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df �~� <text>! 
df �~� (integer>! 

df show! 

df display! 

df frame! 
df frame blac1t! 
df frame white! 
df frame color < integer>! 

df hasmouse! 

df fclear! 
df wclear! 
df clear! 

df scroll! 

df mfindc (integer> <integer>! 

df mfindw (integer> (integer>! 

df mfindt (integer> (integer>! 

Create an instance ofdispframe with values for window and frame 
boundaries and length of the text buffer. Window will not have a 
black line around it. 

Append the string <text> to buf and display if possible 
Append this Ascii character to buf and display its corresponding 
character if possible. 

Clears the intersection of window and frame and displays buf. 

Does a show, then draws double black line around the window. 

Draws a double black line around the window. 
Same as df frame. 
Draws a double white line around the window. 
(color display only) Draws double line around the window in color 
denoted by the integer number. 

Returns 'not-false' if the mouse cursor is within the frame; 
otherwise returns 'false'. 

Clears the intersection of the window and frame. 
Clears the intersection of the window and the physical display. 
Does an fclear and then sets last to 0 and Istln to 1, effectively 
cleaning out the text buffer. 

Removes the top line of text from buf and moves the text up one 
line in the frame. 

Find character located at <integer>,<integer>. 
Returns vector vee such that 

vec[ 1] subscript of character in string 
vec[2] left x of character 
vec[3] width of character in string 
vec[ .j] top y of character 

If vec[ 1]= -1 then position is after the end of string. 
If vec[1]=-2 then position is not in the window. 

Find word located at <integer>,<integer>. 
Returns vector vec such that 

vec[ 1] subscript of first character in word 
vec[2] left x of word 
vec[3] width of word 
vec[4] top y of word 

If vcc[l]=-l then position is after end of string. 
If vec[2]=-2 then position is not in the window. 

Find token located at <intcger>,<integcr>. 
Hcturns veclor vee such that 

vec[ 1] token count where spaces and carriage returns 
are considered delimit.ers but multiple 
delimiters do not increlllent the count. <lext> 
COllIlts as one tokC'n. 

vcc[2] ldt x of token 
vec[3] width of token 
vec[ 4] top y of token 

If vec[l]=-l then position after end of string or not in frame. 
If vec[1]=-2 then position is not in the window. 
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df read! Makes a vector out of keyboard input. Assumes the name of the 

dispframe is disp. 

df reread (integer>! (Used by fix and redo). Counts back from cnd of buf an <integer> 
number of prompts in the buffer and does II read from there. 

df sub (value>! Evaluates <value> in the context of the dispframe. (Used by fix to 
evaluate the editor within the window and by shirt-esc to create a 
window within the window). 

df hide! Same as df felear. df frame white. 

df put (string> at (x) (y>! Prints the text <string> starting at position x,y. 
Upper left corner of df becomes x,y. 

df corner (x> (y>! 

df moue to (X> (y>! 

df growto (x> (y>! 

Returns 0 if position x,y in no corner 
returns 1 if position x,y in upper lelt corner 
returns 2 if position x,y in upper right corner 
returns 3 if position x,y in lower left corner 
returns 4 if position x,y in lower right corner 

Set winx and frmx to <x>; set winy and frmy to <y). 

Set winwd and frmwd to «x> - frmx); set winht llnd frmht to 
«y)-frmy). 

The last three messages are added to dispframe when the window framework is included in the basic 
Small talk system. 

Four routines are available for manipulating rectangular areas of the display. 

dclear (integer> (integer> (integer> (integer> (number> I 

will clear the rectangular area defined by the four integers, where the order 
specifies:<upper left corner x> <width> <upper left corner y> <height>. The cleared area 
is then filled with black and white dots according to the binary representation of the 
number given (l's = black, O's = white). For example, if the number is -1, the area will be 
all black. 

dcomp (integer> (integer> (integer> (integer>! 

will complement the rectangular area defined by the four integers, where the order 
specifies: <upper left corner x> <width> <upper left corner y> <height>. 

dmove (integer) (integer) (integer) (integer) (integer) (integer) (integer)! 

will take the source rectangular area defined by the first four integers (same order as 
above), and move it to the destination defined by the fifth and sixth illt('Gers (destination 
upper left corner x,y). The seventh integer is a mode indicator: if the mode is 0, the 
source rectangular area will be stored as given; if the mode is not 0, the black and white 
dots in the source rectangle will he 'or-ed' with the dots in the destination area (0 or ° = 
0; 0 or 1 = 1; 1 or 0 = 1; 1 or 1 = 1). 

dmouec (integer> (integer> (integer> (integer> (integer> (integer> (integer>! 

same as dmove except that the non-intersecting source rectangular area is cleared. 
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Point Class 

A point is an example of a storage method. Several examples of its use have already been given in the 
Chapter II section on sketching ideas. 

point 

Gt-"pt f- point 100 2001 Create a point whose horizontal coordinate is 100 and vertical coordinate is 200. 

pt x! 
100 

pt y! 
200 

pt + < point>! Reply is point obtained by adding coordinates of pt and <point>. 

pt - < point>! 

pt = <point>! 

pt ~ <point>! 

pt max <point>! 

pt min < point> ! 

Reply is point obtained by subtracting coordinates of pt and <point>. 

Reply is pt y if they are the same points, otherwise false. 

Reply is pt y if pt is a point whose horizontal and vertical positions are smaller or 

equal to those of < point>. 

Reply is a point whose horizontal position is the maximum of that for pt and 

<poinO; similarly for the vertical position. 

Reply is a point whose horizontal position is the minimum of that for pt and 

<poinO; similarly for the vertical position. 

This class is provided partly at the machine code level. The corresponding code is equivalent to 

to point a I x y 
(isnew => (~x f- :. (ff' y f- :.) 

<l x => (<If- => (~Xf-:.) 'It x) 
<l y => (<l f- => (ur yf-:.) 'It y) 
<l + => (GFa f-:. 'It point x+a x y+a y) 
<l - => (G¥>af-:. 1t point x - a x y - a y) 
<l = => (((ff>af-:) => (1t false) x = a x => ('lty = a y) 'It false) 
<l ~ => ((@=>af-:) => ('It false) x a x ~ ('It yay) 'It false) 
<l max => ((ff>af-:. 'It point (x max a x) (y max a y)) 
<l min => (GrUf-:. 'It point (x min a x) (y min a y)) 
<I' print => (Grpoint print. sp. x print. sp. y print))! 

Also provided in the basic Small talk system is the routine mp 

to mp ('It point mx my)! 
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Aids for Interacting with Smalltalk 

The Small talk Class Editor 

edit < classname >! 

will get you the Small talk editor for the class which is named <c1assname>. 

fix < integer> I 

where integer is the number of transactions (images of the Interim Dynabook) back from 
where you are, will get you the Smalltalk editor for transaction integer. Upon exiting, the 
edited transaction will be evaluated, but the original transaction will not be modified. 

edit < classname> title! 

will start the editing with the title line. 

The editor shows two frames. The righthand frame contains a menu of commands, the left 
hand frame contains a structured representation of the definition. All tokens at a single level 
of parenthezation are shown. A lower level of parentheses is shown as O. An example is: 

do 4 (® go 100 turn 90) 

is shown as 

do 4 () 

All editing is dOone by "grabbing" a command in the righthand menu (pointing to it with the 
cursor and pushing the top or middle mouse button). 

In the following, "text" refers to characters typed from the keyboard and. terminated with !. 

Commands 

Add 
Insert 
Replace 

Delete 

Move 

Up 
Push 

Enter 
Leave 
Exit 

Number of Times 
Grabbing Needed 

0 
1 
2 

2 

3 

1 
2 

1 
0 
0 

Action Taken 

Append text to end of current level. 
Add text before designated word. 
Replace the text indicated by pointing to the 
beginning and end words with new text. 
Delete the text indicated by pointing to the 
beginning and end words. 
Combination of deleting text and inserting new 
text before the word pointed to as third 'grab'. 
Remove parentheses. 
Put parentheses around words indicated by pointing 
to the beginning and end of the intended grouping. 
See the next lower level. 
See the next higher level. 
Terminate editing. 
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The only exceptions are Enter and Up. If there is only one level marker, (), showing in the current 
level, no grabbing is required. 

Showing Stored Information 

show < name> ! 
will show you what meaning the <name> currently has. 

defs! 
will show you the names of classes you have defined that are currently available. 

dpO list! 
will show you the names of ril~s stored on your disk pack. 

type <text>! 
will show you the contents of rile named <text>; returns 'false' if the file does not exist. 

Saving Snlalltalk Definitions 

filin <text>! 

will go to a file whose name is <text) and tell Small talk to read what it finds on the file. 
Example: 

filin 'boxes'! 

Usually the file will contain programs written there by running filout as defined next. 

filout < text> ! 

will write every program whose name is in defs to a file called <text>. Example: 

fHout 'boxes'! 

will write out every program whose name is currently in defs. There are a few other useful 
variations of filout. 

fHout (text> (vector>! 

will ignore defs and only write out the programs mentioned in the vector. Example: 

filout 'boxes' @='(box square triangle)! 

will ignore defs and only write out the three programs whose names appear in the vector. 

Suppose the vector contains vectors, for example, 

filout 'boxes.' 
G.r(boxcs square (addto turtle G.r(<[place => (SELF penup goto (:)(:) pendn up))))! 

will write out the programs boxes and square, and then the vector 

(addto turtle (<(place => (SELF penup goto (:)(:) pendn up))). 
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On filing in this file, the ability to receive the message place will be added to the class turtle. 

filout pretty (text> I 
filout pretty (text> (vector>1 

will format the programs so they will print nicely (in show format). 

filout (text> add! 

will not overwrite file <text> but instead will add the new definitions at the end of <text>. 
Obvious variations include 

filout pretty (text> addl 
fUout < text> add < vector> I 
filout pretty < text> add (vector>! 

The (vector> could be given a name such as Hst: 

~list~ <vector>! 

and then it is possible to type 

fHout <text> list! 

will write out the definitions of objects named in list. 

Or 

filout < text> G1-"'list! 

will first write out the definition of the vector list and then the definitions of the objects 
named in list. Variations with pretty and add are also possible. 

Saving and Restoring Your Context 

file < text> savel 

will save your entire current state verbatim on the file <text>. 
Example: 

file 'blockworld.sv' save! 

Try 

file'dmt.boot' load! 

to start the Interim Dynabook memory diagnostic. 

file (text> load! 

will restore you to the exact state when the file <text> was saved. Example: 

file 'blockworld.sv' load! 

This file is also one that you can resume from the operating system. That is: 
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resume blockword.sv <return> 

will restore you to the exact state when the file was saved. 

Utilities 

are already written programs which provide useful services such as reading the keyboard and the 
mouse, telling you how much room is available, and so forth. 

nil 

core! 

stands for the empty value in Small talk. It may be tested by saying: 

null <value>! 

which will reply 1 if the <value> is nil (i.e., the empty value), and 'false' otherwise. 

will tell you how many words are left. Any reply smaller than 500 is courting disaster. If 
your space gets that low, or (worse) you get a diagnostic window with the message: 

I've run out of memory 

say: 

expand < number>! 

This will remove <number> of scan lines from the screen and convert them to usable space 
at the rate of 32 words of space per scan line. So: 

expand lOa! 

will increase your workspace by 3200 words. 

addto <classname> <vector>! 

will add a definition whose meaning is <vector> to the class whose name is <classnarne>. 

Example, after typing: 

addto box G7'(<(move => (SELF redraw (({}=x~:. @"y~:.)))! 

box \\'ill know how to move. 

{ <value> <value> ... <value> }! 

will construct a vector of the values found between the curly brackets. 

stringor <value>! 

will convert the <value> into an instance of the class string only if <value is an object that 
responds to the message print. 

base8 <integer>! 
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will construct an instance of class string containing the octal representation (unsigned) of 
<integer>. 

eq <value> <value>! 

compares two Smalltalk pointers. 

Keyboard Keys 

<return> 

moves following text to a new line when typing in. Will otherwise be ignored. 

<bs> 

removes any previous character (including <return». 

Reading the Keyboard 

kbd 

TTY 

will wait until a character has been typed and then reply with the numeric code of the 
character which was typed after being passed through a table which assigns (basically) 
standard codes to the character. 

To receive an uninterpreted version of a character. use: 

which will wait for a character to be typed and then reply with an uninterpreted result. 

Small talk will not lose typed characters if no program is listening. Instead they are held in an ordered 
buffer waiting for a program to use TTY or kbd. To find out if there are any characters in the buffer. 
use: 

kbck 

read 

which replies 'not-false' if characters have been typed and 'false' otherwise. A typical use 
would be: 

kbck => (Grchar .- kbd) 

which will only use kbd if there is already a character waiting, and will then save the new 
character in char. 

will gather up a vector of Small talk code. It first sends a prompt n to the display. 
Everything you type until a ! will then be made into a vector which is sent back. 

read of (text> 

is the same as read except that the characters are found in <text> rather than taken from 
the keyboard. 
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evl 

repeatedly evaluates the vector (cr read eval print); will, in effect, give you another level 
of Smalltalk evaluation. 

to ev (repeat (cr. read eval print)) I 

Over and over, it will do a carriage return, put out a prompt character A, wait for input 
terminated by a !, send the resulting vector the message eval to get Small talk to execute the 
vector, and, finally, give the result of evaluation the message print in order to show the reply 
back to the user. The loop is infinite but: 

done! or <ctrl>D 

will terminate it. Here is a fancier version which will tell you the current level of 
evaluation: 

~ level 4- 11 
to ev 
(~level 4- level + 1. 

repeat (cr. ~level print. sp. level print. sp. read eval print) 
GT'level ~ level - 1.)1 

Notice that if the last token in the message is a period, then the sequence is not unlike 

CiT a ~ read of '.'. 
(/)" a ~ a eval! 
a print! 

8 is (.) 

8 evaluates to nil. 

nil prints as nothing 

< shift> <esc> 

<ctrl> ( 

creates a subwindow in the dialog window. Allows Small talk evaluation as in the dialog 
window. (In effect, evaluates ev in the subwindow). To return to main window, type 

done! or < ctrl> D 

Subwindows can be nested as long as there is space to create a window with height greater 
than the font height. When a subwindow is created, reading characters is suspended in the 
main windowj a return to the main window returns you to the precise place you left off, for 
example, in the middle of typing some expression. 

does an evaluation of the next expression at the time the keyboard input is read. This gives 
you an opportunity to perform a computation and have the result be used in the main 
expression being typed. 

Transferring Messages 

apply <name> 

will send the current message (the one which was sent to the context we are currently in) to 
the object which has name <name>. For example, suppose 'we' are called 'bogus' and have a 
number of things we can do. Somebody sends us the message: 
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bogus sq 100+501 

and we have a line: 

</sq ~ (apply square) 

then square will be applied to the remainder of our message 100+50 so that it can pick up 
the value 150 and draw the square with sides 150 units long. 

apply <name> to <vector> 

gets the object which has name <name> and sends it the message <vector>. Example: 

apply square to @=>(150)1 

will draw the square with sides 150 units long. The important thing here, of course, is that 
we can compute a message and then send it to Small talk. 

apply <name> in <value> 

will send the current message to the object which has name <name> using dictionaries whose 
vector starts with context <value>. For example, if you would like to evaluate the message 
using only "top level" names (ignoring the dynamic environment), then try: 

apply mumble in GLOB! 

apply <name> to <vector> in <value> 

evapply 

is the fullblown apply. 

has exactly the same meaning as apply except that it expects a (message> of some kind to 
be evaluated rather than a <name>. Example: 

evapply (a<b => ('abcdefg' )Gr( this is vector)) to @=>(length)! 

will reply with the length of either the string , abcdef g', or the vector (3=»( this is vector), 
depending on the values of a and b. 

The optional formats for evapply are the same as for apply as described above. 

Display Utili ties 

disp 

is the local name of any dialog window. It is an instance of the class dispframe. When the 
mouse activates the window, disp may be used to send messages to the window or to find out 
things about it. 

disp's frmx! 

will tell you the x position (upper left corner) of the frame. 

indisp <value> <message>1 
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sp 

cr 

dsoff 

dson 

will temporarily redefine disp to be <value> and evaluate the message in this new context. 
This is usually used when the message contains print or read routines which assume that 
they will be using a dispframe named disp. The routine is defined as 

to indisp disp 
(~disp f- :. 

1t g eval) ! 

will print a space character. 

will print a carriage return. 

turns off the display and speeds up Small talk by a factor of 2. 

turns the display on again. 

redo (integer> 

where <integer> is the number of transactions (images of the Interim Dynabook) back from 
where you are, will re-evaluate the message at transaction <integer>. 

Control Utilities 

repeat ( ... ) 

done 

contents of 0 will be re-evaluated until a done is encountered (or you strike the escape 
key). The escape will be from the innermost loop in which the done is enclosed. 

will cause the loop to be exited. 

done with <value> 

will cause the loop to be exited with the value <value>. 

again 

will restart the innermost loop in which thc again resides. 

for <atom> +- (nwnbcrl) to (numbcr2> by (nwnbcr3> do () 

an iteration control feature--will re-evaluate contcnts of () until the value of the index 
<atom>, starting at <number1> and stepped by <number3> each time, exceeds <number2>. 

if (value> then < message 1> else (message2 > 
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if the value of <value> is 'not-false', then evaluate <message 1 > and do not evaluate 
<message2>. Otherwise, evaluate <message2>, ignoring <message1>. 

do <integer> ( •.. ) 

the contents of ( ) will be re-executed <integer> times. 

Mouse Utilities 

mx 

replies with the horizontal position of the mouse. 0 is at the left margin, 512 is the right 
margin. 

my 

replies with the vertical position of the mouse. 0 is at the top of the screen, BOB is at the 
absolute bottom, 512 at the top and 6BO at the bottom of the original dialog window. 

mp 

replies with an instance of class point such that mx = mp x, my = mp y. 

button <numeric value between 0 and 7 > 

tests the mouse buttons singly and in combination. 

mem 

button 0 
button 1 
button 2 
button 3 
button 4 
button 5 
button 6 
button 7 

'not-Ialse' il no buttons are on 

'not-Ialse' if middle button is on (top is button nearest wire) 

'not-Ialse' if bottom button is on 

'not-Ialse' if bottom and middle are on 

'not-Ialse' if top button is on 

'not-Ialse' il top and middle button are on 

'not-Ialse' if top and middle are on 

'not-Ialse' if all the buttons are on 

mem loads integers from and stores them into real core. The important locations are: 

clock 

mem 0430 
mem 0430 +- 0 

mouse 

mem 0424 
mem 0425 
mem. 0424 +- 0 
mem 0425 +- 0 

Read the clock 

Set the clock to zero 

Read mouse x 

Read mouse y 

Reset mouse x 

Reset mouse y 
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cursor 

mem 0431 for i ... 1 to 16 (mem 0430 + i) are the cursor bits 
for i ~ 1 to 16 (mem 0430 + i ~ shape[i]) 

mem 0105 
mem 0105 ~ 0 
mem 0426 ~ x. mem 0427 ~ y. 

interrupt character 

mem 0107 ~ 0177 

display control block 

mem 0420 

keyboard, keyset, and mouse inputs 

mem 0177034 
mem 0177030 

Put new bits into cursor from vector named shape 
Connections between mouse and cursor 
Disconnect cursor from mouse 
Move the cursor 

Make DEL the interrupt character (instead of ESC) 

Get pointer to display control block 

Reads the first of 4 keyboard input words 
Reads the word with mouse and keyset bits. 
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Chapter V. EXAMPLE SMALLTALK CLASS DEFINITIONS 

This chapter provides some examples of the use of various Small talk basic system classes and utilities. 
Included are samples of programming techniques as well as the contruction of new, interesting class 
definitions. The examples correspond to the basic classes defined in Chapter IV; they are presented 
in a "try it out" style with suggestions on problems and projects. 

Arithmetic 

Example: Figuring the Amortization of Loans 

The problem we chose to demonstrate the use of float is the amortization of a loan in equal monthly 
payments. The main routine payment requests values for the loan principal, loan interest, number of 
years to payoff the loan, and the number of payments per year. It then carries out the following 
computation: 

Let 

Let 

rate = interest ratel (100 * number of payments per year). 

increase = (1 + rate) raised to the power (number of years to payoff the loan 
* number of payments per year). 

Then each 

monthly payment = (amount of the loan * rate * increase) I (increase - 1). 

The 

total amount paid over the period = 
(number of years to payoff the loan * number of payments per year) * monthly payment. 

To report the results of the calculations, we need a reporting routine where we might say. 

report' Interest Rate as a Percentage is ' rate! 

and expect to see 

Interest Rate as a Percentage is 54. 

The Small talk definition is 

to report 
(cr. 

disp ~ :. 
(:) print)! 

Print a carriage return. 

Print the textual message in the dispframe. 

Print tile value rcet'ivcd in t.he dispframe. 

Next we need to be able to receive the values from the keyboard for the parameters: number of years, 
rate, etc. We can use the Small talk utility reacl. 

read will gather up a vector of Small talk tokens. It first sends a prompt Jl to the display. Everything 
you type until a ! will then be made into a vector which is sent back. For example, the result of 
saying: 

GT-a ~ read! 
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and then typing: 

do 4 (® go 100 turn 90)! 

will associate the literal vector (do 4 (® go 100 turn 90)) with the name a. If we say: 

a! 

the following will be the reply: 

(do 4 (@ go 100 turn 90)) 

If you send the message eval to a, Small talk will evaluate its contents: 

a eval! 

and a square will be drawn. To select the second element of the vector a: 

a[2J! 
4 

To select the fourth element of the third element: 

a[3][4]! 
turn 
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Vectors have many capabilities. To see more, take a look at the definition of vector in Chapter IV. 

read of (text> is the same as read except that the characters are found in <text> rather than taken 
from the keyboard. To help get values from the keyboard, you might define: 

to demand nm 
(GFnm ~ 8. 

(<las => (disp~:) nm print) 
1tnm ~ read eval)! 

Try it with: 

demand spd as ' 1 want a new speed' ! 
1 want a new speed &1367! 

Then type: 

spd! 
367 

or, without a specific message: 

demand angle! 
angle D,,59! 

angle! 
59 

We will also need a method for converting the floating point numbers to nearest whole dollar 
notation. We can send the message $ to members of the class float and receive the value rounded to 
the nearest dollar. 
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addto float G7 (<I $ => (1t 0.0 + (0 + (0.5 + SELF.) .. 100) 1100))! 

The class float can now take 8 floating point number and round to the 

nearest dollar. 

Now for the definition of payment, a method for computing the total amount of dollars paid on a loan 
at the end of the load period. 

The Definition of the Class Payment 

to payment principal interest period 
payments rate increase total Request four values 

(demand principal as 'Amount of the Loan in decimal d·--d.dd I. 

demand interest as 'Interest Rate as a percentage'. 
demand period as 'Number of Years to Pay Off the Loan '. 
demand payments as ' Number of Payments per Year'. 

~ rate f-(O.O + interest) I 100 .. payments. 

@=> increase f- (1.0 + rate) ipow (period .. payments). 

~ amount f- ((principal * rate * increase) I (increase - 1)) $. 

Compute the rate, adding 

0.0 to guarantee floating 
point number. 

Compute the increase. 

Compute the total amount 
paid over the period to the 
nearest dollar. 

report' Each Payment is $ , amount. and report it. 

Compute and tell total 
. amount paid over the period 

report 'Total Amount Paid is $' G1='total f- amount * (period" payments). 

report 'Total Interest Paid $ , total - principal.)! 

Sample Interaction 

Run this by typing 

payment! 

For example, the interaction between the user and payment might look like 

Amount of the Loan in decimal d--d.dd D .. 30000.00! 
Interest Rate as a percentage J.:l9! 
Number of Years to Pay Off the Loan a 30! 
Number of Payments per Year D,,j 2! 

Each Payment is $ 241.0 
Total Amount Paid is $ 86760.0 
Total Interest Paid is $ 56760.0 

Compute and 
tell total interest paid. 
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Sequential Dictionaries 

include the classes: vector, string, obset, stream, file. 

Stream. 

Stringof is' a method for converting a non-string value to a string. It is included in the basic 
Small talk system. 

to stringof n 
(@:»n ~ :. 

1t indisp stream (n print. 1t disp contents))! 

Recall we have already defined indisp as 

to indisp disp 
(Grdisp ~ :. 

1t g eval)! 

n is a value that we would like converted to a string. The simplest way to do this is to assume that 
the print method for any class is to convert its printable form into a string that it can send to disp 
(the generic name for a text display frame). We use indisp to set up a context in which disp is an 
instance of the class stream. We then send n the message print which should basically do: disp f­

(string form of n>. Since disp is a stream, it will store the string form as its contents, which we 
return as the proper reply. 

Files. 

The following routines (xfer, copym, xplot) are examples of the use of the class file. Each is a useful 
utility to have around. 

(1) xfer 

copies a single file. It is useful mainly for transferring files between disks on an Interim Dynabook 
with two disk drives. For example 

xfer dpl file 'valu.able' old to dpO file 'valu.able' new! 

copies a file named 'valuable' from disk 1 onto a newly created file of the same name on disk O. To 
obtain this object type 

filin 'xfer.'! 

The definition is 
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to xfer f g h i 
(dsoff· 
c:;a f ~ :. 

Turn off the display. 

Fetch the instance of 8 file. 

Page 88 

('<lto => ((I:- g ~ :. The message (to) must appear for the format to be correct. 

, . 
, . 

repeat (g ~ f's (numch = 512 => (sadr) sadr[l to numch]). 
f's nextp = 0 => (done) f set to f's pagen + 1 0). 

g shorten to here) 
Gr g ~ :. 
disp ~ 'proper format is: 

disp ~ 'xfer (file> to (file>! 

The repeat-loop is copying each page of the file. 

Sets the pagen and bytcc for g. 
Otherwise say format is incorrect 

disp ~ 'where <file> may be preceded by dpO or dpl') 

f close. g close. dson.)1 Close the two files and turn the display on. 

(2) copym 

copies multiple files from one directory to a directory on the same or on another disk. For example, 
type 

copym dpl to dpO Gr('filel') ',sr' I 

This copies 'filel' from disk 1 to 'file1.sr' on disk 0 (the new file). The complete syntax for copym is 

co pym <source directory> to < destination directory> < vector of file names> (text> I 

where <text> is the extension for the files on the destination directory. The extension is optional. 
The definition uses the object xfer. 

to copym sourcedir destdir filenames ext i 
(~sourcedir ~ :. 

<#"to. 
@==»destdir ~ :. 
@==»filenames ~ :. 
(null (G?ext ~ :.) => (@='ext ~ ")) 
for i to filenames length - 1 

(xfer sourcedir file filenames[i] old to destdir file filenames[i] + ext new))! 

(3) xplot 

xplot writes a screen image (bitmap) onto a file (86-87 disk pages, takes about one minute) for 
printing on an XGP with the XPLOT program. (lIenee this is particularly useful to those readers with 
these facilities.) Either low or high resolution screen images can be plotted, but not both; i.e., only 
the low resolution (picture) part of a screen with both low and high resolution parts will be saved. 
Type 

fHin 'xplot.'! 
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The following definition requires the class AREA which is also provided below. Note AREA is a 
simple form of class rectangle defined in Chapter II and later in this chapter. The response of an 
instance of AREA to the message makebuff is a string containing the sequence of bits in the 
rectangular area. The file 'xplot' also includes the objects BLT, PNT, and bringitin. This last one is 
a method for restoring a display screen from a file written by the object xplot. It expects one 
message--the file name. 

to AREA abc I origin extent 
{<l's => (11' g eval) 

<I is => (ISIT eval) 
<I makebuff => ((f?a ~ string 2 '" extent y '" Gr b ~ (extent x + 15) I 16. 

@:. c~ PNT a. 
BLT c + 2 b 0 extent x 0 extent y 0 mem 60 32 origin x origin y extent y O. 
11' a) 

isnew => (ctrorigin ~ :. Gr extent ~ :))! 

to PNT (mem 255 ~ :. 11' mem 255)! 

to xplot f h irs w 
( ((("ff>f ~ :) is file => ( ) 

~f ~ file f =>( ) ltfalse). 

GT'w ~ 255 Elmem (Grh ~ mem 272)+ 1. 

(0 < mem It + 1 => (f next word ~ 2. 
Cff's ~ 2 * mem h + 3) 

f next word ~ 4. Grs ~ mem h + 3). 

dsoff· 
@=' r ~ AREA point 0 0 point w· 16 1. 
do 4 (f next word ~ 0). 

for i to s 
(f next word ~ - w. f ~ r makebuff. 

r's (urorigin ~ po~nt 0 i)). 
f close. dson.)! 

Make sure f is a file. 

Number of words per scan line. 

High resolution -- enlargement. 

Number of scan lines. 

Low resolution. 

The screen area is written out on the file 

each time in the next loop. 

Default values. 

-word count followed by bits in scan line. 

Move the area down the screen. 
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Dispframe 

disp. As explained in Chapter III, disp is the local name of any dialog window. It is, in fact, an 
instance of the class dispframe and is created as 

cJ?disp f- dispframe 16 480 415 168 string 520! 

A Small talk window, as demonstrated in Chapter I, owns an instance of a dispframe whose name is 
disp. This particular name must be used because the Small talk read method assumes that all 
keyboard interactions will be carried out by displaying the typed characters in an instance of 
dispframe named disp. 

As an example both of using this generic name as well as of using the four display routines edelear, 
dcomp, dmove, and dmovec), try the following sequence. 

1. Create four new windows on your display screen. 
2. Place them in four quadrants of the screen, enlarging them to fill the area above the 

original dialog window. 

window 1 I 
I 

window 3 I 
I 

original 
dialog window 

window 2 I 
I 

window 4 I 
I 

3. Place the mouse cursor in window 1 and type @=>turt1 (- turtle frame disp! 
This creates a turtle who lives only in this first window. home for turtl is the center of 
the window. 

4. Repeat the above process: enter each of the remaining three windows and create turtles 
turt2, turt3, and turt4. 

5. Now point in the original dialog window and try: 

turt1 home erase! Note only window 1 is erased. 

for i to 200 (tartl go i turn 89)! Note the turtle draws lines only in its own window. 

turtl's frame'S (dcomp frmx frmwd frmy (rmht)! 
Complement window 1. 

Try different designs in each of the four windows. Or try 

turt2's frame'S (delear frmx frmwd frmy fnnht 13107)! 
turt3's frame'S (delear frmx {rmwd frmy (rmILt 12121)! 
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As examples of using dmove, try making window 4 small and then 

or 

to mover 
(turt4's frame's (dmove frmx frmwd frmy frmht ~frmx~frmx-5 ~frmy~frmy-5 :))! 

do 10 (mover O)! 

do 10 (mover 1)! 

turt4's window moves toward the bottom leCt corner, 

replacing any information already displayed in the areas. 

turt·s window moves toward the bottom left corner, 

interacting with any information already displayed in the 

area. 
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Point class 

This data type is used to design the class rectangle which can compute areas of intersection between 
two rectangles and create the rectangle that encloses two rectangles. An abbreviated version of the 
class rectangle was introduced at the end of Chapter II section on Paint Brush. To obtain this 
definition of rectangle, type 

filin 'xyfns.'! 

~joe ~ rectangle point 100 100 point 150 1501 

joe has point 120 1051 
point 100 100 

joe campi 

joe clear -1 I 

joe clear 21212! 
joe clear 052525! 

Rectangle at upper leCt corner 100,100 and lower right 

corner 250, 250 

That is, 'not Calse' and thereCore true 

Complements joe's bits. 

Clears joe to all black. 

Some nice patterns. 

joe intersect ~ jim f- rectangle point 140 120 point 150 1701 

joe include jim! 

joe move to 2003001 

joe frame! 

jim is a rectangle at upper left 140,120 and lower right 

290,290. Reply is intersection of joe and jim, a rectangle at 

upper left 140,120 and lower right 250, 250 (origin is point 

140 120j extent is point 110 130). 

Creates rectangle around joe and jim. 

Upper leCt corner is moved to 200, 300. 

Draw a black border around the rectangular area. 

The code for the class rectangle and some useful routines follow. Note two messages (makebu,ff and 
loadbuff) used in the definition of AREA as stored on file 'xplot' could be included as messages 
understood by a rectangle. 
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to rectangle abc I origin extent 
( <[has=> 

(c;rc ~ :. 1torigin c origin + extent) 
<['s:>(1t g eval) 
<[comp=> 

(dcomp origin x extent x origin y extent y) 
<[clear=> 

(dclear origin x extent x origin y extent y :) 
<[intersect=> 

(Grc ~ :. 
Gra ~ origin max c'S origin. 
Grb ~ (origin + extent) min c's( origin + extent). 

a ~ b=> (1trectangle a b - a) 1tfalse) 
<[include=> 
(~c ~:. 
@=oa ~ origin min c'S origin. 
CJ.rb ~ (origin + extent) max c's( origin + extent). 
1trectangle a b - a) 

<[moveto => (urorigin ~ :) 
<[frame => 

(@""a ~ turtle. 
a pen up goto origin turn 90 pendn's width ~ 2. 
a penup goto origin turn 90 pendn's width ~ 2. 

do 2 (a go extent x turn 90 go extent y turn 90)) 
<[is =>( ISIT eval) 
<[print => 
(~rectangle print sp origin print sp extent print) 

<[ paint => (CODE 41) 

isnew => (Grorigin ~:. ~extent ~ :))! 

to waitnext x 
(urx ~ 8. 

repeat {x eval => ( ) done) 
repeat (x eval => (done)))! 

to bug 
(waitnext but 1 on. 1tmp)! 

A demonstration to try often is 

Type 

to xydemo ~ class abc 
(ura f- rectangle Grb ~ bug bug - b. 
a camp. 
G?c ~ rectangle Grb +- bug bug - b. 
c camp. 
Grb ~ a intersect c. 
(b=>(b clear 13107)) 
(a include c) frame.)! 

xydemo! 

Is a point inside rectangle? 

Expects bit patterns as a message 

Creates a rectangle that is the intersection of c 

and SELF if they have common arca 

else, 'false'. 

Creates rectangle around SELF and c. 

Move origin to a new point. 

Turtles understand how to go to a point as 

well as two numeric coordinates. 

This message was discussed in Chapter II 

section on Paint Brush. 

Stay in this routine until 

x is first 'false' and then finally 

'not-false' again. 

Wait to get the mouse point 

when button 1 is preEsed. 

The result of pointing to different screen locations is a geometric design formed by the interaction of 
black, white, and gray rectangles. 
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Dictionary of Areas and Points 

An Obscure Challenge for the Day: when does this blow up? 

Suppose the screen is divided into a main area that is a rectangle point 30 20 point 100 80; and the 
subareas within the main area are 50 wide and 40 high. There are four such subareas. The purpose of 
a dictionary of points on the screen is to be able to designate areas as menu locations or nodes of a 
tree or whatever, and to be able to recognize, quickly, in which area the monse is located. 

30,20 

1 
1 1 2 

1 
1 1 1 
1--------------------
1 1 1 
1 3 1 4 1 
1 1 1 
1 1 1 
--------------------- 130, 100 

Suppose we create a menu that has five menu squares (1, 2,3, 4, 5) located in subareas 1 and 2. Each 
menu square has length 14 units. Further, suppose the upper left corner of the first square is point 45 
30. 

[1][2][3][4][5] 

1 
1 

1 1 1 
1--------------------
1 1 1 
1 1 1 
I 1 I 

Then, we have 

@='dictionciry ~ xydic 50 40 in rectangle point 30 20 point 100 80! 

UPmenu ~ vector 5! 
for i to 5 do 

Create the main area and subareas. 

(dictionary f- menu[i] ~ rectangle point 45+(i-1)*14 30 point 14 14)! 

dictionary print! 
3 in area 1 
3 in area 2 
o in area 3 
o in area 4 

dictionary map @="(comp)! 

Store menu squares 1 - 5. 

Print number of items in each 

subarea followed by the subarea index. 

Tell all the menu squares to complement. 
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dictionary index point 50 701 
3 

dictionary find mp! 

dictionary delete menu[ 3l! 

dictionary edit (delete) menu[ 3]! 

Given a point (50 70), compute in which 

subarea it falls. 

Given a point (mouse point), ask all the 

. stored areas if they have the point. 

Return the first one that says yes. 

Delete the third menu square. 

Editing method used by messages delete and .... 

A file exists on the basic Small talk disk that contains the following definition. Type 

fUin 'xydic'! 

to tryout this dictionary method. 

to xydic exp i input p val I all areas brect ncols xsize ysize 

{«index => {~p ~ :. 
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11' 1 +{ (p x - brect's origin x) / xsize) + ncols * (p y - brect's origin y) / ysize) 

«find => {Gfrp ~ :. 
brect has p=> {GT-val ~ nil. 

lI'false) 

areas[SELF index p] map @=' 
{vec[i] has p => (done with Grval ~ vec[iJ)). 

lI'val) 

«edit => {GT'exp ~ vecmod g 2 0 r;=-input ~ :. 
(U=»val ~ (SELF index input frame's{ origin + point extent x 0)) 

- Gri ~ SELF index input frame's origin. 
for i ~ i to SELF index input frame's( origin + point 0 extent y) by ncols 

{for p ~ i to i + val (evapply areas[p] to exp)). 
apply all to exp) 

«~ => (SELF edit (~) :) 

« delete => ( SE LF edit (delete) :) 

«map => (all map:) 

isnew-> {GT'xsize ~ .'. urysize ~ .'. 
G/=>brcct (- {<lin~{.'} rectangle point 0 0 point 512 512). 
cY""ncols ~ brect's extent x / xsize. 
G?areas ~ vector ncols * brect's extent y / ysize. 
(or p to areas length (areas[p] (- obset). 
G}"all (- obset) 

<f print ~ ((or p to areas length (areas [p] length print. sp. 
disp ~ , in area'. p print. cr }))! 



EXAMPLE SMALLTALK CLASS DEFINITIONS 

Turtles 

Try 

G7'turt ~ turtle frame disp{rame 16 100 16 100 " .1 
turt home erase.! 
for i to 300 (turt go i turn 89).! 
turt's frame's (dcomp frmx frmwd {rmy frmht).! 
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The first three statements create a turtle in a 100 by 100 rectangular area in the upper left portion of 
the display screen, clear that area to white and draw a spiral using black lines. The last statement 
enters the context of the turtle's display frame in order to use the frame boundary parameters in 
order to complement the area (white to black, black to white). 

To sketch with characters or text, try 

to draw turt t 

(@=tturt ~ turtle. 
turt home xor turn 90. 

Gr t ~ :. 

Create a drawing turtle. 

Painting is different if the ink 

is black or white. 

Fetch the "paint brush" 

repeat (button 4 => (turt penup goto mp pendn ~ t) 
button 2 => (done)))! 

draw'@J'! Paint with "smiley" 

draw 'hello'! or the text 'hello' 

draw 97! or the character 'a'. 

Designing your own character is another way to design a paint brush! 

Commander Turtle 

Here is a nice way to distribute turtle messages to more than one turtle at a time. The idea is to 
create a "commander" turtle. Any messages he receives, he sends on to all the members of his troop. 

@='joe f- commander 41 

joe go lOa! 
joe turn (number)! 
joe penup! 
joe pendn! 
joe horne! 
joe fan! 

joe's inh f- (integer)! 
joe's width f- (integer)! 

Try 
Gr@ f- commander 4! 
dragon 6! 

joe commands a troop of 4 turtles. Each turtle moves to the center (home) 

of the display area. Then joe sends himself the message fan. 

Each member of the troop moves <nulIlber> of units. 

E<Jch member of the troop turns <nullIber> of units. 

Each member of the troop picks its pen up. 

Each member of t.he troop put its pen down. 

Each member of the troop moves to the ccnter of the display area. 

Each member of fhe troop turns in a unique direction aIld changes ink color 

sllch that membcr i has ink color i+ 1. 

Set the ink color of each member to <integer>. 

Set the width of each member to <integer>. 

Recall the definition of dragon in Chapter II sends messages to O. Here. 0 
is no longer a turtle. but a turtle commander. 
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to see four dragon curves draw on the screen. .For those curious, we include the class definition. Note 
the use of colored ink assumes a color version of Small talk. The dispframe colorframe is defined as 

~colorframe ~ dispframe 0 256 0 128 ". 

to commander a b I turts 

(<( go 
<I turn 
<I penup 
<I pendn 
« home 
<I fan 

<I 's 

isnew 

=> (G1='a ~:. turts map ~(go a). ftSELF} 
=> (G1='a ~:. turts map G?(turn a). ftSELF} 
=> (turts map Gr(penup). ftSELF} 
=> (turts map ~(pendn). ftSELF} 
=> (turts map Gr(home). SELF pendn. ftSELF} 
=> ( for a to turts length do 

(turts[ a] turn( a - 1) * 360 / turts length. 
turts[ aJ's ink ~ a + 1}. 

ftSELF} 
=> (<link => (<l~. GFa ~ :. 

turts map @=' (vec[iJ's inll. ~ a)} 
«width. «~. ~a ~ :. 
turts map @='('s width ~ a).} 

=> (Gt'a ~ :. 
GT>turts ~ vector a. 
for b to a (turts[b] ~ turtle frame colorframe) 
SELF home fan}}! 
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Control Classes for Repetition and Alternate Paths 

repeat, do, for, if 

The usual methods for repeatedly evaluating an expression use one of three routines already 
presented: repeat, for, and do. The method of for can be defined as 

to for step stop var start exp 
(@:>var ~ 8. 

@:>start ~ (<I ~ => (:) 1) 
Grstop ~ (<( to => (:) start) 
GTstep ~ (<I by =>(:) 1) 
<I do. do is optional 
Grexp ~ 8. 
var ~ start. 
repeat ((step> 0 => (var eval > stop => (done)) 

var eval (stop => (done)) 
exp eval. var ~ (var eval) + step.))! 

The form of a Small talk conditional statement, if-clause => (then-clause) else-clause, has also already 
been shown in many contexts. The Algol "if...thcn ... else ... " syntax can be achieved by defining if as 
follows. 

to if exp 
((GTexp ~ :) => {<1 then => {Grexp ~ :. <lelse => (g. exp) exp) 

error Gr{ no then)) 
<I then => (g. <1 else => (GTexp ~ : ) false) 
error GT(no then)) ! 

For exa~ple, 

@'oval ~ if a > 10 then 4 else {if a ( 10 then (-4) else OJ! 

val will be 4, -4, or 0, depending on the value of a. 

again 

is a Small talk method for redoing the most recent repeat, do or for loops. It is one way of iterating 
on a given condition, while defaulting to end the loop. For example, suppose we send the message 

Grset ~ makelist mary or joe or henry! 

expecting to form a list of alternatives terminating when no further alternatives exist. 

while 

to makelist list 
(Grlist ~ obset. 

repeat (list ~ g. 
<lor => (again) done) 

11" list)! 

A while clause lets us send messages of the form 

Obsets form unions. 

Continue if see word "or". 

Reply witll the list. 
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~str ~ streanl! 
while {kbck and {{(l=ot ~ kbd) *' 13)) 

do (str ~ t)! 
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That is, store keyboard strokes into the stream str as long as there is a character in the input buffer 
and the character typed is not a carriage return (whose Ascii code representation is 13). This 
definition is not part of the basic Small talk system. 

to while Cond Exp 
{@=>Cond ~ 8. 
« do. . do is optional 

GrExp ~ 8. 
repeat {apply Boolean to Cond ::> (Exp eval) done))! 

to Boolean result 
{GfPresult ~ :. 

repeat { «or::> (result::> (g) @='result ~ :) 
«and => {result => (Grresult ~ :) 8) Right side of the and part will not 

be evaluated if left part is 'false'. 

11' result))1 

Zahnts Device 

The following is an implemention of a simple "until-like" structure, very much like Zahn's original 
suggestion, which allows multiple exits from a loop [Zahn, A control statement for natural top-down 
structured programming, SYnlposiunl on Prog. Languages, Paris, 1974]. The intent was to be able to 
write in Small talk a minimal, event-driven keyboard/display routine like this one: 

until CR or DEL do 
(@:at ~ kbd. 

disp ~ t. 
t = 13 ::> feR) 
t = 127 ::> (DEL)) 

case 
CR : (disp ~ 'nornlal exit.') 
DEL: (disp ~ 'punt exit.')! 

To implement this control structure in Smalltalk, a class of objects called events was defined such 
that each instance, when it is awakened, executes a piece of code and breaks out from a loop. 

to until tempatom statement 
(repeat ((y~tempatom ~ 8. 

tempatom ~ event. 
« or => (again) done) 

( <l do => (Q=-statcTTlcnt ~ g)) 
(<1 case => (repeat (Gl"'tl'Tnpatom ~ g, 

tcmpntom ('val is event => 
(<l:, tcmpCl tom eval newcode 8,) 

done)) ) 
repeat (statement eval))! 
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to event I mycode 
(isnew => ((I=omycode ~ vector 3. 

mycode [2] ~ GT"done.) 
<l newcode => (mycode [ 1] f- :.) 

<l is => (ISIT eval) 
mycode eval)! 
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Event is an example of constructing a vector of code that will be evaluated at some later time. When 
an instance of event receives the message newcode, it stores away some message as the first objects in 
the vector mycode. The last object is the message done which, when mycode is evaluated, forces a 
break out of the repeat loop in until. Hence, if we run the above example of using until, we have 

GJ""tempatom f- 8. 
tempatom ~ event. 
<lor 
=>(again) 
done 
<ldo 
Grstatement f- g 
<lease 
repeat (Grtempatom+-8. 
tempatom eval is event 
(<I:. 
tempatom eval newcode 8) 

done) 
repeat (statement eval) 

Case Statement 

Pick up the word CR and store in tempatom. 

CR is made an instance of the class event. 

We see or, so 

go back, pick up DEL, and make it an instance of event. 

Now we are done. 

We see the word do. 

Statement is the vector (G1-t+-kbd .... ~(DEL). 

We see the word case. 

We see the word CR again and store the name in tempatom. 
The value of tempatom is Cr, an event. 

We see colon, :, so we 
send the event CR the message newcode and pick up the code 

disp +- 'normal exit'. Do this again: pick up DEL and send it the 

message newcode, picking up code disp +- 'punt exit'. 

There arc no more case statement words so 

repeatedly evaluate the vector (~t+-kbd ... ), an expression 

that will continually request keyboard input until that input is 

a carriage return or delete character in which case the 

corresponding event will be run in order to evaluate mycode. 

Evaluating mycode results in execution of a done message, hence 

terminating the repeat loop. 

A method for simulating case statements in Small talk is to index into a vector of vectors or atoms 
that can be evaluated. The general message form is 

(vector) [ (integer) ] eval! 

Such a case statement can be seen in the routine used to Jealize a display window move, dele~, 
create, or grow depending on which window corner has the mouse cursor. The routine returns 'false' 
if the cursor is not in a corner. Note, in the statements below, the index = 1 + corner selected. 
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to frmedit disp 
(@='disp ~ :. 

@="((1tfalse) 
(disp (clear. waitnext (butlon). 

disp frame white. disp move to mx my. 
disp display) 

(1 =sched vec length =>( ) disp hide. 
sched delete task. done.) 

(conte.nts copy) 
(disp fclear. waitnext (butlon). 

disp frame white. disp grow mx my. 
disp display)) 

[ 1 + disp corner mx my] eval )! 

index = 1, no corner selected 
index= 2, move 

index= 3, delete 

index=4, create 
index=5, grow 

index evaluation 

For instance, if the mouse is in upper right hand corner of the display window, then 

disp corner mx my = 2 

Add 1 and we get and index of 3, picking out the code to delete the current window. 
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Scheduling Methods: sched and window 

Recall that Small talk has a USER task which is continually evaluated. (See Chapter III section 
entitled The User Task). 

One method useful for scheduling the display windows we have been working with is to replace the 
USER task with a request to send the message run to each item stored in an obset. We have chosen 
to name this obset sched. 

or 

PUT USER r::irDO Gr(sched map Gr(@=>task ~ vec[iJ. 
apply task to Gr(run) in GLOB))! 

PUT USER r::irDO Gr(sched map Gr{apply eaeh to G?(run) in GLOB))! 

Suppose sched contains three items, each one an instance of the class window (we will examine the 
code for this class in a bit). Then, in sequence, the temporary variable task is set to the value of 
vec[l], vec[2], and vec[3] (the local bindings in selted for the three instances of window). Each 
value of tasll. is sent the message run. This is a round robin method for scheduling objects, giving 
each object the opportunity to run if it so chooses. Each object stored in sched must be able to 
receive the message run. 

A window that can be scheduled has two instance variables, an instance of the dispframe in which we 
expect to read and print any keyboard i/o, and an instance of a class that knows about and can edit 
the objects living in the dispframe. We will present three examples of this second kind of class: a 
Smalltalk dialog window (stwindow), a window for invoking the Smalltalk class editor (edwindow), 
and a picturewindow (pieturewindow). 

Window. The class window looks like 

Grw ~ window dispframe 10 100 10 50 string 50 <editor>! 
Create a window in which the contents is defined as some editor. 

w run! This is the message we expect to send 8S part of the USER task. 

w contents <message>! window contents is <editor>. Send this <editor> the message <message> 

to window I disp contents 
(<(run => (disp hasmouse => 

(contents enter. 
repeat (disp hasmouse => {kbck => (contents kbd) 

done) 
contents exit)) 

«contents => CIt apply contents) 
<lis => (ISIT eval) 
<['s => (1t g eval) 

o ( mouse 7 ( => (contents bug) 
contents running) 

isnew => (G?disp +- :. GPcontents +- .. contents new))! 

The value of disp does not have to be a dispframe, but it does have to respond to the message 
hasmouse. Notice that the main method for sending a message to the object whose name is contents is 
to send it indirectly through the class window. When a window sees the message word contents it 
gives the object contents permission to examine the message. For example, if contents is an instance 
of stwindow, defined next, and we want to send that instance the message running, we could do so 
indirectly by typing 
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w contents running! 

where w is an instance of window and the value of w contents is an instance of stwindow. 

Small talk Dialog Window. 

Now for some examples of <editor>, each of which must understand the messages sent to it by 
window: enter, running, kbd, bug, exit, new. 

The particular method used to define stwindow says that the final action in creating an instance of 
the class is to return an instance of window. Hence it is not possible to send messages directly to 
instances of stwindow; it is only possible to send messages indirectly through the class window. 

sched f- ~st ~ stwindow dispframe 10 100 10 50 string 50! 

st contents enter! 

st contents running! 

st contents kbd! 

st contents bug! 

st contents new! 

st contents copy! 

to stwindow 

(<lenter => (disp display) 

Create a Small talk window where the display area is initially at 10,10 with 

width 100 and height 50. Note that st is an instance of window, not 

stwindow. The value of st contents is the desired instance of stwindow. 

Show the dispframe 

Blink the prompter. 

Read an expression from keyboard. 

See where the mouse is pointing and take any appropriate actions. 

Print a message in the window. 

Create another stwindow in st's own image. 

<lrunning => (disp f- 20. do 10 ( ). disp ~ 8} blink the prompt character in the window 

<lkbd => (cr. read eval print sp) 

<lbug => (frmedit disp) 

«exit => ( ) 

<lcopy => (sched~stwindow newframe) 

«new ~ (disp ~ 'A SM ALLTALK window ') 

«is => (ISIT eval) 

<I's => (1t g eval) 

isnew => (1twindow (:) SELF))! 

frmedit was defined previously. 

newframe creates dispframe in the upper left corner 

of the display screen. 



EXAMPLE SMALLTALK CLASS DEFINITIONS Page 104 

to newframe I 

(~f f- displrame 16256 16 112 string 1000 lont disp's (Iont). 

I's (~winht f- frTltht). 

11' I}! 

Edit Window. The content of this window is a list of names of defined classes. Pointing at one of 
the names in the window invokes the Small talk class editor for the class. This is a useful utility for 
avoiding typing edit <name>! 'fhe same method for defining the window is used here as was used in 
stwindow: the reply from isnew is an instance of window; messages to edwindow must be sent 
indirectly through window. 

sched f- ~edw f- edwindowl 

edw contents enter! 

edw contents running! 

edw contents kbd! 

edw contents bug! 

edw contents show! 

edw contents exit! 

edw contents new! 

to edwindow a i I setname 

(<(enter ~ (disp display) 

edw is an instance of window; its instance variable contents is an 

instance of edwindow. The window's dispframe is ncwframe. 

Display the dispframe. 

Blink a thick-lined square image (Ascii 4). 

Create a subwindow and call on eVe I.e., repeat (cr read eval print 

sp). 

Check the four corners (copy does not work) ... if mouse is not in 

corners find which name the mouse is pointing at and call on the 

editor for the appropriate class. 

Print the token 'edit:' followed by name stored in the vector. 

Do nothing special. 

Display the dispfrnme. 

«running ~ (disp f- 4. do 10 (). disp f- 8) 

«hbd ~ (disp sub G}=>( ev)) 

«bug => (fnnedit disp ~ ( ) 
@"'i f- disp mfindt mx my [1]. 
i(2:;')(). 
Gra f- (setname eval)[i-l]. 

Gri f- a eval. 
edit i. 
a = setname :;') (SELF show)) 

«show ~ (disp clear. disp ~ , 
edit:' . 

Gra f- setname eval. 

The word "edit:" adds a token to the count. value of 

a is the r.lass name. 

i is no\\' <I pointer to the class to be edited. 

Print the token 'edit:' followed by the names in the 

atom a. 

for i to a length - 1 (sp. a[i] print)) 
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«exit ~ () 

«new => (disp frame black. SELF show.) 

<lis => (ISIT eval) 

<I's => ('It g eval) 

isnew => (Grsetname ~ 8. 

'It wirtdow newframe SELF))! 

Picture Window. This simple picture editor is an example of the use of a turtle "living" in a 
dispframe. It makes use of the class point as well as obset and apply. 

sched ~ r1?pw ~ picturewindow 16 100 16 100 string 50! 

pw contents enter! 

pw contents running! 

pw contents kbd! 

pw contents bug! 

pw contents exit! 

pw contents new! 

pw contents sketch! 

pw contents copy! 

Creates a window for sketching at location 16,16. window is 100 

wide, 100 high. Again, pw is an instance of window, pw contcnts is 

an instance of picturewindow. 

Show display frame and sketch. 

Do nothing special. 

Read the keyboard but do not evaluate expression. 

Check four corners; otherwise, draw a line to the mouse point. If 

middle mouse button pressed, pick turtle pen up. 

Do nothing special. 

Erase the display area. 

Draw lines between the points in the sketch unless point preceded 

by penup command. 

copy has a new meaning: erase the skctch. 
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to pieturewindow var I df ® pies 

(<[enter ~ (df display. SELF sketch) 

<[running -:?>( ) 

<[kbd ~(er read) 

<[bug ~ (frmedit df~(SELF sketch) 
(pies vec length = 0 => (pies ~ ClFpenup. @ penup) 

When first start pick pen up. or it 

button 1 ~ (pies add ~penup. ® penup) 
@ pendn) middle button prfJssed. pen up. 

pies ~ @=>var +-(mp - (point df frmx df frmy)). 
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Find mouse point and store point relative to 

the display window. 

® goto var) Draw the line. 

<[exit ~ () 

<l new ~ (® erase) 

<l sketch => (pies vee length = 0=>( ). Nothing to sketch. Should pen be up? 

pies map G? (GT'penup = vec[i]=>(@ penup) 
® goto vee[i] pendn)) Draw line to the point. 

<[copy => (df clear. G?pics ~ obset) 

<['S=> (1t g eval) 

<lis => (ISIT eval) 

isnew => (~df +-( apply dispframe). 

@='@ +- turtle frame df. 
@='pics ~ obset. 
1twindow df SELF ))1 

Delete sketch points. 

Instance of dispframe created by receiving 

values from picturewindow's message. 

Turtle lives in this new frame. 

Sketch points stored in an obset. 

Create the window. 
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Loopless Scheduling 

The following is an attempt to select some conventions for scheduling classes, while minimizing, if not 
eliminating, the use of explicit repeat or for loops. We define startup, a method for waking up each 
class inztance and giving each a chance to grab control and remain in control until some quit 
condition becomes true. 

to startup task 
((ff>task f- :. 

(<lin => (GrGLOB f- :)) 

task startif => (task firsttime. 

1tfalse)! 

repeat( tash quitif => (done) 
task eachtime) 

1ttask lasttime) 

Define context for evaluation. 

Task starts, send firsttime. 

Keep sending message eachtime 

until quitif returns 'not-false' value. 

Finally send message lasttime. 

We will still use sched to hold the scheduled objects. The USER task is 

PUT USER ~DO ({J=>(sched map Gr(startup each in GLOB))! 

A task may choose to start, for example, if mouse cursor is in particular location or mouse buttons arc 
pressed or objects are waiting in a queue. The first time the task runs it may want to clean up some 
graphic information or set a timer or take first object out of the queue. A task may decide to quit if 
some clock timer has run out or the mouse is no longer in the correct position. Each time a task 
runs, it takes whatever actions are appropriatej for example, the window might check to see if a 
mouse button is pressed and the mouse cursor is in one of the corners. Hence, by convention, a 
scheduled object must respond to startit, tirsttime, quitit, eachtime, lasttime. So that no errors occur 
if an object does not respond to these messages, we initialize things with 

GTstartif f- r:Y->tirsttime f- @='eachtime f- (ff>lasttime f- nil. 
to quitif (1tfalse)! 

The class window which acted as a task master before is no longer needed. Methods for blinking the 
prompter and waiting for an expression to evaluate true (waitnext) can be (re)defined. The class 
prompt simply sets a timer, displays the prompt character and does nothing until the timer runs out 
at which time it backspaces to erase the image. When prompt is the only scheduled object, we see a 
blinking prompt character. 

to prompt I t 
(<(firsttime => (disp f- 20) 

«quitif => ('Itt ( mem 280) 
<llasttime => (rlisp f- 8) 
isnew => (Grt (- 10 + mem 280))! 

The next object, waitnext, also ignores some of the messages. 

to waitncxt / not off yet expr 

Show Interim Dynabook image. 

mem 280 is the clock. 

Print b3ckspace to erase imnge. 

Set timer. 

(<iquitif => (noto((yet => (1tcxpr eval is false) 1t expr eval) 
isncw => (w,;:>cxpr +- 8. u?=>notoffyct f- true. stnrtup SELF. 

Grnotof(yet +- false. startup SELF))! 

The object trmedit is almost the same. The only exception is index 4 which originally was (contents 
copy) but now must be the actions previously taken by (contents copy). In the case of stwindow, this 
should be (sched f- stwindow newframe). But edwindow wants to do nothing and picturewindow 
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wants to say (disp clear. G1="pies f- obset). Alternatives are to write separate frmedit routines or to 
send the code as a message to be evaluated at a later time. We will use this last idea. 

to frmedit disp expr 
(G7-disp f- :. ~expr f- nil. t1rexpr f- 8. 

c;=a( (ftfalse) 
(disp felear. waitnext (butlon). 

disp frame white. disp moveto mx my. disp display) 
(1 =sehed vee length ~( ) disp hide. Behed delete task. done.) 
(expr eval) 
(disp fclear. waitnext (butlonj. 

disp frame white. disp grow to mx my. disp display)) 
[ 1 + disp corner mx my] eval )! 

The Smalltalk dialog window is now defined as 

to stwindow I disp 
(<(startif ~ (ftdisp has mouse) 

<I firsttime ~ (disp display) 
«quitif ~ (ftdisp hasmouse is false) 

<leaehtime ~ (kbck => (cr read eval print sp) 
o < mouse 7 => (frmedit disp (sehed f- stwindow newframe)) 
startrLp prompt) 

<lis ~ (ISIT eval) 
<I's~ (ft g eval) 
isnew ~ (c;=adisp f- :. disp clear. disp f- 'SMALLTALK at your service' ))! 

edwindow and picturewindow can be defined as 

to edwindow a i I setname disp 
(<lstartif => (ftdisp hasmouse) 

<lfirsttime ~ (disp display) 
«quitif ~ (ftdisp has mouse is false) 
<leachtime ~ (hbck => (disp sub ~(ev)) 

o < mouse 7 => 
(frmedit disp ( ) => ( ) 

Gri f- disp mfindt mx my [1]. 
i<2~(). 

~a f- (setname eval)[i-l). 
@=>i f- a eval. 
edit i. 
a = setname ~ (SELF show)) 

startup prompt) 
«show::> (disp clear. disp f- 'edit: I 

ura +- setname eval. 
for i to a length - 1 (sp. a[i] print)) 

«is => (ISIT eval) 
<['s=> (11 g eval) 
isnew => (Grsctname +- g. 

Gi='disp +- dispframe 16 256 16 112 string 1000. 
disp clear. SELF show))! 

The prompt character is different. 
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to picturewindow I df ® pics 
(<( startif => (1tdf hasmouse) 

<ffirsttime => (df display. SELF sketch) 
<fquitif => (1tdf hasmouse is false) 
<feaehtime => (kbek => (cr read) 

o ( mouse 7 => 
(frmedit df (df clear. ~pies~obset) => (SELF sll,etch) 
(pies vec length = -0 => (pies ~ (ft->penup. ® penup) 
1 = mouse 7 => (pies add Grpenup. @ penup) 
@ pendn) 

pies ~ Grvar ~ (mp - (point df frmx df frmy)). 
® goto var)) 

<1 sketch => (pies vec length = 0=>( ). 
pies map (if> (G?peTmp :: vec[iJ=>(® penup) 
® goto vec[iJ pendn)) 

<f is => (ISIT eval) 
<1's=> (1t g eval) 
isnew => (({?df ~ apply dispframe. 

GT'@ ~ turtle frame df. 
urpies ~ obset. 
® erase. df display))! 

Messages can now be sent directly to instances of stwindow, edwindow, and picturewindow. 
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A Sample Text Editor 

The purpose of this example is to demonstrate text management within a display frame (dispframe)-­
how to 

i. display text 
ii. use mouse for pointing, keyboard for editing (or alternatively, set up an editing menu such as 

in the Small talk editor) 
iii. manipulate the text 

Insert, delete, replace and append text can be accomplished with insert only: 

action 

point someplace and start typing 
point to subset of the text and 

start typing characters 
point to subset and type 'del' 

interpretation 

insert, append 

replace 
delete 

Note: when typing, will handle backspace (bs); If «doit» as character, not as terminator; and delete 
(del) key. 

A paragraph has some area on the display screen, is framed, and does not scroll unless it reaches the 
bottom of the screen. 

Call it pdisp. 
pdisp is a dispframe. 
The window height of pdisp (winht) should extend from the upper left corner 

to the bottom of the display screen in order to avoid scrolling. 
The frame height of pdisp (frmht) should indicate bottom of last line of text. 

Grfontheight ~ 14. 
@=>pdisp ~ dispframe 0 1 Olontheight string 0 noframe. 

A paragraph contains some text. 

Call it buf. 
buf is a string. 
There is a pointer to the last character in buf. 
Call it last. 
last is a number. 
These correspond to instance variables in a dispframe but paragraph wants 

local manipUlative control of the textual information. 
We can give buf a textual value when we create the instance. 

@='buf +- (<lof ~ (:) string O}. 
C'i?last f- buf length.! 

A paragraph contains pointers into a subset of the text. 

Call the points pJ and p2. 
p1 and p2 are each instances of the class point. 
They indicate the beginning and ending of a selected subset of text. 
These points correspond to indices into the text string 
Call the indices loel and loc2. 
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~loc1 *"(ff>loc2*"buf length .• 

A paragraph has the selected subset of text complemented to provide graphic feedback. 

Assume there is a class, dfcomp, owned by the paragraph class to perform the 
complementation from pI to p2 within the dispframe. 

dfcomp pdisp p1 p2! 

A paragraph's text can be manipulated. 

( I) Show correct text 

(2) Select an area of text 

tell pdisp to show buf [1 to last] 

start with mouse button press in order to 
select space between characters = pI; 
hold down button to pick up characters 
dynamically and then release the button. The 
final mouse posi tion = p2 

(3) Replace selected text by new text start typing 
if 'del' and loc I not same as loc2, then 

delete selected text 
otherwise delete selected text and replace 

with keyboard input 
otherwise, keyboard input replaces 

selected text. 

(4) Might want to give the paragraph a name and store/retrieve it on a disk file 

A solution to the text complement problem for a dispframe 

Assume have two points indicating beginning and ending of line of text 

pl beginning point 
p2 ending point 
df dispframe 

If p1 and p2 are the same point, complement nothing 

If p I is lower in the dispframe than is p2, complement nothing or reevaluate 

If p I is higher in the dispframe than 
is p2: 

P 1----------

------------p2 

the routine, changing roles of p 1 and p2 

complement from p I to p2 requires possibly 
three parts 
(1) complement first line starting at pI 
(2) complement full middle lines 
(3) complement last line up to p2 

Since the last line may be the first line p 1---------p2, 
(3) is solved by dcomp p1 x (p2 x - p1 x) p2 y fontheight. 

(1) is needed if pI Y < p2 Yj it is solved by 
dcomp pI x (df (frmx + frmwd) - p1 x) p1 y fontheight. 
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If we then redefine pI as 
@=opI ~ point df frmx pI y + fontheight. 

we set pI at the beginning of the second line. 
If now pI and p2 are at same height and therefore same line, (3) solves it. 
Otherwise, (2) is needed to fill middle lines by 

dcomp pI x (df frmwd) pI y (p2 Y - pI y). 

Putting this together we have 

to dfcomp df pI p2 
(~df ~:. 

GT-pl ~ :. 
GTp2 ~ :. 
(pI y ( p2 Y => (dcomp pI x (df (frmx + frmwd) - pI x) pI y fontheight. 

~pI ~ point df frmx pI y + fontheight. 
pI y ( p2 Y => (dcomp pI x (df frmwd) pI y (p2 Y - p1 y).))) 

pI Y > p2 y => ( ) 
dcomp pI x (p2 x - p1 x) p2 y fontheight.)! 

A solution for finding out where you are pointing with tho mouse 

This routine returns a vector such that 

first item 
second item 
third item 
fourth 

index of character after which you will insert 
left x of character 
width of character 
top y of character 
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That is, if we point to character 3, return index 2; point to character 1, return index O. This will 
permit forward and backward movement of the cursor in order to select the subset of text. Sending 
the dispframe the message mfindc gives most of the desired information: 

@='tv~ df mfindc mx my. 

tv is now a vector with the correct information with the exception of decreasing tv[ 1] (the index of 
the character) and accounting for a "feature" of mfindc: if you point to the right of last character it 
tells yuu the last character--in this case the intention is to append to the end and the returned index 
should be last, not last-I, and the x position should be mx. The mouse is to the right of the last 
character if its x position is greater than the character's x position plus the character's width (tv[2] + 
tV[3]).' 

addto disp{rame 
G?( <l{indchar ::) (G?t ~ mx. 

GT'tv ~ SELF mfindc t my. 
tv[ 1] ( 0 ::) Going outside frame? 

(11 {last charx 0 chary}} 
(tv[l] = last => (t > tv[2] + tv[3] => (tv[2] +- t) 

tv [ 1 ] ~- tv [ 1] - I} 
tV[I] ~ tv[l]-I.} 
1Itv.}}! 

Some other useful additions to basic system classes 

Gr bottomscreen ~ disp ({rmy + {rmht}! Where disp is lowest possible window on the screen. 
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addto dispframe Reset frame and window parameters. 

eV'{<fdispset => {Grfrmx +- G1='winx +- :. 
Grwinht +- bottomscreen - Grfrmy +- Grwiny +- :. 
Gi='frmwd +- Grwinwd +- :.))1 

@=>{<ffshow => {(<lof => (@=>buf +- :. 
GT'last +- :.)) 

SELF clear. 
GT'frmht +- 1. 
SELF show))! 

Reset text information 

Then show the display. 

addto number ~{<lchars => {1t stringof SELF))I 

Reading the keyboard: Algorithm A 

The following routine, as part of the paragraph class definition, will repeatedly handle one character 
at a time, adjusting buf and the index pointers loc 1 and loc2. The effect will be to delete, replace, 
insert, and append to buf. 

Special characters Ascii code 

8 bs 
carat 
del 

2 (looks like .. a small carat character that has 0 width) 
127 

The following expression assumes we have already computed locI and loc2. We want backspacing (bs) 
to decrease locI and delete (del) to delete the selection (buf[locl+1 to loc2]). 

buf[locl + 1 to loc2] +- all carat. 

repeat (Grchar +- kbd. 
(del = char => (SELF delete) 

bs = char => 
(loel > 0 => 

(blLf[loc1] +- carat. 
@='loc1 +- loel - 1.)) 

(loel = loc2 => 

((buf length ( r:if>last (- lust+hole 
=? (GJ~blLr (- bur [1 to la.st] )) 
IJllr[locl + hole + 1 to last] f­

bllf[loc1 + 1 to last-hole] 
buf[loc1+2 to G.i='loc2docl+holc]+-oll carot)) 

buI [G'F'loc 1 (- loel + 1] +- cha.r) 

kbck => ( ) 
pdisp fshow of buf last. 
done) . 

Replace each character in the selected text by the 0 width 

carat character. 

Get character. 

Is it delete? 

Is it the backspace? 

If so, test to see if locI is at beginning of text. 

If not, can decrease loc 1 and replace with the carat. 

Otherwise, do nothing. 

Here if character not a backspace. Ordinarily can replace 

buf[loc1] by character, alld increase loel; special case exists 

if loel = loc2. The special algorithm says that a "hole" into 

which characters can be stuffed should exist, always 

providinG extra input space permits replacements larger than 

the selected text. 

Start by making certain there is room for the "hole" to 

be insf'r(('d after loel (Gr1101e f- 30). 

There':,- room for the hole so 51 ide over the part to the 

ril~ht of lor 1 and replace the middle "hole" part with carats. 

Th(, "hole" created has 0 width <llld t1H:rcfore is not seen. 

This is always clone regardless of input character ... 

just replace the character. 

See if there is more to do. 

If not, replace/insertlappend/delete completed. 
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Making selection if button pressed: Algorithm B 

SELF cleanup. Remove old indications of "hole" and of complementing. 

SELF showselection of pdisp findchar. Find the first location and set locl,loc2 and pl=p2. 

repeat 

(button 4 => 

(@='char f- pdisp findchar. 
char[l] = loc2 => () 
CJT>t~ point char [2] char [ 4]. 
(char[ 1] ( loc2 => (dfcomp pdisp t p2) 

df comp pdisp p2 t) 
~loc2 f- char [ 1]. urp2 f- t) 

done) 
G?char f- false. 
loc2 ( loc1 => (Grloc2 f- @:>loc1 swap loc2. 

~Pt f- GrpI swap p2) 

As long as the button is pressed, keep changing 

complemented area and loc2. 

Get next location. 

If no change, do nothing. 

t is new location's point. 

Complement changed area (possibly back to white). 

Store the new loc2 and p2. 

Done if button 4 not pressed. 

Indicate no characters typed yet. 

When completed, make certain first location 

is earlier in the window than second location. 

Above algorithm assumes the following addition to the class atom: 

addto atom ur(<lswap => (@='Xf-SELF eval. 
SELF f- :. 1t x))! 

Now the class definition for a paragraph 

to paragraph t tv / 
pdisp char buf last locI loc2 pI p2 ht/ 
df comp hole carat bs del 

Lets each instance of atom receive new value 

and return the old value. 

temporary variables 

instance variables 

class variables 

(init => (to dfcomp df pI p2 (above definition) Define in context of class. 

CJT>hole f- 30. Grcarat f- 2. Grbs~8. urdeZ f- 127) 

« retrieve => (filin :.) Create instance from a file; filin checks if value is a file. 

« store => ((fJ=>t f- file:. Write text such that, when evaluated 

t ~ , sched ~ paragraph of ' creates instance of a paragraph 

t ~ 39. t ~ buf. t f- 39. and stores in scheduler. 

t ~ , , +last chars + ' at ' + pdisp (frmx chars + ' , + 
(rmy chars + ' , + frmwd chars). 

t close.} 

CREATE INSTANCE 

isnew => (Grpdisp f- disp(rame 0 1 0 fontheight string 0 noframe. 

~buf ~ (<lof => (:) string 0) 
(ff>loc 1 f- ~loc2 f- (ff>last f- buf length. 
<fat => (SELF show at (:) (:) :) 
pdisp frame black.) 

Create display area. 

Create indices. 

If told where, show area. 

Frame the window. 
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SEE TEXT 

<I show ~ (( 4at :;> (pdisp dispset (:) (:) :)) Reset display location. 

pdisp fshow of buf last) Tell text information. 

SCHEDULING MESSAGES 

<I startif ~ (1tpdisp hasmouse) Condition for starting is mouse inside the area. 

<I quitif ~ (1tpdisp hasmouse is false) Quit if mouse no longer in area. 

<l firsttime :;> (pdisp hasmouse :;> (GT-ht f- pdisp frmht. SELF showselection)) 

<f eachtime :;> (kbck :;> 

(Algorithm A) 
button 4 :;'> 

( Algorithm B)) 

<llasttime:;,> (pdisp's ((J=>frmht f- ht). 
pdisp frame white. 
SELF cleanup. 
pdisp frame black.) 

Typing anything? 

Keyboard algorithm 

Pressing button to make new selection? 

Reset frame height to clear black frame. 

MANIPULATING THE TEXT 
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<l showselection :;'> Upon entering the window, set the cursor at the end for 

automatic append; can receive parameter values from the 

message. 

(Gf:>tv f- Determine value of first selection: as message or as last 

(<lof :;> (:) text character. 

{last pdisp (last=O =>( frmx)charx) 0 pdisp (last= 0 :;'> (frmy )chary)}). 
ctrloc 1 f-Grloc2f-tv[ I}. 
@='pI f- point tv[2} tv[4}. 
CV=-p2 f- point tV[2]+1 tv[4]. p2 is a little wider to help "see" current place. 

dfcomp pdisp pI p2.) 

« delete :;'> 

(@=>buf f- buf[1 to loc1]+buf[loc2 to last]. 
U?lac2 f- loel. GT--p2+-paint pI x+I p1 y. 
Grlast +- buf length) 

«cleanup::> ((char::> (Grchar +- false. 
G?buI +- bur [1 to loel] + bur [loc2 + 

ClT'last +- bu,( length. 
GPloc2 +- lael.}) 

pdisp (show o( buf last) 

<l is::> (15fT eval) 

«'s ::> (11 g eval)}! 

paragraph init! 

Reorganize buf removing text between loel, loc2. 

elf',u the window of complemented t.ext and 

to last]. rf'lllOVe the "hole". 
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It is possible to schedule a paragraph text editor by typing 

sched f- paragraph! 

sched f- paragraph at 100 50 200! 

window appears in the upper left corner of the screen with 

no width or height. 

window appears at 100, 50 with width of 200. 

sched f- paragraph of '1 am a text editing window'! 

window appears in upper left corner with the text showing. 
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Classes for Building Models 

"Simpula": Simula-style Simulation 

We have chosen a simple example of a scheduling mechanism for building simulations of dynamic 
environments such as hospitals and classrooms. The basis for this example is the simulation language 
Simula (a major inspiration for Smalltalk). 

The basic entities of Simula are instances of classes and ALGOL-like data-types. Simula simulation 
operates primarily through scheduling pseudoparallel processes by means of a sequencing set which 
holds the quiescent processes sorted by desired time of activation. Associated with each process are the 
object itself, the time the object is scheduled to wakeup and do something, and a message telling the 
object what state to go to next. This message was either constructed by the object when it last ran, or 
is a default message (we will use run). 

There is a system time (now) which indicates where the simulation's progress has currently reached. 
All activation times in the sequencing set are equal to or greater than the system time. A great idea 
of Simula is that system time is not advanced until there is no more computing to be done by the 
currently active event. This means that an event can consume an arbitrary amount of computing 
power; then, if there is nothing scheduled for the next one hundred (simulated) years, the system 
time will be advanced one hundred years without any "clock ticking" in between. 

An item in the sequencing set (SQS) is an instance of an Event Notice, a simple structure containing 
the object to be activated (ob), the desired event time (etime, a floating point number), the message 
telling the object what state to go to next (msg), and next and prev--indicators to the next and 
previous elements in the sorted set. 

Event Notice 

SQS 

I ob I msg I etime I prev I next I 

I Event I Event I Event I 
I Notice I Notice I Notice I 

Note that one object can be scheduled as more than one event, each event applying a different 
message to (requesting a different activity from) the object. Hence we place the message in the 
Event Notice rather than storing it as information local to the object. This is an improvement over 
Simula which only allows one phase of an event to be scheduled. The main activity of the SQS will be 
to add to, delete from, and sort the set of Event Notices. This job differs according to where the 
event time is stored, that is, in the Event Notice or more local to the object. 

to EventN otice prop I ob msg etime prev next 

(isnew::) ( G?ob+-:. Grmsg+-:. Gretimc+-:. GTprev+-:. Grnext+-:.) 

<I's::) {Cff>prop f- 8. <I+- => (1tprop f- :) 1tprop eval) 

<lis => (ISIT eval))! 
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The sequencing set is not much more complex. It maintains now; current, the current process under 
activation; and the ordered set of Event Notices, set. In order to make this explanation simpler, we 
will include two dummy Event Notices with event times 0.0 and "infinity", that will, by default, be 
the first and the last elements in the set. This means that we will not have to check for a special 
termination condition, and that we avoid the possibility of a circular list. We always select the 
second item in set as the next active event. 

We need to provide messages to schedule a new event, to remove an event, and to activate the next 
event, as well as initialization for the set itself. 

(lFSimpula ~ SQS! 

Simpula schedule blob! 

Initializing the set means to create two Event Notices, the first and last 
scheduled events. The event objects are meaningless, so we choose to define 
them as OJ the first time is 0.0, which is also the value of now; the last is 
8 large number like 1.0el000. Simpula's set is an Event Notice linked in an 
ordered chain to other Event Notices 

------------- ~----------
lob 1 0 
1 msg 1 0 
1 etime 1 0.0 
1 prev 1 0 
1 next 1------------ 1 
-------------1 1 

1 
I 

EventNotice I 
--------------------1 
lob 1 0 1 
1 msg 1 0 1 
1 etime 1 1.0el000 1 
1 prev I" .-----------------
1 next 1 0 1 
--------------------1 

An EventNotice, whose object is blob, whatever it may be, is added to the 
chain of events. By default, its msg is &""(run) and its event time is the 
same as now. In the above example, this new EventNotice will be the 
second event. The (default) event whose object is 0 and event time is 
1.0el000 is always the last event in the set. 

Simpula schedule blob for Gr{ changeplace) at 20! 

Simpula activate! 

Simpula remove! 

SimpuZa full! 

The object is scheduled as explained above, but the msg is ~(changeplace) 
and the event time is Simpula's now+20. 

Get the next scheduled event (newOb), set current to newOb's object, set 
now to newOb's eli me, and send current newOb's message. 

Takes and returns the next event off the set, meanwhile reorgnnizing the 
chain of Event Notices. 

Reply is true if there is an event, other than the two dummy events, 
scheduled. 
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to SQS finger newOb time msg I now current set 

(isnew => (G1=»set f- EventNotice 0 0 0.0 0 O. 
set'S next f- EventNotice 0 0 1.0el000 set O. 
~now f- 0.0) 

<l schedule => (G?newOb f- :. 

(ff>msg f- (<lfor=>(:) ~(run)). 
GPtime f- (<[at => (n.ow + :) now). 
rJrfinger f- set'S next. 
repeat (time ~ finger's etime => (~finger f- finger's next. again) 

GrnewOb f- EventNotice newOb msg time finger's pre v finger. 
newOb's prev's next f- newOb. 
finger's prev f- newOb. 
done)) 

<[activate => ((J=>newOb f- SELF remove. 
ur-now f- newOb's etime. 
G:T'current f- newOb's ob. 
apply current to n.ewOb's msg) 

«remove => (G:T'finger f- set'S next. 
finger's next'S prev f- finger's prevo 
finger's prev's next f- finger's next. 
1t finger) 

<lfull => (1t 0 ~ set'S next ob) 

«print => (G?finger f- set'S next. 
repeat (O = finger's ob => (done) 

finger's ob print. 
Grfinger f- finger's next.)) 

«'5 => (1t g eval) 
«is => (ISIT eval))! 

Page 119 

The above definitions are quite general, having two properties that might not be necessary in some 
applications: (1) backwards pointers for an EventNotice which take extra time to rechain, and (2) 
the instance variable current for SQS. As a response to the message activate, we say 

~current (- newOb's ob. apply current to newOb's msg. 

We might instead have 

evapply newOb's ob to newOb's msg. 

eliminating the instance variable. 

Now to test it out. 

By convention, a scheduled object, such as a blob, must respond to the default message (run) or to 
some equally useful activation message. 
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Try 

or 

to blob x y I sides ~ 
(isnew => (@:'sides ~ O. ~ ® ~ turtle. ® width ~ 2. S,ELF draw) 

«rurt => (SELF undraw. SELF draw. 
SimpuZa schedule SELF at avgwaitime+rand mod 100) 

«draw => (@ pen up goto GT'x ~ rand mod 500 @='y ~ rand mod 500 pendn up. 
poly GT>sides(- (sides + 1) mod 7. 
® penup goto x y pendn up. ) 

«undraw => (® white. poly sides. ® black) 
«print => ( ) 
«'5 => (1' g eval) 
«is => (ISIT eval))1 

to poly s 
(do (Grs(-:) (® go 10 turn 360/s))! 

Gri ~ 13! 
Clravgwaitime ~ 100! 

to rand (1' GTi (- i * 5)! 

~Simpula ~ SQS! 

Simpula schedule blob! 

Simpula schedule blob! 

repeat (Simpula activate)! 

PUT USER arDO GT(kbck => (ev) Simpula activate)! 
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The result is two polygons bouncing around the screen. With the modified USER task, it is possible 
to temporarily interrupt the bouncing in order to type some messages (such as scheduling another blob 
or examining the scheduled events). 

Note, another rand expression, that avoid the need to initialize the variable and also allows ranges to 
be specified, is given below. 

rand! 

rand between 10 40! 

to rand low high I I n 
(r:J=>n (- (null ll-> (13) n*5). 

<[between"=> (Gi""low (- :. Grhigh (- :. 
11 low + n Tnod high + 1 - low) 

1t n)! 
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A Simple Hospital Simulation 

A hospital will be composed oC departments (including admissions, surgery, wards, labs), each oC which 
has a number of resources (such as attendants, doctors, beds, operating tables) and patients. A typical 
patient (there will be many of them) has a name, age, and so on, a schedule which contains a route 
through the hospital specified at admissions, and a reference to the patient's current department. 
The patient visits the indicated department on the schedule, stopping at the department's front desk 
to check to see if there is a resource available for him. If there is, the patient will occupy that 
resource for some average treatment time; If there is no resource available, the patient must wait 
indefinitely on the department's line until one is available. After consuming the resource, the patient 
will check the waiting line and send the next waiting patient, if any, to the desk. 

If this simulation is set up with typical entrance intervals and treatment times found in a given 
hospital, an examination of the department's lines after the simulation is in progress will give some 
insight into the "bottleneck" departments of the hospital. 

The hospital can include a Smalltalk vector of elements, each of which is a department. 

@='dept ~ vector 201 

will contain 20 departments. A department has two main parts: resources available and its waiting 
line. It also has a name and an average treatment time for each patient. 

to department prop I resources line available nme treatime 

{isnew => {GT'available f- @='resources ~ :. G?line f- SQS. 
Grnme f- stringof 8. 
GT'treatime f- (<ltime => (:) avgwaitime)) 

<ltake => (Gravailable f- available - 1) 

<I giveup => (~available of- resources min available+ 1) 

<I's => {Grprop ~ 8. <l f- => (1t prop f- :) 1t prop eval) 

<lis => (ISIT eval))! 

Initialize the departments for 1 to 5 resources. 

for j to dept length (dept[ j] f-
department rand between 1 4 noname time 20* rand between 0 4)! 

We have to define a typical patient. 

Ci.T'routine t- stream of {dept[3] dept[6] dept[7]}! 

routine reset.! 

Gt' jane t- I)(LticTLt ' ja,ne' 22 routine! 

Simpula schedule jane for Gr(wakeup)1 

jane wakeup! 

Setup for the patient's schedule. 

Reset tlw stream to the first item. 

CrC<lte j<llle as a p<ltient v.'hos(: nalTle is j<lTlC', <lCe 22, schedule 

to 1)(' in three departments: 3, 6, and 7. Notice that the 

third mes;iilge to patient must be an instance of stream 

The patient is scheduled to wakeup now. 

The patient schedules herself to visit the department 

(newplace). 



EXAMPLE SMALLTALK CLASS DEFINITIONS Page 122 

jane visit! The patient sees if there are available resources in the 

department. If so, the patient takes a resource and schedules 
herself to move on after the department's treatment time; 

otherwise, she enters the waiting line. 

jane treatment! 

to patient prop I nme age schedule newplace 

The patient can also receive this message by being removed 

from the department.'s line and scheduled again for a visit. 

The patient gives up her resource in the current. department 
and wakes up the next patient, if any, in the waiting line; 

if there are other departments to visit, she schedules herself 

to visit the next one. 

(isnew => (~nme ~ :. "Grage ~:. CiT'schedule f- :. 

Grnewplace ~ schedule next) 

<lvisit => (newplace's available> 0 => 
(newplace talte. 

Simpula schedule SELF for Gr(treatment) at newplace's treatime) 
newplace's line schedule SELF for @='(waiting).) 

<ltreatment => (newplace giveup. 
(newplace's line full => (r:.i?prop ~ newplace's line remove. 

prop's ob wall-eup)) 
schedule end => () GTnewplace ~ schedule next. SELF wakeup.) 

<lwal/-eup => (SimpuZa schedule SELF for GT(visit)) 

<lprint => (nme print. sp.) 

<I's => (Grprop ~ 8. <I~ => eft-prop ~:) 1tprop eval) 

<lis => (ISIT eval))1 

All that remains is to make up an admittance process which creates new patients at reasonable 
intervals. We can add mechanisms for stopping the simulation and asking departments about their 
resources and waiting line as well as asking patients about their schedule. A patient might also know 
his disease and keep around a history of waiting times. A query method can be implemented by 
creating a display window (a talkwindow) that can be scheduled in Simpula. Any time a key is 
pressed on the keyboard, the window is scheduled to wakeup and expect inquiries about objects in the 
environment. The main USER task might be 

hbck =-> (Simpula schedule talhwindow for G? (wakeup)) 
Simpula full => (Simpula activate) 

Graphic feedback can be provided by having a department print itself as a rectangular area containing 
marks for each resource. The marks can be differently colored depending on whether or not they are 
available. The department might have three stations: a desk for the patient coming to visit, a 
waiting room for the waiting patient, and a staff room for the patient under trea.tment. We can also 
add a graphic representation of the system clock to display the value of now. Pressing a mouse button 
can indicate that you are making an enquiry about a particular department or patient. The 
department or patient has a graphic representation that is pointed at by the mouse cursor. The 
intention of pointing at the object is to schedule it for talking about itself. The USER task might 
now be 
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1l,bck ~ (Simpula schedule talkwindow for ctr(wakeup)) 
o ( mouse 7 ~ (Simpula schedule (findobject at mx my) for ~(talk)) 
Simpula full => (Simpula activate) 

Instances of patient and department should respond to the message talk. 

Page 123 
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This index was prepared from a Small talk Information Storage and Retrieval System in which the 
contents of the sections of the manual are referenced. As a result, the pages given below generally 
refer to the beginnings of the sections in which the information can be found. We have identified 
three types of indexed items: basic system classes, utilities, and examples created especially for this 
manual. The basic classes and utilities are provided in the Small talk system when you type resume 
small.sv. The index distinguishes between pages where the items are defined (def) and those where 
the item is referenced (ref). 

8 basic def 22,48 
ref 15, 23, 44 

B basic def 48 
ref 15,23 

'8 utility def 23 

! basic ref 2,3,15 

'It basic def 22,48,52 
ref 15,23,44,45 

basic def 48 
ref 15 

# basic def 48 
ref 23 

basic .def 20,22,48 
ref 15,23,44,45 

basic def 11,48 
ref 18,23,44,45 

basic def 48 
ref 15,44 

utility ref 3,9,10,37 

{ utility def 77 
ref 121 

abs example def 39 

addto utility clef 19, 77 
ref 18, 22, 27, 32, 34,35 

again utility def 81 
ref ,18, 98 

apply utility def 79 
ref 98, 102, 105 

AREA example def 87 
ref 92 

atom basic def 56 



INDEX Page 125 

ref 9, 11, 17, 32-35,44 

baseS utility def 77 

blob example def 117 

BLT utility def 42 

Boolean example def 98 

boot (button) utility ref 2 

box example def 18, 25, 29 
ref 17 -22, 45, 53 

brush example def 38 

bs utility def 78 

bug example def 92 

button utility def 82 
ref 32-39, 96 

c utility def 13 
ref 16 

cl example def 9 

class definition basic def 19 

class instance basic def 19 

cobweb example def 39 

commander example def 96 

condi tional utility def 27 
statement ref 48 

copym example def 87 

core utility def 77 

cr utility def 80 
ref 51 

ctrl ( utility def 78,79 

cursor example def 42 

mouse cursor utility def 2 
ref 2,5, 7, 10, 32, 34, 35 

dclear basic def 69 
ref 90 
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dcomp basic def 72 
ref 32, 34, 35, 90, 110 

defs utility def 9,75 
ref 14,75 

demand example def 84 
ref 86 

department example def 121 

design example def 27 

dfcomp example def 110, 114 

disp utility def 80,90 
ref 87, 100, 102, 104 

dispframe basic def 30-31, 69 
ref 31-35, 80, 90, 100-105, 110-114 

display screen utility ref 4 

dmove basic def 69 
ref 90 

dmovec basic def 69 

do utility def 3,81 
ref 9, 10, 32, 34, 35, 45, 48, 74 

done utility def 2, 13, 81 
ref 16,32,34,35,48,78,79 

dpO utility def 75 
ref 76 

dragon example def 37 
ref 96 

draw example def 37,96 

dsoff utility def 80 

dson utility def 80 

edit utility def 10, 74 

edwindow example def 104, 107 

eq utility def 77 

esc utility ref 16 

ev utility def 78,79 
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evapply utility def 79 

event example def 98,99 

Even tN otice example def 117 

expand utility def 77 

false basic def 61 

feder example def 39 

file basic def 66 
ref 69,76,87,114 

filfont example def 7 

filin utility def 75 
ref 7, 13, 17, 37, 40 

filout utility def 14, 75 

fix utility def 13, 74 
ref 16 

float basic def 57 
ref 2,11,84 

font editor example def 7 

fontchar example def 7 

fonts utility ref 7 

for utility def 3, 81, 98 
ref 32, 34, 35, 48, 121 

frmedit example def 100, 107 
ref 104 

hi! example def 37 

hill example def 37 

hil2 example def 37 

hp example def 55 

if utility def 81, 98 

indisp utility def 80,87 

ISIT utility def 26 

isnew basic def 21 
ref 26 
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kbck utility def 78,79 
ref 51,98, 121 

kbd utility def 78,79 

keyboard utility ref 2 

link example def 55 

make list example def 98 

mem utility def 82 

mouse utility def 2 
ref 2, 4, 39, 100 

mover example def 90 

mp utility def 37,73,82 
ref 40 

mx utility def 4, 82 
ref 37, 100 

my utility def 4,82 
ref 37, 100 

newframe example def 103 
ref 104 

newrubberband example def 37 

nil utility def 77 

null utility def 77 

number basic def 57 
ref 2, 5, 9, 11, 16, 39, 40, 44, 45, 51, 110 

obset basic def 64 
ref 51, 102, 105 

paragraph example def 114 

patient example def 121 

payment example def 86 

picturewindow example def 105, 107 

PNT utility def 43, 89 

point basic def 73 
ref 40, 92, 94, 105, 110 

poly example def 26, 117 
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polygon example def 26, 32, 34, 35 

polygonmenu example def 32,34, 35 

print utility ref 51 

prompt example def 107 

rand example def 37, 117 

read utility def 78,79 
ref 51,84 

reconstruct example def 37 

rectangle basic ref 94 

rectangle example def 40,92 

redo utility def 3, 80 
ref 16 

repeat utility def 4,81 
ref 17, 30, 32, 34, 35, 37, 40, 48, 98 

report example def 84 
ref 86 

return utility def 78 

rubberband example def 37 

SELF basic ref 44 

show utility def 75 
ref 18,26 

sp utility def 80 

special keyboard utility def 15 
characters 

SQS example def 117 

square example def 9, 11, 18 
ref 10, 13, 14, 19 

squig90 example def 37 

squiggle example def 37 

startup example def 107 

stream basic def 65 
ref 37,87,98,121 



INDEX Page 130 

string basic def 62 
ref 30, 31, 44, 45, 65, 87 J 110 

stringof utility def 77,87 

stwindow example def 103, 107 
ref 104 

text (see dispframe, turtle) 

title line basic def 19 

to basic def 9, 19, 48 

TTY utility def 78, 79 

turtle basic def 27,60 
ref 3, 4, 9, 18, 29, 30, 37, 39, 44, 45, 75, 90, 96 

type utility def 75 

until example def 98, 99 

USER basic def 51 
ref 102, 107,117 

vector basic def 62 
ref 32, 34, 35, 37, 39, 44, 64 

65, 75, 84, 94, ,99, 100, 121 

waitnext example def 92, 107 
ref 100 

while example def 98 
ref 102-105 

window utility def 69 
ref 2, 7, 14, 32, 34, 35 

window utility def 13 
( diagnosis) 

window example def 5 
(dialog) 

xfer example def 87 

xplot example def 87 

xydemo example def 92 

xydic example def 94 

xyfns example def 92 

Zahn's Device example def 99 


