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ACE - An Algebraic Compiler and Encoder for the 
Chalk River Datatron Computer 

I. INTRODUCTION 

ACE is a program written for the Chalk River Datatron 
(Burroughs 205) Computer to enable the machine to compile a 
program for solving a problem from instructions supplied by 
the user in a notation related much more closely to algebra 
than to the machine's own code. 

Consider the sequence of statements: 
HERE, START 
READ, 1 , 555; A, B, C 
Y = (- B + SORT: ((BxB) - ( U x A x C)))/(2 x A) 
Z = (- B/A) - Y 
PUNCH, 1, 55555; A, B, C, Y, Z 
GO, START 

We hope that the reader, given the information that the two words 
following the READ or PUNCH command refer to the number of cards 
and their format, can discover for himself that this is a program 
which reads in a card with three coefficients A, E, C, solves the 

p 
quadratic Ax + Bx + C = 0 for its two roots Y and Z, punches the 
results on a card along with the coefficients, and repeats 
ad infinitum. This program can be typed on a Plexowriter with 
paper tape punch and translated by purely mechanical and computational 
means into a Datatron program for performing the calculation. The 
program so obtained may either be used immediately or punched out 
on cards for later use. 
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In planning ACS, we have tried to appeal to those who 
are not familiar with the computer or the conventional methods 
of coding as well as to those who already write programs for 
the computer. This manual is self-contained, and we believe that 
it is possible to code problems that are mainly computation 
rather than organization without any knowledge of the manner in 
which ACE or the Datatron works. 

To those already familiar with machine code we claim that 
the coding process itself is speeded up by the use of ACE language, 
and that while the machine program so obtained is a bit naive it 
is fairly efficient for many jobs. A number of tricks for linking 
ACE programs and programs written in machine code are discussed 
in Section VI. 

This preliminary description has been prepared during the 
final debugging stages of the code itself. As a result, the 
authors have had little experience in the use of the code. We 
propose to make some minor additions and improvements in the light 
of the first few months' experience, and welcome suggestions from 
others who make use of ACE in its early stages. 

The use of ACE requires the learning of a language based 
on the notation of algebra, with a number of restrictions imposed 
by the limitations of the typewriter keyboard, the size of the 
computer memory, and the ingenuity of the authors. The three main 
sections of the report are devoted to the rules of spelling, the 
grammar of algebraic statements, and the grammar of other ACE 
statements. 
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II. RULES FOR ACE SPELLING 

ACE programs are designed to be typed on a Flexowriter 
electric typewriter with a tape punch attached. This provides 
the user with the complete upper and lower case alphabets, the 
ten digits, and a number of punctuation marks and other special 
symbols. These are used according to the following rules: 

1. The entire upper-case alphabet (together with any 
other upper-case symbols not specified below) is available for 
the "words" of the ACE program. Words of five letters or fewer 
are used to denote the names of variables and certain commands in 
the ACE program. X, Y, THETA, and. "f ? are examples of words ; 
the use of the last is not recommended. 

2. The letters of the lower-case alphabet, with the 
exception of x, are used to denote indices (subscripts). 

3 . The digits Û, 1 , 2 . . . 9 represent their numerical values. 
U. The symbols +, -, x, / are used for the arithmetical 

operations of addition, subtraction, multiplication and division, 
respectively. 

3 . The symbol * is used to denote "raise to a power"; 
hence Y * 5 denotes Y . 

6. The symbols = ( ) are used with their normal meanings. 
7» The lower-case period is used as a decimal point. 
8. The space, back-space, colour shift, and tab symbols 

are ignored. 
9 . The comma and semicolon are used interch angeably when 

punctuation is required to separate adjacent words (since spaces 
are ignored). 



- h » CRT-916 

10. The colon is reserved for a special purpose; it is 
the final symbol in a word that denotes the name of a functional 
subroutine rather than the name of a variable, 

1 1 . Two carriage returns in succession denote the end of 
a statement; a single carriage return (such as might be needed 
in typing a long algebraic statement) is ignored. 

In the choice of words to denote variables the user should 
avoid the words HERE, GO, SIZE, INDEX, TYPE, READ, PUNCH, STOP, 
as these words represent commands to the machine whenever they 
occur at the beginning of a statement. The names PI and $ have 
been given special meanings, and must not be used for other-
purposes . PI denotes the numerical value % = 3«1M 5927 and I 
denotes a location in the fast-access memory. Apart from these 
restrictions any combination of five letters or fewer may be used 
as a name. From the standpoint of brevity in typing there Is some 
advantage in using single letters whenever this is convenient. 
A list of the typewriter symbols is given in Figure I. 

III. RULES OF ACE GRAMMAR 
There are nine types of statement in an ACS program. Eight 

of these are introduced by the "forbidden names" listed in the 
previous section; the ninth is an algebraic statement. Since the 
heart of any program is the algebra, we shall discuss the algebraic 
statements first. 
Algebraic Statements 

All algebraic statements call for the evaluation of an 
expression and the identification of the result with a name. 
A simple example is 
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The left side of the equality sign must be a single name, and 
the right side must be a meaningful mathematical formula. 

It is important to realize that the sign of equality does 
not have its strictly "usual" sense. The meaning here is one of 
substitution, and the example just quoted really means "evaluate 
the quantity Y • Z and put this quantity in place of X". Thus a 
statement such as 

S = S + T 
is meaningful (it is the operation of adding a new term T to 
the sum S). Also, the statement 

X = COS : X 
means "calculate the cosine of the number X and retain it as the 
new number X"; it is not a command to solve a transcendental 
equation. 

Formulas for evaluation are written in more or less con
ventional form, except for one or two devices used to keep them 
on a single line. Brackets are used to resolve ambiguities in 
ordering. Thus 

2 = AY 2 + BY + C 
3.5 B - C 

can be written 
Z = ((A x (Y * 2)) + (B x Yj + C ) / ( ( 3 . 5 x B) - C) 

This example shows how much is taken for granted in writing 
"normal" algebra. For example, it is necessary to insert the 
multiplication signs that are omitted in normal writing {since BY 
is an allowable name for a single variable). As a matter of fact, 
not all of the brackets in the example are necessary. In the 
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absence of brackets the operations are carried out from left 
to right. Thus it would be sufficient to write 

Z = A x (Y*2) + (B x Y) + C / (3.5 x B - C) 
or even 

Z = Y*2 x A + ( B x Y ) + C / (3.5 x B - C) 
However, the user may find it more convenient to insert the 
extra brackets than to decide which sets can be eliminated. In 
many instances the machine code produced by ACE will be identical 
whether superfluous brackets are present or not. 

As a general rule, "active" brackets should not be nested 
more than four or five deep. 
Numbers 

The example illustrates the use of numbers directly in 
formulas. Only simple numbers that do not exceed five digits 
(counting the decimal point as a digit if it is present) are 
allowed; other numbers must be read in as part of the data for 
the problem. Two rules must be observed: 

( 1 ) The number following the operation * must be a 
positive integer. 

(2) Other numbers are treated as integers if no decimal 
point is included. 

Functions 

The following functions are available by name : 
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AB: Absolute value 
SQRT: Square root A-1-1 
CBRT: Cube root A-2-1 
SIN; Sine A-3-1 
COS: Cosine A-3-1 TAN: Tangent A-4-1 
LOG: Logarithm (natural) A-6-1 
EXP: Exponential 
COSH: Hyperbolic cosine A-5-1 
SINH: Hyperbolic sine A-5-1 
ARCS : Inverse sine A-11-1 
ARCT: Inverse tangent A-7-1 

J: J 0 (for x < 3) A-8-1 
JONE: Ĵ  (for x < 3) A-8-2 

I: I Q (for x < 3.75) A-8-7 
IONE: I 1 (for x < 3.75) A-8-8 

of CRT-723 

Note that all functional names end with a colon. These may be 
interspersed throughout formulas as required. Thus the formula 

P = e 
-/L§L-\ 

o p (y + sin 2z) - (cos z) 

could be written: 

P = EXP :(-A/(Y* 2 + 1))/SQRT:((Y + SIN:(2 x Z))*2 - (C0S:Z*2)) 

There is a slight logical defect in the manner of dealing 
with functions of functions. An expression such as 

y = e
 s i n l o g z 

must be written 

Y = EXP:(SIN:(LOG:Z)) 

The brackets cannot be omitted. 
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Indices 
Since many of the operations in a computation must he 

carried out on lists of numbers or on the elements of matrices, 
it is important to be able to refer to the various items in any 
list according to their position. In an AGE program, up to nine 
separate indices may be used; they are identified by single lower
case letters. The establishment of the range of values to be 
taken by any index is discussed in the description of the "INDEX" 
statement. As far as the algebraic statements are concerned, we 
shall assume that the machine has already been instructed what to 
do with the indices, and that we wish to use them to identify 
variables in lists. 

1. Any variable may be labelled by one or more indices 
(up to 5^• When the machine is carrying out the work, it will 
modify the location of the named quantity according to the current 
values of the named indices. Thus, for example, 

Ai = (Pi + Ci) * 2 
means "the i t h item in the A list is obtained by adding the 1 t h 

items of the B and. C lists and squaring". The "outer product" of 
two vectors could be formed by 

Aij = Bi x Cj 
2. Quantities such as A(i+3) or A(i-1) are allowed. Thus 

the differences between successive entries in a list can be obtained 
by 

DELTA i = A(i+1) + Ai 
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3„ Another special form of indexing that is allowed is 
the use of a purely numerical index. Thus, for example, 

Bj = Aj - A6 
is meaningful. 

Since the use of indices is intimately related to the 
storage of numbers within the machine, the programmer is urged 
to study the fuller description under "INDEX" before including 
complicated indexing in his program. 
Special Names 

It was remarked earlier that the number PI is available 
by name. If other irrational numbers are required, they must 
either be read in as data or calculated as a preliminary to the 
main calculation. For example, the statements 

T = SQRTt 2 
E = EXP : 1 
Q = 2 / SQRT: PI 

can be used to obtain V2, e. and 2/*fr. respectively. This is 
desirable if they are needed frequently in the course of a program. 

While the programmer need not know how the computer operates 
in order to use ACE, it is advantageous to know that there is a 
small rapid-access portion of the memory available to the user. 
The name $ refers to the beginning of this twenty-word space. It 
may be used for temporary storage during the course of a problem; 
however, the READ and PUNCH commands do not have access to this 
space. # can be indexed like any other variable, either by 
referring to the twenty locations by the names f, $1 , $?, ....$19 
or by the use of the index registers. In this connection it 
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should "be noted that due to a peculiarity of the machine, 
indices less than 1000 attached to $ will be interpreted modulo 
20, so that #1 and £981 refer to the same thing. The sophisti
cated programmer may find some use for this fact. 
Negative Signs 

Strictly speaking, the negative sign is interpreted as 
a "binary" operator calling for the differences between two 
quantities, so that -A has no more meaning by itself than xA. 
However, the rules of ACS have been arranged so that in almost 
every case -A will actually be treated as the negative of A. 
Thus 

Z = -A -B 
and Y = SIN:(-X) 
are meaningful, but 

Y = SIN: -X 
without brackets is not. 

IV. OTHER STATEMENTS 
In addition to the algebraic statements, the programmer 

must instruct the machine in four main areas : 
1. The size of certain lists (so that adequate memory 

space will be allotted) (SIZE). 
2. The control of the index registers (INDEX). 
3. The order in which the instructions are to be carried 

out (FERE and 00). 
k. The input and output requirements (READ and PUNCH). 

Eefore turning to these we shall describe two miscellaneous commands : 
TYPE and STOP. 
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TYPE 
After any algebraic statement, the statement 

TYPE 
calls for the typing of the result on the Flexowriter. This is 
intended as a monitoring device during either debugging or pro
duction. The execution of all TVPE commands can be suppress ed 
by a console switch. 
STOP 

The statement 
STOP, n 

inserts a "stop" command in the compiled program. The number n, 
if it is present, can be any number of four digits or fewer. It 
will appear as identification on the s top command. 
SIZE 

As a rule, variables can be used without any concern 
about their location in the machine. The ACE routine looks in a 
master list each time a variable is named In order to find its 
address, and assigns the first unoccupied address if the variable 
is not already in the list. However, if a name refers to a list 
of quantities such as a table or a matrix, it is necessary to 
reserve enough space for the full list. This is done by the 
statement 

SIZE, n, A, 33, ...... 
which asserts that n consecutive memory cells are required for 
each of A, B, The number n must be a positive integer. 
Any number of names may follow. As a rule, the SIZE statements 
should all precede the program proper; certainly they must precede 
any other reference to the named variables. 
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INDEX 

The use of the index registers is the point at which the 
programmer comes closest to the actual operation of the machine. 
Each index register is used for a double purpose - both to tally 
the number of times a cycle of instructions is to be done and to 
identify the location of variables subscripted with that index. 
The tallying is done by counting by ones, but in locating the 
address, the increment or decrement is specified by the programmer, 
A simple example will point up the necessity for this ; if the 
elements of a 15 x 15 matrix Ai j are stored in the memory con
secutively by rows, then elements with a given i and variable j 
will be in consecutive cells, but elements of a given j and variable 
i will be 15 cells apart. If the elements are referred to by Ai j 
in a program, the "address part" of the index register i must count 
by 15's. 

The index-setting command Is 
INDEX ; i, q, ô 

where i is a single lower-case letter denoting the name of the index, 
q is either an integer, a name, or the name of another index 
register, 

Ô is the increment to be added to the address-modify ing oart 
of the index register on each cycle. It may be a positive 
or negative integer (but the sign is included only if negative), 

The quantity q determines the number of cycles to be taken (i.e. the 
number of values taken by the index). This number must not exceed 999. 
If it is known by the programmer, the integer is inserted. If it Is 
read in on a data card for each case, the name given to this quantity 
is specified (and it should be noted that since all calculations in 
the algebraic part of the program are carried out in floating-point 
notation, no result of a calculation is allowed in the present context). 
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Finally, if q is another index register, the tally is set to 
the number of cycles that remain to be taken by the named index. 
This enables the programmer to work only on one side of the 
diagonal of a matrix, for example. There are nine separate index 
registers. The programmer may use the same one several times in 
independent sections of the calculation provided he uses the same 
name for it each time. 

The following points should be observed: 
1. Numerical subscripts attached to variables in an algebraic 

expression modify the memory location by the actual numerical value. 
For example, if index i has an increment of 5, successive quantities 
Ai are 5 cells apart ; differencing of such a table would be 
achieved by 

DELTA i = A(i+5) - Ai 
not by DELTA i = A(i+1) - Ai 

Similarly A1 refers to the cell next to the start of the table 
of A, not to the cell containing the next Ai. This condition, 
while confusing at first, is entirely logical: when the user writes 
A1 the compiling program has no way of knowing that the user 
habitually attaches the index i to this variable - in fact he may 
use other indices in other parts of the program. 

2. An index register can be used for tallying without address 
modification. However, some increment must be included in the 
program even though it is not used. Zero is admissible. 

3 . An index register can be used for address modification with
out tallying. Some large number (not exceeding 999) should be 
inserted for the number of cycles. 
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k» The fact that an index register whose increment is negative 

starts with the "last" value first in its address-locating part 
can sometimes be used in tricks involving several index registers. 
For example, suppose a table of a variable V is located in con
secutive cells in the memory, and we wish to work on N successive 
entries starting with the Mth entry. The sequence 

INDEX, i, M, - 1 

INDEX, J, N, 1 

followed by reference to the variable as Vi j will achieve the 
required result. The value of i will be fixed during the com
putation and the tallying and address modification done using j. 
Branching Statements: HERE and GO 

Unless instructed otherwise, the machine executes the given 
program sequentially. Any break in the sequence must be initiated 
by a GO statement that names the destination and the circumstances 
under which the statement is to be obeyed. Destinations are identi
fied by inserting a statement such as 

HERE, Q 
or HERE, START 

with any name as the second word. The ACE routine simply keeps 
track of this statement in a list ; no instructions are put into the 
compiled program. 

There are eight GO statements : 
(a) GO, Q This simply tells the machine to proceed to the 

statement following the destination identification Q for its next 
instruction. 
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(b) GO, Q; i This tells the machine to augment the 
index register i by the amount Ô (specified in the INDEX statement 
referring to i), Increase its tally by 1, and to go to Q if the 
number of cycles specified by the INDEX statement have not been 
completed. After the specified numbers of cycles have been com
pleted , the machine goes on to the succeeding statement. 

c ) GO, Q; X = Y 
d) GO, Q; X, NE, Y 
e) GO, Q; yi f G, Y 
f ) GO, Q; x , GE, Y 
g) GO, Q; x , L, Y 
h) GO, Q; X, LE, Y 

(c) means GO to Q if X is equal to Y; otherwise continue in sequence. 
In (d) to (h) we are hampered by the lack of symbols on the type
writer . They refer to the conditions not equal, greater, greater or 
equal, less, less or equal, respectively. The commas are required 
to separate the succession of upper-case symbols into words. 

The quantities X and Y may be any names or they may be numbers, 
The names may be indexed in the usual way. For example, 

GO, ALPHA; Aij, NE, 1 

or GO, EETA; Ai, G, A(i+2) 

are meaningful statements. 
READ and PUNCH 

The medium for input and output is the IBM card, and it is 
assumed that for all ACE programs the "words per card" switches on 
the computer are left set at 5• This implies that not more than 5 

different quantities can be read from a single card, and that if a 



- 16 - CRT-916 

number of data cards are read consecutively into the memory, the 
corresponding information from successive cards will be 5 cells 
apart. This will frequently set the increment for one or more 
index registers in the planning of the remainder of the problem. 

Roughly speaking, there are two "READ" commands, one of 
which will read a single card and distribute its contents where-
ever required, while the other will read a number of card s and 
put their contents in consecutive locations• The first is used 
for loading miscellaneous constants and parameters, and the other 
for loading tables of data. 

The form of the commands is 
READ, s, format word, A, E, C, D, E 

or READ, n, format word, A 
In the first command, s is a lower-case letter s denoting "single". 
In the other, n may be either some integer or else the name of the 
parameter that determines the number of cards (as read by an 
earlier READ command). On the single-card READ, up to five names may 
be given, corresponding to the names of the five quantities on the 
card. On the many-card READ, the contents are stored in consecutive 
locations starting at A, at five words per card (but see below). 

The format word consists of one character for each word on 
the card, used to identify the position of the decimal point in 
each ten-digit field of the card. A digit from 0 to 9 is inter
preted as the number of positions following the decimal point. The 
letter u (lower case) is used if there are ten positions (i.e. the 
decimal at the extreme left). Numbers are converted into floating
point form as they are read into the machine and so used in all 
computations. There is one exception: if the character of the 
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format word is f (lower case), the ten-digit word is loaded 
directly into the memory without conversion. This may be required 
either in order to load a fixed-point integer for subsequent use 
as the number n in INDEX, READ, or PUNCH statements, or to load 
numbers that have already been punched in floating-point form 
because they lie outside the range handled by the conversion program. 
(The letter f can accordingly denote "fixed" or "floating" depending 
on the user's whim.) 

A fixed-point integer N read under control of the format digit f 
can be used in the GO statement 

GO, Q, N = 0 

tut no other arithmetics! operations can be done with it. 
The format word may have fewer than 5 characters if there 

are fewer then 5 words on the cards. The ACE routine automatically 
inserts "f" to fill out the word. 

It is frequently useful to read in a number of data cards 
each of which contains several quantities. This may be done by a 
command of the form 

READ, n, format, A, B, C, D 
subject to the convention that B, C, D are assigned successive 
addresses following A (which will have been assigned space by an 
earlier SIZE statement). In other words the machine will identify 
B with A1, C with A2, etc. 

The statements 
PUNCH, s, format, A, B, 
PUNCH, n, format, A, B, , 

are the counterparts of the corresponding READ statements except in 
one or two minor respects. If a number in the machine is larger 
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than can be punched according to the given format character it 
is replaced by 9999999999. Also in the PUNCH, n,statement the 
names B, C, D, ..... are superfluous, since the command calls for 
punching beginning with the cell corresponding to A and proceeding 
conse .utively. The other columns of the card will contain B, C, D, 
etc. only if they were so located by an earlier READ statement or 
by some other means. 

The statements 
PUNCH , BLANK 
PUNC", SKIP 

will punch a blank card or a skip card. When the answer cards are 
listed on the tabulator, a BLANK will give a blank line, and a SKIP 
will not be listed itself, but will cause the paper to feed to the 
top of a new page before going on with the listing. (The skip card 
has ten 8's punched in columns M to 50; the actual skipping is 
caused by wiring of the tabulator.) 
Example 

A summary of ACE notation is shown in Figure II, and the ACE 
program for a sample problem is shown in Figure III. 

V. RUNNING THE PROGRAM 
The running of an ACE program can be divided into three main 

parts; the preparation of the instructions, the preparation of data 
cards, and the console procedure for the translation of the instructions 
into the machine code by the Datatron. 
Preparation of the Instructions 

Once a program has been written in ACE language it must be 
typed on the Flexowriter to produce a punched paper tape. At leest 
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In the early stages this step will probably be handled by a 
member of the Computing Centre staff as typing ability is an 
advantage. For those who may wish to do their own typing the 
following points are recalled : 

1. The end of a statement is narked by two carriage returns 
(giving a double-spaced manuscript), not by a period. 
The insertion of full stops is actually pernicious, as an 
upper case period alters the spelling of the preceding name, 
and an isolated lower-case period is translated as the 
number 0. 

2. The final statement must also be followed by two carriage 
returns even though this is not needed for the printed page. 

3. Spaces may be interspersed within statements to increase 
the clarity of the manuscript. 

ko As the spaces are ignored by the computer, successive 
upper-case words must be separated by a comma or a semicolon 
if there is no other character between them. 

At present paper tape so obtained cannot be read directly into the 
computer. It must be put through a tape-to-card converter which 
supplies a deck of cards containing two columns of numeric information 
for each alphanumeric character on the tape* Eventually this step 
will probably be eliminated by providing a modified typewriter 
and paper tape punch. 

The card deck for entry to the computer consists of : 
1. An ACE "bootstrap card" , available in the library routine 

filing cabinet. This card calls for the loading of the 
compiling routine from magnetic tape. 
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2. A master card containing the number of program cards 
that follow it, punched to end in Column 10. 

3. The program cards. 
U. Data cards if the program is to be used, immediately, 
5o Two blank cards. 

Preparation of Data 
It has already been observed that the data for the machine 

is prepared on punched IBM cards. The rules for the card format 
are as follows: 

1. Each word on a card occupies a 10-column field: 
1 -10 , 11-20, etc. 

2. Data words are located in this area according to the 
format prescribed in the READ command, which asserts how 
many of the ten columns of the field are to follow the 
decimal point. 

3. Words that are used as tallies, either for setting an 
index register or for controlling the number of cards to 
be read or punched, must be aligned at the extreme right 
of their ten-digit fields and read under control of the 
format character f. 

U. Negative signs are punched as an "X" or "11" overpunch in 
the first column of each field (columns 1, 11, 21, 3 1 , hi ). 

Console Procedure 
In setting out the instructions for obtaining the translated 

program, we assume a general familiarity with the location of the 
various buttons ana switches on the Datatron. 
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1. The ACE reel of magnetic tape must be on unit 1 ready for 
use. This unit should be left in NOT WRITE. 

2. Load the card deck into the reader and verify that the 
words per card switches are both at 5. 

3. If a translated deck of cards is wanted, attach the "punch" 
output cable. (An exception to this is noted in Section VI.) 

4. Set 9990 kU 1000 in the A register, and 
Uk 1000 1000 in the C register. 

5» Turn the Flexowriter ON and press the typewriter control 
RESET button. 

6. Set the output selector at PAGE 
printout suppress OFF 
input selector at KEYBOARD, 

7. Set the skip switch OF (apart from the exceptional case 
discussed in Section VI). 

8. Press the CONTIGUOUS button to start compiling. 
The computer will proceed to compile the code in three phases, typing 
from time to time on the Flexowriter, and loading new program from 
magnetic tape. A list of the information typed is given below; if the 
program is meaningful ana not too long this information can be ignored. 

9. When the computer reaches a STOP displaying the number 0753, 
which looks somewhat like the letter C, in the control 
register, compiling is complete but the subroutines are not 
yet loaded into the machine. If the program is to be punched 
out for later use, put the skip switch OFF. Press CONTINUOUS. 
The machine will proceed to load the subroutines and if the 

skip switch is OFF the program and subroutines will be punched out 
on cards. These cards need only be preceded by a copy of the standard 
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card-read routine (library routine F.-1-1) to be used directly in 
the computer. They do not have a check sum on the final card. 

10. When this stage is complete, the machine stops with 
08 1+2U8 in G (looking like a check mark). Press 
CONTINUOUS to begin executing the program. 
Compiling proceeds at the rate of about 1+0 machine commands 

per minute. Most ACE programs take 5 to 13 minutes to compile. 
Information Typed by the Flexowriter during Translation of an ACE 
Program 
1 . Number of cells occupied by the original code after it has been 
divided into words. This number should not exceed 600. 

2. The number of any statement that has an obvious error in the 
number or location of brackets. This information is not in line with 
the earlier typing for easy detection. 
3 . Number of cells occupied, by the intermediate version of the 
machine code. This number should not exceed 800, and there is 
danger of a compiling error if it exceeds 700. 

i+. Number of cells occupied by the final machine code. This number 
should not exceed 1100. 

5. A line containing the address of the first available cell following 
the variables, and the address of the first cell occupied by the library 
routines. The first of these numbers should not exceed the second. 
6. A line containing: 

a. The number of indices. This should not exceed. 9. 
b. The number of variables named. This should not exceed 50. 

c. The number of constants used in the program. This should not 
exceed 100. 

7. A list of the names of all destinations identified by HEPS statements 
together with their machine addresses in the final code. 

The Flexowriter printout for the example given in Figure III is 
phown 1 n ^imire TV. 



- 23 - GRT-916 

Error Stops 

The Datatron, on encountering certain inadmissible 
situations, will come to tagged error stops. They are as follows: 

08 0002 Left bracket preceded by right bracket or * . 
08 0003 Something wrong with brackets. See Flexowriter output 

for location of bracket discrepancies. 
08 0004 Number in bracketed index not preceded by + or 
08 0005 Operation code followed by another operation code 

or a right bracket. 
08 0006 Too much temporary storage space required. (Probably 

too many nested brackets.) 
08 0099 There is a GO statement without a corresponding HERE 

statement. 
08 0100 A word exceeds 5 characters. Six characters of the 

word are typed on the Flexowriter with the words 
"Too long". 

08 0220 Error in a GO statement. 
08 3501 Subroutine not in master list of ACE library routines 

(perhaps misspelled). 
None of these errors can be corrected at the console. 

VI. MISCELLANEOUS INFORMATION 

The foregoing sections contain the information required to 
compile and use ACE programs provided they are self-contained and 
consist of meaningful statements. Persons experienced in. using the 
computer may find it useful to know more about the way in which ACE 
works, either for identifying errors if the compilation fails, or 
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for linking programs compiled by ACE to other programs in machine 
language or to subroutines not provided in the ACE library. This 
section contains an assortment of facts and suggestions related 
to this theme. 
Allocation of Space on the Drum by_ACE 

ACE allocates space on the dram in the following way ; 
from 0100 forward - space for the translated program 

(1100 cells allowed) 
from 1200 forward - space for variables 
from 3700 backward - space for ACE library routines 
from 3700 to 3939 - the input-output subroutine 
from 3940 to 3999 - space used by ACE library routines for 

preserving L^, Lg and Ly. 

A translated ACE program occupies Ly. The cell 6000 con
tains the constant + 0000 00 1000. The cells 6001 to S009 are 
the nine index registers. The cells 6010 to 6019 are used as 
temperarv storage space. is used by the subroutines. is the 
fast-access space available to the programmer, as described earlier, 
by the use of the name 

The address of the first available space after the variables, 
and the address of the first space occupied by the ACE library 
routines, are typed on the Flexowriter. The space between these 
two addresses is unused. 

The length of the translated program is also typed on the 
Flexowriter. Since the program is stored starting at 0100, the 
first available space after the program would be 100 + length of 
program. The space from this address to 1200 (the start of the 
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space for the variablesj is unoccupied. 
The space from 0000 to 0100 is also unused. 
The entry command for the translated program is 20 0100. 

The program may be entered at any transfer destination by 30 abed, 
where abed is the address typea on the Flexowriter for the appro
priate HERE statement. 
Operation of ACE during Compiling 

The translation of an ACE program is done in three pnases. 
Phase I separates the original code into words, and then scans 
the brackets for obvious errors, typing pertinent information as 
each task is completed. Phase II translates from the original 
code to machine code, and types its length at that stage. Phase III 
changes the machine code from a main memory code to one that works 
in Ly, and types its final length. 

The original code in words i s stored starting at 2900, the 
Phase II code is stored starting at 2700, and the final code is 
stored at 0100. During Phase II, the cells 6000 and 6001 contain 
the commands; 

6000 6k abed 
6001 02 wxyz 

abed, which starts at 2900, would at any time have the 
address of the word to be dealt with next,, 

wxyz, which starts at 2700, would at sny time have the 
address at which the next translated command is to 
be stored. 

If the translation breaks down in Phase II, some help in 
locating the error can often be obtained by printing out the 
relevant sections of the memory. It should be remarked that the 
compiled program begins to overlap the code in words as soon as 
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it exceeds 200 cells in length, and that the code in words 
itself is subjected to other changes as compiling proceeds. 

After the Phase III translation is complete, and its 
length and other information has been typed, three other lists 
will be printed on the tabulator or punched if the skip switch 
is OFF. These three lists are : 

1» Two lines containing the names of the indices, 
2. Eight lines containing the names of the library 

routines which will be on the drum when the program 
is working, with the entry command for each in the 
word following the name of the subroutine » 

3o Twenty lines containing the names and addresses of 
the variables. 

The names of the lists are in the two-digit representation 
of the Flexowriter code, and can be translated using Figure I. 
Links to Machine Code 

Once the compiled machine code has been made up by ACE, 
it is possible to modify it to include additional subroutines or 
other sections of program written directly in machine code » It 
is usually convenient to do this by providing an appropriate number 
of dummy commands that can be altered when compilation is completed. 
The obvious choice is a STOP statement tagged with an easily identi
fied number. However, if a special subroutine is wanted in the 
midst of an algebraic expression some other trick is required. ACE 
has been written so that the programmer may include the function name 

SP: 
for "special function" in his program. The compiled code will 
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contain the command 21 0000 in the proper spot, but of course 
no subroutine is actually written on the drum at 0000. This 
command may then be replaced by a transfer to whatever special 
subroutine is needed. 

In writing machine code to be used in conjunction with ACS, 
two rules apply: 

(1) Lg and the B register must be preserved, and must 
also be preserved if the user has stored information there. 

(2) Re-entry to the complied program may be achieved either 
by a 20 to Ly or by a 30 to the appropriate address in the main 
memory. In the former case, Ly must also be preserved during the 
detour. 
Example 

The machine code generated for the example in Figure III 
is shov/n in Figure V. Codes prepared by ACE follow certain 
standard conventions which the experienced coder can easily recognize. 
Familiarity with the habits of the ACE program can frequently be 
useful in locating spots in the compiled code at which trivial 
changes may be wanted. 
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Figure I 

Typewriter Action Typewriter Action 

Lower 
Case 

Upper 
Case 

Numeric 
Code 

Lower 
Case 

Upper 
Case 

Numeric 
Code 

a A 20 0 ) 1+0 
b B 61 1 1 

2 1+1 
c C 52 2 à 1+2 
d D 63 3 / 1+3 
e E 61+ k $ kk 
f P 63 5 ef /° 1+5 
g G 66 6 <? i+5 
h H 67 7 • 

• 1+7 
i I 70 8 * 50 

J 71 9 ( 51 
k K 72 + = 21+ 
1 L 36 — 25 
m M 73 > • 26 
n N 7k • 31 
o 0 75 32 
P P 76 • ti 33 
q Q 77 lower case 27 
r î? 21 upper case 30 
s S 22 space 31+ 
t T 23 colour shift 35 
u U 52 ignore 00 
V V 53 back space 01 
w W 5k tab ok 
X X 55 carriage return 05 y Y 56 stop 07 
z Z 57 

List of Symbols Available on the Typewriter with their 

Numeric Codes 
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Figure II 

SIZE, n, A , B, .. « 
INDEX, i, q, Ô 
HERE, Q 
GO, Q 
GO, Q, i 
GO, Q, X = Y 
GO, Q, X, NE, Y 
GO, Q, X, G, Y 
GO, Q, X, GE, Y 
GO, Q, X, L, Y 
GO, Q, X, LE, Y 
Variables in GO statements can be indexed. 

List of Functions 

READ, s, format word, A, B, 
READ, n, format word, A 
PUNCH, s, format word. A, B, 
PUNCH', n, format word, A 
PUNCH, BLANK 
PUNCH, SKIP 
TYPE 
STOP, n (The number n may 

be omitted.) 

AB; Absolute value COSH: Hyperbolic cosine 
SQRTi Square root SINK: Hyperbolic sine 
CBRT: Cube root ARCS: Inverse sine 
SIN; Sine ARCT: Inverse tangent 
COS: Cosine J: J Q (for x < 3) 

TAN: Tangent JCNE : (for x < 3) 

LOG: Logarithm (natural) I: I Q (for x < 3) 
EXP: Exponential I ONE : I-, (for x < 3) 

List of Non-algebraic ACE Statements 
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Figure III 

j=1 «/T + (cos(X + c-j)) 2 

for X taking N values starting at X m i n . 

SIZE, 10, C 

HERE, CASE 

READ, s, 55f, X MJ.N, DELTA, N 

GO, END, DELTA = 0 

READ, 2, 55555, G 
INDEX, i, N, 5 

X = X MEN 

HERE, VALUE 

INDEX, j, 10, 1 

S = 0 

HERE, SUM 

S = (SIN:(X + Cj))/(SQRT:(l + (C0S:(X x Cj)*2))) + S 
GO, SUM, j 
PUNCH, s, 55, X, S 
X = X + DELTA 
GO, VALUE, i 

PUNCH, SKIP 

GO, CASE 

HERE, END 

STOP 

Example 
For given coefficients C^, evaluate 

10 
g _ y sin(X + Cj) 
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Figure IV 

Flexowriter Output for Example in Figure III 

+ 113 
+ 61 
+ 80 
+ 1215 3560 
+ 2 l 

CASE + 10U 
VALUE + 125 
SUM + 129 
END + 17U 



Figure V 

Compiled Program for Example in Figure III 

4 
30 0 1 0 1 36 

5 5 5 5 39 3 9 3 9 
4 7 0 1 2 30 

33 0 0 0 0 64 
75 1212 14 
64 7 0 1 9 2 
72 6 0 0 2 80 

2 6 0 1 1 30 
6 4 1 2 1 3 80 
80 6 0 1 1 21 
80 1214 12 

3 1 0 02 6 0 0 2 30 
20 21 3708 5 5 5 5 39 

80 1211 12 
4 0 02 6 0 0 1 30 

100 
8 0 0 0 64 7 0 1 9 
1210 1211 
0 1 7 4 64 7 0 1 8 
6 0 0 0 30 0 1 2 0 
0 0 0 7 2 6 0 0 1 
6 0 0 2 6 4 7018 
1200 21 3 6 2 2 
0 1 4 0 5 1 1 0 00 0 0 0 0 
1200 21 3 6 2 4 
3 5 6 0 2 6 0 1 1 
1214 310 6 4 6 0 0 2 
0 1 2 9 30 0 1 6 0 
3 9 3 9 1213 
1213 40 64 6001 
0 1 2 5 21 3 7 2 0 

2 6 0 0 0 30 21 3 7 0 0 
1212 20 64 1211 

21 3 7 0 1 5555 55 5 5 5 5 
20 00 1200 1000 

64 1210 12 1 2 1 3 
12 1214 64 1 2 1 3 

2 6 0 1 0 64 7 0 1 7 
9 9 0 0 0 0 0 0 0 0 

12 6 0 1 2 82 6 0 1 2 
64 6 0 1 0 83 6 0 1 1 
74 7 0 1 9 28 7 0 1 7 

10 00 0 0 0 1 
1214 64 1 2 1 3 

74 7 0 1 9 28 7 0 1 2 
30 0 1 0 4 8 0 0 0 0 

10 00 0 0 0 5 



Additional copies of this Document 
may be obtained from 

Scientific Document Distribution Office 
Atomic Energy of Canada Limited 
Chalk River, Ontario, Canada 

$ 1.00 per copy 


