




















































































































































































































































































































of an EXTERNAL procedure declaration. The form of the declaration in this 

case is 

EXTERNAL (type) PROCEDURE (proc1>, ... , (procN) $ 

where tl:le (proc1> are the names of the desired external procedures, and 

(type) is non-empty if the procedures are to be used in the functional sense 

(see Chapter V, DECLARATIONS OF TYPE, for a list of the available types). 

Omission of the type specification indicates that no functional results will 

be ass.ocia ted with the names of the procedures. 

A procedure declared this way will always be called in the recursive 

sense by the calling program. It should be noted that only procedures of 

this form (i.e., recursive) can be passed on to other procedures as actual 

parameters. 
' An external procedure may also be written in 1107 Sleuth. In this 

case the form of the external declaration in the calling is: 

EXTERNAL SLEUTH (type) PROCEDURE (proc1), ••• , (procN) $ 

where (proc1? and have the same meanings as in the previous case. 

Since the details of coding a Sleuth routine that may be called recursively 

are very complicated, it is assumed that a procedure declared in this manner 

in noi-recursive. Therefore such a procedure cannot be passed to other pro­

cedures as parameters and all expressions passed on to the Sleuth procedure 

will be evaluated before entry to the procedure. 

See Appendix II for an explanation of the calling sequence generated 

for a.Sleuth and description of how to handle the parameters in 

the Sleuth routine. 

If the procedure is a function or subroutine written in Fortran, it 

must be compiled separately and the form of the external declaration in the 

calling program becomes: 

EXTERNAL FORTRAN (type) PROCEDURE (proc1), ••• , (procN) $ 

where (procI) and (type) have the same meanings as previously. (Note that 

STRING is not acceptable as a (type) for a Fortran function.) t procedure 

declared in this form is non-recursive and therefore cannot be rassed as a 

parameter to another procedure. 
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EXTERNAL PROCEDURE CALLS 

The form of the procedure call for external procedures ·is the same as 

that for internall;;~ defined or library procedures, namely 

(identifier)((par1>, ... ,(parN)) 

where (identifier) is the nama of the procedure and the (parI) are the actual 

parameters to the procedure. 

If an array is to be pas3ed as 9. parameter to a Fortran subprogram then 

the actual parameter should be the first element of the array. For example 

if the array is two-dimensional and is named SECTION then the actual argument 

on the call should be SECTION (1 ,1). 

EXTERNAL RE"FEHENCES 

To facilitate communication between programs and their subpro~rams, and 

to save allocation time, variables, and formats may be externally defined. 

This is accomplished via the OWN declaration. 

All OWN variables and formats declared in block 1 of an Algol provram 

are automatically externally defined. These elements may then be referenced 

from Algol procedures that are called by the program in question. In the 

case of variables the procedure must includP- an external declaration of the 

form 

EXTERNAL (type) (var1), •.. , (varN) $ 
where (type) is as described in Chapter V, DECLARATIONS OF TYPE, and the 

(varI) are the variables in question. 

In the case of formats the declaration is 

EXTERNAL FORMAT (format1>, ... , (formatN) $ 

EXAMPLE: 

1 
8 

ALG ?ROGRAM 

OWN INTEGER I, J, K $ 

OWN FORMAT LINE ( I4, A 1 ) $ 

EXTERNAL PROCEDURE OuTSIDE $ 

I = 1 $ J = 2 .$ 

OUTSIDE 
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~ ALG PROCEDURE 

EXTERNAL FORMAT LINE 

EXTERNAL INTEGER I, J, 

PROCEDURE OUTSIDE 

BEGIN 

K = I + J $ 

WRITE (LINE, K) $ 

END 

$ 

$ 

K $ 

Note the following rules when compiling external Algol procedures: 

1) the Algol processor card governing the compilation must carry the E op~ion; 

2) a program u~der this option cannot be executed as a mainline program; 

3) the E option causes all procedures declared in block 1 to be externally 

defined; 

4) any number of external procedures may be declared in one program; 

5) the object programs for all external procedures must be available in the 

user's program complex on drum before the main program is executed 

t) variables declared in block 1 of a program compiled under ':,he "E" 

option can only be simple variables (not including strings). Lists 

declared in block 1 may contain only such variables; 

7) the first six characters of all externally defined identifiers must 

be unique. 

~ules for writinv and processing Fortran and Sleuth routines are 

avai.lable in the manuals on those languag-es. SPe Appendix II fo.,.. further 

information on the linkage between calling program and proc8dure~. 



XIII. •• 

THE DIAGNOSTIC SYSTEM 

The detection and correction of programming errors, commonly known as 

debugging, is facilitated in Case Algol by an extensive diagnostic system. 

Responsibility for error detection is divided between the compiler and the 

system library routines. By paying close attention to the messages pro­

duced by these two segments, the programmer will generally save himself 

time and aggravation. 

As the compiler translates an Algol program it prints the sou~ce 

program instructions and in addition generates two types of information, 

diagnostics and error messages. 

This information is located as close as possible to the instruction 

to which the message applies and always begins at the extreme lefthand 

side.of the listing. 

COMPILER D~AGNOSTICS 

Diagnostics are provided by the compiler to help the programmer under. 

stand the structure of his program and to call attention to specia~ features 

that the program uses. Diagnostic messages never inhibit the production of 

an object program. 

The stru•1ture of a program is determined by the use of BEGIN-END pairs, 

particularly when such a pair creates a new block. As the compiler dis­

covers ~' s in a program it numbers them consecutively starting ~Lt one 

and each END :s given the same number as the ~ whi'ch it matches. The 

appropriate diagnostic is 

B n or E n 
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where n is the number assigned by the compiler. If the outermost BEGIN-END 

pair is omitted, BO appears at the beginning of the program. 

Blocks are also numbered in order of appearance in the program and the· 

extent of a block is denoted by the diagnostics 

BLOCK n 

which occur in matched pairs. 

an:l END BLOCK n 

On the same lin'3 as BLOCK n, the message 

LEVEL m 

is given to indicate how blocks are nested. The outermost block is at LEVEL 

1 and each new level causes the level number to be increased by one. At 

the end of a block the level number is decreased by one. 

The following table describes special features of Case Algol that 

generate diagnostics. 

Diagnostic 

c 
D 

FR 

GV 

N 

OCTAL 

Q 

T 

TRACE 

COMPILER ERROR ME;SSAGES 

Description 

comment occurring immediately after an END 

double precision constant 

forward reference - the compiler has 

taken an identifier to be a label the 

definition of which has not yet been 

encountered (not applicable to switch 

declarations) 

generalized variable operation (see Appendix III; 

identifier or constant extends over card boundaries 

·octal constant (operative only under K option) 

string constant or format mode. extending 

over card boundaries 

line terminated or page ejected via 

exclamation sign (!) 

trace mode initiated or termineted 

Although the generation of diagnostic messages never interferes with the 

production of an object program, the appearance of erro.r messages diiring 
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compilation may do so. These messages are intended to be self-explanatory and 

will not be described in Jetail here. However the programmer should be aware 

o~ the following conditions: 

1) The compiler indicates with an asterisk(*) the place where the existence 

of an error was definitely ascertained. However, the actual programming error 

may well have occurred some distance before the point that is marked with an 

asterisk. The programmer should search backwards from the asterisk for his 

mistake, 

2) When an error in syntax is found, the compiler may stop looking for 

other errors in the current Algol instruction. Therefore it may take more 

than one compilation for all syntactical errors to be rooted out. 

3) A single error may cause several messages to be printed, some of which 

may be spurious. The correction of such an error may eliminate several 

messages from the next compilation. 

4) When the A option is in effect, an attempt will be made to prod~ce an 

object program in spite of syntactical errors, and some approximation to a 

normal object program will.be placed in the user's program complex on dr'...Ull, 

even though it may not be e:xecutable, If the A option is not in effect and 

no object program is generated, this fact will be annm.mced by the compiler 

at the end of th8 listing. 

ERROR MESSAGES AT EXECUTION TIME 

When an Algol-compiled program is executed, the system always makes 

available library routines which can provide information about errors caused 

by faulty programming. 

In the event of an error during a run, control is transferred to the run 

time error routine. This routine prints the contents of the thin-film registers 

(B, A, R) if the N option is ~ot selected by the XQT card (see Chapt~r XIV, 

THE XQT CARD). The appropriate error message is printed together wLh the 

location from which the call was made to the routin~ in which the er~or was 

detected. 

If the errJr occurs in a procedure, the proced11re name (to six :haracters) 

and the co!llplet'3 nesting of procedures, of which this procedure is t'1e inner­

most procedure, is printed along with the location from which each o~ these 

procedures is called. For example, consider the following program fall sample 

programs in this chapter are assl,med to have been compiled under the name PROG): 
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EXAMPLE 1 : 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

12 

13 

14 
15 

REAL A, B, C $ 

REAL PROCEDURE PROC1(X,Y) $ 
VALUE X, Y $ ~ X, Y $ 
BEGIN PROC1 = X/Y END PROC1 $ 
REAL PROCEDURE PROC2(X,Y) $ 

VALUE X, Y $ REAL X, Y $ 
BEGIN PROC2 = X*Y END PROC2 $ 
REAL PROCEDURE PROCJ(X,Y) $ 
VALUE X, Y $ REAL X, Y $ 
BEGIN PROCJ = X+Y END PROC3 $ 
REAL PROCEDURE PROC4(X,Y) $ 

VALUE X, Y $ REAL X, Y $ 
BEGIN PROC4 = X-Y END PROC4 $ 
A= 1.0 $ B = 0.0 $ 
C = PROC3(PROC2(A,B),PROC4(PROC1(PROC3(A,B),B),A))$ 

l~ 

Notice that the call to PROC1 shown by the asterisk (*) causes a divide 

overflow (division by zero). The resulting error message is: 

INFINITY, INFINITY, YOU DONE DIVIDED BY ZERO 

PROG ON LINE 4 

FROC1 DEFINED AT FROG ON LINE 2, CALLED FROM PROG ON LINE 1 5 

FROC4 DEFINED AT PROG ON LINE 11, CALLED FROM FROG ON LINE ~5 

FROC3 DEFINED AT FROG ON LINE 8, CALLED FROM FROG ON LINE ;5 

This error message tells us that the error occurred in PROC1 , which is 

nested in PROC4, which in turn is nested in PROCJ. 

Following is a complete list of run time error messages generated by 

the ALGOL library, along with their respective meanings and causes. 

INTERNAL.ERROR 

This message results from a fault of the library or the compiler. 

It may be forced, however by improper use of the language. Rewriting the 

seation of coding in which the error occurred will usually resolve this 

error. 
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INCORRECT NUMBER OF ARGUMENTS 

Th:\ s t>ITor occurs wht>n the number of arr,urnent.s supplied as pararnet.Prs 

tL1 11 prN'1'd11r,, n1· t.l1 ll lilirnry ro11Llni:> ls not. cornpat.lhlt' wiLh Lhe rnimht>r of' 

ar~~;1mPnl.s required by Llw procedure or the llbrary rout.inc>. F'or t'xamp1~, 

consider the following program: 

EXAMPLE 2: 

REAL FAUTE $ 
2 PROCE;:JURE DUMMY (F) $ 

3 REAL PROCEDURE F $ 

4 FA UTE = F(1 .O, 2.0) $ 

5 DUMMY (COS) $ 

The COS routine requires one argument. Specifying two parameters 

~enerates the message: 

INCORRECT NUMBER OF ARGUMENTS TO COS 

FROG ON LINE NO. 2.i 

DlJWv'Y DEFINED AT PRO~ ON LINE NO. 2' CALLED FRO~ FROG ON LillE no. 5 

The message INCORRE1;:2 °:UMBER OF ARGUMENTS can also arise from a call to 

a procedure declared within or external to the main Algol program. In either 

case the message would read: 

EXAMPLE 3: 
"1 

2 

3 

4 

5 

IN80!IB.ECT NUMBER OF ARGUMENTS TO PROCEDURE AT (LOS.) 

REAL X, Y, 2 $ 

REAL PROCEDURE WOOFS (X,Y,7) $ 

REAL X, Y, 2 $ 

WOOFS = X - Y + Z $ 

z = woa~s (X,Y) $ 

INCORRECT NUMBER OF ARGUMENTS. TO PROCEDURE . 

FROG ON LINE NO. 5 

WOOFS DEFINEI AT FROG ON LINE NO. 2, CALLED FROM PROG ON LINE NO. 

BOOM!!! MEMORY CAPACITY EXCEEDED 

No, you iid not really blo~ up the computer. However, the st~rape 

area availabl'= for your prog-ram has been exceeded. The message can occur 

when space is bein~ allotted for single variables, arrays, strings, or blocks. 
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EXAMPLE 4: 

REAL ARRAY ROOF(1 •• 2f0000' 

re~·..:ltir:~ error messa~ti i~: 

The message for each case of this error is: 

BOOM! ! MEMORY CAPACITY EXCEEDED IN ••• 

STRING DECLARATION ••• 

ARRAY DE CLARA TI ON ••• 

PROCEDURE ••• 

IMPRQPER ARRAY DECLARATION 

For storage of strings 

For storage of arrays 

For Blocks and procedure blocks 

This message results from improperly specifying the limits on an array 

subscript by declaring the lower limit greater than the upper limit. The 

message gives the array name and the bounds on the improperly specified 

subscript. 

EXAMPLE 5: 

1 INTEGER M, N $ 

2 M = 2 $ N = 1 $ 
3 BEGIN REAL AR.9.AY NOTAGAIN(M •• N) $ 

4 END 

IMPROPER ARRAY DECLARATION NOTAGA ( 2 1 ) 

PROG ON LINE NO. 3 

NOTE: Other forms of the above message are: 

IMPROPER OWN ARRAY DECLARATION ••• 

IMPROPER STRING ARRAY DECLARATION .•• 

IMPROPER OWN STRING ARRAY DECLARATION ••• 

They have the same meaning as IMPROPER ARRAY DECLARATION. 

SUBSCRIPT OUT OF RANGE FOR ARRAY 

This m~ssage results from a subscript specified for a given array not 
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being within the boundaries declared for this array. The message gives the 

following information: 

i) Which subscript is out of range 

2) The value of the subscript out of range 

3) The first six characters of the array name if it is not a string 

4) The subscript bounds of the subscript out of range 

5) The location from 'Which the call was made to the .array 

For example, consider the follo'Wing program: 

EXAMPLE 6: 

1 REAL B $ 

2 

3 

REAL ARRAY SOMENAME (1 •• 4,-3 •• 7) $ 

B = SOMENA~ (0,-2) $ 

The resulting error message is: 

SUBSCRIPT NO. (VALUE OF 0) OUT OF RANGE FOR ARRAY SOMENA (1:4) 

PROG ON LINE NO. 3 

Notice that subscript number one, counting from the left, is not within 

the bounds specified for array SOMENAME, for the subscript has a value of O, 

and the bounds specified for this subscript are (1 •• 4). 

EXAMPLE 7: 
1 REAL B $ 

2 

3 

REAL ARRAX DATAHOLD (1 •• 4,3 .• 7) $ 

B = DATAHOLD (3,-17) $ 
The resulting error message is: 

SUBSCRIPT NO. 2 (VALUE OF -17) OUT OF RANGE FOR ARRAY DATAHO (3:7) 

PROG ON LINE NO. 3 

SUBSCRIPT OUT OF RANGE FOR STRING ARRAY 

This message occurs. when ( 1) a subscript to the "array portio11" of a 

string array is out of range, as explained above for strings and as shown 

in EXAMPLE 7, or (2) the subscript designating the character positLon in a 

string elemert exceeds the bounds of that string element, as shown in 

EXAMPLE 8 and EXAMPLE 9. 

·EXAMPLE 8: 

1 STRING A (10) $ 
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2 STRING ARRAY ITHURTS (23 •• 1 •• 10) $ 

3 A(1 ,8) = ITHURTS (13,8 •• 12) $ 

EXAMPLE 9: 

SUBSCRIPT NO. 1 (VALUE OF 12) OUT OF RANGE FO~ STRING ARRAY 

LIMITS WERE (1:10) 

PROG ON LINE 3 

1 STRING HELP (10) $ 
2 STRING ARRAY ITHURTSMORE (23 •• 1 •• 10) $ 

3 HELP (1,8) = ITHURTSMORE (25,8 •• 3) $ 

SUBSCRIPT OUT OF RANGE FOR STRING ARRAY, VALUE OF (25,8), LENGTH WAS 23 

PROG ON LINE 3 

EXAMPLE 10: 
1 STRING ALONG (10) $ 
2 STRING ARRAY OHNO (23 •• 1 •• 10) $ 

3 ALONG (1,8) =OHNO (21,8 •• 3) $ 

SUBSCRIPT OUT OF RANGE FOR STRING ARRAY, VALUE OF (21,8), LENGTH WAS 23 

FROG ON LINE 3 

SUBSCRIPT OUT OF RANGE FOR STRING VARIABLE 

This message occurs when the subscript specifying the character position 

in a string variable exceeds the length of that string variable. 

EXAMPLE 11: 

1 .§.TRING IGIVE-:JP (40) $ 

2 IGIVEUP ( 50) = 'HE WHO IS CARELESS WILL BE CAST ASIDE ••• ' $ 

SUBSCRIPT OUT OF RANGE FOR STRING VARIABLE, VALUE OF (50), LENGTH WAS 40 
PROG ON LINE 2 

IMPROPER NU¥BER OF DIMENSIONS FOR ARRAY 
This error occurs when the number of subscripts specified ir a call to 

an array is not equal to the number of dimensions for which the e.rray i~ 

defined. The error message gives the foliowing information: 

1) The number of subscripts given 

2) The dimensionality of the array 
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3) The first six characters of the array name 

4) The location from which the call was made to the sub­

script calculator 

Consider the f ollowin~ program: 

EXAMPLE 12: 

1 REAL ARRAY WHATSIT (1 •• 1 0) $ 

2 REAL B $ 

3 B = WHATSIT (1 ,3) $ 

The resultinf error message is: 

IMPROPEF. NUMBER OF DIMENSIO~lS FOR 1 DIMENSIONAL ARRAY. 

TWO DIMENSIONS GIVEN AS PARAMETERS TO ARRAY WHATSI 

PROG ON LINE 3 

Array WHATSIT is defined over one dimension. Two subscripts are 

specified in the array call; res~lting in the error. 

EXAMPLE 13: 

REAL B $ 

2 REAL ARRAYXFIELD (1 •• J,1 .. 4,0 •• 7) $ 

3 B = FIELDX(2,3) $ 

The resulting error message is: 

IMPROPER NUMBER OF DIMENSIONS FOR 3 DIMENSIONAL ARRAY, 

TWO DIMENSIONS GIVEN AS PARAMETERS TO ARRAY FIELDX 

PROG ON LINE 3 

IltPROPER NUMBER OF DIMENSIONS FOR STRING AP.RAY 

This error occurs when the number of dimensions given as parameters 7,'.) 

a call on a given strin~ ar~ay is not equal to the dimensionality of this 

string array. The information piven in the error messape is: 

1) The declared dimensionality of the array 

2) The first six characters of the array name 

3) The location from which the call was made to the str:.np array 

subscript calculator which discovered the error. 

EXAMPLE 1 4: 

STR:NG WHAT (10) $ 

2 §_TR:T:NG ARRAY IT (20 • • 1 •• 10,1 •• 20) $ 

3 WHAT ( 1 , ?. ) = IT ( 5 , 2 . . 4 ) 
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IMPROPER NUMBER OF DIMENSIONS FOR 2 DIMENSIONAL ARRAY 1 DIMENSIGNS 

GIVEN AS PARAMETERS 

PROG ON LINE 3 

NOTE: The error message for OWN STRING ARRAY is exactly the same as the 

message for STRING ARRAY, if the error is of the type "IMPROPER NUMBER OF 

DIMENSIONS" or "SUBSCRIPT OUT OF RANGE". 

Similarly, the error message for OWN ARRAY is exactly the same as the 

message for ARRAY, if the error is of the type "IMPROPER NUMBER OF DIMENSIONS" 

or "SUBSCRIPT OUT OF RANGE". 

RESULT UNDEFINED 

A message of this type occurs when, for a given argument, a specified 

library procedure is unable to produce a result. For example consider the 

following s'.lbprogram: 

EX.AMPLE 15: 

1 REAL A $ 
2 A=~ (-1.0) $ ~ 

Since for real arithmetic the square root of a negative number is ~m­

defined, the following message results: 

RESULT UNDEFINED FOR SQRT, ARG~NT=-0.10000000+01 

PROG ON LINE 2 

Note: The value of the argument is interpreted as a decimal number times 

a signed power of 10. 

EX.AMPLE 1 €:: 

1 REAL A $ 

2 A = ARCSIN(2.0) $ 

The resulting error message is: 

RESULT UNDEFINED FOR ARCSIN, ARGUMENT= 0.20000'J00+01 

PROG ON LINE 2 

The message RESULT UNDEFINED can also occur when, in attemp1inp to 

convert a string to an integer, the string contains characters wLich are 

not numeric;1. For example, consider the fol lo•,.ring subprogram: 

EXAMPLE 17: 

1 I:JTEGER A $ 

2 STRING S(fO) $ 

3 8(1) ='IF ALL ELSE FAILS ••• ' $ 

4 A =INTEGER (S( 1 ,8)) $ 
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RESULT UNDEFINED FOR STRING TO INTEGER 

PROG ON LINE 4 

The message RESULT UNDEFINED can also originate in one of the power 

routines. No result is defined for zero to the zero power. As a typical 

example, consider the following subprogram: 

EXAMPLE 18: 

1 REAL A $ 

2 A = 0.0**0.0 $ 
Both the base and the exponent are of type real. Hence, the error 

message would read: 

RESULT UNDEFINED FOR REAL TO REAL POWER, BASE = o.oooooooo+oo, 

EXPONENT = O.OOOOO:JOO+OO 

PROG ON LINE 2 

Note: When ap integer is raised to a real power, the integer base is con­

verted to type real. The real to real power routine is then called. 

If the result is undefined for an integer to a real power, therefore, 

the error message would read: 

RESULT UNDEFINED FOR REAL TO REAL POWER ••• 

Although zero to a negative power gives a result without bounds, we 

give the message "RESULT UNDEFINED". 

EXAMPLE 19: 

1 REAL A $ 
2 A = 0.0**-3.0 $ 

RESULT UNDEFINED FOR REAL TO REAL POWER, BASE= 0.00000000+00, 

EXPONENT=-0.3000000o+01 

PROG ON LINE 2 

RESULT OUT OF RANGE 

This message occurs when the resulting absolute value of a given library 

routine upon a given argument is greater than 10.038 or 235-1, for results of 

type REAL and of type INTEGER respectively. 

EXAMPLE 20i 

1 REAL A $ 

2 A = EXE(90.0) $ 
RESULT Ol!r OF RANGE FOR EXP, ARGUMENT=0.90000000+02 

FROG ON LINE 2 
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Note: The e~onential function is within the range of the computer when its 

argument is less than 88.028. 

EXAMPLE 21: 

1 INTEGER A $ 
2 A= ENTIER(1.2&12) $ 

RESULT OUT OF RANGE FOR ENTIER, ARGUMENT =0.12000000+13 

PROG ON LINE 2 

The message RESULT OUT -JF RANGE can also occur when, in converting a 
. 35 

string to an integer, the result is greater than 2 -1. 

EXAMPLE 22: 

1 INTEGER A $, 

2 A = INTEGER·: I 123456789123 I) • 

RESULT OUT OF RANGE FOR STRING TO INTEGER 

PROG ON LINE 2 

The message RESULT OUT OF RANGE can occur in one of the power routines. 

In this case, it means that the result of raising a given base to a given 

power is not within the numeric range of the computer, as outlined above. 

For a typical example, consider the following: 

EXAMPLE 23: 

1 INTEGER A $ 

2 A = 5**37 $ 
RESULT, OUT OF RANGE FOR INTEGER TO INTEGER POWER, BASE= 5, 

EXPONENT= 37 

PROG ON LINE 2 

Note: A real number raised to a.real power, resulting in an absolute value 
-38 of less than 10.0 ,yields a result of 0.0. An integer raised to 

an integer power resulting in·•.an absolute value of less than 1 yields 

result of O. 

The real to integer power routine may give an error message of RES'JLT 
-:.;8 OF RANGE if the result is less than 10.0 in absolute value. 

In raising an integer to a real power, the integer is conve:-·ted to 

type real. The real to real powe~ routine is then called. Rene~;, a message 

of RESULT 01T OF RANGE FOR REAL TO REAL POWER can originate in raising an 

integer to a real power, the result of which is out of range as previously 

defined. 
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INFINITY, INFINITY, YOU DONE DIVIDED BY ZERO 

This message originates when a division by zero is attempted. Do not 
-38 forget that a real number less than 10.0 in absolute value will assume 

the value of zero. 

HURTSVILLE, CHARACTERISTIC OVERFLOW 

This message occurs when the result of an arithmetic operation (+,-,if,/) 

is of the type REA~ or REAL2 and is greater than 10.038 in absolute value. 

The message can also result from raising a real number to an integer power. 

If the power is less than 64 and the result of the expo~entiation is out of 

range, the message HURTSVILLE, CHARACTERISTIC OVERFLOW will result. 

To avoid the error HURTSVILLE, CHARACTERISTIC OVERFLOW, it is sometimes 

possible to "break up" an arithmetic expression such that at no time during 

the evaluation of this expression will the absolute value of any part of it 

exceed 10.038 • If the aforementioned scheme doi:ls not work, an insertion of 

a dummy variable may be the key to your problem. 

EXAMPLE 24: 

1 REAL A, B, C, D $ 

2 A= 1.0&-25 $ 
3 B = 1.0&30 $ 
4 c = 1.0&21 $ 
5 D = (B/A)/C $ 

HURTSVILLE, CHARACTERISTIC OVERFLOW 

PROG ON LINE 5 

Solution to EXAMPLE 24: 

EXAMPLE 25: 

1 REAL A, B, C, D $ 

2 A = 1 .0&-25 $ 

3 B = 1 .0&30 $ 

4 c = 1 .0&21 $ 

5 D = B/(A*C) 

UNRECOVERABLE TAPE/DRUM ERROR 

FOR 0.10000000+.31 I 

This mesf.:age occurs when, during a tape or drum operation, an unsuccessful 
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read or wr1~e occurs. The error could be the result of: 

1) A hardware failure. 

2) 11he user's attempt to read information which is not present where 

he is looking for it. 

ATTEMPT TO PASS END OF INFORMATION IN READ 

This error occurs when a·n attempt is made to read beyond the end of 

recorded information on magnetic tape. 

MISSING OR MISPLACED ACTIVATION PHRASE 

This message may result from a card read in which the supplied format 

does not have a proper ac~ivation phrase (see Chapter IX, FORMAT PHRASES). 

EXAMP:::.E 2 f.. : 

1 INTEGER A $ 
2 FORMAT FORM(I8,A) $ 

3 READ(FORM,A) $ 
MISSING OR MISPLACED ACTIVATION PHRASE IN READ 

PROG ON LINE NO. 3 

READ, CALLED FROM PROG ON LINE NO. 3 

CONSTANT OUT OF RANGE · 

This error occurs when: 

1 ) 

2) 

In a read, an integer constant is e.ncountered which is greater than 

235 -1 in absolute value. 
. 38 In a read, a real constant is encountered which. is great~r than 10.0 

in absolute value. 

3) A string exceeds 4095 characters in length. 

ILLEGAL CHARACTER/UNDEFINED TYPE CONVERSION IN ABOVE RECORD 

In attempting a read, one of the following occurred: 

1) An illegal character was encountered within a record. For example, 

an attempt to read the word 1¢H1 as a real number would result in 

the above error. 
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2) A word is encountered which is not of the type requested and for 

which a conversion to the requested type is not defined. For 

example, consider the following: 

EXAMPLE 27: 

2 

BOOLEAN NEVERAGAIN $ 
READ (NEVERAGAIN) $ 

Encountering an integer other than ¢ or 1 would cause the above men­

tioned error, for no conversion is defined from integer (other than¢ or 1) 

to Boolean. 

NOTE: Above the re~ister printout (if present) will be found a listinv of 

the data card which caused the error. The asterisk (if) points to the 

character on the card which ultimately caused transfer to be made to 

the error routine. 

IMPROPER PARAMETER 

This error occurs when the parameter supplied to a procedure or to a 

library routine is not of the type required. 

Case 1: Call by name parameter to procedure. 

EXAMPLE 28: 

1 REAL PRUNEJUICE, APPLEJUICE, LEMONJUICE $ 
2 PROCEDURE JUICY(BOT, TOMS, UP)$ 

3 REAL BOT, TOMS $ 
4 INTEGER UP $ 
5 BEGIN UP = ENTIER(TOMS+BOT) 

6 END JUICY $ · 

7 JUICY (PRUNEJUICE, APPLEJUICE, LEMONJUICE) $ 
.. 

Since the call by name parameter, LEMONJUICE, is not of the same 

arithmetic as the variable UP, the error "IMPROPER PARAMETER TO PROCEDURE" 

will result. 

Case 2: A l~brary routine is used as a call by name parameter and the 

argument supplied to this library procedure is of the improper type. 



EXAMPLE ?9: 
1 PROCEDURE F (Q) $ 

2 ~ PROCEDURE Q $ 

3 BEGIN REAL A $ 
4 A = Q( 'ERROR') END $ 

5 F(SIN) $ . 
IMPROPER PARAMETER TO SIN 

PROG ON LINE NO. 4 
F DEFINED AT PROG ON LINE NO. 1, CALLED FROM PROG ON LINE NO. 5 

NOTE: An improper parameter to tape and drum routines results in the 

message "IMPROPER PARAMETER TO (NAME LOST AT OCCURRENCE OF ERROR) 

AT (LOG ) 

Case 3. The form of the READ sta~ement is incorrec~. 

EXAMPLE 30: 

1 STRING A(1) $ 

2 A = 'S' $ 
3 READ (CARDS,TAPE(A)) $ 

Two input devices are specified in the ~ statement. The error 

message wo~ld read: 

IMPROPER PARAMETER TO READ 

PROG ON LINE NO. 3 

READ, CALLED FROM PROG ON LINE NO. 3 

UNDEFINED TYPE CON"VERSION 

In attempting to convert a variable of a given type into a different 

type, it is discovered that no conversion is defined be.tween the two types. 

For example, consider the fi!l°llowing: 

EXAMPLE 31: 

1 STRING A(2) $ 
2 FOR.MAT GREEN (R10.2,A1) $ 

3 LIST BEAN(A) $ 
4 A= 1 SS 1 $ 

5 WRITE (GREEN,BEAN) $ 
No car.version is defined from STRING to REAL. Hence the error: 

UNDEFINED TYPE CONVERSION IN WRITE 

PROG ON LINE NO. 5 
WRITE, CALLED FROM PROG ON LINE NO. 5 
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There are a number of error messages which can result from an error in 

the use of the FORMAT routine. These messages have the same meaning as the 

corresponding messages for compilation errors. Furthermore, they contain the 

additional information which is always provided by the error routine. 

NOTE: The abbreviations "D.P." and "REAL2" both characterize a double 

precision routine. For example, the message "RESULT UNDEFINED 

FOR D.P. TO D.P. POWER ••• " means that the error occurred in the 

routine for rai~ing a double precision bas~ to a double precision 

power. 

INSUFFICIENT,DATA 

If a READ statement does not find enough data on the (card reader) 

input device to satisfy th~ input parameter list, then the execution will 

be terminated with the foliowing message: 

INSUFFICIENT DATA FOR PROGRAM 

PRO~RAM ABNORMALLY ABANDONED 

ERRO~ NUMBERS FOR LIBRARY ERROR MESSAGES 

There is associated with each type of message an error numb~r that can 

be used in conjunction with the ERROR and ERRORTRAP procedures (q.v.). The 

following is a list of error message types and their associated error 

numbers that are currently part of the Algol library. 

ERROR NUMBER 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

DESCRIPTION 

Internal error 

Incorrect number of arguments 

Memory capacity exceeded 

Undefined designational expression 

Improper size phrase 

Undefined type conversion 

Same as 4 
Same as 4 

Not used 

Unrecoverable Tape/Drum er"or 

"Attempt to pass end-of-information 

Constant out of range 

- 164 -



ERROR NUMBER 

12 

13 

14 
I 

~5 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

DIAGNOSTIC PROCEDURES 

DESCRIPTION 

Not, used 

Characteristic overflo~ 

Divide by zero 

Improper number of dimensions 

Not used 

Result undefined 

Result out of range 

Real2/Complex/Misc routine not in library 

Illegal character,l.Undefined type conversion 

Improper sequence of format phrases 

Improper parameter 

String too long 

Extra right parenthesis 

Missing or misplaced activation phrase 

Improper format symbol 

Extra left parenthesis 

Subscript out of range 

Subscript cut of range for string array 

Not used 

NO MESSAGE IS PRINTED 

Two special procedures, DUMP and ERRORTRAP, are available in the Algol 

library to speed up the process of debugging a program. DUMP allows the 

user to gather information about the status of a program when an error occurs 

at execution time. ERRORTRAP allows the user to replace the usual library 

error routines with an Algol procedure of his own. With this faature the 

programmer can gather special information and decide how executior. should 

continue in the event of an error. 

THE DUMP STATEMENT 

The programmer may specify that the values of certain variab:,es be 

printed out 'Nhen a run-time error occurs by using the DUMP statement. 
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GENERAL FORM: 

DUMP((dump list>) 

where: <dump liRt,.> i!'l <'i.dentHier) or 

(d11mp ll~~t,/,....-idnnLifi<~r/. 

E11ch <identi fler/ I~ the name of a simp1e variabl1) or Lhe nam£~ of A.Tl arrny, 

and further, (identifier) must not be a call by name parameter. Note that 

constants, expressions, subscripted arrays, or subscripted strings may not 

be used in a l2.ID1E statement. 

Any block can have only one dump list invoked at a given time. Each 

DUMP statement (in effect) erases the old (dump list) for that block and 

replaces it with a new list. 

Each active block can have a (dump list) associated with it. If an 

error occ~rs while N blocks are active, then a maximum of N(dump list)'s 

will be printed out. If no error occurs after the DUMP statement is en­

countered, the (identifier list) will not be printed out. 

EXAMPLE: 

INTEGER A,B,C,D,E,F,H,J,K,X$ 

DUMP(A,B,C,D,E,F,H,J,K,X)$ 

A = 1 $ B = 2 $ C = 3 $ D = 4 $ E = 5 $ 
F = 6 $ H = 7 $ J = 8 $ K = 9 $ X = 0 $ 
H = A'~B/X 

When execution of this program is attempted, the results are as follows: 

INFINITY, INFINITY, YOU DONE DIVIDED BY ZERO 

P::ZOG ON LI!!E rro. 5 

DUMP LIST: 

A 

B 2 

c 3 

D 4 

E 5 

F t 
H 7 

J 8 

K 9 

x 0 
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THE ERRORTRAP PROCEDURE 

When a run-time error o.ccurs the Algol library gathers and prints as 

much information as it can a'bout the situation that ca.used the error and 

then terminates the execution. 

By using ERRORTRAP the programmer may cause control to be transferred 

to a procedure of hie own before the library routine takes over. His 

procedure may then decide on the basis of the error type how to continue. 

GENERAL FORM OF THE CALL 

ERRORTRAP ((proc name)) 

where (proc name) is the identifier of the user-written procedure to which 

control will be transferred if an error occurs. This procedure must have 

exactly one parameter, of type IN~GER. On entry to the user-written 

procedure, the value of the integer parameter will be set equal to the ar­

propriate error number by the ERRORTRAP routine (see the accompanying table 

of library error message~). Error number 2, Memory Capacity Exceeded, 

cannot be handled this way. 

The ERRORTRAP routine may be disabled by calling it with no parameter: 

ERRORTRA~ 

When this call is in effect, an error at execution time will be handled in 

the usual way, i.s., the library error routine will take control and the 

user's error-handling procedure will be ignored. 

If the user-written procedure is exited via the procedure END rather 

than by a GOTO statement, then control is passed to the library error routine 

and normal error processing ~nsues. 

Unless the programmer wishes to live dangerously, the first statement 

of his error-handling procedure will be: 

"RRRORTRAP 

to disable his errortrap procedure. If errortrap is not disabled and an 

.r:·r;y is dJt )CterJ in k•' 0 rr.0r-handling procedurf!, then the error--hs.n::lling 

rm1~!n~ will be called again and possibly the error will be detecGed again, 

and round ani round ••• ~hus the error routine may be entered rec1rsively 

with (possibly) the wrong value as parameter. 



THE ERROR PROCEDURE 

The ERROR procedure allows an Algol program to call in the library 

error routine even though the system library itself has not detected an 

error. This can be particularly useful if the Algol program is intended 

to be a processor. 

GENERAL FORM OF THE CALL: 

ERROR ((arith exp)) 

The effect of this call is to transfer control to the library error routine 

with the value of (arith exp) as the error number. (arith exp) is converted 

to type INTEGER if it is not already of that type. The library error routine 

takes action appropriate to the value of the parameter, including printing 

messages, unwinding nested procedures, and terminating the execution. 

TRACE OPTIONS 

The compiler allows the programmer to exercise options that affect the 

compilation and execution of an Algol program. The following optio~s are 

currently available: 

OPTION 

LETTER 

A 

B 

c 
D 

E 

F 

H 

J 

K 

L 

TRACE 

NUMBER 

21 

29 

25 

1 

ALGOL COMPILATION OPTIONS AND TRACE NUMBERS 

DESCRIPTION 
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Accept program even if errors are found 

(an element is placed in program complex 

Block and BEGIN-END diagnostics suppress 

Cycle numbers suppressed 

Do not abort compilation after 20 errors 

Externally define all procedures 

declared in block one 

Full card (80 columns) s~anned 

Hierarchy of operators ~hanged so that 

multiplication is performed before 

division (on the same p~renthesis level) 

Treat program as proces~or (contents of 

B11 saved) 

Octal constants allowed 

List edited machine lang1af:e 



OPTION 

LETTER 

N 

0 

R 

s 

v 
w 

x 

z 

TRACE 

NUMBER 

13 

16 

18 

26 

. 12 

15 

28 

30 

DESCRIPTION 

Suppress listing (except errors) 

Open coding - array subscripts not check<'i 

Registers dumped in case of errors at 

compile time 

Card number tables treated as labeled 

common block 

Number errors in order of occurrence 

Print correction cards before source 

listing 

Abort compilation immediately if error 

is detected 

Do not. generate card number tables 

Externally define all OWN variables 

Allow G.V. array operations 

Trace option letters are punched on the Algol processor card starting 

in column two (see EXEC III Manual, p. 50-54). This causes the option to 

be in effec~ throughout the co~pilation process. 

Some of the options may be invoked selectively during compilation by 

mi:lans of the corres.ponding trace number. The following Algol statement 

will turn on the designated trace options: 

'.ffiACE ON n1 , n2 , ••• , nK $ 
where nI are unsigned integers·chosen from the above table. The following 

statement turns off the designated options: 

TRACE OFF n1 , n2 , • •. • , nK $ 

To turn oft all trace options that are not beirig used as letter options in this 

compilation, the statement 

TRACE OFF $ 

is sufficient. 

The cas·~ n1 = 0 does not have a corresponding option letter. l'he 

statements 

and 

will cause the compiler to insert the following 1107 Sleuth statem9nts, 

resp9ctively, into the object program: 

SLJ XLOG$ and SLJ XFREE$ 
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(see 1107 Monitor System Notes for an explanation of these diagnostic 

traces). 

The statements 

~ .Qli n1, ••• nK t 

TRACE OFF n1, ••• nK $ 

may appear in a program anywhere a COMMENT may appear. 
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XIV ••• 

USING ALGOL UNDER EXEC III 

The programming of the Case 1107 makes use of various elements of a 

comprehensive operating system. The operating system includes the Algol 

compiler and library, and is controlled by a basic set of routines known 

as Exec III. 

In particular, compilation and execution of an Algol program are 

governed by the use of Exec control cards. A full description of control 

cards that are recognized by the executive ro.itines is given in the Exec 

III manual. The present discussion is limited· to some of the basic features 

used in Algol program:ning. 

; 

EXEC CONl'ROL CARDS 

Every Exec control card must have a 7 /8 punch in column on':! and ar.y 

card with a 7/8 punch in column 1 will be treated as an Exec control card. 

This multiple punct is often referred to as a "master space". In t1!i::: fol­

lowin~ discussion the symbol "L..1" represents a blank card column. 

The first card of every deck that is read into the computer sho·ild be 

eithep a RUN card, LST card or PCH card. The LSr and PCH cards will be ex­

pla·i red later. If compilation and/or execution of a pro~ram ar? desir-::1, 

the ?.UN card must be used. 

THE RUN CARD 

A typical RiJN card for a student run is as follows: 

where the student number is 12345 and the class for which the p~ogram is 
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being run is E12. Each class using the computer is assigned time and page 

limits by its instructor. 

A typical RUN card for a project run is: 

~6 RUN 6 99999,2 

wh~re the project number is 99999 and the programmer number is 2. If, as 

in the above example, no time or page limit is declared then the assumed 

limits for that project and programmer will be in force. To specify limits 

other than the assumed limits, for example, a maximum of 120 seconds and 

20 pages, the card would appear as follows: 

~6 RUN 6 99999,2, (120,20) 

THE ALG CARD 

To initiate compilation of an Algol program, the source deck must be 

immediately preceded by an Algol processor card. This is an Exec control 

card that specifies the name of the program and any Algol options the pro­

grammer wants to exercise. An example of an Algol processor card is: 

~FN 6 ALG D. PR031 

where the program is named PROG1 and the F and N options are indicated. 

If several programs are to be compiled in the same run, a separate 

Algol processor card must precede each program. 

THE XQT CARD 

If, after compilation, the program is to be executed, the Algol source 

deck is fa.lowed by an "execute" card. This Exec control card epecifles 

the name o~ the program to be run and usually the N option is exercised on 

this card. If the program name is PROG1 the card is: 

~N 6 XQT 6 PROG1 
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If the N option is left off the XQT card the a.11 oca ti on of computer memory 
i 

for the main program and its associated procedures will be printed out, 

thereby providing one or more pages of information that is almost always 

worthless. 

DATA CARDS AND THE EOF CARD 

The XQT card is followed by the data cards used by the program. Among 

the data cards may be EOF cards, to be used in conjunction with the input 

routine described in Chapter IX. An EOF card has the form: 

Columns two and six of an EOF card must be blank but any 1107 characters 

may be punched in columns 7-80 

THE FIN CARD 

The last card of an input deck must be a FIN card. This Exec control · 

card signals the end of the user's file and the entire input deck will be 

ignored if it is not present. Its form is: 

~ 6 FIN 6 

Just as with the EOF card, columns two and six of a FIN card must be blank 

and columns 7-80 may contain any 1107 characters. 

If a program is to be executed the FIN card follows the data cards 

or,:if there are none, it follows the XQT card. A program may be compiled 
I 

without being executed, in which case the FIN card may immediately follow 

the source deck. 

SAMPLE INPUT DECK 

~ 6 RUN t::. 12.345, E1 2 

~F 6 ALG t::. TEST1 



6 RUN 7b344•E12 
6F ALG lESTl 

COMMENT THE F OPTIUN ON TH~ ALG CARD TELLS THE COMPILER TO 
SCAN ALL AO COLUMNS OF THE SOURCE CA~O• NOT JUST 
THE FIRST 72 $ 

INTEG~R l•START•QUIT•THISMUCHS 
R~AL PROCEDURE FACT0RIAL2(N)~ 

VALi I~ NS INTEGER NS 
FACTORlAL2 : IF N EQL 0 TH~N leO 

ELSE N•FACTORIAL~(N-1)$ 
REAO(START•THlSMUCH•QU~T>~ 
FOR I : START STEP THISMUCH UNTIL QUIT 00 

wRITE(FACTuRlAL2(l))S 

A~ XQT lE~Tl 
2 3 10 

A FIN 

When the above program is executed, the printout will contain the values 

of 2!, 5!, and 8!. 

THE LST AND PCH CARDS 

A deck of cards may be listed on a printer using the LST card. The 

form of this card is: 

Any deck of cards not including a RUN or FIN card may be listed ry putting 

a LST card i.n front of it and a FIN card behind the deck. When this deck 

is read into the computer the listing will appear on the printer corresponding 

to that reader. 
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• The PCH card is used to duplicate a deck of cards. The form of this 

card is: 

The use of the PCH card is similar to that of the LST card except that the 

output consists of punched cards instead of printout. Note that the punch 

feed should be loaded with enough cards to accommodate duplication of the 

entire input deck. 

EXAMPLE: 

deck to be listed 

~FI~ 

THE COMPLEX UTILITY ROUTINE 

The 1107 operating system includes a processor called the Complex 

Utility Routine (CuR). It may be used to store a library of source and/or 

object programs on magnetic tape, retrieve them from tape when needed, and 

punch object programs onto cards. 

CUR and other parts of the operating system are described in the 

manual, 1107 Monitor Sy!jltem Notes. 
' 
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Appendix I 

SPECIAL IDENTIFIERS 

Two classes of identifiers, reserved words and predefined identifiers, 

are treated as special cases by the Algol compiler. These identifiers are 

underlined in this manual to call the reader's attention to their use. 

RESERVED WORDS 

A reserved word is an identifier whose use in Algol programming is 

restricted to the situations described in this manual. The compiler will 

not allow the meaning of a reserved word to be changed by the programmer 

(e.g., a reserved word cannot be used as variable name, procedure name or 

label). 

The following is a list of reserved words: 

AND LABEL 

ARRAY LEQ 

BEGIN LIST 

BOOLEAN LISTSTRUCTURE 

COMMENT LOCAL 

COMPLEX LSS 

DEFINE NEQ 

DO NOT 

DUMP OR 

ELSE OWN 

END PROCEDURE 

EQIV RANK 

EQL REAL 

EQUIV REAL2 

EXTERNAL STEP 

FALSE STRING 

IQ!! SWITCH 

FORMAT THEN 

GEQ TO 

GO TRACE 

GOTO TRUE 
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GTR UNTIL 

IF \rALllE 

IMPL WHILE 

INTEGER !Qli 

PREDEFINED IDENTIFIERS 

A predefined identifier is an identifier for which a standard 

definition is known by the compiler (e.g., SIN, READ, etc.). If the 

programmer wants to use the standard definition of such a word, he 

must not attempt to redefine its meaning. However, he may redefine the 

meaning of a predefined identifier in any block in which he will not use 

it in the standard sense. These identifiers are considered to be defj~ed i~ block ~. 

The following is a list of predefined identifiers: 

INTRINSIC FUNCTIONS 

ABS PARITYODD DMPVAR 

CLOCK PARTBL ERROR 

CLOK SE'TRANK ERROR TRAP 

DIMENSIONS SIGN FORCE TYPE 

DSA ~ HEADING 

DSC SSC INSERT 

DSL SSL LOWERBOUND 

EVEN MARGIN 

EXIT LIBRARY FUNCTIONS MERGE 
EXITABORT ALPHABETIC NOLI ST 
EXITERROR CHAIN NUMERIC 

EXITNORMAL CLOSE OPTION 

FIELD COREMAX PAPER 

FIELDS CORE TOTAL PCFELT 
IMAG CRTSW POSITION 
LENGTH DATE HEAD 
MGR DELETE RELEASE 

MEMmY DEVICE REWIND 
MOD DISPLAY QUEUE 

ODD DMPBLK SO'l.T 
PARITIEVEN DMPCOR 3WAF 
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TRANSFER 

TYP~ 

UPPERBOUND 

WRITE 

INPUT-OUTP~T DEVICES 

CARDS 

CORJ~ 

DRUM 

EDIT 

PCF 

PRINTER 

PUNCH 

SLIP 

TAPE 

PLOTTER ROUTINES 

C:HANGEKEY 

CHAR 

DPARAM 

KEY COUNT 

MOVE 

NEWGRAPH 
PLOT 

SCALE 

SCHAP. 

Sl'OP 

MATHEMATICAL FUNCTIONS 

ARCO§ 

ARCS IN 

ARC TAN 

ARG 

cos 
GOSH 

EN TIER 

EXP 

INTRANDOM 

LN 

MAX 

MIN 

RANDOM 

SIN 

SINH 

SQRT 

TAN 

TANH 

INPUT-OUTPUT MODIFIERS 

EOF 

EOI 

INTERLOCK 

Y.E1 

The :'allowing identifjers may be used as the prorrammer s• es fit, 

but each has a special meaning in the specified context: 

FORTRAN o~ SLEUTH following the "Word EXTERNAL (used in deda.ra t.ior. 

Qf ~xternal procedure); 

ON or OFF foliowing the word TRACE (used to invoke or revckP. tracP 

opti'Jn numbers). 
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APPENDIX II 

WRITING ALGOL PROCEDURES IN 1107 SLEUTH 

For the benefit of programmers writing procedures in Sleuth II, this 

appendix describes the calling sequence generated by the Algol compiler, 

and explains how the parameters to the procedure may be handled in the 

Sleuth coding. 

THE EXTERNAL SLEUTH PROCEDURE 

The calling sequence generated for a call on an EXTERNAL SLEUTH 

PROCEDURE is: 

LMJ B11, <procedure name) 

+K 

G T1,A1,L1,ADDRESS1 

G TK,AK 11ic,ADDRESSK 

G FORM 6,3,3,24 

where K is the number of parameters to the procedure and the word 

G TI,AI,LI,ADDRESS1 

is the descriptor of the Ith parameter. ADDRESS! may be any of the 

following: 

B10, ADDRESS RELATIVE TO B10 

B9, ADDRESS RELATIVE TO B9 

O, ABSOLUTE ADDRESS 

Of the twenty-two bi ts in ADDRESS1 , the high-order four denote the index 

register and the low-order eighteen bits denote the relative adjress, h and i bits. 

TI is an octal number that denotes the structure of the Ith 

parameter: 

TI 
0 

01(!) 

011 

Meaning 

Simple variable- or expression 

ARRAY 

STRING ARRAY 
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021 Generative LIST 

040 Sort/Merge 

041 RANK 

042 FORMAT 

043 LIST STRUCTURE 

Generalized variables are denoted by 040-047, the first four of 

which are currently predefined via system library routines •. 

AI denotes the type of the parameter: 

1 

2 

3 

4 

5 
6 

Meaning 

INTEGER 

REAL 

COMPLEX 

BOOLEAN 

STRING 

REAL2 

LI denotes the nature of the parameter: 

LI Meaning 

0 Simple name 

Constant 

2 Result 

3 Not used 

4 Loealized global name 

5 U-field integer constant 

6 Indirec·t result 

THE EXTERNAL FORTRAN.PROCEDURE 

(-1<K NO. 

The cal:ing sequence generated for a call OL an EXTERNAL FOR'~RAN 

PROCEDURE has the same form as the sequence for an EXTERNAL SLEUTH PROCEDUtIB 

except that the word specifying the number of param9ters 

+K 
is omitted. 
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CODING THE EXTERNAL SLEUTH PROCEDURE 

The parameters to a Sleuth-written procedure can be made available 

to the Sleuth routine as follows: The value of the Nth parameter is loaded 

into a register by the instruction 

L (register),*N,B11 

If the parameter is a STRING, ARRAY or LIST then the register will be 

loaded with the descriptor of the parameter (see USE OF STRUCTURED 

VARIABLES below). 

The following suggestions should be observed when coding the Sleuth 

routine: 

1) The entry line must be labeled with the name of the procedure 

(an identifier of at most six characters) followed by a star ( *) •. 

2) Register B10 must not be changed (or chaos will follow). 

3) All error checking is the responsibility of the Sleuth roatine. 

4) If the procedure is being used in the functional sense (e.g., 

EXTERNAL SLEUTH INTEGER PROCEDURE), the result should be left 

on exit from the procedure in register A2 (A2, A3 in the case of 

REAL2 or COMPLEX) • If 'the result is a STRING, ARRAY or LIST the 

descriptor of the result should be left in A2. 

5) The return to the calling program is made by the instruction 

J K+1,B11 

where K is the number of parameters to the procedure. 

6) Under all circumstances the contents of registers B1 ,B2;8~, and 

B4 should be.the same when leaving the Sleuth procedure as when 

entry was·made. 

7) Register B9 must not be changed until all the parameters have 

been accessed. 

USE OF STRUCTURED VARIABLES 

1) Strings 

A string is stored in a sequence of memory cells, six characters pi:lr 

cell. The parameter passed to the Sleuth procedure is a string descriptor, 

which has the form 

F 

F 

FORM 

<length),(position),(address) 

12,6,18 

where (length) is the number of characters in the string, (position) is 
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t~e position of the leftmost character in the first cell, and (address~ 

is the location of the first cell. The sixths of a word are numbered from 

left to ripht, from 2ero to five: 

I o 1T2 3 4 5 

i.e., 0 ~(position)~ 5. 

2) Arrays 

If an array element is used as a parameter to an EXTERNAL SLEUTH 

PROCEDURE, the value of the element is passed to the procedure. If, however, 

an array name is used as a parameter, the procedure will receive the address 

of the first word of the array head. The structure of the array head for non­

string arrays is as follows: 

(no. of elements), (address of first element) 

(no. words per element), (no. of dimensions) 

(lower ( 1 )),(upper (1) -lower (1) + 

(lower (N)),(upper (N) -lower (N) + 

(special constant for 0 option) ,('3.d:lres's of array name) 

(first element of array) 

(last .element of array) 

1) I 
1) 

The array is stored by rows. For string arrays the structure is: 

(no. of elements),(address of first elt. descriptor) 

1, (no. of dimensions> 

(lower (1)),(upper (1) -lo~er (1) + 1) 

(lower (N) ,<up!Jer (N) -lower (N) + 1~, 

+ 0 

(descripto~ of first element) 

(words/string) 

(first strinf) 

(last 3tring) 
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APPENDIX III 

GENERALIZED VARIABLES AND THE DEFINE DECLARATION 

A generalized classification scheme for variables has been incorporated 

in the syntax of Case Algol. The scheme described here has been designed to 

permit the user to add new classes of variables to his program provided he. 

defines the structure by means of external Sleuth II coding. The structure 

of these variables is determined by specifying in the Sleuth routines the 

meaning of the standard operators. 

In standard Algol 60, only simple quantities are allowed for, namely, 

INTEGER, REAL, and BOOLEAN. Variables of type STRING, REAL2, and COMPLEX 

are found in Case Algol, but these are also handled like simple variables. 

Arrays are intended only to store large quantities of simple variables, 

rather than being considered variable entities in themselves. 

The introduction of generalized variables is intended to supplement 

this by allowing the direct manipulation of variables with a non-simple 

structure, or with attributes that are not com~on enough to be directly 

incorporated into the compiler. For example, the manipulation of matrices, 

polynomials, sets, or topologies could be treated by means of ordinary 

Algol statements if the proper Sleuth routines were provided. 

DECLARATIONS IN CASE ALGOL 

Every variable that is used in:'an Algol program must be declared 

(i.e• defined) in the following manner: 

<classification> <variable1), ••• ,<vari~bleN) 

where (classification) is a sequence of identifiers that names the type 

and kind of variable and the <variable.)'s denote the variables of that 
·1 

type and kind. The form of <variable.) is: 
1 

<name) 

or <name)((parameter list)) 

where (name) is the identifier of the variable and (parameter list) consists 

of a sequP.nce of parameters that may be separated either by co~mas (' ,') or 

colons(':' or 1 •• 1 ) Both kinds of separators may be used as, for example, 

in the standard ARRAY declaration. 
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THE DEFINE DECLARATION 

An identifier that serves as the (classification> of a generalized 

variable t;rpe must be named in a DEFINE declaration to inform the compiler 

that it is now desirable to have a new kind of variable, viz., (classification) 

The general form is: 

DEFINE (class1),(class2>, ••• ,(classn> $ 

where (classi> is: 

(classificationi) 

or (classificationi) (N) 

where N is an integer constant such that ¢ ~ N ~ ?. Any further occurrence 

of (classificationi) will be treated just as an occurrence of INTEGER, REAL, 
ARRAY, FORMAT, etc. That is, it serves to identify variables to be declared 

as being of type and kind (classificationi). It also serves as a transfer 

function that takes one parameter and converts it to the t;rpe and kind of 

(classificationi> (just as INTEGER (1.0).is a call on the transfer function 

for t;rpe and kind INTEGER). 

The integer N is called the ranking index. The numerical kind of 

a generalized variable is 0408 + N. Systems so far implemented are: 

level kind Generalized variable 

0 040 Sort/Merge, SOL-B 

1 041 Ranks 

2 042 Formats 

3 043 List Structures 

Any attempt to define and use generalized variables at these levels while 

using one of the corresponding predefined generalized variables may result 

in a certain amount of chaos. 

CODING FOR GENERALIZED VARIABLES 

Thus, in theory, Algol has now been equipped with the machinery to 

handle any type of variable. However we must remember that Algol on the 

1107 is not purely a meta-language in which we can express an algorithm for 

the solution of some problem. It also doubles as a source language which 

is translated into an object code (machine language). Thus we will now 
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consider what all of the above is translated into. 

THE DECLARATION OF A GENERALIZED VARIABLE 

In the declaration of a generalized variable the following coding is 

turned out: 

line 1 LX,U B9,<name) 

line 2 LMJ B11,09---$ 

llne 3 + n 

lines 4 to (de~criptor1 > 
n+3 (descriptorn> 

line n+4 '(name of the generalized variable)' 

Line 1 loads B9 with the address of the cell associated with the variable. 

This cell later becomes a pointer to the actual variable. Line 2 transfers 

control to the Sleuth routine that initializes the generalized variable. The 

name of the routine is defined by the following algorithm: Take the first 

three characters from (classificationi). Prefix these characters with 09 

and suffix with a $. If there are less than three characters use as many 

as there are. It is obvious from the above that if two (classification>'s 

have the same first three characters, there is going to be some confusion. 

On line 3 n is the number of parameters in this declaration, -n if this 

variable is OWN, +n otherwise. Lines 4 to n+3 are the descriptors for the 

n parameters (see Appendix II for the form of descriptors for such a call). 

The descriptor is in a form such that an indirect address on the word will 

·obtain the parameter. The initial contents of (name) is undefined. 

The above calling sequence enables the user to initialize each 

generalized variable. Initialization consists of three major sections: 

1. Setup of structure involved with the manipulation of the 

variable. 

2. It gives the user the location associated with the variable 

(given in B9). This location is sometimes referred to as the 

pointer to the variable. 

3. It gives the user the opportunity to put the address of an 

operation table (described below) in the H1 field of the location 

associated with the variable. The H2 field of this location 

may be used in any way the user desires. It usually points to 
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the actual memory locations that the generalized variable 

occupies, i.e., the address of the variable is put into the 

H2 field of the pointer. 

Consider the following segment of an Algol program (this example 

is continued later in this appendix): 

DEFINE SET(.3), ELEMENT, CLASS(4) $ 

(The compiler generites no coding for the above.) 

ELEMENT A,B$ 

LX,U B9,A 

LMJ B11,09ELE$ 

+ 0 
tA 

LX,U B9,B 

LMJ B11,09ELE$ 

+ 0 

'B 
The allowable operations are: 

Binary operators: 

+ 'ADD' .ICB. 1XOR 1 

'SUB' mi, 'IMP' 
* 'MUL' EQUIV 1EQV 1 

I •DIV' ~ 'EQL' 

II 1DII' LSS 1LSS 1 

** 'EXP' GTR 'GTR' 

OR 'OR' YJQ. 'LEQ' 

!ND 'AND' NEQ 'NEQ' 

= 'REP' GEQ 1GEQ 1 

Unary operators: 

'NEG' .NQI 1NOT 1 

Subscript calculate: 1SSC 1 

The address of the operation table for that particular generalized 

variable should be stored in the H1 field of the pointer. 

When Pn operation occurring in the operation table is requested by 

an Algol program, control is transferred to the address of the specified 

routine with the following information available (excluding SSC): 

B11 - Address of the first of two (one, if it is a unary operation) 
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conse~utive parameter descriptors; the first descriptor for the 

left operand and the second for the right operand. 

08XIT$ - A location that contains the address to which control should 

be transferred when done with the operation. 

A2,A3 - should contain the result of the operation upon exit. The 

result is usually a pointer to the resultant quantity if the 

result is non-simple. If the result is simple, then the ap­

propriate INTEGER, REAL, COMPLEX, BOOLEAN, STRING, or REAL2 

quantity should be put in A2,A3. For binary arithmetic operations, 

the kind of the result will be taken to be the kind of the operand 

with the larger numerical kind. For Boolean and relational operators, 

the result kind is always BOOLEAN. 

If the operation is 'SSC', the following information is available 

B11 - Address of a word which contains an integer which indicates 

the number of parameter descriptors immediately following. 

08XIT$ - contains the return point (see above). 

B9 - snmild contain upon exit the result of the subscripting operation. 

Thi~ result is usually the pointer of the generalized variable 

referenced by the subscripting operation. 

The following conventions must be remembered in tre use of subscripted 

generalized variables: 

1) Any variable or expression has type and kind associated with it. 

A variable is assumed to have universal type if no other type is 

specified, except for arrays where REAL type is assumed. 

2) A variable with a subscript on it drops its kind (that is, it 

becomes of kind simple) if it has non-universal type. If it has 

universal type it retains its kind. 

3) A STRING subscript is not really a subscript, it only specifies a 

substring. It is the same as specifying a subpartition of an 

ARRAY. 

Consider the following example: 
SET V(3,A,B), S1 $ 

LX,U B9,V 

LMJ B11, 09SET $ 
-1- 3 
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G SIMPLE$, INTEGER$, CONSTANT$, (.3) 

G 040,0,NAME$,A 

G 040,0,NAME$,B 

'V t 

LX,U B9,S1 
LMJ B11,09SET$ 

+ 0 
I S1 

BOOLEAN CLASS TOPOLOGY (V •. 1 TOP 1 ) $ 

LX,U B9, TOPOLOGY 
LMJ B11, 09CLA$ 
+ 2 
G 043,0 NAME$, v 
G SI}fl'LE$, STRING$, NAME$, (F LENGTH,,( 1T0P')) 
1TOPOL0' 

TOPOLOGY(7 •• A) = V + B LSS TOPOLOGY$. 

LX,U B9~ TOPOLOGY 
LMJ s11, o8ssc$ 

+ 2 

G SIMPLE$, INTEGER$, CONSTANT$, ( 7 ). 

G 040,0,NAME$,A 
SX B9, TEMP$(1), B10 
LMJ B11, 08ADD$ 

G 043,0,NAME$,V 
G 040,0,NAME$,B 
SA A2, TEMP$(2), B1~ 

LMJ B11, 08LSS$ 

G 043, RESULT$,B10,TEMP$(2) 
G 04J, BOOLEAN$+ NAME$,, TOPOLOGY 
SA A:2,uTEMP$(1),B10 
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OPERATIONS INVOLVING GENERALIZED VARIABLES 

Generalized variables can be used in arithmetic, Boolean, and relational 

operations. The ability to do this is taken care of by the operation table. 

The operation table is constructed as follows: 

line 1 + p 

line 2 + '~OP1 ) 1 ,ad1 
to 

P+1 + '(OP )' ad p ' p 

where P is the number of operations that are in the table, 1(0P.)' is the 
1 

fieldata of one of the allowed operations, and ad. is the address of the 
1 

routine that performs the operation given by '(OP.)'. 
1 

The compiler generates calls to routines 08ADD$, 08SUB$, 080R$, 

etc. which are in the standard Algol library. These routines select the 

address of the operation table by examining the descriptors of the left 

and right operands. If the left operand is a non-simple variable and there 

is an address in the H1 field of the pointer (i.e. H1 of the pointer IO), 

the library routines use this address as the location of the operation table. 

If the above test fails for the left operand, the right operand is then 

tested (only one operand is tested for a unary operation). If neither 

operand has an operation table associated with it, an error message vill 

be generated. Once the operation table is found, the library routine 

searches the operation table for the operation (e.g., 08ADD$ searches for 

'ADD'). If the operation is found, the library routine transfers control 

to the user's routine to perform the operation. If the operation is not 

found, an appropriate error message will be generated. When the user is 

finished, he leaves the result in the proper registers and returns to the Algol 

program via the address in 08XIT$. 

The general form for an operation is (only one descriptor for unary 

operators): 

LMJ 

The general 

LX,U 

LMJ 

+ 

B11,08---$ 

(descriptor for left operand) 

(descriptor for right operand) 

form for a subscript 

B9,(name) 

B11,08SSC$ 

n 

is: 
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(descriptor > 
n 

Note that the user need not perform operations by use of the operation 

table. The user may call his routines 08ADD$, etc. and have control trans­

ferred directly to his own routines. However, when many different general­

ized variables are used in one program, each user operation routine would 

have to determine which operation to perform for the kind presented. The 

library routines decide which operation to call by looking at an operation 

table, and each different kind of generalized variable can have a different 

operation table. 

GENERALIZED VARIABLE TRANSFER FUNCTIONS 

It was mentioned before that each.(classificationi) becomes a 

transfer function. The compiler generates the following coding: 

LMJ B11,07---$ 

(descriptor for parameter) 

Consider the following example: 

S1 = SET(A) 

LMJ B11,0?SET$ 

+ 1 

G 040,0,,A 

SA A2,TEMP$(2),B10 

LMJ B11 ,08REP$ 

G 043,0,,S1 

G 043,RESULT$,B10,TEMP$(2) 

REGISTER USAGE 

The registers that must not be tampered with in any way by user 

routines are B1, B2, B3, B4, and B10. Failure to observe this rule will 

yield catastrophic results. 

ACQUIRING AND RELEASING OF CORE 

For most generalized variables, core will be needed either for the 

variable or for information relating to the variable. Core, however, may 
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not be used indiscriminately. To request a block of core: 

1) Load A3 with the number of words desired. 

2) Make the call: SLJ OPRO$ 
3) The address of the start of the block of the size requested is 

in A¢ upon return from OPRO$. 

If no bleak of the requested size is available then control is transferred to 

the library error routine. If transfer to the error routine is not desired 

then the following call should be used: SLJ OEPRO$. In this case if the 

block is not available the return is made with the contents of register 

AO = 0. 

Care must be taken to see that no core is used except exactly that which has 

been requested. When finished with the core, it may be "put back" for 

future use by: 

1) Loading A¢ with the starting address of the core to be released. 

2) Make the call: SLJ OCON$ 

Only the exact block of core which was requested may be returned. Both 

OPRO$ and OCON$ destroy registers A¢, A1, A2, A3, and A4. 

THE DEALLOCATION LIST 

The deallocation list is a list that contains those items that 

should be deallocated when leaving a block or a procedure. There is a 

separate list associated with each block or procedure. To reference the 

head of the allocation list anything equivaient to the following form is 

acceptable. 

OHEAD$,B1 O,H2 

If the list head is zero then the list is pull. 

Items are placed on the deallocation list in LIFO ordered by the 

library utility routines OINS$ and removed by OREM$. 

The contents of a list item can be one of two forms: 

1) The H2 field contains an address in which case it is 

assumed to point to a block which is to be deallocated. 

OCON$ is called with this address as a parameter. The 

H1 field is ignored. 

2) The H1 field contains an address and the H2 field 

contains a negative parameter which is discussed below. 

The address is assumed to point to a subroutine that 
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accepts the positive parameter as input. The subroutine 

is assumed to handle all deallocation that is necessary. 

Entry into the subroutine is made in the following manner: 

LM AO, -(parameter),*BO,XU 

LMJ B6,(subroutine) 

The registers which cannot be used unless saved and restored are 

B1,B2,B3,B4,B8,B10,A7 

A FINAL WORD 

With generalized variables the user is able to declare anq manipulate 

otherwise unwieldy variables. Many sophistications are possible and many 

problems are also possible. But, believe it or not, it can be made to 

work. OR rather, you can be made to work it. 

- 192 -



APPENDIX IV 

SORT-MERGE PACKAGE 

Sort-merge facilities operating within the Algol framework are 

now available. The basic units with which the sort-merge package works 

are files. A file is defined as an area of storage in core, on drum, or 

on magnetic tape. Thus.there are three types of files, namely: core, drum, 

and tape files. A file is well defined whether or not it has any relevant 

information stored in it. The creation (i.e. definition) of files is done 

using the Algol DEFINE declaration, and they may be processed, written, or 

read only by the sort-merge package. If a file has been written into, the 

items are in the form of Algol strings, which ~ay be of different lengths. 

A summary of allowable calling sequences follows: 

FILES: 

DEFINE FILE $ 

FILE (identifier)('(type)' ,(length))$ 

where (type) is either CORE, DRUM, or TAPE, and, for types CORE and DRUM, 

(length) is the file length in words. For type TAPE, (length) is a list 

of the form ('(logical unit)', (usable tape length in feet),•(logical unit)', 

(usable tape length in feet), 000
). The file is assumed to progress through 

the tapes listed in the declaration from left to right. A tape swap may be 

called for by following (length) by ·, 1 SWAP 1 • 

EXAMPLES: 

DEFINE FILE $ 
FILE F1 ( I CORE I '400) 'B ( I TAPE I ' I A I , 1 200' I BI '600) ' 

DRUMFILE ( I DRUM I , 5000) 'F2 ( I CORE I '800) ' 

SUPER ( ' TAPE' ' I c I '1 200' ID I '1 200' I SWAP I ) $ 

Here, two areas of core of lengths 400 and 800 words are set aside 

for core files F1 and F2. A 5000 word area of drum space is cleared and 

set aside for drum file DRUMFILE. A tape file (B) of total length 1800 

feet is assumed to exist starting with 1200 feet of tape on logical unit 

A with an additional 600 feet of space on unit B. A tape file of 

undetermined length is assumed to exist with an undetermined nu~ber of 1200 

foot tapes on logical uni ts C and D , starting with 1200 feet on unit C 

continuing on unit D , and returning to C , moving cyclically between 

units C and D. 
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Note that, as with Algol 60 arrays, when storage is declared (i.e. 

either a file or an array declaration), the space declared is assumed empty, 

and remains empty until the user places items into the file or array. Only 

a previously created non-empty tape file may be used as a tape file input in 

a new program. Also, it should be noted that the Algol drum routine and the 

sort-merge drum files are not compatible and hence exclusive use of one or 

the other of these drum processing methods should be made. 

SORTKEYS: 

DEFINE SORTKEY$ 

SORTKEY (identifier)((start char1>,<char length1>, ••• , 

(start charN),(char lengt~)) $ 
where (start char!> is the starting character position and (char length!) 

is the character length of the Ith most significant key. 

EXAMPLES: 

DEFINE SORTKEY$ 

SORTKEY KY(20,4,6,8),DATAKY(1,5,10,5), 

SPECIAL(1,80),VACATION(27,2,25,2,1,20) $ 

Suppose that a file, FIL, contains information. In particular, 

suppose that for each item in FIL, characters 1-20 designate an employee 

name, characters 25-26 and 27-28 contain the day and month (01-12, where 

01 is January), respectively, of the start of the employee's vacation period. 

A subsequent sort of file FIL with the key VACATION as defined above would 

produce a group of items grouped by vacation date with the vacation dates in 

chronological order. If more than one employee starts his vacation on a 

given date, the items are grouped in alphabetic order by employee name. 

Note that a key is meaningful only with respect to a sort or a merge. 

POOLS: 

DEFINE POOL$ 

POOL (identifier)(L) $ 

where L is as defined for tape files, without the swap option. Pools must 

consist of magnetic tape, and are only used for temporary storage by a 

sort process. 

EXAMPLES: 
DEFINE POOL$ 

POOL SPARE ('M' ,3600,'P' ,1200,'R' ,300), 

ROOM('N' ,1200, 10 1 ,2400) $ 

Here, SPARE provides 5100 feet of magnetic tape for intermediate 
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storage for the system during a sort operation. Note that a pool is 

used only for intermediate storage in ~ sort operation. 

Sort-merge procedure calls: 

SORT((output),(input),(key identifier)) 

SORT((output),(input>,<~ey identifier),(pool identifier)) 

MERGE((output),(input)1,(input>2, ••• ,(input)n,(key identifier)) 

TRANSFER((output),(input)) 

TRANSFER((output),(input),(intermediate procedure)) 

TRANSFER((output),(input),(boolean)) 

TRANSFER((output),(input),(intermediate procedure),(boolean>) 

where (output) is either 'NONE', a file name, or the name of an Algol 

procedure having a single string parameter; where (input) is either a file 

name, an Algol string procedure name.with no parameters, a call on SORT, a 

call on MERGE, or a call on TRANSFER; where (intermediate procedure) is an 

Algol string procedure having a single string parameter; and where (boolean) 

is either a boolean variable or an Algol boolean procedure. 

EXAMPLES: 

Suppose it is desired to load items from cards into a file, F. 

Let the items be arranged on cards so that one item appears per card and 

so that the item is within columns 1-40. A program which accomplishes this 

is shown below: 

1 DEFINE FILE $ 
2 FILE F ( I TAPE I , I A I , 1100) • 

3 STRING PROCEDURE IN $ 
4 BEGIN OWN STRING S(40) $ 
5 FORMA.T FORM (A,S40) $ 
6 READ (FORM,S,STOP) $ 
7 IN = S $ GOTO OUT $ 
8 STOP.. IN= I I • 

9 OUT. • END IN $ 
10 TRANSFER (F,IN) 

Note that, as shown on line 8, the TRANSFER operation is terminated by setting 

the input equal to a null string (IN=''). A null string is ctefined to be a 

string of character length zero, represented by two ad1acent qt:ote marks. (See 

the flowcharts at the end' this appendix.) ·. 
Assume nov that we desire to delet~ certain items from file F, along 

with deleting some of the item information •. In particular, suppose that a "D" 
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in the first character of an image indicates that that item is to be deleted. 

Also, columns 2-4 are to be set to ¢¢¢ for all items. A program which ac­

complishes this is shown below. 

1 DEFINE FILE $ 

2 FILE FNEW( 1 TAPE','B',1200),F( 1 TAPE 1 , 1A1 ,1108) $ 

3 STRING PROCEDURE EDIT(S) $ STRING S $ 
4 BEGIN IF S EQL " THEN EDIT = " ELSE 

IF 3(1) EQL 'D' THEN EDIT=" 

5 ELSE BEGIN S(2,3) = 1¢¢¢1$ 

6 EDIT = S END 

7 END EDIT $ 
8 TRANSFER (FNEW,F,EDIT) 

Here, an item is taken from the input, F, and passed into the intermediate 

procedure EDIT. Note that EDIT must check for an "end of file" (null 

string - line 4) from the input. If an item is to be deleted, the output 

of the intermediate procedure EDIT is set to a null string (line 4). Note 

that a null string from fill intermediate procedure is not passed on to the 

output and operation continues, while a null string from the input serves as 

an end of file, and operation terminates after passing the item to the output. 

See the flowcharts in this appendix. Note that on line 4 S is checked for the 

null string first. Otherwise, if Sis null and S(1) is checked against 'D' 

first the library will consider this an error. 

Now, as a check, let's print the first 100 items of file FNEW. An 

appropriate program is shown below. 

1 INTEGER I $ 

2 DEFINE FILE $ 

3 BOOLEAN BOOL $ 

4 STRING PfiOCEDURE COUNT(S) $ STRING S $ 

5 BEGIN IF 1 EQL 101 OR S EQL ' 1 THEN 

6 BEGIN BOOL =TRUE$ COUNT='' $ 

7 GOTO EXIT END 

8 ELSE I = I + 1 $ COUNT = S $ 

9 EXIT.. END COUNT $ 

10 PROCEDURE GUT(S) $ STRING S $ 

11 BEGIN IF S NEQ 1 1 THEN WRITE (S) END OUT $ 

1 2 FILE FNEW ( I TAPE I , I B I , 11 00) $ 
13 I = 1 $ BOOL = FALSE $ 

14 TRANSFER (OUT,FNEW,COUNT,BOOL) 
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Here, after 100 items have been encountered or if an "end of file" has 

occurred, a boolean variable is set to TR~ (line 6). With the boolean 

variable set to~, the process is terminated by setting the intermediate 

result to a null string. See the flo'Wcharts for more detail. 

No'W, let's sort the file FNEW and place the sorted file in file F. In 

sorting, items will be sorted by ~ characters starting at character 10, and 

by 2 characters starting at character 20. The additional coding necessary 

to accomplish this is shown below. 

1 DEFINE SORTKEY $ 
2 SORTKEY KY(10,4,20,2) $ 
3 FILE F ( ' TAPE ' , 'A ' , 11 00) $ 
4 SORT (F,FNEW,KY) 

Note that sorting and merging produce output in ascending order. 

If we wanted to merge the (sorted) file F 'With, for example, items . 

from a sorted file EXTRA, placing the entire output on tape, the call would 

appear as (using the same key as above). 

MERGE (TOUT,FNEW,EXTRA,KY) 

'Where TOUT is an (tape) output procedure co!lstri:,cted as before. 

If equal minimum items occur in merging, the left-most input in the 

merge call is taken as the actual input, that is, with respect to the calling 

sequence of a merge, the item processed at each pass is the "left-most" 

minimum item. 

VOLATILE DRUM SPACE 

It should be noted by the user that any DRUM file or any call on the 

SORT routine may destroy part of the user's PCF and/or the "drum tape" region 

used by CUR and Algol. Thus, if information is required to be in the PCF or 

"drum tape" region it must be saved by the user, elsewhere than on drum. 

AVAILABLE DRUM SPACE 

The number of 'Words of drum storage available to the user's program 

is a dynamic property of the operating system. That is, it is subject to 

change as the needs of system change. 
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In general, the SORT routine requires temporary storage approximately 

equal to the total length of the final set of sorted items. Therefore, if 

the sorted items are to be kept in a drum file, it will not be necessary to 

have POOL tapes if only about one-half of the available drum is used for a 

drum file, leaving the rest for temporary storage for the SORT routine. 

FILES 

Upon declaration, all files are set closed and empty (i.e., the file 

contains only a null element). Let A be a properly defined S/M file. Let 

C be defined by 

FILE C$ C=A 

If A is not a tape file, define file B as 

FILE B(A)$ 

Any operation with file C is equivalent to performing that operation 

with.file A. File B, on the other hand, operates as an independent file 

using the same storage area. Thus with files of the A and B type, informatio 

may be written into and read from the same storage area simultaneouslyo 

That is, using files A and B, two (possibly different) types of operations 

may be performed on a given set of items simult.t:ineously. 

Thus, an operation of the form 

TRANSFER(A,A,INTER) or MERGE(A,A,B,KY), 

where the prE!l1'ious definitions for A and B hold, is well defined.* 

SUBSCRIPTED FILES, SORTKEYS AND POOLS 

In processing information it is often necessary to perform the same 

operation or sets of operations on several different sets of data. In 

Algol 60 the FOR statement is ideal for circulating through a given set of 

operations a known number of times. 

For files, sortkeys and pools, if A has been previously declared 

and is of a corresponding t;rpe, declarations of the form 

* The usA.r should note that an operation of the form 

SORT(A,A,KY) 

is well defined since file A is opened, read, and closed before items 

are written into file A. 
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1) (declarator)· B(A),C,D{(integer)) 

and, in addition, in the case of a file declaration, 

2) FILE E{(integer),'(type)', ••• ) 

are allowed where (declarator) is either FILE, SORTKEY, or POOL. As with 

files, a replacement of the form 

C=A. 

simply associates the name C with A. Any operation performed on C is 

identical to performing the same operation on A. In the case of sortkeys 

and pools, however, the declaration 

(declarator) B(A) 

does not have any special advantage, but merely duplicates the declaration 

used for A. That is, the effect of a declaration of the form 

(declarator) B(A) $ 
for sortkeys and pools has the net effect of a declaration of the form 

(declarator) B$ 

followed by B=A with the exception that internal storage is used in the 

former.case. Thus the latter type of declaration is preferable in associating 

different pool and sortkey names. The former type of declaration is only 

made available to maintain consistency. 

The declaration 

(declarator) D{(intdger)) 

is used to denote a subscripted file, sortkey or pool whose subscripts will 

range from 1 to (integer), where ((integer)))¢. 

Actual elements are associated with the subscripted file, sortkey, 

or pool by replacement statements of the form 

D (<integer)) = A 

where A is some (possibly sµbscripted) file, sortkey, or pool. 

The special file declaration simply declares (integer) ~iles, all 

of the same type, with subscripts ranging from 1 to (integer), ~(integer>)>¢. 

MULTIPLE F'ILE ACCESS 

In order to incorporate virtually complete flexibility ·.rithin the 

Sort/Merge framework it is necessary to enable the user to read 'write items from/to 
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several files within the Algol 60 framework. Thus the S/M package will 

accept statements of the form: 

(file name) = (string) 

or 

(string name) = (file name) 

where the first form can be interpreted to mean "write the item whose 

representation is (string) into file (file name)", with a corresponding 

interpretation of the second form of "copy next item from file (file name) 

into (string name)". Note that no limitation is made on the number of 

different files used, but that the file read/write rules described previously 

still apply. The only additional restriction that applies here is that 

these st~tements must be executed during a call on the S/M package, i.e., 

in a procedure currently being called by the S/M package. 

NOTE: Ascending order is determined by the result of a SETRANK statement, 

if one or more occur in the program. 
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pass item to 
output 

pass 1 ' 

to output 

sort STABLE 

gft item 

from STABLE 

= 

FLOWCHARTS 
SORT 

get item 
from input 

pass 
item to 
out ut 
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pass '' 
to output 

N = T subscript 
of min. item or 
min. sub. of min 
equal items 

= 

T - MX N -

= 

I = 1 

N = 1 

get item from 
input1: Place 

item in T1• 

pass item 

TN to output 

get new 

item input N 

= 

TN = item 
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NOTE: MX is an item which 
when sorted along 
with all possible 
string combinations 
of symbols, would 
occur as the last 
item in the sorted 
ascending sequence. 



INSKIP: 

yes 

pass N to 

inter. proo. 

NW.-ne'W 
item from 
inter. proc. 

bool. var. ? 
es 

= 

EOF+- false 

INSKIP..-false 

EOF: true 

N....,_item 

from inpu 

N II 

NW4--N 

I 

TRANSFER 

pass "to 

output 
TRANSFER 4-- II 

NW: I I 

,_..---------~=:::.....------~---, res.:tru 

INSKIP.,_ 
true 

Pass NW to 
output 
TRANSFER._ 

= 

OF+-true 

- 20J -



APPENDIX V 

PLOTTER ROUTINES 

THE CALCOMP PLOTTER 

The Calcomp 565 plotter uses a roll of paper 120 feet long and 12 

inches wide. The actual plotting width is 11 inches. A rotating drum 

moves the paper lengthwise, while a carriage moves a replaceable pen back 

and forth along the width of the paper. Both ball point and ink pens are 

available. 

The pen-up-pen-down functions control writing. Motion is in 

0.005 inch increments at a maximum rate of 300 steps per second. Drawings, 

therefore, consist of short line segments oriented in increments of 45 

degrees. Repositioning to a reference point is precise. A user may run 

a drawing 120 feet long and then accurately rep~sition at the point of 

origin. 

The control unit and the plotter must both be on (red indicator 

lamps on control unit) to operate the plotter. Also, the stop lamp (white) 

lliust be extinguished manl:Lally, if it. is on, by depressing "run". Depress~ 

ing "stop" turns on the stop lamp and stops operation until "run" is de­

pressed. If the computer issues a stop command, the effect is the same 

as a manual stop. 

Manual controls on the plotter are used to remove completed 

drawings. 

BASIC PLOTTER OPERATION 

The various routines needed for use of the plotter will compute 

the necessary control codes and write them to a magnetic tape. This tape 

must be assigned to logical unit 'P' by means of an ASG control card. 

Afte:r a program has written plotting instructions on the tape, 

the graph can be plotted by means of an EXEC III parasite called FLT. 

To initiate +.he plotting parasite the user makes an unsolicited keyin of 

the form: 

I PLT (label),(paper feed) 
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where (label) is the label of a tape to be plotted. This label must have 

been previously assigned to a physical unit by means of an unsolicited 

keyin of the form: 

A (label)/(physical unit) 

(paper feed) is the distance which the paper will be advanced through 

the plotter in units of inches/100 before starting the plot. For example, 
the keyin: 

I PLT GRAPH, 300 

will initiate the plotter parasite. The parasite will plot the information 

contained on the tape on the physical unit assigned to the label called 

GRAPH. Before plotting, PLT will advance the paper 3 inches. 

PLT may be suspended or terminated by the usual unsolicited keyins. 

The tape is not rewound after plotting. 

An EOF marker may be written on the tape using Algol or CUR. This 

will be considered a stop command by the PLT parasite. With the use of CUR 

a specific plot may be found on a tape and then plotted with the PLT parasite. 

ALGOL PLOTTER PROCEDURES 

There are several procedures available for use from an Algol program 

to produce output for the plotter. These are available in the system 

stored library on the drum. 

The available procedures are as follows: 

1. SCALE ((initial x),(initial y),(x scale),(y scale),(max y),(grid type), 

(x unit),(y unit),(coordinate system)) 

a). Sets the initial point (see figure J) to correspond to· tne 

scaled coordinates: 

((initial x),(initial y)) 

where (initial x) and (initial y) must be real numbers. 

b). Sets the scale of the x axis to (x scale) units/inch. (x scale) 

must be a real number, but may be positive or negative. 

c). Sets the scale of they axis to (y scale) units/inch. (y scale) 

must be a real number, but may be positive or negative. 

d). Sets the maximum expected y coordinate to be (max y). 

e). Draws a grid indicated by (grid type), which must be of type STRING. 

i). If (grid type) is '~'then no grid is drawn. 

ii). If (grid type) is 'AXIS' then an x-y coordinate exis is 
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drawn the width of the paper, and from (initial y) to 

(max y). Marks are drawn on the axes in increments of 

(x unit) and (y unit) for the x and y axes. The origin 

of the coordinate axes is the scaled point (o.o,o.o). 
(x unit) and (y unit) must be real numbers. 

iii). If (grid type) is 'GRID' then a grid is drawn with lines 

crossing at intervals of <x unit) units in the x direction 

and (y unit) units in the y direction. <x unit) and 

(y unit) must be real numbers. 

f). If (coordinate system) is 'POLAR' then all subsequent plotting 

(until the next call on SCALE) will be in polar coordinates. 

If (coordinate system) is 'CARTESIAN' then Cartesian coordinates 

will be used. If this parameter is omitted from the call on 

SCALE then Cartesian coordinates will be used. 

g. Only in the case of (grid type) equal to '.b' is the pen positioned 

to the initial point. In the other cases the pen may be anywhere 

on the paper. 

2. PLOT(<x coord.), (y coord.), (line type), (arrival action)) 

a). Puts the pen down 

b). If plotting is being done in polar coordinates then (x coord.) 

is the radius, and (y coord.) is the angle in radians of the 

point to which the pen is to be moved, where (x coord.) and 

(y coord.) are real numbers. 

c). If plotting is being done in Cartesian coordinates then the 

pen is moved to the point ((x coord.), (y coord.)). 

d). If the string (line type) is 'DASH' then a dashed line is drawn, 

while a continuous line is drawn if (line type) is 'SOLID'. 

e). The (arrival action> parameter is of type STRING. Its value 

should be one of the following: 

i). rBox·1 draw a. small box aro'.lnd the point (<x coord.), 

(y coord.)) 

ii). 'CROSS' draw a small line perpendicular to the direction 

of travel at the point (<x coord.), (y coord.)) 

iii). 'ARROW' draw an arrow head in the direction of travel, with 

the point of the arrow head at (<x coord.), (y coord.)) 

iv). '~' take no action at the end of the line. 
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3. MOVE (<x cocrd.), (y coord.)) 

a). raise the pen 

b). moves the pen to the point ((x coord.), (y coord.)) if the plot­

ting is in Cartesian coordinates, or uses (x coord.) as the 

radius, a~d (y coord.) as the angle in radians of the point to 

move to, if the plotting is in polar coordinates. <x coord.) 

and (y coord.) must be real numbers. 

4. CHAR ((direction), (size), <string)) 

a). puts the pen down 

b). draws the characters of <string) with a height of (size) inches, 

in the direction of (direction), where the present pen position 

is the lower left-hand corner of the first character. 

c). if (direction) is of type STRING then its value should be one of 

the following 

d) • 

i) • 'X' edit the string in the positive x direction 

ii). '-X' edit the string in the negative x direction 

iii). 'Y' edit the string in the positive y direction 

iv). '-Y' edit the string in the negative y direction 

If (direction) is not of type STRING then it should be of type 

REAL, in which case it is the angle in degrees at which the string 

is to be plotted. The angle is measured counterclockwise, with 

·~he positive x axis denoted by an angle of zero degrees. 

e}. The point at which the pen is positioned when the CHAR operation is don~ 

is described in 11) of the MISCELLANEOUS NOTES section of this 

appendix. 

5. SCHAR ((direction), (size), (index)) 

a). SCHAR is similar to CHAR except that SCHAR draws only one character. 

This character is selected from the table of character indices:.ac­

cording to the value of (index), which must be of type INTEGER. 

The table and ways to add or delete characters are explained later 

in this appendix. 

b). The point at which the pen is positioned when the SCHAR operation is done 

is described in 11) of the MISCELLANEOUS NOTES section of this 

6. STOP 

appenUx. 

causes the generation of a stop command by the computer. The user 

must manually release the plotter to continue plotting. 
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?. NEWGRAPH((inches)) 

moves the pen (inches) beyond the point ((initial x),(y max)) given 

by the previous SCALE call. (inches) should be of type REAL. 

8. DPARAM((length),(spacing)) 

changes the length and spacing of dashed lines so that the value 

of (length) is the length of the dash and the value of (spacing) 

is the size of the gap between dashes. Both parameters should 

be of type REAL and are in units of inches. 

9. KEYCOUNT 

is an INTEGE~ PROCEDURE without parameters. Its value is the 

number of characters that can be indexed by SCHAR (at the time 

of this writing the value is 168). 

10. CHANGEKEY ((index),(pair list)) 

is used to add or delete characters in the table of character 

indices. (index), a parameter of type INTEGER, should be such 

that 

¢ ~ \(index)\ ~ KEYCOUNT + ~9 
(pair list) is a sequence of pairs of INTEGER parameters that 

describe the new character. 

If a character with index \<index)\ is already present, it will be 

deleted. The new character is then added. The (pair list> is a sequence 

of x-y coordinates. Each (integer expression) must be in the range 

-31 ~ (integer expression) ~ +32. The pen will be raised before starting 

each character. If the x coordinate is +32 then the pen will be raised, 

and the y coordinate is ignored. It will be dropped after performing the 

next pen movement. As an example of usage, the call 

CHANGEKEY(KEYCOUNT, ¢,5, 4,5, 32,¢, 4,3, ¢,3) 

would put an equal sign in the character set, and remove the character 

(if any) which had index KEYCOUNT. It should be noted that a call on 

CHANGEKEY does not change the value of KEYCOUNT. 

If (index) is negative, then the pen will stay at the last point it 

was moved to. An example of this usage is the backspace character, which 

is defined by the call CHANGEKEY(-KEYCOUNT, -e,¢) 
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FORMATTED OUTPUT ON THE PLOTTER 

The use of the EDIT input/output device in conjunction with the plotter 

is illustrated in Appendix VI. 

TABLE OF CHARACTER INDICES 

The following characters are now available: 

1 2 6 7 8 

¢ "V [ J # 6. A B c D 

1 E F G H I J K L M N 

2 0 p Q R s T u v w x 
3 y z ) + < = > + $ 
4 * % ? \ ¢ 1 

5 2 3 4 5 6 7 8 9 
6 I D -f 

, .. .. ~ II 

7 a b c d e f g h i j 

8 k 1 m n 0 p q r s t 

9 u v w x y z • ~ 

1¢ A B I' 6 E z H e I K 

11 /\ M N .. Q II p E T 'Y' 

12 ¢> x \V ~ a p y b £ t 
13 f) (:I (. k. A. ~ \I ~ 0 TT 

14 p d ..,. v ¢ JC. ,,, w 

15 c 3 ~ ~ d t ..., 

16 /\ :> 't 3 -

Those with an index greater than 63 can be used only with SCHAR. 

Note the following characters: 

index 5: blank 

69: backspace 

98: under dash 

99: under line 
1 48: over dash 

149: over line 

165: superscript.shift 

166: subscript shift 
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If the character size for 165 and 166 is the same, they will return 

to the original vertical position on the line. For example: 

SCHAR('X' ,¢.1¢,74) $ SCHAR('X' ,¢.10,165) $ 

SCT1AR('X' ,¢.1¢,93) $ SCHAR( 1X1 ,¢.1¢,166) $ 
CHAR( 'X' ,¢.1¢, '+1 1 ) 

x will plot e +1 • 

MISCELLANEOUS NOTES 

1). Improper usage of the plotter routines can bring swift retribution 

as there is no error checking with respect to the parameters. 

2). The user deserves what he gets if he uses any plotter routines before 

the first call on SCALE. 

3) •. Note the action taken at the boundaries by the plotter routines. 

A sample might be: 

SCALE (0.0,0.0,1.0,1.0,' 1 ,0.5,0,5) $ MOVE(10.o,10.o) $ 
PLOT ( 1 2 • 0, 1 2. 0, I SOLID I , I I ) 

This is equivalent, with the same SCALE call, to 

MOVE ( 1 0. 0, 10. 0) $ PLOT ( 11 • 0, 11 • 0, I SOLID I, I I ) $ PLOT ( 11 • 0, 12.0, I SOLID I , I I ) 

Note also, in this example, that it is possible to plot beyond YMAX 

without ill effects. 

4). Plotter movements of more than 109.22666 feet in they direction (on 

one call to the plotter routines), may produce anomalous results. 

5). When using ink, the user should impulse. the pen up and down several 

times to start the ink flowing. This is best done manually. 

6). It is possible to plot two (or more) graphs, in different scales, 

on top of each other. This is done by omitting the call on NEWGRAPH 

between plots, and positioning the pen so that the point on the left­

hand boundary of the paper opposite the pen is the desired initial 

point. It is not necessary to actually move the pen to the initial 

point, since the call on SCALE will do this. For example, if the 

pen is oresently at (x,y), then the initial point after the next call 

on SCAL~ corresponds to the point (~initial x), y) under the present SCALE. 

7). To guar 1mtee that the last buffer will be written to tape, the user 

should ~xecute a ~TOP at the end of his program. Programs terminated 

because of errors may or may not have the last buffer written to tape. 
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8). BASIC CHARACTER FORM 

~ ,~ 

~ 
1 
~ 

~ 
~ 

~ i... ,,,,,,,-~ -

~ 
9). Upon entering CHAR or SCHAR, pen is assumed to be positioned at 

indicated point. 

:o). The basic character grid is eight units high, and five units wide. 

Each character starts six units from the start of the preceding 

character. The characters themselves are seven units high and four 

units wide. 

11). After plotting a character the pen will be positioned in the lower 

left-hand corner of the next character grid except when the character 

just plotted is backspace (69), superscript shift (165) or subscript 

shift (166). Each of these three characters will leave the pen in 

the final pen position of that character and all others will leave the 

pen in the (O,O) position of the next character. 
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APPENDIX VI 

SPECIAL INPUT/OUTPUT DEVICES: 

EDIT, CORE, PCF, SLIP 

This appendix describes several special I/O devices that may be 

used in adjition to the standard devices CARDS, PRINTER, PUNCH, TAPE and 

DRUM. 

PCF: Program Complex File 

SLIP: Source Language Input Process~r 

Two new devices have been added for use from Algol READ and 

~'RITE calls. These are PCF and SLIP. They are used to get card images 

from a symbolic element in the user's complex. PCF may be used in READ and 

WRIT~, while SLIP may be used in READ only. They are called in a manner 

similar to DRUM or TAPE, for example, READ(PCF( ••• ) •.• ~ 

PCF may have one or zero parameters. If there is a parameter it 

may be of type integer or string. If the parameter is a string, then it is 

the name/version(cycle) of an element in the user's complex. It does not 

have to be left justified in the string, but can be preceded by spaces. If 

the parameter is an integer, then it must be in the range one to six, and is 

used to index the name/versions present on the Processor call card. For ex­

ample, READ(PCF('HELLO/DERE'), .•• ) is a legitimate call on the PCF device. 

If the processor call card is 

\J ACE AAAAAA/US,AAAAAA/GERMAN,AAAAAA/JAPAN 

then READ(PCF(2), ••• ) would be a request for a card image from the element 

AAAAAA/GERMAN. If there is no parameter to PCF, then the element used on 

the previous call will be used. 

The PCF device is used to read or write sequential card images to 

or from an element in the user's complex. The parameter indicat,~s which 

element is to be read or written. Each request on the PCF device when reading 

will pass cne card image (80 columns) from the complex to the read routine, 

to be processed according to the format included in the call, or the implied 
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format for the card reader if there is no format included in the call. 

Similarly, each request on the PCF device when writing will pass 

one card image (80 columns) from the write routine to the complex, which 

has been prepared according to the format included in the call, or the 

implied format for the card punch if no format was included in the call. 

If more than 80 columns are passed to the PCF devlce only the first 80 will 

be used. All page ejects (E format phrases) areignored. Line skips (Aw.a) 

not ignored, but w = 0 is equivalent tow= 1. 

The SLIP device is used to read a symbolic element from the 

user's complex, insert correction cards obtained from the card reader, and 

prepare an updated symbolic element, in a manner similar to the compiler. 

Please note that SLIP may not be used when calling WRITE. Furthermore, 

the results of calling WRITE(PCF( •• ) ••• ) before fill entire element has~ 

SLIPped ~ unpredictable. 

SLIP may have 0,1 or 2 parameters, of type integer or string. The 

first parameter to SLIP indicates the element to be updated, while the 

second parameter indicates the name of the updated symbolic. If the second 

para~eter is not present, then there will be no updated symbolic ~ntered 

intQ the user's complex. However, it is not possible in this ca1e to write 

in the complex using the PCF device (while the SLIP device is being used). 

If no parameters are present, then the previous parameters will be used. 

USE OF FORMATS WITH PCF AND SLIP 

The PCF and SLIP devices will act just like the card reader or 

card punch. Thus, formats are optional, but generally desirable. 

ERROR RETURNS FROM PCF AND SLIP 

If the error label is present on a call to PCF or SLIP it will 

be ~sed if any errors are found while processing the call. 

The only type of abnormal return from PCF when reading is an EOF 

return when trying to read the (n+1)th card from an element containing only 

n cards. Any subsequent attempts to read the same element again will cause 

the element to b~ reread, i.e., the first time this happens card 1 will be 

processed, et:. Attempts to read an element which is not in the u~er's 

complex will ·~ause the message '***** input source language element 

(XXXXXX/x:XXXXX) not available' to be printed and the program will be termin­

ated. It is, of course, possible for the read routine to discover errors, 
in which case the other error returns will be used. 
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There ar8 no abnormal returns possible from PCF when writing. The 

only error which can occur will be insufficient space available on the drum 

(i.e., running off the end of the drum), and in this case the program will 

be terminated, with a message from the system. 

The abnormal return from SLIP will depend on the type of control 

card present at the end of the correction cards being read in. The abnormal 

return will occur when an attempt is made to read the (n+1)th card of an n 

card element. If the correction cards are terminated with an EOF card, then 

a return will be made to the EOF label in the input list. Any other type 

of control card will cause a return to the EOI label. Further attempts to 

SLIP the same element will cause the element to be reread. Note that the 

program will be terminated if the appropriate error label is not present. 

If a third label is present in the input list then it will be used in case 

of a card read error by the Algol READ routine, or is case an error is found 

·.-:hile SLI!:p'ing the element. 

READING AND WRITING SEVERAL ELEMENTS AT ONCE WITH PCF 

It is possible to be reading cards from several elements at once 

using PCF. The PCF device merely keeps track of all the elements being 

read which still have cards available. Each element being read uses 02002 

octal words of memory (1026 decimal). It is possible to be reading SLIP 

and PCF at the same time, although they should be working on different 

elements. It is not possible to be writing several elements at the same 

time. Whenever the name/version (cycle) of the element being written is 

changed, the previous element is entered into the user's PCF. Any sub­

sequent writing in the complex of an element of the same name will cause 

the first element to be deleted. That is, writing element A, and then B, 

and then A again, will cause the first element named A to be dEleted. 

The use of improper or incorrect correction cards with SLIP will 

cause the printing of one of the following messages: '***** ILL"~GAL CORRECTION 

CARD', '***** CORRECTION CARD SEQUENCE ERROR', or '*****IMPROPER DELETION 

-mmmmm,nnnnn'. The correction card concerned will be ignored, and the 
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program will not be aborted. 

Note that it is only possible to use integer parameters to PCF 

or ?LIP when the program is being run as a Processor. 

EXAMPLE OF THE USE OF SLIP 

The following program is essentially the Processor DATA. 

INTEGER I$ FORMAT F(A,S80), G(X10, I5, 1 • 1 , X5, S80, A1) $ 

LOCAL LABE~ EOF, FIN$ STRING A(80) $ 

FOR I = 1 STEP 1 UNTIL 10000000000 DO BEGIN - -- --- ---
READ(SLIP(1,2)F,A,EOF,FIN) $ WRITE(fRINTER,D,I,A) END$ 

EOF •• FIN 

At present, the maximum number of elements which may be entered into 

the complex with one call on XQT or a user's processor, is about 32. 

THE CLOSE PROCEDURE 

CLOSE is used to close out an input buffer being used by the PCF 

or SLIP device. A call on the CLOSE procedure has the form 

CLOSE((element name)) 

where (element name) is of the same form as a parameter to the PCF or SLIP 

routine. The ·6ffect will be to delete the memory buffer being used by 

(element name).and return it to the available space pool. 

Any subsequent attempts to access (element name) with the PCF or 

SLIP device will result in redefining the element and passing the first 

card(s) of the element. Since each buffer used by an element requires 02002 

octal words of memory, this provides a means of releasing unused storage 

for other purposes. 

THE PCFELT PROCEDURE 

PCFELT is used to obtain information about the elements in t~1e 

program complex file, regardless of their types. The call has the form 
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PCFELT((string),(type),(oldest),(newest),(maximum>) 

where the parameters are as follows: 

<string) is the name of a STRING variable into which the PCFELT routine 

will place the name/version of the element. The characters are left­

justified in the string, and a '/' (if needed) will separate the name 

from the version. 

(type) is an INTEGER variable which is set equal to the type of the element. 

(oldest) is an INTEGER variable that is set equal to the lowest cycle 

number available if the element is symbolic, and otherwise is set to 

zero. 

(newest) is an INTEGER variable that is set equal to the highest cycle 

number available if the element is symbolic, and otherwise is set to 

zero. 

(maximum) is an INTEGER variable that is set equal to the number of cycles 

that will be saved if the element is symbolic, and otherwise is set to zero. 

The first call on PCFELT during execution of a program will return 

information about the first non-deleted element present in the complex. 

By first is meant the first element entered into the complex. The second 

call on PCFELT will return information about the second non-deleted element, 

and similarly, the Nth will deal with the Nth element. If there are M 

elements in the complex, the (M+1)th call on PCFELT will return with (type) 

set equal to zero and all other parameters unchanged. The (M+2)th call on 

PC.FELT willstart from the beginning, i.e., will d~al with the first element. 

PCFELT operates on the entire complex, not. just the symbolic 

elements. If the ?CFELT and PCF-SLIP devices are used r,o~ether, the element 

table is reaa from drum only once, thus saving up to 4700 words of 

memory by no·. duplicating the element table. 

THE FORCETYPL PROCEDURE 

FORCETYPE may be used to change the type of an element being 
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written in the program complex file by the PCF or SLIP device. The 

procedure call has the form 

FORCETYPE((integer exp)) 

The type of the element currently being written in the complex will be 

set equal to the value of (integer exp). 

To be effective FORCETYPE should be called after the first card 

of the element has been written, and before the entry of this element has 

been completed. Therefore FORCETYPE should be called before the first 

card of the next element having different name/version is started, or, if 

the current element is the last element to be entered into the complex, it 

should be called before the termination of the program. 

EDIT 

The I/O device EDIT has been added to the list of devices which 

lJ'<•y 're used from READ and WRITE. The call is 

READ(EDIT(<string)),<parameter list> 

WR:TE(EDIT((string)),(parameter list) 

(parameter list) has the same form as in a call on READ or WRITE using CARDS 

or PRINTER, respectiYely. 

In the first case the effect is to use the (string) in place of the card 

reader. Every time an activation phrase is encountered by the READ routine, 

EDIT will pass 80 characters from (string). If more than one activation 

phase is present in the format, EDIT will pass sequential sets of 80 
characters. If an attempt is made to pass more sets of 80 characters than 

are present in (strin~>, the READ will terminate, with action taken as follows: 

If the (EOF label) is present in the I/O list, then 

control will be transferred to it. 

If not, the program is aborted, and the message for 

insufficient data for program is printed. 

All line sktps are ignored. The implied format when reading is the same as 

for the card reader. 

In the case of WRITE(EDIT(<string)), ••• ) the effect is to use the 

<string) in place of the 1004 printer. The (string) is blank filled upon 

entry to EDIT. Every time an activation phrase is encountered by the 

WRITE routine, EDIT is passed 132 characters from WRITE. Sufficient 

- 218 -



characters are skipped to satisfy the line spacing, and then the characters 

are inserted in the <string). Eject format phrases are ignored. A¢.d 

activation phrases have the same effect as A1.d. 

If an attempt is mad~ to pass more sets of 132 characters than can 

be fit into (string' the WRITE operation will be terminated with action as follows: 

If the (EOI label) is present in the I/O list, then control will 

be transferred to it. 

If not, the EDITing is aborted, the message "string too short for 

EDIT" is printed, and control is transferred to the Algol error routine. 

EXAMPLES OF USAGE: 

(1) INTEGER I,J,L $RF.AL X,Y $STRING B(10) $ 
STRING A(80) $ FOHMAT F1(A,S80), F2(A,X1, 3I4, 2F15.8), F3(A,S20,3I10,2F15.8) $ 

~(F1 ,A) $ 

IF J.(1) EQL 1 1 I THEN READ(EDIT(A),F2,I,J,K,X,Y) 

ELSE READ(EDIT(A),F3,B,I,J,K,X,Y) 

(2) FORMAT F(S2,D15.8,A1) $ srRING A(132) $REAL x $ 

WRITE(EDIT(A) ,F, 'X=', X) $ 

CHAR(0.0,0.2,A(1,20)) 

CORE is designed to be a high speed random access device to be used in 

place of drum or drum tapes when the amount of data is relatively small but 

not easily stored in arrays because of unknown amounts or types. CORE also 

provides for retrieval of data by key where the number of keys is large or 

vary in type. CORE maintains a dictionary or directory of the information 

by their keys so that the information can be found quickly. As implied by 

the name the data is kept in core memory. 

There are three uses of the CORE device: 

WRITE((core device),(parameter list)) 

READ((core device),(parameter list)) 

REILASE ((core device list)) 

(parameter 1 .st) is any list of data and labels permitted in READ and WRITE 

for DRUM. The (core device) has three forms: 

CORS((key expression)) 

COli~ 

COR~((key expression),(block size)) 
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The (key expression) is any simple variable of type INTEGER, REAL, BOOLEAN, 

COMPLEX, REAL2, or STRING. The value and type of the (key expression) 

is the key associated with the information. This means that 1, 1.0, TRUE, 

(1.0,0.0), and 1 1' are unique keys. The second use of CORE designates a 

special key called null for which no look up is necessary in the dictionary. 

This saves time when no key is necessary for the data. 

The information written is kept in blocks of memory, each of which is 

initially ten words long. Each block also uses three extra words internally. 

The second parameter to core is a positive integer less than 2049. This 

changes the block size for all further writes until the block size is 

changed again. Partial blocks of memory are never returned so that the 

size should be adjusted to maximize use of core. 

WRITE causes the data in the parameter list to be moved to available 

blocks of memory and the key expression to be associated with this informa­

tion. If a previous WRITE with the same key exists then the information from 

the p~evious WRITE is lost and the memory used is either reused for the new 

WLITE or returned to available storage space by blocks. If no available 

memory exists for a block in a WRITE then control will be returned to the 

label in the (parameter list) if one exists; otherwise the run will be 
I 

aborted. If computation is to continue, the information in the new WRITE 

should be released since it is incomplete. 

READ causes the information associated with the key to be transferred 

to the variables in (para.meter list). The information is not cha.ngPd by 

the READ and may be reread. Two labels may be used in the (para.meter list) 

with READ. Control will return to the first label if more data is speci-

fied in the READ than has been written. The second label is used if no 

information had been writ.ten with this key or if the information and key 

had been wiped out by a RELEASE statement. If the appropriate label is not 

provided the ~un will be aborted when either of these error conditions occurs. 
The proc•~dure RELEASE allows information and keys no longer needed 

to be erased and the core memory space returned to the available space 

list so that Lt can be used by the rest of the program. The (core device 

list) is a. list of core devices with keys specifying which a.re to be re­

leased from fQrther use. The release of information previously released 
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or never written does not cause an error, but is simply ignored. 

hote that if the information is too large to be kept in core then the 

key may just be the key to the drum address where the data is stored. However, 

it is up to the user to manage the reuse of drum space. 

EXAMPLE: 

J.NTEGER I, L, MAXL, K, CNT $ 

STRING WORD(JO) $ 

EXTERNAL PROCEDURE NEXr $ 

COMMENT NEXT IS A PROCEDURE WHICH SCANS CARDS AND PUTS THE NEXT IDENTIFIER 

IN WORD AND ITS LENGTH IN L $ 

LOOP •• 
K = 0 $ 

NEXT(WORD,L) $ 

IF L EQL 8 THEN GO TO OUTPUT $ CO~NT END OF DATA $ 

READ (CORE (WORD) , I, E·RR, NEW) $ 

.Q.l~h~NT FIND INDEX I FOR THE IDENTIFIER IN WORD. IF NONE IS FOUND 
TRANSFER CONTROL TO NEW FOR A NEW ENTRY. $ 

READ(CORE(I),WORD,CNT+1) $COMMENT UPDATE COUNT$ 

GO TO LOOP $ 
NEW.. K=K+1 $ COMMENT INCREMENT INDEX $ 

WRITE(CORE (K),1) $COMMENT SET COUNT TO 1 $ 
READ(CORE(-L),I,ERR,NEWCNT) $ 

COMMENT GET C00NT OF NUMBER OF DIFFERENT IDENTIFIERS OF LENGTH L OR GO 
TO NEWCNT IF THIS IS THE FIRST IDENTIFIER OF LENGTH L $ 

WRITE(CORE(-L),I+1) $COMMENT UPDATE COUNT$ 

NEWCNT .• 

OUTPUT •. 

GO TO LOOP $ 

WRITE (CORE (-L) , 1 ) $ COMMENT ONE IDENTIFIER THIS LENGTH $ 

MAXL=MAX(L,MAXL) $ COMMENT KEEP MAX LENGTH $ 
GO TO LOOP $ 

FOR L=1 STEP 1 U.'lTIL MAXL DO 
BEGIN 

READ(CO~(-L),I,ERR,NONE) $ 

WRITE(L,I) $ 

COMMENT WRITE NUMBER OF IDENTIFIERS OF LENGTH L $ 

RELEASE (CORE ( -L) ) 
NONE •. 
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FOR L=1 STEP 1 UNTIL K DO 
BEGIN 

READ(CORE(L) ,WORD,CNT) $ 

COMMENT READ EACH IDENTIFIER AND THE NUMBER OF ITS OCCURRENCES $ 
"WRITE (WORD, CNT) $ 
RELEASE(CORE(L),CORE(WORD)) 

END $ 
GO TO EXIT $ 

ERR.. WRITE('/-/-/-/ C 0 RE FAULT /-/-/-/ 1 ) $ 
EXIT •• 

- 222 -



APPENDIX VII 

FALTRAN - TRANSLATION FROM FORTRAN TO ALGOL 

The processor Faltran translates a Fortran source program into an Algol 

sou::-ce program. It allows the user to do any or all or the following 

operations sim~ltaneously (i.e., with a single call on Faltran): 

1) translate a Fortran maiuline program with or without internal subprograms; 

2) use correction cards to modify the Fortran program; 

3) enter the updated symbolic Fortran program in the user's program complex 

file; 

4) enter the resulting Algol symbolic in the user's PCF; 
5) include externally defined Fortran subprograms (after they have been 

translated) in ~he resulting symbolic Algol program. 

Fortran statements that present problems for translation into equivalent 

Algol symbolic are marked by the Faltran translater with error messages in the 

printed listing. These statements are discussed later in this appendix (see 

LIMITATIONS OF THE TRANSLATION PROCESS). 

THE FALTRAN PROCESSOR CARD 

The processor call card for Faltran when the input is from cards has 

the form 

~options~A~(element1 >,<element2>,<element3> 
and for input from drum the form is 

~options)l:Ji'AL,i:t:.<eiement 1 ),(element2),(element3> 
where (element1> has the form 

(namei>/<versioni)((cyclei)) 

and the op1ions are as follows: 

DESCRIPTION OPTION LETTER 

N Do not list the input Fortran or the translated Algol 

I Do not list the input Fortran 
0 Do not list the translated Algol 

x Abort the processor if an error is fcund 
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(element1> is the name/version of the input Fortran element, (element2> 
is the name/version of the updated Fortran element that is entered into the 

complex, and (element3> is the name/version of the resulting Algol source 

program, which is: also entered into the complex. 

If it is desired to translate several subprograms and include them with 

a mainline program then an EOF card must follow the mainline program and this 

must be followed by a card of the form 

(element~,<element5> 

Here (elementi> has the same form as above, (element4> is the name/version 

of the inp~t Fortran subprogram and (element5> is the name/version of the 

updated Fortran program, which is entered into the program complex. 

If the main program, (element1>, is input from drum then (elementi> 

must also be on the drum. (element5> may be omitted if the updated Fortran 

subprogram is not to be saved on drum. Correction cards may be used on (element4>. 

It is assumed that normally these subprograms are compiled separately 

from the main program. After the last subprogram (or the main program if 

there are no separately compiled subprograms included) there must be a control 

card - any control card except an EOF card. or course, it is possible to in­

clude subprograms with the main program to be translated by Faltran, just as 

it is possible to include internal subprograms in a main program to be com­

piled by Fortran. 

LIMITATIONS OF THE TRANSLATION PROCESS 

Some Fortran statements are not translated at all by Faltran. 

Therefore, Faltran output should be scrutinized before attempting to run it 

through the Algol compiler. 

The main problem is FORMAT statements, which are never process~d by 

Faltran. The programmer must translate these according to the needs of his 

program. 

Other fe11tures of Fortran that must be handled by the user as he sees 

fit include Hollerith strings, DATA statements and BLOCK DATA programs. 

These present problems, the resolution of which is either impossible or in­

compatible with the goal of an efficient translator. 
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EXAMPLES 

Example 1: 

Fortran 
source 
deck 

The updated Fortran symbolic is named B, the resulting Algol is named C, 

and both Band Care entered into the user's PCF. 

Example 2: 

PAL,*b.A,B,C 

correction {~ 
cards : . . 
The Fortran program named A is read from the user's PCF, the corrected version 

of A is entered into the PGF and named B, and the translated Algol is entered 

under the name C. 

Example 3: 

Fortran 
source 
deck 

7 
~AIL:A,B,C 

SUBROUTINE D 

END 

The mainline A and an internal subroutine D are translated into a single Algol 

program nameJ C. 

Example 4: 

Fortran 
source 
deck 

7 PAIL:A,B,C 

J: 
l: 
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~OF 
D,E 

correction • 
cards 

The Fortran mainline A and the external subroutine D are together translated 

into the Algol symbolic named C. The updated version of D is entered into 

the complex under the name E. The symbolic for D must be in the user's PCF 

on drum when the Faltran is called. : 
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APPENDIX VIII 

MACHINE- AND SYSTEM-DEPENDENT INTRINSIC FUNCTIONS AND PROCEDURES 

This appendix is devoted to intrinsic functions that are specific to the 

hardware of the Univac 1107, the Exec III operating system and the structure 

of the Alge: compiler and library. The interested reader is referred to the 

detailed documentation of each for relevant details. These functions were 

originally created to facilitate the writing of processors (e.g., compilers) 

in Algol. 

FIELD (<exp1>,<exp2>,<exp3>) 

The function may be written on either the left-hand or right-hand side 

of an assignment statement. On the right-hand side it allows the extraction 

of a specified bit field of an 1107 36-bit word. When written on the left it 

allows replacement of a bit field. 

In either c~se the word is designated by (exp1>, which may be of any 

type. (exp1) will not be converted unless it is a STRING expression, ~n 

which case the first six characters will be used. If the characters in the 

string number is less than six they will be right-justified and master-space 
filled before the FIELD operation takes place. 

The expression (exp2> denotes the starting bit of the field (bits are 

numbered 1 to 36, left to right, across the word) and (exp3) denotes the 

number of bits in the field. Both (exp2> and (exp3> may be of type INTEGER, 

REAL, REAL2, or STRING and will be converted to integers if necessary. If 

<exp3> is omitted from the call, the length is taken to be one bit and if 

both <exp2> and <exp3> are omitted the starting position will be bit 1 and 

the length 36 bits (i.e., the entire 1107 word at the address specified by 

<exp1> is used.) 

When FIELD is used on the left of an assignment statement orily the 

part of the word determined by (exp2) and <exp3> is affected and if (exp1> 

denotes a STRING a maximum of six characters may be replaced. 

Multiple replacement statements involving FIELD are undefined (e.g., 

FIELD(F,1,5) = FIELD(6,32) = FIELD(S(I)), 

The FIELD function is undefined for these values of the parameter 3 : 
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(exp2'> ::: U; (exp3> = O; (exp2) )36; (exp3) ) 37 - (exp2>. 

The values of (exp2) and (exp3) are not checked at execution time. 

FIELDS (<exp1>,<exp2>,<exp3>) 

The arguments of FIELDS have the same meaning as those of the FIELD 

function except that if <exp1) is of type STRING only, the FIELDS function 

acts upon the string descriptor rather than the characters in the string. 

DSC ( <e'xp1), (exp2>) "Double Shift Circular" 

DSA ((exp1),(exp2>) "Double Shift Arithmetic" 

DSL (<exp1),(exp2>) "Double Shift Logical" 

SSC (<exp1),(exp2>) "Single Shift Circular" 

SSA (<exp1>,<exp2)) "Single Shift Arithmetic" 

SSL ( (exp1>1.<eXJ1i>) "Single Shift Logical" 

Each of these functions is based on the Sleuth instruction whose mnemonic 

is the same as the function name. The variable specified by (exp1) is loaded 

into register A2 (A2,A3 for two word variables) and a shift of (exp2> places is 

performed on A2. Then the contents of A2 (A2,A3) is stored according to the 

Algol statement. 

MEMORY ((exp)J 

PARTBL (<exp)) 

MCR ((exp)) 

" core memory" 

"parameter table"· 

"monitor communications region" 

These functions may be used to store into or load from any word of core 

memory that Exec III does not regard as sacred. 

The MEMORY function retrieves or stores into the word of core denoted 

by (exp>. The PA~TBL function serves the same purpose except that the starting 

address of the ::xec parameter table is added to (exp) to form an effective 

address. The !:L:R function is similar to the PARTBL function except that the 

starting addres 1 of the Exec Monitor Communications Region is added to (exp) 

to form an effe :tive address. 

The reade:· is referred to the most recent Exec documentation for the 

addresses of core that may be accessed without interference by the Exec and 

the significanc~ of those locations. 
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EXIT 

EXITNORMAL 

~XI TERROR 

EXITABORT 

Any of these four :~ntrinl!lic procedures may be called at any point in 

an Algol program to cause a jump to an Exec entry point. None of them re­

quires a parameter. 

The functions EXIT and EXITNORMAL are identical in their effect, 

which is to cause a 

J MEXIT$ 

to b& executed. 

EXITERROR causes a 

J MERRt 

to be executed. 

EXITABORT causes a 

J MXXXt 
to be executed. 

If the Algol J-option is in effect then the jumps will be made to the 

corresponding processor exits. It should be noted that the usual program 

termination action provided by the Algol library is circumvented when these 

special exit functions are invoked. 

PARITYEVEN((arith exp)) 

PARITYODD((arith exp)) 

These functions have BOOLEAN results and before they are evaluated the 

parameter is converted to type INTEGER if it is not already of that type. 

The result of PARITYEVEN is TRUE.if the 1107 internal representation 

of the parameter has an even.number of bits, and FALSE otherwise. The function 

PARITYODD has a value of TRUE in case of odd parity, FALSE otherwise. 
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APPENDIX IX 

A CULL FOR USE WITH ALGOL PROGRAMS 

The processor called Alcull produces a sorted list of the occur­

rences, by block number and card number, of all identifiers defined in an 

Algol program, as well as all reserved words used in the program. A listing 

of the Algol program may also be printed if desired. 

The card number on which an identifier is defined is denoted by an 

asterisk and appears first in the list for that identifier, even though, in 

the case of a label, it may not be the first card on which the identifier is 

used. 

ANYIO 

ANY OUT 

ARRAY 

An example of the output is the following: 

BOOLEAN 

1: 170* 1940 

4: 
5: 

OWN BOOLEAN 

303* 

322 

307 

RESERVED WORD 

1: 175 178 

2767 2769 

334 341 366 374 

The BOOLEAN variable ANYIO was defined in block 1 on card 170 and 

referenced on cards 1940, 2767 and 2769. The OWN BOOLEAN variable ANYOUT 

was defined in block 4 on card 303 and referenced on card 322 in block 5, 

among others. The reserved word ARRAY was used in block 1 on cards 175 and 

178. 

The processor card for Alcull has the fonn 

t:options)6ALC 

if the input is from cards. If the input is from the drum then the processor 

card is 

~options)6ALC,*L::.(element name-version-cy~le). 
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The relevant options for Alcull are 

F - scan all 80 columns 

N - do not list the input program 

Best results are obtained when culling syntactically correct Algol 

programs. 
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APPENDIX X 

CATHODE RAY TUBE (CRT) PROCEDURES FOR ALGOL PROGRAMS 

Procedures are available to display pictures on the CRT. These procedures 

must be CURred in from tape when needed. 

Coordinates 

The CRT display area is a square with the following coordinate system: 

(-255,255) ~ +y (255, 255) 

+x _,,., 
~ 

(-255,-255) (255, -255) 

THE DISPLAY PROCEDURE 

The DISPLAY procedure has the five forms: 

FIRST FORM: DISPLAY((time),(display items)) 

Here (time) is the time, in secondf, that the picture is to stay on the 

screen. It is an INTEGER1 REAL, or REAL2 expression, and must be within the 

limits 1/60 sec LEQ (time) LEQ 1 hour. 

(display items) is a series of (item>'s which describe the picture. 

Each (item) is a series of two, three or four parameters as described below: 

(1) The group of parameters 

(string exp),(coordinates) 

will display the string with the leftmost character at the coordinates given. 

Only that part of the string which is in the display area will be displayed. 

· (coordinates) are either (a) two INTEGER, REAL or REAL2 expressions 

giving the abscissa and ordinate, respectively, or (b) a single COMPLEX ex­

pression whose real and imaginary parts give the abscissa and ordinate, 

respectively. 

( 2) Th<3 group 

(coordinates1),(coordinates2> 
will display a straight line segment from (coordinates1> to (coordinates2>. 
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Only that part of the segment which is in the display area will be display~d. 

Display items may be generated by simple or generative lists, or by 

calls on special procedures to be described later. 

The DISPLAY procedure, when ~alled by the first form, will edit the 

time and items into a 500~word core buffer, start the picture, and return 

to the main program. 

SECOND FORM: DISPLAY ((integer array),(display items)) 

where (display items) are as before and (integer array) is one-dimensional. 

The DISPLAY routine will edit the items into CRT output data and put them. 

into (integer array). If (integer array) already contains such data, the 

new data will be added at the end. The first element of (integer array) 

(lowest subscript) contains the data count (so it should be initialized to 

zero), and subsequent elements contain the data. No picture is displayed. 

THIRD FORM: DISPLAY ((time),(integer array)) 

will display the data edited into (integer array) by the second form. 

FOURTH FORM: DISPLAY ((time)) 

This is essentially the first form with no (display items). It will display 

a blank screen for the time given. 

FIFTH FORM: DISPLAY 

This should be programmed at the end of the Algol program. Nothing is 

displayed, but the routine waits until the previous pict1lre is done before 

continuing. 

Declaring external procedures 

The identifier DISPLAY is recognized by the compiler without being 

defined. However, all the procedures described below must be defined by the 

following declarations: 

EXTERNAV..PROCEDURE DABORT, DEOF, DINPUT, DERR $ 
EXTERNAL INTEGER PROCEDURE BROKEN, SIML $ 

EXTERNAL SLEUTH INTEGER PROCEDURE ARC, LETTER $ 

ABORTING A PICTURE 

FROM THE CONSOLE. To abort a picture from the console, turn selective 
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jump #4 on and then off. The picture will vanish and the next picture (if 

' any) will begin. 

FROM THE PROGRAM. To abort a picture from the program, simply execute 

the procedure call: 

DABORT (no parameters) 

ABORTING A SERIES OF PICTURES 

To abort a series of pictures, put the procedure call 

DEOF ((label)) 

at the appropriate place in or after the series. Then while the series is 

visible on the CRT, turn selective jump #5 on. This aborts every picture 

until the above procecure call is encountered. Then control hangs in a tight 

loop until selective jump #5 is turned off. Then transfer is made to (label) 

or, if (label) is omitted, to the next statement. 

EXAMPLE: 

BROKEN LINES 

COMMENT ROTATING LINE $ 
INTEGER I $ REAL A $ 

EXTERNAL PROCEDURE DEOF $ 
LOCAL LABEL L $ 
A = 0 $ 
FOR I = 1 STEP 1 UNTIL 15*60 DO BEGIN -- --- ---

DISPLAY ( 1 .15 ,-1 OO*COS(A) ,-100l'SIN(A) ' 1 oo:*COS (A)' 100l'SIN(A)) $ 

A = A + 0.05 $ 

DEOF(L) END $ 

L •• 

If the procedure call 

BROKEN ((coordinates1),(coordinates2>, ... ,(coordinatesN)) 

is passed as a display item.to DISPLAY, it will generate the proper items to 

draw a broken (polygonal) line from (coordinates1> to (coordinates2> to ••• to 

(coordinatesN). Coordinates may be generated by simple or generative lists. 

The BROKEN p~ocedure, therefore, shortens notation by eliminating the need 

for repeating coordinates of interior points. 

EXAMPLE: 

COMMENT A HUGE LETTER "S" $ 
DISPLAY ( 60.0, BROKEN ( 50,100, -50,100, -50,0, 50,0, 

50,-100, -50,-100 ) 
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ARCS 

The procedure call 

ARC (<coordinates),(radius),(angle1),(angle2),(integer exp)) 

generates an approximation to an arc of radius (radius) about the point 

(coordinates) from (angle1) to (angle2>, using (integer exp) chords. Here 

(radihs) is an INTEGER, REAL or REAL2 expression and (angle,-> and (angle2> 
are INTEGER, REAL or REAL2 expressions in units of degrees. 

BLOCK LETTERING 

The procedure call 

LETTER ((coordinates),<cix),~),(kind),(string exp)) 

will generate the appropriate line segments to display the (string exp) in 

block letters. Here (coordinates are the coordinates of the lower left corner 

of the first letter, and <fsx.) and <l::iy) are two INTEGER, REAL or REAL2 ex­

pressions giving the components of a vector whose length ~b.:x.2~2 ) is the 

height of the lettering and whose direction in the direction of the lettering. 

If (.Ay) is omitted, it is presumed to be zero, giving horizontal lettering of 

height <fsx.). (kind) is a three-digit integer which determines the kind of 

lettering used, according to the following scheme: 

hundreds 

0 = Roman 

1 = Greek 

tens 

0 = 

1 = 

2 = 

3 = 

capital 

small 

slant capital 

slant small 

units 

0 = regular 

1 = superscript 

2 = subscript 

At present the only (kind)'s. which work are 010 and 000, or Roman small 

regular and Roman capital regular, respectively. 

The (string expression) is the string to be edited to bloc~ letters. 

All capital characters except a few will be displayed in block form which is 

much like the printed form. Small characters other than letters will, for 

the most part, be the same as capitals, but the spacing will be closer. 

However, a dollar sign in a Roman small regular ((kind)=10) string will be 

skipped and the next character will be made capital. The character after 

that will be again small. 
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The parameters may end with the first string, or additional groups of 

parameters of the form 

<changes>,<string exp) 

may be added. Here <string exp) is a continuation of the previous string 

and <changes) are the changes in the editing p~ocess. These <changes) have 

three forms: 

FIRST FOR.M: <coordinates) 

Here (coordinates> are two INTEGER, REAL or REAL2 variables or a single COMFL.E 

variable (not an expression or constant). The coordinates of the lower left­

hand corner of the next character are stored into these variables. Then edit­

ing continues as before. 

SECOND FORM: <kind) 

Here <kind) is the new kind under which the new string is to be edited. 

THIRD FORM: <coordinates),<kind) 

This combines the effects of the first two forms. 

EXAMPLE: The procedure call 

DISPLAY ( 68, LETTER ( -208.0,0,20,20,10, '$THE', X1,Y1 ,30, 
1·~ $TITANIC', X2,Y2 ), X1+10,Y1-10, X2+10,Y2-10) 

will display the picture: 

THE TITANIC 

Ert.ROR MESSAGES 

If the DISPLAY procedure cannot partition its arguments properly into 

items, the error message IMPROPER NUMBER OF PARAMETERS TO DISPLAY will result. 

If the core buffer capacity is exceeded, the message TOO MANY ITEM3 IN DISPLAj 

will result. Other messages are self-explanatory. 

If a run-time error oc~urs while a picture is in process, the error 

message will be lost and the registers will be dumped twice. To prevent this, 

the procedure call 

DERR (no parameters) 

should be made at the beginning of a program being debugged. This procedure 

will overstore the error routine with instructions which cause it to wait 

until the current picture is finished. Then the error message and line numbeI 

- 236 -



will be printed out normally. 

INTERROGATION OF CRT SWITCHES FROM ALGOL 

The switches on the CRT may be interrogated in al Alrol program by 

using the library function named CRTSW. The result of CRTS~ is of type 

BOOLEAN. 

The call on CRT3W has the form 

CRTSW ((integer exp)) 

where the value of (integer exp) specifies the number of the switch to be 

interrogated (the switches are numbered from one to eighteen). If the 

indicated switch is UP and the black button is pressed, the value of CRTSW 

is TRUE, otherwise the value is FALSE. 
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APPENDIX XI 

CHARACTER DEFINITIONS FOR THE 1107 

Octal Symbol Card 1004 HSP Console 
Code Code 600 lpm Printer 

00 M.S. 7-8 @ Space M.S. 
01 u.c. 12-5-8 1 Space u.c. 
02 L.C. 11-5-8 Space L.C. 
03 L. F •1 12-7-8 II Space L.F. 
04 C.R. 11-7-8 /;:. Space C.R. 
05 Space Blank Space Space Space 
06 A 12-1 A A A 
07 B 12-2 B B B 
10 c 12-3 c c c 
11 D 12-4 D D D 
12 E 12-5 E E E 
13 F 12-6 F F F 
14 G 12-7 G G G 
15 H 12-8 H H H 
16 I 12-9 I I I 
17 J 11-1 J J J 
20 K 11-2 K K K 
21 L 11-3 L L L 
22 M 11-4 M M M 
23 N 11-5 N N N 
24 0 11-6 0 0 0 
25 p 11-7 p p p 
26 Q 11-8 Q Q Q 
27 R 11-9 R R R 
30 s 0-2 s s s 
31 T 0-3 T T T 
32 u 0-4 u u u 
33 v 0-5 v v v 
34 w 0-6 w w w 
35 x 0-7 x x x 
36 y 0-8 y y y 
37 z 0-9 z z z 

NOTE: The offline 1004 follows the above table. However, under Exec III, 
when the 1004 is on line, the characters 11@11 and "D." are interchanged. 
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CRT 

6 ,.. 

.t 
Space 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K. 

L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 
v 
w 
x 
y 
z 



Octal Symbol Card 1004 HSF Console 1090 
Code Code 600 lpm Printer CRT 

40 12-4-8 
'41 11 
42 + 12 + + + + 
43 < 12-6-8 < < < < 
44 = 3-8 = = = = 
45 > 6-8 > > > > 
46 2-8 & & & 
47 T 11-3-8 $ $ T $ 
50 * 11-4-8 * * * i~ 

51 ( 0-4-8 ( ( ( ( 
52 II 0-5-8 % Space II II 

53 5-8 
54 ? 12-0 ? Space ? ? 
55 11-0 Space 
56 ' 0-3-8 

~ ' ' ' 57 Stop 'J-6-8 Space @ % 
60 0 0 0 0 0 0 
61 1 1 1 1 1 
62 2 2 2 2 2 2 
63 3 3 3 3 3 3 
64 4 4 4 4 4 4 
65 5 5 5 5 5 5 
66 6 6 6 6 6 6 
67 7 7 7 7 7 7 
70 8 8 8 8 8 8 
71 9 9 9 9 g 9 
72 4-8 
73 ; 11-6-8 ; Space ; . 

' 74 I 0-1 I I I I 
75 12-3-8 . . 
76 Special 0-7-8 D Sp9.ce 0 D 
77 Idle 0-2-8 -f Stop (N.P.) t t 
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ABS function, 71 

ALG card , 1 72 

Alphabetic characters, 77 

ALPHABETIC function, 78 

ARG function, 78 

I ND E X 

Arithmetic assignment statement3, 36 

Arithmetic expressions, 27 

Arithme:.ic relations, 29 

ARRAY declaration, 42 

Assigrunent statement, 35 

Basic symbols, 14 

~3lock BorJ.y, 1 28 

B~ock definition, 129 

Sl::i2k head, 128 

Block level, 149 

Block 1 storage, 46 

Block, entering and leaving, 131 

BOOLEAN assignment statements, 38 

BOOLEAN constants, 25 

BOOLEAN expressions, 31 

BOOLEAN operations, 31 

BOOLEAN quantities, 29 

Card punching rules, 11 

CARDS device, 1 06 

CARDS procedure, 112 

C~-IAIN procedure, 78 

CHANGEKEY procedure, 209 

CHAR procedure, 208 

Character de~initions, 
fieldata code, 239 

Character forced into string, EO 

Character set, 18 

CLOCK function, 72 

CLQK function, 72 

CLOSE procedure, 216 

COMMENT, 49 

Compiler, 1 2 

COMPLEX constants, 24 

COMPLEX f~nction, 78 

Compound statements, 39 

Copy rule, 1 41 

CORE device, 219 

COREMAX function, 78 

CORETOTAL function, 78 

CRTSW fu.nction, 237 

Cull for Algol programs, 230 

Data cards, "173 

DATE function, 79 

Declarations of type, 41 

DEFINE de clara ti on, 46, 1 84 

Definite repeat in format, 15 

Desi~national expressio~s, 32 

Deviations from Algol 1:0, 13 

Diagnostic procedures, 1f5 

Diagnostics, compiler, 1l3 

DIMENSIONS fu~ction, 72 

DISPLAY procedure, 232 

Double precisio~ constants, 24 

gPARAM procedure, ?09 

DRUM as a parameter tc READ, 125 

DRUM as s. parameter tc WRITE, 1 25 

DRUM device, 123 

DRUM procedure, 127 

Drum simulat8d tapes, 1 14 

D3A function, 228 



DSC function, 228 

DSL function, 228 

DUMP statement, 165 

EDIT device, 218 

Embedded space, 25 

ENTIER function, 79 

EOF card, 173 

EOF procedure, 127 

EOI procedure, 127 

Error messages, compiler, 149 

Error messages, library, 150 

ERROR procedure, 168 

ERRORTRAP procedure, 167 

Evaluated procedures, 25 

E'JEN f·,mction, 72 

Exec control cards, 171 

EXIT procedure, 229 

EXITABORT procedure, 229 

EXITERROR procedure, 229 

EXITNORMAL procedure, 229 

Extensions to Algol 60, 14 

External Fortran procedure, 180 

External procedure calls, 146 

External procedure declaration, 144 

External procedures, 144 

External references, 146 

External Sleuth procedure, 179 

Faltran, 223 

FIELD f J.:.~ction, 227 

Fieldata code, 239 

FIELDS funcV.on, 228 

F2.l~, 

FORCETYPE procedure, 217 

Formal parameters, 137 

FORMAT declaration, 88 

FORMAT function, 112 

Format phrases, 90 

FORMAT procedure, 98 

Formats used with READ, 1 01 

Formats used with WRITE, 98 

Formatted output on the plotter, 210 

Forward reference, 48 

Free format with cards, 107 

Functional procedures, 140 

General problem solver, 143 

Generalized as.3ignment statem9nt, JS 

Generalized variable declaration, 18 

Generalized variable operations, 186 

Generalized variable transfer 
functions, 190 

Global identifiers, 131 

GO TO statement, 50 

Grammar of Statements, 39 

HEADING procedure, 79, 110, 112 

Hierarchy of arithmetic 
operations, 10, 27 

Hierarchy of boolean operations, 32 

Identifiers, 9, 19 

IF statement, 51 

IMAG function, 80 

Implied format with PRINTER, 109 

Implied format with PPNCH, 111 

Indefinite repeat in format, 97 

Input deck, sample, 173 

Input devices, 85 



Input/output units, 1 14 

INTEGER constants, 22 

lNl'EC~EH. function, ~O 

J N'l'Ei\LIJCK procedure, 1 ')•'• ...... ' 

INTRANDOM function, 80, 83 

Intrinsic functions, 71 

Jumps in and out of FOR statements, 59 

KEY procedure, 127 

KEYCOUNT procedure, 209 

Labels, 40 

Labels as parameters to READ, 86, 118 

Labels as parameters to WRITE, 87, 116 

LENGTH function, 72 

Library functions, 75 

LISI declaration, 104 

LOCAL declaration, 48 

Local identifiers, 131 

LOWEnBOUND function, 80 

LSJ:' card, 174 

MARGIN procedure, 110, 112 

MGR function, 228 

MEMORY function, 228 

MERGE procedure, 195 

MOD function, 73 

Vode of expressions 
and relatio~s, 33 

V)difie:r-s, 117 

M07E procedure, 208 

:?.1.rr?J..?-':: proci:d ure, 209 

::or:-rec·1rsi·r~ library procedures, 76 

:T~..unb~r:'...ng of >tr inf! characters, 62 

Numeric characters, 77 

NUMERIC funC'tion, RO 

Object prorram, 1~ 

ODD function, 73 

Q~TION function, 80 

OWN declaration, 46 

OWN variables, 132, 146 

PAPER procedure, 110, 112 

Parameter correspondence, 140 

Parentheses in source statements, 10 

PARITYEVEN function, 229 

PARITYODD function, 229 

f ARTBL function, 228 

PCF device, 213 

PCFELr procedure, 216, 

PCH card, 17~ 

PLOT proc2dure, 207 

Plotter character form, 212 

Plotter parasite, 205 

Plotter, Calcomp, 204 

Pool, 194 

POSITION procedure, 121 

Predefined identifiers, ~77 

Predefined identifiers 
string declarations, 

PRINTER device, 109 

PRINTER procedure, 112 

Proc.=dure block, 134 

Procedure call, 140 

Procedure declaration, 

PUNCH device, 111 

PUNCH procedure, 112 

Quantities, 20 

RANDOM function, 81, 83 

in 
t: 1 

11 I _, ..... 



RAN~ declaration, 66 

RANK function, 68, 80, 81 

READ procedure, 85 

REAL constants, 23 

REAL function, 81 

REAL2 constants, 24 

REAL2 function, 81 

Recursiva library procedures, 75 

Recursive procedure calls, 142 

Relational operator, 29 

RELEASE procedure, 219 

Reserved words, 176 

REWIND procedure, 122 

RUN card, 1 71 

SCALE procedure, 205 

SC'.IAR procddure, 2og 

SETRANK procedure, 67 

SIGN function, 73 

SLIP deyice, 213 

SORT procedure, 195 

SORT.KEY, 194 

s~urce card form, 9 

Source program, 12 

Specification of parameters, 136 

Speed of drum and tape 
input/output, 126 

SSA function, 228 

SSC function, 228 

SSL function, 228 

Standard ma~hematical procedures, 76 

Statement hbel, 40 

STOP procec~re, 208 

STRING ARRAY declaration, 44, 63 

String arrny subscripts, 63 

String assignment statements, 36, 65 

String comparisons, 66 

STRIN~ constants, 25, 60 

STRING declaration, 43, 61 

STRING function, 82 

String quantities, 60 

String replacements, 37, 65 

String variables, 62 

Strings in arithmetic expressions, r 
Strings in relations, 30, bf 

Structured variables, 181 

SWITCH declaration, 47 

TAPE device, 113 

Tape forms. t, 11 5 

Tape input, 118 

Tape output, 116 

TAPE procedure, 127 

TRACE options, 168 

TRANSFER procedure, 195 

UPPERBOUND function, 82 

VALUE parameters, 135, 139 

Variable repeat in format, 9~ 

Variables, 21 

WRITE procedure, 87 

XQT card, 1 72 


