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The Automatic Generation of Syntax Directed Editors

B, J. MacLennan. 20/10/29.

1. Introduction

Recently many programmers have discovered the power and con-

venience of a syntax-directed editor (also called a language-

oriented editor or a structure-editor). A syntax-directed editor

is specially designed for creating and modifying nroqrams in one
language. This is in constrast to a conventional editor, which
treats a file as an amorphous seqguence of lines or characters.
Since a syntax directed editor 1is tailored to a specific
language, it can be much "smarter”, that is, it can incorporate
knowledge of the structure of the lanquage. For instance using
an SDE (syntax-directed editor) it is simple to get from the then
part of an if statement to the corresponding else part. This can
e difficult with a conventional editor, since the else may be
any distance from the then and there may be any number of other
if statements (each with their own then) nested hetween. Cther

2dvantanges and implications nf S"Es will he Aiscussed later.

SCEs are not a new invention. One of the earliest (197n) is
the FCL "list structure editor" (21, which made use of the fact
that EL] programs were parsed on entry into a LISP-like 1list
structure. Henceforth all editina was performed directly on this

list structure. When a user wished to display a part of his opro-

. aram text, it was “"unparsed" from lists hack into ELl source




text. More recent examples of SDEs include those in Smalltalk
{13}, the Cornell Program Synthesizer [10], Interlisp (11, 127,

Gandalf [8), and others.

This paper describes an algorithm for automatically generat-
ing an SDE for a language from a Adescription of that language.
More precisely, it describes a 1language-independent algorithm
that works with a straight-forward encoding of the grammer to
perform syntax-directed editing. Aside from the convenience of
an SDE, we find that the SDE is a very efficient parser and that
the grammer can be encoded with a minimum of effort. Hence we
seem to have most of the advantages and few of the disadvantages

of a conventional parser.

2. Example Session

So that the reader may better understand the operation of
the system, we present in this section a short example of a ses-
sion with an SDE. Suppose the following program has been entered

into the system:

found := false;
while (i<n) and not found do
i := i+];

if t = n then <stat> [else <stat>];

v -
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In this example, we wish to replace the statement i:=i+l

with

if key = List[i] then
found := true

else i := i+l;

The cursor, °, indicates that i:=1 is the current node, or focus
of attention, of the editor. By pressing the right and left
arrow keys on the terminal (=>», &) we can move forward or bhack-
ward in any sequence. Therefore, by pressing => twice we can

advance our position to the while loop:

i = 1;

found := false;

while (i<n) and not found do
i 2= i+1;

if i=n then <stat> [else <stat>];

From this position we can treat the while statement as a whole.
For instance, we <could delete it, or move it elsewhere in the
program. In this case however, we don't wish to treat the while
as a whole; rather we want to change its do part. That is, we
wish to deal with the substructure of the while. This is accom-
plished by pressing the Aown-arrow key (*), which vositions us at
the left most of the while's components. (Zbserve that the while
has two components, °'(i<n) and not found', and 'i:=i+1'.) The

result is:

oA e




found := false;
while (i<n) and not found do
i = i+l1;

if i=n then <stat> f{else <stat>};

Since we really want the second component of the while (i.e. its

body, or do part), we hit the - key once.

i := 1;
found := false;

while (i<n) and not found do

if i=n then <stat> [else <statd>];

Since we wish to replace this statement, we will press the delete

key (DEL) to remove it. The result is:

i := 1;
found := false;
while (i<n) and not found do

{stat>

-

if i=n then <stat> [else <stat>];

Notice that in place of the deleted statement, ‘'<stat>' has

appeared. This indicates the syntactic cateqgory expected here,

g, o
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namely a statement.

All of the commands executed so far are universal, i.e.,

they apvoly to a program in any language. The commands used to

]

enter a particular statement (li in this case) are npeculiar to
the language and are indicated in the gqrammar. 1In this case we
will assume the 'i' key indicates an if-statement., After press-

ing this key the Aisplay will show

i = 1;

found := false;

while (i<n) and nnt found Ao
if <exp> then <stat> [else <stat>];

-

if i=n then <statd> f{else <stat>];

Notice that the cursor has been positioned ready to enter the
first component of the if, the condition. Since this is the only
line of the display that will change for a while i* is the only
one that we will show. For the condition, we wish to test for

equality, so we push the '=' key:

if <exp> = <exp> then <stat> lelse <stat>};

A

The first expression is a variable name. Since these are so ~>n-

mon, they are nroduced by the space bHar:

{f <chars> = <exp> then <stat> [else <stat>) ;

~

3}
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The '<chars>' indicates that we may enter any string of charac-
ters, terminated by a carriaqe return. We enter ‘'key',

carriage=-return:

if key = <exp> then <statd> [else <statd>];

-~

Notice that the cursor has automatically advanced ¢to the next

free slot in the structure.

Next we type '[', 1indicating that a subscripted variable is

requested:

if key = <id>[<exp>]" then <stat> [else <stat>];

~

and the space-bar, 'List', carriage-return:

if key = List[<exp>] then <statd> (else <statd>];

and then space, 'i', CR (carriage-return):

if key = List(i]) then <stat> f[else <stat>];

-~

Now, we wish to enter the assignment 'found := true'; assignment

statements are requested hy the 'a' key:




if key = Listli) then

<vard> := <exp> [else <statd>];

-

We enter space, 'found', CR:

if key = List(i] then

found := <exp> felse <stat>1;

Next is the ‘%' key, for 'true':

if key = List[i] then

found := true [else <stat>);

It should bhe obhvious how this process continues. To com-
pletely enter the if statement requires the following key-
strokes. (' ' indicates space-har and '%' indicates carriage-

return.)
i= keys$[ Listy i%a_found3ta_ i%+_i%%1%

It can be observed that the order of keystrokes has a prefix fla-
vor ahout it,. This is hecause this method of program entry is
completely top-down - even to the expression level, It is quite
natural, however, when adequate feedback is orovided throuqh the
Aisplay. It is interesting to note that the above command

sequence requires 37 key-strokes, while the usual method of typ-

ina this if statement requires 43 or nmore:

[y oD




if key=List[i] _then_found:=true_else i:=i+l

Some other aspects of the interface should be discussed. It
will be recalled that we deleted the statement 'i:=i+l' and then
inserted the if statement. This regquired reentering ‘'i:=i+l",
While this 1is not important in this case, it could have been if
this statement had bheen much larger. To avoid this, instead of
deleting the node 'i:=i+l' we could have "grabbed"” it with the
"G" key. Grabbing a node deletes it from the program, but saves
it where it can later be accessed by a "put"” command ('P' key).

Thus, instead of entering

a_is+ i%#ls

We would just enter 'P', a savings of 10 keystrokes even in this
simple case. There 1is a wide repertoire of similar language-

independent editing commands.

Cne final aspect of the human interface must be discussed:
the display. It is intended that the user have all the informa-
tion relevent to his editing task wupon the screen. While
Smalltalk-like windows [3, 111 may help him to view several
regions at once, the finite spatial resources of the display
require that detail be supressed when not needed. To do this,
there are two constraints on the region of the proqram tree which
is displayed. The display (or a wind»aw, in a multi-window sys-
tem) represents the current focus of attention of the proarammer.

The programmer can focus the display on any node in the tree,

A



then only the subtree rooted at that pnint is seen on the screen.
This focus may be anywhere from the root of the tree, which
causes the entire tree to bhe Aisplayed, to a single statement, or
variable. The second parameter which controls the AdAisplay is the
depth limit. All structures of the program more deeply nested
(from the fncus node) than the depth limit are suppressed and
shown as '...'. The intent is that the entire subtree rooted at
the focus-node will fit on the screen. The programmer can alter
hoth the focus and depth limit. These parameters can he visual-

ized:

focus nore

™~

depth limit
disvlaved region
of program tree

As an example, if we set the depth limit very low, and displayed

our previous example, we would see:

found := false;
while ... and ... o

if ... then ... else ...;

WY .
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if ... then ... [else ...);

The System

To better understand the SDE it is necessary to

system in which it is embeddef. This is diagramed

SDE | SDEZ | +» o »
(e

understand

in figure

inter- debug- Op%l- code code
preter ger miger | (qenerily igener2

code
gpne".g e ¢ @

Figure 1. The System

can see that the program-tree 1is the central

through which all the tools interface. (There can, of

many proqgrams in the data h»ase.) The SCE's are used

structing, modifying and Aisplaying the program tree.

data base
course, bhe
for con-

The code

generator (possibly several for various machines), interpreter,

and debugger are used to execute the proaram tree.

Usina one

universal format for the program tree accomplishes several

things. By being machine 1independent, it allows

multiple
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compatible code qenerators for one language. This permits pro-
grams to be more =asily transferred from one tarqget machine to
another. For instance, they can be debugged on a larqe machine
an? then transferred to a smaller machine. Secondly, hy using
one program tree format for several SDE's (and hence several
languages) a 1limited facility for language translation is pro-
vided. For instance, a program might he entered through the Pas-
cal SPE and displayed throuch the Ada SPE. Of course there are
limits to this simple form of translation: It can osnly be done
for programs in the semantic intersection of the two languages.
Nevertheless, many language do have a great deal of their seman-
tics in common, so it is possible to design a nrogram tree format
that accomodates many of them. This is discusse? in more detail

in the next section.

4. The Program Tree

The program tree is just a data structure which encodes as a
tree the abstract form of a program. Several of the characteris-
tics of the total system have encouraned a particular representa-

tion of this tree. Consider a node such as:

asn
dest source

X Y
This represents an assignment statement, where the 'dest' hranch
leads to the destination, and the 'source' branch leads to the

source, the nodes x and y in this case. This node is represented

——
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as a tagaed a-list, that is, a list of the form:

asn

. A
dest X Source y

In LISP notation this is

(asn (dest.x) (source.y))

In general a taqgged a-list has the following form:
(tag (atrl.vall) (atr2.val?) ... )

where atri is the name of the i-th attribute and wvali 1is the

value of the 1i-th attribute. The first element of the list is
the tag, which tells us the sort of node we are dealing with. It

can be thought of as a data type. If we delete the tag from a

tagged a-list we are left with a conventional a-list, or associa-

tion list [(A]:

((atrl.vall) (atr2.val2) ... )

To find the value of i-th attribute, atri, in node n, we can use
a function assoc which scans down the list looking for atri.

Specifically:
assoc (atri, n! = (atri.vali)

Some LISP systems allow a-lists to be represented by hash tables
to decrease lookup time. While this is not necessary for the

small a-lists that occur in the program tree, it is desirable for




————

some of the other uses »f a-lists, discussed later.

There are several advantages to usiny taaqged a~lists to
represent the program tree. Ficrst of all, the offspring are
stored in a position independient manner, which allows the
nffspring of the node to e created in any order. This is con-
venient for two reasons: First, use of an SDE permits one to
create the comoDonents of a structure in any order {(although it is
aptimized for left to right entry). Second, it permits a flexi-
ble, open-ended structure for nndes. This is particularly impor-
tant for an experimental system, in which all attributes needed

sn a node may not be known.

Some attributes may not necessSarily correspond to progranm
components. For instance, some languages may permit both left-

war” and rightwar” assiarment overations:

Admsg and s=>43

Thagse will rresumahly B4 encode” as the same taqgae”d a=list (TAL):

(asn (dest.) (source.s))

Iowever, whan the user displays this node it will usually “e best
if it's seen as it was entered: either leftward or rightward.
This problem is solved hy adding an additional attrihute, dir,

that indicates the Airectinn, e.q.

1€=3 => (asn (dest.A) (source.s) (Air.l))

- {
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s—A4 => (asn (source.s) (dest.d}) (dir.r))

This can be used by the display routines to show the assignment
properly. Any program to which the direction is irrelevant, such
as the interpreter, will =t query the 'dir' attribute and thus
will be unaware that it's present. In this manner any amount of
additional information can be added to nodes without interfering
with programs that Adon't need that information. In addition to
attributes like 'dir' this extra information might include imple-
mentation suggestions (provided by the programmer or an optim-

izer) or even documentation.

For editing and program entry purpo!es it is necessary to
move about within the program tree. The four motions allowed are
those provided by the four arrow keys (— & A V). The down
arrow moves to the first offspring (in source order) of the
current node; the right and left arrows move to the 1left and
right siblings, respectively; and the up arrow moves to the
parent of the current node. This 1last operation requires a
method of obtaining the parent of a node. There are many ways of
doing this; one of the most obvious is to have a 'parent' attri-

bute in each node, that points to the parent. For example:
P
asn

dest Source &

X Y dect K:( sburce Ry parent

-l
SRR D
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Due to the method used to address nodes (described 1in sec-
tion 9), the method wused in this system makes use of a 'self'
attribute which aives the parent node an? attribute of each node,

i.e.

Gy =X

... (XK ()...

@(as n_(dest +y ) (source y )Gulf-"))]

( )
( { dest)
___~\\\\\
l(uar (/d-"l/")[se/f'\)) (..-

There is another attrihute that is found in almost all nodes: the
‘syntax' attribute. This attribute refers to the rule in the
grammar that generated that node; it is Adescribed further in sec-

tion 7.

Since the program tree is a tree, it can bYe represented in a
compact form as prefix bytes for storage in the file sytem. It

is only converted to tagged a-lists for editing.

The one exception to this use of trees is the sharing of
nodes. This 1is required for lanauaqge constructs such as ':+'
(also written '+:=' and '+='), The meaning of 'v:+k' is ‘'wve=v+k'.
The corresponding program tree must "logically" have two
instances of 'v'. One way to do this is to actually have two

instances of v, e.qg.

J
]
L

NPy v

—




.. ~ A

- 16 =

This creates problems in editing since it is possible to cause
the tree to become inconsistent by altering one instance of v but
not the other. This could result in a structure that couldn't be

unparsecd.

The alternative is to allow sharing in a specially res~
tricted way: only object nodes are allowed to he shared. For

instance, v:+k would be represented:

ey )i
v)

Since there is only one copy of v, there is no consistency prob-
lem in editing. This does mean the program "tree" is no longer a
tree and that it can no longer be represented in prefix form on
backing store. However, the fact that object nordes are the only

nodes that can he shared allows them to be handled specially.

S. Grammatical Notation

The part of an SDE that varies from langquage to language |is

the specification of the gqrammar and the translation rules for

| TR
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that lanquage. The form of this specification is a simple trans-
lation qrammar, with extended BNF used for analysis and with node
building templates used for synthesis. The details of the nota-

tion are hased on the Arqot translator writing lanquage (4, £].

The grammar in the Anpzadix (which is the grammar for an
Algol Subset) will be used for the following examples. Notice
that the qrammar beqins with a name for the language (MiniGol in
this case), and the name of the goal symbol ('block' in this
case) and is followed by » sequence of rule (or non terminal)

definitions.

Consider the rule for assignment statements:

Cassignment>: & <var> _:=_<exp> = asn (D:<vard>, S:<expd>);

This corresponds to the BNF rule:

<assignment> ::= <vard> := <exp>

There are several obvious differences: The BRNF expresses
analysis (i.e. our '$ <id> := <exp>') but not synthesis (our
rasn({D:<var>, S:<exp>)'). The reader will notice that our nota-
tion encludes an extra terminal, viz., "%", that does not avppear
in the BNF. The "%" is a carriage-return or newline character.
This is formatting information for the display orocessor and
indicates that each assignment statement is to be displayed on a

new line. The set of required formatting requests has not been

— -+

-
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delimited and probhably depends on the type of terminal 1in use.
We can envision commands for newlines, tabbing and vertical
alignment so that clearly formatted progqram displays can he pro-

duced. More ambitious two dimensional output is discussed later.

The inclusion of formatting information in the "syntax" of a

langquage may seem unusual, but in our notation, the lefthand (or

analysis) side of a rule is not so much a specificatinn of what

the programmer will type as what will bhe seen, Thus, in a tradi-

tional hatch-oriented compiler the user types

which agrees pretty well with the syntax:
<vard> := <exp>
In an SDE, however, the user types
a_is+ _indle
and sees on the screen
ix=1i+1
Thus the expression
% <var> :=_<exp>

is primarily used to determine how an 'asn' node is displayed.

.-

~

i
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“here does the 'a' command, which calls for the creation of
an assignment statement, get defined? We can see this in the

rule for statements:

statement: 'h' <hlock>
] '‘a' <assignment>
I 'i' <if stat>

| 'w' <while>;

This is an example of an alternation. Whenever the user is in a
state where a 'statement' is expected the four alternatives shown
above will be available. One of these can be selected by tyvoing
one of the command characters 'h’', 'a', 'i' or 'w'. If 'a' is

typed then an unititialized 'asn' node will he created and

<var> := <exp>

-~

will be displayed on 2 new line. If the wuser types a command
that 1is not allowed by the current alternation, then an error

indication is produced.

The construction of nodes is indicated hy the riaht hand (or
synthesis) side of rules. Consider anain the rule for assian-

ments:
<assignment>: & <var> :=_<exp> => asn(D:<var>, S:<exp>);

The synthesis side, 'asn(D:<var>, S:<exp>)', says that this rule

generates an 'asn' taaged node with two attributes, called 'N!

—4

¢
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and 'S' (for 'destination' and 'source'). The D attribute will
be a node constructed according to the '<var>' rule and the S :
attribute will be a node constructed according to the '<Kexp>'

rule.

The definition of an expression illustrates several ifeas:

<exp>: '+' <exp>+<term> => apply(op:"plus"”,l:<exp>, 2:<termd)
| '=' <exp>-<term> => apvoly(op:"minus”, l:<exp>, 2:<termd)

| '' <term>;

Here we see an alternation in which the command (or key) of the
last alternative 1is empty, i.e. ''. This is interpreted in the
following way: if a command character (for example '*') |is
entered when the editor is expecting an <exp>, then it will be
compared against '+' and '-'. If it is neither of these (as |is
the case in our example), the editor will check to determine if
it can be processed hy a '<term>' (which it will be in our exam-
ple, see the definition of '<term>'). This "chaining” of rules

can occur to any depth.

Another facility is illustrated by the rule for ‘'<exp>':
notice that both the '+' and '-' commands Jenerate an 'apply'

node. The difference is the operation applied in each case:

arply apply

Xry => , X=7V =

, f i v
’P]“S 4 minys




ey —

An attribute value that is a constant, that is, that 1isn't the
value aenerated by another nonterminal, can he Aefined hy "attri-

bute: value".

A numher of mo-difiers can he appencded to non-terminal names.
The simplest is the question-mark, indicating optionality, which

we see in the 'if-stat' rule:

<if-stat>: %if <relation> _then <statement><else-part?>
=> if(cond:<relation>, conseq: <statement>,

alt: <celse part?>);
<else-part>: %else_ <statement>;

The 'if' node generated by the '<if-stat>’ rule has the following

form:

<« QUCSOT

The 'alt' attribute can be in one of three states of Aefinition.
First, it can be open, which is the state any attribute is in
hefore it's created or after its Aeleted. SeconAd, it can he
defined, which is the case if some statement has heen entere” as
the <else=-part>. Finally, it can be closed, which is the state
when the user has elected to have no <else-part> to this state-
ment. If the current node is open, as indicated in the ahove

dianram, it can he closed through a carriade return command to

— ———— —— e -
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the editor. For instance, to enter

if i=0 then i:=1;

we would type "i_i%=4#0%a i%3#1%" and see

if i=0 then

i=1 <else-part?>;

-

on the screen. An else part could now he entered directly, but

to suppress it we tvype '3%' and see:

if i=0 then

i=1;

If we later wish to add an <else-partd>, we can press the '8' key,

which opens the closed node. The Adisplay will show:

if i=0 then

i=1 <else-part?>;

-~

as before. Thus the carriage return toqqgles a nnde between open
and closed status. One new feature can he seen in the Aefinition
of <else-part>: there is no synthesis part. A rule of this form

is called an identity rule because the value returned by the rule

is the same value as that returned hy the one non-terminal in its

analysis part.




The open/closed dichotomy is also used to control the con-
struction of sequences. These are inficated hy the '*', '+' and

...'" modifiers on non-terminals.

The '+' modifier, which means one or more repetitions,
appears several places in the example arammar. The simplest is

the 'number' rule.

¢number>: <Aiqgit+> => nun(val:i<diait+>);

The node that will ultimately be qenerated by this rule has the

form:

num

or, in Lisp notation:

(num (val. (seq (1.3d1)Y (?.42)...(n.4n)) )}

mhe 4i are the (one or more) Aigits allowed by the <ligit+> in

the rule. When this rule is entered, we see

<Aigit+>

-

displayed on the screen. If we then enter the Ajgits "S12" we

will see

512 <Adigit+>

-




Uyntice that the Aisplay is prompting us to enter more digits.
™at is, the sequence is still open. e can close it by typing a

carriage return, in which case we see

512

If we wish to reopen this sequence, say to add the digit '0', we

can use the carriage return anain.

entered display
c12
2 5§12 <digit+>
N 5120 <digit+>
2 5120

The remaining non-terminal modifiers are simple variations of the
LR The '*' modifier (Xleene star) indicates zero or nore
repetitions of the non-terminal. This can be seen in the rule

for blocks:

<block>: thegin_ <decl*><statement;...>_ end

=> block thead:<decl?*>, hody:<statement;...>);

Jse is exactly like '+' except that a closing an empty sequence

is permitted for '*' but not for '+'.

The ahove rule also contains an example of delimited repeti-

rion:
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(statement;...>

This means: a sequence of one or more <{(statement>s serarated hy
semicolons. The nrotocol for entering these sequences is the
same as for '+'; the display format 1is Aifferent. Supnose a

function invocation is Aefine-:
<frunc=call>: CiAN(<avn, ... =>

an- we wish to enter "f(X, ¥-1)". Here is the command sequence.

commands Aisplay

R f(<exp>,...)

X3 FIX, <expd, . ..)

- Y341% f£(X, Y-1, <exp>,..)
3 £(x, v-1)

A

7f course, another carriage return would reopen the seauence.

Scme additional lanquage-independent facilities are provide?d
for editing sequences. These inclurfe the ahility to extract or
delete a suhsequence of an existing sequence, to insert such
subsequences within another segquence, and to add new elements
within sequences. These work on any seguences, whether they
represent sequences of statements, actual parameters or charac-

ters in an identifier.
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2ne final modifier must he Aiscusse”d, the prime. This Adoes
not alter the meaning of a non-terminal, it is used just to Ais-
tinquish multiple occurences of the same non=-terminal. An exam-

ple is in the rule '<relation>':

<relation>: <expd><relop><exp'>

=> apply (op:<relop>, l:<exp>, 2: <exp'>);

This completes the discussion of the agrammatical notation.
We should add that the fact that parsing is driven by comnands
from the user means that there are very few restrictions on the
class of arammars usable. For instance, they can he either left
nr riqht recursive. There is no need for 1look ahead. This
qJreatly simplifies the parsing process, since the user is Adriving

the parse through the commands entered.

A. Processing the Grammar

In this section we will Aiscuss the translation of the qram-
mar into the internal form used by the universal SDE. The aram-
mar as a whole is translated into an a-list that associates non-
terminal names with the data structures representing their Adefin-
itions. These latter structures are easily understoo? through

examples. Consider the rule for assianments:
% <var> :=_<exp> =) asn(S:<exp>, D:<var>);

The data structure representing this, in Liso notation, is:
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( ("¥" (var) " :=_" (exp))

( asn (D. (nt var)) (S. (nt exn)))

( ((var). (D))
((exp) . (S}) ) )

anal- s%nth—
part part
asn

D S

T (var) _i=_ (exp)
(nt var) (nt exp)

At the outermost layer, we can see that a rule A =

represented by a three element 1list

nt-dic-

Jucnarj
(var)| D
(exp), S

>

(A S D), where T

"non-terminal “ictionary”. The analysis side is just a

list

the representations of the terminals and non-terminals.

terminals with affixes are translated in accord with these
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ples:
<else part?> => (nt else part ?)
<exp'> => (nt exp ')
<exp' *> => {nt exp ' *)
<{statement;...> => (nt statement : ";")

The synthesis side is represented by a fragment of ©program
tree in which non-terminals are represented by lists tagged 'nt'.

The third part of a rule is the non-terminal dictionary, which

must be generated by the grammar processor. This is an a-list
which associates each non-terminal appearing in the rule with the
vath for reaching the correspondiing subtree. The use of the

non-terminal dictionary is described in sectians 7 and 8.

It remains to Aiscuss the representation of alternations.
These are represented as taaged a-lists so that the appropriate
rule can he selected, given a command character. For instance,

the rule for statements:

'b* <hlock>
| ‘a' <cassignment>
| '1' <if stat>

I 'w' <while loop>

is represented:

Y
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(ALT ("b".(({(Plock)) nil ))
("a".(((assignment)) nil ))
(“i".(((if_stat)) nil ))

{("w".(((while loop)) nil })) )

The 'nil’' represents an identity-rule; otherwise the translation
is exactly as described hefore. (I.e., (hblock) rerresents
<block>, so ((hblock)) is an analysis nart containina only <block>
and (((block)) nil) is an identity rule with this analysis nart.

Lisp notation Aces have its disadvantages!)

There are, of course, more combtact ways »f staring the gram-
mar, althounh most agrammars are sufficiently small that these
techniques aren't required. It is also possihle to improve the
performance a little Wwy constructing indexes or hash tables to
shorten a-list searching. However, most of the a-lists are suf-

ficiently short that this seems unlikely to show a great benefit.

7. The Unparsing Algqorithms

In Section 2, Example Session, we presented several examnles

sf the wuse nof the Aisplay during proqram editina. ™e also dis-
cussed how the focus/depth parameters Aetermine what is

Aisplayeq. In this section we will describe the unparsina alao-

rithms, the alqorithms that regenerate the source form of the

proaram from its ahstract, or tree, form,

B

L TR B




Recall that each nofde has a 'syntax' attribute which points
to the qrammar rule which generated this node. This pointer is
established whenever a node is created. An example, in Adiagram-

matic form is:

$ <var> := <exp>
=> asn(D:<var>, S:<exbd>)

<vard 'L‘D
d:ct- (e"P>'l 5

<char+> => id{n:<char+>)
det

<digit+> => num(val:<digit+>)

dict.

<Adigit+> ival

This provides all the required information. The LHS (e.q.,
"$<var>_:=_<exp>") provides the display format and the NT Dic-
tionary correlates attributes and1 non-terminal names e.qg.,
(((var). (D)) ((exp).(S))). Hence, unparsing a node is a simnle

recursive procedure that proceeds as follows:

(1) Use the 'syntax' attribute to get the rule that gen-
erated the <current node. Separate its analysis and dictionary

parts.

(2) Consider each item in the analysis part in order.

~4

-«h

e
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(3) If it is a terminal, then -display it. This may include

obeying formattinjy commands (e.q., newline or tah).

{4) If it is a non-terminal, then one of ¢two actions |is

taken, as descrihed helow.

(S) If the Aerth limit has heen reached, then "..." |is

Aisplayed for the substructure.

(f) Otherwise, look up the non-terminal in the non-terminal
Aictionary to aet a path for accessing the node. Follow this

path in the program tree.

(7) If the node foun? by the ahove process is a non-
terninal (i.e., that attribute 1is undefined) then display the

nan-terminal's name.

(8) If the node found is not null, then it will be nro-

cessed in accordance with the modifiers on the non-terminal:

(3) 1f there are no modifiers or an "option® modifier

(i.e., '?') then the node is unparsed recursively (i.e., fronm
step (1)).
(10) 1If there is a sequence modifier (i.e., '*' or '+')

then unparse each descendent of the sequence node, recursively.

(11) 1If there is a list moAfifier (i.e., ':' in 1list fornm,

..o in source farm) then unparse each descendent of the

sequence nade, recursively. The delimiter is displayed bhetween

each sequence element.

ﬁg‘
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(12) This process is continued until the entire analysis

part is processed.

Thus, unparsing is Adriven by the analysis part of a rule.

8., The Parsing Algorithms

Cne of the advantages of using a syntax-directed editor is
that parsinga is s5 much simpler than in a traditional batch-
oriented compiler. We will describe the processina that occurs
when a wuser strikes a key on his terminal. Before this can be
done, the reader must know that the current position in the tree
is recorded as a node/path pair, called CN and CP. For instance,
if the current position is the undefined 'S' attribute of a par-

ticular 'asn’' node, (indicated by 4 helow),

e

CP (‘3"

~

ld. - 2ursor

nx))

then CN points to this ‘'asn' node and ¢Cp is (S). This two~
coordinate method of desiqgnating positions in the tree is used

because it is only allowable to position the cursor on nodes that

i
[y )
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correspond to non-terminals (i.e., well-defined suhparts »f the

projram).

Any key the user strikes is either a 1languaqe independent
executive command or a language specific editing command. The
executive commands will he described first. The user 1is only
al:owed to position the cursor to nodes which correspond to
source language constructs (i.e., to non-terminals in the Aqram-
mar) . wWhen using the positioning keys (= & A ¥) any other

nodes are skipped.

This can be done by using the non-terminal dictionary. This
is an a-list which maps non-terminals into the corresponding
paths. It is stored in the order in which the non-terminals
occur in the LHS. Suppose we have the following non-terminal

dictionary for an if statement:

{( ( (relation).(cond) )
( (statement).(conseq) )

{ (elsepart?).(alt) ) )

If CP = (conseq), then it is easy to process either = or
&=, For =% we set CP to (alt) and for &= we set CP tno (cond).
I1f there is no attribute to the rinht or left, respectively,
these commands are equivalent to }=> or Aé= respectively. That
is, they search for the next component at the next hiagher level.

The V key is processed in a simple way: follow the CP path fron
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CN to qive the new CN. The path from the first entry of the
non~terminal dictionary associated with this new node hecomes the
new CP. To obey the A key, the 'self' attribute of CN must he

accessed. This nives the new (CN, CP) pair. e.g.

ipr = CN = the 'asn' 2p = CN the 'if!

CP = (S 1) ce

(alt)

Typing A moves from 1b to 2p. The new (CN,CP) is (the if, alt),

the 'self' attribute of the old CN.

The other executive commands (delete, grabh, put, copy,

or2n/close, etc.) are straight forward manipulations of the tree.

T

L
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We will now consider those keys that do not corr2spand to
executive commands. These are keys that are defined in the gram-
mar for the lanquaae. Since these keys cause the creation of
nodes in the program tree, they are onlv leqal if the current
rosition is undefined or an open sequence. If it is undefined,

then the key is processed as follows:

(1) Access the 'syntax' attribute of CN. This gives the

rule that generated the parent node of the current nosition.

(2) Search the non-terminal dictionary of this rule for CP,
that will give the non-terminal associated with the current posi-

tion.

(3) The key entered must he compatirle with this non-
terminal. There are six possible classes intns which this non-

terminal may fit:

1. Primitive, e.q., <char>, <digit>, <letter>.
2. €fimple, e.q., <block>, <exp>.

3. O2ptional, e.q., <else part?>

4. Star, e.q., <decl*>

S. Plus, e.a., <digit+>

. Listing, e.g., <{statement;...>

These are described individually, helow.




{4) Primitive: if the character is in the 1indicated class
(e.g., <digit> or <letter>) then it is placed at the current

position in the tree.

(5) Simple: The rule corresponding to the nsan-terminal's
name is looked wup in the arammar table. This either an
analysis-synthesis rule or an alternation a-list. (a) Supnnse we
have a simple analysis-synthesis rule. If it is an identity rule
(null synthesis part) then we extract the non-terminal name from
the analysis part and repeat step (5). Otherwise we create the
node specified by the synthesis nart, set the current node
(CN/CP) to be this node, and continue from step (1). (h) IFf, on
the other hand, we have an alternation a-list then we look ud the
command character in this a-list. TIf it is Adefined then this
will give us an analysis synthesis rule to he processed as in (a)
above. If it is not Adefined, then we check for a Aefault alter-
native, and if its found process according to (a). In all other

cases the command is illeaal.

(5) Optional: The character is processed according to the

underlying non-terminal (<else part> in the example c¢hove). Cee
step (5).

(7) Star: If the current position is undefined, then =create
an enpty 'seq' (sequence) node. If it was undefined or not,

ensure that the element of the sequence is undefined hy addint 2

new list element if necessary. Prncess the key accordint to the

T
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underlying non-terminal (‘<decl>' in the example ahove).

(8) Plus and Listina: these are processed exactly like the

star, excent that they are unparsed differently.

o, Imprlementation Details

A orototyne implementation of the algorithms described in
this paper has heen implemented in the VMACLISP (7, 141 ~jalect of
LISP on MIT's Multics machine. The wuse of LISP allowed the
author to implement and debug the system in about 1S hours over a
week period. The use of LISP in an interactive environment is to
he credited with the speed with which these algorithms were

ZFebugged.

A similar system has heen desianed by Shockley and Haddow,
which is described in [9]. This system is more qeneral but
requires the arammar to he described at a lower level. This

thesis also pProvides a theoretical bhasis for Arammar-cdriven edit-

in? and liscusses the wider implications of SCEs.

10. Implications

We review some of the results »f the previous sections an“
discuss their implications. We have seen that a syntax-directed
editor is much more effective for program entry than a conven-
tional text editor. The user is continually pronmpted with the

allowahble syntactic cateqgory and is not allowed to enter a

v
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syntactically 1incorrect ©program. Further, the user is providesd
with convenient editing mechanisms hecause the editor "under-
stands" the structure of the programming language. There are no
complicated parsing algorithms and no ~oncerns ahout look ahead,
hecause the parsing process is entirely driven by keyboard com-
mands from the user. There is no need for conmplicated error-
recovery algorithms hecause the user is never permitted to make a

syntactic error. Thus, we have a small, efficient, very easy to

use parser.

Syntax-directed editors of the kind Aiscussed in this paper
are very easy to generate automatically. The grammatical specif-
ication is about the minimal pnssible: a BNF snecification of
the syntax, translation rules describing the trees to he 7en-
erated for each construct, and an association of command keys
with granmar rules. A small amount of additional obrocessina aen-
erates the internal tables required by the simple parsing ana
unparsing algorithms. It is also simple to process this informa-
tion to generate menus and other editina aids. 1In summary, it is
very easy to Jenerate syntax-directed editors. Hence, we seem to
have the hest of both worlds: a system which is easy to use,

efficient in nperation and simple to generate automatically.

Finally, we note some of the aqgeneralizations and future
directions suggested by this work. As was indicated wriefly,
earlier, the use of a language independent nprogram tree farmat

provides for a limited ability to translate between lanqjuanes.

[ N
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For instance, a tree could be constructe” usina a Pascal syntax
ani then unparsed wusin? an AAda syntax. For this purmose the
grammar is processed to yield an inverted Jdescription, that takes
node types into the syntax rules that 7Jenerate them. This is

used to build new 'syntax' attribhutes in the orogram tree.

A more general view of a syntax-directed editor is that it
is a convenient human interface for constructing data structures.
In our nrevious Adiscussion the interface was a vroqramminng
languaje and the data structure was a nroqran tree, bhut it should
hbe clear that the mechanisms are more generally applicahle. For
instance, the data structure to he manipulated might be a user's

file directory. Ideas similar to this are Aiscusse” in 11,

Although a major arplication of syntax-directe? editors will
he the manipulation of conventional 1linearly structured
languages, such as Pascal and Ada, we can see that they are not
limited to languanqes 92f this sort. With somewhat more elaborate
formatting constructs in the qrammar, these same alqorithms can
he wused for parsing and unparsing tahles, mathematical equations
and other two “dimensional notations. The old card or line

sriented notion of a lanquage's syntax is no longer necessary.
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APPENDIX: Minigol Translator

Minigol: <block>;

<block>: %hegin_<decl*> <statement;...> en”d

=> block (head: <decl>*, hody: <statement;...>);
<decld>: <type> <id> => decl(n: <id>, t:<typed>);

<type>: 'n' integer => int()

| 'r* real => real();

<{statement>: 'h' <block>
| 'a' <assignment>
| *i' <if stat>

] 'w' <while loop>;
<assignment>: t<var> = <exp> => asn(D:<var>, S:<exp>);

<if stat>: 3%if <relation> _then <(statement> <else part?>

=> {f(Cond:<relation>, Conseqg:<{statement>, Alt: <else

<else part>: 3%else <J<statement>;

<while loop>: swhile_ <relation> _do <(statement>

=> while(Cond:<relation>, bhody:<statement>);

<relation>: <exp> <relob> <exp'>

=> apply(op:<relon>, l:<exp>, 2:<exp'>);

<relop>:

part?>);
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| < < => "le"
I 1yt > =) “’Jt'
' lll 5 => v-le"
| qu Z =5 "ge";

<expd>: 'yt

<exp> + <term>

=> apply(op: "plus", l:<exnd>, 2:<termd>)

j o=

ey~

=>

\J L)

<termd>: v

=>

=>

<factor>:

J

<primary>:

<vary: '_

!l[l

<numbher>:

VA

'
!

{exp> - <term>
apply(op:"minus”, l:<exp>, 2:<ternmd>)

<term>;

<term>*<factor>
apoly(op:"times”, l:<term>, 2:<factor>)
<termd>/<factor>
apoly(op:“over”, l:<term>, 2:<factord>)

<factor>;

"' (<exp>)

' Kprimary>;

'$' <number>

' Kvard;

<id>

<id> [<exp>] => subs(a:<iadd, i:<exp>);

<id>: <char+> => 1id(n: <char+>);

<diqit+> => num(val: <diagit+>).
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