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NUMBER REPRESENTA'rrON 

On IBM's system 360, the following units of information storage 

used: 

a) 

b) 

c) 

d) 

the bit, a single a or 1 

the �~�,� a group of eight consecutive bits 

the (short) word, a group of four consecutive bytes 

i.e., 32 consecutive bits 

the long word, a group of two consecutive short words -­

i.e., eight bytes or 64 bits. 

For number. representation in Algol W the words and long words are 

the main units of interest. 

INTEGERS 

Integers are stored in (short) words. Of the 32 bits of a short 

word, one is reserved for the sign (0 for + and 1 for -), leaving 

31 bits to represent the magnitude. A positive or zero integer is 

stored in a binary (base 2) representation. Thus 2110 (the subscript 

means base 10) is stored as 

0000 0000 0000 0000 0000 0000 0001 0101 . 

t 
Sign bit 

To confirm this, note that 

21 = Q. X 230 + .•. + Q. x 25 + .! x 2
4 

+ Q X 23 + ! X 22 + a X 21 + 1 X 20 
• 

The largest integer that can be stored in a word is 

230 + 229 + .•• + 21 + 2° = 231 _ 1 = (2147483647) . 
10 

Any attempt to create or store an integer larger than 231 - 1 will 

produce erroneous results, and (unfortunately)'the user will not always 

be warned of the error. (See below.) 

To save space in writing woras on paper, each group of four bits 

in a word is frequently converted to a single base-l6 (hexadecimal) 

digit, according to the following code: 
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base 2 base 16 base 2 base 16 

0000 0 1000 8 
0001 1 1001 a 

./ 

0010 2 1010 A 
0011 3 1011 B 
0100 4 1100 C 
0101 5 llOl D 
0110 6 1110 E 
0111 7 1111 F 

Thus A, B, C, D, E, F are used as base-16 representations of the decimal 

numbers 10, 11, 12, 13, 14, 15 respectively. Nevertheless, integers are 

stored as base-2 nwnbers. 

Using hexadecimal notation, the decimal number 21 is represented by 

. 0000001516 

Note that 15
1

6 is the base-16 represen~~ation of 2110 . 

Negative integers are stored in what is called the "two's complement 

form". For example, -1 is stored as 

1111 1111 1111 1111 1111 1111 1111 1111, 

= FFFFFFFF16 . 

Also, -21 is stored as 

1111 1111 1111 1111 1111 1111 1110 1011 

= FFFFFFEB16 • 

The representation for -21 is obtained from that for +21 by changing 
-

every 0 to 1 and every 1 to 0, and then adding +1 in base-2 arithmetic 

to the result. Similarly for any negative integers. Every negative 

integer has 1 as its sign bit. The smallest integer storable in 

System/3W is _231 
= -2147483648 ,and is represented by 8000000016 . 

Another way to think of the representation of negative numbers is 

to consider a 32-place binary accumulating register (the base-2 equivalent) 

of the decimal accumulating register in a desk calculating machine). 

If one starts with all zeros in this register, one gets the representation 

for -1 by subtracting 1. The process requires a "borrow" to propagate 

to the left all the way across the register, leaving all ones, just as 

on a decimal accumulator this would leave all nines. Continued 

subtraction will give the representations for -2, -3, ••.. 
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NtTlJiliER REPRESENTATION 

From the point of view of an accumulator we can also see what 

. happens when we create a positive number larger than 231 
-1. For 

example, if we add 1 to 23 1_1, the resulting carry will go all the 

way into the sign bit, leaving a sign bit of 1 with all other digits 
31 ' 

zero. But this is the representation of -2 • Thus the attempt to 
31 ' 32 produce positive numbers in the range from 2 to approximately 2 

will yield a negative sign bit. Consequently) positive integers that 

"overflow" into this range are sensed as negative by System/360. The 

mechanisms of ALGOL W for detecting integer overflow (not described in 

this document) can be used to detect additions, subtractions, or 

multiplications that produce integers outside the range from _231 to 

23 1 _1 (so-called integer overflow). Attempts to divide an integer by 0 

will yield an error message and an irrelevant quotient and remainder. 

The behavior of System/360 on integer overflow is quite different 

from the Burroughs B5500. In the latter machine, any integer that 

overflows is replaced by a rounded floating-point number. There are 

advantages tv either approach to integer overflow, depending on the 

application. 

If the user suspects that integers in his program are getting 

anywhere near 109, he should convert them to double-precision floating­

point numbers by use of the Algol vI operator LONG. Conversion to single­

precision floating-point numbers may lose some precision. 

The most important thing for a scientific user to remember is that 

integers in the range _231 to 23 1_1 are stored without any approximatlon. 

Moreover, operations on integers (adding, subtracting, multiplying) are 

done without any error, so long as all intermediate and final results 
31 31 are integers between -2 and 2 -1. It is perhaps easier to remember 

as safe the interval from -2 X 109 to 2 X 109 , obtained from the 

useful approximation 210 - 103 • 
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The operations of division without remainder (called DIV in Algol W) 

and taking the remainder on division (called REM in Algol W) always give 

integer answers. If the divisor is 0, an error message is given. 

In Algol W two operations on integers give results that are not 

stored as integers -- namely / and **. 

FLOArrING-POINT NUMBERS 

Numbers in many scientific computations will grow in magnitude 

well beyond the range of integers descr:Lbed above. To provide for 

this, System/360 and most scientific computers have a second way to 

represent numbers -- the so-called floating-point representation. 

The significance of the name "floating-point" is that the radix point 

-- for example, the decimal point in base-IO numbers -- is permitted to 

float to the right or left, thus permitting scaling of numbers by 

various powers of the radix. Although a decimal point that has floated 

off to the left will produce a number written like 0.001345, the 

numbers are actuall.:v represented in a form closer to what is of'ten 

called scientific notation, here 1.345 X 10-3 . 

In System/.360,floating-point numbers are.always represented in 

base-16 notation; i.e., the radix or number base is 16. This permits 

us to write numbers in abbreviated form (as we did with integers earlier). 

More important, the use of base-16 conforms with the hardware arithmetic 

processes in which shifting is done four bits at a time to speed up tj1e 

operations. The speed-up is achieved at a slight cost in precision, 

as is learned from detailed error analyses which we cannot go into here. 

We first consider the floating-point representation of numbers by 

a single word of 32 bits. This is the so-called Single-precision 

or short real number, the number of type REAL in Algol W. The 32 bits 

of a word are numbered from 0 to 31, from le:t't to right, just to identify 

them. In floating-point representation the le:t't-hand eight bits (bits 0 

to 7, equivalent to two hexadecimal digits) are devoted to the sign of 

the number and the exponent of 16 associated with the number. The right­

hand 24 bits (bits 8 to 31, equivalent to six hexadecimal digits) 
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represent six significant hexadecimal digits (the significand) of the 

number. 

As with integers, the sign of the number is denoted by bit 0, 

with a representing + and 1 representing 

Bits 1 to 7 give the binary (base-2) representation of a non­

negative integer in the range 010 to 12710, inclusive. This in­

teger is called the biased exponent, for reasons now to be explained. 

If this integer were taken directly as the exponent, we would have no 

negative exponents, and our range of floating-point numbers could not 

include such numbers as l6-25 . It is desirable to have an exponent 

range that is approximately symmetric about zero. In System/360 one 

obtains the true exponent of the floating-point number by subtracting 

64 from the biased exponent represented by bits 1 to 7. As a result, 

the actual exponents range from -64 to 63. 

The 24 bits 8 to 31 of a number are regarded as six hexadecimal 

digits with a hexadecimal point at the left-hand end. If the floating­

point number zero is being represented, all the hexadecimal digits are 

zero, as are all the other bits. Otherwise, at least one of the hexa­

decimal digits must be nonzero. A floating-point number is said to be 

normalized if the left-hand hexadecimal digit (the most significant 

digit) of the significand is nonzero. In System/360 the floating-point 

numbers are ordinarily normalized, and we will not consider any other 

forms. 

We now give the floating-point representations of some sample 

numbers. As we said before, the number zero is represented by 32 zero 

bits, i.e., by eight 0 hexadecimal digits. Thus zero is represented 

by the same words in floating-point or integer form. No other number 

has this property. 

The number 1.0 is represented by the word 

sign bit 

40 ,100 0001
1 

biased 
exponent 

.0001 0000 0000 0000 0000 OQOQ, 

significand 
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To check this, note that the sign is 0 (representing +). 'llhe biased 

exponent is 1000001
2 

or 6510 , Subtracting 64
10 

yields 1 as the 

true exponent. The hexadecimal significand is 10000°16 , Putting a 

hexadecimal point at the left end gives the hexadecimal fraction 

.10000016 ' which equals 1/16. Thus the above w"brd represents 

+ 1/16 times 161 , or 1.0 . 

To save writing, the above word is ordinarily written in the 

hexadecimal form 41100000. While one gradually learns to recognize 

some floating-point numbers in this form, the author knows no easy way 

to convert such a hexadecimal word into a real number. One just has 

to take the right-hand six hexadecimal digits, and prefix a hexadecimal 

point. Then one examines the left-hand two-hexadecimal-digit number 

(here 41). If this is less than 8016 , the floating-point number is 

positive and one gets the true exponent by subtracting 4016 = 64
10 

. 

If the left-hand two-hexadecimal-digit number is 8016 or larger, the 

floating-point number is negative, and one gets the true exponent by 

subtracting C016 = 8016 + 4016 = 19210 and affixing a minus sign. 

Some facility with hexadecimal arithmetic is required, if one has to 

deal with such numbers. 

In this presentation, we have considered the radical point to be 

at the- left of the six significant hexadecimal digits, and regarded 

the exponent as biased high by 6410 ' As an alternative, the reader 

may prefer to place the radix point just to the right of the most 

significant digit of the significand, and regard the exponent as biased 

high by 6510 ' This brings the significand closer to usual scientific 

notation but, of course, requires a trickier conversion to get the 

true exponent. The fact that either interpretation (and many others) 

are possible shows that really the radical point is just in the ey-e of 

the beholder, and not in the computer! 

Several examples of floating-point numbers are now given in hexa­

decimal notation, with the confirmation left to the reader. 
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decima'l 

0.0 
1.0 
0.0625 

16.0 
256.0 

-1.0 
-16.0 

3·5 

floating-point 

00000000 
41100000 
40100000 
42100000 
43100000 
CIIOOOOO 
C2100000 
41380000 

NUMBER REPRESENTATION 

The largest floating-point number is 7FFFFFFF, representing 

• FFFFFF X 163F or (1 - 16-6) X 16L)3 ~ 7.23 X 1075 . (Here 10 and 16 

denote decimal numbers.) 

The smallest positive normalized floating-point number is 00100000, 

representing 

Negatives of these two nQmbers can also be represented, and are 

the extremes in magnitude of representable negative numbers. 

Very few numbers can be exactly represented with six significant 

decimal digits. (Exercise: Which ones can?) For example, 1/3 = .33333310 
only approximately. In the same way, very few numbers can be exactly 

represented with six significant hexadecimal digits. (Exercise: 

Which ones can?) For example, 1/3 = .55555516 only approximately. 

Moreover, some numbers that are exactly representable in decimal are 

only approximately representable in hexadecimal; for example, 

1/10 .10000010 exactly; but 

1/10 .19999A16 only approximately. 

Thus round-off error enters into the representation of most 

floating-point numbers on System/360, and the round off differs from 

that with decimal numbers. This can eaSily give rise to unexpected 

results. For example, if the above number .19999A
I
G (~0.110 ) is 

multiplied by the integer 10010 = 6416 ' one gets not A.0000016 
10.010 ' but instead A.0000316 , as a cumulative effect of the slightly 

high approximation to 0.1
10

. And A.00003
l6 

rounds to 10.0000210 
on conversion to decimal. 

The precision of a single-precisi~n hexadecimal number is roughly 

10-7 . One can think of this as being crudely equivalent to seven 
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significant decimal digits. 

Not only do errors appear in the representation of numbers inside 

System/360 (or any computer), but they arise from arithmetic operations 

performed on numbers. For example, the product of two floating-point 

numbers may have up to 12 significant hexadecimal digits. When the 

product is stored as a single-preciSion floating-point number, it must 

be rounded to six hexadecimal digits. This introduces an error, even 

ihough the factors might have been exact. 

The story of round off and its effect on arithmetic is a complex 

and interesting one. Only within the current decade have there begun 

to appear even partly satisfactory methods to analyze round off, and 

we cannot go into the matter now. Some idea of this is obtained in 

Computer Science 137· 
When an Algol W program assigns decimal numb.ers or integer values 

to variables of t.ype REAL, these are immediately converted to hexadecimal 

floating-point numbers, with (usually) a rOillld-off error. When one 

outputs numbers from the' computer in Algol W, they are converted to 

decimal. Both conversions are done as well as possible, but introduce 

changes in the numbers that the programmer must be aware of. And, of 

course, all intermediate operations introduce further round offs and 

possible errors. It is illlthinkable to do the analysis necessary to 

counteract these errors and get the true answer to the problem. If the 

user wishes answers uncontaminated by round off, he should use integers 

and integer arithmetic, and be prepared to guard against overflow. 

Fortunately most users can accept an indeterminate amount of 

round off in their numbers, provided they have same assurance that 

round off is not growing out of control. It is the business of numerical 

analysts to provide algorithms whose round-off properties are reasonably 

under control. This has been well accomplished in some areas, and hardly 

at all in other s . 

DOUBLE PRECISION 

The preCision of single-preCision floating-point numbers seems 
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very adequate for most scientific and engineering purposes, being at the 

level of seven decim~ls. However, a considerable number of computations 

require stil~ more precision in the middle somewhere, just in order to 

com~ out with ordinary accuracy at the end. As a result, System/3(~ 

has provided an easy mechanism for getting a great deal more precision 

in the computations. For this purpose a double word of 64 bits is used 

to store a floating-point number of so-called double precision or long 

precision. In this representation, the sign and biased exponent are 

found in tqe first word of the double-word, with precisely the same 

interpret~tion as· with single-precision floating~point numbers_ The 

second wor~ of the double-word consists 'of eight hexadecimal digits 

immediately following the six found in the first word. ,);here is no 

sign or exponent in the second word. Thus a double-word represents 

a signed floating hexadecimal number with 14 significant hexadecimal 

digits. As before, nonzero numbers are normalized so that the most 

significant digit of the 14 is nonzero. 

Examples: 

1.OL. 

O.lL 

long significand 
I , 

1+1 100000 00000000 

40 199999 9999999A 

There is a full set of arithmetic operations for both single 

and double-precision operations. Very crudely, for an example, single­

precision multiplication of single-precision factors takes around 4 micro­

seconds, while that for double-precision factors takes around 7 micro­

seconds. For modest problems the extra time is complet~ly lost in the 

several seconds of time lost to systems and compilers, and the use of 

double-precision is strongly recommended for all scientific computation. 

Normally the only possible disadvantage of using long preciSion is the 

doubling in the amount of storage needed. If one has arrays with tens 

of thousands of elements, the extra storage may be very costly. other­

wise, it should not matter. 

6-14. -17 Since 1 :;: 10 ,the double-precision numbers are crudely 

equivalent in precision to 17 Significant decimal digits. 

For a. machine with the speed. of the 360/67, a number precision of 
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six hexadecimal digits ,(roughly seven decimals) is considered very low, 

while a precision of 14 hexad.ecimal digits (roughly 17 decimals) is 

very adequate. rrhe float ing-point arithmetic hardware of Syst em/3(-{) 

provides the possibility of detecting when numbers have gone outside 

the exponent range stated above. The reader may think that a range 

from roughly 10 -79 to 1075 should cover all reasonable computations. 

While exponent overflow and exponent underflow are not very cornmon, they 

can be the cause of very elusive errors. The evaluation of a determinant 

is a common computation, and for a matrix of order 40 is quite rap1.clly 

done (if you know hOw). If the matrix elements are of the quite 

reasonable magnitude 

no larger than roughly 

-') 
10 .... , the magnitude of the determinant will be 

10-90 (and probably much smaller), well below 

the range of representable floating-point numbers. Such probleln:3 are 

a frequent source of exponent underflow. 

We shall not discuss here the mechanisms of Algol W for 6.et(;ctlnt~~ 

ex-ponent overflow and underflow, for these should be written up in 

another place. Even without these, we see that floating-point nwnbers 

behave well for numbers that are at least 10
66 

tjlnes. as lar::::;e a .. .; the 

largest integer in the system! Hence use of floating-point numllc'Ts 

meets almost all the problems raised by integer overflow. And, or 

course, it pennits the use of a large set of rational numbers, which 

do not even enter the integer system. 

AffiOL W REALS AND LONG REALS 

The' Algol W manual tells how to represent real variables and 

numbers to take advantage of both single-and double-precision. The 

purpose of this section is to bring this information into rapport with 

the hardware representation of numbers. If a variable X is declared 

REAL, one word is set aside for its values, and it will be stored in 

single-precision floating-point form. If a variable is declared to be 

LONG REAL, a double-word is set aside to hold its values,_ and it will 

be stored in double-precision form. 
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If a number is written in one of the decimal forms without an L 

at the end, it will be chopped to single-precision, no matter how many 

digits are set down. Thus 3.1415926535897932 will be immediately 

chopped to Single-precision in the program, and all the superfluous 

d.igits are lost at~. Thus the assignment statement 

XX := 3.1415926535897932 

will result in the double-word XX receiving an approximation to TI 

in the more significant half, and all zeros in the less significant 

halft Thus one gets a precision of only approximately seven decimals 

for the pain of writing 17, and this may well contaminate all the rest 

of the computation. 

If one wants XX to be precise to approximately full double precision, 

one must write the statement in the form 

XX := 3.l4l5926535897932L . 

With the declaration REAL X, the statement 

X := 3.l4l5926535897932L 

will result in X having a single-precision approximation to TI, as 

the long representation of TI is chopped upon assignment to X. 

The reader should now go back and examine the specifications 

of the types of various arithmetic expressions, as stated on pages 9, 10, 

II of the Algol W Notes, and in Section 6.3 of the Language Definition. 

Some of the less expected effects are the following: Suppose we have 

declarations 

REAL X, Y, Z; 

LONG REAL XX, YY, ZZ; 

INTEGER I, J, K; 

Then X*Y, 1**J, and I*X are all long real. 

The ass~gnment statement 

XX := X := y*Z 

will result in XX having a single-precision chopped version of Y*Z in 

the more significant half, and zeros in the less significant word. 

Moreover, 1*1 is INTEGER, but I**2 is LONG REAL. 
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If the reader understands the language Algol W and the preceding 

pages on number representation, he should have a good basis for 

understanding the effects of mathematical algorithms. But he should 

always remain wary of what a computer is actually dOing to his numbers! 
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1. DECK SETUP 

ALGOL W Deck Setup and Compiler Options 

1. Simple Deck Setup 

§§ 

gUICK partition 

(Job and Kerword cards) 

1* SERVICE CLASS=Q 

1/ ~ ALGOLW 

IISYSIN DD * 
§( %ALGOL 

(program) 

{ 
1;DATA 

§ (data) 

/* 

§ Optional. 

§§ 

BATCH partition 

(Job and Keyword cards) 

/ / Em:! ALOOLW 

//SYSIN DD * 
§( %ALGOL 

(program) 

{ 
1JJATA 

§ (data) 

/* 

§§ May be repeated -- second and following %ALGOL cards are 

required. 

For simple cases, the above control cards are sufficient. More 

complicated cases are discussed later under 3. Linkage to Separately-

Compiled Procedures. 

1.1 Time and Page Limits 

To avoid using too much computer time or paper when a program has 

mistakes in it, both the operating system and the ALGOL W system monitor 

the amount of time and pages used. The operating system keeps track of 

the total time used for compiling one or more programs, executing them, 

printing any post-mortem dumps, loading the compiler into core, interpreting 

the operating system control cards, etc. The operating system also keeps 

track of the total amount of printed output from a run -- control card 

listing, compiler listing, actual execution output, error messages, 
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post-mortem dump, etc. The limits for these totals are specified on 

the JOB card in tenths of minutes and thousands of lines; exceeding these 

JOB card l:imits results in an ABEND 322 message from the operating 

system and no other information. 

The ALGOL W system monitors the amount of t:imeand pages used by 

each program just during its execution, not during its compilation or 

during any post-processing. If these execution l:imits are exceeded, 

ALGOL W will print a run-time error message (TIME ESTIMATE EXCEEDED or 

PAGE ESTIMATE EXCEEDED) with the coordinate of the program statement 

executing at the time. The subsequent post-mortem dump and optional 

program listing can be very helpful in determining what went wrong. 

To make sure that the ALGOL W system is able to get out this information, 

the JOB card limits always should be sufficiently bigger than the ALGOL W 

limits. 

The normal ALGOL W execution limits are 10 seconds and 9 pages 

(60 lines/page). These may be changed by specifying different limits on 

the ~L card in columns 8-29: 

%ALGOLTIME=sss,PAGES=ppp 

where sss is the maxim'WD. execution t:ime in seconds; ppp is the maximum 

n'WD.ber of pages of execution and tracing output. TIME may be abbreviated T; 

PAGES, P. Time and Pages may be given in either order. 

Example: for 2 minutes and 20 pages, use: 

%ALGOL T=120,P=20 

(Previous versions of the compiler had slightly different control cards: 

1~OF instead of %DATA, and min:sec,pages instead ,of TIME= and PAGES= 

These older conventions are also accepted by the present compiler.) 
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1.2 Other %ALGOL Card Parameters 

Two other execution environment options may appear on the %ALGOL 
card. MARGIN=72 specifies that READ and HEADON should only scan the 

first 72 columns of data cards. MARGIN=8o specifies that READ and HEADON 

should scan all 80 columns of data cards. The default value is MARGIN=8o, 

unless the program source cards are sequence numbered; in that case, it 

is assumed that the data cards are also sequence numbered and MARGIN=72 

is the default. MARGIN may be abbreviated MARG. (cf. Section 7.8.4. 

for dynamic control of this margin.) SIZE~ specifies that the 

maximum amount of dynamic space requested by either the compiler or the 

execution library is xxx*1024 bytes. This directive is only used in 

rare cases to prevent the compiler from using all of the core available 

to it. 

TIME, PAGES, MARGIN, and SIZE may be specified in any order. 
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2 • Compiler opt ions 

Any of the following cards can appear in a deck between a 1oALGOL 

and the next 1cPard: 

$NOLIST 

$LIST 

$TITLE, " ••. " 

$ SYNTAX 

$STACK 

$DUMP*ab,cc 

$NOCHECK 

$DEBUG,n(m) 

Do not list subsequent source cards. The compiler normally 

lists all input cards. 

List subsequent source cards: this undoes a previous $NOLIST. 

start the program listing on the next page, and place 

" "(up to 30 characters) as a title in the middle of 

the heading line. 

Analyze the program for syntax errors, but do not execute. 

Dump the current parsing stack if a pass 2 syntax error should 

occur, with the most recent syntactic element listed last. 

Dump certain internal tables during a compilation. This 

option in general is used only by those maintaining the 

compiler, but is documented here for the sake of completeness. 

Since its use significantly increases the amount of printed 

output for even small compilations, random experimenting is 

discouraged. See the table at the end of this section. 

Omit checking su~script ranges and reference compatibility 

and omit initialization of variables to 

"undefined". 

Activate the tracing, statement counting, and post-mortem 

dump facilities of the ALGOL W system. 

The single digit n specifies: 

o nothing fancy (use this to minimize the space used by 

the system). 

1 a post-mortem dump of all the program's variables if 

execution terminates abnormally, else nothing. 

2 the above plus counts of how often each statement was 

executed. 
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3 the above plus a statement-by-statement trace of each 

value stored. 

4 the above plus a trace of each value fetched. 

If tracing is spec ified ($DEBUG, 3 or $DEBUG, 4) and the standard 

procedure TRACE (cf. Section 7.8.6.) is not used, then 

each ALGOL statement will be traced in symbolic form the 

first m times it is executed. Each time a statement is 

traced, it produces at least two lines of output (included 

in the run-time limit), so a 100 statement program with 

$DEBUG,3(2) will produce at least 400 lines of output 

(unless it dies an early death) • 

THE DEFAULT IS $DEBUG,l post-mortem dump, but no counts 

or traces. 

The following abbreviated control cards are acceptable: 

$DEBUG 

$DEBUG,x 

for $DEBUG,4(2) 

for $DEBUG,x(2) 

(no DEBUG card) for $DEBUG,l 

All variables are initialized to a bit pattern considered 

to represent an undefined value (printed in the traces and 

post-mortem dump as "?"). For some data types, all bit 

patterns can be valid, so valid data can appear to be 

undefined. 

See Section 4, page lll, for a detailed explanation of the debugging 

facilities. 
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$NORM,a,b Activate the floating-point significance tracing facilities 

of Algol W. This facility interprets the operation of each 

floating-point add and subtract executed by the program, 

counting the number ,of base 16 digits of pre shift and postshift. 

If these shifts exceed the limits specified by a and b 

respectively, then a ene-line SIGNIFICANCE ERROR message 'is 

written. This facility allows the user to examine inaccuracies 

in his computer result s which are due to either 

(1) adding/subtracting numbers of widely varying sizes, 

involving large pre-alignment shifts,. 

or (2) effectively subtracting numbers which are almost equal, 

involving large post-normalization shifts. 

The parameters a and bare one- or two-digit numbers in 

the range 0-16. Preshifts > a or postshifts > b will cause 

a significance error. The table below is a summary of the 

hardware and interpreter meanings of the shift counts (" larger" 

and "smaller" refer to absolute values of the operands, and 

"digit H refers to a base 16 digit). 

o 
1-5 

6 

7 

8-13 

14. 

15 

16 

REAL operands 

Trace all add/sub. 

Trace if more than a few 
digits of smaller operand 
are lost. 

Trace if only one digit of 
smaller operand is retained 
as guard digit, or none at 
all. 

Trace if operands are incom­
mensurate; result is larger 
one. 

Tracing off. 

TraCing off. 

TraCing off. 

TraCing off. 

105·1 

LONG REAL operands 

Trace all add/sub. 

Trace if more than a few 
digits of smaller operand 
are lost. 

Trace if more than a few 
digits of smaller operand 
are lost. 

Trace if more than a few 
digits of smaller operand 
are lost. 

Trace if more than a few 
digit s of smaller operand 
are lost. 

Trace if only .one digit of 
smaller .operand is retained 
as guard digit, or none at 
all. 

Trace if .operands are inc.om­
mensurate; result is larger 
operand. 

TraCing off. 



b 

o 

1-5 

6 

7 

8-13 

14 

15 

16 

REAL operands 

Trace if post-normalize by 
more than a few digits. 

Trace if only digit of 
result is guard digit or 
result is O. 

Trace if result is exactly 
O. 

Tracing off. 

Tracing off. 

Tracing off. 

Tracing off. 

2. COMPILER OPI'IONS 

LONG REAL operands 

Trace all add/sub. 

Trace if post-normalize by 
more than a few digits. 

Trace if post-normalize by 
more than a few digits. 

Trace if post-normalize by 
more than a few digits. 

Trace if post-normalize by 
more than a few digit s . 

Trace if only digit of 
result is guard digit, or 
result is O. 

Trace if result is exactly O. 

'rracing off. 

FOR A ROUGH LOOK AT A NUMERICAL PROGRAM, $NORM,3,3 IS 
RECOMMENDED. 

If a significance error occurs, the following message will be 

printed: 

**** SIGNIFICANCE ERROR NEAR xxx IN yyy: 1111 ~ 2222 ~i~~ = zz **** 

where xxx is the coordinate number of the statement being 
executed. 

yyy is the name of the procedure being executed. 

1111 is the first operand, in decimal. 

2222 is the second operand, in decimal. 

+ is + for a floating-point add, - for a subtract. 

zz is the number of base 16 digits actually shifted. 

To keep the amount of printed output meaningful, the message 

will be printed· only for the first 10 times that a significance 

error occurs at each coordinate. The tenth message will have 

three dots instead of the last three asterisks. The limit of 

ten messages can be changed during execution via the standard 

procedure TRACE (cf. Section 7.8.6), allowing the user to turn 

off the- significance checking in part of a program and then to 

turn it on again. 



2. COMPILER OPrIONS 

For each coordinate, a count is kept of how many significance 

errors have occurred in that statement. These counts are 

printed as a small table at the end of execution. The table 

has a maximum of 49 entries, plus one overflow entry that 

totals all lost counts as occuring at coordinate 0000. Any 

individ.ual count greater than 65534 is printed as "65535+". 

Overhead: Using this facility increases the size of the machine 

code generated by about 3% to 5% (8 bytes for each floating 

add/ sub). The interpreter slows down the execution of each 

floating add or subtract by about a factor of 100, but in 

typical programs, the overall slowdown wi.ll only be a factor 

of 2 or 3. If TRACE (0) is used to turn off the interpretation 

except in selected portions of a program, the increase in 

execution time can be as low as 10%. 

Restrictions: 

(1) When actually source tracing with $DEBUG,3 or 4, 
floating-point operations will not be interpreted. When 

the $DEBUG interpreter is not operating (typically after 

a statement has been executed twice), then the significance 

interpreter can. 

(2) This facility cannot be used with $DEBUG,O or with 

separate compilation, linkedit, and execution. 
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2. COMPILER OPrIONS 

$DUMP* options 

The $DliMP* card specifies two things: what tables to be dumped, and 

which segments in the program the dumping applies to. For example, the 

360 machine code for only one of many procedures can be dumped. 

General format: 

$DUMP*ab,cc 

a is a single digit and is ignored. 

b is a single digit and asks for some combination of 5 tables to be 

dumped. 

cc is exactly two digits -- a number in the range 0 to 63, or two blanks. 

If cc is blank, then tables for all segments will be dumped. 

If cc is a number, then the machine code for only that segment will 

be dumped. Many $DUMP* cards may be used to specify more than one 

segment. If the b digits are different, the last one is used. 

tables dumped: 

pass3 pass3 
b digit 

pass2 
parse tree 

pass2 
nametable 

pass2 
editcode 

(hex) 
360 code wi some 
addresses missing 

360 code wi most 
addresses inserted 

0 

1 

2 

3 X 

4 X 

5 X 

6 X X 

7 X X 

8 X X 

9 X X 

x 

x 

X 

X x 
X 
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3 • SEPARATE C OMPILATIONE 

3. Linkage to Separately-Compiled Procedures 

ALGOL W provides a facility for pre-compiling procedures and linking 

them back together again. For small programs, it is not worthwhile to 

use this facility, since re-compiling a procedure may be faster than 

punching an object deck and reading it back in. A facility is provided 

for generating standard IBM linkages for calling FORTRAN programs. 

3.1 Compiler Organization 

As shown in the diagram below, there are actually two versions of the 

ALGOL W compiler; both versions use exactly the same code for the various 

phases of the compiler and for the run-time library, but the monitor 

phase is slightly different. The compile, load, and go incore version 

is called ALGOLW; it can handle object decks only in a crude way, but 

its in-core loader handles the debugging feature information. The 

compile only version is called ALGOLY; it produces standard 08/360 object 

decks, but cannot pass any debugging information (so $DEBUG,O is forced). 

The output from ALGOLY can be link-edited with other object decks or load 

modules, including those produced by Fortran G or H. In order to be 

executable, the object decks from ALGOLY must be link-edited or loaded 

with the ALGOL library and with the ALGOL run-time monitor (ALGOLX). To 

facilitate this, all object decks for ALGOL main programs include 

external references to the monitor and to the library. 

The restricted object deck facility for the compile, load and go 

version only handles: 

1) object decks 

2) of procedures (not main programs) 

3) from ALGOL W 

4) run with no debugging features ($DEBUG,O) • 
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3 - SEPARATE COMPILATIONS 

If a procedure declaration is compiled and a //SYSFUNCH DD card is 

supplied, then an OS/360 object deck for that procedure is produced. This 

deck can then be used with the link-editor or OS/360 loader as: above, or 

it can be read back into the compile, load" and go system when the main 

program is ccmpiled. For this purpose, the deck setup is exte11lded to: 

§§ 

§ 

§{ ~GOL 

$DEBUG,O (must be specified) 

(main progra,11) 

§ { ~BJ.F.r!T 
(procedure object deck(s» 

{ ~ATA 
§ (data) 

/* 

Optional. 

§§ May be repeated -- second and following %ALGOL cards 

are required. 
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COMPILE, LOAD, and GO INCORE 

COMPILER 

(ALGOLW) 

3. SEPARATE COMPILATIONS 

COMPILE and use OS/3&J 

LOADER or LINKEDITOR 

Source 

COMPILER 

(ALGOLY) 
, 

.M 
(OB~T DECK) 

INCORE OB~T CODE 

AND DEBUG INFO 

, 
\ 

\ 

109 

aI'HER ALGOLW 

O~T D:EI!KS 

ALGOLW 

LIBRARY 
and MONITOR 

(ALGOLX) 

O~T DPI!K 

OS/3tJJ LOADER 

or LINKEDITOR 

FORTRAN 

OBJECT DECKS 



3. SEPARATE COMPILATIONS 

3.2 Control Cards for Using OS/360 Loader 

Three catalogued procedures are provided: ALGOLCG, ALGOIC, and 

ALGOLG, for compile and load, compile only, and load only respectively. 

In all of them, the object decks are passed in the same way that 

Fortran object decks are passed, so (for instance) ALGOLC and FORTHC can 

be intermixed and followed by ALGOLG. The stepnames are COMP and GO. 

Parameters given on a %ALGOL card are not passed to the GO step; instead, 

the EXE:! card parameter field is decoded the same way. 

Example: 

/ / STEPA EXn:: ALGOLCG, PARM. GO= 'MAP, EP=ALGOLX/TIME=5, PAGES =15 ' 

3.3 Ca1ling External Procedures 

In a program which ca1ls an external procedure, a dummy procedure 

declaration and body are used to establish the proper correspondence 

(cf. Section 5.3.2.4). The symbols algol and fortran in that dummy body 

indicate the use of ALGOL Wand standard IBM linkages respectively; the 

associated string is extended (with blanks) or truncated to eight characters 

and is used as the entry point name of the external procedure. For a 

FORTRAN external procedure, the entry point name is just the name of the 

FORTRAN subroutine or :f\.mction. For an independently compiled ALGOL W 

procedure, the entry point name is the procedure identifier extended 

(with" * "s) or truncate<i to five characters and followed by "001" . 
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3. SEPARATE COMPILATIONS 

Example: 

first 
compilation 

INTEGER PROCEDURE MYFUNC'II:ON(REAL VAIlJE X) ; 

BEGIN INTEGER I; 

I 

END. 

BEGIN 

INTEGER K,L,M; 

REAL A,B; 

second 
canpilation 

INTEGER PROCEDURE YOURFUNCTION(REAL V.AI1JE Y); 

ALGOL "MYFUN001"; 

K : = YOURFUNC T ION (A) ; 

END. 

A FORTRAN subroutine or subprogram can be used as a.ri AInOL W procedure. 

The type correspondence between ALGOL W and FORTRAN is given by the 

following table: 

ALGOL W 

integer 

real 

long real 

canplex 

~ complex 

logical 

string (n) 

bits 

reference 

IBM FORTRAN IV 

INTEGER*4 

REAL*4 

REAL*8 

crnPLEX*8 

COMPLEX*16 

LOGICAL*l 

(LOGICAL*n) 

LOGICAL*4 
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3. SEPARATE CO~LATIONS 

string f\mctions are not implemented. The following formal parameter 

types are allowed and are interpreted as indicated: 

(1) (simple T type) 

The corresponding actual parameter is examined. If that parameter 

is a variable, the address of that variable is computed (once only) 

and transmitted. otherwise, the expression which is the actual 

parameter is evaluated, the value is assigned to an anonymous local 

variable, and the address of that variable is transmitted. 

(2) (simple T type) value, (simple T type) result, 

(simple T type) value result 

As in ALGOL W procedures, a local variable unique to the call is 

created, and the address of that variable is transmitted. 

(3) (simple T'type) array 

The address of the actual array element with unit indices in each 

subscript position is computed and transmitted, even if that element 

lies outside the declared bounds of the ALGOL W array. lttrays with 

only one dimension and arrays with unit lower subscript bounds will 

have elements with indices which are identical in ALGOL W and 

FORTRAN routines. lttray cross-sections should not normally be 

used as actual parameters of FORTRAN subprograms. 

If FORTRAN input/output or FORTRAN error handling facilities are :to be 

used, the subroutine package IOCOM, or a suitable substitute, is required. 
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Example: , 

Al.gol W 
compilat ion 

Fortran 
c ompilat ion 

:3 • SEPARATE C CHPILATIONS 

BEGIN 

COMPLEX Z; 

COMPLEX PROCEDURE COMPLEXOO,RT(COMPLEX VALUE A); 

FORrRAN "FAKEIT"; 

Z := COMP'L.EXSQRT(Z) ; 

END 

FUNCTION FAKEIT(X) 
COMPLEX FAKEIT, X 
FAKEIT = CSQRT(X) 

RETURN 

END 

llO.3 



· 4. COMPILER .OUTRJT 

4. Compiler Output 

4.1. Introduction 

The printed output of the compiler consists of five general 

cat egories : 

1) Source card listing 

2) Error messages 

3) Run-time and tracing output 

4) Statement counts 

5) Post-mortem dump 

The amount of output in some of these categories can be controlled 

by various compiler options (cf. Compiler Options, page 104). 

1) $NOLIST, $LIST, $TITLE. 

2) No control. 

3) $DEBUG,3 or $DEBUG,4 activates the tracing.· The standard 

procedure TRACE (cf. Section 7.8.6.) dynamically controls the 

trac ing output. 

4) $DEBJG,2, 3 or 4 activates the statement cOunts. 

5) If a program terminates with a run error and $DEBUG,O was not 

used, a post-mortem dump is produced. 

(In the explanation which follows, circled numbers are keyed to the 

circled numbers on the sample output.) 

4.1.1. Source Card Listing 

The source listing consists of four col1:JJlIls of output: 

a) Coordinate number G) 
This statement count is incremented once for each semi-co10n 

(except end-of-comment), BEGIN, or ELSE in the program. If there 

are many statements on a card @' the coordinate listed refers 

to the first statement on that card. All error messages and 

tracing information are keyed to the coordinate numbers. 

111 



4 • COMPILER OUTRJT 

b) Block nesting level ~ 
The nesting level counter is incremented by one for each BEGIN 

in the program and decremented by one for each END. The counter 

is printed only when it changes; then the first character in 

this column refers to the nesting level of the first BEGIN on 

the card, and the second character refers to the nesting level 

of the last END on the card. If you have the proper number of 

BEGINs and ENDs, the nesting level for the last card should 

be 1. 

c) Card image CD 
Columns 1-72 of each card are printed exactly as they were 

read. $ option cards are ~ot printed. 

d) Sequence field 0 
Columns 73-80 of each card are printed here, with eight spaces 

between column 72 (card image) and column 73 (sequence field) (§). 

The source card listing is followed by a line giving the options 

which will be in effect during the execution of the program ®. These 

include the debugging option (specified by a $DEBUG card), the time limit 

in seconds, the page limit, the word NOCHECK if that option has been 

specified (cf. Section 2, Compiler Options), and the words MARGIN=72 if 

the initial right margin for READ, and READON is set at column 72 instead 

of 80. This last option is set if the source deck is seCluence numbered, 

on the assumption that the data cards are also (cf. Section 7.8.4. for more 

details on margins). 

4.1.2. Error Messages @ 
These are printed immediately after the source card listing and are 

further explained in the Error Messages section of this manual. 

4.1.3. Compile Time and Amount of Code ® 
The last line of the compilation gives the amount of time spent in 

the compiler and either the phrase NO CODE GENERATED if fatal error 

messages occurred, or the phrase (xxxxx, yyyyy) BYTES OF CODE GENERATED if 
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compilation was successful. xxxxx is the number of bytes of /360 

machine language generated. yyyyy is the number of bytes of 

information generated for the debugging facilities: 

$DEBUG,n 
and above information included 

o (i.e., always) Table relating coordinate numbers to program 

1 

2 

3,4 

addresses, for creating RUN ERROR messages. 

Table of names and types of each variable used, for 

post-mortem dump and tracing. 

A compressed version of the source code, for the 

pseudo-listing. 

Additional editing markers in the compressed source 

code, for breaking the tracing at the proper points, 

and for more closely correlating the machine code 

with the source code. 

4.1.4. Run-time and Tracing Output 

This category includes an optional statement-by-statement trace of 

the program as it executes Cl) (explained in more detail below), any 

output that the program itself produces in WRITE and WRITEON statements ~, 

and perhaps a run error message saying why the program terminated (2). 
If the tracing were turned off, the output would look like that on page 

118. 

4.1.5. statement Counts 

This optional print-out consists of a pseudo-listing of the 

program @ with coordinate numbers @ and counts of how many times 

each statement was executed @. To determine how many times a particular 

statement was executed, follow the vertical bars straight up and to the 

113 



4. COMPILER OUTRJT 

left until a number is encountered. For example, the statement count 

for the IF at coordinate 0012 is found by following the bars up to 

coordinate 0005, then up and left to the 6. on the preceding line; 

if this path goes through the statement where the program terminC:l.ted 

prematurely @' then subtract one from the count. Thus, the IF 

statement at coordinate 0012 was executed 5 times (true 1 time, false 

4 times). The pseudo-listing has all the comments removed and is 

formatted to show the block structure of the program. You are encouraged 

to make use of the statement counting facility in order to better under-

stand ~ust where your program is spending its time. 

4.1.6. Post-Mortem Dump 

This error analysis aid @ shows the names and values of all 

variables which were active at the time the program stopped. By looking 

at the values of the variables used in the last statement executed @, 
it is easier to determine what (if anything) went wrong. The exact 

format of the dump is discussed below. 
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0000 1-
0001 
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.~ TRACING "UPH: 
"002 1. --I .... ILE TRUE DO 

• - ~UEi 
1)0('3 

G) 
1.--1 SUM :a COUNT :a 0 

CWNT :- 0; SUM :- 0; 
0004 1.--1 REAOONCNUMBt 
INPUT RfCORO: "I l 3 -1 29. " NUMB :a 1i 
00t)5 1.--1 WR IT EON( NUMB. 

NUN8 • 1: 

0006 1.--1 WHILE NUMB - -1 00 
NUMB - 1; .. - TRUE.; 

C',)01 1.-- , SUM :- SUM + NUMB 
SUM • 0; NU .. B .. 1; SJM : .. 1; 

0008 1.--' COUNT :- COUNT + 1 
COUIIT • 0; COUNT :- I: 

OC09 1.-1 REAOON(NUMSI 
HU .. ,- 2; 

0010 1.--' NRlTEONCNaM8, 

@ 
NUMB .. 2; 
2 

t)C06 (WHILE NUMB .... -It 
MJMB .. 2: • • TRUE; 

0007 2.--1 SUM : - SUM + NUMB 
SUM .. 1; NUMB • 2; SU" :. 3. 

OC08 2.--1 (WhT :. COUNT + 1 
COUNT - 1; COUNT :- 2; 

0009 2.--1 REAOON( NUMB. 
NU-M8 :- 3; 

01)1(1 2.-- J Nti. ITF ON ( NU-MfU 

J:: NUMB .. 3; 
VI 3 

0006 (WHILE NUMB ... - -11 
MJMB - 3; . - TRUE; 

-1 

-> TRACING (MAIN) : 
0011 1.--' IF COUNT • 0 THEN 

COUNT • 3; • - FALSE; 
0011 1.--1 WR I TE ( ·COUNT ", COUNT, "SUM ", SUM, "AVERAGE ", SUM'COUNT, 
COUNT 

@ 
COUNT .. 3; 

3 
SUM r 

SUM .. 6; 
0 6 

I AVERAGE 
SUM" 6; COUNT .. 3; 

2.00000001)00QOOO 
')013 1.--1 10CONTROLC 2. 

i J002 (NHIL E TRUE. 
... TRUE; 

0003 2.--1 SUM : .. COUNT :- 0 
COUNT .: = 0; SUM := 0; 

0004 2.--1 REAOONCNUM8. 
INPUT RECORD: "~7 32 21t 8B 1 o 2 -1 JO. .. 

NUMB ,- 571 

.&xecution OutlNt tor the Preee<UlI8 Progrq 



0005 2.--1 ~ITEON(NUMB. 
NUMB • 51; 

51 
~OOb 2.--1 WHILE NUMB , . -1 00 

NUMB • 51; • • TRUE; 

32 Zit 1'8 1 0 2 -1 

a) TRACING CMAlNI: 
0011 2.--' If COUNT • 0 THEN 

CWNT • 1; • • fALSE; 
0011 2.--' WR. TE • ·COUNT ., COUNT, ·SUM ., SU~t ·AVERAGE ., SUM/COUNT) 
COUNT 

COUNT • 1; 
7 

SUM 
SUM • 2O~; 

20<\ 
AVERAGE 

SUM • 20~; COUNT • 1. 
29.1~2'571~2851l 

0013 2.--, 10CONTROL(Z) 

0002 (WHILE TRUE) 
• • TRUE, 

0 0 -1 
COUNT 2 SUM 0 AVERAGE 0 

-1 

-> TRACING CMAIN )I 
0011 1.--1 WRITE ,·eMPTY GROUP·. 
E/ltPTY GIlOOP 

~ 5 6 1 -1 
COUNT It SUM 22 AVOAGe 5.50000000000000 

----------------...-----------------------------------------_.-----------........-----------~~ ... ------~---------
(2)RUN ERROR MEAR COORDINATE ooo~, IN CMAIM) 

000.15 SEC~DS IN EXECUTION 

- READER EOF 



"'~)(ECUT@N FLO'" SUMMA~ 

:J~ 1.--1 BEGIN 
0001 I INTEGER SUM. COUNT. NUMB; 
0002 I WHILE TRUE 00 
0002 6.--1 BEGIN SUM:- COUNT :- 0; 

0004 ER~OR @ ----i------~~~-;;~;;;~------------------------------------------------------------------------
ERROR -------------------------------------------------------------------------------------

0005 
0006 
0006 
0010 
0011 
0011 
0012 
0013 
0013 
0013 

I 
I 16.--' 

I 
5.--1 

1.--1 4.-- , 
5.--1 

I 0.--' END 

.,AI TEONI HUMS.; 
NHILE NUMB - -1 DO 

BEGIN SUM:- SUM + NUMB; COUNT:- COUNT + 1; READOHINUMB.; 
END; 

IF COUNT - 0 THEN 
"RITEI-EMPTY GRUUP-J ELSE 
.,IUTE (-COUNT -, COUNT, -SUM -, SUM, -'VERAGE -, SUM/COUllln; 

IOCONTRQU 2. 
END 

@ -> TRACE OF ACTIVE SEGMENTS 

-> SEGMENT NA~E: 'MAIN. 

VALUES OF lOCAL VARIABLES: 
SUM • 0 COUNT • 0 HUMI - -1 

.. RITE .... (NUMBI 

I 
i 



2 
COUNT 3 SUM 

51 32 
COUNT 7 SUM 

o " COUNT 2 SUM 
-1 

EllltPTY GPOUP 
4 5 

COUNT SUM 

6 

204 

c 

3 
AYE RAGE 

Z4 
AVERAGE 

-1 
AYERAGE 

6 
22 AVERAGE 

-1 
2.00000COOOOOOOO 

88 
29.1428571428511 

o 

1 
5.50000000000000. 

1 o -1 

i 
-1 i 

~ 
---------------------------------------------------------------------------------_ .. _---------------------.------------------------~ RUN fPROR NEAR COOROINATE OO~. IN (MAIN) 

000.03 SECONDS IN EXECUTION 

a) TRACE OF ACTIVE SEGMENTS 

-> SEGMENT NAME: (MAINI 

VALUES OF lOCAL VARIA8lES' 
SUM - 0 Cuu.T • 0 

- READE ... EOF 

HUM. • -1 



4. COMPILER OUTJUrr 

4.2. Details of the Tracing Output 

The tracing features of ALGOL Wallow the programmer to watch the 

statement-by-statement execution of his program. The tracing output 

consists of four kinds of information for each statement: 

a) The coordinate of the statement. (g) 
b) The number of times that statement has been executed. 0) 
c) The source statement itself. ~ 

d) A description of the values used in the statement. ~ 

There are special notations for procedure calls, for iterations and for 

showing data cards. 

4.2.1. Basic Notations 

For each value fetched during the execution of a statement, the 

fetch and store trace ($DEBUG,4) prints VARIABLE NAME = VALUE 0. 
The store trace only ($DEBUG,3) suppresses all of theDe fetch values. 

For each value stored (assigned), the tracing prints 

VARIABLE NAME := VALUE (1). For each logical expression in an IF or 

WHILE statement the value of the expression is printed as * = TRUE ~ 

or * = FALSE ~ . If tracing is suspended because the next statement 

has already been executed m times (cf. Compiler Options for details of 

$DEBUG,n(m) ) or because the TRACE function is used, then three dots are 

printed Q @ . The second and subsequent times through a WHILE or 

FOR loop are indicated by the WHILE or FOR statement in parentheses ~ (20. 
Whenever a new card is needed by READ or READON, the complete card image 

is printed as INRJT RECORD: rr 80 characters It @. Note that in general 

string values are printed with quotes on each end, but any quotes within 
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the string are not doubled. Reference values are printed as 

Recordclass . #= ,where #= is a unique number (in order of allocation). 

4.2.2. Procedure Call Notations 

-+ XYZ; 

~ TRAC ING XYZ; 

(PARAMETER ASSIGNMENT) 

Indicates a call to procedure XYZ ~. 

Indicates that a new procedure is being 

traced @. 
A dummy statement indicating whatever 

calculations must be performed in binding 

the actual parameters to the formal 

parameters @. 
«PARAMETER IN xxx AT yyyy: trace» 

FPARM : - APARM 

FPARM r • - value 

If the actual par~eter is an expression, then 

this notation gives the name of the calling 

routine, the coordinate of the call, and a 

trace of the expression evaluation @ @. 
Note that in the first example given, the 

expression MAKE LONG (I) is actually another 

procedure call, whose tracing terminates about 

25 lines later. There is a second example @ 
on the next page. 

Indicates the correspondence between the formal 

parameter and the actual parameter @ . 
In the case of VALUE and VALUE RESULT 

parameters, this indicates the value assigned 

to the local copy of the formal parameter @. 
The local copy is then used inside the 

procedure @. 
Used as the name of an expression which 

otherwise has no name @ . 
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xyz( •• ) value 

4. COMPILER OUTRJT 

Indicate~ the value returned from a function 

procedure @ @. This notation is 

preceded by a blank line to indicate a 

return to tracing the calling procedure. 
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-) lRA'ING (-AIN. : 
COOl 1.--1 

• 23 15 3It5 

• 12 It~ 61 
"S 2~ 2.2 
It5 29 16 
It5 B -28 

I 55 11 5 

-> TRACUtG U.HGDIY: 
0245 1.-7' 1 

-> TRAClHG COp'f : 
C08C 1.--1 

(DC:C81 Q) 1.--1 

008, 1.--1 

(l083 1.--1 

C081t 1.--1 

OC85 1.--1 

«lOa3 ® 
o celt 2.--1 

OCIS 2.-l 

C083 G) 
«lOa7 1.--1 

0088 1.-, 
a2lt6 1.--1 

.> TRACING zelie: 
C017 1.-1 

~ C247 1.--1 

C2lt8 1.--' 
02-\9 1.--1 

02!50 1.--1 

TRACE (OJ 

3 It 5 
6 1 
2 2 
1 () 

2 8 
o 

RM := COPY(N. 
-) Copy; 

<PJRA~ETER ASSIGNMENT> 
~ IN :- Nt i NI .. RIiQOE.32; IN':- RNOOE.3Z; 
~p := IN 
'5' IN' == RNOOE.32; P:- RNOOE.32; 
\l.,I Q :.:: NUlL 

Q := NULL; 
WHILE p _a hUlL DO 

p - RNODE.32; ... TRUE: 
, :- RNCDECQ, VAlep •• 
C = NULL; LINKCRNOOE.36':z NUll; 
YAL(RHOOE.l6' := 5; Q:2 RHODe.36; 

P := lIt-KCP) 

P - RNDDE.JZ; VAL'.NOOE.3Z. • 5; 

p ~ RNOOE.32; LIHK(RNODE.32'" RNODE.)3; 
(WHILE P -= NULla 

p .. RNODE.33; •• TRUE; 
Q := RNODECQ, VALep •• 

<D 
, I- RMDOE.3l; 

Q = RHODE.36; l(NK(RNODE.37):. RNODE.36; '.- RMaDE.)l; 
VAL(RNODE.37) :- 5; Q:= RNODE.31; 

P :- LIM"") 
p a RNODE.33: LINKCRNODE.33J. NJLL; ,:- NUlLI 

(WHILE P _a ~ULl) 
P a NUlL; •• FALSE; ~,lD 

REVERSE( QJ 
-) REVERSE; 

Q 

Q - RNOOE.36; 

COPY( •• ' = RNODE.l6; RM:a RNODE.36; 
Q :- ZERO 
-> ZERO; 

RNODE' NUll, o. 
Ll~KCRN~DE.38) := NULL: VAl(~NODE.38J:- 0; 

ZER~ .. RHOOE.1S; Q:~ RNODE.l8; 
IN := LE~TH(HI 
-> LENGTH; lENGTHC •• ):II 2; LN :.= 2: 

lO :a lENbTHC 01 
-> LENGT~; LENGTHC •• ). 2: LO:- 2; 

If L~ < LO THEN 
IN .. 2: LO - 2; 

REYERSE CRN) 
-) REVERSE; 

... FALSE; 

Tracing Output ~,4(2» 

VALCRHODE.33J • 5; 



a> TRACING (MAlhi: 
COOl 1.--' 
0)28 1.--' 

0329 1.--1 

03)0 1.-1 

~ OUI 1.--1 
~ INPUT aECORD: ·9~ 999 

0332 1.-1 

@ -> TRACIHG LC~(j"PY: 
C194 1.--1 

~ 

a> TRACING MAKEtCNG: 
001~ 1.--1 

C016 

Gon 

0018 

0019 

0020 

OOZl 

0022 

0023 

0021t 

0019 

0026 

-> TRACIN~ 
COllt 

()016 

0017 

0018 

0019 

0020 

1.--1 

1.--1 

1.--1 

1.--1 

1.--1 

1.--1 

1.--1 

1.--1 

1.--1 

1.--1 

MUELONG: 
2.--1 

2.--1 

2.--1 

2.--1 

2.--1 

2.--1 

'hTFIE~oSllE := 3 
81GM :a 10 

81G'" :- 10; 
HALF" :- 5 

HALF .. :a 5: 
"HILE TRUE DO 
• = Ti(UE; 

REAOOIH I, J) 

I :- 99; J:- 999; 
R :.aLONG"PY(MAKELONGIII, MAKElONG(JII 
-> L'lNGMPY; 

<PARAMETER ASSIGNMENT> 
« PARAMETER IN (MAINI AT 033Z: - > "AKELONG; 

<PARAMETER ASSIGNMENT> ~ 
INT :- I; I· 99; INT':- 99; 

ANSWER :z RNOOE(NUlL, INT REM 8IGMI 
lINKCRNOOE.1) :- NUll; lNT',. 99; BIGM - 10; VAleRNODE.11 sa 9; AN$Wea sa RNODE.1; 

RZ :: ANSWER 
ANSWER = RNODE.1; R2:- RNODE.l; 

INT2 :a INT DIV 81GM 
INT' • 99; 81GM = 10; INT2:- 9; 

WHILE INT2,= 0 DO 
INTZ • 9. . = TRUE; 

R :a RNODE(NUlL, INT2 REM 8IGM) 
LINK(RNUDE.Z) := hUll; HH2" 9; SIGN - Il; VAl(RHODE .• lI:- 9; ,,:- RNOOE.2; 

ASSERT lINK(RZJ - NUll 
RZ :: RHODE.1; lINK(RNDOE.1J:: NUll; 

L1NK( Rl. :- R 
R2 = RNUDE.l; R a RHDDE.2; lINKCRNODE.lt s- RNODE.2; 

RZ := R 
R a RHODE.2; RZ:= RNODE.2. 

INTZ := INTZ' DIV BIGM 
INT2 ,. 9': 81GM = 10; INTZ:- O. 

(WHILE INT2,. Ot 
INTZ • 0: •• FALSE; 

ANSWER 
ANSWER:: RNOOE.1; 

MAKElONG( •• ) :: RHODE.I; »~ 
Nl :- ,; f:: RHUDE.l; N1· s= RN~DE.1; 
« PARAMETER IN (MAINI AT OJ32S -> MAKElONG; 

(PARAMETER ASSIGNMENT> 
INT :- J; J ~ 999; INTI := 99q; 

ANSWER :~ R~QDE(~ll, INT RE'" 8IG~1 

llNKIRNODE.3) := NUll; INTI:: 999; 81GM = 10; VAl(R~aDE.11:- 9; ANSWER I. RNODE.); 
RZ := ANSWER 

ANSWER:: RNUDE.3; R2:= RNODE.3; 
IHTZ := INT DlV BIG~ 
INT' = 999; BIG~ = 10; INT2:= 99; 

~HllE INT2~ 0 DO 
lNfl s 99; • = TRUE; 

R :- RNUDE(NUll, INT2 RE~ BIGM) 

Tracing Output continued 



I\) .... 

OCll 

OCU 

C023 

OOl't 

C019 

Z.--I 

Z.--I 

2.--1 

2.--1 

LINKCRNOOE.4' := NULL; INTl z 99; 81G" z 10; YILCRNODE.~':. 9; R:- R"lDE.~; 
ASSERT LINKe R2) :: ,'4ULL 

P.2 :: RNOOF..3; LlNKfRNOOE.]t z NUll: 
LI ~t< C R2) : = ~ 

R2 ~ RNuDE.l: R E RNODE.4; lINkCRNODE.3):- RNDDE.~; 
R2 := R 

R = ~~UOE.4; R2:- RNOOE.4: 
INfl := INTZ 011 BJ~~ 
INf2 a 99: 8IG~. 10; INT2:- 9; 

C~~ILE INT2 ~= 0) 
INTZ • 9: • _ fRUE; ~ 

-> TRACING "A~ELONG: 
0026 2.--1 ANS~ER 

Q197 

C198 

0199 

C200 

0201 

Q202 

0202 

020] 

0207 

0208 

0209 

0210 

0211 

-> TRACING 
0015 

C07S 

0212 

-> TRACIN~ 
0013 

A~S~ER • RNODE.l; 

"AKELONGC •• ' os RNODE.]; » 
N2 :- t; ,. RNODE.3; H2':- RNODE.3; 

1.-1 P :- Nl 
Nl' a RHODE.I: P:= RN~DE.l: 

1.--1 Q := N2 
HZ' _ RNODE.3; Q:= RHOOE.]. 

1.--1 R :- RNOOECNUlL, 0) 
l·lhKCRNiiJOE.6t :- NULL: VALCRNOOE.6J:= 0.; R:- lNODE •• , 

1.--1 ANSWER :- R 
R :: RNODE.6; ANSWER:· RNilOE.6; 

I.-I RIGHTPARTIAl :- R 
R a RNOOE.6; R1GHTPARTIAl:- RNDDE.6; 

1.--1 IF (VALCP. a or AND (lINKep. _ NUlLI) OR «(YALta.· O. AND CLINKCQJ. NULL •• THeN 
P = RHODE.li YALCRNODE.1) - 9: Q = RNODE.3; YAL(INODE.) •• 9; •• FALSE. 

1.-- I WHilE P ~- NULL DO 

HIGH: 
1.-1 

1.--1 

LOw: 
1.-1 

P • RHODE.l; • a TRUE; 
1.--1 IF RIGHTPARTU .. _ NULL THEN 

RIGHTPARTIAl - RNOOE.6; •• FALSE; 
1.--1 R :- RIGHTPARTIAl 

RlGHTPARTJAl • RNODE.6; R:. RNODE.6: 
1.--1 C :a 0 

C :a 0; 
1.--) Q :: N2 

NZ' & RNODE.); Q:= RNODE.3; 
1.--1 WHilE Q,. NUll 00 

Q - RHODE.3; • - TRUE; 
1.--1 A :3 HIGHCYAl(P •• VALCQI) 

-> HIGH; 

<PAhA"ETER ASSIGNMENT> 
'24'. «PARAMETER IN lONGMPY AT 0211: 
~ VAL(RNOOE.3) = 9; » 

N'-J"B :- N; f# .. 81; NUMB':= 81; 
NUMB DIY BIG" 

NUMB' 2 81; 5IG" 2 10: 

1.--1 ® HIGHe •• ) s 8: A:: 8; 
B := LOWIYAl(p)*VALeYJJ 
-) LOW: 

(PAR4METER ASSIGNMENT> 

P s RNODE.1; YALCRNBOE.lt • 9; Q • IUIOOE. II 

« PARAMETER IN lONGMPY AT 0212: p:: RNODE.l; VAlIRNDDE.I). 9; Q. RNODE.3; 

Tracing Output continued 



4. COMPILER OUTFUT 

4.3. Details of the Post-mortem Dump 

The post-mortem dump begins with ~ TRACE OF ACTIVE SEGMENTS ~, 

then the complete call chain is printed starting with the procedure which 

was active at the point of termination and working back to its caller, 

etc. For each procedure, the following information is printed: 

a) The name of the procedure ~.. The outermost procedure is 

called "(MAIN)" and a simple BEGIN block is named "(BLOCK)" . 

b) The names and values of the local variables in the procedure ~. 
Unini t ialized values print as "?" CD. Local copies of 

parameters are named with primesC§). Strings are printed with 

a single quote added on each end, but quotes within the string 

are not doubled. At most eight values are printed from an array, 

usually the first seven and last one ® @. Reference values 

are printed as Recordclass.:IF ,where:IF is a unique number 

(in order of allocation). The control variables in FOR statements 

are all distinct even if they are spelled the same way. So if 

I is used in many FOR statements, it will be dumped many times @ . 
c) The name of the calling routine and the coordinate of the call @. 

For NAME parameters, a procedure may be re-entered (environment 

re-established) to evaluate the corresponding argument ® ~ . 
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\.292 
0296 
0297 
(;2';8 
0298 
029" 
OlC;S 
029A 

18.--1 
I 

8EGt~ I'UI):= I: W(It:a l/(Z.Nr..I; nC~, II := 1.0; 
£hO: 

1 
I 

lINP~OG(~U • 1, 2*NN. NU • 1, B. ~B. C. W, l. I~. c~~I; 
IF E~P ~= 1 THE~ 0.--' 

0.--1 0.--' 
E,..O 

(!) -) T~ACE OF ACTIVE SEGMENTS 

-) SEGMENT NA!lltE: A.e 

W~ITE(·E~~O~ hOe ., ERRt elSE 
FOR 1:= C STEP 1 UNTIL Z*N - 1 DO 

WFITEf"I~OEX ", INC It. • VALUE ", Wfltl 

(!) A8 ~AS REENTERED FROM GMAT, NEAR CooROINATE 0072, TO ACCESS A PAR_METE~ 

w) SEGMENT NA~E: GMAT 

VALUES Of lOCAL VARIABLES: 
AI' • ? CI' • ? 

GHAT WAS ACTIVATED FROM A8, NEAR COORDINATE 0242 

a) SEGMENT N ... E: AB 

G:> A8 "AS REENTERED FR~ TRI SOL V , NE_R COORDINATE 0033, TO ACeE SS A PAHMETEr< 

a) S~GMENT 'lAM!: TRISOlV 

V.l~ES OF lOCAL VARIABLeS: 
FlO' • 1 FIE' a -1 TT 
Q .. EttTY • ? I = ? 

TRISOLV WAS ACTIVATED fROM DECOMPOSE, NEAR COORDINATE 0081 

.) SEGJtE,.T NMEI DECOMPOSE 

VALUES OF lOCAL VARIABLES: 
8(nOM' • 0 

J • ? 
TOP' • 0 

OECCNPOSE WAS ACTIVATEO fROM A8, _~AR COORDINATE 0242 

® a) SEGIlENT NAME: AB 

G) VALUES OF LOCAL VARIABLES: 
01 • 7 OZ • ? 

Aft WAS ACTIVATED FROM lINPROG, N~AR C~DINATE 0249 

a) SEGMENT NAME: llNPROG 

@ VAlUeS OF LOCAL VARIABLES: 

6 """ 8 

CD 
~j' = 18 

QCO' • ? QUI = 7 
Qllt. z ? ~('H 1 

t t4COI a 7 liB) = 7 
0\ H41 .. 1 "'(5 t 1 

w(O. = 7 III(U = ? ,,(4' = ? "(51 1 
yeot • 1 yell 1 
y(ttl a 7 Y(5t 1 
v(O) .. ? vell ? 

I a C 

Qelt 
Q(O. 
H(Zt 
H(I,) 

!PICZt 
w(o) 
Y(2) 
yeo) 
vezi 

Post-mortem DImrp 

? 

1 
? 

... ? 
1 
1 

.. ? 
1 

;: ? 
= ? 

PV • ? 

J • ? 

® 
Q(]I • ? QU. 7 
HCll a ? 
HC81 .. ? 
WC31 a ? 
weRt • ? Y13. '"' ? 
v(at • 1 VUI .. ? 



YCIt' • 1 V,~) :: '1 
010,0' • 1 PU,O' z 1 
P(4,OI :: 1 ~«~,C) s ., 

Ille, a 0 I.Cl. 1 
1"(4' • 4 lXC5 •• 5 
DOCO. • a ROCI' • 1 
aC(41 z ~ ~OC5J • 5 
"l. .. 7 'jlJ :: 17 
r;A~~A ,. ., ~~J • 1 
J • 17 K • ., 
T2 • 1 INfINITY" 7.237005'.75 

@UNPROG "AS ACTIVUED FRO!1 C~AI~H, "tEAR COOROI"tATE 0297 

=) SE~~E~T ~A~E: (~AINJ 

• "AlUES OF LOCAL VAR IABLE:S: 
t .... • q 
J - ., 
B8(0) ,. 1.000000 
l\e'~J • 0 
~IO) 0.05555555 
W(4) = 0.05555555 
C(OI .. 0 
C(4) • 0.0009765625 
PSICOI :: 0 
PSIC41 :: O.~COOOOO 
~CO,OI :: 1.000000 
"C4,0) • 0 
UC-3) :: -0.7500000 
Uell • 0.2500COC 
HdC) • 0 
11\(4) • It 
Z ,. ., 
T :: 16 • 

.. ,. 3 
-.. K 4 
B!H lJ .. 0 
BIU51 • 0 
WCll • ~.05555555 
W(51 a 0.05555555 
CUI • 0 
C(5) .. -0.0009765625 
PStll) ~ 0.1250000 
PSI(S) :: 0.6250000 
BI1,0) :: O.b66bb19 
6(5,0) :: ° 
UC-2) :: -O.500000a 
U(2) = 0.5000000 
INC 11 1 
IN(5) • 5 
I • 7 • 
J .. 7 • 

• LAST VALUE OF CONTROL IDENTIFIER PRIOR TO NORMAL EXIT 

Post-mortem Dump continued 

v (b' = ., 
pez,ol :: 1 
P(~,~) :: 1 (2) 
IXC21 z: 2 
tUb' • 6 
ROe21 • 2 
poeb' • b 
':'Li)HI\ s 1 

1'41 s -1 
L :a 0 
PREVl .. -7.237005'+15 

~IU = 7 
ERR :: 0 
BBe 2 t z C 
88(6' .. 0 
wezi 0.05555555 
web, :: 0.CS555555 
ce21 s 3.051758'-05 
C(b' :: O.001~15771 
PSI(2) ,. 0.2500000 
PSI(6) :: 0.7500000 
6(2,0. ~ 2.666665 
tHb,O) = ° 
U(-l) :: -0.2500000 
U(31 :: 0.75)0000 
IfH 21 • 2 
HUb) • b 
I 2: -3 • 
t = 17 • 

veal :& ., 

PC~.O) • ., 
PU.81 a ., 

UU) • 3 
.-•• IX(26) • ? 

ROU) - 3 
'OfSl :& ~ 
BETA a 0 
I·? 
Tl • ? 
ETA • 9.536143'-01 

1·1 
NNMl • 8 
88(3) • 0 
88(201 • ? 
we3' • 0.C555555~ 
WllOI • ? 
C(3t • -3.0~1758'-05 
CelOt • 1 
PSI(3, • 0.3750000 
PSI(20) • ? 
B(3,01 • 0.66666~5 
8(10.20) • 1 
UCO) • 0 
UClot • ., 
IHO) • 3 
IH(20) • ? 
1·8· ~ 
1 • 1 \:;:;I 
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GRAMMATICAL DESCRIPTION 

In the grammatical description of ALGOL W on the following pages, 

Roman capital letters, such as AB C D, stand for themselves. A script 

l~ttcr, ponsibly accented, 3 tand.;.:; ['or a d.efj!lf~d infini te class of symbol 

strir.gs; for example, c9 , as definF~'d, stands for the class which includes 

the symbols A, B, C, ... , Z, AA, AB, ... ,A9, BA, ... ,B9, ... Z9, AAA, ... , 
Z99, AAAA, ••• A Greek letter, such as A , stands for a given finite 

set of characters. 

The symbol means "or"; if a is defined as alc', this means that 

a particular inscription is an a if it is a a or if it is a C . 

* ra}* ( TllE" notation a , or equivalently , means· any number includin~ 

z,_'ro) of inscriptions, one after another, each of which is an a. For 

* example, {AlB} means A or B or AA or AB or BA or BB or AAA 

or ... , or A ,where A means no inscription at all. 

a+ 
The notation means any number (but at least one) of inscriptions, 

00* one after another, each of which is an a. It abbreviates For 

example, fA\B}+ means A or B or AA or or BB or AAA, etc. 

The notation [a] means an optional occurrence of a ; it abbreviates 

falA} . 

The notation a'e means a or can or aGCGa, etc; it abbreviates 

afBl}* . 

The notation a 1a means a and/or e ; it abbreviates a\e\ae. 

The curly brackets {} are used simply as parentheses to show the 

scope of the above operators. 

All other characters, such as / - , () / < etc., stand for themselves, 

including * and + when they are not raised. 
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Descriptive 
Name 

letter 

digit 

identifier 

symbol 

constant 

function value 

~ 
expression 

0 simple statement 

statement 

block 

declaration 

type 

procedure heading 

program 

The Grammar of a Simple Subset of ALGOL W 

Symbol 

)., 

0 

J 

a 

C 

a,; 

e 

SI 

S 

B 

I) 

1 

" 
P 

Definition 

A\B\C\D\E\ .•• \X\y\Z 

01112131 ... \8\9 
A fA\O}* 

Any symbol on the keypunch, except the double quote 

() +[ .6 *] I "a +" 

c9( (e+:-)] 
I. I 

I 
[-J [J,C\:'I\ (t)}**{*l/l {+\-l {<I<=\=\>=\>\ -,=} 

c9:=e\~ (t+:-)] \GO TO J 'B 
S' 'IF e THEN SIIF e THEN S' ELSE S\FOR J:=e UNTIL e DO S 

* * BEGIN (I);} {S; \c9: } S END 

~ * * r c9 ,l1 PROCEDURE J(; {tl BEGIN{;Q;} [5; I J:} e END) 

INTEGER I BEAL I LOGICAL I STRING ( C) 
-+-1 

J(1 t VALUE I PROCEDURE} J, ; ) 

B. 



Descriptive 
Name 

letter 

digit 

identifier 

variable 

symbol 

~ 
constant 

!-J 

function value 

simple expression 

simple expression 
or relation 

- expression 

argument 

simple statement 

empty 

statement 

~bol 

A 

5 

J 

V 

a 

e 

'J 

e" 

e,' 

e 

a 

S' 

A 

S 

The Grarnrn.ar of ALGDL Vol 

Definition 

A!B!cIDIEI ···IXlyIZ 

01112131·'· 1819 

AlA IOI_}* 

(JIJ(e) IJ(~)}[ (eIC)] 

Any character on the keypunch, except the double quote. 

r ( 6 + [ .5 * JI .o+} ~ t' [ + 1-] 0 + ) l[ 1]( L J I TRUE I FALSE 

141= (5 1 A I B I c I DIE IF} +1 " ( a III tI } + tI , HULL 

J[ (n+:) ) 
==~==========~========~I========~,=============+I------

[+ 1-] (-,](ABS I LONG/ SHORT}*(V Ie I'J I (e)} (** I SHL\ SHR}( *1 flDlV! HEr.lIAND 1 [+ I-loR} 

e" I e" «I<=I=I>=I>~=}e," I e" IS J 

e'lIF e THEN e ELSE elCASE e OF (e:--;) 

elsl J[«(el*}~)] 
f1f:=}+elao TO JIJ[(O' ,)]IAIB 

The empty statement; no character at all, or a space. 

S I 1 IF e THEN s I IF e THEN s' ELSE S I CASE e. OF BEGIN g-t; END 

IWHILE e DO SIFOR ~:=e f[STEP e.] UNTIL el(,t}*}no s 



Descriptive 
Name 

block 

declaration 

type 

procedure heading 

program 

B 

:r 

DefiDltion 

* * BE GIN f ~ ; } f S ; 1 J :} S END 

1 ~ 11 ARRAY ~ (e::e I,) 1 PHOCEDURE W; S 
* * ~I 11 PROCEDURE W; [tIBEGIN (~;} (s; IJ:} e END} I RECORD J(1 J, ;) 

INTEGER I [LONG] [PEAL I COMPLEX} I LOGICAL I BITS[ (32) ] I STRING[ (C) ] I REFERENCE ( t) 
~ -;:;-t- 7.-t- ' J[([j [VALUE][RESULT]I[1] PROCEDURE}J ,11 ARRAY J ,(* ,);)] 

is \.1l}[ .] 



\ 

The Operators and Functions Or' ALGOL \N, iheir Formats, Meanings 

and Type Constraints 

Use of Symbols 

e. = any ALGOL W expression. 
1 

a. = value of expression t .. 
1 1 

K. = kind of data represented by Ct. corresponding to e~pression e ... 
111 

The kinds of data are~ 

1. N = numeric 

2. L logical 

3. S = string 

4. B = bits 

5. R reference 

d
1
. = domain of a. when k. = N. 

1 1 

The doma ins are: 

1. I = integer 

2. R = real 

:5 • C = complex 

They are ordered as follows: I C ~ C C. 

Pl. = precision of a. when k. = N .• 
1 1 

They are ordered as follows: S < L. 

If d. = I, then p. = L. I.e., integers are converted to long real. 
1 1 



Format 

tl + e2 

e
l

- e2 

el *e2 

ell t2 

el DIV t2 

tl REM t2 

ABS el 

LONG e.l 
SHORT tl 

Kinds of .Arg\ilIlents Domains of Numeric 
t·leaning 

0'1 - 0'2 

0'1 x 0'2 

0'1 / Q'2 

C'L
2 

Q'l 

0'1 

-0'1 

TRUNCATE ( O'l/(2) 

(tl- (0'1 DIV (t2) * a2 , 

the remainder of 
tl DIY e2 

lal ' 

and Results Arguments and Results 

N + N -+ N d
l
+d

2 
-+ max( d

l
, d

2
) 

N - If -+ N d1-d2 -+ max(dl ,d2) 

N * N -+ M d l *d2 -+max(dl ,d2) 

N/N -+ N d1/d2 -+ max(d1,d2,R) 

N**N -+ N d
l 

**1 -+ max ( ~, R) 

+ N -+ N +d
1 

-+ d
l 

-N -+ N -d1 -+ dl 

I DIV I -+ I 

I REM I -+ I 

LONG N ~ N 

SHORT N ~ N 

ABS dl ~min(dl,R) 

LONG dl ~max(dl,R) 

SHORr d
l 
~ d

l 

Frecision of numeric: 
Arguments and Results 

P1+P2 -+ min(P1,P2) 

P1-P2 -+ min(Pl ,P2) 

P1*P2 ~ L 

Pl/P2 -+min(Pi ,P2) 

Pi **L -+ Pl 
+P

l 
~ P

l 
-P1-+·P1 

ABS Pi ~ Pl 

LONG Pl -+ L where Pl=s or di=I 

SHORT Pi ~S where Pl=L and dl~ 



Format Meaning 

&1 OR e2 0'1 V 0'2 

£1 AND £.2 Ci1 " ()'2 

-, tl Nor a
1 

£1 = £2 0'1 = 0'2 

£1 -,= &2 0'1 ='= 0'2 

£.1 < £2 a l < 0'2 

.~ 
\Jl 

£1 <= .t2 0'1 ~ 0'2 

&1 >= t2 0'1 ::: 0'2 

£1 > &2 O'l > cx2 

tl IS 82 
a

l 
belongs to the 

record class ~2 

tl SHL &2 a
l 

shifted left 

a
2 

places 

£1 SHR £2 0'1 shifted right 

a
2 

places 

VI (&2 Jt3) characters a
2 through 

a 2 + (13 - 1 of a l 

Kinds of Arguments 
and Results 

L OR L ~ L 
B OR B -+ B 

LANDL-+L 
BANDB-+B 

k1 = k2 ~L(where ~=k2) 

~ -,= k2 -+ L(where k1=k2 ) 

N<N-+L 
S<S~L 

N<=N-+L 
S <= S -+ L 

N>=N-+L 
N>=S-+L 

N>N-+L 
S>S-+L 

R IS ~2 ~ L 

BSHLN~B 

B SHR N ~B 

s(NIN) ~ S 

Domains of ~Iwneric 
Arguments and Results 

any 

any 

d 1, d2 <.=. R 

d1,d2 ~ R 

d1 ,d2 ~ R 

d1,d2 ~ R 

Precision of Numeric 

I Arguments and Results 

1-3 
H n 
~ 
t::J 
t:r:j 
.~ 

!:d 
H 

~ 
H 

~ 
any 

any 

any 

any 

any 

any 



Format Meaning 

IF £1 THEN t2 ELSE e3 if 0'1 then 0'2' 

othenTise GY
3 

CASE e of (e
l

, ••• ,e) a. (1 < 0' < n) o n GY - 0- . 
o 

Kinds of Arguments 
and Results 

IF L THEN k2 ELSE ~ ~ k 

where ~ = ~ = k 

CASE N OF (~, k
2

, ••• , k
n

) 

~k where 

k = k 
n 

Domains of Numerir. 
Arguments and Results 

IF L THEN d
1 

ELSE. d
2 

-+ max(d
l
,d

2
) 

CASE L OF (d
i
,d2, ••• ,d

n
) 

~ maX(d
i
,d2,···,dn) 

Precision of Nnmf?r:ic 
Arguments and hesult~ 

IF L THEN Pi ELSE P2 
~ min(P1,P2) 

CASE L OF (P1, ••• ,Pn) 

~ mine Pi' • • • ,Pn) 



All the following functions have the format F(tl )1 where F is the function name. 

We shall omit reference to the format, accordingly. 

Meaning 
I 

Function Kinds Domains Precision r3 
H 
(") 

TRUNCATE The integer i, with the same sign ~ 
(1:3 ai' such that t::1 

trJ 

10'1 f - 1 < 1 i 1 ~ Ja1 1 ~ 
~ 
H 

ENTIER The integer i such that rT-rlN R ~ I Any ~ 
H 

0'1- 1 < i ~ 0'1 g 

ROUND The integer i, with the same sign 

~ 0'1' such that 
-..J 

10'1 i - 1/2 < 1 i 1 ~ 10'1' + 1/2 

EXPONENT The largest integer i such that N - N R - I Any 

i ::; lOg16(IO'1D + 1 

or 0 if 0'1 =+ 0 

ROUNDTOREAL 0'1 N ,-N R - R L- S 

REALPART The real part of a1 ) N - N C ... R, Any - S* 
IMAGPART The imaginary part of 0'1 

1 IMAG 0'1 * /-1 N -N d
l 

..... C Any ~ S* 

(d1 S R) 

* Note: An asteri.sk on a short precision-result means that prefixing the letters~·LONG to the function 
name yields a long precision result. 



Functi0n 

SQRT 

EXP 

LN 

LOG 

SIN 

COS 

I-' ARCTAN \.>J 
co 

TIME 

ODD 

BrrSTRING 

Meaning 

~, for 0'1 > C 

1oge (a
l

) , for 0'1 > 0 

loglO (0'1)' for 0'1 > 0 

sin(O'l), for 10'1 1 < 823550 

cos(al ), for 10'11 < 823550 
.;..1 ) tan (0'1' in the range 

(- n/2, n!2) 

elapsed time, in units of 1/100 
minute if a l = 0, otherwise in 

units of 1/60 second. 

0'1 is an odd number 

The sequence of bits which 
represents 0'1 in binary. 

See manuals for details. 

Kinds Domains Precision 

N~N d
1 
~ R Any ~ S* 

(d1 S R) 

I~L 

I~B 



I 
I 

I 

Function 

NUMBER 

DECODE 

CODE 

BASE 10 

LONGBASE10 

BASE 16 

LONGBASE16 

INTBASEIO 

INTBASE16 

Meaning Kinds 

The integer which 0'1 represents B ~ I 
in binary. 

The number which is used as a code 8(1) ~ I 
for the character 0'1. (See page 71.) 

The character for which 0'1 is used I ~ 8 (1) 
as a code. (See page 71.) 

A string of the form b+12+1234567 N ~ 8(12) 
representing 0'1 as a POwer of ten 

times a fraction. (b represents a 
blank space). 

As above, for ~1~123456789012345 

A string of the form b~12~123456 
representing 0'1 as a power of 

sixteen times a fraction, both in 
hexadec ima1. 

As above, for b~1~12345678901234 

A string of the form b+~234567890 
representing 0'1 in decimal. 

A string of the form bbbb12345678 
representing 0'1 in hexadec~al, 
using two's complement notation. 

N ~ S(20) 

N ~ 8(12) 

N ~ 8(20) 

I ~ S(12) 

r ~ S(12) 

Domains 

See also pages 56-59 for READ, READ ON, READCABD, WRITE, WRrI'EON, rOCONTROL. 

See also pages 64-66 for INTFIELDSlZE, MAXINTEGER, EPSILON, MAXREAL, PI. 

Precision 

Any 

Any 

Any 

Any 



Abend messages .•..••..•.. 
Actual parameter ••..•••.. 
Arithmetic expression ••.. 
Array declaration ••• ~ ••.• 
ASSERT statement •••.••... 
Assignment compatibility • 
Assignment statement ..••• 
Binding of identifiers ••• 
Bit expression ..•....•..• 
Block .•....•..•.•.......• 
Boolean expression ..•.... 
Built-in functions .•...•• 
Call, procedure ....... 45, 
CASE expression •.•.•..... 
CASE statement .••....•.•• 
Character encoding .•.•.•. 
C orrrrnent ••••••.•..•.•.•••• 
Compiler options .•.•..... 
Conditional expression .•. 
Constant s ........•.••.••• 
Constants for input .•...• 
Control cards .....•. 103, 
Control, Ilo ............ . 
Conversions .•.•....•. 35, 
Coordinat"es .•.•....•.••.• 
Copy rule .......•..•.•..• 
Data t:ypes .............. . 
Deck setup ..•....•.•.•••. 
Declarat ion .•....•.•..••• 
Double preCision 

representation ..•...•. 
Error messages ••.•..•.... 
Exceptional conditions .•. 
Expres sion .•....•.••••.•. 
Field designator ••..•.•.. 
Floating-point 

representation .•.•..•• 
FOR statement· •••.•••••••• 
Formal parameter ••..•.••. 
Fortran linkage ••.•..•.•. 
Function declaration .•.•• 
Function designator •...•• 
GOTO statement ••....•.••• 
Identifier ••..•.•..•.•••• 
IF express ion •••.•..•..•• 
IF statement .•.•..•.•.••• 
Incompatibility, assign •• 
Input/output ••.•..••••.•• 
Integer representation ••• 
I ex:: ONTR OL ..•.........•.•• 

Index 

87 
46 
32 
22 
49 
44 
43 
14 
38 
J+2 
37 
&J 
31 
30 
50 
71 
10 

104 
30 
16 
54 

104 
58 

133 
111 

45 
16 

103 
20 

97 
73 
65 
28 
28 

93 
51 
24 

l07ff 
23 
31 
47 
13 
29 
48 
44 
54 
90 
58 

140 

It erat i ve st at ement s .•.•.. 
Keywords •.•..•.•.......••. 
Label .................... . 
Logical expression ••..•.•. 
Name parameter •.•.•..•.•.• 
New line ••..•••.•..•.•.•.• 
New page •••......•......•• 
Normalization ••.•....•..•• 
Nwnbers ...•.••...•....•... 
Number representations •••. 
Object decks ••..•.•..•.•.. 
Operators ...•••.•. ll, 32, 
Operator precedence .....•• 
Options, compiler •.•.••.•• 
Order of evaluation ••.•.•. 
Overflow ...•..•... 65, 92, 
Page ej ect ••.•..•.•.•••.•• 
Page limit ••..•.••••.••••• 
Paramet er ••.•..•.••.•.•. c • 

Parameters, compiler .•••.• 
Precedence of operators ••. 
Predeclared identifiers ••• 
Procedure declaration ••••• 
PROCEDURE statement .•••••• 
READ •••••••••••••••••••••• 
READCABD •••••••••••••••••• 
READON ••.•.•..•.•.••.•.••• 
Record class declaration •• 
Reference declaration •.••• 
Reference expression •.•.•. 
Reserved words •.•..•.•.••• 
Round-off error ••.•....•.• 
Simple variable .•••.••.•.• 
Standard functions •.•••••• 
Standard procedures •••..•• 
Statement ••.•.•..•.•....•• 
String expression ••....•.. 
Subarray .•.•....••.•.••••. 
Substring ••.••.•.•.•..•.•. 
Syntactic entities •.•.•.•. 
Time lirni t ............... . 
Transfer functions •.•.••.• 
Types of variables .•.•.••• 
Underflow .•..••..•.... 65, 
Variables ................. . 
WHILE statement ••••..•.••• 
vlRITE .•.......•.•....•.•.. 
WRITEON .••••.•..•....•••.• 

51 
11 
42 
37 
45 
58 
58 
94 
17 
88 

107ff 
133 

41 
10l+ 

41 
99 
58 

103 
45 

104 
41 
6\, 
23 
45 
56 
57 
56 
28 
21 
40 
11 
96 
20 
&J 
53 
42 
39 
47 
40 
12 

103 
60 
16 
99 
16 
53 
57 
57 



Words with special meanings in ALGOL W 

.ABS ••••••••••• 35 
1~GOL •••••••• 103 
ALGOL ••••.•••• 25 
liND ••.•••• 38, 39 
ARCTAN •••••••• 64 
J\RRAY ••••••••• 22 
ASSERT ••.••••• 49 
BASE10 •••••••• 62 
BASE16 •••••••• 62 
BEGIN ••••••••• 42 
BITS •••••••••• 20 
BITSTRING ••••• 61 
CASE •••••••••• 50 
CODE .••••••••• 61 
C 01-1f:;fFJf11 ••••••• 10 
COMPLEX ••••••• 20 
COS ••••••••••• 63 
$DEBUG ••.••••• 104 
DECODE •••••••• 61 
DIV ........... 34 
DIVZERO ••••••• 65 
DO •••••••••••• 52 
$DUMP* •••.•••• 104 
ELSE ••.•.••••• 48 
:E:ND ••••••••••• 42 
ENTlER .•••••.• 60 
%EOF •••••••••• 103 
EPSILON ••••••• 65 
EXC EPrION ••••• 65 
EXP ••••••••••• 63 
EXPERR •••••••• 65 
EXPONENT •••••• 60 
FALSE ••••.•••• 18 
FOR ••••••••••• 52 
FORTRAN ••••••• 25 
GO ••• 0 • • • • • • • • 47 
GOTO •••••.•••• 47 
IF •••••••••••• 48 
JJ.1A.G •••••••••• 61 
JJ.1A.GPART •••••• 60 
INTBASEI0 ••••• 62 
INTBASE16 ••••• 62 
llrrDIVZERO •••• 65 
INTEGER ••••••• 20 
INTFIELDSlZE •• 64 
INTOVFL ••••••• 65 
IOCONTROL ••••• 58 
IS •••••••••••• 38 
$LIST ••••••••• 104 

rn ...........• 63 
rnLOGERR •••••• 65 
LOG ••••••••••• 63 
LOGICAL ••••••• 20 
LONG •••••.•••• 36 
MARGIN= ••••••• 103.2 
MAXINTEGER .••• 64 
MAXREAL ••••••• 65 
$NOCHEX:!K •••••• 104 
$NOLIST ••••••• 104 
NOLL ••••.••••• 20 
NUMBER ••..•••• 61 
%OBJECT ••••••• 108 
ODD ••••••••••• 61 
OF ••.••••.•••• 50 
OR •••••••• 38, 39 
O\lFL ••••••.••• 65 
PAGES= •••••••• 103.1 
PI •••••••••••• 65 
PROCEDURE • 23, 47 
REAL •••••••••• 20 
REALP ART •••••• 60 
RECORD •••••••• 28 
READ •••••••••• 56 
READCARD •••••• 57 
READON •••••••• 56 
REFERENC E ••••• 21 
REM ••••••••••• 35 
RESULT •••• 24, 46 
ROUND ••••.•••• 60 
ROUNDTOREAL ••• 60 
SIIL ••••••••••• 39 
SHORT ••••••••• 36 
SHR ••••••••••• 39 
SIN ••••••••••• 63 
SINCOSERR ••••• 65 
SIZE= ••••••••• 103.2 
SQRT •••••••••• 62 
SQRTERR ••••••• 65 
$STACK •••••••• 104 
STEP •••••••••• 52 
STRING •••••••• 21 
$SYNTAX ••••••• 104 
THrn • 0 • • • • • • • • 48 
$TITLE •••••••• 104 
TIME ••.•••••••• 64 
TIME= ••••••••• 103.1 
TO •••••••••••• 47 
TRACE ••••••••• 59 

141 

TRUNCATE •••••• 60 
TRUE •••••••••• 18 
UFL ••••••••••• 65 
UNTIL ••••••••• 52 
VALUE ••••• 24, 46 
W1ITLE ••••••••• 53 
WRITE •••••••• .57 
WRITEON ••••••• 57 
XCPACTION ••••• 65 
XCPLIMIT •••••• 65 
XCPMARK ••••••• 65 
XCPMSG "....... 65 
XCPNo'rED •••••• 65 


