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Introduction

This thesis describes the design and implementation of a multiple-view structure editor. The
conventional way to enter a program or any language element is to type a textual
representation, using a text editor. If it is well-formed, a parser can generate the corresponding
syntax tree structure from it. On the other hand, a structure editor is syntax-aware and allows
direct manipulation of the language element’s syntax tree.

This report first presents a mathematical framework, and shows how this framework is used as
a guide in the structure editor design process. An important design aim is to make it possible to
have different views. Each view has its own way of presenting and letting a user manipulate the
structure. Many views can be used simultaneously, and if the user manipulates one of them, the
others should be updated accordingly.

The multiple-view structure editor presented in this report is based on Mr. Hemerik’s structure
editor, written using PASCAL with Objects and TurboVision. It will be investigated how a
different implementation environment affects the structure editor design. The structure editor
presented here is targeted at the MS-Windows platform. It is implemented in C++, using the
ObjectWindows Library as object-oriented application framework and interface to MS-
Windows.




Mathematical Modelling and
Problem Formulation

A structure editor relies on a language description based on abstract syntax. This chapter
explains signatures and related mathematical concepts which are used to model the structure to
be edited.

There is an important distinction between ‘abstract’ and ‘concrete’ syntax. A grammar is a
method to specify the concrete syntax of a language. It involves four quantities: terminals,
nonterminals (also called syntactic categories), a start symbol and production rules.

A common way to describe a grammar is known as BNF, which stands for ‘Backus-Naur Form’.
In the following, we will use the assignment, the if-then-else conditional construct, the while
repetition construct and the statement-list construct (used to combine a sequence of statements to
form a single statement) that appear in many programming languages as a running example.
Using BNF, the definition of these constructs in PASCAL would look like:

Expr = True | False | Identifier
Identifier ==a]b]..|z

Stat .= |ldentifier_:= Expr

Stat .= if Expr_then Stat else Stat
Stat .= while Expr_do Stat

Stat .= begin Stat-list end
Stat-list .:= Stat] Stat_; Stat-list

In these production rules, words in bold type are terminals and ‘Stat’, ‘Stat-list’, ‘Identifier’ and
‘Expr’ are nonterminals. The extra nonterminal ‘Stat-list’ is needed, because BNF requires each
production rule to have a known, fixed number of terminals and nonterminals at the right-hand
side. BNF describes the external appearance of programs, since its production rules include
keywords and other external syntactic conventions; it gives the concrete syntax of a language.

In contrast, an abstract syntax description leaves out keywords and other details and simply
specifies the components of each language construct. If a language has the if-then-else construct,
it would contain a way to form a statement from a Boolean expression and two other statements
(one to be executed when the Boolean expression evaluates to TRUE and another to be executed
when it evaluates to FALSE). The advantage of the abstract syntax description of a language is
that it directly corresponds to its algebraic structure. For a program or, more generally
speaking, a term, an abstract syntax tree is a far more fundamental representation than its
concrete form. To go from abstract syntax tree to concrete representation, one only needs to
insert delimiters/decorations (the underlined entities in the above BNF definition) at the correct
places. Going the other way around is more difficult: this amounts to the parsing problem.
Therefore, the structure editor developed uses an abstract syntax tree representation of the
program or term to be edited.
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2.1

Basics
This paragraph gives the definitions of basic mathematical constructs used throughout this
thesis.

Definition 2.1
Assume | to be any nonempty setand k T N .

A sequence s of length k over | is a function of type {i T NJi <k} ® 1.
1:={iT NJi <k} ® 1, the set of sequences of length k over I.
1 ::{Ei:i TN } , the set of sequences over I.

e is the empty sequence. 1° ={g}
Is| is the length of a sequence s.

The following abbreviation can be used to construct sequence of length k over | from given
values v,,...,v, , 1 1:

To test whether a sequence r over | is a prefix of a sequence s over I, an operator
£ :1" 71" ® Boolean is used:

P

r£, ss=ri s or, moreverbose, r £ s:= ($tT orAt :s)
O
Definition 2.2
To construct a sequence from the leftmost k (valid for anyk T N ) elements of an existing
sequence s over |, we use the left-take operator 1t:1" "N ® 1.
It(s, k): :{(i,s(i))|o £i< min(k,|s|)}
To construct a new sequence by dropping the leftmost k I N elements from an existing
sequence s over |, we use the left-drop operator Id:1" "N ® 1.
ld(s, k): = {(i,s(i +i))0 £i 99 k}
To construct a sequence from the rightmost k T N elements of an existing sequence s over |,
we use the right-take operator rt:1" " N ® 1.
re(s, k): =1d(s,|9- k)
Finally, to construct a new sequence by dropping the rightmost k T N elements from an
existing sequence s over |, we use the right-drop operator rd:1" " N ® 1.
rd(s, k):=It(s,]9- k)
O
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Definition 2.3

Assume | to be any nonempty set.

The concatenation of two sequences over | is the result of the -infix denoted- function
Al 1re .

Given I,,1, T N,s, T1"%,s T 1", then
s, Asi=s, E{iti T N Ui<1:(1, +i,s,(i)}
Obviously, s, As T 15",

Definition 2.4

Assume | to be any nonempty set.

To insert an element eT 1into a sequence s over |, at location nT N,n f]5], a function
insert: 1" " N~ 1 ® 1" is used.

insert(s, n,e): = It(s,mA <e > Ald(s, n)

Obviously, Jinsert(s,n,e) | s+1 .

Definition 2.5

Assume | to be any nonempty set.

To delete from a sequence s over | element n, nT N Un 44, a function delete:1” " N ® 1" is
used.

delete(s, n): = It(s,n) A 1d(s,n +1)

Obviously, |delete(s,n) [s]-1 .

Definition 2.6

Assuming S to be any set (the elements of which are called sorts), an S-sorted set X is an S
indexed set of (possibly empty) sets x_,s1 s such that:

- x={xsl s}
- "sit] sist X, CX, =&
If S is nonempty, then the element of X corresponding to an s 1 s is written as X, .

The following abbreviation is used to construct the union of all elements of S-sorted set X:
Ex:= (Es:sT S:Xs) .
O

2.2 Signatures

In this paper, a signature is used to define the abstract syntax of the structure that will be edited.
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Definition 2.7

A signature with list operators and S is an extension of the standard signature concept. It is a
pair (S, G), where S is a nonempty, finite set of sorts and G is a finite set of sets of operators. The
setGiss’~ sEs’ s -sorted: its elements are the following pairwise disjoint sets:

- G,,., the (possibly empty) set of operators with a fixed number of arguments (aggregate
operators) with argument sort sequence a1 s and resultsort r 1 s .
- G,,., the (possibly empty) set of operators with a variable number of arguments (list
operators) with arguments all of the same sort s T s and resultsort t1 s .
forall alTs"  r1s,sTs,tls.
O

Given a signature S (S, G) and a sort r I s we may use the following shorthand to refer to all
operators having result sort r:

G:= (Es:sT S’:G<s‘r>)E (Es:sT S:G<s‘r>)

A sort can be thought of as the name of a syntactic category. Examples are ‘Expr’ and ‘Stat’.

An operator can be seen as a production rule; its name often corresponds to a language
construct. An aggregate operator’s arity is defined as its number of arguments.

A constant, defined as g:® s, is an aggregate operator of arity 0. Example: True:® Expr.

An aggregate operator has a fixed number of arguments, each of a certain sort (constants

are a special kind of aggregate operator). We distinguish two ways to define an aggregate

operator g of arity n: unlabeled and labeled.

Unlabeled: g:s,” ... s, ® s,. For example, the definition for the abovementioned if-then-else
is: ifelse:Expr = Stat ~ Stat ® Stat .

Labeled:  g:{f s ..., f.:s,} ® s;, where the names f; to f, are labels to distinguish the
arguments. This definition resembles the definition of a record type in
programming languages. A possible labeled if-then-else definition is:

ifelse:{ guard: Expr,s_true: Stat,s_ false: Stat} ® Stat .

A list operator has a variable number of arguments, each of the same sort. Again, the
operator definition can be given in unlabeled and labeled forms.

Unlabeled: g:s, ® S,- An example of this is statlist:Stat” ® Stat, the statement list
construct. As usual, the asterisk indicates zero or more repetitions.

Labeled: g:{f:s,} ® s,. A labeled statement list construct: statlist:{s:Stat'} ® Stat .

Depending on the actual discussion we can freely choose the unlabeled or labeled form of the
operator definitions (see also [1], Section 3.4). In both forms, we can refer to the operator’s
arguments by their ordinal number. In case of an aggregate operator, this number ranges from 0
to (operator arity)-1 and in case of a list operator, it ranges from 0 to (argument sequence
length)-1.

Given a signature S (S, G) and an operator g, the predicate IsListOp:EG® Boolean can be used to
find out if this operator is a list operator:
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2.3

IsListOp(g):=($s,r:sT s.ri S:gT G<s‘r>)

The full, unlabeled signature for our running example is:

({Stat, Expr, Identifier}, {ifelse, while, statlist, assignment, a, b, ..., z, True, False, value})
assignment: Identifier © Expr ® Stat

ifelse: Expr *~ Stat ~ Stat ® Stat

while: Expr ~ Stat ® Stat

statlist:Stat” ® Stat

a,b,...,z2® Identifier

value: Identifier ® Expr

False:® Expr

True:® Expr

And this is a labeled version:
({Stat, Expr, Identifier}, {ifelse, while, statlist, assignment, a, b, ..., z, True, False, value})

assignment:{dest: Identifier,source:Expr} ® Stat
ifelse:{guard: Expr,s_true: Stat,s_ false: Stat} ® Stat
while:{guard: Expr,body: Stat} ® Stat
statlist:{s:Stat*}® Stat

a,b,...,z2® Identifier

value:{source: Identifier} ® Expr

False:® Expr
True:® Expr

Terms over a signature

The following definition concerns the set of terms that can be derived using a signature. See
also: [3], Chapter 3.

Definition 2.8
Given a signature S = (S, G), the S-sorted set Termg is the smallest S-sorted set such that

(("g,aTS" ,rTS:g ’I\qu:("i:i’l\N Ui <n:t, ’I\Termsam) Dg[to,...,tn_l]’l\Termsv) U

("'g,sTsrTsgT G, .:("iti TN U< n:t, ’I\Term&) Pgl<t,,..t,_ >] ’I\Termsv )) .
The square brackets are used syntactically here. We adopt the convention that g[] is simply
written as g.

O

In language terms: the set Termg is the abstract language generated from the abstract syntax
modelled by S.
An example term (element of Termg ) available through the signature S for our running
example:

ifelse[value[a],assignment[b,False],assignment[c, True]]
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2.4 S-algebra
Definition 2.9
A S-algebra with respect to a signature with list operators S = (S, G) is a pair (V, F) such that:
- V is an S-sorted set, and
- F= {fglg T EG} is a set of functions such that
gl G, . P flv, "0V, ®v,
g1 G, .P TV, ®y,

Set V is called the carrier set of the S-algebra, and set F is its operator set.
a

2.5 S-term algebra
Definition 2.10

A S-term algebra with respect to a signature with list operators S = (S, G) is the S-algebra
(Termg, F) such that:
- F= {fglg T EG} is a set of functions (the operator set) such that

gl G, . P f T Termg ! ...'Termsw ® Termg and
(" il Nii<nit, 1 Termsﬂ)b fo(tyont, ) =00, ot ]
gl G,...P f T Termsf ® Termg and

nT (" N:<nmtT s )ifg( tyn L) =00ty t ]

-1

For instance, this is the operator set F of the S-term algebra for our running example:

F = {fllelse ! fwhlle ! fstatlist ! fasslgnment ! fa ! fb """ fz ! fTrue ! fFalse ! fvalue}

f TTermS

assignment

“Termg ®Termg f00d, s > assignment[d, 5]

rrrrrrrrrr

fo. 1Termg ~ Termg “Termg  ®Termg | f,. 10,5t sf > ifelse[g, st, sf]

£ TTerm “Term. ® Term f :g,st = while[g, st]
while Seyor Sqa Sqie

! “while *

f oo ’I\Termssmﬂ ®Termg  f,,, sl > statlist[sl]
T W Termg @ Termg f,,,:id > value[id]
faz’l\®Term,S rrrrrrrrrr f, ,ianz
fratse ® Termg . f,, > False
frive ® Terms, . fr :F> True

2.6 S-homomorphism

Definition 2.11

A S-homomorphism from S-algebra (V, F) to S-algebra (W, G) is an S-indexed set of
functions h such that:
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2.7

271

- Forall sTs wehave h, T v, ® w, and

- For all aggregate operators g 1 G., f, 1 Fogg1 G and” il N:i<nie Tv,

Sy >

h, (fy(eq..ne, ) = gg(h, (&), h, (e, )
- For all list operators g1 G, ,..f, 1 F,g; TG andel v,

hr(fg(e)) = gg(<hsn(e(0)), o h, (e(n- 1))>)

In case there is only one sort, a S-homomorphism is a singleton set and we speak of the
homomorphic function.

Definition 2.12

A S-algebra is initial if there is a uniqgue S-homomorphism from it to all other S-algebras.
a

S-term algebras are initial.

Trees

Trees are very suitable to represent terms that are derived using a signature S (S, G). We will
discuss a way to represent a term tree by a function having a ‘tree domain’ as a domain and G
as range. Adapted and simplified from [2], Section 1.3.

Tree domains

Definition 2.13

A tree node address a1 N~ of a node n is the sequence of steps to take, starting from the root
node, to arrive at n. The address of the root node is e. Each step is represented by a
nonnegative integer that indicates which of the current node’s descendants to select. 0
indicates the leftmost descendant and n, where n>0, indicates the descendant immediately to
the right of the descendant indicated by (n-1).

Definition 2.14
A tree domain D is a set of tree node addresses such that:
-(""dTD:d 2e:rd(d,1) TD)
-dl o T NdA()T p:("iT N <j:d Ai)T D)

The height of a nonempty tree domain D is: ( did T D:|d|) .
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2.7.2

The following figure shows a tree with a node address for each node. The set of these node
addresses {e, <0>, <0, 0>, <1>, <1, 0>,<1,0,0>,<1,0,0,0>,<1,0,1>,<1,0,1, 0>, <1, 0, 1, 1>, <1,
0,1,2><1,1><1,1,0> <1, 1, 1>} is indeed a valid tree domain.

| <1,0,0> | [ <1,01> | [ <1,1,0> | [ <11, 1>

<1,0,0, 0>

[ <1.01,0>] [<1,01,1>] [<1,01,2>

Figure 2.1 A tree domain.

Term trees

Given de above definitions, we can conveniently represent a term tree based on a signature S =
(S, G) as a function from tree domain to operator set EG.

Definition 2.15

Given a signature S = (S, G) and a tree domain D, a term tree f1 D ® EG and a node
address a.

If at e, the node indicated by node address rd(a,1) is called the parent of the node indicated
by a. The nodes indicated by the node addresses {aA <i>[aA <i > D} are called the
children of the node indicated by a.

Definition 2.16

The S-sorted set Treeg of syntax trees or term trees based on a signature with list operators S =
(S, G) is the smallest S-sorted set such that:

"nT Nu"t,.t, 1 ETreeg:

("g,als" risgl G, .. (" iiiT N Ui <nt, T Treeg ) =}
{(e,g)} E{(<i>Av,w)|iT N Ui <n U(V,W)T tI}T Treesv)
("g,al s risgl G, .:.(" iii1 N Ui <n:t, T Treeg ) P

{(e,g)} E{(<i>Av,w)|iT N Ui<n U(V,W)T tI}T Treesv)

There is a one-to-one correspondence between Termg and Treeg. Please refer to [2], page 17, for

a proof. The above definition expresses that, in a term tree, for each node, its number of children
must be equal to the arity of the corresponding operator if it is an aggregate operator.
Furthermore, the sorts of a node’s children must equal the operator argument sorts.
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2.8

For example, the only term tree (element of Trees ) that corresponds to the example term given
in section 2.4 (ifelse[value[a],assignment[b,False],assignment[c, True]]) is:

{ (e, ifelse),
(<0>, wvalue),
(<0, 0>, a),
(<1>, assignment),
(<1, 0>, b),

(<1, 1>, False),
(<2>, assighment),

(<21 0>1 C)l
(<2, 1>, True)
}
Or in graphical form:
ifelse
| value | [ assignment | [ assignment |

Ii| \ b \ \Folse\ \ C \ \True\

Figure 2.2 Term tree

Structure Editing

The purpose of a structure editor is to let the user construct a term that conforms to a
predefined signature (S, G). The term t in the editor is of a fixed predefined sort TERVSORT T S,
so tTTreeg

rrrrrr

While a term is under construction in a structure editor, it will have missing subterms. To be
able to represent a term with one or more missing subtrees, for each sort sTS exactly one hole
operator Ds (a constant) is included in the signature’s operator set. D is the S-indexed set of hole
operators (also referred to as holes) and, obviously, |D] = |S]and D T EG. For every missing
subtree, a hole operator of the same sort will appear in the term tree.

For example, a structure editor would use the following extended operator set for our running
example signature:

EG= {StatHole, ExprHole, ldentifierHole, ifelse, while, statlist, assignment, a, b, ..., z,
True, False, value}

D= {DStat, DExpr, Dlndentifier},

Dstat := StatHole
DExpr = EXerOle
Didentifier := IldentifierHole

Definition 2.17
A term tree t1 Tree, is called complete if and only if rng(t) C D= £.
a

We will now discuss the basic editing operations on a term tree.

10
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2.8.1 Subtree replacement
Definition 2.18

Assume | to be any nonempty set, T to be any typeand 11 1" ® T .

The translation of a function 1" ® T by a sequence 1’ is the result of the -infix denoted-
function A:1" " (1N ® T)® (1" ® T).

Given f11"® 17 and s1 17, then

s:&f::{(sAo,q)Ko,q)T f}
a

Definition 2.19
Assume S to be a signature (S, G).
The replacement of a subtree at address al N’ of a term tree t1 Tree; by a term tree

ul Treeg is the result of the function replace:Treeg ~ N™ ~ Treeg ® Treeg

Given al D(t)U($sT S::t(@) T G Uu(e)T G)

replace(t,,a,t,):= {(0, p)|(0, p)T t, U@(a £p 0)} E (a:& t,)

O

Example:

replace(ifelse[value[a],assignment[b,False],assignment[c, True]], <2, 1>, value[d])=
ifelse[value[a],assignment[b,False],assignment[c,value[d]]]

Deleting a subtree is accomplished by replacing it by a hole of the same sort.

For example:

replace(ifelse[value[a],assignment[b,False],assignment|[c, True]], <2, 1>, ExprHole)=
ifelse[value[a],assignment[b,False],assignment[c,ExprHole]]

2.8.2 Subtree extraction

Definition 2.20
Assume S to be a signature (S, G).

The extraction of a subtree at address al N from a term tree t1 Treeg is the result of the
function subtree:Treeg " N~ ® Treeg.

Given al D(t)

subtree(t,a): = {(0, p)|(aA 0, p)T t}
a

Example:
subtree(ifelse[value[a],assignment[b,False],assignment[c, True]], <2>)=
assignment|c, True]

11
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2.8.3

284

Refining
One of the most important editing operations is refining. Its purpose is to replace a hole by an
operator of the same sort. If and only if the new operator is an aggregate operator with

arguments, appropriate holes must be created at the same time to ensure that the tree remains a
valid term tree.

Definition 2.21
Assume S to be a signature (S, G).
The refining of a subtree at address al N of a term tree t1 Trees with an operator g T EG
the result of the function refine: Treeg " G® Treeg.
Given al D(t)UsT S° U($r:rT S:t(a)T D, UgT G<w),
refine(t,a,g): = replace ( {ea}E (<i >, Ds(l))|iT N Ui <|s|}),

And given aT D) U($r,srTs,sT sit(a) T D, UgT G, .),

refine(t,a,g): = replace(t a, (e g) )

O

Example:
refine(ifelse[value[a],assignment[b,False],StatHole], <2>, while)=

ifelse[value[a],assignment[b,False],while[ExprHole,StatHole]]

List insertion

A list operator has n1 N children, numbered from 0 through n-1, all of the same sort. The

structure editor will have to let the user insert a new child between existing children or at the
beginning or end of the list.

Definition 2.22
Assume S to be a signature (S, G).
The following function inserts a subtree ul Treeg so that it becomes the child nT N of the
list operator at address al N"of aterm tree t1 Treeg:
insertchild:Treegs " N~ N~ Treeg ® Treeg. Given
aTomUc = {(i,subtree(t, aA<i>))aA<i>T D(t)} Un £]c|U
IsLlstOp(t(a)) ($r Is:it(a)TG Uu ITreeS )

theninsertchild(t,a,n,u): = replace(t, a,{e, t(a)} E {<i >5\insert(c, n,u)(i)|iT N Ui <|c|+l})
O
Example:
insertchild(StatList[assignment[b,False],assignment[c, True],StatList], e, 1, StatHole)=
StatList[assignment[b,False],StatHole,assignment[c, True],StatList]

12
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2.8.5

2.9

List deletion

The reverse operation should be offered too: deleting the n’th child of a list operator at a given
address in the term tree.

Definition 2.23
Assume S to be a signature (S, G).

The following function deletes a subtree, child nT N of the list operator at address al N’ of
atermtree t1 Treeg: delete:Treeg” N° 7 N ® Tree,.

Given al D(t) Uc ={(i, subtree(t,aA <i »))aA <i >l D(t)} Un <[] UtsListop(t(a)),

deletechild(t,a,n): = replace(t,a,{e,t(a)} E {<i >3\delete(c,n)(i)|i T N Ui qcl- 1})

Example:
deletechild(StatList[assignment[b,False],StatHole,assignment[c, True],StatList], e, 0)=
StatList[StatHole,assignment[c, True],StatList]

View terms over a signature

The aim is to develop a structure editor with multiple views of several different types on the
term tree. For each view a data structure is needed of exactly the same shape as the term tree,
with the requirement that each node carries a value (an element of a set specific to the view
type). Furthermore, a view needs a set of functions where each function is associated with an
operator; it computes the associated value of a node from the values associated with each of the
operator’s children. This data structure will be referred to as a view tree or view term.

Analogous to 2.3, the following definition concerns the set of view terms that can be derived
using a signature.

Definition 2.24
Given a signature S = (S, G),

a set | (specific to a view type, containing the values that can be associated with each operator
in the view term)
aset D ={dg|g TEG},

- for each operator g1 G,,,,s1 S",r1 S, d, TI"®1.
sTSris,d, T1"®1

s,r>1
- for each operator h 1 G.

S,r>7

The S-sorted set ViewTermg, . is the smallest S-sorted set such that

nlN:

(""g,als" rTs:g ’I\G<a‘r>:("I:I’I\N Ul <n:t, ’I\VieWTermS‘l‘D W) =)

(Ot -t ] dg (0, (1), P, (1, 0) TViewTerms, )
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U
(""g.sTs,rTsg ’I\G<s‘r>:("l:l TN Ul<ny, ’I\VieWTermS‘l‘m) =)
(O[<tortye 2] dg (<SP (8). P, (1, ) >) TViewTermg )

The square brackets are used syntactically here. We adopt the convention that g[] is simply
written as g. The operator p is used for tuple projection. Given a tuple t = (x1 x) we can
denote tuple element x;, i TN .1 £i £n of t by p; ().

O

210 S-view algebra

Analogous to the concept of S-term algebra, defined in Section 2.5, we will now define a S-view
algebra, given a set | (specific to a view type, containing the values that can be associated with
each operator in the view term) and a set of functions D.

Definition 2.25
A S-view algebra is the S-algebra (viewTermg, ,, F(I,D)) such that:
- lisaset.
- D :{dg|g 1 EG} is a set of functions,

sTSris, dq Ti"®1.

s S,;r1 S, d, 11" ®1

- for each operator g 1T G.

S,r>1

- for each operator h 1 G.

- F(I,D)= {fglg 1 EG} is a set of functions such that
gTG., . ..UC1TN:I<nt, ’I\VieWTermS“ =)
fy (g e tysy) :(g[tO ..... tn_l],dg(pz(to),...,pz(tn_l)))
gTG,,. P "nTN:("iTN:i <n:t, TviewTermg ):
(S torty, ) = (91t 21y (P, (1), D, (8, )
a

2.11  Homomorphism from S-term to S-view algebra
Assume we have a S-term algebra (Termg, F) and a S-view algebra (ViewTermg, ,, G(I,D)). The
homomorphism from S-term algebra (Termg, F) to a S-view algebra (ViewTermg, ,, G(I,D)) is
an S-indexed set of functions h(l,D) such that:

Forall sT S we have h(1,D), TTermg ® ViewTermg, ,
“sTs,als’.g ’I\G<as>:("j:0 £j<|a|:tJ’I\TermS ):
! a(i)

h(1,D), @Ity by, D) = 9 (N1, D)) (&), N1 D), oy ()

,nTN:("j:O £j<n:, ’I\Termsa):
h(1,D),(9[<t,.....t,, >]) = gy (<h(1,D),(t,).....h(1,D),(t,_,) >)

By definition, this conforms to the conditions in the homomorphism definition (Definition 2.11).
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3.1

Implementation environment

Some of the most important requirements for the structure editor to be developed are the ability
to simultaneously have multiple views on the term being edited and the possibility to have
different types of views, each of which can consist of a mixture of graphics and text. To meet
these requirements, the structure editor needs a graphical user interface (GUI). Since the most
widespread GUI today is Microsoft Windows on IBM-compatible PC’s (referred to as Windows
from now on), this will be the implementation platform of choice for the structure editor.

Another decision to be made is choosing the programming language. The mathematical
concepts discussed in chapter 2 lend themselves well to implementation in an object-oriented
language. This work builds on an early structure editor implementation in Borland’s object-
oriented PASCAL. An well-known alternative to this language is C++, an object-oriented
successor of C, which has some powerful features that object-oriented PASCAL lacks. It was
decided to go with C++ and set as one of the goals to find out how its features can be used to
model and implement S-algebras in an efficient, concise and elegant way.

The last implementation environment decision is choosing a C++ application framework. It is
possible to create Windows applications without any layer between C++ and Windows by
directly calling the Windows Application Programmer’s Interface (API), which is a collection of
functions and procedures that allow an application to use Windows. However, the API was
designed with structured programming in C and PASCAL in mind, before object-oriented
programming became popular. The C++ application framework provides a layer of abstraction
over the Windows API. It consists of a class library that encapsulates the Windows API and
makes it possible to write completely object-oriented Windows applications. The two best-
known C++ application frameworks for Windows today are Borland’s ObjectWindows Library
(OWL) and Microsoft Foundation Classes (MFC). OWL has a strong object-oriented design, uses
C++’s features well and is considered technically superior to MFC. This, and the fact that TUE
has a Borland campus licence made OWL the obvious choice as the application framework for
the structure editor.

This chapter will describe the features of C++ and ObjectWindows that are relevant to the
implementation of the structure editor.

C++ features

Except for minor details, C++ is a superset of the C programming language. It is designed to
support data abstraction and object-oriented programming, while retaining C’s efficiency. The
language is described by its author in [5].

Data abstraction (sometimes called data hiding) allows a programmer to define a type together
with a full set of operations. As opposed to record types in procedural languages, the actual
data in an instance of an abstract data type is hidden to the programmer and can only be
manipulated by using the publicly available set of operations for the type.

Object-oriented programming lets a programmer derive new types from existing types by using
inheritance and it offers a mechanism that allows calls of operations on a type to depend on the
actual type of the object (in cases where the actual type is unknown at compile time).
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3.1.1

Classes

A class is a user-defined type. It represents a unique set of objects or data members (just like a
record type in procedural languages) and the operations (called member functions, or methods) to
create, manipulate, convert and destroy these objects.

For example, here is a stack class to illustrate the data abstraction of C++ classes:
class TChar Stack {

private: /1 label is redundant: private by default
int si ze;
char *top;
char *s;

publ i c:

TChar St ack(int sz);
~TChar St ack() ;
inline void push(char c);
inline char pop();

}
Throughout this project, the convention is to start the names of classes that are defined with ‘T,

The data members are si ze, top and s. TChar St ack, ~TChar St ack, push and pop are
member functions. The publ i c: label indicates the start of the publicly available members (the
interface) of the class. The member function with the same name as the class is called constructor;
its purpose is to initialize the object whenever an instance of the class is created. The inverse of
this is the destructor, which ensures proper cleanup of objects of this class. It is indicated by ~
(complement) followed by the class name. In this case, ~TChar St ack() is the destructor.
Constructors and destructors have no return type specification.

The overhead of a function call will be a significant factor in the total execution time of a
member function when the member function itself is very simple. To avoid this overhead, a
member function can be declared i nl i ne. This means that each time the member function is
invoked, the compiler inserts the actual code into the body of the calling function instead of a
function call.

The definitions of the member functions declared above will complete the definition of
TCharStack:

TChar St ack: : TChar St ack(int sz)
{

size = sz;
top = s = new char[size]; // allocate array of size characters fromfree store

TChar St ack: : ~TChar St ack()

delete[] s;

inline void TChar St ack: : push(char c)
{

*top++ = c;

}
inline char TChar St ack: : pop();

return *--top;

The new and del et e operators allocate and free objects from the free store, respectively.

It will now be shown how an object of class TCharStack can be instantiated and used:

void f()
{
char b, a;
char *p;
TChar St ack s(100); /1 The TChar Stack constructor is called with 100 as its argunent
s.push(*A);
s.push(‘B');
b ='s.pop();
a = s.pop(); /l a=="*A and b=="B
p = s.top; // illegal, top is a private data nenber of TChar Stack.
s.s = 0; /1 s also.

16



Implementation environment

3.1.2

/1 s will go out of scope and the destructor ~TCharStack will be called

}

Derived classes

In C++, it is possible to create a class by deriving from a number of existing classes and adding
facilities to it. The classes being derived from are called base classes. A situation where a class has
one direct base class is called single inheritance. Having multiple direct base classes is called
multiple inheritance. A derived class is sometimes called a subclass and a base class a superclass.

Consider the TCharStack class. It offers facilities to create a stack of characters and do push and
pop operations for one character at a time. A logical extension of this would be the TStringStack
class. Since a string is represented as a sequence of characters terminated by the 0 character, we
can reuse the TCharStack by deriving TStringStack from it. This leads to the following
declaration:

class TStringStack: public TCharStack {

public:
TStringStack(int sz);
voi d push(const char *string);
voi d pop(char *string);

TStringStack:: TStringStack(int sz) : TChar Stack(sz)
{
}

voi d TStringSt ack: : push(const char *string)
{
char *end = string+strlen(string);
do {
push(*end--);
} while(string<=end);

voi d TStri ngSt ack: : pop(char *string)

whi | e(*string++ = pop())

The publ i ¢ specifier that precedes the name of the base class indicates public inheritance; all
public member functions of the base class remain accessible to users of the derived class. The
constructor simply passes on its argument to the TCharStack constructor. No destructor exists
because the TCharStack destructor already takes care of everything. In this simple case, no
additional cleanup is needed.

The push and pop member functions are now overloaded. Depending on the argument given,
either the TCharStack or the TStringStack version is called. The TStringStack push member
function pushes the string characters from right to left (using the TCharStack version of push),
starting with the string terminating 0. The pop member function rebuilds the string by popping
characters off the stack until it has popped the terminating 0.

I will now show how an object of class TStringStack can be instantiated and used:

void f()
{
char a;
char str[10]; /1 should fit |ongest string ever popped off string stack.
TStringSt ack s(100); /1 The TStringStack constructor passes 100 to TChar St ack
/'l constructor.
s. push(“aap”);
s. pusb(“noot”);
s. pop(str); /1 str = “noot”
a = s.pop(); /1 use TChar Stack version of pop(), a ="‘a’
s.push(*A); /1 use TChar Stack version of push()
s. pop(str); Il str = “Aap”

/1 s will go out of scope and the destructor ~TCharStack will be called

}
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3.1.3

3.1.4

Since the class TStringStack includes all data and member functions of TCharStack, a
TStringStack * (pointer to a TStringStack object) can always be implictly converted to a
TCharStack * wherever needed. Obviously, the opposite is not true.

A derived class can itself be a base class so that there can be multiple levels of inheritance. A set
of related classes is often called a class hierarchy. In C++, this hierarchy has the form of a directed
acyclic graph, where the edges go from each class to all of its direct base classes.

Polymorphism

If a base class b contains a member function f unc declared with vi rt ual specifier and a class
d derived from it also contains a function f unc of the same type, then the call of f unc for an
object of class d invokes d: : f unc, even if the call is through a pointer or reference to the base
class b. In this case, it is not known at compile time what the actual type of the object pointed to
by a base class pointer is. The actual method code to call is determined at run time by late or
dynamic binding.

Example:

cl ass TShape {
publ i c:

virtual char *Name() = O;
}

class TSquare: public TShape {
public:
char *Nane() { return “Square”; }

class TCircle: public TShape {
publ i c:

char *Nane() { return “Circle”; }
}

class TLine: public TShape {
public:

char *Nane() { return “Line”; }
}

void f()
{

char *p;
TShape  *shapes|[5];

shapes[0] = new TG rcle;

shapes[1] = new TG rcle;

shapes[ 2] = new TSquare;

shapes[ 3] = new TLi ne;

shapes[4] = new TG rcle;

p = shapes[ 0] - >Nane() ; /1 p=Crcle”;
p = shapes[ 2] - >Nane(); /1 p="Square”;
p = shapes[ 3] - >Nane(); /1 p=“Line”;
for(int i = 0; i<5; i++4)

) del ete shapes[i];
The class TShape does not describe a shape; it expresses the commonality between the actual
shape classes TSquare, TCircle and TLine. To prevent a meaningless instantiation of TShape, the
virtual function Name() is declared as pure virtual by including ‘=0’ in the declaration. A class
which has at least one pure virtual function is called an abstract class and cannot be instantiated.
In this case, we may refer to TShape as an abstract base class of the actual shape classes. The
following declarations cause compile-time errors:

TShape S;
TShape *p = new TShape;

Templates

A C++ template defines a family of classes or functions. By allowing the programmer to use
parameterized types, the concept of class templates allows container classes such as stacks, lists
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and associative arrays to be defined and implemented in a simple way, without loss of static
type checking or run-time efficiency. Similarly, templates allow generic functions to be defined
once for a family of types.

Class templates

The first C++ example given was the class TCharStack, a stack of char objects. In a similar way,
we could define a stack of i nt's, shorts, doubl es, | ongs, conpl ex’ s, etcetera. This leads to
many similar class declarations, differing only in the type of the objects that can be stored on the
stack.

Using templates, it is easy to define a stack of elements of any type:

t enpl at e<cl ass T>
class TStack {

int si ze;
T *top;
T *s;
public:
TStack(int sz);
~TSt ack();
inline void push(T c);
inline T pop();

3
tenpl at e<cl ass T>

TSt ack<T>:: TStack(int sz)
{

size = sz;
top =s =new T[size]; // allocate array of size objects of type T fromfree store

tenpl at e<cl ass T>
TSt ack<T>: : ~TSt ack()

delete[] s;

tenpl at e<cl ass T>
inline void TChar <T>:: push(T c)
{

*top++ = c;

tenpl at e<cl ass T>
inline T TChar: : pop()
{

return *--top;

It will now be shown how stacks of elements of various types can be made using the TStack
class template:

void f()

{

TSt ack<char > s(100);
TSt ack<doubl e>  d(20);

s.push(*A);
d. push(3. 1415927) ;
/1 d and s will go out of scope and their destructors will be called

}

Function templates

Similar to class templates, function templates can be used to define generic functions once and
use them on a wide variety of types. A famous example is the function nmax, defined in
st dli b. h, that works for every type which has a comparison operator >:

t enpl at e<cl ass T>
inline const T& nmax(const T& t1l, const T& t2)

if(t1>t2)
return t1;
el se
return t2;

}

A template is only used to form an actual function declaration if one doesn’t exist already for
the type(s) used as parameters to the template. This allows us to treat special cases in a sensible
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3.2

way. For instance, calling the template version of max with string arguments leads to a

meaningless comparison between two character pointers. To avoid this, a nontemplate function
can be used to override the generation of a template function for the type char *.

inline char *max(char *t1, char *t2)

if(strenp(tl, t2)>0)
return t1l;

el se
return t2;

ObjectWindows Library

ObjectWindows Library (OWL) is the Borland C++ application framework for Windows. Version
2.0 was used for the structure editor development.

The OWL class hierachy covers most of the Windows API and provides high-level object-
oriented encapsulations for GDI graphics, Windows and MDI, as well as complete support for a
Document/View architecture. It is beyond the scope of this document to give explanations for
all OWL classes, but, to give a quick overview, the following 2 diagrams depict the entire OWL
class hierarchy. The classes are grouped according to functional categories, and all related
classes are in one shaded unit.
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3.2.1

Figure 3.1 ObjectWindows class hierarchy diagram 1
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Figure 3.2 ObjectWindows class hierarchy diagram 2

Only those major Windows and OWL features are discussed that will be essential in
understanding the structure editor implementation. For a full ObjectWindows Library
reference, please take a look at [6].

Multiple Document Interface

MS-Windows supports the Multiple Document Interface (MDI) user interface standard for
presenting and manipulating multiple documents or views on documents within a single
application. The structure editor is an MDI application; it has one main window (the MDI frame
window) within which the user can work with several documents and views on documents.
Each of these appears in its own separate child window (MDI child window) within the main
application window.

Each MDI child window has a frame, system menu, maximize and minimize buttons, an icon
and a title bar. The title bar shows the name of the document the MDI child window belongs to.
The user can manipulate MDI child windows just as if they were normal, independent
windows. However, MDI child windows cannot move outside the main application window.
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3.2.2

The following illustration shows the SysEdit utility that comes with Windows 3.1; it is a good
example of an MDI application.
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Figure 3.3 The SysEdit utility

As the picture shows, MDI child windows can be iconified. The ‘Window’ menu lists all the
MDI child windows. Each window entry shows a document name and, when there are multiple
views on that document, a colon followed by the view number (starting with 1).

Windows Clipboard

The clipboard is an important data-exchange feature of Windows; it is a common area to store
data handles through which applications can exchange formatted data. The clipboard holds any
number of different data formats and corresponding data handles. Most Windows applications,
including the structure editor, offer the following three menu items for interaction with the
clipboard:

Copy: copies selected data from a document to the clipboard (replacing the clipboard’s
previous contents)

Cut: copies selected data onto the clipboard (using Copy) and then deletes the data from the
document
Paste: if there is suitable data on the clipboard, insert it into the document, leaving the

clipboard unchanged

In OWL, the class TClipboard can be used to access the Windows clipboard. The following code
fragments show how to place text on the clipboard and retrieve it later.

voi d put _hel | o(w ndow_handl e)
HWD wi ndow_handl e;
{
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HGLOBAL handle = 0;
char *p = 0;
Td i pboard cb(w ndow_handl e); /1 Tdipboard constructor needs a HWD

handle = ::d obal All oc(GHN\D, 6); /1 Use wi ndows function to get global nenory.
i f(!handl e)
goto quit;
p = (char *)::d obal Lock(handl e);
if(!p)
goto quit;
strcpy(p, “Hello”);
if(!cb. Emptyd i pboard()) /1 Enpty clipboard first
goto quit;

:: @ obal Unl ock( handl e);
p =0;
ch. Set A i pboar dDat a( CF_TEXT, handl e); /1 Place data on clipboard
handl e = 0; /1 Do not free handle if placed successfully.
qui t:
if(p)

;. @ obal Unl ock( handl e);
i f (handl e)

:: A obal Free(handl e);

voi d get _string(w ndow_handl e, str)
HWD wi ndow_handl e;

{
HGLOBAL handl e;
char *p = 0;
TCd i pboard cb(wi ndow_handl e); /1 Tdipboard constructor needs a HWD

handl e = ch. Get A i pboar dDat a( CF_TEXT) ; /1 Any text on clipboard ?
i f(!handl e)
goto quit;
p = (char *)::d obal Lock(handl e);
if(lp)
goto quit;
strcpy(str, p); /1 copy the string

:: @ obal Unl ock( handl e);

3.2.3 Message handling

An OWL application works event-driven, which means that the application is set up to respond
to a wide variety of event types. Most event types are related to user actions, such as mouse
clicks, keyboard input and menu item selections. When an event occurs, Windows notifies the
application(s) to which it applies by sending them a message.

The Windows event handling poses special problems for C++ class hierarchies. Windows sends
messages to a C callback function, where the message is decoded and processed in accordance
with the message type. To map Windows messages to the correct C++ member function
ObjectWindows uses entities known as response tables. These tables provide a connection
between a Windows message and a C++ member function. To use response tables with a
window, you must declare the table in the window's class declaration, and define the table in
later the source file, outside the class declaration. Here is how a response table is declared in a
sample window class:
class TM/W ndow : public TFrameW ndow {

public:
...
voi d EvLBut t onDown( Ul NT MbdKeys, TPoi nt & point);
voi d CmAbout () ;

DECLARE_RESPONSE_TABLE( TM/W ndow) ;
}s

The definition of the response table is put in the source file, and connects Windows messages to
member functions of class TMyWindow. The definition would look like this:

DEFI NE_RESPCNSE_TABLEL( TW/W ndow, TFr ameW ndow)
EV_WM L BUTTCNDOWK,
EV_COMMAND( CM ABQUT, QmAbout ),
END_RESPONSE_TABLE;
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ObjectWindows supports Windows messages like WM PAI NT, user commands sent through
WM COVMAND messages, notification messages, etc. Standard Windows messages are mapped
automatically to ObjectWindows member functions, so you don't have to specify their name on
the response table. For example, the WM _LBUTTONDOWN message uses the EV_WV LBUTTONDOMWN
macro to connect the message with the member function TMyW ndow: : EvLBut t onDown() .
For user commands, such as menu selections, you must specify the member function name,
using the EV_COMVAND macro. In the example, the CM_ABOUT menu selection would be handled
by the function TMyW ndow:. : CmAbout () .
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3.24

For better understanding, the types of messages processed by the structure editor
implementation will be listed here:

EV_COMVAND( id, member func) handler for menu selections & accelerator keys
EV_COMVAND_AND | I( id, member func) handler for multiple commands using one func
EV_WM _PAI NT repaint (part of) a window

EV_WM CHAR ASCII keyboard characters
EV_WM_LBUTTONDOMN left mouse button down

EV_VW RBUTTONDOMN right mouse button down

EV_WM _LBUTTONDBLCLK left mouse button double click

EV_VW KEYDOMW key down (passed to app as virtual key code)
EV_VW KEYUP key up (passed to app as virtual key code)
EV_WM SI ZE window size change

EV_VN_XXXX an application-defined notification event sent

by a document object to all its views

Response tables support inheritance; when you define a response table for a derived class, each
entry overrides any corresponding base class response table entries. Of course, base class
response tables entries that are not redefined in a derived class retain their original meaning.

The Doc/View model

In the Document/View model (or Doc/View model for short) the management of a window's data is
treated as a separate task from the visual presentation of the data. It allows multiple views of
different kinds on the same data. OWL supports this model, which fits the requirement for the
structure editor, to have multiple views of various view types on a document, very well.

To use the Doc/View model, it is necessary to create a document class based on OWL’s
TDocument abstract base class. The primary function of the document class is to encapsulate the
document, provide member functions that View objects can call to request data changes in a
document and tell all associated views when data has been updated. In addition to this, the
document class in the structure editor is responsible for storage and retrieval of documents to
persistent storage (disk) and all Windows clipboard operations.

For each view type, it is necessary to create a separate view class based on the OWL abstract
base class TView. Each view class displays the same data in a different manner or lets the user
interact with it in a different way. A view forms an interface between a user interface object
(often a window) and the document. The view class displays data from the document in its
window and processes user input. When the user input is intended to change the document
data, the view calls a corresponding document class member function to request this change.
The document decides whether the data should be changed, and if so, broadcasts the change to
all associated views.

For broadcasting document changes to all views, the document class uses the Not i f yVi ews
function which takes three parameters: an application-defined integer constant EV_VN_xxxX
corresponding to the event and a | ong or poi nt er parameter to the event. Each View class
that needs to respond to this notification should have a corresponding response table entry. For
example, in the structure editor, the following view notifications exist:

EV_VN M RRORSUBTREE: parameter TNodeAddr ess *.
All views should create a mirror image of a subtree of the
document tree, starting at the node indicated by the parameter.

EV_VN GLOBALFOCUS: parameter TNodeAddr ess *.
All views should move the focus to the node indicated by the
parameter.
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Implementation environment

In the structure editor, an MDI application, each view will appear in its own MDI child
window.

Document objects are associated with View objects. The association is created through a
template class, and you can create multiple instances of these templates. Each instance can
specify details, such as the default directory, to search for the document files and what default
file suffix to use with the documents.

Furthermore, the Doc/View model offers an application-wide document manager that
maintains and coordinates document objects and corresponding view objects. It is an instance of
TDocManager or a derived class which does the following:

Manage the list of current documents and registered templates
Handles the file menu (New, Open, Save etc.)

TDocManager supports both SDI and MDI applications.

26



C++ modelling of S-algebras

This chapter explains how C++ is used to model S-algebras. First, a way to model a signature
with list operators S in C++ is presented. Then, to describe the editor part of the structure editor
(where the actual term being edited resides), it is necessary to model a S-term algebra based on
this signature. For the description of various types of view on the term, C++ models for a
number of S-view algebras (all of which are based on the signature modelled earlier) are
needed.

As explained in Section 2.10, a tree in the carrier set of the S-view algebra is very similar to the
corresponding tree in the carrier set of the S-term algebra itself. Informally speaking, the only
difference is that each node in the view tree carries an extra piece of information of type I. For
each operator there is a function (element of D) which computes the associated value of type I,
given the values for each of the operator’s children.

For each view type, a separate S-view algebra is needed which is based on a view type-specific
type | and a view type-specific set of functions D. Assume the editor has v different view types.

The S-view algebra for view type i, Ofi<v (VieWTermS‘l“D‘ , F(II,DI)) is based on a set |; and a set
of functions D; specific to this view type.

The S-algebras used in the structure editor (a S-term algebra and a number of S-view algebras)
are different but they have a common part: they are all based on the same signature S; this
signature defines the structural properties of these S-algebras.

In this chapter, it is shown how the algebraic relationship between a single signature S and
several S-algebras is reflected in the relationship between a single C++ model of the signature
and the C++ models of several S-algebras. By defining the signature in terms of C++ template
classes, | could reuse the C++ signature model for modelling both the S-term algebra and all S-
view algebras.

The template classes have one parameter: the base class that should be used. The combination of
an operator template class and a specific base class forms a class that can be instantiated to
create an actual operator object.

The base classes used in the structure editor implementation are class hierarchies themselves,
each level of which models different aspects of an operator object. Sections 4.2 and 4.3 contain
all the details, but a brief overview of this hierarchy is given here.

The primary function of the base class is to model the connections between an operator object
and its parent and each of its children. This makes it possible to connect a number of operator
objects to form a tree structure (this amounts to modelling Termg or, equivalently, Treeg ). This
is encapsulated in TTreeNode, the root of the base class hierarchy.

The secondary function is to model an operator object with member functions that return the
kind of operator, its result sort, the operator argument sorts, pointers to its parent and children,
etc. This is the purpose of the class TTerm, which is directly derived from TTreeNode. TTerm is
the class to use as the operator class template argument when modelling a S-term algebra.

As pointed out before, a view tree is a term tree where each operator object carries an extra
piece of information. When creating a C++ model of a S-view algebra for a view type i, the base
class is called view base class (often referred to as b; in this thesis). The view base class is the third
layer of the base class hierarchy. b; models the extra piece of information for view type i (set I;,).

Ilustration 4.1 in Section 4.1.2 shows the base class hierarchy and operator template classes.
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4.1

41.1

4.1.2

In the C++ implementation, each view base class is associated with a collection of functions.
This collection of functions matches the set D;. associated with the S-view algebra for view type
i.

This chapter first presents a C++ model for any signature S with list operators which consists of
classes for each sort and each operator. Each operator class models the relevant properties of an
operator: its result sort, its argument sorts, its humber of arguments, whether it is a list or
aggregate operator etc. It can be instantiated to form an operator object.

Then, given the model for a signature S, models for S-algebras (the S-term algebra and the S-
view algebras) will be discussed. A C++ equivalent of the homomorphism from term to view
algebra will also be introduced.

Modelling a signature with list operators in C++

This paragraph discusses the model model of a signature with list operators S (S,G), starting
with the sorts.

Sort classes

For each sort, a C++ template class is defined which has the name of the base class as its
parameter. This will come in handy later, when a similar class hierarchy to store view
information is needed. By using a template, there is no need to duplicate Sort and Operator
class declarations in the code for Views.

For each Sort in the signature, one abstract class is derived from the base class. In addition to
this, the enumeration type ‘Sort’ defines a constant value SORT_s for each sort s and
SORT_NONE = 0. The Get Sort method returns the appropriate constant for each Sort class.
The Sort classes provide a type-safe way to express the commonality of operators that have the
same result sort.

With this structure, each sort sort1 s will be translated to the following template class
declaration:

t enpl at e<cl ass Base>

cl ass Tsort: public Base {

public:

Sor t CGetSort() { return SORT_sort; }
Tsort(int n =0, int fixed = FALSE): Base(n, fixed) {}

}
Since the Sort classes do not provide an implementation of all pure virtual member functions of
TTerm (see Section 4.2), they are abstract classes. The Sort class constructor does nothing:

simply passes its arguments on to the base class constructor.

Operator classes

For each Operator in the signature, a template class is derived from its result sort template class.
The enumeration type Oper at or defines a constant OP_g for each operator g1 EG and

OP_NONE. The operator classes are the ones that are actually instantiated by the structure editor
when language constructs are added to the abstract syntax tree.

For the sake of structure editing, all hole operators have been included in EG (see 2.9), and a
template class will exist for each hole. A hole of sort s is considered to be a constant operator
with result sort s. Hole objects can be displayed as markers on the editor screen that indicate
subtrees that are still missing from the term tree.

Similar to the Sort classes, the Operator classes are defined as template classes. The immediate
base class of each operator class is its result sort class. The operator template parameter is
passed on to the immediate base class; it is the name of the base class that sort class should use.
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The recipe for creating a C++ operator class, given an aggregate operator definition
g:{f:s,,....f s }® s_, is shown below. Except Cet Desi r edChi | dSor t, all member functions

are defined inside the class declaration (this automatically makes them i nl i ne functions).
The function Get Chi | d used in the operator class templates must be defined in Base. In the
structure editor, Base must be a subclass of TTerm and Get Chi | d is a member of TTerm.

t enpl at e<cl ass Base>

cl ass Tg: public Tse<Base> {

public:
Qper at or Cet Operator() { return OP_g; }
TSor t s;<Base>* Get fi() { return (TSorts;<Base>*)CGet Chil d(0); }
'.I'..Sortsn<Base>* Get () { return (TSorts,<Base>*)CGetChild(n-1); }
Sor t Cet Desi redChi | dSort (int c);
int Cet Desi redNunChi I dren() { return n; }

} Tg(): TSortse<Base>(n, TRUE) {};

As you can see above, the constructor Tg() simply passes on its arguments to the sort base class.
The template function below defines the one member function not defined inside the class
declaration. The reason for not defining this function inside the class declaration is that the
compiler used for this project will not inline a function if it contains, among others, a swi t ch
statement. Using a separate declaration avoids the compiler warning message that would occur
if this function were to be declared i nl i ne.

t enpl at e<cl ass Base>

Sor t Tg<Base>: : Get Desi redChi | dSort (int c)
switch(c) { case O: return SORT_sg;
case n-1: return SORT_s;
defaul t: return SORT_NONE;
}
}

The recipe for a list operator, such as g:{f,:s, } ® s, is:

t enpl at e<cl ass Base>

cl ass Tg: public se<Base> {
public:
Qper at or Cet Operator() { return OP_g; }
TSor t s;<Base>* CGetfy(int c) { return (TSorts;<Base>*)Get Child(c); }
Sor t Cet Desi redChi | dSort (int ¢) {return c>=0?SORT_s;: SORT_NONE; }
BOOL IsList() { return TRUE }

Tg(): TSortse<Base>(0, FALSE) {}
}

For the example signature introduced in Section 2.2, the class hierarchy (without hole classes) is
illustrated below. The base classes shown here, TTreeNode and TTerm, will be introduced in
the next section.

TIreeNode

TExpr<Base> TStat<Base> Tidentifier<Base>

SVSOrf p/qsrsgsm L= 4 _—_ 1 == d
[Mue<Base> | [TFalse<Base>| [Tvalue<Base>] [a<Base>]...[z<Base>]
 Operator classes [Titelse<Base>| [Twhie<Base>] [Tstatlist<Base>| | Tassignment<Base> |

Figure 4.1 Class hierarchy for modelling the example signature
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4.1.3

Sort and Operator Macros

To save a lot of typing, macros that contain the actual C++ sort and operator class template
declarations can be defined. Assume that the sorts are nhumbered from 1 to |S] in arbitrary
order. Sort i is referred to as S; . The operators are numbered from 1 to |G| and operator j may
be referred to as G;., with the extra condition that operator number k, kE|S] is the hole of sort k:

(" kT NLEKASG = Dsk)
The macros assume that an enumeration type Operator lists all operators identifiers according
to the following pattern:

enum Qperator {

OP_NONE = 0,
OP_S;HOLE, CP_S,HOLE, ... , OP_S|sHOLE,

OP_Gysp+1, P_Gyspe2, -+ -, OP_Gyg

Given this, it is possible to define the sort classes S; with a corresponding hole classes G; (for all
1£i£]S]) by using the following macro repeatedly:

DEFI NE_SORT_AND_HOLE( S;)
This macro actually expands to:

DEFI NE_SORT( S;)

DEFI NE_OPO( S;HOLE, Si)
The macro DEFI NE_SORT expands to a definition of the SORT_S; constant for this sort (it is set
equal to the constant OP_S;HOLE from the Qper at or enumeration type), followed by the code
fragment given in Section 4.1.1:

const Sort SORT_S; = OP_S;HOLE;
t enpl at e<cl ass Base>
cl ass TSi: public Base {
public:
Sor t CGetSort() { return SORT_S;; }
TSi(int n =0, int fixed = FALSE): Base(n, fixed) {}
3
The DEFI NE_OPO macro is a version of the recipe given in Section 4.1.2, for an operator of arity

0 (a constant).

Now that sorts and holes have been defined, | will move on to the ‘real’ operators in the
signature.
An aggregate operator, not a hole, of arity n, g:{f,:s, ..., f.:s,} ® s, is defined as follows:

DEFI NE_OPn(g, so, 1, S1, ..., Tn Sn)
This macro expands to a version for an operator of arity n of the recipe given in Section 4.1.2,
which will not be repeated here. Obviously, for each operator arity n that occurs in the
signature, a corresponding DEFI NE_OPn macro must be defined.
There is macro for list operators too. A list operator g:{f,:s, } ® s, is defined by the following
macro:

DEFI NE_OP_LIST(g, so, f1, S1)

In addition to this, the following definitions are needed by other parts of the structure editor:
const Sort TERVBORT = SORT_s;

where s is the sort of the term to be edited in the structure editor. Finally, the following
definitions serve to separate the holes from the ‘real operators’:

const Qperator OP_FI RSTHOLE
const Qperator OP_LASTHOLE

OP_Gy;
OP_Gig;
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const Qperator OP_FI RST
const Qperator OP_LAST

OP_G) g +1;
OP_Gq;

Using the macros, the C++ equivalent of the labeled example signature (with holes) is:

enum Qperator {
OP_NONE,
OP_Stat HOLE, OP_ExprHOLE, OP_I ndenti fi er HOLE,
OP_ifelse, OP_while, OP_statlist, OP_assignnent,
OP_a, OPb, ... , OP_z, OP_True, OP_False, OP_value
3
DEFI NE_SORT_AND_HOLE( St at)
DEFI NE_SORT_AND_HOLE( Expr)
DEFI NE_SORT_AND _HOLE( | dentifier)
DEFI NE_OP2(assi gnnent, Stat, dest, ldentifier, source, Expr)
DEFI NE_OP3(ifel se, Stat, guard, Expr, s_true, Stat, s_false, Stat)
DEFI NE_OP2(whi | e, Stat, guard, Expr, body, Stat)
DEFI NE_OP_LI ST(statlist, Stat, s, Stat)

DEFI NE_OPO(a, Identifier)
DEFI NE_OPO(b, Identifier)

DEFI NE_OPO(z, |dentifier)
DEFI NE_OP1(val ue, Expr, source, ldentifier)

DEFI NE_OPO( Fal se, Expr)
DEFI NE_OPO( True, Expr)

const Sort TERVBORT = SORT_Stat; // terns in the editor are of sort Stat

const Qperator OP_FIRSTHOLE = OP_Stat HOLE;
const Qperator OP_LASTHCOLE = OP_ldentifierHOLE;
const Qperator OP_FI RST = OP_ifel se;
const Qperator OP_LAST = OP_val ue;
4.2 S-term algebra modelling

In Chapter 2, we have seen two ways to look at a term over a signature S (S,G): as a term
(element of Termg) and as a tree (a function from a tree domain to EG, element of Trees). For an
efficient model of a S-term algebra in C++, a third variation of this theme is needed. This is a
term tree representation that consists of a number of operator objects linked by pointers.

Each operator object in the pointer-based term tree is an instance of the corresponding operator
class and it has direct pointers to its parent and each of its children. To make these pointers part
of each operator object, one possibility is to include the pointer members in the operator class
directly. A cleaner approach, however, is to handle all tree-related issues in separate tree
classes.

42.1 C++ tree classes

I will now present the two tree classes used in the structure editor project. The first, TTreeNode,
encapsulates the information necessary to link a single tree node to its parent and children. The
second is TTree, which is a template class that encapsulates an entire tree; it offers a wide
variety of operations to construct and manipulate the tree.

TTreeNode

TTreeNode has the following data members, which allow efficient implementation of all tree
manipulations needed by the structure editor:

a pointer to the parent node
an array of pointers to all child nodes.
a child number: this is the object’s index in its parent’s array of pointers to children.
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TTreeNode is required to be a base class of all objects that need to be in a tree structure
managed by TTree.

class TTreeNode {

publ i c:
inline TTreeNode(int n =0, int fixed = FALSE);
virtual ~TTreeNode() {}
inline TTreeNode *Get Chil d(int n) const;
inline TTreeNode *Get Parent () const;
inline int Get NunChi | dren() const;
voi d Set Chi | dNunber s(int n);
| ong Count Subt r eeNodes() const;
BOOL | sDescendant (TTreeNode *anc) const;
TTr eeNode *Par ent ;
int M/ Chi | dNunber ;

TArrayAsVect or <TTr eeNode*> Chi | dren;
3

inline TTreeNode: : TTreeNode(int n, int fixed):
Children(n, 0, fixed?0:2), Parent (0), M/Chi | dNunber ( 0)
{

}

The class TTreeNode holds the data members listed above, where the array of pointers to
children is implemented using Borland’s TArrayAsVector container class.

The constructor takes two parameters: an integer n stating the initial size of the Chi | dren
pointer array and a Boolean indicating whether the tree node has a fixed or variable number of
children. The Par ent and MyChi | dNurber members are initialized to 0.

The destructor is declared virtual so that even if a tree node is deleted using a pointer to
TTreeNode or another base class (TTree is likely to do this), the correct destructor
corresponding to the tree node’s actual type is called.

The class TTreeNode has the following public member functions:
TTr eeNode *Get Chil d(int n) const;
If 0En<#children, this function returns a pointer to a node’s n’th child. Otherwise it returns
0.
TTr eeNode *Get Parent () const;
Returns the value of the Par ent data member.

int Get NunChi I dren() const;

Returns a node’s current number of children.

voi d Set Chi | dNunbers(int n);

Sets all child node’s MyChi | dNunber members, starting with child n.

| ong Count Subt r eeNodes const ;

Counts the number of descendants, including this node (so the return value is at least 1).
BOOL | sDescendant (TTreeNode *anc) const;

Checks whether node is a descendant of the node pointed to by anc (ancestor).

TTree template class

I aimed to develop a tree class that can be reused whenever a tree type data structure occurs in
this project. It is called TTree and it is general template container class. Whenever a TTree object
is constructed, the type of the tree’s nodes must be given as the template argument. The node
type is required to be a subclass of TTreeNode because TTree uses TTreeNode to link a node to
its parent and children.

tenpl at e<cl ass T>
class TTree {

publ i c:
inline TTree(): Root (0), NumNodes(0) {}
~TTree();
inline T *Get Root () const;
inline | ong Get NunNodes() const;
inline BOOL I sLeaf (T *e) const;
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inline BOOL I sRoot (T *e) const;
inline int Get MChi | dNunber (T *e) const;
inline T *Get Parent (T *e) const;
inline T *Get Child(T *e, int n) const;
inline int Get NunChi I dren(T *e) const;
inline T *GetSibling(T *e, int n) const;
inline T *GetLeftSibling(T *e) const;
inline T *GetRightSibling(T *e) const;
T *Get Last Node() const;
T *Get Next Node(T *e) const;
T *Get PrevNode(T *e) const;
inline voi d InsertChild(T *par, int childnunber, T *child);
voi d AddChi I d(T *par, T *child);
voi d Repl aceChi | d(T *par, int childnunber, T *newchild, BOOL del =TRUE);
voi d RenoveChi | d(T *par, int childnunber, BOOL del =TRUE);
inline void RenoveSubtree(T *subtree, BOOL del =TRUE);
inline void Repl aceSubtree(T *subtree, T *repl acenent, BOOL del =TRUE);
voi d Cet NodeAddr ess(T *node, TNodeAddr ess& address) const;
T *NodeAt (const TNodeAddr ess& addr ess) const;
private:
voi d DoRecursive(T *e, void pre(T *), void post(T *));
T *Root ;
| ong NunmNodes;

As private data members, the class TTree holds a pointer to the root TTreeNode and the
number of nodes the tree currently has. The constructor creates an empty tree (Root =0,
NunNodes = 0) and the destructor traverses the tree and deletes all elements.

The class TTree has the following public member functions:

T Get Root () ;

Returns a pointer to the root node, or 0 if the tree is empty.

| ong Get NunNodes() ;

Returns the number of nodes in the tree.

BOOL I sLeaf (T* e);

Returns TRUE if the node pointed to by e is a leaf, FALSE if not.

BOOL | sRoot (T* e);

Returns TRUE if the node pointed to by e is the root node of the tree.

int Cet MyChi | dNunber (T* e);

Returns the index of e in the parent’s array of children.

int Get NunChi I dren(T* e);

Returns the number of children of the node pointed to by e. If e is O, this function returns 1
if the tree has a root (it is nonempty), otherwise 0.

T *GetChild(T* e, int n);

Returns the n’th child of the node pointed to by e. Child #0 of 0 (null pointer) is the root of
the tree. If n is an invalid child number, this function returns 0.

T *GetSibling(T* e, int n);

Returns a sibling of the node pointed to by e (the n’th child of the parent of e). If n is an
invalid child number, this function returns 0.

T *GetLeftSibling(T* e);

Returns the sibling immediately to the left of the node pointed to by e. If e has no left
sibling, this function returns 0.

T *GetRightSibling(T* e);

Returns the sibling immediately to the right of the node pointed to by e. If e has no right
sibling, this function returns 0.

T *Get Parent (T* e);

Returns a pointer to the parent of the node pointed to by e.
function returns 0.

T *Get Next Node(T* e);

Returns a pointer to the node that would follow this node in a pre-order tree traversal. If e
is the last node in the tree, this function returns 0.

If e is the root node, this
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T *Cet PrevNode(T* e);
Returns a pointer to the node that would precede this node in a pre-order tree traversal. If e
is the first node in the tree (the root node), this function returns 0.

T *Get Last Node() ;

Returns a pointer to the node that would be the last node visited in a pre-order traversal of
this tree.

voi d InsertChild(T* par, int childnunber, T* child);

Expands the children array of the node pointed to by par and inserts chi |l d into it, at
position chi | dnunber . chi | d is allowed to have children itself, so an entire subtree can
be inserted with this function.

voi d AddChi I d(T* par, T* child);

Expands the children array of the node pointed to by par and add chi | d at the end.
chil d is allowed to have children itself, so an entire subtree can be added with this
function.

voi d Repl aceChi | d(T* par, int childnunber, T* newchild, BOOL del =TRUE);

Replaces child number chi | dnunber of node par by the node pointed to by chi | d at the
end. If del is TRUE ,the existing subtree will be deleted. If not, it will only be detached.
Again, chi | d is allowed to have children itself, so an entire subtree can be replaced with
this function.

voi d RenoveChi | d(T* par, int childnunber, BOOL del =TRUE);

Removes child nhumber chi | dnunber of node par. If del is TRUE the child and all its
descendants will be deleted. If not, they will only be detached.

voi d RenoveSubt ree(T* subtree, BOOL del =TRUE);

Removes the node pointed to by subt r ee and all its descendants from the tree. If del is
TRUE, the node and its descendants will be deleted. If not, they will only be detached.

voi d Repl aceSubtree(T* subtree, T* repl acenent, BOOL del =TRUE);

Replaces the subtree pointed to by subt r ee by the subtree pointed to by r epl acenent . If
del is TRUE, the node pointed to by subt r ee and its descendants will all be deleted. If
not, they will only be detached.

voi d Cet NodeAddr ess(T *node, TNodeAddr ess& address) const;
Stores node address of node in the TNodeAddress object addr ess.
T *NodeAt (const TNodeAddr ess& addr ess) const;

Returns pointer to node addressed by the TNodeAddress object addr ess.

TNodeAddress class

The TNodeAddress class models the concept of a tree node address, defined in Chapter 2,
definition 2.13. It allows memory location-independent addressing of tree nodes.

cl ass TNodeAddress: public TArrayAsVector<short> {
public:
inline TNodeAddress() : TArrayAsVector<short>(9,0, 10) {}

inline int Length() const;
inline short Cet Chi | dNunber (i nt n) const;
}

A tree node address is implemented as a vector of shor t s. Its initial size is 10 and, when more
space is required (this occurs when the depth of a node exceeds the initial size), the array is
incremented in steps of 10. This class is used by the Get NodeAddr ess and NodeAt member
functions of TTree.

inline int Lengt h() const;
Returns the length of the node address sequence.
inline short Cet Chi | dNunber (i nt n) const;

Gets the n’th element of the node address sequence (0 indicates the first element).
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An example code fragment that builds a tree consisting of a few nodes and does some
manipulations:

void f()

{
TTr ee<TTr eeNode> tree;
TTr eeNode *nl, *n2, *n3, *n4, *n5;
TNodeAddr ess a;

nl = new TTreeNode; n2
n4 = new TTreeNode; n5

new TTreeNode; n3 = new TTreeNode;
new TTr eeNode;

tree. AddChi 1 d(0, nl); /1 Set root node;

tree. AddChi 1 d(nl, n2); /1 Add child to root node

tree. AddChi I d(n1, n3); /1 Add another child to root node
tree. AddChi I d(n2, n4); /1 Add child to n2

tree. AddChi I d(n2, n5); /1 Add another child to n2

tree. RenoveSubt ree(n2, FALSE); /1 renove subtree, do not del ete nodes
tree. AddChi I d(n3, n2); /1 attach subtree to n3.

BOOL b = n5->| sDescendant (n2) /1 b == TRUE;

tree. Get NodeAddr ess(n5, a); /1 node address of n5 is <0, 0, 1>

/1 tree goes out of scope, destructor deletes tree nodes nl, n2 and n3.

4272 TTerm class

The class TTerm is an abstract class, derived from TTreeNode, and it adds virtual member
functions to retrieve a node’s sort (GetSort), its operator (GetOperator), the desired sorts for its
children, an access function to retrieve a pointer to a child node, streaming support etc. TTerm
is intended to be used as the direct base class of all nodes in the term tree representation and
hence, it should be used as the Base parameter to the operator template classes. TTerm also
serves as indirect base class to nodes in the view tree representations.

The example signature has constant operators named a ... z to model identifiers. However, with
identifier names that can be of arbitrary length, this will yield an unbounded number of
operators. Instead of defining a separate operator for each identifier, a single operator, identifier,
is defined. To distinguish different identifiers, each identifier object has associated information
which contains the name of the identifier. The TTerm class has Set Dat a and Get Dat a member
functions to set and access the operator information.

cl ass TTerm public TTreeNode {
public:
inline TTern(int n=0, int fixed=FALSE): TTreeNode(n, fixed), Data(0), Length(0){}
~TTerm();
virtual Qperator Get Operator() = 0;
inline char *Get QpNane() { return ::Get CpNane(Get Qperator()); }
virtual int Cet Desi redNunChi | dren() { return 0; }
virtual BOOL I'sList() { return FALSE }
virtual Sort GetSort() = O;
inline char *Get Sor t Nane() { return ::GetSortName(CGetSort()); }
TTerm *Get Chil d(int n) { return (TTernt) TTreeNode: : Get Chi I d(n);}
virtual Sort Get Desi redChi | dSort (i nt n) { return SORT_NONE; }
voi d Set Dat a(voi d *data, int len);
voi d *Get Dat a() { return Data; }
int Cet Dat aLengt h() { return Length; }
int Get TermLengt h() ;
friend ostrean& oper at or<<(ostream& TTerm*);
private:
voi d *Dat a;
int Lengt h;

}s

The constructor takes two parameters: the integer n is the initial number of children of this node
and the Boolean fixed indicates whether the tree node has a fixed or variable number of children.
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These two values are passed on to the TTreeNode constructor. The Dat a and Lengt h members
are initialized to 0.

If this operator has associated data, the destructor frees its memory.

The class TTerm has the following public member functions:

virtual Qperator Get Operator() = O;

This pure virtual function must be defined by the g operator class to return the correct OP_g
constant.

inline char *CGet OpNane() ;

This function uses Get Qperat or () to find the operator; then returns a string in the
operator name array.

virtual int Cet Desi redNunChi | dren();

This virtual function (which returns 0) must be overridden by an operator class if the
operator’s arity is greater than 0. Get Ari ty would have been a better name for this
function.

virtual BOOL I'sList();

This virtual function (which returns FALSE) must be overridden by an operator class to
return TRUE if it is a list operator.

virtual Sort GetSort() = O;

This pure virtual function must be defined by the sort class of sort s to return the correct
SORT_s constant.

inline char *Get Sor t Nane() ;

This function uses Get Sort () to find the sort; it then returns the corresponding string in
the sort name array.

TTerm *Get Child(int n);
This function uses calls TTr eeNode: : Get Chi | d and casts the result to TTerm *.
virtual Sort Get Desi redChi Il dSort (int n);

This virtual function, which by default returns SORT_NONE, must be overridden by an
operator class if the operator is not a constant. The purpose of the function is to enable an
application to retrieve the argument sorts for this operator.

voi d Set Dat a(voi d *data, int len);

Sets operator information. A memory block of length | en is allocated, and the memory
pointed to by dat a is copied into it.

voi d *Cet Dat a() ;

Gets operator information.

int Cet Dat aLengt h();

Gets length of operator information.

int Get TermLengt h() ;

Get number of characters needed to stream this term.
friend ostream& oper at or<<(ostrean& TTerm*);

Stream term in following format: operator name { operator info, if any } [child O, ..., child n-
1]

Term representation
At this point, all the ingredients to model a S-term algebra have been presented:
A C++ model for the signature S

A tree container class
The TTerm class

It is now shown how to combine these ingredients in a C++ program that models the S-term
algebra of the running example signature. The program builds and prints the example term
given in Section 2.4:

ifelse[value[a],assignment[b,False],assignment[c, True]]
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4.3.1

The C++ code that follows is based on the C++ signature definition given in Section 4.1.3:

void f()

{
TTree<TTer nm» Ter nilr ee;
TTerm *ifelse = new Tifel se<TTernv;
TTerm *val ue = new Tval ue<TTer n»;
TTerm *a = new Ta<TTer np;
TTerm *assi gnl= new Tassi gnment <TTer np;
TTerm *b = new Tbh<TTer n»;
TTerm *Fal se = new TFal se<TTer np;
TTerm *assi gn2= new Tassi gnment <TTer np;
TTerm *c = new Tc<TTer np;
TTerm *True = new TTrue<TTer nv;
Ter mTr ee. AddChi | d( O, ifel se);

TernTr ee. AddChi I d(ifel se, value);
Ter mTr ee. AddChi | d( val ue, a);
TernTr ee. AddChi I d(ifel se, assignl);
Ter nTr ee. AddChi | d(assi gnl, b);

Ter nTr ee. AddChi | d(assi gnl, Fal se);
TernTr ee. AddChi I d(ifel se, assign2);
Ter mTr ee. AddChi | d(assi gn2, c);

Ter mTr ee. AddChi | d(assi gn2, True);

cout << Ternilree. Get Root (); /1 Terniree.GetRoot () == ifelse
/1 outputs ‘ifelse[value[a],assignment[b,False],assignment[c,True]]’
int tI = Ternilree. Get Root ()->CGet TernLength(); // tl==55, length of the above output stream

cout << assign2;
/1 outputs ‘assignment[c,True]”

int nc = ifel se->Get NuntChi |l dren(); /1 nc ==
int dnc = ifelse->CGetDesiredNunchildren(); // dnc ==
Sort sO = ifelse->CetDesiredChildSort(0); // sO == SORT_Expr
Sort s1 = ifelse->CGetDesiredChildSort(1); // sl == SORT_Stat
Sort s2 = ifelse->CGetDesiredChildSort(2); // s2 == SORT_Stat

TTerm*t = Ternilree. CetLeftSi bl i ng(assign2);// t == assignl

S-view algebra representation

The intention is to create a design for the structure editor that neatly separates the abstract
syntax tree document storage and manipulation from document display and user interaction.
This makes it possible to have multiple types of views on the same document, where each type
of view defines a particular way of displaying data and letting the user interact with it.

The class that encapsulates the abstract syntax tree (the TTermEditor class, introduced in
Chapter 5) is unaware of the number and types of views on it, so that new view classes can be
designed and added to the structure editor without having to change the document class.

Each view type is modelled as a different S-view algebra. Conceptually, for view type i, the S-
view algebra corresponds to the S-term algebra plus, for each term tree node (operator object),
an extra piece of information of type l;. The following section discusses basic view features for
the structure editor and a data type (TViewNode) that supports these features. If a view type i
needs additional per-node information, it can derive a more elaborate I; from TViewNode.

Basic view features

The graphical representation of a node is a rectangle. There can be an arbitrary number of
instances of a node’s graphical representation within its parent rectangle. It is assumed that a
node representation’s bounding rectangle completely encloses all representations of its children.
The illustration below shows an acceptable mapping from the term tree of the example term

ifelse[value[a],assignment[b,False],assignment[c, True]]

to a collection of bounding rectangles:
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Figure 4.2 Bounding rectangles in graphical term representation

Given a certain (x, y) coordinate, the view must be able to determine efficiently to which node
rectangle, if any, it refers. This is useful for processing mouse clicks in the structure editor
application.

A node can be ‘folded’, which means that it and all its descendants disappear from the View
display. A marker will be shown to indicate the presence of a folded subtree. The unfold
operation will cause a folded node and its hidden descendants to reappear on the screen.

View nodes

View tree nodes use the same Operator template classes as nodes of the document tree. This
means that there is no need to redeclare the entire signature for each view type. These template
classes have a parameter to allow specification of the base class to use. Instead of TTerm (used
for modelling the term tree), a view-specific base class b; is used.

A base class for view tree nodes is derived from TTerm (which, in turn, is derived from the
TTreeNode), and has data members to carry per-node information needed for supporting the
basic view features indicated above. The class TViewNode contains the following information
about a node: a list of top left corner coordinates for each instance in the display, the node
bounding rectangle size and a Boolean indicating whether it is folded or not. If a view needs
more information, its node base class will be a subclass of TViewNode with additional data
members.

The C++ declaration of the TViewNode class:

class TViewNode : public TTerm{
public:
TViewNode(int n = 0, int fixed = FALSE): TTern(n, fixed),
Fol ded( FALSE) , NodePosi tions(0,0,2) {}

inline TVi emNode *Get Chil d(int n) const;
inline TVi emNode *Get Parent () const;

inline BOOL Cet Fol ded() const;

inline void Set Fol ded(BOOL f ol ded);

inline TSize& NodeSi ze() ;

inline int NodeHei ght () const;

inline int NodeW dt h() const;

virtual void Draw( TM/DC&, TPoint&) = O;

virtual void Cal cSi ze( TM/DC&) = 0;

voi d Set NodeSi ze(const TSi ze& sz);

voi d AddNodePosi ti on(const TPoint& pt);

TPoi nt & Cet NodePosi tion(int n) const;

int Cet NunNodePosi ti ons() const;

TVi ewNode *Whi chNode( const TPoi nt & poi nt);

BOOL IsVisible() const;

voi d Fl ushChi | dr enNodePosi ti ons();
private:

TSi ze Si ze;

BOOL Fol ded;

TArrayAsVect or <TPoi nt>  NodePosi ti ons;
3
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The TViewNode class is directly derived from the term basic class, TTerm. As private data
members it has a TSize, which holds the size of the bounding rectangle of this node’s graphical
representation, an array of node positions (relative to the origin of the view window coordinate
system), one for each copy of this node on the screen and a Boolean indicating whether the node
is folded or not.

The constructor initializes the node position array to have an initial size of 1 and a growth delta
of 2. In addition, it sets folded to FALSE and passes its arguments on to the TTerm constructor.
TViewNode has the following public member functions:
TVi ewNode *Get Child(int n) const
Calls TTer m : Get Chi | d and casts the result from TTer m * to TVi ewNode *.
TVi ewNode *Get Parent () const
Calls TTer m : Get Par ent and casts the result from TTer m * to TVi ewNode *.
BOOL Cet Fol ded() const
Returns the Boolean value that indicates whether this node is currently folded or not.
voi d Set Fol ded(BOOL f ol ded)
Sets the Boolean value that whether this node is currently folded or not to folded.
TSi ze& NodeSi ze()
Returns a reference to the node’s TSize object.
inline int NodeW dt h() const;
Returns the node’s width (Si ze. cx).
inline int NodeHei ght () const;
Returns the node’s height (Si ze. cy).
voi d Set NodeSi ze( TSi ze& sz);
Sets the size of the node by setting Si ze to sz and removes all elements from the
NodePosi tions array. This function is commonly called by the CalcSize() member
function.
voi d AddNodePosi ti on(TPoi nt& pt);
Adds the position given by pt to the NodePositions array. The Draw() member
function has a screen coordinate as one of its arguments, and calls this function to add the
coordinate to the node positions array. Thus, if a single node is drawn 3 times at different
screen locations, the NodePosi t i ons array will hold all 3 locations.
TPoi nt & Cet NodePosi tion(int n) const;
Returns the position of the n’th graphical representation of this node on the screen, where
0£n<Get NumNodePosi ti ons() .
int Get NunmNodePosi ti on() const;
Returns the number of graphical representations of this node on the screen (the number of
TPoi nt objects in the NodePosi ti ons array).
voi d Cal cSi ze( TMyDC& dc)
This is a pure virtual function and it needs to be defined in a derived class. Its job is to
calculate the size of this node’s bounding rectangle, possibly using font size and other
information from the display context dc. As the size often depends on the sizes of the child
nodes’ bounding rectangles, CalcSize recursively calls itself for each child node. When it
has computed the node size, it must call Set NodeSi ze() to store this information in the
node object.
voi d Dr aw( TM/DC& dc, TPoi nt & pt)
This function adds the position of the node graphical representation it is about to draw by
calling AddNodePosi ti on( pt) . It then paints the node to the given display context dc at
position pt . For each child, Draw() computes one (or sometimes more than one) position
and then calls itself recursively to paint the child node at the computed position(s). Before
painting any children, it must call Fl ushChi | dr enNodePosi ti ons().
TVi ewNode *Whi chNode( TPoi nt & poi nt)
This function checks whether poi nt is in one of this node’s bounding rectangles (using all
points in the NodePosi ti ons array and the Si ze member). If not, it returns 0 right away.
Otherwise, it calls itself recursively for each of its children to see if the point is inside one of
them and WhichNode returns a nonzero value. If this is the case, this value is returned. If
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the point was outside all children (but inside this node), WhichNode returns the this
pointer.

BOOL *|sVisible() const;

This function returns FALSE when this node is invisible because it is folded itself or at least
one of its ancestors is folded.

voi d Fl ushChi | dr enNodePosi ti ons();

This function empties the NodePosi t i ons array for each of this node’s children.

View trees

The class TViewTree encapsulates view trees. It is a template class with one argument - the view
base class. Its constructor models part of the homomorphism from term tree to view tree; it
creates the view tree that corresponds to the term tree specified by its TTree<TTern» *
argument. As the example in Section 4.3.5 will show, calling Cal cSi ze for the view tree root
node completes computation of the homomorphism.

tenpl at e<cl ass T>
cl ass TVi ewlree: public TTree<T> {

public:
TVi ewlree(TTree<TTerne» *terntree);

inline T *Get Focus() const;

inline void Set Focus(T *);

inline T *Whi chNode( TPoi nt & poi nt) const;

voi d CreateMrror (T *parent, int childnunber, TTerm*tern;
private:

T *Focus;

}s

The class is derived from the basic tree class, TTree. As a private data member, the class
TViewTree holds a pointer to the focus node. The constructor takes a pointer to a
TTr ee<TTer n», which is the type of the term tree, as an argument. It builds the mirror view
tree of type TTr ee<T> by calling CreateM rror (0, 0, rootof document tree) .
voi d CreateMrror(T *parent, int cn, TTerm*termn
Creates a mirror node of the node pointed to by term and adds it as a child number cn to
the node pointed to by parent. Recursively calls CreateM rror for each of this term
node’s children. The code below uses the template function Creat eOper at or Node
introduced in Section 5.1. Given an operator constant OP_g for an operator g, this function
creates the corresponding operator object Tg<Base> and returns a pointer to it.

t enpl at e<cl ass T>
void TViewlree<T>::CreateMrror (T *parent, int childnunber, TTerm *termn)

T *node = CreateQperatorNode((T *)0, term >CetQperator());

i f(node) {
node- >Set Dat a(term >CGet Data(), term >CetDatalLength());
i f(childnunber < Get NunChildren(parent)) {
Repl aceChi | d(parent, childnunber, node);
} else if(childnunber == Get NuntChildren(parent)) {
AddChi | d(parent, node);

}

int nc = term>Get NunChi I dren();

for(int i = 0; i<nc; i++) {
CreateMrror(node, i, term>GetChild(i));

TTreeView<T> has the following public member functions:

T *Get Focus() const
Retrieve the pointer to the focus node.

voi d Set Focus(T *) const
Sets the pointer to the focus node.

T *Whi chNode( TPoi nt & poi nt) const
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Find the node indicated by a mouse click at the given point (coordinate) in the view
window. The assumption here is that a node’s bounding rectangle completely contains the
bounding rectangles of all of its children. This implies that when the point is outside a
node’s bounding rectangle, it is also outside all of its descendants’ bounding rectangles. The
node indicated by the given point is the ‘deepest’ node that still contains it. If no node
contains the point, the function returns 0.

Modelling the functions D
For view i, the set I; is modelled by a corresponding view base class, bi. Each view algebra also
has a set of functions D, = {di'g g1 EG} (see Section 2.10).

For view type i, the purpose of function di, is to compute the I; of an operator object g, given the
li objects of its children.

The C++ equivalent of each function di for view type i and operator g is:
void Tg<bi>::Cal cSi ze( TMyDC& dc)

where b is a class, derived from TViewNode, which models the |;. b; is called the view base class
for view type i.

For each operator and view type, a separate version of this function must be defined. Each
function expresses unique (graphical) characteristics of an operator/view type combination.

Since all bi‘s are derived from TViewNode, they will always contain the node bounding box size
(TVi ewNode: : Si ze). So, the least each Cal ¢Si ze function must do is calculate the size of the
node bounding rectangle, given the sizes of the bounding rectangles of its children (hence its
name). If ljis a derived class of TViewNode with additional data members, more processing will
probably be necessary. Each operator’s Cal ¢Si ze member function relies on the b values of the
operator’s children, so the Cal cSi ze functions must execute in a bottom-up fashion: it is the
responsibility of each Cal ¢Si ze function to call the Cal ¢Si ze member function of each child
node before doing its own calculations. To facilitate these calculations, which are often graphics-
related, the parameter dc provides a reference to a TMyDC display context object. In short, a
Cal cSi ze function for an aggregate operator g:{ f,:s, ,..., f.:s,} ® s, follows this pattern:

voi d Tg<b;>: : Cal cSi ze( TM/DC& dc)

{
TSort si<b;>  *childl = Getfy(); childl->Cal cSize(dc);
TSort sp<bi>  *childn = Get f,(); childn->Cal cSize(dc);

Set NodeSi ze( calculate node size based on childl...childn->NodeSize() );
}

And for a list operator, g:{f,:s,} ® s,, this is a likely pattern:
voi d Tg<b;>: : Cal cSi ze( TM/DC& dc)
TSi ze sz = some initial value;

for(int j = 0; j<GetNunChildren(); j++) {
TSort si<b;j> *child = Getfy(j); child->Cal cSize(dc);

make an adjustment of size sz based on child->NodeSize()

}
Set NodeSi ze(sz);

Thus, to calculate the I; of all nodes in the view tree for view type i, it suffices to call Cal cSi ze
for the root node.

When all node information I; is computed, the Dr aw member function can be used. A Dr aw
function draws a node in the view window at a given position. Using the given position and the
sizes of its child nodes, for each child node, the Dr aw function computes an arbitrary number of
positions (usually 1) and calls itself recursively. Thus, to draw the entire view tree, it suffices to
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call Draw for the view tree root node. A Draw function for an aggregate operator
g:{f,:s,..... f,:s, } ® s, in view type i with view base class bi can be defined according to the
following pattern:

}loi d Tg<b;>: : Drawm( TM/DC& dc, TPoi nt & pos)

AddNodePosi ti on( pos) ;
Fl ushChi | dr enNodePosi ti ons();

TSort s1<b;> *childl = Getfy();
TSortsp<bi>  *childn = Get fi,();
dc. XXX // Draw sone decorations

< compute position of child x>
chi | dx->Draw(dc, <computed position of child x>);

dc. XXX // Draw decorations

< compute position of child y>
chi |l dy->Draw(dc, <computed position of child y>);

. and so on (child nodes can be drawn in any order, any number of times (incl. 0))
dc. XXX // Draw decorations

}

And for a list operator, g:{f,:s,} ® s,, it will probably look something like this:

voi d Tg<b;>: : Draw( TM/DC& dc, TPoi nt & pos)
{

AddNodePosi ti on( pos) ;

Fl ushChi | dr enNodePosi ti ons();

dc. XXX // Draw sone decorations

for(int j = 0; j<GetNumChildren(); j++) {
TSortsi<b;>  *child = GetFuy(j);

< compute position of child j>
chil d->Draw(dc, <computed position of child >);

dc. XXX // Draw decorations
}

dc. XXX // Draw nore decorations

This function’s body contains graphics calls (indicated by dc. XXX here) to draw the g node. It is
every Draw function’s responsibility to call itself recursively for its children when they need to
be displayed.

Obviously, the total number of Cal cSi ze and Dr aw member functions to implement for a
signature S (S, G) will be the number of operators | EG| times the number of view types.

4.3.5 C++ example

This section presents a small, but fairly complete S-view algebra example. Again, assume that
the signature has been defined using the code fragment in Section 4.1.3. Not all Cal ¢Si ze and
Dr aw functions for the signature are implemented, but only the ones for the operators actually
used in the term tree built by the example program.

assignment[a, True]

The graphical output produced will be a := True.

extern TM/DC dc;

void f()
TTree<TTer n»> Ter nTr ee;
TTerm *assi gn = new Tassi gnment <TTer np;
TTerm *a = new Ta<TTer np;
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voi

voi

voi

voi

voi

TTerm *True = new TTrue<TTer np;

Ter mTr ee. AddChi | d( 0, assign);
Ter mTr ee. AddChi | d(assi gn, a);
Ter mTr ee. AddChi | d(assi gn, True);

/1 TernTree now hol ds the term assign[a,True]

TVi ewTr ee<TVi ewNode> Vi ewlr ee( Ter nilr ee) ;

/1 TViewTree constructor has created a view tree corresponding to the termtree
/Il Viewtree is based on standard base class (TViewNode), nothing fancy here.

Vi ewTr ee. Get Root () - >Cal cSi ze(dc);
/! Do Cal cSize on entire view tree, which conpl etes the hononorphism Viewlree = hgqa (Ter nir ee)

Vi ewTr ee. Get Root () - >Draw(dc, TPoint (20, 20));
/1 Draw view tree, top left edge at (20, 20).

/!l TernTree will go out of scope and will delete nodes pointed to by a, assign and True.
/1 Viewlree will also clean up after itself.

I npl enentation of CalcSize() and Draw() functions for assignment, a and True operators:

d Ta<TVi ewNode>: : Cal cSi ze( TM/DC& dc)
Set NodeSi ze(dc. Get Text Extent(“a”, 1));

d Ta<TVi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
AddNodePosi ti on( pos) ;

Fl ushChi | dr enNodePosi ti ons();

dc. Text Qut (pos, “a");

d TTrue<TVi ewNode>: : Cal cSi ze( TMyDC& dc)
Set NodeSi ze(dc. Get Text Extent (“True”, 4));

d TTrue<TVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt & pos)
AddNodePosi ti on( pos) ;

Fl ushChi | dr enNodePosi ti ons();

dc. Text Qut (pos, “True”);

d Tassi gnnment <TVi ewNode>: : Cal cSi ze( TMyDC& dc)

TSort|dentifier<TVi enNode> *dest = Getdest(); dest - >Cal cSi ze(dc);

TSor t Expr <TVi ewNode> *source = CGetsource(); source->Cal cSize(dc);

TSi ze asi ze;

int wi dt h, height;

dc. Get Text Extent (“ := *“, 4, asize);

width = dest.cx + asize.cx + source.cx; //add widths of children and ‘:=' decoration

hei ght = max(nmax(dest.cy, source.cy), asize.cy); // maxinmumof heights.

Set NodeSi ze( TSi ze(wi dth, height));

id Tassi gnnment <TVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt & pos)

TSort|dentifier<TVi esNode> *dest
TSor t Expr <TVi ewNode> *source

= Getdest();

= Getsource();

dest ->Draw(dc, pos);

int X = pos.x + dest->NodeWdth();

dc. Text Qut (x, pos.y, “ :=*");

X += dc. Get TextExtent(“ :=*“, 4).cx; [// add width of * :="*
source->Draw(dc, TPoint(x, pos.y));
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Implementation

This chapter describes the C++ implementation of the structure editor with multiple views. To
give a quick overview the following illustration shows all classes defined in the structure editor
implementation, excluding the ones that describe the signature (see Figure 4.1). Classes that
have a parameter in angle brackets are created using a class template. A grey box is used to
indicate an ObjectWindows Library class not defined in the structure editor itself. In this
illustration, N indicates the number of view types defined.

[ WBasel | [ VBase2 | [ VBaseN |

[Mee<Tlerm>] [ Trree<VBase.l> | [ Tree<VBase2> | [ Tree<VBaseN> |

[ TermEeditor | [TViewlree<VBase.1> | [ Viewliee<VBase2> | [ ViewTiee<VBase.N> |

TNodeAddress

TScrolledWindowView

- [ 1ScrolledTieeWindowview<VBase.1> | [ TScrolledTreeWindowView<VBase.2> | [TScroledTreeWindowView<VBaseN> |

TFileDocument
TStructDocument

TApplication
TWinStrucApp
DC
MyDC

Figure 5.1 Windows structure editor classes

This chapter shows how the Doc/View model is used in practice. Sections 5.1 and 5.2 define the
classes used for the Document side in this model. The Document side has no knowledge of the
number of view types and view windows currently associated with a document: it simply
receives document change requests from views, and broadcasts all actual changes made to the
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associated views. In addition, the document side is responsible for loading/saving of structures
and Windows clipboard support.

The view side is discussed in Section 5.3, where the class TScrolledTreeWindowView is
introduced that defines a basic View user interface. This user interface offers a view window
with scroll bars, support for a separate focus in each view and a pop-up menu with focus,
clipboard and editing menu items. There is no obligation to use this ‘greatest common divisor’
class; when a view type is incompatible with the ideas behind TScrolledTreeWindowView, an
implementer can choose to create a view type with different characteristics, independent of
TScrolledTreeWindowView.

Editor class

The class TTermEditor is used to store and manipulate a term tree over a signature with list
operators S. S must be defined in C++ in the way explained in Section 4.1. The purpose of this
class is to provide a general term editor class which is completely independent of OWL and the
Doc/View model. TTermEditor is included in TStructDocument, which provides Doc/View
communications and serves as an interface from the editor object to the clipboard and file
system.

The class TTermEditor ensures that its tree of TTerm objects t always forms a valid term tree of
sort TERVBORT (t1 Treeg ). TERVBORT is a constant of type Sort that has been defined

rrrrrrrr

along with the signature definition, see Section 4.1.3.

TTermEditor builds on TTr ee<TTer n», which stores the term tree and provides basic tree
operations. It adds the following:

Operations for term editing as introduced in Section 2.9,
Stream input/output operations for the whole term tree or a subtree.

This is the C++ declaration of class TTermEditor:
class TTernEditor: public TTree<TTern»

{
public:
TTernEditor();
voi d Ref i ne( TNodeAddr ess& address, Operator op);
voi d Del et e( TNodeAddr ess& addr ess) ;
voi d Li st nsert( TNodeAddr ess& address, int childnunber);
voi d Li st Del et e( TNodeAddr ess& address, int childnunber);
BOOL ReadSubt reeFronttrean(i strean& i s, TNodeAddress& addr);
BOOL ReadFronBtrean(istreanm& is);
inline void WiteSubtreeToStrean(ostreanm& os, TNodeAddress& addr);
inline void WiteToStrean(ostrean& os);
private:
BOOL ReadSubt reeFronttrean(istrean& is, TTerm *parent, int cn);
voi d I nsertHol e(TTerm *parent, int cn);
voi d InsertQperator(TTerm *parent, int cn, Operator op);

}s

The constructor has no parameters and creates a term tree consisting of a single hole of sort
TERMSORT. There is no destructor because the TTree<TTernr base class destructor is
sufficient.

In the following descriptions of the following public member functions of class TTermEditor,
the current term in the editor is referred to as t.

voi d Ref i ne( TNodeAddr ess& address, Operator op);
Implements the refine operator defined in Section 2.9.3 to the hole indicated by addr ess.

The only difference is that, when op refers to a list operator g:{ f,:s, } ® Sy, @ single hole of
sort s; is added as a child to the new list operator node.

t := refine(t, address, op)

and in addition, if op is a list operator:
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t := insertchild(t, address, 0, D, )

voi d Del et e( TNodeAddr ess& addr ess) ;
Replaces the subtree at addr ess by a hole of the same sort.

t ;= replace(t, address, Ds), where s is the sort of the subtree pointed to by addr ess.

voi d Li st nsert( TNodeAddr ess& address, int childnunber);
This member function is similar to the insertchild operation defined in Section 2.9.4. Assume

that address refers to a list operator g:{ fl:sl*} ® s,. Instead of inserting an arbitrary subtree
however, it inserts a hole of sort s; at position chi | dnunber .

t := insertchild(t, address, childnumber, D, )

voi d Li st Del et e( TNodeAddr ess& address, int childnunber);
This member function implements the deletechild operation defined in Section 2.9.5. Of
course, t(addr ess) must be a list operator with at least chi | dnunber +1 children.

t := deletechild(t, address, childnumber)

The next member functions are related to stream 1/0. They can read from or write to a stream a
subtree or the entire term tree. They will be used later for implementing the File Open and Save
as well as the clipboard Cut, Copy and Paste functionality.

The subtree is written to a stream as text, which means that it can be viewed/edited using any
ASCII text editor. A term is formatted according to the definition of Termg in Section 2.3

operator name, opening square bracket, children separated by commas, closing square bracket.
If a node has no children, no empty square bracket pair will be generated. And if a node has
data associated with it, this data will be written directly after the operator name, enclosed in
curly brackets.

BOOL ReadSubt reeFronttrean(i strean& i s, TNodeAddr ess& addr);

Replaces the subtree addr by a subtree read from input stream i s.

t ;= replace(t, addr, <tree from stream is>)

BOOL ReadFronSBtrean(i streanm& is);
Replaces entire term tree by tree from input stream i s.

t ;= <tree from stream is>

inline void WiteSubtreeToStrean(ostreanm& os, TNodeAddress& addr);
Writes a subtree to the output stream os using the << operator defined with TTerm. In fact,
this is the entire function body: os << NodeAt (addr).

inline void WiteToStrean(ostrean& os);
Writes the entire term tree t to the output stream os using the << operator defined with
TTerm. This function does: 0s << Get Root ().

To create an operator object given an OP_g constant, the editor uses the template function
Cr eat eOper at or Node. Its first parameter is a dummy which allows the compiler to define a
version of this function based on the desired base class.

tenpl at e<cl ass T>
T *Cr eat eQper at or Node(T *, const Operator op)
{

T *node = O;

switch(op) {
case OP_g: node
case OP_h: node

new Tg<T>; break;
new Th<T>; break;

/1 and so on for every operator in the signature

return node;
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Example: to create an object for an operator g, having TTerm as base class, the function must be
invoked in this way:

TTerm *op_g_node = Creat eQperatorNode((TTerm*)0, OP_g);

5.2 Document class

The structure editor is a Doc/View application with a single document class. This class
encapsulates a TTermEditor object and provides the framework it needs to interface to the
views according to the Doc/View model. Furthermore, it makes concrete use of TTermEditor’s
stream 1/0 member functions in the implementation of clipboard support and file /0.

The picture below shows the relationships between TStructDocument, the file system and
clipboard and the views associated to this document.

A view communicates to the document by calling one of its member functions. A document
communicates to its views by using Not i f yVi ews to broadcast view notifications.

‘ File system ‘ ‘ Clipboard ‘

TStructDocument

TlermEditor
View View View
ViewTree<...> ViewTree<...> ViewTree<...>

Figure 5.2 Relationships between structure editor components

Here is the C++ declaration for the TStructDocument class:

cl ass TSt ruct Docunent : public TFil eDocunent

t
public:
TSt ruct Docunent ( TDocunent * parent = 0);

/1 editing functions

voi d Ref i ne( TNodeAddr ess& address, Operator op, TWndow *w ndow = 0);
voi d Del et e( TNodeAddr ess& addr ess) ;

voi d Li st1 nsert( TNodeAddr ess& address, int childnunber);

voi d Li st Del et e( TNodeAddr ess& address, int childnunber);

voi d d obal Focus( TNodeAddr ess& addr ess) ;

TTree<TTer n»> *GetTree() {return &Editor;}

/1 support for Active Context View
voi d Cet Act i veAddr ess( TNodeAddr ess& addr ess) const;
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voi d Set Act i veAddr ess( TNodeAddr ess& addr ess) ;
/1 clipboard support

voi d Cut (TNodeAddr ess& addr ess, HWD);

voi d Copy( TNodeAddr ess& addr ess, HWD) ;

voi d Past e( TNodeAddr ess& addr ess, HWD) ;

BOOL d i pboardOK(const Sort sort, HWD) const;

/1 file I/Q inplenment virtual methods of TDocunent

BOOL Qpen(int node, const char far* path=0);
BOOL Conmi t (BOOL force = FALSE);
BOOL Revert (BOOL clear = FALSE);
private:
TTer nEdi t or Editor;
TTerm *Act i veNode;

static U NT d i pboar dFor mat ;

The constructor has no parameters and sets Act i veNode to the root of the term tree.

There is no need for a destructor because the Editor data member will be destroyed
automatically.

Here are the descriptions of TStructDocument’s public member functions:

voi d Ref i ne( TNodeAddr ess& address, Operator op, TWndow *w ndow = 0);
voi d Del et e( TNodeAddr ess& addr ess) ;

voi d Li st1 nsert( TNodeAddr ess& address, int childnunber);

voi d Li st Del et e( TNodeAddr ess& address, int childnunber);

A view calls one of these member functions when it wants to perform the corresponding
edit operation. TStructDocument, in turn, calls Edi t or ’s corresponding member function.
After this, it sets the dirty flag to indicate that the document has been changed (and will
need to be saved) and calls Noti fyVi ews(vnM rror Subtree, address) to notify all
associated views of the change.

Ref i ne also calls AskDat a, which is a signature-dependent function that can ask for
additional user input, depending on which operator is added to the term tree. A typical
example is an Identifier operator for which AskDat a would ask, using a string input dialog
box, the identifier name. It is AskDat a’s responsibility to attach the additional data to the
new node by using TTerm’s Set Dat a function (described in Section 4.2.2).

voi d d obal Focus( TNodeAddr ess& addr ess) ;

A view calls this function if it wants to set the focus for all views to the same node.
TStructDocument  passes this request to all associated views by calling
Not i f yVi ews(vnd obal Focus, address). Each view will receive this message and set
its focus to the node indicated by addr ess.

TTree<TTer n»> *GetTree() {return &Editor;}

Provides a way for views to access the term tree. In a view constructor, access to the term
tree is needed to build the view tree. And when a view gets a vnM rr or Subt r ee message,
it uses this function to reach the term subtree it needs to mirror.

voi d Cet Act i veAddr ess( TNodeAddr ess& addr ess) const;

Allows an Active Context-type view to get the address of the active node. This function is
also used to set the initial focus when a view is created.

voi d Set Act i veAddr ess( TNodeAddr ess& addr ess) ;

Set the Act i veNode member to the node indicated by addr ess. Called by a view when:

- its local focus changes
- its window receives the input focus

voi d Copy( TNodeAddr ess& addr ess, HWWD) ;
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This operation copies the subtree indicated by addr ess to the Windows clipboard. If the
structure editor clipboard format has not been registered yet (the static
TSt ruct Docunent : : C i pboar dFor mat is still 0), a clipboard format is registered under
the name ‘WinStruc Term Sort’

if(!dipboardFormat) {
d i pboardFormat = cb. Regi ster d i pboardFormat ("W nStruc Term Sort");

TTerm’s TernLengt h member function is used to find the length of the textual
representation of the subtree. A memory block of this length (+1, to accommodate the
terminating 0) is allocated and a string stream (ostrstream for writing to memory as
opposed to writing to a file) is opened. Using TTermEditor’s Wit eSubt r eeToSt r eam
function, the subtree is written to the memory stream:

ostrstream os(p, nenien);

Editor. WiteSubtreeToStrean(os, address);

0s << ‘\0’; /! wite termnating O
Next, the data is stored on the clipboard using the standard CF_TEXT format. This means
that any application that can paste plain text from the clipboard can paste this subtree
representation. The ‘WinStruc Term Sort’ clipboard format registered earlier, is used to
store an additional value of type Sort, which indicates the sort of the term on the
clipboard.

voi d Cut (TNodeAddr ess& addr ess, HWD);

This operation removes the subtree consisting of the current node and all its descendants
from the document and places it on the Windows clipboard. A hole of the appropriate sort
replaces the subtree in the document. It simply calls Copy, then replaces the subtree by a
hole.

voi d Past e( TNodeAddr ess& addr ess, HWD) ;
If there is a subtree on the Windows clipboard and addr ess refers to a node of the same
sort, Paste will replace the node by the clipboard subtree.

Paste retrieves the clipboard memory block that holds the subtree and opens an input string
stream (for reading from memory). The subtree is created using TTermEditor’s
ReadSubt r eeFr on5t r eammember function:

istrstream is(p);

Edi t or. ReadSubt reeFronStrean(i s, address);

After this, all views are notified of the paste by a call to

Noti fyVi ews(vnM rror Subtree, address).

BOOL d i pboardK(const Sort sort, HWD) const;

This function returns TRUE when the clipboard currently holds a subtree of sort sort. It
can be used by a view to check whether a Paste menu item should be made available to the
user or not.

BOOL Qpen(int node, const char far* path=0);

This function reads a term tree from an input file (using TTernEditor
. : ReadFr onst r eam). It returns TRUE on success, FALSE on failure.

BOOL Conmi t (BOOL force = FALSE);

If the dirty flag is set or f or ce is TRUE, this function saves the term tree to the file using
TTernEdi tor. WiteToStream

BOOL Revert (BOOL clear = FALSE);
This function undoes changes to the term tree by restoring the term tree to the last version
saved.
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5.3

53.1

View classes

In the Doc/View model, each view class implements a different type of view which has its own
way to present data on the screen and let users manipulate it. A view class is based on the OWL
class TView, which provides the interface to a document class and other basic view
functionality. A very useful OWL class to base view classes on is TWindowView. This adds
windowing capabilities to TView, in order to let a view show its data in its own separate
window.

I will now present the general view class TTreeScrolledWindowView, that interfaces to the
document class TStructDocument. This general view class offers a user interface based on a
view window with scroll bars, support for a per-view independent focus and a pop-up menu
with focus, clipboard and editing menu items. Given this class, one can easily create specialized
view types, as will be shown in the implementation of an example structure editor in Chapter 6.

TScrolledWindowView

Before describing TTreeScrolledWindowView, | will first describe its base class
TScrolledWindowView. This class adds scrolling and automatic scroll bar support to
TWindowView. It is an abstract class: to actually use it, you need to derive a class from it, which
implements the pure virtual Cal cSi ze member function.

{cl ass TScrol | edW ndowi ew : public TW ndowi ew

public:
TScrol | edW ndowVi ew TDocunent & doc, TW ndow *parent = 0);
virtual TSize Cal cSi ze() = 0;

prot ect ed:

/1 Message response functions
voi d EvSi ze(U NT si zeType, TSize&);
voi d Adj ustScrol ler();

DECLARE_RESPONSE_TABLE( TScr ol | edW ndowvi ew) ;
}s

DEFI NE_RESPONSE_TABLE1( TScr ol | edW ndowi ew, TW ndowi ew)
EV_WM SI ZE,
END_RESPONSE_TABLE;
The constructor passes its parameters to the TWindowView constructor, sets the W5_VSCROLL
and W5_HSCROLL window style flags and attachs a scroller (TScroller) to the window.

This class needs no destructor.

Here are the descriptions of TScrolledWindowView’s public and protected member functions:

virtual TSize Cal cSi ze() = 0;
This function, supplied by a derived class, must return the size (in pixels) of the current
window contents.

voi d Adj ust Scrol ler();

This function adjusts the scroller given the result of Cal ¢cSi ze and the current size of the
window’s client area. Only if the window contents are wider than the window itself, a
horizontal scroll bar appears. And if the contents are higher, a vertical one appears. When
the size of the window contents changes, a derived class must call this function in order to
have the scroll bars reflect the new situation.

voi d EvSi ze(U NT si zeType, TSize&);

This function gets called by OWL when the user changes the window size. In turn, it calls
Adj ust Scrol | er.
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5.3.2

5.3.3

TMyDC

TDC is the OWL class that encapsulates Windows GDI device contexts. In the structure editor,
it is used for drawing graphics in a window. It has a multitude of member functions to draw
points, lines, rectangles, ellipses and many other graphics calls. To customize TDC and add
more specialized drawing calls, the class TMyDC is derived from it. This class will be used to
draw graphic representations of the term tree in view windows.

The class TMyDC for which the C++ declaration is given below is only an example. It has some
functions to support the graphics of the view types defined for the PL4 editor example
presented in Chapter 6.

class TM/DC: public TDC {
public:
voi d Rect angl eQut | i ne(TRect & rect);

voi d ShadowRect angl e(TRect & rect, TBrush& fill, TPen& ol pen, TBrush& shadow,
TSi ze& shadowbottl eft = TSize(1, BShadH),
TSi ze& shadowt opri ght = TSi ze(RShadW 2));
enum Direction {UP, DOM, LEFT, Rl GHT};
voi d Arrow TPoi nt & pos, enum Direction);
voi d Pl us( TPoi nt & pos) ;
3

The example TMyDC has the following member functions.

voi d Rect angl eQut | i ne(TRect & rect);
Draws only the outline of a rectangle, using the current Pen.
voi d ShadowRect angl e( TRect & rect, TBrush& fill, TPen& ol pen, TBrush& shadow,

TSi ze& shadowbottleft = TSize(1, BShadH),
TSi ze& shadowt opri ght = TSi ze( RShadW 2));

Draws a rectangle with a shadow towards the bottom right.

voi d Arrow TPoi nt & pos, enum Direction);

Draws an triangle of a predefined size and color (defined in nydc. h) pointing UP, DOWN,
LEFT or RIGHT with its tip is at pos.

voi d Pl us( TPoi nt & pos) ;

Draws a plus of predefined size and color, centered around pos.

View user interface implementers can include any drawing functionality they want in their own
TMyDC.

TScrolledTreeWindowView

The class TScrolledTreeWindowView offers a basic user interface for editing and displaying a
term tree in a scrolled window view.

A view window has an independent focus, which indicates the currently active node in the term
tree. The focus can be on a different node in different view windows, to make it possible to use
multiple views to look at different sections of a single document and, for instance, use Copy and
Paste to copy parts of a document from one section to another.

TScrolledTreeWindowView uses a pop-up menu to let the user select commands that apply to the
focus node (and possibly all its descendants). This popup menu appears inside the view
window client area (as opposed to normal menus, which drop down from the menu bar) when
the user presses the ENTER key or the right mouse button. The following illustration shows a
popup menu from the PL4 example editor, described in Chapter 6:
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Figure 5.3 Popup menu when focus is on a PL4 STAT hole

Before the popup menu comes up, the focus moves to the node indicated by the coordinates of
the mouse click (determined using TVi ewTr ee: : Whi chNode( x, y) ). Which items are shown
in the popup menu depends mainly on the focus node. The meaning of all popup menu
commands, and their availability, will be described now.

Fold/Unfold

If this view’s focus is on a node with descendants, ‘Fold’ will remove it and its descendants
from the View display. A marker will be placed in the tree display to indicate that this node,
and all its descendants, is hidden. ‘Show descendants’ will cause a node’s hidden
descendants to reappear on the screen.

Keyboard equivalent: ‘F’.

Mouse equivalent: click left mouse button on a node that already has the focus to toggle it
between folded and unfolded.

Refine

If this view’s focus is on a hole of sort s, the top of the popup menu will list all operators in
the signature that match the hole’s sort (Gs). By choosing one of these items, the structure
editor will add the corresponding operator to the term tree. In addition, for an aggregate
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operator, the editor automatically adds holes corresponding to each of the operator’s
arguments. For a list operator, a single hole is added.

Cut & Copy

The clipboard Cut and Copy commands are available if the focus is not on a hole. The view
calls the corresponding TStructDocument member function to perform the clipboard
operation.

Keyboard equivalent to Cut: Ctrl+'X’".
Keyboard equivalent to Copy: Ctrl+'C’.

Paste

If this view’s focus is on a hole, ‘Paste’ will be on the popup menu. However, it will be
greyed unless there is a subtree on the Windows clipboard and the clipboard sort equals the
hole sort (checked by using TSt r uct Docunent : : C i pboar dOK).

Keyboard equivalent: Ctrl+'V’.

Delete
If the focus is not on a hole, this command will be available to replace the focus node and all
its descendants by a hole.

Keyboard equivalent: Delete.

Add Holeto g
This menu item is shown only if the focus is on a list operator g. When selected, the editor
will add a hole to g, after its existing children.

Keyboard equivalent: ‘H’.

Add Hole to ancestor g Before/After

This menu item is shown only if there is a list operator in the path from focus to root.
Assume g is the closest list operator ancestor of the focus node. The purpose of this feature
is to insert a hole to g, either before or after g‘s child node on the root path.

A diagram that depicts the root path (from focus node through root node), and the closest
list operator ancestor g on it, will clarify this operation.

List opérator Y
\
[ Chidn-1 | [*AcdBefore’hole| [ Chidn | ["Add After' hole| [ Chidn+1 |

Figure 5.4 Result of Add before/after

Keyboard equivalent to Add Before: ‘B’.
Keyboard equivalent to Add After: ‘A’.

Delete from g
This item is available if this view’s focus is on a hole, child of a list operator g. When the
user selects the item, the structure editor removes the focused list element from g.

Keyboard equivalent: Delete.

In addition to the popup menu, the following operations exist to change the focus:

Focus change
Click left mouse button on a node in the view tree to change the focus only in the active
view.
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Global focus change
Clicking the left mouse button while pressing SHIFT changes the focus in all views of the
active document.
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The class TScrolledTreeWindowView is a template class; it takes the view node base class as a
parameter. As shown Figure 5.1, this yields a view class TScrolledTreeWindowView<b;> for
every view node base class b;.

tenpl at e<cl ass T>
class TScrol | edTreeW ndowi ew. public TScrol | edW ndowi ew

{

public:
TScrol | edTr eeW ndowVi ew( TSt r uct Docunent & doc, TW ndow *parent = 0);
static const char far* StaticNane();

/1
/1 overridden virtuals fromTVi ew
LPCSTR  GetViewNane(){ return StaticName();}
TSi ze Cal cSi ze();
prot ect ed:
virtual char Get OpKey( Qperator op) { return GetDefaul t OpKey(op); }
virtual char *Get QpMenuString( Operator op) { return GetDefaul t QoMenuString(op); }

voi d Pai nt (TDC& BOCOL erase, TRect&);
LRESULT  EvCommand(U NT id, HWND hwdCtl, U NT notifyCode);

/1 Message response functions

BOOL VnM rror Subt r ee( TNodeAddr ess *addr ess) ;

BOOL Vnd obal Focus( TNodeAddr ess *addr ess) ;

BOOL VnNewAct i ve( TNodeAddr ess *addr ess) ;

voi d EvSet Focus( HWAD) ;

voi d EvLBut t onDown( Ul NT MbdKeys, TPoi nt & point);

voi d EvRBut t onDown( Ul NT MbdKeys, TPoi nt & point);

voi d EvLBut t onDbl A k(U NT MbdKeys, TPointé& point);
voi d EvChar (U NT key, U NT repeatcount, U NT flags);
voi d EvKeyDown( Ul NT key, Ul NT repeatcount, U NT flags);
voi d EvKeyUp( Ul NT key, U NT repeatcount, U NT flags);
voi d ShowMenu( const TPoi nt &) ;

voi d Hand| eBut t onDown( TPoi nt & poi nt, BOOL nofold = FALSE);
voi d Handl eLBut t onDown( TPoi nt & poi nt) ;

voi d Toggl eFol d() ;

voi d ChangeFocus(T *);

voi d Parent ();

voi d PrevNode() ;

voi d Next Node() ;

voi d PrevHol e();

voi d Next Hol e() ;

voi d AddHol eToLi st ();

voi d AddHol eBef or eAf t er (WPARAM) ;

voi d Del ete();

voi d Cut();

voi d Copy();

voi d Paste();

DECLARE_RESPONSE_TABLE( TScr ol | edTr eeW ndowi ew) ;

TVi ewlr ee<T> Tree;
TSt ruct Docunent *StructDoc; // sane as Doc nenber, but cast to derived class
BOOL Shi f t Down;

}s

Most of the member functions are straightforward implementations of the corresponding menu
items. The functions that are relevant to understanding the communications between a
TStructDocument object and its associated views according to the Doc/View model will be
discussed briefly. All view member functions have access to the document object this view
belongs to by the St ruct Doc pointer. They can call TStructDocument member functions to
request changes to the term tree. In turn, TStructDocument broadcasts a view notification
vnXxx (using Not i f yVi ews) if a change occurs that all associated views should know about.
BOOL VnM rror Subt r ee( TNodeAddr ess *addr ess) ;
This function is called when the document broadcasts the view notification
vnM rror Subt r ee. This indicates that the subtree indicated by addr ess of the term tree
has been changed, so the view has to update the corresponding subtree in its own view
tree. The view calls TVi ewTr ee: : Creat eM rror (see Section 4.3.3) to do this.

BOOL Vnd obal Focus( TNodeAddr ess *addr ess) ;
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This function is linked to the view notification message vnd obal Focus, which indicates
that all views have to set their focus to the node indicated by addr ess. This function will
set the focus for this view to the requested node.

BOOL VnNewAct i ve( TNodeAddr ess *addr ess) ;

This function is linked to the view notification message vhNewAct i ve, which is used by an
active context view (see Chapter 6) so that it can show the active context of the focus node
in the active window. This message is broadcast when a view calls
TSt ruct Docunent : : Set Act i veAddr ess, which it does when its focus changes or when
its window becomes active.

As said before, operators appear in the view window popup menu when the focus is on a hole.
The following function generates the string to be shown in the menu given an operator costant:
virtual char *Get QoMenuString( Operator op) { return Get OpNane(op); }
The default behavior is to show the operator name (as produced by Get CpNane()). If a
view types needs to override the standard menu strings, the view class should be a derived
class of TScrolledTreeWindowView that overrides Get QoMenuSt ri ng.

The function Get OpKey can be used to provide keyboard shortcuts to operators.
virtual char Get OpKey( Qperator op) { return O; }
The default behavior is to return 0 (no keyboard shortcut for any operator). In a derived
class, a view can implement a real Get OpKey function that assigns keyboard shortcuts to
operators.
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6.1

Example: Multiple-view PL4 editor

This chapter describes an example editor based on the language PL4 from the Compilers 1
lecture notes ([4], Section 3.11, page 47). It has three view types:

Listing view
Flow diagram view
Active context view

The first section will describe the implementation of the PL4 grammar as a signature in C++.
After this, the implementation of the view types is discussed.

PL4 sighature

The language PL4 is a programming language with block structure (both for statements and
expressions), procedures and functions. All variables have one of the types int, bool, char or real.
It has the following elementary statements:

skip
concurrent assignment

selection statements:
- if-then
- if-then-else

repetition statements:
- while

- repeat

- for

case statements:
- numcase (where the alternatives are implicitly numbered 1,2,...),
- labcase (all alternatives labeled with integer or character constants).

procedure call statements:
- procedure call with no parameters
- procedure call with parameters

/O statements:
- read
- Write

Section 3.11 of [4] lists the grammar G4 of PL4. [4], Section 3.10, page 45, contains the following
PL4 example program, which reads two numbers and computes their greatest common divisor:

|[ var x:int, y:int

| read(x,y)
;if x>0 /\ y>0 then
wite(x,” ‘,y);

;while x /=y do
if x >y then

X 1= X-y
el se
y 1= y-Xx
fi
od
swite(t , x)

fi
11
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From the PL4 grammar, a signature with list operators was derived, and implemented in C++
using the pattern given in Section 4.1.3. All signature-dependent definitions and declarations are
isolated in a single module, “ SI GN_PL4” . It consists of a header file “SI GN_PL4. h” and a
source file “ SI GN_PL4. h”, both of which are listed in Appendix B.

The header file “SI GN_PL4. h” contains the sort and operator template classes, which were
indirectly defined by using the DEFI NE_OPxxx macros. In addition, it contains a function
template for Cr eat eOper at or Node. The source file “SI GN_PL4. cpp” contains the functions
AskDat a, Get OpSort, Get Sor t Nane and Get QpNane.

The start symbol of G, is PROG This is reflected in the C++ signature declaration by:
const Sort TERMBORT = SORT_PROG

The last part of file “SIGN PL4.h” is the definition of a function template for
Cr eat eOper at or Node (introduced in Section 5.1) which creates an operator object, given the
corresponding operator constant.

I will now describe the functions that you can find in appendix B, file “SI GN_PL4. cpp”. As
described in Section 5.2, TSt r uct Docunent : : Ref i ne calls AskDat a, which is a function to be
supplied by the signature implementer. Depending on the operator added by the refine
operation, this function asks for additional data. For the PL4 editor, these are the operators that
need additional data and the type of data needed:

NUMVALUE, NUMLABEL: a numeric constant
CHARVAVLUE, CHARLABEL: a character constant
ID: a string (the identifier name)

This is the AskDat a function for the PL4 example signature:

voi d AskDat a( TW ndow *wi ndow, TTer m *node)
{

char s[ MAXOPDATALEN+1], v[20] ;

char h[ MAXOPNAMELEN+51] ;

s[0] = O;

wsprintf(h, "Qperator % additional info", node->Get OQpNane());
swi t ch(node->Get Qperator()) {
case OP_NUWALUE:
case OP_NUM_ABEL:
Tl nput D al og(wi ndow, h, "Enter nuneric val ue:",
s, sizeof s).Execute();
ostrstrean(v, sizeof v)<<atof(s)<<'\0';
node- >Set Data(v, strlen(v)+1);
br eak;
case OP_CHARVALUE:
case OP_CHARLABEL:
Tl nput D al og(wi ndow, h, "Enter a character:",
s, sizeof s).Execute();
s[1] = s[0];
s[ 0] N
s[ 2]
s[ 3]
node-
br eak;
case CP_ID
Tl nput D al og(wi ndow, h, "Enter an identifier name",
s, sizeof s).Execute();
node->Set Data(s, strlen(s)+1);
br eak;

}

|\||’

vV
£o
g
2
[

. 4);

}

The OWL class TinputDialog shows a dialog box on the screen and asks the user for a string.
String h is displayed in the dialog box title bar.

The function Get OpSort returns the result sort of operator op.

CGet Sor t Nane returns the name of a given sort by using the sort constant as an index in an
array of sort names.
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6.2

6.2.1

CGet OpNan® returns the name of a given operator. First it checks whether the operator constant
is less than OP_FI RST, which would indicate that the operator is a hole. If this is the case, by
definition the operator constant is equal to the corresponding sort constant, and Get QpNane
returns the concatenation of sort name and “Hole” as the operator name. If the operator is not a
hole, its name is retrieved from an array of operator names:
char *Get QpNane( Qper at or op)
if(!op)
return O;
i f (op<OP_FIRST) {
static char nbuf [ MAXOPNAMELEN+1] ;
wsprintf(nbuf, "%HOLE', GCetSortNane((Sort)op));
return nbuf;

} else {
return OpNane[ (int)(op-OP_FIRST)];

}

This completes the description of the PL4 signature. The following sections present the
implementation of the three view types that exist in the example PL4 editor.

Listing View

The listing view shows the PL4 term as a listing. The following screen shot is a listing view of
the Euclides example program:

= Multi-View Structure Editor '_I =
File Window Help
= EUCLIDES.STR:2 5B

[ war xint yiint
readx.y]
Hidl|)

swhile [x /= y] do
if [x > y] then

0]) then

X:=[x-v]
else
yi=ly-x
I fi
B od
swrite(".x]

fi

EUCLIDES.STR:3

[MUM | i

Figure 6.1 PL4 Listing View

The implementation of the listing view is given in Appendix B, file “LI ST_PL4. cpp”. This
discussion shows its main parts. The listing view is based on the basic view user interface
template class TScrolledTreeWindowView, defined in Section 5.3.3.

The view base class TListingViewNode

The view base class for nodes in a Listing view tree is TListingViewNode. It is a derived class of
TViewNode (as should all view base classes) with no additional data members.

cl ass TLi stingVi ewNode : public TVi emNode {
publ i c:
TLi stingViewNode(int n =0, int fixed = FALSE);
inline TListingViewNode *Get Child(int n) const;

59



Example: Multiple-view PL4 editor

voi d Cal cSi zeFol ded( TM/DC8) ;
voi d Dr awFol ded( TM/DC&, TPoi nt & pos) ;
voi d Cal cSi zeString(TM/DC& const char const *);
voi d DrawStri ng( TM/DC&, TPoi nt & const char const *);
voi d Cal cSi zeHol e( TM/DC&) ;
voi d Dr awHol e( TM/DC&, TPoi nt &) ;
voi d DoPosFocusFol ded( TM/DC& dc, TPoi nt & pos);
voi d Cal cSi zeDel i m ters(TM/DC& dc, \
char *start, char *between, char *end);
voi d DrawDel i miters(TMW/DC& dc, TPoint& pos, \
char *start, char *between, char *end);
static TVi ewlr ee<TLi sti ngVi ewNode> *Li stingTree;

}s

The member functions exist to avoid code duplication: calculations or drawing operations that
need to be performed by many Cal cSi ze or Dr aw functions are implemented as member
functions of TListingViewNode.
voi d Cal cSi zeFol ded( TM/DC8) ;
Computes the size of this node when it is folded. Uses Set NodeSi ze to store this
information in the TViewNode base class.
voi d Dr awFol ded( TM/DC&, TPoi nt & pos) ;
Draws this node folded, at position pos. In the listing view, a folded node is displayed as:
+ OPERATOR NAME <RESULT SORT NAME>
voi d Cal cSi zeStri ng(TM/DC& const char const *);
Computes the size of the bounding box around a given text string . Uses Set NodeSi ze to
store this information in the TViewNode base class. An example of this is the Identifier
operator that retrieves the associated data (the identifier name) and calls Cal cSi zeStri ng
to have the bounding box size calculated.

voi d TID<TLi sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ Cal cSi zeString(dc, (char *)GetData()); }

voi d DrawSt ri ng( TM/DC&, TPoi nt & pos, const char const *);
Draws a string to the given dc at position pos.

voi d TI D<TLi sti ngVi emNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ DrawString(dc, pos, (char *)GetData()); }

voi d Cal cSi zeHol e( TM/DC&) ;

Should be invoked when this node is a hole. Computes the size of the bounding box around
the hole graphical representation for this node. Uses Set NodeSi ze to store this
information in the TViewNode base class. Example usage:

voi d TEXPRHOLE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ Cal cSi zeHol e(dc); }

voi d Dr awHol e( TM/DC&, TPoi nt & pos);
Draws a hole at position pos. In the listing view, a hole looks like this:

? <OPERATOR NANME>

Example usage:
voi d TEXPRHOLE<TLI sti ngVi ewmNode>: : Dr am{ TW/DC& dc, TPoi nt & pos)
{ Dr awHol e(dc, pos); }

voi d DoPosFocusFol ded( TM/DC& dc, TPoi nt & pos);
Does the following chores:

- AddNodePosition(pos);
- Draw dark grey rectangle if the focus is currently on this node.
- If node is folded, call DrawFolded.

This function is called from within all Draw functions (either directly or indirectly).

voi d Cal cSi zeDel i mi ters(TM/DC& dc, \
char *start, char *between, char *end);
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6.2.2

Computes the bounding box size of the horizontal concatenation of all children of this node,
separated by the given delimiter strings. This is useful for calculating the bounding box size
of operators that are represented by their children left-to-right, separated by delimiters. For
instance, the PL4 r ead statement operator uses this function in its Cal ¢Si ze function:

voi d TREAD<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDeliniters(dc, "read(", ",", ")");
}
voi d DrawDel i mi ters(TM/DC& dc, TPoint& pos, \

char *start, char *between, char *end);
Draws this operator node as the horizontal concatenation of all its children, separated by
the given delimiter strings. This is useful for drawing operators that are represented by
their children drawn left-to-right, separated by delimiters. For instance, the PL4 r ead
statement operator uses this function in its Dr aw function:

voi d TREAD<TLI sti ngVi ewNode>: : Draw( TMyDC& dc, TPoi nt & pos)
{ Drawbeliniters(dc, pos, "read(", ",", ")");
}

PL4 Listing CalcSize and Draw functions

After the definition of TListingViewNode and its member functions in “LIST_PL4.cpp”,
CalcSize and Draw functions are defined for each operator g in the PL4 operator set:

voi d Tg<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ .
}

voi d Tg<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt & pos)
{ .
}

As an example, the Cal cSi ze and Dr aw functions of the IFTHEN statement operator are given
below:
void TI FTHEN<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
TSor t EXPR<TLi sti ngVi emNode> *guard
TSor t STATS<TLi sti ngVi ewNode> *stats
TSi ze i fsize, thensize, fisize;
dc. Get TextExtent ("if ", 3, ifsize);
dc. Get Text Extent (" then", 5, thensize);
dc. Get Text Extent ("fi ", 3, fisize);
Set NodeSi ze( TSi ze(max( (i nt) (i fsi ze. cx+guar d- >NodeW dt h() +t hensi ze. cx),

I ndent +st at s- >NodeW dt h() ),
i fsize.cy+stats->NodeHei ght () +fisize.cy));

Cet Quard(); guard->Cal cSi ze(dc);
Get TrueSt atement s(); stats->Cal cSi ze(dc);

}
}

void TIFTHEN<TLI sti ngVi emNode>: : Draw( TWDC& dc, TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSor t EXPR<TLi sti ngVi emNode> *guard
TSor t STATS<TLi sti ngVi ewNode> *stats

Get Quard();
Get TrueSt at ement s() ;

TSi ze i fsize, thensize, fisize;

dc. Get Text Extent ("if ", 3, ifsize);
dc. Get Text Extent (" then", 5, thensize);
dc. Get Text Extent ("fi ", 3, fisize);

int x = pos. x+ifsize.cx;

dc. Text Qut (pos, "if ");

guard->Draw(dc, TPoint(x, pos.y));

X += guar d- >NodeW dt h() ;

dc. Text Qut (x, pos.y, " then");

int y = pos.y+ifsize.cy;

stat s->Draw(dc, TPoi nt (pos. x+l ndent, y));
y += stats->NodeHei ght ();

dc. Text Qut (pos. x, vy, "fi");
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6.2.3

For your information: the OWL function Get Text Ext ent calculates the dimensions of a
graphical rendering of the given text string (using the current font). | ndent is a constant that
specifies the number of in pixels to move to the right when an indent is needed.

This is what an IFTHEN operator will look like in the Listing View:

* {DECS
if ? {EXPH> then

iT LSTAT>
fi

Figure 6.2 Listing View of IFTHEN operator

TListingView class

The listing view class is created from the TScrolledTreeWindowView template class by
supplying the view base class, TListingViewNode:
typedef TScrol | edTr eeW ndowVi ew<TLi sti ngVi emNode> TLi sti ngVi ew,

TScrolledTreeWindowView contains a response table declaration. However, the response table
definition cannot be part of a class template and must be supplied separately for the
TListingView class. This actually proves to be an advantage, because a separate response table
definition for each view type allows us to specify for each view type which events it should
respond to.

The listing view needs to respond to all events that TScrolledWindowView can handle, so it has
the full response table.

DEFI NE_RESPONSE_TABLEL( TLi sti ngVi ew, TScrol | edW ndowvi ew)
EV_WW CHAR,

EV_WM_LBUTTONDOWN,

EV_WW_RBUTTONDOWWN,

VWM _LBUTTONDBLCLK,
1 KEYDOWK,

1 KEYUP,

I SETFOCUS,

VN_M RRORSUBTREE,

£

2000
S

S

2

EV_VN_GLOBALFOCUS,

EV_COWAND( CM_PREVNCDE, Pr evNode) ,
EV_COMVAND( CM_NEXTNCDE, Next Node) ,
EV_COWAND( CM_PREVHOLE, PrevHol e),
EV_COMVAND( CM_NEXTHCLE, Next Hol e) ,
EV_COWAND( CM DELETE, Del ete),
EV_COMVAND( CM_CUT, Cut),
EV_COMVAND( CM_COPY, Copy) ,
EV_COWVAND( CM_PASTE, Paste),
EV_COVMAND( CM_PARENT, Parent),
EV_COMVAND( CM_FOLD, Toggl eFol d),

EV_COVMAND( CM_ADDHOLETCLI ST,  AddHol eToLi st ),
EV_COMVAND_AND | D{ CM_ADDHOLEBEFCRE,  AddHol eBef or eAf t er),
EV_COMVAND_AND | D{ CM_ADDHOLEAFTER,  AddHol eBef oreAfter),

END_RESPONSE_TABLE;

The following function overrides the member function St at i cNane that would normally be
generated by the TScrolledTreeWindowView template class. It returns a string: the name of the
view. This string is used by the document manager to show a menu that lists the view types to
choose from when adding a view.

{const char far* TScrol | edTreeW ndowVi ew<TLi sti ngVi ewNode>: : St ati cNanme()

return "Listing View';
}
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6.3

The OWL macro below defines a template class TListingTemplate by associating a document
class with a view class.

DEFI NE_DOC_TEMPLATE_CLASS( TSt ruct Docunent, TLi stingVi ew, TListingTenplate);

Instantiating TListingTemplate is the OWL way of registering a combination of Document class
and View class with the Document Manager.

TLi stingTenpl ate |istingTpl ("Listing View', "*.STR', 0, "STR',
dt AutoDel ete | dtUpdateD r |dt Aut oOpen);

The constructor parameters are: Text description of template, file name filter, default directory
(0 indicates current directory), file extension, flags.

Flags values used:

dt Aut oDel et e: Close and delete the document object when the last view is closed
dt UpdateDir: Update directory with file dialog directory
dt Aut oOpen: Open a document upon creation

Flow Diagram View

The flow diagram view shows the PL4 term as a flow diagram. The following screen shot shows
what a flow diagram of the Euclides example program looks like:

udti-¥iee Structure Editar
File ‘Window Help

EUCLIDES 5TR:2

[ war x|| ar =int yint

. Lbeovdy
il (=l = Al
. e
I e | B
ELCLIDES 5TR 3

[FILM

Figure 6.3 PL4 Flow Diagram View

Each statement is rendered inside a rectangle that casts a thin shadow towards the bottom right,
to give it a 3D effect. Each PL4 scope (a block, procedure and function) is bounded by a dotted
rectangle. In the top left corner of the scope’s bounding rectangle, the flow diagram view shows
the declarations that belong to a particular scope. The flow diagram of Figure 6.3 has a single
scope with two integer variables, x and y.

The implementation of the listing view is given in Appendix B, file “ FLON PL4. cpp”. In this
discussion its main parts are explained. Just like the listing view, the flow diagram view is
based on the basic view user interface template class TScrolledTreeWindowView, defined in
Section 5.3.3.

63



Example: Multiple-view PL4 editor

6.3.1 The view base class TFlowViewNode

The view base class for nodes in a Flow Diagram view tree is TFlowViewNode. It is a derived
class of TViewNode (as should all view base classes) with one additional data member: an i nt
ConnX. This holds the X coordinate, relative to a node’s bounding box, where its connecting
lines (to the top and bottom of the bounding box) should be drawn:

<— ConnX —»

Figure 6.4 Meaning of ConnX

cl ass TFl owMi ewNode : public TVi ewNode {
publ i c:
TFl owVi ewNode(int n = 0, int fixed = FALSE);
inline TFl owi ewNode *Get Child(int n) const;

voi d Cal cSi zeFol ded( TM/DC8) ;
voi d Dr awFol ded( TM/DC&, TPoi nt & pos) ;
voi d Cal cSi zeString(TM/DC& const char const *);
voi d DrawSt ri ng( TM/DC&, TPoi nt & const char const *);
voi d Cal cSi zeHol e( TM/DC&) ;
voi d Dr awHol e( TM/DC&, TPoi nt &) ;
BOOL DoPosFocusFol ded( TM/DC& dc, TPoi nt & pos);
voi d Cal cSi zeDel i mi ters(TM/DC& dc, \
char *start, char *between, char *end);
voi d DrawDel i mi ters(TM/DC& dc, TPoi nt & pos, \
char *start, char *between, char *end);
voi d Dr awSt at Box( TMyDC& dc, TPoi nt & pos);
inline int Get ConnX() const;
inline void Set ConnX(i nt connx);
static TVi ewlr ee<TFl owi ewNode> *Fl owTr ee;
private:

int ConnX;

The member functions exist to avoid code duplication: calculations or drawing operations that
need to be performed by many Cal cSi ze or Draw functions are implemented as member
functions of TFlowViewNode. Many member functions serve the same function as the
corresponding ones of TListingViewNode, so their explanation will not be repeated here.
voi d Dr awSt at Box( TM/DC&, TPoi nt & pos) ;
Draws a statement box (with shadow) at position pos. The size will be retrieved from the
TViewNode class, function NodeSize(). This function uses TMyDC. : ShadowRect angl e to
draw the rectangle.

inline int Get ConnX() const;
Returns the value of the ConnX data member.
inline void Set ConnX(i nt connx);

Sets the ConnX data member to the given value.

6.3.2 PL4 Flow Diagram CalcSize and Draw functions

After the definition of TFlowViewNode and its member functions in “FLOW PL4. cpp”,
Cal ¢Si ze and Dr awfunctions are defined for each operator g in the PL4 operator set:

void Tg<TFl owi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ .

}

voi d Tg<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
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{

}
In the flow diagram view, the Cal cSi ze function not only computes the resulting bounding
box size given a node’s children bounding box size. Each Cal cSi ze function must also
compute the ConnX value.

Here are the Cal cSi ze and Dr awfunctions of the IFTHEN statement operator:
void TI FTHEN<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
TSor t EXPR<TFI owVi ewNode> *guar d
TSor t STATS<TFI owVi ewNode> *st at s

Cet Quard(); guard->Cal cSi ze(dc);
Get TrueSt atement s(); stats->Cal cSi ze(dc);

TSi ze gsize = guard->NodeSi ze() + TSi ze(guard->NodeHei ght () +Text Bor der Y*2, Text Bor der Y*2);

Set NodeSi ze( TSI ze( nax( st at s->Get ConnX() + HConnLen*2 + gsize.cx ,
stat s->NodeWdth() + DistX),
gsi ze. cy+Di st Y+st at s- >NodeHei ght () +VConnLen)) ;
Set ConnX( max(NodeW dt h()/2, stats->Get ConnX()+HConnLen+gsi ze.cx/2));
}
}

void TI FTHEN<TFI owVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt & pos)
i f (DoPosFocusFol ded(dc, pos)) {

TSor t EXPR<TFI owVi ewNode> *guar d
TSor t STATS<TFI owVi ewNode> *st at s

Get Quard();
Get TrueSt at ement s() ;

int d, d2, gx, rx;

TSi ze gsi ze;

d2 = guar d- >NodeHei ght () +Text Border Y*2; d = d2/2;
gsi ze = guard->NodeSi ze() + TSize(d2, TextBorderY*2);
gx = pos.x + GetConnX() - gsize.cx/2;

dc. ShadowRect angl e( TRect ( TPoi nt (gx, pos.y),gsize), FillBrush, Pen, ShadowBrush);
dc. MoveTo(gx+d, pos.y); dc.LineTo(gx, pos.y+d); dc.LineTo(gx+d, pos.y+d2);

rx = gx+gsize.cx-1;

dc. MoveTo(rx-d, pos.y); dc.LineTo(rx, pos.y+d); dc.LineTo(rx-d, pos.y+d2);

dc. MoveTo(gx, pos.y+d); dc.LineTo(pos. x+stats->CGet ConnX(), pos.y+d);
dc. Li neTo( pos. x+st at s- >CGet ConnX(), pos.y+gsi ze.cy+DistY);
dc. Arrow( TPoi nt (pos. x+st at s- >Get ConnX(), pos.y+gsize.cy+DistY), TM/DC.: DOMW) ;

dc. MoveTo(rx, pos.y+d); dc.LineTo(pos.x+NodeWdth()-1, pos.y+d);
dc. Li neTo( pos. x+NodeW dt h()-1, pos.y+NodeHei ght()-1);

dc. Li neTo( pos. x+st at s- >CGet ConnX(), pos.y+NodeHei ght()-1);

dc. Li neTo( pos. x+st at s- >CGet ConnX(), pos.y+NodeHei ght ()-VConnLen);
guard->Draw(dc, TPoi nt (gx+d, pos.y+TextBorderY));
stats->Draw(dc, TPoi nt (pos.x, pos.y+gsize.cy+DistY));

This is what an IFTHEN operator will look like in the Flow Diagram View:

FLOECE>

7 {ETAT>

Figure 6.5 Flow Diagram View of IFTHEN operator

6.3.3 TFlowView class

The flow diagram view class is created from the TScrolledTreeWindowView template class by
supplying the view base class, TFlowViewNode:
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6.4

typedef TScrol | edTr eeW ndowi ew<TFl owVi ewNode> TFl owVi ew;

As explained in 6.2.3, the response table definition cannot be part of a class template and must
be supplied separately for each view class. Like the Listing View, the flow diagram view needs
to respond to all events handled in TScrolledTreeWindowView, so it has the full response table.

DEFI NE_RESPONSE_TABLEL( TFl owVi ew, TScr ol | edW ndowvi ew)
EV_WW CHAR,

EV_WM_LBUTTONDOWWN,

2
£
3
3

EV_WM LBUTTONDBLCLK,

EV_WM_KEYDO/W,

EV_WM _KEYUP,

EV_WW_SETFOCUS,

EV_VN_M RRORSUBTREE,

EV_VN_GLOBALFOCUS,

EV_COWAND( CM_PREVNCDE, Pr evNode) ,
EV_COMVAND( CM_NEXTNCDE, Next Node) ,
EV_COWAND( CM_PREVHOLE, PrevHol e),
EV_COMVAND( CM_NEXTHCLE, Next Hol e) ,
EV_COWAND( CM DELETE, Del ete),
EV_COMVAND( CM _CUT, Cut),
EV_COMVAND( CM_COPY, Copy) ,
EV_COWAND( CM PASTE, Past e),
EV_COMVAND( CM_PARENT, Parent),
EV_COMVAND( CM_FOLD, Toggl eFol d),

EV_COMVAND( CM ADDHOLETOLI ST,  AddHol eTolLi st),
EV_COMVAND_AND_| D( CM_ADDHOLEBEFCORE,  AddHol eBef oreAfter),

EV_COVMAND_AND_| D{ CM_ADDHOLEAFTER,  AddHol eBef or eAf ter)
END_RESPONSE_TABLE;

The following function overrides the member function St at i cNane that would normally be
generated by the TScrolledTreeWindowView template class. It returns a string: the name of the
view. This string is used by the document manager to show a menu that lists the view types to
choose from when adding a view.

{const char far* TScrol | edTreeW ndowi ew<TFl owVi ewNode>: : St ati cName()

return "Listing View';
}

The OWL macro below defines a template class TFlowTemplate by associating the Document

class TStructDocument with the view class TFlowView.
DEFI NE_DOC_TEMPLATE_CLASS( TSt ruct Docunent, TFl owVi ew, TFl owTenpl ate);

The object f1 owTpl is an instance of the class TFlowTemplate. This is the OWL way of
registering a combination of Document class and View class with the Document Manager.

TFl owTenpl ate fl owTpl ("Flow View', "*. STR', 0, "STR',
dt AutoDel ete | dtUpdateD r |dt Aut oOpen);

Here, the text description is “Flow View”. The other parameters are the same as the ones given
to the TListingTemplate constructor.

Active Context View

The active context view depends on another view window. If a view window (listing view or
flow diagram view) is active, the Active Context View window shows all variable, procedure
and function declarations that are in scope at the location of the focus. The Active Context View
window is automatically updated when the focus changes, when declarations are
added/removed and when another associated view window becomes active. When none of the
associated listing or flow diagram windows are active, the Active Context View window wiill
continue to show the active context for the most recently active view window.

The active focus window has no focus and no popup menu.
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6.4.1
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Figure 6.6 PL4 Active Context View

The context is rendered from the global PROG block (at the top) down to the inner block that
contains the focus (at the bottom). Each level of block nesting in the PL4 structure generates an
indent in the context view. This done by following the root path from root node (which is
always a PROG operator in the PL4 syntax) down to the focus node. Each time an operator is
found that has a descendant of sort DECS, PPARS (procedure parameters) or FPARS (function
parameters), this descendant is drawn to the screen. The process ends after the focus node has
been reached.

The implementation of the listing view is given in Appendix B, file “ CTXT_PL4. cpp”. This
discussion covers its main parts. Just like the listing view, the Active Context view is based on
the basic view user interface template class TScrolledTreeWindowView, defined in Section 5.3.3.
Because the active context view has no focus and no popup menu, there are few events it needs
to respond to and its response table is very small.

The view base class TContextViewNode

The view base class for nodes in an Active Context view tree is TContextViewNode. It is a
derived class of TViewNode (as should all view base classes) with no additional data members.

cl ass TCont ext Vi ewNode : public TVi emNode {
publ i c:
TCont ext Vi ewNode(int n = 0, int fixed = FALSE);
inline TCont ext Vi emNode *Get Chil d(int n) const;

voi d Cal cSi zeString(TM/DC& const char const *);
voi d DrawStri ng( TM/DC&, TPoi nt & const char const *);
voi d Cal cSi zeHol e( TM/DC&) ;
voi d Dr awHol e( TM/DC&, TPoi nt &) ;
voi d Cal cSi zeDel i m ters(TM/DC& dc, \
char *start, char *between, char *end);
voi d DrawDel i miters(TM/DC& dc, TPoi nt & pos, \
char *start, char *between, char *end);
stati c TNodeAddress Acti veAddr ess;

1

The member functions exist to avoid code duplication: calculations or drawing operations that
need to be performed by many Cal cSi ze or Draw functions are implemented as member
functions of TContextViewNode. All member functions serve the same function as the
corresponding ones of TListingViewNode, so their explanation will not be repeated here.
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6.4.2 PL4 Active Context View CalcSize and Draw functions

After the definition of TContextViewNode and its member functions in “ CTXT_PL4. cpp”,
Cal ¢Si ze and Dr awfunctions are defined for each operator g in the PL4 operator set:

voi d Tg<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)
{ .

}
voi d Tg<TCont ext Vi ewNode>: : Dr aw( TM/DC& dc, TPoi nt & pos)
{ .

}

Only the Cal cSi ze and Draw functions of operators that can appear in declarations are
implemented:

PROG DECS, TNDECS, TNDEC, TPROCDEC, TFUNCDEC, TI D,

| NTTYPE, CHARTYPE, REALTYPE, BOCLTYPE,

PPARS, PPARVALUE, PPARREF
FPARS, FPARVALUE

All other operators have empty Cal c¢Si ze and Dr aw operators:

voi d TSTATS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TSTATS<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &) {}

voi d TSKI P<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TSKI P<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

voi d TCONCASSI G\<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TCONCASSI G\<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

And so on.

The most important Cal c¢Si ze and Dr aw functions in the Active Context view are for the PROG
operator:
voi d TPROG<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)

TSor t DECS<TCont ext Vi ewNode> *decs Get Decl arations(); decs->Cal cSize(dc);

TSi ze sz = decs->NodeSi ze() ;
TCont ext Vi ewNode *node = this;
int ind = | ndent;
for(int i = 0; i<ActiveAddress.Length(); i++) {
node = node->Cet Chi | d(Acti veAddr ess. Get Chi | dNunber (i));
Sor t sort = node->Get Desi redChi |l dSort (0);

if(sort==SORT_DECS || sort==SORT_PPARS || sort==SORT_FPARS) {
TCont ext Vi ewNode *child = node->Get Chi | d(0);

chi |l d->Cal cSi ze(dc);

i f(child->NodeHeight()) {
sz.cy += chil d->NodeHei ght ()+Di stY;
sz.cx = max(sz.cx,ind+chil d->NodeWdth());
ind += Indent;

}
}
Set NodeSi ze(sz);

voi d TPROG<TCont ext Vi ewNode>: : Dr aw( TMyDC& dc, TPoi nt & pos)

TSor t DECS<TCont ext Vi ewNode> *decs = GetDeclarations();

TPoi nt p = pos;
TCont ext Vi ewNode *node = this;
decs->Draw(dc, p); p += TSize(lndent, DistY+decs->NodeHeight());
for(int i = 0; i<ActiveAddress.Length(); i++) {
node = node->Cet Chi | d( Acti veAddr ess. Get Chi | dNunber (i));
Sor t sort = node->Get Desi redChi | dSort (0);

if(sort==SORT_DECS || sort==SORT_PPARS || sort==SORT_FPARS) {
TCont ext Vi ewNode ~ *chi |l d = node->Cet Chi |l d(0);

i f (child->NodeHei ght()) {
child->Draw(dc, p);
p += TSi ze(l ndent, Di st Y+child->NodeHei ght());
}
}
}
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6.4.3

The variable Acti veAddr ess contains the TNodeAddress of the node for which the active
context is to be shown. TNodeAddress is a class, based on an array that contains subsequent
steps to take to go from the root node to the intended node. Using this class, the above functions
inspect successive nodes along the root path (starting from the root of the tree). If a node is
encountered whose first child is of sort DECS, PPARS or FPARS, this entire child and all its
descendants are part of the active context.

TContextView class
The active context view class is created from the TScrolledTreeWindowView template class by
supplying the view base class, TContextViewNode:

typedef TScrol | edTr eeW ndowVi ew<TCont ext Vi emNode> TCont ext Vi ew,

As explained in 6.2.3, the response table definition cannot be part of a class template and must
be supplied separately for each view class. Unlike the Listing View and flow diagram view, the
active context view needs not respond to menu commands and mouse clicks.

There are only two events (both of which are view notifications, sent by TStructDocument) that
the context view must process:

a change in the term tree made by the editor
a request to show the active context for a different node

As a result, its response table is very small.

DEFI NE_RESPONSE_TABLE1( TCont ext Vi ew, TScrol | edW ndowi ew)
EV_VN_M RRORSUBTREE,
EV_VN_NEWACTI VE,
END_RESPONSE_TABLE;
The following function overrides the member function St at i cNane that would normally be
generated by the TScrolledTreeWindowView template class. It returns a string: the name of the
view. This string is used by the document manager to show a menu that lists the view types to
choose from when adding a view.

const char far* TScrol | edTr eeW ndowi ew<TCont ext Vi ewNode>: : St at i cNane()
{

return "Context View';

The OWL macro below defines a template class TContextTemplate by associating the Document
class TStructDocument with the view class TContextView.

DEFI NE_DOC_TEMPLATE_CLASS( TSt r uct Docunent, TCont ext Vi ew, TCont ext Tenpl ate);

The object cont ext Tpl is an instance of TContextTemplate. This is the OWL way of registering
a combination of Document class and View class with the Document Manager.

TCont ext Tenpl ate context Tpl ("Active Context View', "*.STR', 0, "STR',
dt AutoDel ete | dtUpdateD r |dt Aut oOpen);

Here, the text description is “Context View”. The other parameters are the same as the ones
given to the TListingTemplate constructor.
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7.1

Creating signhatures and views

This chapter explains how to adapt the multiple-view structure editor to a new signature and
how to add new view types to an existing structure editor.

Adapting the editor to a new signature involves creating a signature module. The signature
module of the PL4 example editor, for instance, is called “ SI GN_PL4" (See Appendix B). A
general recipe for creating a signature module is given. In addition, an editor needs at least one
view type, so creating an editor for a new signature implies creating one or more view types as
well.

To add a new view type to the editor, a view module needs to be developed. A view module is
self-contained: it can be added to an existing editor without any recompilation of other
modules.

Creating a signature module
A signature module consists of a header file (suffix . h) and a C++ source file (suffix . cpp).

The header file contains the following:

an enumeration of the operator constants,

the definitions of all sorts and holes,

the definitions of ‘real’ operators,

a function template for the ‘operator object factory’, Cr eat eQper at or Node.

For the definition of sorts, holes and operators, the macros introduced in Section 4.1.3 are used.

The full signature header file pattern is:

enum Qperator {

OP_NONE = 0,
OP_S;HOLE, CP_S,HOLE, ... , OP_S|5HOLE,

OP_Gysj+1. OP_Gysps2s .., OP_Gjg
DEFI NE_SORT_AND_HOLE( S3)
DEFI NE_SORT_AND_HOLE( S;s))

The following line must be repeated for all aggregate operators g:{f,:s,,..., f.1s,}® s (not holes)
where n is the operator arity:
DEFI NE_OPn(g, So, f1, S1, ..., Tn, Sn)

The following line must be repeated for all list operators g:{f,:s, } ® s, :

DEFI NE_OP_LI ST(g, so, 1, s1)

s is the sort of the term to be edited in the structure editor:
const Sort TERVBORT = SORT_s;

const Qperator OP_FIRSTHOLE = OP_Gy;

const Qperator OP_LASTHOLE = CP_Gg;

const Qperator OP_FI RST = CP_Gjg +1;

const Qperator OP_LAST = CP_Gg;

tenpl at e<cl ass T>

T *Cr eat eQper at or Node(T *, const Operator op)

{
T *node = O;
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switch(op) {

/1 for all operators, including holes:
case OP_G;: node = new TG;<T>; br eak;
case OP_Gq: node = new TG4 <T>; br eak;

return node;

The file “ TERM h” contains the DEFI NE_OPn macros for 0 £ n £ 5. If you have an aggregate
operator with arity greater than 5, you need to add a corresponding macro to “ TERM h”. In all
cases, you need to add the following line to “ TERM h” in order to attach your signature to the
structure editor:

#i ncl ude “signature nodul e nane. h”

A comment in “ TERM h” indicates where this line should be added.

The second part of the signature module is the signature source file (. cpp). It consists of the
following functions:
voi d AskDat a( TW ndow *wi ndow, TTer m *node)
Allows signature implementer to create an operator that needs additional data. This
function calls node- >Get Operator (). If it is an operator that needs additional info,
AskDat a should ask the user for the data. The window parameter makes it possible to
construct a TInputDialog or other dialog boxes. This function is called by
TSt ruct Docunent : : Ref i ne, see Section 5.2,

Sor t Cet OpSort (Qperator op)
Returns the operator result sort.

char *Cet Sort Nane(Sort sort)
Returns the name of the given sort.

char *Get QpNane( Qper at or op)
Returns the name of operator op.

This is the signature source file pattern:

e T LT T
/1 Copyri ght

11 I mpl enents ... signature
e e E e

#i ncl ude "owl hdr. h"
#pragna hdr st op

#include "tree. h"
#i ncl ude "strucdoc. h"

voi d AskDat a( TW ndow *wi ndow, TTer m *node)
{
swi t ch(node- >Get Operator()) {
case ...:
case ...:
node- >Set Dat a( data, data length);
br eak;
case ...:
case ...:
node- >Set Dat a( data, data length);
br eak;
}
}

Sor t Get OpSort (Qperator op)
{
i f (op<OP_FI RST)
return (Sort)op; // op is a hole <=> sort constant == op constant!
switch(op) {

/1'g... hT Gy
case OP_g:
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case OP_h: return SORT_S;;
/1§ ... I'TGygg

case OP_j:

case CP_I: return SORT_Sjg;

}
return SORT_NONE;
}

static char *pNare[] = {
“Gsper”s -..s “OPGg”

static char *Sort Name[] = {
"S, ..., "Sye

s
char *Cet Sort Nane(Sort sort)

return SortNane[ (int)sort];

char *Get QpNane( Qper at or op)

if(!op)
return O;

i f (op<OP_FIRST) {
static char nbuf [ MAXOPNAMELEN+1] ;
wsprintf(nbuf, "%HOLE', GCetSortNane((Sort)op));
return nbuf;

} else {
return OpNane[ (int)(op-OP_FIRST)];

}

This completes the entire signature definition.

Creating view modules
A view module can be created as a single source file (. cpp): no header file is required by other
parts of the structure editor.

This section discusses creating a new view type, based on TScrolledTreeWindowView, the basic
view user interface (Section 5.3.3). It is perfectly possible to write a view from scratch, but then
there are so many degrees of freedom that it hardly makes sense to attempt to give a recipe for
this case.

A view source file for a view based on TScrolledTreeWindowView has these components:

Declaration of view base class b (derived from TViewNode) plus definition of member
functions.

For every operator g in the signature (including holes) a Cal c¢Si ze and a Dr awfunction.
void Tg<b>:: Cal cSi ze( TM/DC& dc)

{ S}

void Tg<b>::Draw( TM/DC& dc, TPoi nt& pos)
{ 1

Please refer to Chapter 4 for an explanation of these functions.
A typedef for the view type
A response table

Any functions in the TScrolledTreeWindowView that need a special version for this view
type. At least: TScrol | edTr eeW ndowVi ew<b>: : St ati cNanme() which returns the
name of the view. This name is used by the document manager to show a menu that lists
the view types to choose from when adding a view.

A Paint function (to override the null default TWindow paint function).
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Definition of a document template class, which serves to associate a document class (in the
structure editor case: TStructDocument) with the view class defined in this module.

At least one instantiation of the document template class, which lets OWL register this
combination of Document class and View class with the Document Manager.

The constructor parameters are: Text description of template, file name filter, default
directory (0 indicates current directory), file extension, flags.

Flags values often used:

dt Aut oDel et e: Close and delete the document object when the last view is closed
dt Updat eDi r: Update directory with file dialog directory
dt Aut oOpen: Open a document upon creation

Refer to the OWL documentation for a listing of all available dt xxx flags.

If the new view needs to control the operator menu strings, the view class should be a derived
class of TScrol | edTr eeW ndowVi ew<b> that overrides the standard Get CpMenuStri ng
member function:

char *Get OQpMenuStri ng( Qper at or op)

/1l return menu string for operator op
}
The same holds for accelerator keys: there is a member function Get QpKey which, by default,
returns 0 (no key for this operator).
char Get OpMenuSt ri ng( Qper ator op)
{

/'l return accel erator keyboard character for operator op

}

This is the view module source file pattern:

e T LT T
/1 Copyri ght

11 I mpl enents class TM/Vi ew
e

#i ncl ude "owl hdr. h"
#pragna hdr st op

#i ncl ude <ow \ nenu. h>

#i ncl ude "views.rc"
#include "tree. h"

#i ncl ude "strucdoc. h"
#i ncl ude "nydc. h"

#i ncl ude "vi ewnode. h"
#i nclude "viewree. h"
#i ncl ude "scrwiew h"
#i nclude "scrtrww h"

cl ass b: public TVi emNode {
publ i c:
b(int n =0, int fixed = FALSE): TViewNode(n, fixed) {}
inline b *Get Child(int n) const;

}s

inline b* b::GetChild(int n) const
{ return (b*)TTreeNode:: Get Chi l d(n);
}

void Tg<b>:: Cal cSi ze( TM/DC& dc)

{ 1

void Tg<b>::Draw( TW/DC& dc, TPoi nt& pos)
{ 1

typedef TScrol | edTr eeW ndowi ew<b> TM/Vi ew;
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This is the full response table:

DEFI NE_RESPCNSE_TABLEL( TMyVi ew,
EV_WW CHAR,
EV_WM_LBUTTCNDOWN,
EV_WM_RBUTTCNDOW,
EV_WM_LBUTTONDBLCLK,

EV_COMVAND( CM_ADDHOLETCLI ST,

TScr ol | edW ndowVi ew)

Pr evNode) ,
Next Node) ,
PrevHol e),
Next Hol e) ,
Del ete),
Cut),

Copy) ,
Paste),
Parent),
Toggl eFol d),
AddHol eTolLi st),

EV_COMVAND_AND | D{ CM_ADDHOLEBEFCRE,  AddHol eBef oreAfter),
EV_COMVAND_AND | D{ CM_ADDHOLEAFTER,  AddHol eBef oreAfter),

END_RESPONSE_TABLE;

const char far* TScrol | edTreeW ndowi ew<b>: : St ati cNanme()

return "My View';

voi d TLi stingVi ew : Pai nt (TDC& dc, BOOL, TRect &)

dc. Set BkMbde( TRANSPARENT) ;
if(Tree.GetRoot()) {

Tr ee. Get Root () - >Fl ushNodePosi ti ons();
Tr ee. Get Root () - >Dr aw( (TMyDC&) dc, TPoint (0, 0));

}
}

DEFI NE_DOC_TEMPLATE_CLASS( TSt ruct Docunent, TMyView, TM/Tenpl ate);
TWTenpl ate nyTpl ("M View', "*.STR', 0, "STR',

dt AutoDel ete | dtUpdateDir |dtAutoOpen | dt_xxxx ..

)5

Once a view module has been defined this way, it can be compiled and linked together with all

other structure editor modules.
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8 Conclusions

The most important general conclusion is: the algebraic framework about signatures and S-
algebras has been an extremely great help in creating the Multiple-View Structure Editor design.

For all operators g in the signature that have result sort s (the elements of the set Gs), the
C++ class for s is the direct base class of the C++ class for g. A pointer to a g object is at the
same time a pointer to an s object. By using inheritance, the commonality between
operators of the same result sort is expressed in C++ .

In the mathematical discussion we have seen that a signature S captures the structural
properties of all S-algebras derived from it. | have discovered how C++ template classes
could be used to model a signature S. These C++ template classes are only defined once,
yet they are used to define the structure of the C++ models of several S-algebras (S-term
algebras and S-view algebras).

The homomorphism concept has been translated quite literally to C++. In the structure
editor the homomorphism from S-term algebra to S-view algebras is used to create a view
tree from an existing term tree. For each view type, a separate homomorphism exists.

The concept of a S-view algebra (ViewTermg , ,, F(l,D)) captures most of what is involved

in creating a graphical representation of a term tree. The set | is modelled by the view base
class used. The functions D are modelled in C++ by a Cal cSi ze function for every
operator. Polymorphism is used in the implementation to make sure that the correct
Cal ¢Si ze function is called for a given object. The functions D calculate the | values
associated with each node in the view tree in a bottom-up manner. It is possible to calculate
a graphical representation of the view tree this way: A D function could compute a
graphical representation (“pixel block™) by combining the graphical representations from all
child nodes and adding its own decorations. By doing this bottom-up, the root node
eventually holds a graphical representation of the entire view tree. This is very unpractical
however and very memory-inefficient because it involves a pixel block for each view tree
node.

To avoid this, the Draw functions were created, which have no counterpart in the
mathematical framework. Their purpose is to create the graphical representation of a node
and its descendants by drawing directly to the screen. Creating a graphical representation
is a side effect of these functions: no “pixel blocks” are returned to the caller of a Draw
function. Each operator has corresponding Dr aw functions, one for each view type, that
“know” how the operator should be graphically represented.

The starting point for this work has been a structure editor, created by Mr.Hemerik, in Borland
PASCAL with Objects. The application framework used here was TurboVision (for DOS). The
structure editor developed in this thesis is implemented in C++, using ObjectWindows Library
(for MS-Windows). The conclusions related to the implementation environment used are:

C++ has templates classes and functions, PASCAL with Objects does not. The C++
structure editor implementation uses this language feature when defining the signature.
Each sort and each operator in the signature is modelled by one template class. An operator
template class is used for creating tree nodes of both term trees and view trees: it is not
necessary to have a special version of the signature definition for each view type.
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The C++ template feature has made it possible to define all signature-related types,
constants and functions in a single module, no matter how many view types there are. To
create a structure editor for another signature, one only needs to replace the signature
module by a new one. The procedure for creating signature modules is given in Chapter 7.

The move from the character-oriented TurboVision user interface to ObjectWindows
Library/MS-Windows has had both positive and negative aspects. TurboVision has TView
and TGroup classes that allow a programmer to define (groups of) movable, resizable
rectangles on the screen. The original structure editor uses these classes to offer the
possibility to move and resize subterms on the screen. OWL does not have counterparts to
TurboVision’s TView and TGroup classes. It will therefore take more effort to implement
similar functionality in the C++ structure editor.

The advantage of MS-Windows is that it is a graphical user interface. It offers much more

freedom in designing graphical representations of terms. In the PL4 case, this has made it
possible to create the flow diagram view. By using scroll bars, the Windows editor can
handle graphical term representations that extend beyond the limits of the view window.

The Windows MDI user interface standard fits the requirement of having multiple views on a

term, and having multiple editors (for working on multiple terms simultaneously) quite
well. View windows can be conveniently resized, opened, closed and iconified.

The OWL Doc/View model provides a good framework for associating a term with a
number of views. It has helped in reaching the goal of creating a program structure where
the editor object does not know anything about the number and types of associated views.
Views are completely self-contained program modules. When a view type is added to the
editor, absolutely no change to the other structure editor source files is necessary. The
recipe in Chapter 7 explains how to create a view module. A new view module can be
simply compiled and linked to the existing editor modules.

In the Multiple-View Structure Editor design, the design decisions were mainly based on:

Algebraic theoretical framework of signatures and S-algebras.

The PASCAL version used as a starting point.

The object oriented implementation programming language C++.

The application framework (OWL) and the target environment (MS-Windows).

The structure editor is still far from finished and it is very hard to predict how the design
choices made for the current version will work out when new features are added.

Some suggestions for future research are:

Addition of a formatting algorithm to the views in the structure editor. This means that
there will be a number of different ways to graphically represent an operator. A simple
example is the PL4 IFTHEN operator where the following two ways can be distinguished:

The horizontal way
if <?EXPR> then <?STATS> fi

and the vertical way

if <?EXPR> then

<?STATS>

fi
Either the user or the system can decide which of the available representations to choose. A
way to implement a decision by the system is to extend the Cal cSi ze functions. Based on
the relative sizes of child nodes, the available space on the screen and other information, it
can choose the best representation.
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In the case of the PL4 IFTHEN operator, the Cal cSi ze function could do the following: if
height of STATS child is 1 character or less and the total width of expression, decorations
and statements does not exceed the screen width, choose the horizontal representation.
Otherwise, choose the vertical representation.

In the PL4 example editor, entering expressions is a tedious process. To improve the
usability, it would be a good idea to offer the possibility to temporarily switch to a text
editor mode. In this mode, a text editor will show the currently focused subtree in text
form. This text form may then be edited, and on switching back, the text is parsed. Then,
the subtree resulting from the parse process is connected to the term tree.

Checking of context conditions

Making a connection between terms of a different signature, e.g. lambda calculus and GCL,
for constructing program and proof simultaneously.
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Structure Editor
Source Code

This appendix contains the entire Structure Editor source code (without signature and view
modules). The following table lists all source and header files and their contents:

File C++ Classes Description
mai n. cpp WinStrucApp contains entry point OwlMain()
defines and implements application
object
defines response table
termh TTerm defines the DEFINE_OPxxx macros
includes signature module header file
defines TTerm class
termcpp TTerm implements TTerm
tree. h TTreeNode class definitions for TTreeNode and
TNodeAddress TNodeAddress
TTree<b> defines full TTree class template
tree.cpp TTreeNode implements TTreeNode
editor.h TTermEditor definition
editor.cpp TTermEditor implementation

strucdoc. h TStructDocument definition of class
vnXXX view notification message
constants

strucdoc. cpp  TStructDocument implementation

vi ewnode. h TViewNode definition

vi ewnode. cpp  TViewNode implementation

viewtree. h

TViewTree<b>

defines full TViewTree class template

nydc. h

TMyDC

definition

nmydc. cpp

TMyDC

implementation

scrwiew. h TScrolledWindowView

scrwiew. cpp  TScrolledWindowView

scrtrww h TScrolledTreeWindowV
iew<b>

definition

implementation+response table

defines class template

ow hdr. h includes ObjectWindows headers
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main.cpp

/* Project WnStruc
Copyright 1995 Hugo Lyppens

*/

#i ncl ude "owl hdr. h"
#pragna hdr st op

#include "main.rc" /1 Definition of all

resources.

class WnStrucApp :
private:

public TApplication {

publ i c:
WnStrucApp ();
virtual ~WnStrucApp ();

TMDIdient *mdidient;

/1 {{W nStrucAppVI RTUAL_BEG N} }
public:
virtual void InitMinWndow);

prot ect ed:
voi d EvNewi ew ( TVi ew& vi ew) ;
voi d EvC oseView (TVi ew& vi ew);
DECLARE_RESPONSE_TABLE(W nSt r ucApp) ;
I

DEFI NE_RESPONSE_TABLEL( W nSt rucApp, TAppl i cati on)
EV_OMNVI ENfdnCreate, EvNewi ew),
EV_OMVI ENNdnd ose, EvC oseView),
END_RESPONSE_TABLE;

W nStrucApp: : WnStrucApp ()
Structure Editor")
{

TApplication("Milti-View
DocManager = new TDocManager (dnVDl | dmvenu);

W nSt rucApp: : ~WnStrucApp ()
{
}

voi d WnStrucApp: : 1 nitMinWndow ()
ndidient = new TMDI Cient;
TDecor at edMDI Frane* franme = new
TDecor at edMDI Frane( Nane, MDD _MENU, *ndi dient, TRUE);

nCmdShow = (nCmdShow ! = SW SHOMM NNOACTI VE) ?

SW SHOMORMAL : nCrShow,
11
/1 Assign ICON w this application.
11

frame->Setlcon(this, | D _MD APPLI CATION);

/1

/1 Menu associated wi th wi ndow and accel erator table
associated with table.

f rame- >Assi gnMenu( MDI _MENU) ;

/1
/1 Associate with the accel erator table.
/1

/1 frame->Attr. Accel Tabl e = MDI _MENY,

TStatusBar *sb = new TStatusBar (frane,
TGadget : : Recessed,
TSt at usBar : : CapsLock |
TSt at usBar : : Nurock |
TSt at usBar: : Scrol | Lock |
TSt at usBar: : Overtype);
frame->I nsert(*sh, TDecoratedFrane:: Botton);

Set Mai nW ndow( f r ane) ;

PEOEEETELE i r b r i n i r i r i r iy
11

/1 W nStrucApp

/| =====

/1 Response Tabl e handl ers:

I

voi d WnStrucApp: : EvNewi ew (TVi ew& Vi ew)
{

TMDIdient *mdidient =
TYPESAFE_DOWMCAST( Get Mai nW ndow( ) - >CGet O i ent W ndow() ,
TMDIdient);
if (ndidient) {
TMDI Chi I d* child = new TMDI Chil d(*ndi Cient, O,
vi ew. Get Wndow() ) ;

child->Setlcon(this, ID _DOO);

child->Create();

voi d WnStrucApp: : Evd oseVi ew ( TVi ew&)
{
}

RN NN NNy
% W nSt rucApp
% :N;;E::I-;I:;:;bout WnStruc. exe conmand
ilor dOW nSt r ucApp: : CnHel pAbout ()
{ Il
/1 Show the nodal di al og.
(/é’nSt rucAbout DI g( Mai nW ndow) . Execut e() ;
Lendif
i{nt OM Main (int , char* [])

W nSt rucApp App;
int result;

result = App. Run();

return result;
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term.h

#i f ndef TERM H
#define TERM H

#include "tree. h"
#i ncl ude "nydc. h"

typedef unsigned Sort;
const Sort SORT_NONE = O;

#defi ne DEFI NE_OPO(nane, rsort) \
tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \

Qper at or Get Operator () { return OP_##nane;
1\

voi d Draw( TW/DC&, TPoint&); \

voi d Cal cSi ze(TW/DC8&) ; \
\

TH##name(); \

3

tenpl ate<cl ass T> \
TH#H#tname<T>: : T##nanme() :
TSor t ##rsort<T>(0, TRUE) {}

#defi ne DEFI NE_OP1(nane, rsort, aOnanme, aOsort) \
tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \

Qper at or Get Operator () { return OP_##nane;
3\

voi d Draw( TW/DC&, TPoint&); \

voi d Cal cSi ze(TM/DC8&) ; \

\
TSor t ##a0sor t <T>* Get ##aOname() { return
(TSort ##a0sort <T>*)Get Chi 1 d(0); } \

Sor t Cet Desi redChi ldSort (int n); \
int Cet Desi redNunChi I dren() { return
1; }\
\
TH##nanme(); \
3o\

tenpl ate<cl ass T> \
TH#H#tname<T>: : T##nanme() :
TSort ##rsort<T>(1, TRUE) {} \
\
tenpl ate<cl ass T> \
Sort T#H#name<T>: : Get Desi redChi | dSort (i nt n)
\
{\
switch(n) { case 0: return SORT_##a0Osort; \
default: return SORT_NONE; \
1\

#defi ne DEFI NE_OP2(nane, rsort, aOnane, aOsort, alname,
alsort) \
tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \

Qper at or Get Operator () { return OP_##nane;
1\

voi d Draw( TM/DC&, TPoint&); \

voi d Cal cSi ze(TW/DC8&) ; \

\
TSor t ##a0sor t <T>* Get ##aOname() { return
(TSort##a0sort <T>*)Get Chi 1 d(0); } \
TSor t ##alsor t <T>* Get ##alname() { return
(TSort##alsort<T>*)CGet Chil d(1); } \

Sor t Cet Desi redChi ldSort (int n); \
int Cet Desi redNunChi I dren() { return
2; 3\
\
Té##nanme(); \
3o\

tenpl ate<cl ass T> \
TH#tname<T>: : T##nanme() :
TSort ##rsort<T>(2, TRUE) {} \
\
tenpl ate<cl ass T> \
Sor t T#H#name<T>: : Get Desi redChi | dSort (i nt n)
\

\
switch(n) { case 0: return SORT_##a0Osort; \
case 1: return SORT_##alsort; \

default: return SORT_NONE; \
1\

#defi ne DEFI NE_OP3(nane, rsort, aOnane, alOsort, alname,
alsort, a2name, a2sort) \
tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \

Qper at or Get Operator () { return OP_##nane;
1\

voi d Draw( TW/DC&, TPoint&); \

voi d Cal cSi ze(TW/DC8&) ; \

\
TSor t ##a0sor t <T>* Get ##aOname() { return
(TSort ##a0sort <T>*)Get Chi 1 d(0); } \
TSor t ##alsor t <T>* Get ##alname() { return
(TSort##alsort<T>*)CGet Child(1); } \
TSor t ##a2sor t <T>* Get ##a2name() { return
(TSort ##a2sort<T>*)CGet Chi 1 d(2); } \

Sor t Cet Desi redChi ldSort (int n); \
int Cet Desi redNunChi I dren() { return
3; 3\
\
Té##nanme(); \
3o\

tenpl ate<cl ass T> \
TH#H#tname<T>: : T##nanme() :
TSor t ##rsort <T>(3, TRUE) {} \
\
tenpl ate<cl ass T> \
Sort T#H#name<T>: : Get Desi redChi | dSort (i nt n)

\
{\
switch(n) { case 0: return SORT_##a0Osort; \
case 1: return SORT_##alsort; \
case 2: return SORT_##a2sort; \
default: return SORT_NONE; \
1\

#defi ne DEFI NE_OP4(nane, rsort, aOnane, aOsort, alnamne,
alsort, a2nane, a2sort, a3name, a3sort) \
tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \

Qper at or Get Qperator () { return OP_##nane;
1\

voi d Draw( TW/DC&, TPoint&); \

voi d Cal cSi ze(TW/DC8&) ; \

\
TSor t ##a0sor t <T>* Get ##aOname() { return
(TSort##a0sort <T>*)Get Chi 1 d(0); } \
TSor t ##alsor t <T>* Get ##alname() { return
(TSort##alsort<T>*)CGet Child(1); } \
TSor t ##a2sor t <T>* Get ##a2name() { return
(TSort ##a2sort<T>*)CGet Chi 1 d(2); } \
TSor t ##a3sor t <T>* Get ##a3name() { return
(TSort##a3sort<T>*)Get Chi 1 d(3); } \

Sor t Cet Desi redChi ldSort (int n); \
int Cet Desi redNunChi I dren() { return
4; }\
\
Té##nanme(); \
3o\

tenpl ate<cl ass T> \
TH##name<T>: : T##nanme() :
TSor t ##rsort <T>(4, TRUE) {} \
\
\
tenpl ate<cl ass T> \
Sor t T#H#name<T>: : Get Desi redChi | dSort (i nt n)

\
{\
switch(n) { case 0: return SORT_##a0sort;

\
case 1: return SORT_##alsort; \
case 2: return SORT_##a2sort; \
case 3: return SORT_##a3sort; \
default: return SORT_NONE; \

I

#defi ne DEFI NE_OP5(nane, rsort, aOnane, aOsort, alname,
alsort, a2name, a2sort, a3nane, a3sort, adnane, a4sort)
\
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tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \
Qper at or Get Qperator () { return OP_##nane;
1\
voi d Draw( TM/DC&, TPoint&); \
voi d Cal cSi ze(TW/DC8&) ; \
\

TSor t ##a0sor t <T>* Get ##aOname() { return
(TSort##a0sort <T>*)Get Chi 1 d(0); } \
TSor t ##alsor t <T>* Get ##alname() { return
(TSort##alsort<T>*)Get Chil d(1); } \
TSor t ##a2sor t <T>* Get ##a2name() { return
(TSort##a2sort<T>*)CGet Chi 1 d(2); } \
TSor t ##a3sor t <T>* Get ##a3name() { return
(TSort##a3sort<T>*)Get Chi 1 d(3); } \

TSor t ##adsor t <T>* Get ##adnane() return
(TSort##adsort<T>*)Get Chi I d(4); } \

Sor t Cet Desi redChi ldSort (int n); \

int Cet Desi redNunChi I dren() { return
5 }\
\

Té##nanme(); \

o

tenpl ate<cl ass T> \
TH#H#tname<T>: : T##nanme() :
TSor t ##rsort <T>(5, TRUE) {} \

\
\
tenpl ate<cl ass T> \
Sort T#H#name<T>: : Get Desi redChi | dSort (i nt n)
\
{\
switch(n) { case 0: return SORT_##a0Osort; \
case 1: return SORT_##alsort; \
case 2: return SORT_##a2sort; \
case 3: return SORT_##a3sort; \
case 4: return SORT_##adsort; \
default: return SORT_NONE; \
1\
}

#defi ne DEFI NE_OP_LI ST(name, rsort, anane, asort) \
tenpl ate<cl ass T> \

cl ass T##tname: public TSort##rsort<T> { \
public: \
Qper at or Get Operator () { return OP_##nane;
1\
voi d Draw( TW/DC&, TPoint&); \
voi d Cal cSi ze(TM/DC8&) ; \
\

TSor t ##asor t <T>* Get ##aname(int n) { return
(TSort##asort<T>*)Get Child(n); } \

Sort Get Desi redChi l dSort (int n) {
return n>=0?SORT_##asort: SORT_NONE; } \
BOOL IsList() { return TRUE, } \
\
T##nanme(); \
3

tenpl ate<cl ass T> \

TH#name<T>: : T##nanme() :
TSor t ##rsort <T>(0, FALSE) {} \
\

#def i ne DEFI NE_SORT(nane) \
const Sort SORT_##nanme = OP_##name##HOLE; \
tenpl ate<cl ass T> \
cl ass TSort ##nane: public T { \
public: \
Sor t CetSort () { return SORT_##nane; }
\
TSort ##nane(int n = 0, int
fixed = FALSE); \
3
tenpl ate<cl ass T> \
TSor t ##name<T>: : TSor t ##nane(i nt
n, int fixed): T(n, fixed) {}

#defi ne DEFI NE_SORT_AND HOLE(nane) \
DEFI NE_SORT( nane) \
DEFI NE_OPO( name##HCLE, nane)

/1l insert '#include "ny signature nodule .h"" here!

#i ncl ude "sign_pl 4.h"

const MAXOPNAMELEN = 20;
const MAXOPDATALEN = 100;
char *Get Sort Nane(Sort sort);
char *Get QpNane( Qper at or op) ;
Sor t Cet OpSort (Qperator op);

cl ass TTerm public TTreeNode {
public:
inline TTern(int n =0, int fixed = FALSE):
TTreeNode(n, fixed), Data(0), Length(0) {}
~TTerm();

virtual Qperator GetQperator() = 0;
inline char *CGet OpNane() {
return :: Get OpNanme(Get Operator()); }

virtual int Cet Desi redNunChi | dren() { return
0; }

virtual BOOL I'sList() { return
FALSE;, }

virtual Sort Get Sort () =0;

inline char *Get Sor t Nane() {
return ::CetSortNane(GetSort()); }

TTerm *Get Chil d(int n) {

return (TTern¥) TTreeNode: : Get Chil d(n);}
virtual Sort Cet Desi redChildSort(int n) { return

SORT_NONE; }

voi d Set Data(void *data, int len);

voi d *Get Dat a() { return
Data; }

int Cet Dat aLengt h() { return
Length; }

int Cet TermLengt h() ;

friend ostream& operator<<(ostrean®& TTerm*);
private:

voi d *Dat a;

int Lengt h;
I
voi d AskDat a( TW ndow *wi ndow, TTerm *node);
#endi f
term.cpp
e
11 Copyright 1995 Hugo Lyppens
11 I npl enents class TTerm
e

#i ncl ude "ow hdr. h"
#pragna hdr st op
#include "termh"

int TTerm : Get Ter nLengt h()
{
int nc = Get NuntChildren();
int tl = strlen(Get Nane())+(nc?nc+1:0);
if(CGetData())
tl += 2+strlen((char *)GetData());
for(int i = 0; i<nc; i++) {
t 1 +=Get Chi | d(i)->Get Ter nLengt h() ;
return tl;
}
ostrean& operator<<(ostream& s, TTerm *term
int nc = term >Get NuntChildren();

S << Cet OpNane(term >Get Qperator());
if(term>CetData())
s << '{' << (char *)(term>GetData()) << '}';

if(nc) {
s << '[';
for(int i = 0; i<nc; i++) {

s << term>CetChild(i);
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if(i!'=nc-1)
s << ',";
}
s << ']
return s;

TTerm : ~TTermn()

i f(Data)
free(Data);
}

void TTerm: SetData(void *d, int |ength)
{
i f(Data)
free(Data);
Data = 0; Length = O;
if(d & length) {
Data = malloc(length); Length = length;
mencpy(Data, d, |ength);

tree.h

#i f ndef TREE_H
#define TREE_H

class TTreeNode {

publ i c:

inline TTreeNode(int n =0, int
fixed = FALSE);

virtual ~TTreeNode() {}

inline TTreeNode
inline TTreeNode

*Get Child(int n) const;
*Get Parent () const;

inline int Get NunChi | dren() const;

voi d Set Chi | dNunber s(int n);

| ong Count Subt r eeNodes() const;

BOOL | sDescendant ( TTr eeNode
*anc) const;

TTr eeNode *Par ent ;

int M/ Chi | dNunber ;

TAr rayAsVect or <TTr eeNode*> Chi |l dren;

,

inline TTreeNode: : TTreeNode(i nt n,
int fixed):

Children(n, 0, fixed?0: 2), Parent (0), M/Chi | dNunber ( 0)
{
}

inline TTreeNode *TTreeNode:: Get Child(int n) const
{ return n>=0 && n<Get NunChi | dren()?Children[n]:O0;
}

inline TTreeNode
const
{ return Parent;

*TTr eeNode: : Get Parent ()

inline int
TTr eeNode: : Get NunChi | dren() const
{ return Children. GetltenslnContainer();

cl ass TNodeAddress : public TArrayAsVector<short> {
public:

inline TNodeAddr ess()
TArrayAsVect or <short>(9, 0, 10) {}

inline int Length() const { return
Getltensl nContainer(); }

inline short Get Chil dNunber (int n) const {return
ItemAt (Getltensl nContainer()-1-n); }

,

tenpl at e<cl ass T>
class TTree {

publ i c:

inline TTree(): Root (0), NumNodes(0) {}
~TTree();

inline T *Get Root () const;
inline | ong Get NunNodes() const;
i nl'i neBOOL I sLeaf (T *e) const;
i nl'i neBOOL I sRoot (T *e) const;
inlineint Cet MyChi | dNunber (T *e) const;
inlineT *Get Parent (T *e) const;
inlineT *Get Child(T *e, int n) const;
inlineint Get NunChi I dren(T *e) const;
inlineT *GetSibling(T *e, int n) const;
inlineT *GetLeftSibling(T *e) const;
inlineT *GetRightSibling(T *e) const;
T *Get Last Node() const;
T *Get Next Node(T *e) const;
T *Get PrevNode(T *e) const;

inline wvoid
chil dnunber, T *child);

InsertChild(T *par, int

voi d AddChi I d(T *par, T *child);

voi d Repl aceChi | d(T *par, int
chil dnunber, T *newchild, BOOL del =TRUE);

voi d RenoveChi | d(T *par, int

chi | dnunber, BOOL del =TRUE);
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inline void
del =TRUE) ;

inline void Repl aceSubtree(T *subtree, T
*repl acenent, BOOL del =TRUE);

RenoveSubtree(T *subtree, BOOL

voi d Cet NodeAddr ess(T *node,
TNodeAddr ess& addr ess) const;

T *NodeAt (const TNodeAddr ess&
addr ess) const;
private:

voi d DoRecursive(T *e, void pre(T *),
voi d post(T *));

T *Root ;

| ong NunmNodes;

1

tenpl ate <class T>
TTree<T>:: ~TTree()

i f (Root)
RenoveChi | d(0, 0);
}
tenplate <class T> inline T *TTree<T>: : Get Root ()
const

{ return Root;

tenplate <class T> inline |ong
TTree<T>:: Get NunNodes() const
{ return NunNodes;

}

tenplate <class T> inline BOOL
*e) const

{ return e->Children.|sEmty();
}

TTree<T>::|sLeaf (T

tenplate <class T> inline BOOL
*e) const
{ return e->Parent==Root;

TTree<T>::|sRoot (T

tenplate <class T> inline int
TTree<T>:: Get MyChi | dNunber (T *e) const
{ return e->MChil dNunber;

tenplate <class T> inline int
TTree<T>:: Get NunChi I dren(T *e) const
{ return e?e-
>Chi | dren. Get | t ensl nCont ai ner () : (Root ?1: 0) ;
}
tenplate <class T>inline T
*TTree<T>:: CGetChi I d(T *e, int n) const
{ return (T*)(e?
(n>=0 && n<e->Children. GetltenslnContainer() ? e-
>Children[n] : 0) :
(n==0?Root: 0));

tenplate <class T>inline T
*TTree<T>::CGetSibling(T *e, int n) const
{ return GetChild(GetParent(e), n);

}

tenplate <class T>inline T

*TTree<T>:: CGetLeft Sibling(T *e) const

{ return GetSibling(e, e->MChildNunber-1);
}

tenplate <class T>inline T

*TTree<T>:: CGetRight Si bling(T *e) const

{ return GetSibling(e, e->MChildNunber+1);
tenplate <class T> inline T *TTree<T>::
Cet Parent (T *e) const

{ return (T*)e->Parent;

tenplate <class T> inline void
*par, T *child)

{ InsertChild(par, GetNunChildren(par), child);
}

TTree<T>:: AddChi 1 d(T

tenplate <class T> inline void
TTr ee<T>: : RenoveSubtree(T *subtree, BOOL del)

{

RenoveChi | d( Get Par ent (subtree), Get MyChi | dNunber (subt r ee)
, del);

! - .

tenplate <class T> inline void

TTree<T>:: Repl aceSubtree(T *subtree, T *replacenent,
BOOL del)

{
Repl aceChi | d( Get Par ent (subt ree), Get M/Chi | dNunber (subtree
), replacenent, del);

tenpl ate <class T>

voi d TTree<T>:: Repl aceChi | d(T *par, int
chil dnunber, T *child, BOOL del)

i f (childnunber>=0 && chi |l dnunber <Get NunChi | dren(par))

{
T *ol dc = Get Chi l d(par, childnunber);
if(oldc) {
NunmNodes - = ol dc- >Count Subt r eeNodes() ;
ol dc->Parent = 0;
if(del) {
DoRecur si ve(ol dc, 0, DestroyNode);
}
}
if(par) {
par - >Chi | dren[ chi | dnunber] = child;
} else if(!childnunber) {
Root = child;
}
if(child) {
chi | d- >Par ent = par; child->WChildNunber =
chi | dnunber;
NunmNodes += chi | d- >Count Subt r eeNodes() ;
}
}
}
tenpl ate <class T>
voi d TTree<T>::InsertChild(T *par, int
chil dnunber, T *child)
if(par) {

par - >Chi | dren. AddAt (chi | d, chil dnunber);
par - >Set Chi | dNunber s( chi | dnunber) ;

} else if(!childnunber && !Root) {
Root = child;

} else
return;

if(child) {
NurmNodes += chil d-

>Count Subt r eeNodes() ;

chi | d- >M/Chi | dNunber = chi | dnunber;
chi | d->Par ent = par;
}
}
tenpl ate <class T>
voi d TTree<T>:: RenoveChi | d(T *e, int n,

BOOL del )

Repl aceChild(e, n, 0, del);
if(e) {

e->Chi |l dren. RenoveEntry(n); e->SetChildNunbers(n);
} elseif(in) {

Root = O;
}
}
tenpl ate <class T>
voi d DestroyNode(T *e)
del ete e;

tenpl ate <class T>

voi d TTree<T>: : DoRecursive(T *e, void
pre(T*), void post(T*))

{

unsi gned i, n = GetNuntChildren(e);
T *c;

if(pre) pre(e);
for(i =0; i<n; i++) {
if(c = GetChild(e, i))
DoRecur sive(c, pre, post);

}
i f(post) post(e);
}

tenpl ate <class T>
voi d TTr ee<T>: : Get NodeAddr ess(T *node,
TNodeAddr ess& addr ess) const
{
addr ess. Fl ush();
whi | e(node->Parent) {
addr ess. Add( (short) (node- >MyChi | dNunber) ) ;
node = Cet Parent (node);
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tenpl ate <class T>

T *TTr ee<T>: : NodeAt (const TNodeAddr ess&
addr ess) const
{

T *node = Root;

for(int i = (int)address.CetltenslnContainer()-1;
i>=0; i--) {

node = Cet Chil d(node, address[i]);

return node;

}
tenpl ate <class T>
T *TTr ee<T>: : Get Last Node() const
{
T *| ast node = Root;
int cn;
whi l e(cn = Get NunChi | dren(| ast node))
| ast node = Get Chil d(| astnode, cn-1);
return | astnode;
}
tenpl ate <class T>
T *TTr ee<T>: : Get Next Node(T *e) const
{
int cn = 0;
do {
if(cn < GetNuntChildren(e)) {
return GetChild(e, cn);
} else {
cn = Get MyChi | dNunber (e) +1;
e = CGetParent(e);
}
} while(e);
return O;
}

tenpl ate <class T>
T *TTr ee<T>:: Get PrevNode(T *e) const
{

T *prevnode;

prevnode = GetLeftSibling(e);
if(!prevnode) {
prevnode = GetParent(e);
} else {
int nc;
whi l e(nc = Get NuntChi | dren(prevnode)) {
prevnode = Get Chil d(prevnode, nc-1);

}

return prevnode;
}
#endi f
tree.cpp
e
/1 Copyright 1995 Hugo Lyppens
/1 I npl enents class TTree/ TTr eeNode
e

#i ncl ude "ow hdr. h"
#pragna hdr st op
#include "tree. h"

voi d TTreeNode: : Set Chi | dNunbers(int n)
{

for(int i = n; i<Children.GetltenslnContainer(); i++)
{
Children[i]->M/ChildNunber =i;
}
| ong TTr eeNode: : Count Subt r eeNodes() const
{

int nc = Get NuntChildren();

int nel = 1;
for(int i = 0; i<nc; i++) {
TTreeNode* e = GetChild(i);
if(e)
nel += e->Count Subt r eeNodes();
}
return nel;
}
BOOL TTreeNode: : | sDescendant ( TTr eeNode *anc)
{
const TTreeNode const *p = this;
while(p = p->CGetParent()) {
if(p == anc)
return TRUE;
}
return FALSE;
}
voi d Del et eTTr eeNode( TTr eeNode *e)
{

del ete e;

const
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editor.h

#i f ndef EDI TOR_H
#define ED TOR_H

#include "termh"

class TTernEditor: public TTree<TTern»

public:
TTernEditor();
BOOL ReadSubt r eeFronttrean(i streanm& is,
TNodeAddr ess& addr) ;
BOOL ReadFronBtrean(istrean& is);

inline void Wi teSubtreeToSt rean( ostream& os,
TNodeAddr ess& addr) ;
inline void WiteToStrean(ostrean& os);

voi d Ref i ne( TNodeAddr ess& addr ess,
Qperator op);

voi d Del et e( TNodeAddr ess& addr ess) ;

voi d Li st nsert ( TNodeAddr ess& addr ess,
int childnunber);

voi d Li st Del et e( TNodeAddr ess& addr ess,
int childnunber);
private:

BOOL ReadSubt r eeFronttrean(i streanm& is,
TTerm *parent, int cn);

voi d I nsertHol e(TTerm *parent, int cn);

voi d I nsertQperator(TTerm *parent, int
cn, Qperator op);
I

inline void TTernEditor:: WiteSubtreeToStrean(ostrean&
os, TNodeAddress& addr)
{

}

inline void TTernEditor:: WiteToStrean(ostream& o0s)

0s << NodeAt (addr);

i f(GetRoot())
0s << GetRoot ();

}

#endi f

editor.cpp

R e T TP
/1 Copyright 1995 Hugo Lyppens

/1 I npl enents class TTer nEdi t or

R e T e

#i ncl ude "ow hdr. h"
#pragna hdr st op

#i ncl ude "nydc. h"
#include "tree. h"
#include "termh"
#i ncl ude "editor.h"

TTernEdi tor:: TTer nEdi tor ()

I nsertHol e(0, 0);

voi d TTernEdi tor::InsertHol e(TTerm *parent, int cn)
{
Sort sort = parent ? parent->GetDesiredChildSort(cn)
. TERVBORT;
#i f def AUTOOP
int nunmber = 0;
Qper at or opf ound;
for(Operator op = OP_FIRST; nunber <=1 &&
op<=0P_LAST; op++) {
if(CGetOpSort(op) == sort) {
opfound = op; nunber ++;
}

}

if(number == 1) {
I nsert Qperat or (parent, cn, opfound);
return;

}
#endi f

TTerm *hol e = OreateQperator Node((TTerm *) 0,
(Operator)sort);
I nsert Chil d(parent, cn, hole);

}

voi d TTernEdi tor::InsertQOperator(TTerm *parent, int
cn, Qperator op)

TTerm *newnode = Creat eQper at or Node((TTerm *) 0,

op);

I nsert Chil d(parent, cn, newnode);

int nunchil dhol es = newnode->IsList() ? 1 : newnode-
>Cet Desi r edNunthi | dren();

for(int i = 0; i<nunchildholes; i++) {

I nsert Hol e(newnode, i);

}
voi d TTernEdi tor: : Refi ne( TNodeAddr ess& addr ess,
Qper at or op)
{

TTerm *ol dnode, *parent;

int cn;

ol dnode = NodeAt (address);

parent = Cet Parent (ol dnode); cn =
Get MyChi | dNunber (ol dnode) ;

RenoveChi | d(parent, cn);

I nsert Qperator(parent, cn, op);
voi d TTer nEdi t or: : Del et e( TNodeAddr ess& addr ess)
{

TTerm *ol dnode, *newnode;

ol dnode = NodeAt (address);

newnode = Creat eCperat or Node((TTerm *) 0,

(Oper ator) ol dnode->Get Sort ());

Repl aceSubt r ee( ol dnode, newnode);
}
voi d TTernEdi tor:: Li stlnsert(TNodeAddr ess& address,

int childnunber)
TTerm *| i stnode, *childnode;

l'i stnode = NodeAt (address);
chil dnode = Creat eQperator Node((TTerm *)0,
(Operator)listnode-
>Cet Desi redChi | dSort (chi | dnunber));
InsertChild(listnode, childnunber, childnode);
}

voi d TTernEdi tor: : Li st Del et e( TNodeAddr ess& addr ess,
int childnunber)
{

RenoveChi | d( NodeAt (address), chil dnunber);
}

BOOL TTernEdi tor: : ReadFronftrean(istrean& is)
stati c TNodeAddress root addr;
return ReadSubtreeFronttrean(is, rootaddr);
BOOL TTer nEdi t or: : ReadSubt r eeFr ont r ean( i strean&
i's, TNodeAddress& addr)
{
TTerm *node = NodeAt (addr);
TTerm *parent = Get Parent(node);
int cn = Get MChi | dNunber (node) ;

RenoveChi | d(parent, cn);
BOOL rv = ReadSubtreeFronftrean(is, parent, cn);
if(lrv) {

I nsert Hol e(parent, cn);

}

return rv;
}
BOOL TTer nEdi t or: : ReadSubt r eeFr ont r ean( i streanm&
is, TTerm*parent, int cn)

Qper at or op;

char opnanme[ MAXOPNAMELEN+1], *p = opnane;
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static char opdat a[ MAXOPDATALEN+1] ;

char c =0;

BOOL found = FALSE;

TTerm *node;

BOOL rv = FALSE;

BOOL chil di nserted = FALSE;

while(is & (¢ = (char)is.peek())!'="[' && c!="]"
cl="," && c!'="{") {
is >> *p; p+
}

*p = 0;
for(op = OP_FI RSTHOLE;, op<= OP_LAST; op++) {
found = !'stricnp(opnane, Get QpNane(op));
i f (found)
br eak;

}
i f(!found)
goto quit;
node = CreateQperatorNode((TTerm *)0, op);
i f (! node)
goto quit;
if(c="{) {
is > c;
p = opdat a;
while(is > c & c!'="}") {
*p++ = C;

*p++ = 0O;
node- >Set Dat a( opdat a, p-opdata);
¢ = (char)is. peek();

}
I nsert Chi |l d(parent, cn, node);
childinserted = TRUE

/* ¢ == is.peek() */
if(c="[){

is > c;

do {

i f (! ReadSubt reeFronttrean(is, node, node-
>Get NunChi I dren()))
goto quit;
c =0;
} while(is>>c && c==",");
if(c!="]1")
goto quit;

}
if(!'node->IsList() &k
node- >Get NunChi | dren() != node-
>Cet Desi redNunthi I dren() )
goto quit;

rv = TRUE;
qui t:

if('rv & childinserted)

RenoveChi | d(parent, cn);
return rv;

&&

strucdoc.h

#i f ndef STRUCDOC_H
#def i ne STRUCDOC_H

#i nclude "editor.h"

class _DOCVI ENCLASS TSt ruct Docunent
TFi | eDocunent

public
t
public:

TSt ruct Docunent ( TDocunent * parent = 0);

/1 inplenent virtual nethods of TDocument
BOOL Qpen(int node, const char far*

pat h=0) ;
/1 BOOL IsOpen() { return FALSE, }
BOOL Conmi t (BOOL force = FALSE);
BOOL Revert (BOOL clear = FALSE);
/1 data access functions
voi d Ref i ne( TNodeAddr ess& addr ess,
Qperator op, TWndow *w ndow = 0);
voi d Del et e( TNodeAddr ess& addr ess) ;
voi d Cut (TNodeAddr ess& addr ess, HWD);
voi d Copy( TNodeAddr ess& addr ess, HWD) ;
voi d Past e( TNodeAddr ess& addr ess, HWD) ;
voi d Li st nsert ( TNodeAddr ess& addr ess,
int childnunber);
voi d Li st Del et e( TNodeAddr ess& addr ess,
int childnunber);
voi d d obal Focus( TNodeAddr ess& addr ess) ;
BOOL d i pboardOK(const Sort sort, HAD

hwnd) const;
TTree<TTern>*CGet Tree() {return &Editor;}

voi d Cet Act i veAddr ess( TNodeAddr ess&
addr ess) const;

voi d Set Act i veAddr ess( TNodeAddr ess&
address) ;
private:

TTerm *Act i veNode;

TTer nEdi t or Edi tor;

static U NT d i pboar dFor mat ;

1

TIEITETELELE i iririns
const int vnMrrorSubtree = vnCust onBase+0;
const int vnd obal Focus = vnCust onBase+1;
const int vnNewActive = vnCustonBase+2;

#endi f

strucdoc.cpp

R e e T
11 Copyright 1995 Hugo Lyppens

11 I npl enents class TSt ruct Docunent
e e T

#i ncl ude "ow hdr. h"
#pragna hdr st op
#i ncl ude "strucdoc. h"

Ul NT TSt ruct Docunent : : d i pboar dFor mat = O;

TSt ruct Docunent : : TSt r uct Docunent ( TDocunent * par ent)
TFi | eDocunent ( par ent)

SetDirty(FALSE);
ActiveNode = Editor. GetRoot ();

voi d TSt ruct Docunent : : Ref i ne( TNodeAddr ess& addr ess,
Qperator op, TWndow *w ndow)

Edi t or. Refi ne(address, op);
AskDat a(w ndow, Editor.NodeAt (address));
ActiveNode = Editor. NodeAt (address);
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SetDirty(TRUE);
Not i fyVi ews(vnM rror Subtree, (Iong)&address);

}
voi d TSt ruct Docunent : : Del et e( TNodeAddr ess& addr ess)
Edi t or. Del et e(addr ess) ;
ActiveNode = Editor.NodeAt (address);
SetDirty(TRUE);
Not i fyVi ews(vnM rror Subtree, (Iong)&address);
}
voi d TSt ruct Docunent : : Cut (TNodeAddr ess& addr ess,
HWAD hwnd)
{
Copy(address, hwnd);
Del et e(addr ess) ;
}
voi d TSt ruct Docunent : : Copy( TNodeAddr ess& addr ess,
HWAD hwnd)
{
TTerm *node = Edi t or. NodeAt (addr ess) ;
int meni en = node- >Get Ter nLengt h() +1;
HGLOBAL handle = 0, handl e2 = 0;
char *p =0;

Sort *p2 = 0;
Td i pboard cb(hwnd);

handle = ::d obal All oc(GHND, nenien);
i f(!handl e)

goto quit;
handl e2 = :: d obal Al l oc(GHND, sizeof (Sort));
i f (!handl e2)

goto quit;
p = (char *)::d obal Lock(handl e);
if(lp)

goto quit;
p2 = (Sort *)::d obal Lock(handl e2);
if(!p2)

goto quit;

if(!dipboardFormat) {
d i pboardFormat =
ch. Regi sterd i pboar dFor mat ("W nStruc Term Sort");

}
if(cb. Enptydipboard()) {
ostrstream os(p, nmenen);
Editor. WiteSubtreeToStrean(os, address);
0os << '\0'; // wite termnating O
*p2 = node->Cet Sort();

:: @ obal Unl ock(handl e) ;

.. @ obal Unl ock( handl e2) ;

ch. Set A i pboar dDat a( CF_TEXT, handl e) ;
ch. Set A i pboar dDat a(d i pboar dFor nmat, handl e2) ;
handle = 0; handle2 = 0; p = 0; p2 = 0;

'}
quit:
if(p)
:: @ obal Unl ock(handl e) ;
if(p2)
;. @ obal Unl ock( handl e2) ;
i f (handl e)
d obal Free(handl e);
i f (handl e2)
d obal Free(handl e2) ;
}
voi d TSt ruct Docunent : : Past e( TNodeAddr ess& addr ess,
HWD hwnd)
{
TTerm *node = Edi t or. NodeAt (addr ess) ;
HGLOBAL handl e, handl e2;
char *p = 0;
Sort *p2 = 0;

TQipboard  cb(hwnd):

if(!dipboardFormat)

goto quit;
handl e2 = cbh. Get A i pboar dDat a(d i pboar dFor mat ) ;
i f (!handl e2)

goto quit;
handl e = cbh. Getd i pboar dDat a( CF_TEXT) ;
i f(!handl e)

goto quit;
p2 = (Sort *)::d obal Lock(handl e2);
if(!'p2 || *p2 !'= node->CGetSort())

goto quit;
p = (char *)::d obal Lock(handl e);

if(lp)
goto quit;

istrstream is(p);
Edi t or. ReadSubt reeFronStrean(i s, address);

}

SetDirty(TRUE);

ActiveNode = Editor. NodeAt (address);

Not i f yVi ews(vnM rror Subtree, (Iong)&address);
qui t:

if(p)
:: @ obal Unl ock(handl e) ;
if(p2)
;. @ obal Unl ock( handl e2) ;
}
BOOL TSt ruct Docunent : : d i pboar dOK(const Sort sort,
HWAD hwnd) const
{
BOOL | sOK = FALSE;
if(dipboardFormat) {
Td i pboard cb(hwnd);
HGLOBAL handl e2;
handl e2 = cbh. Get A i pboar dDat a(d i pboar dFor nat ) ;
i f (handl e2) {
Sort *p2 = (Sort *)::d obal Lock(handl e2);
if(p2) {
if(*p2 == sort)
IsOK = TRUE;
.. @ obal Unl ock( handl e2) ;
}
}
return | sOK;
}
voi d TSt ruct Docunent : : Li st nsert ( TNodeAddr ess&

address, int childnunber)

Edi tor. Li stlnsert (address, childnunber);
SetDirty(TRUE);
Not i fyVi ews(vnM rror Subtree, (Iong)&address);

voi d TSt ruct Docunent : : Li st Del et e( TNodeAddr ess&
address, int childnunber)
{

Edi t or. Li st Del et e(address, childnunber);
SetDirty(TRUE);

ActiveNode = Editor. NodeAt (address);

Not i fyVi ews(vnM rror Subtree, (Iong)&address);

}
voi d TSt ruct Docunent : : A obal Focus( TNodeAddr ess&
addr ess)
Set Act i veAddr ess(addr ess) ;
Not i f yVi ews(vnd obal Focus, (I ong)&address);
}

BOOL TStruct Docunent: : Conmit (BOCL force)

if (!lsDrty() & !force)
return TRUE

TQut Streant os = QutStrean{of Wite);
if (!os)
return FALSE;

Editor. WiteToStrean(*os);
del ete os;

SetDirty(FALSE);
return TRUE
}

BOOL TStruct Docunent: : Revert (BOCOL cl ear)

if (!TFileDocunent:: Revert(clear))
return FALSE;
if (!clear)
Qen(0, 0);
stati c TNodeAddr ess root addr;
ActiveNode = Editor. GetRoot ();
Not i f yVi ews(vnM rror Subtree, (|ong)é& ootaddr);
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return TRUE
}
BOOL  TStructDocunent:: Open(int /*nobde*/, LPCSTR path)
if (path)
Set DocPat h( pat h) ;
if (GetDocPath()) {
TInStreant is = I nStrean(of Read);
if (lis)
return FALSE;
Edi t or. ReadFronStrean(*is);
delete is;
}
ActiveNode = Editor. GetRoot ();
SetDirty(FALSE);
return TRUE
}
voi d
TSt ruct Docunent : : Get Act i veAddr ess( TNodeAddr ess& addr ess)
const
Edi t or. Get NodeAddr ess( Acti veNode, address);
voi d

TSt ruct Docunent : : Set Act i veAddr ess( TNodeAddr ess& addr ess)
{

TTerm *newact i ve = Editor. NodeAt (address);
i f(ActiveNode != newactive) {
ActiveNode = newacti ve;

Not i f yVi ews(vnNewActive, (I|ong)&address);

viewnode.h

class TViewNode : public TTerm{
publ i c:
TVi ewNode(int n = 0, int fixed
= FALSE);
inline TVi emNode *Get Child(int n) const;
inline TVi emNode *Get Parent () const;
inline BOOL Cet Fol ded() const;
inline void Set Fol ded(BOOL f ol ded) ;
inline TSize& NodeSi ze() ;
inline int NodeHei ght () const;
inline int NodeW dt h() const;
virtual void Draw( TM/DC&, TPoint& = O;
virtual void Cal cSi ze( TM/DC&) =0;
voi d Set NodeSi ze( TSi ze& sz);
voi d AddNodePosi ti on( TPoi nt & pt);
TPoi nt & Cet NodePosi tion(int n) const;
int Cet NunNodePosi ti ons() const;
voi d Fl ushChi | dr enNodePosi ti ons();
voi d Fl ushNodePosi tions();
TVi ewNode *Whi chNode( TPoi nt & poi nt);
BOOL I sVisible() const;
private:
TSi ze Si ze;
BOOL Fol ded;

TArrayAsVect or <TPoi nt> NodePosi ti ons;

1

inline TVi emNode* TVi ewmNode: : Get Chi | d(int n) const
{ return (TVi emNode*) TTr eeNode: : Get Chi | d(n);
}

inline TVi emNode* TVi ewNode: : Get Parent () const
{ return (TVi emNode*) Parent;

inline TSize& TVi ewNode: : NodeSi ze()

{ return Size; }

inline int TVi ewNode: : NodeW dt h() const
{ return Size.cx; }

inline int TVi ewNode: : NodeHei ght () const
{ return Size.cy; }

inline BOOL TVi ewNode: : Get Fol ded() const

{ return Fol ded; }
inline void TVi ewNode: :
{ Folded = folded; }

inline void TVi ewNode: : Fl ushNodePosi ti ons()
{ NodePositions.Flush(); }
const | ong& max(const | ong&,

Set Fol ded(BOOL f ol ded)

const |ong&);

viewnode.cpp

/1 Copyright 1995 Hugo Lyppens
11 I mpl enents class TVi ewNode

#i ncl ude "ow hdr. h"
#pragna hdr st op
#include "tree. h"

#i ncl ude "nydc. h"

#i ncl ude "strucdoc. h"
#i ncl ude "vi ewnode. h"

TVi ewNode: : TVi emNode(int n, int fixed):

TTerm(n, fixed), Fol ded(FALSE),
NodePosi ti ons(0, 0, 2)
{}
voi d TVi ewNode: : Set NodeSi ze(TSi ze& sz)

{ Size = sz;

voi d TVi ewNode: : AddNodePosi ti on( TPoi nt & pt)
{ NodePositions.Add(pt);

}

int TVi ewNode: : Get NunNodePosi ti ons() const

{ return NodePositions.GetltenslnContainer();

TPoi nt &
{

TVi ewNode: : Get NodePosi ti on(int n) const
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return NodePositions[n];

}
TVi ewNode *TVi ewNode: : Whi chNode( TPoi nt & poi nt)
{
TVi ewNode *f oundnode = 0;
TArrayAsVect or | t erat or <TPoi nt > iter (NodePositions);
while(iter && !foundnode) {
if(TRect (iter++, NodeSize()).Contains(point)) {
i f(!GetFolded()) {
int nunchildren = Get NunChildren();
for(int i = 0; !foundnode && i <nuncthil dren;
i ++)

foundnode = Get Child(i)-
>Whi chNode( poi nt) ;

i f (!foundnode)
foundnode = this;
}
}

return foundnode;

BOOL TVi ewNode: : I sVi si bl e()
{

const

const TViewNode const *p = this;
while(p = p->CGetParent()) {
i f(p->Get Fol ded())
return FALSE;

}
return TRUE

}

voi d
TVi ewNode: : Fl ushChi | dr enNodePosi ti ons()
int nc = Get NuntChildren();
for(int i = 0; i<nc; i++) {

Get Chi | d(i)->NodePosi tions. Fl ush();

}

}

viewtree.h

tenpl at e<cl ass T>

cl ass TVi ewTree: public TTree<T> {
publ i c:
TVi ewTr ee( TTr ee<TTer n»

*terntree);

inline T *Get Focus() const;

inline void Set Focus(T *);

inline T *Whi chNode( TPoi nt & poi nt) const;

voi d CreateMrror (T *parent, int
chil dnunber, TTerm*ternj;
private:

T *Focus;
I

tenpl at e<cl ass T>
TVi ewTr ee<T>:: TVi ewTr ee( TTree<TTern» *terntree)

if(terntree->CGetRoot())
CreateMrror(0, O, terntree->GetRoot());
Focus = GetRoot ();

tenpl at e<cl ass T>

void TVi ewTree<T>::CreateMrror (T *parent, int
chil dnunber, TTerm *term

{

T *node = CreateQperatorNode((T *)0, term

>Get Qperator());

i f(node) {
node->Set Dat a(term >Get Data(), term

>CGet Dat aLengt h());

}

i f(childnunber < Get NunChildren(parent)) {
Repl aceChi | d(parent, childnunber, node);

} else if(childnunber == Get NuntChildren(parent)) {
AddChi | d(parent, node);

}

int nc = term >Get NunChi I dren();

for(int i = 0; i<nc; i++) {
CreateMrror(node, i, term>GetChild(i));

}

tenplate<class T> inline T
*TVi ewlr ee<T>: : Get Focus() const

{
}

return Focus;

tenpl ate<class T> inline void
TVi ewTr ee<T>: : Set Focus(T *newf ocus)

{
}

Focus = newf ocus;

tenplate<class T> inline T
*TVi ewlr ee<T>: : Whi chNode( TPoi nt & poi nt) const

{
}

return GetRoot()? (T *)GetRoot ()->Whi chNode(point):O0;
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mydc.h

#i f ndef MYDC_H
#define MYDC_H

const int RShadwW = 3;
const int BShadH = 2;
const int Pl usSi ze = 10;
const int ArrowLength = 9;
const int Arrowwdth = 6;
class TW/DC: public TDC {
public:
voi d Rect angl eQut | i ne(TRect & rect);
voi d ShadowRect angl e( TRect & rect, TBrush&
fill, TPen& ol pen, TBrush& shadow,

TSi ze& shadowbottl eft
= TSi ze(1, BShadH), TSize& shadowt opright =
TSi ze( RShadw 2));
enum Direction {UP, DOM, LEFT, Rl GHT};

voi d Arrow TPoi nt & pos, enum Direction);
voi d Pl us( TPoi nt & pos) ;

I

#endi f

mydc.cpp

R e T TP

/1 Copyright 1995 Hugo Lyppens

/1 I npl enents class TM/DC

R e T e

#i ncl ude "owl hdr. h"
#pragna hdr st op
#i ncl ude "nydc. h"

static const TBrush brush(RGB(255, 255, 0));
voi d TM/DC: : Pl us( TPoi nt & pos)

const int Pl usA = (Pl usSize-4)/2;
/1 TBrush brush( Pl usCol or);
i f(CGetdipBox().Touches(TRect (pos, TSize(PlusSize,
PlusSize)))) {
Sel ect Qbj ect (brush);
Rect angl e( pos. x+Pl usA, pos.y, pos.x+(Pl usA+3),
pos. y+Pl usSi ze-1) ;
Rect angl e(pos. x, pos.y+Pl usA, pos. x+Pl usSi ze-1,
pos. y+( Pl usA+3));
Fi || Rect (pos. x+Pl usA+1, pos.y+Pl usA,
pos. x+Pl usA+2, pos. y+Pl usA+3, brush);
Rest or eBrush();

}
voi d TM/DC: : Arrow( TPoi nt & pos, enum Direction dir)
{

TPoi nt triangle[3];
TRect br;

triangle[0] = pos;
switch(dir) {
case UP:
br. Set (pos. x-
ArrowW dt h/ 2, pos. y, pos. x+Ar r owW dt h/ 2,
pos. y+ArrowLengt h) ;
triangle[1].x = pos.x+ArrowNdth/2; triangle[l].y
pos. y+Arrowlengt h;
triangle[2].x = pos.x-ArrowNdth/2; triangle[2].y
pos. y+ArrowLengt h;
br eak;
case DOM:
br. Set (pos. x- Arr owW dt h/ 2, pos. y-
ArrowLengt h, pos. x+ArrowW dt h/ 2, pos.y);
triangle[1].x = pos.x-ArrowNdth/2; triangle[l].y
= pos.y-ArrowLengt h;
triangle[2].x = pos.x+ArrowNdth/2; triangle[2].y
= pos.y-ArrowLengt h;
br eak;
case LEFT:
br. Set (pos. x, pos.y-
ArrowW dt h/ 2, pos. x+Ar r owLengt h, pos. y+Arr owW dt h/ 2) ;

triangle[1].x = pos.x+ArrowLength; triangle[l].y
pos. y- Arr owW dt h/ 2;
triangle[2].x = pos.x+ArrowLength; triangle[2].y
pos. y+Arr owW dt h/ 2;
br eak;
case RI GHT:
br. Set (pos. x- ArrowLengt h, pos.y-
ArrowW dt h/ 2, pos. x, pos. y+ArrowW dt h/ 2) ;
triangle[1].x = pos.x-ArrowLength; triangle[l].y
= pos. y+Arr owW dt h/ 2;
triangle[2].x = pos.x-ArrowLength; triangle[2].y
= pos.y-ArrowWdth/ 2;

11 TBrush brush(arrowcol or);
if(GetdipBox().Touches(br)) {
Sel ect Obj ect (brush);
Pol ygon(triangle, 3);
Rest or eBrush();

voi d TM/DC: : ShadowRect angl e( TRect & rect, TBrush& fill,
TPen& pen, TBrush& shadow,
TSi ze& shadowbottleft,
TSi ze& shadowt opri ght)
{

Sel ect Obj ect (pen);

Sel ect Chj ect (fill);

Rect angl e(rect);

Fill Rect(rect.|eft+shadowbottleft.cx, rect.bottom
rect.right +shadowt opri ght. cx,

rect. bottomrshadowbottl eft.cy, shadow;

Fill Rect(rect.right, rect.top+shadowt opright.cy,

rect.right+shadowt opri ght.cx, rect.bottom

shadow) ;
RestoreBrush(); RestorePen();
}
voi d TM/DC: : Rect angl eQut | i ne( TRect & rect)
{
MoveTo(rect. TopLeft());
Li neTo(rect.right-1, rect.top);
Li neTo(rect.right-1, rect.bottom1);
Li neTo(rect.left, rect.bottom1);
Li neTo(rect. TopLeft());
}
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scrwview.h

cl ass _DOCVI EWCLASS TScrol | edW ndowvi ew : public
TW ndowi ew

{
public:
TScr ol | edW ndowi ew( TDocunent & doc, TW ndow *par ent
=0);
~TScrol | edW ndowvi ew() {}

virtual TSize Cal cSize() = 0;
prot ect ed:

/1 Message response functions
voi d EvSi ze(UI NT si zeType, TSize&);
voi d Adj ust Scrol ler();

DECLARE_RESPONSE_TABLE( TScr ol | edW ndowvi ew) ;
1

scrwview.cpp

R e TP
11 Copyright 1995 Hugo Lyppens

/1 I npl enents cl ass TScrol | edW ndowi ew

R e T e

#i ncl ude "owl hdr. h"
#pragna hdr st op

#i ncl ude "scrwiew h"

DEFI NE_RESPONSE_TABLE1( TScr ol | edW ndowi ew, TW ndowi ew)
EV_WM S| ZE,
END_RESPONSE_TABLE;

TScrol | edW ndowVi ew. : TScr ol | edW ndowVi ew( TDocunent & doc,
TW ndow *parent):
TW ndowVi ew( doc, parent)

Attr.Style | = WB_VSCROLL | W5_HSCROLL;
Scroller = new TScrol ler(this, 1, 1, 200, 200);
}
voi d

TScrol | edW ndowVi ew: : Adj ust Scrol | er ()
{

TRect clientrect;
CGetdientRect(clientrect);

TSi ze sizedi ff = CalcSize()-
clientrect. Size();

/1 only show scrollbars when inmage is |arger than
/1 the client area
11
Scrol | er - >Set Range( Max(si zedi ff.cx, 0),
Max(si zedi ff.cy, 0));
if (!GetUpdateRect(clientrect, FALSE))
I nval i dat e( FALSE) ;
}

voi d TScrol | edW ndowvi ew. : EvSi ze(U NT Si zeType, TSi ze&
Si ze)
{

TW ndow: : EvSi ze( Si zeType, Size);
if (SizeType != SIZEICONIQ) {
Adj ust Scrol ler();
I nval i dat e( FALSE) ;

scrtrwvw.h

/1 Copyright 1995 Hugo Lyppens
/1 I npl enents class TScrol | edTr eeW ndowvi ew

tenpl at e<cl ass T>
cl ass _DOCVI EWCLASS TScrol | edTreeW ndowi ew : public
TScrol | edW ndowi ew

{
public:

TScrol | edTr eeW ndowVi ew( TSt r uct Docunent & doc,
TW ndow *parent = 0);

static const char far* StaticNane();

/1
/1 overridden virtuals fromTView
LPCSTR  GetViewNane(){ return StaticNane();}
TSi ze Cal cSi ze();
prot ect ed:

virtual char
}

virtual char *Get QpMenuString( Qperator op) {
return ::Get OpNane(op); }

Cet OpKey( Qperator op) { return O;

voi d Pai nt (TDC& BOCOL erase, TRect&);
LRESULT EvConmand(U NT id, HWD hwdC |, U NT
not i f yCode) ;

/1 Message response functions
BOOL VnM rror Subt r ee( TNodeAddr ess *addr ess) ;

BOOL VnQA obal Focus( TNodeAddr ess *addr ess) ;

BOOL VnNewAct i ve( TNodeAddr ess *addr ess) ;

voi d EvSet Focus( HWAD) ;

voi d EvLBut t onDown( Ul NT MbdKeys, TPoi nt&
point);

voi d EvRBut t onDown( Ul NT MbdKeys, TPoi nt&
point);

voi d EvLBut t onDbl O k(U NT MbdKeys, TPoint&
point);

voi d EvChar (U NT key, U NT repeatcount, U NT
flags);

voi d EvKeyDown( Ul NT key, Ul NT repeatcount, U NT
flags);

voi d EvKeyUp( Ul NT key, U NT repeatcount, U NT
flags);

voi d ShowMenu(const TPoi nt &) ;

voi d Handl eBut t onDown( TPoi nt & poi nt, BOOL
nofol d = FALSE);

voi d Handl eLBut t onDown( TPoi nt & poi nt) ;

void Toggl eFol d();

voi d ChangeFocus(T *);

voi d Parent ();

voi d PrevNode() ;

voi d Next Node() ;

voi d PrevHol e();

voi d Next Hol e() ;

voi d AddHol eToLi st ();

voi d AddHol eBef or eAf t er (WPARAM) ;

voi d Del ete();

voi d Cut();

voi d Copy();

voi d Paste();

DECLARE_RESPONSE_TABLE( TScr ol | edTr eeW ndowi ew) ;

TVi ewlr ee<T> Tree;

TSt ruct Docunent *StructDoc; // sane as Doc nenber,
but cast to derived class

BOOL Shi f t Down;
I

NOTI FY_SI G vnM rror Subtree, TNodeAddress*);
NOTI FY_SI G vnd obal Focus, TNodeAddr ess*) ;
NOTI FY_SI G vnNewAct i ve, TNodeAddr ess*) ;

#define EV_VN_M RRORSUBTREE VN_DEFI NE(vnM rror Subtree,
VnM rrorSubtree, pointer)
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#define EV_VN_GLOBALFOCUS  VN_DEFI NE(vnd obal Focus,
Vnd obal Focus, poi nter)
#defi ne EV_VN_NEWACTI VE VN_DEFI NE( vnNewAct i ve,
VnNewAct i ve, poi nter)

tenpl at e<cl ass T>

voi d TScrol | edTr eeW ndowi ew<T>: : EvSet Focus( HMD)

stati c TNodeAddress address;
if(Tree. Get Focus()) {

Tr ee. Get NodeAddr ess( Tr ee. Get Focus(), address);
St ruct Doc- >Set Act i veAddr ess( addr ess) ;

}
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowi ew<T>: : EvKeyDown( Ul NT key,

UNT , UNT)

if(key == VK_SH FT)
Shi ft Down = TRUE;

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowi ew<T>: : EvKeyUp( Ul NT key,
UNT, UNT)

if(key == VK_SH FT)
Shi ft Down = FALSE;

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : Del et e()
{

stati c TNodeAddress address;

T *node = Tree. Get Focus();

i f(node->Cet Operator() >= OP_FIRST) {
Tr ee. Get NodeAddr ess(node, address);
St ruct Doc- >Del et e( addr ess) ;
Tr ee. Set Focus( Tr ee. NodeAt (addr ess) ) ;
} else {
int cn = Tree. Get MyChi | dNunber (node) ;
node = Tree. Get Par ent (node) ;
i f(node && node->IsList()) {
Tr ee. Get NodeAddr ess(node, address);
St ruct Doc- >Li st Del et e(addr ess, cn);
node = Tree. NodeAt (address);
int nunchildren = Tree. Get NunChi | dren(node) ;
i f (nunchil dren>0) {
if(cn >= nunchildren)
cn = nunchildren-1;
node = Tree. Get Chil d(node, cn);

Tr ee. Set Focus( node) ;
i f(node->Cet Operator() >= OP_FIRST) {

Next Hol e() ;
}
}
}
}
tenpl at e<cl ass T>
BOCOL

TScrol | edTr eeW ndowi ew<T>: : VnM rr or Subt r ee( TNodeAddr ess
*addr ess)

TTerm *termmode = Struct Doc->Cet Tree() -
>NodeAt (*addr ess) ;

T *vi ewnode = Tree. NodeAt (*addr ess) ;

T *curfocus = Tree. Get Focus();

BOOL setfocus = (curfocus->lsDescendant (vi ewnode))

(curfocus == vi ewnode) ;

Tree. CreateM rror (Tree. Get Par ent (vi ewnode) ,
Tree. Get MyChi | dNunber (vi ewnode) ,
t er mode) ;

Adj ustScrol ler();

i f (setfocus)

Tr ee. Set Focus( Tr ee. NodeAt (*addr ess)) ;
Inval i date();
return FALSE;
}

tenpl at e<cl ass T>

BOOL
TScrol | edTr eeW ndowVi ew<T>: : Vnd obal Focus( TNodeAddr ess
*addr ess)

ChangeFocus( Tr ee. NodeAt (*address)) ;
return FALSE;
}

tenpl at e<cl ass T>

BOOL

TScrol | edTr eeW ndowi ew<T>: : VnNewAct i ve( TNodeAddr ess *)
{

return FALSE;

}

tenpl at e<cl ass T>

voi d TScrol | edTr eeW ndowi ew<T>: : Cut ()
{

stati c TNodeAddress address;

Tr ee. Get NodeAddr ess( Tr ee. Get Focus(), address);
St ruct Doc- >Cut (address, *this);
Tr ee. Set Focus( Tr ee. NodeAt (addr ess) ) ;

}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowi ew<T>: : Copy( )
stati c TNodeAddress address;
Tr ee. Get NodeAddr ess( Tr ee. Get Focus(), address);
St ruct Doc- >Copy( addr ess, *this);
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowi ew<T>: : Past e()
{
stati c TNodeAddress address;
Tr ee. Get NodeAddr ess( Tr ee. Get Focus(), address);
St ruct Doc- >Past e( addr ess, *this);
Tr ee. Set Focus( Tr ee. NodeAt (addr ess) ) ;
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : Par ent ()
T *focus = Tree. Get Focus();
if(focus = Tree. Get Parent (focus))
ChangeFocus( f ocus) ;
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : Next Hol e()
T *focus = Tree. Get Focus();
T *nexthole = focus;
do {
next hol e = Tree. Get Next Node( next hol e) ;
i f (! nexthol e)
next hol e = Tree. Get Root () ;
} while (nexthole != focus && (nexthol e-
>Cet Operator() >= OP_FIRST || !nexthole->IsVisible()));
i f(focus != nexthole)
ChangeFocus( next hol e) ;
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowi ew<T>: : PrevHol e()
{
T *focus = Tree. Get Focus();
T *prevhole = focus;
do {
prevhol e = Tree. Get PrevNode( prevhol e);
if(!prevhole)
prevhol e = Tree. Get Last Node() ;
} while (prevhole != focus && (prevhol e-
>Cet Qperator() >= OP_FIRST || !prevhole->IsVisible()));
if(focus !'= prevhol e)
ChangeFocus( prevhol e) ;
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : Next Node()

T *focus
T *nextnode

= Tree. Get Focus();
= focus;
do {
next node = Tree. Get Next Node( next node) ;
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i f (! next node)
next node = Tree. Get Root () ;
} whil e(!nextnode->IsVisible());
i f (focus != nextnode)
ChangeFocus( next node) ;

}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowi ew<T>: : PrevNode()
{
T *focus = Tree. Get Focus();
T *prevnode = focus;
do {
prevnode = Tree. Get PrevNode( prevnode) ;
i f(!prevnode)
prevnode = Tree. Get Last Node();
} while(!prevnode->IsVisible());
if(focus !'= prevnode)
ChangeFocus( prevnode) ;
}
tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : EvChar (Ul NT key,

U NT repeatcount, U NT flags)
T *focus = Tree. Get Focus();

TW ndow. : EvChar (key, repeatcount, flags);
swi tch(key) {
case 13:
ShowMenu( f ocus- >Get NodePosi ti on(0) +
TPoi nt (f ocus- >NodeW dt h()/ 2, focus-
>NodeHei ght ()/2) -
TPoi nt (Scrol | er->XPos, Scroller->YPos));

br eak;

defaul t:
Sort sort = focus->CetSort();
Qperator op = focus->CetQperator();

if(sort == op) {
for(op = OP_FIRST; op <= OP_LAST; op++) {
i f(CGetOpSort (op)==sort && key ==
Cet OpKey(op)) {
EvConmand( CM _REFI NE+(i nt)op, 0, 0);

t enpl at e<cl ass T>
LRESULT TScrol | edTr eeW ndowVi ew<T>: : EvCommand( Ul NT i d,
HWD hwdCt 1, U NT noti fyCode)
{
static TNodeAddr ess addr ess;
T *newf ocus;

i f (i d>=CM REFI NE && i d<=CM REFI NE+(i nt) OP_LAST) {
Tr ee. Get NodeAddr ess( Tr ee. Get Focus(), address);
St ruct Doc- >Ref i ne(address, ( Operator)(id-
CM_REFINE), this);
newf ocus = Tree. NodeAt (address);
i f (newf ocus->Get NunChi ldren()) {
newf ocus = Tree. Get Chi | d(newf ocus, 0);

Tr ee. Set Focus( newf ocus) ;

}

return TW ndow : EvConmand(i d, hwdC |,
not i f yCode) ;
}

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : AddHol eToLi st ()
{
static TNodeAddr ess addr ess;
T *node = Tree. Get Focus();
Tr ee. Get NodeAddr ess(node, address);
Struct Doc- >Li st | nsert (address, node-
>Get NunChi I dren());
Tr ee. Set Focus( Tr ee. NodeAt (addr ess) ) ;
}

tenpl at e<cl ass T>

voi d

TScrol | edTr eeW ndowVi ew<T>: : AddHol eBef or eAf t er ( WPARAM
id)

{
static TNodeAddr ess addr ess;
T *node = Tree. Get Focus();
int cn = Tree. Get MyChi | dNunber ( node) ;

whi |l e((node = Tree. Get Parent (node)) && ! node-
>IsList()) {
cn = Tree. Get MyChi | dNunber (node) ;

}
i f(node) {
if(id == OM ADDHOLEAFTER)
cn++;
Tr ee. Get NodeAddr ess(node, address);
Struct Doc- >Li st nsert (address, cn);
node = Tree. NodeAt (address);
Tr ee. Set Focus( Tree. Get Chi | d(node, cn));
}
}

tenpl at e<cl ass T>
TScrol | edTr eeW ndowVi ew<T>: : TScr ol | edTr eeW ndowVi ew( TSt r
uct Docunent & doc, TW ndow *parent):
TScrol | edW ndowVi ew doc, parent),
St ruct Doc(&doc), Tree(doc. GetTree()),
Shi f t Down( FALSE)
{

stati c TNodeAddress address;

St ruct Doc- >Get Act i veAddr ess( addr ess) ;
Tr ee. Set Focus( Tr ee. NodeAt (addr ess) ) ;
Attr.Accel Tabl e = | DA_FLOMWI EW
Set Vi ewMenu( new

TMenuDescr (1 DM FLOMWI EW 0, 1,0, 0,0, 1));
Set BkgndCol or (TCol or: : Lt Gray) ;

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : EvRBut t onDown( Ul NT
MbdKeys, TPoi nt & poi nt)

{
TW ndow: : EvRBuUt t onDown( MbdKeys, point);
TPoi nt pt(Scrol | er->XPos, Scroller->YPos);
T *newfocus = Tree. Wi chNode(point + pt);
i f (newfocus) {
i f(newfocus != Tree. Get Focus())
ChangeFocus( newf ocus) ;
}
ShowMenu( poi nt) ;
}

tenpl at e<cl ass T>

voi d TScrol | edTr eeW ndowVi ew<T>: : ShowMenu(const TPoi nt &
poi nt)

{

TPoi nt p
TPopupMenu m
T *node = Tree. Get Focus();

= point;

Sort sort = node->CetSort();
Qperator op = node->Cet Operator();
char s[50], *opnane;

if(sort == op) {
for(op = OP_FI RST; op<=0P_LAST;
op++) {
i f(CGetOpSort (op)==sort) {
m AppendMenu( M=_ENABLED,
CM _REFI NE+(ii nt)op, Get QoMenuString(op));
}

}
m AppendMenu( M-_SEPARATOR, 0, 0);
m AppendMenu( St ruct Doc- >0 i pboar dOK(sort,
*this)?
M-_ENABLED: M=_GRAYED,
CM PASTE, "&Paste\tCirl+V');

T *par = Tree. GetParent(node);
if(par & par->IsList()) {
m AppendMenu( MF_SEPARATOR, 0, 0);
wsprintf(s, "Delete from%\tDel ete",
Cet OpNane( par - >Get Operator ()));
m AppendMenu( M=_ENABLED, CM DELETE, s);

} else {

m AppendMenu( M=_ENABLED, CM FOLD, node-
>Cet Fol ded() ?"Unfol d\t F": "Fol d\t F");

m AppendMenu( MF_SEPARATOR, 0, 0);

m AppendMenu( M-_ENABLED, CM CUT,
"Cu&t\tCrl +X");

m AppendMenu( M-_ENABLED, CM COPY,
"&Copy\tCtrl +C');

m AppendMenu( M-_ENABLED, CM DELETE,
"&Del ete\tDel ete");
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}
i f(node->IsList()) {
m AppendMenu( MF_SEPARATOR, 0, 0);
opnane = Get GpNane( node- >Get Qperator());
wsprintf(s, "Add Hole to %\tH', opnane);
m AppendMenu( M-_ENABLED, CM ADDHOLETOLI ST, s);
}

T *par = node;
whil e(par = Tree. Get Parent (par)) {
if(par->IsList()) {
m AppendMenu( M-_SEPARATOR, 0, 0);
opnane = Get QpNane( par - >Get Operator());
wsprintf(s, "Add to ancestor % Before\tB",

opnane) ;

m AppendMenu( M-_ENABLED, CM ADDHOLEBEFORE,
s);

wsprintf(s, "Add to ancestor % After\tA",
opnane) ;

m AppendMenu( M-_ENABLED, CM ADDHOLEAFTER,
s);

br eak;

}

}

m AppendMenu( M-_SEPARATOR, 0, 0);

m AppendMenu( MF_ENABLED, CM NEXTHOLE, " Next
Hol e\ t Down") ;

m AppendMenu( M=_ENABLED, CM PREVHOLE, "Prev
Hol e\t Up") ;

m AppendMenu( MF_ENABLED, CM NEXTNCDE, " Next
Node\t Ri ght");

m AppendMenu( M-_ENABLED, CM PREVNCDE, "Prev
Node\t Left");

m AppendMenu( M-_ENABLED, CM PARENT,
"Parent\tP");

Cl i ent ToScreen(p);

m Tr ackPopupMenu( TPM_RI GHTBUTTON| TPM_LEFTALI GN,
p, 0, (HWAD) *t hi s) ;
}

tenpl at e<cl ass T>

voi d TScrol | edTr eeW ndowVi ew<T>: : EvLBut t onDbl O k( Ul NT
MbdKeys, TPoi nt & poi nt)

{

TW ndow: : EvLBut t onDbl d k( ModKeys, point);
Handl eLBut t onDown( poi nt) ;
}

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : EvLBut t onDown( Ul NT
MbdKeys, TPoi nt & poi nt)
{
TW ndow: : EvLBut t onDown( ModKeys, point);
Handl eLBut t onDown( poi nt) ;
}

tenpl at e<cl ass T>

voi d

TScrol | edTr eeW ndowi ew<T>: : Handl eLBut t onDown( TPoi nt &
poi nt)

{
static TNodeAddr ess addr ess;
Handl eBut t onDown( poi nt, Shi ft Down);
i f (ShiftDown) {
Tr ee. Get NodeAddr ess( Tr ee. Get Focus(), address);
St ruct Doc- >@ obal Focus(addr ess) ;
}

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : ChangeFocus( T
*newf ocus)

T *ol df ocus = Tree. Get Focus();
static TNodeAddr ess addr ess;

whi | e(newf ocus && ! newf ocus->IsVisible())
newf ocus = Tree. Get Par ent (newf ocus) ;

i f (newf ocus && newf ocus! =ol df ocus) {
TPoi nt pt (Scrol | er->XPos, Scroller-
>YPos) ;
Tr ee. Set Focus( newf ocus) ;

int np, i;
np = ol df ocus->CGet NunNodePosi ti ons();
for(i = 0; i<np; i++) {
I nval i dat eRect ( TRect (ol df ocus-
>Get NodePosi tion(i)-pt,

}
np = newf ocus->Cet NunNodePosi ti ons();
for(i = 0; i<np; i++) {
I nval i dat eRect ( TRect ( newf ocus-
>Get NodePosi tion(i)-pt,

ol df ocus- >NodeSi ze()));

newf ocus- >NodeSi ze()));

}
Tr ee. Get NodeAddr ess( newf ocus, address);
St ruct Doc- >Set Act i veAddr ess( addr ess) ;

}

tenpl at e<cl ass T>
voi d TScrol | edTr eeW ndowVi ew<T>: : Toggl eFol d()
{

T *focus = Tree. Get Focus();

i f(Tree. Get NuntChi | dren(focus)>0) {
f ocus->Set Fol ded(! f ocus->Get Fol ded());
Adj ust Scrol ler();
Inval i date();
}
}

t enpl at e<cl ass T>

voi d

TScrol | edTr eeW ndowi ew<T>: : Handl eBut t onDown( TPoi nt &
poi nt, BOOL nof ol d)

{
TPoint  pt(Scroller->XPos, Scroller->YPos);
T *newfocus = Tree. Wi chNode(point + pt);
T *ol df ocus = Tree. Get Focus();
i f (newfocus) {
i f(newfocus != ol df ocus) {
ChangeFocus( newf ocus) ;
} else if(!nofold) {
Toggl eFol d() ;
}
}

tenpl at e<cl ass T>
TSi ze TScrol | edTr eeW ndowi ew<T>: : Cal cSi ze()

{
T *root = Tree. CGetRoot();

if(root) {
root - >Cal cSi ze(( TM/DC&) TA i ent DC( HW ndow) ) ;
return root->NodeSi ze();

}
return TSi ze(0, 0);

owlhdr.h

#i ncl ude <string. h>
#i ncl ude <cl asslib\arrays. h>

#i ncl ude <owl \dc. h>

#i ncl ude <owl \'scroller.h>
#i ncl ude <owl \ st at usba. h>
#i ncl ude <owl \ edi tvi ew. h>
#i ncl ude <owl \listview h>
#i ncl ude <owl \ docnmanag. h>
#i ncl ude <owl \fil edoc. h>
#i ncl ude <ow \ di al og. h>
#i ncl ude <owl \i nputdi a. h>
#i ncl ude <owl \ applicat.h>
#i ncl ude <owl \ ndi . h>

#i ncl ude <owl \decndifr.h>
#i ncl ude <owl \ col or. h>

#i ncl ude <owl \ ow pch. h>
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B PL4 sighature and view modules

File Description
sign_pl4.h PL4 signature module header
sign_pl 4. cpp PL4 signature module source
l'ist_pl4. cpp implements listing view
f1 ow_pl 4. cpp implements flow diagram view
ctxt_pl4.cpp implements active context view
euclides.str PL4 euclides example program file
representation
) DEFI NE_SORT_AND_HCLE( STATS)
sign_pl4.h DEFI NE_SCRT_AND_HOL E( VARS)
DEFI NE_SORT_AND_HOLE( EXPRS)
e““gﬁ&g\é‘ or { DEFI NE_SORT_AND_HOLE( EXPR)
v HOES *] DEF! N~ SCRT_AND}OLE( ALTSZ)
OP_PROGHOLE, OP_DECHOLE, OP_NDECHOLE, OP_DECSHOLE, . SORT_AND |
OP_IDHOLE,  OP_TYPEHOLE, CP_STATHOLE, OP STATSHOLE, DEFI NE_SORT_AND_HOLE(ALT2)

OP_VARSHCOLE, OP_EXPRSHCOLE, OP_EXPRHCLE,

OP_ALTS1HCOLE, OP_ALTS2HOLE, OP_ALT2HCLE,
OP_LABELSHOLE, OP_LABELHCLE,

OP_PBODYHCLE, OP_PPARSHCLE,

OP_PPARHCLE, OP_PARGSHCLE,
OP_FPARSHCLE,

OP_FPARHCOLE, OP_FARGSHCLE,
/* Real operators */

OP_PROG, OP_DECS, OP_NDECS, OP_NDEC, OP_PROCDEC,
OP_FUNCDEC,

OP_ID, OP_INTTYPE, OP_BOOLTYPE, OP_CHARTYPE,

OP_REALTYPE, OP_STATS, OP_SKI P,

OP_CONCASSI GN, OP_PROCCALL, OP_PROCCALLARGS,
OP_I FTHEN, OP_I FTHENELSE,

OP_WH LE, OP_READ, OP_WRI TE, OP_FOR, OP_BLOCK,
OP_VARS, OP_EXPRS,

OP_VARVALUE, OP_FUNCCALL, OP_FUNCCALLARGS,
OP_NUWALUE, OP_CHARVALUE,

OP_| MPLI CATI ON, OP_EQUI VALENCE, OP_OR, CP_AND,
OP_LESS, OP_LESSEQ

OP_GREATER, OP_GREATEREQ OP_EQUALITY,
OP_DI FFERENCE, OP_ADDI TI ON,

OP_SUBTRACTI ON, OP_MULTI PLI CATION, CP_DI VI SI ON,
OP_MODULO,

OP_UNARYM NUS, OP_NOT, CP_EXPRBLOCK, OP_PBODYSTATS,

OP_PBODYPARSSTATS,
OP_PPARS, CP_PPARVALUE, OP_PPARREF, OP_PARGS,
OP_PARGVALUE, OP_PARGREF,
OP_FBODY, CP_FPARS, OP_FPARVALUE, OP_FARGS,

OP_NUMCASE, OP_LABCASE, OP_ALTS1, OP ALTS2, OP_ALT2,

OP_LABELS,
OP_CHARLABEL, OP_NUMLABEL
1

DEFI NE_SORT_AND_HOLE( PROG)
DEFI NE_SORT_AND_HOLE( DEC)
DEFI NE_SORT_AND_HOLE( NDEC)
DEFI NE_SORT_AND_HOLE( DECS)
DEFI NE_SORT_AND_HOLE( | D)
DEFI NE_SORT_AND_HOLE( TYPE)
DEFI NE_SORT_AND_HOLE( STAT)

OP_PARGHOLE, OP_FBODYHOLE,

DEFI NE_SORT_AND_HOLE( LABELS)
DEFI NE_SORT_AND_HOLE( LABEL)
DEFI NE_SORT_AND_HOLE( PBCDY)
DEFI NE_SORT_AND_HOLE( PPARS)
DEFI NE_SORT_AND_HOLE( PPAR)
DEFI NE_SORT_AND_HOLE( PARGS)
DEFI NE_SORT_AND_HOLE( PARG)
DEFI NE_SORT_AND_HOLE( FBODY)
DEFI NE_SORT_AND_HOLE( FPARS)
DEFI NE_SORT_AND_HOLE( FPAR)
DEFI NE_SORT_AND_HOLE( FARGS)

DEFI NE_OP2( PROG, PROG, Decl arations, DECS,
St at enent's, STATS)

DEFI NE_OP_LI ST( DECS, DECS, Decl aration, DEC)

DEFI NE_OP_LI ST( NDECS, DEC, Var Decl ar ati on,
NDEC)

DEFI NE_OP2( NDEC, NDEC, Variable, ID, Type,
TYPE)

DEFI NE_OP2( PROCDEC, DEC, ProcNane, |D, Body,
PBCDY)

DEFI NE_OP2( FUNCDEC, DEC, FuncNane, |D, Body,
FBODY)

DEFI NE_OPO( | D, I D)

DEFI NE_OPO( | NTTYPE, TYPE)

DEFI NE_OPO( BOOLTYPE, TYPE)

DEFI NE_OPO( CHARTYPE, TYPE)

DEFI NE_OPO( REALTYPE, TYPE)

DEFI NE_OP_LI ST( STATS, STATS, St atenent, STAT)

DEFI NE_OPO( SKI P, STAT)

DEFI NE_OP2( CONCASSI GN, STAT, Vari abl es, VARS,
Expr essi ons, EXPRS)

DEFI NE_OP1( PROCCALL, STAT, ProcNane, |D)

DEFI NE_OP2( PROCCALLARGS, STAT, ProcNarne, |D,
Argunents, PARGS)

DEFI NE_OP2( | FTHEN, STAT, Quard, EXPR

TrueSt at enents, STATS)

DEFI NE_OP3( | FTHENELSE, STAT, Quard, EXPR

TrueSt atenents, STATS, Fal seStatenents, STATS)

DEFI NE_OP2( WHI LE, STAT, Quard, EXPR

St at enment's, STATS)
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| * DEFI NE_OP3( 45, NUMCASE, STAT,

Expression, EXPR Alternatives, ALTS1, CQutStatenents,
STATS)
DEFI NE_OP3( 46, LABCASE, STAT, Expr essi on,
EXPR, LabAl ternatives, ALTS2, CQutStatenents, STATS)*/
DEFI NE_OP_LI ST( READ, STAT, Variable, 1D)
DEFI NE_OP_LI ST(WRI TE, STAT, Expr essi on, EXPR)
DEFI NE_OP5( FOR, STAT, Variable, 1D,
FronExpressi on, EXPR, ByExpression, EXPR, ToExpression,
EXPR Statenents, STATS)
DEFI NE_OP2( BLOCK, STAT, Decl ar ati ons, DECS,
St at enment's, STATS)
DEFI NE_OP_LI ST( VARS, VARS, Variable, 1D)
DEFI NE_OP_LI ST( EXPRS, EXPRS, Expressi on, EXPR)
DEFI NE_OP1( VARVALUE, EXPR, Variable, 1D
DEFI NE_OP1( FUNCCALL, EXPR, FuncNane, |D)
DEFI NE_OP2( FUNCCALLARGS, EXPR, FuncNare, |D,
Argunents, FARGS)
DEFI NE_OPO( NUMVAL UE, EXPR)
DEFI NE_OPO( CHARVAL UE, EXPR)
DEFI NE_OP2( | MPLI CATI ON, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( EQUI VALENCE, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( CR, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( AND, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( LESS, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( LESSEQ, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( GREATER, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( GREATEREQ EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( EQUALI TY, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( DI FFERENCE, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( ADDI TI ON, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( SUBTRACTI ON, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( MULTI PLI CATI ON, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( DI VI SI ON, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP2( MODULO, EXPR, Arg0, EXPR Argl,
EXPR)
DEFI NE_OP1( UNARYM NUS, EXPR, Arg0, EXPR)
DEFI NE_OP1( NOT, EXPR, Arg0, EXPR)
DEFI NE_OP3( EXPRBLOCK, EXPR, Decl ar ati ons, DECS,

Statements, STATS, Expression, EXPR)

DEFI NE_OP_LI ST( PBODYSTATS, PBQODY, St at enent, STAT)

DEFI NE_OP2( PBCDYPARSSTATS, PBQODY, ProcPar aneters, PPARS,
St at enments, STATS)

DEFI NE_OP_LI ST( PPARS, PPARS, ProcPar anet er, PPAR)

DEFI NE_OP2( PPARVAL UE, PPAR, Variable, ID, Type,
TYPE)

DEFI NE_OP2( PPARREF, PPAR, Variable, ID, Type,
TYPE)

DEFI NE_OP_LI ST( PARGS, PARGS, ProcAr gunent, PARG

DEFI NE_OP1( PARGVALUE, PARG, Expressi on, EXPR)

DEFI NE_OP1( PARGREF, PARG, Variable, 1D

DEFI NE_OP2( FBCDY, FBODY, FuncPar armet ers, FPARS,
Expressi on, EXPR)

DEFI NE_OP_LI ST( FPARS, FPARS, FuncPar anmet er, FPAR)

DEFI NE_OP2( FPARVAL UE, FPAR, Variable, ID, Type,
TYPE)

DEFI NE_OP_LI ST( FARGS, FARGS, FuncAr gunent, EXPR)

DEFI NE_OP3( NUMCASE, STAT, Case, EXPR In,
ALTS1, Qut, STATS)

DEFI NE_OP3( LABCASE, STAT, Case, EXPR In,
ALTS2, Qut, STATS)

DEFI NE_OP_LI ST(ALTSL, ALTS1, Statenents, STATS)
DEFI NE_OP_LI ST(ALTS2, ALTS2, Al ternative, ALT2)

DEFI NE_OP2( ALT2, ALT2, Label s, LABELS,
St at enment's, STATS)

DEFI NE_OP_LI ST( LABELS, LABELS, Label, LABEL)

DEFI NE_OPO( NUMLABEL, LABEL)

DEFI NE_OPO( CHARLABEL, LABEL)

const Qperator OP_FI RSTHOLE = OP_PROGHCLE;
const Qperator OP_LASTHOLE = OP_FARGSHCLE;
const Cperator OP_FIRST = OP_PRCG
const QCperator OP_LAST = OP_CHARLABEL;
const Sort TERVSORT = SORT_PROG

tenpl at e<cl ass T>

T *Cr eat eQper at or Node(T *, const Oper at or
?p)
T *node = O;

switch(op) {

case OP_PROGHOLE: node = new TPROGHOLE<T>; br eak;
case OP_DECHOLE: node = new TDECHOLE<T>; break;
case OP_NDECHOLE: node = new TNDECHOLE<T>; br eak;
case OP_DECSHOLE: node = new TDECSHOLE<T>; br eak;
case OP_| DHOLE: node = new TI DHOLE<T>; break;
case OP_TYPEHOLE: node = new TTYPEHOLE<T>; break;
case OP_STATHOLE: node = new TSTATHOLE<T>; break;
case OP_STATSHOLE: node = new TSTATSHOLE<T>; break;
case OP_VARSHOLE: node = new TVARSHOLE<T>; break;
case OP_EXPRSHOLE: node = new TEXPRSHOLE<T>; break;
case OP_EXPRHOLE: node = new TEXPRHOLE<T>; br eak;
case OP_ALTSIHOLE: node = new TALTS1HOLE<T>; break;
case OP_ALTS2HOLE: node = new TALTS2HOLE<T>; break;
case OP_ALT2HOLE: node = new TALT2HOLE<T>; br eak;
case OP_LABELSHOLE: node = new TLABELSHOLE<T>; break;
case OP_LABELHOLE: node = new TLABELHOLE<T>; break;
case OP_PBODYHOLE: node = new TPBODYHOLE<T>; break;
case OP_PPARSHOLE: node = new TPPARSHOLE<T>; break;
case OP_PPARHOLE: node = new TPPARHOLE<T>; br eak;
case OP_PARGSHOLE: node = new TPARGSHOLE<T>; break;
case OP_PARGHOLE: node = new TPARGHOLE<T>; break;
case OP_FBODYHOLE: node = new TFBODYHOLE<T>; break;
case OP_FPARSHOLE: node = new TFPARSHOLE<T>; break;
case OP_FPARHOLE: node = new TFPARHOLE<T>; br eak;
case OP_FARGSHOLE: node = new TFARGSHOLE<T>; break;
case OP_PROG node = new TPROG<T>; break;
case OP_BLOCK: node = new TBLOCK<T>; break;
case OP_DECS: node = new TDECS<T>; break;
case OP_NDECS: node = new TNDECS<T>; break;
case OP_NDEC: node = new TNDEC<T>; break;
case OP_PROCDEC: node = new TPROCDEC<T>; break;
case OP_FUNCDEC: node = new TFUNCDEC<T>; break;
case CP_ID node = new TI D<T>; break;
case OP_| NTTYPE: node = new TI NTTYPE<T>; break;
case OP_BOOLTYPE: node = new TBOOLTYPE<T>; break;
case OP_CHARTYPE: node = new TCHARTYPE<T>; br eak;
case OP_REALTYPE: node = new TREALTYPE<T>; break;
case OP_STATS: node = new TSTATS<T>; break;
case OP_SKIP: node = new TSKI P<T>; break;
case OP_CONCASSI G\: node = new TCONCASSI G\<T>; br eak;
case OP_PROCCALL: node = new TPROCCALL<T>; break;
case OP_PROCCALLARGS: node = new TPROCCALLARGS<T>;

br eak;
case OP_| FTHEN: node = new TI FTHEN<T>; br eak;
case OP_| FTHENELSE: node = new Tl FTHENELSE<T>; br eak;
case OP_VWH LE: node = new TWH LE<T>; break;
case OP_READ: node = new TREAD<T>; break;
case OP_WRI TE: node = new TWRI TE<T>; break;
case OP_FOR node = new TFOR<T>; break;
case OP_VARS: node = new TVARS<T>; break;
case OP_EXPRS: node = new TEXPRS<T>; break;
case OP_VARVALUE: node = new TVARVALUE<T>; break;
case OP_FUNCCALL: node = new TFUNCCALL<T>; break;
case OP_FUNCCALLARGS: node = new TFUNCCALLARGS<T>;

br eak;
case OP_NUWALUE: node = new TNUWALUE<T>; break;
case OP_CHARVALUE: node = new TCHARVALUE<T>; break;
case OP_| MPLI CATI ON: node = new Tl MPLI CATI ON<T>;

br eak;
case OP_EQUI VALENCE: node = new TEQUI VALENCE<T>;

br eak;
case OP_OR node = new TOR<T>; break;
case OP_AND: node = new TAND<T>; break;
case OP_LESS: node = new TLESS<T>; break;
case OP_LESSEQ node = new TLESSEQ<T>; break;
case OP_GREATER  node = new TGREATER<T>; break;
case OP_GREATEREQ node = new TGREATEREQ<T>; break;
case OP_EQUALITY: node = new TEQUALI TY<T>; break;
case OP_Dl FFERENCE: node = new TDI FFERENCE<T>; br eak;
case OP_ADDI TION: node = new TADDI TI ON<T>; br eak;
case OP_SUBTRACTI ON: node = new TSUBTRACTI ON<T>;

br eak;
case OP_MULTIPLI CATION. node = new

TMULTI PLI CATI ON<T>; br eak;
case CP_DIVISION. node = new TDI VI SI ON<T>; br eak;
case OP_MODULQO node = new TMODULO<T>; break;
case OP_UNARYM NUS: node = new TUNARYM NUS<T>; br eak;
case OP_NOT: node = new TNOT<T>; break;
case OP_EXPRBLOCK: node = new TEXPRBLOCK<T>; break;
case OP_PBODYSTATS: node = new TPBODYSTATS<T>; br eak;
case OP_PBODYPARSSTATS: node = new

TPBODYPARSSTATS<T>; br eak;
case OP_PPARS: node = new TPPARS<T>; break;
case OP_PPARVALUE: node = new TPPARVALUE<T>; break;
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case OP_PPARREF: node
case OP_PARGS: node
case OP_PARGVALUE: node
case OP_PARGREF: node

new TPARGVALUE<T>;

new TPPARREF<T>; break;
new TPARGS<T>; break;

br eak;

new TPARGREF<T>; br eak;

case OP_FBODY: node new TFBODY<T>; br eak;
case OP_FPARS: node new TFPARS<T>; br eak;
case OP_FPARVALUE: node new TFPARVALUE<T>; break;
case OP_FARGS: node new TFARGS<T>; break;

case OP_NUMCASE: node
case OP_LABCASE: node

new TNUMCASE<T>; break;
new TLABCASE<T>; break;

case OP_ALTSI1: node new TALTS1<T>; break;
case OP_ALTS2: node new TALTS2<T>; break;
case OP_ALT2: node new TALT2<T>; break;

case OP_LABELS: node = new TLABELS<T>; break;
case OP_CHARLABEL: node = new TCHARLABEL<T>; break;
case OP_NUMLABEL: node = new TNUMLABEL<T>; br eak;

return node;

}

sign_pl4.cpp
e e T
/1 Copyright 1995 Hugo Lyppens

11 I mpl enents PL4 signature
e e T

#i ncl ude "owl hdr. h"
#pragna hdr st op

#include "tree. h"
#i ncl ude "strucdoc. h"

voi d AskDat a( TW ndow *wi ndow, TTer m *node)
{

char s[ MAXOPDATALEN+1], v[20] ;

char h[ MAXOPNAMELEN+51] ;

s[0] = 0;

wsprintf(h, "Operator % additional info", node-
>Get CpNare() ) ;

swi t ch(node->Get Qperator()) {
case OP_NUWALUE:
case OP_NUM_ABEL:
Tl nput D al og(wi ndow, h, "Enter nuneric value:",
s, sizeof s).Execute();
ostrstrean(v, sizeof v)<<atof(s)<<'\0';
node- >Set Data(v, strlen(v)+1);
br eak;
case OP_CHARVALUE:
case OP_CHARLABEL:
Tl nput D al og(wi ndow, h, "Enter a character:",
s, sizeof s).Execute();

s[1] = s[0];
s[0] ="'\"";
s[2] ="\"'";
s[3] = 0;
node- >Set Dat a(s, 4);
br eak;
case CP_I D
Tl nput Di al og(wi ndow, h, "Enter an identifier
nane",
s, sizeof s).Execute();
node->Set Data(s, strlen(s)+1);
br eak;
}
}
Sort Get OpSort (Oper ator op)

i f (op<OP_FI RST)
return (Sort)op;

switch(op) {

case OP_PROG return SORT_PROG

case OP_DECS: return SORT_DECS;
case OP_PROCDEC:
case OP_FUNCDEC:
case OP_NDECS: return SORT_DEC,

case OP_NDEC return SORT_NDEC,

case OP_ID return SORT_ID;

case OP_I NTTYPE:
case OP_BOOLTYPE:

case
case

case
case
case
case
case
case
case
case
case
case
case
case
case
case

case
case

case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case
case

case
case

case

case
case

case

case
case

case
case
case
case
case
case
case
case
case

case

}

OP_CHARTYPE:
OP_REALTYPE:

OP_STATS:
OP_SKI P;
OP_CONCASSI G\:
OP_PROCCALL:
OP_PROCCALLARGS:
OP_| FTHEN:
OP_| FTHENELSE:
OP_\WHI LE:
OP_READ:

OP_WRI TE:
OP_FOR
OP_BLOCK:
OP_NUMCASE:
OP_LABCASE:

OP_VARS:
OP_EXPRS:

OP_VARVALUE:
OP_FUNCCALL:
OP_FUNCCALLARGS:
OP_NUWAL UE:
OP_CHARVALUE:
OP_I MPLI CATI ON
OP_EQUI VALENCE:
oP_OR

OP_AND:
OP_LESS:
OP_LESSEQ
OP_GREATER
OP_GREATEREQ
OP_EQUALI TY:
OP_DI FFERENCE:
OP_ADDI TI ON:
OP_SUBTRACTI ON:
OP_MULTI PLI CATI ON
OP_DI VI SI O\
OP_MODULO
OP_UNARYM NUS:
OP_NOT:
OP_EXPRBLOCK:

OP_PBCDYSTATS:
OP_PBODYPARSSTATS:

OP_PPARS:

OP_PPARVALUE:
OP_PPARREF:

OP_PARGS:

OP_PARGVALUE:
OP_PARGREF:

OP_FBODY:
OP_FPARS:
OP_FPARVALUE:
OP_FARGS:
OP_ALTSI:
OP_ALTS2:
OP_ALT2:
OP_LABELS:

OP_CHARLABEL:
OP_NUMLABEL:

return SORT_NONE;

char

"PROG', "DECS', "NDECS',

*CpNare[] = {

" FUNCDEC",

"D,
" SKI P,

" CONCASSI GN',

"INT", "BOOL", "CHAR',

" | FTHENELSE",

return SORT_TYPE;

return SORT_STATS;

"PROCCALL", "PROCCALLARGS',

return SORT_STAT;
return SORT_VARS;

return SORT_EXPRS:

return SORT_EXPR

return SORT_PBODY;

return SORT_PPARS;

return SORT_PPAR

return SORT_PARGS;

return SORT_PARG
return SORT_FBODY;

return SORT_FPARS;

return SORT_FPAR

return SORT_FARGS;
return SORT_ALTSI;
return SORT_ALTSZ2;

return SORT_ALT2;

return SORT_LABELS;

return SORT_LABEL;

"NDEC', " PROCDEC',

"REAL",

" STATS',

" FTHEN',
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"WHI LE', "READ', "WRITE', "FOR', "BLOCK', "VARS',
"EXPRS",

"VARVALUE", "FUNCCALL", "FUNCCALLARGS', "NUWALUE",
" CHARVAL UE"

"] MPLI CATI ON', "EQUI VALENCE', "OR', "AND', "LESS',
" LESSEQ',

"GREATER', "GREATEREQ', "EQUALITY", "Dl FFERENCE",
" ADDI TI ON',

" SUBTRACTI ON', " MULTI PLI CATION', "Di VI SI ON',
" MODULO',

"UNARYM NUS', "NOT", "EXPRBLOCK", "PBCDYSTATS',
" PBODYPARSSTATS",

"PPARS", "PPARVALUE', "PPARREF", "PARGS',
"PARGVALUE", " PARGREF",

"FBODY", "FPARS', "FPARVALUE', "FARGS',

"NUMCASE", "LABCASE', "ALTSI", "ALTS2", "ALT2",

"LABELS', "NUM_ABEL", "CHARLABEL"
1

char *Sort Name[] = {
"PROG', "DEC', "NDEC', "DECS',
"D, "TYPE', "STAT", "STATS', "VARS', "EXPRS',
"EXPR',
"ALTS1", "ALTS2", "ALT2", "LABELS', "LABEL",
" PBCDY", " PPARS",
"PPAR', "PARGS', "PARG', "FBODY", "FPARS',
"FPAR', "FARGS'
I

char *Cet Sort Nane(Sort sort)

return SortNane[ (int)sort];

char *Get QpNane( Qper at or op)
{

if(!op)
return O;
i f (op<OP_FIRST) {
static char nbuf [ MAXOPNAMELEN+1] ;
wsprintf(nbuf, "%HOLE', GCetSortNane((Sort)op));
return nbuf;
} else {
return OpNane[ (int)(op-OP_FIRST)];

list_pl4.cpp

L e
11 Copyright 1995 Hugo Lyppens

11 I mpl enents class TListingView
e e e T

#i ncl ude "owl hdr. h"
#pragna hdr st op

/| #pragma option -Jgx
#i ncl ude <owl \ nenu. h>

#i ncl ude "views.rc"
#include "tree. h"

#i ncl ude "strucdoc. h"
#i ncl ude "nydc. h"

#i ncl ude "vi ewnode. h"
#i nclude "viewree. h"
#i ncl ude "scrwiew h"
#i nclude "scrtrww h"

cl ass TLi stingVi ewNode : public TVi emNode {
publ i c:
TLi sti ngVi ewNode(int n = 0,
int fixed = FALSE);
inline TListingViewNode *Get Child(int n) const;

voi d Cal cSi zeFol ded( TM/DC8) ;

voi d Dr awFol ded( TM/DC&, TPoi nt &
pos);

voi d Cal cSi zeStri ng(TM/DC&, const
char const *);

voi d Dr awsSt ri ng( TM/DC&, TPoi nt &,
const char const *);

voi d Cal cSi zeHol e( TM/DC&) ;

voi d Dr awHol e( TM/DC&, TPoi nt &) ;

voi d DoPosFocusFol ded( TM/DC& dc,
TPoi nt & pos) ;

voi d Cal cSi zeDel i mi ters(TM/DC& dc, \

char *start,
char *between, char *end);

voi d DrawDel i miters(TM/DC& dc, TPoint &
pos, \
char *start,
char *between, char *end);
static TVi ewlree<TLi sti ngVi ewNode>
I

inline TListingViewNode* TLi stingVi ewNode: : Get Chi | d(i nt
n) const

{ return (TListingViewNode*) TTr eeNode: : Get Chi | d(n);

}

*Li stingTree;

const int I ndent = 20;

const int DistX = 4;

#define FocusCol or TCol or (128, 128, 128)
static TBrush FocusBrush =
TBrush( FocusCol or) ;

TVi ewTr ee<TLi sti ngVi ewNode>
*TLi sti ngVi emNode: : Li stingTree = 0;

TLi sti ngVi ewNode: : TLi sti ngVi ewNode(int n, int fixed):
TVi ewNode(n, fixed)
{

voi d
TLi sti ngVi ewNode: : Cal cSi zeStri ng( TM/DC& dc, const char
const *s)

i f (Get Fol ded())
Cal cSi zeFol ded(dc) ;
el se
Set NodeSi ze(dc. Get Text Extent (s, strlen(s)));
}

voi d
TLi sti ngVi ewNode: : DrawSt ri ng( TMyDC& dc, TPoi nt & pos,
const char const *s)

DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
dc. Text Qut (pos, s);
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}

voi d

TLi sti ngVi ewNode: : DoPosFocusFol ded( TM/DC& dc, TPoi nt &
pos)
{

AddNodePosi ti on( pos) ;
i f(ListingTree->GetFocus() == this)
dc. Fi | | Rect (TRect (pos, NodeSize()), FocusBrush);
i f (Get Fol ded())
Dr awFol ded(dc, pos);
Fl ushChi | dr enNodePosi ti ons();
}
voi d
TLi sti ngVi ewNode: : Cal cSi zeFol ded( TM/DC& dc)

char str[80];
wsprintf(str, "% <%>", Get(pNane(), GetSortNanme());

Set NodeSi ze(dc. Get Text Extent (str,
strlen(str))+TSi ze(Pl usSi ze+Dist X, 0));

voi d TLi sti ngVi ewNode: : Dr awFol ded( TM/DC&
dc, TPoint& pos)

char str[80];

wsprintf(str, "% <%>", Get(pNane(), GetSortNane());

dc. Pl us(pos+TSi ze(0, (NodeSize().cy-PlusSize)/2));
dc. Text Qut (pos. x+Pl usSi ze+Di st X, pos.y, str);

}
voi d
TLi sti ngVi ewNode: : Cal cSi zeHol e( TM/DC& dc)
{
static char s[40] = "? <";
char *p = GetSortName();
strcpy(s+3, p); strcpy(s+3+strlen(p), ">");
Cal cSi zeString(dc, s);
}
voi d TLi sti ngVi ewNode: : Dr awHol e( TMyDC&
dc, TPoi nt & pos)
{
static char s[40] = "? <";
char *p = GetSortName();
strcpy(s+3, p); strcpy(s+3+strlen(p), ">");
DrawString(dc, pos, s);
}

voi d TPROGHOLE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

voi d TPROGHOLE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TDECHOLE<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TDECHOLE<TLI sti ngVi ewNode>: : Dr am( TM/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TDECSHOLE<TLI sti ngVi ewmNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TDECSHOLE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TNDECHOLE<TLI sti ngVi ewmNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TNDECHOLE<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TI DHOLE<TLI sti ngVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d TIDHOLE<TLI sti ngVi emNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

void TTYPEHOLE<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

void TTYPEHOLE<TLI sti ngVi ewNode>: : Dr aw( TM/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TSTATHOLE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

voi d TSTATHOLE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TSTATSHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TSTATSHOLE<TLI sti ngVi emNode>: : Dr aw{ TW/DC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TVARSHOLE<TLI sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TVARSHOLE<TLI sti ngVi ewmNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TEXPRSHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TEXPRSHOLE<TLI sti ngVi emNode>: : Dr aw( TM/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TEXPRHOLE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

void TEXPRHOLE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TALTSIHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TALTSIHOLE<TLI sti ngVi emNode>: : Dr aw{ TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TALTS2HOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TALTS2HOLE<TLIi sti ngVi emNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TALT2HOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TALT2HOLE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TLABELSHOLE<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

voi d TLABELSHOLE<TLI sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TLABELHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TLABELHOLE<TLI sti ngVi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPBODYHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TPBODYHOLE<TLI sti ngVi emNode>: : Dr aw( TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPPARSHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TPPARSHOLE<TLI sti ngVi emNode>: : Draw( TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPPARHOLE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

voi d TPPARHOLE<TLI sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPARGSHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TPARGSHOLE<TLI sti ngVi emNode>: : Dr aw{ TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPARGHOLE<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

voi d TPARGHOLE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFBODYHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TFBODYHOLE<TLI sti ngVi emNode>: : Dr aw( TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFPARSHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TFPARSHOLE<TLI sti ngVi emNode>: : Dr aw( TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFPARHOLE<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

void TFPARHOLE<TLI sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFARGSHOLE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

void TFARGSHOLE<TLI sti ngVi emNode>: : Draw( TW/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPROG<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {

102



Appendix B PL4 signature and view modules

Cal cSi zeFol ded(dc) ;
} else {
TSor t DECS<TLi sti ngVi ewNode>* decs =
Get Decl arations(); decs->Cal cSize(dc);
TSor t STATS<TLi sti ngVi ewNode>* stats
Get Statenments(); stats->Cal cSize(dc);

TSi ze opensi ze, barsize, closesize;
dc. Get Text Extent ("|[", 2, opensize);
dc. Get Text Extent ("|", 1, barsize);
dc. Get Text Extent ("]|", 2, closesize);

Set NodeSi ze( TSi ze( | ndent +max( decs- >NodeSi ze(). cx,
st at s- >NodeSi ze() . cx),
decs->NodeSi ze() . cy+stat s-
>NodeSi ze() . cy+cl osesi ze. cy));

}

void TPROG<TLi sti ngVi ewNode>: : Dr am( TMyDC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int Yy = pos.y;

TSor t DECS<TLI sti ngVi ewNode>* decs =
Cet Decl arations();

TSor t STATS<TLi sti ngVi ewNode>* stats
Cet St at ement s();

dc. Text Qut (pos, "|[");

decs->Draw(dc, TPoi nt(pos. x+l ndent, y));

y += decs->NodeHei ght ();

dc. TextQut (pos. x, vy, "|");

stat s->Draw(dc, TPoi nt (pos. x+l ndent, y));

y += stats->NodeHei ght ();

dc. TextQut (pos. x, vy, "11");

voi d TDECS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSi ze sem col onsi ze;
dc. Get Text Extent (";", 1, semicol onsize);

int width
int height
int nunchildren

0;

0;
Get NunChi I dren();

for(int i = 0; i<nunchildren; i++) {
TSor t DEC<TLi sti ngVi ewNode> *dec =
Get Decl aration(i);
dec->Cal cSi ze(dc) ;
int sw = dec->NodeSi ze().cx+sem col onsi ze. cx;
if(swewidth) width = sw
hei ght += dec->NodeSi ze(). cy;

}
Set NodeSi ze( TSi ze(wi dth, height));

}
voi d TDECS<TLi sti ngVi ewNode>: : Dr am( TMyDC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {

int y = pos.y;

int nunchildren = Get NunChildren();

TSi ze semi col onsi ze;

dc. Get Text Extent (";", 1, semicol onsize);

for(int i = 0; i<nunchildren; i++) {
TSor t DEC<TLi st i ngVi ewNode> *dec =
Get Decl aration(i);
if(i) dc. TextQut(pos.x, vy, ";");
dec->Draw(dc, TPoi nt (pos. x+sem col onsi ze. cx,
¥)):
y += dec->NodeSi ze(). cy;

}
}

voi d TLi stingVi ewNode: : Cal ¢Si zeDel i m ters( TM/DC& dc,
char *start,
char *between, char *end)

i f(CGetFol ded()) {
Cal cSi zeFol ded(dc);
} else {

TSi ze startsize(0,0), betweensize(0,0),
endsi ze(0, 0);
if(start) dc.GetTextExtent(start,
strlen(start), startsize);
i f (between) dc. Get Text Ext ent ( bet ween,
strl en(between), betweensize);

i f(end) dc. Get Text Ext ent (end, strlen(end),

endsi ze) ;
int width = startsize.cx;
int height = max(max(startsize.cy,

bet weensi ze. cy), endsize.cy);
int nunchildren = Get NunChildren();

for(int i = 0; i<nunchildren; i++) {
TLi stingVi ewNode *child = GetChild(i);
chi |l d->Cal cSi ze(dc);
wi dth += chil d->NodeWdth() +(i<nunchildren-
1?bet weensi ze. cx: 0) ;
i f (child->NodeHei ght() > height)
hei ght = chi |l d- >NodeHei ght () ;

wi dt h += endsi ze. cx;
Set NodeSi ze( TSi ze(wi dt h, height));
}

}
void TLi stingVi ewNode: : DrawDel i m ters( TM/DC& dc,
TPoi nt & pos,
char *start,
char *between, char *end)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSi ze startsi ze(0,0), betweensize(0,0),
endsi ze(0, 0);
if(start) dc.GetTextExtent(start,
strlen(start), startsize);
i f (between) dc. Get Text Ext ent ( bet ween,
strlen(between), betweensize);
i f(end) dc. Get Text Ext ent (end,
endsi ze) ;

strlen(end),

int nunchildren = Get NunChildren();

if(start)dc. Text Qut (pos, start);
int x = pos.x + startsize.cx;
for(int i = 0; i<nunchildren; i++) {
TLi stingVi ewNode *child = GetChild(i);
chil d->Draw(dc, TPoint(x, pos.y));
x += chi |l d->NodeW dt h();
i f(i<nunchildren-1 && between) {
dc. Text Qut (x, pos.y, between); x +=
bet weensi ze. cx;

) }
i f(end)dc. Text Qut (x, pos.y, end);

}

voi d TNDECS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelinters(dc, "var ", ", ", 0);

3/0i d TNDECS<TLI sti ngVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
?OS)DraV\DeI imters(dc, pos, "var ", ", ", 0);

Eloi d TNDEC<TLI sti ngVi ewmNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDeliniters(dec, 0, ":", 0);

3/0i d TNDEC<TLI sti ngVi ewNode>: : Dr awm( TM/DC& dc, TPoint &
?OS)DraV\DeI imters(dc, pos, 0, ":", 0);

voi d TPROCDEC<TLi sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
TSort | D<TLi sti ngVi ewNode>
i d->Cal cSi ze(dc);
TSor t PBODY<TLi sti ngVi ewNode> *pbody = Get Body();
pbody- >Cal cSi ze(dc) ;

*id = GetProcName();

TSi ze procsi ze, egsize;
dc. Get Text Extent ("proc ", 5, procsize);
dc. Get Text Extent (" =", 3, eqsize);

Set NodeSi ze( TSi ze(procsi ze. cx + id->NodeWdth() +
egsi ze. cx + pbody->NodeW dt h(),
pbody- >NodeHei ght ()));
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}
}

voi d TPROCDEC<TLi sti ngVi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSi ze procsi ze, egsize;
dc. Get Text Extent ("proc ", 5, procsize);
dc. Get Text Extent (" =", 3, eqsize);
dc. Text Qut (pos, "proc");
int X = pOS. X+procsi ze. cX;
TSor t | D<TLi sti ngVi ewNode> *id = GetProcNane();
i d->Draw(dc, TPoint(x, pos.y));
X += id->NodeWdth(); dc.TextQut(x, pos.y, " =");
X += egsi ze. cx;
TSor t PBODY<TLi sti ngVi ewNode> *pbody = Get Body();
pbody- >Draw( dc, TPoi nt(x, pos.y));

voi d TFUNCDEC<TLi sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
TSort | D<TLi sti ngVi ewNode>
i d->Cal cSi ze(dc);
TSor t FBODY<TLi sti ngVi ewNode> *f body = Get Body();
f body->Cal cSi ze(dc) ;

*id = Get FuncNane();

TSi ze FUNCsi ze, egsi ze;
dc. Get Text Extent ("func ", 5, FUNGCsize);
dc. Get Text Extent (" =", 3, eqsize);

Set NodeSi ze( TSi ze( FUNCsi ze. cx + id->NodeWdth() +
egsi ze. cx + fbody->NodeW dt h(),
f body- >NodeHei ght ()));
}

}

voi d TFUNCDEC<TLI sti ngVi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSi ze FUNCsi ze, egsi ze;
dc. Get Text Extent ("func ", 5, FUNGCsize);
dc. Get Text Extent (" =", , egsize);
dc. Text Qut (pos, "func");
int X = pos. x+FUNCsi ze. cx;
TSor t | D<TLi sti ngVi ewNode> *id = Get FuncNane();
i d->Draw(dc, TPoint(x, pos.y));
X += id->NodeWdth(); dc.TextQut(x, pos.y, " =");
X += egsi ze. cx;
TSor t FBODY<TLi sti ngVi ewNode> *f body = Get Body();
f body->Draw(dc, TPoi nt(x, pos.y));

w

}
}

void TID<TLi sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

voi d TID<TLi sti ngVi ewNode>: : Draw( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, (char *)GetData()); }

void TINTTYPE<TLi sti ngVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeString(dc, "int"); }

void TINTTYPE<TLi sti ngVi ewNode>: : Dr am( TM/DC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "int"); }

voi d TCHARTYPE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeString(dc, "char"); }

voi d TCHARTYPE<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ Drawstring(dc, pos, "char"); }

voi d TREALTYPE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeString(dc, "real"); }

voi d TREALTYPE<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "real"); }

void TBOOLTYPE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeString(dc, "bool"); }

void TBOOLTYPE<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "bool"); }

voi d TSTATS<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(CGetFol ded()) {
Cal cSi zeFol ded(dc);

} else {
TSi ze sem col onsi ze;
dc. Get Text Extent (";", 1, semicol onsize);

int width
int height
int nunchildren

0;

0;
Get NunChi I dren();

for(int i = 0; i<nunchildren; i++) {
TSor t STAT<TLI sti ngVi ewNode> *st at =
Cet Statenment (i);
stat->Cal cSi ze(dc);
int sw = semicol onsi ze. cx+st at - >NodeSi ze() . cx;
i f (sw>wi dt h)
width = sw;
hei ght += stat->NodeSi ze(). cy;

}
Set NodeSi ze( TSi ze(wi dth, height));
}

voi d TSTATS<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSi ze semi col onsi ze;
dc. Get Text Extent (";", 1, semnicol onsize);
int y = pos.y;
int nunchildren = Get NunChildren();
for(int i = 0; i<nunchildren; i++) {
TSor t STAT<TLi sti ngVi ewNode> *stat =
Cet Statenment (i);
if(i)dc. TextQut(pos.x, vy, ";");
stat->Draw(dc, TPoi nt (pos. x+semni col onsi ze. cx,
¥)):
y += stat->NodeSi ze(). cy;
}
}
}

voi d TSKI P<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, "skip");

voi d TSKI P<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawString(dc, pos, "skip"); }

voi d TCONCASSI G\<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelimters(dec, 0, " :=", 0);

}

voi d TCONCASSI G\<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ Drawdeliniters(dc, pos, 0, " :=", 0);

}

voi d TPROCCALL<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {

Cal cSi zeFol ded(dc) ;
} else {

Cet ProcNane() - >Cal ¢Si ze(dc) ;

Set NodeSi ze( Get ProcNane() - >NodeSi ze()) ;
}

}
voi d TPROCCALL<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFol ded())
Cet ProcNane() - >Dr aw( dc, pos);
}

voi d TPROCCALLARGS<TLI sti ngVi ewNode>: : Cal cSi ze( TM/DC&
dc)
{ CalcSizeDeliniters(dc, 0, "(", ")");

}

voi d TPROCCALLARGS<TLI sti ngVi emNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawbDelinmiters(dc, pos, 0, "(", ")");

}
void TI FTHEN<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TLi sti ngVi ewNode> *guard = Get Quard();
guar d- >Cal cSi ze(dc) ;
TSor t STATS<TLi sti ngVi ewNode> *stats =
Get TrueSt atement s(); stats->Cal cSi ze(dc);
TSi ze i fsize, thensize, fisize;
dc. Get TextExtent ("if ", 3, ifsize);
dc. Get Text Extent (" then", 5, thensize);
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dc. Get Text Extent ("fi ", 3, fisize);
Set NodeSi ze( TSi ze(nmax( (i nt) (i fsize. cx+guard-
>NodeW dt h() +t hensi ze. cx), |ndent +stats->NodeWdth()),
i fsize.cy+stats-
>NodeHei ght () +fi si ze. cy));
}

}

void TI FTHEN<TLI sti ngVi emNode>: : Draw( TWDC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSor t EXPR<TLi sti ngVi emNode> *guard
TSor t STATS<TLi sti ngVi ewNode> *stats
Get TrueSt at ement s() ;
TSi ze i fsize, thensize, fisize;
dc. Get TextExtent ("if ", 3, ifsize);
dc. Get Text Extent (" then", 5, thensize);
dc. Get Text Extent ("fi ", 3, fisize);
int x = pos.x+ifsize.cx;
dc. Text Qut (pos, "if ");
guard->Draw(dc, TPoint(x, pos.y));
X += guar d- >NodeW dt h() ;
dc. Text Qut (x, pos.y, " then");
int y = pos.y+ifsize.cy;
stats->Draw(dc, TPoi nt (pos. x+l ndent, y));
y += stats->NodeHei ght ();
dc. Text Qut (pos. x, vy, "fi");

Get Quard();

}
voi d TI FTHENELSE<TLI sti ngVi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TLi sti ngVi ewNode> *guard = Get Quard();
guar d->Cal cSi ze(dc) ;
TSor t STATS<TLi sti ngVi ewNode> *tstats =
Get TrueSt atements(); tstats->Cal cSize(dc);
TSor t STATS<TLi sti ngVi ewNode> *fstats =
Get Fal seStatenents(); fstats->Cal cSize(dc);
TSi ze i fsize, thensize, elsesize, fisize;
dc. Get TextExtent ("if ", 3, ifsize);
dc. Get Text Extent (" then", 5, thensize);
dc. Get Text Extent ("el se", 4, el sesize);
dc. Get Text Extent ("fi", 2, fisize);
Set NodeSi ze( TSi ze(max( (i nt) (i fsize. cx+guard-
>NodeW dt h() +t hensi ze. cx),
I ndent +max(t st at s-
>NodeW dt h(), fstats->NodeWdth())),
i fsize.cy+tstats-
>NodeHei ght () +el sesi ze. cy+f st at s-
>NodeHei ght () +fi si ze. cy));
}

}

voi d TI FTHENELSE<TLi sti ngVi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSor t EXPR<TLi sti ngVi ewNode> *guard = Get Quard();
TSor t STATS<TLi sti ngVi ewNode> *tstats =
Get TrueSt at ement s() ;
TSor t STATS<TLi sti ngVi ewNode> *fstats =
Cet Fal seSt at ement s();
TSi ze i fsize, thensize, elsesize, fisize;
dc. Get TextExtent ("if ", 3, ifsize);
dc. Get Text Extent (" then", 5, thensize);
dc. Get Text Extent ("el se", 4, el sesize);
dc. Get Text Extent ("fi", 2, fisize);
dc. Text Qut (pos, "if ");
int x = pos.x+ifsize.cx;
guard->Draw(dc, TPoint(x, pos.y));
X += guar d- >NodeW dt h() ;
dc. Text Qut (x, pos.y, " then");
int y = pos.y+ifsize.cy;
tstats->Draw(dc, TPoint(pos. x+l ndent, y));
y += tstats->NodeHei ght ();
dc. Text Qut (pos. x, y, "else");
y += el sesi ze. cy;
fstats->Draw(dc, TPoint(pos. x+l ndent, y));
y += fstats->NodeHei ght ();
dc. Text Qut (pos. x, vy, "fi");

voi d TWH LE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(CGetFolded()) {

Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TLi sti ngVi ewNode> *guard = Get Quard();
guar d->Cal cSi ze(dc);
TSor t STATS<TLi sti ngVi ewNode> *stats
Get Statenments(); stats->Cal cSize(dc);
TSi ze whi | esi ze, dosize, odsize;
dc. Get Text Extent ("while ", 6, whilesize);
dc. Get Text Extent (" do", 3, dosize);
dc. Get Text Extent ("od", 2, odsize);
Set NodeSi ze( TSi ze( max( (i nt) (whi | esi ze. cx+guar d-
>NodeW dt h() +dosi ze. cx), | ndent +stats->NodeWdth()),
whi | esi ze. cy+st at s-
>NodeHei ght () +odsi ze. cy));
}

}

voi d TWH LE<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSor t EXPR<TLi sti ngVi emNode> *guard
TSor t STATS<TLi sti ngVi ewNode> *stats
Cet St at enent s();
TSi ze whi | esi ze, dosize, odsize;
dc. Get Text Extent ("while ", 6, whilesize);
dc. Get Text Extent (" do", 3, dosize);
dc. Get Text Extent ("od", 2, odsize);
int x = pos.x+whi | esi ze. cx;
dc. Text Qut (pos, "while ");
guard->Draw(dc, TPoint(x, pos.y));
X += guar d- >NodeW dt h() ;
dc. Text Qut (x, pos.y, " do");
int y = pos.y+whil esize.cy;
stats->Draw(dc, TPoi nt (pos. x+l ndent, y));
y += stats->NodeHei ght ();
dc. Text Qut (pos. x, vy, "od");

Get Quard();

voi d TREAD<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDeliniters(dc, "read(", ",", ")");

}

voi d TREAD<TLI sti ngVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawDeliniters(dc, pos, "read(", ",", ")");

}

voi d TWR TE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelimters(dc, "wite(", ",", ")");

}
voi d TWR TE<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &

pos)
{ DrawbDelinmiters(dc, pos, "wite(", ",", ")");
}

voi d TFOR<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSort | D<TLi sti ngVi ewNode> *id = GetVariable();
i d->Cal cSi ze(dc);

TSor t EXPR<TLi sti ngVi emNode> *from =
Get FronExpression(); from>Cal cSize(dc);

TSor t EXPR<TLi sti ngVi emNode> *by
Get ByExpr essi on(); by->Cal cSi ze(dc);

TSor t EXPR<TLi sti ngVi emNode> *to =
Get ToExpr essi on(); t o- >Cal cSi ze(dc) ;

TSor t STATS<TLi sti ngVi ewNode> *stats =
Cet St at ement s(); stat s->Cal cSi ze(dc);

TSi ze forsize, fronsize, bysize, tosize,
dosi ze, odsi ze;

dc. Get Text Extent ("for ", 4, forsize);

dc. Get Text Extent (" from", 6, fronsize);

dc. Get Text Extent (" by ", 4, bysize);

dc. Get Text Extent (" to ", 4, tosize);

dc. Get Text Extent (" do", 3, dosize);

dc. Get Text Ext ent (" od", 2, odsize);

Set NodeSi ze( TSi ze(max( (i nt) (forsize. cx+i d-
>NodeW dt h() +

fronsi ze. cx+from
>NodeW dt h() +
bysi ze.cx + by-
>NodeW dt h() +
tosize.cx + to-
>NodeW dt h() +dosi ze. cx),
I ndent +st at s- >NodeW dt h() ),
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forsize. cy+stats-
>NodeHei ght () +odsi ze. cy));
}

}

void TFOR<TLI sti ngVi emNode>: : Draw( TWDC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSort | D<TLi sti ngVi ewNode> *id = GetVariable();
TSor t EXPR<TLi sti ngVi emNode> *from =
Get Fr onExpr essi on() ;
TSor t EXPR<TLi sti ngVi emNode> *by =
Get ByExpression();
TSor t EXPR<TLi sti ngVi emNode> *to =
Get ToExpression();
TSor t STATS<TLi sti ngVi ewNode> *stats =
Cet St at ement s();
TSi ze forsize, fronsize, bysize, tosize,
dosi ze, odsi ze;
dc. Get Text Extent ("for ", 4, forsize);
dc. Get Text Extent (" from", 6, fronsize);
dc. Get Text Extent (" by ", 4, bysize);
dc. Get Text Extent (" to ", 4, tosize);
dc. Get Text Extent (" do", 3, dosize);
dc. Get Text Ext ent (" od", 2, odsize);

dc. Text Qut (pos, "for ");

int x = pos. x+forsize. cx;

i d->Draw(dc, TPoint(x, pos.y));
X += id->NodeWdth();
dc. Text Qut (x, pos.y,
x += fronsize. cx;
from >Draw(dc, TPoint(x, pos.y));
x += from >NodeW dt h();

dc. Text Qut (x, pos.y, " by ");

x += bysi ze. cx;

by->Draw(dc, TPoint(x, pos.y));
X += by->NodeW dt h();

dc. Text Qut (x, pos.y, " to ");

X += tosize.cx;

to->Draw(dc, TPoint(x, pos.y));
X += to->NodeWdth();

dc. Text Qut (x, pos.y, " do");

" from");

int y = pos.y+forsize.cy;
stats->Draw(dc, TPoi nt (pos. x+l ndent, y));
y += stats->NodeHei ght ();
dc. Text Qut (pos. x, y, "od");
}
}

voi d TBLOCK<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t DECS<TLI sti ngVi ewNode>* decs =
Get Decl arations(); decs->Cal cSi ze(dc);
TSor t STATS<TLi sti ngVi ewNode>* stats =
Get Statenments(); stats->Cal cSize(dc);

TSi ze opensi ze, barsize, closesize;
dc. Get Text Extent ("|[", 2, opensize);
dc. Get Text Extent ("|", 1, barsize);
dc. Get Text Extent ("]|", 2, closesize);

Set NodeSi ze( TSi ze( | ndent +max( decs- >NodeSi ze(). cx,
st at s- >NodeSi ze() . cx),
decs->NodeSi ze() . cy+stat s-
>NodeSi ze() . cy+cl osesi ze. cy));
}

}

voi d TBLOCK<TLI sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;

TSor t DECS<TLI sti ngVi ewNode>* decs =
Get Decl arations();

TSor t STATS<TLi sti ngVi ewNode>* stats =
Cet St at enent s();

dc. Text Qut (pos, "|[");

decs->Draw(dc, TPoi nt(pos. x+l ndent, y));

y += decs->NodeHei ght ();

dc. TextQut (pos. x, vy, "|");

stats->Draw(dc, TPoi nt (pos. x+l ndent, y));

y += stats->NodeHei ght ();

dc. TextQut (pos.x, y, "11");
}
}

voi d TVARS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelimters(dec, 0, ", ", 0);

}
voi d TVARS<TLI sti ngVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TEXPRS<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelinmters(dc, 0, ", ", 0);

}

voi d TEXPRS<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TVARVALUE<TLI sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
Cet Vari abl e() - >Cal c¢Si ze(dc) ;
Set NodeSi ze( Get Vari abl e() - >NodeSi ze());

}
}

voi d TVARVALUE<TLI sti ngVi emNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFol ded())
Cet Vari abl e() - >Draw( dc, pos);

}
voi d TFUNCCALL<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(dc, 0, 0, 0);

}

voi d TFUNCCALL<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawDeliniters(dc, pos, 0, 0, 0);

}

voi d TFUNCCALLARGS<TLI sti ngVi ewNode>: : Cal cSi ze( TM/DC&
dc)
{ CalcSizeDeliniters(dc, 0, "(", ")");

}

voi d TFUNCCALLARGS<TLI sti ngVi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)

{ DrawbDelinmiters(dc, pos, 0, "(", ")");

}

voi d TNUWALUE<TLI sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, (char *)GetData()); }

void TNUWALUE<TLI sti ngVi ewNode>: : Dr aw( TMyDC& dc,
TPoi nt & pos)

{ Drawstring(dc, pos, (char *)GetData()); }

voi d TCHARVALUE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, (char *)GetData()); }

void TCHARVALUE<TLI sti ngVi emNode>: : Draw( TMyDC& dc,
TPoi nt & pos)

{ Drawstring(dc, pos, (char *)GetData()); }

voi d Tl MPLI CATI ON<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC&
dc)
{ CalcSizeDeliniters(dc, "(", " =>", ")");

}
voi d Tl MPLI CATI ON<TLI st i ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", " =>", ")");

}

voi d TEQUI VALENCE<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC&
dc)

{ CalcSizeDeliniters(dc, "(", " ==", ")");

}
void TEQUI VALENCE<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", " ==", ")");

}

voi d TOR<TLI sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " \\/ ", ")");

}

voi d TOR<TLI sti ngVi emNode>: : Dr am{ TM/DC& dc, TPoi nt &
pos)

{ Drawbeliniters(dc, pos, "(", " \\/ ", ")");

}
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voi d TAND<TLI sti ngVi ewmNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDelimters(dc, "(", " /\\ ", ")");

}

voi d TAND<TLi sti ngVi ewNode>: : Dr am( TMyDC& dc, TPoint&
pos)

{ Drawbelimters(dc, pos, "(", " /\\ ", ")");

}

voi d TLESS<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDeliniters(dc, "(", " <", ")");

}

voi d TLESS<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, "(", " <", ")");

}

voi d TLESSEQ<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " <=", ")");

}

voi d TLESSEQ<TLI sti ngVi emNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)

{ DrawDeliniters(dc, pos, "(", " <=", ")");

}

voi d TGREATER<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " >", ")");

}

voi d TGREATER<TLI sti ngVi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)

{ Drawbelimters(dc, pos, "(", " >", ")");

}

voi d TC-REATEREQ<TL| stingVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDelimters(dc, "(", " >=", ")");

}

voi d TGREATEREQ<TLI sti ngVi emNode>: : Draw( TW/DC& dc,
TPoi nt & pos)

{ DrawDeliniters(dc, pos, "(", " >=", ")");

}

voi d TEQUALI TY<TLi sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " ==", ")");

}
void TEQUALI TY<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawDeliniters(dc, pos, "(", " ==", ")");

}

voi d TDI FFERENCE<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(dc, "(", " /=", ")");

}
voi d TDI FFERENCE<TLI sti ngVi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)

{ DrawDeliniters(dc, pos, "(", " /=", ")");

}

voi d TADDI TI ON<TLi sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " +", ")");

}
voi d TADDI TI ON<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", " +", ")");

}

voi d TSUBTRACTI ONKTLI sti ngVi ewNode>: : Cal cSi ze( TMyDC&
dc)

{ CalcSizeDeliniters(dc, "(", " - ", ")");

}
voi d TSUBTRACTI ONKTLI st i ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", " - ", ")");

}

voi d TMULTI PLI CATI ON<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC&
dc)

{ CalcSizeDeliniters(dc, "(", "*", ")");

}

voi d TMULTI PLI CATI ON<TLi sti ngVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", "*", ")");

}

void TDI VI SI ON<TLi sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "“(", "/", ")");

}
void TDI VI SI ON<TLi sti ngVi emNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ Drawdelimters(dc, pos, "(", "/", ")");

}

voi d TMODULO<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " mod ", ")");

}

voi d TMODULO<TLI sti ngVi emNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)

{ Drawbeliniters(dc, pos, "(", " mod ", ")");

}

voi d TUNARYM NUS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelinmters(dc, "-", 0, 0);
}

voi d TUNARYM NUS<TLI sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ Drawbeliniters(dc, pos, "-", 0, 0);

}

voi d TNOT<TLi sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDelinmters(dc, "NOT ", 0, 0);

}

voi d TNOT<TLi sti ngVi ewNode>: : Dr awm( TMyDC& dc, TPoint&
pos)

{ DrawDelimters(dc, pos, "NOT ", 0, 0);

}

voi d TEXPRBLOCK<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(CetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t DECS<TLI sti ngVi ewNode>* decs =
Get Decl arations(); decs->Cal cSi ze(dc);
TSor t STATS<TLi sti ngVi ewNode>* stats =
Get St atenments(); st at s->Cal cSi ze(dc);
TSor t EXPR<TLi sti ngVi emNode>* expr =
Get Expr essi on(); expr->Cal cSi ze(dc);

TSi ze opensi ze, barsize, closesize;
dc. Get Text Extent ("|[", 2, opensize);
dc. Get Text Extent ("|", 1, barsize);
dc. Get Text Extent ("]|", 2, closesize);

Set NodeSi ze( TSi ze( | ndent +max( (i nt) ( max(decs-
>NodeSi ze().cx, stats->NodeSize().cx)), expr-
>NodeW dt h()),

decs->NodeSi ze() . cy+st at s-
>NodeSi ze() . cy+expr - >NodeHei ght () +cl osesi ze. cy));
}

}
voi d TEXPRBLOCK<TLIi sti ngVi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;

TSor t DECS<TLi sti ngVi emNode>* decs
Get Decl arations();

TSor t STATS<TLi sti ngVi ewNode>* stats =
Cet St at enent s();

TSor t EXPR<TLi sti ngVi emNode>*
Cet Expression();

expr =

dc. Text Qut (pos, "|[");
decs->Draw(dc, TPoi nt(pos. x+l ndent, y));
y += decs->NodeHei ght ();
dc. TextQut (pos. x, vy, "|");
stats->Draw(dc, TPoi nt (pos. x+l ndent, y));
y += stats->NodeHei ght ();
dc. TextQut (pos. x, vy, "|");
expr->Draw(dc, TPoint(pos.x+l ndent, y));
y += expr->NodeHei ght ();
dc. TextQut (pos. x, vy, "11")
}
}

voi d TPBODYSTATS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSi ze sem col onsi ze;
dc. Get Text Extent (";", 1, semicol onsize);

int width

int height
br acket

int nunchildren = Get NunChildren();

0;
sem col onsi ze.cy; // for closing
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for(int i = 0; i<nunchildren; i++) {
TSor t STAT<TLI sti ngVi ewNode> *st at =
Cet Statenment (i);
stat->Cal cSi ze(dc);

int sw = I ndent+seni col onsi ze. cx+st at -
>NodeSi ze(). cx;
i f (swewi dt h)
width =

hei ght += st at’ ->NodeSi ze(). cy;
}
Set NodeSi ze( TSi ze(wi dth, height));

}

voi d TPBODYSTATS<TLI sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
TSi ze semi col onsi ze;
dc. Get Text Extent (";", 1, semicol onsize);
TEXTMETRIC tm
dc. Get Text Metrics(tnm;
int y = pos.y;
int nunchildren = Get NunChildren();
dc. Text Qut (pos, "(");
for(int i = 0; i<nunchildren; i++) {
TSor t STAT<TLi sti ngVi ewNode> *stat =
Cet Statenment (i);
if(i)
dc. Text Qut (pos. x+l ndent, vy, ";");
stat->Draw(dc,
TPoi nt ( pos. x+l ndent +seni col onsi ze. cx, y));
y += stat->NodeSi ze(). cy;

}
dc. Text Qut (pos. x, y, ")");

voi d TPBODYPARSSTATS<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC&
dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t PPARS<TLi sti ngVi ewNode>* pars =
Cet ProcPar aneters(); pars->Cal ¢Si ze(dc);
TSor t STATS<TLi sti ngVi ewNode>* stats =
Get Statenments(); stats->Cal cSize(dc);

TSi ze opensi ze, barsize, closesize;
dc. Get Text Extent ("(", 1, opensize);
dc. Get Text Extent ("|", 1, barsize);

dc. Get Text Extent (")", 1, closesize);

Set NodeSi ze( TSi ze( | ndent +max( par s- >NodeSi ze() . cx,
st at s- >NodeSi ze() . cx),
par s- >NodeSi ze() . cy+st at s-
>NodeSi ze() . cy+cl osesi ze. cy));
}

}
voi d TPBODYPARSSTATS<TLI sti ngVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;

TSor t PPARS<TLI sti ngVi ewNode>* pars
Get ProcPar aneters();

TSor t STATS<TLi sti ngVi ewNode>* stats =
Cet St at enent s();

dc. Text Qut (pos, "(");

pars->Draw(dc, TPoi nt (pos. x+l ndent, y));

y += pars->NodeHei ght ();

dc. TextQut (pos. x, vy, "|");

stats->Draw(dc, TPoi nt (pos. x+l ndent, y));

y += stats->NodeHei ght ();

dc. Text Qut (pos. x, y, ")");

}
}
voi d TPPARS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelinmters(dc, 0, ", ", 0);
}
voi d TPPARS<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ Drawbelimiters(dc, pos, 0, ", ", 0);
}
voi d TPPARVALUE<TLI sti ngVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dc, "? ", ": 0);

}
voi d TPPARVALUE<TLI sti ngVi emNode>: : Draw( TW/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "2 ", ": ", 0);

}

voi d TPPARREF<TLI sti ngVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dec, "!' ", ": ", 0);

}
voi d TPPARREF<TLI sti ngVi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)

{ Drawbelimters(dc, pos, "! ", ": ", 0);

}

voi d TPARGS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(de, 0, ", ", 0);

}

voi d TPARGS<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TPARGVALUE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDelinmters(dc, "2 ", ": ", 0);

}
voi d TPARGVALUE<TLI sti ngVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "2 ", ": ", 0);

}

voi d TPARGREF<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dec, "! ", ": ", 0);

}

voi d TPARGREF<TLI sti ngVi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "! ", ": ", 0);

}

voi d TFBODY<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t FPARS<TLi sti ngVi ewNode>* pars =
Cet FuncPar anet ers(); pars->Cal ¢Si ze(dc);
TSor t EXPR<TLi sti ngVi emNode>* expr =
Get Expressi on(); expr - >Cal cSi ze(dc);

TSi ze opensi ze, barsize, closesize;
dc. Get Text Extent ("(", 1, opensize);
dc. Get Text Extent ("|", 1, barsize);

dc. Get Text Extent (")", 1, closesize);

Set NodeSi ze( TSi ze( | ndent +max( par s- >NodeSi ze() . cx,
expr - >NodeSi ze() . cx),
par s- >NodeSi ze() . cy+expr -
>NodeSi ze() . cy+cl osesi ze. cy));

}
voi d TFBODY<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;

TSort FPARS<TLI sti ngVi ewNode>* pars =
Get FuncPar anet ers() ;

TSor t EXPR<TLi sti ngVi emNode>* expr
Cet Expression();

dc. Text Qut (pos, "(");

pars->Draw(dc, TPoi nt (pos. x+l ndent, y));
y += pars->NodeHei ght ();

dc. TextQut (pos. x, vy, "|");
expr->Draw(dc, TPoint(pos.x+l ndent, y));
y += expr->NodeHei ght ();

dc. Text Qut (pos.x, y, ")");

}
}
voi d TFPARS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(dc, 0, ", ", 0);

}
voi d TFPARS<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimiters(dc, pos, 0, ", ", 0);

}

voi d TFPARVALUE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dec, "2 ", ": ", 0);

}
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voi d TFPARVALUE<TLI sti ngVi emNode>: : Draw( TMyDC& dc,
TPoi nt & pos)

{ Drawbelimters(dc, pos, "?2 ", ": ", 0);

}

voi d TFARGS<TLI sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelimters(dc, "2 ", ", 2", 0);

}
voi d TFARGS<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &

pos)
{ DrawbDeliniters(dc, pos, "2 ", ", 2", 0);
}

voi d TNUMCASE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TLi sti ngVi emNode>*
expr->Cal cSi ze(dc) ;
TSort ALTS1<TLi sti ngVi ewNode>* alts = Getln();
al ts->Cal cSi ze(dc);
TSor t STATS<TLi sti ngVi ewNode>* stats = GetQut();
stat s->Cal cSi ze(dc);

expr = GetCase();

TSi ze nuntasesi ze, insize, esacsize;
dc. Get Text Ext ent (" nuntase ", 8, nuntasesi ze);
dc. Get Text Extent (" in", 3, insize);

dc. Get Text Ext ent ("esac", 4, esacsize);
Set NodeSi ze( TSi ze( max( nuntasesi ze. cx+expr -
>NodeW dt h() +i nsi ze. cx,
I ndent +max(al ts-

>NodeW dt h(), | ndent+stats->NodeWdth())),

expr - >NodeHei ght () +al t s-
>NodeHei ght () +st at s- >NodeHei ght () +

esacsi ze. cy));

}

}

voi d TNUMCASE<TLI sti ngVi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;

TSor t EXPR<TLI sti ngVi ewNode>* expr = GetCase();
TSort ALTS1<TLi sti ngVi ewNode>* alts = Getln();
TSort STATS<TLi sti ngVi ewNode>* stats = GetQut();
TSi ze nuncasesi ze;

dc. Get Text Ext ent (" nuntase ", 8, nuntasesi ze);

dc. Text Qut (pos, "nuntase");
expr->Draw(dc, TPoi nt(pos. x+nuntasesi ze.cx, Yy));

in");
y += expr->NodeHei ght ();
al ts->Draw(dc, TPoint (pos. x+l ndent, y));
y += al ts->NodeHei ght ();
dc. Text Qut (pos. x+l ndent, y, "out");
stats->Draw(dc, TPoi nt (pos. x+l ndent*2, y));
y += stats->NodeHei ght ();
dc. Text Qut (pos. x, y, "esac");
}
}

voi d TLABCASE<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TLi sti ngVi emNode>*
expr->Cal cSi ze(dc);
TSort ALTS2<TLi sti ngVi ewNode>* alts = Getln();
al ts->Cal cSi ze(dc);
TSor t STATS<TLi sti ngVi ewNode>* stats = GetQut();
stat s->Cal cSi ze(dc);

expr = GetCase();

TSi ze | abcasesi ze, insize, esacsize;
dc. Get Text Extent ("1 abcase ", 8, | abcasesize);
dc. Get Text Extent (" in", 3, insize);

dc. Get Text Ext ent (" esac", 4, esacsize);
Set NodeSi ze( TSi ze( nmax(| abcasesi ze. cx+expr -
>NodeW dt h() +i nsi ze. cx,
I ndent +max(al ts-

>NodeW dt h(), | ndent+stats->NodeWdth())),

expr - >NodeHei ght () +al t s-
>NodeHei ght () +st at s- >NodeHei ght () +

esacsi ze. cy));

}

}

dc. Text Qut (pos. x+nuntasesi ze. cx+expr - >NodeW dt h() ,

voi d TLABCASE<TLI sti ngVi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;

TSor t EXPR<TLI sti ngVi ewNode>* expr = GetCase();
TSort ALTS2<TLi sti ngVi ewNode>* alts = Getln();
TSor t STATS<TLi sti ngVi ewNode>* stats = GetQut();
TSi ze | abcasesi ze;

dc. Get Text Extent ("1 abcase ", 8, | abcasesize);

dc. Text Qut (pos, "l abcase");
expr->Draw(dc, TPoint(pos. x+l abcasesi ze.cx, y));
dc. Text Qut (pos. x+l abcasesi ze. cx+expr - >NodeW dt h() ,
in");

y += expr->NodeHei ght ();

al ts->Draw(dc, TPoi nt(pos. x+l ndent, y));

y += al ts->NodeHei ght ();

dc. Text Qut (pos. x+l ndent, y, "out");

stats->Draw(dc, TPoi nt (pos. x+l ndent*2, y));

y += stats->NodeHei ght ();

dc. Text Qut (pos. x, y, "esac");

}

}

void TALTSI<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
int width
int height
int nunchildren

I ndent ;

0;
Get NunChi I dren();

for(int i = 0; i<nunchildren; i++) {
TSor t STATS<TLi sti ngVi ewNode> *stats =
Cet Statenents(i);
stat s->Cal cSi ze(dc);
int sw = Indent+stats->NodeSi ze(). cx;
i f (swewi dt h)
width = sw;
hei ght += stats->NodeSi ze(). cy;

}

Set NodeSi ze( TSi ze(wi dt h, height));
}
void TALTSI<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {

int y = pos.y;
int nunchildren = Get NunChildren();
for(int i = 0; i<nunchildren; i++) {

TSor t STATS<TLi sti ngVi ewNode> *stats =
Cet Statenents(i);
if(i)dc. TextQut(pos.x, vy, "[1");
stats->Draw(dc, TPoint (I ndent+pos.x, Yy));
y += stats->NodeSi ze(). cy;
}
}
}

void TALTS2<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
int width
int height
int nunchildren

I ndent ;

0;
Get NunChi I dren();

for(int i = 0; i<nunchildren; i++) {
TSort ALT2<TLi sti ngVi emNode> *alt2 =
CGetAlternative(i);
al t 2->Cal cSi ze(dc) ;
int sw = |ndent+al t 2- >NodeSi ze() . cx;
i f (swewi dt h)
width = sw
hei ght += al t 2- >NodeSi ze(). cy;

}
Set NodeSi ze( TSi ze(wi dth, height));

}

void TALTS2<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f(!GetFolded()) {
int y = pos.y;
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int nunchildren = Get NunChildren();
for(int i = 0; i<nunchildren; i++) {
TSort ALT2<TLi sti ngVi emNode> *alt2 =
GetAl ternative(i);
if(i)dc. TextQut(pos.x, vy, "[1");
al t 2->Draw(dc, TPoi nt (I ndent +pos.x, Vy));
y += al t2->NodeSi ze(). cy;

}
) }
voi d TALT2<TLi sti ngVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelinmters(dc, 0, ": ", 0);
}
voi d TALT2<TLi sti ngVi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)
{ Drawbeliniters(dc, pos, 0, ": ", 0);
}
voi d TLABELS<TLI sti ngVi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelinters(dc, 0, ",", 0);
}
voi d TLABELS<TLI sti ngVi emNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)
{ DrawbDelinmiters(dc, pos, 0, ",", 0);

}

voi d TNUMLABEL<TLI sti ngVi emNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, (char *)GetData()); }

void TNUMLABEL<TLi sti ngVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ Drawstring(dc, pos, (char *)GetData()); }

voi d TCHARLABEL<TLI sti ngVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, (char *)GetData()); }

void TCHARLABEL<TLI sti ngVi emNode>: : Draw( TW/DC& dc,
TPoi nt & pos)

{ Drawstring(dc, pos, (char *)GetData()); }

typedef TScrol | edTr eeW ndowVi ew<TLi sti ngVi emNode>
TLi stingVi ew,

DEFI NE_RESPONSE_TABLEL( TLi st i ngVi ew,
TScr ol | edW ndowVi ew)
EV_WM CHAR,
EV_WV_LBUTTONDOWWN,
EV_WM_RBUTTONDO/M,
EV_WM_LBUTTONDBLCLK,
’_WM_KEYDOWN,

M RRORSUBTREE,

EV
EV_ WL
EV_ VW SETFOCUS,
EV_UN_
EV_VN_GLOBALFOCUS,

EV_COWAND( CM_PREVNCDE, Pr evNode) ,
EV_COMVAND( CM_NEXTNCDE, Next Node) ,
EV_COWAND( CM_PREVHOLE, PrevHol e),
EV_COMVAND( CM_NEXTHCLE, Next Hol e) ,
EV_COWAND( CM DELETE, Del ete),
EV_COMVAND( CM_CUT, Cut),
EV_COMVAND( CM_CCPY, Copy) ,
EV_COWAND( CM_PASTE, Paste),
EV_COVMAND( CM_PARENT, Parent),
EV_COMVAND( CM_FOLD, Toggl eFol d),

EV_COMVAND( CM ADDHOLETOLI ST,  AddHol eTolLi st),
EV_COWAND_AND | D( CM_ADDHOLEBEFORE,

AddHol eBef or eAf ter),
EV_COWAND_AND | D( CM_ADDHOLEAFTER,

AddHol eBef or eAf ter),

END_RESPONSE_TABLE;

const char far*

TScrol | edTr eeW ndowVi ew<TLi sti ngVi ewNode>: : St at i cNane()

{
return "Listing View';

voi d TLi stingVi ew : Pai nt (TDC& dc, BOOL, TRect &)
{

dc. Set BkMbde( TRANSPARENT) ;
TLi sti ngVi ewNode: : Li stingTree = &Tree;
if(Tree. GetRoot ()) {
Tr ee. Get Root () - >Fl ushNodePosi ti ons();
Tr ee. Get Root () - >Dr aw( (TMyDC&) dc, TPoint (0, 0));
}

DEFI NE_DOC_TEMPLATE_CLASS( TSt ruct Docunent, TLi sti ngVi ew,
TLi stingTenpl ate);
TLi stingTenplate listingTpl ("Listing View', "*.STR', O,
"STR',

dt AutoDel ete | dtUpdateDir
| dt Aut oOpen) ;

110



Appendix B PL4 signature and view modules

flow_pl4.cpp

R e e T
/1 Copyright 1995 Hugo Lyppens

/1 I npl enents cl ass TFl owi ew

R e T

#i ncl ude "owl hdr. h"
#pragna hdr st op

/| #pragma option -Jgx
#i ncl ude <owl \ nenu. h>

#incl ude "views.rc"
#include "tree. h"

#i ncl ude "strucdoc. h"
#i ncl ude "nydc. h"

#i ncl ude "vi ewnode. h"
#i nclude "viewree. h"
#i ncl ude "scrwiew h"
#i nclude "scrtrww h"

cl ass TFl owVi ewNode :
public:

public TVi emNode {

TFl owMi ewNode(int n = 0, int
fixed = FALSE);
inline TFl owi ewNode *Get Child(int n) const;

voi d Cal cSi zeFol ded( TM/DC8) ;

voi d Dr awFol ded( TM/DC&, TPoi nt &
pos);

voi d Cal cSi zeStri ng(TM/DC&, const
char const *);

voi d Dr awst ri ng( TM/DC&, TPoi nt &,
const char const *);

voi d Cal cSi zeHol e( TM/DC&) ;

voi d Dr awHol e( TM/DC&, TPoi nt &) ;

BOOL DoPosFocusFol ded( TM/DC& dc,
TPoi nt & pos) ;

voi d Cal cSi zeDel i mi ters(TM/DC& dc, \

char *start,
char *between, char *end);

voi d DrawDel i miters(TM/DC& dc, TPoint &

pos, \
char *start,

char *between, char *end);

voi d Dr awSt at Box( TM/DC& dc, TPoi nt &
pos) ;

inline int

inline void

Get ConnX() const;
Set ConnX(i nt connx);

static TVi ewlr ee<TFl owi ewNode> *Fl owTr ee;
private:
int ConnX;

,

inline TFl owVi ewNode* TFI owi ewNode: : Get Chi I d(int n)
const
{ return (TFl owi ewNode*) TTr eeNode: : Get Chi | d(n);

inline int

{ return ConnX; }
inline void

connx)

{ ConnX = connx; }

TFl owMi ewNode: : Get ConnX() const

TFl owVi ewNode: : Set ConnX(i nt

const int Di st X = 6;

const int DistY = 8;

const int Text Border X = 6

const int Text BorderY = 2

const int Bl ockBorder X = 4

const int Bl ockBorderY = 4

const int HConnLen = 6; //length of horiz
connecting line

const int VConnLen = 6; //length of horiz
connecting line

const int BoxExtraX = Text Bor der X* 2+RShadW
const int BoxExt raY= Text Bor der Y* 2+BShadH,
#define Li neCol or TCol or (0, 0, 0)

#def i ne FocusCol or TCol or (128, 128, 128)

#def i ne Fill Col or TCol or (255, 255, 255)

#def i ne ScopeCol or TCol or (230, 230, 240)

static TPen ScopePen( ScopeCol or, 1, PS_DOT);
static TPen

static TBrush
static TBrush
static TBrush

Pen(Li neCol or);

Fill Brush(Fill Color);
FocusBr ush(FocusCol or) ;
ShadowBr ush( TCol or: : Bl ack) ;

TVi ewTr ee<TFl owVi ewNode> * TFl owVi ewNode: : Fl owTree = 0;

TFI owVi ewNode: : TFl owvi ewNode(int n, int fixed):
ConnX(0), TVi emNode( n, fixed)

{
}
voi d TFl owVi ewNode: : Cal ¢Si zeSt ri ng( TM/DC&
dc, const char const *s)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
Set NodeSi ze(dc. Get Text Extent (s, strlen(s)));
Set ConnX( NodeW dt h()/2);

}

voi d
TFl owVi ewNode: : DrawSt ri ng( TM/DC& dc, TPoi nt & pos, const
char const *s)

i f (DoPosFocusFol ded(dc, pos)) {
dc. Text Qut (pos, s);
}
}

BOOL

TFl owVi ewNode: : DoPosFocusFol ded( TM/DC& dc, TPoi nt &
pos)
{

TRect boundi ng( pos, NodeSize());

AddNodePosi ti on( pos);
i f (! boundi ng. Touches(dc. Get A i pBox()))
return FALSE;
Fl ushChi | dr enNodePosi ti ons();
i f (Fl owTr ee- >Get Focus() == this)
dc. Fi | | Rect (boundi ng, FocusBrush);
i f(GetFolded()) {
Dr awFol ded(dc, pos);
return FALSE;

}
return TRUE
}
voi d TFl owVi ewNode: : Cal ¢Si zeFol ded( TM/DC&
dc)
{

char str[80];

wsprintf(str, "% <%>", CetOpNane(), GetSortNane());
TSi ze sz = dc. Get Text Extent (str,
strlen(str))+TSi ze(Pl usSi ze+Di st X, 0);
i f(GetSort() == SORT_STAT)
sz += TSi ze(BoxExtraX, BoxExtray);
Set NodeSi ze(sz);
Set ConnX(sz. cx/ 2);

voi d TFl owVi ewNode: : Dr awFol ded( TMyDC& dc,
TPoi nt & p2)
{

char str[80];
TPoi nt pos = p2;

if(GetSort() == SORT_STAT) {
Dr awSt at Box(dc, p2);
pos = p2+TSi ze( Text Bor der X, Text BorderY);

}
wsprintf(str, "% <%>", GetOpNane(), GetSortNane());
dc. Pl us(TPoi nt (pos. x, p2.y+(NodeSi ze().cy-
Pl usSi ze)/2));
dc. Text Qut (pos. x+Pl usSi ze+Di st X, pos.y, str);
}

void TFl owi ewNode: : Cal cSi zeDel i mi t er s( TMyDC& dc,
char *start,
char *between, char *end)

i f(CGetFol ded()) {
Cal cSi zeFol ded(dc);
} else {
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TSi ze startsi ze(0,0), betweensize(0,0),
endsi ze(0, 0);
if(start) dc.GetTextExtent(start,
strlen(start), startsize);
i f (between) dc. Get Text Ext ent ( bet ween,
strl en(between), betweensize);

i f(end) dc. Get Text Ext ent (end, strlen(end),
endsi ze) ;

int width = startsize.cx;

int height = max(nmax(startsize.cy,

bet weensi ze. cy), endsize.cy);
int nunchildren = Get NunChildren();

for(int i = 0; i<nunchildren; i++) {
TFl owi ewNode *child = GetChild(i);
chi |l d->Cal cSi ze(dc);
wi dth += chil d->NodeWdth() +(i<nunchildren-
1?bet weensi ze. cx: 0) ;
i f (child->NodeHei ght() > height)
hei ght = chil d- >NodeHei ght () ;
}
wi dt h += endsi ze. cx;
if(GetSort() == SORT_STAT) {
wi dt h += BoxExtraX; hei ght += BoxExtray;

}
Set NodeSi ze( TSi ze(wi dth, height));
Set ConnX(wi dt h/ 2) ;

}

}
void TFl owi ewNode: : DrawDel i mi t er s(TMyDC& dc, TPoint&
pos,
char *start,
char *between, char *end)
{ if(DoPosFocusFol ded(dc, pos)) {
TSi ze startsi ze(0,0), betweensize(0,0),
endsi ze(0, 0);
if(start) dc.GetTextExtent(start,
strlen(start), startsize);
i f (between) dc. Get Text Ext ent ( bet ween,
strl en(between), betweensize);
i f(end) dc. Get Text Ext ent (end,
endsi ze) ;

strlen(end),

int nunchildren = Get NuntChil dren();

int x
inty

= pos. X;
= pos.y;
if(GetSort() == SORT_STAT) {

Dr awSt at Box(dc, pos);

x += TextBorderX; y += TextBorderY;
}

if(start)dc. TextQut(x, y, start);
X += startsize. cx;
for(int i = 0; i<nunchildren; i++) {
TFl owi ewNode *child = GetChild(i);
child->Draw(dc, TPoint(x, y));
x += chil d->NodeW dt h();
i f(i<nunchildren-1 && between) {
dc. Text Qut (x, y, between); x +=
bet weensi ze. cx;

}
if(end)dc. TextQut (x, y, end);

void TFl owi ewNode: : Dr awSt at Box( TM/DC& dc, TPoi nt & pos)
{

TRect rect (pos, NodeSi ze()-TSi ze( RShadw
BShadH)) ;
dc. ShadowRect angl e(rect, Fl owlree->Cet Focus() == this
? FocusBrush : FillBrush,
Pen, ShadowBr ush);
}

voi d TSTATHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

Set NodeSi ze(dc. Get Text Extent ("? <STAT>",
8) +TSi ze( BoxExtraX, BoxExtray));
Set ConnX( NodeW dt h()/2);

void TSTATHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ if(DoPosFocusFol ded(dc, pos)) {

Dr awSt at Box(dc, pos);
dc. Text Qut (pos. x+Text Bor der X, pos. y+Text BorderY,

"? <STAT>");
}
}
voi d TFl owVi ewNode: : Cal ¢Si zeHol e( TMyDC&
dc)
{
static char s[40] ="? <";
char *p = GetSortNane();
strcpy(s+3, p); strcpy(s+3+strlen(p), ">");
Cal cSi zeString(dc, s);
}
voi d TFl owVi ewNode: : Dr awHol e( TM/DC& dc,

TPoi nt & pos)

static char s[40] ="? <";

char *p = GetSortNane();

strcpy(s+3, p); strcpy(s+3+strlen(p), ">");
DrawString(dc, pos, s);

voi d TPROGHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TPROGHOLE<TFI owvi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TDECHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TDECHOLE<TFI owvi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TDECSHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TDECSHOLE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TNDECHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TNDECHOLE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d Tl DHOLE<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d Tl DHOLE<TFI owi ewNode>: : Dr am( TMyDC& dc, TPoint &
pos)

{ DrawHol e(dc, pos); }

void TTYPEHOLE<TFI owVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

void TTYPEHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

/*void TSTATHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TSTATHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }*/

voi d TSTATSHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TSTATSHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TVARSHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TVARSHOLE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TEXPRSHOLE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d TEXPRSHOLE<TFI owi ewNode>: : Draw( TW/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TEXPRHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TEXPRHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TALTSIHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d TALTS1HOLE<TFl owi ewNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TALTS2HOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d TALTS2HOLE<TFI owi ewNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }
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void TALT2HOLE<TFI owvi ewNode>: : Cal ¢Si ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

void TALT2HOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TLABELSHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d TLABELSHOLE<TFI owi ewNode>: : Dr am( TM/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TLABELHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TLABELHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TPBODYHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TPBODYHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TPPARSHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TPPARSHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TPPARHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TPPARHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TPARGSHOLE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TPARGSHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TPARGHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

void TPARGHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TFBODYHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TFBODYHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TFPARSHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TFPARSHOLE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TFPARHOLE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeHol e(dc); }

voi d TFPARHOLE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TFARGSHOLE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

void TFARGSHOLE<TFI owi ewNode>: : Draw( TW/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TPROGTFl owi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(CetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t DECS<TFI owVi ewNode>* decs =
Get Decl arations(); decs->Cal cSize(dc);
TSor t STATS<TFI owVi ewNode>* stats =
Get Statenents(); stats->Cal cSize(dc);

Set NodeSi ze( TSi ze(2* Bl ockBor der X+nmax( decs-
>NodeSi ze().cx, stats->NodeSize().cx),
2* Bl ockBor der Y+decs-
>NodeSi ze() . cy+Arr owLengt h+st at s- >NodeSi ze().cy));
Set ConnX( NodeW dt h()/2);

voi d TPROGTFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ if(DoPosFocusFol ded(dc, pos)) {
int y = pos. y+Bl ockBor derY;

TSor t DECS<TFI owVi ewNode>* decs =
Get Decl arations();

TSor t STATS<TFI owVi ewNode>* stats =
Cet St at ement s() ;

dc. Sel ect Obj ect ( ScopePen) ;

dc. Rect angl eQut | i ne( TRect (pos, NodeSi ze()));
dc. Rest orePen();

decs->Draw(dc, TPoi nt (pos. x+Bl ockBorderX, y));
y += decs->NodeHei ght () +Ar r owLengt h;

dc. Arrow( TPoi nt ( pos. x+BI ockBor der X+st at s-
>CGet ConnX(), y), TWDC: :
stats->Draw(dc, TPoi nt ( pos x+Bl ockBor der X, y));
}

}

voi d TDECS<TFl owi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSi ze sem col onsi ze;
dc. Get Text Extent (";", 1, semicol onsize);

int width
int height
int nunchildren

0;

0;
Get NunChi | dren();

for(int i = 0; i<nunchildren; i++) {
TSor t DEC<TFI owMi ewNode> *dec =
Get Decl aration(i);
dec->Cal cSi ze(dc) ;
int sw = dec->NodeSi ze().cx+sen col onsi ze. cx;
if(swewidth) width = sw
hei ght += dec->NodeSi ze(). cy;

}
Set NodeSi ze( TSi ze(wi dt h, height));
}

}
voi d TDECS<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ if(DoPosFocusFol ded(dc, pos)) {

int y = pos.y;

int nunchildren = Get NunChildren();

TSi ze semi col onsi ze;

dc. Get Text Extent (";", 1, semicol onsize);

for(int i = 0; i<nunchildren; i++) {
TSor t DEC<TFI owMi ewNode> *dec =
Get Decl aration(i);
if(i) dc.TextQut(pos.x, vy, ";");
dec->Draw(dc, TPoi nt (pos. x+sem col onsi ze. cx,

¥)); ]
y += dec->NodeSi ze(). cy;

}
}
voi d TNDECS<TFI owi eV\Node> Cal cSi ze(TM/DC& dc)
{ CalcSizeDelinmters(dc, "var ", ", ", 0);
}
voi d TNDECS<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ Drawbelimters(dc, pos, "var ", ", ", 0);
}
voi d TNDEC<TFl owi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dc, 0, ":", 0);
}
voi d TNDEC<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ Drawdeliniters(dc, pos, 0, ":", 0);
}

voi d TPROCDEC<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
TSor t | D<TFI owi ewNode>
i d->Cal cSi ze(dc);
TSor t PBODY<TFI owVi ewNode> * pbody
pbody- >Cal cSi ze(dc) ;

*id = Get ProcNane();
= Get Body();
TSi ze procsi ze, egsize;
dc. Get Text Extent ("proc ", 5, procsize);
dc. Get Text Extent (" =", 3, eqsize);
Set NodeSi ze( TSi ze(procsi ze. cx + id->NodeWdth() +
egsi ze. cx + pbody->NodeW dt h(),
pbody- >NodeHei ght ()));
}

}

voi d TPROCDEC<TFI owi ewNode>: : Dr am( TMyDC& dc, TPoi nt &
pos)
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{ if(DoPosFocusFol ded(dc, pos)) {
TSi ze procsi ze, egsize;
dc. Get Text Extent ("proc ", 5, procsize);
dc. Get Text Extent (" =", , egsize);
dc. Text Qut (pos, "proc");
int X = pOS. X+procsi ze. cX;
TSor t | D<TFI owi ewNode> *id = GetProcNane();
i d->Draw(dc, TPoint(x, pos.y));
X += i d->NodeWdth(); dc.TextQut(x, pos.y, " =");
X += egsi ze. cx;
TSor t PBODY<TFI owVi ewNode> *pbody = Get Body();
pbody- >Draw(dc, TPoi nt(x, pos.y));

w

voi d TFUNCDEC<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;

} else {
TSor t | D<TFI owi ewNode>
i d->Cal cSi ze(dc);
TSor t FBODY<TFI owVi ewNode> *f body = Get Body();
f body->Cal cSi ze(dc) ;

*id = Get FuncName();

TSi ze FUNCsi ze, egsi ze;
dc. Get Text Extent ("func ", 5, FUNGCsize);
dc. Get Text Extent (" =", 3, eqsize);

Set NodeSi ze( TSi ze( FUNCsi ze. cx + id->NodeWdth() +
egsi ze. cx + fbody->NodeW dt h(),
f body- >NodeHei ght ()));
}

}

voi d TFUNCDEC<TFI owi ewNode>: : Dr am( TMyDC& dc, TPoi nt &
pos)

i f (DoPosFocusFol ded(dc, pos)) {
TSi ze FUNCsi ze, egsi ze;
dc. Get Text Extent ("func ", 5, FUNGCsize);
dc. Get Text Extent (" =", , egsize);
dc. Text Qut (pos, "func");
int X = pos. x+FUNCsi ze. cx;
TSor t | D<TFI owi ewNode> *id = Get FuncNane();
i d->Draw(dc, TPoint(x, pos.y));
X += id->NodeWdth(); dc.TextQut(x, pos.y, " =");
X += egsi ze. cX;
TSor t FBODY<TFI owVi ewNode> *f body = Get Body();
f body->Draw(dc, TPoi nt(x, pos.y));

w

voi d TI D<TFl owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

void TI D<TFl owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt & pos)
{ Drawstring(dc, pos, (char *)GetData()); }

void TINTTYPE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeString(dc, "int");

voi d TI NTTYPE<TFI owi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawString(dc, pos, "int"); }

voi d TCHARTYPE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, "char"); }

voi d TCHARTYPE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, "char");

voi d TREALTYPE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, "real");

voi d TREALTYPE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, "real"); }

voi d TBOOLTYPE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, "bool"); }

void TBOOLTYPE<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, "bool"); }

voi d TSTATS<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t STAT<TFI owi ewNode> *stat;
int nunchi l dren = Get NuntChil dren();
int of f set;
int width = 0, height = 0;

int connx = 0;

for(int i = 0; i<nunchildren; i++) {
st at = CetStatenent(i);
st at->Cal cSi ze(dc);
of f set = connx-stat->Get ConnX() ;
if(offset < 0) {

connx -= of fset;
wi dth -= of fset;
of f set =0;

}
i f(of fset+stat->NodeWdth() > width)
wi dth = of f set +st at - >NodeW dt h() ;
hei ght += stat->NodeHei ght() + (i?DistY:0);

}
Set ConnX( connx) ;
Set NodeSi ze( TSi ze(wi dth, height));
}
}

void TSTATS<TFl owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ DoPosFocusFol ded(dc, pos);
i f (DoPosFocusFol ded(dc, pos)) {

TSi ze semi col onsi ze;

dc. Get Text Extent (";", 1, semicol onsize);

int connx = GetConnX();

int y = pos.y;

int nunchildren = Get NunChildren();

for(int i = 0; i<nunchildren; i++) {
TSor t STAT<TFI owi ewNode> *stat =
Cet Statenment (i);

if(i) {
dc. MoveTo( pos. x+connx, y-DistY);
dc. Li neTo( pos. x+connx, y);
dc. Arrow( TPoi nt ( pos. x+connx, y),
TMyDC: : DOMN) ;
}

stat->Draw(dc, TPoint(pos.x+connx - stat-
>Get ConnX(), vy));
y += stat->NodeHei ght ()+Di stY;
}

}
}

voi d TSKI P<TFl owVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "skip", 0, 0);

}
void TSKI P<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ Drawbelimters(dc, pos, "skip", 0, 0);

}
voi d TCONCASSI G\<TFl owVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelinmters(dec, 0, " :=", 0);

}

voi d TCONCASSI G\<TFl owVi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ Drawdeliniters(dc, pos, 0, " :=", 0);

}

voi d TPROCCALL<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(dc, 0, 0, 0);

}

voi d TPROCCALL<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, 0, 0, 0);

}

voi d TPROCCALLARGS<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, 0, "(", ")");

}

voi d TPROCCALLARGS<TFI owVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawbDelinmiters(dc, pos, 0, "(", ")");

}

void TI FTHEN<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TFI owMi ewNode> *guard = Get Quard();
guar d- >Cal cSi ze(dc) ;
TSor t STATS<TFI owVi ewNode> *stats =
Get TrueSt atement s(); stats->Cal cSi ze(dc);

TSi ze gsize = guard->NodeSi ze() + TSi ze(guard-
>NodeHei ght () +Text Bor der Y*2, Text Bor der Y*2);

114



Appendix B PL4 signature and view modules

Set NodeSi ze( TSi ze( max( st at s- >Get ConnX() +

HConnLen*2 + gsi ze.cx ,
stat s->NodeWdth() + DistX),
gsi ze. cy+Di st Y+st at s-

>NodeHei ght () +VConnLen)) ;

Set ConnX( max(NodeWdth()/2, stats-
>CGet ConnX( ) +HConnLen+gsi ze. cx/ 2));

}

}

void TI FTHEN<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

i f (DoPosFocusFol ded(dc, pos)) {

TSor t EXPR<TFI owMi ewNode> *guard = Get Quard();
TSor t STATS<TFI owVi ewNode> *stats =
CGet TrueSt at ement s() ;
int d, d2, gx, rx;
TSi ze gsi ze;
d2 = guar d- >NodeHei ght () +Text Border Y*2; d =

d2/ 2;

gsi ze = guard->NodeSi ze() + TSi ze(d2,
Text Bor der Y*2) ;

gx = pos.x + GetConnX() - gsize.cx/2;

dc. ShadowRect angl e( TRect ( TPoi nt (gx, pos.y), gsi ze),
Fi I I Brush, Pen, ShadowBrush);

dc. MoveTo(gx+d, pos.y); dc.LineTo(gx, pos.y+d);
dc. Li neTo(gx+d, pos.y+d2);

rx = gx+gsize.cx-1;

dc. MoveTo(rx-d, pos.y); dc.LineTo(rx, pos.y+d);
dc. Li neTo(rx-d, pos.y+d2);

dc. MoveTo(gx, pos.y+d); dc.LineTo(pos. x+stats-
>Get ConnX(), pos.y+d);

dc. Li neTo( pos. x+st at s- >Get ConnX() ,
pos. y+gsi ze. cy+Di stY);

dc. Arrow( TPoi nt (pos. x+st at s- >Get ConnX() ,
pos. y+gsi ze. cy+Di stY), TM/DC:: DOM) ;

dc. MoveTo(rx, pos.y+d);
dc. Li neTo( pos. x+NodeW dt h()-1, pos.y+d);
dc. Li neTo( pos. x+NodeW dt h()-1, pos.y+NodeHei ght () -
1);
dc. Li neTo( pos. x+st at s- >Get ConnX() ,
pos. y+NodeHei ght ()-1);
dc. Li neTo( pos. x+st at s- >Get ConnX() ,
pos. y+NodeHei ght () - VConnLen) ;
guard->Draw(dc, TPoi nt (gx+d, pos.y+TextBorderY));
stat s->Draw(dc, TPoi nt (pos. X,
pos. y+gsi ze. cy+Di stY));
}

}
void TI FTHENELSE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TFI owVi ewmNode> *guard = GetQuard();
guar d->Cal cSi ze(dc) ;
TSor t STATS<TFI owVi ewNode> *tstats =
Get TrueStatements(); tstats->Cal cSize(dc);
TSor t STATS<TFI owVi ewNode> *fstats =
Get Fal seStatenents(); fstats->Cal cSize(dc);

TSi ze gsi ze = guard->NodeSi ze() + TSi ze(guard-
>NodeHei ght () +Text Bor der Y*2, Text Bor der Y*2);

int t1, t2, f1, f2, d;

tl = tstats->GetConnX(); t2 = tstats-
>NodeW dt h()-t1;

fl = fstats->GetConnX(); f2 = fstats-
>NodeW dt h()-f1;

d = gsi ze. cx+HConnLen*2- (t 2+Di st X+f 1) ;
if(d<0) d = 0;
Set NodeSi ze(TSi ze(t1+t2 + DistX + d + f1+f2,
gsi ze. cy+Di st Y+max(t st at s-
>NodeHei ght (), f st at s- >NodeHei ght () ) +VConnLen)) ;
Set ConnX(t 1+(t 2+d+Di st X+f 1)/ 2) ;
}

}

voi d Tl FTHENELSE<TFI owi ewNode>: : Dr awm( TM/DC& dc,
TPoi nt & pos)

i f (DoPosFocusFol ded(dc, pos)) {
TSor t EXPR<TFI owVi ewNode> *guard = Get Quard();
TSor t STATS<TFl owVi ewNode> *tstats =
Get TrueSt at ement s() ;
TSor t STATS<TFI owVi ewNode> *fstats =
Cet Fal seSt at enment s();

int d, d2, gx, rx, fx;
TSi ze gsi ze;
d2 = guar d- >NodeHei ght () +Text Border Y*2; d =

d2/ 2;
gsi ze = guard->NodeSi ze() + TSi ze(d2,
Text Bor der Y*2) ;
gx = pos.x + GetConnX() - gsize.cx/2;
fx = pos. x+NodeW dt h() - f st at s- >NodeW dt h() ;

/* Draw Quard */

dc. ShadowRect angl e( TRect ( TPoi nt (gx, pos.y), gsi ze),
Fi I I Brush, Pen, ShadowBrush);

dc. MoveTo(gx+d, pos.y); dc.LineTo(gx, pos.y+d);
dc. Li neTo(gx+d, pos.y+d2);

rx = gx+gsize.cx-1;

dc. MoveTo(rx-d, pos.y); dc.LineTo(rx, pos.y+d);
dc. Li neTo(rx-d, pos.y+d2);

/* Draw TRUE line */

dc. MoveTo(gx, pos.y+d); dc.LineTo(pos. x+tstats-
>Get ConnX(), pos.y+d);

dc. Li neTo( pos. x+t st at s- >Get ConnX(),
pos. y+gsi ze. cy+Di stY);

dc. Arrow( TPoi nt (pos. x+t st at s- >Get ConnX(),
pos. y+gsi ze. cy+Di stY), TM/DC:.: DOM) ;

/* Draw FALSE |ine */

dc. MoveTo(rx, pos.y+d); dc.LineTo(fx+fstats-
>Get ConnX(), pos.y+d);

dc. Li neTo(f x+f st at s- >Get ConnX(),
pos. y+gsi ze. cy+Di stY);

dc. Arrow( TPoi nt (f x+f st at s- >Get ConnX(),
pos. y+gsi ze. cy+Di stY), TM/DC:.: DOM) ;

dc. MoveTo( f x+f st at s- >Get ConnX(),
pos. y+gsi ze. cy+Di st Y+f st at s- >NodeHei ght () ) ;
dc. Li neTo(f x+f st at s- >Get ConnX(),
pos. y+NodeHei ght ()-1);
dc. Li neTo( pos. x+t st at s- >Get ConnX() ,
pos. y+NodeHei ght ()-1);
dc. Li neTo( pos. x+t st at s- >Get ConnX(),
pos. y+gsi ze. cy+Di st Y+t st at s- >NodeHei ght () ) ;

guard->Draw(dc, TPoint (gx+d, pos.y+TextBorderY));
tstats->Draw(dc, TPoint(pos. X,
pos. y+gsi ze. cy+Di stY));
fstats->Draw(dc, TPoint(fx,
pos. y+gsi ze. cy+Di stY));
}

}
void TWH LE<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t EXPR<TFI owVi ewNode> *guard = Get Quard();
guar d->Cal cSi ze(dc);
TSor t STATS<TFI owVi ewNode> *stats =
Get Statenments(); stats->Cal cSize(dc);
TSi ze gsi ze;

gsi ze = guard->NodeSi ze() + TSi ze(guard-
>NodeHei ght () +Text Bor der Y*2, Text Bor der Y*2);

Set NodeSi ze( TSi ze( max(Di st X + stats->Cet ConnX() +
HConnLen*2 + gsi ze.cx ,
st at s- >NodeW dt h() +
Di st X*2),

Arr owW dt h/ 2+VVConnLen+gsi ze. cy+Di st Y+st at s-
>NodeHei ght () +VConnLen)) ;

Set ConnX( max(NodeWdth()/2, Di stX+stats-
>CGet ConnX( ) +HConnLen+gsi ze. cx/ 2));

}
}
void TWH LE<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt &
pos)

i f (DoPosFocusFol ded(dc, pos)) {
int d, d2, gx, gy, rx;
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TSi ze gsi ze;
TSor t EXPR<TFI owMi ewNode> *guard = Get Quard();
TSor t STATS<TFI owVi ewNode> *stats =
Cet St at ement s() ;
d2 = guar d- >NodeHei ght () +Text Border Y*2; d =

d2/ 2;

gsi ze = guard->NodeSi ze() + TSize(d2,
Text Bor der Y*2) ;

gx = pos.x + GetConnX() - gsize.cx/2; gy =
pos. y+VConnLen+Ar r owW dt h/ 2;

dc. MoveTo( pos. x+Get ConnX(), Ppos.y);
dc. Li neTo( pos. x+Get ConnX(), gy);

/* draw guard surroundi ngs*/

dc. ShadowRect angl e( TRect (TPoi nt (gx, gy), gsi ze),
Fi I I Brush, Pen, ShadowBrush);

dc. MoveTo(gx+d, gy); dc.LineTo(gx, gy+d);
dc. Li neTo(gx+d, gy+d2);

rx = gx+gsize.cx-1;

dc. MoveTo(rx-d, gy); dc.LineTo(rx, gy+d);
dc. Li neTo(rx-d, gy+d2);

/* draw TRUE |ine to stats */

dc. MoveTo(gx, gy+d); dc.LineTo(pos. x+Di st X+st ats-
>CGet ConnX(), gy+d);

dc. Li neTo( pos. x+Di st X+st at s- >Get ConnX(),
gy+gsi ze. cy+Di stY);

dc. Arrow( TPoi nt (pos. x+Di st X+st at s- >Get ConnX() ,
gy+gsi ze. cy+Di stY), TM/DC:: DOM) ;

/* fromstats back to top */

dc. MoveTo( pos. x+Di st X+st at s- >Get ConnX() ,
pos. y+NodeHei ght () - VConnLen) ;

dc. Li neTo( pos. x+Di st X+st at s- >Get ConnX() ,
pos. y+NodeHei ght ()-1);

dc. Li neTo( pos. X, pos. y+NodeHei ght ()-1);

dc. Li neTo( pos. X, pos. y+Arr owW dt h/ 2) ;

dc. Li neTo( pos. x+Get ConnX(), pos.y+Arroww dth/2);

dc. Arrow( TPoi nt ( pos. x+Di st X+st at s-
>Get ConnX() +Ar rowLengt h/ 2,

pos. y+ArrowW dt h/ 2) ,

TM/DC: : R GHT) ;

/* draw FALSE line to bottom*/

dc. MoveTo(rx, gy+d);

dc. Li neTo( pos. x+NodeW dt h()-1, gy+d);

dc. Li neTo( pos. x+NodeW dt h()-1, pos.y+NodeHei ght () -
1);

dc. Li neTo( pos. x+Get ConnX(), pos. y+NodeHei ght () -
1);

/* Quard itself */
guard->Draw(dc, TPoi nt (gx+d, gy+TextBorderY));
/* Stat itself */
stat s->Draw(dc, TPoi nt (pos. x+Di st X,
gy+gsi ze.cy+DistY));
}

}

voi d TREAD<TFl owi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeDeliniters(dc, "read(", ",", ")");

}

voi d TREAD<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ DrawDeliniters(dc, pos, "read(", ",", ")");

}

void TWR TE<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDelimters(dc, "wite(", ",", ")");

}
void TWR TE<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt &

pos)
{ DrawbDelinmiters(dc, pos, "wite(", ",", ")");
}

voi d TFOR<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t | D<TFI owi ewNode> *id
i d->Cal cSi ze(dc);
TSor t EXPR<TFI owVi ewmNode> *from =
Get FronExpression(); from>Cal cSize(dc);
TSor t EXPR<TFI owVi ewNode> * by =
Get ByExpr essi on() ; by->Cal cSi ze(dc);
TSor t EXPR<TFI owVi ewNode> *to =
Get ToExpr essi on(); t o- >Cal cSi ze(dc) ;
TSor t STATS<TFI owVi ewNode> *stats =
Cet St at ement s(); stat s->Cal cSi ze(dc);

= Get Variable();

int nmaxh, statconnx, connx, ow dth,
st at wi dt h;
TSi ze assignsi ze, testsize, incrsize, plussize;

dc. Get Text Extent (" := ", 4, assignsize);
assi gnsi ze. cx += i d->NodeW dt h()+f rom
>NodeW dt h() +BoxExt r aX;
maxh = max(i d->NodeHei ght (), from >NodeHeight());
i f (maxh>assi gnsi ze. cy)
assi gnsi ze.cy = naxh;
assi gnsi ze.cy += BoxExtray;

11 gsi ze = guard->NodeSi ze() + TSi ze(guard-
>NodeHei ght () +Text Bor der Y*2, Text Bor der Y*2);
dc. Get Text Ext ent ("<=", 2, testsize);
testsize.cx += id->NodeW dt h() +t o- >NodeW dt h();
maxh = max(i d->NodeHei ght (), to->NodeHeight());
i f (maxh>t est si ze. cy)
testsize.cy = maxh;
testsize +=
TSi ze(t est si ze. cy+Text Bor der Y* 2+RShadW
Text Bor der Y* 2+BShadH) ;

dc. Get Text Extent (" := ", 4, incrsize);
dc. Get Text Extent (" +", 1, plussize);
incrsize.cx += 2*id->NodeW dt h() +by-
>NodeW dt h() +pl ussi ze. cx+BoxExt r aX;
maxh = max(i d->NodeHei ght (), by->NodeHei ght());
i f (maxh>i ncrsi ze. cy)
incrsize.cy = maxh;
incrsize.cy += BoxExtray;

st at connx
statwi dth
incrsize.cx);
i f(statconnx < DistX+incrsize.cx/2)
stat connx = Di st X+i ncrsi ze. cx/ 2;
statwi dth = statconnx+nax(stats->NodeW dth()-
st at s- >Get ConnX(),

Di st X+st at s- >Get ConnX() ;
Di st X* 2+max( st at s- >NodeW dt h(),

incrsize.cx/2);
connx = stat connx+HConnLen+t est si ze. cx/ 2;

i f (connx < assignsize.cx/2)
connx = assignsi ze. cx/ 2;
ow dt h = nmax(connx+assi gnsi ze. cx/ 2,
connx+t est si ze. cx/ 2+HConnLen) ;

Set NodeSi ze( TSi ze( max( st at wi dt h+Di st X, owi dt h),
assi gnsi ze.cy + testsize.cy +
st at s- >NodeHei ght () +
incrsize.cy + DistY*3 + VConnLen));
Set ConnX( connx) ;
}

}

voi d TFOR<TFI owVi ewNode>: : Dr aw{ TM/DC& dc, TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f (DoPosFocusFol ded(dc, pos)) {

TSor t | D<TFI owi ewNode> *id = Get Variable();

TSor t EXPR<TFI owVi ewNode> *from =
Get Fr onExpr essi on() ;

TSor t EXPR<TFI owVi ewNode>
Get ByExpression();

TSor t EXPR<TFI owVi ewNode> *to =
Get ToExpression();

TSor t STATS<TFI owVi ewNode> *stats =
Cet St at ements();

*by =

int maxh, x, y, idx, idy, statconnx, gx, gy,
d, d2, rx, ix, iy;
TSi ze assignsi ze, testsize, incrsize, plussize,

gsi ze;

dc. Get Text Extent (" := ", 4, assignsize);
assi gnsi ze. cx += i d->NodeW dt h()+f rom
>NodeW dt h() +BoxExt r aX;
maxh = max(i d->NodeHei ght (), from >NodeHeight());
i f (maxh>assi gnsi ze. cy)
assi gnsi ze.cy = naxh;
assi gnsi ze.cy += BoxExtray;

X = pos. x+Get ConnX() - assi gnsi ze. cx/ 2;

dc. ShadowRect angl e( TRect ( TPoi nt (x,
pos.y), assi gnsi ze- TSi ze( RShadW BShadH)), Fill Brush,
Pen, ShadowBr ush);

i dx = x+Text Bor der X;

idy = pos.y+TextBorderY;
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X = idx+i d->NodeWdt h();

dc. TextQut(x, idy, " :="); x+=dc. CGet Text Extent ("
=", 4).cx;

from>Draw(dc, TPoint(x, idy));

dc. MoveTo( pos. x+Get ConnX(), pos.y+assignsi ze.cy);

/1 gsi ze = guard->NodeSi ze() + TSi ze(guard-
>NodeHei ght () +Text Bor der Y*2, Text Bor der Y*2);
dc. Get Text Ext ent ("<=", 2, gsize);
gsi ze. cx += i d->NodeW dt h() +t o- >NodeW dt h() ;
maxh = max(i d->NodeHei ght (), to->NodeHei ght());
i f (maxh>gsi ze. cy)
gsi ze.cy = maxh;
gsi ze += TSize(gsize. cy+Text Border Y*2,
Text Bor der Y*2) ;

d2
gx

gsize.cy; d = d2/2;

pos.x + GetConnX() - (gsize.cx+RShadW/2;
pos. y+assi gnsi ze. cy+Di st Y;

dc Li neTo( pos. x+Get ConnX(), gy);

dc. ShadowRect angl e( TRect (TPoi nt (gx, gy), gsi ze),
Fi I I Brush, Pen, ShadowBrush);

dc. MoveTo(gx+d, gy); dc.LineTo(gx, gy+d);
dc. Li neTo(gx+d, gy+d2);

rx = gx+gsize.cx-1;

dc. MoveTo(rx-d, gy); dc.LineTo(rx, gy+d);
dc. Li neTo(rx-d, gy+d2);

= gx+Text Bor der X;
y = gy+Text BorderY;
id->Draw(dc, TPoint(x, y)); x += id->NodeWdth();
dc. TextQut (x, y, "<="); x +=
dc. Get Text Extent ("<=", 2).cx;

to->Draw(dc, TPoint(x, y));

dc. Get Text Extent (" := ", 4, incrsize);
dc. Get Text Extent (" +", 1, plussize);
incrsize.cx += 2*id->NodeW dt h() +by-
>NodeW dt h() +pl ussi ze. cx+BoxExt r aX;
maxh = max(i d->NodeHei ght (), by->NodeHei ght());
i f (maxh>i ncrsi ze. cy)
incrsize.cy = maxh;
incrsize.cy += BoxExtray;

statconnx = pos. x+Di st X+st at s- >Get ConnX() ;
i f(statconnx < pos.x+Di st X+i ncrsize. cx/2)
stat connx = pos. x+Di st X+i ncrsi ze. cx/ 2;

/* draw TRUE |ine to stats */

dc. MoveTo(gx, gy+d); dc.LineTo(statconnx, gy+d);
y = gy+gsi ze. cy+BShadH+Di st Y;

dc. Li neTo( st at connx, Yy);

dc. Arrow( TPoi nt (st atconnx, y), TM/DC: : DOM) ;

stat s->Draw(dc, TPoi nt (statconnx-stats-
>Get ConnX(), vy));
y+= st ats->NodeHei ght ();

dc. MoveTo( st at connx, Y);

y+= DistY;

dc. Li neTo( st at connx, Yy);

dc. Arrow( TPoi nt (statconnx, y), TM/DC:.: DOMW) ;

ix = statconnx-incrsize.cx/2; iy =vy;

dc. ShadowRect angl e( TRect (TPoi nt (i x, y),incrsize-
TSi ze( RShadW BShadH)), FillBrush, Pen, ShadowBrush);

X = i x+Text Border X; y+= Text BorderY;

id->Draw(dc, TPoint(x, y)); x += id->NodeWdth();

dc. TextQut (x, y, " :="); X +=
dc. Get Text Extent (" := ", 4).cx;
id->Draw(dc, TPoint(x, y)); x += id->NodeWdth();
dc. TextQut(x, vy, "+"); x += pl ussi ze. cx;
by->Draw(dc, TPoint(x, y));
y = iy+incrsize.cy;
/* fromstats back to top */
dc. MoveTo( st at connx, y);

dc. Li neTo( st at connx,

dc. Li neTo( pos. X,

dc. Li neTo( pos. Xx,
pos. y+assi gnsi ze. cy+Di st Y/ 2) ;

dc. Li neTo( pos. x+Get ConnX(),
pos. y+assi gnsi ze. cy+Di st Y/ 2) ;

dc. Arrow( TPoi nt (st at connx+Ar r owLengt h/ 2,

pos. y+assi gnsi ze. cy+Di st Y/ 2),

TM/DC: : R GHT) ;

/* draw FALSE line to bottom */

dc. MoveTo(rx, gy+d);

pos. y+NodeHei ght ()-1);
pos. y+NodeHei ght ()-1);

dc. Li neTo(pos. x+NodeW dth()-1, gy+d);
dc. Li neTo( pos. x+NodeW dt h()-1, pos.y+NodeHei ght () -

1);
dc. Li neTo( pos. x+Get ConnX(), pos.y+NodeHei ght () -
1);
id->Draw(dc, TPoint(idx, idy));
}
}

voi d TBLOCK<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t DECS<TFI owVi ewNode>* decs =
Get Decl arations(); decs->Cal cSize(dc);
TSor t STATS<TFI owVi ewNode>* stats =
Get Statenments(); stats->Cal cSize(dc);

Set NodeSi ze( TSi ze(2* Bl ockBor der X+nmax( decs-
>NodeSi ze().cx, stats->NodeSize().cx),
2* Bl ockBor der Y+decs-
>NodeSi ze() . cy+ArrowLengt h+st at s- >NodeSi ze().cy));
Set ConnX( NodeW dt h()/2);
}

}

voi d TBLOCK<TFl owVi ewNode>: : Dr am{ TM/DC& dc, TPoi nt &
pos)
{ if(DoPosFocusFol ded(dc, pos)) {

int y = pos. y+Bl ockBor derY;

TSor t DECS<TFI owVi ewNode>* decs =
Cet Decl arations();

TSor t STATS<TFI owVi ewNode>* stats =
Cet St at ement s();

dc. Sel ect Obj ect ( ScopePen) ;
dc. Rect angl eQut | i ne( TRect ( pos, NodeSi ze()));
dc. Rest orePen();

decs->Draw(dc, TPoi nt (pos. x+Bl ockBorderX, vy));
y += decs->NodeHei ght () +Ar r owLengt h;

dc. Arrow( TPoi nt ( pos. x+BI ockBor der X+st at s-
>CGet ConnX(), y), TM/DC: :
stats->Draw(dc, TPoi nt(pos x+Bl ockBor der X, y));
}

}

voi d TVARS<TFl owi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeDeliniters(dc, 0, ", ", 0);

}

voi d TVARS<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TEXPRS<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDelinmters(dc, 0, ", ", 0);

}

voi d TEXPRS<TFlI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TVARVALUE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
Cet Vari abl e() ->Cal c¢Si ze(dc) ;
Set NodeSi ze( Get Vari abl e() - >NodeSi ze());

}
}
voi d TVARVALUE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ if(DoPosFocusFol ded(dc, pos))
Cet Vari abl e() - >Draw( dc, pos);

}
voi d TFUNCCALL<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(dc, 0, 0, 0);

}

voi d TFUNCCALL<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, 0, 0, 0);

}
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voi d TFUNCCALLARGS<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDelimters(dc, 0, "(", ")");

}

voi d TFUNCCALLARGS<TFI owVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawbDelinmiters(dc, pos, 0, "(", ")");

}

voi d TNUWALUE<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

voi d TNUWALUE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, (char *)GetData()); }

voi d TCHARVALUE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

voi d TCHARVALUE<TFI owi ewNode>: : Dr aw({ TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, (char *)GetData()); }

void TI MPLI CATI ONKTFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " =>", ")");

}

void TI MPLI CATI ONTFI owVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawDeliniters(dc, pos, "(", " =>", ")");

}
voi d TEQU VALENCE<TFI owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(de, "(", " ==", ")");

}
void TEQUI VALENCE<TFI owvi ewNode>: : Dr aw( TMyDC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", " ==", ")");

}

voi d TOR<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelimters(dc, "(", " \\/ ", ")");

}

voi d TOR<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt & pos)
{ Drawbeliniters(dc, pos, "(", " \\/ ", ")");

}

voi d TAND<TFlI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeDeliniters(dc, "(", " /\\ ", ")");

}

voi d TAND<TFI owVi ewNode>: : Dr aw{ TM/DC& dc, TPoi nt & pos)
{ Drawbelimters(dc, pos, "(", " /\\ ", ")");

}

voi d TLESS<TFl owi ewNode>: : Cal cSi ze(TM/DC& dc)

{ CalcSizeDeliniters(de, "(*, " <", ")");

}

voi d TLESS<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ DrawDeliniters(dc, pos, "(", " <", ")");

}

voi d TLESSEQ<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeDelimters(dc, "(", " <=", ")");

}

void TLESSEQ<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawbDelimters(dc, pos, "(", " <=", ")");

}

voi d TGREATER<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelimters(dc, "(", " >", ")");

}

voi d TGREATER<TFI owi ewNode>: : Dr am( TMyDC& dc, TPoi nt &
pos)

{ DrawDeliniters(dc, pos, "(", " >", ")");

}

voi d TGREATEREQ<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeDelimters(dc, "(", " >=", ")");

}

void TGREATEREQ<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawDeliniters(dc, pos, "(", " >=", ")");

}

void TEQUALI TY<TFI owVi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDeliniters(dc, "(", " ==", ")");

}

void TEQUALI TY<TFI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawbDelimters(dc, pos, "(", " =", ")");

}
void TDI FFERENCE<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " /=", ")");

}
void TDlI FFERENCE<TFI owi ewNode>: : Dr am( TM/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "(", " /=", ")");

}

voi d TADDI TI ON<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDeliniters(dc, "(", " +", ")");

}

voi d TADDI TI ON<TFI owvi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, "(", " +", ")");

}

voi d TSUBTRACTI ONKTFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDeliniters(dc, "(", " - ", ")");

}
voi d TSUBTRACTI ONTFI owVi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawbDelimters(dc, pos, "(", " - ", ")");

}

voi d TMULTI PLI CATI ON<TFI owVi ewNode>: : Cal cSi ze( TMyDC&
dc)

{ CalcSizeDeliniters(dc, "(", "*", ")");

}

voi d TMULTI PLI CATI ON<TFI owi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ Drawbeliniters(dc, pos, "(", "*", ")");

}

void TDI VI SI ON<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDeliniters(dc, "“(", "/", ")");

}
void TDI VI SI ON<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &

pos)
{ Drawdelimters(dc, pos, "(", "/", ")");
}

voi d TMODULO<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDeliniters(dc, "(", " mod ", ")");

}

void TMODULO<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ Drawbeliniters(dc, pos, "(", " mod ", ")");

}

voi d TUNARYM NUS<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDeliniters(dec, "-", 0, 0);

}

voi d TUNARYM NUS<TFI owi ewNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)

{ Drawbeliniters(dc, pos, "-", 0, 0);

}

voi d TNOT<TFl owVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelinmters(dc, "NOT ", 0, 0);
}

voi d TNOT<TFlI owVi ewNode>: : Dr aw{ TM/DC& dc, TPoi nt & pos)
{ DrawDelimters(dc, pos, "NOT ", 0, 0);

}
voi d TEXPRBLOCK<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(CetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t DECS<TFI owi ewNode>* decs =
Get Decl arations(); decs->Cal cSi ze(dc);
TSor t STATS<TFI owVi ewNode>* stats =
Get Statenents(); stats->CalcSize(dc);
TSor t EXPR<TFI owi ewNode>* expr =
Get Expr essi on(); expr->Cal cSi ze(dc);

Set NodeSi ze( TSi ze( 2* Bl ockBor der X+max( max(decs-
>NodeSi ze().cx, stats->NodeSize().cx), expr-
>NodeW dt h()),

2*Bl ockBor der Y+decs-

>NodeHei ght () +Ar r owLengt h+st at s-
>NodeHei ght () +Di st Y+expr - >NodeHei ght ()));

Set ConnX( NodeW dt h()/2);

}

}

voi d TEXPRBLOCK<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)
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{ if(DoPosFocusFol ded(dc, pos)) {
int y = pos. y+Bl ockBor derY;

TSor t DECS<TFI owi ewNode>* decs =
Cet Decl arations();

TSor t STATS<TFI owVi ewNode>* stats =
Cet St at ement s();

TSor t EXPR<TFI owi ewNode>* expr
Cet Expression();

dc. Sel ect Obj ect ( ScopePen) ;
dc. Rect angl eQut | i ne( TRect (pos, NodeSi ze()));
dc. Rest orePen();

decs->Draw(dc, TPoi nt (pos. x+Bl ockBorderX, y));
y += decs->NodeHei ght () +Ar r owLengt h;

dc. Arrow( TPoi nt ( pos. x+BI ockBor der X+st at s-
>CGet ConnX(), y), TM/DC: :
stats->Draw(dc, TPoi nt(pos x+Bl ockBor der X, y));
y += stats->NodeHei ght ()+Di stY;
expr->Draw(dc, TPoi nt (pos. x+Bl ockBorderX, y));
}
}

voi d TPBODYSTATS<TFl owVi ewNode>: : Cal cSi ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t STAT<TFI owi ewNode> *stat;
int nunchi l dren = Get NuntChi l dren();
int of f set;

int wi dth 0, height = 0;

int connx 0;
for(int i = 0; i<nunchildren; i++) {
st at = CetStatenent(i);

st at->Cal cSi ze(dc);
of f set = connx-stat->Get ConnX() ;
if(offset < 0) {

connx -= of fset;
wi dth -= of fset;
of f set =0;

}
i f(of fset+stat->NodeWdth() > width)
wi dth = of f set +st at - >NodeW dt h() ;
hei ght += stat->NodeHei ght() + (i?DistY:0);

}
Set ConnX( connx) ;
Set NodeSi ze( TSi ze(wi dth, height));
}
}

voi d TPBODYSTATS<TFl owi ewNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)
{ DoPosFocusFol ded(dc, pos);
i f (DoPosFocusFol ded(dc, pos)) {
int connx = GetConnX();
int y = pos.y;
int nunchildren = Get NunChildren();

for(int i = 0; i<nunchildren; i++) {
TSor t STAT<TFI owi ewNode> *stat =
Cet Statenment (i);

if(i) {
dc. MoveTo( pos. x+connx, y-DistY);
dc. Li neTo( pos. x+connx, y);
dc. Arrow( TPoi nt (pos. x+connx, Y),

TM/DC: : DOW) ;
}

stat->Draw(dc, TPoint(pos.x+connx - stat-
>Get ConnX(), vy));
y += stat->NodeHei ght ()+Di stY;
}

}
}

voi d TPBODYPARSSTATS<TFI owi ewNode>: : Cal cSi ze( TMyDC&
dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc) ;
} else {
TSor t PPARS<TFI owVi ewNode>* pars =
Cet ProcPar aneters(); pars->Cal cSi ze(dc);
TSor t STATS<TFI owVi ewNode>* stats =
Get Statenents(); stats->Cal cSize(dc);

Set NodeSi ze( TSi ze( 2* Bl ockBor der X+nax( par s-
>NodeSi ze().cx, stats->NodeSize().cx),
2* Bl ockBor der Y+par s-
>NodeSi ze() . cy+ArrowLengt h+st at s- >NodeHei ght ()));
Set ConnX( NodeW dt h()/2);

voi d TPBODYPARSSTATS<TFI owi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)
{ if(DoPosFocusFol ded(dc, pos)) {
int y = pos. y+Bl ockBor derY;
TSor t PPARS<TFI owVi ewNode>* pars =
Get ProcPar aneters();
TSor t STATS<TFI owVi ewNode>* stats =
Cet St at ement s();

dc. Sel ect Obj ect ( ScopePen) ;
dc. Rect angl eQut | i ne( TRect (pos, NodeSi ze()));
dc. RestorePen();

par s->Draw( dc, TPoi nt ( pos. x+Bl ockBorder X, y));
y += pars->NodeHei ght () +Ar rowLengt h;

dc. Arrow( TPoi nt ( pos. x+BI ockBor der X+st at s-
>CGet ConnX(), y), TM/DC: :
stats->Draw(dc, TPoi nt(pos x+Bl ockBor der X, y));
}

}

voi d TPPARS<TFl owvi ewNode>: : Cal cSl ze(TWMyDC& dc)
{ CalcSizeDelinmters(dc, 0, ", ", 0);

}

void TPPARS<TFlI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TPPARVALUE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dc, "? ", ": 0);

}
voi d TPPARVALUE<TFI owi ewNode>: : Draw( TWDC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, "2 ", ": ", 0);

}

voi d TPPARREF<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelinmters(dc, "!' ", ": ", 0);

}

voi d TPPARREF<TFI owi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, "! ", ": ", 0);

}

voi d TPARGS<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDelimters(dec, 0, ", ", 0);

}

void TPARGS<TFlI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimiters(dc, pos, 0, ", ", 0);

}

voi d TPARGVALUE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dc, "? ", ": 0);

}
voi d TPARGVALUE<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawDelimters(dc, pos, "?2 ", ": ", 0);

}

voi d TPARGREF<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelimters(dc, "!' ", ": ", 0);

}

voi d TPARGREF<TFI owi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, "! ", ": ", 0);

}

voi d TFBODY<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

i f(GetFolded()) {
Cal cSi zeFol ded(dc);
} else {
TSor t FPARS<TFI owVi ewNode>* pars =
Cet FuncPar anet ers(); pars->Cal ¢Si ze(dc);
TSor t EXPR<TFI owi ewNode>* expr =
Get Expressi on(); expr - >Cal cSi ze(dc);
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Set NodeSi ze( TSi ze( 2* Bl ockBor der X+nax( par s-
>NodeSi ze() . cx, expr->NodeSi ze().cx),
2* Bl ockBor der Y+par s-
>NodeSi ze() . cy+Di st Y+expr - >NodeHei ght ()));
Set ConnX( NodeW dt h()/2);

}
}
void TFBODY<TFl owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)
{ if(DoPosFocusFol ded(dc, pos)) {

int y = pos. y+Bl ockBor derY;

TSor t FPARS<TFI owVi ewNode>* pars =
Get FuncPar anet ers() ;

TSor t EXPR<TFI owi ewNode>* expr =
Cet Expression();

dc. Sel ect Obj ect ( ScopePen) ;
dc. Rect angl eQut | i ne( TRect (pos, NodeSi ze()));
dc. RestorePen();

par s- >Draw( dc, TPoi nt ( pos. x+Bl ockBorder X, y));
y += pars->NodeHei ght () +Di st;

expr->Draw(dc, TPoi nt(pos. x+Bl ockBorderX, vy));

voi d TFPARS<TFI owvi ewNode>: : Cal cSl ze(TWMyDC& dc)
{ CalcSizeDelinmters(dc, 0, ", ", 0);

}
void TFPARS<TFlI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimiters(dc, pos, 0, ", ", 0);

}

voi d TFPARVALUE<TFI owi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelinmters(dc, "2 ", ": ", 0);

}

void TFPARVALUE<TFI owi ewNode>: : Draw( TW/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, "2 ", ": ", 0);

}

voi d TFARGS<TFl owvi ewNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeDelimters(de, "2 ", ", 2", 0);

}

void TFARGS<TFlI owVi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ DrawbDeliniters(dc, pos, "2 ", ", 2", 0);

}

voi d TNUMCASE<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeString(dc, "NUMCASE -- flow di agram vi ew not
avai l abl e");

voi d TNUMCASE<TFI owvi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &

pos)
{ Drawstring(dc, pos, "NUMCASE -- flow di agram vi ew not
avai |l abl e");

void TLABCASE<TFI owVi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeString(dc, "LABCASE -- flow di agram vi ew not
avai |l abl e");

}

voi d TLABCASE<TFI owi ewNode>: : Dr am( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, "LABCASE -- flow di agram vi ew not
avai l abl e");

}

voi d TALTS1<TFl owi ewNode>: : Cal cSi ze( TM/DC&)
{
}

void TALTSI<TFl owVi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{

}

void TALTS2<TFl owvi ewNode>: : Cal cSi ze( TM/DC&)
{

}

void TALTS2<TFl owVi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{

}
voi d TALT2<TFl owi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelinmters(dc, 0, ": ", 0);

}
void TALT2<TFl owi ewNode>: : Dr am{ TM/DC& dc, TPoi nt & pos)
{ Drawbdeliniters(dc, pos, 0, ": ", 0);

}
voi d TLABELS<TFI owVi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDelinmters(dc, 0, ",", 0);

}

voi d TLABELS<TFI owi ewNode>: : Dr awm( TMyDC& dc, TPoint &
pos)

{ DrawbDeliniters(dc, pos, 0, ",", 0);

}

void TNUMLABEL<TFI owi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

voi d TNUMLABEL<TFI owi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, (char *)GetData()); }

voi d TCHARLABEL<TFI owVi ewNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

voi d TCHARLABEL<TFl owi ewNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, (char *)GetData()); }

typedef TScrol | edTr eeW ndowi ew<TFl owVi ewNode>
TFl owVi ew,

DEFI NE_RESPONSE_TABLEL( TFl owVi ew, TScrol | edW ndowvi ew)
EV_ W CHAR,
EV_ WM _LBUTTONDOWK,
EV_\W_ RBUTTONDOW,

EV_VWM LBUTTONDBLCLK,

EV_WM_KEYDO/W,

EV_VWM KEYUP,

EV_WM_SETFOCUS,

EV_VN_M RRORSUBTREE,

EV_VN_GLOBALFOCUS,

EV_COWAND( CM_PREVNCDE, Pr evNode) ,
EV_COMVAND( CM_NEXTNCDE, Next Node) ,
EV_COWAND( CM_PREVHOLE, PrevHol e),
EV_COMVAND( CM_NEXTHCLE, Next Hol e) ,
EV_COWAND( CM DELETE, Del ete),
EV_COMVAND( CM_CUT, Cut),
EV_COMVAND( CM_COPY, Copy) ,
EV_COWAND( CM _PASTE, Paste),
EV_COVMAND( CM_PARENT, Parent),
EV_COMVAND( CM _FOLD, Toggl eFol d),

EV_COMVAND( CM ADDHOLETOLI ST,  AddHol eTolLi st),
EV_COWAND_AND | D( CM_ADDHOLEBEFORE,

AddHol eBef or eAf ter),
EV_COWAND_AND | D( CM_ADDHOLEAFTER,

AddHol eBef or eAf ter),

END_RESPONSE_TABLE;

const char far*
TScrol | edTr eeW ndowi ew<TFl owVi ewNode>: : St ati cNanme()

return "Flow View';

DEFI NE_DOC_TEMPLATE_CLASS( TSt r uct Docunent, TFl owVi ew,

TFl owTenpl at e) ;

TFl owTenpl ate flowlpl ("Flow View', "*. STR', 0, "STR',
dt AutoDel ete | dtUpdateDir

| dt Aut oOpen) ;

const int ImageOfsetX = 8, InmageOfsetY = Arrowlength;
voi d TFl owVi ew. : Pai nt (TDC& dc, BOOL, TRect &)
{

dc. Set BkMbde( TRANSPARENT) ;
dc. Sel ect Obj ect (Pen);
dc. Sel ect Gbj ect (Fil | Brush);
/1 ((TM/DC&) dc) . Arrow( TPoi nt (| mageO f set X+r oot -
>Get ConnX(), | mageOfsetY), TMWDC: : DOMW);
TFl owVi ewNode: : Fl owTree = &Tree;
if(Tree. GetRoot ()) {
Tr ee. Get Root () - >Fl ushNodePosi ti ons();
Tr ee. Get Root () - >Dr aw( ( TMyDC&) dc,
TPoi nt (1 mageO fset X, | mageOf fsetY));
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ctxt_pl4.cpp

R e e
/1 Copyright 1995 Hugo Lyppens

/1 I npl enents cl ass TCont ext Vi ew

R e T T

#i ncl ude "owl hdr. h"
#pragna hdr st op

/| #pragma option -Jgx
#i ncl ude <owl \ nenu. h>

#i ncl ude "views.rc"
#include "tree. h"

#i ncl ude "strucdoc. h"
#i ncl ude "nydc. h"

#i ncl ude "vi ewnode. h"
#i nclude "viewree. h"
#i ncl ude "scrwiew h"
#i nclude "scrtrww h"

cl ass TCont ext Vi ewNode : public TVi emNode {
publ i c:
TCont ext Vi ewNode(int n = 0,
int fixed = FALSE);
inline TContext Vi esNode *Get Chil d(int n) const;

voi d Cal cSi zeStri ng(TM/DC&, const
char const *);

voi d Dr awst ri ng( TM/DC&, TPoi nt &,
const char const *);

voi d Cal cSi zeHol e( TM/DC&) ;

voi d Dr awHol e( TM/DC&, TPoi nt &) ;

voi d Cal cSi zeDel i mi ters(TM/DC& dc, \

char *start,
char *between, char *end);

voi d DrawDel i miters(TM/DC& dc, TPoint &
pos, \
char *start,
char *between, char *end);
stati c TNodeAddress Acti veAddr ess;

,

inl'ine TCont ext Vi emNode* TCont ext Vi ewNode: : Get Chi | d(i nt
n) const

{ return (TContextVi ewNode*) TTr eeNode: : Get Chi | d(n);

}

const int I ndent = 20;
const int DistX = 4;
const int DistY = 4;

#define FocusColor  TCol or (128, 128, 128)
static TBrush FocusBrush =
TBrush( FocusCol or) ;

TNodeAddr ess
TCont ext Vi ewNode: : Act i veAddr ess;

TCont ext Vi ewNode: : TCont ext Vi ewNode(int n, int fixed):
TVi ewNode(n, fixed)

{

}

voi d

TCont ext Vi ewNode: : Cal cSi zeStri ng( TM/DC& dc, const char

const *s)

Set NodeSi ze(dc. Get Text Extent (s, strlen(s)));
voi d
TCont ext Vi ewNode: : DrawSt ri ng( TMyDC& dc, TPoi nt & pos,

const char const *s)

dc. Text Qut (pos, S);

}
voi d

TCont ext Vi ewNode: : Cal cSi zeHol e( TM/DC& dc)
{

static char s[40] = "? <";
char *p = Get SortNanme();
strcpy(s+3, p); strcpy(s+3+strlen(p), ">");
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Cal cSi zeString(dc, s);
}

voi d TCont ext Vi ewNode: : Dr awHol e( TMyDC&
dc, TPoint& pos)
{

static char s[40] ="? <";
char *p = GetSortNane();
strcpy(s+3, p); strcpy(s+3+strlen(p), ">");
DrawString(dc, pos, s);
}

voi d TPROGHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, "No context");

voi d TPROGHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "No context");

voi d TDECHOLE<TCont ext Vi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TDECHOLE<TCont ext Vi emNode>: : Dr aw{ TM/DC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TDECSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TDECSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TNDECHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TNDECHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d Tl DHOLE<TCont ext Vi emNode>: : Cal cSi ze( TM/DC& dc)

{ CalcSizeHol e(dc); }

voi d Tl DHOLE<TCont ext Vi emNode>: : Dr aw{ TM/DC& dc, TPoi nt &
pos)

{ DrawHol e(dc, pos); }

voi d TTYPEHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TTYPEHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TSTATHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TSTATHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TSTATSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TSTATSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TVARSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TVARSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TEXPRSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TEXPRSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TEXPRHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TEXPRHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TALTSIHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TALTS1HOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TALTS2HOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TALTS2HOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TALT2HOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TALT2HOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TLABELSHOLE<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeHol e(dc); }

voi d TLABELSHOLE<TCont ext Vi ewNode>: : Dr aw( TM/DC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TLABELHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TLABELHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPBODYHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TPBODYHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPPARSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TPPARSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPPARHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TPPARHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPARGSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TPARGSHOLE<TCont ext Vi ewNode>: : Dr am( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPARGHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TPARGHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFBODYHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TFBODYHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFPARSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TFPARSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFPARHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TFPARHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TFARGSHOLE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeHol e(dc); }

voi d TFARGSHOLE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ DrawHol e(dc, pos); }

voi d TPROG<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)

TSor t DECS<TCont ext Vi ewNode> *decs
Get Decl arations(); decs->Cal cSi ze(dc);

TSi ze sz = decs-
>NodeSi ze();

TCont ext Vi ewNode *node = this;

int ind = I ndent;

for(int i = 0; i<ActiveAddress.Length(); i++) {

node = node-
>Cet Chi | d( Acti veAddr ess. Get Chi | dNunber (i));
Sor t sort = node->Get Desi redChi |l dSort (0);
i f(sort==SORT_DECS || sort==SORT_PPARS | |
sort ==SORT_FPARS) {
TCont ext Vi ewNode
>Get Chi 1 d(0);
chi |l d->Cal cSi ze(dc);
i f(child->NodeHeight()) {
sz.cy += chil d->NodeHei ght ()+Di stY;
sz.cx = max(sz.cx,ind+chil d->NodeWdth());
ind += Indent;

*child = node-

}
}

}
Set NodeSi ze(sz);

voi d TPROG<TCont ext Vi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

TSor t DECS<TCont ext Vi ewNode> *decs =
Get Decl arations();
TPoi nt p = pos;
TCont ext Vi ewNode *node = this;

decs->Draw(dc, p); p += TSize(lndent, D stY+decs-
>NodeHei ght ());
for(int i = 0; i<ActiveAddress.Length(); i++) {
node = node-
>Cet Chi | d( Acti veAddr ess. Get Chi | dNunber (i));
Sor t sort = node->Get Desi redChi |l dSort (0);
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i f(sort==SORT_DECS || sort==SORT_PPARS | |
sort ==SORT_FPARS) {
TCont ext Vi ewNode
>CGet Chi 1 d(0);
i f(child->NodeHeight()) {
chil d->Draw(dc, p);
p += TSi ze(l ndent, DistY+child-
>NodeHei ght () ) ;
}

}

*child = node-

}
}

voi d TDECS<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)

TSi ze sem col onsi ze;
dc. Get Text Extent (";", 1, semicol onsize);

int width
int height
int nunchildren

0;

0;
Get NunChi I dren();

for(int i = 0; i<nunchildren; i++) {
TSor t DEC<TCont ext Vi ewNode> *dec =
Get Decl aration(i);
dec->Cal cSi ze(dc) ;
int sw = dec->NodeSi ze().cx+sem col onsi ze. cx;
if(swewidth) width = sw
hei ght += dec->NodeSi ze(). cy;

}
Set NodeSi ze( TSi ze(wi dth, height));

}

voi d TDECS<TCont ext Vi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{

int y = pos.y;

int nunchildren = Get NunChildren();

TSi ze semi col onsi ze;

dc. Get Text Extent (";", 1, semicol onsize);

for(int i = 0; i<nunchildren; i++) {
TSor t DEC<TCont ext Vi ewNode> *dec =
Get Decl aration(i);
if(i) dc. TextQut(pos.x, vy, ";");
dec->Draw(dc, TPoi nt (pos. x+seni col onsi ze.cx, y));
y += dec->NodeSi ze(). cy;
}
}

voi d TCont ext Vi ewNode: : Cal ¢Si zeDel i mi ters( TM/DC& dc,
char *start,
char *between, char *end)

{
TSi ze startsi ze(0,0), betweensize(0,0),
endsi ze(0, 0);
if(start) dc.GetTextExtent(start,
strlen(start), startsize);
i f (between) dc. Get Text Ext ent ( bet ween,
strlen(between), betweensize);

i f(end) dc. Get Text Ext ent (end, strlen(end),

endsi ze) ;
int width = startsize.cx;
int height = max(nmax(startsize.cy,

bet weensi ze. cy), endsize.cy);
int nunchildren = Get NunChildren();

for(int i = 0; i<nunchildren; i++) {
TCont ext Vi ewNode *chi | d = GetChild(i);
chi |l d->Cal cSi ze(dc);
wi dth += chil d->NodeW dth() +(i<nunchildren-
1?bet weensi ze. cx: 0) ;
i f (chil d->NodeHei ght () > hei ght)
hei ght = chi |l d- >NodeHei ght () ;

wi dt h += endsi ze. cx;
Set NodeSi ze( TSi ze(wi dth, height));

}
voi d TCont ext Vi ewNode: : DrawDel i m ter s( TM/DC& dc,
TPoi nt & pos,
char *start,
char *between, char *end)

{

TSi ze startsize(0,0), betweensize(0,0),
endsi ze(0, 0);
if(start) dc.GetTextExtent(start,
strlen(start), startsize);

i f (between) dc. Get Text Ext ent ( bet ween,
strl en(between), betweensize);

i f(end) dc. Get Text Ext ent (end,

endsi ze) ;

strlen(end),

int nunchildren = Get NuntChil dren();

if(start)dc. Text Qut (pos, start);
int x = pos.x + startsize.cx;
for(int i = 0; i<nunchildren; i++) {
TCont ext Vi ewNode *chi | d = GetChild(i);
chil d->Draw(dc, TPoint(x, pos.y));
x += chil d->NodeW dt h();
i f(i<nunchildren-1 && between) {
dc. Text Qut (x, pos.y, between); x +=
bet weensi ze. cx;

}

}
i f(end)dc. Text Qut (x, pos.y, end);

voi d TNDECS<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelinters(dc, "var ", ", ", 0);

}

voi d TNDECS<TCont ext Vi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, "var ", ", ", 0);

}
voi d TNDEC<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)
{ CalcSizeDelimters(dc, 0, ":", 0);

}

voi d TNDEC<TCont ext Vi ewNode>: : Dr aw( TMyDC& dc, TPoi nt &
pos)

{ DrawDelimters(dc, pos, 0, ":", 0);

}

voi d TPROCDEC<TCont ext Vi emNode>: : Cal cSi ze( TM/DC& dc)
{
TSor t | D<TCont ext Vi ewNode>
i d->Cal cSi ze(dc);

*id = Get ProcNane();

TSi ze procsi ze, egsize;
dc. Get Text Extent ("proc ", 5, procsize);

Set NodeSi ze( TSi ze(procsi ze. cx + id->NodeWdth(), id-
>NodeHei ght ())):

}
voi d TPROCDEC<TCont ext Vi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)

TSi ze procsi ze, egsize;

dc. Get Text Extent ("proc ", 5, procsize);

dc. Text Qut (pos, "proc");

int X = pOS. X+procsi ze. cX;

TSor t | D<TCont ext Vi ewNode> *id = Get ProcNane();
i d->Draw(dc, TPoint(x, pos.y));

voi d TFUNCDEC<TCont ext Vi emNode>: : Cal cSi ze( TM/DC& dc)
{
TSor t | D<TCont ext Vi ewNode>
i d->Cal cSi ze(dc);

*id = Get FuncNane();

TSi ze FUNCsi ze;
dc. Get Text Extent ("func ", 5, FUNGCsize);

Set NodeSi ze( TSi ze( FUNCsi ze. cx + id->NodeWdth(),
i d- >NodeHei ght ()));

}

voi d TFUNCDEC<TCont ext Vi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)

{

TSi ze FUNCsi ze;

dc. Get Text Extent ("func ", 5, FUNGCsize);

dc. Text Qut (pos, "func");

int X = pos. x+FUNGsi ze. cx;

TSor t | D<TCont ext Vi ewNode> *id = Get FuncNane();
i d->Draw(dc, TPoint(x, pos.y));

voi d TI D<TCont ext Vi emNode>: : Cal ¢Si ze( TM/DC& dc)

{ CalcSizeString(dc, (char *)GetData()); }

voi d TI D<TCont ext Vi ewNode>: : Dr am{ TM/DC& dc, TPoi nt &
pos)

{ Drawstring(dc, pos, (char *)GetData()); }

voi d TI NTTYPE<TCont ext Vi emNode>: : Cal cSi ze( TM/DC& dc)
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{ CalcSizeString(dc, "int"); }

voi d TI NTTYPE<TCont ext Vi ewNode>: : Dr am( TM/DC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "int"); }

voi d TCHARTYPE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, "char"); }

voi d TCHARTYPE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "char"); }

voi d TREALTYPE<TCont ext Vi ewmNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, "real"); }

voi d TREALTYPE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "real"); }

voi d TBOOLTYPE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeString(dc, "bool"); }

voi d TBOOLTYPE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,

TPoi nt & pos)

{ Drawstring(dc, pos, "bool"); }

voi d TSTATS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TSTATS<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &) {}

voi d TSKI P<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TSKI P<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

voi d TCONCASSI G\<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TCONCASSI G\<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d TPROCCALL<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
voi d TPROCCALL<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

voi d TPROCCALLARGS<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&)
{}

voi d TPROCCALLARGS<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d TI FTHEN<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
voi d TI FTHEN<TCont ext Vi emNode>: : Dr aw( TWDC&, TPoi nt &)
{}

voi d Tl FTHENELSE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d Tl FTHENELSE<TCont ext Vi ewNode>: : Dr awm( TM/DC&,
TPoint &) {}

void TWH LE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TWH LE<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

voi d TREAD<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TREAD<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

void TWR TE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
void TWR TE<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

voi d TFOR<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC&) {}
voi d TFOR<TCont ext Vi ewNode>: : Drawm( TWyDC&, TPoi nt&) {}

voi d TBLOCK<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TBLOCK<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

voi d TVARS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TVARS<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

voi d TEXPRS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TEXPRS<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

void TVARVALUE<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
voi d TVARVALUE<TCont ext Vi ewNode>: : Dr awm( TM/DC&, TPoi nt &)
{}

voi d TFUNCCALL<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
voi d TFUNCCALL<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

voi d TFUNCCALLARGS<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&)
{}

voi d TFUNCCALLARGS<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

void TNUWALUE<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
void TNUWALUE<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

voi d TCHARVALUE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC&) {}
voi d TCHARVALUE<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d TI MPLI CATI ON<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&)
{}

voi d TI MPLI CATI ONTCont ext Vi ewNode>: : Dr aw( TM/DC&,
TPoint&) {}

voi d TEQU VALENCE<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&)
{}

voi d TEQU VALENCE<TCont ext Vi ewNode>: : Dr aw( TM/DC&,
TPoint&) {}

voi d TOR<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
voi d TOR<TCont ext Vi ewNode>: : Dr awm{ TW/DC&, TPoi nt&) {}

voi d TAND<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC&) {}
voi d TAND<TCont ext Vi ewNode>: : Dr awm( TWyDC&, TPoi nt&) {}

voi d TLESS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TLESS<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

voi d TLESSEQ<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
voi d TLESSEQ<TCont ext Vi emNode>: : Dr aw( TWDC&, TPoi nt &)
{}

voi d TGREATER<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TGREATER<TCont ext Vi ewNode>: : Dr am( TM/DC&, TPoi nt &)
{}

voi d TGREATEREQ<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC&) {}
voi d TGREATEREQ<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

void TEQUALI TY<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
void TEQUALI TY<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

voi d TDI FFERENCE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TDI FFERENCE<TCont ext Vi ewNode>: : Dr awm( TM/DC&,
TPoint &) {}

voi d TADDI TI ON<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
voi d TADDI TI ON<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

voi d TSUBTRACTI ON<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&)
{}

voi d TSUBTRACTI ON<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d

TMULTI PLI CATI ON<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TMULTI PLI CATI ON<TCont ext Vi ewNode>: : Dr awm( TMyDC&,
TPoint&) {}

void TDI VI SI ON<TCont ext Vi ewmNode>: : Cal ¢Si ze( TM/DC&) {}
void TDI VI SI ON<TCont ext Vi ewNode>: : Dr awm( TM/DC&, TPoi nt &)
{}

void TMODULO<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
void TMODULO<TCont ext Vi emNode>: : Draw( TWDC&, TPoi nt &)
{}

voi d TUNARYM NUS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TUNARYM NUS<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d TNOT<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC&) {}
voi d TNOT<TCont ext Vi ewNode>: : Dr awm( TMyDC&, TPoi nt&) {}

voi d TEXPRBLOCK<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
voi d TEXPRBLOCK<TCont ext Vi emNode>: : Dr aw( TMyDC&,
TPoint &) {}

voi d TPBODYSTATS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TPBODYSTATS<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d

TPBODYPARSSTATS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TPBODYPARSSTATS<TCont ext Vi ewNode>: : Dr awm( TMyDC&,
TPoint&) {}

voi d TPPARS<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelimters(dec, 0, ", ", 0);

}

voi d TPPARS<TCont ext Vi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimters(dc, pos, 0, ", ", 0);

}

voi d TPPARVALUE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dc, "? ", ": 0);
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}
voi d TPPARVALUE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ Drawbelimters(dc, pos, "2 ", ": ", 0);

}

voi d TPPARREF<TCont ext Vi emNode>: : Cal cSi ze( TM/DC& dc)
{ CalcSizeDelimters(dc, "! ", ": ", 0);

}

voi d TPPARREF<TCont ext Vi emNode>: : Dr aw{ TM/DC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "! ", ": ", 0);

}

voi d TPARGS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TPARGS<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

voi d TPARGVALUE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TPARGVALUE<TCont ext Vi ewNode>: : Dr aw( TMyDC&,
TPoint&) {}

voi d TPARGREF<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TPARGREF<TCont ext Vi ewNode>: : Dr am( TM/DC&, TPoi nt &)
{}

voi d TFBODY<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TFBODY<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

voi d TFPARS<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC& dc)

{ CalcSizeDelinmters(dc, 0, ", ", 0);

}

voi d TFPARS<TCont ext Vi ewNode>: : Dr aw( TM/DC& dc, TPoi nt &
pos)

{ Drawbelimiters(dc, pos, 0, ", ", 0);

}

voi d TFPARVALUE<TCont ext Vi ewNode>: : Cal ¢Si ze( TM/DC& dc)
{ CalcSizeDelinters(dc, "? ", ": ", 0);

}

voi d TFPARVALUE<TCont ext Vi ewNode>: : Dr awm( TMyDC& dc,
TPoi nt & pos)

{ DrawbDeliniters(dc, pos, "2 ", ": ", 0);

}

voi d TFARGS<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TFARGS<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoint&) {}

void TNUMCASE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TNUMCASE<TCont ext Vi ewNode>: : Dr am( TM/DC&, TPoi nt &)
{}

void TLABCASE<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TLABCASE<TCont ext Vi ewNode>: : Dr am( TM/DC&, TPoi nt &)
{}

voi d TALTS1<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TALTS1<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPointé&) {}

voi d TALTS2<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TALTS2<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoint&) {}

void TALT2<TCont ext Vi ewNode>: : Cal cSi ze( TM/DC&) {}
voi d TALT2<TCont ext Vi ewNode>: : Draw( TWyDC&, TPoi nt&) {}

voi d TLABELS<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
voi d TLABELS<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

void TNUMLABEL<TCont ext Vi ewNode>: : Cal cSi ze( TMyDC&) {}
void TNUMLABEL<TCont ext Vi ewNode>: : Dr aw( TM/DC&, TPoi nt &)
{}

voi d TCHARLABEL<TCont ext Vi emNode>: : Cal cSi ze( TM/DC&) {}
void TCHARLABEL<TCont ext Vi emNode>: : Dr aw( TMyDC&,
TPoint & {}

typedef TScrol | edTr eeW ndowi ew<TCont ext Vi ewNode>
TCont ext Vi ew,

DEFI NE_RESPONSE_TABLE1( TCont ext Vi ew,
TScrol | edW ndowVi ew)
EV_VN_M RRORSUBTREE,
EV_VN_NEWACTI VE,
END_RESPONSE_TABLE;

const char far*
TScrol | edTr eeW ndowi ew<TCont ext Vi ewNode>: : St at i cNane()

{
return "Context View';

TScrol | edTr eeW ndowVi ew<TCont ext Vi ewNode>: : TScrol | edTr ee
W ndowVi ew( TSt ruct Docunment & doc, TW ndow *parent):

TScrol | edW ndowi ew doc, parent),
Tree(doc. Get Tree())
{

Struct Doc = &doc;
Shi f t Down = FALSE;
}
BOOL

TScrol | edTr eeW ndowi ew<TCont ext Vi emNode>: : VnNewAct i ve(T
NodeAddr ess *)

Adj ust Scrol ler();
I nval i date();
return FALSE;

TSi ze
TScrol | edTr eeW ndowi ew<TCont ext Vi ewNode>: : Cal cSi ze()

{
T *root = Tree. CGetRoot();

if(root) {
St ruct Doc-
>Cet Act i veAddr ess( TCont ext Vi ewNode: : Acti veAddr ess) ;
root - >Cal cSi ze(( TM/DC&) TA i ent DC( HW ndow) ) ;
return root->NodeSi ze();

}
return TSi ze(0, 0);
}

voi d TCont ext Vi ew. : Pai nt (TDC& dc, BOOL, TRect &)

dc. Set BkMbde( TRANSPARENT) ;
if(Tree. GetRoot ()) {
St ruct Doc-
>Cet Act i veAddr ess( TCont ext Vi ewNode: : Acti veAddr ess) ;
Tr ee. Get Root () - >Fl ushNodePosi ti ons();
Tree. Get Root () - >Dr aw( (TMyDC&) dc, TPoint (0, 0));
}
}

DEFI NE_DOC_TEMPLATE_CLASS( TSt r uct Docunent, TCont ext Vi ew,
TCont ext Tenpl ate) ;

TCont ext Tenpl ate context Tpl ("Active Context View',

"* STR', 0, "STR',

dt AutoDel ete | dtUpdateD r |dt Aut oOpen);

euclides.str

PROG[ DECS] NDECS[ NDE]] | D{ x}, | NT] , NDEC[ | D{y}, I NT]]], STATS[
READ{ | D{x}, | D{y}], | FTHEN] AND[ GREATER[ VARVALUE] | D{x}], NUM
VALUE{ 0} ] , GREATER] VARVALUE] | D{y}], NUWALUE{ 0} ] ], STATS[ VR
| TE[ VARVALUE] | D{x}], CHARVALUE{' ' }, VARVALUE[ | D{y}]], Wil LE
[ DI FFERENCE] VARVALUE] | D{ x}], VARVALUE[ | D{y}]], STATS[ | FTHE
NELSE[ GREATER] VARVALUE] | D{x}], VARVALUE[ | D{y}]], STATS] CON
CASSI G\[ VARS] | D{ x} ], EXPRS[ SUBTRACTI ON[ VARVALUE] | D{ x} ], VA
RVALUE[ | D{y}]]11], STATS[ CONCASSI G\[ VARS] | D{y} ], EXPRS[ SUB
TRACTI ON[ VARVALUE] | D{y}], VARVALUE[ | D{x}1111111], WRI TE[ CH
ARVALUE{' '}, VARVALUE I D{x}]1]11111
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