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Abstrct

This disscrttion dcscribes a programming tool. implemented in Lisp. callcd SCOPE. The basic

idea behind ScoPE can be stated simply: SCOPE analyzes a user's programs. rcmembers what it

sees. is able to answer questions based on the facts it remembers. and is able to incrcmentay
update thc data basc when a picce of thc program changes. A varicty of program infonnation

is available about cross rcfcrences. data flow and program organi7.aticil. Facts about programs

are stored in a data bas: to answer a question. SCOPE rctrieves and makes inferences basd on

infonnation in the data base. SCOPE is interactive because it keeps track of which par of the
programs have changed during the course of an editing and debugging sesion. and is able to
automatically and incrementally update its data bas. Because SCOPE perfonns whatever re
analysis is necesry to answer the question when the question is asked. SCOPE maintans the
ilusion that the data bas is always up to date-ther than the additional wait tie. it is as if
SCOPE knew the answer al along.

SCOPE'S foundation is a representauon system in which propertes of pieces of progras ca be

expred. The objects of SCOPE'S language are pieces of progrs, and in par.

definitions of symbols-.g.. the definition of a proedure or a data strcture. SCOPE doe not
model propertes of individua statements or expreions in the program: SCOPE knows only

individual facts about procedures varables data strctures and other pieces of a progr
which ca be asigned as the definiuon of symbols. The facts are relauons between the name
of a definiuon and other symbols. For example. one of the relauons that SCOPE keeps trk of

is Call: Call(FNl'FNil holds if the definiùon whose nae is FNi contans a ca to a
procedure named FNi"

SCOPE has two interfaces: one to the user and one to other progras. The user interface is an

English-like command language which allows for a unifonn command strcture and convenient

defaults: the most frequently used commands are the easiest to type. All of the power avaiable
with the command language is accesible Jirough the progra interface as well. The
compiler and varouš other uulities use the progra interf~"
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Prefac:e

Th disseriuon is based on work thc author did as pan of the 11'TERUSP system (Teitelma

et aI. 1978). and in parcular. thc MAS1RSCOPE facilty. MASTSCOPE was designed and
implementcd enùrely by the author. lbe basic idca for MASlERSCOPE was originally suggested

by Warn Teitclman and a preliminar non-incremental version (called I:\TERSCOPE) was.' l
lhlplementcd by Philip C. Jackson: a tre strcture display program (called PRINTUClRE)
had previously been implementcd by Danny Bobrow. MASTSCOPE was first completed in
1975. and has been in use by many INTERUSP users since then. The systcm desribcd in this
dirttion. callcd SCOPE, is a generaizuon and extension of MASTCOPE. Whie
MASTSCOPE was designed to be a robust tool for use -by a lai:ge community, the emphas in

the desgn of SèOPE ha been on improved funcùonal. capabiliùes: some of the effciency and

robustnes has been sarificed for its additional capabilties There ar currntly no plan to
make SCOPE generay availe.

~

This work would not have been possible without the help of many people. I would like to
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encouragement;
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Chapter L-Introduction

1. MoTIV A TION

It is well known tht roftware is in a desper.le runc. It is unreliable. delivered late. unreve
(0 change. ineffcient and e:tpc~ive. Furtermorc, ~incc ii IS currenily lahor'iniensi\'e. (he situation will
runher deteroraie as dcmand incr"C and lahor co!\\ rise. Thus the industry r:iccs one of tw
choices: citJer increase ihe 1'mducti\"y 01 highh I rained, carefully 5dccled !ilislS or reduce the
trning reuiremenlS through aUlOmauon. (hereby broadeing the bas of qualfied users ¡Bazer 1975)

Programing is costly, measured by almost any mctrc. In partcular. the amount of
moncy spcnt annually in the Unitcd S~tCS on software mcasures in the bilions. ReceIitstudies
have shown that thc major expense is in maintaining existing progras rather than in wriung

new ones (lientz et al. 1978). Software is modificd either to currect mistakes in the original

implementation. to repond to new clements in the environment. or to improve performance or
maintanabilty. Such acåviues ar reportd to consume as much as 75-80 percent of systems

and programing resurces Regrdles of these facts many resarchers intereted in reducng
the cost of softare prouction do. not addres thc issue of modification of complex exisg
. progras but instead focus on initial progr dcvelopment.

Currntly. there ar two major themes in improving softwar proucton: improving the

stncture of the resulting softwar (to improve matltiinabilty and reliabilty). and automang
pan or al of the tak. As with other labor-intensive endeavors it is thought that automauon

might improve the softar prouction situauon by reducing mistaes and incrng
prouctivity. Efort in progr automation fall along a specm with reect to the deg of
automauon. While the goal of complete automation of the prograing tak is laudable. such

an approach is fa frm proucing praca rcsults (Bazer i 975). The alternative is to provide
tools which aid the progrer in the production and maintcnance: of softar. The set of

tools available to a programer form pan of the programing environment:

In nor usc, the word -enviromeni- rcferi iO the "aSlIrcg.te .of.so and ailtu
cotions tht inl1ucn~ the life of an individual. - The: prolr.mmer:s environment inl1uena: to &
laiie cxtet detcmines what son of I'roiem'l he: c: land ..111 wani '101 (a,i.;c. how far he Ca go. and

how fast If the: c:n"ironmeni is "coper.tive. :ind "helpful"-lhc intJrol"C1moJlhlsm is deliber.tethen
the: pl'ramer c: be more: ambitious and producti\.e. If not he ...11 ~f1end most of his tie and

cnc:y -righung" the S)St. which at lies seem.. hent on fnistriins hi~ besl cffon.\. rreiieJman 1969)

Whether a programmer is dealing with a toy problem or a highly complcx one. there is
widespread realii.ation that. for any uscrs of computers the programming language and its

compiler is only a small pan of thc cnvironment with which the programmer must deal; a
comp/ttt progr.iming environmcnt would include a vanety or ;iJJitjonal systcm aids and
supportivc faciliiies. I~TERLlSP is an examplc or a programing emironmcnt which attempts

. to he woperative and helpful by providing t";ciliiies and aids wliicli work with. nol against. the

programmer:



Cb:iptcr 1-lnlrocuction

The concept of a programing environment has added new dimensions to software res
Wilh tle advent of inieractive use of computers a programer ca pacipaie actvely in sofiwae
design and development It is no lontter realistic to view programing. as a proces of diste stps
sing at compoition. then alternaiin¡t betwee submittals and debugging lIe rcslis Insied it
becmes a dynaic proces with unclea demacations. Recent programing systems specficaly
designed 10 opeie interactively. ihe best cxample of which is I'iTERLISP. eiicmplify Ulis concept by
also iaking an active role in UlC programming proc. INTERLISP not only provides iools to the
promer, but it alo "watches" over the proc. giving aid whcrc ii ca by detecg loc errrs
and providing numerous "smrt" commands to hide unnecesry programing dctals Only a limte
attept is made. however. LO "undcrsd" lhe progr ¡Wilczynski 1975) ..

The goal of this work is to extend the I"'TERLISP environment to "understad" the

program. lñe parcular problem addresed i~ mainly that of maintenance of lare
systems-larger than can be comprehended in a single gestalt. The tools described here allow

the programer to intcrauvely inquire about relationships between pieces of large progras
without requiring the programmer to understad the whole. In this way, an attempt has been
made to break the "complexity barer" (Winograd 1975): the limit of the size of the system
with which a single programer is able to deal. The sae tools can also be used in severa
other ways. For example. some of the infonnauon they gather is also useful in improving
compiler optition.

I:

1.2 OVERVI

This dirtuon desribes the implementauon and chareristics of a prograing tool

caed SCOPE. The basic idea behind SCOPE ca be stated simply: SCOPE analyzes a usts

progr remembers what it sees, is able to answer questions basd on the facts it remember
and is able to incrementaly update the data bas when a piece of the progra changes A
varety of progr analysis techniques are use to extrct different kinds of infonnation frm
progra: examples include cros reference infonnauon, flow analysis, data type inference. and
program maintenance history. Facts about programs are stored in a data bas; quesuon

answering takes the fonn of retreval and inference based on information in the data bas, The
interative ,nature of the 'system is maintaned . 

becuse SCOPE kees trk of which par of the

progrs have changed during the course of an ediung! debugging session. and is able to
automatically and incrementally update the data base. SCOPE maintans the ilusion that the

data base is always up to date, because SCOPE perfonns whatever re-analysis is neces to

anwer the question whenever a question is asked. Other than the additional wait ume, it is as

if SCOPE knew the answer all along.

SCOPE'S foundation is a representation system in which properties of pieces of programs

can be expressed. R~presentation systems are characterized by the entities they describe. the
k.ind of facts they can contain and the manncr in which the facts are derived. i1ie objects with

which SCOPF. deals arc pieces of programs, and in particular. definitions of symbols-c.g., the

2



(,lip.~r I-Iniroduclion

definiuon of a procedure. record type or macro. SCOPE does not modcl propertes of individual
statemcnts in the program. the micro-syntax of symbols, or the prcsncc of fonnatting: SCOPE

knows individual facts about proedure varables data suucturc and other pieces of a
progra which can bc asigncd as thc definition of sYmbols. The facts arc rclations betwee
the name of a definition and othcr symbols. For examplc. one of the relations that SCOPE

keeps track of is Call: Call(FNl'FNil holds if thc dcfinition whose name is FNi contans a
..

caJl to a proccdurc named FNz. lñe class of facts which SCOPE can rcmcmbcr is genera

enough to encode the results of many kinds of progra analysis. However. it is not the ir~st
genera imaginable: for cxample. intcuve verificauon systems (Moriconi 1978. Deuts 1973)

often allow asrtons which involve quatified expreons

SCOPE employs several different kinds of progr analysis techniques to extr

infonnauon frm the users progrms. While progr analysis is itself an importnt topic of
invesugation. the emphasis in this dissrttion is on the mechanism for providing asistace to
progrers rather th on the analysis tecniques themselves

Interace to ScPE

The SCOPE sytèm operate within the INTUSP environment. During a working seon.

as the user is ediung and debuggg a progr the us communicate to SCOPE vi a
commad language (Figure I-I). SCOPE is able to analyze the progra the usr is debuggg

and store a data base of fats about it. SCOPE use ,the data base to answer the usets quesons

edit

comma

. quer

Program Data base

Figurc i-i-o"crvicw .of SCOPE

3



Cbaptrr I-Introduction

SCOPE has two interfaces: one to the user and one to other progras. The user interface

is an English-like command-language which allows for a unifonn command strcture and

convenient defaults: the most frequently used commands are thc easiest to type. All of the
powcr available within the command language is accesible through the progra interfe as

well. The compilcr and various other uuliues use the progra interface.

1.3 WHAT ScOPE CAN DO

SCOPE makes available several different kinds of infonnauon about programs, such as
cross reference infonnauon. data flow infonnation (including summary infonnauon about
varables. side effects and data types), and filing informauon. lbe infonnauon SCOPE provides

can be used in several ways. For example, SCOPE can help the programmer to undcrstand an

unfamilar progra or to check for programming errors. This secuon is intended to give the
reader an overview of thc kinds of infonnauon that SCOPE provides and of applications of tht

infonnuon.

Cross reference

Informuon about the locuon of references to symbols is caed cro referece

information. Such infonnauon is usful when tring to understad or modfy a progr. For

exaple. a progrer who has changed a proedure BRK might want to find the plaes

where BRK is used. In ths siniuon, the progrer ca merely ask the queson:

... WHO CALLS BRK

and reeive the reons

(COMMAND SPACE LEADBL PUTWRD)

which lists the. places where BRK is caled. At no tie during an interactive seon is the user

reuired to do anythng special to make sure that the results are up-to-date. The only visbl~
effect that changing the progra has is that the resonse to a command to SCOPE might be

returned more slowly if much of the progra has changed since U1e last tie a question was
asked. Thus. if the user edits SPACE and changes it so that it no longer calls BRK, ScOPE

would subsequently resond with (COMMAND LEAD~L PUTWRD).

Cross rcfcrence informauon can be used to drive the INTRLlSP cditor so that, if one
wants to changc the way a ;Jicce of program works, it is simple to mak.e sure that all of the

uses of Ulat pil.ce arc caught Changing a data strcturc type is simplified by thc abilty to
dircct thc editor to those places which rcference the pans of that data structure. For example.

4



C1p.er l-ln'rocuction

~ EDIT WHERE ANY FIELD OF COMTYPE IS USED

wil invoke thc 1!''TERLISP editor sequcntially at those places which rcference any ficld of the

data strcwr type named eOMTYPE. giving thc user the opportnity to explore or modfy the
picce of progra which contans the reference:

GETVAL:
(create eOMTYPE TYPE ~ ARGTYP N ~ (eTOI aUF))
tty:
· ...interactive edit seson
.OK
FORMA TSET:

(fetch TYPE of VAL)
tty:
· ...interactive edit sesson
.OK
(fetch N of VAL)
tty:
· ...interactive edit sesson
.OK

The user is led sequentially thugh all of the references to the fields of COMTYPE: at eah
loction. the editor pauses to allow the usr to explore the surrundings modify the progr
or perform oU1er aconsven to (recrsvely) invoke SCOPE

Flow information

... the apücaáons ror inteura da now anysi which ar unrte to opti an
or rar grter imponace th GO improvement. Mos or thes applicitions rela to the de of
progi erors pro cIoii and improved laiuae degn (Ba 19

Another kind of infomiuon of which SCOPE keeps trk relates to progr flow. Aow

infonnauon reflects the dynamic propertes of the exection of progra while crss referece

infonnation relates to the ~tatic interrelauons of the strcture of pieces of progr

indepcndent of progr execuuon. (It is possible to "understand" cross reference even for
non-cxecutablc languages e.l. one data stcnire tye can reference another.) The flow

information which SCOPE computes includes the ways in which one proedure might ca

another. and the location where varables are bound. used. and assigned. Flow informauon ha
many applications: for example, flow propertes can be uscd for detccting programing errors

in aiding compiler optiizauon. and to provide useful information to thc progrer.

One common error in INTRUSP progras arscs from misiise of free variables. A free
variable is used in one procedure and declard in another: i.e identity of the varable is

. deLcrmincd by the run-time contcxt of the use. Detecting free variable errors is diffcult for a

programmer becJuse it oftcn involves cxamination of large portiuns of the program. SCOPE'S

flow information. which includes thc location whcre variables ;irc used trcely, where they are"
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Giapier I-Inlroduciion

bound. and the possible calling chains. is suffcient to detect the possibilty of a free varable
error. At any timc during thc program dcvelopment proces. the programmcr can ask SCOPE to

check for frce varable errors using the CHECK command. For example. the command

~ CHECK FORMAT

might result in the waring:
ii r

BLANKS is used freely by SKIPBL, which can be reached
an entry. without BLANKS being bound.

f rom INDENT.

This warning messge means that there is a possible dynamic callng path which ca reac the

procedure SKIPBL in which the variable BLANKS is not defined.

Side effect infonntion

A parcular kind of flow infonnation which SCOPE provides is a summar of the side

ejJcts of procedures: SCOPE ca detennine. for a procedure. what types of data strcnires

might be changed as a result of a call to that procedure. The clasical use of side effect
infonnation is in program opumization. Many code trsformauons in an opumizng compiler

have preondiuons which are expresd in tenn of side effects and uses. In a language such as
Lisp which is strongly oriented toward short procedures. interprocedura infonnation is
importt when making code improvements

For exaple. the progr frgment:

(VAL~(GETVAL aUF))
(CT~( COMTYP BUF))
(DOCOMMAND CT VAL)

ca be rewritten as

(DOCOMMAND (COMTYP BUF) (GETVAL aUF))

if the varables VAL and C i are not used subsequently in the progra (or by DOCOMMANO)

and the expresons (COMTYP aUF) and (GETVAL aUF) ca be exchanged.

,

Type information

Yet another kind of information which SCOPE is able to provide concerns data types In

LIsP. variables do not have data type dcclarations asociated with them: rather. the objects that

are passed as the values of varables, storcd in ficlds of rccords or rcturned from procedures
may have data types associatcd with mcm. Even though" Us!' (usually) has no type
declarations. it is often possible to infer from the code somc restrictions on the possible ranges

6



C1'apier l-lnlrocluction

of varables If a "data tye" is constrcd to be a range of possible valucs (one of the may

possible intcllrctauons of "data type"). thcn SCOPE can be sad to perfonn data type inference.
For exple. SCOPE ca infer that the proedure:

( PUnlN
(LAMBDA (BUF OUT)

(for X in BUF do (PUTCH X OUT))

expccts BUF and OUT to be a list of charatcrs and fie namc respectively, and that PUTLIN

returns NIL. Thc type declaruons which ar so inferred arc useful both as infonnauon to the
progrer and as possble addiuonal infonnauon to the uSP compiler.

1.4 DFSGN Plm.SOPHY

The most importt constrnt on SCOPE'S design was that it should be a pratica tol of
genera uulity for us with alost all INTUSP progrs. In the cours of designing SCPE
. seera ises have ar whic have cruca1y afccted the way in which the syst work

This seon lays out some of thos design constris

NolIiDtte

A tol shoud not get in the way when it is not neeed Prgr anysis tols whi
reuire the progrer to input a lae boy of asertons about the progr in adtion to

the progr itslf wil1 not have muc succes as praca proing tols bese the
asons play no pan other th errr checkig in the progra development proes Th
cla ha be parly refuted by the incring popularty and succes of progrg

languges which enforce soia type checking such as PASCL. ALGOL 68. and MESA (Geske,

Morrs & Sattertwaite 19761. However. declarations in those languages contrbute to progr

effciency and aid in strage management as well as providing for static checking.

In adding progra inference capabilties to an existing language. it is importt not to
add to the burden of prograing. A large progr is in fact a mine 9f

informauon-infonnation which any competent progrmer might he ab!e to infer. given
suffcient tie. The goal of this work has bee to embody that capability within the
programer's mecanica asstat. It is possible to build an asistant which ca infer
relauonships from the progra as writtn without requiring the user to make addiuonal

asrtons.
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