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Subj)ectt Improvements to I/0 System

The new Multlcs customers wlill make much heavier use of
conventlonal (e.g9e Fortran-, Cobol=y PL/I-type) [/0. This will
be true even though much of the 1/ wit! actually be to/from
flies 1in the permanent storage system. To support this expanded
use of 170y two major lmprovements are proposed for tha Multlcs
170 systemt

i. Tha current flie manager wlll be replaced by a set of
proceduraes that support Indexed sequential fllas and
sequential record fllas. The sequentlal racord flles wllil
be supported on demountable storage devices (e.g. tapes) as
well as In the permanent storage system. Performance wilil
be greatiy lmproved.

2« The 1/0 switch wlll be changed to Improve performance,
to supoort a more useful set of /0 calils (lncludling record
170 catls), and to atlow sharing of streams across rlngs.
Peaceful coexlistence is possible’ the old los_ entrles will
be supported locally aiong wnlith the new swiltch features.
However, the Multlcs product will eventually usa only the
new switche.

varlous Ilmprovements fo Fortran and PL/I 1/0 wlil also be made.
In particular, the same efflclent form of sequential record l/0
wlll be used In both Janguagess and the performance of PL/I
stream /0 willl be Improved to the polnt where a slimple
put~-statement shouid be the most efflclent way ¢to oporint a
messaga2.

This bpulletin describes the proposed changes ln some detalil, For
the writer®s convenience the new I/0 system ls descrlbed usilng
the present tense. However, the Intent s to have a careful
revien by all concerned »vefore Impliementation of the changes.
Comments should be sant to M«D. MaclLaren at CISL (575 Tech Sqe),
or by Multlics malt to MacLaren Multlcss by Sept 13, 1973,

The remainde~ of the bulletin Is organlzed as follows.

I. FILES

II. THE I/70 SHWITCH

IITI. DEFINITICONS AND CONVENTIONS
IVe I/70 OQPERATIINS

Ve SUBROUTINES

vI. COMMANDS

Appendlces
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I. EILES

The term flla den>tes aelther a segment or a multisegment file
(le@ey a diractory whose blt count Ils non-zerols Tha [/0 systenm
recognlizes three types of flles?t unstructured, sequential, and
indexede The type of a ftlie 1Is recorded In Its flle tvpe
attribute, The flle type of a saegment or multisagment flle will
be unstructu~ed unless specltlically set otherwise, Thus all
flles created before the naw l/0 system are unstructured flles,
as are object segmentsy segments created by edlitors, etc.

The flle type attribate Is a new attribute In the dlrectory entry
for the file. As with the blt count, setting 1t oniy requlres
write access for the branchy, not modlfy access for the directory.

Unstructured Fllas

The tlle 1Is conslidered to be simdoly a sequence of 9-blt bytes.
It ls processed by stream 1/0 operatlons.

get_Illne reads a line from the flle, l.es 3@ saquence of
bytes the last of which lIs a new=lilne character.

get_chars reads a specifled numpar of characters from the
flle.

put_chars adds a speclfied number of characters to the flile,

position posltlons to the beginning or end of tha flle,
skips forwards or backwards over a specifled number
of linas.,

seauential Elles

The flle contalns a sequence of rpcordses Each record ls a strilng
ot 9-blt bytese. A record may be zero lengths The flie also
contains control words used by the 1/0 systeme It 1Is processed
by record 1/0 operationse.

read reads a record.

read_length obtalns the length of the next record.

Wrlte adds a record to the flie.

renrite replaces an exlsting record In tha file,

defete deletes a record from the flle,

position positions to the beglinnlng or thne end of the
flile, sklps forwards or Dbackwards over a

specitflied number of recordse.
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Indexed Filgs

The flle contains a sequence of records and an Indexy which
assoclates each record wlth a xKays A key is a string of ASCII
characters with no trallling bltanks. Its length must be lass than
or equal to 256 and may be zero. Distinct records have dlistinct
kKeyss. The records are In xey order accordlng to tne usual PL/I
rules for string comparison.

The file 1s processed by the 1/0 operations avallable for
sequentlal fililes and by the following operations.

seek_key positions the file to the record with a specified key
or deflines the key for lnsertion of a record. Thls
operation deletes tralllng blanks to obtaln the
actual kaye

read_key obtains the key ot the next record In th2a flie,

The flle Index Is organlzed as a B*-tree (see Knuth, ve3, 6+2¢4)
each node of the trae occupying one page In memory. In general,
very few page accesses are requlred to access a racord. For
exampley iIn a flle with 10,000,000 records and wlthy all keys of
length 32y at most filve Index pages are touched In a random
retrlevale.

Elles on lape

Unstructured fliles and sequentlial files are supported on Multics
standard tapes. The data base that contalns ftape reglstry
Information Indlcates whether the flle Is unstructured or
sequential .

fach file on a nonstandard tape Is Interpreted as 2a sequentlial
flle by treatling each physlical record (l.a. 2ach biock) as a
slngle loglcal record.

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

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

Problems with tbhe 0ld Sultch

Performance. Use of the old 1/0 switch lnvolves 3 procedure call

to los_» a table fookup on the str2am name, and
another procadure call to the actual JIMe. This
overhead is oalnful in most cases and Is

unacceptable In nlgh volume 170 to/from files In
the storage system (where the actual transfer of
data can be done by a single EIS move).

Ringse Thare lIs no way to share a stream across rings.

Functlone. The old los_ entrles do not permlt one to progranm
In an attachmant Independent manner. Many entries
have little or no value {(and lttle or no support
~= sed Appendlx A)y wnhile los_3real and los_gwrite
must be used for many dlfferent functlions. For
examplay with +t+ty_s los_%read gats a |lne} with
tape_s It gets a specifled number of words (not
characters); wlilth nstd_y It gets an entlre record,
Decent Fortran and PL/I support of 1/0 to/from
files requires a targer set of entrlesy, =2ach one
performing a more speclfic function.,

1/0 Names and Control Blocks

To avoid confuslon with tha old 170 switch terminology and with
PL/I stream 1/0s the terms “stregam"™ and *“stream name"™ are
replaced by "1/0 name™. Conceptuallyy all 1/5 operations are
performed on /0 namase Howaver the Implementation works wifth
10 contraol blogks whlch are accesslble by the usar, Each l/o0
control bloc« 1ls associated with a 32=-character 1/0 name on a per
ring baslse AN l/0 operatlion is pertformed by calllng an entry
value stored In the 1/0 control ©blocky wusling a previously
obtained polnter to the bloc<xe. For sxample?

call user_lnput_ptr=->jlocb.get_line{user_lnput_ptr, target,
target_length, actual_langth, status)}

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

The remalnder of thilis MSB describes 170 In terms of 1/0 control
blockse However the user worklng at command level o> through a
language®s 1/0 facllltles can Ignore control o2locks and thlnk
only of operations on [/0 names.

Preparatlon of an 1/0 control block, locb, for 1/0 operatlions
requires two steps. The first Is to call an aporoprlate attach
routine. The second ls to <call Jlocbe.open. The attach call
astablishes the source/target for the 1/0. The open call
establ ishes the procassling modey, e«gey Stream output or keved
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sequent lal Iinpute. A call to locbeclose terminates the switch
block®s opening but leaves it attachads A <call to 1lacb.detach
termlnates the attachment. Thus the complete segu2nce of
operatlons Is :

attach

open
perform lL/0
close
detach

The advantagas of spiltting up the old los_gattach and los_sgdetach
Iin this way Is that 3 user of the attach command need only
speclfy the pathname, tape ldentiflcation, etfc. Datalls of the
processing mode are supplled by the program when It calls
locbe.open. The same attachment can hoid through several
open~-closa saquencess for axampiesy when a flle Is to be processed
by a sequence of programs.

Synonyms

One 1/0 control blocky locbi, may be attached as a synonym for a
second 1/0 control blocky locb2. (See the attach command and the
subroutines lox_gattach_syn and lox_gattach_syn_ring.) In
generaily performing an 170 operation through locbl wlil then have
the same effect as performing 1t through locb?2,. There are two
exceaptions.

1. Detaching locbl simply breaks the synonymlzation and has
no effect on locb2.

2e At the wuser®s dlscretlony, the attachmant of locbi may
inhiblt some i/0 operatlons. An attempt to parform an
inhibited operation through locbl wlil have no effect. (The
operatlion can still be performed through locb?2.)

The second l/0 control block,y locb2y nNneed Not be attached at the
time locbl ls attachady but 1t must be attached befora any 1/0
operatlions are parformed,

It 1Is possible for locbl and locb2 to belong to dlfferent rings,
The synonym attachment ls allowed In this case provided

1) locbi belongs to a higher ring than locbh2,

2) the rilng to whlch locbl belongs Is tess than or equal to
the value of the ring bracket fleld In locb2.

The ring b~acket field In an i/0 control block provides a baslc
control of cross ring sharlng of 1/0 control blocks. More
preclsa control can be acconpl ished through the Inhiblt feature.
For exampley suppose that In ring 2 user_l/0 ls attached to the
terminal, and ‘It |Is desli~ed to allow normal terminal Iinput In
ring 4, but to have ring 2 monltor the output. To accompllsh
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thisy, set (in ring 2) the ring brackets of user_input and
user_output to 4. Establish user_input as a synonym for user_i/0
but with all except input operations lnhlbited, Make a specisal
attachment of user_output so that 1/0 operations tarough It are
handled by a monltor routine. Finallyy attach user_lnput and
user_output In ring & as synonyms for user_lnput and user_output
in ring 2. .

The implementatlion of the attachment of locbi as a synonym for
locb2 depends on thelr ring relatlonship,

1. It Jlocbl and Jlocb2 are In the same2 ring, then the
relevant entry values and polnters In locb2 are also stored
in locbl. Any changes to these values In locp2 are also
made In Jlocbl except for inhliblted operatlions (see
lox_g$propogates)

- If locb2 1s In a lower rilng, then the entry values In
locbli a~e set to gates Intd> the 1ower ring. The gate
constructs a new argument |Ilsty valldates the call, and
calls the approorlate entry value In locb2.



Vs

e,

MS3 - 113 -7= 8/21/73

III. QEFINIIIONS AND CONVENTIONS
2tatus Codes

All 1/0 routlines return standard Multlcs status codes. The code
wlil) be zeroy one of the error_table_ codes llsted In Appendix A,
or a c¢ode returned by some system routine cafled by the [/o
systeme If some form of attachment lnvolves the possibllity of
errors too elaborate to describe by a standard status code, the
most approp~late standard c¢ode Is returned, and aiditlonal
Informatlon ls obtalned by a subsequent call to lacb.control,

There are several entries 1In lox_ whose sole 2ffact s to set
thelr last argument to a particular status coda. In thnis
bulletin these entrlas are glven names such as lox_S$err_not_open,
and no further description Is glven.

I1/Q Controi Blocks

The following declaration deflnes that part of an /0 control
block that Is of Interest to the user. Each blockx has a few more
nords at the ends which are used to malntaln tha per=-ring table
of I1/0 control bliocks and to Implemant synonyms. These words are
used only by the l/0 system.

dcli iocb based,

name char{32),

ring_brackat fixed bin,

actual_switch_ptr ptr,

attach_descrip_ptr ptr,.

attach_data_ptr potr,

open_dascrip_ptr ptr,

open_data_ptr ptr

detach entryl(ptr, flilxed bin),

open entry({ptr, fixed o2in, blt(1) atlgned, flxed bin),
close entryl(ptry, fixed bin),

get_line entry(ptry, ptry, flxed bin, flxed bln, flxed bin),
get_chars entryl(ptr, ptry flxed bin, flxed bin, flxed bin),
put_chars entry(ptr, ptry fixed bin, ftixed bin),

control entry{ptr, char(*), ptr, flxed bin),

read entryl{ptry, ptry flxed bins fixed bin, fixad bin),
write entry{ptr, ptry fixed biny flixed bin),

rewrlte entryiptry ptry flxed bin, flxed bin),

delete entryliptr, flxed bin),

posltion entry(ptr, fixed bln, fixed bin, fixed bin),
seek_key entryl{ptr, char(256) varylng allgnady, flxed bln),
read_key entrylptry char(256) varylng allgnad, fixed bin),
read_langth entry(ptr, flxed bin, flxed bin)}

NN NNNNNNNNDNNNNNND NN

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

1. actual_switch_ptr polnts to locb ltself unless locb Is
attached as a synonywn for locb2 In the same ring. In the
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fatter cases It equals locb2e.actual_swltch_ptr.

2o attach_descrlp_ptr 1Is nult 1f locb is jetached.,
Otherwlse It polnts to a structure ot the form?

decliare 1 jescrlp based,
2 length fixed bin (17) unal,
2 string char (0 refer{(length))

The strlng descripestring contalns a description of the
attachment suitable for printing by te command
print_attach_table,

3. attach_data_ptr iIs null or points to a data block set up
by the routlne that attached locbh.

4o open_descrlp_ptr 1ls null unless locb ls open, If loco
ls open, open_dascrio_ptr polints to a structure |lke descrlip
in (2) abovey and the string descripestring contalns, first,
the meaning of the opening mode (Section IV, Taole 1) and,
secondy "“-append” lf the ooening ls for autput to a file
with extenslon of the flle. The strinj may contaln
additlional Intformat lon relevant to the particular
opening/attachmant.

5« open_data_ptr 1ls null unless locb Is open o~ ls attached
as a synonym for iocb2 In the same ring. If locb Is openy
open_data_ptr polnts ¢to a data block set up by tha routlne
that opeaned locbs If locb Is attached as a synonym for
locb?2 In the same ring, open_data_ptr equals
locb2.0pen_data_ptr.

6. control Is the entry value for a catche-all 1/0
operation. Its meanlnhgy If any, depends on fthe particular
attachment/opening of tne swiltch,

Inha Actual I1/0 Contral 8logk

Each l/0 control block, locb, has an assoclated actual 1l/ao
cantrol blaoglk defined as followse If locb Is not attached as a
synonymy then its actual 170 control block Is the sane as locb.
It 1locb 1s attached as a synonym for jocb2, then the actual [/o
control bloc< of locb Is the same as the actual 1/0 control block
of locb2e. ‘

Ahen locb Is attached, all 1/0 operatlions on locb except detach
and inhlblted operatlions refer to the actual 170 control blocke.
The treatment of actual_switch_ptr and open_data_otrs enables the
operatlon to be pertformed wlthout addlitlonal overhead, provided
the actual 170 control block belongs to the same rilng as locp.

States of an 1/0 Control Blogck
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i, Qetachede The polnters attach_descrip_ptr, attacn_ijata_ptr,

open_descrip_ptry, and open_data_ptr are null,. The pointer
actual_swlitcnh_ptr polints t5 the 170 control block [tself. The
entrles detach and open are Jlox_sarr_not_attachad, Tne other
entries are all lox_S$err_not_open. When initially created, an

i/70 control block lIs In the detached state, and the detach
operatlon restores an 1/0 coatrol bifock to the datacnhned state.

2 Attacheds Tha pointer attach_descrip_ptr oolnts to 23
structure as speclfliad above under Switch Blocksy, item 2. If the
170 control block Is attached as a synonym for locb2 In the same
ring, then actual_switch_ptr equals locb2.actual _switch_ptr.
Othermwise It points to the I/0 control block [tself. Uniess It
is attached as a syaonym, the /0 control block is In elther the
open or closed state. »

3. Qpene In this state the i/0 control block 1Is attached out
not as a synonym. The polnter open_descrip_ptr oolnts to a
structure as speciflead under Switch Blocksy item 4« The polnter
open_data_ptr polnts to a control block approprlata for the
attachment/opoenings The entrjies for 1/0 operatlons enabled by
the particular openlng mode (Sactlon IV, Table 1) ara routines
that will perform th2a operatlions. The entrles ooen 3and detach
are lox_%$err_not_closed, The oTher entrles are
lox_gerr_no_operation,

4« Closede In this state the 1/0 control block [Is attached but
not as a Synonyme. The polnters open_1escrlo_ptr and
open_data_ptr are nuli. The entry open Is a routline that will
perform the open operatlon for the oartlcuiar typs3 of attachment,
The entry detach Is a routlne that wlll perform the detach
operation for the particuiar type of attachment. Tha entry
control Is lox_3err_not_open or ls a routlne that accepts orders
that apply to a closed 170 control block for the oarticular type
of attachment., (This wouild be an unusual attachmant.) The other
entrlies are lox_serr_nof_open.

Attachment

A standard attachment assoclates an 170 control block wlith a flle
or device or establishes It as a synonym for another 1/5 control
blocke A standard attachment 1Is made through the attach command
(Section VI) or a call to one of the attach entries In lox_
(Section V).

A nonstandargd attachment stores entry values and polnters 1In an
170 control block that wlll cause subsequent 1/0 operatlons on
the I/70 control block to behave In the deslred waye For example,
they mlight lavoke routinas that read and wrlte (o3lcal racords on
a speclally formatted tape. If the non-standard attacnmant is to
be compatlible with other system l/0 functlons (e.Q9e. wlith PL/I
170 statements), thent
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1. The 170 control block must be In tha datached state
before the speclal attachment ls made,

2« After attachment, lts state must be open o~ closed sas
descrlbed abovee.

3. Al 170 operatlions subsequently performed through thea
170 control block must conform to the conventlons glven In
this document,

Q)



o~

MSB - 113 -11~- 8721773

Iv. 1/Q QPEIATIONS

Thls sectlon describes the 1/0 operatlons, that lsy tnhe effects
of the routlnes that are invoked by calls to entries (n an 1/0
control blocke.

Notes on £llgs and Dasignators

Four deslgnators are referenced In the descriptlon of 1/o
operatlions on files? next=character~-designator,
next=record=-designator, current-record-desinator, and
lnsert-key=~daslgnator., The first three deflne abstractly the
current position In the flles Tnhe fourth holds the kay of the
next record to be Inserted In an Indexed flla, The actual
impiementatlon of these designators iIs Internal buslnass of the
1/0 system.

Two distinct 1/0 control blocks should not be open at the same
time for ooseratlons on the sama flley, whether in tha same or
dli fferent processesy uniless both are opened for Input. Although
the 1/0 system detects a few cases of the proaoblemy It Is the
user®s responslibliity to prevent [ts occurrence.

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

Notes on Dewvices
The only devicas consliderad 1In thls bultletin are termlinals
attached through tw_ or a DIM with simliar behavior (e.3.y ntty)e.

The treatment of qulits Is not defined In this bulletin,
Printers, punchesy and card readers may be handied In the futuree.

General Conventlans

The followlng arguments have the same meaning In all operations,

1) locb_ptr polnts to the iI/0 control blocks (Input)

2) status s a standard Multlcs status coda. (OQutput)

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

4) buff_len ls tha length in bytes of the pbuffar. It must be

nonnejative. (Input)

No c¢hanges are maie to an /0 control block excapt those
Indicated In the operatlon descriptionse. In particular, the only
operatlons that <change (/0 control btocks ara open, close,
detach, and (possibly) control. Any changes made are to the
actual control blocky and they are reflected to cartain other
control blocxs by lox_Spropagate.
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Qrerationt: open

This operatlon opens the actual 1/0 controt block, alocoy, for 1/o
operations, Those operatlons speclfled by mode (Tabla 1) will be
supported through alocbe The other operatlions wlll return with
status equal error_table_sno_operatione.

Usage

call locbe.open{locb_ptry mode, append, status)?’

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

stream lnput=-output, sequential output, saquential
Input=outputy or keyed sequential output, and If
alocb is attached to a fllee If append 1ls "1'b or
it the attachment speclfled aposend, then the
opening 1s for extanslon of the flla. dtherwlse
the opening Is for fruncatligon of the flila,

Notes

It alocb cannot be ooenedy 1t 1Is left unchangedy, and a nonzero
status 1Is returned.

It alocb can be openedy It Is changed to the open state, and the
orlglnal valtue of Jocbe.detach ls saved. The open oparatlon then
calls lox_gspropogate(addr{alocb)).

Elle Opening

When alocb 1s attached to a flle, the effect of open depends on
the file as foliownwse.

1) If the flile already exlsts, and the opening is for Input
or update or s for output or Input-output with extenslon of
the flley then the openlng Is carrlied out only 1If the flle
type ls compatible with the opening moile (Table 2)e
Further, I1f the opening 1Is for lInput or update, the file
must not be empty. :

2) If the flle 3already exlists, and the opening iIs for output
or Input~output wilith truncatlion of the flile, th2 fllae ls set
emptys, Moreover if the flle®*s type Is not <comiatible with
the openlng mo>de (Table 2), the flle's type Is changad to
the default type for that openlng mode. (Table 2)

3) If the flle 1oes not exlst, and the opening Is for Iinput
or update, the opening lIs not carrled out.

4) If the flle does not exlsty and the openling Is for output
or lnput=-outputy, a flle 1lIs <created with the specified

-’
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pathname. The flije®s type 1Is the default type for the
opening mode (Table 2).

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

Qevice Qpenlags

If alocb Is attached to a terminal, the only allowad openlng
modes are stream Input, stream output, and stream lnput-output.

It Is posslble that the system routine that attaches a device,
also opens alocb.

Qperationt close

This operation restores the actual 1/0 control nlock, alocp, to
lts state Immedlately before opening.

Usage

call locbecloseliocb_ptry status)

Notes

It alocb iIs not opens or Lf it cannot be closed for some other
reason, It ls left unchanged and a nonzero status Is returnad.

After alocb 1Is restored to iIts state before opanlng, the close
operation calls lox_3$propogate(addr(alocb)).

Qpgratlopnt detach

This operatlon restores the 1/0 controt block, locby polnted to
by locb_ptr to the datached state.

Usage

call locb.datach(locb_ptry status);

Notes

If Jocb 1ls’' not attached, It It iIs openy or if It cannot be
detached for some otyer reasons then it lIs left unchanged and a
nonzero status is returned.

After 1locb 1s restored to the detached state, tha detach
operation caills lox_3spropogate(iocb_ptr).
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TABLE 1 - ALLOWED I/0 OPERATIONS

8/21/73

5

i/0 operation g g _g LCR ,g ,5. 3‘? 5’ S

9% % s 8 ¢ % < 2 L g5

L 5 % 3£ 3% 5 2 8 8 S s

Opening Mode-Meaning ¥ & 828 ¢ £ 28 8 € 8 & ¢ % O
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
6 - 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

-] W N =

Depends on the attachment.
Keys must be in order.
If attached to:a.seqwential file, the length of the new record

must e
Allowe

311

al the length of the replaced record.
if attached to a file in the file system.
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TABLE 2 - COMPATIBLE FILE ATTACHMENTS

H]D

©
o —
=3 ©<
: b P o
File Type 2 < )
- =S [«}]
(%] o ©
. c [«}] et
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 x,D
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 X

indicates the default file type for the opening mode.

Allowed only if the attachment specifies that the file is to be

read as unstructured.
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 end-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 nultl 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 ignored in all subsequent i/o operations, even
though the operation description may refer to it.
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Qperatliont get_tine

This operation reads characters from a flle or devica Into a
buffer untll the buffer Is full or a new line character 1ls raad.

Usaga
call locbeget_llnel{liocb_ptr, buff_ptry buff_len, actual_len,

status)

1) actual_len ls the number of characters read [rto the buffer,
(Qutput)

Notes

The operation returns with status equal to zer> If ani only If
the Jast character read was a new llne character.

It the buffer s fliled without readiny a new Ilne character,
status ls set to error_table_gslong_record.

If the actual 1l/0 control block s attached to a flle, the next
character_deslgnator ls set to deslgnate the character followlng
the Ilast character read ory 1f that character doas not existy to
end-of-fllies If the read exhausts the flle without flllling the
buffer or r~esadlng a new Ilne charactery, status 1Is set to
arror_table_3%end_of_inf.

Qperatlont oget_chars

Thls operation reads characters from a flle or device Iinto a
buf fer.

Usage

call locbeget_chars(locb_ptrs buff_ptry buff_ieny actual_len,
status)

1) actual_lten 1Is tha number of characters read Into the buffer,
{Output)

Notes

The operation returns with status equal to zeros If and only 1f
the number of characters read equals the buffer langth.

It the actual i/0 control Dblock [s attached to a file, the
next-character-ceslignator 1ls set t0 deslgnate tne character
followling the last character read ore [f that character does not
exlsty to end-of~-flie. It the read exhuasts the file without
flliling the bpuffery status Is set to error_table_send_of_inf.

Qperatlont out_chars
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Thls operation wrlite characters from a buffter to a flile or
device.

Usage

call locba.put_chars(loco_ptry buff_ptry buff_lten, status)?

Neotes

Itf the actual 170 control ©bilocx Is attached to a flley the
characters are addad at the end of the file and t he
next-character~deslignator iIs set to end=-of=-flie. However, If, at
the beglnning of the operatlionsy the next=-character-deslgnator
deslignates a character (possible It the op2ning is for
lnput=output), then the file Is first truncated to the preceding
character (if anyle. ‘

Qperatlont control

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

Usags

call locbe.controillocb_ptry, order, Info_ptry status);

1) order ls tha name of the particular control functlion
requested.,
2) Info_ptr Is nutil or polnts to data whose form depands on

the particular attachment/openiny »>f tha actual
I/0 control blocke

Notes

If order Is Yot a control functlon recognlzed by the particular
attachment/ooeningy status is set to error_table_sno_operation.

Thls operation corresponds fto the old los_ entrles order,
resetread, rasetwrlite, abort, and changemode.

Qperatiopt ~ead

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

Usagsa
call locbe.readllocb_ptry, buff_ptry buff_len, rac_len, status);

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

O
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Notes

The operatlion returns wlith status equal

8/21/73

zero If and only |[f

i) The next-record-designator deslgnates a raco~d.

2) The record®"s length equals buff_len,

3) The record 13 successfully read into the buffer,

If the reco~d®s length Is lass than buff_len, th2 recori is read

into the ftirst part of the
error_table_s$short_record. It the
than buff_leny, the flrst part of the
buffery, the remainder of the record Is
to error_tadle_slon3j_record. In atli
length of the record.

Aith any forn of sequentlial

record exlstsy to end-of-flile.
openingy the next-record-designator Is

buffer,
record®s
record 1Is

opaning, the
ls set to deslgnate the record followlng that reai or,
With any form of nonsequentlal

and status is set to
l2ngth Is greater

reid into the
ignoredy, and status Is set

cases rec_lan lIs sat to the

next-r2co~d~-designator
Ilf no such

sat to nuit.

The current=record=-daslgnator ls set to deslgnate the racord read

by this operation.,

Qpecatliont nrite

Thls operation adds the contents of the buffer to the flle as a

new recordes If the file lIs lIndexad,

the key of the record must

nave been defined by a preceding seek_key operatloan.,

Usage

call

Notes

locbenwriteliocbeptry buff_ptrs buff_len, status)?

The record added to the file Is the byte string contalned In the

puffers

be nuli); but iIf the file Is a nonstandard

added 1ln thls case.

If the flle ls sequentlaly the record
filiey and the next-record-designator
However, if, at the beglnning of the
designates a8 racord (possiblie if
Input=output), then tha flle Is first
record ory

It the flle Is Index2d, the lInsert-<ey-designator must
to the flle with tnls key. The

a keye. The racord 1ls added

current record designator Is set to the
keyed sequentlal updates the next record deslgnator ls

andy for

The buffer length may be zaro (l.es the byte string may

tapay no record is

Is added at the and of the
Is set to end-of-flle.
operatlon, the next record
the opaning is for
truncated to the precedlng

if thare Is no precedlng recordy to 2moty,

daesignate

racord just written:
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set to the followling record o2ry 1f there Is no following record,
to end=of=-flile.

Qosratlont rewrlte

This operation replaces t he record desi jnated by the
current-record=-dasignator by the contents of the ouffer.

Usage

call locb_renwrite(locbo_ptry buff_ptr, buff_lan, status);

Notes
Thls operatlion raturns with status squal zero If and only 1if
1) The current~-record=-deslgnator deslignates 3 recoridi,

2) In tne case of a sequentlal flley the lexgth of the
record deslgnated by the <current record deslgnator must
equal buff_lens If this does not holdy the record In the
flle 1Is not replaced.

3) Replacemant of the record In the flle by the contents of
the buffer 1s successfule.

This operatlion leaves the flie posltlion deslgnators unchanged.

Qpgrationt delete

This operation dalaetas the record deslgnated by t he
current=record-deslignator from the file,

Usage

call locbe.deleta(locb_ptrs status);

Noles

This operatlon sets the current-record~deslgnator to null. In 3
sequentlal openingy It sets the naxt=-record-designator to the
record following the deleted record ors If no sucn record exlsts,
to end-of-flile.

It the flle Is a sequential flie, the record Is loglcally deleted
from the flie but th2 space It occuoles Is not recovered.

Qperatlant »oositlon

This operation positlons to the beglinning or and of a flle or
skips forward or backwards over a speclfled number of lines or
recordse.
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Usage
call locbe.positlon{locb_ptry, code, skipy, status)

1) code equals =1 for positioning to the baginning of the
file, equals *#1 for positlionling ta the 2and of the
flley and equals 0 for sklppling llnes or recordse.
(Input)

2) sklip Is meaningful only If code equals J. It specifles
the number of |lnes (unstructured flla) ar records
(sequential flle o~ Indexed flla) t> b2 skipped.
A negative value of skip causes the flle to be
positloned backwWwards. A value of zero leaves the
flle position unchanged. (Input)

Notes

Positlioning to the beginning of the flle sets the
next-record-deslgnator (next~character~designator) to Jdaslgnate
the first record (first character) of the flle or, If the flie is
amptyy to end-of=-fila. Posltloning to the end of tile sats the
next-record=ideslignator or naxt-character~-designator to
end-of-file.

For skipping records, let tha next-record-deslgnator polint to the
mth record 14 the flley, and let n be the number of reacords to be
skipped (les2ey the absolute value of skiple Then a successful
backwards sklp sets the next-record-deslgnator to record m-n. A
successfuli forward skip sets lt to record m+tn ory If there are
only {(mtn=-1) recoris In tha flle, to end=-of=flla, The
current-reco~d-deaeslgnator is set to the record Immedlately
proceeding that desljnated by the next-record-designator or, if
there Is no such record, to nulli,

Successfully sklppling n llnes packwards (sklp <0) moves the next
character designator backwards over n new-|ine characters and
then over addltional characters so that 1t flnally polnts to the
character lmmedlately following the (n+i)st new=ilne character or
to the first charactar in the flla, Successfully sxipping n
lines forwards (skip »0) moves the next character deslgnator
forwards over n new=line characters, teaving it pointing at the
character lmmedliately after the nth new-ljne charactar, or, If no
such character exlsts, leaving It set to end-of-flie.

If the relevant part of the flle contalns too few |lnes or
records for a successful sklpy then the next-racord-dasignator
(next-character designhator) ls set to the first record In the
flile (first character In the flie) 1If sklp <0, ani it s set to
and-of-flle 1f sklp >0, In these cases status s set to
arror_table_stend_of_Int.

Qparation?! seek_key
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Thls operation positions an Indexed flle to the record with a
jlven KkKey ory If no suycnh record exlstsy oprepara2s for the
insertion of a record with the glven keye.

Ysage

call locbeseek_key(locb_ptr, key, status);

1) key ls tha given key, It must contaln oniy ASCII
characterse Tralling blanks are ijgnored. (Input)

Notes
If a record nlth the glven key exists iIn the flle, tnen status Iis
set to 22roy both the current-record-deslinator and the

next-record=-deslignator are set ¢to that recard, and t he
Insert-key=deslignator ls sat to null.,.

If a record with the glven kKay does not exlst, th2an status ls set
to error_tadle_$no_key, the Insert-key=-deslgnator Is set to the
Jlven key with traliling bl anks removed, and poth t he

current-record=deslignator and the next-record-=dasignator are set
to null.

Qperationt read_key

Thls operation returns the key of tnhe record designated by the
next-record-designator.

Usage
call locbe.read_xey(locb_ptry keyy status);)
1) key ls the next racord®'s key. {Output)

Qperatlont read_iength

This operation returns the tength (In 9~-bit bytes) of the record
designated the naxte-record-deslgnator.

Ysage
call locbe.read_length{locb_ptry ltangth, status):

1) length ls the next record®s length, {(Qutput?)
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Ve SUBROQUIINES

This section describas "lox_3esse™ entries that handie attachment
and related functlonse. Notes howevery that In thls MS3 tha
sectgon ls not complates es3ge tape attachment is not covered.

Entryt lox_sattach_broadcast.

This entry performs 3 nonstandard attachment of an /0 control
blocky locbsy that enables the operatlons put_chars and control to
pe broadcast to a set of target 170 <control blocks,
fjocblesslocbn. That iss a call to locbeput_chars or locb.control
results In <calis to locbl.put_chars or focol.control for
1=21929¢0ene Each call to lox_gsattach_broadcast conhects locb to
one target 1/0 control block

Usage

declare lox_sattach_broadcast entry(ptry ptr, fixed bin);
call lox_gattach_broadcast(locb_ptr, target_otr, status);

1) locb_ptr polnts to the 1/0 control blocky Jlocby fto be
attached. It must currently b2 datached or be
attached by thls entrye. (Input)

2) target_ptr polnts to the 170 control block, locbi, to which
loco Is to be attachad, (Input)

3) status Is a standard Multjcs status code. (Qutput)

Note.

With this attachments the entriles locb.put_chars and locbe.control
are set to special routlines that broadcast callise. The entry
locbedetach ls set to a routline that detaches 1locdb from all
target 1/0 control blocks restoring lt to tha detachad state.
(See lox_$detach_broadcast tor detaching from a single target),
All other entrles In locb are set to lox_serr_no_operation.,

Entryt lox_$attach_discard_output,

Thls operatlon attaches an i/0 control block so that [t can be
opened for stream output, sequentlal output, kayed saguentlal
output, or keyved nonsequentlial outout. When the swlitch block Is
openedy the 1/0 operatlons supported for the opening wiitl return
with status equal to zero dput will not transmlit any data or have
any other effectse.

Usage

declare jax_gsattach_discard_output entry(ptr, fixed bin);
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call lox_%attach_dlscard_output(locb_ptr, status);

1) locb_ptr points to the 170 c¢control block to o0e attached.
{Input)
2) s*afus ls a standard Multlcs code. (Output)

Entrys lox_sattach_tflle.

This entry attaches an i/o0 control bilock to a fila In tnhe storage
system.

Usaga

dectare lox_gattach_file entry(ptr, char(*), blit{1) atigned,
flxed biny, flixed bin)}

catll lox_sattach_tlle(locb_ptr, pathname, appand, lLlnterp,

status)}

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

2) pathname s the pathnane of the fille. (Inout)

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

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

4) Interp Is zero iIf the file 1Is to be interpreted normally,
It thils argument ls oney a sequential or Indexed
flle #wlll be treated as an unstructured fite.
(Input)

5) s?afus ls a standard Multlics status code, {Output)

Notes

The specified flle does not have to exlste. See the descriptlon
of the open operatione. {Section IV).

If the argument Interp iIs one, the flle wlll be processed as an
unstructured flle ragardless of Jts true flle type. The opening
must be for stream Input and all bytes 1In the fijile (Including
control words) wili be read.

Entryt lox_gsattach_syn

This entry attaches an 170 control block,y locby as a synonym for
a target (/0 <controil block In the same ring. After the
attachment, an operation on locdo has the same effact as an
operation on the target except for detach and axcept for
operatlons speclflcally Inhlblted,
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Usage

declare lox_gsattach_syn entryl(ptry ptry Dit(36) alljned,
fixed bin)}

call lox_gsattach_syn({locb_ptr, target_ptr, Inhislt, status)

1) locb_ptr points to the 1/0 control block, iocoy to Dbe
attached. (Input)

2) target_ptr polnts to the I/0 ¢control block for wnich locb is
to be a synonym, (Input)

3) inhlibit Indicates wnlch operationsy if any, are to be
inhibited. If bit I of Inhiblt is "1"by the ith
operatlon In locb, beglinning wlith open, ls

Inhibited. Thus, 1t inhiblt equals "00001"b,
put_chars Is lnhibltad., (Input)

&) status Is a8 standard Multics status code. {(Qutout)

Notes

The target 1/0 control block does not have to be attached when
lox_sartach_syn 1ls <callede If 1t lIs attached as a synonymy [ts

actual 170 control block must not ba locb.

Inhiblted opaerations return status aqual to
error_table_3sno_operatjion.

Entry! lox_sattach_syn_ring

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

Usage

declare lox_gattach_syn_ring entry(ptr, char(32),
blt(36) allgnedy flxed blin, flxed bin)}

call lox_gsattach_syn_ring(locb_ptry name, Inhiblt, ring,

status)}

1) locb_ptr points to the /0 control block to 2e attached.
(Input)

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

3) Inhlbit Indlcates whlch operatlons are to be Inhiblted.

See lox_gattach_syne. {(Input)

+) ring is the ring of the targat 1/0 controi block, It
must be less than or equal to tne calllng ring.
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{Input)

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

Notes

The target 1/0 control bdlock must already axlst and lts
ring_bracket must be greater than or equal to the caltllng ring.

Operatlons will be forwarded to the target 1/0 control bpilock onty
as {ong as 1Its ring_bracxket |s greater than or equal to the
calting ring,

Entry?! lox_sdetach_broadcast

Thls entry detaches a broadcasting 1/0 control block from a
single target 1/0 control block.

Usage
declare lox_s$detach_broadcast {(ptry ptry flxad 2in);
call lox_gsdetach_broadcast(loco_ptr, target_ptr, status);

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

2) target_ptr polnts to an i/0 control blocky 1locpiy that is
currently a target for locbe {(Input)

3) status ls a standard Muiltics status code. (Jutput)
Entey?t lox_$flnd_locb

Thls entry accepts the name of an f/70 control block as Its lnput.
Its output 1Is a pointer to the 1/0 control block wlth that name
and In the current ring. If the 1[/0 control Dblock does not

already exlist |t ls created and Inltlallzed to tha datached state
with lts rln3y bracket egqual to the current rlng number.

Usage
declare lox_s$find_locb entry(cnar (32), ptry flixed binl);3
call lox_$find_locb {name, locb_ptr, status);
1) name iIs the name of the 1/0 control block. (Input)
2) locb_ptr Is a polnter to the 1/0 control block. {Qutput)

3) status ls 8 standard Multics status code (Output)
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Entry: lox_3flnd_locb_n
This entry may be used to find all I/o0 contral plocks In the
calling ring., It accepts an Integer, n, as Input. If the table

of 1(0 contral blocks In the calling ring contalns an 1/0 control
olock In the nth positlon, it returns a polnter t3 t31s block.

Usage
declare lox_$find_locb_n entry{(fixed bin, otr, fixed bin)?
call lox_$flind_locb_n (n, locb_ptr, status):

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

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

If the I/0 control block does not exlst, locb_ptr Is set to null,
and status 1s set to error_table_3sno_locbh. Tha 1/0 control
blocks are numbered 192339see9 350 a3 return wlth status equals
error_table_tno_locb means that no dlock with number greater than
or equal to n existsy provided that n Is greater than zero.

gntry lox_$oropogata
This entry refliects changes made to an I/0 control blocky locby
to all 170 control blocks In the same rlng whase actual l/0

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

Usage
declare lox_8$propogate entryl(ptr,s, fixed bin)}

call lox_gpropojate(locdo_ptr, status);

1) locb_ptr polnts to the 170 control block, 1[0CD, that has
been changed. (Input)

2) status Is a standard Multlcs status code. (Cutput)

Notes

For each 170 control bloc«<y xy attached as a svynonym for locb,
lox_spropogate performs tha following steps.

1) Set x.open_data_ptr = locpb,dpen_data_ptr,
2) For each 1/0 operation f otner than detachy, If f was not
Inhibited by the attachmnent of xy set x.f = [ocpn.f,
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3) Call lox_8$propogate (addr (x), status)}
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VI. COMMANDS
Thls sectlon brlefly discusses 170 system commands and general
commands that apply to filles (e.3e.y copys Iist). Detailed

spec;flcatlons wlll be lssued later. Note that some of the
commands alrz2ady work as specifled.

Command: attach

Thls command attacnes an /0 control block.,.

Usage
attach name typa -opti-«..=-00tpn-
1) name ls the name of an 1/5 controi blocks
2) type speclifles the type of attachment., It Is one of

-pny, ~tape, =-syn, ~dliscard_output, =-broadcast.

3) opti depenis on type,

Notes

In general, thls command will be extended to handle any type of
attachment for whilch there Is an "lox_gsattach® aentry.

command? cooy

This command wlill copy flies whether singla segment or
mul tisegment. The source or destinatlon may be a taoe.

Gommand: create

This command creates flies of a speclifled type (2.9, lndexed) In
the storage system. The default [Is unstructured, le@ey 1Is the
same as the old create command,

Command? dprint

Thls command causes speclifled flles to be queued for printing on
a ilne printer,.

gommand?! dpudnch

Thls command causes specl}led flies to be queued for punchlnge.

Command?: delete

This command delates flles from the storage system,

Conmand: lo_op
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This command causes'a specitled 170 operation to ne performed on
an 170 control blocke.

Command? lozall
Thls‘command ls not part of the Multlics product,

Commandt ist

This command lists Informatlon about directory antries. The
default s to list Informatlon about flles.

Command? move

‘Thlis command moves a flle to a new poslitlion In tnhe storage
system.

Conmand? oprint

This comman3d prints a speclfied ASCII flle through the /0
control block user_output.

Command: status

Thlis command recognlzes tha varlous types of flies,

commandt! truncate

This command truncatas a file. Unstructured flles are truncated

fo a specifled bilt count,. Sequentlal and Indexed flles are
truncated to a speclfied record.



—
J

S~

,GA

MSB - 113 -31- 8721773

Appendix A - Qid Dims

Table A=1 summarlzes the propertlas of the princlple DIMS and
IOSIMs supported through the old 1/0 system and Indicates how
they are supoorted In the new Systen. The support classes and
notes are as follows.

support Class A

For these DIMS and IOSIMS thare Is complete compatibility betwaen
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
ls attached and opaned, 170 may be performaid by <calls to
los_sread or los_Sarlte and/or DDy the operatliors get_line,
get_charsy, and put_charse A call to the los_gsattach also opens
the 1/0 control blocky, a call to [>s_sdetach closes and detaches
the 1/0 control blocke.

aupport Class B

Thlis applies only to the file_ 1IOSIM,. There 1Is compatibitlty
with the followlng exceptions.

1) The only allowed element slzes are 9 and 36, anjd tha element
slze applles only to calls to los_8read and los_3write, not to
get_chars, etc.

2) When the element size Is 9y the delimiter for los_%$read is NL.
Wwhen the element slza ls 36, there are no delimltars,

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

%) Calls to seeky, telly get_del lm, and set_delim are not allowed,

support Class C

The DIM or IOSIM may only be used by calis to los_3ready etce
When a 170 control block ls attached to such a DIM o~ IOSIMy all
170 operatlons return with status egual error__taoie_sold_dim.

All DIMS and IOSIMS not listed In Table A-1 fall In thils classs
Howevery 1f a3 DIM or IOSIM has essentially the same propertlies as
tw_y It may 2e promoted to Ciass A with modest effort,

Note 1t The oniy orilers are error_count and rewind. The only
seek allowed means rawind (according to the MPM).,

Nate 2% The only effact 1ls to return oild Intormatlon,

Note 3t Orders as for tw_ plus set_terminal_type2,
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Naote 4t Orders as for tn_ plus set_arg_llist.

Note 5% Abort and resetread cause logout, Rasatwrite s
ignored,

General Notg? Apparantiy no DIMS or IOSIMS support readsynch or
writesynch or allow setting of breaks.
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APPENDIX B - STATUS CODES

The following standard Multlcs Status Codes are used by the l/o
system.

"error_table_s$atiready_attached
error_table_sclircular_syn
error_table_%empty_file
error_table_send_of_inf)
error_table_slncompatible_attach
error_table_s$key_order
error_table_$long_record
error_table_gsno_device
error_table_$no_file
error_table_$no_key
error_table_gno_operation
error_table_$no_record
error_table_3%no_loch
error_table_gnot_attached
error_table_snot_closed
error_table_3%not_open
error__table_sold_dim
error_table_%short_record
error_table_$tape_error
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APPENDIX C = PL/I I/0
Elle State Blagks

A PL/I I/0 statement references a flla state blocke. See the
Multlics PL/I Language Manual, 11,2. There |5 one flle state
block for each dlstinct file constant. An 1/0 statemant may
reference the flle state block through [ts assoclated flle
constant through a file variablie or (for sysln asd sysprint)
Implicltiye.

declare sysprint file constant, f flle varlaole!
t=sysprint}

put flie (sysprint) ilst (x)}

put flle (f) list (x)3

put tlst (x)3 ’

Al three put statements reference the flie state block
assoclated wlith the external flle constant sysprint.

Each PL/I flle state block Is assoclated with an 1[/0 control
blocky which depands on the assoclated flle constant as follows.

1) For thae external flle constant sysin, tha 1/9o control
block Is named user_lnput.

2) For the axternal flle constant sysprinty, the 1/0 control
block 15 named user_output.

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

4) For an Internal flle constant, the 1/0 control block has
a unlgue name. Distinct Internal flle constants are thus
assoclated wlith distinct 170 cantrol blocks.

Qoening PLZL Ellas

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

1) If the 1/0 control block Is openy lts opening mode must
be the same as the opsning mode speclified In the open
statement., If It Is not, undeflinedflle iIs slgnaled.

2) If the 1i/0 control block Is attached but closed, 1t Is

opened for the mode specifled In the open statement, In
thls <case the open statement must not contajin a title
Optlonb

3) If tne l/0 control block iIs not attached, It ls attached
“In accordance with the titie optlon In the open statement.
If there lIs no tltle ontlony 1t 1ls attached to a file whose
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pathname Is the same as the flle constant®s rama.

Stceam I/0

When a PL/I flle state block Is openad for stream 1/0 operatlions,
a buffer 1Is assoclated with 1t. The Individual PL/TI 1/o
operations transmlit data to/from tnls buffer, The points at
which data Ils transmitted to/from the 1/0 system are tharefore of
Interest, especlallly 1In cases where an l/o0 control block Iis
belng used In both PL/I and non-PL/I programs. The rules are as
follons.

1) During executlon of a put statement, the buffar contents
are nritten whenever the buffer Is fllled up a1d when the
output data Ilst has been complietely processad.

2) Durlng executlon of a get statement, data is read into
the buffer whenaver the buffer Is empty and the Input data
Ilst 15 not eaxhausted. The operation get_line ls used to
read the data. Hence a complete llne will pDe read unless
the llne length exceeds the pbuffer slze.

The tollowlng concluslons can be drawn from these rules,

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

2) Don®t swltch from PL/I lnput to forelgn Input In the
mlddie of a lina,

Regcord I/0

Al forms of record I/0 openlngs are avaliable Iin PL/I except
sequent lail lnput outpute. (Note that a PL/I opening for *direct™
corresponds to an l/o system opening for "“keyed nonsequentlal*),

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

1) On outputy the record must flrst ba copled to an
intermedlate byte-alignad buffer unless tha compiler can
tell that the record ls already byte-allgned.

2) On linputy the record must be read into an Intermediate
byte allgned buffer uniass the compller can tell that the
target varlable 1Is byte allgned and that It occuplaes an
integral number of bytes.

Note that In some cases the record In the flle wlll contaln a fen
garbage bits at the and (to pad 1t to an Inteygral number of
bytes)y, but thils doesn®t confuse PL/I.
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The simple forms of record 1/0 statements can be implemented very
efficientiy. Consldar, for axample,

read fille (f) Into (x)}

The compiled code evaluatas the flle expresslon f, obtalning a
polnter pf to a flle state »bdlock and the <code evaluates the
target reference x obtalning a pointer px to x and a length n.
The read operatlon can then be performed by

1f pf=->tsbesfunny_flag
then catl plllo_ (eee)?
else doj
call pf=>fsb. locb_ptr=>jlocberead(pft=>fso._ptry pxs ny status);
it status™=0 ‘
then do}
/*%analyze error*/
end?}
end;

The test on funny_flag detects odditlies relatiny to the flle
state Dblocky @.ge this Is flrst usey, or thaera I3z a ouffer to
dispose of (from read file (f) set (p)i)s Normally funny_flag is
“0"by, and the read Is performned by a dlrect call to the 1/0
system. It tha fila Is In the storage system this wlll be the
only subroutine catll.

Clasing PL/L Ellas

The normal system action for the finlsh condltlon closes all PL/I
flle state blocksy ail Fortran flles, all Basic fliesy, and all
170 control biocks not otherwlise covered. Thus any data In
butfers will be written outy, flle blt counts wlll be properly
sety tape labels written, etc.

It a PL/I ¢ftlie state ©block Is open when Its assoclated 1/0
control blocx 1ls closed by a direct call to the [/0 systaem, data
in PL/1 buffers may be lost.
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APPENQIX D - FORTRAN I/0
Legigcal Unlts

Each Fortran loglcal unit nn (nn=01y 02y¢+499) [s assoclated with
an I70 control block as follows.

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

2) Loglcal unit 06 Is assoclated with the 1/0 control block
named user_output.

3) Loglical wunlt nny, nn not egual 05 or 06, IS assoclated
with tha i/0 control block named filenn,

Elle Attachment and Qoenlng

It a Fortran /0 statement Is executed and the assoclated 1/0
control blocx 1ls not opany 1t Is opened as followse

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

2) If the 1/0 statement ls a formatted read, the 1/0 control
block 15 opened for stream lnput.

3) It the [/0 statement 1Is a formatted wrlte, Fortran
attempts to open the switch olock for straam Input-output.
If that falisy 1t opens 1t for stream output.

4) It the 1/0 statement ls a blnary read, Fortran opens the
i/7/0 control block for sequentlal Input,

5) It the 1/0 statement Is a blnary write, Fortran attempts
to open the 170 control block for sequentlal input-output.
If that fallsy Lt opens It for sequentlal outpute.

Eortran Regords

If{f a blnary read or write statament specifles more than onea
varlable, the 1/0 system fransmits the loglcal record to/from a
buffer suppllied by Fortran, and Fortran moves data between the
buftter and the seperate varjiables. Note that nothing Is left In
the buffer when the /0 statement ls flnlshed,





