
























































































































































3.6 OPERATOR DEFINITIONS FOR LEVEL I (COL)

3.6.1 LEVEL I OPERAND FORMS

(S = a storage location; L, M, and N = any level 0 operands)

FORM MEANING

'string ' The string '"string'". NOTE: No
closing apostrophe.

S The string stored in storage location
S.

S,M Substring of S starting at character
M and continuing to the end of the
string.

S,M,L Substring of S starting at character

M and continuing for L characters.
, The inactive string.

M Substring of the inactive string
starting at character M and con-
tinuing to the end of the string.

M, L Substring of the inactive string
starting at character M and
continuing for L characters.

LII N Level II record N.

LIT, The level II record indicated by
the active file marker.

LIT NM Substring of level II record N start-
ing at character M and continuing to the
end of the record. If N is omitted,
use the record indicated by the
active file marker.

LII N,M,L Substring of level II record N starting
at character M and continuing for L
characters. If N is omitted, use

the record indicated by the active
file marker.
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3.6.2 LEVEL I OPERATORS

(@ = any level I operand; S = a storage location; N and M = any
level 0 operands; C = a single character.)

® 9 concatenates the specified operand
to the end of the active string.
The length of the active string is
incremented by the length of the

operand.
@ v inserts the specified operand in
front of the active string. The

length of the active string 1is
incremented by the length of the

operand.
SUB N,M or The character string starting at
O N, M character N of the active string and
’ continuing for M characters replaces
the previous active string. The

length of the buffer is set to M.

SUB N or The character string starting at

657; character N and continuing to the
end of the string buffer replaces the
previous string buffer. The length
of the active string is decremented
by N-1.

SUB ,M or The character string starting at the

65"— level I search pointer and continuing

b

for M characters replaces the previous
active string. The length of the
active string is set to M.

SUB , or The character string starting at the

level I search pointer and continuing

’ to the end of the active string
replaces the previous active string.
The length of the active string is
decremented by the search pointer
minus one.

0) deletes a specified substring from
the active string and leaves the
remaining characters in the string
buffer. It has the same operand forms
as SUB.
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ARG @ RETURN

LS @ RETURN N RETURN

RS @ RETURN N RETURN

inserts the specified level I

operand into the active string. The
level I search pointer specifies the
location of the first character to be
inserted. The level I search pointer
is not changed. If the character
string inserted causes the number of
characters to exceed the record length,
a character at the end of the active
string will be lost for each character
inserted. No indication of this
condition is given.

strips all trailing blanks from the
active string and recalculates the
length of the active string.

switches the active string and the
save string.

searches the active string for the

Nth occurrence of the specified
operand. RS starts with the first
character and searches right. LS
starts at the end of the active

string and searches left. If the
specified operand is not found, then
the level I search pointer is set to
zero. If the Nth occurrence of the
specified operand is found, then the
level I search pointer is set to the
value of the position where the

string was found. The second operand
may be omitted. If it is, the online
system assumes the user is searching
for the first occurrence of the
specified operand, and sets the level I
search pointer accordingly. The first
operand may be preceded by the not

" 7" key, in which case the online
system searches for the Nth occurrence
not equal to the specified operand and
sets the level I search pointer
accordingly.

NOTE: 1level I RS is preferred over
level T MOD, as RS does not attempt
to match the operand with the string
buffer until the operand has been
completely specified.
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EVAL 9

MOD CCCC...

SIN ¢1 RETURN

¢2 RETURN

compares the active string with the operand
and sets a code based on the results of the
comparison. The comparison proceeds from
left to right. When the length of the
active string is not equal to the length
of the operand, the shorter string deter-
mines how much of the longer string will
be used for the comparison. If the first
N characters (when N is the lesser of the
two lengths) are not equal the code is

set to plus or minus one depending on the
first non-matching characters. A minus
one indicates that the first non-matching
character in the active string occurred
earlier in the collating sequence. A plus
one indicates the reverse. When the first
N characters are equal the longer string
is considered to be farther in the collat-
ing sequence. When both strings are

equal in length and content a zero is
returned. The results of this comparison
may be tested in a user program by TEST

or viewed by LO EVAL + DISPLAY RETURN.

searches the string buffer for "CCCC..

If it is found uniquely, the level I

search pointer is set to that value and dis-
played. If it is not found, the level I
search pointer is set to zero and the
diagnostic "NO MATCH" is displayed. 1If the
string is not unique the sequence MOD "CCCC"
may be followed by the keys RETURN N RETURN
where N, a level 0 operand, specifies to
which occurrence of "CCCC" the level I
search pointer is to be set. If there is

no such occurrence the level I search
pointer is set to zero and the message

""NO SUCH OCCURRENCE" is displayed.

NOTE: 1level I MOD is identical in opera-
tion to level II MOD except level I MOD
changes the level I search pointer.

replaces all occurrences in the active
string of the first operand with the
second operand. The operation may change
the length of the active string. The
null string is valid second operand. In
that case all occurrences of the first
operand would be delted. The first oper-
and may be preceded by the not ""—" key
in which case all occurrences not equal
to the first operand are replaced by the
second operand.
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COS Ql RETURN

¢2 RETURN

EXP § RETURN

SUM N RETURN

EXAMPLES:

Active string = "ABCCDEABC"
SIN "AB RETURN 'XY RETURN
produces: "XYCCDEXYC"
Active string = "ABCCDEABC"

SIN 'AB RETURN 'XYZ RETURN
produces: "XYZCCDEXYzC"

The characters in the active string
specified by the first operand are
translated to the corresponding
characters in the second operand.

All characters that appear in the
string buffer and the first operand
will be translated to the corresponding
characters in the second operand. All
others will not be changed. Duplicate
characters in the first operand are
ignored.

EXAMPLE: Active string = "THIS IS A
MESSAGE' COS 'IHA RETURN 'XYZ RETURN

produces: "TYXS XS Z MESSZGE".

Each I was changed to X, the H to Y
and each A to Z.

expands hexadecimal digits in packed
format to zoned format. Each character
in the specified string is expanded to
two characters. (See IBM SYSTEM/ 360
PRINCIPLES OF OPERATION for an explana-

tion of the above formats).

sets the level I search pointer to N.
causes all presently supported characters
to be loaded into the string buffer in

the IBM collating sequence.

loads the present date and time into
the string buffer.

loads the specified operand into the
string buffer.
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LOAD RETURN

LOAD LO N RETURN

DISPLAY 9

DISPLAY SPACE @

MAX @ RETURN

STORE S

STORE LII N

loads the null string into the
string buffer.

converts the specified level 0

operand to a character string and puts
the character string in the string
buffer. N may be omitted. If it is,
the contents of the - -level 0 quotient
register are converted.

loads the specified operand into the
string buffer and displays it.

loads the specified operand into the
string buffer and displays it without
a carriage return preceding the
display.

displays the hexadecimal representation
of the specified operand.

replaces the previous contents of
storage location S with the contents
of the string buffer. The string
buffer is not altered.

replaces the contents of level II
record N with the contents of the
string buffer. LII record N must have
been previously defined. The string
buffer is not altered.
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3.7 OPERATOR DEFINITIONS FOR LEVEL II (COL)
(M,N, and I = any level 0 operands; C = a single character.)
MANIPULATING POINTERS TO A RECORD
® N RETURN increments the active buffer pointer
by N. A negative operand implies
the O operator.
O N RETURN decrements the active buffer pointer

T by N. A negative operand implies
the (® operator.

®ON RETURN sets the active buffer pointer to N.
SIN N RETURN increments the save buffer pointer
by N. A negative operand implies

the COS operator.

COS N RETURN decrements the save buffer pointer
by N. A negative operand implies
the SIN operator.

LOG N RETURN sets the save buffer pointer to N.

BACK replaces the preceding character in the
T active buffer with a blank and decre-
ments the active buffer pointer and
the save buffer pointer by 1.

NOTE: On the screen BACK blots out
the deleted character; thus to see
newly entered characters press RETURN
which returns the carriage to the

next line.

RS fills the active buffer with blanks
(does not change either pointer).

LS sets the active buffer pointer and
the save buffer pointer to 1, and
returns the carriage to left of
display device (does not change
contents of active buffer).

MOD CCC... (where CCC... is a character string)
T searches for a unique character string.
If no match is found the diagnostic
""NO MATCH" is displayed.

If a match is found the column

number of the first character 1is
displayed and the active buffer
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MOD CCC RETURN N RETURN

pointer and save buffer pointer
are set to that value.

for multiple occurrences of a
character string, N specifies that
one is searching for the Nth occur-
rence of the specified string. If
there is no Nth occurrence the diag-
nostic '""NO SUCH OCCURRENCE" is dis-
played.

MOVING CONTENTS BETWEEN ACTIVE AND SAVE BUFFERS

INV

REFL N RETURN

REFL RETURN

switches the active and save buffers.

copies N characters from the save

buffer to the active buffer. The

save buffer pointer locates the

first character of the character

string to be moved. The active

buffer pointer locates the destin-

ation of the first character. The active
buffer pointer and the save buffer
pointer are incremented by N.

the entire save buffer is copied
to the active buffer. The active
buffer pointer and save buffer
pointer are not changed.

DISPLAYING AND LOADING RECORDS

DISPLAY RETURN

DISPLAY N RETURN

displays the contents of the active
buffer, the value of the active
buffer pointer, the value of the
save buffer pointer, and the number
of records in the active file.

displays the Nth record in the active
file, sets the value of the active
file marker to N, and loads the
record into the save buffer. After
DISPLAY N RETURN:

(1) Each additional RETURN displays
the next record in the active file,
increments the active file marker,
and loads the record into the save
buffer.
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(2) BACK displays the preceding
record in the active file, decre-
ments the active file marker, and
loads the record into the save buffer.

(3) ? displays the value of the
active file marker, i.e., the number
of the last record displayed.

DISPLAY _ RETURN displays the last record in the
active file, sets the value of the
active file marker to the record
number, and loads the record into
the save buffer.

DISPLAY ? displays the record indicated by
the active file marker and loads
the record into the save buffer.

LOAD N RETURN loads the Nth record from the
active file into the save buffer.
If N is omitted, N is assumed to
be the value of the active file
marker.

INSERTING AND DELETING CHARACTER STRINGS

ARG CCC RETURN inserts the character string CCC

- into the active buffer. The active
buffer pointer defines the location
of the first character to be inserted.
The active buffer pointer and the
save buffer pointer are not changed.
If the character string inserted causes
the number of characters in the active
buffer to exceed the record length, a
character at the end of the active
buffer will be lost for each character
inserted. No indication of this con-
dition is given.

DEL N RETURN deletes N characters from the active
buffer. The active buffer pointer
defines the first character to be
deleted. The remaining characters
in the record are shifted left to
fill the spaces occupied by the de-
leted characters. The active buffer
pointer and the save buffer pointer
are not changed.
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DEL RETURN deletes all characters to the right
of the active buffer pointer. The
active buffer pointer and the save
buffer pointer are not changed.

STORING AND DELETING RECORDS

STORE stores the record in the active buffer
at the end of the active file, copies
the record in the active buffer to

the save buffer, clears the active
buffer, returns the carriage, and sets
the active buffer pointer and the save
buffer pointer to 1.

SUB N RETURN replaces the Nth record in the active
file with the record in the active
buffer, copies the record in the active
buffer to the save buffer, clears the
active buffer, returns the carriage,
and sets the active buffer pointer and
the save buffer pointer to 1. If N is
omitted, N is assumed to be the value
of the active file marker.

UP N RETURN inserts the record in the active buffer
- before the Nth record in the active

file, copies the record in the active

buffer to the save buffer, clears the

active buffer, returns the carriage,

and sets the active buffer pointer

and the save buffer pointer to 1. If

N is omitted, N is assumed to be the

value of the active file marker. The sub-
sequent records are appropriately renumbered.

DOWN N RETURN deletes the Nth record from the active
file. If N is omitted, N is assumed

to be the value of the active file
marker, The subsequent records are appro-
: priately renumbered.

ATAN + enables the auto-store option. The
auto-store option automatically stores
the contents of the active buffer in

the active file when the value of the
active buffer pointer exceeds the cur-
rent record length. The value of the
active buffer pointer exceeds the

record length when a character is entered
into the last column of the active buffer,
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ATAN -

RECORD LENGTH

DISPLAY CTX

CTX N RETURN

EVAL -

EVAL +

EVAL ?

EVAL (

EVAL )

EVAL

EVAL ,

COLUMN CONTROL OPTIONS

QD +
QD_

when the TAB or NEG key is pressed

and there are no more tabs on the drum
card, when the automatic skip-
duplicate-left-zero option causes a
éﬁi%:fast the last field, or when the

, Or key causes the value of
the active buffer pointer to exceed
the record length. The record is
stored at the end of the active file
and the active buffer is copied to the
save buffer. The active buffer is then
set to blanks and the active buffer
pointer and save buffer pointer are set
to 1. Thus the next character pressed
goes into the first column of the
active buffer.

disables the auto-store option.

displays current record length.
sets the record length to N.

suppresses display of buffer pointers
and card count on LII DISPLAY RETURN.

restores display of buffer pointers
and card count on LII DISPLAY RETURN.

displays the value of the active file
marker (i.e. the record number of the
last record displayed).

displays the value of the active
buffer pointer.

displays the value of the save buffer
pointer.

displays the number of records stored
in the active file.

displays the tab (column control) card.

enables automatic skip-duplicate-
left-zero option.

disables automatic skip-duplicate-
left-zero option.
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SQ M,N,A RETURN

SQRT

S

SET M,N,..
SUM M,N,..

SET RETURN

SUM RETURN

CLR or

.RETUBE or
.RETURN

or

defines a field N characters long,
starting at character M; A defines
the operation code for this field:

S skips the entire field

D duplicates the entire field

N right adjusts a numeric field
(left zero)

clears all tabs and field definitions.

sets a tab at column M, column N,...

sets a tab at the value of the active
buffer pointer.

clears the tab at the value of the
active buffer pointer.

skips to the next tab setting.

copies the contents of the active
buffer to the drum card, illegal drum
card characters are replaced by blanks.
The contents of the active buffer are
not changed.
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3.

8

OPERATOR DEFINITIONS FOR LEVEL III (COL)

(M,N = any level 0 operands; P = any level I operand)

® concatenates the inactive file onto
the active file. (The inactive file
is purged).

C)N’RETURN sets the active file marker to N.

INV switches the active file and the in-

active file.

UP N RETURN inserts all of the inactive file before
the Nth record in the active file. If
N is omitted, it is assumed to be the
value of the active file marker. The
inactive file is unchanged.

DOWN purges the active file and sets the
active file marker to zero.

EVAL N RETURN P RETURN
searches the active file starting at the
first record beyond the active file
marker for the designated character
string. N is the column where one
expects to find the first character of
the character string. P is any valid
level I operand. If the specified oper-
and is not found the active file marker
is set to zero and displayed on the out-
put device. If the specified operand
is found the active file marker is set
to the record number of the record con-
taining the operand and the value of the
active file marker is displayed. The
level I operand may be preceded by the
not "-»" key, in which case the search is
made for the first record in which the
specified operand does not appear.

MOD P RETURN searches the active file starting at the
first column in the first record beyond
the active file marker for the specified
string. P is any valid level I operand.
If the string is found, the file marker is
set to the record number of the record
containing the string, the level I search
pointer is set to the column number of the
substring, and the file marker is displayed
If the string is not found both the file
marker and the search pointer are set to
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SORT N,M RETURN
SQRT N,M RETURN

CONJ N,M RETURN

or

ARG M,N,I RETURN

DEL M,N RETURN

zero. The level I operand may be preceded

by the not "—'" key, in which case the search
is made for the first record in which the
specified operand does not appear.

NOTE: The character string sought must
be on one record.

sorts a copy of the inactive file, as
specified and concatenates the resultant
sorted file onto the active file. The
inactive file is unchanged. N specifies
the first column of the sort field and M
is the length of the sort field. M may
be omitted in which case the rest of the
record is used as the sort field.

merges the inactive file into the active

file. The inactive file is not changed.

N specifies the first column of the merge
field. M specifies the length of the

merge field. M may be omitted; if it is,
the rest of the record is used as the
merge field. CONJ assumes the files are

sorted; no checks are made.

inserts a copy of M records from the
inactive file before record N in

the active file. I is the record number

of the first record in the inactive file

to be copied. N and I may be omitted,

in which case their values default to

the respective file markers. M is required.
The inactive file is not changed by this
operation.

deletes M records from the active file,
starting with record number N. N may be
omitted, in which case it defaults to the
active file marker. The remaining records
are appropriately renumbered.
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MAX N,M RETURN

DISPLAY M,N RETURN

DISPLAY M RETURN

DISPLAY , N RETURN

DISPLAY , RETURN

DISPLAY RETURN

puts a sequence number in the specified
field of each record in the active file.
N specifies the first column of the
sequence number field. M specifies the
length of the sequence number field.

M may be omitted; if it is, the rest

of the record is used as the sequence
number field. The sequence numbers are
padded on the left with zeroes.

displays M records, starting with
record number N.

displays M records, starting with the
first record beyond the active file
marker.

displays the remainder of the active
file starting with record N.

displays the remainder of the active
file starting with the first record
beyond the active file marker.

displays all of the active file.
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3.

9

OPERATOR DEFINITIONS FOR LEVEL IV (COL)

LOAD

DISPLAY @ RETURN

concatenates the specified data set

from the operating system with the
contents of the active file. The

entire record of the 0OS data set is

kept (up to a maximum of 254 characters).

NOTE: The COL record length is
unchanged; thus DISPLAY will not
display the entiTte record if the 0S
data set record length is greater
than the COL record length.

submits the active file to the operat-
ing system for batch processing.

displays the jobs active in the system
and the status of the indicated de-
vices. # is one or more of the
following operands:

J

jobs currently active in the oper-
ating system.

direct access data devices.
tapes.

all unit record equipment.
graphics devices.
communication devices (none).

all of the above.
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3.10 OPERATOR DEFINITIONS FOR LEVEL 0 EVAL (COL)

EVAL

CTX

EVAL .

EVAL

EVAL

EVAL

EVAL

RETURN

EVAL

EVAL

EVAL

EVAL

loads the current record length into
the level 0 quotient register.

loads the number of records in the
active file into the level 0 quotient
register.

loads the current value of the active
file marker into the level 0 quo-
tient register. '

loads the current value of the level
II active buffer pointer into the
level 0 quotient register.

loads the current value of the level
IT save buffer pointer into the level
0 quotient register.

loads the current length of the level
I active string into the level 0
quotient register.

loads the length of the character
string stored under level I storage
location S into the level 0 quotient
register.

loads the result of the last level I

EVAL operation into the level 0

quotient register.

loads the current value of the level I
search pointer into the level 0 quo-
tient register.

treats the level I active string

as a decimal number, converts it to
an integer, and places the result

in the level 0 quotient register. If
there are one or more minus signs

in the active string, the resultant
number will be negative. If a non-
decimal character is encountered, the
diagnostic "OPERATION ABORTED" is
displayed. If the active string repre-
sents an integer greater than the
computer can handle, the diagnostic
"FIXED POINT OVERFLOW" is displayed.
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EVAL #

EVAL -

EVAL !

treats the level I active string

as a hexadecimal number, converts it
to an integer, and places the result
in the level 0 quotient register. If
there are one or more minus signs in
the active string, the resultant
number will be negative. If a non-
hexadecimal character is encountered,
the diagnostic "OPERATION ABORTED"

is displayed. If the active string
represents an integer greater than
the computer can handle, the diagnostic
"FIXED POINT OVERFLOW" is displayed.

loads the decimal equivalent of the
IBM EBCDIC bit code for the first
character in the level I string buffer
into the level 0 quotient register.

treats the first four characters
of the level I string buffer as a
bit string, which represents an
integer. The integer is moved to
the level 0 quotient register.
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MATHEMATICALLY ORIENTED LANGUAGE
SINGLE PRECISION FLOATING POINT (MOLSF)

MOLSF has four levels of mathematical operators and data
structures. Level I operators enable one to perform calculations
on scalars (single numbers). Level II operators enable one to
perform calculations on vectors (ordered lists of scalars). Level
IITI operators enable one to perform calculations on two-dimensional
arrays. Level V is reserved for operators for which there is no
space on existing levels. For example, a user can pass MOLSF
data to a FORTRAN or PL1 batch program and have the results of
these batch programs returned to MOLSF data structures.

The selection of MOLSF operators has been made to provide
a balance between ease of mathematical formula construction and
simplicity of operator definitions. The sections preceding the
definition of the MOLSF operators provide the background
necessary to efficiently use MOLSF. They discuss MOLSF's
internal number representation, MOLSF's data structures, MOLSF's
computational format and the working registers, MOLSF's operand
forms, the explicit loading of data into the working registers,
the storing of data for later use, and finally a detailed descrip-
tion of MOLSF display facilities. (Note: Except for the first
sub-section in the display section, display may be left for a

later reading.)
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4.1 NUMBER REPRESENTATION

MOLSF uses scientific notation (floating point) to represent

scalars. Each number is defined by a mantissa and an exponent.
7

For example, the number 4,900,000 may be written as 0.49 x 10,
where 0.49 is the mantissa and 7 is the value of the exponent,
or 0.0023 may be written as 0.23 x 10_2. The actual representa-

tion system may be expressed as
y = Mx RP

where y is the number to be represented, M is the mantissa, R

is the radix or base, and p is the integer exponent. Numbers are

stored and manipulated internally in floating point-binary form
(R = 16), but are typed or displayed as decimal numbers (R = 10)
in fixed or floating point form.

Numbers are entered in the form
+ M + p

where M is the mantissa (which may include the decimal point in
any position) and p is the power to which the base R = 10 is
raised. If p = 0 it may be omitted. The first sign indicates
whether the number itself is positive or negative and may be
omitted if it is +; the second sign shows whether the exponent
is positive or negative, and must be included if p is included.
Thus -0.49 x 10’ would be typed in as -.49+7 and 0.23 x 102

as .23-2.

To summarize, the rules pertaining to the typing of numbers
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A+ B + C + D

MOLSF allows the user to simplify this expression by juxtaposing
operands for all binary operators (® , 00,0, Q).

EXAMPLE: To add four scalars stored under A, B, C,
and D the following sequences are equivalent.

LOAD A®@B®C®D

LOAD A ® BCD

EXAMPLE: To add the scalars 91, 77, A, 173, 71 the
following sequences are equivalent.

LOAD 91 ®@ 77® A ® 173 ® 71

LOAD 91 ® 77 A 173 RETURN 71 RETURN

4.3.3 TRAILING PREDICATES

It is often an inconvenience for the user to press LOAD
every time he wishes to work with a new operand. MOLSF allows
the user to implicitly load operands when working with unary
operators.

LOAD A SIN is equivalent to SIN A. This can be helpful

when constructing a mathematical expression.
EXAMPLE: sinz(A) + cosz(A)
Without trailing predicate:

LI REAL LOAD A SIN SQ STORE T LOAD A COS _S__Q_@ T

With trailing predicates:

LI REAL SIN A SQ STORE T COS A SQ@® T

With trailing predicates and parentheses:

LI REAL SIN A SQ ® (COS A SQ)
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4.4 LOADING OF DATA

The primary function of the LOAD key is to explicitly enter
numbers or copy data from storage locations into the working
registers for the level the user is presently working on. Data
may be copied from storage locations on any level (I, II, or III).
In many instances, the LOAD key is unnecessary. For example,

LOAD Z SIN is equivalent to SIN Z. 1In the latter case, the loading

of data into the working register is implicit, and is the preferred
sequence. (See section 4.3.3 on trailing predicates.)

When one loads data into the working register the contents of
any specified storage location are not changed. Concisely, LOAD
provides explicit, nondestructive recall from temporary data

storage to the working registers.

4.4,1 LOAD FOLLOWED BY A NUMBER (a numerical operand)

If the LOAD key is followed by a number, then that number
is loaded into every component of the current level's working
register.

EXAMPLES:

1) LI REAL LOAD 13 RETURN enters 13 into BI.

2) LII CMPLX LOAD 3,7 RETURN places 3 + 7i = (3,7)
into every component of the (aII, BII) register.

3) LIII REAL LOAD 2 RETURN enters 2 into every
component of the BIII register.

4.4.2 GENERAL MOLSF LOAD FORMAT

The general format for the keys which may follow LOAD is:
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CMPL

REA
LOAD [level] {;E—E{][location][ (component) ]

As the brackets indicate, all the keys are optional. The

"level" designation is LO, LI, LII, or LIII. A level key need only

be included to load data from a level other than the one which

is presently active. REAL or CMPLX indicates that the data is to come

from the specified mode. '"Location'" indicates which of the 52
storage locations is to be copied. If "location'" is omitted, then
the working register is used as the source of the data to be copied.
"(component)'" may be any level 0 operand and indicates the specific
component to be used. The parentheses around the component entry
are required. The actual component may be omitted;

the online system assumes any missing indices are equal to one.

The component entry is necessary when copying data from a higher

to a lower level.

4.4.3 LOADING DATA WHILE ON LEVEL I
All of the following examples assume the user is working on

level I and explicitly wishes to load data into the appropriate

working register. In all cases, the source of the data is not
changed.

EXAMPLES:

1) LI CMPLX LOAD Z - The contents of the level I

complex scalar Z are copied into the (aI,BI) working
register.

2) LI REAL LOAD X - The contents of the level I real
scalar X are copied into the B_. working register.
The contents of 0y are not changed.
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3)

4)

5)

6)

7)

8)

LI REAL LOAD CMPLX Z - The contents of the real
part of the level I complex scalar Z are copied into
the B working register. The contents of aj are

not changed.

LI REAL LOAD LII A(3)- The contents of the third
component of the level II real vector A are loaded
into the By working register.

LI REAL LOAD LII (7) - The contents of the seventh
component of the Byy working register are copied
into the By working register.

LI REAL LOAD LII R(I) - The contents of

component I of the level II real vector R are copied
into the By working register. The value of I is
obtained from the integer stored under level 0 I.

LI REAL LOAD LIII A (I,J) - The contents of
component I,J of the level III real array A are
copied into the BI working register.

LI REAL LOAD LIII (,) - The contents of
component '"{1,1)" of the Byyr working register are
copied into the By working register.

4.4.4 LOADING DATA WHILE ON LEVEL II

All of the following examples assume the user is working on

level II and explicitly wishes to load data into the appropriate

working register. In all cases the source of the data is not

changed.
EXAMPLES:
1) LII REAL LOAD G - The contents of the level II real
vector G are copied into the By working register.
2) LII REAL LOAD LI G - The contents of the level I

3)

4)

scalar G are copied into every component of the B1g
working register.

LII REAL LOAD LI CMPLX X - The contents of the real
part of the level I complex scalar X are copied into
every component of the Byy working register.

LII REAL LOAD LIII A (1,) - The contents of the
first row of the level III array A are copied into
the Br; working register.
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5) LII CMPLX LOAD LIII A (2) - The contents of the
second row of the level III complex array A are
copied into the (ayr, Byy) working register.

6) LII CMPLX LOAD LIII REAL A( ,2) - The contents of
the second column of the level III real array A
are copied into the ajj working register.

4.4.5 LOADING DATA WHILE ON LEVEL III
All of the following examples assume the user is working on
level III and explicitly wishes to copy data into the appropriate
level III working register. In all cases the source of the data
is not changed.
EXAMPLES:

1) LIII CMPLX LOAD A - The contents of the level III
complex array A are copied into the (ayyy, B111)
working register.

2) LIII CMPLX LOAD REAL X - The contents of the level
ITII real array X are copied into the ajyy working
register. The Byy1 register is set to zero.

3) LIII REAL LOAD CMPLX X - The contents of the real
part of the level III complex array X are copied
into the Byyy working register.

4) LIII REAL LOAD LI Z - The contents of the level I
real scalar Z are copied into every component of
the Byyp working register.

5) LIII REAL LOAD LII L - The contents of the level II
real vector L are copied into each column of the
Bi1r working register.

4.4.6 INCREMENTING THE COMPONENT IN LOAD

The component entry in the general MOLSF LOAD format may be
any level 0 operand. Thus it is possible to increment or decrement
any index variable in a LOAD format. For a complete list of level 0

operands see section 2.3.1.
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In the following examples there is no key sequence which
leads the user to believe the keys would be executed more than
once. Their explanations are based on the assumption that they
are embedded in a user program which is repeated a number of
times in the course of solving a problemn.

EXAMPLES:

1) LI REAL LOAD LII M(K+) - The variable K is a
Tevel 0 operand. The first time the instruction
sequence is executed, M(K) is loaded into B and
K is incremented by 1. The next time the sequence
is executed, the entry M(K) for the new value of K
is loaded into Bj. K is incremented again each
time the sequence is repeated. The level 0 operand
can be decremented instead of incremented if the
minus sign is used instead of the plus sign. These
are the lower keyboard plus and minus signs, not
the operator keys @& and @ . If the desired
increment or decrement is not unity, then the + or
- sign should be followed by the desired integer
specification.

2) LI REAL LOAD LII L(N+J) where N and J are level 0
operands. If N = 3 and J = 2, then L(3), L(5),
L(7), L(9), etc., are loaded into By in turn as the
instruction sequence is repeatedly executed.

4.4.7 LOADING VECTORS AND ARRAYS WITH VARYING DIMENSIONS

The online system allows complete freedom in loading data of
varying sizes into the working registers. Vectors or arrays which
have smaller sizes than the current size of the working registers
will be completely copied into the working registers. The components
already in the working register beyond the data loaded will not be
changed. If the size of the vectors or arrays loaded exceeds the
current size of the working registers, then only that part of the

data up to the limit of the working registers is copied.
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EXAMPLE: Suppose the present context of the working
register is 51; we wish to combine two vectors F and G each
of context 51 such that the resulting vector has the first
46 components of F and the last 5 components of G. Press;:

LII LOAD G CTX 46 LOAD F CTX 51

4.5 STORING OF DATA
The STORE key is the antithesis of LOAD. It is used to

copy the contents of the working register into a storage loca-
tion. There are fifty-two unique storage locations (A - Z, o -
w) for each mode on each level, i.e. 52 REAL and 52 CMPLX storage
locations. The previous contents of the designated storage loca-
tions are replaced by the quantity which is stored. The level
specification most recently preceding the alphabetic key will be
the one used to determine which storage location is desired. On
levels II and III, the context of the storage location is auto-
matically set to that of the working register.

The general format for the keys which follow STORE is exactly

the same as that for LOAD:
REAL
CMPLX

STORE [level] [location] [(component)]

1) "level" is LO, LI, LII, LIII, or omitted.
2) "location'" is an alphabetic key A through Z, o through w.

3) "(component)" is "(i)", or "(i+j)", or omitted, with i and
j any level 0 operands.

STORE does not change the contents of the working register.
EXAMPLES:

1) LI REAL LOAD 3.2 STORE A - stores the real scalar 3.2 in
level I real A.
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2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

NOTE:

LI REAL LOAD B() 5( 3 STORE D - stores the real scalar
5B + 3 in level I real D.

LI REAL LOAD 9 STORE CMPLX A - stores the complex scalar
9 + 0i in level I complex A.

I REAL LOAD I STORE LII Q(J) - stores the contents of
evel I real I in component J of the level II real vector
J is any level 0 operand.

=

= O =

I CMPLX LOAD 3,1 STORE T - stores the complex scalar
+ i in level I complex T.

N

LI REAL LOAD 37.2 STORE LIII CMPLX A(,) - stores the
complex scalar 37.2 + 0i in the first component (1,1)
of the level III complex array A.

LI REAL LOAD 8.9 STORE LO C - truncates the real scalar
8.9 to the integer 8 and stores it in level 0 C.

LITI REAL LOAD 1 STORE S - stores 1 into every component
of the level II real vector S.

LIT REAL ID STORE X - stores the uniformly-spaced discrete
domain of the interval -1 < x < 1 in level II real X.

LIT REAL LOAD A STORE LI B - stores the first component
of the level II real vector A in level I real B.

LIII CMPLX LOAD A STORE LI B - stores the first component
(1,1) of the level III complex array A in level I complex
B.

LIII REAL LOAD A STORE LII C - stores the first column
of the level III real array A in level II real C.

When executing a STORE operation into a higher level, the

absence of a '"location'" specification implies storing into the

working register element(s) specified by '"level" " (component)".

For example, LI REAL STORE LII (K) stores the contents of BI into

component K of the BII working register.

(In the above examples, the repeated use of REAL and CMPLX

is only for illustration and normally is only required to change

from one to the other).
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registers is computed. To display vectors on a common scale in
dot or dot-dot mode, specify the list of vectors to be displayed
in line mode, if any; then push dot or dot-dot followed by a

list of vectors to be displayed in that mode.

LIT DISPLAY , A.BC..D RETURN

The vector A is displayed normally, B and C in dot
mode, and D in dot-dot mode. The scale used for the display
is the greatest of the scales of A, B, C, and D. The
dot or dot-dot may be placed anywhere in the sequence and may

be repeated. Therefore, the sequence LII DISPLAY ,A..B.C..D

RETURN is valid. After the comma, a number may be specified
to indicate the scale to be used in displaying a curve or a

series of curves.

EXAMPLE:

LII DISPLAY ,2A RETURN

The vector A is displayed with a scale of two, regardless of

maximum scale.

LEVEL III DISPLAY

Level III display is similar to level II display. With
very few conceptual changes the same sequences execute
similar operations in two dimensions instead of one.

One important concept that does differ is scaling. In
level III display the user has no control over the scale as he

does in level II display.

151 Revised Sept. 1, 1971



It is to the user's advantage to note that for the higher
dimensions displays become cluttered and therefore somewhat

difficult to read.

4.6.4 DISPLAY FORMATTING

Numerical and curvilinear dot-dot displays may be formatted.
There are three types of formats: integer display format, float-
ing-point display format, and the dot-dot graphical display

character.

INTEGER DISPLAY FORMAT ITEM (LO data, LII and LIII contexts,
display scales) - (n < 24)

In Left justified - leading zeros suppressed
Ln Right justified - leading zeros not suppressed
Sn Right justified - leading zeros suppressed
Xn Right justified - leading zeros not suppressed.

Hexadecimal numbers displayed
instead of decimal.

n specifies the number of places. Overflow is indicated by
an asterisk (*) in the sign position. The default format speci-

fication is I10.

FLOATING-POINT DISPLAY FORMAT ITEM - (n + m < 24)
Dn.m Float - trailing zeros suppressed.
En.m Float - trailing zeros not suppressed

Fn.m Fixed - no exponent displayed, leading zeros
suppressed.

n specifies the number of places to the left of the decimal
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place and m the number to the right. An overflow or underflow
in the "F" format 1is indicated by an asterisk in the sign position.

The default floating point format is DI1.5.

DOT-DOT FORMAT ITEM

One lower-keyboard character

When dot-dot display is to be done the character specified
is used in place of the normal (large) dot. The default dot-dot
format item is the dot specified by a period.

The user may change the format on LO (index), LI, LII, or
LIII with a sequence of the form "DISPLAY (format item, format
item, ...)". Any format item may be changed on any level and

the format items may be specified in any order separated by

commas. Should a format of the same type be repeated, the most
recent specification is used. If a RETURN appears during format
specification, the current format items will be displayed. The

format items just specified are not stored until the right
parenthesis is pressed.
EXAMPLE: Change the dot-dot format item to a question

mark. Press:

DISPLAY (?)

EXAMPLE: Change the dot-dot format item to an asterisk

and the floating point format item to fixed form. Press:

DISPLAY (F10.5,*)

EXAMPLE: Display the present format items. Press:

DISPLAY ( RETURN
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4,7 MATHEMATICAL OPERATORS FOR LEVEL I
The following operand notation is used in describing the

mathematical operators:

1) S represents a storage location as defined by an
alphabetic operand. (See section 4.3.1)

2) "r", "rj", and "ry" represent real numbers, as
entered on the numeric keys.

4,7.1 OPERATOR DEFINITIONS FOR LEVEL I REAL (MOLSF)

®, 0,0, O followed by S or "r'" computes the
indicated combination with the number
in the By register and leaves the
result in the By register. If one of
these operators is followed by any
other operator, it has no effect.

PWR followed by S or "r'" raises the
contents of the By working register

to the specified power and leaves the
result in the By working register.

If PWR is followed by S, then the
contents of storage location S are used
as the exponent. If PWR is followed

by any other operator key, then it has
no effect.

SUB K puts the contents of the By register
into component K of the Byj working
register. K must be a positive integer
or a level 0 operand, not larger than
the current context.

EVAL K ' puts component K of the By1 working

register into the By register. K must
be a positive integer or a level O
operand, not larger than the current
context.

(In the following, if the operator key is followed immediately by

S or "r", the operand is the value in the REAL storage location S,

or the number r, respectively. If the operator key is followed

by any other keypush, the operand is the value already in the B;

register. The result is always put into the By register.)
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SQ squares the operand.

SQRT takes the square root of the operand.
The real square root of a negative
number is defined to be zero.

NEG negates the operand.

INV takes the reciprocal of the operand.

MOD takes the absolute value of the
operand.

SIN, COS, LOG, EXP, ATAN
performs the indicated operation on
the operand. LCG acts on the
absolute value of the operand.
LOG of zero gives -183.846.

ARG 0 if operand > 0; 7w if operand < 0.
DEL 0 if operand # O; 1 if operand = 0.
ID sets the SI working register to 1.

4.7.2 OPERATOR DEFINITICMNS FOR LEVEL I COMPLEX (MOLSF)

@, 0 ., 0, 0 followed by S or "r,, r," computes
the indicated compléx combination
with the complex number in the (a.,
BI) register. And leaves the result in
the (aj, BI) register.

PWR followed by S or '"r'" raises the

T contents of the (a,, B.) working
register to the specified power and
leaves the result in the (aI, )
working register. If PWR 1is foIlowed
by S, then the contents of storage
location S are used as the exponent.
If PWR is followed by any other
operator key, then it has no effect.

SUB K puts the contents of the (o_, BI)
register into component K o% the
, B..) working register. K is a

positive integer or a level O
operand, not larger than the current
context.

EVAL X puts component K of the (a11, BrI)
- working register into the (ay, B1)
register. K is a positive integer
or a level 0 operand, not larger than
the current context.
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(In the following, if the operator key is followed immediately

by S or "r;, r,", the operand is the value in the complex storage
location S, or the complex number r; + ir,, respectively. If

the next key pushed after the operator key is not S or "r,, r,",

the complex number in (o BI) is the operand. The result is

I,

always put into the (o BI) register).

I)
SQ squares the operand.
SQRT takes the complex square root of the

operand, using the branch of the
square root such that the argument
of the answer is half the argument
(defined by ARG) of the original
complex number.

NEG takes the complex conjugate of the
operand.

INV takes the complex reciprocal of the
operand.

REFL interchanges the real and imaginary

components of the operand.

MOD takes the modulus of the operand,
puts it in O and puts zero in BI.

SIN, COS, LOG, EXP, ATAN
performs the indicated operation on
the operand; LOG takes the branch
provided by ARG. LOG of zero gives
-183.846 + 0i and puts it into the
(aI, Bi) register.

ARG or computes the argument in the interval
[-m, m] of the operand, puts it in o

ARG - and’sgtg B& to zero. The argument of’
0 + 01 is defined to be zero.

ARG + computes the argument in the interval
[0, 2m] of the complex number in the
(aI, BI) register and puts it in 01
B. is Set to 0. The argument of

OI+ 0i is defined to be zero.

DEL 0 + 0i if operand # 0 + 0i; 1 + 0i
if operand = 0 + O0i.
ID sets (al, BI) equal to 1.0 + 0.01
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4.7.3 ADDITIONAL COMMENTS ON LEVEL I

Data in the working register can be transferred between
level I REAL and level I CMPLX by simply changing modes. A
real number in BI on level I REAL becomes the imaginary part of
(aI, BI) on level I CMPLX. Thus if the real number 6 were in BI
on level I REAL and keys LI CMPLX were pushed, the number would
still be in BI on level I CMPLX,. If the contents of ap were
initially 0, the complex number in (aI, BI) would now be 0 + 61i.
Likewise, when the level is changed from level I CMPLX to level
I REAL, the imaginary part of the complex number becomes the
real number on level I REAL.

Several simple examples of operations on level I are given
below. More detailed examples are presented in Appendix E.

1) LI REAL EXP X DISPLAY RETURN. The number ex, X

the single number contained in X, is calculated
and printed on the display scope.

2) LI REAL LOAD Y REPT SIN 3 RETURN. The single
number sin (sin (sin y)) is computed. The
result is in the BI register.

3) LI CMPLX LOAD 3,2 LOG DISPLAY RETURN. The principal

value of log (3 + 2i) is computed and displayed.

4) LI CMPLX MOD Z DISPLAY RETURN. The modulus of
the complex number stored in Z is computed and
displayed on the scope. For example, if the number
3 + 4i were in Z, the modulus 5, 0 would be printed

on the scope; (i.e., modulus = V32 + 42 = V25 = 5),

The repeated use of level specifications LI REAL and LI CMPLX occurs

in the above examples for the purpose of illustration. 1In general,

such specifications are only used when individual level changes

are required.
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4.8 MATHEMATICAL OPERATORS FOR LEVEL II

4.8.1 OPERATOR DEFINITIONS FOR LEVEL II REAL (MOLSF)

Throughout the description of the level II REAL operators

it is assumed that the vectors needed have previously been

defined and are available for use. The general notation adopted

for the description of the level I operators is also employed.

Note that S, which represents a storage location, now implies

a vector S = (s, sa2,

- sn) and "r", which represents a real

number, now defines a constant vector of n components.

®, 0, ©.0

PWR

followed by S or "r'" performs the
indicated operations componentwise
using the vector in the By register
and the real vector in S or 'r".

Let (Bi1, B2, ..., Bn) denote the
contents of By; before any of these
operations. Then the result, in
Brr, will be as follows:

® S: Br1 = (B1 *+ S1, B2 *+ Sa, «..,

Bn * Sn)

® s: Bi1I =)(31 - S2, Ba - S2, ...,
-'s

n n

® s: B11 = (Bisi, B2Sz, ..., B_S_)

nn

@ s: By = (Bi/si,B2/sz, ..., B /s)

If zeros occur in some, or all, com-
ponents of the operand

vector in division, results for those
components will be zero.

followed by S or "r" raises the contents
of each component of the By7 working
register to the specified power and
leaves the result in the Byy working
register. If PWR is followed by S, then
the contents of the vector S are used as
the exponents.
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ENL

EVAL

shifts each component Bk of the BIIl
register into position (k-1)

of the By1 register, placing the
first component in the last position.

Brr = (B2, B3, ..., B_, Bi)

n

LS K (K a level 0 operand) is
equivalent to repeating LS K times.

shifts each component Bx of the Brr
register into position (k+1) of Brg
placing the last component into the
initial position.

BII = (Bn’ 81’ BZ) e ey Bn'l‘)

RS K (K a level 0 operand) is
equivalent to repeating RS K times.

doubles the mantissa of each component
of the Byy register, for display pur-
poses, and decrements the binary scale
by 1 so that the magnitude is not
changed. ENL K (K a level 0 operand)
is equivalent to repeating ENL K times.

halves the mantissa of each component
of the BII1 register, for display pur-
poses, and increments the binary scale
by 1, so that the magnitude is not
changed. CON K (K a level 0 operand)
is equivalent to repeating CUN K times.

NOTE: For LS, RS, ENL, and CON a
negative operand implies the inverse
operator. For example, LS -3 is
equivalent to RS 3. T

If X is in ayy and f(X) is in By7p,
EVAL followed by S replaces f(X)
with f£(S). The process is as
follows: for each component s; of
S the least upper bound, xk, and
the greatest lower bound, Xj, with
respect to the ajy register, are
found. Linear interpolation then
gives the value of f(sj) as

f(xk) - f(Xj)
f(si) = (si - xj) + f(Xj)

Xk—Xj
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If s;is greater than (or less than)

all of the ajy components, the value

of f(sj) is set equal to the Byg
correspondent of the maximum (minimum)
ayy component. If the dimension of

S is not equal to the dimension of

the By1 register, the ayy and By registers
containing the result, "X'" and £f(S),
will have the context of S. If

followed by "r'", EVAL creates a constant
vector and proceeds as above. If r is

a negative number, it must be enclosed
in parentheses.

Similar to EVAL except that f(sj) is
replaced by the function of the least
upper bound, f(x;).

Similar to EVAL except that f(sj) 1is
replaced by the function of the great-
est lower bound, f(xJ)

If the working register length is n,
ID places a vector consisting of n
equally spaced values from -1 to +1,
(beginning with -1, ending with +1)
in the ayy and Byy registers.

2kn1| , .., 1)

a1r = Bri
places the vector consisting of n
equally spaced values from -1 to +1
in the ayy register only. By1 is
unchanged.

anll

QT 2, .., n)

X in this case is not an operand.

places the vector consisting of n
equally spaced values from -1 to +1
in the By register only. agy1 is
unchanged.

anll

Bi1 = 2, ..., n)

Y in this case is not an operand.
places a vector consisting of n

uniformly distributed random values
in the interval [-1, +1] in BII
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ID RETURN Similar to ID ?, except that the
contents of By1 are used to compute
the random numbers.

SUB When followed by S, SUB loads the
contents of S into the ajj working
register. When followed by '"r",

SUB loads '"r'" into the ajy working
register. When followed by ( ), puts
the contents of Byy into agg.

[In the following, if the operator key is followed immediately

by S or "r'", the operand is the vector in the REAL storage location
S, or the constant vector r, respectively. If the next key is not
one of these, the operand is the real vector in Byy. The result

is always put into the By register.]

SQ squares each component of the operand.
BII = (512, 522, s ey Snz)
SQRT takes the square root of each com-

ponent of the operand, assigning
the value of zero to each negative

component.
BII = (VSI, VS2, .o, Vsnj

NEG negates each component of the operand.
BII = ('51, =S2, ooy -Sn)

INV computes the reciprocal of each com-

ponent of the operand.
BII = (1/51’ 1/52’ LRI l/sn)

DIFF forms the forward difference of the
components of the operand, performing
a second-order extrapolation to supply
the last component in the result.

Bir = (s2-s1, s3-s2, ..., s_-s

2s_-3s +s )
n n-j n-2

SUM forms the running summation of the
components of the operand.

n
Brr = (s1, S1+s2, S1+S2+S3,..., I sSy)
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PROD

REFL

MOD

MAX

SIN, COS,

forms the running product of the
components of the operand

n
Bi1 = (s1, si1S2, S1S2S83, .., T Sy)

reverses the order of the n com-
ponents of the operand.

5 ++es S1)

Brr = (sn’ Sn-1

takes the absolute value of each
component of the operand.

BII= (lsll’ |52|9 o ooy lsnl)

sets each component of the Byg
register equal to the maximum
component of the operand.

Br1 = (max sy, max sy, ..., max sg)

ATAN

SORT

performs the indicated operation
componentwise on the operand vector.

SIN: By1 (sin si1, sin s2, ...)

sin s;)

(s’

a
2]

(cos sj1, COS So, ...,
COS Sp)

COS: Br11

LOG: B1r

1]

(In s;, 1In s, ..., 1In s
LOG of 0 gives -183.846.

EXP: B1r (eS1, €S2, ..., eSn)

ATAN: Big (tan"'s;, tan~l!s,, ...,(

tan” 1Sn)

rearranges the components of the Bj1g
working register in numerically in-
creasing. order. At the same time th
integer representing the original
position of each component is placed
in the ayy working register.
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SORT A,B rearranges A using each component
of B as an index to designate which
component of A will be loaded into
aTI. The components of B are trun-
cated to integers. Thus

Br1 (1)
Br1(2)

If the value of any component of B
is less than or equal to zero, then
the first component of A is loaded
into the indicated component of Byg.
If the value of any component of B
is greater than the context of A,
then the last component of A is
loaded into the indicated component
in Byy. The ajy working register is
not changed. A may be omitted. If
it is, then the contents of the By
working register will be sorted as
specified.

A(B(1))
A(B(2)) etc.

ARG assigns the value zero to all non-
negative components, the value T =
3.14159 to all negative components
of the operand.

DEL identifies zeros and sign changes in
the operand vector as follows:

If5k=0,8k=1

If (sx)(sk+1) < 0, By =1 if Isklilsk+1l
Bryy = 1 1f sy |<]sk]
All other By = 0

CONV provides a means for obtaining a dis-
crete approximation to the integrals

J¥ K(t - 1) FE(1) dt
SEK(t - 1) F(T) dt

and

fg“K(t - 1) F(1) dTt K period = 27
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by pressing: LII REAL LOAD F CONV K,J
where J is the component number of K(t-t)

which is to be 1n1t1a11y aligned with the
first element of F. (J any level
operand.

CONVOLUTION
The nature of this discrete approximation is such that the
user is expected to reform the kernel to be a distributed kernel
(i.e., the weighting factors resulting from the user-selected
integration formula are included in the representation of the kernel).
In the simplest situation, these weights may all be equal to the
step selected for the independent variable. In this case, K
would be replaced by K * AT before the convolution operator is used.
In the following discussion, these weights will be presumed
to be included and K represented by a vector LII REAL K = (k,,
k2, ..., kp). The easiest way to describe the convolution compu-
tation is by explaining the matrix multiplier derived from K by
CONV K,J (J is any level 0 operand which must be less than or equal
to m). J defines the matrix extension of K by specifying the
upper left hand entry as shown below. The first step of the

calculation extends K to the matrix

Kj Kj '*"i‘“ ........ Km 0 ...
Kj‘1, Kj Kj"‘i' ....... Kp O

K Ko  ii ittt ittt teensonas
0 K, Kov i ioieiiiieennns
0 c bt e et e s e e e 0 Ky oo
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This matrix then becomes the multiplier for the column vector F.
To use the convolution operator one must progress through

the following steps:

1) Create the kernel as a vector with a context
less than or equal to that of the function to

be convolved.

2) If the first component of the kernel vector is
not equal to zero, multiply the first component
by one half. This lessens the error from the
convolution computation due to the trapezoidal
rule integration formula. To accomplish this

one could press:

1 EvaL 1 (® 0.5 suB 1 LII ...

3) Next reflect the kernel (REFL), then store it in
temporary data storage (STORE K).

4) Create the function to be convolved.

5) If the first component of the function vector is
not equal to zero, multiply the first component

by one half.

6) Make sure the function to be convolved is in the
working register, convolve it with the appropriate

operand (CONV K,J).

7) If the lower limit of integration is zero, the user
may want to set the first component of the resultant

vector to zero since:

limg g dt = 0.0

EXAMPLE:

The response of a single-degree-of-freedom linear
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oscillator initially at rest subjected to a suddenly applied

excitation provides an illustration for the application of:

t
y(t) =f F(t) K(t - 1) dT
0

"K(t) § F(t) = 0 for t < O

This special form of the superposition integral is referred to as

the Duhamel integral and results from the differential equation:

g™

(1)

X + 2Cwx + w?x =

AV

5|

5-
D

2 is the

where 2Zw is the viscous resistance per unit mass (¢/m), w
spring rate per unit mass (k/m), x is the motion of the mass and

y of the base. Such a dynamical system can be subjected to a sudden
movement specified by its displacement, velocity or acceleration.
The equation of motion (1) is often expressed in terms of the
relative displacement between the mass and base such that z = x -y

and

i+ 2Cwz + w?z = -¥ (2)
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where the term F/m is replaced by -y or the negative of the base
acceleration. For an undamped system (T = 0) initially at rest
(zo = 29 = 0), the solution for the relative displacement is

expressed by

1 [t .
VA mn—Jf y(t) sinw(t - 1) dT (3)
0

If y(t) is defined only for a finite time, say 0 < t < tp, then the
motion of the system after the pulse terminates at tp becomes
harmonic.

Figure 4.8.1 provides a graphical presentation to assist in
visualizing the operations involved in executing the convolution
of superposition integral. A given impulse (a) enters the convolu-
tion integral in the form of a weighting function K(t - T). A
"memory" function can be plotted against t with T treated as a
parameter as in (b) or, alternatively, K(t - T) can be envisioned
as a function of the input time T with the output time t as a
parameter (c). It is observed that the impulse-response-function
shape appears reversed in (c) since the integration is to be
carried out over the input-time variable T. An input function, (d),
is successively multiplied by the "memory'" function (e) to obtain
the weighted input (f), with each resulting area under the weighted
input curve the value of the output signal (g) at specific output
times, such as ty and t,. If the multiplication and input-time
integration are envisioned as instantaneous operations, then the

"memory" function can be considered to slide to the right along the
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k(t) : k(t - 1)

(a) (b)

k(e - ﬂ\ e "window" ——]

\

r
(C) 1 - B S
0 :
'
f(t) !
; :
(d) : .é B At B
o E !
i 1 : |l
| ! ) !
ke, -~ | 4 k(e - 1) A
2 s . -\/
>i ' i
g o NPt '
r L r |
@ ! e L
: 01 4 ~E(Ok(ty - 1) ;
! ]
: ' : f(T)k(tn - 1)
N
(£) L n T
0 ) 1
: ! E : this area
fo ! ' equals
v E(E) ! !  this ordinate
[ :1/- -\\\st |
A ) i :
| ! '
| : !
'
(2)

Convolution of an impulse response (a) with an input function (d), yielding
the output function (g).

Figure 4.8.1 .
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input waveform generating as it goes successive instantaneous
values of the output signal. The "memory" or weighting function
is sometimes referred to as a "window" function since the output
(at a given time) is influenced only by that part of the input

signal which can be '"seen" as it passes through the "window."

Let
t
y (t) =J[ F(1) K(t - 1) dt (4)
0
where F(t) = sin 27t, 0 <t < 2.50
and K(t) = exp (-t), 0 <t < 1.25
=0 t > 1.25

An online solution invoking the convolution integral module for

Equation (4) 1is:

=
—
-
(@)
—~
~
(%]
)
—
w
—

@©Q 2 O 1.25 STORE T

NEG ExPp () (DIFF T) LI EVAL 1 (O 0.5 SUB 1
LII REFL STORE K CTX 101 LOAD O LOAD K STORE K
in ® 1 @ 2 (O 2.5 STORE T LOAD -1 ARG

C) 2T SIN STORE F CONV K,51 STORE P DISPLAY
RETURN

Note that the function K(t - T) is simply multiplied by AT and
reflected to create the weighting function before engaging the
integral module. Since the first component is non-zero,

it is multiplied by one half. After F(t) is created, the
convolution integral is enacted by the sequence CONV K,51 with the
function F(t) in the By register. The designation "K,51" dictates

that location K contains the vector or ''memory'" function and that
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its 515t element is to be initially aligned with the 15t element

of F(t) as illustrated in (c) and (d) prior to commencing the
sequence of operators. The convolution module will successively
multiply and shift the weighting function across the length of

F(t) as shown in (e) and (f) thereby generating the output function

y(t) as sought and depicted in (g) within the defined '"window."
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4.8.2 OPERATOR DEFINITIONS FOR LEVEL II COMPLEX (MOLSF)

The operands for the level II CMPLX operators are previously

defined complex vectors S,

complex constant vectors "r;, r,'",

(representing r; + ir,), or the contents of the (a1, B11)

register. The results of the operations are always complex

vectors put into the (apy. Byy) working register.

®©.,0 .0, 0

PWR

followed by S or "r;, ry'", performs

the indicated complex combination

of the operand vector with the com-
plex vector in the (ary, Byy) register.
In division, if any or all components
of the operand vector are 0 + 0i, the
quotient will be set to O + 0i for
those components.

followed by S or "r'" raises the
contents of each component of the
(11, B11) working register to the
specified power and places the
result in the (ajyy, Byy) working
register. If PWR is followed by S,
then the contents of the vector S
are used as the exponent.

shifts each component (ag, Bk) of

the (ar1, Byy) register into the

(dk-y Bk-,) position, placing the
component into the last position.

(a]:Ia BII) = [(G'Z’ 82)’ (u'3) 83)) e vy
(u'n) Bn)’ (OLI: Bl)]

LS K left shifts the ajj register

K times. LS K;, K, shifts the aggp

and By registers separately, the

apy register K times and the Byg
register K, times. LS , K left shifts
the By register K times. (K a level
O operand.)

shifts each component (ak, Bk) of
the (aII, BII) register into the
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(dk+3> Bk+;) position, placing the
last component into the first
position.

0y By vees
(o, s B, )]

1 n

RS K right shifts the ajp register
K times. RS Ki, K2 shifts the agjg

and BII registers separately, the
®11 register K; times and the BII

register K, times. RS , K right
shifts the B register K times.
(K a level 0 operand,)

ENL doubles the mantissa of each
component of the oy and Byg
registers, for display purposes,
and decrements the binary scale
of each register by 1.

ENL K enlarges the 077 register K
times. ENL K;, K, enlarges the
ayy and By registers separately,
the ajj register K; times and the
By register K, times. ENL , K
enlarges the By; register K times.
(K a level 0 operand.)

CON halves the mantissa of each
component of the Opy; and Bjg

registers, for display purposes,
and increments the binary scale
of each register by 1.

CON K contracts the Ry register K
times. CON K;, K, contracts the

ary and By1 registers separately, the
ary register Ki times and the B;p

register K2 times. CON , K contracts
the 61& register K times. (K a level 0
operand.)

NOTE: For LS, RS, ENL, and CON a
negative operand implies the inverse
operator, For example, RS , -7 is

equivalent to LS , 7.
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1D places a unit square centered at
the origin with vertices at (1, 1),
('19 1)) ('1) _1)) (11 '1) in the
(app» Bypp) Tegister.

ID . places a unit circle centered at
the origin in the (aII’ BII) register,

[In the following, if the operator key is followed immediately by
S or "ri1, r2" , the operand is the vector in the level II CMPLX

storage location S, or the constant complex vector r1i + ir,,

respectively. If the next key is not one of these, the operand
is the complex vector arp t iBII. The result is always put into
the (aII, BII) register.]
SQ squares each component of the operand.
SQRT takes the square root of each com-

ponent of the operand, using the
branch of square root such that the
argument of the answer is half the
argument (defined by ARG) of the
original function.

NEG takes the complex conjugate of each
component of the operand.

INV takes the complex reciprocal of each
component of the operand.

DIFF forms the complex forward difference
of the operand, extrapolating to get
the final component of the result.

SUM forms the running sum of the complex
values in the operand, storing the
subtotals in the corresponding
components of the result.

PROD forms the running product of the
complex values in the operand,
storing the subproducts in the
corresponding components of the
result.

REFL reflects the operand vector about
the 45° line; thus, it interchanges
the real and imaginary parts of the
operand.
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MAX

SIN,

COS,

makes a constant complex vector whose
real part is the maximum of the real
parts of the operand and whose
imaginary part is the maximum of the
imaginary parts of the operand.

evaluates the modulus of each
component of the operand vector,
stores the answer in the ajj register,
places zeros in the BII register.

=)
tm
=

>
-~
[+p]

>
~
(o}

ARG

performs the indicated operation com-
ponentwise, using the values obtained
from ARG whenever a function has
branches (i.e. LOG and ATAN). 1If

the lower keyboard + follows an
operation using ARG then the branch
is obtained from ARG + . LOG of

zero gives -183.846 + 0i.

executes LII REAL DEL on the real and
imaginary parts of the operand sep-
arately, then puts their product into
the 0, register and sets the BII

register to zero.

computes the argument of each component
of the operand vector, assuming

that the argument of the first point
lies in the interval (-7 , 7). Puts
the result in the a;; resister and sets
the BII register to zero. The follow-
ing values are true arguments based

on that branch cut.

same as ARG except that the interval
for the first component is (0, 2m).

4.8.3 ADDITIONAL COMMENTS ON LEVEL II

DISPLAY

In order to generate a display on level II REAL the a

II

register must contain the desired set of X coordinates in the form

of the ID vector or some similar function. Most operations on

level II REAL affect only the BII register and leave o

unchanged.

II

An important exception to this is SUB which operates
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4.9 MATHEMATICAL OPERATORS FOR LEVEL III

Level III operators provide the ability for a user to mani-
pulate arrays. The number of elements or dimension of an array
is restricted by the arrangements made with the Computer Center
when the user number is set up.

Arrays are stored on level III under the alphabetic keys,
A through Z and a through w. As discussed earlier the dimensions
can be changed by the use of the CTX key.

Level III operators and data are column oriented. Therefore,
level III overhead is minimized when the number of rows is

greater than the number of columns [i.e., n > m in an (n,m) array].

4.9.1 OPERATOR DEFINITIONS FOR LEVEL III REAL (MOLSF)

Throughout the description of the level III REAL and CMPLX
operators it is assumed that the arrays needed have previously
been defined and are available for use. The general notation
applied to the description of level I is again used. Note that

S, which represents an alphabetic key, now implies an array

im
521 .......... 52m
S =
S e e e e e e e S
nj; nm

171 Revised Sept. 1, 1971



and "r", which represents a real number, now defines a constant

array of n,m components.

® .

PWR

O

s

©

3

@

followed by S or "r'" performs the
indicated operation component by
component using the array in the

B

IT] resgister and the array S or
”rL. Let

81,1 B1,m

Bn,1 ’ 8n,m

denote the contents of BIII before
any of these operations. Then the
result, in Byry, will be as follows:

® s

Br11 B2,1 251

R +s N B +5s

n,1 1N, n,m n,n

The results are formed in a similar

fashion for @ , ® , @

followed by S or "r" raises the
contents of each component of the

B11y working register to the specified
power and places the result in the
B1r1 working register. If PWR is
followed by S, then the contents of
the array S are used as the exponents.

left shifts each column of the BIIT
working register. Each component
Bi,j in the Byy1 working register

is shifted into the Bi,j—1 position,
The components in the first column
are shifted into the last column.

Bi,2, Bi,3 ... Bi,ps Bi,1

B2,2 B2,ms> B2s1
Br11 =

Bn,Z e Bn’m’ Bn,l
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DOWN

LS K repeats LS K times. (K a level 0
operand.)

right shifts each column of the Br71I
working register. ©Each component B j
in the Byyr working register is shiffed
into the Bj, j4+1 position. The compon-
ents in the last column are shifted
into the first column.

B1,m> Bl,l’ B1,2 Tt Bl,m-l
Bz,m’ 62,1
Bir1r = : :

Bn,m, Bn,1 te Bn,m-1

RS K repeats RS K times. (K a level 0
operand.)

shifts each row of the Byy1 working
register up to the next row. Each
component Bi,' in the By working
register 1is sﬁifted into the Bi-l,j
position. The components in the

first row are shifted into the last row.

Bya,10 By,p -+ Bym

Brir =

Bn,;» Bn,, --- Bn,m

Biyis By, +-- B

UP K repeats UP K times. (K a level 0
operand.)

l>m

shifts each row of the Byy1 working
register down to the next row. Each
component Bj, j in the BIII working
register is sﬁifted into the Bi+1,j
position. The components in the

last row are shifted into the first row.

Bnﬁl, Bn,Z te Bn,m

61,1’ 81,2 ¢ o Bl,m

Brrr
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REFL

REFL

REFL

—
w

—
o
a o

|

-
o
=

(In the following,

DOWN K repeats DOWN K times. (K a
level 0 operand.)

NOTE: For LS, RS, UP, and DOWN a
negative operand implies the inverse
operator. For example, UP -7 is
equivalent to DOWN 7. _.

transposes the Brir array, i.e.,

reverses the order of the components
in each column of the By1g working
register.

reverses the order of the components
in each row of the 817y working
register.

If the working register is of dimen-
sion n,m ID places m vectors con-
sisting of n equally spaced values
from -1 to +1, (beginning with -1,
ending with +1) in the columns of the
BIII register.

is the same as ID C except that ID R
places the vectors in rows rather than
columns.

if the operator key is followed immediately by

S or "r", the operand is the array in the real storage location S,

or the constant array r,

one of these, the operand is the real array in By1I1. The result

respectively. If the next key is not

is always put into the Bjyy working register.)

ATAN,

COosS

performs the indicated operation com-
ponent by component on the operand
array. LOG of zero gives -183.846.

squares each component of the operand
array.

takes the square root of each com-
ponent of the operand array.
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INV takes the reciprocal of each
component of the operand array.

NEG negates each component of the operand array.

MOD takes the absolute value of each
component of the operand array.

ARG assigns the value zero to all non-
negative components, the value 7 =
3.14159 to all negative components
of the operand array.

MAX sets each column equal to the maxi-

mum component in the corresponding
column of the operand array.

DEL identifies zero and sign changes in
each column of the operand array as
follows:
if s. . = 0 then B, . =1

1,] 1,
if (si,j) (si+1,j) < 0 then
Bi,j =1 1if Isi,j | < lsi+1,j|
Bi+1,j 1if 'si,j I > |51+1,j|
all other B. . = 0 i=1, ...,n
1,]
j=1, »Mm
DIFF computes the forward difference of

each column of the operand array,
performing a second order extrapola-
tion to supply the last component

in the result.

SUM computes the running summation of
each column of the operand.

PROD computes the running product of each
column of the operand.
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4.9.2 OPERATOR DEFINITIONS FOR LEVEL III COMPLEX (MOLSF)

The operands for the level III CMPLX operators are previously
defined complex arrays S, complex constant arrays 'r'" (representing
Ty + ir,) or the contents of the (aIII’ BIII) register. The results

of the operations are always complex arrays put into the (aIII’

B

III) register.

® ., 060 ., 00. 0 followed by S or "r'" performs the
indicated complex computation com-

ponent by component on the operand
array with the complex array in the
FaIII’ BIII) register. In division,
if any or all components of the
operand array are 0 + 0i, the quo-
tient will be set to 0 + 0i for
those components.

PWR followed by S or "r'" raises the
contents of each component of the
(uIII’ BIII) working register to

the specified power and places

the result in the (aIII’ B I)
working register. TIf PWR is followed
by S, then the contents of the array
S are used as the exponents.

LS left shifts each column of the
(o111, B1711) working register.
Each component oj j» Bi,j 1is
shifted into the @1 j'l’ Bi j-1
position. The components in’the
first column are shifted into the
last column.

LS K repeats LS K times. LS K, K
shifts the arpr and Biry registers
separately, the ajjy register K; times
and the Bpy1 register K, times. LS ,K
shifts the Byy1 register K times. (K

a level O operand.)

RS right shifts each column of the

(ey11> Br11) working register. Each
component o4 J, B3 j is shifted into
the aj j4+1, +1 position. The com-
ponents in the 1ast column are shifted
into the first column.
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RS K repeats RS K times. RS K;, K;
shifts the apyy and Byyp registers
separately, the ayyy register K; times
and the Byyy register K, times. RS ,K

shifts the By register K times.
(K a level 0 operand.)

Up shifts each row of the (ayri, B1I1I)
working register up to the next row.
Each component aj j, Bj )3 is shifted
into the aj_, E Bi-1,j] p051t10n
The components in the first row are
shifted into the last row.

UP K repeats UP K times. UP K;,K»
shifts the ayyy and BITI registers
separately, the ajrl register K;
times and the Byy1 register K, times.
UP ,K shifts the Byry register K
times. (K a level O operand.)

DOWN shifts each row of the (agrry, Byyp)
working register down to the next
row. Each component oj ,j» Bi,j is
shifted into the aj+1 Jjo 31+1
position. The components in t%e last
row are shifted into the first row.

DOWN K repeats DOWN K times. DOWN K;,K;
shifts the arrr and Byyy registers
separately, the oyyy register K,

times and the Byy1 register K, times.
DOWN ,K shifts the Byyy register K
times. (K a level O operand.)

ID If the (o111, Brry) register is
dimensioned (n,m), ID places m
complex vectors of context n
each of which forms a unit square centered
at the origin with vertices at (1,1)
('1,1), ('19‘1), (1:'1) in the
(o111, BIII) register.

ID - If the (111> BI I) register is
dimensione (n,m% ID places m

complex vectors of context n each

of which forms a unit circle centered

at the origin in the (ayyry, B111)

register,
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(In the following, if the operator key is followed immediately by
S or "r,r,", the operand is the array in the level III complex
storage location S, or the constant complex array r; + ir,,
respectively. If the next key is not one of these, the operand
is the complex array apyyy + iByyy. The result is always put into

the (apyr, Bypy) working register.)

ATAN, SIN, COS, LOG, EXP

performs the indicated operation
component by component using the
values obtained from ARG whenever
a function has branches. If the
lower keyboard + follows an opera-
tion using ARG then the branch is
obtained from ARG +. LOG of zero
gives -183.846 + 0i.

SQ squares each component of the operand array.

SORT takes the square root of each com-
ponent of the operand array using the
branch of square root such that the
argument of the answer is half the
argument (defined by ARG) of the
original function.

NEG takes the complex conjugate of
each component of the operand array.

INV takes the complex reciprocal of
each component of the operand array.

MOD evaluates the modulus of each
component of the operand array,
stores the answer in the ojgg
register, places zeros in the
Biyr register.

ARG or computes the argument of each
component of the operand array,

ARG - assuming that the
argument of the 1lst point lies in
the interval (-m, m). Puts the
result in the oajyr register and
sets B111 to zero.
ARG + same as ARG except that the inter-
- val for the first component is
(0, 2m).
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MAX sets each column equal to the maximum
value in the corresponding column of the

oggrand array separately for the real
a imaginary co ponentz.

REFL interchanges real and imaginary parts
of the operand array.

DEL executes LII REAL DEL on the real and
imaginary parts of each column of the
operand array separately, then puts the
product of the corresponding parts
into the a7y register and sets the
BIII register to zero.

DIFF forms the complex forward difference
of each column of the operand array,
extrapolating to get the final
component of each result.

SUM forms the running sum of the complex

- values of each column in the operand array,
storing the subtotals in the corres-
ponding components of the result.

PROD forms the running product of the

complex values of each column in

the operand array storing the subproducts
in the corresponding components of

the result.
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4.10 OPERATOR DEFINITIONS FOR LEVEL O SUB AND EVAL (MOLSF)

Integer arithmetic as described in section 2.3 does not
depend on whether the current mode is real or complex. However,
the mode is significant in level 0 EVAL which extracts integer data
from levels I, II, and III, and SUB, which inserts integer
data into levels I, II, and III data structures. Normally,
EVAL and SUB extract or insert data from the real part of a
number. REAL or CMPLX precedes each definition where the
distinction is material. They need not immediately precede the

EVAL or SUB key, since the online system remembers whether REAL

or CMPLX was last pressed. S is a storage location as defined by

an alphabetic key.

EVAL CTX LIII loads the current level III dimension
into the quotient and remainder
registers. The number of rows is put
into the quotient register, the
number of columns 1into the remainder
register.

REAL EVAL CTX LIII S loads the current dimension of the
level III real array S. The number of
rows is put into the quotient register,
the number of columns into the
remainder register

CMPLX EVAL CTX LIII S 1loads the current dimension of the
level III complex array S. The number
of rows 1is put into the quotient
register, the number of columns into
the remainder register.

EVAL CTX LII or loads the current level II context
EVAL CTX into the quotient register.

REAL EVAL CTX LII S or loads the current context of the
REAL EVAL CTX S leve} II rea} vector S into the
quotient register.
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CMPLX EVAL CTX LII S loads the current context of the

or level II complex vector S into the
CMPLX EVAL CTX S quotient register.
REAL EVAL O loads the value of the Big working

register display scale into the
quotient register.

CMPLX EVAL O loads the value of the ayy working
register display scale into the
quotient register, and the value of
the By working register display
scale into the remainder register.

REAL EVAL k extracts the contents of
component K of the fyy working
register, computes the nearest integer
to this value, and places the result
in the quotient register. k must be
an integer constant.

CMPLX EVAL k extracts the contents of
component K of the ajy; working register,
computes the nearest 1lnteger to
this value, and places the result in
the quotient register. k must be an
integer constant.

REAL EVAL + S computes the least integer greater
than or equal to the contents of the
level I real scalar S and places it
in the quotient register. If S is
omitted, then the online system uses
the B working register as the source
of the datum.

CMPLX EVAL + S computes the least integer greater
than or equal to the real part of the
level I complex scalar S and places
it in the quotient register. If S
is omitted, then the online system
uses the o working register as the
source of the datum.
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REAL EVAL - S

CMPLX EVAL - S

REAL EVAL S

CMPLX EVAL S

REAL SUB 0

CMPLX SUB 0

REAL SUB k

CMPLX SUB k

computes the greatest integer less
than or equal to the contents of the
level I real scalar S and places it
in the quotient register. If S is
omitted, then the online system uses
the 81 working register as the source
of the datum.

computes the greatest integer less
than or equal to the real part of
the level I complex scalar S and
places it in the quotient register.
If S is omitted, then the online
system uses the aj working register
as the source of the datum.

computes the nearest integer to the
contents of the level I real scalar
S and places it in the quotient
register. If S is omitted, then
the online system uses the Bj work-
ing register as the source of the
datum.

computes the nearest integer to the
real part of the level I complex
scalar S and places it in the
quotient register. If S is omitted,
then the online system uses the oj
working register as the source of
the datum.

stores the contents of the quotient
register into the Bjj working register
display scale.

stores the contents of the quotient
register into the aypp working register
display scale, and the contents of

the remainder register into the B17
working register display scale.

stores the integer in the quotient
register in component k of

the By7 working register. k must be
an integer constant.

stores the integer in the quotient
register in component k of the

ary working register. k must be an
integer constant.
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REAL SUB S

CMPLX SUB S

stores the integer in the quotient
register in the storage location for
the level I real scalar S. If S is
omitted, then the online system
stores the integer in the B1 working
register.

stores the integer in the quotient
register in the real part of the
storage location for the level I
complex scalar S. If S is omitted,
then the online system stores the
integer in the aj working register.
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4.11 OPERATOR DEFINITIONS FOR LEVEL V (MOLSF)

LV REAL is a level reserved for operators which are not

appropriate to any other MOLSF level and as a means whereby a

user with an old keyboard may perform operations such as SORT

and CONV. The operators LOAD, STORE, DISPLAY, and DEL interact

with a FORTRAN vprogram thru

are explained in Appendix F.

SQRT

NEG

DISPLAY jobname RETURN

DISPLAY jobname ?

FORTRAN subroutine calls. The calls

Equivalent in operation to

LIT SORT.

Equivalent in operation to

LIT CONV.

Displays the status of a background
job. Possible responses:

A. "jobname NOT FOUND'" if the job
is not in execution.

B. "jobname STEP stepname'" if the
job is in execution but is not
currently executing the FORTRAN
subroutine FOLS or TOLS.

C. "jobname ASK INPUT n'" if the job
is executing a "CALL FOLS" for
input from the on-line terminal.
"'n" is the number of components
requested of the terminal.

D. "jobname HAS QUTPUT n'" if the job
is executing a "CALL TOLS" to
send output to the on-1line
terminal. 'n" is the number of
components made available to the
terminal.

All activity at the terminal is sus-
pended until "jobname'" executes a
CALL FOLS or TOLS. LV LOAD and

STORE operators can be preceded by

the sequence, thus providing syn-
chronization with the bhatch job.

When the job requests a transfer

the succeeding kevs are executed.

If the job is ready when the sequence
is executed, execution of keys pro-
ceeds immediatelv.
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LOAD p jobname RETURN

STORE p jobname RETURN

Fetches data from a background job.
"p" is a level 0 operand. Possible
responses:

A. A and B as described under DISPLAY.

B. '"jobname ASKS INPUT (m) n" if the
job has requested data from the
terminal. '"n" components are
requested; "p-m'" components were
successfully transferred in this
LOAD operation before the request
was made.

C. No response if the transfer opera-
tion was completed successfully.
Data received from the background
job was stored as the first '"p"
components of the Byr working
register. '"p" may be a
positive integer; a level 0 storage
location; or the key CTX, in which
case the value of "p'" is taken to
be equal to the current context
on level II. If an integer was
specified to be transferred in the
FORTRAN program it will become the
new contents of the level 0 quotient
register.

This key sequence transfers data to a

background job. '"p" is a level 0

operand. Possible responses:

A. A and B as described under DISPLAY.

B. '"jobname HAS OUTPUT (m) n" if the
job has data to transfer to the
terminal. "n" components are

offered; "p-m'" components were
successfully transferred in this
STORE operation before the offer
was made.

C. No response if the operation was
completed successfully. The first
"p" components of the Byy working
register were transferred to the
background job. '"p" may be
a positive integer; a level O
storage location; or the key CTX,
in which case the value of "p™ is
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taken to be equal to the current
context on level II. The level

0 quotient register is transferred
to the background job if requested
by that job.

DEL jobname RETURN Terminates the background job. Possible
responses:

A. A as described under DISPLAY.

B. '"jobname STEP stepname'" the job is
currently in execution and has not
issued a CALL FOLS or CALL TOLS.

A job cannot be cancelled until
it has executed a subroutine call
to FOLS or TOLS.

C. No response if the operation was
completed successfully. The job
is cancelled immediately, termi-
nating with a system completion
code of 222.

CTX A,B,C,D RETURN sets the display window for graphical
display. A and B are the coordinates of
the lower left corner of the window, and
C and D are coordinates of the upper right
corner of the window. A, B, C, and D must be
floating point scalars -1.0<A,B,C,D<1.0.
A scalar greater than one defaults to
one; a scalar less than minus one
defaults to minus one.

CTX RETURN returns to the default display window.
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4.12 USE OF PARENTHESES

An additional facility which exists on levels I, II, and III
is the use of parentheses to specify as an operand an expression
which must be computed, thus bringing the programming language
much closer to the user's 'pencil-and-paper'" language. For
example, to compute sin X (-2m < X < 2w), one could use, on

I1 REAL,

SIN (ID O 6.28)
to effect the same computation as

ID® 6.28 SIN

Parentheses are extremely useful in both the MANUAL mode
of system operation and the construction of user subroutines.
For example, if the user desired to evaluate the expression
(2X + 1) / (3X + 1) over the range -1 < X < 1 without using

parentheses, the required series of button pushes would be

LII REAL ID® 3 ® 1 STORE A

IDO2® 1 @ A DISPLAY RETURN

The instructions ID O 3 ® 1 STORE A generate the denominator
term (3X + 1) and store it under A. The remaining instructions
generate the numerator term (2X + 1), divide it by (3X + 1),
and display the result.

The same program using parentheses would be
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Appendix C

@LS SOFTWARE STRUCTURE & KEYBOARD DIAGRAMS
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*3deg posSTA®Y

‘1

TL6T

SHIFT COS | LOG H ATAN

BASIC SYSTEM: SYST KEYBOARD

IV v VI REAL |CMPLX | SYST| USER| TYPE | LIST
jLog in
- — ~ — -~ e e ———— - — -

ivin e |

- -—

LOAD JSTOR

oad Store
subfilelsubfile

B S

DISPLAY <
SEL

Display user library

e
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*3deg postAay

‘1

TL6T

DOW

Line
feed
down
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BASIC SYSTEM: TYPE KEYBOARD

[ I1 .... REAL [CMPLX | SYST] USER| TYPE | LIST

in. e .. SORT TEST
|iiii||||||||||||||||

EXP PW DEL {CONV
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et
DISPLAY <& ESCAPE
SEL RESET
\-—-f\

Return: Carriage return.
Space : Advance to the right.
Back Backspace to the left.
Case Change to case level specified.



BASIC SYSTEM: MESSAGE/CHARACTER GENERATION KEYBOARD

I I' REAL |[CMPLX | SYST] USER| TYPE | LIST
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g g - = - = - ~ - — .~ == ——
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BASIC SYSTEM: EDIT LEVEL KEYBOARD

i 'l.'. REAL [CMPLX | SYST] USER

00¢
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ENTER

ESCAPE
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MOLSF: LI COMPLEX KEYBOARD
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Appendix D

ON-LINE ERROR AND SYSTEM MESSAGES

The On-Line System displays various system and error
messages. The following list explains some of the more common
messages. The format for error messages is:

THE ERROR MESSAGE

Key or keys which usually cause the message to be displayed.

An explaination of the message.

Suggested user response.

For system messages the format is:
THE SYSTEM MESSAGE See page
AUTOSAVE CODE = number See page 15
CONTEXT ERROR
CTX level 0 operand RETURN (on MOLSF)
You have requested a vector or array dimension (s) that
is too large, zero, or negative.
Request a context within the allowed range. If the context
is less than 873, then your user number may have a
lower context limit and attempts to exceed that limit
will result in an error message.
ENTER USER NUMBER See page 15
EXPONENT OVERFLOW
Any sequence of keys on the mathematical levels (on MOLSF).
An operation has caused the exponent of a number to exceed

the hardware limitations of the computer.
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INDEX

Abscissas for real vector display - LII SUB - (MOLSF)

Absolute value of a real array - LIIT MOD - (MOLSF)
of a real scalar - LI MOD - (MOLSF)
of a real vector - LII MOD - (MOLSF)

Accessing operating system data sets (COL)

Accessing the edit level

Accessing the online system

Active buffer (COL)

Active buffer pointer (COL)

Active file (COL)

Active file marker (COL)

Active string (COL)

Adding complex arrays - LIII () - (MOLSF)
complex scalars - LI - (MOLSF)
complex vectors - LII - (MOLSF)
real arrays - LIII i:) - (MOLSF)
real scalars - LI - (MOLSF)
real vectors - LII - (MOLSF)

Alphabetic operands (COL)

Alphabetic operands (MOLSF)

Arctangent of a complex array - LIII ATAN - (MOLSF)
of a complex scalar - LI ATAN - (MOLSF)
of a complex vector - LII ATAN - (MOLSF)
of a real array - LIII ATAN - (MOLSF)
of a real scalar - LI ATAN - (MOLSF)
of a real vector - LII ATAN - (MOLSF)

Argument of a complex array - LIII ARG - (MOLSF)
of a complex scalar - LI ARG - (MOLSF)
of a complex vector - LII ARG - (MOLSF)
of a real array - LIII ARG - (MOLSF)
of a real scalar - LI ARG - (MOLSF)
of a real vector - LII ARG - (MOLSF)

Arrays (MOLSF) -

Auto-skip - LII () - (COL)

Auto-store option - LIT ATAN - (COL)

Automatic skip, duplicate, or left zero (COL)

Autosave code

Backspacing (COL)

Basic subfiles

Basic system

Billing charges - LO SUM -

Billing charges - SYST SUM -

Binary scale (MOLSF)

Blanking the active buffer - LII RS - (COL)

Block key sequence editing in user programs

Boxed output
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174.1
155
162
100
46
15
78
78,88
77
78
80
175
155
165
172
154
158
81
132
177
156
168
174
155
162
177
156
168
174.1
155
163
129
116
115
91
16,17
112
19
13
39
25.1
145
112
54
41.2



INDEX CONTINUED

Branching in a user program 60
Cancelling a batch job - LV DEL - (MOLSF) 183
Card oriented language 76
Carriage control 26
Case level 26,31
Case 1 type level symbols 27
Case 2 type level symbols 27
Character generation 31
Character generation keyboard 198
Character string (COL) 77
Clearing all auto-skip fields - LII SQRT - (COL) 116.1
a tab - LIT CLR - (COL) 116.1
CcoL 76
file 77
level 0 operator definitions 120
level I operator definitions 108
level II operator definitions 112
level III operator definitions 117
level IV operator definitions 119
subfiles 19
Collating sequence (COL) 85,111.1
Common scale (MOLSF) 148
Comparing character strings (COL) 84
Complex file (COL) 77
Complex numbers (MOLSF) 123
Concatenating blocks of records (COL) 96
character strings (COL) 84
files - LIII - (CcoL) 117
strings - LI - (CcoL) 109
Conjugating a complex array - LIII NEG - (MOLSF) 177
a complex scalar - LI NEG - (MOLSF) 156
a complex vector - LII NEG - (MOLSF) 167
Constructing a user program 44
Context of a vector (MOLSF) 125
Contracting a complex vector - LII CON - (MOLSF) 166
a real vector - LII CON - (MOLSF) 159
Converting an integer to a character - LI LOAD LO - (COL) 111.2
Convolution integral - LII CONV - (MOLSF) 163
Copying the active buffer to the drum card - LII EXP - (COL) 116.1
the save buffer - LII REFL - (COL) 113
Correcting a user progranm 46
Cosine of a complex array - LIII COS - (MOLSF) 177
of a complex scalar - LI COS - (MOLSF) 156
of a complex vector - LII COS - (MOLSF) 168
of a real array - LIII COS - (MOLSF) 174
of a real scalar - LI COS - (MOLSF) 155
of a real vector - LII COS - (MOLSF) 162
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INDEX CONTINUED

Creating a file 21

a record (COL) 88
CTX programs 42
Curvilinear display (MOLSF) 141
Data scale (MOLSF) 146
Data structures (MOLSF) 124
Data subfile predicate lists 20
Date and time - LI LOG - (COL) 111.1
Day system T 11
Decrementing the active buffer pointer - LIT () - (CcoL) 112

the save buffer pointer - LII COS - (COL) 112
Delaying display - TYPE DEL or ARG - 30

Deleting a block of records from the active file - LIII DEL -

(COL) 99,118

a file from the permanent library - SYST DEL - 24,25.2
a record - LII DOWN - (COL) ' 115
a subfile from the permanent library - SYST DEL - 24,25.2
a substring from the active string - LI  {7) - (COL) 84,109
a user level - SYST NEG - 25.1
characters from a record - LII DEL - (COL) 114
keys from a user program 53
the active file - LIII DOWN - (COL) 117
trailing blanks - LI DEL - (COL) 110
Delta function of a complex array - LIII DEL - (MOLSF) 178
of a complex scalar - LI DEL - (MOLSF) 156
of a complex vector - LII DEL - (MOLSF) 168
of a real array - LIII QELfT_(MOLSF) 174.1
of a real scalar - LI DEL - (MOLSF) 155
of a real vector - LII DEL - (MOLSF) 163
Developmental system 11
Differencing a complex vector - LII DIFF - (MOLSF) 167
a real vector - LIT DIFF - (MOLSF) 161
Dimension of an array (MOLSF) 129
Disabling all display - TYPE (O - 29
Display (MOLSF) 141
formatting (MOLSF) 152
on level III (MOLSF) 151
programs, See name programs
scale (MOLSF) 145
window - LV CTX - (MOLSF) 183
Displaying a block of records (COL) 97
a character string (COL) 82
a hexadecimal string - LI MAX - (COL) 111.2
a name program T 74
a parenthesized expression (MOLSF) 186
a record - LII DISPLAY - (COL) 113
a string - LI DISPLAY - (COL) 111.2
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a user program

INDEX CONTINUED

file names in a user library - SYST DISPLAY -
lists of user programs defined - SYST EVAL -

records (COL)

text of all user programs - SYST MAX -

the active buffer (COL)
the active buffer pointer - LII EVAL ( - (COL)
the active file - LIII DISPLAY - (COL)
the active file marker - LII EVAL ? - (COL)
the drum card - LII EVAL , - (COL)
the record count - LII EVAL - (CcoL)
the record length (COL)
the save buffer pointer - LII EVAL ) - (COL)
the status of a batch job - LV DISPLAY - (MOLSF)
the status of operating system devices (COL)
the status of the operating system - LIV DISPLAY -
vectors (MOLSF)

Dividing complex arrays - LIII - (MOLSF)
complex scalars - LI (/) - (MOLSF)
complex vectors - LII (/) - (MOLSF)
real arrays - LIII i:) - (MOLSF)
real scalars - LI - (MOLSF)
real vectors - LII - (MOLSF)

Dot-dot display format item (MOLSF)

Drum card (COL)

Duplicate field (COL)

Edit level

Edit level keyboard

Edit level operator definitions

Edit pointer

Editing a user program

Enabling all display - TYPE () -

Enlarging a complex vector - LII ENL - (MOLSF)
a real vector - LIT ENL - (MOLSF)

Enter in a user program
Entering floating point numbers (MOLSF)

Erase

Error corrections in a user program

Error messages
EVAL on level 0 (COL)

EVAL on level 0 (MOLSF)

Evaluating a real vector - LII EVAL -

Executing a user program
Expanding the active string from packed decimal format -

Explicit data transfer (MOLSF)
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Exponentiating a complex array - LIIT EXP - (MOLSF) 177
a complex scalar - LI EXP - (MOLSF) 156
a complex vector - LIT EXP - (MOLSF) 168
a real array - LIII EXP - (MOLSF) 174
a real scalar - Ll Eﬁg - (MOLSF) 155
a real vector - LII EXP - (MOLSF) 162
Extracting a substring of the active string - LI SUB - (COL) 109
integer data (COL) 120
integer data (MOLSF) 179
File (COL) 77
File creation (COL) 93
File manipulation level (COL) 96
File, user library 18
File name 21
Floating point display format item (MOLSF) 152
Floating point numbers (MOLSF) 122
Fols (MOLSF) 255
Format item (MOLSF) 152
Fortran subroutine calls (MOLSF) 255
Fortran vector transfer (MOLSF) 255
Forward differences of a complex vector - LII DIFF - (MOLSF) 167
of a real vector - LII DIFF - (MOLSF) 161
of the columns of a complex array - LIII DIFF - (MOLSF) 178
of the columns of a real array - LIII DIFF - (MOLSF) 174.1
General load format (MOLSF) 134
General store format (MOLSF) 139
Graphical display (MOLSF) 141,144
Halt in a user program 59
Hardcopy 41.1
Hierarchy of operators (MOLSF) 187
IBM collating sequence (COL) 111.1
Identity function, real vectors - LII ID - (MOLSF) 160
Identity scalar - LI CMPLX ID - (MOLSF) 156
Identity scalar - LI REAL ID - (MOLSF) 155
Identity vectors in a real array - LIII ID - (MOLSF) 174
Incrementing the active buffer pointer - LII C) - (CoL) 112
the component in a load instruction (MO LSF) 137
the save buffer pointer - LII SIN - (COL) 112

Index level see level O
Initiating the online system 15
Inserting a block of records into the active file - LIII ARG -

(CoL) 96,118

a record - LITI UP - (COL) 93,115
a string into the active string - LI C) - (coL) 109
characters into a record - LII ARG - (CcoL) 114
characters into the active string - LI ARG - (COL) 110
keys in a user program T 50
the inactive file into the active file - LIII UP - (COL) 117
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Integer display format item (MOLSF) 152
Integer level see level 0
Interacting with FORTRAN programs (MOLSF) 181
Interchanging the active and inactive files - LIII INV - (COL) 117
the active and save buffers - LII INV - (COL) - 113
the active and save strings - LI INV - (COL) 110
the real and imaginary components of a complex scalar -
LI REFL - (MOLSF) 156
user levels - SYST REFL - T 25.1
Interlevel operands (COL) 81
transfer of data (MOLSF) 135
Interpolating in a table - LII EVAL - (MOLSF) 159
Interrupting a user program 59
Inverting a complex array - LIII INV - (MOLSF) 177
a complex scalar - LI INV - (MOLSF) 156
a complex vector - LII INV - (MOLSF) 167
a real array - LIII INV - (MOLSF) 174 .1
a real scalar - LI INV - (MOLSF) 155
a real vector - LII INV - (MOLSF) 161
Job card (COL) 103
Juxtaposition of operands (MOLSF) : 132
Keyboard diagrams 196
Left side 54
Left zero field (COL) 91
Left-shifting a complex vector - LII LS - (MOLSF) 165
a real vector - LII LS - (MOLSF) 159
the columns of a complex array - LIII LS - (MOLSF) 175
the columns of a real array - LIII LS - (MOLSF) 172
Length of a vector (MOLSF) 125
Level O 13,38
0 coL operator definitions 120
0 gvAaL (COL) 120
0 EVAL (MOLSF) 179
0 kKeyboard 199
0 operand forms 38
0 operator definitions 39
0 SUB and EVAL (MOLSF) 179
I COL operator definitions 108
I complex keyboard (MOLSF) 206
I complex operator definitions (MOLSF) 155
I keyboard (COL) 201
I operand forms (COL) 80,108
I real keyboard (MOLSF) 205
I real operator definitions (MOLSF) \ 154
II COL operator definitions 112
II complex keyboard (MOLSF) 208
II complex operator definitions (MOLSF) 165
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keyboard (COL)

IT real keyboard (MOLSF)

IT
II
II
I1

IT

II
II
IV

real operator definitions (MOLSF)
I COL operator definitions
I complex keyboard (MOLSF)
I complex operator definitions (MOLSF)
I keyboard (COL)
I real keyboard (MOLSF)
I real operator definitions (MOLSF)
COL operator definitions

IV keyboard (COL)

\Y
V

keyboard (MOLSF)
operator definitions (MOLSF)

Library organization

Line
List
Lite
Load
a

O o® e

a
an
da
th
ve

Loga
of
of
of
of
of

Logi

Logo

Loop

Mani

Mant

Manu

Math

Math
fo
fo

display (MOLSF)

mode

ral operand (COL)

ing a character string (COL)
file from another user name on your user number
file from another user number
file from the permanent library -
real vector from a batch job - LV
record - LII LOAD - (COL) '_
string - LI LOAD - (COL)

subfile from the permanent library - SYST LOAD -
user program

operating system data set - LIV LOAD - (COL)

ta (MOLSF) T

e null string (COL)

ctors and arrays with varying dimensions (MOLSF)
rithm of a complex array - LIII LOG - (MOLSF)

a complex scalar - LI LOG - (MOLSF)
- LIT LOG -

SYST LOAD -
LOAD - (MOLSF)

a complex vector LIT LOG (MOLSF)
a real array - LIII LOG - (MOLSF)
a real scalar - LI LOG - (MOLSF)
a real vector - LII LOG - (MOLSF)
n
ut
ing in user programs

pulating substrings (COL)

issa (MOLSF)

al mode

ematical operand forms (MOLSF)
ematical operators for level I (MOLSF)
r level II (MOLSF)

r level III (MOLSF)
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Mathematically oriented language

Maximum component of a complex vector - LII MAX - (MOLSF)
of a real vector - LII MAX - (MOLSF) -
of each column of a complex array - LIII MAX - (MOLSF)
of each column of a real array - LIIT MAX - (MOLSF)

Merging files - LIII CONJ - (COL)

Message generation

Message generation keyboard

Message generation operator definitions

Modifying a record (COL)
a user program

Modulus of a complex array - LIII MOD - (MOLSF)

of a complex scalar - LI MOD - (MOLSF)
of a complex vector - LII MOD - (MOLSF)
MOLSF

MOLSF subfiles
Multiplying complex arrays - LIII C) - (MOLSF)
complex scalars - LI C) - (MOLSF)
complex vectors - LII () - (MOLSF)
real arrays - LIII Z:) - (MOLSF)
real scalars - LI - (MOLSF)
real vectors - LIT - (MOLSF)
Name programs
Negating a real array - LIIT NEG - (MOLSF)
a real scalar - LI NEG - (MOLSF)
a real vector - LIT NEG - (MOLSF)
Normal form (MOLSF)
Number representation (MOLSF)
Numerical display (MOLSF)
Numerical operands (MOLSF)
Opening an online account
Operand forms (MOLSF)
for level O
for level I COL
Operating system interface level (COL)
Operator definitions for level 0
for level 0 EVAL (COL)
for level 0 SUB and EVAL (MOLSF)
for level I (COL) _
for level I complex (MOLSF)
for level I real (MOLSF)
for level II (COL)
for level II complex (MOLSF)
for level II real (MOLSF)
for level III (COL)
for level III complex (MOLSF)
for level III real (MOLSF)
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for level IV (COL) 119
for level V (MOLSF) 181
for message generation 31
for symbol generation 36
for the edit level 56
for the system level 25.1
for the type level 30
Parentheses (MOLSF) 184
Permanent library 18
Plotter 41.1
Point display (MOLSF) 141
Port see display window
Post 1list marker 46
Power operator for a complex array - LIII PWR - (MOLSF) 175
for a complex scalar - LI PWR - (MOLSF) 155
for a complex vector - LII PWR - (MOLSF) 165
for a real array - LIII PWR - (MOLSF) 172
for a real scalar - LI PWR - (MOLSF) 154
for a real vector - LII PWR - (MOLSF) 158
PRED in a user program 69
Predicate 1lists 20
Preserving a substring (COL) 84
Printed output 41.1
Printing output in rjeout (COL) 106
Prjeout (COL) 106
Product of the components of a complex vector - LII PROD -
(MOLSF) 167
of the components of each column of a complex array -
LIITI PROD - (MOLSF) 178
of the components of each column of a real array - LIII PROD -
(MOLSF) 174.1
of the components of a real vector - LII PROD - (MOLSF) 162
Protection code T 21
Punched output 41.1
Purging the active file - LIII DOWN - (COL) 117
Quotient register 38
Radix (MOLSF) 122
Random real vector - LII ID ? or ID RETURN - (MOLSF) 160
Real file (COL) T T 77
Real numbers (MOLSF) 123
Rearranging a vector - LII SORT A,B - (MOLSF) 163
Recalculating the length of the active string - LI DEL - (COL) 110
Reciprocal of a complex array - LIII INV - (MOLSF) = 177
of a complex scalar - LI INV - (MOLSF) 156
of a complex vector - LII INV - (MOLSF) 167
of a real array - LIII INV - (MOLSF) 174.1
of a real scalar - LI INV - (MOLSF) 155
of a real vector - LII INV - (MOLSF) 161
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Record (COL) 77
Record creation (COL) 88
Record length (COL) 78
Record manipulation level (COL) 88
Reflecting a complex array - LIII REFL - (MOLSF) 178

a complex scalar - LI REFL - (MOLSF) 156

a complex vector - LII REFL - (MOLSF) 167
Relative scale (MOLSF) 146
Remainder register 38
Remote data set (COL) 105
Remote job entry - LIV SUB - (COL) 102,119
Repeat 40
Repeating user programs 71
Replacing a record - LII SUB - (COL) 93,115

a user level - SYST SUB - 25.1

strings - LI SIN - (CoL) 111
REPT ’ 40
REPT with user programs 71
RESET 40
Reset in test - RS - 64
Reversing the components of a real vector - LII REFL - (MOLSF) 162
Right side 54
Right-shifting a complex vector - LII RS - (MOLSF) 165

a real vector - LIT RS - (MOLSF) 159

the columns of a complex array - LIII RS - (MOLSF) 175

the columns of a real array - LIIT RS - (MOLSF) 173
Rjeout (COL) 105
Sample problems 222
Save buffer (COL) 78
Save buffer pointer (COL) 78
Scalars (MOLSF) 124
Scaling algorithms (MOLSF) 146
Scaling graphical display (MOLSF) 145
Scientific notation (MOLSF) 122
Searching a character string (COL) 84

a record - LII MOD - (COL) 112

the active file - LIII EVAL or MOD - (COL) 98,117

the active string - LI MOD - (COL) 111

the active string - LI RS or LS - (COL) 110
Select - SEL - 41
Sequence numbering the active file - LIIT MAX - (COL) 118.1
Setting a tab - LII SET - (COL) 116.1

the active buffer pointer - LII C) - (CoL) 112

the active buffer pointer and save buffer pointer to 1 -
LIT LS - (COL) 112

the active file marker - LIII (O - (COL) 117
the display position - TYPE RS - 30
the display scale (MOLSF) 151
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the display window - LV CTX - (MOLSF)
the recaord length (COL)
the save buffer pointer - LII LOG - (COL)
the search pointer - LI SUM - (COL)
Shifting the rows of a complex array - LIII UP or DOWN -
T (MOLSF)
the rows of a real array - LIII UP or DOWN - (MOLSF)
Signing off
Signing on
Sine of a complex array - LIII SIN - (MOLSF)

of a complex scalar - LI SIN - (MOLSF)

of a complex vector - LII SIN - (MOLSF)
of a real array - LIII SIN - (MOLSF)
of a real scalar - LI SIN - (MOLSF)

of a real vector - LII SIN - (MOLSF)
Skip field (COL) T
Skipping to a tab setting - LII TAB - (COL)
Software structure
Sorting a real vector - LII SORT - (MOLSF)
the active file - LIII SORT or SQRT - (COL)
Special list mode operators
Special operators
Square root of a complex array - LIII SQRT - (MOLSF)
of a complex scalar - LI SQRT - (MOLSF)
of a complex vector - LII SQRT - (MOLSF)
of a real array - LIII SQRT - (MOLSF)
of a real scalar - LI SQRT - (MOLSF)
of a real vector - LII SQRT - (MOLSF)
Squaring a complex array - LIII SQ - (MOLSF)
a complex scalar - LI SQ - (MOLSF)
a complex vector - LII SQ - (MOLSF)
a real array - LIII SQ - (MOLSF)
a real scalar - LI SQ - (MOLSF)
a real vector - LIT SQ - (MOLSF)
Storing a character string (COL)
a file see storing a subfile in the permanent library
a record - LII STORE - (COL)
a string - LI STORE - (COL)
a subfile in the permanent library - SYST STORE -
a user program
data (MOLSF)
String buffer (COL)
String manipulation (COL)
Structure of the user system
SUB on level 0 (MOLSF)
Subfile
Subfile predicate list formats
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Subfiles presently supported 19
Submitting a batch job -~ LIV SUB - (COL) 119
Subtracting complex arrays - LIII (5 - (MOLSF) 175
complex scalars - LI (9 - (MOLSF) 155
complex vectors - LIT (5 - (MOLSF) 165
real arrays - LIIT (-) - (MOLSF) 172
real scalars - LI - (MOLSF) 154
real vectors - LIT - (MOLSF) 158
Summation of a complex vector - LII SUM - (MOLSF) 167
of a real vector - LII SUM - (MOLSF) 161
of each column of a complex array - LIII SUM - (MOLSF) 178
of each column of a real array - LIII SUM - (MOLSF) 174.1
Suppressing all display - TYPE (O - 30
carriage return (MOLSF) 141
Symbol generation 31
Symbol generation operator definitions 36
SYST keyboard 196
SYST level 13
System level operator definitions 25.1
System messages 212
Table look-up - LII EVAL - (MOLSF) 159
Tabulating - LII TAB - (COL) 116.1
Teletype 41.1
Templ (MOLSF) 187
Terminating a batch job - LV DEL - (MOLSF) 183
Test clearing subsequent keys 64
condition 61
in a user program 60
key for displaying a parenthesized expression (MOLSF) 186
number 60
operator NEG 65
operator RS 64
skipping keys 66
skipping to key sequence 65
used with parentheses 67
with LO operands 66
Testing on the active string - LI EVAL - (COL) 111
Tols (MOLSF) 255
Trailing predicates (MOLSF) 133
Transferring a block of records (COL) 96
a complex scalar - LI SUB or EVAL - (MOLSF) 155
a real scalar - LI SUB or EVAL - (MOLSF) 154
data from one level to another (MOLSF) 135
records between buffers (COL) - 95
Translating characters - LI COS - (COL) 86,111.1
Transmitting a vector to a batch job - LV STORE - (MOLSF) 182
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Transposing a real array - LIIT REFL - (MOLSF) 174
Type keyboard 197
Type level 13,26
Type level operator definitions 30
Unit circle complex vector - LII ID . - (MOLSF) 167
Unit circle vectors in a complex array - LIIT ID . - (MOLSF) 176
Unit square complex vector - LII ID - (MOLSF) 167
Unit square vectors in a complex array - LIII ID - (MOLSF) 176
User complaints T 191
User CTX programs 42
User levels 14
delete 25.1
display text of all user programs 25.1
display user programs defined 25.1
interchange 25.1
replace 25.1
User library organization 18
User programs 42
block sequence editing 54
constructing 44
deleting keys 53
displaying 47
editing 48
entering data 59
error corrections 46
executing 43
inserting keys 50
modifying 48
passing arguments 69
pred 69
repeating 71
storing 47
test operator 60
User subfile predicate lists 20
User system 42
Varying the context of the working register (MOLSF) 170
Vectors (MOLSF) 125
Warmstart 17
Window for display (MOLSF) 183
Working registers (MOLSF) 124
on level I (MOLSF) 125
on level II (MOLSF) 126
on level III (MOLSF) 130
X-axis for real vector display - LII SUB - (MOLSF) 161
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