














































































































































































































































































































































































































































































































































































































































































write('Enter number of throws for simulation:'); 
readln(numthrows); 
for i := I to numthrows do 
begin 
throwval := randint( I, 6) + randint( I, 6); 
count[throwval] := count[throwval] + I; 
update(throwval, count, top, scale); 
if top[throwval] <• o then 
rescale(count, top, scale) 

end 
end. 

We have already seen the randint function in Chapter 9, so 
we'll only consider the other subprograms here. The first, 
init_dice-simulation, performs a task common to many 
Pascal programs: initialization of global variables. With it we 
can set up the count array to contain zeros and assign the 
proper values to our histogram bar edges: 

procedure iniLdlce_stmulation; 
[ Initialize global variables } 

const 
BAR....OFFSET = 5; 
BAR....WIDTH = 10; 
BAR....SPACING .. 18; 
BAR....BOTTOM = 200; 

var 
I : roll; 

begin [ lnlLdlce_simulation } 
for i := 2 to 12 do 
begin 
count[i] :• O; 
bottom[i] := BAILBOTTOM; 
left[ I]:• BAR....OFFSET +(I - 2) * BAJLSPACING; 
rlght[IJ := left[i] + BAR....WIDTH 

end; 
scale:• I 

end; 

The bar positions in the Drawing window are defined using a 
few constants: BAR-WIDTH is the width of each bar in 
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pixels, BAR-SPACING is the distance between adjacent 
bars, BAR-OFFSET is the position of the left edge of the 
leftmost bar, and BAR-BOTTOM is the coordinate of the 
bottom edge of the bars. Defining these quantities as con­
stants makes them easy to change and also may aid someone 
reading the program in understanding how the bars are set 
up. 

The update procedure repaints the proper histogram bar 
based on the new value thrown. It recalculates a new value 
for the top of the bar based on the new count for that bar and 
the current scale, then calls paintrect to draw the new rec­
tangle. The update procedure is written as follows: 

procedure update Ct : ro II; 
var count, top: rolLarray; 
scale: integer); 

( redraw bar for new throw ) 

begin ( update } 
top[t] := bottom[t] - count[t] div scale; 
paintrect(top[t], left[t], bottom[tJ, right[t]) 
end; 

Finally, the rescale procedure erases all the bars, doubles 
the scale, and calls update to redraw the bars at the new 
scale: 

procedure rescale (var count, top: rolLarray; 
var scale : Integer); 

(erase, rescale, and redraw histogram bars} 

var 
i : roll; 

begin ( rescale ) 
for I := 2 to 12 do 
eraserect(top[I], left[i], bottom[I], rlght(i]); 
scale : .. 2 * scale; 
fori:=2tol2do 
update(!, count, top, scale) 

end; 

Try this program using several different values for the 
total number of throws. If you have some background in 
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RECORDS 

probability you might compare the results from this simula­
tion with the theoretical results. As an exercise, see if you can 
modify the program to draw horizontal bars from left to 
right across the Drawing window. As a slightly more difficult 
problem, modify the program to label each bar with the value 
of the throw it represents. (Try setting the bottoms of the bars 
a little higher in the Drawing window.) 

Another structured type available in Pascal is the record. The 
rationale behind record types is very similar to that behind 
array types: the need to collect a number of variables under 
the same name and handle the variables as a unit. In the pre­
vious section, we saw that array types accomplished this func­
tion for variables of the same type. We use records for group­
ing variables of different types. 

To define a record type, you must provide Pascal with the 
following information: 

• A name for each variable in the record 

• The type of each variable in the record. 

That's really all there is to it. A bit of nomenclature is also 
needed in dealing with records: each individual variable in a 
record is called a field (in contrast to arrays, where each 
variable was called an element). 

For example, ~upfit>se you wanted to group all the infor­
mation pertaining to a checking account transaction in a sin­
gle place. A sample record definition for such a type might 
look like this: 

type 

checkbooLrec = record 
checLnum: integer; 
trans_month : monttLtype; 
trans_day : 1 .. 31; 
trans_year : integer; 
payee : string [30); 
cleared : Boolean; 
amount : rea 1 
end; 
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In words, this says variables of type checkbook_rec will con­
tain seven fields: 

1. Check_num, an integer giving the number of the 
check used in the transaction. 

2. Trans-month, an enumerated type, representing the 
month of the transaction. (This assumes the definition 
of the enumerated type month_ type precedes the 
record definition.) 

3. Trans-day, an integer subrange 1. .31 representing 
the day of the transaction. 

4. Trans _year, an integer giving the year of the trans­
action. 

5. Payee, a string of size 30, representing the person to 
whom the check is payable. 

6. Cleared, a Boolean quantity telling whether the trans­
action has cleared at the bank or not. 

7. Amount, a real number giving the amount of the trans­
action. 

We could probably come up with additional fields, but these 
will do for our example. 

Remember, defining a type does not actually create any 
variables of that type. Once the type has been defined, how­
ever, variable definition works just as before: 

var 
trans I, trans2: checkbook-rec; 

This creates two record variables, transl and trans2, of the 
checkbook-rec type. You might picture record variables as 
oddly shaped collections of individual variables: 

Record 
trens 1: 

checl<-num 

trans_month 

trans_day 

tnms_year 

payee J 
cleared l 
amount J 
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Programs access individual fields of a record variable by 
specifying the record's name followed by a period and the 
field's name. The combination of the record name and the 
field name can be used just as if it were a variable of the type 
named in the record's type definition. Using the variables just 
defined, we might record a check written to a Macintosh 
software supplier as follows: 

transl.checlLnum :"' 235; 
transl.trans._rnonth :=JANUARY; 
trans l.trans_day := IO; 
transl.trans_year := 1986; 
trans I .payee:= 'Intercontinental Mouse Food'; 
trans I .c I eared := FALSE; 
trans I.amount := 199.95 

The net effect of these assignments could be pictured as 
follows: 

Record 
tnmsl: 

235 

JANUARY 

10 

1966 

·intercontinental Mouse Food· 

FALSE I 
199.95 J 

J 

Just as we saw with arrays, using the name of the record 
variable all by itself refers to the entire record. The assign­
ment statement 

trans2 := trans 1 

copies all the fields from the variable transl into the variable 
trans2. This is a shortcut to assigning each field separately as 
shown here, 

trans2.chec1Lnum := trans 1.checlLnum; 
trans2. trans.....month :• trans 1. trans.....month; 
trans2. trans_day :• trans 1. trans_day; 
trans2.trans_year := trans 1.trans_year; 

324 The First Book of Macintosh Pascal 



with record do 
identifier 

lstotement I 

Figure 11- 3. 

with statement syntax 

trans2.payee := trans 1.payee; 
trans2.cleared :"'trans 1.cleared; 
trans2.amount := trans 1.amount 

but the net effect is the same in both cases. 
You may have noticed that accessing fields in records can 

be rather long-winded and involves a fair amount of repeti­
tious typing. Pascal provides a statement to help relieve this 
problem: the with statement. The syntax of the with state­
ment is shown in Figure 11-3. Informally, the with statement 
is used to specify that all field names in the sub-statement 
nested within the with should be automatically prefixed with 
the named record identifier. 

The previous assignments, for example, could be more 
succinctly written using a with: 

with transl do 
begin 
checlLnum := 235; 
trans_month :=JANUARY; 
trans_day := 1 O; 
trans_year := 1986; 
payee:= 'Intercontinental Mouse Food'; 
cleared := FALSE; 
amount := 199. 95 

end 

Like other statements, with statements may be nested to 
an arbitrary depth. This can be useful when a record con­
tains one or more fields which are themselves records; we 
will consider an example shortly. To decrease the nesting 
depth, Pascal allows nested with statements in the form 

with reel do 
with rec2 do 

statement 

to be rewritten in the form 

with reel, rec2 do 
statement 

Let's build some general rules based on the specific exam­
ple just seen. The syntax sketch for a record type definition is 
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Figure 11- 4. 

record 

fie/did ~ • type ; 
list 

f/f!ld id • I type I 
list 

end; 

Record type definition syntax 

shown in Figure 11-4. Standard Pascal allows the word 
packed to precede the word record in a record definition, 
indicating that variables of the type should consume as little 
memory as possible. Macintosh Pascal version 1.0 doesn't 
allow this request, however. (Future versions may.) 

Also, there are no particular restrictions on the number or 
the types of fields you may collect into records. It's a good 
idea to use record types whenever it makes the data struc­
tures used by the program clearer and easier to use. We will 
discuss a number of examples here, but in general, recogniz­
ing appropriate places for using records (or any particular 
data structure) takes a certain amount of creativity and 
experience. 

Just as we found that arrays of arrays were legal in Pas­
cal, it is also possible to define a record field that is itself a 
record type: records may contain records. For example, in 
designing a check-transaction record, you might find it 
cleaner to group the three fields concerning the date into a 
single record field. This would require, first, defining a 
record to hold the three values: 

type 

date_rec = record 
month : monttL.type; 
day: 1..31; 
year : integer 
end; 
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Then the simplified check-transaction record could be writ­
ten as follows: 

type 

checkbooLrec = record 
checlLnum: integer; 
trans_date: date_rec; 
payee : string [30]; 
cleared: Boolean; 
amount : real 

end; 

Referencing fields of records-within-records is a simple 
extension of the rules we have already discussed. Assuming 
that transl is a variable of the checkbook-rec type as before, 
then the reference 

trans 1.trans_date 

describes a variable of the type date-rec. To access fields of 
this variable, we simply reapply the "append a period and the 
field name" rule. For example, 

trans 1.trans_date.month 

trans 1.trans_date.day 

trans 1. trans_date. year 

are the fields containing the month, day, and year of the trans­
action transl refers to. Using these rules together with 
appropriate with statements, the assignments to the fields of 
the transl record could be rewritten as: 

with trans 1 do 
begin 
checlLnum := 235; 
with trans_date do 
begin 
month := JANUARY; 
day:= 10; 
year:= 1986 
end; 

payee:= 'Intercontinental Mouse Food'; 
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cleared:" FALSE; 
amount:= 199.95 
end; 

or, equivalently 

with trans I, trans_date do 
begin 
checlulum := 235; 
month:= JANUARY; 
day:= 10; 
year := 1986; 
payee:= 'Intercontinental Mouse Food'; 
cleared:= FALSE; 
amount:= 199.95 

end 

Just as there is no special restriction on the types that may 
become the base type of an array variable, there is no restric­
tion on the types that may be fields in a record. We can even 
define individual record fields as array types. We may also 
define an array to be an array of records. Both varieties of 
data structure are common in Pascal programs. 

As an example, let's write a program to simulate shuffling 
a deck of cards and dealing a bridge hand containing 13 
cards from the deck. Each card has two attributes: its rank 
(Ace; King, Queen, and so on) and its suit. We can group these 
two attributes into a record definition such as 

type 

card.....rec = record 
rank: ranlLtype; 
suit: suiLtype 
end; 

where the enumerated types suit_type and rank_ type have 
been previously defined as 

type 
ranlLtype = (Two, Three, Four, Five, Six, Seven, Eight, 

Nine, Ten, Jack, Queen, King, Ace); 
suiLtype = (Clubs, Diamonds, Hearts, Spades); 
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It's natural to consider a deck of cards as an array, since 
the elements of the deck are all the same type, namely indi­
vidual cards. The same argument applies to sub-units of the 
deck, such as bridge hands. In Pascal, we would write: 

type 

declLarray = array [ 1 .. DECl<-SIZE) of car<Lrec; 
hancLarray = array [ 1 .. HAND_SIZE) of car<Lrec; 

Here HAND-SIZE and DECK-SIZE are the previously 
defined constants 13 and 52. 

Given this data structure, the program must first initial­
ize the deck, shuffle it, then deal 13 cards from the deck 
array into the hand array. This is simple enough to write 
immediately, assuming as always that the details of the pro­
cess will be hidden away in subprograms: 

program bridge_deal; 
( Deal a bridge hand from a deck of cards } 

const 
DECl<-SIZE = 52; 
HAND_SIZE = 13; 

type 
ran!Ltype =(Two, Three, Four, Five, Six, Seven, Eight, 

Nine, Ten, Jack, Queen, King, Ace); 
suiLtype = (Clubs, Diamonds, Hearts, Spades); 
car<Lrec = record 
rank : ranlLtype; 
suit : suiLtype 

end; 
declLarray = array [I .. DECl<-SIZE) of car<Lrec; 
hancLarray =array [ 1 .. HAND_SIZE) of car<Lrec; 

var 
deck : declLarray; 
hand : hancLarray; 

( Insert procedure iniLdeck } 
( Insert procedure shuffle } 
( Insert procedure deal } 
( Insert procedure show_hand ) 
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begin ( bridge_deal } 
iniLdeck{deck); 
shuffle(deck); 
deal(deck, hand); 
showJland{hand) 

end. 

The first procedure, init-deck, must set up an unshuffled 
deck. This is done using nested for loops and an independent 
index variable that steps through each card in the deck 
array: 

procedure 1n1Ldeck <var deck: declLarray); 
(initialize deck array} 

var 
i: integer; 
r: ranlLtype; 
s : suiLtype; 

begin ( iniLdeck } 
i :=I; 
for s := Clubs to Spades do 
for r :=Two to Ace do 
begin 

deck[i].rank := r; 
deck[i].suit := s; 
i := i .. I 

end 
end; 

Be assured that no matter how complex and convoluted 
your data structures, any particular element or field may be 
accessed by following the consistent and relatively simple 
rules Pascal provides. Note the method of referring to an 
individual field of a single record of an array of records. In 
this program, the variable 

deck 

refers to an entire array. To refer to a single element of the 
array, we must append a subscript within braces: 

deck[1] 
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This is a reference to a single element of the array deck, 
which (by the array definition) is a record. To access a field of 
the record, remember the rule is to append a period and the 
field name: 

deck[ i].suit 

Hence the references in the init_deck procedure. (As an 
exercise, you might try rewriting init_deck using a with 
statement.) 

The next routine to consider is shuffle. Shuffling a deck of 
cards (or any array) is a common problem in game pro­
gramming; it is also easy to do incorrectly or inefficiently. We 
need to come up with a random (unpredictable) arrangement 
or permutation of the deck. The algorithm we'll use to gener­
ate a random permutation of the deck is simple and fast, 
although the proof of its correctness is beyond the scope of our 
discussion. In pseudo-code, the algorithm to shuffle an array 
containing n elements looks like this: 

for I :• 1 to n - 1: 
set j :• rando• integer bet•een I & n (I i j i n) 
a•ap ele•ent •1 and ele•ent •j (If I - j) 

The translation of this into the Pascal procedure shuffle is 
straightforward: 

procedure shuffle (var deck: decLarray); 
( shuffle deck of cards l 

var 
I, j : I .. DECl<-SIZE; 
c : card....rec; 

( Insert f(Jnction randint} 

begin [ shuffle l 
for I := I to DECl<-SIZE - I do 
begin 
j := randlntCI, DECl<-SIZE); 
if i <> j then 
begin 
c := deck[i]; 
deck[I] := deck[j]; 

Arrays, Records, and Sets 331 



deck[j] := c 
end 

end 
end; 

To deal the bridge hand from the shuffled cards, we'll just 
move the first 13 elements of the deck array to the hand 
array. (If we wanted to be slightly more realistic, we would 
deal every fourth card from the deck array into the hand 
array, but since the arrangement of the deck is random, this 
simpler process shouldn't make any difference.) 

procedure deal (var deck: decLarray; 
var hand : han<Larray); 

( deal cards from deck Into hand ) 

var 
I: 1..HANCLSIZE; 

begin ( deal ) 
for i := I to HAND-51ZE do 
hand[i] :• deck[i] 

end; 

The last procedure we need is one to display the hand after it 
has been dealt, show _hand. We'll designate the Drawing 
window for display: · 

procedure show-hand (var hand: han<Larray); 
(display cards In hand l 

con st 
SPACING = 15; 
OFFSET• 15; 

var 
i: l .. HAND-51ZE; 

begin ( show-hand ) 
for i :• I to HAND-51ZE do 
begin 
moveto(5, Ci - 1) *SPACING + OFFSET); 
with hand[i] do 
wrltedraw(rank, • of ', suit) 

end 
end; 
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The following shows a typical result: 

Ora111ing 
Kini] of Clut1s 
EigM of Spades 
Four of Di arnon1js 
Six of Hearts 
._lack of Diamonds 
:=;even of Di arnond::: 
Seven of Clubs 
Three of Cl ut1s 
Ace of Spades 
Jack of Hearts 
niree of ::;pa1jes 
Queen of Cl ut1s 
T1No of Clubs 

Try out this program. As an exercise, modify it to display 
all four bridge hands generated from the shuffled deck. 

A few miscellaneous but important points about records, 
similar to the points made in the previous section about gen­
eral arrays: 

• Entire record variables may not be compared with the 
relational operators, even for equality or inequality. 
Records must be compared field by field (assuming the 
fields are comparable). 

• Functions may not return record values as results. 

• There is no way to write a record constant. 

• Records cannot be written or read directly using 
write(ln) or read(ln) statements. 

• Since records often consume relatively large amounts of 
memory, they are often specified as variable arguments 
to subprograms even when the subprogram does not 
affect their values. 

VARIANT RECORDS 

In the previous section, we saw how records could be used to 
group together logically related values under a single vari­
able name. While this is a powerful capability, it is sometimes 
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convenient to be able to define a single record type that may 
contain different fields. The actual field names and types 
would vary depending on conditions arising when the pro­
gram runs. Such records are called variant records, and they 
are special enough to be considered separately. 

Let's consider an example first. Suppose you were writing 
a scholarly paper and you wished to accumulate an impres­
sive list of references. If you wanted to use your computer to 
help in this task, your first thought might be to design a data 
structure to hold a reference to a book, as follows: 

type 

booLref =record 
author : string (40]; 
title: string (30]; 
edition : integer; 
year _published: integer; 
publisher _name : string (40]; 
publisher _city: string (20] 

end; 

This is suitable for recording book references, but books 
are only one possible source of information. A reference to an 
article in a periodical would require some of the same fields, 
but others (edition, publisher's name and city) would be 
superfluous, while additional ones would be necessary for 
recording the name of the periodical, its publication date, and 
so on. We might write a record for storing periodical referen­
ces this way: 

type 

periodicaL.ref =record 
author: string (40]; 
title: string (50]; 
year _published: integer; 
periodical_name: string (40]; 
month_published: monttLtype; 
first_page, last_page: integer 

end; 

Keeping two different record types for two different vari­
eties of reference is not an ideal solution, however. One impor-
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tant reason is that it would be difficult to write general­
purpose, reference-handling subprograms. For example, 
instead of writing a single procedure to display the informa­
tion contained in a reference entry, you would need one 
procedure to display a book-type reference, and another one 
to display a periodical-type reference. This could easily 
become intolerable if you needed to keep track of a large 
number of different reference varieties. 

One possible solution is to combine fields for both kinds of 
reference in a single record definition and to use an enumer­
ated type value to signal which kind of reference is actually 
contained in the record: 

type 

ref erence_type = (BOOK, PERIODICAL); 

combine<Lref .. record 
author: string [40); 
title: string [50); 
ref type : ref erence_type; 
edition: Integer; 
year_published: integer; 
publisher _name: string [40); 
publisher _city: string [20); 
perlodlcaLname: string [40); 
month_published: montlLtype; 
f lrst_page, last_page: integer 

end; 

The problem here is, of course, that memory is used ineffi­
ciently: records containing book references don't use the 
fields pertaining to periodicals, and periodical references 
don't use the book fields. Some of this inefficiency could be 
alleviated by combining fields together, specifying for .exam­
ple "If this reference is a book, this field is used to hold the 
publisher's city, but if it is a periodical it holds the name of 
the periodical." Obviously, this course is fraught with peril 
and often can't be easily done when the types involved are 
different. 

Pascal's solution is simple, at least when compared to the 
alternatives. A variant record definition to hold both types of 
references might appear as follows. 
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reference_rec =record 
author: string (40]; 
title: string (50]; 
year_published: integer; 
case ref type : ref erence_type of 
BOOK: ( 

); 

edition: integer; 
pub I isher _name : string [ 40]; 
publisher _city: string (20] 

PERIODICAL : ( 
periodicaLname: string [40]; 
month._published: month._type; 
firsLpage, lasLpage: integer 

) 

end; 

The beginning of the record definition follows the same 
format we discussed previously: a list of field names followed 
by types. Following this fixed part of the record definition 
comes the variant part: the part that differs depending on 
what we want to store in the record. Note the use of a case to 
distinguish between the two different types of reference. 
(Don't confuse this use of the word case with its use in a case 
statement.) The variants are distinguished by the value of the 
tag field (reftype, in this case). 

Informally, this definition says that both types of refer­
ence will hold the author's name, a title of the work, and the 
year of publication. If the reference is a book, the record will 
also store the publisher's name and city, and the edition of the 
book. If, on the other hand, the reference is to a periodical, 
the record will contain the name of the periodical, the month 
it was published, and the first and last pages of the refer­
enced article. The use of memory will be economized because 
the same region of memory will be used for storing the fields 
in the different variants. 

Let's assume ref has been declared to be a variable of the 
reference-rec type. A code segment used to enter informa­
tion into the variant record might appear as follows: 

with ref do 
begin 
wrlte('Enter the author(s):'); 
readln(author); 
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record 
r·;~~;~~-;;-;;-;;·;;·1 

! definitions! ________________________ J 

r-;~;~:-.;-;,1··;i;i-d1 
l def/nit ions ! . ' 
'------------------ - - -- .. J 

end; 

Figure 11- 5. 

Record type definition 
syntax (with variants) 

write('Enter the title:'); 
readln(title ); 
write('Enter the year of publication:'); 
readln(year _published); 
write('Enter the reference type (book or periodical):'); 
readln(ref type); 
if reftype = BOOK then 
begin 
write('Enter the edition:'); 
readln(edition); 
write('Enter the pubisher"s name:'); 
readln(publisher _name); 
write('Enter the publisher"s city:'); 
readln(publisher _city) 
end 

else 
begin 
wrlte('Enter the publication month (by name):'); 
readln(month_published); 
write('Enter the periodical"s name:'); 
readln(periodica !_name); 
wrlte('Enter the first page of the article:'); 
readln(f lrst_page ); 
write('Enter the last page of the article:'); 
read In( last_page) 
end 

end 

Note this program segment only accesses fields applying to 
periodical references if the ref _kind field has a value other 
than BOOK, and the book-type fields are only touched if ref_ 
kind is BOOK. It is illegal to refer to a variant field if its 
variant is not in use. 

The syntax previously discussed for record definitions is 
simply expanded to include variants. Figure 11- 5 shows the 
new syntax with the fixed part of the record the same simple 
list of names and types we've seen before. The syntax of the 
variant part is shown in Figure 11- 6. 

In general, the tag field controlling the variant part may 
be any ordinal type, and there is no arbitrary limit on the 
number of different variants you may define in a record. It is 
an error if the tag field takes on a value not listed as one of 
the tag constants. 
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,. ................................... .. 
! t11g field "--, 

case 1 'A t .1 . : 1 ! luen 1 1er ,. .. J 
t11g field of 

type 
. ""·------··--·------"' ....._ ___ _. 

Figure 11-6. 

t11g field . ( 
const11nt · 

,. ....................................... ., 
! field list ! L_ ____ , ____________ J 

) ; 

t ll!J field : ( 
const11nt 

,.--------------. ---, 
! field list 1 . . 
'-------------------~ 

) ; 

Variant part syntax 

Now that we have admitted the possibility of record var­
iants, the following rules should be mentioned: 

• Either the fixed part or variant part of a record defini­
tion may be absent, but not both. 

• If a particular variant has no fields associated with it, 
an empty pair of parentheses is written after the tag 
constant. 

• Standard Pascal allows variants to be nested. This is not 
permitted, however, by Macintosh Pascal version 1.0. 
(Future versions may allow it.) 

You'll note in the syntax sketch for the variant part of the 
record definition that the tag field identifier is optional. 
When the tag field is omitted, the record has a special 
name: it is said to be a free-type un'ion. Access to any variant 
in a free-type union can be done without setting a tag field 
first (since there isn't one). Although such a use is technically 
illegal, free-type unions can be used as a dodge to subvert 
Pascal's usually rigorous type checking; the technique is 
occasionally used by advanced programmers as a last resort 
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to get around Pascal's rules. As an example, consider the fol­
lowing type definition: 

type 
fourbytes =record 
case Boolean of 
TRUE: { 
reaLval : real 

); 

FALSE: { 
array_val : packed array [ 1 .. 4] of char 

) 

end; 

This says variables of the type fourbytes will contain either a 
single real value or a packed array of four characters. 
Remember, however, these two different types will occupy 
exactly the same region of memory since they are both the 
same size. It is a simple task to write a program that will 
store a value of one type in the record and retrieve values of 
the other type: 

program free_unton__lab; 
( an experiment with a free type-union } 

type 
f ourbytes .. record 
case Boolean or 
TRUE: ( 
reaLval : real 

); 
FALSE: ( 
array_val : packed array [ 1 .. 4) of char 

) 

end; 

var 
x: f ourbytes; 
I: integer; 

begin ( free_unlon__lab } 
while TRUE do 
begin 
write('Enter a real value:'); 
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SETS 

readln(x.reaLval); 
write('The equivalent byte array:'); 
for I := I to 4 do 
write(ord(x.array_val[i]): 4); 
write In 

end 
end. 

Try out this program for a number of different real 
values. (Among other possibilities, you might try consecutive 
whole-number values or positive and negative powers of 2.) 
Can you determine what this program is doing? Write a pro­
gram to perform the inverse operation of accepting four byte 
values and translating them into the equivalent real numbers. 

Sets are another method of containing different values in a 
single variable. While arrays contain elements and records 
contain fields, sets are said to contain members. Like arrays, 
members contained in a set variable must be of the same type 
(called, once more, the base type of the set). Unlike arrays, 
however, sets are considered to be unordered with no fixed 
number of members, although they do have a maximum 
number of members. The syntax of the set type is shown in 
Figure 11- 7. 

The rules for constructing a set type are kept as simple as 
possible: you need only to specify what values are legal for 
members of the set. These values must be of an ordinal type, 
and they must be a contiguous range of values. 

Let's consider an example. To declare a set that may con­
tain the positive integer members 1 through 10, one could 
write the type declaration 

type 
tenset = set of I .. IO; 

As with any type, you may declare variables of a declared set 
type: 

var 
s 1, s2 : tenset; 
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set ofl base I 
type 

Figure 11- 7. 

Set type definition 
syntax 

Unlike records and arrays, it is possible to write set con­
stants in Pascal. Simply list the elements in the set separated 
by commas and enclose the list in square brackets. Option­
ally, the two-period subrange notation ( .. ) may be used as a 
shorthand to indicate all values from the lower bound of the 
subrange to the higher bound. For example, the following 
assignment statements could be used to give values to the 
declared set variables: 

s 1 := [ 1, 4, 6, 7 .. 10]; 
s2 := (2, 4, 6, 8, 10) 

The effect of these two assignments might be pictured this 
way: 

10 

6 

4 

9 

As already mentioned, the values contained in a set should 
not be considered to be in any particular order. A set may 
contain any number of values within the range of its type 
definition. For example, to place all values between 1 and 10 
into the set sl, one would simply write 

s 1 := [ 1.. 1 0 ]; 

It is also possible for a set to contain no elements at all. This is 
called, appropriately enough, the empty set. To assign s2 the 
empty set, one would use a pair of empty brackets, as shown: 

s2 := [] 

Individual elements in a set constant (including lower and 
upper bounds on subranges) are, syntactically, expressions 
evaluated when the program is run. So, for example, this set 
constant 

[i, j, t-j..i+ j] 
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would be evaluated to contain the values of i, j, and all values 
between i - j and i + j. 

Pascal provides a new relational operator called in to test 
whether a specific value is contained in a set. The expression 

11n s 

evaluates to the Boolean value TRUE if the element i is con­
tained in the set s, otherwise it evalutes to FALSE. The in 
operator has the same precedence as the other six relational 
operators; when evaluated, in expects to see a set value on its 
right and a value compatible with that set's base type on its 
left. 

Some of the operators we've already discussed also apply 
to set values, although the actual operations implied are dif­
ferent. The operators that may be applied to sets are sum­
marized in Table 11-1. The relative precedence and order of 
evaluation of these operators remain the same; the set union 
operator + has a lower precedence than the set intersection 
operator*. 

Table 11-1. 

Set Operators 

Operation Operator 

union + 

difference 

intersection * 

subset <= 

superset >= 

membership in 
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Use 

sl + s2 

sl - s2 

sl * s2 

sl <= s2 

sl >= s2 

e in sl 

Description 

result is the set of all ele­
ments present in either sl Qr 
s2 (or both) 
result is the set of all ele­
ments in sl but not in s2 
result is the set of all ele­
ments present in both sl and 
s2 
result is TRUE if all ele­
ments in sl are present in s2, 
else FALSE 
result is TRUE if all ele­
ments in s2 are present in sl, 
else FALSE 
result is TRUE if e is an 
element of sl, else FALSE 



To demonstrate operations on sets, let's write a simple 
program, set-lab, to initialize two variables of type tenset. It 
will show you how the various set operations work when app­
lied to the two sets. 

program seLlab; 
{ Experiments on sets J 

type 
tenset = set of 1 .. 1 O; 

var 
s 1, s2 : tenset; 

{ Insert procedure writeset ) 

begin { seLlab l 
sl := [1, 4, 6, 7 .. 10]; 
s2 := [2, 4, 6, 8, 1 O]; 

writeset(s 1 ); 
write(' + '); 

writeset(s2); 
write(' is '); 
writeset(s 1 + s2); 
writeln; 

writeset(s 1 ); 
write(' - '); 
writeset(s2); 
write(' is '); 
writeset(s 1 - s2); 
writeln; 

writeset(s 1 ); 
write(' * '); 
writeset(s2); 
write(' is '); 
writeset(s 1 * s2); 
writeln; 

writeset(s 1 ); 
write(' = '); 
writeset(s2); 
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write(' is '); 
writeln(sl = s2); 

writeset(s I); 
write(' <> '); 
writeset(s2); 
write(' is '); 
writeln(s I <> s2); 

writeset(s I); 
write(' <-• '); 
writeset(s2); 
write(' is'); 
writeln(s I <-= s2); 

wrlteset(sl ); 
write(' >= '); 
writeset<s2); 
write(' Is '); 
wrlteln(sl >= s2) 

end. 

(Use the Copy and Paste commands to cut down on the repeti­
tive typing involved here.) 

The procedure writeset accepts a value (not a variable) of 
the type tenset and displays it using Pascal's own set notation: 

procedure wrlteset (s: tenset); 
(write values In sets J 

var 
i, count : Integer; 

begin ( wrlteset J 
write('['); 
count:"' O; 
tor i :'" I to IO do 
If i Ins then 
begin 
if count > O then 
write(','); 
write(I : I); 
count := count + I 

end; 
write(']') 

end; 
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Note that there's no shortcut method for determining what 
elements are present in a set and which aren't; each possible 
element must be tested using the in operator. 

The results you get from running this program should 
appear as follows (expand the Text window if necessary): 

(1,1,6,7,6,9,10] + (2,1,6,6,10] is (1,2,1,6,7,6,9,10] 
(1,1,6,7,6,9,10) - (2,1,6,6,10) Is [1,7,9) 
(1,1,6,7,6,9,10] * [2,1,6,6,10] is [1,6,6,10] 
[1,1,6,7,6,9,10) • (2,1,6,6,10] I~ Falae 
[1,1,6,7,6,9,10] <> [2,1,6,6,10] is True 
[1,1,6,7,6,9,10] <• [2,1,6,6,10] is False 
[1,1,6,7,6,9,10] >• (2,1,6,6,10] is False 

Experiment with this program by specifying different ele­
ments for sl and s2 until you get a feeling for how each of the 
set operations works. 

Sets make it possible to solve some problems easily that 
would be rather difficult without them. For example, given 
two input strings, consider the problem of determining what 
characters are present in both strings. Although solvable 
using other data structures, the solution is easily found with 
sets. We can define a set type 

set of char 

which simply defines a set that can contain all possible char­
acter values. We can use two variables of this type to accumu­
late all distinct characters in the two strings; then the answer 
to the problem is simply the intersection of the two sets. 

Once the data structures have been set up, the program is 
relatively easy to write: 

program texLanalysis; 
{ report characters present in both of two input 1 

type 
charset = set of char; 

var 
cs : array [ 1 .. 2] of charset; 
line: string; 
ch: char; 
i, j : integer; 
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( Insert procedure write_charset 

begin ( texLanaysls } 
for i := 1 to 2 do 
begin 
write('Please enter line•·, i: 1, ': '); 
re~dlnCllne ); 
cs[i] := []; 

for j := I to lengthCllne) do 
cs[I] := cs[i] + [line[j]] 

end; 
wrtteln('Characters in both llnes:'); 
wrtte_charset(cs[ 1 J * cs[2]); 
writeln; 
end. 

The write-charset procedure is a simple modification of 
the writeset procedure we saw previously: 

procedure write_charset (cs: charset); 
( write values in character set cs } 

var 
ch: char; 

begin ( write_charset } 
for ch := chr(O) to chrC255) do 
if ch in cs then 
wrlte(ch : 2) 

end; 

Try ouJ; this program and verify that it works as it should. 
A simple modification to this program will cause it to print 
characters present in one string but not in the other, or char­
acters present in both strings. Try writing it and then see if it 
works. 

As a final set example, we'll implement the Sieve of Era­
tosthenes, a method for generating prime numbers. A prime 
number is an integer evenly divisible only by itself and 1. The 
Sieve method begins by considering all numbers between 2 
and some maximum value. Since 2 is prime, all multiples of 2 
are removed from further consideration (since they are, by 
definition, divisible by 2). After all multiples of 2 have been 
removed, the smallest number remaining is 3, which is also 
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prime. All multiples of 3 are then removed, and then multi­
ples of 5, and so on. At each step after removal of multiples, 
the smallest number remaining is the next prime. 

In psuedo-code, the Sieve algorithm might be written like 
this: 

fill 8ieve •ith all po88lble value8 (2 .. nAH) 
for k :• 2 to nAH: 

if k 18 in the 8ieve: 
k 18 prime 
reaove all aultiple8 of k fro• 81eve 

In Pascal, this becomes 

program Eratosthenes; 
( Implement Sieve of Eratosthenes algorithm } 

con st 
MAX= 500; 

type 
sieve_set = set of 2 .. MAX; 

var 
sieve : sleve_set; 
i, I< : integer; 

begin { Eratosthenes } 
sieve := [2 .. MAX]; ' 
for i := 2 to MAX do 
if i In sieve then 
begin 
wrlteln(i: I,· is prime.'); 
for I<:= I to MAX div i do 
sieve := sieve - [I< * i] 

end 
end. 

Since the value of MAX is 500, this program finds and 
prints all primes between 2 and 500. 

You may use set constants in your programs without 
declaring set types or variables. One common use of set con­
stants is in compact Boolean expressions. For example, the 
expression 

ch in ['a' . .'z', 'A' . .'Z'J 
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gives the value TRUE if the character ch is an uppercase or 
lowercase letter, otherwise FALSE. This is considerably more 
concise than writing the equivalent expression 

(ch >= 'a') and (ch <= 'z') or (ch >= 'A') and (ch <= 'Z') 

This approach is especially useful when the values to be 
tested are not contiguous values. For example, the following 
tests 

tf Ci • 3) or Ci .. 7) or (i • 99) then 

whi1e (ch='.') or (ch=';') or (ch= 'e') or (ch= 'E') do 

If (month =SEPTEMBER) or (month= APRIL) or 
(month =JUNE) or (month = NOVEMBER) then 

could all be rewritten as set-membership tests: 

if i in (3, 7, 99] then 

whtle ch In['.',·;·, ·e·, 'E'J do 

If month In [SEPTEMBER, APRIL, JUNE, NOVEMBER] then 

The definition of a set type tells Pascal the maximum 
number of elements the variables of the type can hold. The 
absolute maximum on the number of items in a set differs 
between different versions of Pascal. The Macintosh Pascal 
documentation states that sets whose base type is outside the 
range -8192 to 8191 "are not supported," which is a common 
euphemism for saying they probably won't work. 

Sets vary in the amount of memory they consume, depend­
ing on their definition. Roughly, you can count on each possi­
ble set member to consume one bit of memory, whether it is 
actually present in the set or not. That one bit value is used to 
indicate the presence of an element or its absence. For exam­
ple, the tenset type (set of 1..10) used earlier in the chapter 
consumes 10 bits. As an experiment, use the variant record 
technique described in the previous section to discover the 
precise method of set representation in Macintosh Pascal. 
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MACINTOSH PASCAL 
STRUCTURED TYPES 

The last thing one discovers in 
writing a book is what to put first. 

BLAISE PASCAL 

Macintosh Pascal provides a number of built-in or predefined 
structured types that allow your programs to accomplish even 
more advanced effects than we've seen so far. In this chapter, 
we'll discuss many of these types and the built-in procedures 
and functions provided to manipulate them. 

POINTS AND RECTANGLES 

Points and rectangles were introduced in Chapter 8. Macin­
tosh Pascal provides predefined record definitions that allow 
direct examination and manipulation of points and rectan­
gles. Both structures are defined as variant records; consider 
the definition for the type point: 

vhselect = (V. H); 
point - record 

case Integer of 
0: ( 
v: Integer; 
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h: Integer 
); 
I : ( 
vh: array[vhselect] of Integer 

) 

end; 

Note that you do not need to put these definitions into your 
own programs, any more than you need to put in type defini­
tions for real or Boolean; you may consider it to be already 
typed in for you by Macintosh Pascal. Vhselect is an enumer­
ated type (also predefined) that is used as a subscript type in 
the point definition. 

This point type definition really says nothing more than 
what you already know: to specify a point somewhere on the 
screen, you must specify two integers as a horizontal coordi­
nate (h) and a vertical coordinate (v). The variant definition 
simply gives you a choice as to how to refer to these two 
numbers contained inside the record. Suppose we have 
defined a variable of type point: 

var 

pt: point; 

You may refer to the horizontal coordinate of the point pt as 
either 

pt.h 

or 

pt.vh[H] 

Similarly, the vertical coordinate of pt can be accessed 
either by 

pt.v 

or 

pt.vh[V] 
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addpt(ptl, pt2) 
procedure arguments: 

description: 

equalpt(ptl, pt2) 
function type: 

function arguments: 

description: 

setpt(pt, h, v) 
procedure arguments: 

description: 

subpt(ptl, pt2) 
procedure arguments: 

description: 

Figure 12-1. 

ptl-point value 
pt2 - point variable 

adds coordinates in ptl to the 
corresponding coordinates in pt2; 
returns result in pt2. 

Boolean 

ptl, pt2-point values 

TRUE if ptl and pt2 contain the 
same coordinates, otherwise 
FALSE 

pt-point variable 
h, v-integer values 

sets horizontal coordinate of pt to 
h, vertical coordinate to v 

ptl-point value 
pt2 -point variable 
subtracts coordinates in ptl from 
the corresponding coordinates in 
pt2; returns result in pt2. 

Macintosh Pascal point-manipulation subprograms 

Remember the important distinction made in Chapter 8 
between points and pixels: points are infinitely small inter­
sections of the grid lines that define QuickDraw's coordinate 
plane, while pixels lie between pairs of adjacent grid lines. 
Pixels are all you actually see on the screen. Importa.nt built­
in procedures in Macintosh Pascal that work with points are 
shown in Figure 12-1. 

A similar variant record scheme is used to define the data 
type for rectangles called "rect'': 

rect = record 
case tnteger of 
0: ( 

top : 1nteger; 
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left : integer; 
bottom : integer; 
right : integer 

); 

1 : ( 
topleft : potnt; 
botrtght : point 

) 

end; 

Like points, the variant record definition for rectangles 
allows use of two alternate methods of accessing the fields of 
a rectangle variable. You may either specify the four grid 
lines that define the top, left, bottom, and right sides of the 
rectangle, or you may specify the two points that are at the 
upper left and lower right of the rectangle. So, for example, 
the following variable references are all integers that refer to 
the left-hand grid line of the rectangle r: 

r.left 

r. top lef t.h 

r.topleft[H] 

All the procedures described in Chapter 8 that accepted 
rectangle boundaries in the form 

(top, left, bottom, right ... ) 

may be called with a single rectangle argument to replace 
the four integer arguments. For example, these four argu­
ments in a call to frameoval, 

frameoval(top, left, bottom, right) 

might be replaced by a single rectangle variable: 

f rameova l(r) 

assuming the variable r contains the desired coordinates of 
the enclosing rectangle. 

Note: this substitution trick of one rectangle variable for 
four integers is not always permissible. Unless otherwise 
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noted, when a procedure or function expects a rectangle 
argument, you must provide it with the rectangle variable's 
name, not four integers. When you have the choice, however, 
the method you choose in your own programs should be the 
one you find more convenient in a given situation. 

Additional built-in procedures and functions useful for 
manipulation of rectangles are shown in Figure 12-2. All the 
procedures in Figure 12-2 are useful, but you'll find that 
some are more useful than others. Probably the most useful is 
setrect. We can set the fields in a rect-type variable directly 
with four assignment statements, 

r. left :• 33; 
r.rtght := 46; 
r.top :• 137; 
r.bottom :11 159 

but it's considerably more concise to accomplish the same 
thing with a single call to setrect: 

setrect(r, 33, 137, 46, 159) 

In the same way, we can rewrite the chessboard-drawing 
program we wrote in Chapter 8 by using a rectangle variable, 
initialized with setrect, and moving one corner of the rect­
angle with calls to addpt: 

program chessboard; 
( draw a chessboard J 

var 
r: rect; 
delta : point; 
I: Integer; 

begin C chessboard J 
setrect(r, 20, 20, 180, I 80); 
delta:• r.topleft; 
for I :• I to 8 do 
begin 
tnvertrect(r ); 
addpt(delta, r.topleft) 
end; 
setrect(r, 20, 20, 40, 40); 
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equalrect(rl, r2) 
function result: 
function arguments: 
description: 

emptyrect(r) 
function result: 
function argument: 
description: 

insetrect(r, dx, dy) 
procedure arguments: 

description: 

offsetrect(r, dx, dy) 
procedure arguments: 

description: 

ptinrect(pt, r) 
function type: 
function arguments: 

description: 

Figure 12-2. 

Macintosh Pascal rectangle­
manipulation subprograms 
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Boolean 
rl, r2-rect values 
returns TRUE if rl and r2 con­
tain the same coordinates, other­
wise FALSE. 

Boolean 
r-rect value 
returns TRUE if the rectangle r 
is empty (encloses no pixels), oth­
erwise FALSE 

r-rect variable 
dx, dy- integer values 
shrinks or expands rectangle r by 
moving horizontal coordinates 
inward by dx, vertical coordinates 
inward by dy. (Dx and dy may be 
positive or negative) 

r - rect variable 
x, y-integer values 
adds dx to rectangle's horizontal 
coordinates, dy to vertical coordi­
nates. (Dx and dy may be positive 
or negative) 

Boolean 
pt-point value 
r - rect value 
returns TRUE if the pixel to the 
right and below the point pt is 
inside the rectangle r, otherwise 
FALSE. 



pttoangle(r, pt, theta) 
procedure arguments: 

description: 

pt2rect(ptl, pt2, r) 
procedure arguments: 

description: 

sectrect(rl, r2, r) 
function type: 
function arguments: 

description: 

setrect(r, left, top, right, 
bottom) 

procedure argument$: 

description: 

unionrect(rl, r2, r) 
procedure arguments: 

description: 

Figure 12-2. 

Macintosh Pascal rectangle­
manipulation subprograms 
(continued) 

r-rect value 
pt-point value 
theta-integer variable 
returns theta as the angle in 
degrees of a line from the center 
of rectangle r to point pt, mea­
sured clockwise from "straight 
up." 

ptl, pt2-point values 
r-rect variable 
sets r to the smallest rectangle 
that has the points ptl and pt2 at 
the corners. 

Boolean 
rl, r2-rect values 
r-rect variable 
sets r to the rectangle enclosing 
pixels enclosed by both rl and r2 
(if any). Returns TRUE if rect 
angles intersect, FALSE if they 
don't. 

r - rect variable 
left, top, right, bottom-integer 
values 
sets rectangle r to specified bound­
ary coordinates 

rl, r2-rect values 
r-rect variable 
sets rectangle r to the smallest 
rectangle that encloses all pixels 
in both rl and r2. 
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dy 
insetrect(r, cix, dy): r------·--- -·--------., 

f ! 
dx j I dx 

I ... _________ _ 
........................... .J 

dy 

offsetrect(r, dx, dy): 
dy 

...__ __ dx ___ ,.-_-·_-_-..... • --------------------1 

Figure 12-3. 

Insetrect and offsetrect 

tor I := 2 to 8 do 
begin 
lnvertrect(r); 
addpt(delta, r.botrlght) 

end; 
framerect(19, 19, 181, 181) 

end. 

: 
! 

I I 
... _________ .... ----- - - - - -- .. ----- -- .J 

The other routines in Figure 12-2 of above-average use­
fulness are insetrect and offsetrect. Insetrect is used to shrink 
or expand rectangles, and offsetrect is used to move them; 
their actions are diagrammed in Figure 12-3. Note that inse­
trect and offsetrect don't do any drawing; they only perform 
mathematical operations on the fields of their rectangle 
argument. To show their effect, your program must subse­
quently execute some drawing procedure that uses the altered 
rectangle. For example, the following flashy program repeated­
ly inverts a shrinking oval: 
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program flashy_stuf f; 
( do some special effects J 

var 
r: rect; 

begin ( f lashy_stuff ) 
while TRUE do 
begin 
setrect(r, o, O, 200, 200); 
while not emptyrect(r) do 
begin 
lnvertoval(r); 
lnsetrect(r, I, I ) 

end 
end 

end. 

You may have noticed in some of our previous programs 
that you needed to adjust the output windows in order to see 
the entire output. It is poor program design to force the user 
of your programs to initialize window locations and sizes by 
hand before the program starts. (This is true even when you 
are the only user of your own programs.) Fortunately, Macin­
tosh Pascal provides simple routines to let your program set 
up its own window sizes and locations, albeit in a limited way; 
it allows you to specify whatever arrangement of the Text and 
Drawing windows you find suitable. Window manipulation 
procedures available to your program are summarized in 
Figure 12-4. 

The coordinate system used in specifying window rect­
angles is not the one we've used up until now, which, you'll 
remember, uses coordinates relative to the upper-left corner 
of the Drawing window. Instead, the window procedures use 
the so-called global coordinate system which gives positions 
relative to the upper-left corner of the screen. An easy way to 
see how this works is with a simple program that hides all 
windows (removes them from the screen), sets a new location 
for the Drawing window, then reveals the Drawing window in 
its new location: 

program wtndow_Jab; 
( experiment with windows ) 

var 
r: rect; 
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hide all 
procedure arguments: 
OP.RP.rintinn • 

getdrawingrect(r) 
procedure arguments: 
description: 

gettextrect(r) 
procedure arguments: 
description: 

setdrawingrect(r) 
procedure arguments: 

description: 

settextrect(r) 
procedure arguments: 

description: 

showtext 
procedure arguments: 
description: 

show drawing 
procedure arguments: 
description: 

Figure 12-4. 

none 
closes (or hides) all windows 

r-rect variable 
returns rectangle r giving size 
and location of the Drawing 
window 

r - rect variable 
returns rectangle r giving size 
and location of the Text window 

r-rect value 
sets location and size of the Draw­
ing window to the rectangle r 

r-rect value 
sets location and size of the Text 
window to the rectangle r 

none 
opens (or reveals) the Text win­
dow, which becomes the active 
window. 

none 
opens (or reveals) the Drawing 
window, which becomes the active 
window. 

Macintosh Pascal window-manipulation procedures 

begtn ( wlndow_lab } 
hldeall; 
setrect(r, I 00, I 00, JOO, JOO); 
setdrawingrect(r); 
showdrawlng; 
end. 
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Figure 12- 5. 

Window placement coordinate system 

The result of this program is shown in Figure 12- 5; note how 
the location of the window has been specified in terms of the 
distance of its edges from the top and left screen edges. 

Generally, whenever your program moves or changes the 
size of the Text or Drawing windows, it should set them back 
to their previous places afterward. The getdrawingrect and 
gettextrect procedures allow you to store in rectangle argu­
ments the current locations and sizes of the Drawing and 
Text windows, respectively. Your program may then move the 
windows around to whatever positions you find useful; just 
before the program ends, you then restore the windows to 
their original position. We've included examples later in the 
chapter. 

THE PEN: PATTERNS, SIZES, 
AND MODES 

Remember from Chapter 8 that a line in QuickDraw is 
defined to have no thickness. So, like points, QuickDraw lines 
are invisible and are never actually displayed on the screen. 
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When QuickDraw draws a line between two points, what is 
displayed are actually the pixels adjacent to the infinitely 
thin line, not the line itself. 

In line drawing, pixels are turned off and on by the 
QuickDraw pen. We have already seen that since the pen is 
defined to have a location at all times, to draw a line involves 
moving the pen from one location to another with the line, 
lineto, or drawline procedures. You'll also remember that the 
pen can be moved to a new location without drawing a line by 
using the move and moveto procedures. 

In addition to its location, the pen has other properties we 
have yet to explore: it has a size, a paitern, and a drawing 
mode associated with it as well. All these properties may be 
changed at will, allowing your programs to generate a 
number of interesting effects. 

Before we present the pen-manipulation procedures, let's 
experiment a bit first. Run the following program: 

program pen.Jab; 
( expertments wtth the pen) 

begin ( pen.Jab ) 
frameova1(5, 50, 195, 150) 

end. 

As we've seen before, this simply draws a thin oval in the 
Drawing window: 
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To see the effect of changing the pen's size, add the follow­
ing statement just before the call to frameoval: 

pens1ze( 1 O, 1 ); 

This time, the oval has a totally different character: 

This call to pensize sets the pen to be 10 pixels wide and 1 
pixel tall. The result, when framing the oval, is to draw a line 
10 pixels wide when the pen moves vertically (along the sides 
of the oval), a line 1 pixel wide when it moves horizontally (at 
the oval's top and bottom), and a relatively smooth transition 
between the two when the pen moves diagonally, similar to a 
calligraphy pen. The pen's default size - the one that applies 
if you don't set the size explicitly-is as fine as possible: 1 
pixel wide by 1 pixel high. 

Since the pen's point can get arbitrarily large, it's impor­
tant to know where it draws compared to the mathematically 
thin "line" it traverses when moving from one location to 
another. The rules are simple: the pen's location is defined to 
be the point at its upper-left corner; the pen hangs below and 
to the right of this point, affecting only the pixels below and 
to the right of the mathematical line. 

Just as you may change the size and shape of the pen's 
"point," you may also, figuratively speaking, change the color 
of the ink it draws with. The ink color is the pen's pattern. To 
change it, one calls the built-in procedure penpat. To see 
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how it works, add this line to our oval-drawing program just 
before the call to frameoval: 

penpat(gray); 

The result: 

The pen now draws in gray. The word "gray" used in the 
call to penpat is a predefined or built-in variable of the type 
pattern. There are four other predefined patterns available to 
your programs: ltgray (light gray), dkgrey (dark gray), 
white, and black. Try substituting these variables in the call 
to penpat and observe the results. 

You are not restricted to using the patterns provided to 
you by Macintosh Pascal; the pattern type has a perfectly 
normal (but predefined) type declaration as an array of eight 
unsigned bytes: 

pattern· array [0 .. 7) of 0 .. 255; 

As an example, add a declaration and initializations to 
pen _lab to use your own pattern variable pat in a line draw­
ing, as follows: 

program pen_.Jab; 
( experiments with the pen J 

var 
pat : pattern; 
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begin C pen.Jab ) 
pat[O] :• 199; 
pat[ I]:"' 163; 
pat[2] :• 17; 
pat[3] := 58; 
pat[4] :• 124; 
pat[5] :• 184; 
pat[6] :• 17; 
pat[7] :• 139; 
penpat(pat); 
penslze(IO, I); 
frameoval(5, 50, 195, 150) 

end. 

This results in the following display: 

Drawing 

Patterns are based on the underlying binary representa­
tion of the eight bytes in the array; each byte represents one 
row of pixels. Each byte contains eight bits. If a bit's value is 
1, the corresponding pixel in the pattern is black; if the bit is 
0, the pixel is white. The eight bytes therefore define an 
eight-by-eight-pixel array. This small pixel group is repeated 
over and over to generate as large a patterned area as needed. 
Figure 12-6 shows how the eight bytes are translated into the 
pixel pattern. 

Patterns may also be used independently of the pen. In our 
previous discussion of QuickDraw, we explored four basic 
operations: framing, painting, inverting, and erasing. The 
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Figure 12-6. 

Pattern-to-pixel translation 
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fifth basic operation QuickDraw performs is filling: painting 
an area with a specified pattern. Calls to filling procedures 
work similarly to the other shape-drawing procedures; there 
is simply a trailing pattern argument to the fill procedure. 
The simple example fills our oval with a pattern: 

program patterrLlab; 
(experiments with patterns J 

var 
pat : pattern; 

begin ( pattern.Jab } 
pat[O] :• 199; 
pat[1] :• 163; 
pat[2] :• 17; 
pat(3] :• 58; 
pat[4] :• 124; 
pat(S] :• 184; 
pat[6] :• 17; 
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pat[7] :• 139; 
f mova1(5, 50, 195, 150, pat) 

end. 

The result is the entire oval painted with the basket-weave 
pattern, which looks like this: 

Filling routines for the shapes discussed in Chapter 8 are 
summarized in Figure 12-7. Note that instead of using the 
rectangle arguments to these routines, you may replace them 
with four integer values. You should also recall that the paint­
ing operation paints with the current pen pattern and mode, 
whatever they are; this means you often have a choice 
between filling and painting whenever you want to display 
patterned figures. As always, you should make whatever 
choice is more convenient, understandable, and easy to 
change. 

The final pen attribute we'll consider here in detail is the 
pen's mode. The mode specifies the way the pen turns screen 
pixels black or white, depending on the pen's pixel pattern 
and the previous state of the affected screen pixels. There are 
eight possible modes, numbered 8 through 15. For conven­
ience, Macintosh Pascal (and QuickDraw) defines these 
numbers as predefined named constants: 

const 
PATCOPY • 8; 
PATOR = 9; 
PATXOR • 10; 
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fillarc(r, startangle, 
arcangle, pat) 

procedure arguments: 

description: 

filloval(r, pat) 
procedure arguments: 

description: 

fillrect(r, pat) 
procedure arguments: 

description: 

fillroundrect(r, oval_ 
wid, oval_ht, pat) 

procedure arguments: 

description: 

Figure 12-7. 

r-rect value 
start_angle, arc_angle-integer 
values 
pat-pattern value 
paints specifed arc with pattern 
pat 

r-rect value 
pat-pattern value 

paints specified oval with pattern 
pat 

r - rect value 
pat-pattern value 
paints rectangle r with pattern 
pat 

r-rect value 
oval_wid, oval_ht-integer 
values 
pat-pattern value 

paints specified rounded rectangle 
with pattern pat 

Macintosh Pascal filling procedures 

PATBIC • 11; 
NOTPATCOPY = 12; 
NOTPATOR .. 13; 
NOTPATXOR • 14; 
NOTPATBIC = 15; 

Again, you do not need to make these definitions yourself; 
they are built in. The pen's drawing mode is changed by call­
ing the procedure penmode and using a single argument to 
specify the desired mode. The following program shows how 
modes work with pen-drawing: 
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program mode_leb; 
(experiments with transfer modes} 

var 
y, mode : lnt~ger; 
modename: array[PATCOPY .. NOTPATBIC] of strlng[IO]; 

( Insert procedure putstr } 

begtn C mode_lab } 
modename[PATCOPY] :- 'PATCOPY'; 
modename[PATOR] :• 'PATOR'; 
modename[PATXOR] :• 'PATXOR'; 
modename[PATBIC] :• 'PATBIC'; 
modename[NOTPATCOPY] :• 'NOTPATCOPY'; 
modename[NOTPATOR] :• 'NOTPATOR'; 
modename[NOTPATXORJ :• 'NOTPATXOR'; 
modename[NOTPATBIC] :• 'NOTPATBIC'; 
paintrect(O, I 00, 200, 200); 
penpat(dkgray); 
penslze( I, I 0); 
for mode:= PATCOPY to NOTPATBIC do 
begin 
penmode(mode ); 
y :'" IS+ 25 *(mode - PATCOPY); 
putstr<modename[model, 2, y - I); 
drawllne(SO, y, 150, y) 

end 
end. 

This program draws eight dark gray 10-pixel-thick lines; half 
of each line is drawn against a white background, the other 
half against a black background. Each line is labeled with 
the mode in which it was drawn and text output to the Draw­
ing window is accomplished using the putstr routine: 

procedure putstr Cs : strt ng ; 
x, y: Integer); 

(display strings at Cx,y) In Drawing window} 

begtn ( putstr } 
moveto{x, y); 
drawstrlng(s) 
end; 
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The result: 

PATCOPV -· PATOR --· 
PATXOR--

PATBIC 

NOT p A Ti~i~iliiliiiiiliiilii 
NOT PA Ti~i~~ii!i!HH:l:i 
NOTPATBIC 

This result gives an intuitive idea of how the various 
modes work. Of the eight modes, the most important are: 

• PATCOPY paints the screen with pixels in pattern. The 
pixels currently on the screen are ignored. The result is 
simply the black and white pixels in the pattern. (This 
is the pattern-transfer mode in which Macintosh Pascal 
programs start.) 

• PATOR overlays the screen with pixels in a pattern. 
Black pixels in the pattern cause black pixels to be 
drawn on the screen, but white pixels in the pattern 
cause the screen pixels to retain their state. 

• PATXOR inverts screen pixels corresponding to black 
pixels in the pattern. White pattern pixels cause no 
change in screen pixels. The important thing to 
remember about PATXOR mode is that two successive 
calls to the same pattern-drawing routine in this mode 
leaves the screen precisely as before the two calls. This 
mode is often used to erase a previously drawn pattern 
on the screen, leaving everything else undisturbed. 

The precise effect of all eight modes on different pixel com­
binations is given in Figure 12-8. (You may want to follow 
through the tables to see if you can explain the output from 
the mode-lab program.) Although some of the modes are 
more useful than others, all have their place in special 
situations. 
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Transfer mode rules 
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The pen-manipulation routines used by Macintosh Pascal 
are shown in Figure 12-9. We have already demonstrated how 
the common operations of changing the pen's mode, size, and 
pattern are accomplished with calls to penmode, pensize, and 
penpat, respectively. 

Of the remaining routines, perhaps the getpenstate/set­
penstate pair deserves some additional attention. These 
procedures are nearly always called in pairs: first, getpen­
state saves the current pen's attributes before the program 
changes them; the pen's attributes can be changed back to 
their previous values with a balancing call to setpenstate. The 
pen's properties are stored in a variable of type penstate, 
defined this way: 
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getpen(pt) 
procedure arguments: 
descriotion: 

getpenstate(state) 
procedure arguments: 
description: 

penmode(m) 
procedure arguments: 
description: 

pennormal 
procedure arguments: 
description: 

penpat(pat) 
procedure arguments: 
descriotion: 

pensize(wid, ht) 
procedure arguments: 
description: 

setpenstate(state) 
procedure arguments: 
description: 

Figure 12-9. 

pt-point variable 
sets pt to current location of pen 

state-penstate variable 
saves pen's current location, size, 
mode, and pattern in variable 
state 

m-integer value 
sets pen's drawing mode to m; m 
should be in the range 8 to 15. 

none 
returns pen to initial state (1 by 1 
pixels in size, black pattern, PAT­
COPY mode) 

pat-pattern value 
sets pen's drawing pattern to pat 

wid, ht-integer values 
sets pen's size to wid pixels wide 
and ht pixels high 

state-penstate value 
restores pen's size, mode, pattern 
and location to that stored in state 

Macintosh Pascal pen-manipulation 
subprograms 

penstate • record 
pnloc: point; 
pnslze: point; 
pnmode: Integer; 
pnpat:pattem 

end; 
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Saving and restoring a pen state would therefore go some­
thing like this: 

var 

save_state: penstate; 

getpenstate(save_state); 

( calls to penmode, penpat, etc., here } 

setpenstateCsave_state> 

TEXT: STYLES AND MODES 

We have already seen in Chapter 8 how to place text in the 
Drawing window, change to different fonts, and use different 
point sizes. Macintosh Pascal also allows your programs to 
display text in different styles: italic, boldface, outlined, and 
so on. You are probably already familiar with these from 
MacWrite and MacPaint. This wonderful flexibility in text 
display is one of the Macintosh's great strengths and fortu­
nately is something which your programs can take advantage 
of with relative ease. 

At this point we need to become slightly more precise in 
the terminology we've been using and to introduce some new 
terms. Text drawing starts from the current pen position; the 
vertical position of the pen establishes a baseline for the out­
put characters. Most characters "sit" on the baseline, although 
characters with descenders (p, g, y, and q, for example) 
extend below the baseline. Characters may have different 
widths, depending on the character itself; the letter I is 
thinner than the letter M, for example. After each character 
is drawn, the pen moves to the right by the width of the char­
acter in preparation for the output of the next character. 

The key to displaying different text styles is the defini­
tions of the styleitem and style data types: 
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style Item = (BOLD, IT ALIC, UNDERLINE, OUTLINE, 
SHADOW, CONDENSE, EXTEND); 

style = set of styleitem; 

Most of these terms should be familiar to you from 
Mac Write and MacPaint: 

• BOLD-extra pixels are drawn to the right of the 
character. 

• ITALIC - pixels in the character above the baseline are 
shifted right, pixels below the baseline shifted left. 

• UNDERLINE-a line is drawn just underneath the 
baseline of the character skipping over any descenders. 

• OUTLINE-the character is drawn with a hollow 
interior. 

• SHADOW-the character is outlined; the outline is 
thickened to the right and below to give the appearance 
of a shadow. 

• CONDENSE-horizontal spacing between characters 
is decreased. 

• EXTEND-horizontal spacing between characters is 
increased. ' 

I 

Any or all of these properties may be specified in a call to 
the textface routine. Textface accepts a single argument of 
the style type, and since style is a set of style items, you may 
simply list the style items you want between square brackets, 
as a set constant. For example, to print "Hello there!" in shad­
owed italic bold 18 point Geneva font, one could write 

program greeting; 
( greet the world l 

begin { greeting l 
textstze< 18); 
textface([IT ALIC, BOLD, SHADOW}); 
moveto(S, 100); 
drawstring('He11o there!') 

end. 

The output from this program is exactly what was requested: 
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Orawin_g_ 

Changing the output style is simply a matter of changing the 
set of items specified in the call to textface; you may want to 
experiment with the different possible combinations. 

Text output also has its own set of modes. Like pen draw­
ing, mode values are small integers predefined as named con­
stants. Here are their names and values: 

const 
SRCCOPY = O; 
SRCOR = 1; 
SRCXOR = 2; 
SRCBIC = 3; 
NOTSRCCOPY .. 4; 
NOTSRCOR .. 5; 
NOTSRCXOR = 6; 
NOTSRCBIC = 7; 

You'll notice the similarity of these names to those of the pen­
drawing modes discussed in the previous section. Actually, 
the same rules we discussed for pen modes apply to similarly 
named text modes. For example, when drawing text in 
SRCXOR mode, a black pixel in a character inverts the pixel 
"under" it on the screen. The most commonly used text­
drawing modes are SRCOR, SRCXOR, and SRCBIC. Macin­
tosh Pascal programs start out in SRCOR mode. 

The text output mode is set with a call to textmode, which 
works just like the penmode routine discussed in the previous 
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sections. The following program is an example of how modes 
work: the name of each of the three important modes is 
drawn twice, once against a white background and again 
against a black background. 

program mode_lab; 
{experiments with text transfer modes) 

var 
y, mode : integer; 
modename : array [SRCOR..SRCBIC] of string [ 1 O]; 

{ Insert procedure putstr ) 

begin { mode_lab l 
modename[SRCOR] := 'SRCOR'; 
modename[SRCXOR] := 'SRCXOR'; 
modename[SRCBIC] := 'SRCBIC'; 
paintrect(O, 100, 200, 200); 
for mode:• SRCOR to SRCBIC do 
begin 
textmode(mode); 
y := 25 + 75 * (mode - SRCOR); 
putstr(modename[mode], 20, y); 
putstr(modename[mode], 120, y) 

end 
end. 

The output appears as follows: 

SRCOR 

SRCXOR 
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Once more, try to determine how the transfer mode rules in 
Figure 12-6 explain the behavior of this program. 

Macintosh Pascal also provides routines that allow your 
program to determine the size of the output text. This is 
important when a program must place text within certain 
limits (inside a box, for example). The first of these routines 
is getfontinfo. A call to getfontinfo has a single argument: 

getf ontinf o(inf o) 

Here the variable info must be declared to be of the type font­
info. The fontinfo type is predefined this way: 

fontinfo • record 
ascent : integer; 
descent : integer; 
widmax : integer; 
leading : integer 

end; 

The fields have the following meanings: 

• ASCENT-the maximum height (in pixels) that a 
character rises above the baseline. 

• DESCENT-the maximum depth (in pixels) that a 
character descends below the baseline. 

• WIDMAX-the width (in pixels) of the widest charac­
ter in the current font. 

• LEADING-the distance (in pixels) between the top of 
the tallest character and the lowest descender in the line 
above. 

The information retrieved with a call to getfontinfo ap­
plies only to the current font, size, and style, of course; when 
you change any of these, the information you retrieved from 
getfontinfo becomes obsolete. The information from getfont­
info is useful in obtaining limits on the maximum possible 
horizontal and vertical extents of a character or a string. It is 
often useful to find out the actual width in pixels of a charac­
ter or string. Since most Macintosh fonts contain characters 
of different widths, this is not as easy as pulling the widmax 
field of the fontinfo record and multiplying. Macintosh Pascal 
provides functions that determine the pixel width of a single 
character (charwidth) and a string of characters (string-
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charwidth( ch) 
function result: 
function arguments: 
description: 

getfontinfo(info) 
procedure arguments: 

description: 

stringwidth(s) 
function result: 
function arguments: 

description: 

textface(st) 
procedure arguments: 
description: 

textmode(m) 
procedure arguments: 

description: 

Figure 12-10. 

Macintosh Pascal text-drawing 
subprograms 

integer 
ch-character value 

returns width of ch in pixels 
(assuming current font, size, and 
style) 

info - fontinfo variable 

returns current font ascent, des­
cent, maximum character width, 
and spacing between adjacent 
lines 

integer 

s-string value 
returns width of s in pixels 
(assuming current font, size, and 
style) 

st-style value 

sets current style to the attributes 
found in the set st 

m-integer value 

sets text transfer mode to m 
(should be SRCOR, SRCXOR, or 
SRCBIC) 

width). These routines are shown in Figure 12-10 along with 
the other text-drawing procedures we've discussed here. We'll 
see how to use this font information in the next section. 
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gettime(dt) 
procedure argument: 
description: 

settime(dt) 
procedure argument: 
description: 

Figure 12-11. 

Macintosh Pascal clock/calendar 
subprograms 

USING MACINTOSH PASCAL 
STRUCTURED TYPES 

dt-datetimerec variable 
fetches date and time in Macin­
tosh's system clock into dt 

dt-datetimerec value 
sets Macintosh's system clock to 
the date and time specified in dt 

In this final section, you'll have a chance to apply the tools 
discussed so far. Our first program is a digital clock that dis­
plays the current date and time continuously. 

Pascal provides two built-in routines to access the Macin­
tosh's internal clock, which are described in Figure 12-11. Of 
these two routines, we'll only be using gettime; while settime 
might be useful to set the Macintosh's internal date and time 
from within a program, a more appropriate way is to use the 
Control Panel or Alarm Clock desk accessories. 

Both gettime and settime accept arguments of the type 
datetimerec. This record type is predefined this way: 

datetlmerec .. record 
year, month, day, hour, 
minute, second, dayofweek : integer 

end; 

Most fields are self-explanatory. The dayofweek field is an in­
teger signifying what day it is: 1 is Sunday, 2 Monday, and so 
on. The hour field reports in 24-hour time; possible values are 
the range of 0 to 23. 
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A very simple program might call gettime and output the 
values of the resulting fields: 

program telLttme; 
( display the current date and time } 

var 
dt: datetlmerec; 

begin ( te1Ltime} 
gettlme(dt); 
with dt do 
begin 
wrlteln('Today"s date: ·,month: 1, '/',day: I,'/', year: I); 
wrlteln('The time is:·, hour: I,':', minute: I,':', second: 1) 

end 
end. 

Type in and run this program to assure yourself that your 
Macintosh clock is set correctly. (If it isn't, set it using Con­
trol Panel or Alarm Clock.) 

A slightly more complicated program is one to display the 
date and time continuously in the Drawing window. What we 
would like to see is something like this, 

Drewing 

Wednesday, Rprll 3, 1985 
2:43:02 PM 

where the display changes to reflect the passage of time. A 
good place to start in our design is in the pseudo-code for the 
main routine: 

display current date and ti•• 
•hlle •ouae button la up 
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erase preulous date and ti•e 
display current date and ti•e 

end •hi le 

The problem with this design is that it results in a program 
that continuously erases and redraws, generating an unplea­
sant flickering display. (You might want to try writing the 
program yourself to verify the flickering effect.) 

One solution is to update the display only when the time 
actually moves from one second to another. We will also put 
the date information on a separate line in the display; this 
will allow us to change the time display once per second, leav­
ing the date display to be updated only when it actually 
changes. 

A revised pseudo-code might look like this: 

dlaplay current date and ti•e 
•hlle •ouae button Is up do 

get current date and tl•e 
If current tl•e <> last tl•e 

erase old time 
display ne• tl•e 
If current date<> last date 

erase old date 
display ne• date 

end If 
last date & tl•e :• current date & tl•e 

end If 
end mlle 

Erasing one string in the window can be accomplished rather 
easily using the SRCXOR mode discussed in the previous sec­
tion: writing the same string a second time erases it. We now 
have enough information to write the main routine: 

program dlgltaLclock; 
( display date & time continuously J 

const 
DATLI = 20; 
DATE_Y = 90; 
TIMLl< = 60; 
TIMLY = 110; 

type 
month..name_array = array [I .. 12] of string [I OJ; 
day_name_array .. array [I .. 7] of string [9]; 
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var 
dt, olcLdt: datetlmerec; 
monttLname: monttLname_array; 
day_name : day_name_array; 
ts, olcLts: string; 

{Insert procedure ln!Lnames) 
{ Insert function date_strlng ) 
{ Insert function tlme_strlng ) 
{ Insert procedure putstr ) 

begin C dlgltaLclock ) 
textmode(patxor ); 
textfont(O); 
textstze( 12); 
lnit.Jlames(monttLname, day_name); 
gettlme(olcLdt>; 
putstr(date_string(olcLdt), DATU, DATLY); 
olcLts :• time_strlng(olcLdt); 
putstr(olcLts, TIMLI, TIMLY); 
while not button do 
begin 
gettlme(dt); 
If dt.second <> olcLdt.second then 
begin 
ts:= time_string(dt); 
putstr(olcLts, TIMLI, TIMLY); 
putstr(ts, TIMU, TIMLY); 
old....ts :- ts; 
If dt.day <> old....dt.day then 
begin 
putstr(date_strlng(olcLdt), DATLI, DATLY); 
putstr(date_string(dt), DATU, DATLY) 

end; 
olcLdt := dt 
end 

end 
end. 

Note the use of the putstr procedure, which was presented 
earlier in this chapter. Putstr is a general-purpose tool rou­
tine that performs the extremely common task of placing a 
string at a specified point in the Drawing window; we'll be 
using it in the remainder of our programs. 

The arrays month-name and day _name, as you might 
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expect, are arrays of the names of months and days. The 
initialization of this array is isolated in a separate procedure: 

procedure iniLnames (var monttLname: 
month....name_array; 
var day_name : day_name_array); 

( initialize day and month names} 

begin (init_names} 
monttLname[ 1 J :='January'; 
monttLname[2] := 'February'; 
month-name[JJ :· 'March'; 
monttLname[4) :='April'; 
monttLname[SJ := 'May'; 
month....name[6) :"' 'June'; 
monttLname[7] :='July'; 
monttLname[BJ :•'August'; 
monttLname[9] :"''September'; 
monttLname[lO] :='October'; 
monttLname[ 11 J :·'November'; 
monttLname[ 12] :='December'; 
day_name[ I]:= 'Sunday'; 
day_name[2] :'"' 'Monday'; 
day_name(J] := 'Tuesday·; 
day_name[4] :='Wednesday'; 
day_name[SJ :='Thursday·; 
day_name[6] := 'Friday'; 
day_name[7J :='Saturday' 

end; 

The date-string and time_string functions return the 
strings corresponding to the date and time represented by 
their argument. We have isolated these duties into subpro­
grams so things can be easily modified if we want a different 
formatting for either date or time, or both. Of the two, date_ 
string is the simpler: 

function date_string (var dt: datetlmerec): string; 
(convert date-time record date Info Into string} 

begin ( date_strlng } 
with dt do 
date_strlng := stringof(day_name[dayofweel<J, ·, ·, 

monttLname[monthJ, · ',day: 1, ·, ·,year: 1 ); 
end; 
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To translate the numbers contained in the date and time 
record into a string, date-string uses the stringof function, 
which was mentioned in Chapter 7. As you may remember, it 
acts like writeln, except that the formatted output is not dis­
played but returned as a string. 

The time-string function is not that much more difficult; 
the complications involve displaying either A.M. or P.M. in the 
string and making sure leading zeros in the minute and 
second values are displayed. (In other words, displaying 
"3:04:06" instead of "3: 4: 6".) Here is time-string: 

function tlme_strlng (var dt : datetlmerec) : string; 
(convert date and time record Into string J 

var 
s: string; 
a1TL.PrTLf1ag : string [2]; 

begin ( tlme_strlng J 
with dt do 
begin 
If hour >• 12 then 
begin 
hour :• hour - 12; 
a1TL.PrTLflag:='PM' 

end 
else 
a1TL.PrTLf1ag:='At1'; 
s := stringof(hour: 1, ':',minute: 2, ':',second: 2, · ·, 

81TL.PrTLf1ag ); 
whlle pos(': ·, s) <> O do 
s[pos(': ·, s) ... I] :• ·o· 

end; 
tlme_strlng :• s 

end; 

This completes the digital clock program. Try it out and 
verify that both date and time are updated correctly. 

A natural second choice after programming a digital 
clock is an analog clock (a clock with hands). Our clock will 
have three hands: one each for hour, minute, and second. The 
remainder of the information contained in the date and time 
record (month, day, and year; day of the week; and whether it 
is A.M. or P.M.) will be displayed in tiny windows on the clock 
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Figure 12-12. 

The analog clock 

face. When we're done, the result will look something like 
Figure 12-12. Note this involves initializing the Drawing 
window to a larger size as discussed in the beginning of this 
chapter. 

The logic involved in keeping the clock up to date is sim­
ilar to our digital clock program. Every second, the second 
hand should be erased from its current position and redrawn 
to point to the next second. When the second hand sweeps 
over 12, the minute and hour hands are updated to new posi­
tions. Finally, twice a day, at noon and midnight, the A.M./P.M. 

window must be updated; at midnight the date windows must 
be updated. 

The main program, then, looks like this: 

program analog_clock; 
(display date & time continuously J 

const 
Pl= 3.14159265; 

type 
monttLname_array = array [ 1 .. 12) of string [3]; 
day_name_array = array [I .. 7) of string [3]; 
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var 
old.-dt, dt: datetimerec; 
month....name : month....name_array; 
day_name : day_name_array; 
old-wind, mo...rect, da...rect, 
yr ...rect, name...rect, am_pm...rect : rect; 
clock....ctr : point; 

(Insert procedure draw_rad ) 
( Insert procedure putstr ) 
( Insert procedure center ) 
( Insert procedure inf Lclock ) 
(Insert procedure draw_mfnhr ) 
(Insert procedure draw_second ) 
(Insert procedure show_day ) 
( Insert procedure restore_w/ndows 

begin ( analog_clock } 
hideall; 
iniLclock(month....name, day_name, old-wind, mo...rect, 

da...rect, yr...rect, name...rect, am_pm...rect, clock....ctr); 
gettime(old.-dt>; 
draw_second(old.-dt, clock....ctr); 
draw_mlnhrtold.-dt, clock....ctr); 
show_day{old.-dt, mo...rect, da...rect, 

yr ...rect, name...rect, am_pm...rect); 
whlle not button do 
begin 
gettime{dt); 
if dt.second <> old.-dt.second then 
begin 
draw_second(old.-dt, clock....ctr); 
draw_second{dt, clock....ctr); 
If old.-dt.minute <> dt.mtnute then 
begin 
draw_minhr(old.-dt, clock....ctr); 
draw_minhr(dt, clock....ctr); 
If Cold.-dt.hour <> dt.hour) and 

(dt.hour mod 12 = 0) then 
begin 
show_day(old.-dt, mo...rect, da...rect, 

yr ...rect, name...rect, am_pm...rect); 
show_day{dt, mo...rect, da...rect, 

yr ...rect, name...rect, am_pm...rect) 
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end 
end; 

old....dt := dt 
end 

end; 
restore_wlndows(old....wlnd) 

end. 

The rectangle variables mo-rect, da-rect, yr _rect, name_ 
rect, and am_pm_rect are simply the locations of the rect­
angular windows showing the date information. 

After hiding all the windows, the analog clock program 
calls an initializing routine to set up name arrays, initialize 
the Drawing window, and draw the clock's face. This is a lot 
to do, and init-clock calls on further nested routines to do 
each subtask separately: 

procedure tniLclock ( 
var monttLname : monttLname_array; 
var day_name : day_name_array; 
var old....wlnd, mo__rect, da__rect, 

yr _rect, name__rect, am_pm_rect : rect; 
var clocLctr: point); 

( Initialize global variables } 

(Insert procedure ln!Lnames 
( Insert procedure seLwlndows 
( Insert procedure clock_face } 
(Insert procedure seLrects } 

begin ( iniLclock} 
textf ont(O); 
textslze( 12); 
lnlt.Jlames(monttLname, day_name); 
seLwlndows(old....wlnd); 
clocLfaceCclocLctr); 
seLrects(mo__rect, da__rect, yr __rect, 

name_rect, am_pm__rect); 
textmode(patxor); 
penmode(patxor) 

end; 

Note that both pen drawing and text drawing will be done in 
XOR mode in this program. 
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Again, there is an init-names routine to set up the arrays 
of month and day names: 

procedure tnlL.names ( 
var monttLname : month....name_array; 
var day_name : day_name_array); 

( initialize names of months and days J 

begin ( init-'lames ) 
month....name[1] :='Jan'; 
month....name[2] := 'Feb'; 
month....name[J] :• 'Mar'; 
month....name[4] :•'Apr'; 
month....name[SJ :"''May'; 
month....namej6] :•'Jun'; 
month....name[7] :11 'Ju1'; 
month....name[BJ :•'Aug'; 
monttLname[9] :• 'Sep'; 
month....name[ 10) :• 'Oct'; 
month....name[ t 11 :• 'Nov'; 
month....name[ 12) :• 'Dec'; 
day_name[ 11 :• ·sun'; 
day_name[2) :•'Mon'; 
day_name[J) :•'Tue'; 
day_name[4] :•'Wed'; 
day_name[S] :• 'Thu'; 
day_name[6] :•'Fri'; 
day_name[7) := 'Sat' 

end; 

The set-windows procedure expands the Drawing win­
dow to nearly the entire screen and hides all others; the old 
size and location will be saved in the variable old-wind. At 
the end of the main program, the program calls restore_ 
windows to return the Drawing window to its previous size: 

procedure seLwlndows <var old....wlnd: rect); 
( lnltlallze window display} 

const 
WTOP 111 40; 
WBOT = 339; 
wt.EFT= 2; 
WRIGHT = 509; 
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var 
new_wind: rect; 

begin ( seLwindows } 
getdrawingrect(ol<Lwlnd); 
setrect(new_wlnd, WLEFT, WTOP, WRIGHT, WBOT); 
setdrawlngrect(new_wind); 
showdrawing 
end; 

procedure restore_wlndows (var ol<Lwlnd: rect); 
( restore original window sizes} 

begin ( restore_windows } 
hldeall; 
setdrawlngrect(ol<Lwlnd); 
showdraw ing; 
show text 

end; 

The set_rects procedure sets up and frames the five 
small windows in the clock face: 

procedure seLrects (var mo.-rect, da_rect, yr .-rect, 
name.-rect, am_pm.-rect : rect); 

( initialize display rectangles) 

con st 
RECT_WID = 40; 
RECL.HT = 20; 
MQ_)( = 185; 
M()_y = 195; 
DAJ< = 235; 
DA...Y • 195; 
YR-><• 285; 
YR....Y • 195; 
NAME->< .. 210; 
NAME_Y .. 95; 
AMPM....X = 260; 
AMPM_Y • 95; 

begin ( seLrects } 
setrect(mo_rect, MO-><, MO_V, MO-><+ RECT_WID, 

MO_V + RECT Jff); 
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setrect(da...rect, DA.JC, DA...Y, DA.JC + RECT_WID, 
DA...Y + RECL.HT); 

setrect(yr...rect. YR....X, VR.._V, YR....X + RECT_WID, 
VR.._V + RECTJfT); 

setrect(name_rect. NAMLX. NAMLY. 
NAMLX + RECT_WID, 
NAMLY + RECTJiT); 

setrect(am....pm_rect. AMPl'1.J(, AMPf1....Y, 
AMPl'1.J( + RECT _WID, 
AMPM._Y + RECT_HT); 

framerect{mo_rect); 
framerect{da_rect); 
framerect{yr _rect); 
framerect{name_rect); 
framerect{am_pm_rect) 

end; 

The clock face is drawn by the clock-face routine. It 
works from the outside in: first, the large circle is drawn, 
then 60 small tick marks, followed by the larger 5-minute 
tick marks, then the numbers 1 to 12: 

procedure clocLf ace (var clocLctr: point); 
( draw clock face } 

const 
CLOCK...RADIUS = 140; 
CLOCK..CENTER....X .. 255; 
CLOCK..CENTER.._V • 145; 
DIGIL.RADIUS = 115; 
SMALLTICKS = 7; 
BIG_TICKS • 15; 

var 
I, x. y : integer; 
clocLrect, digiLrect: rect; 

begin ( clocLface} 
setrect(clocLrect, CLOCK..CENTER....X - CLOCK...RADIUS, 

CLOCK..CENTER.._V - CLOCK..RADIUS, 
CLOCK..CENTER....X + CLOCK...RADIUS, 
CLOCK..CENTER.._Y + CLOCK...RADIUS); 

setpt(clocLctr. CLOCK..CENTER....X, CLOCK..CENTER.._V); 
frameoval(clocLrect); 
for I :· I to 60 do 
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draw_rad(clocLctr, CLOCl<-RADIUS, (i *Pl I 30)); 
lnsetrect(clocLrect, SMALLTICKS, SMALLTICKS); 
eraseoval(clocLrect); 
lnsetrect(clocLrect, -SMALL TICKS, -SMALL TICKS); 
for I:• I to 12do 
draw_rad(clocLctr, CLOCl<-RADIUS, (I* Pl I 6)); 
lnsetrect(clocLrect, BfG_TfCKS, BIG_TICKS); 
eraseova l(c locLrect>; 
lnsetrect(clocLrect, -BfG_TICKS, -BfG_TfCKS); 
for i : .. I to 12do 
begin 
x :• clocLctr.h 

+ round(DIGIL.RADIUS * cos((j - 3) *Pl I 6)); 
y :• clocLctr.v 

+ round(DIGIT__RADIUS * sin((i - 3) *Pl I 6)); 
setrect(digiLrect, x, y, x, y); 
centertstrlngof(i : I>. dlgiLrect) 
end 

end; 

Unfortunately, it takes a little trigonometry to understand 
everything that's going on here. Adjacent small tick marks 
are separated by an angle of 360° /60 = 6° = 1T /30 radians. 
Similarly, the large tick marks are 360° /12 = 30° = 1T /6 radi­
ans apart. Each set of tick marks is constructed by drawing 
radial lines from the center of the clock to the edge, then 
erasing all but the outer parts of the radial lines using inse­
trect and eraseoval. You may want to set some break points 
and watch this happen with the debugging aids. 

The process of putting numbers on the clock face is also 
slightly complex. First, the desired location of the number on 
the clock face is calculated from the distance of the numbers 
from the center (DIGIT -RADIUS) and the number itself. 
(Readers with some geometry background may recognize the 
conversion of polar to rectangular coordinates. In our coordi­
nate system, 0 degrees corresponds to 3 o'clock and angles are 
measured clockwise.) This calculation gives the desired loca­
tion of the center of the number. The center procedure trans­
lates this location into coordinates for the beginning of the 
number and places the number in the desired spot. 

The center procedure actually centers a string within (or, 
in this case, around) a rectangle. Although the derivation of 
the correct formula requires a little algebra, the final result 
is easy to understand. 
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procedure center (s : string ; 
var r : rect); 

[center strings in rectangle r) 

var 
info: fontinfo; 

begin [ center ) 
getf ont inf o(inf o ); 
with r, info do 
putstr<s, (left + right - stringwidth(s)) div 2, 

(bottom + top + ascent - descent) div 2) 
end; 

Radial lines are drawn with the draw _rad procedure: 

procedure draw...rad <var center : point; 
r: Integer; 
theta: real); 

( draw radial line from center at angle theta, length r ) 

begin ( draw...rad 1 
with center do 
drawllne(h, v, h + round(r * cos( theta)), 

v + round(r *sin( theta))) 
end; 

We're done with the initialization routines; the remainder 
is only a little more work. (If you are typing this in as we go, 
this is a good time to test what's been done so far. Write stub 
routines for the other procedures and verify that the clock 
face gets drawn in a recognizable manner.) 

The routine to draw the clock's second hand is a simple 
call to draw _rad: 

procedure tlraw_second (var dt: datetimerec; 
var clocLctr: point); 

(draw (or erase) second hand) 

const 
SELLEN = 130; 

begin [ draw_second ) 
draw...rad(clocLctr, SEC-1.EN, 

(dt.second - 15) * Pl I 30); 
end; 
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This routine is used to draw a second hand, but since the pro­
gram has been set to PATXOR mode, redrawing the second 
hand in the same position will erase the second hand. So this 
routine does double duty: we are using it for both erasure and 
drawing. The same comment applies to the draw _minhr 
routine that draws and erases the minute and hour hands: 

procedure draw_mlnhr (var dt: datetlmerec; 
var cloclLctr: point); 

(draw (Qr erase) minute and hour hands} 

const 
MIN_l.EN = 110; 
HR-1.EN .. 80; 

begin ( draw_minhr J 
penstze(2, 2); 
with dt do 
begin 
draw_rad(cloclLctr, MULLEN, 

(minute - 15) * Pl I 30); 
draw_rad(cloclLctr, HR-1.EN, 

end; 
pensize( 1, 1) 

end; 

(hour - 3 + minute I 60) * Pl I 6) 

Here we've increased the pen's size slightly to emphasize the 
hour and minute hands, just as on a real clock. 

The final routine, show _day, displays the date and 
A.M./P.M. information in the windows. Again, this routine does 
double duty: if called a second time with the same parame­
ters, it erases its previous work. (The text transfer mode in 
effect is SRCXOR.) 

procedure show_day (var dt: datetimerec; 
mo_rect, da....rect, yr _rect, 
name_rect, am_pm_rect : rect); 

(display (or erase) am/pm and date info} 

begin ( show_day } 
with dt do 
begin 
If hour>= 12 then 
center('PM', am_pm_rect) 
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else 
center('AM', am_pm_rect); 

center(montlLname[month], mo_rect); 
center(stringof(day : 1 ), da.sect); 
center(stringof(year : I), yr _rect); 
center(day_name[dayofweel<], name_rect); 

end 
end; 

The calls to the center procedure here are designed to write 
the indicated strings into the centers of the named rectangles. 

Once you get this program working, consider improve­
ments in the appearance of the clock. Could you get it to look 
more like a real clock? You may want to add sound effects: a 
tick every second, and perhaps chimes at the hour. How 
would you make it an alarm clock or a stopwatch? 

Our last program may be our most useful. You may have 
noticed that in our discussion of patterns the numbers corre­
sponding to the basket-weave pattern were, more or less, 
pulled out of a hat. Changing a pattern, or creating one in the 
first place, involves a lot of tedious and error-prone binary 
number manipulations. 
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Figure 12-13. 

The pattern editor 
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Fortunately, the Macintosh itself can remove nearly all the 
drudgery and unreliability involved in creating and modify­
ing patterns. The program we'll develop now is a pattern edi­
tor: a program that allows you to turn pattern bits on or off 
and immediately see the effect of the change on the pattern 
itself. Of course, all binary arithmetic will be done by the 
Macintosh; we'll also take advantage of the mouse. 

Once more, we'll start with a picture of the finished prod­
uct in operation. Figure 12-13 shows the interaction screen. 
Here the large 8 by 8 grid on the left is where all editing is 
done. Each square represents a bit in the pattern, an individ­
ual pixel. To change the state of a square from black to white, 
or vice versa, you simply click in the square with the mouse. 
Immediately the pattern on the right changes, giving imme­
diate feedback on your change. The numbers to the right of 
the grid change, too; these are the values of the byte repre­
sentation of the pattern. The program stops when you click in 
the Quit rectangle underneath the pattern. 

The main routine of the pattern editor appears as follows: 

program patteNLeditor; 
( Allow editing of pattern} 

const 
PATROWS = 7; 
PATCOLS = 7; 
GRID_SIZE = 30; 
GRID_)(= 10; 
GRID_Y .. 20; 

type 
row_lndex • o .. PATROWS; 
coLindex .. o .. PATCOLS; 
bl Lrecord • record 
r: rect; 
on: Boolean 
end; 
blLgrlcLarray • array [row_lndex, coLlndex] of 

blLrecord; 
var 
grid : btLgrlcLarray; 
paLrect, gr1cLrect, qutLrect : rect; 
ol<Lwtnd: rect; 
pat : pattern; 
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{ Insert procedure putstr ) 
{ Insert procedure show_gritLbit l 
{ Insert procedure show_pat_e/ement l 
( Insert procedure init_paLedit ) 
{ Insert function mouse_in ) 
{Insert function pressed l 
{ Insert procedure checLgrid ) 
{ Insert procedure restore_windows 

begin { pattern._editor ) 
hidea11; 
lnlLpaLedlt(grld, paLrect, grld....rect, 

qulLrect, o1d....wlnd, pat); 
while not pressed(qulLrect) do 
check.....grldCgrid, paLrect, grid....rect, pat); 
restore_wlndows(old....wind) 

end. 

Note that the procedures putstr and restore-windows 
have been explained in previous programs; we won't go into 
them again here. Pay special attention to the definition of the 
variable grid: it is an 8 by 8 array of records (but the sub­
scripts run from 0 to 7, which you may find slightly confus­
ing). Each element of the grid array contains a rectangle 
field telling the location of that grid element on the screen. 
The other field is a Boolean value named "on"; this field tells 
whether the pixel is black (in which case on is TRUE) or 
white (on is FALSE). 

Once again, much of the work of the program is carried 
out in the initialization routines. The init_pat-edit proce­
dure mostly calls separate procedures to do the work of set­
ting up windows, titles, the grid, the initial pattern, and the 
Quit rectangle: 

procedure lnlLpaLedit <var grid : blLgrld....array; 
var paLrect, grid....rect, quiLrect, old....wlnd: rect; 
var pat : pattern); 

C lnitla11ze global variables, set up initial display ) 

(Insert procedure seLwindows ) 
( Insert procedure draw_titles ) 
(Insert procedure iniLgrid } 
( Insert procedure iniLpat J 
( Insert procedure iniLquit } 

394 The First Book of Macintosh Pascal 



begin ( iniLpaLedit J 
textmode(patxor); 
seLwlndows(o l<Lw ind); 
draw_titles; 
iniLgrid(grid, gri<Lrect); 
iniLpat(pat, paLrect); 
iniLqult(qulLrect) 

end; 

The set_ windows routine here is identical to the one used 
for the analog clock program. Draw _titles simply sets up 
the labeling of various parts of the screen: 

procedure draw_tltles; 
(Draw titles and labels in window J 

const 
GENEVA= 1; 
VENICE• 5; 
TITLE L..X = 350; 
TITLE LY • 20; 
TITLE2....X • 330; 
TITLE2-Y .. 40; 
TITLE3.J< = 355; 
TITLE3_Y ... 110; 

begin ( draw_tltles J 
textf ont( VENICE); 
textsize( 14); 
putstr('Ye Olde', TITLE 1.J<, TITLE LY); 
putstr('Pattem Editor', TITLE2....X, TITLE2-Y); 
textfont(GENEVA); 
textslze( 12); 
putstr('Pattem', TITLE3.J<, TITLEJ_Y) 

end; 

The init_grid routine initializes the grid (to all white 
pixels) and draws its representation on the screen. It also 
initializes the variable grid_rect to the big rectangle enclos­
ing the entire grid: 

procedure lniLgrid (var grid : biLgrid-array; 
var grl<Lrect : rect); 

( initialize and display bit grid } 
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var 
row : row_lndex; 
col: coLlndex; 

begin ( iniLgrid ) 
setrect(gri<Lrect, GRID....X, GRID_Y, 

GRID....X + (PATCOLS + I)* GRID_SIZE, 
GRID_Y + (PATROWS + I)* GRIO_Sf ZE); 

for row:= Oto PATROWS do 
for col:"' 0 to PATCOLS do 
with grid[row, col] do 
begin 
setrect(r, col * GRID_Sf ZE + GRID....X, 

row * GRID_SIZE + GRID_Y, 
(col + I)* GRID-51ZE + GRID....X, 
(row + I)* GRID_Sf ZE + GRID_Y); 

on:= FALSE; 
show_gricLbit(grld, row, col) 
end 

end; 

The actual display of a single grid element is handled by 
the procedure show _grid_bit. Since the grid array con­
tains a field telling the location of the grid element on the 
screen, this is simply a matter of painting the rectangle black 
if the corresponding pixel is black, or erasing and framing it 
if it's white: 

procedure show_gri<Lbit (var grid: biLgri<Larray; 
row : row_index; 
col : coUndex); 

(display single element in bit grid) 

begin ( show_gricLbit J 
with grld[row, col] do 
If on then 
paintrect(r) 

else 
begin 
eraserect(r); 
framerect(r) 

end 
end; 
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The init_pat procedure initializes the pattern we are 
editing to all white, that is, to all 8 elements having a value of 
O; it also sets up the initial display of the actual-size pattern: 

procedure lnlLpat (var pat : pattern; 
var paLrect: rect); 

{ Initialize and display pattern} 

const 
PAL.X = 340; 
PAT_V = 120; 
PAT_SCLSIZ = 80; 

var 
row : row_lndex; 

begin { lnlLpat } 
for row:'"' Oto PATROWS do 
begin 
pat[row] :• O; 
show_paLelement(pat, row) 

end; 
setrect(paLrect, PAL..X, PAT_Y, 

PAT_)(+ PAT_SCLSIZ, 
PAT_Y + PAT_SQ_SIZ); 

framerect(paLrect); 
lnsetrect(paLrect, I, I ); 
f illrect(paLrect, pat) 

end; 

Init_pat calls show _pat_element to display the byte 
value of each row of the pattern. Since this is a simple numer­
ical output, the procedure is just a single call to putstr: 

procedure show_paLelement (var pat: pattern; 
row : row_lndex); 

{ Display value of pattern byte } 

const 
BYTLl>ISP_)( • 280; 

begin 
putstr<strlngof(pat[row]: 3), BYTLIISP-X, 

row* GRID-SIZE + GRID_V + GRIO_SIZE div 2) 
end; 
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Finally, the init_quit routine sets up and draws the Quit 
button rectangle and (just so there's no doubt) labels it with 
the word "Quit." Since we developed the center procedure in 
the previous program, we'll use it here to center the word 
inside the rectangle: 

procedure lniLquit (var qulLrect : rect); 
( initialize quit button } 

con st 
QUIT-X = 355; 
OUIT_Y • 210; 
OUIT_WID = 50; 
QUITJiT • 20; 

( Insert procedure center } 

begin ( inlLqult } 
setrect(qulLrect, QUIT-><, QUIT_Y, 

QUIT-><+ OUIT_WID, 
QUIT_Y + QUITJiT); 

rramerect(quiLrect); 
center('Qult', qulLrect) 

end; 

This completes the initialization; as before, this is a good 
place to get the program running to make sure things behave 
as they are supposed to. 

Returning to the main program, you'll notice that exit 
from the program is controlled by testing the Boolean func­
tion pressed with an argument of quit-rect. In plain lan­
guage, we are simply trying to say "Keep editing, as long as 
the Quit rectangle hasn't been clicked." The pressed function 
is a general-purpose routine, useful in any program where 
you want to detect pressing. 

Although the logic behind the routine is simple, it is also 
subtle. We consider the Quit rectangle to be pressed when the 
Mouse button has been both pressed and released while the 
mouse cursor is inside the button. If the Mouse button is 
released when the mouse cursor is outside the Quit rectangle, 
it is not considered to be a press. (However, the mouse can 
travel outside the Quit button and return any number of 
times; the only thing that counts is where the cursor is when 
the Mouse button is released.) This conforms to the Macintosh 
standard. 

398 The First Book of Macintosh Pascal 



Here is the pressed function: 

function pressed (var r: rect): Boolean; 
(was button pressed In rectange r?) 

var 
Inside : Boolean; 

begin ( pressed ) 
If not button then 
pressed :• FALSE 
else If not mouse_in(r) then 
pressed :• FALSE 
else 
begin 
Inside := TRUE; 
lnvertrect(r); 
while button do 
If mouse_ln(r) <> Inside then 
begin 
invertrect(r); 
Inside := not Inside 

end; 
If Inside then 
lnvertrect(r); 

pressed :• Inside 
end 

end; 

Pressed makes use of another Boolean function, mouse_ 
in. A call to mouse-in(r) returns TRUE if the mouse cursor 
is within the rectangle r, else it returns FALSE: 

function mouse_in (var r: rect): Boolean; 
( Is mouse Inside rectangle r ? ) 

var 
mp: point; 

begin ( mouse_tn ) 
getmouse(mp.h, mp.v); 
mouse_ln := pttnrect(mp, r) 
end; 

If the Quit rectangle is not being pressed, the program 
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checks for mouse activity in the grid. If the Mouse button is 
being depressed within the grid, the grid square to which the 
mouse is pointing is changed to the opposite color (white goes 
to black, black goes to white). The program then considers 
that the user is drawing in the grid with that new value. As 
long as the Mouse button is depressed, the program will set 
the bits the mouse visits to the same value as the one that was 
first flipped. (You may recognize this as a rough description 
of the way Fatbits works in MacPaint.) 

The check _grid procedure follows this informal 
description: 

procedure checlLgrid (var grid: blLgri<Larray; 
var paL.rect, gri<Lrect : rect; 
var pat: pattern); 

(check for mouse-editing In bit grid} 

var 
drawval : Boolean; 
rowo, row : row_index; 
coJO, col : coLindex; 

( Insert procedure whic/Lbit 
( Insert procedure seLbit } 

begin ( checlLgrid} 
If button then 
If mouse_ln(gri<Lrect) then 
begin 
whlch....blt(rowo, coJO); 
drawval :=not grtd[rowo, coJO].on; 
seLblt(rowO, coJO, drawval); 
while button do 
If mouse_in(grl<Lrect) then 
begin 
which....bit(row, col); 
If (row <> rowO) or (col <> coJO) then 
begin 
rowo :•row; 
coJO :•col; 
seLblt(row, col, drawval) 

end 
end 

end 
end; 

400 The First Book of Macintosh Pascal 



Check_grid uses a procedure called which-bit to deter­
mine to which grid square the mouse is currently pointing. 
This is a relatively simple calculation based on the constants 
that define the grid's left and top edges and the grid-square 
size: 

procedure whictLblt (var row : row_index; 
var col : coLindex); 

( in which grid square is the mouse? } 

var 
x, y : Integer; 

begin ( whlctLblt } 
getmouse(x, y); 
col:• (x - GRID-><) div GRIO_SIZE mod (PATCOLS + I); 
row:= (y - GRllLY) div GRID_SIZE mod (PATROWS + I) 

end; 

Note that there is a small but real chance that the mouse has 
scampered outside the grid since the last call to getmouse. We 
therefore protect the calculation with a mod operation to 
force the results back into the legal range 0 .. 7. 

Finally, a single bit in the pattern is set to its new value by 
the set_bit procedure. Set_bit sets the grid element to the 
desired value and displays it by calling show _grid-bit. It 
then erases the previous byte value for that row by calling 
show_ pat _element. 

procedure seLbit (row : row_index; 
col : coLlndex; 
val : Boolean); 

( set bit In pattern to val and display results } 

begin ( seLblt } 
grld[row, cot].on :•val; 
show_gri<Lbit(grld, row, col); 
show_paLe lement(pat, row); 
if val then 
pat[row] :'" bitor(pat[row], 

bltshift(I, PATCOLS- col)) 
else 
pat[row] := bitand(pat[row], 

bitnot(bitshift( 1, PATCOLS - col))); 
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show_paLelement(pat, row); 
fillrect(paLrect, pat) 

end; 

Single bits in a byte (or, in general, a long integer value) 
may be set to 0 or 1 without affecting other bits by using the 
bit functions described in Chapter 7. To set a bit to 1, we can 
OR the byte with a mask value containing 0 bits everywhere 
except for a 1-bit at the desired bit position. To set a bit to 0, 
on the other hand, irtvolves ANDing the byte with a mask 
containing all l's and a 0 bit at the desired position. Once the 
byte has been adjusted, we can display its new value (using 
show _pat-element again) and display the altered pattern 
in the pattern box. 

That's all we need for the complete pattern editor. After 
you get it typed in, try to duplicate the basket-weave pattern 
shown previously. After that, a quick test: what pattern 
results from the byte sequence 199, 199, 187, 76, 124, 124, 187, 
196? 
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INDEX 

A 

abs function, 176-78 
Active windows, 4 
addpt procedure, 351 
analog_clock program, 383-92 

clock_face procedure in, 388-89 
date_string function in, 388-89 
set_rects procedure in, 387-88 
set_ windows procedure in, 386-87 
show _day procedure in, 391-92 

and operator, 61 
Apostrophe ( ') 

and character constants, 152 
enclosing strings, 7-8 
in strings, 24 

Arguments 
function, 177 
passing arrays as, 311-12 
procedure, 260 
variable vs. value, 267-71 

Arithmetic functions, 176-81 
Arithmetic operators 

used with integer variables, 37-39 
used with real variables, 49 

Array structured type, 303-22 
multidimensional, 314-15 
packed, 309-11 
packed string type of, 312-14 
subscripts of, 304-07 
use in charfreq program, 315-17 
use in dice_simulation program, 

317-22 

Array type definition, 307-08 
arrow program, 225 
ASCII character set, 157 
ASCII program, 185-86 

after adding page procedure to, 216 
Assignment-compatible data types, 301-02 
Assignment sign (:=}, 34-35 
Asterisk ( *) multiplication operator, 37 

B 

BACKSPACE key, 7 
Base type, 304 
bitand function, 208-11 
bitnot function, 208 
bitor function, 208-11 
Bits, 206-07 
bitshift function, 208 
bitxor function, 208-11 
Boolean data type, 57-65 

Boolean operators and, 60-62 
relational operators and, 62-65 

Boolean operators, 60-62 
Braces ( {} }, 23 
bridge_deal program, 328-33 
Bug box, 11 
bullseye program, 242 
button function, 200-01 
Buttons, 14 
Bytes, 206-07 

c 
Cairo program, 233-34 
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case statement, 121-26 
using otherwise with, 124-26 
writing days_in_month program 

with, 123-24 
center procedure, 390 
char data type, 152-59 

operators used with variables of the, 
155-56 

type mixing and, 153 
upper- and lowercase variables of 

the, 158-59 
Character set, 156-57 

program to display the Macintosh's, 
185-86 

charfreq program, 315-17 
charwidth function, 375-76 
Check boxes, 18 
Check option, 135-36 
check_grid procedure, 400 
chessboard program, 228-29, 239 

adding rect variable to, 353, 356 
chop_first_word procedure, 265-66 
chr function, 183-84 

producing non-typing characters 
with, 185-86 

Clear option, 87 
Clicking and double-clicking, 2 
Clipboard, 88-91 
clock_face procedure, 388-89 
Close box, 3-4 
Close option, 16 
COMMAND key, 95-97 
Comments, 23 
Compound statements, 46 
Computational real data type, 166-69 
concat function, 187 -88 
Conditional execution, 40 
Constant definition part, 52-53 
Constants, 53-54 

in case statements, 124 
character, 152 
as expressions, 74-75 
set, 341-42 

Control structures, 40 
Coordinate system, 222-23, 237-38 
copy function, 187-88, 190 
craps program, 278-88 
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craps program, (continued) 
get_yes_or _no function of, 280-81 
playround procedure of, 282-83 
procedures for drawing dice for, 

285-87 
Cut option 

moving text with, 88-89 

D 

Data types, built-in, 151-73 
Boolean, 57-65 
categories of, 300-02 
char, 152-59 
defining synonyms of, 291-92 
integer, 34-40 
long integer, 163-65 
mixing, 58 
real, 49-57, 166-69 
string, 159-63 

Data types, user-defined, 289-302 
categories of, 300-02 
defining, 290-93 
enumerated, 293-98 
subrange, 298-300 

date_string function, 381-82 
day _test program, 273, 276 

adding enumerated type to, 297-98 
days_in_month 

function, 272-73, 295 
program, 121-26 

deal procedure, 332 
Debugging programs, 131-49 

by checking syntax, 132-36 
with the Instant window, 146-49 
with the Observe window, 140-44 
by stepping, 136-40 
using stops, 144-46 

Delay loops, 110-11 
delete_leading_blanks procedure, 265 
delete procedure, 217 
desk_calc program, 70-72 
Dialog box, 13-14 
dice_simulation program, 317-22 
digital_clock program, 378-83 

date_string function in, 381-82 
init_names procedure in, 381 
time_string function in, 382 



Disks 
housekeeping hints for, 97-100 
retrieving programs from, 17 
saving programs on, 13-16 
saving programs to print on, 20 

div, 38-39 
Double real data type, 166-69 
Dragging, 2 
dragnet program, 252-53 
draw _minhr procedure, 391 
draw _second procedure, 390 
draw _titles procedure, 395 
drawchar procedure, 230 
drawdice procedure, 285-86 
drawdie procedure, 286-87 
Drawing option, 85 
Drawing window, 6 

local coordinate system of, 222-23 
moving, 357-59 
opening, 84-85 

drawline procedure, 228-29 
drawstring procedure, 230 

E 

echo program, 163 
Editing 

shortcuts, 95-97 
simple program, 8-10 
using selection techniques, 83-87 

Eject option, 16 
Elements, 303 
else if structure, 113-21 

examples of, 116-21 
syntax of, 115-16 
vs. the case statement, 125 

Empty set, 341 
Empty statements, 108-11 
emptyrect function, 354 
ENTER key, 141 
Enumerated data types, 293-98 
equalpt function, 351 
equalrect function, 354 
erasearc procedure, 245, 24 7 -48 
eraserect procedure, 235-37 
eraseroundrect procedure, 243 
Eratosthenes program, 346-47 
Errors, program, 131-32 

Euclid program, 69 
Executable part, 23-24 
Expressions, 35, 74-81 

functions and, 178 
precedence and, 77-81 
type mixing and, 75-76 

Extended real data type, 166-69 

F 

Field width 
of Boolean values, 58-59 
of integers, 44 
of real values, 50 

Fields, record, 322-23 
fillarc procedure, 366 
filloval procedure, 366 
fillrect procedure, 366 
fillroundrect procedure, 366 
Find option, 92-94 
Fixed-point notation, 51 
flashy _stuff program, 357 
Floating-point notation, 50-51 
fontinfo structured type, 375 
Fonts, 231-33 
for loops, 40-48 

compound statements in, 46-47 
loop control variables in, 41-43 
syntax of, 45 

framearc procedure, 245 
frameoval procedure, 240-41 
framerect procedure, 235-37 
frameroundrect procedure, 243-44 
Free-type unions, 338-40 
Function calls, 177-78 

vs. procedure calls, 213-16 
Function definition part, 267 
Function heading, 271 
Functions, library, 175-211 

arithmetic, 176-81 
memory, 204-11 
ordinal, 183-86 
other, 198-203 
string manipulation, 187-98 
transfer, 182 

Functions, user-defined, 271-75 
scope and nesting of, 275-78 
writing craps program using, 278-88 
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G 

get_bet function, 284 
get_yes_or _no function, 280-81 
getdrawingrect procedure, 358 
getfontinfo procedure, 375-76 
getmouse procedure, 250-51 
getpen procedure, 370 
getpenstate procedure, 370 
getsoundvol procedure, 250, 253 
gettextrect procedure, 358 
gettime procedure, 377 
Global variables, 265 
Go option, 8 
Go-Go option, 146 
golden program, 134-37 

adding functions to, 274-75 
after fixing logic error in, 139 
after fixing precision error in, 148 

goto statement, 126-29 
Graphs, 318-21 
greeting program, 372-73 
guessing _game program 

H 

guessing characters with, 157 
guessing numbers with, 120-21 

Halt option, 73 
hello program, 6, 10, 231 

after adding put_string procedure, 
260-61 

Hexadecimal 
writing integer constants in, 39 
writing long integer constants in, 165 

hideall procedure, 358 
hiword function, 207-08 

Icons, 3 
Identifiers, 22 

defining, 33 
if ... then statement, 101-05 
if ... then ... else statements, 105-13. 

See also else if structure 
empty statements and, 108-11 
nesting, 111-12 
semicolons in, 106-08 

in set membership operator, 342 
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include function, 187-88 
init_clock procedure, 385 
init_deck procedure, 330 
init_dice_simulation program, 320 
init_grid procedure, 395-96 
init_names procedure 

in analog _clock program, 386 
in digital_clock program, 381 

init_pat procedure, 397 
init_pat_edit procedure, 394-95 
init_quit procedure, 398 
insert procedure, 217 
Insertion point, 6 

moving, 9-10 
insetrect procedure, 354 
Instant option, 146 
Instant window, 146-49 
instruct procedure, 264 
Integer data type, 34-40, 301 

assigning variables of the, 34-37 
long, 162-65 
operators used with variables of the, 

37-39 
writing variables of the, 39-40 

invertarc procedure, 245, 247 
invertcircle procedure, 242 
invertoval procedure, 240-41 
invertrect procedure, 235-37 
invertroundrect procedure, 243 
is_leap function, 273 

J 

Jiffies, 201-02 

K 

Keyboard 
inputting characters from, 169-71 

keyboard program, 239-40 
keysounds program, 252 
Kilobytes, 206-07 

L 

Label definition part, 126 
Labels, 126-27 

multiple, 129 
length function, 187-88 
line procedure, 225-27 



lineto procedure, 84, 224-25 
Local variables, 265 
Logic errors, 132 
Long integer data type, 163-65 
Loop body, 66 
Loop condition, 66 
Loop control variables, 41-43 

after loop completion, 48 
Boolean, 60-61 
character, 158 

Loops 
delay, 110-11 
for, 40-48 
repeat, 70-73 
while, 65-69 

lower _to_upper program, 189-92 
loword function, 207-08 

M 

Macintosh 
fundamentals of using, 1-4 
program to display character set of, 

185-86 
Mac Write 

transferring text to and from, 90-91 
MAXINT constant, 164 
MAXLONGINT constant, 164 
max3 program, 116-18 
Members, set, 340 
Memory 

functions, 204-11 
limits on arrays due to, 308-09 
limits on real variables due to, 55-57 

Menu bar, 2 
Menus, 2-3 
Message box, 8 
Minus (-) subtraction operator, 36 
mod, 38-39 
Modes 

shape-drawing, 365-68 
text-drawing, 373-75 

Mouse 
moving, 2 

mouse_in function, 399 
move procedure, 225-27 
moveto procedure, 84, 224-25 

Multidimensional 
arrays, 314-15 
records, 326-28 

N 

Newton program, 73 
adding else if structure to, 119 
adding extended real variables to, 

168-69 
adding if ... then statement to, 

103-04 
adding if ... then ... else statement to, 

112-13 
not operator, 60 
note procedure, 250-52 
Null strings, 162-63 
Numbers 

0 

integer, 34 
real, 49 

Observe option, 141 
Observe window, 140-44 
odd function, 179 
offsetrect procedure, 354 
omit function, 187-88 
Open ... option 

opening icons with, 3 
opening program files with, 16-17 

Operators 
arithmetic, 37-39 
Boolean, 60-62 
precedence of, 77 
relational, 62-65 
set, 342 
unary vs. binary, 60 

oppsign function, 274 
or operator, 62 
ord function, 183 

use with enumerated type values, 297 
Ordinal data types, 301 
Ordinal functions, 183-86 

use with enumerated type values, 
296 

Outline font, 12 
Overflow, 55 
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p 

pack procedure, 310-11 
Packed string type, 312-14 
page procedure, 215-16 
Page Setup option, 18-19 
paintarc procedure, 245-46 
paintcircle procedure, 242 
paintoval procedure, 240-41 
paintrect procedure, 235-37 
paintroundrect procedure, 243 
palindrome program, 218-21 
Paper, printing, 18 
Parentheses, 77-79 
Pascal disk, 14 

copying, 98-99 
Paste option 

copying text with, 89-90 
moving text with, 89 

PATCOPY drawing mode, 368 
PATOR drawing mode, 368 
pattern structured type, 362-63 
pattern _editor program, 392-402 

draw _titles procedure in, 395 
init_pat_edit procedure in, 394-95 
init_quit procedure, 398 
mouse_in function in, 399 
set_bit procedure in, 401-02 
show _grid_ bit procedure in, 396 

PATXOR drawing mode, 368 
Pause option, 68 
Pen, QuickDraw, 359-71 

mode of, 365-68 
patterns of, 361-63 
procedures to manipulate, 369-71 
size of, 361 

penmode procedure, 365-68, 370 
pennormal procedure, 370 
penpat procedure, 361-63, 370 
pensize procedure, 361, 370 
Period ( . ), 26 
piechart program, 246-48 
Pixels, 223 

and points, 237-38 
and the QuickDraw pen, 360 

playround procedure, 282-83 
Plus ( +) addition operator, 35 
point structured type, 349-51 
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Pointer, 2 
crosshair, 8 
I-beam, 9 

Pointing finger sign, 68, 137-38 
Points, 237-38 

subprograms to manipulate, 351 
pos function, 187-88 
pred function, 184-85 
pressed function, 399 
Pressing, 2 

Print option, 19 
Printers, 20 
Procedure calls, 213-14 
Procedure definition part, 267 
Procedure heading, 260 
Procedures, library, 213-55 

other, 250-55 
QuickDraw, 221-29 
QuickDraw text-display, 229-34 
shape-drawing, 234-50 
standard, 213-16 
string-manipulation, 217-21 

Procedures, user-defined, 257-71 
adding to wordcount program, 263-66 
relationship to programs, 259-62 
scope and nesting of, 275-78 
using value vs. variable arguments 

in, 267-71 
writing craps program using, 278-88 

Program header, 21 
Program lines 

indenting, 7 
selecting, 86 

Program windows, 6 
naming, 15 

Programs 
components of simple, 21-26 
debugging, 131-49 
editing, 8-10 
entering, 6-8 
printing, 17-20 
retrieving, 16-17 
saving, 13-16, 99-100 
syntax errors in, 10-13 

Pseudo-code, 70 
ptinrect function, 354 
pttoangle procedure, 355 



ptzrect procedure, 355 
put_string procedure, 257-61 
putstr procedure, 367-68 

Q 

quad program, 84, 91, 221-22 
quadsolver program, 181 
QuickDraw procedures 

for drawing arcs, 244-50 
for drawing circles, 241-42 
for drawing ovals, 240-41 
for drawing rectangles, 235-40 
for drawing rounded-comer 

rectangles, 242-44 
for filling shapes, 366 
other, 250-55 
for pen manipulation, 370 
simple, 221-29 
for text display, 229-34 

Quit option, 16, 27 

R 

randint function, 273 
random function, 121, 198-200 
reaction program, 203 
read procedure, 155, 169-73, 214-16 
readln procedure, 64-65, 169-73, 214-16 
Real data type, 49-57, 301 

limits of the, 55-57 
operators used with variables of the, 

49 
other, 166-69 
writing variables of the, 51-52 

Record structured type, 322-40 
multidimensional, 326-28 
use in bridge_deal program, 328-33 
using with statement with, 325 
variant, 333-40 

Record type definition, 325-26 
rect structured type, 351-59 

manipulating rectangles with, 351-57 
manipulating windows with, 357-59 

Rectangles 
drawing, 235-40 
drawing rounded-corner, 242-44 
subprograms to manipulate, 354-55 

Relational operators, 62-65 

Relational operators, (continued) 
comparing enumerated type values 

with, 297 
comparing packed string variables 

with, 313 
repeat loop, 70-73 
Repetitive execution, 40 
report procedure, 264 
rescale procedure, 321 
Reserved words, 7 

list of, 21 
Reset option, 143 
RETURN key, 7 
round function, 181-82 
Run-time errors, 131-32 

s 
Save as ... option 

saving programs with, 13-16 
scanning_bar procedure, 253-55 
Scientific notation. See Floating-point 

notation 
Scope rules, 276-78, 293 
scribble program, 251 
Scroll box, 34 
Select All option, 87 
Selecting, 83-87 

options from menus, 2-3 
self-portrait program, 249-50 
Semicolon (; ), 25, 106-08 

in empty statements, 108-11 
Sequential execution, 40 
Set operators, 342 
Set structured type, 340-48 

constants, 341 
operators used with variables of the, 

342 
use in text_analysis program, 345-46 
use in writeset procedure, 344-45 

set_bit procedure, 401-02 
set_rects procedure, 387-88 
set_windows procedure, 386-87 
setdrawingrect procedure, 358 
setpenstate procedure, 370 
setpt procedure, 351 
setrect function, 355 
setrect procedure, 355 
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setsoundvol procedure, 250, 253 
settextrect procedure, 358 
settime procedure, 377 
Shift-click selection, 87 
Shortcuts, editing, 95-97 
show _day procedure, 391-92 
show _grid_bit procedure, 396 
show _hand_ procedure, 332 
show _pat_element procedure, 397 
showdrawing procedure, 358 
showtext procedure, 358 
shuffle procedure, 331-32 
Simple data types, 301 
Size box, 3-4 
sizeof function, 204-06 
sizes program, 204-06 
Slash (/) division operator, 38 

type mixing and, 76 
sqr function, 181 
sqrt function, 178-79 
squiggly program, 226-28 
Starting Macintosh Pascal, 5 
Statements, 23 

assignment, 34-35 
compound, 46 
empty, 108-11 
nesting, 48, 61 
separating with semicolons, 106-08 

Step option, 137-38 
Step-Step option, 138 
Stop bar, 145 
Stop sign, 145 
Stops In option, 144-45 
Stops Out option, 148 
string data type, 159-63, 301 

and the packed string data type, 
313-14 

String-manipulation functions, 187-98 
list of, 188 
using in lower _to_upper program, 

198-92 
using in wordcount program, 192-98 

String-manipulation procedures, 217-21 
stringof function, 188-89 
Strings, 24 

comparing, 161 
length vs. size of, 160 
null, 162-63 

410 The First Book of Macintosh Pascal 

stringwidth function, 376 
Structured types, built-in 

fontinfo, 375 
pattern, 362-63 
point, 349-51 
rect, 351-59 
style, 372 
styleitem, 372 

Structured types, user-defined 
arrays, 303-22 
records, 322-33 
sets, 340-48 
variant records, 333-40 

style structured type, 372 
styleitem structured type, 372 
Subexpressions, 78 
Subprograms, 175-76 
subpt procedure, 351 
Subrange data types, 298-300 
Subscripts, array, 304-07 
succ function, 184-85 
swapvals procedure, 268 
swapvars program, 270 
synch procedure, 250, 253-55 
Syntax 

checking, 132-36 
errors, 10-13 

Syntax sketch, 31-32 
sysbeep procedure, 46-47, 250 
system_fonts program, 261-62 

T 

Tag fields, 336-37 
tell_time program, 378 
Text 

deleting and inserting, 10 
displaying, 229-34 
drawing, 371-77 
finding and replacing, 91-95 
moving and copying, 87-91 

Text window, 6 
moving, 359 

text_analysis program, 345-46 
textface procedure, 376 
textfont procedure, 231 
textmode procedure, 376 
textsize procedure, 231 
throwdice function, 285 



Thumbs down sign, 11 
tickcount function, 201-03 
time_string function, 382 
Title bar, 3-4 
to_lower function, 274 
Transfer functions, 182 
tree2 program, 154 
trunc function, 181-82 
Type definition part, 290-93 
Type mixing, 58 

u 

amoung four real types, 167 
character and string, 162 
and enumerated types, 294 
integer and real, 75-76 
long integer and integer, 165 

Underflow, 56 
unionrect procedure, 355 
unpack procedure, 310-11 
update procedure, 321 

v 
val_test program, 269 
var _test program, 270 
Variable definition part, 30-33 
Variables 

as array subscripts, 306 
as expressions, 75 

Variables, (continued) 
incrementing, 36 
initializing, 138-39 
loop control, 41-43 
in procedures, 264-65 

Variant record structured type, 333-40 
free-type union, 338-40 
using with reference list, 334-38 

vhselect enumerated type, 350 

w 
waitclick procedure, 284 
What to find ... option, 92-93 
which_bit procedure, 401 
while loop, 65-69 
Windows, 3-4 

subprograms to manipulate, 358 
with statement, 325 
wordcount program, 192-98 

adding procedures to, 263-66 
Words, 206-07 
write procedure, 25, 214-16 
writedraw procedure, 230 
writeln procedure, 24-25, 214-16 

displaying variable values with, 37 
field width of, 44 

writeset procedure, 344-45 
write_charset procedure, 346 
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