





































































































































































































































































































































































































































































































































































































Aids for Sidetrack Users
Three niladic intrinsic functions have been added to APL whichare of particular interest after a sidetrack has occurred:

ERRN+16T0
FRRF+1671
ERRX+1672

ERRN produces a 2-element integer vector; the first element is the latest error number recorded and the second is
the line number for the error location (see Step 3 above). ERRF produces a text vector containing the name of the
function for the error location (it might not be the same as the sidetracking function). Initial values are zero for
error number and line number, and the function name is an empty vector. These are re-initialized by a )LOAD or
YCLEAR command.

ERRX produces a 4-character text vector containing the latest I/O "error” information available to APL. These
characters are hexadecimal digits. They represent input-output error (or abnormal) codes and subcodes as shown
in monitor reference manuals or, in the case of file /O, APL file 1/O error subcodes. The latter case is distin-
guished by two zero characters in the "code" field (i.e., the first two of the four characters).

Note: APL sometimes expects error or abnormal 1/O codes. Thus, the value reported when using ERRX does not
necessarily indicate erroneous processing.
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APPENDIX B. NONSTANDARD INPUT/OUTPUT

Standard and Nonstandard Devices

As defined in Chapter 3, standard APL input/output refers to the use of the APL typeball with the IBM 2741, or a
functionally equivalent terminal such as the DATEL 20-31; the DURA 1021 and 1051; the NOVAR 5-50; and the
TST 707.  Without attempting a truly comprehensive 1/O capacity, APL nevertheless accommodates certain other
devices. These include Tektronix 4013, Teletype Model 33, non-APL equipped 2741 terminals for on-line pro-
cessing, and card reader format input or line printer format output for batch processing.

Blind 1/O and File 1/O are also discussed in this appendix since they are considered to be modes of nonstandard 1/0O.

Using Nonstandard Input/Output

Nonstandard input/output provides the user with a set of substitute characters and mnemonics as replacements for
APL characters which are either illegal or missing on his particular input or output device. In some cases the sub-
stitution is one-to-one (APL @ is input or output as @ on nonstandard devices), but most substitutions for APL symbols
involve mnemonics of one, two, or three characters preceded by a dollar sign key. Standard APL operators and their
substitute character mappings for each nonstandard device are listed in Table B-3 at the end of this Appendix.

Terminal Declaration

The character mapping to be used for a particular I/O device is determined by the user's terminal declaration. This
declaraction is made by means of the system command JTERMINAL n where n can have the following values:

1 - 2741 (or equivalent) with APL typebell.

2 - 2741 (or equivalent) with non-APL typeball.

3 - Teletype Model 33 (or equivalent).

4 - Line printer format output and card reader format input.
13 - Tektronix 4013 or other typewriter-paired APL/ASCII terminal.
14 - APL/ASCII bit-paired mapping terminals.

Type 1 is the standard terminal. In on-line runs the APL processor assumes a default terminal declaration of Type 1
if no declaration is made by the user. Type 2 typically features both uppercase and lowercase letters, although
special-purpose typeballs are also available. These can be used, but translation correspondences are the responsi-
bility of the user. Type 3 indicates Teletype Model 33, but this declaration may be used for compatible terminals,
such as Teletype Models 35 and 37 (restricted usage). Type 4 is primarily applicable to batch jobs and is the default
declaration in CP-V batch runs. Type 13 is strictly applicable to the graphics terminal, Tektronix 4013, and must
not be declared for any other device.

If the input/output device is nonstandard, the user should make the proper terminal declaration immediately aofter
calling APL. He may then proceed with normal APL processing, using substitute characters and mnemonics as re-
quired for his particular device.

Changing Terminal Declaration

The importance of making the correct terminal declaration should be evident to the user. In addition to character
mapping differences among the various devices, certain operational idiosyncracies exist for each device, as will be
discussed later. A false terminal declaration will very likely result in output discrepancies. However, new terminal
declarations are acceptable at any time during an APL run as long as the user can tolerate the consequences. One
example of these consequences is error message discrepancies, A diagnostic message (e.g., LENGTHERR) will usually
display correctly, but the offending APL statement may appear badly garbled —in fact, some characters may even

be omifted. For the sophisticated user, however, there may be legitimate applications in which a false terminal
declaration can be useful. The following discussion of translation processes is intended to aid this type of user.
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Input/ Qutput Translation

It is vital that the user correctly identify his terminal to the CP-V communications handler at log-on time. Allinput
and output, whether standard or nonstandard, is ultimately constrained by the communications handler and the
input/output equipment. The initial translation on input and the final translation on output are always made by CP-V
according to the code set corresponding to the type of terminal indicated at log-on time. In the case of 2741 or
equivalent terminals, this translation is complicated by the fact that two fundamental code sets are available for
these terminals — Selectric® and EBCD. In addition there are APL and non-APL versions for both of these code sets.
Unless deceived, the communications handler reconciles the different code sets; otherwise the confusion between
EBCD and Selectric codes can be a considerable problem. Whatever the device, this level of translation will occur
regardless of the terminal declaration applied by APL. Thus APL exercises only second-level control in the transla-
tion process.

The actual effect of the APL terminal declaration is to cause translation tables called Input/Output Mapping
Tables to be brought into memory. The particular set of tables is determined by the JTERMINAL command, Each
character input from the communications handler is then translated according to the resident Input Mapping Table.
Certain one-character translations are made at thispoint — converting an @ to APL internal o for Type 2, 3, and 4
tables for example.

Illegal characters and certain key characters will be detected by APL for any terminal declaration. The backspace
key character indicates that overstrikes follow, and the $ key character indicates that mnemonic equivalents to

APL characters may follow. Once an overstrike has been accumulated, it is compared to a table of valid overstrikes,
This either results in the proper translation to internal APL form or the detection of an illegal overstrike character,
compared to a table of three-character mnemonics. If no match is found, the rightmost test character is ignored

and the remainder is compared to a table of two-character mnemonics. Again if no match is found, only the char-
acter following the $ is used for comparison to a table of one~character mnemonics. If a match occurs in any of the
above comparisons, the proper translation to internal form takes place. If no match is found, the $ itself is trans-
lated to internal APL form. Thus, if a sequence of characters following a $ looks like a mnemonic, it is translated
accordingly.

The overstrike and mnemonic tables reside permanently within the APL processor and are unaffected by the terminal
declaration. This means that the Teletype user could actually input overstrikes, assuming he could simulate the
backspace and "strange" characters. This flexibility is not possible for output, however, The Output Mapping
Table determines the resulting display regardless of the manner of input.

Output processing is similar to input processing. For each internal character, one of four possible translations will
occur:

e Conversion to a Single EBCDIC character.

e Conversion to an overstrike triplet (character-backspace-character) given in the overstrike table.

e Conversion to a mnemonic form given in the mnemonic table.

e No conversion (for instance, when the character is not a known internal APL character).
Final output translation will then be made by the CP-V communications handler, again according to the type of ter-

minal indicated at log-on time.

The following code tables may be of some interest to the user. Figure B-1 illustrates standard EBCDIC codes and
APL codes. Table B-1 shows Xerox line printer graphic codes.

False Terminal Declaration

As noted earlier, false terminal declaration does have potential applications. A batch user, for example, may wish
to create a file for later on-line output. He may declare a Type 1 terminal in this case in order to avoid having
the output file cluttered with mnemonics.

®Regisfered trademark of the IBM Corporation.

Appendix B



XEROX STANDARD 8-BIT COMPUTER CODES (EBCDIC)

overstrike combinations in APL.

Most Significant Digits NQOTES:
iHewieii,TOl O% 1 . L*E H,,,A, > ¢ 7 8 i A B < | D £ F 1 The characters ™ \{ } [ ] are ANSCII
Binary 000010001 | 00100011 {0100}0101 {0110{0111 | 100011001 [1010 | 1011} 1100[1101 [ 1110|1111 characters that do not appear in °">’,°f|”‘e
£8CDIC-bused charucier seis, ihough ihey
0 0000 NI sl 8 / 0 are shown in the EBCDIC table.
B -
T i 2 The characters ¢ | —appear in the 63- and
| 1| oool SOH DC'J 5 / / ol N AL ! 89-character EBCDIC sets but not in either
1 of the ANSClI-based sets. However, Xerox
i [ 2 K S 2 ‘
,2__210 _ STx bez) & / // b,A k ° { 8 software translates the characters £ I -
. At crx Inca ~ \ . \ 1 c | T 3 into ANSCII characters as follows:
3 ooh Gk Ceiosl e ¢ H C L
T 1 1
D M U 4
| 4 | 00 S e B ﬂ 7 domle |t ! EBCDIC =  ANSCII
LF : f !
. hS i OIAOI - 7H1 NL Will not be assigned & n v ]@ E \ 5 / v (6-0)
2l e | ono ACK | SYN f o | w Flolwle | L (7-12)
§| 7 | omn BEL |ETB g | p | x G i P X |7 - ~ (7149
2 v
g 8 1000 EBC;'M CAN 22 h q y H Q Y 8 3 The EBCDIC control codes in columns O
2 1 BS | _ PO and 1 and their binary representation are
2l 9 1001 ENQI EM / i ¢ z I R z 9 exactly the same as those in the ANSCII
E S - £ ; table, except for two interchanges: LF/NL
B ! -~ / with NAK, and HT with ENQ.
A | 1010 NAK]| SUl £ / / '
8 o1 VT 1 ESC $ , ¥ / 4 Characters enclosed in heavy lines are
2 included only in the standard 63~ and
C j 1100 FF | FS < * % a % Will not be assignedﬁ 89-character EBCDIC sets.
D | 1101 CR | GS ( } _ ! // 5 These characters are included only in the
F— | RS S N 7 standard 89-character EBCDIC set.
E | 10 SO| RS el - %
Foooan S1LUS P =T e | DEL
— = e —
3 4 ]
APL CODES
Most Significant Digits NOTES:
Hexadecimal 0 ! 2 3 4 5 6 7 8 9 A 8 ¢ o E F 1 The CP-V communications handler ignores
Binary 0000} 0001 [0010 { 0011|0100 | 0101|0110 |0 111 1000|1001 | 1010 1011|1100 [1101 | 1110 [ 1111 f::l?s for the unmorked positions in the
0000 Index SP | 0 - » A 0 2 EOT is input when ATTN key is used in
11 0001 ' 1 / ala \ A J 1 input mode.
- 3 The CP~V communications handler converts
2| 0010 3] 3 | k| s |a]es 2
- - - K s both upper and lowercase letters to APL
3| oon ¢ | o / v o L T c L T 3 (capital) letters on output.
F : c 4 Theo,+,~,{, and } characters are valid
41 0100 EOT L T + s b U D M 4 AR
— 1= 1= l v only for the Tektronix 4013 terminal.
5] 010 HT | NL <l T PHIEZ | X v Tl EiN| V]S
2l 6| oo IDLE o S B I A A Flo|wl]e
§{ 7] om e rfete |z |@fcielx]|y
2
| 8] 1000 BS aJolelvlilely Hia|vy|s
n
| 9| 100 A e A I A A S L[ R} Z |9
S
A | T010 < ° * o x
B | 10m v > * o
C| 1100 < * o a B R
D| 1101 CR S R { ] -
E| 1110 + H > = i 8
F 1mn ~ ? v
Note: Characters bounded by heavy lines are

Figure B-1. EBCDIC and APL Codes
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Table B-1. Xerox Line Printer Graphic Codes

Character 6-Bit Code Hex. Code | Character 6-Bit Code Hex. Code | Character 6-Bit Code Hex. Code
Blank 00 0000 40 I 00 1001 Cc9 < 00 1100 AC
0 11 0000 FO J 01 0001 D1 ( 00 1101 4D
1 11 0001 F1 K 01 0010 D2 + 00 1110 4E
2 11 0010 F2 L 01 0011 D3 | 00 1111 4F
3 11 0011 F3 M 01 0100 D4 & 01 0000 50
4 11 0100 F4 N 01 0101 D5 $ 01 10H11 5B
5 11 0101 F5 O 010110 Dé * 01 1100 5C
6 110110 Fé6 P 0i 0111 D7 ) 01 1101 5D
7 1o F7 Q 01 1000 D8 ; 011110 5E
8 11 1000 F8 R 01 1001 D9 - 10 0000 60
9 11 1001 F9 S 10 0010 E2 / 10 0001 61
A 00 0001 C1 T 10 0011 E3 , 10 1011 6B
B 00 0010 C2 U 10 0100 E4 % 10 1100 6C
C 00 0011 C3 Y, 10 0101 E5 > 10 1110 6E
D 00 0100 Cc4 W 100110 E6 : 11 1010 7A
E 00 0101 C5 X 100111 E7 # 11 1011 7B
F 00 0110 Cé Y 10 1000 E8 @ 11 1100 7C
G 00 0111 c7 Z 10 1001 E9 ' 11 1101 7D
H 00 1000 Ccs . 00 1011 4B = 111110 7E

As an example of the potential mix-ups when a false terminal declaration is made, however, consider the on-line
2741 user who issues the line printer declaration )TERMINAL 4. Suppose he requests display of a function contain-
ing the characters shown in the first column of the Table B-2. APL will transmit the characters shown on the second
column, since APL thinks it is outputting to a line printer, The CP-V communications handler then transmits data

according to the translation codes for a 2741, The results are shown in the remaining columns based on the type
of 2741 used.

Table B-2. Examples of Problems with False Terminal Declaration

Character Character Sent Result
in Function to Handler APL Non-APL (EBCD) Non-APL (Selectric)
x # 2 # #
: % P % %
§ $ v $ $
A & n & &
| | | ignored ignored
< < < < ignored
> > > > ignored
Teletype Usage

ESCAPE Key Sequences and APL

An important consideration for Teletype users is that standard CP-V ESCAPE key sequences willstill be effective during
APL runs. These should generally be used with caution, since some of the ESCAPE sequence capabilities may have
strange effects on APL input. Applications and restrictions for the more useful sequences are described below.

Line Editing

The ESC RUBOUT sequence for erasing the last character input, and the ESC X sequence for erasing the entire input
line are the recommended APL line editing procedures for Teletype users,
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For Teletype terminals with true backspacing capability, the CONTROL L key combination (Form Feed) will be
accepted as an alternate input editing signal. The response will be to generate a line feed and continue accepting
line input. CONTROL L (followed by carriage return) is used to delete a function line.

Tab Usage

Since Teletype Model 33 does not perform true tabbing, CP-V provides tob simulation. APL then cllows input and
output of TAB characters on the assumption that the user has invoked tab simulation mode. However, APL will
always replace input TAB characters with one or more spaces, depending on whether or not tab settings have been
specified via the )TABS command.

Teletype users should generally avoid the JTABS command, however, because its effect is nullified by CP-V tab
simulation,  On output, for example, when )TABS have been specified, APL replaces strings of spaces with actual
TAB characters where appropriate. On detecting the TAB characters CP-V will change themback to spaces in order
to simulate mechanical tabulation, The net result is slower output than would have resulted if )TABS had not been
used.

Operational Differences
Prompt Character

The Telet ypc di

5 H in pu‘(,e of the yiugu —colon seat
Quote~-quad prompt is mdlcclred by a single colon.

Sy S

Illegal Character

The uppercase (shift) N is considered to be an illegal input character on Model 33 Teletypes because of the poten-
tial confusion for APL users. On some keyboards this key represents an up-arrow (the APL "take" operator), while
on other keyboards it represents a caret (the APL "and" operator). Mnemonics will have to be used to represent
either of these characters.

Error Marker

The ampersand will be output on Teletypes as APL's error marker.

Batch Operation

Intended Usage

Thebatch mode in Xerox APLis provided for the operation of programs with either extensive output or long execution
times. Its usage is not intended for simulation of on-line operations. The anticipated operation is to load extant
workspaces or copy functions and data from extant workspaces and execute them. Below is an example of a typical
card sequence which would follow the Monitor control cards.
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)OFF AN

[ MYREPORTER
[NLOAD MYWORK AN

1APL AN

In this example the workspace MYWORK contains the master function MYREPORTER which drives the APL processing.
Quad input will access data cards as appropriate,

Input/Qutput Device Assignments

In CP-V batch processing mode, input (DCB = F:APL) and output (DCB = F:OUT) that would normally go to the user's
terminal are defaulted to the card reader and line printer, respectively, unless otherwise assigned by a Job Control
card. Xerox APL will then assume a character mapping default of )TERMINAL 4 for cord reader input and line printer
output. The )TERMINAL command can be used to modify character mappings if desired.

The F:APL DCB is used for APL source input, and F: OUT is used for output of results and diagnostic messages. Either
or both of these may be reassigned via the Monitor IASSIGN card prior to entering APL. For example,

IASSIGN F:APL, (FILE, APLINPUT), {IN)

This card will cause APL input to be read from a user's file. That file should normally start with a )JTERM command,
unless the user wishes to use the default terminal type 4, and should end with one of the JOFF or JCONTINUE
commands, If the following card is also used, the output will be routed to the file APLOUT rather than to the line
printer:

IASSIGN F:OUT, (FILE, APLOUT), (OUT), (SAVE)

See the Xerox CP-V/BP Reference Manual, 90 17 64, for use of the 'ASSIGN card and batch deck setups.

Card Input Format

When )TERMINAL 4 is used, the following will be observed:
e  When input is via records other than cards (e.g., F:APL assigned to a file), APL automatically inserts a

new-line character following the last actual character read.

e  When input is via cards (or, in IBATCH runs with F:APL not assigned to a file), all input lines consist of
80 columns, including trailing blanks,

e Each card or record represents an individual line of APL input; there is no provision for continuation.
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Error Response

Xerox APL batch operation is necessarily success-oriented. APL normally expects any input errors to be corrected

as they are detected, which is not possible in this mode of operation. Therefore, any error will terminate the run.

If a run is aborted, however, the processor will attempt to save the user's workspace by simulating the JCONTINUE
HOLD command, if appropriate. Sidetracking (see Appendix A) of errors can be used in batch runs, which will con-
tinue until a non-sidetracked error occurs.

Operational Differences
Prompt Character

The line printer displays a double colon in place of the quad-colon prompt character to indicate evaluated input
prompt. Quote-quad input is indicated by a single colon. The card reader is accessed for the actual input data
in both cases, unless otherwise assigned by a Job Control card.

Error Marker

When output is fo the line printer, the ampersand is used in place of the caret for APL's error marker.

Tektronix 4013 Usage

The Tektronix 4013 terminal is used in conjunction with the on-line curve plotting facilities described in Chapter 11.
It employs a keyboard for input and a storing CRT display tube for output. Character /O may be performed in
either of two modes selectable at the terminal: ASCII or APL.

ASCIl Mode

In ASCII mode, recommended for use in communicating with CP-V outside of APL, the 4013 acts like a Model 33
teletype with a true backspacing capability. The character set and keyboard layout is similar to that of the
Model 33. Characters that differ from the APL characters shown on the key tops are indicated on the fronts of the
keys. ASCII mode is established by (1) placing the 'ASCII-APL'/*APL' switch in the 'ASCII-APL' position,
(2) illuminating the TTY LOCK switch, and (3) depressing SHIFT and RESET simultaneously to activate the ASCII
character set. This procedure should be done initially, before logging on, and whenever leaving APL to use other
CP-V facilities,

APL Mode

This mode provides a full APL character set with a keyboard layout similar to a 2741, as indicated by the key tops.
This, therefore, is the mode recommended for use in APL. A ")TERMINAL 13" command identifies the 4013 to the
APL processor. Since this command will ordinarily be issued immediately upon entering APL, with the terminal
still in ASCII mode, it will be necessary for the user to switch to APL mode after typing ")TERMINAL 13". The
user does this by turning the TTY LOCK switch illumination off. Thereafter, 1/O is done with the APL character
set shown on the key tops. In addition, the specification of terminal type 13 permits use of the terminal's graphics
capabilities via B1/0 and the AGRF intrinsic, as described in Chapter 11.
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Logging On

The log-on procedure is quite similar to that described for ordinary terminals at the beginning of Chapter 2,  With
reference to the steps there listed, the procedure is as follows:

1. Preparing the 4013 terminal for use:
a. As shown — no change.
b. As shown — no change.
c. As shown — no change.
d. Set the terminal to ASCII mode as follows:
(1) Position the ASCII-APL/APL switch to ASCII-APL.

(2) Depress the TTY LOCK key to illuminate that key (each depression of this key reverses the TTY
LOCK state).

(3) Press the SHIFT and RESET keys simultaneously.

2. Logging on to CP-V:

a. Asshown, except it is not necessary to type * . Once communication has been established, CP-V
initiates the dialog by typing the log-on message.

b. As shown, except the prompt symbol is | instead of o.
c. As shown, except the prompt symbol is | instead of o.

All input characters are ASCII and are shown on the key fronts, if different from the APL characters on the
key tops.

3. Calling APL:

As shown. When APL prompts for its first input, type the command
JTERMINAL 13

(using the ASCII right parenthesis located over the 0), then switch to APL-mode by depressing the TTY
LOCK key once to turn off its illumination. Thereafter, all characters indicated on the key tops are in-
cluded in the APL set.

Line Editing

Line editing is done with the standard BACKSPACE-ATTN sequences, where the function of the nonexistent ATTN

key is supplied by D€ (i.e., the CTRL and D keys depressed simultaneously). A function line may be deleted by

striking D followed by RETURN. In oddition, the standard ESCAPE key sequences will be effective, but should
be used with caution.
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Strapping Options

The APL graphics software defaults to expect the terminal to transmit seven characters in "gin-mode". If a terminal
is strapped for five or six characters, users of APL graphics must invoke the STRAPIS function for proper response
(see Chapter 11). Unless conflicts with other operations preclude seven~character strapping, it is recommended
that the 4013 terminal be set in this mode.

Data Transmission Rates

The 4013 is available with interfaces to operate at several data transmission (baud) rates. The slowest rate,
110 baud, is compatible with Model 33 Teletype. If higher baud rates are used, different phone numbers are re-
ired. Check with loca! installation management on transmission rate capabilities and corresponding phone line.

quired.
Ann r

(Note that the higher baud rates, such as 300, are preferred for graphics work.)

Non-APL 2741 Terminals

Applications

For normal users, the addition of the standard APL typeball to the 2741 terminal is highly recommended. Non-
standard 1/O imposes a considerable overhead on the user because of the additional input and output characters
required for any operation. Furthermore, there are only certain applications in which nonstandard 1/O capability
would be useful on the 2741, For example, standard APL might be used to generate output intended to be run with
a specialized typeball with dots and lines for plotting, or with a typeball which could output lowercase letters,
The common case, however, involves input and output on the same terminal, and standard 1/O use is much more

TR
pf'JC'.'H.u: nere,

Operational Considerations

Functions such as tabbing and backspacing can always be performed on the 2741 terminal regardless of the typeball
used. The prompt for quote-quad input — unlocking the keyboard with the carrier af the left margin — is the same
for both APL and non-APL terminals, The BACKSPACE-ATTN sequence for current line editing is also used for both
types. Operational differences are described below.

Illegal Characters

The following characters are considered to be illegal because they are not standard on all non-APL 2741 keyboards.
Mnemonics must be used in place of each.

< Less than

> Greater than
Vertical bar

! Exclamation point

- Not sign

J Right bracket

L Left bracket

° Degree

The cent sign (€) is also considered illegal because it has no reasonable APL interpretation.
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Quad Input Prompt

A double colon is displayed in place of the quad-colon prompt character to indicate evoluated input prompt.

Error Marker

The ampersand is output in place of the caret as APL's error marker on nonstondard 2741 terminals.
Blind 1,0

Blind 1/0O is a specialized capability which may be of value to the advanced APL user. Essentially, it provides a
means by which characters may be input and output either to a specific device or to a file without undergoing any
sort of translation or validity check by the APL processor. Blind 1/O could enable the user to generate special
characters which would otherwise be illegal under APL, for example, and route them to or from a unique device
such as a CRT or a plotter.

Using Blind 1/0

APL provides two DCBs — F: Q1 and F:Q2 — to be used for blind 1/O, but performs no special set-up on them. It is
assumed that the user will assign F:Q1 or F:Q2 to devices or files, according to his needs, using the )SET command
(Chapter 8).

Within the APL processor, the special input/output characters [1] and (quod overstruck with 1 and 2) supplement
the quad and quote—quad characters. They are used to access the F:Q1 and F:Q2 DCBs when blind input or output
is desired.

The default limit on record size for blind input is 512 bytes. This limit can be modified to any value from 1 to
32,767 by the SIZE option of the )SET command. Values higher than 512 may be needed for file input, and very
small values are useful to control input from special devices. Input from {1} or [2 always creates a text vector
result. If the source data is actually logic values, integer values, or double~precision floating point values, then
file 1/O operator 25, 26, or 27 may be used to correct the erroneous data type aofter input.

Blind output may be used to output ony data. It should be noted, however, that large output records routed to
physical devices with maximum length constraints will be truncated on output. In particular, records output to the
user's console should be limited to 140 bytes, and records output to a line printer to 132 bytes. Note also that
blind output of non=-character data to a printing device will lead to useless results.

APL bypasses all translation sequences and legality checks for blind input and output —overstrikes are not even
resolved, for instance. If an end-of-file condition is encountered by o blind-input request, APL returns an empty
integer vector result.

Blind 1/0 on a Device

In the following examples, is assigned to the user's console prior to calling APL, as follows:
)SET INOUT uC

Quad 2 is then used for blind input and for blind output. In the example below, the blind input functions mych the
same as a quote—quad input, since the terminal itself is the blind input device.

A<D

NOW IS THE TIME FOR ALL GOOD MEN.
A

NOW IS THE TIME FOR ALL GOOD MEN.

Consider the next example, however, in which blind input is used to input illegal overstrike characters, which can-
not be done with quote—quad input.

Cc+R

c
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The examples below illustrate blind output to the terminal. Note that the data to be output was specified as a
literal. When the RETURN key is struck, the data is output to.the terminal exactly as it was input.

E*‘123%567890+XQWERTYUIOP+ASDFGHJKL[]ZXCVBNM../'
1234567890+*xQWERTYVUIOP+«ASDFGHJKLLIZXCVBNM, ./

. Be' " Tcsz2>2vA-12wep~t+10n+al |l VA°D()CDnULT|"
<$=2>2VA-32wep~t+10x+al L_VaeO()coanuiT];

BeTASDF?
ASDF

The user should note that the CP-V communications handler still performs its normal translation at the level of the
I/O device. Bypaossing the APL translation routines can result in the output of characters which are unrecogniz-
able to the handler. For example, the handler maps most overstrikes as bad characters (¥ on the 2741) as shown
below.

B+'edyrso!’

XX 3

The SET command may also be used to bypass character translation at the CP-V level by using the options BIN and
DRC. These options should be used only by a user with detailed knowledge of the characteristics of the particular
/0O device.

Blind 1/0 for Files

In the following examples, [1] is assigned to a test input file which was built using the CP-V EDIT subsystem:

oEDIT
EDIT HERE
«BUILD BLINDIN
1,000 BLINDIN, RECORD 1.
2.000 RECORD 2, TEST BACKSPACING,
3.000 LAST RECO&®RD.
4,000
*END

Record 2 of the file contains a series of blanks and backspaces such that the total number of characters in the record
is considerably more than the example shows. Record 3 contains an "illegal" overstrike character.

After APL is called:
YSET 1) IN DC/BLIND IN

In the next example, blind input is used to input the file records to the processor. Note that an attempt to use
blind 1/O to access the nonexistent fourth record results in empty integer vector.

A<l
B+fl
c+fl
D+fil
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A, B, C, and D now contain the data from the file records, as shown below. Note that the length of B reflects the
blanks and backspace characters that were a part of the file record. C contains the illegal overstrike character
just as it was originally entered.

pA

18
A

BLINDIN, RECORD 1.
pB

57
B

RECORD 2, TEST BACKSPACING.
pC

i5
(4

LAST RECO@RD.

oD

When blind output to a file is used, records are output as text data — scalar, vector, or array — without any sort of
header data such as the record keys output by CP-V EDIT when it builds a file.

File Input/Output

The Xerox APL processor provides a set of intrinsic operators for file 1/O. Normally, each installation pro-
vides its users with a file 1/O system made up of locked functions using these operators. These systems may
vary with the installation and are documented at the installation level. The file 1/O operators used in such
systems are described below. Direct use of these operators by programmers who have no prior I/O programming ex-
perience is discouraged. A workspace, FILEIO, containing a set of user file 1/O functions is distributed to each
Xerox APL installation. This workspace includes a user function, DESCRIBE, which describes the contents of the
workspace.

Creating the Set of File /0 Operators

The file I/O operators are a set of 29 "operators” defined by one of three dyadic functions. These functions are
created with the forms

frname «14 71
fname <14 T2

fname <14 T 4

where "fname" is the function name (fname will be used in all succeeding format examples in this section to indicate
that a function name is to be supplied). The first two forms produce identical processing in successful usage. They
differ only in the method of handling errors. The first type transmits error data (in the form of a scalar integer) back
to the statement using that type of fname. The second type is used to have APL acknowledge an error; this permits
sidetracking on file 1/O errors or else APL will display one of the file 1/O error messages (see Appendix A). The
second type is preferred. The first type has been retained primarily to avoid incompatibilities in workspaces that
used that type in the past.

For operators 1471 and 1472, the files built and accessed by APL are CP=V keyed files. Usually, they are built
and accessed with a particular key system common to Xerox EDIT, BASIC, and APL.

An alternate form of file can be accessed if the file 1/O operator is the third form. These files are built using the
CP-V random file capability, and are referred to as APL indexed files. A file 1/O package using the 1474, form
of operator can access either keyed or indexed files and the indexed files have been designed to appear essentially
the same as the keyed files to the end user. The indexed file capability has been added principally to increase file
access efficiency and to allow for shared access to files, for large data bases.
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Appendix D contains information concerning the creation of APL indexed files, the design of indexing structures,
ond trode-offs between indexed ond keyed files. New APL indexed files cannot be created directly within APL.
Check with your installation for ovailobility of, ond initiction of, indexed files.

The following usage allows executing sequences of these operations in order in a single line (each use of this form
yields an empty vector os a result unless otherwise specified):

A frame B
where

A is the 1/O operator number (ranging from 1 to 29).

B is the argument applicable to the 1/O operotion.

Structure of APL Files

Xerox APL uses two forms of CP-V file structure, keyed files and random files. The random file use by APL simulates
keyed access, with certain restrictions and certain odditional capabilities.

Keyed files normally use a numeric key system, which is essentially that used by Xerox EDIT. Provision is also mode
for accessing text keys of up to 31 characters in length.

Files created by or occessed by APL can be considered in three categories:

e APL component files. A component consists of two physical records, an ID record and « data record. Nuy-
meric keys are used. The key of a data record is aiways one plus the key of its ID record. Each data
record consists of one APL varioble, including the informotion required to indicate its shape and type. No
records which are not parts of 'components’' may be included.

APL indexed files are always component files.

Component files relieve the user of concern for housekeeping items such as record size, and carry infor-
mation concerning when and by whom each component was created or most recently changed. The cost is
in the extra file storage and 1/O accesses for the ID record of each component. APL indexed files reduce
1/O accesses but not space required for ID information.

e APL non-component files. These files are similar to component files in that dota records are APL variables
and numeric keys are used. ID records are omitted. The user must maintain information concerning max-
imum record size, and no information is maintained concerning the source or time of creafion of individual
records.

Non-component files reduce 1/0 access by half compared with component files, and eliminate file space
requirements for ID records. They should be preferred for use when file structure will be fairly simple and
detailed ID information on individual records is not valuable,

e Non-APL files. Provision is made to access any keyed or sequential file created outside APL. Such files
may be accessed sequentially, or by key. If keyed access is used, two forms are permitted. Numeric keys
are appropriate for accessing numeric keyed files created by EDIT, BASIC, or FORTRAN. For these files,
the key as seen by the originating user is multiplied by 1000 to form the real key.

Example:

EDIT record 1.25 has a real key of 1250. APL file functions accessing such records should apply this con-
version factor. Text keys are required to access some files created by processors such as COBOL.

If APL is used to create non-APL files, two modes are allowed: numeric keys or text keys. Numeric keys
should be used if the files are to be accessed by EDIT, BASIC, or FORTRAN. In this case, the multiple
of 1000 should be applied to the key value as noted above. Numeric keys are 3=byte keys. If text keys
of more than 3 bytes are to be used in creating a new file, the maximum key length must be specified.
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Opening and Creating Files

Following are the forms for the set of operators required to establish parameters prior to opening a DCB to a file and
to carry out the open CAL:

Establishing "file number":
1 fname B

where B is a positive integer specifying the file number to be used for subsequent file operations. Up to
eight file numbers may be in use (OPEN) at any time.

Establishing file name:
2 fname B

where B is a character vector specifying the file name for the currently set file number. A file name may
contain up to 11 characters. If B is not a character vector, DOMAIN ERR is reported. If B is more than
11 characters, LENGTH ERR is reported.

Establishing or resetting account:
3 fname B

where B is either zero or a character vector specifying the account for the currently set file number., An
account can contain up to eight characters. Using a zero for the B argument resets the assignment to the
user's account.

Establishing or resetting password:

4 fname B

where B is either zero or a character vector specifying the password for the currently set file number, con-
sisting of up to eight characters., Using the number zero for the B argument resets the password control to
indicate no password. In the above cases, if B is neither an integer of value 0 or a text vector of letters
and digits, DOMAIN ERR is reported. If the length exceeds eight characters, LENGTH ERR is reported.

Establishing file identification as a single primitive:
21 fname B

where B is a character vector up to 40 characters in length specifying file ID for the currently set file num-
ber in the same formats permitted for system commands such as )LOAD. The permitted forms are:

name

account name

name:key

account name:key

name. account

name, account, password

name. . password

Assigning serial numbers for private pack utilization (check with local installation for availability of
private pack use) or setting maximum key length:

20 fname B

where B is o text vector of up to 12 characters, the numeric value 0, or a positive integer from 3 to 31,
Other forms give o rank, length, or domain error. Zero resets the pack control authorization, and should
be issued, after a private pack has been opened, before opening public files. Numeric values of 3 to 31
set maximum key length (applicable only to new output files).
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If B is a character vector, it is used to set the serial number field of the user's DCB for private pack use.
If B is zero, it resets serial number control. The form 20 frame B applies to the currently set file number.

e Opening DCB in indicated mode:
5 fname B
where B is an integer specifying the mode of DCB for the currently set file number, as foliows:

1 indicates IN.

2 indicates OUT.

4  indicates INOUT.
8 indicates OUTIN.,

17 indicates INABN, which means OPEN in IN mode but take error exit if file is found, It is used
to verify that o file to be opened for OUT or OUTIN does not replace an existing file,

20 indicates INOUT, shared, and applies to APL indexed files only.

Unless otherwise indicated, files are created as private files, with read and write access by user only.
When opening new files (OUT or OUTIN), they may be declared public for READ access by adding 32
to the argument and for WRITE access by adding 64 to the argument. For example,

5 fname 8+32+64

This example opens the specified file as OUTIN, with public access for READ and WRITE. If the value
of B is not consistent with stating a specnfued [/O mode, DOMAIN ERR is reported The result of "5 fname B

A~
e ore te Femm th Cere ik

is an emply vecior uniess an error or abnormal return results from the CTP-V M: OPEN ..u.i. Errof reporting

is covered later in this section.

As an example of file creation, suppose for function F that N contains the file number, NAM contains the
file name, A contains zero (indicating the user's own account), and P contains a password.

5F 8, 5F 17, 4F P, 3F A, 2F NAM, 1F N

This example opens a private, passworded file to the user's account, or detects an error if the file already
exists, The file is open for output and input. Note that several operations are carried out in a single line.
The result of each (except for error conditions) is an empty vector, which is catenated to the argument of
the next operation.

APL indexed files may be opened only in IN or INOUT mode. IN mode is used for input only. INOUT
may be in exclusive or shared mode. See operators 28 and 29 for control of shared update access.

Closing Files
o Closing and saving file for indicated file number:
6 fname B
where B is an integer specifying the file number. The result is an empty vector.
e Closing and releasing the file for indicated file number:

7 fname B

where the argument B is the same as above. (This form is used to delete files. A file is opened for input,
using 5 fname, and then closed for release.) The result is an empty vector.

APL indexed files may not be released by using 7 fname B.
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Maintaining Component Range and Current Component Value

When files are created by APL or accessed in other than sequential mode, primitives are required to find the key
range of an existing file, to change the range as the file is appended, and to set keys for access or creation of
specific records. Keys are usually numeric but may be text. It is very inadvisable to mix the formsin a single file
(text keys may of course consist of text numerals, but such keys are not handled as numeric keys). When « file is
opened in OUT or OUTIN mode, values for the 'first component' and 'last component' are initialized to artificial
values which will be updated when the first record is written. These keys will be numeric unless o maximum key
length greater than 3 has been set. APL indexed files do not use true keys but simulate numeric keyed operation
from the user's viewpoint.

e Returning the value of a designated key for the currently set file number:
8 fname B

where B is 1, 2, or 3, specifying which key the value is to be returned for (the key returned will be that
for the currently open file, if any, of the most recently referenced file number):

1 indicates that the value of the first key in the file is to be returned as aninteger scalaror text
vector.

indicates that the value of the current key is to be returned os an integer scalar or text vector.

3 indicates that the value of the highest key is to be returned as an integer scalar or text vector.
e  Getting highest index number or index to component ratio.
8 fname B
where B is 4 or 5. Used only if APL indexed files are in use.
4 indicates highest permitted index (or real key) value. For keyed files, returns 9,999, 998.

5 indicates ratio of index number to component number for a particular indexed file. Returns O
if not an APL indexed file. May be used to test if current file is indexed.

e Setting the value of the current key for the currently set file number:
9 fname B
where B is an integer or text vector specifyingthe value for the current key. The key value is established
for the next record to be read or written on the most recently referenced "file number". The result is the
empty vector. If B is numeric and not in the range 1 to 9,999,998, DOMAIN ERR is reported. If B isa

text vector and its length is not in the range 3 to 31, LENGTH ERR is reported. If the key length is too
great for the current output file, an error will occur when the next record write is attempted.

Key Values Versus Component Values

In order to permit record insertion into existing numerically keyed files in APL, the 'component number' is generally
chosen as a multiple of the real key value used. This is accomplished by the user functions which set and examine
keys. A typical form of such a system is to use a multiple of 1000. As noted earlier, this provides the same kind

of numbers, from the user's viewpoint, as Xerox EDIT, BASIC, or FORTRAN numerically keyed files.

If the APL file is o "component file', such a system allows component numbers of up to 9999.998 and the insertion
of components down to the .002 level.

Example:
'‘Component' 1. 106 consists of an ID record with key 1106 and a data record with key 1107.

If the file is a non-component APL file or non-APL file, insertion to the .001 level is allowed, as in EDIT and BASIC.
Note that FORTRAN will provide keyed access only for records whose true keys are multiples of 1000.
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In the case of APL indexed files, the ratio of component number to index (corresponding to true key) is set at the

time the file is created. User functions must use that ratio to relate component to ‘tkey' values. The ratio may be
found using 8 fname 4 as noted earlier. The ratio will generally be much lower thon the 1000 used for the keyed

file examples here. Providing that extensive an insert capability causes prohibitive file storage costs for APL in-
dexed files.

Writing APL Records

e  Writing a record containing the value of an expression:

10 fname expression

The currently set key volue and file number are used

tected.
Not permitted for APL indexed files.
e  Writing a component:
11 fname expression

The first record is an identification record containing the time, the user's account, and the size of the
data block associated with that identification record. The currently set key value and DCB number are
used. The remaining record is as would be written by the "10 fname expression" form above, and has a
key value of one greater than that of the identification record. The result is an empty vector unless an
error is detected,

As an example, suppose that a function named WRITE exists to write a component, and that the function call has

the form

A WRITE X

where A is the value to be filed, X[1]is the file number, and X[2]is the component number (there is no checking
for length errors in the function call or for prior existence of the record to be written). The function consists of
the single line ’

1] 11fname A, 9fname [1000xX[2], Tfname X[1]

which sets the file number, generates the key, and writes the identification and data records. It is assumed that
the DCB has been opened for output.

A function similar to WRITE but adding to the end of the file might be the function APPEND,
[l 11fname A, 9fname 1000x1+[(8fname 3) : 1000, 1fname X

The file number is set to X. The highest key is found, the next multiple of 1000 is created, and the new key is set.
The identification and data records are then written,

Writing Non-APL Records

Data records may be written that do not retain the APL internal attributes of 'shape' and other internal reference
data. Such records may not be written as 'components' with paired ID records, and may not be written on APL
indexed files.

e 22fnameB

where B is any APL expression. The data represented by B is written as a single record in ravel order. If
B is a logic vector the length is rounded up to a multiple of 8 bits, since the smallest 1/O unit is one byte
(8 bits). Data is not converted on output but APL header information is excluded. The purpose of this
primitive is to allow writing records ond files for use by processors other than APL. The record is written
using the current key setting and file number.
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Reading APL Records

Reading records in APL requires that the record size be known, in order to permit allocating space or indicating
WS FULL. If the user has created files with records of known fixed length, the read may be made directly,
specifying length. If records of variable length are used, the data records should be preceded by identifica-
tion records, or a 'safe' length used for reads.

e Reading a data record:
12 fname B

where B is an integer specifying the size of the data record in bytes. The data record is read, if space is
available, using current key and file numbers. If the record size is larger than specified or if the read
results in an error or abnormal return, the result is an error (see Error Reporting in this section). If the
record is smaller, the operation is completed. In this case, the unused portion of space reserved for the
data is made available for other use.

Not permitted for APL indexed files.
o Reading an identification record and a data record:
13 fname B
where B is an integer specifying the key value. The identification record is read; and if space is avail-
able, the data record is read using size information from the identification record. As an exomple, sup-
pose that function READ is called with A READ X and that it consists of a single line:

{11 A<13fname '1000xX[2], 1fname X[1]

This example sets the DCB number and the key value and then reads the identification and data records
The data block is assigned to dummy variacble A.

e Reading an identification record into a data block:

14 fname B

where B is an integer specifying the key value. The identification record is read in the form of a numeric
integer vector with fixed format:

word 1

Record size in bytes

0 1 2 314 5 6 718 9 10 1112 13 14 15116 17 18 19120 21 22 23124 25 26 27128 29 30 31

word 2
Year Day
0 1 2 3i4 5 6 718 10 11112 13 14 15116 17 18 19120 21 22 23124 25 26 27128 29 30 31
word 3
Hour Min Sec TMS
0 ! 2 314 5 & 778 9 10 11112 13 14 15116 17 18 19120 21 22 23¥24 25 26 27128 29 30 3!
word 4
Account
0 1 2 314 5 & 718 9 10 11112 13 14 |5$Iﬁ 17 18 19120 21 22 23124 25 26 27128 29 30 31
word 5

Account (cont,)

0 1 2 314 5 & 718 9 10 11112 13 14 15116 17 18 19120 21 22 23124 25 26 27128 29 30 31 :
where

year is a binary value; for example, 1970 is represented as X'46'.
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day is the Julian day of the year represented in binary; for example, September 14 is represented

as X'107°.
hour is the hour of day (0-23).
min is the minute of hour (0-59).

TMS is the number of two millisecond units since the last 1/1000 of a minute (0-29).

account is the form contained in DCBs, left-justified, blank=filled to the right, even though it is
delivered as two words of an integer vector. The following APL expression may be used to convert
the integer values into a character vector. Assume the ID record has been read into variable X.

R+«,02T7 we256)T X[u 5]

Reading Non-APL Records
e 23 fname B

Reads a non-APL record using currently set key and file number. B is an integer specifying the record size
in bytes. The data is arbitrarily treated as a text vector and an appropriate APL data block is formed. If
the record is larger than indicated by B, an error results. If the record is smaller, unused space is made
available. Separate primitives (25 to 27) may be used to change the data type of the result to logical,
integer, or real numbers.

Not permitted for APL indexed files.

Deleting Records or Components

o Deleting a specified record:
15 fname B
where B is an integer specifying the key value. The current DCB number is used in deleting the record.
The result is an empty vector unless an error is detected.
Not permitted for APL indexed files.
o Deleting identification and data records:
16 frname B

where B is an integer specifying the key value. This primitive allows construction of functions for the de-
letion of selected components or ranges of components. The result is an empty vector unless an error
is detected.

Sequential Access to Existing APL Files

If a file has been created and modified such that there are gaps ond inserts in the range of "component" values, it
may be difficult to read the file in a keyed form without excessive errors for missing components or without inad-
vertently skipping existing records. The following operations cause sequential reads:

e 17 fname B
where B is an integer specifying the size of the record in bytes. Records are read sequentially, using the
current file number, After each read, the current key value is updated and may be accessed. If an
integer of zero is specified, the record is accessed but data is not read, regardless of actual record size.
If the integer specified is greater than zero and the record size is larger than that specified, an error

is reported.

Not permitted for APL indexed files unless B =0 (skip record).

Appendix B 207



° 13 fname O

This is similar to "13 fname B" except that it reads the next identification record and associated data rec-
ord. If the next record is not an identification record, records are skipped until an identification record
is reached. At end of read, the current key is set to that of the last record read. If no identification rec—
ord is found, on error is reported.

e l4fhname 0

This is similor fo "14 fname B" except that it skips forward to next identification record. The current key
is updated. If no identification record is found, an error is reported.

Sequential Access to Non-APL Files

e 24 fname B

where B is an integer specifying size of record in bytes. Records are read sequentially, using the current
file number. Operation is analogous to 23 fname B except that the recd is sequential rather than keyed.

Not permitted for APL indexed files.

Converting Data Types

Primitives 23 and 24, for reading non-APL records, arbitrorily create text vector results, The records read may, in
fact, be logic values, character, integer, or real (double-precision floating point) values.

e Convert character to logical vector.
25 fname B

where B is a character vector. The result is a logic vector consisting of the actual data in B. The length
value is multiplied by 8 and the data type is switched to logic.

If B is an expression rather than a named variable, this operator does not require that a copy of B be
created. This primitive would typically be used in conjunction with a keyed or sequential read of a non-
APL data record.

Example: C <« 25 fname 23 fname 100

If, in this example, the record read consists of 100 bytes, C is an 800-element logic vector.

e Convert character to integer vector.
26 fname B

where B is a character vector. The length must be a multiple of 4. The result is an integer vector consist-
ing of the actual data in B. The length value is divided by 4 and the data type switched to integer. If B
is an expression, the operotor does not require that a copy of B be created.

e Convert character to real (double-precision floating point) vector.
27 fname B

where B is a character vector. The length must be a multiple of 8. The result is a real-number vector
consisting of the actual data in B. If B is an expression rather than a named variable, the operator does
not require that a copy of B be created.
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Controlling Access to Shared APL Indexed Files

If an APL indexed file is opened in the shared mode, multiple updates are permitted concurrent access. The following
features are provided to permit the user to lock out portions of such a file for purposes of reading a set of records
without other intervening updates or completing a set of updates without interference. These features use the CP-V
Enqueue-Dequeue facility, and an installation supporting these features must have reserved queue space.

e Locking out a record or block of records.
28 fname B
B is an index (key) value. Causes the designated record to be enqueued for exclusive use. Operates only

if file is in shared INOUT mode. Successive use of 28 fname B can be made to enqueue a contiguous set

of records, but not to enqueue recerds not in a contiguous block,
e Releasing a blocked record.

29 fname B

B is an index value. If a block of records is queued, they must be released in sequence from the ends,
that is, release of a record may not be used to split a contiguous block of held records into two blocks.

If B = 9999999, all records are released.

Error Conditions Unique to Enqueue-Dequeue Operations

The following error conditions may be reported on attempting to use Enqueue-Dequeue features. (These errors may
be sidetracked. )

Message Code-Subcode Values (CP-V) and Cause

DOMAIN ERR No code~subcode. File is not shared or result would create non-
contiguous blocks of held records.

COMP. NOT HELD 3100 Tried to dequeue an unheld record.
COMP. ALREADY HELD 3101 Tried to enqueue a held record.
ABORTED BY BRK OR CTRL-Y 3104 User aborted queue request.

REQ. WOULD CREATE DEADLOCK 5800 Quevuing would deadlock access.
ENQ. FULL 5801 CP-V queue stack is full.

ENQ. UNAUTHORIZED 5803 User not authorized for Enqueuve.
NOT ENQ. SYSTEM AEOO0  Enqueue-Dequeue not supported.

Listing File Names and Numbers

These operations may be used in functions designed to list file components by number, with or without contents of
the records.

e File names in a specified account
18 fname B

where B is o text vector specifying a user account. Result is a character matrix. Each row has account in
columns 1 through 10 and a file name in columns 12 through 24, The matrix is a list of files in the speci-
fied account. Because of the general file 1/O capability in CP-V, these files will not all be the result of
APL file 1/O and the mairix may include other passworded or protected files. Non-APL files and APL
workspaces that are not passworded or read-protected will not be reported in the result,
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e Names or numbers of currently open files
19 fname B
where B is an integer specifying the structure of the result as follows:
1 indicates a character matrix with names of currently open files, one file per row.
2 indicates a numeric vector with the currently open file numbers.

If Bis not 1 or 2, DOMAIN ERR is reported.

Error Reporting

The use of file 1/O primitives may lead to a variety of errors, which are reported similarly to errors for other APL
operations. The following common errors are of course included: DOMAIN, LENGTH, RANK, WS FULL, and
SYNTAX. Errors are also reported for inability to open specified files or find specified records, to read or write
records on a DCB that is closed or not open in the oppropriate mode, or to use files and DCB in an inconsistent

combination. The error codes returned by the monitor are listed in the Xerox CP-V/BP Reference Manual, 90 17 64.
The error code in the APL file 1/O subsystem is an integer scalar, related to monitor error codes as follows:

result = (128xcode) + subcode

The subcode and code may be separated for checking by using the encode operator. For example, if the result
is 2561, the expression

V<0 128 rresult
gives the two-element vector where
VI11=20 and VI2]=1

Notice that the code is 20 (hexadecimal 14) and the subcode is 1. (An attempt is made to open for output when the
file is currently open to another user or DCB. )

If the code value is zero (that is, the result is less than 128), the subcodes are as follows:

0 indicates INABN set and OLD FILE found.

1 on read of identification record, indicates invalid record format,

2 on read of data record, indicates record is not a valid APL data block,

3 indicates file tie table is full. No new file numbers may be used until an open file is closed.
4 indicates attempt was made to release file from an account other than the user's.

5 indicates attempt was made to open a file with a tie number not in the file tie table.

6 indicates attempt was made to release a file with a number not in the file tie table,

7 indicates attempt was made to close and save a file with a number not in the file tie table.
8-9 indicates attempt was made to query or set key values for a file that is not currently open.
10-17, indicates attempted 1/O operation on a file not currently open. Error number is same as primitive
22-24 number.

20 indicates attempt to delete record when file not in update mode.

21 indicates bad file ID format,

In general these operations will be used in locked functions and the error report will only indicate the type of error
and the line number of the function.

The above form of error reporting applies only when the 14 71 intrinsic function is used; the error code is pro-
duced as o scalar integer result to be analyzed solely by the file 1/O subsystem using that intrinsic. (If 1472 s
applicable, the subsystem may use sidetracking to process the error — see Appendix A —otherwise APL will handle
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the error in the standard manner. The latter case relieves the subsystem from any responsibility for analyzing errors,
and it can be designed largely as if only successful operation were possible. )

A list of standard file 1/O error messages with corresponding code-subcode value (hexadecimal) follows:

Message Code-Subcode Values

FILE 1/O ERR xxxx Any values not specified below

FILE NAME ERR 0000, 0015, 0300

FILE DAMAGE 0001, 7500, 7501, 7502, 7503, 7504, 7505, 7506
NOT APL FILE 0002

FILE TBL FULL 0003

FILE ACCESS ERR 0004, 0014, 1400

FILE IN USE 1401

FILE SPACE TOO LOW 5600, 5700

FILE INDEX ERR 0600, 0D0O, 4200, 4300

PRIVATE PACK UNAVAIL, CALL OPR. 2001, 2002, 2003, 2004

FILE TIE ERR 0005, 0006, 0007, 0008, 0009, 000A, 000B, 000C, 000D, OOOE,

000F, 0010, 0011, 2EQ0, 4400, 5100, 2500, 0016, 0017, 0018

Corresponding error messages for Enqueue-Dequeue features are listed in the section on controlling access to shared files.

Generation of File 1/0 Subsystems

A file 1/0 subsystem is not included as an integral module in the APL processor. File 1/O subsystems may be tai-
lored iv an instaliation's needs, within the capabilities of the provided file 1L'C primitive operators. A sample work

space, FILE1O, is distributed to APL installations.

Table B-3. Translation Equivalences for Nonstandard Devices

2741 APL 2741 non-APL TTY Model 33 Line Printer Output (Card Read Form Input)

—
—
—

—

+ O WV O N O 0 A W N
I+ O 0V O N O AW N
= 4+ O N0 O N O O A W N
I+ O 0O O N O AW N

- ~ m s D X
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Table B-3. Translation Equivalences for Nonstandard Devices (cont.)

2741 APL 2741 non-APL TTY Model 33 Line Printer Output (Card Read Form Input)

Y Y Y Y

U U U U

I I | I

©) (@) O ©)

P P P P

. _ ~or _ $1S

A A A A

S S S S

D D D D

F F F F

G G G G

H H H H

J J J J

K K K K

L L L L

C $( C $(

] $) ] $)

z z z z

X X X X

C C C C

\% \% \ \Y

B B B B

N N N N

M M M M

/ / / /

h $DRS $DRS $DRS

B - - - (Negative Sign)

< $LT < <
$LE $LE $LE

2 $GE $GE $GE

> $GT > >

# $NE $NE $NE

v $OR $OR $OR

A & & &

- $- $- $- (Subtract Operator)

%
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Table B-3. Translation Equivalences for Nonstandard Devices (cont.)

2741 APL 2741 non-APL TTY Model 33 Line Printer Output (Card Read Form Input)
? ? ? $RND
w $w W W

€ $E $E $E

o $R $R $R

~ $NOT $NOT $NOT
4 $TAK $TAK $TAK
M $DRP $DRP $DRP

1 $1 $1 $1

) $O $O $O

* * * *

N $GO $GO $GO

a @ @ @

r SMAX SMAX $MAX
L $SMIN SMIN $MIN
- $U $U $uU (Underscore)
v " . $DEL

A SDLT $DLT $DLT

° $SC $5C $SC

O $Q $Q $Q

( ( ( (

) ) ) )

c $CPL $CPL $CPL

> $CPR $CPR $CPR

n $CAP $CAP $CAP
u $Cup $CuUP $cup
T $ECD $ECD $ECD
L $DCD $DCD $DCD
! $ABS $ABS |

\ $XPD \ $XPD
SPACE SPACE SPACE SPACE
TAB TAB TAB $TAB
BACKSPACE BACKSPACE $BS $BS
RETURN RETURN NL, CR NL,CR
INDEX INDEX LF LF (See also Notes at the end of Table B-3)
$ $ $ $

o $REV SREV SREV
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Table B-3. Translation Equivalences for Nonstandard Devices (cont.)

2741 APL 2741 non-APL TTY Model 33 Line Printer Output (Card Read Form Input)
® $TPS $TPS STPS
1) $RV1 SRV SRV1
@ $LOG $LOG SLOG
¥ $GD $GD $GD
a4 $GuU $GU $GuU

! $FCT ! $FCT
I $1B $IB $1B

0 tQQ $0Q $QQ
B $MDV $MDV $MDV
A $COM $COM $COM
» $NOR $NOR $NOR
» $NND $NND $SNND
B $LOK $LOK $LOK
# $RD1 $RD1 $RD!1
X $XP1 $XP1 $XP1
o [ $OUT $OUT
A a SUA SUA
B b $UB $UB
C c $UC SUC
D d $UD $UD
E e SUE SUE
F f SUF SUF
G g UG UG
H h $UH $UH
1 i $UL $UI

J i $UJ sUJ
K k SUK SUK
L | SUL SUL
M m SUM SUM
N n SUN SUN
o 0 $UO $UO
P P $UP sup
Q q uQ tuQ
R r $UR $UR
S s $US $US
T t $uT $UT
u v suU $UU
v v SUV UV
w w suw sUw
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Table B-3. Translation Equivalences for Nonstandard Devices (cont. )

2741 APL 2741 non-APL TTY Model 33 Line Printer Output (Card Reader Form Input)
X x $UX $UX

Y y $uy $uY

z z suzZ suz

A $UDL $UDL $UDL

; $TBR $TBR $TBR

[o] $QO $Q0 $Q0

0 5Q1 $Q1 $Q1

$Q2 $Q2 $Q2

4
Q
-~
[0
«

For TTY terminal the INDEX character is equivalent to LF only for output; for input the Form-Feed
(Control-L) is equivalent to INDEX. This is most useful when desiring to delete a function line.

For the Tektronix 4013, there is no INDEX or ATTN key. Inorder to delete a function line, the
user may substitute Control-D for an ATTN.

The Tektronix 4013 features five unique characters: 0,1+, —+, { ,}. There are no translation
equivalents for these characters.

As normally provided, Xerox APL accepts only lo], 1], and [2] and their mnemonic equivalents.
Individual installations may modify their APL processors to allow [3] through [9]; they could also
allow only o subset nf these and it is possible to allow none of the blind-quads.

For TTY operation, APL assumes that the terminal has been designated as a Model 33 TTY at TEL
level. Some installations default to other types, such as 7015. CP-V maps the bracket characters
differently in this case and they may then not be used in APL. It is advisable for TTY users to be
sure that they are identified as terminal type 33 at monitor level.
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APPENDIX C. INTRINSIC FUNCTIONS

The intrinsic functions described in Chapter 7 can be created by using the dyadic T-Bar operator. Used dyadically,
this operator creates a special data block that identifies a particular intrinsic function (coded within the APL pro-
cessor). The data block may be assigned to any name, which then will be the name for the intrinsic function. In
the examples below, the names selected are the standard names for the existing intrinsic functions (other names
could be used).

The following intrinsic function assignments aiready exist in the WSFNS or GRAF (for AGRF) workspaces (which
accompany the Xerox APL processor when it is delivered to an installation —see the installation manager).

AFMT+« 1470
FIO«147;
FIOE«1u4 72
AGRF+1u4713
FIOI+iu Ty
ACR+:uT5
AWM« 11 T6
ATE«14 77
LXL«14 78
ADMS+iu4T9

ORIGIN«1570
WIDTH«.:571
DIGITS+ 1572
TARS+1573
SETIINK+15Tu
SETFUZZ+157Y
DELAY+1576
HEADER«15T7
VFCHAR+1578
ZRRN+1670
ERRF+16T1
FRRX+167T2
PAGE+16T3
NLINES+16Tu

The left argument of the T-bar operator indicates the type of the resulting intrinsic function:

14 for dyadic function,
15 for monadic function, and

16 for niladic function.
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APPENDIX D. DESIGNING AND CREATING APL INDEXED FILES

The following material describes how to design an APL indexed file for a proposed data base and how to originate
such a file. Indexed files are created using the CP=V random file capability. Their availability is subject to in-
dividual installation control.

Limits and Trade-Offs

Several characteristics of the keyed APL filed system, of CP-V random files, and of sampie uses of APL files, have
been considered in designing APL indexed files. Some of these characteristics should also be noted in designing
applications, For many data bases, keyed access may be better than indexed files.

Total Secondary Storage Occupancy

Since indexed files are CP-V random files, they require dedication of a fixed block of contiguous secon-
dary storage from the time of creation. When such files are filled, they cannot be dynamically expanded.
Indexed files are thus suitable only for data bases with a reasonably predictable total size, and occupancy
of a reasonable fraction of that space soon after creation,

Component Identification and Size

Since indexed files are to look, to the user, like current APL keyed files, each 'component' includes five
words of identity information —size, date, time, and account (2 words). Each APL variable also includes
a minimum of 2 words of 'header' information, In both the keyed and the indexed file systems there is

considerable overhead associated with small records.

Several design decisions for indexed files have been made to minimize the overhead cost of small records.
It is still true, however, that applications using small records are relatively inefficient compared to those
using primarily large records.

Record Size vs. Secondary Storage Granularity

The smallest addressable unit in secondary storage is the 'granule' of 512 words (2048 bytes). All reads

and writes start on granule bounds. If records are not aligned on granule bounds, the impact is as follows:
Reads must be buffered in core and the relevant data moved to its target location. Writes must be preceded
by reads so that the new data is merged, in a core buffer, with the old data, The full granule is then
written, It would clearly be advantageous to restrict data records fo start on granule bounds. This is im-
practicable, however, if a file includes many small records. The design of APL indexed files compromises
on the granule bound question. Records which approach or exceed one granule in size are written on gran-
ule bounds. Smaller records are packed,

Scalars and 'Empty' Components

Existing applications of APL files make extensive use of 'empty' components — records with keys but oc-
cupied by ‘empty' APL variables, These componentseach require an identification record (5 words) and a
data record (4 words). In the indexed file system, each index entry consists of 8 words. Any APL variable

which requires a 4-word data record in the keyed file system is stored directly in the index in the new
system, Records stored directly in the index include

Empty vectors
Empty matrixes
Scalars

Logic vectors of length 32 or less
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Text vectors of length 4 or less

Integer vectors of length 1

This approach increases the size of the file index but significantly speeds treatment of empty and ‘very
small' components.

Insertion Capability vs. Index Size

In keyed APL files, the design encouraged the use of key values which were a multiple of 'component’
numbers. The 'standard' described in the reference manual is 1000 to 1 and allows component numbers to
the . 002 level. The ratio is actually dependent on user—defined functions and may be varied by individual
installations and users. For keyed files, there is no particular extra overhead in allowing extended inser-
tion between components. For indexed files, there is the fixed overhead of the index itself. If M is the
maximum number of records allowed and IG is the number of granules used for the index:

IG=M =64

It is impractical, for indexed files, to use a high ratio of component number to index number because of
the fixed index granule overhead that would be incurred. This is particularly the case if the average record
size is small. A realistic maximum is probably 10 to 1 — assuming that some significant number cf insertions

may be made.

File Structure

The indexed file capability employs standard CP-V random files. Structural aspects of these files are described

below:

Granule Zero

The first granule (offset zero) has the following fixed structure:

Word 0 TEXT 'APLY

Word 1 M
Word 2 R
Word 3 O
Word 4 L
Word 5 H
Words 6-11

Words 12-511

Free Segment Chain

The free segment chain is a variable length table, or tables, of unused file space.

Identifies as APL indexed file.

Number of index entries.

Ratio of component number to index number.

Granule offset to start of index.
Lowest index number in use.
Highest index number in use.
Spares (set to zero).

Free segment chain,

Each entry requires two words as follows:

Word 1 Size, in words, of unused block.

Word 2 Offset, in words, from start of file,

218 Appendix D

The table starts in granule zero.



If word 2 = 0, this is the last entry in the table.

If word 2= 0 and word 1 is not zero, word 1 is the granule offset to another table of free segments,

If word 2 <0, entry is currently not in use.

Index Granules

The file index begins at a granule offset specified by word 3 of granule 0, The index occupies contiguous granules
and all entries are initialized to zero when the file is created. Each entry consists of eight words.

Case 1, No record with this index number,

Word 1 Zero.

Words 2-8 Unused.

Case 1. Records of APL variables requiring 4 words or less in primary storage.
Words 1-4  APL variable, including header.

Words 5-8  Date-Time-Account in same format as for keyed file

ID records,
Case III. Records of APL variables requiring more than 4 words in primary storage.
Word 1 Physical record size in words,
Word 2 Word offset from ctart of file.
Word 3 First word of data block header.
Word 4  Unused.

Words 5-8 Same as for Case I,

Distinguishing Cases I, 1I, and III. For Case 1, Word 1 equals 0.
For Case II, Word 1 (bits 16-31) equals 4.

For Case 111, Word 1 (bits 16-31) greater than 4.

Data Granules

Each data record in the file is a copy of the core image of an APL variable. Records which are 400 words or longer
always start at granule bounds. Shorter records may start mid-granule but may not cross granule bounds, Note that
the physical size of records may exceed the data block size. This is because physical size for larger records is
always rounded up to a multiple of 512 words and because smal! records may be rounded up to avoid leaving 'free
segments' smaller than 6 words.

Efficiency Considerations

This addition to APL file 1/O has been motivated by specific needs which relate to extensive resource demands, and
require explicit concern for optimization. The file structure has been designed primarily to minimize the number of
disc accesses required to read and write APL file components. A second consideration has been to minimize in-core
data transfers,

Appendix D

219




In particular, the design choice of placing the component ID data in the index rather than with the data block was
dictated by the desire to allow direct moves of the APL data blocks between core and secondary storage. The ad-
ditional increase of index entry size to allow direct access of 'empty' and scalar variables was dictated by the fact
that existing data bases of potential users contain a high proportion of 'empty' values.

The design goal of minimal disc access has been compromised for records of sizes between 6 and 400 words, These

records may start in mid~-granule and require read~merge prior to write. They also require in-core data transfer foi-
lowing reads.

Fixed Overhead

The fixed overhead in granules associated with an APL indexed file is 1 + M + 64, where M is the number of index
entries.

Strictly speaking, this is not all overhead. The index includes identification data for all occupied entries and com-
plete data for empty and scalar values. '

Variable Overhead

As a file is modified, particularly by record deletions and replacements of records by larger or smaller versions, the
free segment chain may grow and a number of unusable small segments of granules may accumulate. Each 255 entries
in the free segment chain will require one granule (after the 249 'free’ entries in granule zero). An extensive free
segment chain slows processing associated with writing or deleting records but has no timing impact on reads. If a
file has become badly fragmented, it should be transferred to a new file, copying in index order, to create a clean
version,

Estimating Granule Requirements

An approximate formula for estimating granule requirements for an APL indexed file is:

G =I1G+DG+2.
IG = M + 64 (index granules).

M = number of index values.

DG = (1 + E) x NR x ARS + 512 (data granules).
E = efficiency of packing. Depends on record sizes.

If record sizes unpredictable, assume E = .75.
NR = number of non-empty, non-scalar records when file is fully occupied, including anticipated inserts.

ARS = average record size, in words, including data block header,

Procedure for Creating APL Indexed Files

APL indexed files are created by the following procedure:

1. Execute APL workspace, SETPARS, This workspace requests information on the following parameters:
Number of granules
Number of index entries
Ratio of index number to component number

Offset to first index granule
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If the inputs are logically consistent, SETPARS creates a file, APLIPARS, which will be used to initialize
the random file,

2. Build a job file, similar to APLISAMP, shown below, specifying file name, and number of granules. This
job file may optionally, as shown, specify READ accounts, WRITE accounts, SN (for private packs), and
a password, The file may be created by the TEL BUILD command or by copying and editing APLISAMP,
using EDIT.
This job consists of an ASSIGN card, with extensions, followed by a RUN of APLILMN, which create and
initialize the file. APLILMN was created from APLISI, also shown below.

APLISAMP sample of job to create APL indexed file:

1. 108

2. ILIMIT (TIME, 5), (CORE, 10)

3. IPCL

4, DELETE DC/fid

5. END

6. 1ASSIGN M:BO, (RANDOM), (OUT), (SAVE), ;

7. 1 (FILE, fid), ;

8. | (READ, 'ALL'), ;

9. 1 (WRITE, "N ONE"), ;

10, ! (PASS, name), ;

11, 1 (SN, serial number(s)), ;

12, 1 {RESTORE, limit)

13. IRUN(LMN, APLILMN)

14, 1EOD

Notes:

Lines 3 to 5 are to delete any prior file with the name of that being created.

Lines 8 and 9, as shown, are default Read-Write access. Up to 16 individual accounts can be specified for
read access and write access.

Line 10 is optional, for passworded files.

Line 11 is optional, for private packs. If private packs are used, the LIMIT card should also include a
MOUNT option specifying the serial numbers to be used.

Standard CP-V error diagnostics will be issued if this job fails to create the specified random file.

V SETPARS
[1] (J«'HOW MANY GRANULES?'
[2] +ERROR1x1(NG2[NG)V(1=p ,NG)V(NG+[) <6
[3] (fl«*HOW MANY INDEX ENTRIES?'
(4] +ERROR1x\(NIE=2[NIE)vV(12p NIE)V(NIE«[])<1
[s1 [«'RATIO OF INDEX NO. TO COMPONENT NO.(INTEGER RATIO)=?'
{61 +ERROR1x1(RIC%2[RIC)Vv(1=p ,RIC)V(RIC+)<1
[71 M«*'OFFSET TO FIRST INDEX GRANULE=2?'
{8] +ERROR1x\(I0=2[I0)v(12p,I0)v(I0«[)<1
[9] LIG«IO+NIG<«[NIEz6H4
[10] “ERROR2x\LIG>NG
[11] +ERROR3x\NIG>NG:u
[12] -+IOEQR1x1I0=1
[13] 01«512;51+512xJ0-1
[14] 02+512xNIG+I0;52«(512xNG-NIG+1)-S1
{151 <«CATENx152%0
{161 02«0
{171 »CATEWN
[18] IO0EQ1:01+512xNIG+1;S1+512xNG-NIG+1
[19] 02«S2«0
{20] CATEN:GRANO+«(26 F'APLI') ,NIE,RIC,IO,NIE,(7p0),51,01,52,02,(496p0)NIG,IO
[21] 5 F 2,21 FYAPLIPARS',1 F 1
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(22)] 6 F 1,22 F GRANO,9 F 1

{23] =~
[24] ERROR1:'INPUT PARAM. NOT SINGLE ELEMENT ,NON-INTEGER, OR OUT OF RANGE'
[25] =~
[26] ERROR2:'INDEX OFFSET TOO HIGH'
(27 =~
[28] FRROR3:'TO0 MANY INDEX ENTRIES'
v

*

APLISI-SOURCE FOR APLILMN,WHICH WILL CREATE AN APL INDEXED FILE

* ASSEMBLED BY APLIMETA,WHICH CREATES APLIBO
APLILOAD CREATES APLILMN

SEE SETPARS, AN APL WORKSPACE, WHICH CREATES THE FILE 'APLIPARS®
USED BY APLILMN.

SEE ALSO APLISAMP, WHICH IS AN EXAMPLE OF THE JOB FILE,USING
APLILMN, TO CREATE AN APL INDEXED FILFE

* * *

SYSTEM BPM
SYSTEM SIGTF

REF M:BO
REF M:SI
CSECT 0
GRANO RES 514
ZEROS RES 0
DO1 32
DATA ¢,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
CSECT 1

START M:O0PEN M:SI,(IN),(FILE,'APLIPARS"')
M:0PEN M:BO,(0UT),(SAVE)
M:READ M:SI,(BTD,0),(BUF,GRANO),(SIZE,2056),(WAIT)
M:WRITE M:BO,(BLOCK,0),(BTD,0),(BUF,GRANO),(SIZE,20u48)

LW,1 GRANO+512 NUMBER OF INDEX GRANULES
LW,2 GRANO+513 INDEX OFFSET

WRITEZ  M:WRITE M:BO,(BLOCK,*2),(BTD,0),(BUF,ZER0S),(SIZE,2048)
AI,2 1
BDR,1 WRITEZ
M:CLOSE M:BO,(SAVE)
M:EXIT
END START
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APPENDIX E. APL/EDMS INTERFACE

Installations which support the Xerox Extended Data Management System (EDMS) may also support a version of APL
which provides an interface to EDMS data bases. Xerox EDMS is described in the EDMS Users Guide (90 30 37)
and EDMS Reference Manual (90 30 12). The EDMS Reference Manual includes a complete description of the APL/

EDMS Interface,

Table E-1 is a summary of the EDMS interface function call formats. These functions are contained in the DMSFNS
1

1
I Gc
workspace, which normally resides in the DMSLIB account, Table E-1 is ordered alphabetically by function name.

Aac

Tabie E-1. EDMS Interface Funciions

Function Call Format Action/Result

BERRCODE Result is contents of CCB ERR-CODE
cell.

BGRPNO Result is contents of CCB GRP-NO
cell.

BREFCODE Result is contents of CCB REF-CODE
cell.

CLOSAREA ‘area-name’ Named area is closed.

CLOSEDB All areas are closed.

CREATE 'area-name [ [account][. [ password J[. cipher-key]]]* Named area is opened in create mode.

CURRGRP 'group~name' Result is contents of current-of-type

cell for named group.

CURRSET 'set-name’ Result is contents of set table for
named set.

DCDREF encoded-reference —codes Result is matrix of decoded reference
codes,

DELETANT 'group-name' t

DELETE ‘group-name' t

DELETSEL ‘group-name' t

'group-name' DELINK 'set-name’ t

DMSABORT ‘function-name' t

DMSCHKPT DBM buffers are flushed and lockout

bit is reset.

DMSEND Dynamic memory is released and
EDMS public library is disassociated,

DMSERCOD Result is code of most recent APL-
level EDMS error.

t . . . - .
No explicit result is returned, See EDMS reference manual for a description of the action taken,
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Table E-1. EDMS Interface Functions (cont. )

Function Call Format

Action/Result

DMSLOCK 'function-name’

DMSPASS 'password’

DMSPKSN ’'serial-numbers'

DMSRECY

DMSRLSE

DMSSUB 'subschema-name[.[account][. password]]

DMSTRACE

ECDREF decoded-reference-codes

ENDTRACE

FINDC 'group-name'
FINDD

FINDDUP 'group-name'
FINDFRST 'group-name’
FINDG 'group-name'
FINDLAST 'group-name'

FINDM 'set-name’

FINDN {'group-ncme'}

'set-name’

FINDP {.group—na:ne}
set-name

FINDS

FINDSI

FINDX 'item-name [ {% } group-name]'

FROMDMS 'item—name[{o—}{gmup‘"ame}]

F
IN J tset-name

FRSTREF encoded-reference-code

t

Password is placed into CCB
PASSWORD cell.

Serial numbers are placed into most
recently referenced DCB.

t

t

Named subschema is identified for
subsequent use.

Procedural trace is initiated.

Result is vector of encoded reference

codes.

Procedural trace is terminated.

t

Result is contents of item working
storage.

CCB FRST-REF cell is set to the value
of the argument.

No explicit result is returned. See EDMS reference manual for a description of the action taken.
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Table E-1. EDMS Interface Functions (cont. )

Function Call Format

Action/Result

GET 'group—mname’
HEAD 'set-name’

LASTREF Iencoded —reference-codel
)

linteger scaiar

‘group-name' LINK 'set-name’

MODIFY 'group-name’
OPENRET
OPENUPD |,
OPRETSHD
OPUPDSHD

REFCODE encode-reference-code

'group-name' RELINK 'set-name'
REMOVE 'group-name'
REMOVSEL 'group-name’

RESETERR integer-scalar-or-vector

integer-scalar-or-vector SETERR 'function-name’

STORE 'group-name'

value TODMS .item_name[{(l}{group-name }],

IN } lset-name

area-name . [account][.[ password][. cipher-key]]]

t

t

CCB LAST-REF cell is set to the
value of the argument,

t

Named area is opened in indicated
mode.

CCB REF-CODE cell is set to the
value of the argument.

t

t

Error control for indicated data-
dependent errors is reset.

Error control for indicated data-
dependent errors is set fo
function-name.

t

Item working storage is set to argu-
ment value,

t . . . o e .
No explicit result is returned. See EDMS reference manual for a description of the action taken.
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APPENDIX F. APL SYMBOLS

Table F-1. APL Symbols and Names

Symbol Name(s) Page(s)
Identity 54
+ or
Addition 54
Signum 56
X or
Multiplication 56
« Specification Arrow 40
L Left Bracket 21, 68
] Right Bracket 21, 68
Ravel 75
or
, Catenation - 75
or
Lamination 76
Period 71, 73
Reduction 68
/ or
Compression 84
Dieresis 7
i Negative Sign 13
< Less Than 63
< Less Than or Equal 63
= Equal 64
> Greater Than or Equal 64
> Greater Than 65
= Not Equal 65
v Or 66
A And 66
Negation 55
- or
Subtraction 55
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Table F-1. APL Symbols and Names (cont. )

Symbol Name(s) ' Page(s)

Reciprocal 56
: or

Division 57
? Random 74
w Omega 7

Membership 87
€ or

Execute 87

Dimension 77
o or

Restructure 78
~ Not 68
t Take 86
M Drop 86

Index Generator 74
t or

Index Of 75

Pi Times 61
o or

Circular Functions 61

Exponential 57
* or

Exponentiation 58
-+ Branch Arrow 96
a Alpha 7

Ceiling 59
I or

Maximum 59

Floor 59
L or

Minimum 59
- Underscore 7
v Del 101
A Delta 7
o Small Circle 73
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Table F-1.  APL Symbols and Names (cont.)

Symbol Name(s) Page(s)

' Quote 14

0 Quad 43, 47

( Left Parenthesis 48

) Right Parenthesis 48, 122

c Left Cap 7

B Right Cap 7

0 Cap 7

u Cup 7

T Encode 83

L Decode 82
Absolute Value 60

or

Residue 60

H Semi-Colon 21, 47, 93
Colon 105
Scan 70

\ or
Expansion 85

$ Dollar Sign 212-215
Reversal 78

¢ or
Rotation 78

® Transpose 79
Reversal 78

) or
Rotation 78
Natural Logarithm 58

® or
Logarithm 58

¥ Grade Down 82

4 Grade Up 82
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Table F-1, APL Symbols and Names (cont. )

Symbol Name (s) Page(s)

Factorial 62
] or

Combination 62
I 1-Beam 92
O Quote-Quad 44

Matrix Inversion 0
8 or

Matrix Division 90
Gl Comment 10
» Nor 67
* Nand 67
» Locked Function 119

Reduction 68
7 or

Compression 84

Scan 70
X or

Expansion 85
A Underscored Delta 7, 15
T T-Bar 93
Quad-Zero 166
@ Quad-One 198
2] Quad-Two 198
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INDEX

Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

A

absolute value operator, 60
account, 17

active workspace, 123

adding characters to end of line, 113
addition operator, 54

affixture codes, 156

ampersand, 198

and operator, 66

APL codes, 191

APL exponential notation, 13
APL features, 1

APL operators, 25,52

APL terminal keyboard, 6,7
argument characteristics, 52
arguments, 24

arithmetic group (operators), 54
arrays, 19

arrays of two or more dimensions, 46
assigning a value to an array, 23
assignment, 40

assignment statement, 99
asterisk after an entry, 118
ATTN key, 159

autostart, 2

AUTOSTART, 141

auxiliary plotting functions, 165

base value or decode operator, 82
batch operation, 193

blind 1/0, 198, 2

blind 1/O for files, 199

blind 1/O on a device, 198

blind output, 47

branch statements, 96

breaks, 50

C

canonical representation, 171

card input format, 194

CATCH command, 128

catching assignments, 3
catenation, 76

catenation and lamination operator, 75
CENTER function, 164

changing a function header, 114
changing suspended functions, 105
changing terminal declaration, 189
character set, 7

circular operator, 61

CLEAR command, 130

CLEAR option, 147

closing files, 203

combination operator, 62

command statements, 95

commands, 124

comments, 10

communications commands, 122
composite operators, 68

compound statements, 2, 100
compression operator, 84

constants, 13

CONTINUE command, 6,130
CONTINUE HOLD command, 6, 130
CONTINUE workspace, 123

control keys, 11

converting data types, 208

COPY command, 131

COS function, 166

ACR function, 171,120,121
creating the set of file /O operators, 200

data list (right argument), 152

data transmission rates, 197

default terminal output, 49

defined functions, 101, 12

defined functions, displaying and editing, 108
defined functions, examples, 102
defined functions, syntax, 102
DELAY, 120

deleting a line, 109

deleting characters, 112

deleting records or components, 207
devices, standard and nonstandard, 189
DIGITS, 120

DIGITS command, 45,133

dimension operator, 77

direct control of graphic 1/O, 166
direct input, 42

direct-line prompt, 9

directives, 105

display function, 89

displaying and editing defined functions, 108
displaying user-defined functions, 106
division operator, 57

domain, 52

double colon, 198

DRAW function, 163

DROP command, 133

drop operator, 86

dummies, 104

dyadic function, 40

dyadic scalar operators, 53

dyadic transposition operation, 80

Index
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Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

E

EBCDIC codes, 191

editing a line number, 114
editing user-defined functions, 107
empty arrays, 46

empty vectors, 46

equals operator, 64

ERASE command, 134

ERRN, ERRF, and ERRX, 121
error and break control, 3

error exits, 157

error marker, 193, 195, 198

error messages, 179

error reporting, 171,210

error response, 195

error stop, 161

errors, 50

ESCAPE key sequences and APL, 192
evaluated input, 43

execute operator, 2,87

execution and definition modes, 9
execution break, 159

execution stops, 159

EXP, 166

expansion operator, 85
exponential notation, 45
exponential operator, 57
exponentiation operator, 58
expression evaluation, 48
expunge, 172,173

F

factorial operator, 62

false terminal declaration, 190

false terminal declaration, problem examples, 192
fast formatted output, 1

file 1/O subsystems, 211

file identifier (FID), 16

file input/output, 200, 1

F10O, 121

FIOE, 121

floor and ceiling operators, 59
AFMT, 152,216

FMT operation, 153,157

FNS command, 134

format specifications, 152

format statement (left argument), 153
formats for branching, summary, 98
formatted output function (FMT), 152
formatting aids, 157

fractional number, 45

function copying, 2

function creation, 89

function definition mode, 88
function editing, 105

function editing in evaluated input and execute mode, 3

function execution, 116

232 Index

function line appendage, 2
function name, 15
function references, 39
function=line prompt, 10
functions, 12

fuzz, 45

general input/outpuf, 42
generalized logarithm (base A) operator, 58
gin=mode, 197

global variables, 17

grade down operator, 82

grade up operator, 92

GRAF workspace, 167

graphic functions, 163

graphic 1/0, 166

graphic input functions, 165
graphics capability, 3

greater than operator, 65

greater than or equal to operator, 64
GRF calls, 168

AGRF infrinsic function, 167
GROUP command, 135

group name, 15

GRP command, 136

GRPS command, 136

HEADER function, 157,120
higher-order array, 20
home terminal, 149

I-beam functions, 92

identity operator, 54

illegal character, 193

illegal characters, 197

index generator operator, 74
index of operator, 74

indexed assignment, 41

indexing, 19

indexing an indexed argument, 24
indexing of arrays, 21

inner product operator, 71

input scaling, 170

input/output, 42

input/output device assignments, 194
inpuf/oufput devices, 42
input/output translation, 190
inquiry commands, 122

inserting a line, 110

inserting characters, 112

INT (interval) function, 163



Note: For each entry in this index, the number of the most significant page is listed first.

numerical sequence.

intrinsic functions, 120,216
issuing system commands, 115
items subject to sidetracking, 185

K

key values versus component values, 204

L

labels, 105

lamination, 25,76

left argument, 153

length, 52

less than operator, 63

less than or equal to operator, 63
LIB command, 137

line corrections during input, 8
line deletion, 89

line editing, 192,196

line insertion, 89

line numbers, 110

line printer graphic codes, 192
line replacement, 89

iinelist, 171

listing file names and numbers, 209
LOAD command, 137

local variables, 17,18

locals, 105

locking function, 119

log on/log off procedures, 4
logging off, 6

logging on, 4,19

logging on and logging off APL system, example, 5
logical operator, 65

maintaining component range and current
component value, 204

mathematical notation, 13

matrix, 20

matrix arguments, 155

matrix divide operator, 90

matrix inversion operator, 90

membership operator, 87

minimum and maximum operators, 59

mixed operators, 74

mixed output, 46

modification function, 90

modifying a line, 112

monadic function, 40

monadic scalar operators, 53

monadic transposition operation, 79

multiple assignment, 41

multiplication operator, 56

name format, 15

name usage, 15

namelist, 171

names, 7,15

nand operator, 67

natural logarithm (base e) operator, 58
negation operator, 55

negative symbol, 13

niladic funciion, 40

NLINES function, 157, 120
non-APL 2741 terminals, 197
nonassignment statement, 99
nonstandard input/output, 189
nor operator, 67

normal stop, 159

NOSCALE function, 164

not equal to operator, 65

not operator, 68

numeric and character vectors, 46
numeric constants, 13

0
of ¢

observation of intermediate results, 3
OBSERVE command, 138

OFF command, 6, 139

OFF HOLD command, 6,139
OFF option, 147

ON option, 147

on-line and batch operation, 1
opening and creating files, 202
operation without APL characters, 1
operators, 11,24,25

OPR command, 140

OPRN command, 140

or operator, 66

order of evaluation, 48
ORIGIN, 120

ORIGIN command, 140

outer product operator, 73
output, 44

output scaling, 169

output value forms, 155
overstriking a character, 114

P

PAGE function, 157,120
parentheses, 48

password, 17

passwords, 124

PCOPY command, 141
pendant function, 118

pi times operator, 61
plotting functians, 163
precedence of operators, 48

Index
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Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

primitive functions (see "APL operators")
prompt character, 193,195
prompts, 9

QCOPY command, 141
QLOAD command, 141

quad input prompt, 198

quad or quote-quad input, 44
quad output, 47

quad prompt, 10

quad zero input, 165

quad zero output, 166
qualifiers, 156

quiet load and copy commands, 2, 141
quitting line editing, 114
quote-quad input, 44
quote=-quad prompt, 10

rank, 52

ravel operator, 75

reading APL records, 206

reading non-APL records, 207
reciprocal operator, 5

recursive function, 116

reduction operator, 68

referencing a single element, 21
referencing more than one element, 22
replacing a line, 111

replacing characters, 113

report formatting, 152

representation or encode operator, 83
reshape operator, 78

residue operator, 60

reversal operator, 78

right argument, 153

right parenthesis, 122

roll operator, 74

rotation operator, 78

S

SAVE command, 141
saved workspace, 123
scalar arguments, 153
scalar operators, 53
scalar output, 166
SCALE function, 164
scaling functions, 164
scan operator, 70

SEAL command, 142

sequential access to existing APL files, 207

sequential access to non=APL files, 208
SET command, 142

234 Index

SETFUZZ, 120

SETLINK, 121

shadowing, 18

shape, 52

SI CLEAR command, 119

SI command, 118, 146

SI-damage protection, 2

sidetrack setting, 186

sidetracking considerations, 187
sidetracking dynamics, 187
sidetracking on error and breaks, 184
sidetracking, aids for users, 188
sidetracking, items subject to, 185
significant digits, 45

signum operator, 56

simple assignment, 40

SIN function, 166

SIV command, 119, 146

standard 8-bit computer codes (EBCDIC), 191

standard file 1/O error messages, 211
state indicator, 118

statement label, 15

statement labels, 98
statements, 11,95

stop control vector, 160

stop of user input, 159

stopping a display, 47

stopping execution, 117
STRAPIS, 166

strapping options, 197
subtraction operator, 55
suspended function, 118
suspending execution, 118
SYMBOLS command, 147
syntax considerations, 49
syntax conventions, 52

system commands, 11,115,122
system commands, summary, 124

T

T-bar functions, 93

tab usage, 193

TABS, 120

TABS command, 148

take operator, 86

ATE function, 171,121
Tektronix 4013 graphics terminal, 163
Tektronix 4013 usage, 195
teletype usage, 192
TERMINAL command, 149
terminal declaration, 189
text constants, 14

text editing functions, 175
tracing execution, 116

translation equivalences for nonstandard devices, 211

transparent scaling, 169
transposition operator, 79
types of input, 42



Note: For each entry in this index, the number of the most significant page is listed first. Any pages thereafter are listed in

numerical sequence.

unequally spaced tabs, 2

unscaled graphic 1/0, 169

user accounts, 124

user input versus computer output, 8
user=defined functions, 101

L

value of variable versus its name, 48
variable, 15
variables, 11,16

variables local to defined function, 104

VARS command, 150
VCHAR function, 157,120
vector, 20

vector arguments, 154

VS function, 163

WHATCHAR function, 165
WHATCOQORD function, 165

WHATSCALE function, 164
WHATWINDOW function, 164
WIDTH, 120

WIDTH command, 150

width of line, 44

window functions, 164

AWM function, 171,172,121
wordspace control commands, 122
workspace concept, 123
workspace management functions, 171
workspace name, 15

workspace WSFNS, 120

writing APL records, 205

writing non-APL records, 205
WSID command, 151

X

AXL function, 158, 120

Index
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