





























































































































































































































70 THE CEDAR PROGRAMMING ENVIRONMENT

Compiling, Support for Concurrent Operations

Now | want to compile the files that I have edited. The system keeps a list of those files that need
to be compiled. i.e., those that were edited but not yet successfully compiled. It also provides visual
reminders in the form of a black border around the corresponding icons, as shown in Figure 36. I can
instruct the system to compile all of the files that need compilation via the command compileall. %4

&10 compileall
>Compile UserExecMethodsimpl.mesa UserExeclmpl.mesa

While that is going on, I'll answer Willie-Sue’s message. [ click the Answer menu button in the
viewer containing her message, and Walnut creates a reply form containing the appropriate Subject, To,
and cc fields. In Figure 36, I am in the process of composing my answer in the viewer on the lower left,

Freeze Categories  Answer
Date: 11-Feh-63 150227 PST
From: Wille-§ue.ps
Subject: bug?
To: Tertelman
ce: wilhe-sue pa

&10 - uy it now
ERROR IOImpl.EndOfStream [Yom
GetC Token §
compuianen suspended, switching 1w Acten Ares F.
abor
& 10 compileall
“Compile UserExech 55 UserExeclmpl
Compiling: UserExecMethodshnpl . . .

I typed what I expected would be a comment to the exec, e.g. "-- uwy it now" CR;
1 was greeted with an action ares announcing ERRCR 10Impl EndOfEtream [mumble].

NewForm  NewMail Comimit Closeall MessagebetCps
There is no new mail at 27-Zep-33 11:29:02 PDT

on File:

MessageSet: | Lists

Aotive Deleed AMTypesingeesions Atoms BackEurner Cedarbape
DisteAndTime dealerexamples Discussion Documentation Forom
HowTo Humor ImpledSugg InhnePoll is Lists Misc MyBuves
MySugzestions NotebookIndex OthersBugs RememberStuff

s RiverRaft Spell Tiogasuggesnons TShirts
UserExecChanges UserExecPoll UserReguests VideoTape
Viewersiuggestions

Send Cloar Prewi

Fuhject: Re: bug:~
In-teply-to: "Your message of 11-Feb-83 15:02:27 FET"
To. Withe v

G5 [New ersion
StoreMsy Newsender Split P

o Doing Checkpoint ..

ce: Teaelman Closing Walnut transacuon .. .done
nks for ve . . “losing Walnut transachon .. ..done

Thanks for your bug report. 1 fixed the problem Cpening Walnut transaction .. ..done

Restart finished

1 of type STREAM: TTPE - REF 10 STREAMRscord;

1OETRE AMRecord: TYPE = REC‘C?RDF':ea.mPr(u:s: REF

10 SteamPracs, streambData: REF ANY, propList: Atom PropList «
NIL, backing§tream: STREAM « NIL]

&10 < &.streamData

t[rope: "-- uy 1t now", pas: 13]

interprete

Figure 36

Concurrency: answering mail while compiling

194 CompileAll simply keeps track of those files that have been edited. It does not deduce that because Interface A has been
recompiled. Modules B, C, and D also need to be recompiled. This latter behavior is much more ambitious and falls under the
category of what we call System Modeling: "The user describes his software in a system model that lists the versions of files used,
the information needed to compile the system. and the interconnections between the various modules. The modeler is connected
to the editor and is notified when files are edited and new versions are created” [26]. A preliminary version of a system modeler
has been built and tested, and a more comprehensive version has been partially implemented.
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A TOUR THROUGH CEDAR 71

while the compiler continues to run in the Work Area at the upper right.t%

I finish composing the message, and click Send, and the message is sent on its way. In Figure 37,
the Walnut Control Panel tells me that the message has been delivered. The next time that Willie-Sue
clicks her NewMail menu button, she will see the message.

Teeze Calegories  Answer Forward nt gv. Split Places  Lewels Remind ind_ Split New Stop ,omgxle wal Redo  Set Clear
Date: 11-Feb-83 15:02:27 PST ERROR IOImpl.EndOfStream from
From: Wilhe-Sue.pa Inputimpl.GetCedarScanner Token !
Subject: bug?? compuiation suspended, swivhing w Action Ares E.
To: Teitelman aborred
oo willie-sue,pa am compileall
wompile UserExec €35 UserE mesa

I typed what I expected would be a comment 1o the exec, e.g. "-- try 1t now" CR; Complllng UserExec Methaods] lmpl . no errors
1 was greetad with an action area announcing ERROR IOImplEndOfStream[mumble]. Compiling: UserExechnpl urs

End of compilation

-- Errors in -- UserExeclmpl

&1

NewForm  NewMal Comrmit Close Al MessageletOps
There is no new smadl at 27-Sep-83 22:17:42 PDT

on Files

[Create] Messageser.  Lists

Active Deleted  AMTypesiuggestions Atoms EsckBurner ZedarPapef
DateAndTime dealerexamples Discussion Documentation Forum
HowTa Humor Impledfngz lnthPoH io Lists Misc Mysws

e TR e e FA ARG
Clear Get_Getlnpl _PrevFile Save Time Split Places Levels Changelog RemunderExamples Riverkaft ?pell Tiogaiuggesuons T“hlr'v

Cedar 3.4 Compiler of 12-Apr-83 17:21:28 UserExecChanges UserExecFoll UserRequests VideoTape
27-Sep-83 221517 iewersiuggestions
Restart finished
Command: UserExecMethndslinplmess
Authenticaung vser ... .ok
UserExecMethodsImplmesa -- source tokens: 3176, ume: 23 : S e .
code bytes: 2762, links: 61, frame size: 96 .. F3rSing.... fending message...sending 1w 1 reciplents

... Message has heen delivered
Command: UserExeclnpl mesa
IF Rope, laﬁmpw[rops] OF NOT RopeEqual("«", I0.GetCedarToken[stream ! [0.EndOfStrean =

2. CIF,
GOTC Yes] T ind  Split. New Stop omplle T e
+ fyntax

Error [23889] 15 of type STREAM: TYFE = REF IOETREAMRecord;
Text inserted 150 ] IOSTREAMRecord: TYPE = RECORD[streamProcs: REF

10 StreamPraocs, streamData; REF ANY, propList: Atom FroplList «
UserExeclmpl.masa -~ abarted, 1 errors, time: 25 NIL, backingitream: STREAM « NIL]

&10 « &streamDats
Total elapsed ume: 52 +[rope: *-- 1ry 1t now", pos: 13]

&11 Abort
aborted Action #4, remurning to Work Area &

Figure 37

Compiler error log

Meanwhile, the compiler has successfully compiled the first file (notice in Figure 37 that the black
border around the fifth icon from the left is now gone), but ran into a problem in compiling the second
file. The UserExec has created a viewer on the left which displays the compiler log containing the error
message.

195 As mentioned earlier, Cedar supports and encourages concurrent operations, and users make heavy use of this parallelism.
Here I am sending a message while compiling a file. In this particular case, only one task requires my attention: the other is
running in background (my background, not the computer’s). However, it is not uncommon for users to be performing several
foreground tasks simultaneously, such as editing several source files at the same time, or debugging a program by stepping it from
breakpoint to breakpoint, while simultaneously reading mail, etc. The important point is that the user’s interactions with the system
can match the style with which he is most comfortable.
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72 THE CEDAR PROGRAMMING ENVIRONMENT

The error is a simple syntactic error, a missing ). Y% I'll make this fix and recompile. In the meantime,
this reminds me that a user had sent me a message about a request concerning the UserExec’s behavior
with regard to the compiler log. I keep such messages in my UserRequests message set. I click the
UserRequests button in my Walnut Control Panel to create a viewer for this message set, and then click
the corresponding message in the message set viewer (see Figure 38).

lear el mpl  Fres Htore e’ Sply ES 3 plif p_Comp:
Find V\orﬂ Def Pnnuon Norma.lve PreuPlace Reselect ERROR Iolnpl Dndom ”9.
| FirsilevelOnly MoreLevels FewerLevels AllLevels FeLCe
IsWellFormed: FROC [rope: ROPE] RETURNS[BOOLEAN] = | compurancn ;v.fpen'hd Switching 1 Affmn Ares E..
ST STREAM, abor
q[lopt] - since sweums siresdy scgursd, we might consider saving 3 &10 compileall
. “Compile UserExecMethodsImpl mess UserExeclmpl.mesa
wpe] or wet Rope Equal["e", 1o.GetCedarToken stweam | 10 EndOftream Compiling: UserExecMethodslmpl . . . no error:
= BO0TO ¥es]] THEN GOTO ¥ Compiling: UserExeclmpl . . . . 1 errors
oo End of compilation
ICExtras cetledarsc anner'l‘:ken[vxeam‘ Wi ! -- Errors im -- UserExeclupl
wdyntaxError =0 soTo Noj & 11 Redo 10
10 EndOfStrean = GoTa Yes seompileall
“Camgale UserExeclmpl.mesa
ENTLOOE Compiling: UserExeclnpl

ExITS
Tes = RETURN|[TRUE):
No =% RETURN[FALSE]:

Categuries play Del 3 rintselected
ket 82 cattell pa Cedar nit There 15 no new mail at 27 Sep §3 22:22:42 PDT
" Now #2 MErown pa prssible time-sawer on rollback on File:
? New 62 MEBrown.pa Fe: posstble nme-saver an rallback . MessageSeV: Lists
ing i eaapBering

 active Deletzd AMTypesiuggestions Atoms BackBurner r~edarPapel
DateAndTime dealerexamples Discussion Documentation Forom
HowTo Humor Impledivgg Inlln?F‘Dll in Lists Misc M/BU’

My g gestan:

RemunderExamples RiverRaft pell Tingafuggesnons T"l'nm
UserExecChanges UserExecPoll UserRequests “ideoTape
Viewersiuggestions

Wew jcon for compilerlog

serProfile.ListOf Tokens

1s "What I Mean" different from "What You Mean"?
1 dom't know what this should da, but

BreakEntry opens wiewer

Compiler errlogs

A couple of nits

Re: & conple of nits Restart finished

v’;;:;i:i:i:'p‘: i:lg;a ;;ro(edures from the command hine - Message has been delivered

reeze ategones A
after all these months, 1 still yearn for the

Thanges helow. 1 usually kil the 1con or

unregquested matenalized viewer because 11 so annoying, and then have to recreate the viewer 15 of type STREAM: TYPE = REF I0STREAMRecord;
later when I want 1o see the results. | have tried selecting the icon as you suggested -- IOSTREAMERecord: TYFE = RECORD([streamProcs: REF
whatever the fime 12 that's required to "tarn it off* 15 interaanable, better & profile option IDéreamProcs, streamData: REF ANY, proplist Atom Proplist «
anyway NIL, vackingstream: STREAM « NIL]
&10 « & streamliats

. RO B t[rape: "-- try 2t now”, pos 17]
Liate Jf-Oct-82 1410019 PLT &11 Abort
From: kelling pa aborted Action #94, remrning o Work Ares &

Sulbgect campiler log
To. teutelinan
e kolling.pa

What new festures I would like 1o be able 1o specify to have happen o the compilerlog at the
end of & compilaton:

oon't ever bhink 1t

Figure 38

A user request
The User Profile

The message (bottom viewer, left column in Figure 38) states that the user wants to be able to
specify that compiler logs are always created iconic instead of being open, as in Figure 37. Since some
users like the way compiler logs currently work, to satisfy this user’s request, I am going to define a new
user profile option so that each user can specify how they want the compiler log handled. In the area of
user interface, rather than enforcing a consensus upon everyone, we allow individuals to tailor the system
to suit themselves, enabling facilities that they like and disabling those that they don’t. For example, I'll
open my profile.

96 The compiler log includes for each error a position (character count) in the source file, e.g., in Figure 37 the Syntax Error
occurred at position 23868. The user selects this position, and then clicks the Position menu button in the corresponding source
file and the source file is automatically positioned at the indicated location (as I have done in Figure 38). The user can thus quickly
step through the source file from error to error and make the necessary edits. Even so, the process of getting a file to compile
successfully is still very tedious. More tools are required. For example, many compiler errors turn out to be of the nature that their
correction could be automated. One could imagine an extension of DWIM that would handle this task.
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Date: 28 -82 14:10:19 POT
Fram: kelling.pa

Subject. compaler log

To: teitelman

oo kolling pa

Wh
end of a compilation

L't ever blink 1t
If 1t's neather 1comc nor & wewer, make 1t an 1con on the LH side.

Karen

Find  Word ef Position  Normahze PrevPlace  Reselect
FirstLevelCmly MoreLewvels FewerLevels Alllevels

After all these months, 1 shll yearn for the changes below, [ usually kill the icon or

unrequested matenialized viewer because 1t's 50 annoying, and then have to recreate the wewer
later when I want 1 see the results. [ have tried selecting the icon as you suggested
whatever the time 1z

anyway.

that's required to “turn 1t off" 1s interminable, better a profile option

new festures [ would like to be able w0 specify 1w have happen tw the compilerlog at the

t!Lar E !v l!!l[ll\pl !l‘ev!||e Eere !ave !m\e !p 1t !la(es !eve!s !!ange!ag

Pl
“Compile U;erExe-.Me'hadslmpl mesa s orDXer[mpl mesa
Chmpiling: UserExecMethadslmpl . . . . . . 1o errore
Compiling: UserExecmpl . 1 errars
End of compilation
-- Errors in - - serExeclmpl
&11 Redo 10
seompileall
»Zompile UserExechoplmesa
Compiling: UserExer linpl . no errors
End of compilanon
&12

NewForm HPWHN! Commit _CloseAll  MessagefetOps
| 2

You have new mail at 28-Zep-&% 16:40:39 FDT

MessageSet:  Lists
“Active Deleted AMTypesm.lgges'lom Awm: BackBurner CedarPape]
DateAndTime Do Forum
HowTo Humor Implﬂd‘?ugg Inlm'Pﬂll io Lists Mo MyBugﬁ

Remmdernm\p]es RiverRaft pell Tiogafingzesnons T”hmy
UserExecChanges UserExecPoll UserReguests VideoTape

userexec

Crestefesstonlog: TRUE
CreateWorkArealogs: FALSE
CresteChangeslog TRUE
ComumandsErom: teitelman commands
WhenLogFieEqste Append
Newsmiff UseLocks: TRUE

spelling corrector

Spell.confirm
spellinform: 3
Epell nmeant: 6000
Spell defsultlonfinm TRUE

melistakes

compiler

Compaler Destr

agCminceess: TRUE
Crmpaler oS

debugging

Wiewerssuggestions

Restart finished }

Authenticating vser .. .ok

.. Pafsing..... Sending message...sending 1o 1 recipients
.. Message has been delivered

ind Split New stap Compile Ev; o Gel Clear

15 of type STREAM: TYPE = REF IOSTREAMRecord;

10 STREAMPecard: TYPE = RECORD([streamProcs: REF

10 treamProcs, streamData: REF ANY, propList Atom Proplisr «
NIL, vackingitream; STREAM « HNIL]

&10 « .& streamDat.
'[rope -~ vry 1t naw", pes: 13]

ahnned Aruon #0‘ revurmng 0o V\ork Area A

As you can see (lower left in Figure 39), my profile specifies a variety of options and defaults.

Figure 39

User profiles allow tailoring of the system to suit individual tastes

73

Let's implement the new profile option. I'll create a new viewer, load it with the appropriate source
file, and then scroll to the procedure Showlog, where I want to make the change. What [ want to do
is to insert a conditional statement that will check the user’s profile to determine whether or not to create

the viewer for the compiler log iconic.
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74 THE CEDAR PROGRAMMING ENVIRONMENT

Abbreviation Expansion and Templates as an Aid for Editing Programs

To accomplish this, I will use Tioga’s abbreviation expansion facility to cause a template for an
IF-THEN statement to be inserted. To do this, I type IF followed by CTRL-E (E with the CTRL key
depressed). This causes Tioga to expand the abbreviation for IF into the template you see in Figure
40.797 This template contains two fields, TEST and TRUEPART, each delimited by special brackets called
placeholders, which are displayed as P 4. Tioga allows me to move to the next/previous field delimited
by placeholders with a single keystroke. If I am positioned at one of these fields, anything I type
automatically replaces the field. In Figure 40, I am ready to specify the predicate for my IF-THEN
statement.

: ComnpilerExecOpslmplanesa [MNew Version
Clear Reset Get Getlmpl PrevFile #&tere Save Time Split Places Levels Changelog
Find Word Def Position Normalize PrevPlace Reselect

FirstLevelOnly Morelevels FewerLevels Alllevels

ShowLog: prOC [name: ROPE, 0k! BOOLEAN, exec: ExecHandle, blinkIt: BooL « TRUE]
RETURN3[log: Viewer] = {
log « ViewerOps FindViewer[name];
IF NOT 0k THEN
r

createlconic: BOOLEAN < TRUE;
IF exec # NIL AND NOT exXec.viewericonic aND (InputFocus.GetlnputFocus[]owner =
exec.viewer) THEN createlconic < FALSE;
IF THEN PTRUEPARTY
1F log # NIL THEN ViewerOps.RestoreViewer[log]
ELSE IF UserExec.CheckForFile[name] THEN log « CreatzLog[name: name, iconic:
createlconic]; ---log not there in case of ne such source
1
ELSE JIP log # NIL THEN {
1F destroyLogOnSuccess THEN {ViewerOps.DestroyViewer[log]; log « wIL}
ELSE ViewerOps.RestoreViewer[log];

H

J

CreateLog: rrOC [name: ROFPE, iconic: B0OL « TRUE] RETURN:[viewer: Viewer] = {
wviewer « ViewerOps.CreateViewer[flavor: $Text, info: [name: name, file: name, iconic:
iconic]]
ks

BlinkIcon: rUBLIC PROC [icon: Viewer, n: INT « 10] = TRUSTED {
Process Detach[Fork Blink[icon, nl);
1.

Figure 40

Tioga abbreviation expansion facility

197 The Tioga abbreviation expansion facility helps the user in dealing with the Cedar syntax, avoiding errors, and formatting
programs consistently. There are similar abbreviations for many of the language constructs in Cedar, e.g., FOR expands to FOR
P ControlVariabled ¢ PInitialExpr4, P NextExpr{ DO PBODY 4 ENDLOOP. In addition. the user can add to or change the
set of predefined abbreviations.
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The predicate I want to use is the procedure UserProfile.Boolean. I type the name of the procedure,
UserProfile.Boolean, and then | type CTRL-E again, this time to request a template for its arguments.
Note that UserProfile.Boolean is not defined as an abbreviation; Tioga computes a template consisting
of the names, types, and default values for this procedure using the run-time type system, and inserts it
in the document as shown in Figure 41.198

CompilerExecOpelinplinessa [HMew Werslon

Clear Reset Get Getlmpl PrevFile $tope Save Time Split Places Levels Changelog
Find Word Def Position Normalize PrevPlace Reselect

FirstLevelOnly MoreLevels FewerLevels AlllLevels

ShowLog: FrROC [hame: ROPE, 0K: BOOLEAN, exec; ExecHandle, blinkIt: BooL « TRUE]
RETURNS[log: Viewer] = §
log « WViewerOps FindViewer[name];
IF NOT 0K THEN
{
createlconic: BOOLEAN « TRUE;
IF exec # NIL AND NOT exec.wviewericonic aND (InputFocus.GetlnputFocus[].owner =
exec. viewer) THEN creatglconic ¢« FALS3E;
IF UserProﬁle.Boolean[key:m, default: pBOOLEAN « FALSE4] THENW
PTRUEPART4
IF log # NIL THEN ViewerCps.RestoreViewer[log]
ELSE IF UserExec.CheckForFile[name] THEN log « CreateLog[name: name, iconic:
createlcanic]y; -- fog net there in case of no such source

ELSE IF log # NIL THEN {

1r destroyLogOnduccess THEN {ViewerOps.DestroyWViewer[log]; log « wIL}
ELsE ViewerOps.RestoreViewer[log];
+
i

CreateLog: PROC [name: ROPE, iconic: BOOL « TRUE] RETURNE[vViewer: Viewer] = {
wviewer « ViewerOps.CreateViewer[flavor: $Text, info: [hame: name, file: name, iconic:
iconic]]

B

BlinkIcon: PUELIC PROC [icon: Wiewer, n: INT ¢ 10] = TRUSTED {
ha] s Datacrbhleon BElnllican i1l

Figure 41

Computing a template for a procedure call

As the template indicates, UserProfile.Boolean takes two arguments; the first is named key, and is
of type ROPE, the second is named default, and is of type BOOLEAN. I'll call the key for the new user
profile option that I am going to define Compiler.lconicLogs. If the value of this key is TRUE, i.e., if
the user’s profile contains an entry of the form Compiler.lconicLogs: TRUE, then we make the compiler
log viewer iconic (by setting the variable createlconic to TRUE). The entire statement that I inserted is:

IF UserProfile.Boolean[key: "Compiler.lconicLogs", default: FALSE] THEN createlconic « TRUE;
but I only had to type the underlined characters plus two CTRL-E’s.

198 Runtime availability of all source program information was one of the priority B items on our original catalogue of
programming environment capabilities. Underlying this was our desire to make it easy to extend the set of tools for assisting the
programmer. The computed template facility shown here is a good example of the kind of thing we had in mind.
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76 THE CEDAR PROGRAMMING ENVIRONMENT

Using the Interpreter for Experimentation

There was another request in my UserRequests message set concerning compiler logs, namely that
the compiler log use the typescript icon rather than the document icon, to make it easier to distinguish
the compiler log from other iconic Tioga documents. If we look at all of the icons at the bottom of
Figure 39. we can indeed see that it is hard to find the compiler log among all these other documents
with the same icon (it's in the center).

Before we make this edit, let’s try changing the icon for this viewer by hand, i.e., by using the
interpreter. 9 So 1711 reopen my interpreter Work Area, select the compiler log, and use the Eval menu
button to evaluate the current selection (see Figure 42).

e Bt cnd[openfiew] Ziean]iol
Categories Moveln Display Delete A90To Print_Printelected NewFarm Newlail CommitClosesll  Messageserops
26 Oct 82 canellpa Cedar nit You have new mail at 3-fep-#3 11:44:44 FLT
7 Wow 82 MBrown pa possible nme-saver an rallback on File:
7 Mov 82 MErown.pa Re: possible ume-saver on rollback Messageiet:  Lists
12 1an &5 kolling pa complerlog Active Deleted  AMTy) 5 Atome BackBumner CedarPape
3 jan 85 Matwéllpa Wew 1con for ceipieriog DiateAndTime dealerexanpl on Dorumentanan Formn

4 Feh &% Swinehart.FA UserProfile ListOfTokens

‘ H\"‘VTfy
Is "What | Mean® different from “What Tou Mean®"

Humor Tnples

AyEuzs

ol 1 don' knew what tus should da, bt
l’ Mar &3 MBrown.ps BresKEnwy opens wiewer

l° Mar 85 stewartps Compiler errlogs

nehart pe & couple of mts

winehartF4  Re: & couple of nts

Restart 1y

. Anthentic ok
To levn @ | running L of s bed Parsing (essage... sending 1w | rRCIpents
Creightpa the cominand lne . Message has tm. elrversd

levnen pa

Teeze  Uatezomies Answer Eand _spht_New
Dete: 3T1an 83 161731 FST &16 catbrean U
Maxwrellpa

t: Mew 1con for compiler.dog
Melinan pa

o Maxweell pa

&17 Redo 14
Warren, - Fope Find *
15 of type
anld you change MiewerEecOpsin Result an that the compiier og's 10om 15 & 1ypescnpt Freak #1
mistead of 3 document’ Here 15 the necessary code SO

log « Wiewerops Creatediewer(flawor $Text, nfo: [name: name, file: name, 100N 1wome, icon
1y pescrpt]]

mstead of

log = ViewsrOpsCrestetewsr[flavor. $Text, info: [name. naime, file: name, wons: conc]]s &18 Redl‘; 17
-« Rope Fmd

Clear R mpl  Pre ve S aces Levels hangeLog
Find Ward |:--r Pnsnmn Nnrmﬂlze FrewFlace  Reselect
FirstLevelonly MoreLewels FewerLewels &llLevels

1F UserProfile Boolean(key: "compiler conicLogs", defanlt: FALSE] THEN createlcanic «

TRUE;

IF log # WL THEN ViewerCps RestoreViewer(log ]

EL3E 17 UserExe CheckForFile[name] THEN log = CreateLog[name: name, iconic:

cresteleomic i - ing not there wn case of Bo sovrse

|

ompaler Log }

ELSE TP log # WL T
1F destraylogoniy THEN {WiewenOpe Destraytiewer[log ] log ¢ wiL}
newer(log ),

ELSE MViewerOps Restore
\
CreateLog Froc [name. ROPE, I00MIC: BOGL © TRUE] RETURNS[v1ewer: Viewer] = |

wiewer « Viewercps Createliewer[flavar: §Text, nfn: [name: name, file name, 10onE
wenic )]
5

Figure 42

Using the interpreter to experiment

199 Using the interpreter to try things out before going to the trouble of making changes to a program is a technique that is
relatively new to the Mesa community (although it has been commonplace in Interlisp for many years). Part of the reason for this
is historical. All levels of the Mesa system are written in Mesa itself. even the lowest level of run-time support, i.e., there is no
assembly code or other language. Since using source-level debugging was desirable for the entire system, even those primitives that
the debugger itself would need to operate. the solution adopted was to implement a non-resident or world-swap debugger. one in
which the debugger operated at arm’s length from the debuggee in an entirely separate address space. Interpreting expressions in
this remote world was slow and cumbersome. Furthermore, the interpreter only handled a limited subset of the language.

We had higher aspirations for Cedar: to provide a resident debugger, one that shared the same address space as the programs
being debugged. as well as a complete expression interpreter. (A world-swap debugger is included in Cedar, however. for debugging
those levels of the system that are more primitive than the debugger itself.) Thus, the Cedar environment represents the first
opportunity that Mesa programmers have had for using an interpreter to carry out experiments. Consequently. this style has not
yet caught on.
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&19 CurrentSelection
{Viewer - class: Text, name: Compiler.Log}

The value of this event is the viewer for the Compiler Log. I can manipulate this value. For example,
let’s look at its icon field.

&20 « &19.icon
document

As expected. Now let’s change this field to be typescript. The simplest way to do this is to repeat
the previous line up to but not including the CR. I can do this with a single keystroke (by typing ESC).
Now I'll complete the line by typing an assignment that will assign a new value to the icon.

&21 « &19.icon « typescriptt
typescriptt -> typescript
typescript

Obviously, 1 am making some of these typing mistakes just to demonstrate the pervasiveness of the
error-correction facilities. However. this correction is especially interesting because, in this case, DWIM
uses as candidates for the correction only the set of values that an object of type icon can assume. In
order to find what these are, DWIM uses the run-ime type system to compute this information when the
error occurs. In this way, DWIM can work on user defined types as well as those that are defined in the
basic system.

Now let’s repaint the icon and see how it looks. 1 can do this by using the procedure PaintViewer,
which is in the interface ViewerOps.

&22 « ViewerOps.PaintViewer[&19]
***Missing Arguments: hint: ViewerOps.PaintHint

What's a paint hint? I'll evaluate it and find out.T100

&23 « ViewerOps.PaintHint
ViewerQps.PaintHint: TYPE = {all, client, menu, caption}

This says that a PaintHint is an enumerated type consisting of the four values all, client, menu,
and caption. I'll bet I can just pass in all for the hint argument. However, there may be other arguments
to PaintViewer that also have to be specified, so I'll use the template feature again to construct a template
for PaintViewer, as shown in Flgure 43.

100 Note that in this example. we are evaluating an expression whose value is a type. One of the goals of Cedar was to make
types into first-class citizens. We have not succeeded in making much progress on this so far with respect to the Cedar language;
it is not possible to pass types around as values, and there is no polymorphism in the language. However, with regard to the Cedar
run-time system, it is possible to perform a wide variety of operations on types, e.g.. given a record type, compute the names and
types for each field. or. given a REF type, compute the type of the referent. Here is an example of an application: a user tried to
use the interpreter to call a procedure one of whose arguments was defined to be of type LIST OF ROPE. For this argument, he
typed LIST["abc". "def™]. a list of ropes. but got an error message complaining that the value supplied was of type LIST OF REF
ANY. This is a current shortfall in the interpreter: whenever it sees LIST, it constructs a LIST OF REF ANY regardless of the
target type. However. it was fairly straightforward to extend DWIM to perform the necessary coercion after the fact. This involved
writing a procedure which took a type. TYP, and a value, VAL. and: (1) determined whether TYP was of the form LIST OF REF
T for some type T. (2) if so. determined the type of the elements of the list. i.e.. REF T, (3) checked that VAL was of type LIST
OF REF ANY. (4) if so. iterated down VAL and verified that each element was in fact of type REF T, and finally (5) constructed
a new value of type LIST OF REF T whose elements were the corresponding elements of VAL.
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TTEak W1 10 UselEReC I IsC iR pl PR EeCIF T0mooUICE
compuRiation suspended, switching o Action Arez C.. PROC [51, 52!
ROFE, posli INT « 0, case! BOOL ¢ TRUE] RETURNS [INT];

-- like Index, returns position in 5! where 54 00oUIs (5aris
looking at posi}

-- returns -1 if not found

-- OR§e =) case of characters is significant

& 18 Redo 17
>+ Rope Find?

— is of type
rels ChangeLog Frazk #1! in UserBxecMiscimpl PrintDeclFromsource

campuiaton suspended, switching w0 Aclish Arez O,
aboried

EOOL ¢ TRUE] & 19 Currentielection

{Viewer - class: Text, name: Compiler.Log}

&20 « &19icon

document

&21 « &19%icon « typescriptt

IVRESCTIPY - I¥pesoTint

tInputFocus[].owner = typescript

&22 « ViewerOps PaintViewer[&19]

E] THEN createlconic «
1 **Ipdissing Arguments: hint: ViewerOps.PaintHint
&23 « ViewerOps PaintHint

jone: name, iconic: WiewerOps PaintHint: TYPE = {all, client, TENU., caption
&24 « ViewerOps PaintWViewer[viewer: UM EIRESCEEIE ],
hint: pViewerOps PaintHintd, clearClied pPBOCL « TRUE{,
whatChanged: PREF ANY « NILA]

300000000800000000000000000308 5000000000000

Clover
b Sl

Figure 43

Computing a template for a procedure call to be executed

There are two additional arguments, clearClient and whatChanged, but both have default values
so 1 can omit them. I fill in the viewer field with the viewer I want to repamt which is the value of
event 19. fill in the hint field with all, and I'm done.t10!

&24 « ViewerOps.PaintViewer[viewer: &19, hint: all]
{does not return a value}

$101 It is interesting to consider how few keystrokes and mouse actions were actually necessary to construct the expression:
ViewerOps.PaintViewer[viewer: &19, hint: all]. First, I selected the word "ViewerOps" in event 22 by clicking in that word using
the middle button on my mouse; then I extended the selection to include "PaintViewer" by clicking in the latter word using the
right button. Both of these selections were performed while holding the SHIFT Key down. I then lifted the SHIFT key causing
the entire selection, i.e.. the characters "ViewerOps.PaintViewer," to be inserted into the Work Area. Next I typed CTRL-E to
construct the template shown in Figure 43, SHIFT-selected the word "&19" from event 22, hit the NEXT key on my keyboard to
move the caret to the hint: field; SHIFT-selected "all" from the value of event 23; and then finally hit CTRL-NEXT to delete the
remaining argument fields, all of which have default values, and to advance the caret to just past the "." [ completed the event
by typing CR. Total: 4 mouse clicks, 4 keystrokes.
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frels Changelog

BOOL ¢ TRUE]

tInputFocus|].owner =

E] THEN createlconic «

june: name, iconic:

ETeak W10 UselErechlcimpl nniDeciFromsource . |
computation suspendsd, switching o Action Arex .. FrROC [sl, 52
ROPE, posl: INT « 0, case: BOOL ¢ TRUE] RETURN3 [INT];

-- like Index, returns position in 5! where 52 occurs (5tarts
locking at posi}
-- returns -1 if not found
-- 358 =0 oase of cRAraclers Is significant

& 18 Redo 17

»¢ Rope Find?

is of type

Freak ! in UssrFxechlisclupd FrintDeclFromisource
computanen suspended, switching o Action Ares O,
aboriad

& 19 Currentlelection

{Viewer - class: Text, name: Compiler.Log}

&20 « &19icon

document

&21 « &1%icon « typescriptt

IFPESCTIpIt - I¥pescript

typescript

&22 « ViewerOps PaintViewer[ 4 19]

***Missing Arguments: hint: ViewerOps.PaintHint
&23 « ViewerOps PaintHint

WiewerOps PaintHint: TYPE = {all, client, menu, caption}
&24 « ViewerOps PaintViewer[viewer: &19, hint: all]
{does not return a value}

&25 «

Y R Erecutiv

K 4 oA

Figure

The icon for the Compiler Log has been changed to a typescript

79

Sure enough, the icon for the compiler log is now a typescript. I can now implement this feature by
editing the source, which is still in the viewer immediately to the left.
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However, now 1 find that while I have made it easy to distinguish the compiler log from the other
documents, there are so many typescript icons that it is hard to find the compiler log among all of them
(Figure 45).

G 1
Categories MaveTo Display Delete  AddTo Print PrintSelected NewForm NewMail Commit 05e.A] MessagesetOps

26 Dot 82 cattellpa Cedar nit Tou have new mail at 28-Sep-83 16:50:40 PDT
? Now &2 MErown.pa possible time-saver on rollback pp on File:

? Nov &2 MEBErown.pa Re: possible time-saver on rollback MessageSiet:  Lists

12 Jan &3 kolling pa compiler log Active Deleted AMTypesiuggestions Awnns BackBurner CedarPape
T ds R ML B NE deonl ot iEdnpBRniog: T ‘ “{ DateAndTime bt ggt-lsrusswn D ion Forum v
4 Feb 8% SwinehartPA UserProfile ListOf Tokens HowTo Humor ImpledSugg InlinePoll in Lists Misc My /Eu 25

10 Feh 83 Horning.pa Is "What 1 Mean" different from "What You Mean"? MySuggestions OthersBugs

3 Feb 83 kollingpa T don't know what this should do, but ReminderExamples RiverRaft Spell Tiogafuggestions T“hlm

13 Mar 83 MEBrown.pa EreakEntry cpens viewer UserExecChanges UserExecPoll UserRequests VideoTape

19 Mar &3 stewart.pa Compiler errlogs Viewersiu ggestions

23 Apr 83 Swinehartpa A couple of mits

20 Apr 83 SwinehartPA  Re: 4 couple of nits B e eer . 0k

1 May 83 To: levin an 1 running this version of a bed? A pareing. . Senaimg magsage. .sending 1 1

31 May &3 McoCreight.p Callimg from the o d hine . Message has been delivered

6§ Jun 83 vanleunenps  beyond *
] = 2

Freeze Categories Answer Find Split New ?mp Complle Eval Redo Set Clear
Date: 31-Jan-83 14:17:21 PST &16 setBreax \‘J‘slt‘lxecmsclmpl fnesa 13891 Bresk #1 set.
From: Maxwell.pa Break #1in U aurce: 13891y
Svkect: New icon for compilerlog pattern « Txoga0p> Lr’a'eSxmplePaUPrn[ka.rge']; - LI93185 3
To: Tentslinan ps partern for the search.
cc: Maxwellpa
&17 Redo 14
Warren, e Rope.Find?
is of type
“ould you change ViewerExecOpsimpl ShowResult so that the compiler log's icon is a typescript Bresk #1 in FrintDe
mstead of & document? Here 15 the necessary code: computation suspended, swivhing o Action Ares 2. wroc (s, 52
ROPE, posli INT = 0, case: BOOL ~ TRUE] RETURNZ [INT];
log « ViewerOps CreateViewer[flavor: $Text, info: [name: name, file: name, iconic: iconie, icon: -~ hke In/jpx, TEONNS pesINGR i 51 Where 50 GCCUrS (Saris
typescript]] Iooking &t posti
== rewrns -1 if not found
instead of: - case =) case of characiers 15 significant
log « ViewsrOps Create\Viewer[fla &18 Redo 17
> RopeFind?
is of type
Clear Setlmpl  PrevEl ave ol Erezk #1in
Find Word De[ Position  Mormalize PrevPlace Reselect computation suspendsd, 5uanhm; wAcmm Ares .
FirstLevelOnly MoreLewvels FewerlLevels AllLevels aborted
& 19 Currentielection
Edired o Seprember J8. 1983 & pm, by Teftelman “Viewer - class: Text, name: Compler.Log}
added userproftie opuon 1T making c'»mpusr log wonic, Nxed createlog o USe Lypescript 1won 20 « Moxcun
changes v ShowLog, CreatsLog documen

&21 « &lslcon « typescriptt
typescript - wpescript

typescript

&22 « ViewerOps PaintViewer[419]

***Missing Arguments: hint: ViewerOps.PaintHint
&23 « ViewerOps PaintHint

WiewerOps.PaintHint: TYPE = {sll, client, menu, caption }
&24 « ViewerOpsPantViewer[viewer: £19, hint: all]
{does not return a walue}

&25 «

Figure 45

Now there are too many typescript icons

Designing a New Icon

One way of solving the problem of too many typescript icons is to use a different icon for some of
the executives. I'll use a graphics tool called the Icon Editor to design a new icon for Action Areas
executives (the two executives on the right in Figure 45).

&25 run iconeditor
Loaded and started: lconEditor.bcd
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NewForm NewM Commit_CloseAll MessageSetO;

Reset  &awe Load RotateDisplay  Del reatelcon  ShowLal a

UNDC ShifWp ShifiDn Shifilf ShiftRu Mirror Setlabel UnSetLabel Register i Sep 53 11:09:47

White DeskToporay DarkGray Black Inverwolor Drawline WhiteLabel BlackLabel e‘of";ﬂe‘ep 83 11:4%:43 PLT

File:  Sampleacons lcon Name: MessageSet.  Lists

@'Numtﬁr[ﬂ-.v]: from Icon file:  Sample.icons Active Deleted AMTygesiuggestions Atoms BackBurner CedarPape|

DateAndTime dealerexamples Discussion Documentation Forum
HowTo Humor Impled$ugg InlinePoll in Lists Misc MyBugs
M i (=l B 1
ReminderExamples RiverRaft &pell TingaSuggestions TShirs
UserExecChanges UserExecPall UserRequests VideoTape
ViewersSuggestions

Restart. finished

Authenticating vser .. ..ok

. Parsing..... Sending message...sending 1 1 recipients

.. Message has been deliversd

ind_5plit New Stop Complle Eval Redo set Clear
comgtatian suspended, swiching 1w Action Ares .

2Baris
& 19 Currentielection

T L — {Viewer - class: Text, name: CompilerLog}
A&20 « &1%con
document

&21 « &19icon « typescriptt
Typescriptt - (ypestipt

) mum Ly pesCTipn

T — &22 « ViewerOps FaintViewer([ & 19]

***Missing Argumenis: hint: ViewerOps. PaintHint
423 « ViewerOps PaintHint

ViewerOps PaintHint: TYPE = {all; client, menu, caption}
424 « ViewerOps.Paint'iewer[viewer: 419, hint: all]
{does not return a value}

&25 ~

I!m!!.pllt Hew !'opi !ommFei Eval Relmdo Se.v., C‘-]car-l-l-

>Compile UserE xecMethodslmpl.mess UserExeclmpl.mess
Compiling: UserExecMethodslmpl . . . . . . no errors
Compiling: UserExechnpl . . . . 1 srrors

End of compilation

-~ Errors in -- UserExeclinpl

H 1 &11 Redo 10
" "BnS Ens Bus Sus Eus Bu scompileall
ut s un Aub s Hes mes'i “Compile UserExeclmpl.mesa
Compiling: UserExeclmpl . . . . . . no errors

End of compilation

&12 run 1coneditor

Loaded and started: IconEditor.bod
&13

Figure 46
The Icon Editor

In Figure 46, the Icon Editor contains some of the icons that other people have designed for various
applications. The Squirrel icon is for our data base facility which is named Squirrel. Next to it is the
Walnut mail reader icon you have already seen. Also included in the two rows of icons are an icon for
a calendar, a bus schedule, a TV listing, an organization chart, etc. The last icon in the second row is
the trafficLight icon I am working on (for executives stopped because of a signal).

The 64 x 64 array of squares that occupies the lower two-thirds of the Icon Editor’s viewer represents
the individual pixels in the icon currently being edited. I can change individual pixels from black to
white or vice versa by clicking with the mouse in the corresponding square. I can also draw lines, change
rectangular areas to different textures (stiple patterns), shift rectangular areas up, down, left or right. As
I make changes in this array, the smaller version of the icon is updated so that I can see how the icon
is going to look, actual size. You can see this as I make a few finishing touches to my icon-darkening
the red light and adding rays of light coming from it.
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Icon Editor

Reset #awe Load RotateDisplay Deletelcon Createlcon owLabel NewForm «
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ReminderEx|
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Viewersiug
Restart fin
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... Parsing
v Messa;

Find Split
COMPILIN
aborted
&19 Curn
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&20 « &1
document
&21 « &
LY BESCTIpY
typescript
&22 « Vi

T

H
|

R S 25T
&23 « Vi
WViewerOp
&24 « Vi
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T
T

{does not
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T
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Find  &plit
>Compile
Compiling|
Compiling]

T TT End of co

-- Errory

&11 Redo

scompileal

»Corpile
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T
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Figure 47

Designing a new icon

I'm happy with the icon now, so I'll save it on a file. I'll also associate the name "trafficLight" with
this icon by using the Register menu button IconEditor viewer. This will allow me to refer to the icon
by name without having to remember where it is stored.

Now let’s use the interpreter to change the icon of one of my executives to be the trafficLight and
see how it looks. First, we obtain an exec handle using the same method we did earlier, namely selecting
the viewer and evaluating the current selection.

&26 « CurrentSelection :
t[viewer: {Viewer - class: Typescript, name: Action Area E: aborted ERROR
IOImpl.EndOfStream from Inputimpl.GetCedarScannerToken1}, privateStuff: 7246044B+1]

This value is the handle for Work Area E. Now let’s set its icon to be a trafficLight.

&27 « &26.icon « IconRegistry.Getlcon["trafficLight"]
selection failed on icon
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The viewer is one of the fields of the exec handle, and icon is one of the fields of the viewer. I am
one level of indirection off: 1 should have said "&26.viewer.icon." Since what I did type is correct in
every other respect, I can fix this error by simply replaying the line by typing ESC, gointing at the "." in
"8&26.icon,", and typing "viewer," as I am in the process of doing in Figure 481102

VIcWelonU g oo oo
Restart finished
Authenticating user .. ... ok
.. Parsing...... fending message...sending to 1 recipients

... Message has been delivered

Wiork Area B Interpreter
Find Split New Stop Compile Ewal Redo 3et Clear

&23 « ViewerOps.PaintHint

ViewerOps PaintHint: TYPE = {all, client, menu, caption}
&24 « ViewerOps PaintViewer[viewer: &19, hint: all]

{does not return a value}

&235 Currentdelection

+[wviewer: {Viewer - class: Typescript, name: Action Area E:
aborted ERROR ICImpl EndCOfStream from
Inputlmpl.GetCedarScannerToken 1}, privatestuff: 72460445+ ]
&26 « &25icon « IconRegistry Getlcon["trafficLight"]
selection failed on icon

&27 « &2<5.\,'ie’.‘icon « IconRegistry.Getlcon["trafficLight”]

Find Split New Stop Compile Ewal Redo Set Clear
»Compile UserExecMethodsImpl.mesa UserExeclmpl.mesa
Compiling: UserExecMethodslmpl . ... .. no errors
Compiling: UserExeclmpl . . . . 1| errors
End of compilation
-- Errers in -- UserExecImpl

& 11 Redo 10

>compileall

>Compile UserExeclnpl.mesa
Figure 48

Editing events as they are being composed

&28 « &26.viewer.icon « lconRegistry.Getlcon["trafficLight"]

278? 103

102 In previous examples. the caret was always at the end of the typescript, so that our editing consisted of simply appending
characters. This example illustrates that we really can edit. in the full generality of the term, events that are being entered for
execution. )

1103 The type of an icon is somewhat esoteric: it is a MACHINE DEPENDENT enumerated type. The predefined icons such
as document. typescript. tool. etc., have names for the corresponding values, and hence print nicely. However, user-defined icons
print in the strange fashion you see here. Ignore it.
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Now let’s repaint the icon for Action Area E and see how it looks. We already have an expression
in event 24 that is pretty close to what we want, namely ViewerOps.PaintViewer[viewer: &19, hint:
all]. We can use the use command to specify reexecution of this event with a different value for the
viewer argumemﬂLl

&29 use "&25.viewer" for &19
>« ViewerOps.PaintViewer[viewer: &25.viewer, hint: all]
{does not return a value}

o ——e
Find Split New Stop Compile Ewal Redo Set Clear
&23 « ViewerOps FaintHint
WiewerOps PaintHint: TYPE = {all, client, menu, caption}
&24 « ViewerOps.PaintViewer[viewer: & 19, hint: all]
- {does not return a value}
&25 CurrentSelection

t[wiewer: {Viewer - class: Typescript, name: Action Ares E:
aborted ERROR IOImpl. EndOfStream from
Inputlmpl.GetCedarScannerToken 1}, privatestuff: 7246044E+1]
&26 « &2%icon « IconRegistry Getlcon[“trafficLight"]
selection failed on icon

&27 « &25wiewericon « IconRegistry Getlcon[“trafficLight"]
2767

&28 use "&25.viewer" for 419

»e ViewerOps PaintViewer[viewer: &25.viewer, hint: all]
{does not return a value}

&29 <-A

Work Area & Executive

ind Split top  Compile Eval Redo Set  Clear
Poompileall

»Compile UserExeclmpl mesa

Compiling: UserExeclmpl . . .. .. no errors

End of compilation

&12 run iconeditor

Loaded and started: IconEditor.bed
&13

ompilerExer
opsimpl
mesa

1 PHintDes
Fromsoure

Ccompiler
Log

Figure 49
The Action Area icon has been changed to a traffic light

And there’s our traffic light.

Let’'s go ahead and make the edit that will cause the system to use the trafficLight icon for Action
Areas. We simply create a viewer on the file ActlonAreasImpl and insert at the appropriate place in the
procedure NewAction the statement:
exec.viewer.icon « lconRegistry.Getlcon["trafficLight"];

(The characters to the right of the « can simply be copied from event 27.)

104 We could also have replayed event 19 (either by SHIFT-selecting it or via the REDO command), and then made the desired
change by editing. In this particular example, this would have actually resulted in fewer keystrokes than the use command. However,
for a fast typist. moving one hand to the mouse and then positioning the mouse appropriately might actually take more time than
typing the above. In any case, | wanted to demonstrate this feature of the history facility.
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Wrapping it up
Now let’s compile the files we have changed.

& 13 compileall

>Compile ActionAreasimpl.mesa CompilerExecOpsimpl.mesa
Compiling: CompilerExecOpsimpl . . . ... no errors
Compiling: ActionAreasimpl . . . 1 errors

End of compilation

-- Errors in -- ActionAreasimpl

NewForm NewMail Commit

There i5 no new mail

Clear Reset el Getlmpl
Find Word Def Fosition Norma.h.,e

revPlace Rese!

FirstLevelOnly MoreLevels FewerLevels AllLevels
rchive p on Fil
Menus el ine[menu: viewer menu, lne: 1, entryList M‘ f
UserExecPnivate secondMenuLine]; | [Create] MessageSet: _Lists
Menus SetGuarded[entry: Menus.FindEntry [menu: viewer.menu, entryName: Active Deleted AMTypessugzesuons Atoms BackBurner CedarPapel
"Abort"], guard: break]; DateAndTime D Forum
¥ viewericonic THEN ViewerOps Openicon{viewer] HowTo Humer Impledsugg lnlm,,mu fo Lists Misc MyBugs
ELSE ViewerOps PaintViewsr[viewer: viewer, hint: men J; MySuggestions NotebookIndex OthersBugs RememberStuff
pnvane « exec.privateStufy; ReminderExanples RiverRaft Spell TiogaSnggestions TShirts
ForAllSplity wiewer, viewerProc]; UserExecChanges UserExecFoll UserRequests VideoTape
pnvm action AreaDataMlIMsg « (\.\HMsx Viewerssuggestions
Fvate. ac:xonAreaDava:conNBg " roperarlion;. ckpoint
’ Clasing Walnut transaction ... ..done
private. afl{onAreaDaa chon ¢ scuon . Closmg Walnut transaction ... ..done
[] « USE]‘E‘ECPHV&'?»_.\panFOIEXCL[EXEC‘ TRUE); Opening Walnut transaction .. ..done

I
exec viewer.icon « lconRegistry Getlcon["trafficLight"]; Restart. finished
evalHead « UserExecPrivate GetEvalHead[exec; _ - —_—
evalHead context « BEContext.ContextForLacalFrame{frameTV ; [Find Sput New Stop Complle Eval Redo Set Clear
IF parent # NIL THEN TRUSTED { &23 « ViewerOps.PaintHint
viewerProc: UserExecPrivate. Spht\hewerrmc = TRUSTED { aintHint: TYPE = {all, chent, menu, caption}
1F parentsPrivate actionAreaData # NIL THEN A28 « ViewerOps. Pmm«lnew»r[mewer 219, hant: all]
Menus SetLine[menu: viewerenu, line: 1, entryList: N1L]; {does not return a walu
&25 CurrentSelection

ViewerOps PaintViewer[viewer, menuj;
; +[viewer: wer - class: Typescript, name: AchonArea E:
T aborted ER] I0Impl. EndOfStream from
- Inputlmpl. edarScannerToken 1}, privateStuff: 7246044B+]
S .26 .10, e g5 e e igh )
Clear = Get  GetImpl  PrevFEile awe Time Split Places Levels Changelog selection led on icon
Cedar 3.4 Compiler of 12-Apr-83 17:21:29 427 « g25.vieweracon « IconRegistry Getlcon["rafficLight"]
30-Sep-83 18:01:15 27B7
&28 use "&25.viewer" for &19

Command: CompilerExecOpslmpl mesa Y« ViewerCrps PantViewer[viewer: &25.viewer, hint: all]
CompilerExecOpsImpl.mesa -- source tokens: 4828, time: 39 {does not return a value}
code bytes: 1348, links: 68, frame size: 148 &29 «

TeomReEiry e W
IconRegistry 15 undeclared, at New Action[2993):
conRegistry e [0998): g Spht New Stop Compile. Eval Redo St Clear

exec.viewer.icon « IconRegistry Getlcon[“wrafficLight"]; i
>compile:

>Compile UserExecImpl.mesa

Compiling: UserExechnpl . . . . . . ne errors

End of compilation

412 run 1coneditor

Loaded and started: IconEditor.bed

&13 compileall

>Compile CompilerExecOpslmplunesa AchonAreashnplnesa

Compiling: CompilerExecOpsImpl

Compiling: ActionAreasimpl

End of compilation

-- Errers in -- ActionAreasimpl

&14

actionareasimpl.mesa - aborted, 1 errors, time: 15

Figure 50

More simple compiler errors

There was an error in the compilation of the second file. It is displayed in the log on the left in
Figure 50: "IconRegistry is undeclared."” This error is due to the fact that I forgot to add IconRegistry
to my Directory and Imports list and it reveals one area of weakness in Cedar common to many strongly
typed languages: the tedium of getting a file to successfully compile. The majority of compiler errors
turn out to be of the nature that their correction could be automated (such as the case with the missing
’] earlier). An extension to DWIM to handle such errors automatically would be of great utility.
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Let’s fix this error and recompile.

&14 redo 13

>compileall

>Compile ActionAreasimpl.mesa
Compiling: ActionAreasimpl . . . no errors
End of compilation

The compilation has finished successfully. Now let’s bind the program.

&15 bind userexecutive

Loading Binder.bcd...

Binding: userexecutive . . . . .. no errors
End of binding

Unfortunately, since the changes we have made were to the UserExec, a component of the system
that is already running, in order to test the changes we have to boot (reload) the system; we can’t simply
replace the UserExec that is running with the new one. Reloading of booting takes about two minutes.
We hope to implement a facility for replacing an individual module in a running system. This should
greatly improve the turnaround time on making and testing changes.“o5

&16 boot
Testing Our Changes

(Later...) We have just finished booting the system. Let’s test our changes. The system maintains a
log of all of the files that were changed in our previous session. Let’s open Work Area A and then open
this log.

&2 open changes.log
Created Viewer: Changes.Log

The changes log tells us (see Figure 51) that the first problem we fixed was the one regarding not
getting comments from files when I typed "?". Let’s create an interpreter Work Area and try it out.

&1 « Rope.Find?

is of type PROC [s1, s2: ROPE, pos1: INT « 0, case: BOOL ¢ TRUE] RETURNS [INT];
-- like Index, returns position in s1 where s2 occurs (starts looking at pos1)
-- returns -1 if not found
-- case = case of characters is significant

1105 One of the top priorities in our original catalogue of programming environment capabilities was fast turnaround for minor
program changes (< 5 sec). "Our concern with fast turnaround comes from the observation that programming should be think
bound. not compute bound. There are several ‘knees’ (points of substantial non-linearity) in one’s perception of response delays.
One such knee is in the vicinity of 3 to 5 seconds. We believe that it is essential to reduce the system time for minor program
changes to below this point” [8]. While the changes that we made in this tour were not minor, sad to say that even had they been
minor, we would still have been forced to reboot (or at least return to an earlier checkpoint), in order to test them out. Attacking
this shortcoming is now one of our highest priority items.
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The UserExec printed the comments correctly (see Figure 51). The next change was to fix the
problem wherein an event consisting of just a comment caused an EndOfStream error. Let’s try this in
Work Area A.

&3 -- try it now

That worked: it didn’t raise an EndOfStream signal like it used to. The next change was to the
procedure CreatelLog to cause it to use the typescript icon for compiler logs. Let’s try this out.

&2 « CompilerExecOpsimpl.CreateLog["compiler.log"]
{Viewer - class: Text, name: compiler.log}

Now we close this viewer and see whether its icon is a typescript (see Figure 51). Finally, the last
change we made was to use the trafficLight icon for Action Areas. Let’s do something that will cause an
error, like dividing by zero.

&3 « 1/0
SIGNAL Traps.ZeroDivisor from Traps.ZeroDivisorTrap
computation suspended, switching to Action Area C...

Now we’ll make the viewer for Action Area C iconic and see if the trafficLight is used.

€ Boot] Cimd| OpeniNew] Clean] ldle
Clear Get  Getlmpl | PrevFile ave Time Split FPlaces Levels Changelog ind_ Split New Stop Compile Eval Redo Set Clear
Find Word Def Position Normalize PrevPlace Reselect Cedar Executive Seplember 30, 1963 6:05 pm. Tvpe 7 for Commands.

FirstLevelOnly MoareLevels FewerLevels AllLevels

&2 open changes.log
HEERBRBRRBHBBBBRBBRBBBBERBERBRRBRRRBREY Created Viewer: Changes Log

Changes log created at 9-Sep-83 22:41:41 FDT {Viewer - class: Text, name: ChangesLoz}
&3 -- 1y it now

L1}

Changed File: UserExechethadsImplmesa
Edited on September 9, 1983 10:40 pm, by Teitelman
fixed bug wherein ? was not getung comments from file
changes t: Help

BERBBHBRBRRNBBBREBBHRBRABRRERERRRBERBRBHE

Changed File: UserExecImpl mesa
Edited on September 27, 1983 11:22 am, by Teitelman
fixed bug wherein typing just a comment to an exec caused an endofstream error
changes to: IsWellFormed

HRRARBBBBRRERRERBRRERBERBBBRBBRRRARIRRR

Changed File: l.ompuerExecOpslmpl mesa
dited on September 27, 1983 10:43 pm, by Teitelman
added userprofile .:.puon for making compiler log iconic, fixed creatslog to use typescript
1con
changes t: $howLog, CreateLog

Find  split New & 2
HEHERARBERBRAARGRRERB BB RBABERERRABRREY Cadar Executive June 3, 193 9.4 am. Twpe 7 for Commands,

Changed File: Action Areashnplinesa &1 « RopeFind?
Edited on September 30, 1983 3:37 pm, by Teitelman is of type PROC [51, 52 ROPE, posl: T « 0, case: BOOL « TRUE]
changes to: New Action RETURNS [mN1];

-- like [ndex, returns position in 51 where 52 0ccwrs (SLarts
toking at pos ()
HURRBBRBRERBBBBRBRRBBBBRBRBRERRRRBGRBRE - revarns -1 if not found
-- case =) case of characters 15 sigmificant
Changed File: ActionAresslmplmesa

Edited on Seprember 30, 1983 £:05 pm, by Teitelman &2 « CompilerExecOpslnpl CreateLog["compiler log"]
changes to: NewAction, DIRECTORY, IMPORTS {V]awel class: Text, name: compiler.log}
&3 «

SIGEAL Traps. from Tr. i rap
compRtaon suspended uumhm_e w Action Arez C.

Figure 51

Trying out our changes
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Summary

The demonstration contained in this paper has presented a number of the key concepts and facilities
in Cedar. Some of these are: a highly visual user interface which exploits the high-bandwidth display
and mouse pointing device; a uniform screen paradigm provided by the Viewers Window package, which
includes facilities for icons, whiteboards, and tools, as well as text viewers; a high-quality editor and
document preparation system (Tioga); spelling correction (DWIM); availability of an interpreter for a
compiler-based language: a strongly typed programming language of the Pascal family which also includes
automatic storage management, the ability to manipulate types at run-time, and support for Lisp-style
lists and atoms; a sophisticated debugger which includes source-object code mapping to facilitate planting
of breakpoints and examining program state; support for concurrent operations; and a high degree of
integration of facilities and uniformity of user interface. The next paper, "Cedar: The Report Card,”
evaluates the successes and failures of Cedar.
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Cedar: The Report Card

This paper takes a closer look at various aspects of the Cedar programming environment, its successes,
its failures, and the lessons to be learned from both. The paper consists of four sections: Catalog
Scorecard, Notable Successes, Shortcomings, and What Next? The first section, Catalog Scorecard, grades
the current Cedar system against the original catalog of programming environment capabilities drawn up
in 1978. The conclusion it draws is that we were successful with respect to most of our high priority
items with a few exceptions that are discussed in the section on shortcomings. The second section,
Notable Successes, looks in more detail at some areas of Cedar considered (by the author) to have been
successes. These include: Object Management, Self Typing Data, Run-time type System, Manipulation
of Images, Uniform Screen Management, Remote Procedure Call, Version Control, and Remote File
Storage. The third section looks at some of the shortcomings of Cedar in its current form. Most of these
shortcomings are in the area of providing support for the Lisp programming style, one of our original
goals. This section discusses some of the basic differences between the Lisp and Mesa programming style,
and then looks at some specific shortcomings of Cedar including: Fast Turnaround for Small Changes,
Support for Wide Range of Binding Times, Easy Use of Programs as Data, and Inheritance/defaulting.
The final section, What Next?, discusses some areas that might fruitfully be attacked next.

It is important to bear in mind while reading this paper that while I have attempted to be objective,
it is only fair to note that the observations and conclusions presented here belong to the author, and that
some members of the Cedar project almost certainly would disagree with many of them.

Catalog Scorecard

Evaluating a programming environment is an extremely difficult task. There is no concept of
certification of environments, as there is for compilers, because there is no well-defined notion of what
an environment is supposed to do, other than increase productivity. There is no objective metric for the
performance of a programming environment, as there is for sort algorithms. Whether or not a
programming environment is good or bad depends on what it was trying to achieve, what its goals were.
In the case of Cedar, we were in the somewhat unusual position of having articulated our goals before
we started ([8] and reproduced in Appendix 1 and 2). Thus, one way of evaluating Cedar is to return to
these original goals and grade Cedar on each item.

The original list of capabilities was divided into four categories by priority. The seven priority A
items were: object management (garbage collection, reference counting), statically checked type system,
memory management (object/page swapping), abstraction mechanisms and the explicit notion of interface,
fast turnaround for minor program changes (less than 5 seconds), adequate run-time efficiency, and large
virtual address space (> 24 bits). With respect to these items, we have done extremely well with one
glaring exception: fast turnaround for minor program changes (see discussion under "Shortcomings"”
below). Mesa already had a statically checked type system, memory management, the explicit notion of
an interface, and adequate run-time efficiency. The extension of the virtual address space to 24 bits was
a difficult, but straightforward task. The addition of garbage collection to Cedar is discussed in the next
section.

There were ten items on our priority B list of capabilities: encapsulation/protection mechanisms
(scopes, classes, import/export rules), well-integrated access to large, robust data bases, self-typing data
(a la Lisp and Smalltalk) and a run-time type system, consistent compilation, version control,
source-language debugger, text objects and images, uniform screen management, user access to the
machine’s capability for packed data, and run-time availability of all information derivable from source
program (e.g., names, types, scopes). With respect to these items, we have also attained most of our goals.
Mesa already had encapsulation/protection mechanisms, consistent compilation, and user access to the
machine’s capability for packed data. We successfully implemented a run-time type system,
source-language debugger, uniform screen manager (discussed in more detail below), and provided for
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run-time availability of all information derivable from source program. Facilities for version control and
uniform screen management were provided and are two of Cedar’s notable successes (see discussion of
successes below). We believe that the Cypress database system [5] is the first step towards providing
well-integrated access to large, robust data bases, but the verdict is not yet in.

Successes among the twelve priority C items include: support for interrupts, compiler/interpreter
available with low overhead at run time, dynamic measurement facilities, scanned bitmap objects and
images, formatted document files, line objects and images, and remote file storage, many of which are
discussed in more detail below. Adequate reference documentation is just beginning to appear but work
on a librarian and a program-oriented filing system including a browser has not yet begun. Program
manipulable representation of programs has not been fully achieved for some of the same reasons that
polymorphism and the ability to create fully integrated local sublanguages has failed to materialize (see
discussion under "Shortcomings" below).

Other items on our shopping list were checkpoint, menus and other standard user interfaces,
document editing, adequate exceptional handling, remote procedure call, message transmission system,
all of which have been done. Access to on-line documentation is just beginning to happen.
Inheritance/defaulting, the ability to extend the language, and the ability to create fully integrated local
sublanguages have not been attacked at all and are discussed further in the section "Shortcomings."

Notable Successes
This section elaborates on some areas of Cedar generally considered to have been successes.
Object Management - Garbage Collection

The addition of garbage collection to Cedar has been an unqualified success; many diechard Mesa
programmers that were initially skeptical about the need for a garbage collector in Cedar now state that
they would find it extremely difficult to give it up. Although originally thought of as just a convenience
for programmers, the addition of garbage collection to Cedar has also caused profound changes both in
interface design and programming styles. Without garbage collection, the programmer must insert explicit
deallocation statements in all the appropriate places to free storage when it is no longer being used.
However, for certain styles of use, it is not always clear that there is any "appropriate place" to insert a
deallocation statement. For example, it would be a substantial challenge in a system without garbage
collection to ensure that that when no references to a particular stream remain, a backing file would
automatically be closed. Thus, the availability of garbage collection to Cedar has enabled a variety of
styles of programming not previously available to the Mesa community.

The addition of garbage collection to Cedar required the solution of two problems. The first problem
was simply enabling the garbage collector to locate the pointers to objects in collectible storage, since
not enough information was present in the actual data itself, i.e., pointers do not carry type information
in Mesa. We solved this problem by modifying the compiler to put out additional information in the
object code to enable the garbage collector to perform this task.

The second problem was more fundamental: the presence of LOOPHOLEs (breaches of the type
system), pointer arithmetic, overlaid variants, and relative pointers in the Mesa language makes it possible
for the Mesa programmer to easily fool or confuse the garbage collector without intending to do so.
Furthermore, in such a case, a single programming error that smashed a pointer to an object in collectible
storage could destroy critical system data structures in ways that would make it difficult to reconstruct,
after the fact, any evidence of the original clause of the crash: the system would be, in effect, reduced
to a rubble of bits.

In order to resolve this latter problem, we took the approach of identifying a subset of the Mesa
language, the so-called safe language, that did not contain any of the LOOPHOLE-like features mentioned
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above. We then added language constructs to Cedar to draw a protection boundary around a program
written in this subset. Even incorrect programs written using this safe subset of Cedar were guaranteed
not to be able to interfere with the reliable operation of the garbage collector. The vast majority of Cedar
programs are now written primarily (or entirely) in Safe Cedar. (For more information, see [12].)

Self Typing Data, Run-time Type System

The addition of self typing data (REF ANY) to Mesa’s statically checked type system was also
performed successfully. Self typing data was intended to provide for a form of late binding by allowing
the implementor to defer type checking from compile time to run-time on a case by case basis. By
employing REF ANY in the early stages of development, programmers could opt for more flexibility at
the expensive of performance and/or run-time errors. As the program matured, various binding decisions
could be made earlier by employing specific types where appropriate. However, due to the lack of other
forms of system support for late binding (see discussion below under "Shortcomings"), this particular
use for self typing data did not come into widespread use.

However, we had also envisioned two other important uses for self typing data, both of which were
realized and are widespread in Cedar today. The first use is to enable generic programs — programs that
can determine the type of a REF ANY at run-time, and operate differently depending on the type of the
object they are given. For example, a Sort program could be written which takes as arguments two items
of type LIST OF REF ANY, and a comparison procedure of type PROC[Xx: REF ANY, y: REF ANY]
RETURNS[inOrder: BOOLEAN]. The same Sort program could thus be used to sort lists of integers, reals,
strings, etc., by supplying a comparison procedure which selected the appropriate metric based on the
type of objects being compared.

The second use for REF ANY is to enable object-oriented programming (also called closures), where
an object in Cedar consists of a block of procedures that defines various operations, along with some
private data, represented by a REF ANY, that contains the state information. The use of REF ANY enables
the form and representation of the private data to vary between different implementations of the same
object, for example, between file streams and keyboard streams. However, from the standpoint of Cedar’s
type system, these different implementations are nevertheless objects of the same type. Thus, an application
can be passed different implementations of a stream without requiring breaching the type system, i.e. a
LOOPHOLE. For example, a procedure that takes as an argument an output stream can output material
to this stream without caring whether the ultimate destination of the characters is a file, a rope, or a
viewer.

In each of the applications discussed so far, the type discrimination being performed at run time is
among a collection of types that were known ahead of time, i.e., specified at compile time. For example,
the generic Sort routine could only sort those objects whose types were built into the comparison
procedure, even though that procedure could determine at run-time which of these types was the type
of the object it was processing. Being able to perform such type discriminations is sufficient for most
applications. However, we also implemented in Cedar a full-blown run-time type system which allows
programs to manipulate types as data in a completely general fashion. For example, having determined
that the type of an object it has been given is a record, a program can compute the number and names
of the fields of the record and obtain the value of the datum stored in any particular field. A Lisp
analogy might be to contrast a function that takes an atom and sees whether it is one of a particular set
of atoms (very fast) with a function that unpacks the atom into its constitutent characters and then
performs some processing on these, e.g., determine if two atoms are the same except for differences in
the case of the component characters.

1106 In actual practice, if the application will be sorting long lists of such objects or it is important that the sort be as efficient as
possible, clients will customize the Sort program to the specific type of the object so as to avoid the run time type discrimination.
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Such a capability is admittedly needed only for specialized applications. However, it enables users
to implement a class of applications that are normally only in the province of system wizards. For
example, the expression interpreter used by the debugger is simply a client of the Cedar run-time type
system: it does not include or use any specialized information that is not available to any other client.
Another one of the first clients of the run-time type system was a general print routine which took an
arbitrary object and printed its value in a manner appropriate to its type. Another interesting application
designed by a student is the ViewRec Package, which accepts an aggregate datum (a record, sequence,
or array) and constructs a visual interface to this datum. This interface (a viewer) displays and continuously
keeps up to date the various fields and values of the datum. It can also be used to change the contents
of the data structure.

In most programming environments that are built on top of strongly typed languages, it is simply
not possible for an arbitrary user to construct such applications.

Manipulation of Images-Cedar Graphics

There were several items relating to the manipulation of images in our original catalog of
programming environment capabilities: text objects and images, line objects and images, scanned (bitmap)
objects and images. and formatted document files. This was not surprising, given that the manipulation
of images is of primary concern to us in our experimental systems. We divided these manipulations into
two categories: manipulation of abstract objects such as formatted documents, forms, line drawings, and
continuous-tone images: and manipulation of these objects on displays or printers. Operations in the first
category are defined by the semantics of the objects, not by their representation on a particular medium,
whereas operations in the second category must take the nature of the medium into account. The first
EPE working group believed that "enough experience had been gained in these areas that it [would be]
possible to construct packages that will be useful in a wide range of programs, and that will markedly
decrease the effort required to write programs that use them" [8] .

The Cedar Graphics package designed and implemented by John Warnock and Doug Wyatt [33]
amply confirmed this belief. It provides the support for Cedar’s uniform screen manager, the Viewers
Window Package. (described earlier in "A Tour Through Cedar" and discussed further in the section
below). The flexibility of Cedar Graphics has enabled Viewers to support not only simple typescript-style
text applications but also applications involving drawings, scanned images, and combinations of graphics
and text. In addition to Viewers, Cedar Graphics has been used to implement a music composition
system. a VLSI design system, and a graphic arts design package.

The key idea in Cedar Graphics is a unified graphics imaging model and an associated programming
interface. The imaging model is totally independent of display devices: it provides an abstraction of how
an image would ideally look on a perfect medium. The implementation for a specific device renders the
appearance of this ideal image as well as possible. For example, a device that can show grey values might
display color values via appropriate grey values, or a binary device might display colors with stipple
patterns. Isolating the device-dependent portions of Cedar Graphics into a relatively small set of primitives
reduces the cost of implementation for additional devices. For example, Cedar Graphics has already been
implemented for binary, grey-scale, and full-color raster display systems, and for high-resolution
black-and-white printers and color raster printers.

A good way to think about the Cedar Graphics imaging model is to consider a slide projector shining
a general-colored image through a stencil onto a piece of paper, or a silk-screen printer pushing colored
ink through a stencil onto paper. The programmer defines sources and stencils via a sequence of procedure
calls, and then uses other procedures to produce the effect of pushing a given source through a given
stencil. Each stencil and source can also be mapped through any linear transformation prior to display.
Very complex images can be built using different combinations of stencils, sources, and mappings. For
example. Figure 52 shows the result of using a two-dimensional sampled image of a photograph of our
laboratory as a source. and a collection of analytic curves that form the outline of the letters P-A-R-C as
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a stencil. The upper image is the result of scaling the same source and stencil by .5 in height and .75 in
width.
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Figure 52

Cedar Graphics enables the display of very complex images

The Cedar Graphics imaging model also includes an additional level of stencil called a clipping
region. which restricts the area where ink is displayed regardless of what other shapes or masks are used.
The Viewers window package makes heavy use of clipping regions. It enables clients of Viewers to ignore
the fact that the display is shared among many applications.

Uniform Screen Management-the Viewers Window Package

Use of the display is pervasive in our interactive systems. Lack of uniformity leads to
duplicated effort, often of low quality, since an individual builder cannot easily draw on
all past experience or devote the time to taking advantage of it. On the other hand, too
much central control over screen management may frustrate the desire to experiment
with new paradigms for interaction. We believe that it is possible to "virtualize" the
screen and the user input devices-that is, require people to write programs on the
assumption that they will only have access to a subpart of the screen, and to a slightly
filtered stream of input events-in a way that will not markedly impede our ability to
experiment, and that will have a large payoff in terms of the user’s ability to construct a
screen environment containing multiple windows on different programs.  [8]

The Viewers Window Package has successfully attained these goals. It is "the arbiter of the user
input and display hardware in the Cedar programming environment. It provides the illusion to the
programmer that there is a private display, mouse and keyboard associated with each application, while
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allowing the user to simultaneously interact with many such applications” [19].

Resolving this issue of distributing user actions among various applications all running concurrently
was one of the most interesting and challenging issues in the design of Viewers. The problem is that
while some user actions, such as mouse clicks, include information that determines the application to
which they are directed, namely the location of the cursor at the time the mouse is clicked, many user
actions such as keystrokes do not contain such information. Instead, the recipient of these latter actions
is a function of previous user or program actions.

This problem is handled in Viewers by defining the notion of an input focus that associates keyboard
activity with a particular viewer. The corresponding application program reads characters from the
keyboard using the standard pull model: the program asks for a character, and when characters are not
available, the program waits. Note that characters may not be available to this program because the user
has not typed any. or because the user has redirected his typing to some other application.“o7 In fact,
one of the virtues of this scheme is that these two cases are indistinguishable to the program. In other
‘words. the program can ignore the fact that the keyboard is shared, just as the clipping region in Cedar
Graphics makes it possible for programs to ignore the fact that the display is shared.

Another issue successfully addressed by Viewers was the desire to facilitate experimentation with
various user interfaces. The Terminal Interface Package (TIP) makes it easy for individual applications
each to employ different user interfaces, and for individual users to change existing interfaces to meet
their own preferences. TIP achieves this by separating interface from function, i.e., separating the
operations implemented by a particular application, such as Delete, Exchange, and SelectNode for Tioga,
and Select and Draw for the IconEditor, from the way in which the user invokes the operation, such as
typing CTRL-X. or double-clicking the left mouse button. A specially formatted file called a TIP table
specifies the mapping of user actions into system operations. For each application, TIP parses the user
actions into the corresponding operations using the application’s own TIP table. This arrangement makes
it easy for individuals to change or extend the user interface. Figure 53 shows a portion of the TIP table
that interprets user actions inside of icons. For example, the line marked with an asterisk in this table
specifies that when the LeftShift key is down and the user clicks the middle button on the mouse, the
icon that the mouse is in is opened and given the full column.

The Viewers Window Package allows programmers to create new classes of viewers by specifying an
implementation for various operations, such as how to display a viewer that is an instance of this class,
what cursor shape to display when the user moves the mouse into this viewer, what to do when the user
clicks the mouse in the viewer, how to scroll the viewer, etc. This facility has been used for implementing
a wide variety of viewers. These include whiteboards (Figures 5, 6), sliders (used for displaying and
setting continuous values), histograms, graph browsers, record viewers, plus various tools such as the
Watch tool (Figure 15), File tool (Figures 2-4), EditTool, TypeSetter, Clock (Figure 2), and games such
as MazeWar. Tank. and Football (see Figure 54).

One shortfall in the current implementation is lack of support for subclassing; it is not possible to
define a new viewer class by specifying only the ways in which it differs from some existing class. For
example, it would have been very useful if Walnut, the electronic mail reader, could have defined a class
of viewers called Message Senders, which were like Tioga viewers in every way except that, in addition,
they supported the operations of Send. Although subclassing in general is not supported in Cedar (the

1107 The user changes the input focus from one viewer to another simply by clicking the mouse in the corresponding viewer.
Applications can also change the input focus. For example, when the user clicks Walnut's NewForm menu button, a message
sender viewer is created. and the input focus placed in that viewer. Similarly. when a breakpoint is encountered and a new Action
Area created (see Figure 24 in "A Tour Through Cedar"). the input focus is automatically placed in the Action Area.
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lack of such support is discussed separately below), it would have been possible to provide some form
of support for subclassing for Viewers. 198 This issue has recently begun to receive some attention.

SELECT TRIGGER FROM
Left Down => Select;
Left Up WHILE Ctrl Down => Delete;

Middle Up => SELECT ENABLE FROM
Ctrl Down => OpenDesktop;
LeftShift Down => CloseOthers, Open; *
ENDCASE => Open;

DEL Down => Delete;

L Down => Left;

M Down => TogglePos;

O Down =) SELECT ENABLE FROM
Ctrl Down => OpenDesktop;
LeftShift Down =) CloseOthers, Open, SetlnputFocus;
RightShift Down => CloseOthers, Open, SetinputFocus;
ENDCASE => Open, SetinputFocus;

R Down WHILE Ctrl Down => ResetDesktop;

R Down =D Right;

s Down =) Save;

ENDCASE.

Figure 53

The Terminal Interface Package facilitates experimenting with user interfaces

Another shortfall of Viewers is that it is difficult to build complex windows with much internal
structure such as that employed by the Watch tool (see Figure 15). The principal reason for this is that
the language by which the client constructs a viewer is imperative rather than declarative: the client
specifies the algorithm for laying out the display via a sequence of procedure calls which perform the
layout. As a result, the various decisions about the display are wired into a program, and hence difficult
to change. Furthermore, it is difficult for all but an expert to read the program and visualize the resulting
display. Specifying such a window via a passive data structure which described the desired result and
was interpreted at run-time might provide a solution to both of these objections. Another approach would
be to design a tool for constructing such viewers, which would allow the user to experiment interactively
with various layouts, inserting, deleting and moving the components of the viewer being constructed.
When a satisfactory result was achieved, the corresponding program or data structure could be constructed
automatically. (Such a tool has been implemented in another programming environment at Xerox and
has been enthusiastically received.) A more general solution to this problem would be to allow Tioga
documents to include viewers and other graphical entities along with text. In this case, the Watch tool
would simply be a Tioga document, and could be created, edited, and saved accordingly. Future plans
for Tioga call for such generalized documents.

$108 In fact. an earlier implementation of a screen manager for Cedar did include support for subclassing.
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Remote Procedure Call

The ability to call a procedure on another machine as though it were on one’s local machine was
one of the package items in our catalog of capabilities. For those unfamiliar with this notion:

The idea of remote procedure calls (RPC) is quite simple. It is based on the observation
that procedure calls are a well-known and well-understood mechanism for transfer of
control and data within a program running on a single computer. Therefore, it is proposed
that this same mechanism be extended to provide for transfer of control and data across
a communication network. When a remote procedure is invoked, the calling environment
is suspended, the parameters are passed across the network to the environment where
the procedure is to execute, and the desired procedure is executed there. When the
procedure finishes and produces its results, the results are passed back to the calling
environment, where execution resumes as if returning from simple single-machine call.

2] '

The primary purpose of RPC in Cedar was to make distributed computation easy. We had observed
that building communicating programs in our research community was a difficult task, one which was
attempted only by a select group of communication experts. Even researchers with experience in building
systems found it difficult to build distributed systems with our existing tools. We considered this state of
affairs to be very undesirable:

We have available to us a very large, very powerful communication network, numerous
powerful computers, and an environment that makes building programs relatively easy.
The existing communication mechanisms appeared to be a major factor constraining
further development of distributed computing. Our hope is that by providing
communication with almost as much ease as local procedure calls, people will be
encouraged to build and experiment with distributed applications. [2]

We are still in the early stages of acquiring experience with the use of RPC and certainly more work
needs to be done, but it appears that Cedar RPC has achieved its goals of making distributed computation
easy. There have already been several projects that have used RPC to implement various distributed
applications. These include the control communication for an Ethernet-based telephone and audio project
and the complete communication protocol for Alpine, a file server supporting multi-machine transactions
and page-level access. Here is a comment from one of the implementors of Alpine:

Using RPC has proven valuable for the following two main reasons: 1. It frees both
client and implementor from worrying about the actual format of the bits going over the
wire. An ordinary Mesa interface module is the total description of the arguments and
results of all operations performed by the server. Furthermore, the RPC semantics are
sufficiently complete (i.e., similar to single-machine procedure call) that the programmer
doesn’t have to think very much about adapting an interface for remote use. 2. RPC
takes care of all aspects of remote binding, authentication, and reliable communication.
One does not need to be a communication wizard in order to communicate. [italics mine]

Several network games have also been implemented using RPC. The basic paradigm for each of
these programs is that there is one server to arbitrate among all of the players. This server acts as a
clearinghouse for the state of the game. Each player calls in with his state and gets back the state of the
world. Figure 54 shows a two player football game implemented using this scheme.

Such applications fall under the category of ‘closet’ projects: they would never be attempted if they
looked like large tasks. Here is a testimony from one of the game implementors: "How easy was it to
use? Astoundingly! The first 90% came in a couple of hours one afternoon (the last 10% dragged on at
least in part because of irrelevant reasons). Did it help me? I think it made the difference between this
being a small toy and being a big project.”

Another testimonial to the success of RPC in Cedar is that as a result of our experiences, the RPC
protocol has been implemented in both Interlisp and Smalltalk, thereby allowing applications running in
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entirely different environments to communicate with one another.
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RPC enables implementing network applications and games

Version Control

Cedar programmers work in a distributed computing environment, and have to be able to share
each other’s programs in various stages of development. In this setting, control of versions and file
management is difficultT19 both because of the large number of files in Cedar and the requirement that

versions of files must agree.T110 In anticipation of these factors, consistent compilation and version control
was one of the priority items in the catalog of programming capabilities.

The principal facility provided by Cedar for dealing with version control is description files (DF
files). DF files contain information about versions of files needed by a particular application and their
locations. There are several packages available for manipulating DF Files, of which the most frequently
used are: BringOver, for retrieving all or some subset of the files specified in a DF File; SModel, for
storing files on a server; and VerifyDF, for checking that the files mentioned in a particular DF File are

all consistent, i.e.. that if two files import a common interface, they both use the same version of that
interface.

1109 In fact. the problem of controlling software development in a distributed environment turned out to be sufficiently interesting
and difficult that it yielded a PhD thesis for one of the Cedar implementors, Eric Schmidt.

1110 Mesa ensures consistent compilation by placing time stamps on source and object files, and by recording in each object file
the complete list of time stamps for the files that produced it.
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Based on our experiences with the DF System, we attempted the much more ambitious task of
providing a complete program management system:

The user describes his software in system models, which are complete descriptions of a
software system. Similar to a blueprint or schematic, a model combines in one place 1)
information about the version of files needed and hints about their locations, 2) additional
information needed to compile the system, and 3) information about interconnections
between modules, such as which procedures are used and where they are defined. System
models are manipulated by the System Modeler, a program that automates development
of software in the Cedar programming environment. The system modeler is notified of
new versions of files as they are created by the editor, and automatically recompiles and
loads new versions of software. [26] :

The system modeler has only been used by two or three users, so the verdict is not yet in on its
utility. However, it is clear that the DF system was a major success in Cedar. Not only did it automate
version control for system implementors, but users soon found DF files indispensable for managing their
own private software. This was especially true for users working on public Dorados-machines that were
shared among several users. Even for those users fortunate enough to have their own private machine,
the maxim of "Keep your bags packed" turned out to be good advice in an experimental and rapidly
evolving system such as Cedar, and DF files enabled the user to do just that.

Remote File Storage

The original catalog of programming facilities included as a package item Remote File Storage, i.e.,
automating the transfer of files between machines: "The manual transfer of files between machines is a
significant source of errors and wasted time. Such transfers are necessary either because of space problems,
or because one machine has a capability (such as a printer or high-performance display) not possessed
by all" [8].

The DF system described above took a large step towards eliminating the manual transfer of files,
or at least the errors and wasted time associated with this activity. By executing a single BringOver
operation. the user could reestablish a consistent set of files on a particular machine. 111

However, we did not attain the goal of unifying the local and remote file system into a single
uniform, shared file system, so that the user need never be aware of where files are stored and could
simply treat his local disk as a form of temporary memory. Instead, the recently designed and implemented
Cedar File System (FS) represents a compromise position between such a uniform, shared file system
and what we had before —completely independent local and remote file systems with manual transfer of
files— while it eliminates the need for manual transfer of remote files, it does not completely mask the
existence of the local disk. In some cases the user must be aware of the distinction between files that
exist in the local file system. For files that exist on the local file system and nowhere else, the user is
responsible for storing the local file on a remote server.

The reason for this compromise position was that we wanted to preserve the idea of a strictly local
file., because users were familiar with it and found it useful. Another reason for not unifying the local
and remote file system was that we were committed (at least initially) to using an existing file server
which did not provide support for transactions; the absence of transactions makes it hard to synchronize
shared file access.

$111 For those files that are part of the system such as sources and fonts, the user need not be aware of their location, or even
their existence: Cedar automatically retrieves them when needed without requiring any action by the user.
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It is not clear whether we will eventually design and implement a unified file system. It is also not
clear, given that the FS is only just beginning to be used, how effectively it will allow users to operate
in a mode in which they do not worry about where files are stored. Success or failure of the latter will
undoubtedly influence the former.

Shortcomings

Building a programming environment is an extremely difficult task. There are no solutions, no right
or wrong, just choices. Furthermore, the task is unbounded: you never finish a programming environment,
you simply gradually stop working on it (usually about the time you start planning another). One of the
most difficult challenges that faced us in the Cedar project was to decide what we would include. There
was considerable divergence on this subject among individuals in the project. This section reports on
some of the things that we chose not to do, why we made these choices, and how they have affected the
overall result. It is perhaps the most subjective part of the paper, and some members of the Cedar project
might disagree strongly with my conclusions. However, being the only Cedar implementor from the
Interlisp community, 1 was in the unique position of being proficient and intimately acquainted with
both Mesa and Interlisp. This perspective that has emboldened me to set down my observations and
conclusions in the hopes that they might be of interest or value to designers of future programming
environments.

The principal shortcomings of Cedar are in the area of providing support for various aspects of the
Lisp style of programming (and to a lesser extent Smalltalk), and can be attributed to the selection of
Mesa as a starting point for Cedar and the fact that the overwhelming majority of the Cedar implementors
and users came from the Mesa community. These shortcomings include not reaching Cedar’s original
goals with respect to: fast turnaround for small program changes, support for wide range of (i.e., late)
binding times, easy use of programs as data, and inheritance/defaulting (Smalltalk subclassing). In short,
with respect to the fundamental principle stated in the EPE report [8] that "the present Lisp, Mesa, and
Smalltalk programming styles all must be supported in a satisfactory way," it is fair to say that Cedar
has not (yet) succeeded. :

However, it should be pointed out that while Cedar has not succeeded in these areas with respect
to the original goals as stated in 1978, these goals themselves were revised and modified as the Cedar
project developed. For example, in 1980, Jim Morris, then manager of the Cedar project, stated:

Acceptance of this specific goal of increasing programmer productivity, and its immediacy,
i.e.. over the next several years, has made us conservative in our designs. In the main,
we have restricted ourselves to those ideas which can be understood and put to use by
the intended users in a timely fashion. While it is our business as Computer Science
researchers to strive for new and revolutionary ideas, they are not required for Cedar.
Indeed. employing the users of Cedar as guinea pigs for such ideas would tend to decrease
their programming productivity in the time frame of interest. [21]

Thus, in 1980 we were already beginning to recognize that we might have been overly ambitious,
and to reduce our aspirations. By 1982, the Cedar project was being described as "an attempt to take the
Mesa language and build around it a programming environment based on ideas from Interlisp and
Smalltalk, while retaining the strong type-checking properties of Mesa" [26]. In other words, by 1982
the goal of building an environment that would be attractive to both Mesa and Lisp users had been
discarded.

It is not the author’s intent to cast a value judgment about how Cedar has developed: in the face
of limited resources, choices must always be made about which areas to attack first. It is only natural
and proper that such choices be made in terms of the greatest good for the greatest number, and the
greatest number of users (and implementors) of Cedar came from the Mesa community. From the
standpoint of these users, Cedar has been an unqualified success: they are overjoyed at the increase to
their productivity that Cedar has provided them when compared with the previous Mesa programming
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environment. The fact that we did not achieve certain goals should not be taken as an indication that
these goals are not attainable in an environment based on a strongly typed language. Some of these goals
are not even technically difficult compared with some of the things that we did accomplish. We made
some choices, and this section reports on these choices and their consequences. In the future, we may in
fact revisit some of these choices— there is still the possibility that as Cedar matures we will address some
of the shortfalls discussed here.

Since the shortcomings listed above all relate to lack of support for various aspects of the Lisp
programming style, before we examine each of these specific areas in detail, it is appropriate to discuss
the basic differences between the Lisp programming style and that of Mesa. Such a discussion will help
to explain why the Mesa, and hence Cedar, user community glaced less importance on various issues
that are considered absolutely essential to the Lisp community. 112

A Matter of Style — Lisp versus Mesa

The principal differences between the Lisp and Mesa style arise from the types and purposes of the
programs they write:

Lisp is used almost entirely as a research tool. ... The average Lisp user writes a program
as a programming experiment, i.e., in order to develop the understanding of some task,
rather than in expectation of production use of the program. The act of developing the
program, not the act of running it (even for test data), constitutes the experiment. As a
consequence, the program is likely to be large and complex, to undergo drastic revisions
while it is being developed, and to be thrown away before it has been "completed” by
conventional pr?%ramming standards since it will already have served its purpose before

then. [25]
Beau Sheil [27] has called this style of use:

exploratory programming, the conscious intertwining of system design and implementation.
... Some applications are best thought of as design problems, rather than implementation
projects. These problems require programming systems which allow the design to emerge
from experimentation with the program, so that the design and program develop together.

Lisp evolved in response to the need for programming environments that facilitated this exploratory
style of use. For example, Lisp systems were first developed to support research in artificial intelligence,
where the programmer "invariably has to restructure his program many times before it becomes reasonably
proficient. In addition, since intelligent activities are complex, programs tend to be very large, yet they
are invariably built by very small teams, (often a single researcher)" [27].

Mesa. on the other hand, evolved in response to a need for producing reliable, robust systems,
developed by large teams of programmers, and the ability to maintain such systems over a fairly long
period, often by programmers who were not the original implementors. For example, the mandatory,
compile-time type checking employed by Mesa is particularly useful in the maintenance of large programs:
the additional, redundant information contained in the type declarations makes Mesa programs more
readable by others. 114 The type checking also gives greater confidence that when changes are made to
programs, trivial new bugs will not be introduced.

+112 For additional discussion. see the section entitled "Character of the Result,” in "The Roots of Cedar.” the first paper in this
report.

F113 Admittedly. this situation has begun changing in recent years. Increasingly. Lisp systems are being used to implement reliable
programs intended for production use. However, the thrust of the comments here concerning the difference in style between the
two communities is still valid.

1114 After much experience with both Mesa and Lisp. in the author’s opinion. it is a lot easier to write and get working your own
program written in Lisp. but much easier to read or modify someone else’s program when it has been written in Mesa.
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The Lisp programmer would argue that the advantages provided by type-checking are not significant
for the kinds of programs that he typically writes:

The advantages will be small for programs whose "characteristic times" (design,
programming, checkout, existence, total execution) are all measured in minutes, large if
they are measured in weeks or months. In an environment where programs are undergoing
rapid change, [Mesa’s] mandatory checking mechanisms tend to introduce unnecessary
overhead by requiring complete internal consistency at every step of the development
process. [11]

In fact, the requirement that the types of all values in Mesa must be specified in advance is
considered by most Lisp programmers to be a nuisance and an irritant, rather than an attractive feature
of the Mesa language. Here is a typical comment: "I think that static type-checking is a waste of time;
it solves a small number of problems while creating many more. | and other Lisp programmers spend a
very small percentage of time chasing problems static type-checking would catch."”

Because of the need for type declarations and specification of interfaces, Mesa requires more planning
before a running program is created than does Lisp (some would consider this a disadvantage, others a
benefit). Similarly, the Mesa programmer tends to put more thought and planning into each change.’rllS
In compensation, the Mesa programmer is fairly confident that once his program is finished and has
compiled successfully, he will spend much less time debugging it. 7116 This is extremely important to the
Mesa user because the process of finding and fixing bugs in Mesa programs is much more painful and
time-consuming than it is for his Lisp counterpart, as is discussed in more detail in the next section.

A definite weakness of the Mesa approach is that it is relatively difficult to add flexibility that was
not anticipated in the original design. Furthermore, Cedar programmers rarely anticipate and provide for
generalizations ahead of time —before a particular situation is encountered requiring them — because of a
viewpoint that is more or less prevalent throughout the Mesa community, and perhaps best summed up
in [16]: "An interface should capture the minimum essentials of an abstraction. Don’t generalize,
generalizations are generally wrong." This philosophy has also been stated as "If in doubt, leave it out,"”
and "KISS: Keep it Simple, Stupid." As a result of this attitude, with which the author disagrees, there
is often a significant time delay in Cedar between a perceived need and a capability which meets this
need. This is detrimental: it hinders our ability to experiment.

The Role of Change in Program Development
Perhaps the area of greatest difference between the Lisp and Mesa communities is in how each

views the process of change. The Lisp programmer tends to view change as an integral and desirable part
of the program development cycle. A typical Lisp debugging session has a "stream of consciousness"

1115 This philosophy of "go slowly. don’t make mistakes because they are expensive to correct” seems to carry over into the way
the Mesa/Cedar user interacts with the system. which is at a more deliberate, somewhat slower pace than that of their Lisp
counterparts. It is perhaps for this reason that DWIM. the automatic error-correction facility, did not receive as widespread
acceptance in Cedar as in Interlisp.

1116 This is an extremely fuzzy area. It is true that the time a Mesa programmer spends debugging his program is often much
less than the time spent debugging the corresponding Lisp program. For example. my very first programming effort in Mesa, a
spelling corrector. took three days to get to compile. a process which I found extremely frustrating (and was undoubtedly aggravated
by my inexperience with the Mesa syntax). However. once compiled. my program was debugged and running in half an hour.

However. these times can be misleading because the Lisp programmer starts debugging much earlier in the program development
cycle. i.e.. at a point where the Mesa programmer is still designing his algorithms and data structures. Debugging and design are
often intermixed in the Lisp style. In one experiment which compared the overall time from start to finish for a programming
problem (reading in a text file and performing simple justification). the Lisp programmers in our laboratory did much better than
Mesa programmers. However. this experiment involved a program whose characteristic time was quite small, and has already been
pointed out. Mesa’s benefits come with larger, longer-lived programs.
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flavor to it. rather than the deliberate, planned attack that a Mesa programmer is more likely to adopt.
The Lisp programmer simply starts using his program, and analyzes and fixes problems as they come
up. While pursuing the first problem he encounters, the Lisp user will often encounter a second, which
leads to a third, and so on. When this happens, the Lisp user frequently, to use a programming metaphor,
pushes the original problem onto his stack, and pursues the new one. The facilities of the Lisp system
supports this paradigm, and also provides tools for the programmer to keep track of what he is doing.

The Mesa system, especially the multiple threads of control provided by the process mechanism,
also enables the programmer to suspend a particular debugging path and pursue a new problem that he
has just encountered, or conversely, to continue pursuing his original problem, while leaving suspended
the new problem to which he can return later. The key difference between the two systems is that when
the Lisp programmer analyzes a {)roblem, he (usually) can fix it on the spot and continue his debugging
session with the fix now in place.T117 A single Lisp debugging session may last several hours during which
time the programmer will find and fix a number of problems. The interactive nature of this process is
especially important given the kind of programs a typical Lisp programmer often writes, where the
problem being solved, much less the algorithms being used, are not well understood, hence the need to
"debug the program into existence" by experimenting with various solutions and seeing how they work.

Lisp systems have been used in this highly interactive fashion for more than a decade. Over that
period. considerable effort has been devoted to building tools which facilitate this style, especially with
respect to making changes and continuing the debugging session. For example, the debugger and editor
are integrated to allow the user, having identified a particular place on the call stack, to edit the
corresponding expression in the source. (Cedar has a similar facility.) When a problem is not detected
until after the damage has been done, the user can alter the flow of control from the debugger, returning
the computation to a specified place on the call stack from which he can then continue with the fix in
place. There is even a facility, the Advise package, which allows the user to experiment with the effects
of a proposed change without having to perform any edits. Advise operates by redefining Lisp functions
so that the indicated expressions are evaluated at the entry or exit of a procedure. Advise can also operate
on a specific call to that procedure, such as the call to Print from within the function Foo. Finally, the
Interlisp file package keeps track of the changes that the user makes to various program elements, and
informs the user which files need to be saved. 18 The file package also notes changes to elements which
are not associated with any particular file, such as is the case when the user defines new functions during
the course of a debugging session. All of these facilities allow and encourage the user to find and fix
many bugs in a single session, building up and retaining as much state and context as he wishes during
the process. This paradigm seems much more effective than having to break the debugging process up
into a sequence of small sessions consisting of find some bugs, fix the bugs, start over.

It is difficult to distinguish cause and effect in the evolution of the Lisp style: did the tools develop
in support of the exploratory style, or did the existence of these tools encourage the growth of the Lisp
style? (Probably the former is the case.) Similarly, it is difficult to separate cause and effect in the relative
lack of support for making changes in the Mesa environment. Historically, making changes was always
extremely costly in terms of programmer time in the Mesa environment. When a change was required
in a Mesa program, the programmer had to edit his source, 119 compile it, correct syntactic errors (except

1117 Note that this is not a compiler versus interpreter issue, but one of dynamic relinking. Many times, especially where
performance is an issue. the Lisp user will take the time to compile his changes, although Lisp does not require it, i.e., interpreted
and compiled code can be freely intermixed. The important point is that regardless of whether it has been compiled or is being
executed interpretively. the modified version will be the one that is executed for all subsequent calls to the program.

1118 the Interlisp editor operates on the loaded. structure representation of programs, rather than on source files.

1119 In the Alto Mesa world. editing required leaving the debugging environment and running an entirely separate editing system.
This made making changes even more painful than it currently is in Cedar where the editor and debugger are integrated into a
single environment.
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for minor changes, it is unusual for a program to compile successfully on the first attempt), recompile,
perhaps several times, and then abandon his current context and start anew in order to load the now
changed program before he could evaluate the effects of his change. 120 The absence of an interpreter
(something that has been corrected with Cedar) meant that the pro§rammer also had to construct and
debug test programs and data structures for exercising his program.Jr 21 [f the programmer is developing
a multi-module system which includes various interfaces for communicating between its parts, a simple
change to one of these interfaces might require recompiling the entire system. (See the discussion
contained in "Recompiling Interfaces" below.)

Because making changes was so hard, they were avoided as much as possible. Considerable emphasis
came to be placed in the Mesa community on “getting it right the first time." For some, it became a
matter of pride: the Mesa programmer often views the need for a program change as an indictment of
the original design or implementation. an indication that something was done wrong.T122 Thus, providing
facilities that facilitated change tended to be given lower priority than other environmental issues.

Fast Turnaround for Small Changes

The key ingredient in the Lisp style discussed above is fast turnaround for small changes: the Lisp
programmer makes a change and sees the change take effect immediately. When we began work on
Cedar. the turnaround time for a Mesa program change was often measured in terms of dozens of
minutes. This time lag forced the programmer to operate in a fashion that resembled batch processing,
even though he was operating on a personal, dedicated machine. The programmer would identify as
many problems as possible in a single debugging session, then go off and make the required edits that
he hoped would fix these problems, and then resubmit his job and see if the changes worked. This
resulted in a tremendous loss in productivity as compared with a programmer performing a similar task
in Lisp or Smalltalk. 123

1120 For a certain. not terribly well-defined class of programs. it was possible to load multiple instances of a program into the
same environment. i.e.. on top of one another. However, this was not a practice that was encouraged or widespread because of the
possibility of confusion as to which instance a particular client was bound. For example, if A calls program B, and B is changed
and reloaded. program A continues to be bound to the original version of program B. On the other hand, programs loaded
subsequently. such as a newer version of A, will be bound to the latest version of B.

1121 Earlier Mesa environments had an interpreter for a (not well-defined) subset of the Mesa language. However, for the purposes
of experimentation. this interpreter had two serious shortcomings. First. because the debugger did not share the same address space
as the client. it was not possible to perform operations involving storage allocation. For example, the user could call a procedure
on the value of a datum that existed in his current computing context. but he could not construct such a value on the fly to supply
as the argument to a procedure. Second. it was not possible to save and reuse the values of expressions given to the interpreter,
e.g. assign the value of an expression to a newly created variable. Thus, the user could not decompose interpreting a complicated
expression into several simpler operations. The Cedar history facility, combined with the residential nature of the debugger and
interpreter, has successfully resolved both of these issues.

1122 An extreme version of this negative point of view regarding making changes easy was presented to me by an Air Force
Colonel at a programming environment workshop. We were having a discussion about the merits, and drawbacks of the automatic
spelling correction facility in Interlisp (DWIM). He was concerned about the possibility of DWIM making an inappropriate
correction to a program. | assured him that the user was always informed, that corrections had to be confirmed. and that they were
easily undoable. He remained unconvinced. I then proposed that we eliminate spelling corrections to programs, and consider only
corrections to the instructions that the user gives the operating system, such as load this file, run that program, etc. [ maintained
that correcting such mistakes improved productivity. His position was: "When one of my programmers makes a mistake, I don’t
want the system to help him out. I want him to have to go home and think about it overnight." This point of view is not confined
to the military. A leading European spokesman for modern programming technology is on record as having stated that programs
should not have to be debugged. and that the only programming tools a good programmer should need are pencil and paper.

1123 Many Mesa programmers were not aware of this loss of productivity — they had never had the opportunity to develop their
programs in a truly interactive fashion.
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In Cedar, we were concerned with rectifying this situation and providing fast turnaround for small
program changes. "Our concern with fast turnaround comes from the observation that programming
should be think bound, not compute bound." Mesa offered several medium-size obstacles to fast turnaround
for changes: the editor was not integrated or even properly packaged, the compiler was not designed to
compile anything smaller than an entire module, and the system did not provide incremental replacement
of procedures or even modules. [8]

The development of the Tioga editor within the Cedar environment overcame the first of these
obstacles, but we never did mount a serious effort to attack-either of the latter two issues: compiling
individual procedures and replacing modules. Both of these problems were much harder than we originally
anticipated, partly because of the monolithic nature of the compiler, and the difficulty of changing or
reorganizing it significantly.

Instead, the goal of fast turn around for small changes was transmuted to the goal of reducing the
overall time spent in the edit-compile-reload cycle, i.e., speaking metaphorically, giving the batch
programmer faster turnaround, rather than providing him with interactive access to the machine. Since
the editor was resident in the Cedar environment, it was no longer necessary to abandon program state
while making changes. Since the user was free to perform other tasks such as reading mail, editing, or
even debugging other parts of his program while waiting for a compilation to finish, the edit-compile
cycle became significantly less painful. Furthermore, the availability of a checkpoint-rollback facility (in
Interlisp parlance, Sysout and Sysin) reduced to approximately 30 seconds the time required to return
the system to a pristine state into which a changed version of a program could be loaded. Thus, the
entire edit-compile-reload cycle was reduced to on the order of a very few minutes.T124 Nevertheless,
the situation was still qualitatively very different from that of the Lisp programmer who could make a
change and see it take effect immediately.

Note that the key ingredient here is not necessarily the time required to see a change take effect,
but whether the change can be made in siru. Even if restarting the entire system and reloading it with
changed programs could be performed instantaneously, Cedar would still not have achieved its goal of
providing fast turnaround for small program changes in the sense that it was originally conceived and is
provided by Lisp and Smalltalk. There would still be a need to replace an instance of a running program
with a changed version of the same program to preserve valuable program state. For example, over the
course of a lengthy session, the user may have built up a complicated data structure and program state
in which he wants to test out the effects of a proposed change. In such cases, it is desirable to replace
running programs with changed versions, even if this operation takes /onger than restarting the system
and reloading the changed program. Cedar has failed to provide this capability. In the author’s opinion,
this is the single biggest shortfall of the Cedar project.

1124 To take the example of fixing the off by one error in the file UserExecMethodImpl as shown in Figure 27-28 of "A Tour
Through Cedar,” the time required to make the edit itself is 1-3 seconds, to save the file is approximately 10 seconds, to compile
the file another 25 seconds. (Both of these times obviously will depend on the size of the file. The file in question is larger than
average by Cedar standards, about 20,000 bytes.) If this were the only change we were going to make and we wanted to test it out,
we would then have to rebind the configuration which includes this file,. This takes another 20 seconds. Then we would
rollback —another 30 seconds—and finally run the new configuration, which in the case of the userexecutive takes about 20 seconds.
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One final comment on the subject of changes: while Cedar is weak in the area of making changes
whose implementation should take on the order of minutes, it is very strong, much stronger than Lisp
or Smalltalk. in the area of making changes which normally take on the order of days or weeks, such as
drastic reorganizations of basic data structures or algorithms in a large system. This is because the explicit
notion of interfaces in Cedar, combined with the enforced type checking, serves to detect right away
most of the problems that would only surface over a period of time if the corresponding changes were
made in Lisp or Smalltalk. Furthermore, once the changed system has been successfully compiled and
loaded. the programmer is fairly confident that it will run, whereas the Lisp or Smalltalk programmer
must embark on a lengthy checkout operation to make sure all of the things that used to work still do.

Support for Wide Range of Binding Times

According to Beau Sheil [27]:

The key property of the programming languages used in exploratory programming
systems is their emphasis on minimizing and deferring the constraints placed on the
programmer, in the interest of minimizing and deferring the cost of making large-scale
program changes. The languages make extensive use of late binding, i.e., allowing the
programmer to defer commitments as long as possible. ... [One example of late binding
is] the dynamic typing of variables (associating data type information with a variable at
run-time, rather than in the program text) and the dynamic binding of procedures. The
freedom to defer deciding the type of a value until run-time is important because it
allows the programmer to experiment with the type structure itself. Usually, the first few
drafts of an exploratory program implement most data structures in general, inefficient
structures such as linked lists, discriminated (when necessary) on the basis of their
contents. As experience’ with the application evolves, the critical distinctions which
determine the type structures are themselves determined by experimentation, and may
be among the last. rather than the first, decisions to evolve. Dynamic typing makes it
easy for the programmer to write code which keeps these decisions as tacit as possible.

By contrast, "the Mesa style requires relatively early binding of many aspects of programs that in
Lisp are typically bound during execution" [11]. Thus, it is relatively difficult to add flexibility that was
not anticipated in the program design, thereby restricting the range of experiments that can be performed
easily. We were aware of this problem in our early discussions. We agreed that:

The EPE must support a wide range of binding times, including the Mesa and Smalltalk
extremes, in a way that allows changes in binding time without structural changes in the
program. Different choices of binding time by the programmer may lead to different
turnaround times for apparently minor changes, and to different execution efficiencies,
but the functional behavior of programs must not depend on such choices. [11]

We intended that Cedar make provision for binding at a variety of times, but that delayed or
dynamic bindings would occur at the programmer’s request, rather than by default as is the case in Lisp.
This would allow programmers accustomed to the Mesa style to continue operating in the manner with
which they were familiar. For those wishing to adopt the Lisp style of delayed binding, tools would be
available to exploit program redundancy to infer suitable declarations for programs written without them,
and otherwise make it easy to convert programs originally written in a delayed-binding style to earlier
bindings for greater efficiency and ease of maintenance. For example, one reason for the addition of REF
ANY to Cedar’s type system was to allow the programmer to defer type checking from compile time to
run-time. At some later point when the program stabilized, one could imagine a tool which would assist
the programmer in the task of converting these REF ANY declarations to specific types where appropriate.
However., we never did get around to building such tools, and as a result, it is unusual for programmers
to use late binding, and then convert to earlier binding at some later point after the program matured.
However, as discussed earlier, many programs do use REF ANY for other purposes.
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Easy Use of Programs as Data

The keystone of the Interlisp programming environment is its very large repertoire of facilities that
support the user in the task of program development. These facilities include a sophisticated structure
editor. a history package that provides both a Redo and Undo capability, automatic error correction, the
Advise package discussed earlier. a package for analyzing user programs to determine various calling and
usage relationships, and others. Underlying most of these facilities is the easy use of programs as data,
i.e.. a convenient, program-manipulable representation of programs.’r125 In fact, in the author’s opinion,
the equivalence of programs and data in Lisp, i.e., the fact that Lisp programs are simply list structures,
is the single most important aspect of Lisp.“126

We wanted to see a collection of facilities comparable to those in Interlisp developed in and for
Cedar. We also wanted to make it possible for the average user to contribute to this collection of tools:
"Perhaps the single most important observation about the use of Lisp is that as users become more
experienced. they start building tools within the system to help them" [11]. Therefore, the issue of
program-data equivalence received special attention in our early discussions. In particular, we identified
three major facilities within the Mesa environment that would be necessary to enable treating Mesa
programs as data: Lisp-style atoms, universal pointers (pointers that carry the type of their referent with
them), and an S-expression representation of programs.

Both Lisp-style atoms and universal pointers (REF ANY) were implemented in Cedar and were great
successes (see discussion in footnotes 60, 61 in "A Tour Through Cedar"). However, we never did get
around to defining a standard S-expression representation of programs. We had originally intended to
design a representation other than the parse trees used internally by the compiler, so that the representation
of parse trees could change as the compiler/language evolved without affecting tools that depended on
this representation. We did not design such a representation, nor did the fallback position of using the
compiler’s parse trees directly prove workable. The Cedar compiler, having evolved from the Mesa
compiler, did not use collectible storage, nor was it written in the safe Cedar language. It also was not
organized in a way that made it easy to pull out pieces of it to use as packages."127 Furthermore, as a
result of its having evolved over several years under several implementors, the compiler had become
such a monolith that changing or reorganizing it in any significant way was impractical: it would have
been almost as difficult as starting over.

As a result of the difficulty of manipulating programs, tools of this type have not emerged in Cedar.
However, we have begun to see a great many tools being designed and implemented which exploit the
high-quality graphics interface. These tools include: an efficient, lightweight tool for checking spelling in
text. a tool for creating and editing icons, a reminder service, a package for constructing a visual interface
to a data structurc or Cedar program interface which also allows the components to be edited or invoked.

Another use Lisp makes of the ability to treat programs as data is to provide for more general
parameterization of tools and packages. For example, the conditions associated with breakpoints can be
arbitrary Lisp expressions, various editor commands permit their parameters to be computed dynamically
from expressions that are included in the command, etc. In principal, the Cedar interpreter makes this
possible. However, this practice has not found widespread acceptance. partly because Mesa programmers
simply tend to write applications in a different style than Lisp programmers, and partly because not
enough attention has been given to the packaging of the interpreter in Cedar.

1125 Other Lisp systems such as MacLisp may have fewer facilities and organize them differently, e.g., as separate programs rather
than as part of an integrated programming system, but the underlying capability that enables these facilities is still the ability to
treat programs as data.

1126 Others would disagree, citing perhaps the simplicity of syntax. or the fact that all expressions are in Polish prefix notation as
being equally or more important.
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Inheritance/defaulting (e.g.. Smalltalk subclassing)

Inheritance/defaulting was one of the items in the original catalog of programming environment
capabilities [8]:

Languages that provide for programmer-controlled defaulting or inheritance reduce the
time and chance for error in the programming process by making it unnecessary to write
the same code or parameter values over and over again. The basic idea is that one should
be able to write programs in a way that only specifies how they differ from some
previously written program. Examples include default standard values for procedure
-arguments (how does this call differ from a "standard" call) variant records (how does
this particular record distinguish itself from the invariant part) and the Smalltalk subclass
concept ... Smalltalk seems to derive considerable benefit from [subclassing]. [8]

Nothing was done about subclassing in Cedar, probably for the same reasons that most of the
Lisp-related issues were not addressed: the majority of Cedar users and implementors had little or no
direct experience with Smalltalk, and hence did not place as high a value upon this capability as they
did on others of a more traditional Mesa flavor.T128 As a result, when a user wants a slight change or
enhancement to an existing facility in Cedar, and he is unable to persuade the implementor to make the
change. he simply steals the code, i.e., uses the existing program as a starting point and makes the desired
changes, thereby producing his own, personalized version of the software.

The reason this works as well as it does in the Cedar environment is because one of the goals of
the Mesa language is readability and maintainability by programmers other than the original implementor.
The type declarations and other redundant information that may have been burdensome for the original
implementor to specify when he was first constructing the program now pay great dividends. They
provide a form of documentation. effectively recording certain aspects of the implementor’s intent, and
making the program easier to understand. Furthermore, the automatic type checking assures the borrower
that when the program he has modified compiles successfully, he will not have to go through a lengthy
debugging process; he has a high degree of confidence that the program will run correctly, or if there
are errors, they will be localized in the area of his changes.

The disadvantage of this procedure is that when repairs or improvements are made to the original
software. they do not always find their way into the modified version, unless the borrower is diligent
about tracking changes. Sometimes he may be able to convince the original implementor that the
modifications he has made are indeed improvements, in which case the changes may be incorporated in
the original code. For example, guarded buttons (see Figure 11) were introduced into Cedar via this
path. However. the danger of the proliferation of multiple, renegade versions of standard system software
makes this procedure not a completely satisfactory substitute for subclassing.

$127 Our original strategy called for factoring the compiler into layers. For example, our plan for implementing an interpreter
called for using the compiler’s scanner and semantic analyzer. However, the intractibility of the compiler forced us to implement
the interpreter as a separate package.

+128 Also. providing support for subclassing in Cedar would have been a very difficult task.
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Polymorphism

The Cedar run-time type system allows programs to manipulate types in a fully general way.
However. such programs admit the possibility of errors that are not detected at compile time but instead
occur at run-time. and sometimes only under unusual circumstances. This runs counter to the Mesa
philosophy that it is better to locate faults statically: "Many faults can be identified in a single run of
the checker. rather than surfacing one at a time in debugging runs” and perhaps even more importantly.
"Correctness is a static property of the program text; it is hard to ensure that a program that relies
heavily on dynamic properties actually does what is intended" [11].

We had hoped to make types first-class citizens in Cedar; types would simply be values and could
be passed as arguments and returned as results. This would enable many operations that would otherwise
require run-time facilities to be expressed directly in the program text.

One area where the absence of polymorphism is most noticeable is in the treatment of lists in Cedar.
A list in Cedar is a REF to a structure consisting of two fields, first and rest (the Lisp CAR and CDR).
first contains the corresponding element of the list, and rest a REF to the rest of the list, i.e., its tail. If
a list consists of elements of a particular type, such as INTEGER, then the type of the list is LIST OF
INTEGER. If x is declared to be of type LIST OF INTEGER, the static type checking of the language
guarantees that x.first is of type INTEGER, and x.rest of type LIST OF INTEGER. For example, a procedure
that reverses a list of integers would be of type PROCEDURE[list: LIST OF INTEGER] RETURNS[LIST OF
INTEGER]. However, the absence of polymorphism means that the programmer also has to supply a
similar procedure for LIST OF REAL, LIST OF CARDINAL, LIST OF CHARACTER, etc. What is really desired
is a way of defining a procedure which takes the type of the elements of a list as one of its arguments,
e.g.. PROCEDURE][list: LIST OF T. type: T] RETURNS[LIST OF T].

Our initial plan was to extend the Cedar language and modify the compiler, and we generated some
proposals for doing this. However, as mentioned earlier, the Cedar-Mesa compiler proved to be intractable
to any but very straightforward, localized modifications. The extensions necessary to include types as
values definitely did not fall into this category. We therefore decided to postpone any further incremental
changes to the compiler, and instead to design a generalized version of the Cedar language called
PolyCedar which would incorporate a number of the ideas found in languages like Russell [4]. However,
such a project requires a substantial effort that we have not yet been able to mount.

Document Editing. Editor Integrated with Language System

The original EPE report stated:

Editing is just one function of a language system, carried out using a particular
sublanguage. As such, it should be integrated with the rest of the language system in
that: (1) the user doing editing can call on arbitrary programs to compute commands or
data needed for the editing process, including the ability to pass selections from the thing
being edited to the computation as arguments; (2) any program can call on the editor as
a package. The latter seems very useful and relatively easy to achieve. We agree the
former is also valuable, but there is disagreement over whether it is merely valuable or
extremely important.  [8]

Cedar users in general agree that Tioga has been an outstanding success both as a text and program
editor. when viewed as a package invoked by the user. However, Tioga has not achieved the degree of
integration we aspired to in the original EPE report. Many operations that the user can perform on a
document cannot be conveniently performed by a program. Although there is a program interface to the
Tioga editor. it requires for most of its operations that the implicit argument be the current selection.
Thus. programs cannot operate on documents directly and invisibly, but must effectively simulate the
actions of a user moving the selection around, and obtain the results of these operations by examining
the current selection after the operations complete. As a result, there is considerable extraneous (from
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the user’s standpoint) screen activity while such an operation is being performed, e.g., selections changing,
viewers scrolling, etc., and furthermore, the user cannot be performing at the same time any operations
that affect the display, such as clicking the mouse or typing characters. Both of these factors tend to limit
the utility of using Tioga as a callable package to perform editing operations.

What Next?

There is no good objective way to evaluate a programming environment, no way of certifying that
it "works." There are no solutions only choices. The previous section discussed. some of the things we
decided not to pursue in Cedar, and the shortcomings that resulted. This section briefly lists some tasks
that. in the author’s opinion, might prove fruitful to attack next.

Access to on-line documentation (Helpsys)

Good on-line documentation, both for reference and for learning, can greatly reduce the
need for time spent studying an enormous manual, can provide instant cross-linking of
related subjects in a way that hardcopy cannot, and can use one’s current context to
implicitly locate relevant material. Interlisp’s Helpsys facility is unique in these respects.
However, creating and maintaining such documentation is a tremendous amount of work,
even if the process is partly automated. [8]

No work has been done yet in Cedar on providing convenient access to on-line documentation of
the type available in Interlisp or Smalltalk. In fact, Cedar suffers from a lack of adequate documentation
in general. Even where material is documented, it -is often hard to find due to lack of coherent
organization: users have to know where to look. Providing good documentation for Cedar will be one of
the highest priority items on our agenda of things to do next.

Masterscope

Masterscope is an interactive program for analyzing and cross-referencing user programs in Interlisp.
We recognized the importance and utility of such a facility for Cedar, and envisioned that it would be
one of the principal clients of the Cedar data-base facility. However, due to various priorities and limited
resources. nothing has been done about Masterscope yet, a shortfall that Cedar users often bemoan. For
example, when the author polled the Cedar community for examples of definitions of new Viewer
Classes. one user responded: "Here's one where 1 could really use a ‘global’ Masterscope... I've
implemented so many viewer classes I'll probably forget some, and it would be very tedious to examine
all my code by hand."

Implementing a Masterscope-like facility for Cedar would be considerably simplified if there were
a standard. program-manipulable representation of Cedar programs (see earlier discussion under "Easy
Use Of Programs as Data"). As is, before one could begin worrying about analyzing a Cedar program,
it would be necessary to implement a facility for parsing the text of a Cedar program into a structure
which was program manipulable.

Altering the Flow of Control from the Debugger

The ability to alter the flow of control from within the debugger would partially offset the lack of
support for fast turnaround for small program changes by allowing the user to simulate the effects of a
change by manually altering data and control from the debugger. In this way, the user would be able to
see whether the rest of his program would operate in the desired fashion if he made a particular change,
without having to make the change and start over.

The simplest form of such a facility is the ability to stop a program at the entry to a procedure,
execute the procedure, examine its return value(s), and specify different ones. We can do this now in
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Cedar, but only for certain cases. Even more useful would be the ability to stop at a breakpoint on the
entry to a procedure, execute the procedure, examine its values/effects, change its arguments, and try
again. Interlisp provides a more general capability which allows the user to unwind the stack back to an
arbitrary location from within the debugger. This is particularly useful when a problem is detected after
the fact. Such a facility would be similar to Mesa’s existing signal-handling mechanism, but requires
being able to generate signals and construct catch phrases at run-time. We believe that such an extension
to Cedar is straightforward, though non-trivial.

Recompiling Interfaces

One of the great strengths of the Mesa programming language is the explicit notion of an interface.
Separation of Mesa programs into interfaces and implementations of these interfaces enable implementors
and clients to work independently, and to make changes independently, as long as they respect the
interface. However, the present need for recompilations of a large number of files whenever a fundamental
interface is changed in any way is a weakness in Cedar. Not only does every program that depends on
the interface need to be recompiled. but if any other interfaces depend on the interface, they, and all of
their clients, must also be recompiled before the system is once again in a consistent state. The existence
of this ripple effect makes changing a basic interface a major undertaking requiring precise coordination.
As a result, there is considerable social pressure to freeze program interfaces in Cedar, often before we
have had sufficient opportunity to experiment with the interfaces.

One improvement that would significantly improve the situation would be to eliminate the need for |
recompilation when an interface is changed in an upwards compatible fashion. The two most common
examples of such a change are changes to the comments in an interface and the addition of new items
to an interface.

Because of the ready accessibility of all program sources in Cedar via the version map, interfaces
are often their own most frequently used documentation. "A Tour Through Cedar" illustrated how the
user could readily see not only the type declaration for any item in an interface, but also the comments
associated with the item. Since documentation often needs to be debugged as much as programs, we
would like to be able to modify or extend the comments in a fundamental interface without introducing
the large ripple effect that follows such a recompilation. Currently, Cedar uses as the version stamp for
an interface the date and time the interface was compiled. One proposal for allowing comments to be
changed is to compute the version stamp, based on the contents of the interface minus the comments.

A much more ambitious change would be to keep version stamps in an interface on an item by item
basis. In this case, programs would have to be recompiled only when the particular items that they
actually used from a given interface were changed. This would also allow, as a special case, the addition
of new items to an interface without affecting existing programs.

Inter-language communication

The section "Support for Wide Range of Binding Times" discussed the desirability of being able
initially to implement a program using late binding to defer various binding decisions in order to
minimize the constraints on the program, and thereby decrease its resistance to change, and then later
to bind these decisions earlier in the program to provide for increased efficiency and reliability. Perhaps
the first such decision that a programmer has to make is what programming language to use. The ultimate
in delayed binding would be to enable the programmer to change this decision for those parts of his
program that needed it. for example, initially writing an application in Lisp, and then optimizing those
parts that need it by recasting them in Mesa. This is an extremely important and challenging area for
future research.
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Conclusion

Today, in the fall of 1983, Cedar is a reality and, by common consent, one of the most
advanced programming environments in the world. Visitors from other laboratories are
envious of Cedar’s emphasis on visual interaction; of its support for concurrent tasks; of
its sophisticated debugging facilities. Above all, the environment does indeed make it
possible for a researcher to design and implement an experimental computer system and
get it used and tested in a remarkably short period of time. For instance, various
programmers using the Cedar environment have in the last few months been able to
build and test two experimental systems for handling electronic mail, one for computer
storage of voice messages, one for producing raster images, several for VLSI design.
They all report favorably on the ease with which they could knock together real,
functioning systems.

The Cedar project is, however, still far from complete. ... There are still many problems
to be solved, and we have not yet succeeded in meeting all of our goals. We need even
more memory, both real and virtual. We need a more flexible type system. We do not
yet have integrated access to databases. We want better ways of manipulating information
from source programs. We need much faster turnaround for program changes than we
have yet been able to achieve. And as Cedar begins dramatically to increase our ability
to build complicated systems, we have come to feel the need for better tools to describe
and control them. [6]

The Cedar project has been an unusual one from several standpoints. To the author’s knowledge, in
no other case have the goals of an environment been so clearly stated, even before the first line of code
been written, and in very few cases have these goals been so ambitious. The successes of Cedar, how
much effort was actually required to achieve them, the shortfalls of Cedar, why they occurred and the
effect they had on the resulting environment, all have much to teach us about the design and
implementation of large programming environments, an area of endeavor that is becoming increasingly
more important as the plummetting price of computer hardware makes powerful personal workstations
increasingly accessible to programmers.
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Appendix 1: Catalogue of Programming Environment Capabilities

The following list of desirable capabilities for a programming environment was compiled by the first
Experimental Programming Environment Working Group. The complete results of their findings are
contained in [7].

Virtual machine/programming language
Large virtual address space (> 24 bits)
Direct addressing for files
Well-integrated access to large, robust data bases
Memory management-object/page swapping
Object management—garbage collection, reference counting.
Some support for interrupts
Adequate exceptional condition handling
User access to the machine’s capability for packed data
Program-manipulable representation of programs

Run-time availability of all information derivable from source program (e.g.. names,
types. scopes)

Statically checked type system

Self-typing data (a /a Lisp and Smalltalk), run-time type system
Encapsulation/protection mechanisms (scopes, classes, import/export rules)
Abstraction mechanisms; explicit notion of "interface"
Non-hierarchical control (coroutines, backtracking)

Adequate run-time efficiency

Inter-language communication

Uniform screen management

Inheritance/defaulting -

Ability to extend language (e.g.. operator overloading)

Ability to create fully integrated local sublanguages

User access to the machine’s capability for multi-precision arithmetic
Good facilities for processes, monitors, interrupts

Simple unambiguous syntax

Control over importation of names

User packages as "first-class" citizens

Closures

Full-scale inter-language communication
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User microprogramming
Clean data and control-trapping mechanisms

"Good" exceptional condition handling

Tools
Fast turnaround for minor program changes (less than 5 seconds)
Compiler/interpreter available with low overhead at run time
Cross-reference/annotation capability
Prettyprinter
Consistent compilation
Version Control
Librarian, program-oriented filing system (including Browser)
Source-language debugger
Dynamic measurement facilities
Checkpoint, establishing a protected environment
History and undoing
Editor integrated with language system
More optimizing compiler if user willing to bind more tightly-with full compatibility
Aids for incremental development (stubs, outstanding task list)
Regreésion testing system .
Random testing aids
(high capability) Masterscope
Access to on-line documentation (Helpsys)
Static analyzers; verifier, performance predictor
Packages
Text objects and images
Line objects and images
Scanned (bitmap) objects and images
Formatted document files
More elaborate screen management
Remote file storage
Small data base manager
Message transmission system
Remote procedure call

Event logging
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Background processing

Generalized cache

Document editing

Forms

Menus and other standard user interfaces

History lists

User access to full bandwidth of disk

(English) dictionary service

Teleconferencing

Audio

User access to full bandwidth of networks
Other

Adequate reference documentation

"Efficient" interface for experts

Uniformity in command interface

"Self-teaching" interface for beginners

Good introductory documentation
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Appendix 2: Prioritized Catalogue of Programming Environment Capabilities
The following is the same list that appears in Appendix 1, sorted by the priorities assigned to each
capability by the EPE Working Group.
Priority A
Object management-garbage collection, reference counting.
Statically checked type system
Memory management-object/page swapping
Abstraction mechanisms; explicit notion of "interface"
Fast turnaround for minor program changes (less than 5 seconds)
Adequate run-time efficiency
Large virtual address space (> 24 bits)
Priority B
Encapsulation/protection mechanisms (scopes, classes, import/export rules)
Well-integrated access to large, robust data bases
Self-typing data (a la Lisp and Smalltalk), run-time type system
Consistent compilation '
Version Control
Source-language debugger
Text objects and images
Uniform screen management
User access to the machine’s capability for packed data

Run-time availability of all information derivable from source program (e.g.. names,
types. scopes)

Priority C
Direct addressing for files
Some support for interrupts
Compiler/interpreter available with low overhead at run time
Adequate reference documentation
Librarian, program-oriented filing system (including Browser)
Program-manipulable representation of programs
Dynamic measurement facilities
Scanned (bitmap) objects and images
Formatted document files
"Efficient” interface for experts

Line objects and images
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Remote file storage

Priority D
Inter-language communication
History and undoing
Non-hierarchical control (coroutines, backtracking)
Ability to extend language (e.g., operator overloading)
Ability to create fully integrated local sublanguages
Closures
Checkpoint, establishing a protected environment
Inheritance/defaulting
Cross-reference/annotation capability
Prettyprinter
Menus and other standard user interfaces
Document editing
Adequate exceptional condition handling
Editor integrated with language system
Remote procedure call
More optimizing compiler if user willing to bind more tightly-with full compatibility
Access to on-line documentation (Helpsys)
Message transmission system
Event logging
Generalized cache
Forms

Uniformity in command interface
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