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A rroblem of some derneral interest concerns the disrlay of rrodgram text om a CRT
SCreer. Usually =rogram text is verw large relative to the caracity of the cscreern.
50 the entire text carrot be disrlawed at once and some rortion must be selected ror
disrlay 3t any one time. Evern the rortion aof text that is currently relevant to the
user 1is wusually larder thanm the screem caracity, Althousn screen caf3citw  wWwilil
certainliw be increased in the futures the irmherent disrarity Detween screen and text
size will remain. Herce the sroblem of determining wnat rortion of text to disrlay
will contirnue to exist.

Although this eproblem is rerhars minor from the system desisner’s roirt-of-views
for the wuser it may nave sisnificant bearing on the overall utility of the system.
Current screern carzcitizs are verv amall relative to the information caracity of a
desktory and the interactive wuser musts in effectr learmn to work winile reeking
througn 3 kewnole at the text., This is mot an entirely natural mode of oséraztions
and inm manw situations thne lirmes om thne disrlay screen shnoula pe considered arme of
the limitins resources of interactive systems.

Condensation is clearlw related to the formatting issues of rrettusrimtings put
the two srroolems are rot identical. Frettyrrinting can pe considered the cnoice of
diselay format if seace were of po concero. Condensation is tne comeromise tnat is
necessary wnen seace is limitea.

The concert is not new., Certain editors =-- Farticularly those dealins with
nierarcnically structured obdects -—-- have proviaed various forms of condensation
[refs 758,91, The erocess nas variouslw peen called 'rooming' anmg  ‘holosnrastinzs®,
and 1is denerally descriped only in user‘s manudls. Fut the eproblem nas now become
more imrortant witn  increasime  interest in intesrateaq, interactive Frosram
develorment environments amd it merits serarate identification and discussion.

In order to dascribe the sroblem precicelus surrose  thnat tne total text inm
auestion consists of n linesy and that the screen can nisrlayw only k lines at 2
times wnere k <5 n, The =robiem for eacnh disrlay is to seliect those - limes from  n
that will be the most helsful to the user -- or more realisticallys at lezst the I
lines that tne user wants o =ee.

This work nas peen suserorted 1n sart py Lhe Natironzal Scrence Founaation grnmor arant
MUS 70N ISRy ann am mart ow ARFR onmier arani YO3-50-0-0 00,
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The simrlest and most oovious stratedy is to disrlay K contiguous. lines,
starting with some lime rumoer s» and offer the user various means for adeterminming
s+ Tygricel facilities include absclute siecification of s» srecification relative
to curremt sy and search facilities to find s such that the line contains a
srecified cnaracter string,

It is 3lso rnot uncommon to a3llow the screen to be dividged into multirle windowss
so0 that several sedments of text can be diserlaved simultaneousls. That iss tne k
available lines can be =artitioned into kls» K2y .4 » kd. Eut this neither solves
nor elimingtes the basic rroolem of selection. Even when windows are allowed to
overlar there are still J rroblems essentially similar to the orisimal rroblem with

an wunrartitioned screen -- choose ki lines to disrlaw in the ith sectiorm of the
screen, The onlw difference is that simce ki < ks evem more severe desrees of
condensation are required, Nevertnelesss with 1little 1loss of deneralitws our

discussion will isrore tne divided screem ortion and concentrate on the basic
#roblem of choosing k lirnes from n.

Our rresent epurrose is to consider selection stratedies in which the k lines are

waot ‘conmtisuous. That isy» we describe stratedgies that select k limes im such 3 way
that thew effectively sran and reerresent 3 block of m contisuous linesy where k <= m
= M A sesment of m text lines is thereoy 'condensed' into k disrlav lines. The

Fremise is that rnot 31l text lines are equally imerortanty amd that oy omitting some
less imrortant 1lines a3 larser block of text can be usefully rerresentedy .altnousn
not fully diselaved.

Basically condernsation can bpe effected only oy reformatting or elision.
Reformatting is essentially a3 matter of wusing some altermative comsact nisrlay
format for less crucial lines so as to conserve screen srace TOr the most imrortant
lines. For examele. 3 rrettyrrinted disrlay (with no concern for seace) of 3
conditional statement misnt be tne followins! :

IF (X < Y)
THEN DO3s
GET LIST(X)s
C=C+ 1
ENDs

An aslternatives vertically comract form mignt ne!
IF (X < Y) THEN DOy GET LIST(X)? C = C + 13 ENDJ

Althousn this latter form 1s sresumably less effective im showina comtrol structures
it is ooviouslyg more ecornomical of diserlaw limes, Conseruently one misnt sometimes
cnoose this form simely to incresse the size of the srosram  seament that .cam pe
instantaneousliy adisslavea. Howevery the cuestion pecomes teecnmically interestins
only if one 1s mot Torced to choose petween tihnese extremess out ratner Hnas  tne
ortion of disslawins  some sortion of 3 seement inm erettusrinted forms 2mA the
balance in some condensed form.

Elision 1% Jdust 3 variation or extention of reformattimns. Am ellirsis ecam  pe
substituted for some =ortiom of the text that is mot diseslswed., For examele!

IF (X < Y)Y ..,
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Some systems attemet to convewu some information a3bout the elided tewt -—- for
examrley information such as now many statements asre rerresented Lref 2]y or whethner
the_elided text contains irncomrlete or incorrect ~rosram sesments [ref 107,

If elision is allowedy arpitrarily lardge segments of text cam pe condersed to be
rerresented on a3 sinsie line. Ad93iny the auestion is interestins omly if this can
te arrlied selectively and denamically so that a3 focus is disrlaved in well-
formatted form and rerireral context is indicated in elided form.

1. Adutomatic Coodemsatiaon

A basic question is whetner effective condensation is rossiole without reuirins
any xrlicit effort on the rart of the user. That is» can 3 disesiay sustem pe made
clever eroush to manase condensation entirely automaticailuy derivimg clues 35 to
what sections of text are currently relevant from other commands and actiors of the
user? Mikelsons snd Wesman Cref 1] have nesidgrned and imrlemented such am  automatic
facilitsy in the context of a3 srodram develorment envirornment for FL/I erodrams
called FOEIL, Mikelsors nas serarately described thne condensation facility Cref 23.

This system a2lways disrlavs an entire #rocedure -- m is 3lwavys thne total rumber
of lires im the current rrocedure., This sustem automaticsliy iderntifies ome or more
focii of interests armd disrlaws text in the neishborhoecd of these focii im  fuils
rretturrinted form., Text some distarce from any focii is automaticalliv reformattes
and/or elided. The svstem always manases to elide enousin text so that the entire
Frocedure is rerresented in the disrlav. Since the current imrlementation uses an
IEM 3270 terminal wnere k is at most 24, the m/k ratio camn de auite large.

The Mikelsons-Wesman alaorithms sre inseniouss altnoush somewnat costly,

Substantial amounts of comeutation are requireds out it is likely that on modernm
rersonal systems such as FERQy SUM» AFOLLOy etc.s adecuate rower is available.

2+ User-Cautrolled Condeosatioo

An alternative is to sive the user explicit control over this esrocess. User-
controlled condensation is illustrated. pu two rrosram develoement emvirornments
imrlemented at Correll, The Tfirst of these (1978) was the Cormrell Frosram

Senthesizer Tref 4y S5y, 4J. The second is COFE C[ref 3J. FBoth these sustems also
surrort the develorment of FL/I srodramss so tne contrast witn FLELIL is direct amg
instructive,

+2 describe condensation in COFE  and  the Suntnesicers
acilities are similar in concests anmd essemtiallv 1liustrate
e tneme.

Sections 2.1 an3 2
resrectively. Thnese 7
two varistions on the sam



- August 12y 1981 4

2.1 Hierarcnical Condeosatioo

A condensation stratesy kewed to the nierarchnical contrel comstructs of the
lansuase 1is wused in COFE. The scheme uses two altermsative formats for the disrlay
of any seament of rFrosram text. ‘Exranded® form nas one statement rer. lime (using
FL/I’s definition of ‘statement®) arnd a strict indentatiom convention to indicate
the control structure. For examrles in exranded formr nested l100Fs woiid 3FPe3r 3s
follows?

ROW_LOOF: U0 I = 1 TO M RY 13
GET LIST(X(I));
COL_LOOF: IO J =1 10 N EY 13
' ACT»J) = R(Iyd) + X(I)j
ENDII COL_LOOF;
END ROW_LOOF;

COFE condensation is defirned in terms of srodram ‘units®. In exranded form 2 wnit
consists of a3my lines and 3ll1 lines immediatelwy followirms that are indented with
resrect to it. For examrlesr thnere are four units in the rested loors shown above!

1, The assidgrnment statement A(IyJ) = R(Iy»J) + X(I)s
2. The three lines of COL_LOOF.

‘3., The GET statement.

4, The six lines of ROW_LOOF.

A ‘comround unit' is any unit whichs» in exranded forms comsists of more than &
single line -- COL_LOOF and ROW_LOOF in thne examrle.

The ‘condensed® form for a compournd unit concaterates sll of its statements on 3
single 1limey with &all statements after the first pbeins elided, Using the examele
snown abovey if COL_LOOF was condernseds tne disrlav would serear as follows!

ROW_LOOF?: IO I =1 TO M RY 1»
GET LIST(X(I)); ’
COL_LOOF?! IO J = 1 TO N BY 15 ..
END ROW_LOOF;

If ROW_LOOF was condensed the entire sedgment would arrear as!
ROW_LOOF?: IO I =1 TO M RBY 1% ...

The user can srecify for each comround unit whether it is disrlaved in comdensed
or exranded form. This is accomrlisned by rositionins the screern cursor amd siving
a8 CONDENSE or EXFAND commanal .

CONLENSE . :
Condense the innermost exranden unit containins tne cursor-lire.

EXFAND
) Expand the outermost cormdensed unit identitied by the cursor-line.

Commanas in COFE are 3ssigned to srecial function kexsy so thne format of a
rarticular umit vdenoted by the rosition of the cursor) cam be 2lteren bty 2 sinsle

hewitroke,
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The format of each individual comround urnit can be inderendently srecified as
either condensed or exranded., Condemnsation of a3nm outer unit masks the state of its
contained units out does rnot cnange the ndisslay state of thnose umits.

An imrortant characteristic (coried from the Sunthesizer) is that the disrlay
state of wunits 1is relatively rermanent -- tnat is» 1t is a3 rrorerty of tne stored
version of tne text amd rnot the adisrlaved version.

By giving the CONLDENSE command rereatedly without moving the cursors tne wuser
can eprosressively condense nisner levels of the srodram. In the examrle 3o0o0vey if
the cursor is on the assierment statemernt tne first CONDENSE condenses COL_LOOF and
the cursor is on the COL_LOOF linme. Another CONDENSE condenses ROW_LOOF and leaves
the cursor on thne ROWU_LOGF linme.

Converselusy rereated EYFANDs rrodressively diseslayg more detail of the =rosram.
EXFAND 1is an exact inverse of CONLENSE., From anyg initiasl rositioning of tne edit
cursory c consecutive CONIDENSE commanads can he followed by c© consecutive EXFAND
commands to restore tne disrlay to its origsinal state.

For examrley 3 section of tne command rrocessor of COFE misnt look 1like tne
following if the reader was Ffrimarily interested in studvwing imrlementation of the
UNDO commanda?

EXECUTE_COMMAND: SELECT(CMD) s

WHEN (CC_INSERT) DO% o4

WHEN (CC_REFLACE) LOs% +..

WHEN (CC_FETCH) DO% 44

WHEN (CC_UNDO) DO
/XX Restore rile rages from checkroint Tile X/ ...
CALL FOF_CHECKFOINT:
CALL REDRAWS
CALL DISFLAY_MESSAGE(MSG_.24)5
END5

WHEN (CC_RELDQ) DO% s

For examele» surpose the cursor was rositiorned on the ‘Restore file sages® iline.
Thern tne EXFAND command would reaoraw tne screen from tnis roint downs exranding tnis

unites adisrlacing other limes to make room. On the otner nandy CONDIENSE wouln
concense thne *WHEN (CC_UNDQ)* wunit that containms the cur<sor lirmes making room fTor
five additional lines to move wus onto the bottom of the dissiaw, A secona CONDENSE

woula condense the entire EXECUTE_COMMAND umit ana the niserlay would pe simelyl
EXECUTE_COMMAND: SELECT(CMID S 4.
five furtner lines would oe brousnt ur onto the bottom of the screen. Continuen

CONDENSESs woila eventually cornaense the comslete srocedure tnat contains
EACCUTE_COMMAaND to 38 single 1ine,
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2.1.1 Condensation Iuring Frosrawm Executioon

Hodern intesrated enviromments such as the Sunthesizer and COFE are not Just
editorss ‘they also n2ve the 2bility to execute the s=roaram under develoermert. KRoth
of these swstems carm switch easily nack arnd forth between editins and executions can
execute eartislly-comrieted eroaramss ang c3n dunamically trace the rrosress of
2ecution.  Thne rro=2ram is traced oy aAlsriaving (on efart of tne screem) tie srogram
texty with a2 cursor that moves to snow tne current locus of execution. Althoush
scrolling of this trezce window is automatics too freeuent chanse in this window
areatly diminishes its wusefulness, Herice conoensation is at least 3s imrortant
guring sucn tracins as aurins editins.

.

COFE eprovides slishtle stronger forms of condensation for execution tham for
editing, This 1is rnecess2ry bhecause the +trace window serierally has fewer lines
available than tnhne edit windows and rossible pecause thne trace window rneead rot
disrlay the same level of detsil 3s required durins editins. For exameier ENL lirnes
convey no wuseftul inTormationm ebout the rerosress of executions so thew are
automatically omitted from the +race disrlaw. Similarlyy declarations a2re not
really executable statements so thew are also ocmitted. '

The condernse/exrand alterrnative formats a2rply to tracing as well. as the edit
screeny. but durins execuiion the user nas the fTurther sbiiity to limit the dertn of
tracing by means of a8 TRACE statement. For examrley TRACE(I) 1l1limits the trace
disrlay to limes that would arpear at the first and second indentation levels
berneath the rrocedure nheadins., This does not charmse the condense/exrand status of
any units it is surerimrosed on that facility., For examrles consider tne followind
seasment !

TRACE(S) s
/KK Set X =Y KX Z %/
ROWS: L0 I = 1 TO N BY 13
COL: L0 J =1 TO. N RY 13
X(Ied) = O3 ’
SuM: I'0 K = 1 TO N RY 13
X(Ivd) = X{Isd) + Y(IsN) kX Z(KsJ)s
END SUMs
END CDL s
ENL ROW3
/%% Transerose ard normalize X X/ ...,
/%% Disrlaw X in row maJor oroer ¥/ ...

This would aprear 3s Tollows in the trace winadow!

/XK Set X =Y ¥ T %/
FOW: LG T =1 70 N BY 13
COL: DD 4 =1 TO N RY 1»
ACivd) = Uy
SUUM: 0 I =1 TO N BY 13
/XX Transerose ard rnormalize X X/ ...
%% Illgerlzas a1 1M row mador oraer X/ .«

TRACE(C) comrleteiv sureresses the tracing of a2 ereccadure, Note that TrRaCE is =
stalewends S0 11 C°a2m De 1ncigded 1n the text of a2 mrocesgre wnhich canm then comtrol
1ts own erecution diselav. cin COFE ane st=temernt c23n 3lso bpe everten

——————— 115 s ¥ @ e At
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*immediately® from thne terminal.)

There is also rrovicion oy wnicn tne sreed of execution canm pe limitea by tne
granularity  of the trace disrlay, That is» eacn line of the trace is consinered 2n
atomic unit for executions and rate of execution cam be limited so the time =er unit
will rot be less tham a2 seecified number of milliseconds. Consecuentlyy low-levels
surrressed Trom the trace disrlay can be executed a3t full csreedy wnile tine arrarent
rate of execution (as showmn in tne trace) can be readily controlled,

2.1.2 Coodensatioo of Comeslete Erosirams

The value of condensation during imitizl srogram develorment 1s obviowus. The
user can condense sections that are comrletedy inmactives or momentarily unimeortant
for any other reason. This makes tne screen more efrective for tne sections of
immediate interest, Condensation would 3lso be wuseful for comrleted srosrams. It
misht be a nelsful eractice tao leave 311 but the tor two or three levels of 3ll
largse #srocedures 1in condensed form to facilitate ‘*nhierarcnical readimg*. For

“amrles

COFE! FROC OFTIONS(MAIN)} :
/%X Sustem adata structures and comtrols X/ ...
/%% Imnitialize for mew terminal session X/
/XX Restore all working files as of erna of last session %/ ...
/%% Recreate final disrlay of last session X/ ...
/XX Fromset user for first command X/ ...
/%X Frocess user comanos X/
CMO_FROCESS: DO UNTIL(CMD = CCODE_QUIT)»
CALL GET_COMMANLI(CMIN) »
EXtCUTE_COMMAND ! SELECT(CHMDIS 44
END CMD_FRQOCESS»
/%X Terminate session X/
/%X Cleanurs close and save working files X/ ...
CALL DISFLAY_MESSAGE (MSG_TERM) s
RETURN?

/%X lefinmition of Frocessing Routines X/
GET_COMMAND S FROQC(CHMIND G o4
MODIFY_FROC_TEXT:! FROC(FROC_NAME» FOS_FTRy INFUT)? +4o
EXECUTE_FROC_TEXT! FROCI(FPROC_NAMEy ENVy EXEC_FTR)I? 44
/%X Secondare Routines X/ ...

END COFES

Here a srocedure or several thousand lines nas peen condenseqd so 1t can oe disrlawed
on & sinsle screenr and wet ootn the cormtrol structure and the textual orsanizstion
of tne srogram are clearly rresenteaq, Wnen 1t cecomes necessary to reaad Loe srosrem
for maintenance work 1t 1s relativelw eagsy Lo scan tne text to fimo the 2esroserizto
cections and Nierarcnically exranad tnat section to find some indivioual statement or
sesment .,



- Audust 12, 1981 8

2,2 Coudensation Based oo 'Statem=ot Cowments®

The essential ideas of this form of condensation were all rresent in the Correll
Frogram Suntnesizer, That 1issy the user could choose netween exranded and elided
disrlay formatss the format <crecification was relativelw rermaments arnd  the
condensation was used in both editing and execution tracing. Howevers condensation
in the Synthesizer was deliberateliw limited soiely to stiatement comments, That is»
8 comment - used as & hisn-level srecification of obJective is tne only ture of
comround <tructure whose content can be elided. For examrley 3 segment in exranded
form misht look like the following!

/XX Read N and load X(1!N) from data X/
GET LIST(N);
00 I =1 TO N RY 13
GET LIST(X(I));
END»

In the Synthesizer this can be condensed/elided to the following:?

/¥¥ Read N and load X(1!N) from datas %/

LIS

The Suynthesizer has 3 sindle ‘condernse/exrandg® command that reverses the disslay
state of the statement comment denoted by the screen cursor -- exrands it if already
condensedr condenses it if in full srrettyrrintes form.

Teitelbaum Justifies the restrictiom to comments on two drounds., First» when
tex is elided the commeni srovides a clearer indication of the surrose of the
omitted limes tham Just the first line of the elided wunit. Secondy  since the

S¢nthesizer was desisned to be an instructional sustems coercion of the Frogsrammer
toward increased use of nigsh—-level functional srecification is inm itseif wvaiusple.
Realisticallyy tnis restriction of condensation to comments mesns tnat a certain
amount of retroactive commentins is reaquired whem it pecomes arrrorriate to conrderse
the diserlay, This is not difficult to do in the Synthesizers out it esrobably means
that condensstion is sometimes rot used because it 1s Just too mucn troubie.

Other asrects of the condensation facility in the Sunthnesizer reriect the
exrectation that it will erimarily be wused for relatively small srosrams., For

xamrles 2 serarate line is used for thne ellissis in the conoensed  format, This
rerhars indicates more clearly that text has been omitted, and can pe tolerated wien
the m/k condensation ratios are riot exrected to be larse. Similarlyy it was not

telieved recessary to take advantase of tihe orrortumitwy for areater condensation
during execution tracina» and thne rossible confusion of navins two aifferent
disrlays of tne same text could thereow be avoided.

The decision to use 3 sinsle command in the Synthesizer to invert tine formats
ratiner tnen serarate commands to condense and  exFrands makes 1t slisntiy more
dirficult to rrosressively exssnd or cormdense the Giselaw. With thnis scheme. . the
cursor must be rerositioned for each successive condense or exran.
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3, Cooclusioos

Thnese tnree sustems illustrate a useful idear 3s well as two significantly
different arrroaches to its imslementation. Of the threey only the Syntnesizer is
realls comrleted and in sroduction service. It has been wused for more thnam two
gyears at Cornell and several other universities by thousands of students., its wuse
todate nas been entirely Tor i1ntroductore imstructionms so tnNe srosrams  neve  renden
to be small and the users have peern unsorhisticated, To some extent tne desien of
the condensatiorn feature was deliberately tutorials ratner than ortimally
convenient. Nevertineless,» tne condensation feature is usedy so students sresumapnly
consider 1t valuabley 3nd thew maw in the eprocess have develored <slightly better
hadtits redardins rrosrasm documentatiorn than would otherwice nave been the case.

The COFE condensation facilities are simrly miror variations of the concerts
illustrated oy the Sunthesizer. To wnat extent» arnd for what tyre of usey tnese
mignt be imerovements remains to be determirned by actual user exrerience.

There is no Question but that some form of condensation is a useful facility 1in
any screen-oriented interactive sustem wnere m lines can only be viewed k at 2 times
and k is substantislly smaller than r., The real questiorn is how to achieve tne
condensation and now to control the esrocess.

The choice netween automatic ana user-controlled condensation is only soim3 to
be resolved by extensive user exreriencer and it is likely that the conclusion wili
pe that there are differenmt circumstances urmcer which eacn of these alternatives 1c
aavantageous, The issues will be simely how much effort is requiresd for user
controly and how well automatic condensation can infer the user’s reeds and  intent.
There 1is alsos of courses the mocsibility of comeromise. A semi-automatic svsiem
miant allow the user to vary erarameters and set modes <o as to srovide some guyiadance
2nd exercise some control over condemsation» without navins to comrlietely marsze tne
FTOCESS.,
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