


















































































































































A TOUR THROUGH CEDAR 

11] 

IsWellFormed: PROC {rope' ROPE] RETURN3[tOOlEAN) '" { 
stre-.'mt: STREAM; 
st.reaJIL +- I(I,Ftls[rope]; -- smce �s�1�.�r�e�.�.�~�~�i�.�s� ,-"tir834,y �.�3�>�~�X�l�.�w�r�e�d�.�~� 'we tllig'hr. consider �s�a�~�"�i�n�g� a 

5Cl' ... �~�t�c�h� st.re.=o};· ... =t.'lO· 1,151nS It 

IF Rope,IsEmpt.y[rope] OR NOT Rope.Equal["+-", 'Md'Uem.stream]] THEN GOTO Ye$: 
DO 

�K�\�E�x�t�,�r�a�:�.�.�G�e�t�C�e�d�.�:�u�S�c�a�n�n�e�r�T�o�k�e�n�[�5�~�.�r�e�a�r�n�,� NIL! 
IO,SyntaxE:rror =\ GOTO No; 
Io,E.ndOfStre,:tm =--, GOTO Yes 
j; 

ENDLOOP; 
EXITS 

Yes "'> RETURN[Tl!.UE]; 
No =;. RETURN[FALSE]; 

del1nitJon i3 {RETURN[F.'!.LSE, TRUE]} 1,e. in,v.et/.;equ.ence{EveryThing] reWrn5 the 
con1e-n'(S of'in. 

Parsing the input stream as a. sequence of Cedar Tok.ens: G-etCedarTo1<.en 

�G�e�1�9�;�d�Y�e�l�e�!�f�f�~�n�~�~�Q�~� �~�~�~�~�&�~�L�~� �~�~�~�~�~�~�~�:�&�:�:�;�T�:�!�r�N�~�~�;�~�~�~�J�/� �m�e�s�~� wken, WhlCh is reWrned .3.1 

�~�~�~�~�;�:�:�;�,�'� �r�~�'�t�~�r�;�;�r�;�:�~�·�~�:�~�~�~�~�~�;�l�?�:�~�[�T�~�(�:�;�:�:�.� �~�~�)� .. �_�:�:�,�,�<�:�'�.�~�'� �:�'�~�~�~�:�~�:�'�S�l�,�.�;�,�~�~�,�:�·�~�·�~� �o�.�l�"�.�-�c�~�~�~�~�:�;�:�~�~�n� 
�.�:�i�1�-�.�w�:�:�'�m�a�t�J�c�a�i�i�.�.�~�~� f}lf2I.' �o�v�~� .. �~�'�l� COllW.l.ents. FOr D:"'ll2pelW!'ll/ .. -e in use v,'rth the ln1.erpre1.e1', &: lS 
�~�.�r�e�.�.�.�.�~�~�e�a�·� ,3.." ,3 regulal' ch.;'I,3f:'t,er, r,3,t .. '2er 1",.1-J"jJ:2 �C�"�'�'�'�(�I�.�.�,�~�J�i�n�g� ... �~� �3�y�n�'�f�,�.�3�~�,�{� error, j,.:::, -"&J3" will p:tl'Je ·33 
.. �~� 51ngl& roken. 

Get,i:.,toO), GetBool. Gf!tCot-d, �(�~�l�f�!�t�l�n�t�,� Gf!tRf!al, and GetRopf! described below provide ways of 
parsing the input stream intL) objects of the correspomting type, If the client knows what type of 
object is next expected. he can use the input routine for that type, e.g. i: I[\JT �~� 

Figure 35 

Action 
ERROF, IOI,y,pll,E",dOrs,,'eam 
Stream} ] from mpI,(""Cedlar'l 
&1 Wlllk3t8Ck 
&.2 WalkStilcY. 
&3 Walx3tacK 
&.4 lNalk3tS(.j{ 
&'S WaikStac'K 
&6 Watk3ts('K 

&. 1 3Olu'ce u,erex,ecunpI,me,. 
1L..Rope.IsEmpty[rope] OR 

IO .GetCeda.rToken �[�s�t�r�e�~�m�]�]� 

&.8 +- stream 
{15n':;1l2.2B - Input From Rope 
&.9 +- &i' 
is of type STREAIVI: TYPE = 
IO$TREAMRecord: TYPE = 
IO.StreamProcs, st.reamDa.td.: REF 
nIL, hackin:?-S'reaJ(L: STRE:AM .f-

&. 10 �~� &.strean-IDa'a 
t[rope: "-- try it. now", po;:;: 13] 
&11 �~� 

The 10 interface serves as online documentation 

69 

Aha! The comment in the 10 interface says: "GetCedarToken automatically filters out all 
comments." The problem is that when my program asks for the next token from the stream, there isn't 
one. because comments are filtered out when reading tokens. So the error EndOfStream is raised. t93 
What I should be doing in this program is catching the signal EndOfStream in the call to 
IO.GetCedarToken. and simply returning TRUE. Let's make that change. 

Now let's return to our Action Area on the right, and since we are finished with this problem, we 
can abort the action. and return to the Work Area above. 

t93 The Cedar language uses signals and errors as a mechanism for handling exceptional conditions, (The only difference between 
a signal and an error is that the program that catches the signal can resume the program that raised the signal. whereas errors 
cannot be resumed.) Think of a signal/error as a procedure call where the body of the procedure is determined dynamically using 
the call stack. In this way. an implementor can allow a client to specify what to do for various exceptional cases. without requiring 
that the client specify a plethora of extra arguments to cover all such cases. or returning various invalid values for which the caller 
must check, This way of handling exceptions has two important aspects. one for the human reader of the program. and one for its 
execution efficiency, First. anyone reading the program can see immediately that an exceptional condition can arise by the catch 
phrase. knows that this is an unusual event. and can read on with the normal program flow, Second. when the program is executing. 
the code to handle the exceptional cases is not executed on every call. but only when the actual signal is generated. i.e .. when the 
exceptional condition occurs [20]. It is worth pointing out that a facility for raising and catching signals very similar to Cedar's 
has recently been implemented for Interlisp. 
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70 THE CEDAR PROGRAMMING ENVIRONMENT 

Compiling, Support for Concurrent Operations 

Now I 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. t94 

& 10 compileall 
>Compile UserExecMethodslmpl.mesa UserExeclmpl.mesa 

While that is going on, I'll answer Willie-Sue's message. I 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. 

From: Wilhe-Sue.pa 
Sub)e'cI: bug;'~ 
To' Teltelman 
cc: W'llhe-sue.pa 

I \y~d what I expected would be a commenl to the exec. e.a. "-- try It now" CR: 
I wat. greet.w WiTh an aCl.ion area announcin&: ERROR IOImpI.EndOfttream[mumble]. 

--try 11 now 
ERROR 1Ol.pi.EadOtstreaa htnlll. 
lapurlapl.GelCtHlarSc.mn",,,Tol:en I 
'-:<lmp!1~~l.]n .1U.1pend~. sJI,'Jrchmj 1.0 Acf.wn Ar~ F .. 
"borted 
&18 compile-all 
"Compile UserExecMet.hodslmpl.mesa UserExeclmpl.me~a 
Compllin&: UserExecMethodslmpl . 

AClhre Deleted AMTypesSuggesl.ions Atoms 
DateAndTime dealerE'XaJIlples DiscusslOn DocumenT.atlOn Forum 
HowTo Humor ImpledSugg InlmePoli io LI$T.; Mise MyB'Jgs 

~!!~~!I~II~~~~!II!lIIII!!~e~~~~~~~ MySoggeStlons Nnt-E'bnnklnojex OthersBugs RememberStuff 
RemmderExQlT\ples RlverRe!t Spell Tloia1)unesUons TShlr'\s 
UserE%ecChana-es UserExecPoll UserRequest:; VideoTape 
ViewersSua:a:estions 

Thank~ for your bUii; report, I fixed Ihe- problem 

Figure 36 

Doing Checkpoint. ". 
Closmg Walnut transection. ...done 
(!Io~mg Walnut t.ri3ll~&tl.on .... done 

. Walnut t.ransactjon " ,,,done 

IO,Zt.reQlT\Procs, str~~6;ta~ ;iiO:J'J~t;:{7::S~~7: Propllst <-

NIL, backmgStre8lIL: STREAM. NIL] 
.11 + &,streamData 
t[rope "-- try 11 now", P"~: 11] 
.11 Abort 
aborl.ed ACTJon #4, returnmli; t.o Work Area A 

Concurrency: answering mail while compiling 

t94 CompileAII 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 infonnation 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. t95 

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. 

From: Wllhe-Sue.pa 
Subject' bt\g~~ 
To' TelleimMi 
CC' wllhe-sue,po!l 

I typed what I eXPE'Cted would be a c,omment to the exec. e.g "-- try It now" CR; 
I was rreewd With an acuon Mea announcmg ERROR IOlmpl.EndOfSt.rearn[mumble]. 

Alea E ... 

compileall 
)('ompIle UserExecMetho,j3Imp1.me~~ U5erExec.lmpJ me~~ 
Compllmg: U:5erExecMethodslmpl . . . no erron 
Compllin&: UserExec.Impl 1 errors 
End of compilation 
-- ErI'OZS iD. -- UserExeclmpl 
&" 

Ac:ll"e 
DateAndTime dealerexamples Docoffienl,alion Forum 

~1'!;~~~~~~~=~~'1~~~~~!1'!!~m~~~ HowTo Humor ImpJedSugg InilnePl:lll io Li31,,5 M13C MyBogs MySuggest10ns Not.ebookIndex Ot.hersBugs RemernberSwN 
RemlnderEl!ampl~ Rl'I.rerRM! Spell TlOgaEuggeStlons TZhlr's 
UtlerExecCMl"iges UserExecPoli UserRequests VideoTape 

Command: UserExecMet:hodslmpl.mesa 
UserExec~1,hodsImpl.mesa -- sourel!' wJ.:ens: 3116, tune: B 

cooe bytes: 216.2., lmks: 61, frame size: 98 

Command: UserExec.lmpl.mesa 
IF Rope.lsEmpty[rope] OR NOT Rope.Equal("<-", IO.Ge'ICedarToken[stream ! rO.EndOfSt.ream $' 
GOT0 Yes] T 

Error [23869] 
Text m:;erred IS: ] 

UserExeclmpl.mesa - • .,.oorttld, 1 errors, time: 2.5 

Total elapsed time: ~2 

Figure 37 

Compiler error log 

Authenticatmg user ..... ok 
Parsmg. Senaing me:;sage ... sendmg w 1 reclplen~ 

.. Message ho3l> been deUllered 

IO.sU'eamProc:;, stxeamDaM: REF , propLisl.: Alom.PropLlst .. 
NIL. backmgSt.ream: STREAM" NIL J 
410 .. &.stxeamDat.s 
t[rope: "-- try i1 now", pos· 13J 
411 Abort 
aborted ActJon #4. returning to Work Area A 

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. 

t95 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 perfonning 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 ']. t96 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). 

: no(' [rope: ROllE] RETURN"[~OOU;AN] : 
stream: :nAEAM, 
stream 0- IO.llls[r~l' -- smce s1.reams ,'l.ire..-'lci..1" acqUired, J.\'e rllljhx consld&r ~T"inB .iJ 
"("r~'.ch ~1r1!\.V/I; .omd v.fing If. 

IP F.op!.IsEmpw[rope] air. NOT Ropeo.l!'qllal[· ..... , lo.GetC'edarToken(stream ! 1Q.E!:ndOfStream 
ro~' GOT .. 1 T~sJ] THEN GOTO "·e;: 

." 

K'Extra$.'JetCedazSc.m.nerToKE'n[st.ream, NIL! 
IO.Syn~Error :' GOTO No, 
lo.FndOf'Sl:reiIDI =' GO'l'O Ye~ 
l' 

ENDLOOP. 
EXITS 

~e: .~:' RREETTl~RRRrVA~~!t 

mt 
~ No~' 82 MBrown.pa 
1 No" 82 MBrown.pa 
nJ~ 13' i;jjJi~ni-.~·· 
31 Jan ~,' Maxwell.pa 

P05SIbll!! l.ime-S-!l~I/!!r 01".1 rollb-!lck 
Re pos;5lble flme-Sal'l!!r on r""llb~k 
:~'Jer..1oi· .. 
Nl;lw Icon for (.ompller.lo~ 
IT;5E'rProfile .llsfOfTokens /I FE'b 1';3 Swmehart.PA 

In Feb 8~ Hornmj.pa 
.;:; Feb &3 "ollin~ .pi;! 

Is "What t Mean" different from ·Whal You Mean": 

t) Mar e 3 MBrown.p., 
1 Q Mar 8 ~ S"lewarl .. p6 

;:3 Apt 83 Swmeharl.p" 
211 Apr 63 ;i;wmehMT..PA 
31 May 63 To ie1rm 
"31 May 6~ Mc.:orel~hl.pCl 

to ,1un 33 

I don't know what this should do, bul 
Bre.!l:En1ry o~n~ 1rteWer 
.:oompller errlog.; 
A coupl/!! ot nit;:; 

Re: A couple ot nil'; 

am I runnma this m;'lSlOll at a. bcd~ 
Callm~ procedl,.ue,; from Ihe command line 

. ,yearn Icon or 
recreate Ih~ VIE'WE'I unrequested ltI-!1ten&lzed u~er ~c-!llJse It's 

laler whE'ln I WMiI 10 see Ihe lew}ls. t ballp. 
Wh09'P.1't'r Il)", tIme I~ Ih-"'-I reql\j~d t(l ·tum 11 
MI~·-way 

::'.:::','."··,",,-CCa ~~~':tion 

l:'at.e ~!H':'C1-8.:' l/1'l(l:l~ pr'T 
J'rnm: i':r,Umg.pa 
~·l1b.1E-(t ....... mpllE'r.lo@ 
To. tellei!l'1al'1 
r," kollmj.pa 

What ne-w fE'atures I would hJ:e to be ablE' m SpE'oty 1£1 h.:me happE'n tQ The compiler .lO!! at thl!' 
f!nd of a. ,.-ompi1atJ.on 

Figure 38 

A user request 

The User Profile 

... 10 compileall , 
'Compile UserExecMethodslmpl me~ UserExf!'cimpi.me-sa 
Compllmg: U5erExec~1hodsImpl " . no errors 
Compiling: UserExeclmpJ. . I erro.rs 
End of complJ.!JUon 
-- 6rmrs is -- UrerExeclmpl 
&11 Redo 10 
>complleall 
~Complle U~erExeclmpl.mesa 
CompiHn&:: UserExecImpl 

Authentlu.t1ng user .... ok 
Par.:51n~ .... ,. Sendmg message, . .:.endm& 1.0 1 reclplent.; 

.,. Message has been dell11ered 

lS of typE' STREAM: TYPE 

~g~~!!~i~~~~;~~JnY6!o= ~::C'",'~cl'~:~':,< :~", 
NIL. bac.);mgStream: STREAM. 
&18 f- .& .sll'edJtlClata 
,[rope' "-- t.ry Jt now", pes 1'] 
&11 Abort 
03borl.ed Action #4, returnlni 1£1 W(trk Aree- A 

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. 

t96 The compiler log includes for each error a position (character count) in the ~urce 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 tile is automatically positioned at the indicated location (as I have done in Figure 38). The user can thus quickly 
step through the source tile from error to error and make the necessary edits. Even so. the process of getting a tile to compile 
successfully is still very tedious. More tools are required. For example. many compiler errors tum 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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yearn 

~a~:~~~~dl ~:!l:l!:~ 1~1:v:::u~~a~'s~~~: ",_,,~'C,:::o:,·_ ~;"C 
whate"er \.hI!' lIme 15 That's reqUired t.J "Iurn II ort" IS 
anyway. 

DalE" ~S ·o..Xl-62 14:10:1~ pr'T 
From: kollll'li;.pa 
SUbjeCT complier lo~ 
To: l.eitf'lman 
c( kollmj;.p-, 

What nE'W fE'aTUre~ I would like 1.0 ~ able I£) specify 1£1 have happerl to \.he compller.lo& aT. the 
end of Co cl:>mptlatlon' 

['on', ""'er blink \1 
If It':!; n~lIher lcomc llor a ~11€'Wer. make II an Icon on thl:' LH ,noe 

Karen 

Rod, 
;'complle&l 
":;ompile Userl!xElcliCtl-'I.mesa 

C(lmpllmg USF.'rExerlmpl 
End ofcompilatlOn 
.. 11 

ACtiI7E' 

. PDT 

Dal.e"AndTime dll!a].erexamples r'ISCl)ssjon DocUffle'nt.3lion Forum 
HawTo Humor ImpledS1Jn': InlmePoll io LI~I'; MI5C MyBugs 

.!!!IIIJ!I!!!!!I"'IIII!!!!I!!!!!II!!.~!!!!!",~q~II!I!!III!!!!!I'-"!'-II!II!I!!!!"'I!II.1I4 ~~~~~~~;!::Pl~OI~~:~~!~X s~l~e~!~~u:;:~~:;rS;~~rt~ 

u~erexec 

Cre;:ot,@oSesslOnlog: Tlltl!: 

Crea~WorkAre-3l.0is: !'ALSE 
I:Ulal.echan~esLo[: TillIE 
CommandllP rom: telT.elman (ommM"lds 
WhenlogFlleE:mt.> Apper,d 
NI?wf."'ff.Uselocl:, Tilt'!: 

spellill8 ['orre{'tor 

Spetll.conflrm. ~rlmeMI~t&es 
Sp:-ILinform: a11Accot'nlerJPor 
Spell.t~meout: 6000 
Spell.def",ulT-Confum TIIUE 

f'ompiler 

(·ompller.DetrroyLo~(lnSuccess: TrlU! 
('nmpiler AutOf'<ll1€': TIlUE 

Figure 39 

UserExecChange~ U~rExecPoll UserRequests VideoTape 

AUI.hen'~C"'tlng U5er .. ok 
... Partmg ...... Senclmj! mess",j!e ... .;endmll 10 I reCipient:; 
... Message hoM been deliltered 

I!).s'reamProC$, sl-l'eamDat.,· REF 
Nil, backlDiStre.am: STREAM" NIL] 
&10 + &.stream[ial.3 
1[rope' ".- try It now", po;;: BJ 
411 Abort 
aborTed AclJon #4, returning TO Work Area A 

User profiles allow tailoring of the system to suit individual tastes 

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

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 I 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 CfRL-E (E with the CTRL key 
depressed). This causes Tioga to expand the abbreviation for IF into the template you see in Figure 
40. t97 This template contains two fields, TEST and TRUEPART, each delimited by special brackets called 
placeholders, which are displayed as .~. 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. 

Clear ~ Get Getlmpl PrevFile ~ Save Time Split Places Levels ChangeLog 
Find Word Def Position Normalize PrevPlace Reselect 
FirstLevelOnly MoreLevels FewerLevels AllLevels 

ShowLog: PROC [name: ROPE, ok: BOOLEAN, exec: ExecHandle, blinklt: BaaL i- TRUE] 
RETURNS[log: Viewer] = { 

log i- ViewerOps.FindViewer[name]; 
IF NOT ok THEN 

{ 
createlconic: BOOLEAN i- TRUE; 
IF exec # NIL AND NOT exec ,viewer ,iconic AND (InputFocus,GetlnputFocus[],owner = 
exec,viewer) THEN createlconic i- FALSE; 

IF I)'.CI THEN HRUEPARH 
IF log # NIL THEN ViewerOps,RestoreViewer[log] 
ELSE IF UserExec,CheckForFile[name] THEN log i- CreateLog[name: name, iconic: 
createlconic]; --·log no~ 'lhere in C03Se of' no such source 

} 
ELSE IF log # NIL THEN ( 

}; 

IF destroyLogOnSuccess THEN {ViewerOps.DestroyViewer[log]; log i- NIL} 
E LS E ViewerOps ,Restore Viewer [10 g]; 
}; 

CreateLog: PROC [name: ROPE, iconic: BaaL i- TRUE] RETURNs[viewer: Viewer] = { 
viewer i- ViewerOps ,CreateViewer [flavor: $Text, info: [name: name, file: name, iconic: 
iconic]] 

}; 

Blinklcon: PUBLIC PROC [icon: Viewer, n: INT i- 10] = TRUSTED { 
Process.Detach[FoRK Blink[icon, n]]; 

Figure 40 

Tioga abbreviation expansion facility 

t97 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 
.ControIVariable~ .... lnitiaIExpr~, .NextExpr~ 00 .BODY~ ENDLOOP. In addition. the user can add to or change the 
set of predefined abbreviations. 
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A TOUR THROUGH CEDAR 75 

The predicate I want to use is the procedure UserProfile.Boolean. I type the name of the procedure, 
UserProfile.Boolean, and then I 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. t98 

Clear ~ Get Getlmpl PrevFile ~ Save Time Split Places Levels ChangeLog 
Find Word Def Position Normalize PrevPlace Reselect 
FirstLevelOnly MoreLevels FewerLevels All Levels 

ShowLog: PROC [name: ROPE, ok: BOOLEAN, exec': ExecHandle, blinkIt: BOOL ~ TRUE] 
RETURNS[log: Viewer] = { 

log ~ ViewerOps.FindViewer[name]j 
IF NOT ok THEN 

{ 
createIconic: BOOLEAN ~ TRUE; 
IF exec # NIL AND NOT exec.viewer.iconic AND (InputFocus.GetlnputFocus[].owner = 
exec.viewer) THEN createIconic ~ F ALSEj 

IF userprofile.Boolean[key:l'-'Z], default: .,BOOLEAN ~ FALSE.] THEN 
HRUEPARH 

IF log # NIL THEN ViewerOps.RestoreViewer[10g] 
ELSE IF UserExec.CheckForFile[name] THEN log ~ CreateLog[name: name, iconic: 
createIconic]; -- log not there in C03.5e of' no such source 

} 
ELSE IF log # NIL THEN { 

}j 

IF destroyLogOnSuccess THEN {ViewerOps.DestroyViewer[log]j log ~ NIL} 
E LS E ViewerOps .Restore Viewer [10 g] j 
}j 

CreateLog: PROC [name: ROPE, iconic: BOOL ~ TRUE] RETURNs[viewer: Viewer] = { 
viewer ~ ViewerOps.CreateViewer[flavor: $Text, info: [name: name, file: name, iconic: 
iconic]] 

}j 

Blinklcon: PUBLIC PROC ~ic0l"l:: Viewer~ n: INT ~ 10] = TRUSTED { 

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. 

t98 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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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. t99 So I'll reopen my interpreter Work Area, select the compiler log, and use the Eval menu 
button to evaluate the current selection (see Figure 42). 

'{ Nov 8:' MBrown,}:.a 
'{ No~· 82 MBrown,p", 
I~]an 83 kollmg.pa 
'3:1 "San '83 M«tWe:u,pe. 

/I P",I;) ~, Swmehart,PA 
\0 p~" e~ Hornmi.pa 
::~ Feb ~~ I:ollmg.pa 
13 Mar 83 MBrown,p", 
1~ Mar 83 ~1E'Warl.p.oo 

23 Apr 83 Swmehart.pa 
::11 Apr 83 Swmehart..PA 
31 May 83 To it'''m 
31 Ma,.v R~ Mc('rel,ihl,pa 
" Jun 8S l'anieunen.pa 

Warren. 

possible tlme-sa~'er on rollback 
Re poulbl", IJ.me-Sa"E'f on rollbacy. 
compller.log 

-Wei"; lWH trir ~lIer;lrjg 
llserProf'llE'.lI5t0fTokenz 
I" ·WhaT I Mean" dlfff.'rent from "What You Mean"~ 
I eo:>n', know wh~1 t-hl~ sho~lltJ 0:10, \)t1f 

Breill:Entry opens Viewer 
(,'offiPlIererrlogs 
A (ouple of nilS 

Re: A couple of mt.; 
oM'! I funmng llu~ "'!Inion of " bed' 
Calltng: pro(edlJre~ from The ("omman,j lme 
beyond' 

('ould you chan~E' V1E'wE'rExE'c0pslmpI ShowRE'sull ~o ThaT The complIer 10~'3 Icon l~ a 'YPE'SCrJpl 
tnstead of.3 docull'lent~ Hen;' IS The necessary code: 

log 0- \l1E'we-r0ps Cre-.3Te\lI"'wer[O.3~ror $Te~t. mfo' [name: n.3l"ilE', fIle name. IC"Onl(" lC"omc. icon' 
typescriPT]] 

log 0- Vlewer0p~ Cre..,TeVlewer[Oeo1r(lr. $Te:.:I, mfo: [n.:vne n.3l"il>3. flle name. ICOniC ICOniC ll; 

" Tr<t:rt:; 
IF lo~ II Hll. THEN VlewerC'Pt.Ri!'tlOri!'Vlewer[lo~J 
£l.~t: IF UserExec.CheckForFile[namel THEN log .. ':::re.3telog[name nM"le. ic-onic 
creaTelc(lnlc]; -- 1&g n07 There m ~a.:ie 0( no sv~h sovrce 

) 
t:L(!"t: If" log # NIL THEN { 

), 

~f"l::~;:";eor~=;;~~~~::;\.il:!:rr\~;1~e1")P5.DeSTMY"leWl!'r[IOg]; lot .. Nn} 

l' 

Crea.ceLog PROC" [name ROPt:, 180mc FOOL ~ TRUE] RETVRN~["II!'Wer Viewer] • { 
'r]ewer .. Vl ... wer0l"'~ cre-!lleVlewer[fla,mr $Tl!'xt, tnt..,: [n-!I:Me nMne, Ole t"lMlIe, IconIC 

tCOnlC]] 

Figure 42 

11:44'44 PDT 
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~tern .. T1ogaOps.C're.,\.eSIiAplePatlern(l.arge'J; -- CFIN"leS·~ 
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&11 Redo t4 
'0- P,ope.Find ~ 
l~ of type 
Er~ #/ In !JJl?rl!Xev:;N/ISJ:Impl.PnnfDfflFmm.':oIJITe 
(:"ompvT.JfJOn svspe-lldPd. :m'ITchms fl] AC~Qn .4.l-l"~ ,_~ PRQc" [~1. 32 

ROPE, pozl: INT .. 0, casE': BOOL .. TI<UEJ Jl.ETUJl.N' [INT]; 
-- ilkp. Index. refurnJ J.l(Ull.lf)n Il'l "/lI'here s" /XOJrJ (J'.yTS 

lookmg aT poo l.r 
- - returns -I l( nOT (OUDd 
-- C.J.11J .. \ conI!! o( ~h.y.JC!ers 1$ slgmfJ.-:..mT 

&18 Redo II 
.... Rope.Flnd.' 

IS of Typo: 
Br~' #1 m Use-rExI!CNIlsclmp1.P1"mtt:'et:lFromSo1..!rcl? 
(:"ompvT.J'Jon svspended. SVlITChmj; ID ActJon .4.roS<;< ,~, 

~~t.DnM 
&19 C'urrentZO?lecuon 
{Viewer - class: Texl, flam", ('omptler Lo& f 
&2' <-

Using the interpreter to experiment 

t99 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 ann's length from the debuggee in an entirely separate address space. Interpreting expressions in 
this remote world was slow and cumbersome. Furthennore. 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. I 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, DwrM 
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. DwrM 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 an.d see how it looks. I 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. tlOO 

&23 +- ViewerOps.PaintHint 
ViewerOps.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 FIgure 43. 

t 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 L1ST["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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BOOL ~ TRUE] 

name, iconic: 

THE CEDAR PROGRAMMING ENVIRONMENT 

comput.!tion suspended, sl\Titching to Action Are.! C ... PROC [s I, s2: 
ROPE, pos I: INT ~ 0, case: BOOL ~ TRUE] RETURNS [INT]; 

-- like Index, returns position in sJ l\There s2 occurs (st.!rts 
looking at pos J) 

- - returns - J if' not fOund 
-- CdSe =} CdSe of' characters is signiflcant 

&18 Redo 11 
>~ Rope.Find? 
is of type 
Break # J in UserExeci't'liscImpl.PrintDeclFromSource 
comput.!tion suspended, sl\Titching to Action Are.! C ... 
aborted 
& 19 CurrentSelection 
{Viewer - class: Text, name: Compiler.Log} 
&20 ~ &19.icon 
document 
&21 ~ &19.icon ~ typescriptt 
(vpescriptt -) (vpescript 
typescript 
&22 ~ ViewerOps.PaintViewer[&19] 

---Missing Argumenu: hiD': VieJll'erOps.PaintHiD' 
&23 ~ ViewerOps.PaintHint 
ViewerOps.PaintHint: TYPE = {all, clie.n~t,.m!llen~u., IIcal\iP.til·o,n.,aa1ll 
&24 ~ Viewerops.PaintViewer[viewer:~ 
hint: "ViewerOps.PaintHint~, clearClie 
whatChanged: "REF ANY ~ NIL~] 

Figure 43 

Computing a template for a procedure call to be executed 

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

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

tlOl 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 SHIff Key down. I then lifted the SHIff key causing 
the entire selection, i.e., the characters "ViewerOps.PaintViewer," to be inserted into the Work Area. Next I typed CfRL-E to 
construct the template shown in Figure 43, SHIff-selected the word "&19" from event 22, hit the NEXT key on my keyboard to 
move the caret to the hint: field; SHIff-selected "all" from the value of event 23; and then finally hit CfRL-NEXT to delete the 
remaining argument fields. all of which have default·values, and to advance the caret to just past the "l." I completed the event 
by typing CR. Total: 4 mouse clicks. 4 keystrokes. 
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name, iconic: 

A TOUR THROUGH CEDAR 

comput3tion suspended, switching to Aaion Are.! C ... PROC [51, 52.: 
ROPE, posl: INT +- 0, case: BOOL +- TRUE] RETURNS [INT]; 

--like Index, returns position in s1 p,There s2 occurs (St3rts 
looking dt pos 1) 

-- returns -1 if not fiJund 
-- case =) case of chdtdCt.ers is signitJc.mt 

&18 Redo 17 
> +- Rope .Find ? 
is of type 
Bredk # 1 in UserExecNIiscimpl.PrintDeclFromSource 
comput3tion suspended, sp,Titching to Action Are.! C ... 
doort.ed 
& 19 CurrentSelection 
{Viewer - class: Text, name: Compiler.Log} 
&20 +- & 19.icon 
document 
&11 +- & 19.icon +- typescriptt 
tvpescriptt -) typescript 
typescript 
&22 +- ViewerOps.PaintViewer[ & 19] 

***MititiiDg ArguliII8Dts: hiDt: Vi8l111'8rOpti.PaiDtHiDt 
&23 +- ViewerOps.PaintHint 
ViewerOps.PaintHint: TYPE = {all, Client, menu, caption} 
&24 +- ViewerOps.PaintViewer[~liewer: & 19, hint: all] 
{does not return a value} 
&2S +-

Figure 44 

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 I 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). 

1 NO~I 8':: MBrown.pa posslble time-sauer on rollback 
1 Nov 82. MBrown.p<I Re: PlJs511)le I.ime-scover on rollback 

12 Jan 8.~ };olhn;g;.pa compller.log 
:.,t:}om:(I:~ ~;pa' :":'::WIit:w:~wa:ttii:~Uj;jtilOg::':':'" 

4 Feb e~ Swineh&-1.,PA UserProfile,liSTOfToken! 
10 Feb 6S Hormng.pa Is "What I Mean" (litteren~ !rom "WhaT You Mean"? 
ZS Feb 83 kolhng.pa I don', know what thls should do, but 
B MQl" 83 MBrown.pa :BreakEntry opens \>iE'wer 
19 Mar 83 sfewart,pa Complier errlogs 
23 Apr 63 SWLnehart.pa A couple of m~ 
24 Apr 63 Swmeh.ext.PA Re: A couple of m~ 
31 Ma,y 8S To: levin .ml I running mis version of a b~d? 
31 May 83 McCrelii'ht,pa Callmg procedures from t.he command lme 
Ii Jun 83 vanleunen.p.:. beyond .... 

Warren. 

('ouk' you change VlewerExecOpslmpl.ShowResult so that the complier leg's Icon is a typescript. 
Instead. of a documem: Here IS the necessary COde: 

log. f. VlewerOps.('reateVlewt"r[tlavor: $TexT. mfo: [name: name. file: name. iconiC: tcom>:, Kon 
Iypescript]) 

insTead of: 

lo~ ~ Vlewerops.createVlewer[flavor: SText. mfo: [name: name. file: name, ICOfilC: IconiC]]; 

Figure 45 
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Authenticating user ... ok 
.. PMslng."". I'>8ndmg message. "sendmg W 1 reCipients 
". Message h~ been dell'.1"ered 

Seillreax U!erExe~Mi!~Irr:Ip1.lnesa 13891 set. 
Break #1 in U~erExecMisc.lmpl.PrintDecIFromSource (seurce: B891) 

mM:.,t.ern f. TlogaOps.CreateSlmplePattern[target]; ~~ CEtn."I.8$ d 

p.3lremi'tlr lheseaJ'(;n 

.17 Redo 14 
~~ Repe.Find? 
1$ of type 
BrIMic # I in U"~rEKecN[l"clmpl.Prm1,[)fJcIFrQm$Qurce 
co"ltqJl.J"l.atian suspended. swi1.Cnmg 1£1 AC:!lon Ara;o C ... »ROC" (51, 52: 
ROPE, post: INT ... O. c'!tl'e: 1I00L'" TRur:] RETURN" [INT]; 

~~ llk~ lnd~x, r~Wrn" pt»Won m 51 v,'lIere s2 occurs (sml.s 
looking at PQ51.! 

~~ relums ~11f 1101 fOund 
~~ case- :.\ C&ie Qf characters lS slgmfIc.m1 

.11 Redo 17 
If. Rope,Fmd? 
is of type 
Break #1 in U3erl!xeoci't113clmp!.PrintDecIFrQmS"ou1'ce 
compvtdt./Qn suspended, s1'.'itchinc ta Act]on Ar~ C .. ... ,"" .n CurrentSelection 
i~~:er'&'19~l:~: Text. name: Compller.Log} 

document 
.21 ~ &19.tcon f. I.ypescriptt 
"Q-'pescriptl ~> "{vpescript 
typescript 
&.22. ~ ViewerOps.PamtVIswer[&19] 

***Mi66ilJ.l ArguaelJ.u: l.Iizn: ViewezOps.PaiZltlliat 
.23 .. VlewerOps.PainTHint 
Vlewerops.PamtHint.: TYPE: {all, client, menu, caption} 
.24 ... VlewerOps.PamIVlewer[vlewer: &. 19, hInt: all] 
{does not reTurn a lfalue} 
.2S .. 

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: Icon Editor. bed 
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Figure 46 

The Icon Editor 

DocumentatJon Forum 
HowTo Humor ImpledSugg InlmePoll Ie Lists Mise My8ugs 
MyS'uUestions Notebooktndex OthersBugs RememberStutf 
RemmderExamples Rl1rerRaft Spell TiogaSu ggestions TZhlrts 
Use:rl!xecChomges U~rExecPoll UserReque,!:1$ ViI:'leoT.,pe 

Resml. fimshed 
Authenticating U3er .... "ok 
.. Pa;rsmg ...... Sending message ..... sendmg to 1 rec.lpient.:; 
.. Message h'M been dehvered 

ccnnpu'l.3.'J"tm suspended, s""ltchinS '1J) Are.;. 
dborted 
,. It Curren~lec.tion 
{Viewer - c.lass: Text, name: Compiler,Log} 
&11 f- &19.1con 
doc.ument 
&21 to &i9.lcon .. typescrlpt.1 
lVpesl;ripn "~ tVpesl;rlpt 
typesc.rtpt 
"'-11 .. VIf!'werOps.PainfVlewer('& 19) 

···Mi53illl A7IUlaIHJ.U: biat: VieweTOps.PaiatHiDt 
&2.3 .. vlewerOps.PainIHint 
VlewerOps.PamtHint: TYPE ~ {all. client, menu, c.aptIon} 
&24 f- VlewerOps.PamtVlewer[~llewer: &19, hinl.: .all) 
{!joe,; not return a value} 
&25 .. 

-- Ermrlf 
"'II Redo 
>Compileall 
>Complle UserExecimpl.mes.:o 
Compiling: UserExecimpl ... . no errors 
End of compilation 
"'12 run lconeditor 
Loaded and st.artad: IconEdlfor.bcd 
& .. 

81 

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 traffic Light 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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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 Icon Editor 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 traffic Light 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 
l' [viewer: {Viewer - class: Typescript, name: Action Area E: aborted ERROR 
IOlmpl,EndOfStream from InputlmpI,GetCedarScannerToken1}, privateStuff: 724604481'] 

This value is the handle for Work Area E. Now let's set its icon to be a traffic Light. 

&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: I 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, ~ointing at the "." in 
"&26.icon,", and typing "viewer," as I am in the process of doing in Figure 48.tl 2 

Restart. finished 
Authenticating user ...... ok 
... Parsing ...... Sending message ..... sending to 1 recipients 
... Message has been delivered 

V~urL ~':'~re3 E Int.erpret.er 
Find Split New Stop Compile Eval Redo Set. Clear 

&23 .. ViewerOps.PaintHint 
ViewerOps.PaintHint.: TYPE = {all, client, menu, caption} 
&24 .. ViewerOps.PaintViewer[viewer: &19, hint: all] 
{does not return a value} 
&25 CurrentSelection 
1'[viewer: {Viewer - class: Typescript, name: Action Area E: 
aborted ERROR IOImpl.EndOfStJeam from 
Inpu t1mpl.GetCedarScannerToken I}, pri" ateStuff: 72.460 44B l' ] 
&26 .. &25.icon .. IconRegistry.Getlcon["traf'ficLight"] 
selection tailed on icon 
&21 .. &25.vie.icon f- IconRegistry.Getlcon["trafficLight"] 

" 

),~rl-Irt i.!!.~re,~ i":'i E :0:81-' 1 II ,,:;rp 

Find Split. New Stop Compile E"al Redo Set Clear 
>Compile UserExecMethodslmpl.mesa. UserExeclmpl.mesa 
Compiling: UserExecMethodslmpl . no errors 
Compiling: UserExeclmpl 1 errors 
E:nd of compilation 
-- Errors in -- UserExeclmpl 
&11 Redo 10 
>compileall 
>ComDile UserExecImDl.mesa. 

Figure 48 

Editing events as they are being composed 

&28 ~ &26.viewer.icon ~ IconRegistry.Getlcon["trafficLight"] 
278? t103 

t102 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. 

tlm 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 argument tI04 

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

Vlewer'Op5;,PaI,nUilmt: TYPE = {all, client, menu, caption} 
&24.. ,PaintViewer[viewer: &19, hint: all] 
{does not return a value} 
&2l CurrentSelection 
~[viewer: {Viewer - class: Typescript, namE!: Action Area E: 
aborted ERROR IOlmpl.EndOfStream from 
Inpu Umpl.GetCedarScannerToken I}, privateS tuff: 12460 44B ~ ] 
&26 .. &2S,icon .. IconRegistry,GeUcon["trafficLight"] 
seIeel/olfJ /'aiIBtI OIfJ icolfJ 
&27 .. &2S,viewer,icon .. [conRegistry,GeUcon["trafficLight"] 
21B7 
&28 use "&2S,viewer" for &19 
> .. ViewerOps,PaintViewer[viewer: &25,viewer, hint: all] 
{does not return a value} 
&2'J .. 

" 

>Compile UserExeclmpl.mesa 
Compiling: UserExeelmpl , , , , , , no errors 
End of compilation ' 
& 12 run iconeditor 
Loaded and started: lconEditor.bcd 
&13 

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 ActionAreaslmpl, and insert at the appropriate place in the 
procedure NewAction the statement: 
exec.viewer.icon +- IconRegistry.Getlcon["trafficLight"]; 
(The characters to the right of the +- can simply be copied from event 27.) 

tl04 We could also have replayed event 19 (either by SHIFf-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, I 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 ActionAreaslmpl.mesa CompilerExecOpslmpl.mesa 
Compiling: CompilerExecOpslmpl . no errors 
Compiling: ActionAreaslmpl ... 1 errors 
End of compilation 
-- Errors in -- ActionAreaslmpl 

r""'''''''2''!''---'~~~~~~~~~i:=~:~=:::::-1~A~'U~''~'~D~'~I,,~ed~A~MTYJles;Sugge~t.lOn5 Atoms 

pnvat.e .. exec-privateSluff; 
UserExecPrivale ,For AliSplitViewers[exec,.v\ewer, "iewerPror: J; 
prl'JI;Jf.",acUonAreOlD;:ol,a.fullMsg .. fullMsg, 
pnvate,actlonArewala.abbre"Msg .. abbrevMsg; 
prlvate.actionAreoD3(.a.ieonMsg .. ropeForlcon; 
prl'l73te.actlonAre.,Da1h,actlon t- actlOn; 
[] .;- U~erExecPnvate'.CaptlonForExec[exec, TRUE]; 
}; 

exec: .... lev, .. er.icon +- IconRepstry.Ge!Jcon["trofflclig,ht"]; 
evalHead <- lIserExecPn"ate.GetEvalHead[exe(]; 
evalHead.context \- BBContext.ContextForLocaiFrame[fram,eTV]: 
rr parent # NIL THEN TRtHTED { 

viewerProc: UserExecPnvate.spli~VlewerProc • TRU3TED { 
11' parenl':;PrIvate.actlIJnAreaData # NIL THEN { 

Menus.setLme[menu: vIewer,menu, 1me I, entryLlS~: NIL]; 
ViewerOps.PeJ.ntViewer[viewer, menu]; 
}; 

}: 

17:21:28 

Command: CompllerE'xecOpslmpl.me.5a 
('ompl1erExecOpslmpl.mesa -- S01J.rce t!Jkens: 4e28, tIme: 39 

c!Jde byw~: ,1S4B, links: 63, frame Slze: 1~3 

C!Jmmand: &twnarea5lmpl 
lc:onReglstry IS undeclared, at. NewAc:tJ!Jn[9998), 
exec..'liewer.ll~on '- IconRegistry,Getlcon["1.r,~fficLight"l; 

;:IctlOnareasimpl.m("so -- ;:obor1Brj, I errors, time: 15 

Figure 50 

D'3teAwJTime deail:'reXaIJ1.ples Discussion DO)cumen'-'.tion Forum 
HowTo Humor Tmpled3ugg InlinePoll io LiST,:) Mise MyBugs 
MySuggestlOns Not.ebooklndex OI,hersB1Jgs Remo;'mberSIlJff 
ReminderExaroples RiverRm. Spell TiogaZuggestions TShltt-s 
1)serExecChMges UserExecPoll UserReques!.S VideoTape 

{does not 
&25 CurrentteJecl.ion 
""[,,iewer: {Viewer - class: TypeSCrIpt, n,~.rfL"': Ac.tlOnArea E 
a\Jort.erJ ERF.OR IOImpl.EndOfi.:tr.eam from 
inputImp\,GetCedarScannerToken I}, pnvateSturr: 12:45044B t 1 
.&26 +- &2:i.lcon .. Ic.'JnF.eglsl.ry,GetIc.on["l.rafficL\ghl"] 
5elecUoZl railed on: icon 
.&21 .. &2,I,vlewer.lcon <- IconReglstry.Getlcon["I,r&flC'llghl"] 
nB' 
.&28 lj,se "&2,5,viewer" for &19 
>+- VlewerOps,PamtVlewer[',iewer: &2,S.crievTer, hInl,: all] 
{d,oe~ not return a value} 
&29 '-

)c.ompileall 
'Compile UserExec.lmp1,mesa 
Compiling: UserExec.lmpl 
End of compil.:oti,)n 
.&12 run Iconedltor 
loaded ,3110 slQIted: IconE,rjjtor,br::d 
.& 13 r::ompil<:'all 
)i:;ompil", CompilerExec.Opslmp1,mesi'l ActwllAreaslmpl.mesa 
('ompilmg; CompllerEx8GO}'simpl IlQ errot$ 
Compiling: Act1!JnAre.:oslmpl 1 errorJ 
End of c.ompiJ.~l.ion 
-- Error::> in -- A<~tJ<JnAreaslmpl 
&14 

More simple compiler errors 

85 

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 ActionAreaslmpl.mesa 
Compiling: ActionAreaslmpl ... 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. t 105 

&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 tel1s 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 PRoe [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 

n05 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 thatwe 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. 

XEROX PARC, CSL-83-11, JUNE 1984 



A TOUR THROUGH CEDAR 87 

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 CreateLog to cause it to use the typescript icon for compiler logs. Let's try this out. 

&2 +- CompilerExecOpslmpI.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.ZeroD;v;sor from Traps.ZeroD;v;sorTrap 
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. 

####################################### 
ChMges loa: created at. 9~Sep-3l 22.:41:41 PDT 

Chanred File: UserExecMethodsImpl.mesa 
Edited on september 9, 1983 10:40 pm, by T~ltelman 

fixed bu~ wherein ? W~ nol gerung comments from file 
changes to: Help 

####################################### 

Chanied !"lIe: UserExec.Impl.mesa 
Edited on September U, 1983 11:2.2 am, by Teilelmcm 

fixed bug who!'rein typing just 8 commen~ 10 an exec caused an endofHreem error 
ch~,es to: bWellFormeo:1 

####################################### 

Changed fIle: ComplierExecOpslmpl.mesa 
Edited on SEptember 2.7, 1983 10:43 pm, by Teitelmm 

added userproftle optlon tor makmg compiler log icomc, fixed createlog to use typescript 

ch-mges to: ShowLog, CreateLoJ 

####################################### 

Ch-m;led Fde: Ac'UonAreaslmpl.mesa 
Edlted on Sepf8mber 30, 1983 3:31 pm, by Teiteiman 

changes 10: New Action 

####################################### 

Chan~ed Flle: ActlonAreasimpi.mesa 
EdiTed on September 30, 1983 6:05 pm. by TeiT.eim.an 

change~ 10. NewAcUon, DIRECTORY, IMPORTS 

Figure 51 

&2 open change!'.log 
Created Viewer: Changes.Loi 
{Viewer - "las!': Text. name: Chan,es.Log} 
.31 -- try It now ... 

& 1 of- Rope.Find? 
i~ ot type PAOC [51, s2.: ROPE. pOS!: INT ... 0, case: SOOL ... TRUE] 
RETURNS [INT]; 

-- like Index, returns ptJ3ificm in s I 'wh"t" 53 C'lCClJES (smts 
iookmg ~t pas l} 

-- returns -1 If" nat tound 
-- case ... ' case of characters i.~ slBnlfIcant 

tJleof-w;~~p;:!s~x~~~~S~~~~~~~~l~~'~C:}Pller.lOg"l 
431 ... 110 
SIGNAL TEap8.ZlIroDiTl'isor !'rom Traps..zeroDi~illorTrq 
computation suspended. sllo'itchin~ to Action Ared C", 

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: Ii 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, white boards, and tools, as well as text viewers; a high-quality editor and 
document preparation system (Tioga); spelling correction (OWIM); 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. 

XEROX PARCo CSL-83-11. JUNE 1984 



CEDAR: THE REPORT CARD 89 

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 fa 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 diehard 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[X: 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. tl06 

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. 

tl06 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 c1C;iss 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. arid 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 

XEROX PARCo CSL-83-11. JUNE 1984 
! 



CEDAR: THE REPORT CARD 93 

a stencil. The upper image is the result of scaling the same source and stencil by .5 in height and .75 in 
width. 

Figure 52 

Cedar Graphics enables the display of very complex images 

The Cedar Graphics imaging model also includes an additional level of stencil caIled 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. t107 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 inter/ace from junction, i.e., separating the 
operations implemented by a particular application, such as Delete, Exchange, and SelectNode for Tioga, 
and Select and Draw for the Icon Editor, 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 

------------

t107 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 New Form 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. 

XEROX PARC, CSL-83-11, JUNE 1984 



CEDAR: THE REPORT CARD 95 

lack of such support is discussed separately below), it would have been possible to provide some form 
of support for subclassing for Viewers. nos 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 =) Open Desktop; 
LeftShift Down = ) CloseOthers, Open; 
ENDCASE =) Open; 

DEL Down =) Delete; 
L Down =) Left; 
M Down =) TogglePos; 
o Down = ) SELECT ENABLE FROM 

Ctrl Down =) Open Desktop; 
LeftShift Down =) CloseOthers, Open, SetlnputFocus; 
RightShift Down =) CloseOthers, Open, SetlnputFocus; 
ENDCASE =) Open, SetlnputFocus; 

R Down WHILE Ctrl Down =) ResetDesktop; 
R Down =) 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. 

--~----~~~ 

n08 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: l. It frees both 
client and implementor from worrying !lbout 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 (Le., 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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Figure 54 

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 difficult t109 both because of the large number of files in Cedar and the requirement that 

versions of files must agree. tllo 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 (OF 
files). DF files contain information about versions of files needed by a particular application and their 
locations. There are several packages available for manipulating OF Files, of which the most frequently 
used are: BringOver, for retrieving all or some subset of the files specified in a OF File; SModel, for 
storing files on a server; and VerifyDF. for checking that the files mentioned in a particular OF File are 
all consistent. i.e .. that if two files import a common interface, they both use the same version of that 
interface. 

tl09 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. 

tllO 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 OF 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. [26J 

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 OF system was a major success in Cedar. Not only did it automate 
version control for system implementors, but users soon found OF files indispensable for managing their 
own private software. This was especially true for users working on public Oorados-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 OF 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 walited 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'' [8J. 

The OF 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. tIll 

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 oftemporary 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. 

tIll 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, I 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 placed less importance on various issues 
that are considered absolutely essential to the Lisp community.t1l2 

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 programming standards since it will already have served its purpose before 
then. [25J tID . 

Beau Sheil [27J 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)" [27J. 

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. t1l4 The type checking also gives greater confidence that when changes are made to 
programs. trivial new bugs will not be introduced. 

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

tIl3 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. 

t1l4 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'sJ mandatory checking mechanisms tend to introduce unnecessary 
overhead by requiring complete internal consistency at every step of the development 
process. [l1J 

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. I 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. t1l5 
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. t1l6 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 [16J: "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" 

t1l5 This philosophy of "go slowly. don't make mistakes hecause they are expensive to correct" seems to carryover 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. 

t1l6 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 problem, he (usually) can fix it on the spot and continue his debugging 
session with the fix now in place. t 117 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 d~tected 
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. tU8 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, t U9 compile it. correct syntactic errors (except 

tU7 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. 

tU8 the Interlisp editor operates on the loaded, structure representation of programs, rather than on source files. 

t1l9 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. tl20 The absence of an interpreter 
(something that has been corrected with Cedar) meant that the programmer also had to construct and 
debug test programs and data structures for exercising his program. tI21 If 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. t 122 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. t123 

tl20 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. 

tl21 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. 

t122 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. I 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. I 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. 

t 123 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 situ. 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 longer 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. 

t124 To take the example of fixing the ofT 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 Small talk. 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. t 125 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. tl26 

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. tl27 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 structure 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. 

t125 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. 

t126 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. tl28 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. 

t 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. 

tl28 Also, providing support for subclassing in Cedar would have been a very difficult task. 

XEROX PARC, CSL-83-11, JUNE 1984 



108 THE CEDAR PROGRAMMING ENVIRONMENT 

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[L1ST 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[L1ST 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 I 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-Iike 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 tipple 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 tokeep 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 la 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 

I nter-Ianguage 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 imp6rtation 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) 

Compilerlinterpreter 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) 

Regression 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 

ApPENDIX 1 

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-objectlpage 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 fa 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 

Compilerlinterpreter 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 

ApPENDIX 2 

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 

I nheritance/ 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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