P~

1 &4

" MULTICS STAFF BULLETIN - 113

Tot Distrilbution
Froms Me Je Maclaren, M.G. Smith
Date? August 21, 1973

Subject: Improvements to I/0 Systenm

The new Multlcs customers will make much haavier use of
conventional (ee.g. Fortran-, Cobol=-y PL/I-type) 1/0. Thls will
be true even though much of the 1/ will actually be to/from
flles 1In the permanent storage systeme. To support this expanded
use of 170y two major lmprovements are proposed for tha Multlcs
170 systems

1. Tha current flle manager will be replaced oy a set of
procedures that support Indexed sequentlial tilas and
sequential record fllass The sequentlal racord filles will
be supported on demountable storage devices (e.g. tapes) as
well as In the permanent storage systeme. Performance will
be greatiy lImproved.

2e The 170 switch wlll be changed to Improve performance,
to supoort a more useful set of I/0 calils (lncluding record
1/0 calls), and to allown sharing of streams across rilngse.
Peaceful coexistence is possible’ the old los_ entrles will
be supported locally along wlth the new swltch features.
However, the Multlcs product will eventually use only the
new switche

varlous improvements to Fortran and PL/I 1/0 wlil also be made.
In particular, the same efficlent form of sequentlal record i/o0
willl be used In both {Janguagesy and the performance of PL/I
stream 1/70 wlll be Improved to ¢the polnt where a simple
put=-statement should be the most efficlent way to oprint a
messag2.

This bulletin describves the proposed changes In some detall, For
the writer®s convenience the new 1/0 system ls descrlbed using
the present tense. However, the Intent |Is to have a careful
revien by all concerned »vpefore implementation of the changes.
Comments should be sent to MeD. MaclLaren at CISL (575 Tech Sqe.)y
or by Multlcs mall to MacLaren Multlcsy by Sept 10, 1973,

The remalnde~ of the bulletin Is organlzed as followse

I. FILES

II. THE I/0 SWITCH

III. DEFINITIONS AND CONVENTIONS
IVe I/70 OPERATIIJNS

V. SUBROUTINES

vI. COMMANDS

Appendlces
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I. EILES

The term flla den>tes elther a segment or a multisegment file
(lee@sy a directory whose blt count ls non-zero)ls The 1/0 system
recognizes three types of fllest unstructured, sequentialy and
indexedes The type of a flle Is recorded In Its flle type
attribute, The tile type of a segment or multisagment flle wiil
be unstructu~ed unless speclflically set otherwlse. Thus all
flles created before the naw l/0 system are unstructured flles,
as are object segmentsy segments created by editors, etc.

The flle type attrilbate Is a new attribute In the dlrectory entry
for the file. As with the blt count, setting It only requlires
write access for the branchy not modlfy access for thne directorye.

Unstcuctuced Fllas

The flle 1Is conslidered to be simdoly a sequence of 9-bit bytes.
It Is processed by stream L/0 operatlons.

get_Illne reads a line from the flley, l.ee a segquence of
bytes the last of which ls a new=llne character.

get_chars reads a specifled numoer of characters from the
fllies

put_chars adds a speclfied number of characters to the flle,

positlion positlons to the beglnning or end of the flle,
sklps forwards or backwards over a speclifled number
of llnas.

ssquential Elles

The flle contalns a sequence of recordse Each record ls a string
of 9-blt bytese. A record may be zero lengthe The flle also
contains control words used by the 1/0 systeme It 1ls processed
by record 1/0 operations.

read reads a record.

read_length obtalns the length of the next record.

wrlte adds a record to the flle.

renwrlite replaces an exlsting record In tha flle,

delete deletes a record from the fille,

poslition positions to the beglnnilng or the end of the
flle, sklps forwards or backwards over a

speclifled number of recordse.
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Indexed Flles

The file contalins a sequence of records and an Indexy which
assoclates each record wilth a xays A key Is a string of ASCII
characters with no tralllng blankse Its length must be |ass than
or equal to 256 and may be zero. DIistinct records have distinct
keyse. The records are In xey order accordling to the usual PL/I
rules for string comparison.

The file 1Is processed by the I/0 operations avallable for
sequential filles and by the following operations.

seek_key positions the flile to the record with a specified key
or deflnes the key for lInsertion of a record. Thls
operatlon deletes tralllng blanks to obtaln the
actual kaye.

read_key obtalns the key of the next record In tha flle,

The flle Index Is organized as a B*-tree (see Knuth, v.3, 6e2elt)y
each node of the tree occupying one page In memory. In general,
very few page accesses are reaqulred to access a reacord. For
examples In a file with 10,000,000 records and with all keys of
length 32y at most five Index pages are touched In a random
retrilieval.

Elles on lape

Unstructured flies and sequential flles are supported on Multics
standard tapes. The data base that contalns tape reglstry
Information Indlcates whether tne flle 1Is unstructured or
sequential.

Each flle on a nonstandard tape Is Interpreted as a sequential
flle by treating each physlcal record (l.e. 2ach block) as a
single loglcal record.

In the future unstructured and sequentlal flies may be supported
on ANSI standard tapas and on removable disk packs.

Flles on tape are processed In the same way as flles In the
storage system except for the extra feature of processing a
mul tiflle nonstandard tape. No other use of tape ls supoorted by
the 1/0 system.
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II. THE I/O0 SWITCH

Problems nitb the 01d Switch

Performance. Use of the old 1/0 swnitch lnvolves 3 procedure call
to los_y a table Ilookup on the str2am name, and
another procadure call to the actual DINM. This
overhead is oalnful in most cases and Is
unacceptable In hligh volume 170 to/from fliles In
the storage system (where the actual transfer of
data can be done by a single EIS move),

RIngse There ls no way to share a stream across rilngs.

Functlone The old los_ entrles do not permlt one to program
In an attachmant Independent manner. Many entries
have little or no value (and {lttle or no support
-= sed Appendlx A)y while los_8sreald and los_gwrite
must be used for many dlfferent functlons. For
examplay with ¢tty_s los_8read ga2ts a (lnej with
tape_s It gets a speclifled number of words (not
characters); wlith nstd_y It gets an entire record,
Decent Fortran and PL/I support of [/0 to/from
flles requires a larger set of entrlesy 2ach ohne
performing a more speclflc functlon,

1/0 Names and Control Blogks

To avold confuslion with the old 170 switch terminology and with
PL/I stream 1/0, the terms "stream"™ and *"stream name" are
replaced by *"1/0 name". Conceptuallyy all 1/0 operations are
performed on 1/0 namese Howaver the Implementatlon works wlith
10 gcontrol blaogcks whlch are accesslble by the usar, Each 1/0
control bloc« ls assoclated wlth a 32=-character 1/0 name on a per
ring baslse An l/0 operatlon 1Is performed by cailing an entry
value stored In the /0 control blocky wusing a previously
obtained pointer to the blocxe For example?

call user_Ilnput_ptr=->jocb,get_Iline({user_lnput_ptr, target,
target_length, actual_langth, status);

The call to los_ and the table lookup on +the stream name are
elimlnated In most casese.

The remalnder of thls MSB describes 170 In terms of 1/0 control
blocks. Honwever the user working at command level o> through a
language®s 1/0 faclllties <can 1Ignore control 2locks and think
only of operations on 1/0 names.

Preparatlon 2f an 1/0 contro! blocky, 1locb, for 1/0 operatlions
requires two steps. The first [s to call an aporoprjljate attach
routine. The second Is to call locbesopen. The attach call
astablishes the source/target for the 1/0. The open call
establishes the procassling modey e¢Qgey Stream output or kevyed
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sequentlal Inpute. A call to locbeclose termlnates the switch
block®s opening but leaves It attachede A call to lacb.detach
terminates the attachment. Thus the complete sejua2nce of
operatlons 1Is? :

attach

open
perform 1/0
close
detach

The advantage of spllitting up the old los_gattach and los_gdetach
In this way Is that 3 wuser of the attach command need only
speclfy the pathname, tape ldentliflcatlon, etc. Datalls of the
processing mode are supplled by the program when It calls
locb.open. The same attachment can hoid through several
open-close sequencesy for examples, when a flle Is to be processed
by a sequence of programs.

lynonyms

One 1/0 control blocky locbly, may be attached as a synonym for a
second 1/0 control blocksy locb2. (See the attach command and the
subroutines lox_8sattach_syn and lox_gattach_syn_ring.) In
generaly, performing an 1/0 operation through locbl will then have
the same effect as performing It through locb2. There are two
exceptions.,

i. Detaching locbi simply breaks the synonymlzatlion and has
no effect on locb2,.

2e At the wuser®s dilscretion, the attachmant of locbi may
dinhlblt some i/0 operations. An attempt to perform an
Iinhlblted operatlion through locbl wll! have no effecte (The
operation can still be performed through locb2.)

The second I/0 control pblock, locb2, need not be attached at the
time locbl ls attachady but It must be attached before any 1/0
operations are performed.

It Is posslble for locbl and locb2 to belong to different rings.
The synonym attachment Is allowed lIn thls case provided

1) locbi belongs to a higher ring than locb2,

2) the ring to which locbl belongs 1Is less than or equal to
the value of the ring bracket fleld In locb2.

The ring b~acket fleld In an i/0 control block provides a pbaslic
control of cross ring sharlng of 1/0 control blockse More
precis@ control can be acconplished through the Inhiblt feature.
For exampley suppose that In rlng 2 user_l/0 ls attached to the
terminaly, and ‘It Is deslir~ed to allow normal terminal input In
ring 4, but to have ring 2 monitor the output. To accompllsh
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this, set (In ring 2) the ring brackets of user_lnput and
user_output to 4. Establlish user_input as a synonym for user_l/o0
but with all except lnput operations Inhlbited. Make a special
attachment of user_output so that 1l/0 operations ftarough It are
handled by a monltor routine. Finallyy attach user_lnput and
user_output 1In ring & as synonyms for user_lnput and user_output
In ring 2. )

The Ilmplementatlon of the attachment of locbl as a synonym for
locb2 depends on thelr ring relatlonship.

1. If locbli and 1locb2 are In the sam2 ring, then the
relevant entry values and polnters In locb2 are also stored
In 1locbi. Any changes to these values In locb2 are also
made In locbl except for Inhlblted operatlons (see
lox_gpropogate.)

2e If 1locb2 1is In a lower rilngy then the entry values In
locbl a~e set to gates Int> the lower ring. The gate
constructs a new argument |(lsty valldates the cally and
calls the approprlate entry value In locb2.
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III. QEFEINITIONS AND CONVENIIONS
Status Codes

All 1/0 routlines return standard Multlcs status cades. The code
will be zeroy one of the error_table_ codes llstei in Appendlx Ay
or a code returned by some system routlne called by the 1/0
systeme If some form of attachment Involves the possionillity of
arrors too elaborate to describe by a standard status code, the
most approp~late standard code Is returned, and aidlitional
Informatlion ls obtalned by a subsequent call to lacbecontrol.

There are several entrles 1In lox_ whose sole affact Is to set
their last argument to a particular status coda. In this
bulletin these entrias are glven names such as lox_serr_not_open,
and no further descriptlion ls glven.

140 Control Blocks

The following declaration deflnes that part of ax 170 control
block that Is of Interest to the user. Each block has a few more
words at the end, which are used to malntaln the per-ring table
of 1/0 control blocks and to lmplemant synonyms. These words are
used only by the 1/0 system.

dcli locb based,

name char(32),

ring_b~acket fixed bin,

actual_switch_ptr ptr,

attach_descrip_ptr ptr,.

attach_data_ptr ptr,

open_dascrip_ptr ptr,

open_data_ptr ptr

detach entry(ptr, fixed bin),

open entry(ptr, fixed oln, bit(1) alligned, flxed bin),
close entry(ptry, flxed bln),

get_line entry(ptr, ptr, fixed biny, fixed bin, flxed bln),
get_chars entry(ptr, ptr, flxed bln, flxed oin, fixed bin),
put_chars entry(ptr, ptr, fixed biny fixed bin),

control entry{ptr, char(*), ptr, flixed bln),

read entry(ptry ptr, fixed bin, fixed biny, flxed bin),
write entryl(ptry ptry fixed blny flixed bin),

renrite entry(ptry, ptr, fixed bin, fixed bin),

delete entry(ptr, flxed bin),

posltion entry(ptr, flixed bln, fixed bin, fixed bin),
seek_key entry(ptr, char(256) varylng allgnad, fixed blin),
read_key entryl(ptry, char(256) varyling allgnad, fixed bin),
read_langth entry(ptr, flxed dlny, flxed bin)}

MNP NNNNDONNDNNDN NN

Many of the flelds 1In locb have already been mentioned. The
slignificance of the others Is as followse.

1. actual_swltch_ptr polnts to locb Itself unless locb Is
attached as a synonyn for locb2 In the same ringe In the
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latter casey, It equals locb2.actual_switch_ptr.

2e attach_descrlp_ptr Is null 1f locb is jetached.
Otherwise It polints to a structure of the form!

declare 1 Jjescrlp pased,
2 length fixed bln (17) unal,
2 string char (0 referl(length))

The string descrlpestring contalns a descriptlon of the
attachment sultable for printing by the command
print_attach_table,

3. attach_data_ptr Is null or polnts to a data block set up
by the routlne that attached locb.

44 open_descrip_ptr Is null unless locb Is open. If loco
ls open, open_dascrip_ptr polints to a structure |lke descrlip
In (2) aboves, and the string descripestringy contalns, first,
the meaning of the opening mode (Sectlon IV, Tacle 1) and,
seconds "“-append" 1f the ooening Is for output to a flle
with extenslon of the flle. The strinjy may contaln
additlonal Information relevant to the partlcular
opening/attachment.

5. open_data_ptr 1ls null uniess locb Is open o~ ls attached
as a synonym for locb2 In the same ring., If locb Is open,
open_data_ptr polnts to a data block set up by the routlne
that opaned locb. If loco Is attached as a synonym for
locb2 in the same ring, open_data_ptr equals
locb2.open_data_ptre

6. control iIs the entry value for a catch-all 1/0
operation. Its meanlnhg, lf any, depends on the particular
attachment/opening of the switch.

Iha Actual I1/0 Contral Blogk

Each 1/0 control blocky, locb, has an assoclated actual l/o
cantrol blaogk defined as followss If locb is not attached as a
synonym, then lts actual 1/0 control block Is the sane as locb.
It locb 1s attached as a synonym for locb2, then the actual 1l/o
control bloc< of locb lIs the same as the actual 1/0 control block
of locb2e. '

When locb ls attached, all l/0 operatlons on locb except detach
and iInhilblted operatlons refer to the actual 170 control blocke
The treatment of actual_switch_ptr and open_data_otry enables fthe
operatlion to be performed wilfthout additlonal overhead, provided
the actual 170 control block belongs to the same rlng as locoe.

States of an 1/0Q Control Blogk

—_—
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i. Qetagchede The polnters attach_descrip_ptr, attacn_3iata_ptr,

open_descrlp_ptry and open_data_ptr are null, The pointer
actual_switch_ptr points to the 1/0 control boloaock ltsalf. The
entrles detach and open are lox_sarr_not_attachad, Tne other
entries are all lox_Serr_not_open. When initially created, an

170 control block Is In the detached state, and the detach
operatlon restores an i/70 control block to the detacnhned state.

2. Attached. The pointer attach_descrip_ptr oo0lnts to 23
structure as speclflad above under Switch Blocksy itam 2. If the
i/70 control block Is attached as a synonym for locb2 In the same
ring, then actual_switch_ptr equals locb2.actual_switch_ptr.
Otherwise It points to the i/0 control block [tself. Unless It
Ils attached as a syaonymy, the i/0 control block is In alther the
open or closed state. :

3. Qpen. In this state the 1/0 control block Is attached out
not as a synonym. The pointer open_descrip_ptr onolnts to a
structure as speclifled under SWwitch Blocksy Item 3« The polnter
open_data_ptr polnts to a control block appropriata for the
attachment/ooeninge. The entries for 1/0 operatlions enabled by
the particular openlng mode (Sactlon IV, Table 1) ara routines
that will perform tha operatlons. The entrles oonen 3nd detach
are lox_%err_not_closed, Tne oTher entrles are
lox_g$err_no_boperation,

4 Closede In this state the i/0 control block Is attached but
not as a Synonyme The polnters open_1escrlo_ptr and
open_data_ptr are null. The enftry open Is a routine that will
perform the open operatlon for the oartlcular typ2 of attachment.
The entry detach 1Is a routlne that will perform the detach
operation for the particular type of attachment. The entry
control Is lox_3err_not_open or 1Is a routlne that accepts orders
that apply to a closed 170 control plock for the oarticular type
of attachment. (This would be an unusual attachmant.) The other
entrles are lox_serr_not_opene.

Attachment

A standard attachment assoclates an 170 control block with a flle
or device or establishes It as a synonym for another [/o control
blocke A standard attachment lIs made through the attach command
(Section VI) or a call to one of the attach entries In lox_
(Section V).

A nonstandard attachment stores entry values and polnters 1In an
i/0 control block that wlll cause subsequent 1/0 operations on
the I/0 control block to behave In the deslred waye For example,
they mlght lavoke routlinas that read and wrlte lo3jlcal racords on
a speclally formatted tape. It the non=-standard attachmant s to
be compatible with other system l/0 functlons (e.3., wlth PL/I
170 statements), thent
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1. The 1/0 control block must be In tha datached state
before the speclal attachment ls made,

2e After attachment, Its state must be open o~ <closed s&as
descr lbed above,

3e Al 1/0 operatlons subsequently parformed tnrough the
1/0 control block must conform to the conventlons given in
this document,

Q)
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Ive 1/Q QPERATIONS

Thls sectlon describes the i1/o0 oparatlons, that 1lsy, the effects
of the routlnes that are invoked by calls to entries (n an 1/o
control blocxke.

Notes aon £llgs and Dasignators

Four deslignators are referenced In the descriptlon of 1/0
operatlons on files? next=-character~-designator,
next-record=-designator, current-record-desijnator, and
insert-key=-deslgnator., The first three deflne abstractly the
current posltion In the files Tne fourth holds tie kay of the
next record to be Inserted In an lIndexed fllza., The actual
Iimplementatlon of these deslignators Is intarnal business of the
1/0 system,

Two dlstinct 1/0 control blocks should not be open at the same
time for ooeratlons on thne same flle, whether in the same or
di fferent processesy uniess poth are opened for Iaput. Although
the 1i/0 system detects a few cases of the prablem, [t Is the
user®s responsiblilty to prevent Its occurrence.

In general, the blt counts for a file*s segments are set only by
the open and close operations.,

Notes on Devices

The only devices consliderad In thls bulletin are terminals
attached through tw_ or a DIM with similar benavior (e.3.y Ntty)e
The treatment of qulits 1Is not defined In this bulletin.
Printers, punches, and card readers may be handled In the future.

General Conventlons

The following arguments have the same meaning In all operatlons,

1) locb_ptr points to the I/0 control block, (Input)

2) status 1s a standard Multlcs status coda. (Output)

3) buff_ptr polnts to a byte-alligned buffere. (Input)

4) buff_len Is tha length In bytes of the buffer. It must be

nonnejative. (Input)

No changes are made ¢to an /0 control block excaept those
Indlcated In the operation descriptionse. In particulary the only
operatlons that <change /0 <control blocks arae open, close,
detach, and (posslibly) control., Any ~ changes made are to the
actual control blocky and they are reflected to <certain other
control blocks by lox_$propagate.
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Qoeratlon: open

This operation opens the actual 1/0 control block, aloco, for /o
operations. Those operatlons specifled by mode (Table 1) will be
supported through alocbe. The other operatlons wlill raturn with
status equal error_table_$no_operation.

Usage

call locbe.open(locb_ptr, mode, append, status)!

1) mode Is ona of the thirteen modes Iistei In Table 1.
(Input)
2) append Is meanlngful only 1f the mode Is stream output,

stream Input-outputs sequential output, sequentlial
Input-outputy or keyed sequential output, and If
alocb Is attached to a flles If append Is "1'b or
it the attachment specified apoendy then the
opening Is for gxtanslaon of the flla. dtherwlse
the opening Is for truncatlon of the fila.

Notes

[t alocb cannot be osenedy It Is left unchangedy, and a nonzero
status Is returned.

It alocb can be opened, It Is changed to the open state, and the
orlglnal value of locb.detach lIs saved. The open oparation then
calls lox_gspropogate(addr(alocb)).

Elle Qpening

Ahen alocb 1s attached to a file, the effect of open depends on
the file as follonse.

1) If the flle already exlsts, and the openlng Is for Input
or update or Is for output or Input-output with extenslon of
the flley then the opening iIs carrled out only 1f the flle
type 1ls <compatible with +the openlng mole (Table 2).
Further, i1t the opening 1Is for Input or update, the file
must not be empty. :

2) If tnhe flle already exlsts, and the opening Is for output
or Input=output with truncatlon of the flla, tha flle Is set
empty. Moreover [f the flle®s type is not comdatible with
the opening m>de (Table 2), the flle®s type Is changad to
the detault type for that openlng mode. (Table 2)

3) It the file l1oes not exlst, and the opening Is for 11nput
or update, the opening lIs not carrled oute.

4) If the flle does not exist, and the openling Is for output
or lnput=-output, 3 flle 1s <created with the speclifled

-
-
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pathnamee The flie®s type Is the default +type for the
opening mode (Table 2).

Open sets the flle positlion designators as shown In Taole 3.

Qevice Qpenliags

If alocb 1Is attached to a termlnal, the only allow2d opening
modes are stream lnput, stream output, and stream [nput=-output.

It Is possible that the system routline that attaches a device,
also opens alocbe.

Qperationt close

This operation restores the actual 1/0 control olock, alocpb, to
lts state Immediately before opening.

Usage

call locbecloseliocb_ptry status)?

Notes

It alocb Is not openy or If It cannot be closed for some other
reasony It 1ls left unchanged and a nonzero status Is returned.

After alocb Is restored to iIts state before op2ning, the close
operatlion calls lox_spropogate({addr{(alocb)).

Qparatlons detach

This operatlion restores the L/0 control block, locby polnted to
by locb_ptr to the datached state.

Usage

call locbe.datacnhn(locb_ptr, status);

Notes

If 1locb 1ls’' not attached, 1t 1t s openy or 1f 1t cannot be
detached for some otyer reasony then it Ils left unchanged and a
nonzero status is returned.

After locb 1Is restored to the detached state, the detach
operatlon calls lox_gspropogate(locb_ptr).
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TABLE 1 - ALLOWED I/0 OPERATIONS

S
i/0 operation g _;r’g é 8 o g § ;‘? .S? S
AURNCRNCEE - LU
Opening Mode-Meanin ¥4 g 2 ¢ £ ¢ & ¢ 8 % ¢ <5 8
1 - stream input X X 4 x 1
2 - stream output X 4 x 1
3 - stream input-output X X X ' 4 x 1
4 - sequential input X X x x 1
5 - sequential output X x 1
sequential input-output X X X x x 1
7 - sequential update X 3 x X x x 1
8 - keyed sequential input X X X x x 1
9 - keyed sequential output X 2 x 1
10 - keyed sequential update X X X x x x x x 1
11 - keyed nonsequential input X X X x 1
12 - keyed nonsequential output X X x 1
13 - keyed nonsequential update X X X X X X x 1

Depends on the attachment.

Keys must be in order.

If attached to: a.sequential file, the length of the new record
must egua] the length of the replaced record.

Allowed if attached to a file in the file system.

Ee) O
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TABLE 2 - COMPATIBLE FILE ATTACHMENTS

' . o
& —
= (1]
: © e o
File Type K = 3
+ S [«1]
%] o ©
. 3 < Q .C
Opening Mode-Meaning = v ~
1 - stream input X 1
2 - stream output X,D
3 - stream input-output X,D
4 - sequential input X X
5 - sequential output X,D
6 - sequential input=output XD
7 - sequential update 2 X
8 - keyed sequential input X
9 - keyed sequential output X,D
10 - keyed sequential update X
11 - keyed nonsequential input X
12 - keyed nonsequential output X,D
13 - keyed nonsequential update S X
D indicates the default file type for the opening mode.
1. Allowed only if the attachment specifies that the file is to be
read as unstructured.
2. File must be in file system.
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TABLE 3 - FILE POSITION DESIGNATORS AT OPEN

next- next- current- insert-
character- record- record- key-
designator designator designator designator

Designator

Mode-Meaning

1 - stream input first byte

2 - stream output eénd-of-file

3 - stream input-output end-of-file

4 - sequential input - first-record

5 - sequential output end-of-file

6 - sequential input-output end-of-file

7 - sequential update first record null

8 - keyed sequential input first record null
9 - keyed sequential output end-of-file null
10 - keyed sequential update first-record null null

11 - keyed nonsequential input
12 - keyed nonsequential output null

13 - keyed nonsequential update null

In openings where no value is indicated for a designator, the
designator is fgnored in all subsequent i/o operations, even
though the operation description may refer to it.
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Qperatlaont get_line

This operation reads characters from a flle or devlca2 Into a
puffer untll the buffer Is full or a new line character s r2ad.

Usage

call locbe.get_Illne(locb_ptr, buff_ptry buff_len, actual_len,
status)

1) actual_len 1s the number of characters read Iato the Dbuffer,
(Qutput)

Notes

The operatlon returns with status equal to zer> If ani only if
the last character read was a new ilne character.

It the buffer ls fliled without reading a new |llne character,
status Is set to error_table_glong_record.

If the actual 170 control block 1s attached to a flle, the next
character_deslgnator ls set fo deslignate the charactar followlng
the last character read ory if that charactar do2s not exist, to
end-of-flles If the read exhausts the flle without fllilling the
puffer or ~eadling a new Illne charactery status 1Is set to
error_table_send_of_inf.

Qperatlont get_chars

Thils operatlon reads characters from a flle or device Into a
buf fer.

Usage

call locobe.get_chars(locb_ptry buff_ptry buff_len, actual_len,
status) '

1) actual_len 1s tha number of characters read Into the buffer.
(Output)

Notes

The operation returns wlfh status equal to zero 1f and only it
the number of characters read equals the buffer fangthe.

If the actual 1/0 control Dlock Is attached to a fille, the
next-charactear-ceslgnator |Is set to deslgnate tne character
tol lowlng the last character read ory if that character does noft
axlsty, to end-of-flle. It the read exhuasts the flle wlthout
tli1ing the buffery status Is set to error_table_gend_of_1Inf.

Qperatlont out_chars
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Thls operation wrlte characters from a buffer to a flle or
device.

Usage

call locbe.put_chars(loco_ptr, buff_ptry buff_len, status)}

Notes

If the actual 1/0 control block Is attached to a flle, the
characters are addad at the end of the file and t he
next-character-deslgnator Is set to end-of=-flle. However, If, at
the beglnning of the operatlony the next-character-deslignator
designates a character (possible [f the op2ning is for
Input-output)y, then the file Is first truncated to the orecedling
character (l1f any).

Qperatliont control

This operation is used to request control functions which are
speclal to a particular attachment/opening.

Usage
call locbe.controll(locb_ptr, order, Info_ptr, status)}
1) order Is the name of the particular control functlon
requested.,
2) Info_ptr Is null or points to data whose form depends on

the particular attachment/openiny 5f the actual
1/0 control blocke.

Notes

If order Is 10t a control functlon recognlzed by the particular
attachment/opoeningy status Is set to error_table_sno_operation.

Thlis operatlon corresponds to the old los_ entrles order,
resetread, resetwrite, abort, and changemode.

Qperatlont ~ead

This operation reads the next record from a sequantial flle or
Indexed flle Into a buffer,

Usags
call locberead(liocb_ptry ouff_ptr, buff_len, rac_len, status)}

1) rec_len Is the langth In bytes of the record Ia the flle,
(OQutput)

Q)
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Notes

The operatlon returns with status equal zero If and only If
1) The ntext-record-designator deslgnates a ra2co~d.
2) The record®s length equals buff_len.
3) The record Is successfully read into the puffer,

It the reco~d*®s length Is less than buff_len, th2 record Is read
Into the fi~st part of the buffery, and status 13 set to
error_table_8%short_record. It the record®s 1l2ngth |5 greater
than buff_leny the flrst part of tha record 1Is resd into the
buffery the remainder of the record Is ignored, and status Is set
to error_tadle_3lonj_records In all cases rec_lan ls set to the
length of the record.

Alth any forn of sequential opaning, the next-ra2co~d-deslignator
ls set to deslgnate the record following that reai ory If no such
record exlstsy to end-of-flle. With any form of nonsequentlal
openingy the next-record-designator Is set to null,

The current-record-daslgnator ls set to designate the racord read
by this operation.

Qperationt nwrlite

Thls operatlon adds the contents of the buffer to the flle as a
new recorde If the file ls Indexadsy the key of the record must
have been defined by a preceding seek_key operation.

Usage

call locbenwrlte(iocbeptry buff_ptry buff_len, status)}

Notes

The record added to the file Is the byte string contalned in the
puffere. The buffer length may be zaro (l.e. the byte string may
be nulit); but [f the flle Is a nonstandard tapay no record is
added In thls case.

It the flle Is sequentialy the record Is added at the and of the
flley and the next-record-designator 1ls set to end-of-flle.
However, ity at the beglnning of the operatlon, the naxt record
designates a racorid (possible 1t the opaning is for
Input=output), then tha file Is first truncated to the precedlng
record ory if there Is no preceding recordy to 2moty.

It the flle Is indexad, the Insert-<ey-designator must designate
a key. The racord 1s added to the flle wlth tnls key. The
current record designator Is set to the racord Just written:
and, for keyed sequentlal updatey the next record deslgnator |Is
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set to the followlng record ory If there Is no following record,
to end=of-flle.

Qperatlont rewrlte

This operation replaces t he record desli jnateqd by the
current-record-daesignator by the contents of the ouffer.

Usage

call locb_rewrlte(locb_ptry buff_ptr, buff_lan, status);

Notes

This operatlon returns with status equal zero If and only if
1) The current=record-deslgnator deslgnates 3 recori.

2) In tne case of a sequentlial flle, the Ilexgth of the
record deslgnated by the current record deslgnator must
equal buff_lene If tnls does not holdy the record In the
fille Is not replaced.

3) Replacement of the record In the flle by the contents of
the buffer ls successful.,

Thls operatlion leaves the flle poslition deslagnators unchanged.

Qpgrationt delete

This operation daletes the record deslgnated by t he
current-record-designator from the file.

Usage

call locbe.deleta(locb_ptry status)]

Notes

This operatlon sets the current-record-deslgnator to null. 1In a
sequent lal openlngy It sets the next-record-designator to the
record fol lowing the deleted record ory 1f no such record exlists,
to end-of-flile.

If the flle Is a sequentlal flie, the record Is loglcally deleted
from the flie but tha space It occuoles Ils not recovered.

Qperatliont »oositlon

This operation positlons to the beglnning or 23nd of a flle or
sklps forward or backwards over a speclfled number of llnes or
records.

)

()
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Usage
call locbs.position(locb_ptry, codey skipy status)

1) code equals =1 for posltlioning to the baginning of the
filley, equals +1 for poslitlonling to the and of the
flley and equals 0 for sklpping lines or records.
(Input)

2) sklip ls meaningful only [f code equals J., It specifles
the number of Illnes (unstructured fll2) Jor records
(sequentjal flle or Indexed flla) t> b2 skipped,
A negative value of skip causes the flla to be
positlioned backwards. A value of zero |gaves the
flle positlon unchanged. (Input)

Notes

Positioning to the beglnaing of the file sets the
next-record-deslgnator (next-character=designator) to Jasignate
the first record (flrst character) of the flle or, If the flle is
ampty, to end-of-flla., Posltloning to the end of flle sats the
next-record=-jeslgnator or naxt=-character-designator to
end-of=-flile,.

For sklpplng recordsy let tha next-record=-deslgnator polint to the
mth record 1 the flley and let n be the number of racords to be
skipped (le.2ey the absolute value of skip)e Tnen a successful
backwards skip sets the next-record-deslgnator to record m=n. A
successful forward skip sets It to record m¢n or, iIf there are
only (m#n-1) records 1In the flle, to end-of-flia, The
current-reco~d-daeslgnator ls set +to the record Immediately
proceeding that desijnated by the next-record-designator ory if
there 1s no such records to nuli.

Successfully sklpping n ilnes oackwards (sklp <0) moves the next
character deslignator backwards over n new=-|llne characters and
then over addltional characters so that It flnally poolnts to the
character immedlately following the (n+i)st new-llne character or
to the flrst charactar In the fllz2. Successfully sxipping n
lilnes forwards (skip »>0) moves the next character deslgnator
forwards over n new=lline charactersy leaving it pointing at the
character lmmedlately after the nth new=-llne charactar, ory If no
such character exlsts, leaving It sat to end-of-flle.

If the relevant part of the flle contains too few |lnes or
records for a successful sklpy then the next-racord-daslignator
{(next=-character designator) ls set to the first record In the
flle (flrst character In the flie) If skip <0y ani It Is set to
and=-of-flle 1f sklp >0, In these cases status Is set to
arror_table_tend_of_inf.

Qperation? seek_key
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Thls operation positions an lIndexed flle to the record with a
jgiven key ory If no such record exlstsy, prepares for the
insertion of a record with the glven keye.

Usage
call locbesseek_key(locb_ptr, key, status);

1) key ls tha given key, It must <contaln only ASCII
characterse Tralling blanks are i3nored, (Input)

Notes

If a record wlth the given key exlists In the flle, tnen status Is
set to Z2ro, both the current=record=desijnator and the
next-record-deslignator are set to that record, and t he
Insert-key=dasignator ls set to null,.

It a record with the glven kay does not exlst, than status ls set
to error_taocle_sno_key, the Insert-key-deslignator Is set to the
Jlven key with tralling bl anks removed, and poth t he

current=-record=designator and the next-record-=dasignator are set
1o nulle.

Qperatliond read_key

Thlis operatlion returns the key of tnhe record designatad by the
next-record-designator.

Usage
call locb.read_xey(locb;ptr, keyy status)}
1) key ls the next record®s key. (Output)

Qperatlont read_length

This operation returns the length (in 9=bit bytes) of the record
deslignated the next-record-deslgnator.

Usage
call locbe.read_length(locb_ptry lengthy status):

1) length ls the next record®'s length, (Output)
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Ve SUBRQUTINES

This section describas "lox_3e¢s" entries that handie attachment
and related functlonse. Notes howevery that In tnis MSB the
sectgon Is not complates e« ge tape attachment iIs not covered.

Entryt iox_sattach_pbroadcast.

This entry performs 3 nonstandard attachment of an 1/0 control
blocky, locby that enables the operatlons put_chars and control to
pe broadcast to a set of target 1/0 control blocks,
iocblesoslocbne That isy a call to locbeput_chars or locb.control
results 1In <calls to locbleput_chars or locol.control for
1=1929000ne Each call to lox_gsattach_broadcast contects locb fto
one target l/0 control block

Usage

declare lox_gsattach_broadcast entry(ptr, ptry, flxed bin);
call lox_gattach_broadcast (loco_ptr, target_otr, status);

1) locb_ptr points to the 1/0 <control blocky, 1locby to be
attached. It must currently ba datached or be
attacned by thls enfry. (Input)

2) target_ptr polnts to the l/0 control block, locbi, to whlch
loco Is to be attachad, {(Input)

3) status ls a standard Multlcs status code. (Qutput)

Note

With this attachment, the entrles locb.put_chars and locbe.control
are set to speclal routines that broadcast calls. The entry
locbe.detach ls set to a routlne that detaches 1locb from all
target 1/0 control blocks restorlng It to the detachad state.
(See iox_sdetach_broadcast for detaching from a single target),
All other entrles In locb are set to lox_gserr_no_operation.

Entrys lox_sattach_discard_output.

This operatlon attaches an l/o control block so that It can be
opened for stream output, sequentlial output, kayed sequentlal
output, or keyed nonseqguentlal outout. When the switch block 1Is
opened, the i/0 operations supported for the opening will return
wlth status equal to zero put will not transmit any data or have
any other effects.

Usage

declare lax_gsattach_dlscard_output entry(ptr, fixed bin)}
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call lox_gsattach_dlscard_output(locb_ptr, status)}

1) locb_ptr polnts to the 1/0 control block to oe attached.
{Input) '
2) status l1s a standard Multlcs code. (Output)

Entryt lox_sattach_flle.

This entry attaches an i/o control block to a fila in tha storage
system.

Usage

declare lox_sattach_flle entrylptry, char(*), blt (1) allgned,
flxed blny flixed bin)}

call lox_gsattach_flle(locb_ptry, pathname, append, lnterp,

status)}

1) locb_ptr polnts to the 1l/0 control block to be attached.
(Input)

2) pathname Is the pathnane of the file. (Input)

3) append Is "1"b 1t the flle Is to be extended when opened

for output and Is "“0" b otherwise. (Input)

4) Interp Ils zero It the flle Is to be Interpreted normally.
It this argument Is oney a sequentlial or Indexed
file wlll be treated as an unstructured files.
(Input)

5) status ls a standard Multics status code, (Output)

Notes

The specifled flle does not have to existe See the dascription
of the open operation. {Sectlion IV).

If the argument Interp ls one, the flle wlll be processed as an
unstructured flle ragardless of its true flle tyoe. The opening
must be for stream Input and all bytes In the file (Including
control words) will be read.

Entry: lox_sattach_syn

This entry attaches an 1/0 coatrol blocky locby as a synonym for
a target [/0 control block In the same ring. After the
attachmenty, an operation on 1locb has the same effect as an
operatlon on the target except for detach and except for
operatlons speclflcally lInnlblted,
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Usage

declare lox_gsattach_syn entryl(ptry ptry bit(36) all3zned,
fixed bin)}

cail lox_gattach_syn(locb_ptr, target_ptr, Inhiolit, status)?

1) locb_ptr polnts to the 1/0 <control blocky 1io0cby to De
attached. (Input)

2) target_ptr points to the I/70 control block for wnich locb s
to be a synonym. (Input)

3) inhibit Indicates wnlch operatlonsy 1if any, are to be
inhilbited. ‘If bit I of Inhlblt Is "1"b,y, the [th
operatlon 1In 1locbs, beglnning with openy ls

inhibl tede. Thusy 1f 1nhiblt ejuals "00001"b,
put_chars Is lnhibltad. (Input)

4) status Is a standard Multics status code. (Qutout)

Notes

The target 1/0 control block does not have to be attached when
lox_gsattach_syn 1ls <called.s If It |ls attached as a synonym, Its

actual 170 control block must not ba locb.

Inhiblted oparations return status 3qual to
error_table_3sno_operation,

Entry?t lox_sattach_syn_ring

Thlis entry attaches an 1/0 control block as a synonym for a
target 1/0 control block In a speclfied ring.

Usage

declare lox_gsattach_syn_rlng entry(ptr, char(32),
blt(36) allgnedy flixed blny flxed bin)?$

call lox_gsattach_syn_ring(locb_ptry name, Inhibit, ring,

status)

1) locb_ptr points to the 1/0 control block to »se attached.
(Input)

2) name Is the nama of the target 1/0 control block
(Input)

3) inhlblt Indlcates whlch operatlons are to be Inhiblted.

See jox_Sattach_syne. (Input)

+) ring is the ring of the targat 1l/0 control block,. It
must be less than or equal to tne calling ring.
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{Input)
5) status ls a standard Multlcs status code, (Output)

Notes

i
The target 1[1/0 control block must already axist and Its
ring_bracket must be greater than or equal to the calllng ring.

Operatlons wlill be forwarded to the target /0 control bplock onlty
as long as 1Its rilng_bracket |Is greater than or equal to the
caliing ring.

Entryt lox_sdetach_broadcast

This entry detaches a brbadcasflng 1/0 control block from a
single target 1/0 control block.

Usage
declare lox_g$detach_broadcast (ptry ptry fixad pin);
call lox_g$detach_broadcast(loco_ptr, target_ptr, status)}

1) locb_ptr polnts to an 1/0 control blocky 1iocby . that was
attached by lox_gattach_broadcast. (Input)

2) target_ptr polints to an I/0 control blocky 1locpily that Is
currently a target for locbe. (Input)

3) status Is &8 standard Multics status code. {JQutput)
Entcyt lox_$find_locb

Thls entry accepts the name of an I/0 control block as Its Input.
Its output 1Is a polnter to the 1/0 control block with that name
and In the current ring. If the 1/0 control block does not

already exlst 1t ls created and Inltlallzed to tha datached state
with lts riny bracket equal to the current ring number.

Usage
declare lox_8$find_locb entry(cnar (32), ptr, fixed bin);
call lox_$flnd_locb {(name, locb_ptr, status);
1) name ls the name of the 1/0 control blockes (Input)
2) locb_ptr ls a nolnter to the 1/0 control blocks (Output)

3) status Is a8 standard Multics status code (Output)
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Entryt lox_3flnd_locb_n
This entry may be used to find all 1l/o contral blocKks In the
callling ring. It accepts an Integer, n, as Inpute It the table

of 1(0 contral blocks In the calling ring contalns an 1/0 control
plock In the nth positions It returns a polnter t3 tals blocks

Usage
declare lox_$find_locb_n entry(fixed biny ptry fixed bin):
call lox_$flnd_locb_n (n, locb_ptr, status):

1) n is the number of tha (/0 control olock to ba
locateds (Input)

2) loco_ptr polnts to the 1/0 control block. (Output)
3) status ls a standard Multlcs status code. (Qutout)
Notes

If the i/0 control block does not exlsty locb_pftr Is set to null,
and status 1Is set to error_table_3sno_locb. Tha 1/0 control
blocks are numbered 192339029 50 @3 raturn wlth status egquals
error_table_3tno_locb means that no block with number greater than
or equal to n exlstsy provided that n Is greater than zero.

Entry lox_$oropogata
This entry reflects changes made to an 1/0 control blocky locby
to all 1/0 control blocks In the same ring whd>se actual l/0

control bDlock 1ls locbe It nust be called by all.attach routlnes
and all 1/0 operatlons when they change an 170 control block,.

Usage

declare lox_$propogate entry(ptr, fixed bin)}

call lox_gpropo3jate(loco_ptr,y status);

1) locb_ptr polnts to the 170 control blocky 1[ocoy, that has
been changed. (Input)

2) status Is a standard Multlics status code. (Output)

Notes

For each 170 control blocky xy attached as a synonym for locby
lox_spropogate performs the followlng steps.

1) Set x.open_data_ptr = locb.open_data_ptr.
2) For each 1/0 operatlion f otner than detachy If f was not
Inhibited by the attachment of x, set x.f = [ocDef.
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3) Call lox_$propogate (addr (x), status);
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VI. COMMANDS
This sectlon brilefly dlscusses 170 system commiands and general
commands that apply to flles (e«g3ey copys Iist). Detaliled

speciticatlons wlll be Issued later. Note that some of the
commands alrz2ady work as speclfled.

Command?: attach

Thls command attaches an 1l/0 control block,

Usage
attach name typa =-opti-«e..=0ptp-
1) name Is the name of an 1/5 control block.
2) type speclfies the type of attachment, It s one of

-pny =-tape, =-syn, =-dlscard_output, =-broadcast.

3) opti depends on type.

Notes

In generaly thls command wlil be extended to handle any type of
attachment for which there Is an "lox_gattach® entry.

command? coody

This command wilil copy flles whether singla segmant or
mul tisegment. The source or destinatlon may be a taoe.

commandt create

This command craeates files of a speclfled type (2.9. lndexed) In
the storage systeme The default ls unstructured, le@ey Is the
same as the old create command,

Command: dprint

Thlis command causes speclifled flles to be gueued for printing on
a line printear.

Command: dpunch

Thls command causes specl}led fliles to be gueued for punching.

Command: delete

This command deletes flles from the storage systenm,

Conmand: lo_op
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Thls command causes’a speciflied 170 operatlion to oe per formed on
an 170 control blocke.

Commangd? lozall
This command Is not part of the Multlcs product,

Commandt Iist

This command lists Informatlon about directory 2ntries. The
default Is to Iist Informatlon about fllese.

Command? move

"Thls command moves a flle to a new posltlon In the storage
system.

conmand?: oprint

Thlis commanid oprints a speclfled ASCII flle through the 1/0
control block user_output.

Command: status

This command recognlzes the varlous types of flles.

command: truncate

This command truncates a flle. Unstructured flles are truncated

to a speclifled bIit count, Sequentlal and lndexed flles are
truncated to a speclified record.,
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Appendix A - Qid Dims

Table A-1 summarlzes the propertles of the princlple DIMS and
IOSIMs supported through the old i/0 system and Indicates how
they are supoorted In the new systea. The support <classes and
notes are as follows,.

Support Class A

For these DIMS and IOSIMS there Ils complete Compatlbillty between
the old and new l/0 systems. The DIM or IOSIM may be attached by
a call to los_gattach or by use of the corra2sponding attach
routine or command In the new systeme Once the I/0 control block
Ils attached and opaned, 170 may be performai oy <calls to
los_sread or los_gwrlte and/or by the operatlions get_lline,
get_charsy and put_charse A call to the los_sattach also opens
the 1/0 control blocky a call to los_sdetach closes and detaches
the 1/0 control blocke

aupport Class B

This applies only to the flije_ IOSIM. There 1Is compatibitlity
with the followlng exceptionse.

1) The only allowed element slzes are 9 and 36, and the element
slze applles only to calls to los_$read and los_3write, not to
get_charsy etce

2) When the element size Is 9y the dellmiter for los_s$read ls NL.
When the element slza 1Is 36y there are no delimltars,

3) Calls to los_sready etce may only be used whan the [/0 control
block ls opened for stream 1/0.

4) Calls to seeky telly, get_delim, and set_dellm are not allowed.

Support Class C

The DOIM or IOSIM may only be used by calls to los_$ready etc.
When a 170 control block Is attached to such a DIM o~ IOSIMy all
170 operatlons return with status equal error__tavle_sold_dim.

All DIMS and IOSIMS not listed In Table A-1 fall In thlis classe.
However,y if 3 DIM or IOSIM has essentlally the same properties as
tw_y It may d2e promoted to Cliass A with modest effort.

Note 1t The onily oriers are error_count and rewind. The only
seek allowed means rawlnd (according to the MPM).

Nate 28 The only effect Is to return oild Informatlion.

Note 3t Orders as for tw_ plus set_terminal_type,
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Note 48t Orders as for tw_ plus set_arg_Ilist.

Note 651 Abort and resetread ca&se logout, Rasetwrite |Is
lgnored.

general Notg: Apparsntiy no DIMS or IOSIMS support readsynch or
wrltesynch or allow setting of breaks.
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APPENDIX B - STATUS CODES

The

followlng standard Multlics Status Codes are used by the /o

system.

error_table_$already_attached
error_table_sclrcular_syn
error_table_3sempty_file
error_table_gsend_of_Inf>
error_table_gincompatible_attach
error_table_skey_order
error_table_g$long_record
error_table_sno_device
error_table_$no_flle
error_table_3%no_key
error_table_sno_operation
error_table_$no_record
error_table_%no_loch
error_table_gsnot_attached
error_table_snot_closed
error_table_gsnot_open
error_table_gsold_dim
error_table_8short_record
error_table_g$tape_error

«

(4
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APPENDIX C = PL/I I/0
Elle State Blacks

A PL/I 1/0 statement references a flla state bDIlocke See the
Mul tlcs PL/I Language Manual, 11.2. There Is one flle state
block for each dlstinct file constant., An I/0 statement may
reference the flle state block through 1Its assoclated file
constant through a file varlable or (for sysln aixd sysprint)
Impllclitiy.

declare sysprint flle constant, f flle varlaole:
t=sysprint;

put flie (sysprint) list (x)}

put flle (f) list (x)3

put llst (x)} '

Al l three put statements reference the flle state block
assoclated wlth the external flle constant sysprint.

Each PL/I file state bplock Is assoclated with an 1/0 control
blocky which depends on the assoclated file constant as follows.

1) For the external flle constant sysiny, tha 1/9 control
block 1Is named user_linput,

2) For the external flile constant sysprint, the 1/0 control
block 15 named user_output.

3) For any other external flle constant, tha 1/0 control
block has the same name as the constant.

%) For an Internal flle constants, the I/0 control block has
a unlque namee. Distinct Internal flle constants are thus
assoclated wlth distinct 1/0 control blockse

Qoening BL/ZL Ellas

The effect of a PL/I open statement (or lmpliclt opening) depends
on the state of the 170 control block assoclated with the PL/I
flle state blocke

1) It ¢the i1/0 control block Is open, 1Its opening mode must
be the same as the opanling mode specified In the open
statement., 1If It ls noty, undeflnedfile Is signaled.

2) It the 1i/0 control block lIs attached but closed, It Is
opened for the mode specifled In the open statement, In
thlis case the open statement must not <contain a title
optlione.

3) It thne 1/0 control block Is not attached,y, 1t lIs attached
“ln accordance with the titie option Iin the open statement.
If there ls no title optlony 1t Is attached to a file whose
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pathname Is the same as the flle constant®s n~ame.

Stceanm 140

When a PL/I flle state block ls opened for stream i/0 operatlons,
a buffer 1s assoclated with 1It. The 1Individual PL/I 1/0
operations transmit data to/from tnis buffer. Tha points &t
whlich data 1ls transmlitted to/from the 1/0 system are therefore of
Interesty, especlallly 1In cases where an l/o0 control block Is
belng used in both PL/I and non=PL/I programs. The rules are as
follonse.

1) Durlng executlon of a put statement, the buffer contents
are nritten whenever the buffer s filled up aid when the
output data llst has been completely processad.

2) Durlng executlion of a get statement, data is read Into
the buffer whenever the buffer ls empty and the lnput data
1ist 1s not axhausted. The operation get_line ls used to
read the data. Hence a complete llne will »pDe rezad unless
the |lne length exceeds the buffer slze.

The tollowlng concluslons can be drawn from these rules.

1) Don*t switch from PL/I output to forelgn output In the
mliddie of a put statement.

2) Don®t swltch from PL/I lnput to forelgn |lnput In the
middie of a llne,

Record IZ0

All forms of record 1/0 openlings are avallable In PL/I except
sequent lal lnput outpute (Note that a PL/I opening for *direct™
corresponds to an 1/0 system opening for *“keyed nonsequentlal®™).,

The 1/0 system only handles records contalning an Integral number
of 9=bit bytes and stored on a 9-blt byte boundry. Therefore
PL/I 1/0 has to wuse speclal techniques when a PL/I record
contains unaligned blt strings.

1) On outputsy the record must flrst ba copled to an
Intermedlate byte-aligned buffer wunless tha compliler can
tell that the record ls already byte-allgned.

2) On IlIlnputy the record must be read into an Intermediate
byte allgned buffer uniess the compller can tell that the
target varlabla 1Is byte allgned and that It occuples an
Integral number of bytes.

Note that In some cases the record In the flie wlll contaln a few
garbage blts at the and (to pad 1t to an iIntegral number of
bytes), but this doesn®t confuse PL/I.
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The simple forms of record 1/0 statements can be lmplémented very
efficlently. Consldar, for axample,

read flle (f) Into (x)}

The 'compliled code evaluatas the file expresslon f, obtalning a
polnter pf to a flle state block and the code evaluates the
target reference x obtalning a polnter px to x and a langth n.
The read operatlon can then be performed by

I1f pt=>tsbe.tfunny_flag
then call plllo_ (eee)?
else do;
call pf=>fsbe. locb_ptr=>jocberead(pf=>fsoe._ptrs pxs ny status);
If status™=0 ‘
then do}
/*analyze error*/
end?
end;

The test on funny_flag detects odditles relatiny to the flle
state blocky @esge this Is flrst usey or thaera Is a ouffer to
dispose of (from read file (f) set (p)3)e Normally funny_flag is
“0"by and the read Is perforned by a direct call to the 1/0
system. It the file Is In the storage system this will be the
only subroutlne call.

Closing PL/IL Ellas

The normal system action for the finlsh condlitlon closes all PL/I
flle state blocksy all Fortran fllesy, all Basic fllesy and all
1/0 control blocks not othernlise covered, Thus any data in
butfers will be written out, flle blt counts wlll be properly
sety, tape labels written, etce.

It a PL/I flie state bDlock s open when Its assoclated 1/0
control blocx ls closed by a direct call to the [/0 systemy, data
in PL/I butfers may be lost.
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APPENDIX D - FORTRAN I/0
Laogigcal Unlits

Each Fortran loglical unit nn (nn=01y 025.+¢99) is assoclated with
an 170 control block as followse.

1) Loglcal unit 05 [s assoclated with the i/0 zontrol block
named user_lnput.

2) Loglical unit 06 Is assoclated with the /0 control block
named user_outpute.

3) Loglcal wunlt nny, nn not egual 05 or 06, IS assoclated
with th2 1/0 control block named filenn.

Elle Attachment and Qoenlng

It a Fortran 1/0 statement lIs executed and the assoclated 1/o
control blocx 1ls not openy It Is opened as followse

1) It the 1/0 control Dlock Is not attached, It Is attached
to the flie whose pathname ls fllenn where nn is the loglcal
unit number,

2) If the 1/0 statement ls a formatted read, the 1/0 control
block 1s opened for stream input,

3) If the 11/0 statement 1Is a formatted wrlite, Fortran
attempts to open the switch plock for stream lInput-outpute.
If that fallsy It opens It for stream output.

4) If the 1/0 statement Is a binary ready Fortran opens the
170 control block for sequentlal Ilnput,

5) It the 1/0 statement |Is a blnary write, Fortran attempts
to open the 1/0 control block for sequentlial Input-outpute.
It that fallsy It opens It for sequentlal output.

Eortran Records

If a blnary read or wrilte statement speclfles more than one
varlable, the 1/0 system transmits the loglcal record to/from a
buffer supplied by Fortrans, and Fortran moves Jdata between the
buffer and the seperate varlables. Note that nothing Is left 1In
the buffer when the 1/0 statement ls flnlshed.



