


























































































































































































































































































































































































































































































































































































































The Adventure of the Gold Chip 295 

The Inspector opened his mouth to speak, but Holmes quickly 
added, "And do take the trouble of extinguishing your pipe before 
examining evidence. That left foot of yours with its inward twist and the 
ash from your Arcadia mixture are all over the place. A mole could trace 
your movements. Oh, how much simpler it would be if I could only get a 
look at things before you and your men come in here like a herd of 
buffalos, trampling over everything!" 

Convinced that there was no further need for his services, Holmes 
called for the carriage, and we were soon heading for Baker Street again. 
In the privacy of our carriage he shed some light on our abrupt 
departure. 

"As a rule, when I have observed some slight indication of the 
course of events, I am able to guide myself by the thousands of other 
similar cases which occur to my memory," he began. "As you are aware, 
over the course of my career I have amassed data on well over a 
thousand criminals. In recent years I have stored these data in files 
suitable for the memory of the Analytical Engine. Furthermore, I have 
designed a programme that will read the description of each criminal and 
then print out the names of all those fitting a given description." 

I have reproduced here a small section of my companion's curious 
assortment of criminal data, which he showed me upon our return to 
Baker Street. 

Name 
Height 
Hair colour 
Eye colour 
Hat size 
Shoe size 
Teeth marks: 

Cigar type 

Facial scar 
Hand scar 
Eye patch 
Bald patch 
Leg limp 
Tattoo 

The name of a person 
Height in inches, ranging from 48 to 84 
One of the colours brown, black, red, or grey 
One of the colours brown, blue, or hazel 
A number from 4 to IO 
A number from 5 to 15 
One of the characteristics normal, crooked, gold­
filled, partially missing, or (totally) missing 
One of the cigar types Lunkah, Trichinopoly, 
Espanada, Heritage, Londoner, MacDuffy, Top Hat, 
or West Country 
Yes or no 
Yes or no 
Yes or no 
Yes or no 
Yes or no 
Yes or no 

"I must confess Watson, as I look over these possibilities, that this 
case does have its points of interest. We know that the suspect has a 
slight bald patch and wears a size-nine boot. The most singular clue in 
this mystery, however, is this gold chip I found in amongst the gravel." He 
showed me the object. "It is a gold dental filling and surely narrows down 
our list of candidates. Just as you can tell an old master by the sweep of 
his brush, I can tell a Moriarty when I see one." 
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"A Moriarty?" I queried. 
"The power behind half that is evil and nearly all that is undetected 

in this great city, Watson. I have been at great pains to work out all my 
programmes for the Analytical Engine before he becomes aware of its 
utility, for Moriarty is a mathematical mind of the highest order; and I 
shudder to think what he could carry out with the Engine at his 
command." 

"What are the ingredients of this particular programme?" I asked, 
after a considerable pause. 

"The most important feature of this programme is, aptly enough, 
called a record," replied Holmes." A record is a collection of data on some 
item of interest. In this instance, of course, the record is a collection of 
facts about a known criminal. Each record consists of one or more 
components, with each component bearing a name and a value. Here is a 
sample of my record structures," he continued, handing me a sheet from 
his portfolio. 

What he showed me is duplicated here: 

Name 
Height 
Hair colour 
Eye colour 
Hat size 
Shoe size 
Teeth marks: 

a 30-character string 
0 if unknown; 48 to 84 if known 
0 if unknown; I if brown; 2 if black; 3 if red; 4 if grey 
0 if unknown; I if brown; 2 if blue; 3 if hazel 
0 if unknown; 4 to I 0 if known 
0 if unknown; 5 to 15 if known 
0 if unknown; I if normal; 2 if crooked; 3 if gold-filled; 
4 if partial; 5 if missing 

Cigar type : 0 if unknown; I if Lunkah; 2 if Trichinopoly; 3 if Espanada; 
4 if Heritage; 5 if Londoner; 6 if MacDuffy; 7 if Top Hat; 8 if 
West Country 

Facial scar 0 if unknown; 1 if yes; 2 if no 
Hand scar 0 if unknown; 1 if yes; 2 if no 
Eye patch 0 if unknown; 1 if yes; 2 if no 
Bald patch 0 if unknown; 1 if yes; 2 if no 
Leg limp 0 if unknown; I if yes; 2 if no 
Tattoo 0 if unknown; I if yes; 2 if no 

"For simplicity, such data as colour values and shoe sizes are 
entered as integers," said Holmes, jotting illustrations of his ideas on a 
scrap of paper, as follows: 

Hair colour: 1 brown 2 black 3 red 4 grey 

Moreover, truth values are also stored as integer numbers, as follows: 

1 for yes, 2 for no 

In all cases, if a value is unknown, its place is held by the number O." 
"How can you possibly use these records to find the name of a 

suspect?" I asked, for I still had no idea how he could use such data to 
advantage. 
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"Easily," remarked Holmes. "In Pascal, variables that stand for 
records can be declared as such, just like variables that stand for arrays 
or integers. Here is an example: 

var 
Criminal : record 

Name string[30]; 
ShoeSize: 0 .. 15 

end; 

"An even better method of describing this information would be as 
follows: 

type 
NameString = string[30]; 
DataRecord = 

record 
Name NameString; 
ShoeSize: 0 .. 15 

end; 
var 

Criminal : DataRecord; 

"Moreover," continued Holmes," one can refer to a component of a 
record by specifying the name of the record variable and the name of the 
component, as follows: 

Criminal.ShoeSize 

This reference can be used in Pascal statements like any other variable, 
such as 

or 

if Criminal.ShoeSize = 9 then 
- print criminal's name 

Criminal.ShoeSize := 9 

"What our programme will do, Watson, is read in the characteristics 
of a suspect, such as a bald patch or a size nine boot, and then print out 
the names of all those criminals in its files that fit the description. Let us 
give it a try, shall we? I can tell you well in advance, however, whose 
signature we shall find on this latest criminal masterpiece." 

Holmes then carefully entered the data according to the programme, 
which I have duplicated here as Fig. 13.1, paying special attention to enter 
the codes for a size nine boot, gold-filled teeth, and the presence of a bald 
patch. We watched for several minutes before the names of three 
criminals within the file had been printed. 



298 Prelude to Records 

Figure 13.1 • Program 
Search 

"Moriarty," Holmes whispered. "These other two, Watson, are 
certainly capable of carrying out such a crime. However, I happen to 
know one of them is in Newgate; and if I am not mistaken, this other is 
awaiting trial here in London." 

"Surely you haven't enough evidence to convict Moriarty," I 
protested. 

"Oh, hardly, Watson," replied Holmes. "But count on it, this crime 
fits into something much larger which we fail to see presently, for there 
are certain subtleties that even our Engine cannot detect. True, it has 
removed a lot of the painstaking drudgery from our work; but it is up to us 
to find where and how this piece fits into the larger scheme of things. 

"For now, Watson, there is a cold partridge on the sideboard and a 
bottle of Montrachet here. Let us renew our energies before we make 
fresh calls upon them." 

program Search; 
I -- This program reads in values corresponding to data saved I 
I -- in a file of records kept on known criminals. I 
I -- For each item, a prompt indicates which item is to be input. I 
I -- A value of zero indicates that the item is unknown. I 
I -- The program outputs the name of each criminal for which I 
I -- the input values match those on the criminal's record. I 

const 
Unknown= O; 

type 
YesNoCode = 0 .. 2; 
NameString = string[30]; 
DataRecord = record 

Name : NameString; 
Height : 0 .. 84; 
HairColour : 0 .. 4; 
Eye Colour : 0 .. 3; 
HatSize : 0 . .1 O; 
ShoeSize : 0 . .15; 
TeethMarks : 0 .. 5; 
CigarType : 0 .. 8; 
Facia!Scar: YesNoCode; 
HandScar : YesNoCode; 
EyePatch : YesNoCode; 
BaldPatch : YesNoCode; 
LegLimp : YesNoCode; 
Tattoo: YesNoCode 

end; 



Figure 13.1 continued 

var 
Suspect, Criminal : DataRecord; 
MasterFile : file of DataRecord; 

procedure GetSuspectlnfo (var Suspect: DataRecord); 
begin 

WriteLn('IN ENTERING DATA, USE 0 IF ITEM IS UNKNOWN.'); 
WriteLn('ENTER HEIGHT IN INCHES:'); 
ReadLn(Suspect.Height); 
WriteLn('ENTER HAIR COLOUR CODE:'); 
WriteLn('l BROWN, 2 BLACK, 3 RED, 4 GREY'); 
ReadLn(Suspect.HairColour); 
WriteLn('ENTER EYE COLOUR CODE:'); 
WriteLn('I BROWN, 2 BLUE 3 HAZEL'); 
ReadLn(Suspect.EyeColour); 
WriteLn('ENTER HAT SIZE:'); 
ReadLn(Suspect.HatSize ); 
WriteLn('ENTER SHOE SIZE:'); 
ReadLn(Suspect.ShoeSize ); 
WriteLn('ENTER TEETH MARKS CODE:'); 
WriteLn('l NORMAL, 2 CROOKED, 3 GOLD FILLED,'); 
WriteLn('4 PARTIAL, 5 MISSING'); 
ReadLn(Suspect. Teethmarks); 
WriteLn('ENTER CIGAR TYPE CODE'); 
WriteLn('l LUNKAH, 2 TRICHINOPOLY, 3 ESPANADA,'); 
WriteLn('4 HERITAGE, 5 LONDONER, 6 MACDUFFY,'); 
WriteLn('7 TOP HAT, 8 WEST COUNTRY'); 
ReadLn(Suspect.CigarType ); 

The Adventure of the Gold Chip 299 

WriteLn('NOW USE I FOR YES, 2 FOR NO, 0 FOR UNKNOWN:'); 
WriteLn('FACIAL SCAR? HAND SCAR? EYEPATCH?'); 
ReadLn(Suspect.FacialScar, Suspect.HandScar, Suspect.EyePatch); 
WriteLn('BALD PATCH? LEG LIMP? TATTOO?'); 
ReadLn(Suspect.BaldPatch, Suspect.LegLimp, Suspect. Tattoo) 
end; 
function ItemMatch (Iteml, ltem2 : Integer): Boolean; 
begin 

if (Iteml = Unknown) or (Item2 = Unknown) or (lteml = Item2) 
then 

ItemMatch := True 
else 

ltemMatch := False 
end; 
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Figure 13.1 continued 

function Match ({between} 
Suspect, Criminal : DataRecord) : Boolean; 

begin 
Match := False; 
if ItemMatch(Suspect.Height, Criminal.Height) then 
if ItemMatch(Suspect.HairColour, Criminal.HairColour) then 
if ltemMatch(Suspect.EyeColour, Criminal.EyeColour) then 
if ItemMatch(Suspect.HatSize, Criminal.HatSize) then 
if ltemMatch(Suspect.ShoeSize, Criminal.ShoeSize) then 
if ItemMatch(Suspect. TeethMarks, Criminal. TeethMarks) then 
if ItemMatch(Suspect.CigarType, Criminal.CigarType) then 
if ItemMatch(Suspect.Facia!Scar, Criminal FacialScar) then 
if ItemMatch(Suspect.HandScar, Criminal.HandScar) then 
if ItemMatch(Suspect.EyePatch, Criminal.EyePatch) then 
if ItemMatch(Suspect.BaldPatch, Criminal.BaldPatch) then 
if ItemMatch(Suspect.LegLimp, Criminal.LegLimp) then 
if ltemMatch(Suspect Tattoo, Criminal. Tattoo) then 

Match := True 
end; 

begin { -- Main Algorithm l 
GetSuspectlnfo(Suspect); 
Reset(MasterFile, 'Criminal Data'); 

while not EOF(MasterFile) do 
begin 

Read(MasterFile, Criminal); 
if Match(Suspect, Criminal) then 

WriteLn('POSSIBLE SUSPECT', Criminal.Name) 
end; 

WriteLn('ALL ENTRIES HAVE BEEN CHECKED'); 

end. 



Chapter 13 

Certainly one of the most 
useful features of Pascal is its capability for defining record structures. A 
record is a collection of information pertaining to some real-world entity. 
It can contain various types of information including other records. 

Consider the following declarations: 

var 
Suspect : record 

Height: 0 .. 84; 
HatSize : 0 . .10; 
ShoeSize : 0 . .15 

end; 

Cigar : record 
Brand : (Trichonopoly, Lunkah, OldWood, Londoner); 
Texture : (Flaky, Caked, Granular, Fluffy); 
Nicotine: (Plusl, Plus2, Plus3); 
Particles : Boolean; 
Data : record 

UnitVolume : Real; 
UnitWeight: Real; 
Density : Real 

end 
end; 

The first declaration defines a variable named Suspect, whose type is a 
record. The record has three components, Height, HatSize, and ShoeSize. 
Each component is a subrange of integers. 

13.1 • Record 
Types 

301 
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The components of a record can be of any type, even other records. 
This is shown in the second declaration, which defines a record variable 
named Cigar. Here the components Brand, Texture, Nicotine, and 
Particles have values that are from enumerated types. The component 
Data is itself a record structure defining the physical characteristics of 
the cigar's ash. These declarations demonstrate two characteristics of 
record structures. 

• Record types are composed of specified lists of fields, each of 
which has a declared identifier and type. 

• The fields can be of differing types, including other record 
types. 

Record structures can be defined in a type declaration, just as for 
any other type. Thus we may rewrite the definitions of cigar properties as 
follows: 

type 
CigarBrand = (Trichonopoly, Lunkah, OldWood, Londoner); 
AshTexture = (Flaky, Caked, Granular, Fluffy); 
TestResult = (Plusl, Plus2, Plus3); 

DensityData = record 
UnitVolume : Real; 
UnitWeight : Real; 
Density : Real 

end; 

Cigarlnfo = record 
Brand : CigarBrand; 
Texture: AshTexture; 
Nicotine: TestResult; 
Particles : Boolean; 
Data : DensityData; 

end; 

and then simply say 

var 
Cigar : Cigarlnfo; 

to declare the variable Cigar. We strongly recommend the second 
alternative. The habit of declaring types and then using their identifiers in 
variable declarations will stand you in good stead as your programming 
skills increase and the challenges become greater. 

Just as for components of arrays, we can refer to the components of 
a record. For example, we may say, 

Suspect.Height; = 71 ; 
Suspect.HatSize: = 7; 
Suspect.ShoeSize: = 9; 



to establish values for each of the properties of Suspect. The general rule 
here is that if 

R is the name of a record variable 
C is the name of one of its components, 

then 

RC is the name of the record component. 

Notice in the cigar example that 

Cigar.Data 

is also a record. Thus it makes sense to say 

Cigar.Data.Density 

to refer to the density of the cigar ash. For example, we may have 

Cigar.Data.Density := Cigar.Data. UnitWeight/ Cigar.Data. UnitVolume 

Again, just what you would expect. 
Pascal provides a shortcut here, a with statement, such as 

with Cigar.Data do 
Density := UnitWeight/UnitVolume 

This accomplishes the same result as the longer statement. The names 
Density, UnitWeight, and UnitVolume are associated with the record 
Cigar.Data, and thus the operation is performed on these fields. By using a 
compound statement following the do, several operations can be 
performed on components of Cigar.Data within the single with 
statement. 

In Pascal, one record can be assigned to another provided the types 
are compatible. Thus, with 

MyCigar, YourCigar : Cigarlnfo; 

you can say: 

MyCigar := YourCigar { ok } 

But there is one little anomaly to watch out for here. You cannot say 
something like: 

if MyCigar = YourCigar then { trouble} 

To get the same effect, you must write 

if (MyCigar.Brand = YourCigar.Brand) then 
if (MyCigar.Texture = YourCigar.Texture) then 
if (MyCigar.Nicotine = YourCigar.Nicotine) then 
if (MyCigar.Particles = YourCigar.Particles) then 
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if (MyCigar.UnitVolume = YourCigar.UnitVolume) then 
if (MyCigar.UnitWeight = YourCigar.UnitWeight) then 
if (MyCigar.Data.Density = YourCigar.Data.Density) then 
-what to do if all components match 

which certainly is tedious. In practice, it will probably not be necessary to 
compare all the components. For example, in the preceding case 

if (MyCigar.Brand = YourCigar.Brand) tlhen 

may suffice. 
The record fields that we have discussed so far have all been fixed, 

that is, each of the fields is accessible whenever that record is used. 
These fields are contained in the fixed-part of the record type. There is 
also available a variant part. 

Consider our suspect information. Suppose that we want to add to 
our list of data information regarding employment. Specifically we want 
to know whether or not the suspect is presently employed; if so, the name 
and address of the employer; if not, the name of the last employer and the 
last date of employment. The following declaration shows this option. 

line 

type 
Suspectlnfo = record 

Height : 0 .. 84; 
HatSize : 0 . .10; 
ShoeSize: 0 . .15; 
case NowEmployed : Boolean of 

True : (EmployerName : string; 
EmployerAddress : string); 

False : (LastEmployerName : string; 
(LastDateEmployed: Integer) 

end; 

In a variant field, only one of the field lists is available at a time. The 

case NowEmployed : Boolean of 

indicates that NowEmployed can take on one of two values, True or False. 
When one of the fields is activated by assigning a value to its tag field or to 
any one of its components, the other field is deactivated. Either of the 
following assignments \\jll activate the True field. 

Suspectlnfo.NowEmployed := True; 
NowEmployed.EmployerName := 'Verigood Construction Co.' 
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The concept of pointers (or the more erudite phrase "dynamically 
varying structures") is one of the most difficult constructs in program­
ming. Pointers offer the programmer a basic facility for creating rather 
rich and elaborate structures of data On the other hand, the facility in 
Pascal for using pointers is quite simple and quite primitive. Let's have a 
look first at the basic primitives for pointers in Pascal. 

Let U$ start by considering the following declaration. 

type 
EntryData = record 

Name : string; 
IDNum: Integer; 
Arriva!Time : Integer; 

end; 

Here we have a record structure with four fields, presumably 
representing (1) the name of a person, (2) the identification number of a 
person, and (3) the arrival time of a person upon entering a building. For 
argument's sake, let us suppose we are keeping this information for 
security purposes when each employee enters a building to report to 
work. Let us also assume that the arrival time is given as an integer which 
can be interpreted as representing the hours and minutes since the 
previous midnight, but let us not get involved in these details here. Let us 
just assume that an integer represents the time of day. 

If we are to keep a record of employee arrivals and departures we 
will need a rather large and initially unspecified number of such records, 
one for each entry into the building. If we imagine a large building there 
may be hundreds or even thousands of such entries. We could keep each 
record in a file of records for a given day. That is, if there were several 
hundred arrivals, we would have several hundred records in the file, 
presumably put there in order of the time of arrival. But now let us 
suppose that we wished to print out a list of all the persons entering the 
building on a given day and print this file in order by identification 
number. This presents a problem. If we put each record into the file in 
order of arrival, we would have quite a bit of processing in order to print 
the file in order of increasing identification number. On the other hand, if 
we try to keep the file in order by identification number, we would have to 
do quite a bit of organization each time a new person entered the building 
in order to keep the file in its proper order. The point of all this is to 
suggest that we have a relationship that is not well embodied by a linear 
file. We could harken back to an array of records to keep this information, 
but then there is the question of how big to make the array and whether 
the array can represent the relationship that we want, records ordered 
by increasing identification number. This problem is suggestive of the 
wide range of problems to which pointers can be applied. 

13.2 • Pointers 
and Dynamic 
Structures 
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Consider the following additional type declaration 

type 
EntryPtr = - EntryData; 

This type declaration introduces a new named type called EntryPtr. We 
can think of EntryPtr as an address or a location where a record 
containing the entry data on a given person is stored. Such a type is called 
a pointer type. We can declare variables that have a pointer type just as 
we can variables that have an integer type or a string type. For example 
we can say 

var 
Person, PrevPerson : EntryPtr; 

So far we have not introduced anything particularly striking. But how do 
we deal with pointers? 

The basic operation for using pointers is a predefined procedure 
called New. If we give the procedure call 

New(Person) 

two things happen. 

I. Space for a record containing the three fields of type EntryData 
are allocated in the memory of the computer. 

2. A pointer to this space is assigned as the value of the variable 
Person. 

So we see that New both allocates space and returns a "pointer" to the 
space that was allocated. We don't have any values yet stored in the 
record structure for which space was allocated, but that is handled 
subsequently. For example, after the foregoing procedure call we can 
say, 

Person- .Name:= "Cristie"; 
Person - .IDNum := 5491707; 
Person- .Arriva!Time := 1130 

Notice here that Person has a pointer type; Person- (the item pointed to 
by Person) has a record type. We can name the components of this 
record type just as for ordinary records. In the above example, we refer to 
the Name, IDNum, and ArrivalTime fields of Person - . Now the space 
allocated for the record actually contains some values. After this we can 
say something like 

PrevPerson := Person 

This is an assignment statement. Both the left side and the right side of 
the assignment statement are of the same type; both are pointers to 
records of type EntryData This assignment simply takes the pointer 
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value of Person and assigns it to PrevPerson. Now both PrevPerson and 
Person point to the same record structure. Now we can even say things 
like 

I := PrevPerson · .IDNum; 
WriteLn(PrevPerson · Arriva!Time) 

The first of these two assignments, assuming I is an integer variable, will 
give I the value 5491707. The second statement will print the value 1130. 
This shift from Person to PrevPerson should cause no problems. 

We can allocate space for another record structure by now 
saying 

New(Person) 

When this statement is executed, the computer will allocate space for 
another record and assign a pointer to this new space to the variable 
Person. Note well here, that now PrevPerson and Person will point to 
different spaces in memory! The old values of Name, IDNum, and 
ArrivalTime are still associated with PrevPerson, but Person now is a 
pointer to a new record structure which has yet unspecified values. All of 
this brings us to a dead end where we meet the next major hurdle. 

In our initial problem we assumed that we would have many, many 
arrivals into the building with many record structures needed to record 
all of this information. As we have declared only two pointer variables, 
Person and PrevPerson, there is no way to get any more data into our 
system. To do something about this, we add yet another field to the 
records of type EntryData Consider a new rendering of this type. 

type 
record 

Name : string; 
IDNum : Integer; 
Arriva!Time : Integer; 
Next : EntryPtr { -- a pointer } 

end; 

Here we have added one more field, itself a pointer. This pointer points to 
another record of type EntryData. These can be chained together to form 
a whole structure of records. 

The procedure shown in Fig. 13.2 compares the IDNum of each 
New Arrival with the IDNum in other records of the chain and then adjusts 
the Next field to keep the chain in order. A variable, Start, of type EntryPtr 
is given in the procedure call. This variable points to the first record in the 
chain and will change whenever a new arrival has a lower ID number than 
that of the present start person. As each person arrives, the ID number is 
compared first with Start-.IDNum and then with the IDNum in each 
succeeding record, until the proper location for the record is found; the 
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Figure 13.2 

Figure 13.3 • Procedure 
AddArrival 

Next fields are then changed to reflect the new conditions. Two variables 
of type EntryPtr are used during the comparisons. TestPerson is the 
record being checked for a higher ID number; PrevPerson is the record 
immediately preceding TestPerson, that is, PrevPerson A .Next points to 
TestPerson. 

The following diagrams help to clarify this procedure. Assume that 
the start person has an ID number of 5491707 and that three people 
arrive in order with the following ID numbers. 

2473492 
6655532 
7810023 

When the procedure is called, the Start record shown in Fig. 13.3 
exists. 
There may or may not be more records in the chain. For the moment we 
assume there are no other records; therefore, the value of Start A.Next is 
nil. Nil is one of Pascal's reserved words; it is used with pointers to 
indicate that the pointer, at the moment, points to nothing. It is similar to 
setting a counter to zero. 

The three diagrams in Fig. 13.4 show the relationships as they exist 
after each new arrival. 

r l 
Sta rt Name AnyName 

ION um 5491707 

Arriva!Time Time 

Next nil 

procedure AddArrival (var Start: EntryPtr); 

var 
NewArrival, TestPerson, PrevPerson : EntryPtr; 
Done : Boolean; 

begin 
New(NewArrival); 
ReadLn(NewArrival A.Name, NewArrival ·.10Num, 

NewArrival ·.ArrivalTime); 
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Figure 13.3 continued 

if NewArrival ".IDNum < Start ".IDNum then 
begin 

NewArrival ·.Next := Start; 
Start := NewArrival; 
Done:= True 

end 
else 

end. 

begin 
PrePerson := Start; 
TestPerson := Start· .Next; 
Done := False; 
while (not Done) do 

begin 

end 
end 

if TestPerson = nil then 
begin 

PrevPerson ·.Next := New Arrival; 
NewArrival ·.Next := nil; 
Done:= True 

end 
else if TestPerson • .IDNum > New Arrival ·.1DNum then 

begin 
PrePerson · .Next := NewArrival; 
NewArrival ·.Next := TestPerson; 
Done:= True 

end 
else 

begin 
PrevPerson := TestPerson; 
TestPerson := TestPerson ·.Next 

end 

A quick review of the concept of records is in order before we get into 
more discussion about pointers. 

True or False 
1. The components of a record are referenced by giving the record 

identifier and the field identifier separated by a period. 
2. A field of a record can be any type except another record. 

13.3 o Practice 
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Figure 13.4 After first NewArrival 

r l ]_ 
Sta rt AnyName AnyName 

2473492 5491707 

Time Time 

nil ......, 1--' nil 

After second NewArrival 

I i ]_ i 
Sta rt AnyName AnyName AnyName 

2473492 5491707 6655532 

Time Time Time 

nil - .......... nil - t--' nil 

After third NewArrival 

r l ]_ J_ l_ 
Sta rt AnyName AnyName AnyName AnyName 

2473492 5491707 6655532 7810023 

Time Time Time Time 

nil - .......... nil -I t--' nil 1-- nil 

3. A record can be assigned to another record if they have the same type 
identifier. 

4. An array can be used any place that a record can be used. 
5. Pointers always point to records. 

6. Record structures are only useful for very advanced programming. 
7. All criminals have gold fillings. 

8. Records can be compared with other records. 

9. Program Search cannot be used unless information is available for 
each category. 
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Fill in the Blanks 
1. Record types are composed of _______ _ 

2. Record structures can be defined in a ________ _ 
declaration. 

3. A record can have two parts, a fixed part and a _______ _ 
part. 

4. A record field consists of an __________ and its 

5. In a list of statements containing record fields, repetition of the record 
identifier can be avoided by the use of a _______ _ 
statement. 

6. YesNoCode in program Search is a type. 
7. A record declaration ends with the word ________ _ 

••• 
In the True/False quiz, only numbers 1 and 3 are true. A field of a record 
can itself be a record. 

The components of an array must all be of the same type; this is not 
true of a record. 

A pointer can point to a variable of any type. 
Record structures are useful at any level of programming and do 

not require an advanced level of knowledge. 
Holmes's criminal did indeed have a gold filling. 
Records cannot be compared with other records; the individual 

items which make up the record must be compared. 
Function ltemMatch provides for missing information by assuming 

a match if the information is not available. 
The blanks should be filled with the following: fields, type or 

variable, variant, identifier, type, with, subrange, end. In regard to 
number 2, although records can be defined in a variable declaration, it is 
much safer, in the long run, to declare them in a type declaration and then 
use the type identifier in the variable declaration. 

Consider the program listed in Fig. 13.5. 

1. Describe the variables Member and LastBorn. 
2. What does the first statement accomplish? 
3. What happens when Member is assigned to LastBorn? 
4. In the statement 

LastBorn - .NextOfKin := Member 

what is actually assigned to the component NextOfKin ? 
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Figure 13.5 • Program 
Geneology 

program Geneology; 

type 
Person = - Info; 
Info = record 

Name : string[lO]; 
SSNum : Longint; 
NextOfKin: Person 

end; 

var 
Member, LastBorn : Person; 

begin 
( -- initial state, no one on earth } 

LastBorn := nil; 

( -- birth of Adam } 
New( Member); 
Member ·.Name := 'ADAM'; 
Member -.SSNum := l; 
Member· .NextOfKin := nil; 
LastBorn := Member; 

( -- birth of Adam's spouse} 
New(Member); 
Member ffl.Name := 'EVE'; 
Member ff1.SSNum := 2; 
Member ffl.NextOfKin := LastBorn; 
LastBorn ffl.NextOfKin := Member; 
LastBorn := Member; 

Write(LastBorn ffl.SSNum, LastBorn ffl.NextOfKin ffl.SSNum) 

end. 

5. When the program ends, what is the value of Member? 

••• 
The variables Member and LastBorn are pointer type variables, which 
point to record structure values of type. 

The statement 

LastBorn := nil 

is Pascal's way of saying that LastBorn is "a pointer to nothing." This is 
similar to setting an integer variable to 0. The statement sets the value of 
LastBorn to nil, indicating that no person has yet been born. 
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The birth of the first member of our family is accomplished with the 
predefined procedure New, as in 

New(Member); 
Member-.Name :='Adam '; 
Member -.SSNum := 000000001; 
Member -.NextOfKin := nil 

Here the call to New allocates space for a new record structure and set 
Member to point to it. The next three assignments establish values for the 
record components. Notice that the - in Member - refers to the object 
pointed to. Thus we have 

Member - denotes the pointer value of Member 
Member - denotes the object pointed to by Member 

With this first birth, we can now give an explicit value for LastBorn with 
the assignment: 

LastBorn := Member; 

This statement assigns the pointer value of Member to LastBorn. So after 
this we have the structure shown in Fig. 13.6. 

Next consider another birth, given in the statements 

New (Member); 
Member-.Name :='Eve 
Member -.SSNum := 000000002; 
Member -.NextOfKin := LastBorn 

Here again a new record structure is allocated and its values are 
established for Eve. Furthermore consider the statements 

LastBorn -.NextOfKin := Member; 
LastBorn := Member 

Member 

LastBorn 

' Adam 

000000001 

nil 

Figure 13.6 
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13.4 0 

Figure 13.7 

The first statement results in setting the NextOfKin component 
associated with Adam as a pointer to Eve. The second statement updates 
the value of LastBorn to point to Eve. 

The situation now is as shown in Fig. 13.7. 
Now that we have two people in our family, we can see the 

development of dynamic relationships during program execution. The 
NextOfKin components of Adam and Eve now refer to each other, and 
LastBorn has been maintained as a pointer to the person who was last 
born. 

At the program's end, Member is a pointer to Eve. 

13.1 Duplicating a File 
If you have a file of data and want to edit it, delete some of its parts, 
reformat it, or what have you, it is nice to have a spare copy in case 
something goes wrong. 

Your problem is to write a program to duplicate a file. To test your 
program, make a copy of one of your programs into another file. The 
copy should be an exact replica, line by line. 

13.2 Mailing Lists 
You must be on at least one computerized mailing list, perhaps even too 
many. Your task here is to computerize one yourself. Typically, an entry 
in a mailing list has five components: 

Member 
~ LastBorn 

1 
Name 1 Adam 

SSNum 

NextOfKin 



Name : the name of the addressee 
Address : a 1- or 2-line street address 
City the name of a city 
State : the name of a state 
Zip code: a 5-digit zip code 

Write a program to read in a file of such entries and print out address 
labels for each entry. Prepare a short file of entries to test your 
program. 

Note: In real life one must consider the following issues. How 
should extra long names be treated? What if the address takes more than 
two lines? What if the addressee resides in another country? What if the 
zip code is missing? Should the entries be ordered by zip codes? Or by 
names? You see, as for any real application, the full problem is never 
easy. 

13.3 Investment Gains 
Many investors prefer to put their money into "real goods" instead of 
paper. Your problem is to write a program that calculates the per cent of 
appreciation, or depreciation, in the value of the items in an art collection. 
The program is to read the following information about each item: 

Item name 
Artist 
Date of purchase 
Purchase price 
Present appraised value 

The output is to be a table showing: 

Item name 
Artist 
Total appreciation or depreciation 
Number of years since purchase 

13.4 Inventory 
Here you are to assume the existence of an external file. The extern;iJ file 
is an inventory list containing the item number, item name, quantity in 
storage, and number on order. 

The program first prints the item number and item name. The user 
then enters the count of the item on the shelf. The computer follows with 
the number in storage and the number on order. 

The output must be carefully formatted to create a nice evenly 
spaced table. 

13.5 Classification 
Computers are very good at sorting and at keeping lists. This program is 
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to select a category for each item and then add the item to the proper list 
for that category. Each list is an external file. 

For this program, assume a pre-existing list containing the name, 
mailing address, and statistical profile for an undefined number of people. 
The program is to read the existing record, and then add it to the end of 
the list of homeowners or the list of renters. 



Chapter 14 

We have covered a lot of 
ground in the past chapters. Unfortunately, what seems quite clear when 
read sometimes becomes complicated when an attempt is made to put it 
into practice. 

Figures 14.1and14.2 are example programs that show how some of the 
concepts discussed up to this point can be applied to the bar graph 
program presented in chapter 3. 

Program CreateBreedFile (Fig. 14.1) creates a file of records 
containing information about various breeds of dogs. This file includes 
only the breed names and number of puppies; however, it could be 
revised to contain any number of other bits of information helpful to the 
user of the file, such as the total number of dogs registered, standards of 
the breed, and so forth. A different type declaration would be requir~d to 
accommodate the changes. 

The new file is opened as a write-only file and assigned the title 
BreedFile. A repeat loop is used to prompt the user to enter the items one 
at a time from the keyboard. After both items are read, they are written as 
a complete record to Annua!File. When NO MORE is entered as a breed 
name, the loop ends and the file is closed. 

The program as it is written requires that all items be entered at the 
same sitting and does not provide for changes to any of the records. In a 
real life situation, of course, a program that allows changes and additions 
is certainly more useful. 

14.1 • Application: 
BarGraph Revisited 
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Figure 14.1 • Program 
CreateBreedFile 

program CreateBreedFile; 

const 
LastName = 'NO MORE'; 

type 
Breedlnfo = record 

BreedName: string[20]; 
NumOfPups : Longlnt 

end; 
MasterFile = file of Breedlnfo; 

var 
Breed.Data : Breedlnfo; 
Annua!File : MasterFile; 

begin 
Rewrite(Annua!File, 'Breed Statistics'); 
repeat 

Write('Breed Name: '); 
ReadLn(BreedData.BreedName ); 
if BreedData.BreedName <> LastName then 

begin 
Write('Number of Puppies: '); 
ReadLn(BreedData.NumOfPups); 
Write( Annua!File, Breed.Data) 

end; 
until BreedData.BreedName = LastName; 
Close( AnnuaIFile) 

end. 

Breed Name: COCKER SPANIEL 
Number of Pupp i es : 172291 
Breed Name: COLLIE 
Number of Puppies: 45337 
Breed Name: GERMAN SHEPHERD 
Number of Puppies: 129621 
Breed Name: LABRADOR RETRIEVER 
Number of Puppies: 117221 
Breed Name: POODLE 
Number of Puppies: 184297 
Breed Name: NO t10RE 



program BarGraph; 

const 
MaxNumPups = 200; 
BarStart = 150; 
BarHeight = 12; 
BarSpace = 4; 

TypeSize = 9; 
TextHeight = 16; 
TextStart = 35; 
TitleLine = 30; 

MarkerLength = 3; 
ScaleUnit = 50; 
NumWidth = 5; 

type 
Breedlnfo = record 

BreedName : string[20]; 
NumPups : Longlnt 

end; 
MasterFile = file of Breedlnfo; 

var 
BreedDate : Breedlnfo; 
lnFile : MasterFile; 
ThousandPups : Integer; 
Top, Left, Bottom, Right, FrameTop : Integer; 
TextLine, StartScale, ScaleNum : Integer; 

begin 

TextSize(TypeSize ); 

{ -- Write title and column heading } 
TextLine := TitleLine; 
MoveTo(BarStart, TextLine); 
WriteDraw('PUPPIES ENROLLED BY AKC IN 1983'); 
TextLine := TextLine + TextHeight; 
MoveTo(TextStart, TextLine); 
WriteDraw('Breed'); 

{ -- Store frame top } 
FrameTop := TextLine; 

{ -- Draw and label bars } 
Left := BarStart; 
Bottom:= TextLine; 
Reset(lnFile, 'Breed Statistics'); 
if not EOF then 

begin 
Bottom := Bottom + BarHeight + BarSpace; 
Top := Bottom - BarHeight; 
MoveTo(TextStart, Bottom); 

Application: BarGraph Revisited 319 

Figure 14.2 • Program 
BarGraph 
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Figure 14.2 continued 

Read(lnFile, BreedData); 
WriteDraw(BreedDataBreedName ); 
ThousandPups := BreedDataNumPups div 1000; 
Right := BarStart + ThousandPups; 
PaintRec(Top, Left, Bottom, Right) 

end; 

{ -- Draw frame I 
FrameRect(FrameTop, Left, Bottom, MxNumPups + BarStart); 

( -- Draw scale markers I 
MoveTo(BarStart, Bottom); 
ScaleNum := O; 
repeat 

Line(O, MarkerLength); 
Move(ScaleUnit, -MarkerLength); 
ScaleNum := ScaleNum + ScaleUnit; 

until ScaleNum >= MaxNumPups; 

( -- Number bottom scale I 
TextLine := Bottom + TextHeight; 
StartScale := BarStart- NumWidth; 
ScaleNum := O; 
repeat 

MoveTo(StartScale + ScaleNum, TextLine); 
WriteDraw(ScaleNum); 
ScaleNum := ScaleNum + ScaleUnit; 

until ScaleNum >= MaxNumPups; 

{ -- Label bottom scale I 
TextLine := TextLine + TextHeight; 
MoveTo(BarStart, TextLine); 
WriteDraw('Thousand of Puppies Enrolled and AKC Registerable') 

end. 

The external file from which to draw information and the availability 
of loops offer options for a more efficient bar graph program. The 
program BarGraphRevised (Fig. 14.2) uses a while loop terminated by 
EOF to read the information recorded in BreedFile and enter it into the 
variable InFile one record at a time. Notice that InFile is of type MasterFile, 
the sarrie type used in the creation of the original file. This is an important 
point to recognize. 

• One file record can be assigned to ~nother file record only if the 
types are identical. 
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Once the record is assigned to BreedData, the record components 
BreedDataBreedName and BreedDataNumOfPups are used to write the 
name and draw the bar. 

Another kind of loop, the repeat loop, is used to draw the scale 
markers and numbers. The repeat loops are terminated when the 
number of puppies exceeds MaxNumPups, which is declared in the 
constants section. 

It is easy to see that this program has much more versatility than the 
original version, which required several statements for each breed 

Just as Integer and Real are predefined types that can be used to describe 
variables, there are predefined types pertaining to QuickDraw routines. 
For instance, 

Rectangle = record case integer of 
0 : (Top : Integer; 

Left : Integer; 
Bottom : Integer; 
Right: Integer); 

I : (TopLeft: Point; 
BotRight: Point); 

is predefined in QuickDraw and can be used to define rectangles. For 
example, consider 

var 
BoxA, BoxB : Rect; 

Once values have been assigned to the corresponding components, any 
reference to BoxA or BoxB will use the rectangle described by those 
values. The assignment of four integer variables to the record com­
ponents Top, Left, Bottom, and Right activates the case 0 record variant. 
The assignment of two values of type Point activates the case 1 
variant. 

Type Rectangle is used in the short program shown in Fig. 14.3 to 
produce a familiar figure. 

There are two QuickDraw libraries that can be called from 
Macintosh Pascal. The procedures and functions included in QuickDrawl 
are expected to be used frequently and therefore have been made 
automatically available. To use the more advanced routines in 
QuickDraw2, it is necessary to include a uses clause immediately after the 
program heading, as in 

program DrawMore; 
uses QuickDraw2; 

14.2 • PreDeftned 
Quickdraw Types 
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Figure 14.3 • Program 
Shape 

program Shape; 

var 
BoxA: Rect; 

begin 
BoxA.Top := 20; 
BoxA.Left := 20; 
BoxA.Bottom := 100; 
BoxA.Right := 100; 
Paint Oval(BoxA); 
EraseArc(BoxA, 75, 30) 

end. 

Dr111wing 

QuickDraw2 allows you to perform more complicated operations such as 
defining separate drawing areas, drawing polygons and pictures, and 
customizing the operations. Our discusssion here will be limited to 
presenting a few of the features available in QuickDrawl. 

In the earlier graphics chapter we covered several procedures for 
operations on rectangles, ovals, round rectangles, and arcs. Now that we 
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have predefined types at our disposal, we can add to that list of 
operations a procedure for filling a shape with gray instead of black 
Associated with the type Pattern is the following set of predefined 
variables shown below. 

var 
White 
Black 
Gray 
LtGray: 
DkGray: 

Pattern; 
Pattern; 
Pattern; 
Pattern; 
Pattern; 

These can be used in the predefined procedures 

Fil!Rect(Rectangle, ColorName) 
FillOval(Rectangle, ColorName) 
Fil!RoundRect(Rectangle, Ova!Width, Ova!Height, ColorName) 
Fil!Arc(Rectangle, StartAngle, ArcAngle, ColorName) 

Fig. 14.4 gives a short program demonstrating the use of these 
procedures. 

program Colors; 

var 
Rectangle : Rect; 

begin 
Rectangle.Top := 20; 
Rectangle.Left := 20; 
Rectangle.Bottom := 200; 
Rectangle.Right := 200; 
PaintRect(Rectangle ); 

Rectangle.Top:= Rectangle.Top+ 10; 
Rectangle.Left := Rectangle.Left + 1 O; 
Rectangle.Bottom := Rectangle.Bottom - 1 O; 
Rectangle.Right := Rectangle.Right - 1 O; 
FillOval(Rectangle, Gray); 

Rectangle.Top:= Rectangle.Top+ 30; 
Rectangle.Left := Rectangle.Left + 30; 
Rectangle.Bottom := Rectangle.Bottom - 30; 
Rectangle.Right := Rectangle.Right - 30; 
Fil!Rect(Rectangle, White); 

MoveTo(95, 120); 
TextSize(24); 
WriteDraw('OK'); 

end. 

Figure 14.4 • Program 
Colors 
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Figure 14.4 continued 

Drawing 

Another pair of predefined types 

type 
Styleltem = (Bold, Italic, Underline, Outline, 

Shadow, Condense, Extend); 
Style = set of Styleltem; 

can be used in the procedure TextFace to change the face of the printing. 
For instance, 

TextFace([ltalic]) 

causes all following text to appear in italics. Italic is a value in a set and 
therefore must be enclosed by brackets. The styles can be used in 
combination as shown in program TextFaces (Fig. 14.5). 



program TextFaces; 

begin 
TextSize(l4); 
MoveTo(25,45); 
WriteDraw('Standard'); 

TextFace([ltalic]); 
MoveTo(25,65); 
WriteDraw(' Italic') 

TextFace([Bold]); 
MoveTo(25,85); 
WriteDraw('Bold') 

TextFace([Underline]); 
MoveTo(25,105); 
WriteDraw('Underline') 

TextFace([Bold, Underline]); 
MoveTo(25,125); 
WriteDraw('Bold Underline') 

TextFace([Italic, Bold, Underline]); 
MoveTo(25, 145); 
WriteDraw('Italic Bold Underline') 

end. 

Standard 
Italic 

Bold 
Underline 

Draming 

Bo1dl UnderHne 
ltolic Bold Underline 
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Figure 14.5 • Program 
TextFaces 
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14.3 • Transfer 
Mode 

Figure 14.6 • Program 
TextModes 

When writing on the drawing screen, there are three text modes that 
copy the image in different ways. The normal text mode SrcOr draws with 
black regardless of the color of the pixels beneath. The mode SrcXOr 
inverts the pixels beneath, making the white ones black and the black 
ones white. The mode SrcBic draws in white. The procedure calls are 

TextMode(SrcOr) 
TextMode(SrcXor) 
TextMode(SrcBic) 

Fig. 14.6 shows the effect of each mode. 
Routines are also available for changing the pen mode, affecting the 

way that any of the graphics shapes are drawn on the screen. The pen 
mode is set with the procedure call 

PenMode(PatOr) 
PenMode(PatXor) 
PenMode(PatBic ) 

program TextModes; 

begin 

Frame0val(25, 50, 75, 250); 
MoveTo(80,59); 
TextSize(24); 
TextFont(5); 
TextMode(SrcOr ); 
WriteDraw('GREETINGS'); 

FrameRect(120, 50, 170, 250); 
PaintRec(l45, 50, 170, 250); 
MoveTo(80,154); 
TextSize(24); 
TextFont(5); 
TextMode(SrcXOr ); 
WriteDraw('GREETINGS'); 

Paint0val(215, 50, 265, 250); 
MoveTo(80,249); 
TextSize(24); 
TextFont(5); 
TextMode( scrBic ); 
WriteDraw('GREETINGS'); 

end. 



Figure 14.6 continued 
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These three choices work in the same way as the ones discussed above 
for text drawing; PatOr draws in black, PatXor inverts whatever it covers, 
and PatBic draws in white. See Fig. 14.7 for an example. 

What we have given here are the simple aspects of working with 
transfer modes. It is possible also to use these modes plus others to 
overlay one pattern on another. A single chapter is not enough to 
describe all of the complexities of QuickDraw. We suggest that if you want 
to delve more deeply into the possibilities, you will profit from a reference 
book devoted to the subject. 

Table 14.1 summarizes some of the predefined types and variables, 
and some additional QuickDrawl routines. 

Transfer Modes 327 
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Figure 14.7 • Program 
Pen Modes 

program PenModes; 

begin 
PenMode(ParOr); 
PaintRect(lO, 50, 75, 100); 
PaintRect(lOO, 100, 175, 200); 
PenMode(PatXor); 
PaintRect(60, 90, 120, 175); 
PaintMode(PatBic); 
PaintRec(l55, 180, 165, 190) 

end. 

Drawing 



Table 14.1 • Some Predefined Variables, Types, and Procedures in 
QuickDraw1 

Type 

Str255 = string[255]; 
Pattern= packed array[0 .. 7] of 0 .. 255; 
Bitsl6 = array[0 . .15] of Integer; 
Styleltem = (Bold, Italic, Underline, Outline, Shadow, Condense, Extend); 
Style = set of Styleltem; 
Point = record case Integer of 

0 : (v : Integer; 
1 : (vh: array[VHSelect] of Integer); 
end; 

Rect = record case Integer of 
0 : (Top : Integer; 

Left : Integer; 
Bottom : Integer; 
Right : Integer); 

1 : (TopLeft : Point; 
BotRight : Point); 

end; 

Variables 

White : Pattern; 
Black : Pattern; 
Gray : Pattern; 
LtGray : Pattern; 
DkGray : Pattern; 

Line Routines 

PenSize(Width, Height); 
PenMode(Mode) 
PenPat(Pattern) 
PenNormal 

Text Routines 

TextFont(font) 
TextFace([StyleName]) 

TextMode(Mode) 
TextSize(PointSize) 

{ Integer, Integer l 
{ PatOr, PatXor, PatBic } 
{ White, Black, Gray, LtGray, DkGray l 

{Integer l 
{ Bold, Italic, Underline, Outline, 

Shadow, Condensed, Extend } 
{ SrcOr, SrcXor, SrcBic l 
{ 9, 12, 14, 18, 24 l 
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Table 14.1 continued 

Graphics Rputines 

In the following procedures, RectName can be replaced by either a value of 
type Rect, or by four integer values representing the Top, Left, Bottom and 
Right coordinates of the rectangle. 

FrameRect(RectName, StartAngle, ArcAngle) 
PaintRect(RectName, StartAngle, ArcAngle) 
EraseRect(RectName, StartAngle, ArcAngle) 
lnvertRect(RectName, StartAngle,ArcAngle) 
FillRect(RectName, Color) 

FrameOval(RectName, StartAngle, ArcAngle) 
PaintOval(RectName, StartAngle, ArcAngle) 
EraseOval(RectName, StartAngle, ArcAngle) 
InvertOval(RectName, StartAngle,ArcAngle) 
FillOval(RectName, Color) 

FrameRoundRect(RectName, StartAngle, ArcAngle). 
PaintRoundRect(RectName, StartAngle, ArcAngle) 
EraseRoundRect(RectName, StartAngle, ArcAngle) 
InvertRoundRect(RectName, StartAngle,ArcAngle) 
FillRoundRect(RectName, OvalDiameter, OvalHeight, Color) 

FrameArc(RectName, StartAngle, ArcAngle) 
Paint:Arc(RectName, StartAngle, ArcAngle) 
EraseArc(RectName, StartAngle, ArcAngle) 
InvertArc(RectName, StartAngle,ArcAngle) 
FillArc(RectName, StartAngle, ArcAngle, Color) 



Prelude to Planning 

0 record of the doings of Mr. Sherlock Holmes and his 
contributions to the development and understanding of 
the Analytical Engine would be complete without a report 
on his brilliant address to the Royal Society in the late 

autumn of 1895. Shortly after the conclusion of the case involving Arthur 
H. Staunton, the rising young forger, came the publication of the great 
detective's much celebrated monograph, "Upon the Use of the Analytical 
Engine in the Work of the Criminal Investigator," which earned him an 
invitation to speak before the annual meeting of the Royal Society. 

It may be remembered that I had sold my Kensington practise a year 
earlier and that I was again sharing lodgings with my old companion at 
2218 Baker Street. He insisted that I accompany him to the assembly, and 
it was my great privilege to do so. I offer here an account of his address, 
which I have reconstructed from my notes. 

A special carriage was sent for us bearing two emissaries of the 
Royal Society. These gentlemen escorted us to a stately house situated 
off Pall Mall, to the rooms that were home to the learned group, where a 
reception was already in progress. Here Holmes and I had the 
opportunity to mingle with some of Britain's most renowned scientific 
figures. 

At a certain point, Holmes was escorted to a podium and, following a 
brief introduction, commenced his lecture. 

"Gentlemen and fellow scientific investigators," Holmes began. "It is 
without doubt an honour to appear before this assembly tonight in order 
to share a few of my ideas on the use of the Analytical Engine. 

"Though all of you are doubtless already aware of the advantages 
that the Engine promises to bestow upon science, and although many of 
you may be considering applying this new device to your own areas of 
investigation, it is likely that you have as yet had little experience in 
designing programmes for the Engine. It is my hope that my lecture will 
furnish you with a general, logical method for organizing programming 331 



332 Prelude to Planning 

"A special carriage wos sent for us." 

tasks and attacking scientific problems with the Analytical Engine. This 
method 1 have called "programming from the top-down." Although 
elementary in its fundamental concepts, it is invaluable as a technique for 
constructing all types of programmes, including the most complex ones 
you are likely to encounter. 

"In my engagements as a criminal investigator I have always been 
qireful to arrange all clues systematically and devise a complete 
hypothetical approach to a case before taking a single step out of my 
rooms in pursuit of a solution. This principle applies equally well to the 
use of the Analytical Engine. No matter how simple the task, it is 
necessary at the outset to formulate a clear and complete statement of 
the problem at hand, as well as a basic plan for solving it. The 
programmer should prepare sample input and output formats and design 
a general algorithm before writing any programme. This precaution 
ensures that a minimal amount of confusion and lost time will result 
during interactions with the Engine. 
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"Let me now enumerate the characteristics of the top-down 
approach. 

"The first concept essential for a grasp of programming top-down is 
the idea of design in levels. The programmer should construct his 
programme according to a conceptual hierarchy. The upper levels of his 
hierarchy should indicate the more general features of the problem, with 
details and elaborations introduced at the lower levels. 

"The highest level is thus the initial conception of the solution. The 
individual paths from each level represent the possible solutions at each 
conceptual stage. Each lower level thus elaborates the preceding level. 
Here is a chart," said Holmes, "that illustrates this idea." 

1 have reproduced this graphic representation as Fig. 15.1. 
"Secondly, the language used to formulate this preliminary model 

need not be the special language of the Engine, and for this reason the 
top-down method is described as being language independent. At this 
early stage of programming, ordinary English will generally be sufficient. 
Later, of course, it should be possible to encode the programme in a form 
intelligible to the Engine. 

"Thirdly, as in all forms of scientific reasoning, it is advisable to 
attain a firm grasp of the broad aspects of a problem before proceeding to 
the minute details of analysis. Accordingly, in the top-down approach, 
details should be deferred to lower levels. Typical of such detail is the 
internal representation of data 

• • • 
• • • 

Initial conception of the problem, P1 

• • • 

Possible first 
statements, P2 

Possible first 
refinements, P3 

Possible final 
programs, Pn 

Figure 15.1 • The top­
down approach 
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"Fourthly, before advancing to a lower level, the programmer must 
ascertain that the solution is stated in precise terms. By this I mean that 
instead of using a very vague statement that has no immediate 
consequences, the programmer should seek a more meaningful 
statement that entails one or more submodules. 

"Fifthly, as a new level unfolds in the programme's development, the 
programmer must take pains to verify the solution. You will conserve 
appreciable amounts of time and energy by detecting errors in style or 
content as early as possible, rather than after numerous sub­
programmes have already been generated and the errors must be traced 
to their sources further up in the hierarchy. 

"And finally, each step of the programme must be elaborated, 
improved, and meticulously examined until it is ready to be transformed 
into the Engine's special language. 

"Although this lengthy process of refinement may seem tedious to 
the lofty theorists among you, I assure you that there is no other way to 
use the computing machine efficaciously. In fact, as you become more 
adept at designing programmes, this stage of the task will become less 
and less burdensome; and you may well discover that you enjoy the 
intellectual exercise it affords. 

"I myself found no difficulty in adapting to the requirements of 
programme design, for my career as a detective has sharpened my 
faculties to such a degree that I routinely dissect cumbersome problems 
into manageable components with little effort. 

"Now, gentlemen, if my explication is entirely clear to you thus far, I 
should like to offer some further observations concerning the art, or 
science, as you would perhaps prefer to designate it, of programming 
from the top down. I cannot emphasize too strongly that you must 
thoroughly understand the given task and its solution before attempting 
to write a programme. 

"Therefore, you should initially be far less concerned with your 
notation-for example, ordinary English would suffice-than with your 
overall comprehension of the problem. This is especially important at the 
top levels of the hierarchy. Eventually, sub-programmes must be 
explicitly stated; and in particular all input and output arguments must be 
described. 

"Again, allow me to emphasise the importance of scrupulous 
examination and refinement of each stage of a top-down model. One 
should always look for possible errors and provide against them. 

"Here is an example at an intermediate level of refinement," 
continued Holmes, gesturing towards another illustration that I have 
duplicated as follows: 
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case DayOfWeek of 
Monday: - generate last week's criminal summary 
Tuesday: - do nothing 
Wednesday: - update criminal records 
Thursday: - process new reports 
Friday: - generate lab item reports 
Saturday: - generate weekly statistics 
Sunday: - do nothing 

end 

"The language in this illustration is obviously informal, yet each 
statement can be transformed into instructions as required for the 
Engine. Of course, the programme must ultimately provide explicit 
instructions for performing each operation, such as the updating of 
criminal records, but this occurs at a later stage of the refinement 
process. 

"Once again, gentlemen, may I direct your attention to our first 
illustration (Fig. 15.1). As 1 remarked previously, this is a graphic 
representation of the top-down concept. The highest level, P1, constitutes 
the most general description of the problem; and the downward 
branchings represent the alternative methods of programme design 
available to the programmer at each step. As the programmer reaches 
each successive level, he must choose the branches that best fit the 
stated purposes. If all the branches at a certain level seem unsuitable, it 
may be necessary to return upward in the tree and select a different 
solution at a higher level. In advancing from P1 to the bottom of the tree, 
the programmer thus moves from a general statement of the problem, 
through a series of decisions about the design, and finally to a working 
programme. 

"Let us turn our attention to this illustration of the top-down 
structure of a particular programme containing five levels." 

Holmes directed their attention to the chart I have included here as 
Fig. 15.2. 

"Observe how individual paths from Pl' as they were designated in 
our first illustration (Fig. 15.1), are elaborated to produce the individual 
parts charted in this illustration (Fig. 15.2). 

"I imagine that by this time my learned listeners have conceived 
some applications of the top-down method to their own investigations in 
various scientific disciplines. As a man acquainted with several branches 
of natural science, and especially chemistry, I am confident that the 
principles outlined in this lecture can be of service to investigators in all 
fields, mundane as well as academic." 

As could only be expected, the members of the Royal Society 
greeted Holmes's lecture with considerable applause and afterwards 
detained him for nearly an hour with their questions concerning the 
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Figure 15.2 • Top-down 
structure of a 
programme 

details of the top-down method. Many of them were delighted to meet the 
famous detective, whose adventures they confessed to having followed 
in my modest chronicles; and they pressed Holmes to discuss his latest 
endeavours in criminal investigation. 

Once we were back at our comfortable lodgings in Baker Street, 
sitting on either side of the fire, Holmes, who was always amenable to 
flattery, allowed his more sombre and cynical spirit to comment on the 
evening's course of events. 

"Do you realize, Watson, that none of our distinguished company 
this evening enquired as to my plans for applying the Analytical Engine in 
my future criminal investigations? If these are the greatest minds our 
generation can offer, I fear that the world may not yet be ready or 
deserving of this magnificent Engine. It was indeed a disappointment, for I 
would surely like to contemplate tomorrow's challenges as well as 
yesterday's laurels." 

Main program, M 1 

Subprograms, M2 

Subprograms, M 3 

Subprograms, M 5 

Main Levels = 5 

Subprograms = Procedure or 
Function 



Holmes Delivers a Lecture 337 

"I fear, Holmes, that I am entirely to blame for this," 1 remarked. "My 
highly exaggerated accounts of your doings, as you yourself have called 
them, have given the public a distorted view of the seriousness with 
which you go about your business." 

"On the contrary, Watson. You have given prominence not so much 
to the many sensational causes in our cases together, but rather to those 
seemingly trivial incidents that have given room for those faculties of 
deduction that I have made my special province. For this, I am eternally 
grateful. As for the Analytical Engine, I offer my work to the next 
generation of scientific investigators-to those young boys still in 
boarding school, capsules they are, hundreds of bright little seeds from 
which will doubtless spring a wiser, and indeed, better England." 



Chapter 15 

There are many different 
approaches to a programming problem. The top-down approach is in 
marked contrast to other methods, including the following ones. 

Linear approach 
Bottom-up approach 
Inside-out or forest approach 
Imitation approach 

In the linear approach the programmer immediately starts writing code 
as it will appear when executed, first line first, second line second, and so 
forth. The drawback with this approach is the need to make specific, 
detailed decisions with very little assurance that they will be appropriate 
to the problem at hand. 

It is a capital mistake to theorize before one has data, because one 
begins to twist facts to suit theories, instead of theories to suit facts. It is 
just so with programming; if one begins to construct a program without 
sufficient data one must be prepared to accept the consequences. The 
linear technique may seem obviously poor, but the temptation to use it 
can be very strong, especially on those problems that appear "easy." But 
beware of this temptation-the little, easy problems have a way of ending 
up much more complicated than they first appear. 

In the bottom-up approach, the programmer designs and writes the 
lower components first, and the upper levels later. The bottom-up 
approach is in a sense the inversion of the top-down approach. It suffers 
severely by requiring the programmer to make specific decisions about 
the program before the overall problem and algorithm are understood. 

In between the top-down and bottom-up approaches, we have the 
inside-out or "forest" approach, which consists of starting in the middle 339 
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of the program and working down and up at the same time. Roughly 
speaking, it goes as follows: 

1. General idea. First we decide upon the general idea for 
programming the problem. 

2. A rough sketch of the program. Next we write any "important" 
sections of the program, assuming initialization in some form. In 
some sections we write portions of the actual program. In doing 
this, we hope that the actual intent of each piece of program will 
not change several times, necessitating rewriting parts of our 
sketch. 

3. Programming the first version. After step 2, we write the entire 
program. We start with the lowest level module. After an 
individual component has been programmed, we debug it and 
immediately prepare a description of what it does. 

4. Rethinking and revising. As a result of step 3, we should be close 
to a working program, but it may be possible to improve on it. So 
we continue by making improvements until we obtain a 
complete working program. 

It is probably fair to say that many programmers, even experienced ones, 
often work inside out, starting neither very close to the top nor very close 
to the bottom level. Instead they start in the middle and work outward 
until a program finally appears on the horizon. The approach is a poor 
one, for the program may undergo many changes and patches and thus 
seldom achieves a clear, logical structure. 

As another method, consider the imitation approach, a method 
superficially resembling the top-down approach. This approach is 
discussed in detail because many programmers think that the top-down 
approach is really the way they have always programmed. There are, 
however, subtle but important differences. The imitation approach is as 
follows: 

1. Thinking about the program. Having been given a programming 
task, take the time to examine the problem thoroughly before 
starting to program. Think about the details of the program for a 
while, and then decide on a general approach. 

2. Deciding on subprograms. After having thought about the 
problem in detail, decide on what sections will be sufficiently 
important tp merit being made into subprograms. 

3. Writing of subprograms. At this point write each subprogram. 
After each is completed, write down what it expects as input, 
what it returns as output, and what it does. The subprograms 
should be written in a hierarchical manner: the most primitive 
first, calling routines second, and so forth. Doing this will ensure 



that the subprograms are fully written before the upper-level 
program structures are finalized. 

4. Writing the main program. After all subprograms have been 
written, write the main program. The purpose of the main 
program is to sequence and interface the subprograms. 

The imitation approach has some important similarities to the top­
down approach: 

• The problem must be understood thoroughly before writing the 
program. 

• The actual writing of the program is postponed until after 
certain decisions have been made. 

• The problem is broken up into clear, logical units. 

However, there are important differences between the two approaches: 

• In the top-down approach, a specific plan of attack is developed 
in stages. Only the issues relevant to a given level are 
considered, and these issues are formalized completely. 

• Furthermore, whenever the programmer decides to use a 
subprogram, the interfaces (arguments, returned values, and 
effects) are decided first. The inputs and outputs are formalized 
before developing the subprograms; that is, the subprograms 
are made to fit the calling routine instead of the other way 
around. 

• Most important, at every step in the top-down approach, the 
programmer must have a complete, correct "program." 

The disadvantages of the imitation approach are that it is more 
likely to produce errors, to require extensive program modifications, or 
to result in a somewhat ill-conceived program. Choosing a partially 
specified attack may require serious changes to the program. Writing 
subprograms first may result in confusing program logic if the 
subprograms do not integrate easily into the upper-level code designed 
later. 

In summary, think carefully about programming technique. The 
top-down approach may provide the best alternative. 
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ITH Mr. Sherlock Holmes at Baker Street, one's morning 
paper presented infinite possibilities. The air of London 
remains all the sweeter for his absence, but the days of the 
great cases are past following his retirement to the Sussex 
Downs. 

During this period of my life, Holmes passed almost entirely beyond 
my ken, save for an occasional weekend pilgrimage I might make to his 
little villa at Fulworth. I was surprised and delighted, therefore, when one 
morning in June the maid brought in a small package and a note from my 
old companion. Removing the wrappings I found a slim volume entitled, 
Practical Handbook of Bee Culture, with Some Observations upon the 
Segregation of the Queen. The accompanying note read: 

Watson, 
As you can see, I have been considering some of the problems 

furnished by Nature, rather than those of a more superficial character 
for which our artificial state of society is wholly responsible. Of late, 
however, I have been tempted to direct my thoughts towards the 
Analytical Engine. Can you spare me a few days? Air and scenery are 
perfect. 

Holmes 

Owing to my experience in the rough-and-tumble camps of 
Afghanistan, I was quite a ready traveller. My bag was packed and I was 
rattling out of Victoria station within the hour. 

Mrs. Hudson, his old housekeeper, showed me into Holmes's sitting 
room where I found him engaged in conversation with a distinguished 
gentleman, vaguely familiar to me. 

"Surely you remember Major General Henry Prevost Babbage?" 
said Holmes. 

"Of course," I replied. "We met at the annual meeting of the Royal 
Society. I am delighted to meet you again, sir." 

343 
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"Naturally the conversc1tion turned to the Analytical Engine." 

"The pleasure is mine, Dr. Watson," he answered, extending his 
hand. We sat for a while and, naturally enough, the conversation turned 
to the Analytical Engine. 

"As you know, Watson, I am now preparing the magnum opus of my 
career, a comprehensive treatise of my methods entitled The Whole Art 
of Detection , with illustrations from my most noteworthy cases. As you 
may imagine, this is the longest and most difficult work I have ever 
attempted, over five hundred pages in its entirety. I have spent countless 
hours and many sleepless nights verifying minute points and making 
hundreds of emendations. 

"The content and style of this manuscript have so engrossed my 
attention that I simply have no patience left for the more mundane 
aspects of its creation, such as typing and proofreading. Yet I dare not 
entrust the copying and editing of such an important work to just anyone. 
Do you understand, Watson?" 

"Yes, quite, Holmes," 1 replied, with some apprehension lest he ask 
me to serve as his scribe. A sudden thought came to me. "Perhaps the 
Engine can be put to good use here?" 

"Precisely what I had in mind, Watson. Now, you may well wonder 
how the Engine is equipped to serve in this capacity. Imagine, if you will 



that I have scribbled out a paragraph of my manuscript without 
observing the conventions of margins, indentation, et cetera, as in this 
fragment." 

He placed before Babbage and myself a card with the following 
inscription: 

While the criminal investigator 
typically does 
not consider himself a disciple 
of empirical science, 
his work, like the chemist's, 
consists in a logical and systematic 
quest for Truth. 

"Obviously I could not submit a collection of such fragments to a 
publisher. I am trying to design a programme that will, among other 
things, arrange such fragments of text correctly, as follows." 

He thereupon handed us another card on which was written an 
emendation of the first: 

While the criminal investigator typically does 
not consider himself a disciple of empirical science, 
his work, like the chemist's, consists in a logical 
and systematic quest for Truth. 

"Notice here that the words are arranged to fill the line properly," 
Holmes continued. "You see, the typing and editing process can be made 
considerably simpler. I can enter the text at leisure; and if a mistake is 
encountered or a change is deemed necessary, I can simply correct the 
original version. The Engine can then be commanded to print a perfect, 
corrected copy. Here I have made an outline of the desired format for my 
entire manuscript." 

here: 
I inspected the profferred conventions, which are reproduced 

1. Page Size (standard 8 1/ 2-by-11 page) 
85 characters per line 
66 lines per page 

2. Margins 
Left: 15 characters in from left edge of page 
Right: 10 characters in from right edge of page 
Top: 6 lines down from top of page 
Bottom: 6 lines up from bottom of page 

3. Printing Area (standard 10 point spacing) 
60 characters per line 
51 lines per page 
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4. Page Numbers 
6 lines down from bottom margin, centered between the left 
and right margin, and enclosed by hyphens, for example: 

-14-

I immediately thought of my own writings and the great amount of time 
that could be saved with the implementation of such a scheme. It would 
sometimes take up to a year for my manuscripts to be edited by my 
literary agent, Dr. Arthur Conan Doyle, again by his editors, and finally 
appear in their printed form. I noted that in addition to spacing each line 
of text properly, the Engine would ensure that the margins were observed 
and that page numbers were correctly incremented. 

"Well, Holmes," I said after a time, "this idea of yours will 
undoubtedly spare you much of the tedium authors ordinarily suffer." 

"True, Watson," he replied, "but this is only the beginning of my 
work. Remember that before approaching the Engine it is imperative to 
define the problem completely and exactly, using the top-down 
approach. In particular, one must enumerate every possible detail of the 
input and output. On these pages I have described the commands for 
formatting text and worked out a hypothetical input with its cor­
responding output." 

Holmes then showed us the commands as well as samples of the 
input and output to his programme. I have replicated them here as Table 
16.l and Fig. 16.1, respectively. 

"The Engine would also be employed to control the general scheme 
of the printed page, that is to say, it would handle the paragraphing and 
indentation patterns. Thus a command such as 

:Indent IO 

would cause following lines of text to be indented ten spaces. Then if one 
wished to return to the left margin, the command 

:Indent 0 

would suffice." 
"I beg your pardon, Mr. Holmes," Babbage interjected at this point. 

"But what exactly do you have in mind when you speak of enumerating 
every possible detail of the input and output?" 

"I am delighted that you asked, Mr. Babbage," said Holmes, "for that 
is the most difficult aspect of this programme's design. When creating a 
programme intended for intimate use by a person such as this, we must 
always ask ourselves such questions as: What sorts of command are 
useful? What precisely are the actions these perform? What sorts of error 
might one make while using the programme? What would happen if one 
incorrectly entered some input to the Engine? And what are all the 
possible ways of entering input incorrectly?" 



Table 16.1 • Text formatting commands 

Commands 
:Paragraph 

:Verbatim 

:Indent n 

:Center n 

:Skip n 

:Page 

Meaning 
Marks the beginning of a paragraph. All following lines of 
text up to the next command line are treated as a 
sequence of words without line boundaries. The words 
are printed with end-of-line markers inserted so that 
each line (except the last) will be filled with one space 
between each pair of words. The first line of each 
paragraph is indented 5 spaces. The right margin is 
ragged. 
If the paragraph is followed by a blank line or one or 
more commands (excluding the Verbatim command), 
then the next line of text will be considered the 
beginning of a new paragraph. 
Marks the beginning of a series of lines that are to be 
output exactly as given, except for possible indentation. 
All lines (excluding command lines) between the 
Verbatim command line and the next Paragraph 
command line (or the end of the input) are to be 
printed verbatim. 
Causes all following lines of text to be indented n spaces 
from the left margin (n from 0 through 60). 
Causes the following n lines of text (n > 0) to be 
centered between the left and right margins. If n is 
omitted, then only the next line will be centered. 
Causes n blank lines (n > 0) to be printed. If n is 
omitted, then one blank line is printed. Note that a blank 
line of text in the input is treated exactly as a ":Skip l" 
command line. 
Causes the next line to be printed at the top of a new 
page. This is also done automatically whenever a page is 
filled. 

"But Mr. Holmes," interrupted Babbage, "with all due respect, my 
first impression is that all this detail and fussing only complicates the 
problem before one even begins to solve it. My research has trained me 
to find the shortest possible route to a problem's solution and then take 
that route without a glance at the more convoluted byways. Does this 
top-down approach not result in considerable wasted time?" 

"On the contrary, my dear Babbage," Holmes replied, as he reclined 
in his sofa and reached for a cigarette case on a table near at hand. He lit 
one end of a cigarette and blew a thin cloud of smoke into the room 
before he continued. "You must know the value of taking pains in any 
scientific endeavor. It has long been an axiom of mine that the little things 
are infinitely the most important, and that one must realize the 
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Figure 16.1 • Sample 
input and output 

Sample Input 
:Center 2 
THIS IS A TITLE 

:Paragraph 
The text of a paragraph is adjusted 
on a line to fit on 
a line with at most 60 characters. 

:Indent IO 
One or more lines can be indented from the left margin 
with an Indent command. 

:Indent 0 
One can also specify that lines are to be printed 
verbatim, as in the following short table: 

:Verbatim 
ITEM 

1 
2 
3 

AMOUNT 
18 
6 

11 

Corresponding Output 

THIS IS A TITLE 

The text of a paragraph is adjusted on a line to fit on 
a line with at most 60 characters. 

One or more lines can be indented from the 
left margin with an Indent command. 

One can also specify that lines are to be printed 
verbatim, as in the following short table: 

ITEM AMOUNT 
1 18 
2 6 
3 11 

need for analyzing a situation thoroughly before making a single attempt 
to call upon the Engine. 

"You will recall my address to the Royal Society, when we had 
occasion to meet for the first time, and your own brilliant paper in the 
Proceedings of the British Association. Keep in mind that we are not 
merely seeking a single answer to a perfectly defined problem, as an 
engineer does many times in his daily work. Rather, we must instruct the 
Engine to deal with an entire host of problems. Our first and foremost 
task is to define these problems, as it remains impossible to solve them 
without first grasping an understanding of the general situation and all its 



ramifications. This procedure may appear very time-consuming at the 
outset. However, it usually results in an accurate programme requiring 
few emendations; thus our method will actually save us time." 

Holmes then produced yet another chart, given here as Table 16.2. I 
now began to see that his problem was not a simple one at all. The Engine 
would have to keep track of many details and even be tolerant to the 
errors of its employer. He had obviously spent a considerable amount of 
time thinking about the design of the programme. 

"I have asked you out for the weekend, Watson," said Holmes, turning 
his attention to me, "to call upon your remarkable powers of stimulating 
genius, which I have, of late, found in short supply. I have been lost without 
my Boswell. I would appreciate your company also, Mr. Babbage; and, at 
any rate, there is no return train to London tonight and I have unwittingly 
condemned you to the horrors of my hospitalities. 1 have oysters and a 
br&ce of grouse, with something a little choice in red wh1es." 

We enjoyed a pleasant meal together and continued our discussion 
of the Analytical Engine well into the evening, with a bottle of claret 
among us. When the conversation again turned to the design of a top­
down outline of a programme for formatting Holmes's manuscripts, 
Babbage tried his hand at sketching a preliminary design. 

"I am not wholly certain how far to delve into your list of exceptions 
and details, or where to draw the line," said Babbage. "Perhaps 
something like this would suffice." He then scribbled on a sheet of paper 
and handed it to Holmes. It read: 

Initialize programme variables 

As long as lnputFile is not empty, do the following: 
read NextCharacter 
process NextCharacter 

Print last PageNum 

"Very good," said Holmes. "But there remain some points in need of 
clarification. In the first place, what programme variables are to be 
initialized? And the specification for reading characters is not explicit 
enough. The characters, you see, may be either part of the text or part of 
a command; and these two categories must of course be treated 
differently. 

"A line of input falls into the command category if it begins with a 
colon. Otherwise, it is a line of text. Notice that in practice, lines will tend 
to occur in groups belonging to one category or the other. Thus we may 
view the input as groups of one or more lines of a given category. 

"Notice also that command lines are treated uniformly, regardless 
of their context, whereas this is not true of text lines. The treatment of a 
text line depends upon whether the line is part of a paragraph or is to be 
printed verbatim. Moreover, this distinction depends on the context. 
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Table 16.2 • Holmes's list of exceptional conditions 

1. An input line beginning with a colon is not followed by a legitimate 
command. 
Response: The line is output verbatim with five asterisks in the left 
margin to call attention to the problem. 

2. The argument given for an Indent command is not numeric or too 
large (> 60); the argument given for a Center or Skip command is 
not numeric or too large (> 99). 
Response: As above. 

3. One of the lines to be centered with a Center command is a 
command line. 
Response: The line is output centered with five asterisks in the left 
margin to call attention to the problem. 

4. A line to be output e."<tends beyond the right margin. This can be a 
verbatim line that is too long or a word in a paragraph line that is 
too long (for example, if the indent happens to be 50 characters and 
a word will not fit in the remaining ten spaces). 
Response: Allow the line to be output up to, but not beyond, the 
edge of the page. Place five asterisks in the left margin to call 
attention to the problem. 

5. A text line is seen before either a Paragraph or Verbatim command 
is seen. 
Response: Assume that a Paragraph command has been seen at 
the very beginning. 

When a Paragraph or Verbatim command is entered, the Engine must 
'remember' the command so that all following groups of text lines can be 
treated accordingly. The input mode is initially assumed to be paragraph 
mode in order to accept input text directly, and is altered when a 
Verbatim command is entered." 

We then waited in silence while Holmes's mind worked uninter­
rupted. Finally he continued. 

'Tm glad you wrote this out, Mr. Babbage, as it has forced me to 
consider several alternatives. 1 would now formulate my approach to this 
problem as follows." 

Holmes began to outline a format programme and wrote the 
following sketch: 

Assume TextMode is paragraph mode 
As long as lnputFil~ is not empty, do the following: 

if next input character is':' then 
process one or more command lines 

else - next line is a text line 
if TextMode is paragraph mode then 

process one or more paragraph lines 



else 
process one or more verbatim lines 

Print last page number 

"Yes, now I see," said Babbage. "Your method is becoming clearer 
to me. In the first draft of a top-down analysis you want to be very 
general, yet also account for all the various possibilities as they might 
logically arise." 

"Quite so," replied Holmes. "But I should like to make this analysis 
even more precise, for no surprises should arise later as a result of initial 
misjudgment. There are some details this first top-down sketch does not 
include-for example, the line number on the output page, the page 
number if a page becomes full, or the possibility of an input line resulting 
in a change to the indentation." 

"Well, Mr. Holmes," said Babbage after some length, "I fear that Dr. 
Watson and I have been of very little help to you this evening. Perhaps 
tomorrow will bring more profitable results." 

"Nonsense," snapped Holmes. "I cannot agree with those who rank 
modesty among the virtues. To a logician all things should be seen 
exactly as they are, and to underestimate oneself is as much a departure 
from truth as to exaggerate one's own powers. You have both paid me a 
great service this evening and I am most appreciative." 

Here was a different Holmes at work, for historically it.had been one 
of the peculiarities of his proud, self-contained nature that, though he 
docketed any fresh information very quickly and accurately in his brain, 
he seldom made any acknowledgment to the provider. 

I rose the next morning earlier than usual to find Sherlock Holmes 
pacing back and forth in his sitting room. He was in excellent spirits. I 
could see that he had been up the whole night working on his programme 
and, furthermore, that he had good news to report. 

"You have met with success, Holmes," I stated confidently. 
"Indeed, Watson, I have," he replied, looking me over curiously. 

"The top level of the design is completed and sketched in Pascal, but the 
papers are stored away in my desk. How is it that you knew?" 

"Obvious, my dear Holmes. What else am I to assume when I see 
your right cuff so very shiny and spotted with ink for nearly four or five 
inches, and left one with the smooth patch at the elbow where it has 
rested for some length of time upon your desk?" 

"I must say, Watson, the faculty of deduction is certainly 
contagious." 

And so I close this account of Mr. Sherlock Holmes and his 
contributions to the development of the Analytical Engine. A detailed 
sketch of his final top-down design is reproduced here as Fig. 16.2, and a 
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Figure 16.2 • Second 
version of Holmes's top­
level design 

top-level sketch of the design as written in Macintosh Pascal is here 
shown as Fig. 16.3. 

His decision to test out the programme on a complete chapter from 
his forthcoming work, The Whole Art of Detection, brought to mind my 
first encounter with Sherlock Holmes in January of 1881. A chance 
reunion with young Stamford, a dresser at St. Bartholomew's, brought 
Holmes and me together. How well I recall Stamford, standing there at the 
Criterion Bar, saying of Holmes, "I could imagine his giving a friend a little 
pinch of the latest vegetable alkaloid, not out of malevolence, you 
understand, but simply out of a spirit of inquiry in order to have an 
accurate idea of the effects. To do him justice, I think that he would take it 
himself with the same readiness." 

Definitions: 
TextMode 
Indentation: 
LineNum : 
PageNum 

Algorithm: 

paragraph or verbatim 
the current indentation· 
the current line for output 
the current page being printed 

Set TextMode to ParagraphMode 
Set Indentation to 0 
Set LineNum to I 
Set PageNum to I 

As long as lnputFile is not empty, do the following: 
if next input character= ":" then 

process commands, possibly updating TextMode, Indentation, 
LineNum, PageNum 

else 
if TextMode = ParagraphMode then 

process paragraph lines, using Indentation, 
possibly updating LineNum, PageNum 

else 
process verbatim lines, using Indentation, 

possibly updating LineNum, PageNum 
Print last PageNum 



program Format; 

const 
PageSize = 66; 

TextWidth = 60; 

CommandChar = ':'; 

I Number of lines from top of page l 
I to bottom edge of page. l 
I Number of columns from left margin to l 
I right margin. l 

I -- remaining constant declarations l 
type 

Mode= (ParagraphMode,VerbatimMode); 
CommandName = (Paragraph, Verbatim, Indent, Center, Skip, 

Page, lllegal); 
lndentRange = O .. TextWidth; 
LineNumRange = O .. PageSize; 
I -- remaining type declarations l 

var 
TextMode: Mode; 
Indentation : lndentRange; 
LineNum : LineNumRange; 
PageNum : Integer; 
I -- Procedures and functions, for example procedures l 
I -- DoCommands, DoParagraphLines, DoVerbatimLines, and the l 
I -- function NextlnputChar l 

begin I -- MAIN ALGORITHM l 
TextMode := ParagraphMode; 
Indentation := O; 
LineNum := l; 
PageNum := 1; 

while not EOF do 
begin 

if NextlnputChar = CommandChar then 
DoCommands(TextMode, Indentation) 

else 
case TextMode of 

ParagraphMode : 
DoParagraphLines(lndentation); 

VerbatimMode: 
Do VerbatimLines(lndentation ); 

end 
end; 

NewPage 
end. 
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Figure 16.3 • Top-level 
sketch of text formatting 
program 



Chapter 16 

It is with a heavy heart that we 
sit down to our word processor to write these, the last words in which we 
record the singular gifts by which Mr. Sherlock Holmes distinguished 
himself as a pioneer in the field of computer programming. His "final 
programme" is a full-scale application of computers that we may employ 
in many circumstances and with a variety of computers. 

Let us begin with the structure of the entire program. It has the form of a 
tree, much like that in Fig. 15.2. The root point of the tree is the main 
program. Each successive point at a level of the tree is a subprogram. The 
branches emanating from a subprogram point are the subprograms that, 
in turn, are called from the subprogram. 

The individual subprograms are quite straightforward, and we will 
not elaborate on each. We will describe one subprogram to get a feel for 
the entire program. 

As the sample subprogram, let us look at DoParagraphLines. The 
procedure performs the actions required for adding input lines to a 
paragraph. The procedure has one parameter named Indentation, giving 
the current indentation from the left margin. The body of the procedure 
begins with 

Column := Indentation; 
NewParagraph := True; 

These statements set the column position of the next printed word to the 
indentation, and a new paragraph flag to true. 

16.1 • The 
Example, Text 
Formatting 

355 
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The major work in the procedure is accomplished next in the 
loop: 

repeat 
GetWord(Word); 
if Length(Word) = 0 then 

-what to do if the next line is blank 
else 

-what to do for a nonblank line 
ReadLn(InFile) 

until (NextlnputChar = CommandChar) or EOF(lnFile) 

This loop keeps reading and processing lines until a new command is 
encountered or the end of the text is reached. The call to ReadLn simply 
reads the end-of-line marker. 

Finally we have 

if Column <> Indentation then 
New Line 

which closes the last line of the paragraph. 
Elementary, but keep in mind that when using the top-down 

approach the main program should be so carefully defined and mapped 
out that each procedure can be written independently. Thus any 
subprograms that are true to the behavior expected by the main program 
will suffice. 

The comments shown in Table 16.3 contain information that is 
useful for any user of the program and would most certainly be needed 
by anyone wanting to modify it. They should be reviewed and understood 
before an attempt is made to read the program itself. 

Table 16.3 • Format Comments 

PROGRAM TITLE: Format 

PROGRAM INfENT 

This program reads a text file and formats it according to conventions 
given below. The text file contains lines of text and command lines. Each 
command line begins with a colon and must be followed by a legal 
command. 

INPUf AND OUfPUf FilLES 

Input: 
Output: 

A file containing text lines and command lines. 
The formatted text. 



Table 16.3 continued 

GENERAL IAYOUf CONVENTIONS 

Page Size 

Standard 8V2 by 11 page, 85 characters per line, 66 lines per page. 

Margins 

Left: 
Right: 
Top: 
Bottom: 

Printing Area 

15 characters in from left edge of page. 
10 characters in from right edge of page. 
6 lines down from top of page. 
9 lines up from bottom of page. 

Standard 10 pitch spacing, 60 characters per line, 51 lines per page. 

Page Numbers 

6 lines down from bottom margin, centered between the left and right 
margin, and enclosed by hyphens, For example 

COMMANDS 

Paragraph 

-14-
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Marks the beginning of a paragraph. All following lines of text up to the 
next command line are treated as a sequence of words without line 
boundaries. The words are printed with ends-of-lines inserted so that each 
line (except the last) will be filled with one space between each pair of 
words. The first line of each paragraph is indented 5 spaces. The right 
margin is ragged edged. 

If the paragraph is followed by a blank line or one or more commands 
(excluding the Verbatim command), then the next line of text will be 
considered the beginning of a new paragraph. 

Verbatim 

Marks the beginning of a series of lines that are to be output exactly as 
they· are given, except for possible indentation. All lines (excluding 
command lines) between the Verbatim command line and the next 
Paragraph command line (or the end of the input) are treated as text to 
printed verbatim. 

Indent n 
Causes all following lines to be indented n spaces from the left margin (n 
from 0 to 60). 

Center n 

Causes the following n lines of input text (n > 0) to be centered between 
the left and right margins. If n is omitted, then only the next line will be 
centered. 

Skip n 

Causes n blank lines (n > 0) to be printed. If n is omitted, then only one 
blank line is printed. Note that a blank line of text in the input is treated 
exactly as a "Skip l" command line. 
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Table 16.3 continued 

Page 

Causes the next line to be printed at the top of a new page. This is also 
done automatically whenever a page is filled. 

SAMPLE INPUT 
:Center 2 
THIS IS A TITLE 

:Paragraph 
Each line of text in a paragraph is adjusted 
to fit on 
a line with at most 60 characters. 

:Indent IO 
One or more lines can be indented from the left margin with an Indent 
command. 

:Indent 0 
One can also specify that lines are to be printed verbatim, as in the 
following short table: 

:Verbatim 
ITEM 

1 
2 
3 

AMOUNT 
18 
6 

11 

CORRESPONDING OUTPUT: 
THIS IS A TITLE 

Each line of text in a paragraph is adjusted to fit on 
a line with at most 60 characters. 

One or more lines can be indented from the 
left margin with an Indent command. 

One can also specify that lines are to be printed 
verbatim as in the following short table: 

ITEM AMOUNT 
1 18 
2 6 
3 11 
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Table 16.3 continued 

ERROR CONDffiONS 

1. An input line beginning with a colon is not followed by a legitimate 
command. 

Response: The line is output verbatim with 5 asterisks in the left margin to 
call attention to the problem. 

2. The argument given for an Indent command is not numeric or too 
large(> 60); the argument given for a Center or Skip command is 
not numeric or too large (> 99). 

Response: As above. 

3. One of the lines to be centered with a Center command is a 
command line. 

Response: The line is output centered, but 5 asterisks are placed in the left 
margin to call attention to the problem. 

4. A line to be output extends beyond the right margin. This can be a 
verbatim line that is too long or a word in a paragraph that is too 
long (for example, if the indent happens to be 50 characters, and a 
word will not fit in the remaining 10 spaces). 

Response: Allow the line to be output up to, but not beyond, the edge of 
the page. Place 5 asterisks in the left margin to call attention to the 
problem. 

GLOBAL VARIABLES 

There are two global variables, LineNum and PageNum, which are 
manipulated solely by the two procedures, Newline and NewPage. They 
are used to paginate the formatted text and print page numbers. 

As always, the complete, final program comprises the main program 
and the declarations of all the subprograms, as shown in Fig. 16.4. You 
may wish to read over the main program and all its subprograms until 
you are satisfied that they work correctly. While doing this you may note 
several ways of "speeding up" the program. The fact is, we confess, that 
efficiency was not a significant design criterion during development. 
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Figure 16.4 • Program 
Format 

program Format; 

const 
PageSize = 66; 
LinesPerPage = 51; 
LeftMargin = 15; 
TextWidth = 60; 
MaxLineLength = 70; 

CommandChar = ':'; 
Blank=' '; 
NormalMargin =' 
ErrorMargin = '***** 

type 
Mode= (ParagraphMode, VerbatimMode); 
CommandName = (Paragraph, Verbatim, Indent, Center, Skip, 

Page, Illegal); 
IndentRange = O .. TextWidth; 
ArgumentRange = 0 .. 99; 
ColumnNum = O .. MaxLineLength; 
LineNumRange = O .. PageSize; 
Linelmage = string[121]; 
Commandlnfo = record 

Name : CommandName; 
Argument : ArgumentRange; 
Line : Linelmage; 

end; 

var 
TextMode : Mode; 
Indentation : IndentRange; 
LineNum : LineNumRange; 
PageNum : Integer; 
InFile: Text; 

( -- Utility Routines I 
function NextlnputChar : Char; 
begin 

if not EOF(lnFile) then 
NextlnputChar := InFile -

end; 

function DigitValue (C : Char) : Integer; 
begin 

DigitValue := Ord(C) - Ord('O') 
end; 



Figure 16.4 continued 

procedure SpaceOver (NumSpaces: lndentRange); 
var 

I: Integer; 
begin 

for I := I to NumSpaces do 
Write( Blank) 

end; 

procedure NewPage; 
const 

PageNumColumn = 27; 
PageNumLine = 57; 

var 
LineCount : LineNumRange; 

begin 
for LineCount := LineNum + I to PageNumLine do 

WriteLn(Blank ); 

Write(NormalMargin ); 
SpaceOver(PageNumColumn ); 
Write('-', PageNum : I,'-'); 

for LineCount := PageNumLine to PageSize do 
WriteLn(Blank); 

LineNum := I; 
PageNum := PageNum + I 

end; 

procedure NewLine; 
begin 

if LineNum = LinesPerPage then 
NewPage 

else 

end; 

begin 
WriteLn(Blank); 
LineNum := LineNum + I 

end 
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Figure 16.4 continued 

procedure GetWord (var Word: Linelmage); 
begin 

Word:=''; 
while (NextlnputChar = Blank) and not EOLn(lnFile) do 

Get(lnFile); 
if not EOLn(lnFile) then 

repeat 
if Length(Word) < MaxLineLength then 

Word := ConCat(Word, NextlnputChar); 
Get(lnFile) 

until (NextlnputChar = Blank) or EOLn(lnFile) 
end; 

procedure GetCommand(Line : Line Image; 
var Name : CommancIName; 
var EndOfCommand: ColumnNum); 

var 
FstWord : Linelmage; 

begin 
if Pos(Blank, Line) = 0 then 

EndOfCommand := Length(Line) 
else 

EndOfCommand := Pos(Blank, Line) -1; 
FstWord := Copy(Line, 1, EndOfCommand); 
if FstWord = 'PARAGRAPH' then 

Name := Paragraph 
else if FstWord ='VERBATIM' then 

Name := Verbatim 
else if FstWord ='INDENT then 

Name := Indent 
else if FstWord = 'CENTER' then 

Name := Center 
else if FstWord = 'SKIP' then 

Name:= Skip 
else if FstWord = 'PAGE' then 

Name:= Page 
else 

Name := Illegal 
end; 



Figure 16.4 continued 

procedure GetArgument (Line : Linelmage; 
EndOfCommand : ColumnNum; 
var Name : CommandName; 
var Argument: Argument(Range); 

var 
Column : ColumnNum; 
NextChar : Char; 

begin 
if EndOfCommand = Length(Line) then 

if Name in [Center, Skip] then 
Argument := 1 

else 
Name := Illegal 

else 
begin 

Column := EndOfCommand + 1; 
while Line[Column] = Blank do 

Column := Column + \; 
NextChar := Line[Column]; 

end; 

if not (NextChar in ['0' . .'9')) then 
Name := Illegal 

else 
begin 

Argument := DigitValue(NextChar); 
if Column <> Length(Line) then 

end 
end 

begin 
Column := Column + 1; 
NextChar := Line[Column]; 
if (Column <> Length(Line)) or not (NextChar in 

['0' . .'9')) then 
Name := Illegal 

else 
Argument := (Argument • 10) + DigitValue(NextChar) 

end 
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Figure 16.4 continued 

procedure GetLine (var Line: Linelmage); 

var 
CharCount : Integer; 
TrailingBlanks : Boolean; 

begin 
ReadLn(lnfile, Line); 
CharCount := Length(Line); 
TrailingBlanks := True; 
while TrailingBlanks and (CharCount <> 0) do 

if Line[CharCount] <>Blank then 
TrailingBlanks := False 

else 
CharCount := CharCount - 1; 

Line := Copy(Line, 1, CharCount) 
end; 

procedure ParseLine (var Command: Commandlnfo); 

var 
EndOfCommand : ColumnNum; 
BadArgument : Boolean; 

begin 
GetLine(Command.Line ); 
GetCommand(Command.Line, Command.Name, EndOfCommand); 
if (Command.Name in [Paragraph, Verbatim, Page]) and 

(Length(CommandLine) <> EndOfCommand) then 
Command.Name := Illegal; 

if Command.Name in [Indent, Center, Skip] then 
begin 

end; 

GetArgument(Command.Line, EndOfCommand, Command.Name, 
CommandArgument); 

if (Command.Name = Indent) and 

end 

(Command.Argument> TextWidth) then 
Command.Name := Illegal 



Figure 16.4 continued 

procedure CenterLine; 

var 
Line : Linelmage; 
LeadingBlanks : Integer; 
NextChar : Char; 
IsCommandLine : Boolean; 
Column : ColumnNum; 

begin 
if not EOF(lnFile) then 

begin 

end; 

IsCommandLine := (not EOLn(lnFile)) and 
(Nextlnput Char = CommandChar); 

while (NextlnputChar = Blank) and not EOLn(lnFile) do 
Get(lnFile); 

GetLine(Line); 
if Length(Line) > 0 then 

begin 
if Length(Line) < TextWidth then 

LeadingBlanks := (TextWidth - Length(Line)) div 2 
else 

LeadingBlanks := O; 
if IsCommandLine or (Length(Line) > TextWidth) then 

Write(ErrorMargin) 
else 

Write(NormalMargin); 
SpaceOver(LeadingBlanks ); 
Write(Line) 

end; 
New Line 

end 
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Figure 16.4 continued 

procedure DoCommands (var TextMode: Mode; 
var Indentation: lndentRange); 

var 
Command : Commandlnfo; 
LineCount : ArgumentRange; 

begin 
repeat 

ParseLine(Command); 
case Command.Name of 

Paragraph: 
TextMode := ParagraphMode; 

Verbatim: 
TextMode := VerbatimMode; 

Indent: 
Indentation := Command.Argument; 

Center: 
for LineCount := I to Command.Argument do 

CenterLine; 
Skip: 

for LineCount := I to Command.Argument do 
NewLine; 

Page: 
NewPage; 

Illegal : 
begin 

Write(ErrorMargin); 
Write(CommandLine ); 
NewLine 

end 
end 

until (NextlnputChar <> CommandChar) or EOF(lnFile) 
end; 



Figure 16.4 continued 

procedure PrintWord (Word : Linelmage; 
Indentation : lndentRange; 
var Column: ColumnNum); 

var 
FirstWordOnLine : Boolean; 
EndOfWord: Integer; 

begin 
if Column = Indentation then 

begin 
FirstWordOnLine :=True; 
EndOfWord :=Column+ Length(Word) 

end 
else 

begin 
FirstWordOnLine := False; 
EndOfWord := Column + Length(Word) + 1 

end 
if not FirstWordOnLine and (EndOfWord > TextWidth) then 

begin 
New Line; 
Column := Indentation; 
FirstWordOnLine :=True; 
EndOfWord := Indentation + Length(Word) 

end; 
if EndOfWord > TextWidth then 

begin 
Word:= Copy(Word, 1, MaxLineLength - Indentation); 
Write(ErrorMargin); 
SpaceOver(lndentation); 
Write(Word); 
New Line 

end 
else 

begin 

end; 

if FirstWordOnLine then 
begin 

Write(Norma!Margin); 
SpaceOver(lndentation) 

end 
else 

Write( Blank); 
Write(Word); 
Column := EndOfWord 

end 
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Figure 16.4 continued 

procedure DoParagraphlines (Indentation: lndentRange); 

const 
Paraindent = 5; 

var 
Word: lineimage; 
Column : ColumnNum; 
NewParagraph : Boolean; 

begin 
Column := Indentation; 
NewParagraph := True; 
repeat 

GetWord(Word); 
if Length(Word) = 0 then 

begin 
if Column<> Indentation then 

begin 
Newline; 
Column := Indentation 

end; 
NewParagraph := True; 
Newline 

end 
else 

repeat 
if NewParagraph then 

begin 
Column := Column + Paralndent; 
PrintWord(Word, Indentation+ Paraindent, Column); 
NewParagraph := False 

end 
else 

PrintWord(Word, Indentation, Column); 
GetWord(Word) 

until Length(Word) = O; 
ReadLn(lnFile) 

until (NextlnputChar = CommandChar) or EOF(lnFile); 
if Column <> Indentation then 

Newline 
end; 
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procedure DoVerbatimLines (Indentation: IndentRange); 

var 
Line : Linelmage; 
NewLength : Integer; 

begin 
repeat 

GetLine(Line ); 
if Length(Line) > 0 then 

begin 
NewLength := Length( Line) + Indentation; 
if NewLength > TextWidth then 

Write(ErrorMargin) 
else 

Write(NormalMargin ); 
SpaceOver(Indentation); 
if NewLength > MaxLineLength then 

Line:= Copy(Line, 1, MaxLineLength - Indentation); 
Write(Line) 

end; 
Newline 

until (NextlnputChar = CommandChar) or EOF(lnFile) 
end; 

begin { -- MAIN ALGORITHM } 

Reset(lnFile, 'SOURCETEXT); 
Close( Output); 
Rewrite(Output, 'Printer:'); 
TextMode := ParagraphMode; 
Indentation := O; 
LineNum := 1; . 
PageNum := 1; 

while not EOF(lnFile) do 
begin 

if NextlnputChar = CommandChar then 
DoCommands(TextMode, Indentation) 

else if TextMode = ParagraphMode then 
DoParagraphLines(lndentation) 

else if TextMode = VerbatimMode then 
DoVerbatimLines(Indentation) 

end; 

NewPage 

end. 
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16.2 • Parting 
Comments 

Format is a program of fairly large scale. In the testing of this program, we 
were faced with the necessity of conserving memory space without 
sacrificing any of the desired procedures and functions. 

Certain steps can be taken to conserve memory space when 
working with Macintosh Pascal. One very simple step is to remove the 
windows from the screen before running the program. Should an error 
occur during the run, the program window reappears and the program is 
displayed indicating the location of the error. 

Another space saver is to output directly to the printer as we have 
done in Format by using 

Close( Output); 
Rewrite(Output,'Printer:'); 

The Close call closes the standard output file which writes to the Text 
window. The Rewrite call sets the printer as the output file. Since the 
internal output file has been closed, the space normally reserved for it is 
freed for other uses. 

To create the input file, a program similar to CreateBreedFile (Fig. 
14.1) can be used. Program Format requires a file of type Text where the 
characters are read in one at a time. The end character can be any 
character that will not appear within the text, a backward slash ( '-) is 
usually a good choice. We leave the writing of the program to you. 

Mac Write can also be used to create the source text. The text can be 
entered on MacWrite and then saved as a text only document. The Save 
As dialog box offers the option of saving the entire document or the text 
only. Choosing Text Only saves what is needed for a source file; that is, 
the text is saved without the MacWrite formatting commands. The text 
can be saved on the Macintosh Pascal disk by choosing Eject and then 
inserting the Pascal disk before clicking the Save button. 

In parting, we would like to underline a few points: 

• Like Holmes, we strongly advocate the top-down approach. 

• Regardless of the approach a programmer settles upon, we 
cannot over-emphasize the importance of thinking. Recall the 
great detective's thoughts on human reasoning in earlier 
chapters, especially before attempting to write any code. 

• Finally, we should not forget that ultimately computer programs 
are designed to do useful things, for human users. 

Sadly, our narrative is all but done. "What is the use of having 
powers, Doctor, when one has no field upon which to exert them?" 
inquired Holmes in "The Sign of Four." Indeed. Surely, dear reader, you 
have some field of your own to address? 



Appendix A 

Listed below are e menus and selections available on the Macintosh 
Pascal disk. Some of the selections are available only when the Finder is 
active; others only when the Macintosh Pascal interpreter has been 
activated. Still others are available from both applications. 

The Finder is the Macintosh application that controls the mani­
pulation of the various sets of data on the disk; for instance, the opening 
and closing of files, the copying and naming of documents, and the 
displaying of. information about the contents of the disk. The selections 
that are available as part of the Finder are indicated by (F) following the 
selection or menu name. Those that are available when using Macintosh 
Pascal are indicated by (MP). 

Only the selections that show in bold print can be activated; for 
instance, Eject will be in bold print on the File menu only if the active item 
is the disk which is presently in the machine. 

About the Finder (F) 

About Macintosh Pascal (MP) 

Shows which version of the Finder the Apple 
disk contains, the copyright date, and 
the authors. 

Shows which version of Macintosh 
Pascal the disk contains, the copy­
right date, the authors, and the 
memory usage. 

Other choices on this menu contain information about the Macintosh 
desk accessories; refer to the owner's manual for information. 371 
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File New (MP) Available only when a program window has been 
closed. Creates an untitled window for writing a 
new program. 

Open (F) Opens the selected icon or item name into a 
window displaying the contents of the item. 

Open (MP) Available only when a program window has been 
closed. Puts up a dialog box listing the available files 
and offering the option of opening an existing file, 
canceling the choice, or ejecting the disk. 

Close (F,MP) Closes the currently active window. 

Close All (F) Closes all windows and removes all desk accessories 
from the screen. 

Duplicate (F) Duplicates the selected item onto the same disk; 
labels the item as "Copy of ItemName." 

Get Info (F) Puts up a dialog box with the following information 
about the selected item: 
Type of Item: Disk, document, folder or appli­

cation. 
Size in bytes: 
Location: The folder or disk containing the 

item. 
Dates: The date the item was created and 

the date it was last modified. 
Also offers the option of locking the items and a 
place to enter comments about the item. 

Put Back (F) Returns selected item( s) to the folder or disk they 
were last taken from. 

Save (MP) Enters the changes made to the document onto the 
disk file. 

Save AS (MP) Puts up a dialog box requesting a name for the 
program, a choice of saving the entire document or 
the text only, and the opportunity to eject the disk 
in order to save the document on a different 
disk. 

Revert (MP) Discards the changes made and reverts to the last 
version saved. 

Page Setup (MP) Puts up a dialog box allowing choices of the 
following details for page setup: 
Paper: US Letter, US Legal, A4 Letter, or 

International Fanfold. 



Print (F,MP) 

Quit (MP) 

Eject (F) 

Undo (F) 

Cut (F, MP) 

Copy (F,MP) 

Paste (F,MP) 

Clear (F,MP) 

Select All (F,MP) 

Orientation: Tall - normal printing 
Tall Adjusted - graphics adjusted 

to be consistent 
with that appears 
on the screen. 

Wide -wide printing 

Puts up a dialog box allowing the following printing 
choices: 
Quality: 
Page Range: 
Copies: __ 
Paper Feed: 

High, standard, or draft. 
All, From: __ , To: __ 
Number of copies. 
Continuous or Cut Sheet. 

Closes the windows and returns to the Finder. 

Ejects the disk. 
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Undoes the last text editing action. Edit 
Removes the highlighted text and places it on the 
clipboard replacing whatever was previously on 
the clipboard. 

Copies the highlighted text onto the clipboard 
replacing whatever was previously on the 
clipboard. 

Inserts a copy of the text contained on the 
clipboard at the location of the cursor; if a 
section is highlighted it is deleted and the new 
text is entered in its place. 

Deletes the highlighted test; does not save it on 
the clipboard. 

Causes all the text in the window to become 
highlighted. 

Show Clipboard (F) Displays a window with the current contents of 
the clipboard. 

Find 
to 

Looks for and highlights the text indicated in the What Search 
Find dialog box; starts seeking at the current cursor 
location. 



374 Appendix A 

Replace 

Everywhere 

What to Find 

Run (MP) Check 

Reset 

Go 

Go-Go 

Step 

Step-Step 

Stops In 

Windows (MP) Untitled 

Instant 

Obsel'Ve 

Text 

Drawing 

Replaces the currently highlighted text with the text 
indicated in What to Find dialog box. 

Performs a Find and Replace on the whole current 
document in accordance with what has been specified 
in the What to Find dialog box. 

Puts up a dialog box allowing you to indicate what text 
to Find and what to Replace it with. 

Checks the current program to see if it is a valid Macintosh 
Pascal program. 

Returns the current program to the beginning. 

Begins or resumes execution of the current program; 
continues until it reaches a pause, stop, or end. 

Similar to Go except that when execution reaches a stop 
sign it pauses only long enough to update the Observe 
window. 

Executes one line of the program; the finger in the left 
margin points to the next line to be executed. 

Similar to Go-Go except that the finger points to the line to 
be executed next. 

Causes the Stop Signs to appear in the program window. If 
the stops are already in, this menu choice appears as 
"Stops Out." 

The name actually appearing here will be the name of the 
current program; choosing this window causes it to 
become the active window. 

Causes the Instant window to become active. Pascal 
statements can be entered and executed in the Instant 
window whenever it is active. 

Causes the Observe window to become active. The values 
of any variables entered in the Observe window will be 
displayed as the program is running. 

Causes the Text window to become active. Whatever text is 
"Written as output by the program will appear in this window 
whether or not it is active; activating it brings it to the front 
of the screen for visibility. 

Causes the Drawing window to become active; QuickDraw 
output will appear in this window. 



Clipboard 

Type Size 

Causes the Clipboard window to become active displaying 
its current contents. 
Puts up a dialog box allowing the selection of small, 
medium or large type size. 

Summary of Menus 375 

This menu appears only when a program is running. Holding the button Pause (MP) 
down on Pause stops the program run temporarily; choosing Halt causes 
it to stop until a new run command is selected. The program continues at 
the point where it was interrupted. 

By Icon 

By Kind 

By Name 

By Date 

By Size 

Displays the contents of the disk or file by icon. When items View (F) 
are displayed by icon, the icons can be moved from one 
location to another; for instance, a document can be moved 
into or out of a folder, or any item can be moved into the 
trash or to an alternate disk. Furthermore, the names of 
items shown beneath the icon can be edited. The heading of 
the icon display gives the number of items contained, the 
amount of space used and the space available. 

Lists the contents of the disk or file and tells whether the 
item is an application, a file, or a document. For documents, 
the listing also shows what application was used in its 
creation. In addition, the size of the item and the latest 
modification date are shown. 

Lists the same information as above with items arranged 
alphabetically by the name of the item. 

Lists the same information as above with items arranged by 
the latest modification date. 
Lists the same information as above with items arranged by 
size starting with the largest. 

Clean Up 
Empty Trash 

Puts the icon display into neat rows and columns. Special (F) 
Erases the contents of the trash barrel. Until this choice 
has been selected, items in the trash barrel can be 
moved back to the screen; however, once the trash has 
been emptied, the items contained are no longer 
retrievable. 

Erase Disk Erases the disk. 
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The following table summarizes the rules for writing the Macintosh 
Pascal programs given in the text. These rules define much, but not all, of 
the Macintosh Pascal language. In the table describing our subset, the 
following conventions have been used. 

1. Italicized names appearing in the left column, for example, 

variable-declaration 

give the names of constructs in Macintosh Pascal. 

2. The symbol --- separates the name of a construct from the form 
for writing the construct in Macintosh Pascal. The symbol --+ 

may be read "is written as" or "is defined as." 

3. If a construct has two or more alternative forms, the symbol I is 
used to separate each alternative. The symbol I may thus be 
read "or." 

4. Braces, for example, the braces in 

I parameter-part I 

enclose optional items. 
5. An ellipsis symbol ... following a name or an item in braces, for 

example, the ellipses in 

digit ... 
I adding-operator term } ... 

specifies that the preceding name or item can be repeated one or 
more times. 377 
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Programs program 

declaration-part 

statement-part 

Declarations constant-declaration 

type-declaration 

variable-declaration 

subprogram-declaration 

procedure 

function 

parameter-part 

parameter-definition 

result-type 

program identifier {(file-list)}; 
declaration-part 

begin 
statement-part 

end. 
{uses 

identifier-list;} 
{ const 

constant-declaration; ... } 
{type 

type-declaration; ... } 
{var 

variable-declaration; ... } 
{ subprogram-declaration; ... } 

statement{; 
statement } ... 

identifier = constant; 

identifier = type; 

identifier-list: type; 

procedure function 
procedure identifier 

{ parameter-part }; 
declaration-part 

begin 
statement-part 

end; 
function identifier { parameter-part }; 

result-type; 
declaration-part 

begin 
statement-part 

end; 
(parameter-definition{ ; 

parameter-definition } ... ) 

{ var l identifier-list : type-identifier 

type-identifier 
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statement assignment-statement I if-statement 
case-statement I while-statement 
repeat-statement I for-statement 
procedure-statement I with-statement 
compound statement 

assignment-statement _. variable := expression 
function-identifier := expression 

if-statement if condition then 

case-statement 

while-statement 

repeat-statement 

for-statement 

procedure-statement 

with-statement 

compound-statement 

condition 

statement 
{ else if condition then 

statement } ... 
{else 

statement} 

case expression of 
constant-list: statement{; 
constant-list: statement} ... {; 

otherwise 
statement} 

end 
while condition do 

statement 

repeat 
statement {; 
statement } ... 

until condition 

_. for variable := expression to expression do 
statement 

for variable := expression 
downto expression do 
statement 

procedure-identifier 
procedure-identifier (expression-list) 

with record-variable do 
statement 

begin 
statement{; 
statement } ... 

end 
expression 

Statements 
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Types type 

ordinal-type 

enumerated-type 

subrange 

real-type 

array-type 

index-list 

index-type 

record-type 

set-type 

file-type 

string-type 

size-substitute 

pointer-type 

Variables variable 
and Expressions 

array-component 

string-component 

record-component 

field-designator 

file-component 

expression-list 

expression 

simple-expression 

term 

---+type-identifier I ordinal-type I real-type 
I array-type I record-type I set-type 
I file-type I string-type I pointer-type 

integer I longint I boolean I char 
I enumerated-type I subrange 

identifier-list 

constant .. constant 

real I double I extended 

( packed } array [index-list] of type 

index-type (, index-type } ... 

type-identifier I subrange 

record 
identifier : type (; 
identifier : type } ... 

end 

set of ordinal-type 

file of file I text 

string ([ size-attribute H 
unsigned integer 

dynamic-variable 

variable I array-component! string component 
record-component I file-component 

array-variable [expression-list] 

string-variable [expression] 

record-variable. field-designator 

identifier 

file-variable 

expression ( , expression } ... 

simple-expression 
simple-expression relational-operator 

simple-expression 

I sign } term ( adding-operator term } ... 

not operand 
operand ( multiplying-operator operand } ... 



operand 

function-call 

set 

element 

sign 

relational-operator 

adding-operator 

multiplying-operator 

type-identifier 

procedure-identifier 

function-identifier 

identifier-list 

identifier 

constant 

unsigned-constant 

number 

integral-number 

real-number 

scale-factor 

string 

character 

digit 

letter 

special-character 
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unsigned-constant I variable I (expression) 
function-call 

function-identifier { (expression-list) } 

[ element {, element } ... ] 

expression I expression . . expression 

+1-
=l <>I< I<= I >=I> 
+I-I or 
* I I I div I mod I and 

identifier 

identifier 

identifier 

identifier {, identifier } ... 

letter { letter-or-digit-or-underscore } ... 

{sign} unsigned-constant 

number I identifier I string 

integral-number I real number 

digit ... 

integer. integer 
integer. integer E scale-factor 

{sign} integer 

'{character} .. .' 

letter I digit I special-character 

ol1l213l4ISl6l7l8l9 
AIBICIDIE IF IGIHII 
J IKIL IMINIOIP IQIR 
s ITlulvlwlxlvlz I 
!l"l*l$l%1&1 1{1}1°1+ 
1,1-1.1/l:l;l<l=l>l?I® 
l[I 111-1_1 1{11 Ill 

Identifiers, 
Numbers, and 
Strings 
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The programming exercises that follow are rather difficult ones, possibly 
requiring many hours to solve. These problems present a worthy 
challenge to those who want to really exercise their programming skills. 
We present them here for use as term projects, or team projects, or 
simply as good exercise for those who want to improve their mental 
capacities in the area of programming. 

C.1 Drawing a Circle 
Many programmers have seen computer-drawn shapes. Here is one that 
is not too difficult to draw, but does have a little twist to it. 

Write a program to read in a real number representing the radius of 
a circle in inches. The program should print a circle of the given radius, 
centered on the page. Your program should accept input values up to 4.0 
inches, and draw the circle with about 100 points. 

Note: You do not have to connect the points, but just print the 100 
or so points on the circumference. 

C.2 Paying Caesar His Due 
When tax time comes around, most of us hate doing the figuring as much 
as we dislike paying Caesar his due. With the right program and 
information, the computer can prove to be most useful in figuring out 
taxes. Although there is much more involved, the last step is to take out 
final earnings figure and use that to look up the amount due. 

So, obtain a copy of a recent tax table and write a problem to read in 
your earnings and print out the tax. If you feel that this is not enough to 
flex your programming muscles, include the number of dependents in 
your calculations. 

Appendix C o 
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C.3 Word Searching 
You may have heard of an automatic indexing program. This is a program 
that reads in a document, searches for a given list of keywords and 
keyphrases, and then prints each keyword or keyphrase followed by the 
page numbers on which the word or phrase occurs. For example, for a 
text on Pascal, we may have 

addition 16,31,32 
and 35 
array 102-108, 154, 191 
assignment statement 21-25, 104, 252 

It is easy to see the merits of such a program. 
Unfortunately, automatic indexing has its problems. Should you 

distinguish between capitalized and uncapitalized words? What about 
plurals? Shouldn't the first page listed be the major entry? What about 
words like "assignment" that appear almost everywhere? Should "add" 
be treated differently from "addition" or "real" be treated differently from 
"real number"? What about "real world"? Should there be subcategories? 
Or cross-indexing? 

Never mind. For this problem consider the following simplified task 
You are to write a program that first reads in a series of keywords, ending 
with the word STOP, and then reads in a document. For simplicity, use the 
first page of this chapter as your document and invent your own 
keywords; the page can be entered with all words fully capitalized. 

The program should print the number of occurrences of each 
keyword. 

C.4 Inventories 
It is hard to think of many large-scale purchasing operations whose 
inventory is still done by hand. Enter the computer, of course. For book 
inventories the problem is not too difficult. Suppose the inventory entries 
for each book are ordered by stock number, and that each inventory 
entry contains the stock number, title, author, list price, quantity on 
hand, and publisher of the book. 

For input, such a program is given two files: (1) the file of inventory 
entries, and (2) a file of purchase entries, also ordered by stock number 
and each containing the quantity sold. For output, the program prints any 
inventory entry whose remaining quantity on hand is fewer than 500. The 
remaining quantity on hand is calculated by subtracting all purchases 
from the quantity given in the corresponding inventory entry. 

Write such a program, along with the design of the appropriate file 
entries. Test your program with two short input files of your own. 



Challenging Programming Exercises 385 

C.5 Computations Based on Physical Measurement 
Imagine for the moment that you are trying to calculate the area of a 
rectangular room. You can only really read your ruler to three digits, for 
example: 

Width = 12.4 feet 
Length = 13.6 feet 

Now imagine calculating the product of these two numbers, 168.64. Can 
we be sure that the area of this room is 168.64 square feet and not 168.63, 
168.65, or even 169 square feet? No. 

It is a law of physical measurement that the precision of a computed 
result can be no greater than the precision of any measurement needed 
to calculate the result. For example, all we can say is that the area is 
accurate to three digits. Thus, we can say that the area of our room is 169 
square feet, but we cannot be any more precise than that. The actual area 
could be 168.83, 168.70, 169.08, or 169.40 square feet. 

Write a program to read in two real numbers and print out their 
exact product and the number of digits of precision. The precision should 
be equal to the number of digits of the input value with the fewest number 
of digits. For example, if you input 

12.4 9.1 

the output should be 

THE PRODUCT IS 112.84 
PRECISION IS 2 DIGITS 

Note: This problem requires reading the input values on a 
character-by-character basis. 

C.6 The Computer in the Kitchen 
There are many who believe that it will not be long before the computer 
will be a household appliance. It's not clear that this will be the case, but 
here goes. 

Imagine a program with the following dialogue: 

Computer: Enter recipe name 
You : Truffle sauce a la Michel Guerard 
Computer: For how many servings is the recipe written? 
You : 8 
Computer: 
You 
Computer: 
You 
Computer: 

How many servings would you like? 
6 
How many ingredients are there? 
7 
Now for the recipe 
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You : 1/2 pint Port 
8 tbs. Cognac 
1.75 oz. Chopped truffles 
4 tbs. Truffle liquid 
1 pint Demi-glace 
1.75 oz. Unsalted butter 

Salt and pepper 
Computer: Ingredients for 6 persons. 

Truffle sauce a la Michel Guerard. 
3/8 pint Port 
6 tbs. Cognac 
1.3 oz. Chopped truffles 
3 tbs. Truffle liquid 
3/4 pint Demi-glace 
1.3 oz. Unsalted butter 

Salt and pepper 

It all looks simple, but ... 
Whipping up a truly useful program for this application means 

dealing with strings in Pascal. In addition, this sort of problem puts you in 
touch with all kinds of recipes; and you've got to keep in mind that the 
chef is not always a computer expert, so your final list of ingredients has 
to make sense. For instance, 

1.750000000 Oz. Butter 

or 

l 75E-2 Oz. Butter 

would hardly please the cook. And what about reading (or printing) 

1 3/4 Oz. Butter 

instead of 

1.75 Oz. Butter 

Hmmm. 
In any case, give it a good try and write such a program. 

C. 7 Justified Text 
The text of many manuscripts (including this one) is written with justified 
text. That is the words of a paragraph are aligned on both the left and 
right margins. Many consider this layout more aesthetic than having a 
ragged right edge. 

Revise the program of Fig. 16.4 to produce justified text. To do this 
you will need to decide on a scheme for "balancing" lines, and add several 
new procedures to the program. 
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C.8 Reservations Please 
Have you ever walked up to a ticket counter, asked to reserve some seats, 
and noticed that the reservations were handled by computer? 

For plane reservations the problem is not too overwhelming. 
Suppose there are 25 rows of seats, six to a row. The rows are numbered 1 
through 25, and the six seats in each row are labeled A through F. Assume 
that seats A, B, Care on one side of the aisle: D, E, and Fon the other. Seats 
A and Fare window seats. Rows 1 through 15 are nonsmoking rows. 

We can readily imagine a simple dialogue as follows: 

Computer: Number of seats? 
You 2 
Computer: Smoking or non-smoking? 
You NS 
Computer: Window? 
You : Y 
Computer: Reservations OK, seats lOA and 108 

In the above dialogue, the following abbreviation are assumed: 

S - Smoking 
NS - Nonsmoking 
Y - Yes 
N - No 
DC- Don't care 

Obviously, we could consider much more complex situations, but this 
should suffice for a start. 

Now for the problem. Write a program to accept a series of 
reservation requests for a single plane. On request at any time, the 
program should display the status of the seats, for example, in the 
form 

A 8 c D E F 
------------------

Row 1 x x x 

Row2 x x x x x 

Row3 x x x x 

Row4 x - x x 

where an X denotes a seat already taken. 
The following characteristics are important in the program's design: 

the ability to handle abbreviations, the ability to respond to typing errors, 
maximization of the number of seats occupied. 
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The output of your work should contain: 

a) A short but clear guide for using the program. The User's Guide 
should be suitable for a lay person. 

b) Several test runs to show the performance of the program. 
These may be included in (a). 

c) The program itself. 

C.9 Fractional Arithmetic 
The built-in types in a language almost never include whole fractions. The 
reason is simple: exact arithmetic with fractions is not easy. 

Consider the following expression and the (exact) fractional 
values. 

2/6 
2/6 + 2/6 
(l/2)*(1/4) 
1/2 + 1/3 + 1/4 
(11/16)*2 + 1/3 
1/3 - 2/3 + 1/3 
(2/3) I (1/3) 

- value is 1/3 
- value is 2/3 
- value is 1/8 
- value is 13/12 
- value is 41/24 
- value is 0 
- value is 2 

To make these calculations we have to know about putting fractions in 
their lowest terms, and other such familiar operations. 

Write a program to read in a fractional arithmetic expression, such 
as the above, and print its exact fractional value. The expression must 
satisfy the following rules: 

a) The results of the expression can be whole numbers (i.e., 1, 2, 3, 
and so on) or fractions (such as 1/2, 3/2, 1/3, 2/3, and so 
on). 

b) The operators can be +, -, * or /. 

c) fractions or sub-expressions can be parenthesized. 

d) Within a parenthesized expression, the operators * and I are 
applied before + and-. Otherwise evaluation proceeds from left 
to right. 

You may add some restrictions of your own if you think they will add to 
the clarity of the expressions. 
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