'[z]

Thepost x operator. makesanimplicit functionexplicit. Theelaboratosilently com-

pletes ary termwhosetypeis implicitly quanti ed, unlesst is of form ¢ _andthusmade
explicit. Completionworksby stickingin metavariablegor “holes')for theimplicit ar

gumentsandhopingthey getsolvedby uni cation.

Otherformsof implicit syntax—omittingypesin quanti ers, etc,alsowork via metavari-
ables.You canreliably leave off thequanti ersfrom A unlesst is beingapplied—this
informationis availablein thetype.

Mea culpa. The backgrounccolour of a completederm shouldindicatewhetherthe
machinehasbeensuccessfubt inferring the missingargumentsbut | haven't wired
thatupyet. Also, you shouldideally beableto exposeimplicit aguments—bydouble-
clicking acompletederm,say—inorderto editthosewhich have notbeensuccessfully
inferredandneedto be suppliedexplicitly.

Notethat,in anapplication,if anargumentof implicit typeis required, the argument
you supplyis elaboratedinderanimplicit A. The boundvariablehasno name,but it
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can(andhopefullywill) beusedin thevaluesinferredfor implicit arguments.

Important. Theimplicit syntaxmechanisnmakesakey simplifying assumptiomvhen
it is inferring missinginformation: A metavariable never stands for an implicit function
type. Without somesuchassumptionyou getdeadlock:if thetype of anargumentis
a metavariable,you cant completeit to form the type which getsuni ed with the
domainof thefunctionto solve themetavariable.With theassumptionanargumentof
unknown typeis completealready It's commonsensethe computerisn't asclever as
you, soyou shouldonly expectit to solve easyproblemsby itself.

6 Programs

EPIGRAM programsare treeswhich explain how to solve a programmingproblem.
Perhapshe easiestvay to explain whatis goingonis to tell it prettymuchlikeit is. If
you supplythe signature

A
et AT

thentheinitial programmingproblemis
VA= (fA: T)

This funny typein angle-bracktswhat VFL calls a labelled type, andit means'the
T thatis f A'. Theselabelsf  areusedto computethe left-handsidesof programs.
The g arethe patterns, andthereis no a priori reasorto presumehatthey arelinear
or consistsolely of constructoiforms. Theright-handsideof a programline explains
how to split a programmingprobleminto zero or more subproblems:it elaborates
to an LCF-styletactic, pairing a collection of subproblemsvith a combinatorwhich
computeghesolutionto the original problemfrom thoseof the subproblems.

Oneway to solve a programmingproblem
VA= (fp: T)
is to supplyareturn,
=1 whereA k¢t : T
sothatyour programlookslike
fp=t
However, you canalsosplit a programmingproblemby invoking aneliminator:
Ee

wherethe eliminatore is ary expressiorwhosetypelookslik e this
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VP : VE= x
mq :VA1:>P§1

m, : VA, = P 3,
=>P{

We call # the targets of theeliminator, becausé¢hey arewhatit eliminates;P is called
themotive becausé standdor whatwe hopeto achieve by theelimination;the m; are
themethods—thg explain how to achieve the motive in eachpossiblecircumstance.

Now, EPIGRAM hasa built-in type which captureshe ideaof equality. Whenyou
invoke < e for ourtypical programmingoroblem,EPIGRAM takes

P )ESVAA={(F: T
Thismakes
mi VA A8 =1t-FF:T)

EPIGRAM thentriesto solve 5; = # by applyingthe substitutvity for equalityandthe

disjointnessaandinjectivity of equality which is how the patternsin the subproblems
becomemoreinstantiatedMoreover, in the casewherethe equationsareclearlyfalse,

the subproblemdisappears—thigs why thereis no “nil' casewhenyou implement
“tail' for nonemptylength-indexedlists.

More detailsof this procesanbefoundin VFL, or [McBO0O].

The point hereis that the typesof eliminatorsprovide an abstract interfaceto the
decompositiorof programmingproblems.Theeliminatoritself is a higherorderfunc-
tion, computingthe solutionto the main problemfrom its subproblems Constructor
patternmatchingis nolongerhardwiredinto the compilationof functions:it is justone
possibleeliminator, generatedor free with every datatype. The fun with EPIGRAM
really startswhenyouroll your own.

VFL alsogivesa third way to solve programmingproblems: the “with' rule, which
allows you to abstracthe value of anintermediatecomputationaddingit to the col-
lection of valuesunderscrutiry on the left. In rst-order programming,this often
eliminatesthe needfor local case-gpressiondn right-hand-sideterms. That's just
aswell, becausédocal case-gpressiongion't really make sensen dependentlytyped
programming—inspectingnevaluetells you moreaboutothervaluestoo, andabout
the type of the thing you're trying to construct. Good! What's the point of testing
somethingf it doesnt make ary difference?

7 Thingstodo

Thisis a proportionof the currentwishlist. It getslongermorequickly thanit shrinks.
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7.1 Known bugs

Thingswhich are supposedo work but areknown notto. Don't hesitateto tell meif
somethinggoeswrong. | generallyrespondasquickly ashumanlypossible.

Currently theres somefunny businesswith the equation-solvingn the<= rule. We'll
see.

Important. The patternsyou getwhenyou apply an eliminator arisefrom equation
solving. If the machinecannotsolwe the equationsthenyou will getlessinstantiation
of patternghanyou mightwish for. Thisis correct. Onebene t of EpigramSinternal
explanationof patternmatchingby eliminationwith equationalconstraintis thatyou
arenot completelyscupperedvhenthis happensaswasthe casein ALF. If thetrou-
blesomeequationinvolvesde ned functions,it's not a big surprisethatthe machineis
not clever enough—its not asclever asyou. If you cando anothereliminationwhich
unblocksthefunctioncall, youmay nd therestof your patternappearing.

On the otherhand, if the equationreally oughtto have a solution by standardrst-
orderconstructomethods,|' Il put my handup to a problem. If you suspecthis to
be the case thenit's the usualstory: sendme a bogey, andl' Il Alt-Returnit. If you
feelintrepid, Alt-Returnit yourself. No—I haven't implementecho-cycle yet, but I'm
planningto cheat.

Theres alsoa bit too muchrigidity whenit comesto implicit argumentsin natural
deductiorrules. An explicitly mentionedout implicitly declaredargumentwhich rst
appearso theright of whereit is rst neededvill notbeshuntedackwardsasit should
be.

7.2 Elaboration of terms

Therearesereralthingswith no elaboratoryet:

Tuples Existentialquanti cationis alreadyelaboratedThe parsetknowsabouttuples
but the elaboratordoesnt. A tuplewill bea verticalgroupof terms.Implicit el-
ementswill beprecededy _. Right-nestingwill be attened. Tuplesoccurring
wheretype informationis being pushedinwardsshouldnot needtype annota-
tions. Othersmight, and at the moment,I'm trying to think of a neaterway
thanslappinga hugecaston thewhole thing. Elimination—sedeft-hand-sides.
Needs care.

Anonymous lambda I'm surel cando a betterjob of typeinferencefor these Needs
care.
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7.3 Elaboration of left-hand sides

More patterns | haveonly implementedrst-order patternswith functions/constructors
andpatternvariables. Any termcanpotentiallybe a pattern.Needs care.

n-expansion in patterns You shouldbe ableto matchexistentialtypeswith tuples,
universalswith lambda,etc, without ary explicit eliminatoron theright. Inter-
actively, it shouldjust beadouble-click.Needs care.

Unhiding A spacewhich concealsan implicit argumentshouldcoughit up if you
double-clickonit. Easy job.

a-conversion Double-clickingon a patternvariableshouldreplacet by ashed;send-
ing an acceptablesariablenameshouldcausea-corversion. Otherwise,shed
staysopen.Troubleis, if you save the le in thatstate,it won't reloadproperly
| reckon we needto put the old nameback rst, or something. Needs some

rejigging.

Better names | have a heuristicin mind for guessingbetternamesduringinteractive
programmingbasedon the onesyou usein datadeclarationsNeeds some re-
Jigging.

7.4 Elaboration of right-hand sides

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

From rule Bringingthenext algumentto theleft. Easy job.

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

Helper functions You shouldbe ableto invoke a helperfunction on the right-hand
side which should automaticallygeneratesomekind of “whereclause'. The
machineshouldbe ableto gure outthetypesignaturef the usages a Miller-
pattern(help var; ...var,). Youshouldbeableto lift the helperfunctionout
to beamutuallyde ned top-level function. Dream on.

7.5 Elaboration of recursion
Matching Constraint-solvindor recursve callsextractedrom memo-structurshould

beby matching—ag matchwill do. | haven't writtenamatcheryet,sol'm using
uni cation, whichis muchtoo paranoid.Needs care.

19



Nesting Double recursionnow works by stoppingthe motive-generatoguantifying
over memo-structures.This gives lexicographicrecursion. A bettersolution
would be to teachthe thing to nd memo-structures.See ‘resource-bounded
proofsearch'.

7.6 Proof search for thingsimplicit

At the moment this appliesn-rules,but apartfrom that,it just hopesuni cation does
thebusiness.

Equational simplification shouldwork thesamewayaswith programmingproblems;
constructorequationgo be provenshouldalsobe split; re exivity shouldbe an
automatiowin. Needs care.

Vacuity having the empty type as a hypothesisshouldbe an instantwin; having a
refutationasa hypothesishouldstarta proof searchDream on.

Resource-bounded proof search A reasonabletratgy seemdo meto limit backchain-
ing to thingsyou haven't usedyetin thatbranchof the proof. The context is our
initial setof gadgets.Of course,the context getshiggerin higherorderproof
search:shouldwe be worried? You canuselocal de nition (whenl've imple-
mentedt) to copy thingswhich needto beusedmorethanonce.PhD student?

7.7 Syntactic mod cons

Infix operators Especially- >. | think | 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 operatorapplyto thelargesttermto the
left whoseweightis < their pull. VariablesandgroupsweighO. An application
weighswhatthefunctionweighs.Operatorarepresumegbre x unlessdeclared
post x. Exactlywhata 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—thatvay, you canmalke all sorts
of daftthingshappen—nomnaybenot.

Comments Justnow, the bestyou cando is keeptop-level commentsn declaration
sheds.| wonderhow we could do better Of course,commentsshouldreally
be handledby the userinterface(seebelon). Commentshouldalsobe ableto
guotetermswhich aresubjectto updated-corversion.

7.8 User interface

I'm planninga bit of refactoringin orderto facilitatethe cleanseparatiorof the user
interface.Theinterfacewill communicatavith theelaboratousingtheconcretesyntax

20



asaninterchangdanguage.Theinterfacewill be entirelyresponsibldor bothlayout
andparsing,andwill keepthe contentsof shedsto itself. Concretesyntaxtreeswill
have nodeslabelledwith the namesof elaboratiorproblems/solutionsNodereplace-
mentwill be the main sort of messagehat the elaboratorsendsthe interface; node
selectionand shedinstantiationwill be the main messageshe otherway. This will
facilitate:

Local undo Interfacerevertsa nodeto text in a shedandsendsan undoeventto the
elaborator The elaboratorrevertseverythingelseto concretesyntaxandstarts
again. Thereare someobvious safebut not subtlewaysto do a bit moreinfor-
mationaccountang andensurethatonly a few bits of the buffer getredone but
areally precisestoryhereis futurework.

Local information Thereshouldbe anotherbuffer/window/whatever which displays
local informationpertinentto the selectedsubobject:eg value (if known), (de-
sired)type,what'sin thecontet, what's in the context thatmight solve the goal,
unsohedconstraintstypeerrorsfor brown things,syntaxerrorsfor shedswvhich
won't escapegoodnes&nowswhatelse.In particular whenyou sit atanempty
shed,thereshouldbe a menuof candidatdumpsof concretesyntaxyou might
like to choosdrom.

Filing Youshouldbeableto selecta contiguousunchof declaration@ndsendthem
toa le, causinghemto bereplacedvith animportdeclaration.Theelaborator
shouldbenonethewiser.

7.9 Exporting Epigram
It shouldbe possibleto persuadé=pigramto export piles of stuff to:

IATEX The interfaceshouldbe ableto generatdATeX sourcefrom concretesyntax.
Easy to do badly.

Coq It shouldnot be too hardto make EpigramgenerateCoq.o les, althoughwe
have afew eta-ruleghey don't, which might put somesandin thevaseline Easy
to get somewhere; hard to get everywhere.

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

Edwin’s compiler (11) For partial-evaluation-safepreloadedimplementationsof li-
braries.Needs care.

An independent typechecker Epigrams type theoryisn't too outlandish. | already
have anugly-printerfor raw termswhich | usewhenl'm looking underthebon-
net. Any self-respectingPhDstudentworkingin thisgenerahreashouldnot nd
it too hardto build their own checler. Easy job.
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A Summary of keystrokesand mouseactions

In the EPIGRAM buffer:

Escape elaborateashed

Alt-Backspace undolastchange

Ctrl-Backspace refreshdisplay

Alt-Escape quit

Alt-Return dumpelaboratosstate

Ctrl-Alt-Return returnEpigramto initial state(but you canundo)

Doubleclick on:
arule togetanew declaratiorshed
In anothexemacs buffer:

Ctrl-c Ctrl-c buffer to selectecemptyshed

Ctrl-c Ctrl-r regionto selectecemptyshed

Ctrl-c r rectangleo selectecemptyshed

Ctrl-c Ctrl-e replacecurrentbuffer's contentdby EPIGRAM buffer
Ctrl-c Ctrl-s shedrectangle

Ctrl-c Ctrl-b bracletrectangle

By ‘rectangle’,| meana rectangularselectiontracedout by clicking on the top-left
corneranddraggingto thebottom-leftcorner The highlightingwon't look rectangular
but asxemacshassomegadgetdor manipulatingrectangulaselectionsthesethings
weretoo goodto miss.

B Recentchanges

lexicographic recursion now works(seeabove)
typing on a dividing rule now opensup ashed
clicking below the buffer now selectghe nal rule
new keystrokes seeabove

Empty type It's currentlycalledZer o. It wasalreadypresentin the type of values,
andit's proofirrelevant. It is eliminatedwith case.

Unit type It'scurrentlycalledOne, andit's constructedy () . It'salreadypresenin
thetypeof values,andit's proofirrelevant,sowhy bothereliminatingit?
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