MULTICS TECHNICAL BULLETIN MTB=-253

To: Distripution
From? Js Berson
Date: 02/703/76

Subject? Release 2 of the Multlcs Sort/Merge

Attached is information about Release 2 of the Multics
Sort/Merges which Is scheduled for Multics Release 4.0 In June
1976, There are four write-ups, including sort command, merge
command,y sort_ subroutine, merge_ subroutine, In the wusual form
for the Multics Programmers® Manualy and one write-up of
additional interfaces to be documented in the PLM.

Comments and criticlsms are solicited, whether on techbnical
aspects or on the documentation. They may be sent to Joel Berson
at Honeywell Bllierica by mall or phone} or via ™mall! Berson
MSORT®™ on elther the MIT or Phoenlx Multics systems.

Multics Project Internal working documentation. Not +to be
reproduced or distributed outsige the Multics Project.
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1.

1.4

1.5

NEW_FUNCIIONS

A Merge, or Flle collation, functlion has been added.

A subroutlne Interface for both the Sort and Merge has been
addede.

Support for the SORT portlon of the ANSI COB0L Sort/Merge
Modules, Level 2y has been added. (The COB0OL MERGE function
is not supported by thls packageld.

Additlonal data tvypes for keys and mul tlple key flelds are
supported. Release 1 supported only character string and a
single key ftleld.

Addltional storage media and file organlzatlons are
supported for the input and otuput files. Essentlally any
fitle can be supported whlich <can be read or wrltten
sequentially via iox_ wusing any available 1I/0 modutle,
Release 1 supported only sequentlial Input and output flles
in the Multlcs storage system (using vflie de.

The folloning additional user exit points are provided?

Input_record exit? Permlts the user to altter, delete, or
insert records before they enter fthe
sorting or merging process.

output_record exift$ Permits the user to altery, delete,
Insert, or summarlze records coming
out of the sorting or merglng process
before they are wWwritten to the output
flle.

Segquence checking for output records has been added.
A flle size argument has been added.

Command arguments for measurement and testing have been
added (-tlme, =-merge_order, ana =-string_size).
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3.

3.1

3.2

CHANGED SPECIFICATIONS

The keyword =-sort_desc (-sd) must precede the pathname of
the Sort Description {when the Sort Description Is suppiled
in a segment). In Release 1, the pathname of the Sort
Descriptlon must be the first argument and Is not preceded
by a keyword.

QUESTIONS ABOUT DOCUMENTATION

I would Iike to raise the following questions 3about
documentation of the Sort/Merge. :

Shoulid the Sort and the Merge be documented in four separate
MPM write=-upsy as attached; ort should the Merge (command and
subroutine) be documented in two shorter write-ups whlch
then refer to the two Sort wrlife-ups for details? There is
much In common between the Sort and the Merge., On the other
handy noting differences appiicable to the Merge In the Sort
Write-ups may be somewhat complicated and confusing.

Shouid there be a separate Users®' Gujide for the Sort/Merge?
It sos what information shouid go in the MPM and what In the
Users® Guide? Some Information not presently in the MPM
Wrlte-ups which might go Into a Users® Gulde is?

text of error messages

description of the report produced by the Sort/Merge
{varjious counts of records processed} data produced by
the -time argument)

I/0 usage; e.g3. for PL/I 1/04 Fortran, record_stream_,
Syn_s etfcCe

Relationship between flle size, work space required,
optimizations etc.

Should the additlonal command arguments described in the PLM
urite-up be documented dlrectly 1In the MPHM Commands
wWrite-ups?
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Namet sort

The sort command provides a generallized file sorting
capabllity, which 1ls specliallized tor executlon by user
supplied parameters. The baslic function of the Sort s to
read one or more input files of records whlch are not
orderedy sort those records according to the values of one
or more key flelds, and write a single file of ordered (or
“ranked™"™) recordss. The Sort has the following general
capablilities?

Input and output files may be on any storage medium and In
any fite organization}

Very large files, such as multisegment flles, can be sorted;

Multipie key fields and most PL/I string and numeric data
types may be speclifled;

Exits to user supplled subroutines are permjitted at several
points during the sorting process.

In addltion to arguments to the sort commands other
information is necessary to speclallze the Sort for a partlcular
executlions This iInformation, called the Sort Description, can be
supplied elther through the user®s terminal or In a segment.

The description glven here of the sort command ls suffliclent
for sltuatlons where the Sort ls free standing; that Is, where
no wuser supplled oprocedures are executed. {User supplled
procedures are called "exlt procedures”™,) Addltionat Information
is necessary for executing the sort command with exit procedures,
and Is contalned 1In the descriptlon of the sort_ subroutine In
the Multics Programmers® Manual, Subroutines, Sectlon II.

}
INPUT AND OUTPUT

The user can specify the Ilnput and output flles. In this
environment, the Sort reads the input files and writes the output
flie. Each [nput or output file may be stored on any medium and
in any flle organlzation supported by an I/70 module through jlox_.
The 1/0 module may be ona of the Multjics system I/0 modutes {(such
as tape_ansi_J)y or one supplled by a speciflc Instaliation, or
one written by a user. An Input or output file Is specified
elther by a pathname or by an attactk descriptlon.

Alternatively, the user can supply elther an input_file

procedure or an output_flie procedure {(or both)le An input_file
procedure [s responsible for reading lnput and releaslng records
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to the Sort. An output_file procedure is responsibie for
retrieving records (ranked by the Sort) from the Sort and writing
QUTPUTe.

In ali cases, records may be either fixed length or varlable
fengthe.

KEY FIELDS

The user can specify the key flelds to be wused In rankling
records. Key fields are described in the Keys statement of the
Sort Description. Up to 20 key fields may be specified. Any
PL/T string or numerlc data type - except complex or pictured -
may be specified for a glven key fleld., Ranking may be
ascendings descendingy, or mixeds For a cnaracter string field,
the collating sequence [s that of the Multics standard character
setas

Alternatively, the user can specify a user supplied compare
procedure, which {s then used to rank recordse.

The orlglnal order of records with equal keys IS preserved
(FIFO order). Original input order ls defined as follows?

1. If two equal records come from different input flles, then
the record from the file which is specified eariler in the
command llne s flrst.

2e If two equal records come from the same Input flle, then the
record which Is eariier in the file is first.

EXITS

The Sort provides exlts to wuser supplled procedures at
speciflic points during the sorting process. Exlt procedures are
named in the Exits statement of the Sort Descriotion. The
following exit polnts are provided?

input_flle To obtaln Input records and release them one
by one to the sorting process.

output_tite To retrieve ranked records one by one from
the sorting process and output them.

Input_record To perform speclal processling for each Input

record, such as deleting, inserting, or
altering records to be input to the Sort.
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output_record

compare

sort

To perform speclal processing for each output
recordy such as deleting, Inserting, or
altering records to be output from the Sort;
or summarlizing data by accunmulating It Into a
summary record,

To compare two recordsy that iss to rank them
for the sorting processe.
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sort

sort -input_specs output_spec controil_args

wherel

i.

input_specs

-lnput_file pathname

-if pathname

indicates that the wuser Is specifylng the
input files, Up to 106 Input tiles may be
specified, Each Input file specificatlon
{each Input_spec) m3y be supplied in one of
the followlng forms?

It an input fflle is in the Multics
storage system and [ts file organization
is either sequentlal or Indexed, then [t
may be specified by 1Its pathname. The
flle may be ejther a slingle segment or a
muil tisegment flles The star conventlon
can not be used.

An Input flle speclifled by a pathname
will be attached wusing the attach
description “vflle_ pathname™.

-input_descriptlon "attach_desc”
-ids "™attach_desc”™ If an input flle ls not In the Multlcs

storage system or its flie organization
Is nelther sequentlial nor lndexed, then
it must be speclfied by an attach
description. The attach description
must be quoteds The target I/70 module
specifled via the attach descriptlion
must support the sequential_lnput
opening mode and the lox_ entry opcint
read_record.

Pathnames and attach descriptlons can be
intermixed in the input_specs argument.

If the user Is supplying an . nput_flle exlt
procedure, then the Ilnput_specs argument must
be omitted and the Input_flle exit procedure
must be named in the Exits statement of the
Sort Description.
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output_spec incicates that the user is speclfying the
output flle. Only one output flle can be
specifled. The output file speclficatlon
(output_spec) may be supplied In one of the
follonlng forms?

-output_file pathname

-of pathname It the output file Is In the Muitics
storage system and jts flle organization
Is sequential, then It may be specifled
by its pathname. The file may be either
a slngle segment or a multisegment flie,

The equals convention may be used. If
it is, it ls appliled to the pathname of
the filrst Input flle and the first {nput
flle must be speclfled by a patbname,
not by an attach descriptione.

An output flle speclfied by a pathname
will be attached wusing the attach
description ®“vfile_ pathname™. Thus |{f
the file does not existy It wlill be
createde. If It does exlst, 1t will be
overaritten,

~output_flle -replace

-of =rp : The output flle [s to replace the first
input file, That input file will be
overnrjitten durlng the merge phase of
the Sort. It -reptace [s wusedy the
first Input file must be specifled by a
pathname, not by an attach descriptlion.

-output_description "attach_desc"

-ods "attach_desc™ If the output file Is not In the Multics
storage system or its flle organlizatlon
ls not sequentlialy, then It must be
specified by an attach description. The
attach description must be quoted. The
target I/0 module specifled via the
attach description must support the
seguentlal_output opening mode and the
lox_ entry point urite_recorde.

It the user is supplying an output_file exit
procedure, then the output_spec argument must
be omltted and the output_flile exlt procedure
must be named In the Exits statement of the
Sort Description.
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control_args must be chosen from the following!

=-console_input

-ci lndicates that the Sort DOescription |is
read via the 1I/0 switch wuser_Irput
{which normaliy ls the user®s terminal).

-sort_desc sd_path

-sd sd_path indicates that the wuser Is specifying
the pathname of the segment contairing
the Sort Descriptlion.

" Either the -console_input or the =-sort_gesc
argument = but not both - must be specifjied.
See the headlng Sort Description below.

-temp_dir td_path

-td td_path indicates that the wuser Is specifying
-the pathname of the directory which wlill
contain the Sort*s  work flles, The
equals conventilon can not be used.

If this argument is omitted, work flles
will be contained in the user's process
directory.

This argument should be used when the
process directory will not be 1{arge
enough to contfaln the work flles. The
{wd]l active function may be used for
td_path to place work files in the
user®s current working directory.

~-fitle_size 1 speclfies that the total amount ot data
to be sorted Is f miilions of bytes.,
The argument f must be a decimal number.
If the -file_size argument Is omitted,
the default assumption is approximately
one milllon bytes (£ = 1.0)«

This argument 1s intended for wuse when
some or all of the Input flles are not
in the storage system (that is, are not
specifled by pathnames) or when an
input_flile exlt procedure Is used. In
these cases thae Sort cannot determine
the amount of Input data. {(The Sort
does compute the total amount of Input
data which Is In the storage system,
using segment blt counts.) The
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. =fitle_slze argument may also be wused
when aftl of the Input fllies are In the
storage system but records are to be
inserted or deleted through an
Ilnput_record exlt procedure,

The =-file_slze argument |Is wused for
optimization of performance} the actual
amount of Ilnput data can be consliderably
targer without preventing the Sort from
completings The maximum amount of data
which can be sorted Is (in bytes)
approximately 6 mitilon times the
square root of f.

NOTES

Arguments can appear [In any order, but a pathname or attach
description must immediately foljow 1lts keyword,

The temporary directory pathname (td_path) is the name of a
directory. The Sort Descrilption pathname {(sd_path) iIs the name
of a segment.

Any pathname may be relative {(to the user®s current working
directory) or absolute.
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Sort Description

The Sort Description contains additional Information to
speclalize the Sort for a particular executlion. The Iinformation
supplied may be?

Keys - Descriptlon of one or more key flelds wused for
ranking records.

Exits - Speciflication of which exlt points are to be wused
and the names of the corresponding user supplled
exit procedures.

A Sort Description ls requlred. As a mlnimum, the user must
specify how records are to be ranked, either by describing key
fiefds In the Keys statement or by naming a compare exlt
procedure in the Exits statement. Other information In the Sort
Description is opptional.

The Sort Description may be suppllied as a segment or read
via the I/0 switch user_Iinput (normaily the user®s terminal).

If the Sort ODescriptlon s suppliled In a segment, I[ts
pathname is specifled In the -sort_desc argument.

If the Sort Oescription iIs read via the user®s terminal,
the -console_input argument is used. The Sort prints *“Input:"™
via the I/0 switch wuser_output and waits for input. The user
then types the Sort QOescription. To terminate the Sort
Description, the wuser types a llne consisting of a period (".")
foltowed by a line feed. {(This 1ine is not part of +the Sort
Descriptlions) '

SYNTAX OF THE SORT DESCRIPTION

A Sort Descriptlon conslists of a set of statements. Each
statement must begin with a function keyword. The functlion
keyword s followed by the function keyword dellmiter colon
("t*). The statement ltself consists of one or more parametersy’
separated by parameter delimiters. The parameter delimlters are
spacesy commas ("4*™),y or {In certaln specific cases as specified
- below) parentheses {*(" and ")*). Each statement must end with
the statement dellmiter semicolon (“§™.

In the descriptlons belows, certain notational conventlons
are usede. A word enclosed petween the less than and greater than
symbols (<" and ™"™»") 1ls 2 notational varjiable, which must be
replaced by an actual word or phrase of the Sort QDescriptlion
fanguage. A word not enclosed between < and > [s an actual word
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of the Sort Description {anguagee. A phrase enclosed betmwneen
hrackets ("I and ™1*) 1s optlonal. A phrase enclosed between
braces ("™ and “3}") and followed by an elllpsis ("eee™) is
requiredy and may be repeated one or more times.

KEYS STATEMENT

The Keys statement specifies key tlelds used to rank the
recoras of the lnput flles. The format of the Keys statement 1s?

keys: {(<key_description>} see 3}

The Keys statement consists of a serles of one or more
<key_description»>s. The key descriptions are speclified in order,
the first describing the major key and the tast descrlbing the
most mlnor key. Up to 2) key descriptions may be supplied.

A key description is the specification of a single key
fielde The format of a <key_description> is?

<datatype> (¢<silze>) <position> { descending]

nwheret

1. <datatype> Is the data type of ¢the key fleld. This
alement ls required. See the table below for
the encodling of <datatype>.

2 <sjze> is the slze of the key fleld, expressed Iin a

form which depends on the data type. This
element ls requlred.

For string data types, <size> Is the length
{(characters or bits) of the fleld. The
length ls the exact amount of space occuplied
by the fleld.

For arlthmetic data types,y, slze 1s the
precision (binary or declmal digits) of the
fleld. Scale factor, 1f any, must not be
aritten (It i{s not reaquired by the Sort),
The space occupled 1ls determined by the
orecislon In combinatlon with the data type
and the alignment. (Atignment Is speclfled
via <posltion>.) For an aligned binary fileld
(filxed or floating)s the space occupled |Is
Increased 1f necessary to an Integral number
o2f wWords.
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<positlion>

<wW>

<> (<b>)

dgescending
dsc

sort

<slze> must be a declmal integer. The wunit
depends on the data type. See the tablea
below for the semantics of <slze>. (The
rules wused are the same as those useag by
Muttics PL/I.)

1s the offset of the obeglnning of the key
fleld, relative to the beglnning of the
record. Consider the record as being aligned
on a word boundary, as wiil be the case for a
Multics PL/I structure. Thls element Is
requireds There are tno formats:

nhere <w> (s the word offset. Words are
numbered from 0 for the first word of
the record. This format specifles to
the Sort that the key fleld is allgned
on a word or {(if <w> is even) on a
double word boundary.

where <w> [s the word portlon of the
offset and <b> s the bit portion of the
offset: that s, the blt offset wlthin
the word. Bilts are numbered from g +to
35. This format implies that the key
field is not allgned on a word boundary.
If the key fleld ls asligned on a word
boundary but fthe user specifies a bit
offset of § anyway, the Sort will
operate correctly although speed of
execution may be affected.

The formats for <position> and the values for
<W> and <b> are conslstent wWwith those shown
in Muttics PL/I 1listings or used by debuge.

specifles descending order for ranking using
this key fielde This element may be omitted}
the default |[s ascending order for thls key
field.
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DATATYPE ENGODING AND SEMANTICS OF SIZE

Encoding 1

of

Semantlics of

(where <sjze>
<datatype>}i Unlt

Range

<slze>

n)
Space Occupled

Character string
(Multics ASCIID)

Bit string

Fixed binary

Floating binary

Flxed decimal
(teaalng sign)

Floating declimal

char

bit

bin

float bin

dec

tloat dec

9 bit

character

1 bit

1 blt

1 bit

9 bit
digit

g bit
digit

49395

4095

71

63

59

59

n characters

n bits

Allgned:
1 £ n < 358
36 £ n £ 71:
Unallignedt n +

Aligned:?
1 £ n < 278
36 £ n £ 632
Unatllgned: n +

n + 1 digits

n+ 2 digits

one word
two word
1 blts

one word
twWwo nword
3 bt

In addition to the forms shouwn for <datatype> in the table

above, the followiny varlasnts are also permitteds’

The following alternate speillings may be used?

charicharacter

bintblnary

decidecimal

The word "fixed™ may be used (or omitted).

fixed binibin

fixed decidec

The words may be written in any sequence.

float binibin float
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EXAMPLES QOF KEY DESCRIPTIONS

char(10), 0(18)

Character stringy Multics ASCII code, fength
ten <characters) starts at bit 18 of word Q.

char(8)s 1. descending

Character strings Multics ASCII code, length
eight characters} starts at blt {0 of wWord 13
ranking Is descending.

character{4), 2, dsc

bit(16)y 0(2)

bin(i7), 2

pin(17),y 2(18)

bin(1), 2(2)

bin(1)s 2

bin(36)y 2

dec(8)y 0()

float dec(9), G8(9

Character strings, Mulitics ASCII coae, length
four characters} starts at bit 0 of word 23
ranking 1s descending.

Bit string, length 16 bitsy starts at blt 2
of word Q.

Fixed binarys preclsion 173 since no bIit
offset 1Is speclfiedy, Is allgned ang thus
occupies one word (equivaltent to ™"bin(35),
2").

fixed blnary, preclsion 173 since a bit
offset is specified, is wunallgned and
occupies 18 blitsy starts at bit 18 of word 2
{ie€ey IS Iin the low order half of word 2).

Fixed binary, precision 135 unallgned and thus
occuples 2 bits} starts at blt 0 of word 2.

Fixed binary, precision {3 allgned and thus
occupies one word (equivalent to "bin(35),
2") .

Flxed blnary, preclsion 363 since no bit
offset 1Is specifled and preclsion is greater
than 35 and word offset |s even, [s allgned
and occuples two words f(equlvalent to
“pin{71), 2",

Fixed declimal, 9 bit digits, preclslon 63
starts at blt 9 of wrord 0 and occuples 7
dlgits Including sign (that is, through the

and of word 1).

Floating decimal, 9 bit digit, precision 93
starts at blt 9 of word 0 and occuples 11
diglits Including exponent and sign (that Is,
through the end of word 2).
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EXITS STATEMENT

An Exits statement specifies the exlt procedures to be used
during execution of the Sorte The format of an Exits statement
is:

exitst {<exit_description>} ... 3

The Exits statement consists of a set of one or more
<exlt_descriptlon>s. Exlt descriptions may be specifled In any
order.

An exit description is the specificatlon of one exit point
and the user supplied exlt procedure to be caltled at that exit
polnts The format of an <exit_description>» {s3

<exlt_name> <user_name>

wheret
1. <exit_name> is the keyword naming the exit point at which
the wuser suppiled exlt procedure ls to be
called. Exlt names may be chosen from the
folloning 1ists
Input_flle
output_¢file
Input_record
output_record
compare
2s» uUSer_name Is the name of the entry polnt of the user

suppiled procedure. This parameter has the
same syntax and semantics as a command name.
That st

User_name can be el ther a segment name (e+gey
segment) or a segnment name and an entry point
name (e.9.9 sSegmentientry_polnt). In these
casess the user®s current search rules are
applled to find the procedure. {If some
segment [s already known by the speclfled
referance namey, that segment is used.)

User_name can also be a pathname; that ls,
can speclfy a directory hlerarchy 1ocatlion,
either relative (to the wuser®s cuyrrent
working dlrectory) or absolute. In +this
casey, the search rules are not appliied and
the pathname [s used to find the oprocedure.,
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({If some other segment ls already kncwn by
the speclfied reference name, that segment s
termlinated first,.)

HRITING EXIT PROCEDURES

The exit polnts to be used durlng an execution of the Sort
and the names of the corresponding user supplied exit procedures
are speclfied in the Exits statement as described above. The
specifications for writing exit procedures (PL/I declare and call
statements) and the functional requirements imposed upon exit
procedures are given In the description of the sort_ subroutlne
Iin Section II of MPM Subroutlines.
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Examples

sort =input_file sort.dn =-output_flle =.0ut =console_input
Ir\puf. ‘
key$ char(ig), 0§03

In this exampley, the arguments of the command stzte that
there is one input flie, whose pathname ls sort.inj the output
file pathname ls sort.outy the Sort Oescriptlion ls Input vlia the
user®s terminalj and by default the work files are contained in
the user®s process dlrectory.

The Sort Descrlption states that there |Is one key, a
character string of {ength 10 charactersy, starting at word 0 bit
0 of the recorde There are no exits specifled.

sort =~temp_dir >»uad>»>pool =-sort_desc sd

In this example the arguments of the command state that the
work files are contained In the directory >udd>pool; and the
Sort Description Ils contalned In the segment named sd,.

Assume that the segment sd contalns?

keys? fixed bln(35) 0,y char(8) 13
exitst input_ftlie wuser$input,
output_flle userfoutput;

The Sort Description states that there are two keys., The
major KkKey is an aligned fixed binary fleld of precision 35,
contalned in word ¢ of the records The minor key Is a character
string of length 8, contalned in words 1 and 2 of the record.

There are two exits. an Input_flie procedure exlt and an
output_file procedura exites The Input_file exit procedure entry
polnt 1Is named userdlinput} the output_file exlt procedure entry
polnt Is named wusergoutput, These exlts must be specifled
because the command did not specify either an input file or an
output flie.

sort =if sort_in =of -replace =-td [wdl =-sd sort_desc

In this example the arguments of the command state that the
Input flle Is named sort_Ins the output flle lIs to replace the
Input fitle} work files are contajined [n the user®s current
workling directory} and the Sort Description ls contalned in the
segment sort_descCe.
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sort -input_description “tape_ansi_ vol_1 =-name 3" =-if b \
-output_descriptlion "“vflle_ ¢ =-extend”™ =-cli

In this examplie thera are two Input flles. The first input
file is speclifled by an attach description for the I/0 mogule
tape_ansi_ with the attach argument "voi_1 -nzme a". The second
input file 1is specified by tha pathname b, and thus must be a
sequential or indexed file In the storage system. The output
flle 1is specifled by an attach description for the I/0 moacule
ville_ with the attach argument “b -extend®™. For the 1I/0 module
viile_s this means that the pattname is ¢ and the flle is to be
extended} that Is, output records from the Sort wlilil be wWritten
at the end of the file ¢ (If it already exists).

{A \ followed by a line feed Is used to continue the command
arguments onto the second line.)

The Sort Descriptlon (not shown) wlll be read via the user's
terminal.

sort -1ids "record_stream_ =-target vflle_ a" =-of b =-ci

In this example assume that the 1Input file s an
unstructured flle In the storage system, with the pathname a.
The Input flle has been specifled by an attach descriptlon using
the I/0 moduie record_stream_, which will transform the record
I/0 operatlons reguested by the Sort Into the appropriate stream
170 operations for the target file a. '

sort =}lds “syn_ user_switchrame®* =-of b =-ci

In this example the input file Is attached wusing the 1I/0
module syn_ fto the 1I/0 switch user_switchname, which must be
attached and closede.

Name?l merge

The merge command provides a generatlized file merging
capabilitys which s specliallzed for execution by user supplied
parameters. The basic functlon of the Merge is to reac one or
more input flles of records which are in order according to the
values of one or more key fields, merge (col!ate) those records
accordlng to the values of those key flelas, and write z slingle
file of ordered (or ™ranked™) recordss. The Merge bhas the
following general capatllitlest

(END)
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Input and output files may be on any storage medium and In

H L]
any file organization?

» i o

Very large files, such as multlisegment flles, can be merged;

Multiple key flelds and most PL/I string and numeric data
types may be speciflied;

Exits to user supplied subroutlnes are permitted at several
points during the merging processe.

In additjon to arguments to the merge command, other
information Is necessary to speclallze the Merge for a partlicular
execution, This information, called the Merge Description, can
be supplled efither through the user®s termlnal or In a3 secment.

The description given here of the merge command s
sufficient for situations where the Merge s free standlng; that
Ise where no user supplled procedures are executed. {User
supplied procedures are called "exlt procedures™.) Additlonal
information Is necessary ftor executing the merge command with
exlt procedures, and 1s contained [n the description of the
merge_ subroutine In the Muiltics Programmers® Manual,
Subroutines, Sectlion II.

INPUT AND QUTPUT

The wuser speclifles the Input and output filles. The Merge
reads the input files and wrltes the output flle. Each Input or
output file may be stored on any medium and In any flle
organization supported by an I/0 module through lox_. The 1I/0
module may be one of the Muitics system I/0 modules (such as
tape_ansl_), or one supplied by a specltic Instaltlation, or one
written by a user. An [nput or output flile ls speclfied either
by a pathname or by an ‘attach description.

In all casesy records may be elther fixed length or variable
fen gTh.
KEY FIELDS

The user can spacify the key flelds to be wusea 1In ranking
recordss Key flelds are described In the Keys statement of the
Merge Descriptlon. Up to 20 key fields may be specified,. Any
PL/I string or numeric data type - except complex or plctured =~
may be specified for a glven key field. Ranking may be

(END)
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ascending, descendingy or mixeds For a character string field,
the collating seguence is that of the Multlcs standard character
set. ihe records of each input fiie must be in order according
to those key fleldse.

Alternatively, the user can speclfy a user supplled compare
procedure, which 1s than used to rank recordss. The records of
each [nput file must be In order according to the algoritrm of
that procedure.

The original order of records with equal keys is preserved
(FIFO order). O0Original lnput order is deflned as follows?

i. If two equal records come from different input fitesy, then
the record from the flle which is specified eariler In the
command line is first.

2 If two equal records come from the same Iinput file, then the
record which Is earlier In the file Is first.

EXITS

The Merge provides exlts to wuser subpliled procedures at
specific points during the merging process. Exit procedures are
named in the Exits statement of the Merge Qescription. The
foliowing exit polnts are provided?

output_record To perform special processing for each output
record, such as deletingy, Inserting, or
altering records to be output from the Merge}
or summarizing data by accumulating it into a
summary records.

compare To compare two records; that Is, to rank them
for the mergling process.

(END)
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merge input_specs output_spec control_args

where!l

i. input_specs

indicates that the wuser s specifying the
Ilnput files. Up to 10 input flles may be
specified. Each Input file speclification
{each Input_spec) may be supplled In one of
the following forms?

-input_tite pathname

-if pathname

If an Input flle 1Is In the Multics
storage system and lts tlle organlzatlion
is either sequential or indexed, then |t
may be speclfled by its pathname. The
flle may be elther a single segment or a
multisegment filee The star convention
can not be used.

An Input flle speclftled by a pathname
will be attached using the attach
descrilption “vflie_ pathname™.

-input_descrintion *attach_desc"
-ias "attach_desc™ If an input file Ils not In the Multics

2. output_spec

storage system or lts flle organization
is neither sequential nor indexed, then
it must be speclfjed by an attach
descrilptione. The attach descriptlion
must be quoted. The target I/0 mocule
speclfled vla the attach description
must support the sequentlal_lnput
opening mode and the lox_ entry pcoint
read_record,

Pathnames and attach descrlptions <c¢an be
intermixed In the Input_specs argument,

indicates that the wuser 1ls specifying the
output file, Only one output file can be
specifled. The output file speclflication
{output_spec) may be suplied In one of the
foliowing forms:

-output_flle pathname

-of pathname

If the output flte is In the Multics

(END)
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storage system and Its flile organization
is sequentialy then it may be specified
by Its pathname. The file may be el ther
a single segment or a muttisegment flle.

The equals convention may be used. if
it s, it Is applled to the patrname of
the first lnput file and the first irput
file must be specifled by a patbname,
not by an attach description.

An output flle specifled by a pathname
nill be atftached wusing the attach
description “vfile_ pathname™. Thus If
the flle does not existy it wiill be
created. If It does existy it will be
overwrjitter.

-output_description “attach_desc™"

-ods "attach_desc™ If the output file Is not In the Multics
storage system or [ts flle organization
ls not sequential, then It must be
specifiec by an attach description. The
attach description must be guoted. The
target I/0 module speclfled viz the
attach description must support the
sequentlal_outout openlng mode and the
lox_ entry pcint urlte_record.

control_args must be chosen from the following?

-console_input

-ci indicates that tha Merge Oescription |is
read via the 1I/0 swiltch wuser_input
(vhich normally is the user®s termlinal).

-merge_desc md_path

-md md_path indicates that the wuser [s speclifying
the pathname of the segment contalning
the Merge Description.

Elther the -console_lnput or the -merge_aesc

argument = but not both - must be speclifiede.
See the heading Merge Oescription belowe.

(END)
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NOTES

Arguments can appear [n any order, but a pathname or attach
description must Immedlately follow lts keyword.

The Merge Description pathname (md_path) is the name of a
segment.

" Any pathname may be relative (to the user®s current working
directory) or absolute,

(END)
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Merge Description

The Merge Description contalns addlitional Information to
speclalize the Merge for a particular execution. The information
supplied may be?

Keys - Description of one or more key flelds used for
ranking records.

Exlts - Specification of which exit polnts are to be used
and the names of the corresponding user supplled
exit procedures.,

A Merge Description is requlireds As a minimum, the user
must speclfy how records are to be ranked, elther by describing
key fields in the Keys statement or by naming a compare exlt
procedure In the Exits statements Other information In the Merge
Description Is optionatl.

The Merge Oescription may be supplied as a segment or read
via the I/0 switch user_input (normajlly the user®s terminal),

If the Merge Descriptlon Is supplled in a segment, |lts
pathname [s specified In the ~merge_desc argument.,

If the Merge Description Is read via the user®s terminal,
the ~console_input argument Is used. The Merge prints “Input:™
via the I/0 swWwiftch user_output and waits for input. The user
then types the Merge Description. To terminate the Merce
Descriptions the wuser types a tine consisting of a period (®.™)
followed by a line feed. (This 1ine is not part of the Merge
Description.)

SYNTAX OF THE MERGE DESCRIPTION

A Merge Description consists of a set of statements, Each
statement must begin with a function keyword. The functlon
keyword 1is followed by the functlon keyword dellmiter colon
{("t")s The statement jtself consists of one or more parameters,
separated by parameter deilmiters, The parameter delimlters are
spacesy commas ("y")y or {in certain specific cases as specified
belon) parentheses {"(*" and ")*™). Each statement must end wilth
the statement delimiter semicolon (™3}").

In the descriptions below, certain notatlonal conventlons
are usede A word encliosed between the less than and greater than
symbois ("< and '">") Is a notatlonal variabley which must be

(END)
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of the Merge Description
8en < and > is an actuai word
of the Merge Description language. A phrase enclosed betuween
brackets ("[" and *1") Is optlonal. A phrase enclosed batween
braces ("(*" and "}*) and followed by an ellipsis ("see™) s

reauired, and may be repeated one or more timess.

replaced by an actual word or phrase
W

N ~N o AAad
language. 4 word net anclosed bet

KEYS STATEMENT

The Keys statement specifles key flelids used to rank the
records of the input files. The format of the Keys statement is?

keyst {<key_description>} «¢s }

The Keys statement consists of a serles ‘of one or more
<key_description>s. The key descriptlons are speclftied In order,
the first describing the major key and the last describling the
most minor keye. Up to 20 key descriptions may be supplied.

A key description iIs the speclficatlon of a single key
fields The format of a <key_descriptlon> is?

<datatype> (<sjize>) <position> [descending]

where!

1. <datatype> is the data type of the key fleld. This
element s required. See the table below for
the encoding of <datatype>.

2 <slze> Ils the slze of the key fleild, This element

is regquired.

For string data types, <size> Is the length
{characters or bits) of ¢the fleide. The
length [s the exact amount of space occupled
by the fleid.

For arithmetic data types, <slze> 1ls the
precision (binary or decimal digits) of the
fields Scale factor, If any, must not be
wrltten (1t is not required by the Merge).
The space occupled 1ls determined by the
precislon In combinatlon with the data type
and the alignment. (Adlignment is specified
via <position>.) Ffor an aligned blnary fleld
(fixed or fioating)ly the space occupied is

(END)
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3. <position>
<W>
<> (<h>)
4. descending
dasc

———— s et

merge

Increased [f necessary to an Integral number
of words.

<size> must be a decimal integer. The unit
depends on the data type. See the tabie
betom for the semantics of <size>. (The
rules used are the same as those wused by
Multics PL/1.) ‘

ls the offset of the bpeginning of the key
fieldy relative to the beginning of the
record. Consider the record as being aligned
on a Word boundaryy, as will! be the case for a
Multics PL/I structure. This element |is
requireds There are two formatss

where <n> is the wWword offset, Words
are numbered from 0 for the first word
of the records This format specifies to
the Merge that the key fleld ls allgned
on a word or {if <w> |ls even) on a
doubie word boundary.

nhere <W> is the word portilon of the
offset and <b> s the bit portion of the
offset; that Isy the bit offset withlin
the word. :Bits are numbered from g to
35, This format impiles that thre key
field is not allgned on a word boundary.
If the key fleld 1ls aligned on a word
boundary but the user speclifles a bit
offset of 0 anyway, the Merge will
operate correctly although speed of
execution may be affected,

The formats for <position> and the values for
<w> and <b> are consistent with those shonn
In Multlcs PL/1I 1istings or used by debug.

speclfles descendlng order for ranking wusing
this key flelds Thls element may be omltted;’

the default 1Is ascending order for trls key
fileld.

(END)
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DATATYPE ENCODING AND SEMANTICS OF SIZE

Encoding ¢ Semantics of <s]lze>

of H (vhere <slze> = n)
<datatype>! Unit Range Space Occupled
Character string char 9 bit 1 - 4095 n characters
{Muttics ASCII) character
Blt string ‘ ) blt 1 bit 1 - 4095 n bits
Flxed blnary oin i1 bit 1 - 71 Al lgneds

1 <n < 35¢ one
3b £ n £ 71t two

Unaltigned: n + 1

Floatlng binary float bin 1 bit 1 - 63 Alloned!?
1 <n <
36 £ n £ 63t two
Unalignedt n + 9

Flxed dec imal dec 9 blt 1 - 59 n + 1 digits
(lteading sign) digit

Floating declimal float dec 9 blt 1 - 59 n + 2 digits
digit

wWOorc
HOr¢

bits

273 one wWorc

ard
S

In addition to the forms shown for <jdatatype> In the table
abovey the following variants are also permltted:?

The follohing alternate spelilngs may be used?
charicharacter binlbinary deci{decimal

The nord “flxed” may be used (or omitted). For example?
fixed binipln fixed decidec

The words may be written In any sequence. For exampletl

(END)
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ftoat binlbin float

(END)
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EXAMPLES OF KEY DESCRIPTIONS

char(10), 0(418) Character string, Multlics ASCII code, length
ten characters; starts at bit 18 of word J.

char(8), i, descending
Character string, Muitics ASCII code, length
eight characters; starts at blt ¢ of word 0§03
ranking ls descendinge.

character(4), s dsc
Character stringy Muttics ASCII codes tength
four characters; starts at bit 0 of word 03
ranking 1s descending.

blt{(46)y 0(2) Blt stringy length 16 blitss starts at blt 2
of word Q.

bin(17), 2 Fixed blnary, preclsion 173 since no bIt
offset Is specifled, 1s allgned and thus
occuples one word f{equivalent to *“biIn(35),

2“, o
bin(171, 2(18) Fixed blnary, preclsion 173 silnce a blt
offset is specified, Is wunaligned and

occupies 18 bits; starts at blt 18 of word 2
{iecey is In the low order halft of word 2).

bin{4), 2(0) Flxed binary, precision 13 unallgned and thus
occupies 2 bitsy starts at bit 0 of word 2.

bin{i)y 2 Flxed binarys preclislon 15 allgned and ¢thus
occupies one word ({(eguivalent to "bin(35),
2™) .

bin(36), 2 Fixed blnarys preclsion 363 slnce no bit

offset 1is speclified and precision is greater
than 35 and word offset ls even, Is allgned
and occupies two words (equivalent to
"pbin{71)y 2").

dec(6)y §(9) Fixed decimaly, 9 blt diglitse preclsion 63
starts at blt 9 of word 0 and occuples 7
dlglts lncluding slgn {that Isy through the
end of word 1).

float dec(9), (9 Ffloating decimai, 9 blt digity precision 93
starts at blit 9 of word 0 and occupies 11

(END)
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digits including exponent and sign (that |Is,
through the end of word 2).

(END)
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EXITS STATEMENT

An Exlfs statement speclfies the exlt procedures to be used
during executlion of the Merge. The format of an Exlts statement
Ist

»

exitst {<exit_description>} +.. 3}

The Exlts statement conslists of a set of one or more
<exlt_description>s. Exlt descriptlons may be speclfled In any
orders

An exit description Is the specltication of one exlt point

and the user supplied exlt procedure to be called at that exit
point. The format of an <exlt_description> [st

<exit_name> <user_name>

where:

1. <exit_name> is the keyword naming the exit polint at which
the wuser supplled exit procedure lIs to be
calleds Exit names may be chosen from the
follonwlng lists

output_record
compare
2« USer_name is the name of the entry point of the user

suppliied procedure, This parameter has the
same syntax and semantics as a command name.,
That s

User_name can be ei ther a segment name (e.ges
segment) or a segment name and an entry pcint
name {(ee«gsy segmentientry_point). In trese
casesy the user®s current search rules are
appllied to find the procedure. (If some
segment is already &nown by the speclfied
reference name, that segment s used.)

User_name can also be a pathnames that ls,
can specify a directory hlerarchy 1{ocatlon,
elther retative (to the wuser®s current
working directory) or absolute. In tris
casey the search rules are not applled and

(ENO)
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the pathname Is used to find the procedures.
(It some other segment Is already known by
the specified reference name, that segment is
terminated first.)

WRITING EXIT PROCEDURES

The exit polnts to be used during an axecutlon of the Mer ge
and the names of the corresponding user supplied exlt procedures
are specified In the Exits statement as described above, The
speciflcations for writing exlt procedures (PL/I declare and call
statements) and the functional requiraments imposed upon exlt
procedures are glven In the descriptlion of the merge_ subroutline
In Section II of MPM Subroutines.

(END)
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Examples

merge =-if merge.in_1 =-1f mergesin_2 -output_tile =.o0ut -ci
Inpute. ' :
key? char{ig)s 0?3

In this example, the arguments of the command state that
there ara two input files, whose pathnames are merge.in_1 and
mergesin_2; the output file pathname 1s merge.out; and the
Merge Description is input via the user®s terminal.

The Merge Description states that there is one key, a
character string of {ength 10 characters, starting at word 0 bit
0 of the record. There are no exlts speclfied.

merge =-input_file in_1 ~-if in_2 =-of out_1 -merge_desc md

In this exampley, the arguments of the command state that the
input files are named in_1 and in_23 the output file 1IIs named
out_13 and the Merge Descriptlon ls contalned in the segment
named md.

Assume that the segment md contains?

keys? fixed bin{35) 0,y chari(8) 413
exiftss output_record user$output;

The Merge Descriptlion states that there are two keys. The
maJor key Is an aligned fixed blnary field of preclsion 35,
contained [n word 0 of the records The minor key Is a character
string of length 8, contalned In words 1 and 2 of the record.

There Is one exity, an output_record procedure exit; the
output_record exlt procedure entry point Is named userg$output.

merge =-input_description ™tape_ansi_ vol_1 =-name 3" -If b \
-output_description "vfile_ ¢ =-extend™ ~-ci

In this example, there are two Input filtes. The first Input
file is specifled by an attach description for the 1I/0 module
tape_ansi_ with the attach argument "voi_i -name a" . The second
input file is specified by the pathname b, and thus must be a
sequential or Indexed file In the storage system. The output
file is specified by an attach descrilption for the I/0 module
vfile_ with the attach argument “c =-extend™. For the I/0 module

(END)
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vflle_, this means that the pathname Is ¢ and the flle Is to be
extendeds; that Is, output records from the Merge wili be written
at the end of the file ¢ (if it already exists).

{A \ ftollowed by a tine feed is used to continue the command
arguments onto the sacond line,)

The Merge Descriptlion (not stown) Wwlil be read from the
Juser®s terminal.

merge =]lds "record_stream_ ~-target vflle_ a" \
-ids "syn_ user_switchname™ -of ¢ =console_input

In this example, assume that the flrst Input file 1ls an
unstructured file In the storage systems, wlth the pathname 3.
This input flle has been speclified by an attach descriptlion using
the I/0 module record_stream_y which will transform 'the record
I/0 operations requested by the Merce info the appropriate stream
I/0 operations for the target flie a. The second jinput flle |ls
attached wusing the I/0 module syn_ to the I/0 sWwitch
user_snitchname, which must be attached and ciosed,

Namet sort_

The sort_ subroutine provides a generallzed fite sorting
capablillty, whlch ls speclallzed for execution by user supplied
parameters. The basic function of sort_ is to read one or more
Input flles of records which are not ordered,y, Ssort those records
according to the values of one or more key flelds, and wrlite a
single output file of ordered (or “ranked") records. The sort_
subroutine has the foilowing general capaoilitlest

Input ana output files may be on any storage medium ana in
any tile organization}

Very large filesy, such as multisegment fllesy, can be sorted;

Multiple key flelas and most PL/I string and numeric gata
types may be spaclfied;

Exits to user supplied subroutines are permitted at severszl
points during the sortling processe.

The arguments to the sort_ subroutine include one or more
pointers to additional information necessary to speclallze sort_

for execution. Thls additlonal Information lIls called the Sort
Descriptlione.

(END)
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INPUT AND OUTPUT

The user can specify the Input and output files. In this
environment, the Sort reads the iInput filles and writes the output
file, Each input or output flle may be stored on any medlunr and
in any flle organlzatlon supported by an I/0 module through lox_e.
The I/0 module may be one of the Multics system I/0 modules (such
as tape_ansi_)y or one supplied by a specific Installation, or
one written by a user. An input or output file [Is speclfied
either by a pathname or by an attachk descriptlion.

Alternatively, the user can supply elther an Input_flle
procedure or an output_file procedure (or sothl. An input_¢flite
procedure Js responsible tor reading lnput and releaslng recorads
to the Sorte. An output_file procedure Is responslible for
retrieving records {(ranked by the Sort) from the Sort and writing
output.

In all casesy, racords may be elther fixed tength or varjable
lengthe.

KEY FIELDS

The wuser can specify the key flelds to be used in ranking
records. Key flelds are described In the Keys statement - or in
the keys structure - of +the Sort Descrlptions Up to 20 key
flelds may be speclfieds Any PL/I string or numerjic data type =
except complex or pictured - may be speclifled for a glven key
fielde Ranking may be ascending, descending, or mlxed. For a
character string key flelds, the collating sequence Is that of the
Multics standard character set,.

Ajternatively, the wuser can supply a compare procedurey
which is then used to rank records.

The orlglnal jnout order of records with eqgual keys |Is
preserved (FIF0 order). Orlginal Input order |1ls defined as
follows?

1e If two equal records come from different Input flles, then
the record from the flle which Is speclfied earljier In the

list of input files (in the iInput_specs subroutline argument)
is first.

2e If two equal records come from the same Input filey then the
record which is earller in the flile Is first,

(END)
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EXITS

The Sort provides exits to wuser supplied procedures at
specific points during the sorting orocess. Exit procedures are
named in the Exits statement - or In the exits and lo_exlts
structures - of the Sort Description. The following exit points
are provlded:! ‘

input_file To obtaln Input records and release them one
by one to the sorting process.

output_file To retrleve ranked records one by one fronm
the sorting process and output them.

input_record To perform speclal processing for each Input
record, such as deletlngy Inserting, or
altering records to be input to the Sort.

output_record To perform special processing for each output
records such as deleting, Inserting, or
altering records to be output from the Sort:
or summarizing data by accumulating it Into a
sSummary record.

compare To compare two recordss that Iss to rank them
for the sorting processs

Details of exlt procedures are given below under the heading
Writing Exlt Procedures,

(END)
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Usage?

del sort_ entry{(*)char(*), char{¥), (*)ptr, char{*),
char(*), float bin(27), fixed bin(35))}

call sort_ - {input_specsy output_spec, sort_desc, ftemp_dir,
user_out_swy flle_slze, code);

wherel

1. input_specs is an array containing the speciflcations of
the input flles. Up to 410 input flles may be
specl fled, The array extent speclfles the
number of Input files, (Input)

Input file ) ls speclfled in the array
element input_specsi}]), in one of the
follionwlng forms?

-input_tilte pathname

-if pathname If an lInput flle 1Is In the Multics
storage system and lts flle organlzatlon
is elther sequentlal or indexed, then it
may be speclfled by lts pathname. The
file may be elther a singte segment or a
mul tisegment files The star conventlion
can not be used.

An Input flle specified by a pathname
will be attached wusing the attach
description “vfile_ pathname®.

-input_descrlption attach_desc

-ids attach_desc If an input file Is not in the Multics
storage system or lts flle organjzation
Is nelther sequentlal nor [ndexeds, then
it must bDe speclfled by an attach
descriptione. The target 1I/0 mogule
specifled via the attach description
must support the sequential_lnput
openlng mode and the lox_ ertry polnt
read_records.

Pathnames and afttach descriptions can be
intermixed in the lnput_specs arraye.

If the wuser is supplying an input_file exift
procedure, then I[nput_specs(i)y the flirst

(END)
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input flle specifications, must be “" (the
array extent should be 1) and the Input_flle
exlt oprocedure must pe named in the lo_exits
structure of the Sort Description.

2+ output_spec Is the speclfication of +the output flle.
Only one output file may be specified,
(Input)

The output file may be specifled ir one of
the follonwing forms:

-output_file pathname

-0f pathname If the output flle Is In the Multlcs
storage system and its file organization
Is sequentlal, then it may be specifled
by I1ts pathname. The file may be el ther
a single segment or a3 muitisegment file.

The equals conventlon can be useaed. If
it 1ls, It ls applled to the patrname of
the first input file and the first [rput
flle must be specifled by a pathname,
not by an attach descriptlone.

An output flle speclified by a pathname
will be attached wusing the attach
description ™vfllie_ pathname™. Thus If
the flle does not existy it wlll Dbe
created, If 1t does exlst, it will be
overwritten,

-output_file =-replace

-of =rp The output file Is to replace the first
input flle. That Input flle will be
overnrjitten during the merge oprase of
the Sort. It -replace [s wused, the
first input flle must be specified by a
pathname, not by an attack description.

-output_description attach_desc

-0ds attach_desc If the output flle Is not In the Multics
storage system or its flle organfzation
is not sequential, then [t  must be
specifiec by an attach description. The
target I/0 module speclfied via the

(END)
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3 sort_desc

4 temp_dir

S« user_out_sw

attach degcriptlion must support
sequential_output cpening mode and

=253\ TaET

iox_ entry point write_record.

If the user s supplyling an output_flle exit
procedure, then the output_spec argument must
be "* and the output_file exit procedure must
be named In the 1io_exits structure of the
Sort Descriptlion.

is an array of pointers to the Sort
Description, See t he heading Sort

Jescription below. (Input)

ls the pathname of the directory which willl
contalin the Sort®s work flles. (Input)

If this argument [s ™™, then work fliles wlill
be contalned In the user®s process dlrectory.

This argument should be used when the process
directory will not be large enough to contain
the work flless The get_wdlr_ function may
be wused to obtain the name of the user®'s
current working directory.

specifies the destinatlion of both the summary
report and diagnostic messaces for errors
detected In the arguments to sort_ or In the
Sort Description. (Input)

This argument may have the following wvaluest
Aven = wrlte the summary report and

diagnostic messages via the I/0
switch user_output.

i

"epf* do not wrlte the summary report
and dlagnostic messages. If any
errors are dlagnosed, sort_ will
return nwith the status code
bad_arg but information about
the number and nature of the

errors Is not avallable.

write the summary report and
dlagnostic messages via the I/0
switch named swltchname. The

switchname

(END)
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switch must be attached and open
for stream outpute.

b, tile_size is the total amount of data to be sortedy, 1in
mililons of bytess If this argument [s zero,
the default assumption ls approximately one
million bytes (tile_size = 1.0). (Input)

This argument is Intended for use when some
or all of +the Input flles are not In the
storage system {(that is, are not specified by
pathnames) or when an Input_fltle exjt
procedure [s useds In these cases the Sort
cannot determine the amount of input data.
{The Sort does compute the total amount of
input data which ls in the storage system,
using segment bit counts.) The file_size
argumant may also be used when all of tre
Input flles are In the storage system but
records are to be Inserted or deleted trrough
an input_record exlt procedure.

The tlle_slze argument is used for
optimization of performance’ the actual
amount of data can be conslderably targer
without preventlng the Sort from completing.
The maximum amount of data which can be
sorted Is (in bytes) approximateiy 60 miilion
times the square root of file_size.

7=« Code is a standard Multics status code returnec py

sort_. Possible values are 1isted below
Junder the heading Status Codess {(Output)

NOTES
The temporary directory pathname (temp_dIir argument) Is the
name of a directory.

Any pathname may be relfative (to the user®s current worklng
directory) or absolute.

STATUS COODES

The following status codes may be returned by sort_ (ail
codes are In error_table_)¢

(END)
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bad_arg

fatal_error

out_of_sequence

sort_

——— s vette

Normal return (no errors).

One or more arguments speclfled to sort_,
Ilncluding those [n the Sort Descriptlon, was
Ilnvatlid or inconsistent. The Sort wlil bhave
previously written diagnostic messages as
directed by the wuser_out_sw argument. The
sorting process itself has not been startede.

The Sort has encountered a fatal error durling
the sorting process. The Sort wlll pPave
prevliousiy generated a speclflic error message
and signalied the sub_error_ condltion via
the sub_err_ subroutlne.

The call to sort_ 1s not In the seguence
reauired by the Sorts that is, sort_ has

been called after Inltiation of the Sort but
before termination of that invocation.

(END)
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Sort Description

The Sort Description contalns additional [nformation to
specialize the Sort for a particular execution. The Sort
Descriptlon Is specified via the sort_desc argument to sort_.
The informatlion specifled may bes

Keys - Description of one or more key flelds used for
ranking records.

Exits - Specification of whilch exit polnts are to be wused
and the names of the corresponding user supplied
exit procedures.

A Sort Description ls required. As a minimum, the user must
specify how records are to be ranked, elther by describing key
fields in the Keys statement or by naming a compare exlt
procedure In the Exits statement. Other Informatlon in the Sort
Description is optionatl.

The Sort QDescription may be supplied to sort_ In elther of
two forms, called source form and Internal form.

The source form of the Sort Descriptlion Is wrltten exactly
as specifled for the sort command (see the Multics Programmers®
Manual, Gommands and Active Functlons, Sectlon III), and is
stored as an ASCII segment; that [s, as an unstructured fllte In
the Multics storage systems, If source form is useds, then the
sort_desc argument to sort_ must have an array extent of 1 and
the one pointer must be a polnter to the segment, {The segment
must contain only the Sort Description.) The source form is
useful when the user writes the Sort Descriptlon and supplles [t
to the procedure which calls sort_.

The Internal form of the Sort Description is a set of one to
three structures. The sort_desc argument must hsve an array
extent of 3, and the three pointers are pointers to the ttrree
structures. Any of the structures can be omitted} In that case
the corresponding pointer must be nuli. The pointers must be
specified In the array in the following order:?

addr (keys)
addr{exits)
addr{io_exits)
where the three structures (keys, exitsy, and lo_exlts) are
deflned below. The Internal form ls useful when the procegure
catilng sort_ constructs the Sort Descrlilption.
{END)
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KEYS STRUCTURE

The keys structure 1Is wused when the calter describes key
fieldses The Sort®*s standard compare routine will then be used to
rank records. If the caller describes keys, then the compare
exit must not be specified.

If the caller does not describe keys, then the corresponding
pointer In the array sort_desc must be null and the compare exlt
must be specified In the exits structure. The wuser supplled
compare routine wili then be used to rank records.

The keys structure is?

dcl 1 keys,

2 verslon fixed bln init{1),
2 number fixed bin,
2 key_descluser_keys_number refer(keyse.number)),
3 datatype char(8),
3 size fixed bin(24),
3 word_offsert filxed bin{(18),
3 bit_offset fixed bIn(6),
3 desc char(3);
wheret
1 version . is the version number 0f the structure (must
be 1).
2« number Ils the number of key flelds, establlshed by

the value of user_keys_number,

3. key_desc Is an array of key descriptions. Each key
descriptlon is one element of the array. The
key descriptions must be specified In order,
the major key flrst and the most minor key
last.

4. datatype is the data type of the key fleld. See the
tfable below for the encodlng of datatype.
The value must be fleft Justifled within
datatype.

5« Size is the slze of the key fleldy In units which
depend on the data type.

For string data types, slze Is the exact
length (characters or bits) of the fleld.

(END)
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6.

7»

8.

word_offset

¢ t

bit_offset

desc

—— —— -

For arlthmetic data typess size 1is the
precision (binary or decimal diglts) of the
fieids The space occupied s determined by
preclsion In comblnation wWwith the data type.
The space occupled is not adjusted for an
aligned fleld. For example, for an allgned
fixed binary field of one word, slze must be
specified as 353 for an atigned floating
bilnary filield of two words, slze must be
specifled as 63, See the tabie belomw for the
semantics of size.

is the word portion of the offset of the
beginning of the key flelds, relative to the
beginning of the record. Consider the record
as being allgned on a word boundary, as wilil
be the <case for a Multlcs PL/I structure.
Words are numbered from 0 for the first word
of the record.

is the bit portjion of the offset of the key
flelds that 1iss the bit offset within the
word In which the key field begins. B8Iits are
numbered from ¢ to 35. (If the fleld s
aligned on a word boundary, then bit_offset
is 0s)

Indicates whether ranking for this key fleld
is to be ascending or descending. Possible
values aret

use ascending ranking.

[]]

i

*dsc™ use descending rankinge.

(END)
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OATATYPE ENCODING AND SEMANTICS OF SIZE

Encoding | Semantics of sjze
of H (where size = n)
datatype ! Unit Range Space Occupled
Character string char 9 bit 1 - 4095 n characters
(Multics ASCII) character '
Bit string bit 1 blt 1 - 4095 n blts
Fixed binary bln 1 bit 1 - 71 n+1 bits
Floatiny binary fibin ‘1 bit 1 - 63 N+ 9 pits
Fixed decimai dec 9 bit 1 -59 n + 1 digits
(leading sign) diglt
Floating decimal fldec 9 bit i1 - 59 n + 2 diglts
digit
(END)
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EXITS STRUCTURE
The exits struc
dcil 1 exits,
1 version
2 compare
2 lnput_record
2 output_recor

wheret

1« version

2 compare

3« 1lnput_record

4, output_record

IO_EXITS STRUCTURE

The jlo_exlts st
dcl 1 lo_exlitsy

2 versjion

2 lnput_¢~ile

2 output_file
Wwhere!

1« versilon

ture [s? i

fixed bin init{1),
enfry,
antry,

d antry;}

is the version number of the structure (must
be 1).

specifles the entry point of a user suoplied
compare exit procedure. If the caller
describes key flelds {supplles a keys
structure), then thls exit must not be
speclfiede.

speclfles the entry polnt of a user supplled
input_record exlt procedure. This exit can
be specified whether or not the Input_fjile
exlt ls specified.

specifies the entry point of a User supplied
output_record exit procedure. Thils exit can

be specified whether or not the output_file
exlt Is specified. ‘

ructure Jst

fixed bin Init(i),
entrys
entry)

ls the verslon number of the structure (must
be 1).

(END)
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2e Input_file specifles the entry point of a user supplied
input_tile @xit procedures. It the calter
names Input fites, then thls exIt must not be
speclfled.

3¢ output_file specifies the entry point of a user supplled
: output_flle exit oprocedure. It the caller
names the output file, then thls exit must

not be specifieds.

ENTRY VARIABLES

In the exlts and lo_exits structures, each exit polnt is
specified via an entry varlable. The entry varlable must be set
(elither Initiallzed or assigned) by a user procedure, normally
the procedure which calls sort_. The entry variable can identify
elther an internal entry point (that Isy» an internal procedure)
or an external entry point of the procedure which sets the entry
varliables or it can identify an external entry point of another
user procedure,.

It none of the exlits declared In elther the exits or
lo_exits structure is to be usedy, then that structure can be
omltted and the corresponding polnter In the array sort_desc must
be null, If the structure is Included but an exlt speclified in
It is not to be used, then the corresponding entry varlable must
be set to sort_$noexity which is declared!

dcl sort_gnoexit entry externals
An exit polnt may not be ailtered af ter the call to sort_.
Any change to the entry variable thereafter wilt have no effect,

However, certailn entry polnts can be disabled, as specifled In
the descriptions of the individual exit procedures belowe.

(END)
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Helting ExlY Progedures

A user supplied exit procedure is calied by the Sort to
perform a speclfled functlon. The user procedure must perform
that functions and then must return to the Sort. The wuser exlt
procedure may perform additional functions deslired by the user.

Certain exit procedures replace the correspondlng standard
routine of the Sort. Other exit procedures supplement the normal
functions of the Sort. This is specified for each Indlviduai

exlt procedure belomn.
The folloning exit points are provided:s

input_file
output_flle
compare
input_record
output_record

All exit points may be active during the same Invocatlon of
the Sort,

The entry point names of all user suppllied exlt procedures
are defined by the user. Speclfic names are shown below orly for
convenlence in dlscussion.

(END)
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INPUT_FILE EXIT PROCEDURE

An input_file exlt procedurea replaces tha standard [nput
reading tunction of the Sort. The Sort calis the [nput_tlle exit
procedure only once durlng an execution of the Sort.

An input_tile exit procedure must perform the following
functlon! For each record which Is Input by +the user to the
sortlng processy the Input_file exit procedure must make one cali
to the entry sort_srelease (descrlbed 1later). After the
Input_flle exlt procedure has released the last Input record to
the Sort, it must return to the Sort.

Usage

input_filet proclcode);

~dcl code fixed bln(35) parameter;
where code is a standard Muiltics status code (in error_table_)
which must be returned by the [nput_flle exlt procedure. If the
value Is not @y than the Sort normally prints the corresponding

message and returns to its caller wWith the status code
tatal_error. {Qutput)

(END)
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OUTPUT_FILE EXIT PROCEDURE

An output_file exlt procedure replaces the standard output
writing function of the Sorts The Sort calis the output_flle
exlt procedure only once durlng an execution of the Sort.

An output_¢file exlt procedure must perform the followling
functions?! For each record which Is to be retrleved In ranked
order from the Sort, the output_file exit procedure must make one
call to the ‘entry point sort_s$return (described fater)., If
sort_3%return ls called but there are no more recoras to be
retrieved from the sortlng processy then sort_g$return returns
with the status code end_of_Info. The output_file exit procedure
then must return to the Sort., It the wuser deslires, the
output_file exit oprocedure may terminate retrieval at any time
prilor to recelving the end_of_info status, but [t must stltl
return to the 3Sorts. {(The entry sort_g$return may return status
codes other than end_of_Info in case of error.,)

Usage

output_file? proc{code);

dcl code fixed bin{(35) parameter;
where code is a standard Multics status code {in error_table_)
which must be returned by the output_flie procedure. If the
value Is not gy then the Sort normally prints the  corresponding

message and returns to its caller with the status code
fatal_error. {(Output)

(END)
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COMPARE EXIT PROCEDURE

A compare exit procedure replaces the standard record
comparlson procedure of the Sort. The Sort calils the compare
exlt procedure each time fhe sorting process ls ready to rank two
recordsy that isy, to detarmine which of the two Is first in the
sorted order.

A compare exit procedure must operform the following
functiont The compare exit procedure recelves as arguments 3
pointer to each of the two records. The compare exlt procedure
must determine which of tnhe two records (s first - or that they
are equal In rank = and must return a correspondlng return value
to the Sort. The compare exlt procedure Is Invoked as a
function.

Usage

comparet! proclrec_ptr_1, rec_ptr_2) returns{fixed bin(1))}3

dcl (rec_ptr_1i ptr,
rec_ptr_2 ptr) parameter}
dci result fixed bin(1)}

return{result)}
end compare;

wherel

1. rec_ptr_1 is a pointer to a doubie word allgned buffer
contalning the flirst record of the palr to be
compared. Thls record is always the first of
the two accordlng to the orlginal Ilnput
order, {Input)

2. rec_ptr_2 -is a pointer to a dounle word aligned buffer
containig the second record of the palr to be
compared. {Input)

3. resuilt is the result of the comparison. (Output)

Possible values aret

0 = the two records rank equal.

(END)
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-1 = the record pointed to by rec_ptr_1 ranks
TIPST.

the record polnted to by rec_ptr_2 ranks
first.

+1

If a compare exit procedure requires the length of el ther
record, 1t ls avallable in the word preceding that record In the
form?

dcl rec_len fixed bin{21) aligned;

A compare exit procedure cannot alter a2alther the content or
the length of either recorde.

(END)
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INPUT_RECORD EXIT PROCEDURE

An [nput_record exit procedure may be usSed whetrer the
Sort*s standard input_tlile procedure or a user suppljed
Ilnput_file exlt oprocedure [s wused, and supplemants that
Input_file process. The Sort calls the Input_record exit
procedure?

1 Each time the Input_ftile process releases a record to the
Sortey and before that record is eatered Iinto the sorting
process}

2 Once more after the last lnput record has been released to
the Sort (end of lInput);

3. Additionallyy each time the Input_record exit procedure
returns with an action of Insert.

The Sort glves the Input_record exit procedure access to the
current recordy, the record about to be entered Into the sorting
ProcessSs

An Input_record exlt procedure need not perform any
processing. If it does noty, then the Sort wlil accept the
current record Into the sorting processe.

An |nput_record exit procedure may perform the following
functlonsy whlch are accomplished vlia the values of arguments
returned when the lnput_record exit procedure returns to the
Sorts

Accept the current record. Thls is accomplilshed by settlng
action = 0.

Delete the current record. This 1ls accompliished by setting
actlon = 1.

Insert one or more records before the current record. {At
the tast call to the Input_record exit procedure, records
may be inserted at the end of Ilnputed Thls is accomplished
by settlng rec_ptr to point to the record to be Inserted,
setting rec_len appropriately, and setting action = 3.

Alter the current recordy before It Is entered into the
sorting processs This 1Is accomplished by alterlng the
record polinted to by rec_ptr or setting rec_ptr to point to
another record, setting rec_len appropriately, and settlng
actlon = Q.

(END)
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Close the eéxit polnt so that the iInput_record exlt procecure
wlil not be cailed agaln during this executlon of the Sort.
This is accomplished by setting close_exift_sw = 1.
The lnput_record exlt procedure must return to the Sort each
time it ls called.
Usage

Input_record: proc{rec_ptr, rec_len, actlon, close_exlt_su);

decl {(rec_ptr ptr,
rec_len fixed blIn(21),
action fixed bin,

close_exlt_sw DIit(1) ) parameter;
where!

1. rec_ptr polnts to a3 double word aligned buffer
containing the current record. The
input_record exit oprocedure may alfer the
contents of the record or  may change the
pointer to point to another records For the
actions of accept and insert, the Sort will
use the value of rec_ptr returned to [t by
the input_record exit procedures.
{Input/Output)

At the last cali to the Input_record exlit
procedure (end of input), there Is no current
record and rec_ptr = nultli().

2+ rec_len is the length of the current record In bytes.
The input_record exit procedure may change
the length of the records. For the actions of
accept and insert,y, the Sort wlll wuse the
value of rec_len returned to it by the
Input_record exit procedure. (Input/QOutput)

3. action Iindicates the action to be taken upon return
to the Sort. (Input/Output)

Arguments referred to below are the values

returned to the Sort by the input_record exit
procaedures.

(END)
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close_exit_sn

sort

Possibie values of actlion aret

0 = accept the current record, The record
pointed to by rec_ptr, whose lencth Is
given by rec_len, 1ls entered Into the
sorting processe.

Each time the Input_record exlt procedure
Is calledy the Sort sets actlon to thlis
value.

1 = delete the current record, The current
record s not entered into the sorting
process.

3 = Insert a records The record polnted to
by rec_ptr, whose length I[s given by
rec_leny, 1Is entered Into the sortling
process. The Sort caills the Input_record
exlt procedure again, so that the current
record may be accepted or deleted or an
additlonal record may be lInserted. At
this next calil to the iInput_record exit
procedure, the current record remalins the
same.

At the last call to the Input_record exit
procedure (end of Input), 1f the Input_record
exlt oprocedure Inserts records then they are
appended at the end of Input,. Any other
value for actlon means do not append any
records, and the input_record exit wnill not
be taken agalne.

Iindlcates whether the exit Is to be closed
hereaftere (Input/Output)

Posslble values aret

3" = keep this exlt open. Each tlme the
Ilnput_record procadure 1Is called, the
Sort sets close_exlt_sw to this value,

close thls exlt. The Sort «#€lit not
call the Input_record exit procedure
again during thls execution of the Sort
{even If the actlon ls Insert).

1]

llill

(END)
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QUTPUT_RECORD EXIT PROCEDURE

An output_record exit procedure may be used whether the
Sort*s standard output_file procedure or a wuser supplled
output_file exit procedure s used, and supplements that
output_tfile process, The Sort calls the output_record exit
proceduret

1. Each time It has determined the next record In ranked order
from the merging process}

2 Once more after the last record has been obtalned from the
" merging process {end of output)}

3 Additionaltly, each time the output_record exlt procedure
returns wlth an action of Insert.

The Sort gives the output_record exlt procedure access to
two recordst

1. The output record, about to be written to the output file.
(If an output_file exlit procedure has been speclified by the
user, this Is the record about to be returned to that exit
procedure,)

2+ The next records the record leaving the merging process.

An output_record exit proceduyre need not perform any
processing. If It does naoty, then the output record 1lIs accepted
for the output file.

An output_record exlift oroceduré may perform the follonming
functions, which are accomplished via the wvalues of arguments
returned when the input_record exit procedure returns to the

Sorts

Accept the output record. Thls lIs accomplished by settlng
action = 0. ‘ ‘

Delete the output records. Thls Is accomplilished by settlng
actlon = 1.

Delete the record leavling the merge. This 'is accompl ]l shed
by setting action = 2.

Insert one or more records after the output record. (At the

first call to the output_record exlt procedure, records may

be Inserted at the beginning of output. At the last call to
(END)
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the output_record exit procedure, records may be Inserted at
the end of output.) This is accomplished by setting
rec_ptr_2 to ooint to the record to be Inserted, setting
rec_len_2 approprilately, and setting action = 3.

Alter the output record, before It is written to the output
fitle, Thls s accomplished by attering the record polnted
to by rec_ptr_1 or setting rec_ptr_1 to point to another
record, setting rec_len_1 appropriately, and setting action
= C to accept {(or actlon = 3 to Ilnsert),

Summarize data into the first record of a sequence of
records with equal keys, and delete the succeeding records
of the sequence, This may be accomplished as followss At
the first call to the output_record exit procedure, set
equal key checking on (equal_key_sw = "1"). At subsequent
calls to the output_record exjt procedure, if the output
record and the record leaving the merge have equal keys
(equal_key = 0), then accumulate data into the output record
and delete the record leaving the merge (actlon = 2)e If
the two records have unequal keys (equal_key # g), then
accept the output record (actlon = gl

Summarize data into the last record of a sequence with equal
keys, and delete thre preceding records of the sequencee.
This may be accomplished as followst At the first call to
the output_record exit procedure, set equal key checking on.
At subsequent calis, if the two records have equal keys then
accumulate data Into a work area and delete the output
record (action = 1)s If the two records have unequal keys,
then alter the output record using the accumulated data and
accept that recora (action = g).

Sequence check the output file. This 1Is accomplished by
setting seq_check_sw = *1". If the output rcord wlll not
collate properily with the output file, or does not have |ts
keys in the posltion specified to the Sort, then set
seq_check_sw = "g",

Close the eaxit point sSo that the outout_record ex|t
procedure wiil not be called agaln durlng thlis executlon of
the Sort. This is accomplished by setting close_exit_sw =

'Iill.

The output_record exit procedure must return to the Sort
time it is called.

(END)
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Usage

output_recordt proclrec_ptr_1i,s rec_len_1, rec_ptr_2, rec_len_2,
: actliony, equal_key, 2qual_key_Sw,
seq_check_sSwy close_exit_swl);

dcl (rec_ptr_1 ptr,
rec_len_1 fixed bin(21),
rec_ptr_2 pir,
rec_len_2 fixed bin{(21i),
action fixed bin,
equal_key fixed bin(1},

equal _key_sn blt{(1),
seq_check_sw bit(1),
close_exlt_sw bit(1) ) parameter;

nherel

1. rec_ptr_1 points to a double word aligned buffter
containing the output recorde. The
output_record exlt procedure may alter the
contents of this record or may change the
pointer to point to another recorde. The Sort
uses the value of rec_ptr_1 returned to it by

"the output_record exlt procedure as speclifled
below In the description of the actlon
argument. {(Input/Output) -

At the flrst call to the output_record exlt
procedure (beginning of output), there s no
output record and rec_ptr_1 = null(). ‘

2e rec_len_1 is the {ength of the cutput record in bytes.
The output_record exlt procedure may change
the length of this records. The Sort uses the
value of rec_len_1 returned to It by the
output_record exit oprocedure as soecified
below In the description of the actlon
arguments. {(Input/Output)

3. rec_ptr_2 points to a double word aligned buffer
containlng the record feaving the merge. The
output_record exit procedure may not alter
the contents of this record. For all actions
except Insert, the Sort will lgnore the value
of rec_ptr_2 returned to it by the
output_record exit procedure. If the action
is Insert, then the output_record exlit

(END)
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5.

rec_Jlen_2

action

sort

procadure must change rec_ptr_2 to polnt to
the record to be Inserted. (Input/Qutput)

At the last call to the output_record exit
procedure (end of output)y there Is no record
feaving the merce and rec_ptr_2 = null{),

is the length of tha record 1ieaving the
merge. The output_record exlt procedure may
not change the length of +thils record. For
all actions except Insert, the Sort will
ignore the value of rec_len_2 returned to |t
by the output_record exlt procedure. If the
action Is Insert, then the output_record exit
procedure must set rec_len_2 to the lencth of
the record to be inserted. (Input/Output)

indicates the action to be taken upon return
to the Sort. (Input/Qutput)

Possible values of action ares

0 = accept the output recorde. The output
record Is naritten to the output flle.
The Sort wuses the returned values of
rec_ptr_1 and rec_len_1 to ldentify the
record to be written, At the next call
to the output_record exlt procedure, the
record leaving the merge becomes the new
output record, and a new record leaving
the merge has been obtained.

Each tlme the output_record exjt
proceaure Is caliedy, the Sort sets action
to this value.

1 = delete the output records No record |s
wrltten to the output file. The Sort
lgnores the returned values of rec_ptr_1
and rec_len_1i. At the next call to the
output_record exlt procedure, the record
leaving the merge becomes the new output
record, and a new record leaving the
merge has been obtained.

2 = defete the record leaving the nmerge.
{Thils actlon should be used for
summarlzatlon Into the output record.)

(END)
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equal _key

sort_

No record [s written to the output fjile.
At the next call to the output_record
exit procedure, the output record remains
the same, and 3 new record leaving the
merge has been obtained. The Sort uses
the returned values of rec_ptr_i and
rec_len_1 to ldentify the output record
for that next call to the output_record
exit procedure.

3 = Insert a record after the output record.

The output record s written to the
output file. The Sort uses the returned
values of rec_ptr_i1 and rec_len_1 to
identify the record to be written. The
Sort calls the output_record exlt
procedure agalny, s0 that the Inserted
record may be accepted or an sddltional
record may be Inserted. At thils next
call to the output_record exlt procedure,
the Inserted record becomes the new
output record, and the record leaving the
merge remalins the same. The Sort uses
the returned values of rec_ptr_2 and
rec_len_2 to Identlfy the Inserted
record. '

At the {ast call to the output_recorg exit
procedure {end of output), 1t the
output_record exlt procedure [nserts records
then they are appended at the end of output,
Any other wvalue for actlon means do not
append any records, and the output_record
axit will not be taken agalne.

indicates whether the output record and the
record leaving the merge have equal keyse
{Input)

Possibie vatues are!

0 = the two records rank equal.

"

the two records do not rank equale. At
the first and last calls to the
output_record exlt procedure (beglnning
of input and end of input), only one
record |Is present and the Sort sets

1

(END)
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8.

equal_key_sw

seg_check_sw

aqual_key to this value.,

If the wuser suppliled kay descrilptions, then
the value of equatl_key |is determlned only by
those key tlelds; the orlginal input order
of the two records Is ngt used to resolve key
equalitys If the wuser supplled a compare
exit procedure, then the Sort uses the result
of that compare exit procedure to set the
value of equal_keys (In e]lther case, If the
two records rank equal then rec_ptr_i polnts
to the record which is first according to the
orlginal Input order of the two recordse.)

indicates whether or not egual key checkling
is to be performede ({(Input/Output)

possibtle values arel

“g0™ = do not check for equal keys. At the
flrst caitl to the output_record exlt
procedure {(beglnning of output), the
Sort sets equal_key_sw to thils value.

"4"™ = check for equal keys before the next
calli to the output_record exlt
procedure.

Since equal key checklng takes time, the user
should set equal_key_sw = %1 only when
required for actions such as summarlizatlon.

indlcates whether or not sequence checkling Is
to be performeds (Input/Output)

Possible values aret!

“0"™ = do not sequence check.

*4{" = sequence checks. At the first call to
the output_record exlt procedure
{beginning of output)y the Sort sets
seq_check_sw to this value.

Sequence checking means comparing the output

record to the record opreviously written +to

the output file. (If the user specifled an
output_flle exit procedure, the output record
(END)
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9.

close_exit_sw

sort_

ls compared to the record previously returned
to that exlt procedure.) Seguence checkling
is performed after the output_record exlit
procedure returns to the Sort, and only f a
record 1Is to be written to the output flle
(that s, only 1If the action Is accept or
insert). If the user supplled key
descriptions, then the Sort*s key comparlson
routine s wused. If the wuser supplied a
compare exit oprocedure, then that exit
procedure s called,

It the output record Is out of sequence wlth
the previous record, then the status,6 code
fatal_error s returned to the caller of
sorft_; see the entry sort_ above. (If the
user specified an output_flie exit procedure,
then the status code data_seq_error s
returned to that exlt procedure} see the
antry sort_S$return belows)

Ald records written to the output file,
including Inserted records, can be sequence
checked.

indicates whether the axit is. to be <closed
hereafter., {Input/Cutput)

Possible values are?

"0 = keep This exit open. Each time the
output_record exit procedure is called,
the Sort sets close_exit_sw to this
valuea.

1" = close this exlt. The Sort will not
call the output_record exit procedure

again during this execution of the Sort
{even if the action Is Insert).

(END)
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RECORD POINTERS

Since the Sort aligns each record In a buffer on a double
word boundary, It an exlt procedure applles a based declaration

of the record to the polnterds) then correct allgnment s
ensured.

ORIGINAL INPUT ORDER (FIFO)

For the compare and output_record exlt proceduresy rec_ptr_1
always polnts to the record whose orjiglnal lnput order was prlor
to the record pointed to by rec_ptr_2. If a compare exit
procedure returns with an equal ranking for the two records, then
thls original lnput order is preserved. OJriginal Input order has
been deflned earlier under the headlng Key Fleldse.

(END)
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Entrys sort_grelease

The entry “sort_s$release™ 1s used each time the caller
releases a record to the sorting processSe. Calls to
sort_g$release are made from a user supplled Input_file procedure.

The caller speclifles the location and 1ength of the record. The
Sort accepts the record and stores [t In lts own work area.

Usaae

dcl sort_3%rejease entryiptr, fixed bin(21), fixed bin(35))}

catll sort_srelease (buff_ptr, rec_len, codel)}

nhere!

i. buff_ptr is a pointer to a byte allignea puffer
containlng the record, {Input)

2. rec_len s the 1length of the record in by tes.
{Input)

3. code is a standard Multlcs status code returned by
the Sort. Possibie vatues are listed below
ynder the heading Status Codes. (Qutput)

Notes

The Sort allgns each record on a double wWord boundary iIn a
WOrk areae.

1atus Codes

The foliowing status codes may Dbe returned by the
sort_s3srelease entry polnt (all codes are in error_table_)?

0 Normal return (no error).
out_of_sequence The catl to sort_s$relsase is not In the

sequence required by the Sort;s €eGss
sort_srelease has been calied before sort_.

(END)
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fatal_error

fong_record

short_record

sort

The Sort has encounterd a fatal error during
the sorting processe. The Sort will bhave
previously generated a speclftic error message
and signalled the sub_error_ conditlon vla
the sub_err_ subroutine.,

This input record is tonger than the maxlimum
suppor ted. The record 1Is lgnored by the
Sort, and the caller may continue to release
records to the Sorte.

This input record is shorter than the minimum
required to contaln the key flelds. The

record Is ignored by the Sort, and the caller
may contlinue to release records to the Sort.

(END)
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Entry: sort_sreturn

The sort_3return entry Is wused each time the caller
retrieves a recordy in ranked order, from the Sort. Calls to
sort_greturn are made from 3 user supplled output_flle procedure.
Upon return from sort_g$return, the caller Is glven the location
and length ot the record.

If sort_gsreturn ls cailed but there are no more records to

be retrleveds then sort_sreturn returns to the caller with the
status code end_of_info.

Usage
dci sort_sreturn entry(ptr, fixed bin{21), fixed bin(35))3

call sort_sreturn (buff_ptr, rec_leny code);

where!

i. butf_ptr is a pointer to a douole word aligned buffer
containing the record. {Qutput)

2« Tec_1len is the tength of the record Iin by tese.
{Output)

3. code Is a stangard Multics status code returned by
the Sort. Possible values are listed below
under the heading Status Codes. {(Qutput)

Notes

The Sort allagns each record on a double word boundary [In a
work area. Thus if the caller applles a based declaration of the
record to the polnter then correct allgnment Is ensured.

S1atus Codes

The foliowing status codes may be returnea by the
sort_gsreturn entry point (all codes are in error_table_):?

i) Normal return (not end of information, no
error).

(END)
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end_of_info Thera are no more records to be retrleved
from the Sort. This is the normal end of
data jindlcatlon. No record [Is returned to
the caller.

out_of_sequence The <c¢all to sort_g$return Is not In the
sequence regquired by the Sort} €sJey
sort_sreturn has been called before

sort_3srelease.

fatal_error The Sort has encountered a fatal error during
the sorting process. The Sort will have
previously generated a speclific error message
and signalled the sub_error_ condlition via
the sub_err_ subroutine.

data_Jloss End of data has been reached, but the number
of records previously returned is less than
the number of records released to the Sort,
No record 1s returned to the caller.

data_gain The number of records returned (Including
thls record) Is now larger than the number of
records released to the Sort. The current
record ls returned to the caller, and the
caller may contlnue to retrleve records from
the Sort.

data_seq_error A ranking error has occurred In the records
returned to the caller (as determined by the
key flelds of the record). The current
record 1ls returned to the caller, and the
caller may continue to request records from
the Sort.

Name! merge_

The merge_ subroutine provides a genaralized file merging
capabillty, which ls speciallzed for executlon by user supplled
parameterse. The basic function of merge_ is to read one or more
Input files of records uhlch are In order according to the values
of one or more key tields, merge (collate) those records
according to the values of those key fleldsy, and write a single
output flle of ordered {or ™ranked™) records, The merge_
subroutine has the followlng general capabliltles?

Input ana output files may be on any storage medium and In
any tile organization;

(END)
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Very large files, such as multisegment flles, can be merged;

Multlipte key fields and most PL/I string and numeric data
tyoes may be speclfied; ‘

Exlts to user supplled subroutlnes are permitted at several
points during the mergling process.

The arguments to the merge_ subroutine Include one or more
pointers to additional information necessary to speclalize merge_
for executlion. This additional information Is calied the Merge
Description.

INPUT AND OUTPUT

The user specifles the Input and output flles. The Merge
reads the input files and writes the output file. Each Input or
output flle may be stored on any medium and In any flte
organization supported by an I/0 module through lox_. The I/0
module may be one of the Multics system I/0 modutes (such as
tape_ansl_), or one suppllied by a speclflc instatiation, or one
Wwrltten by a users An [Input or output flle Is speclfied elther
by a pathname or by an attach description.

In all casesy, records may be elther fixed jength or variable
iengthe.

KEY FIELDS

The wuser c¢an specify the key flelds to be used In ranklng
records. Key flelds are described in the Keys statement - or |[n
the keys structure - ot the Merge Descriptlon. Up to 2§ key
flelds may be speclfled. Any PL/I string or numeric data type =~
except complex or pictured - may be speclfled for a given key
fields Ranking may be ascendingy descending, or mixed. For a
character string key fleld, the coltating sequence is that of the
Multics standard character set. The records of each input flle
must be In order accordlng to those key fleilds.

Alternatively, the user can supply a compare procedure,
which is then used to rank records. The ~ecords of each Input
flle must be In order according to the algorithm of that
procedure,

The origlnal lnput order of records with eagual keys Is
preserved (FIf0 order). Orlglnal 1input order 1iIs defined as

(END)
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follows?

1s It two equal records come from different Input flies, then
the record from the flle which iIs specified eariier In the
list of input flles (in the input_specs subroutlne argument)
Is first.

2 If two equal records come from the same lInput file, then the
record which Is earltlier In the flle [Is first.

EXITS

The Merge provides axits to user suppiled procedures at
specific points during the merglng process. Exit procedures are
named in the Exlts statement - or in the exlts structure - of the
Merge Description. The following exlt points are provided?

output_record To perform speclal processing for each output
recordy, such as delieting, Inserting, or
3ltering records to be output from the Merge)
or summarlzlng data by accumulating lt Into a
summary record.

compare To compare two records3 that is, to rank them
' for the mergling processe.

Details of exit procedures are glven below under the heading
Writing Exlt Procedures.

(END)
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Usages

dci merge_ entry
catll merge_

wherel

1. input_specs

-Input_file path
=1t pathname

-input_descriptl
~jds attach_desc

2« output_spec

———— - e

mefrge_

({*)char(*), char(*), {(*)ptr,
char(*), fixed bin(35))}

(lnput_specsy, output_spec, merge_descs
user_out_sw,e code)?

is an array contalining the specifications of
the Input flles. Up to 10 input files may be
speclfled. The array extent specifles the
number of Input files. (Input)

Input flle | ls speclfled In the aréay
alement input_specs(})., in one of the
following forms?

name

If an Input file s In the Multlcs
storage system and [ts file organlzatlon
is either sequential or indexed, then it
may be specified by Its pathname. The
flte may be elther a slngle segment or a
multisegment files. The star convention
can not e used.

An Input flle specifled by a pathrame
will be attached wusing the attach
description “vflite_ pathname™.

on attach_desc
If an input file is not In the Multics
storage system or lts flle organization
is nelther sequential nor indexed, then
it must be specified by an attach
description, The target I/o0 module
specified via the attach description

must support the sequential_inout
opening mode and the lox_ entry polnt
read_recorde.

Pathnames and attach descriptlons can be
intermixed In the lnput_specs array.

Ils the specification of the output flle.
Only one output file may be speclfled.
{END)
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3

4

merge

{Input)

The output file may be specifled In one of
the folloning forms?

-output_flle pathname

-of pathname

-output_descript
-ods attach_desc

merge_desc

user_out_sw

It the output flle 1is In the Multics
storage system and [ts flle organizatlon
is sequential, then 1t may be speclfled
by 1ts pathname. The file may be either
a single segment or a multisegment flle.

The equals conventlon can be used. If
it 1isy It Is appiied to the pathname of
the first Input flle and the first Input
fille must be speclfled by a patrname,
not by an attach description.

An output flle specifled by a pathname
will be attached wusing the attach
descriptior "“vflle_ pathname®™. Thus |if
the flle does not exlsty, It wlll be
created. If It does exist, It wlll be
overwrittens.

lon attach_desc

It the output flle Is not In the Multics
storage system or lts flle organlzatlon
ls not sequentlaly, then 1[It must be
specified by an attach description. The
target I/0 module speclfled wvis the
attach descriptlon must support the
sequentlal_output opening mode and the
lox_ entry point wrlte_record.

Is an array of polnters to the Mer ge

Jescription. See the heading Merge
Descriptlon belonwe. (Input)

speclfies the destination of both the summary
report and dlagnostic messages for errors
detected in the arguments to merge_ or In the
Merge Descrilpticon. (Input)

This -argument may have the followling values!?

(END)
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Se code

NOTES

merge_

e e s e,

e = wrjfe the summary report and
diagnostic messages via the I/0
swltch user_output,

“ebf* = do not write the summary report
and diagnostic messages. If any
errors are diagnosed, merge_
Wwlill return with the status code
bad_arg »out informatjon about
the number and nature of the
aerrors ls not avaltlable.

write the summary report and
diagnostic messages via the I/0
switch named switchname. The
switch must be attached and open
for stream output,

swltchname

ls a standard Multlcs status code returned by
merge_e. Possible wvalues are Jlisted below
Jynder the heading Status Codese. {Output)

Any pathname may be relatlve (to the user®s current worklng
directory) or absolute.

STATUS COBES

The following

status codes may be returned by merge_ (alil

codes are in error_table_)

]

bad_arg

fatal_error

Normal return {(no errors).

One or more arguments specified to merge_,
inciudlng those In the Merge Descriptior, was
Invalid or inconslistent. The Merge will have
previously written diagnostic messages as
dlrected by the wuser_out_sw argument. The
merging process Itself has not been started.

The Merge has encountered a fatal error
during the mergling processe The Merge wllii
have prevlously generated a speclfic error
message and signatled the sub_error_
condltlon via the sub_err_ subroutine.

(END)
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out_of_sequence

merge_

The call to merce_ Is not In the sequence
required by the Merge} that ls, merge_ has
peen calied after Inltlation of the Merce but
bpefore termination of that Invocatlon.

(END)
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The Merge Description contains additional information to
specialize the Merge for a particutar execution. The Merge
Descriptlon Is specifled via the merge_desc argument to merge_.
The information speclfied may be?

Keys - Description of one or more key flaeids used for
ranking records.

Exlits - Speciflcation of nwhich exit polnts are to be used
and the names of the corresponding user supplied
exit procedures.,

A Merge Description is requlrede As a3 minimums, the user
must speclty how records are to be ranked, elther by describing
key flelds In the Keys statement or by naming a compare exlt
procdure in the Exits statement. Other information In the Merge
Descriptlon Is optional.

The Merge Descriptlon may be suppiled to merge_ In elther of
two forms, called source form and internal form.

The source form of the Merge Description 1s written exactly
as specified for the merge command {see the Multics Programmers®
Manual, Commands and Active Functlons, Section III), and 1Is
stored as an ASCII segment; that Is, as an unstructured flle In
the Multics storage system. If source form is used, then the
merge_desc argument to merge_ must have an array extent of 1 and
the one polnter must be a polnter to the sesgment. (The segment
must contain only the Merge Description.) The source form ls
useful when the user wWrites the Merge Description and supplies It
to the procedure which calls merge_.

The Internal form of the Merge Descriptlon [s a set of one
or two structures. The merge_desc argument must have an array
extent of 2, and the two polnters are pointers to the two
structures, Any of the structures can be omitted} In that case
the corresponding pointer must be null. The polnters must be
specifled in the array in the folilowing order:

addr {keys)
addr{exits)

Wwhere the two structures (keys and exlits) a~e defined below. The

Internal torm Is wuseful when the procedure czlilng merge_
constructs the Merge Description.

(END)
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KEYS STRUCTURE

The keys structure is used when the caller describes key
fields. The Merge®s standard compare routine will then be used
to rank records. If the caller descrlbes keys, then the compare
exit must not be specified.

I1f the caller does not describe keysy, then the corresponding
polnter in the array merge_desc must be null and the compare exit
must be speclifled In the exlts structure. The user supplled
compare routine will then be used to rank records.

The keys structure Is?

dcl) 1 Keys,

2 version filxed bin Init(1),
2 number flxed bin,
2 key_desc{user_keys_number refer{keys.number)),
3 datatype char(g),
3 slze fixed bin(24),
3 word_offset fixed bln{18),
3 bit_offset fixed bin{(s),
3 desc char(3)}

wherel

i. version is the version number of the structure (must
be 1).

2« Number ls the number of key fleldsy, estabilshed by
the value of user_keys_number.

3. key_desc Is an array of key descriptionse. Each key
description Is one element of the array. The
key descrilptlons must be speclfled In order,
the major key first and the most milnor key
Jaste.

4. datatype Is the data type of the key fleld. See the
table below for the encoding of datatype.
The value must be Hleft Justified within
datatype.

5« size is the slze of the key fleldy, In unlts whlch

depend on the data type.

For string data typesy slze s the exact

fength (characters or blts) of the fleld.
{END)
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7a

8.

word_offset

bit_offset

desc

Fpr arithmetic data typess slze |is the
precision (binary or decimal diglts) of the
fleide The space occupled Is determined by
precision in combination with the data type.
The space occupled Is not adjusted for an
aligned fleld, For example, for an alligned
fixed binary fietd of one word, size must be
specified as 353 for an allgned floatlng
binary fleld of two wWordss, slze must be
specified as 63, See the table below for the
semant ics of size.

ls the word portion of the offset of the
beginning of the key fields, refative to the
beginning of the record. Consider the record
as belng aligned on a word boundary,y as witl
pe the case for a Multics PL/TI structure.
Words are numbered from § for the flrst word
of the record.

is the bit portion of the offset of the key
fletd; that 1Isy the bit offset within the
Wword in which the key field begins. 8lts are
numbared from 0 to 35. (If the fleld is
aligned on a word boundary, then blt_offset
Is 0.}

indicates whether ranking for thlis key field
is fto be ascending or descending. Possible
values are?l

e = use ascending ranking.

®dsc™ = use descending ranking.

(END)
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DATATYPE ENCOODING AND SEMANTICS OF SIZE

Encodling 1 Semantlcs ot slze

of H {where slze = n)
datatype ! Unit Range Space Occupled
Character string char 9 bit 1 - 4095 n characters
{(Muttics ASCII) ‘ character '
Bit string pit 1 bit 1 - 4095 n bits
Fixed binary bln 1 bit 1 - 71 n + 141 bits
Floating blnary fibin {1 bit 1 - 63 n + 9 bits
Flxed decimal dec 9 blt 1 - 59 n + 1 digits
(leading sign) digit
Floating decimal flaec 9 blt 1 - 59 n + 2 dlgits
dlglt
(END)
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The exlits structure [s

dci 1 exits,

1 version fixed bin inlIt(1),
2 compare entry, .
2 reserved entry initi{merge_3$noexlt),
2 output_record entry;
nheret
1. version Is the version number of the structure {(must
be 1),
2+ compare specifles the entry point of a user supplied
compare exit procedures If the caller
describes key flelds {supplies a kevys
structure), then this exit must not be
specifled. :
3. reserved is reserved for future use.

4. output_record specifles the ertry point of a user suppllied
output_record exit procedure.

ENTRY VARIABLES

In the exlts structure, each exit polnt is specified via an
entry varljable. The entry variable must be set (el ther
inltialized or assigned) by a wuser procedure, normally the
procedure which calls merge_. The entry varlabte can  ldentlify
elther an Internal entry point (that s, an Internal procedure)
or an external entry polnt of the procedure which sets the entry
variable$ or it can identify an external entry point of another
user procedure,

If none of the exlts declared In the exits structure s to
be used, then that structure can be omitted and the
corresponding polnter in the array merge_desc must be null. It
the structure s included but an exit specified In it is not to
be usedy then the corresponding entry varlable must be set to
merge_g$noexlity which ls declared:?

dc! merge_$noexit eaentry externals

(END)
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An exit opolnt may not be altered after the caill to merge_.
Any change to the entry varlable thereafter wlll have no effect,
Howevery, certaln entry polnts can be dlsabledy, as speclified In
the cescriptions of the Indlividual exlt procedures below.

(END)
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Hrlting Exit Procedures

A user supplied exit procedure 1s called by the Merce to
perform a speclfled function. The user procedure must pertform
that function, and then must return to the Merge. The user exit
procedure may perform additional functlions desired by the user.

Certaln exit procedures replace the corresponding standard
routine of the Merge. Other exlt procedures supplement the

normal functions of the Merge. This is specifled for each
individual exit procaedure below.

The tollowing exit points are provided?

output_record
compare

All exit polnts may be active during the same Invocatlion of
the Merge.

The entry point names of all user supplled exlt procedures

are defined by the user, Specific names are shown below cniy for
convenlence in discussion.

(END)
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COMPARE EXIT PROCEDURE

A compare exlt procedure replaces the standard record
comparison procedure of the Merge. The Merge calts the compare
exlt procedure each time the merging process is ready to rank two
records; that Ils, to determine which of the two Is first In the
merged order.

A compare exit procedure must perform the foliowing
function? The compare exlt procedure ~ecelves as arguments a
pointer to each of the two records. The compare exit procedure
must determine which of the two records Is first - or that they
are equal In rank = and must return a corresponding return value
to the Mergee. The compare exlt oprocedure 1Is Invoked as a
functione.

Usage

comparet procirec_ptr_1s rec_ptr_2) returns(flxed bin(1))3

dcit (rec_ptr_1 ptr,
rec_ptr_2 ptr) parameter;
dci resuit flxed bin{1};

returni(result);
end compare?

where:!

i. rec_ptr_i ls a polinter to a doudle word allgned buffer
contalning the first record of the pair to be
compared. Thils record Is always the first of
the +two accordlrg to the origlinal Input
order. (Input)

2e rec_ptr_2 ls a polnter to a double word allgned buffer
contalnlg the second record of the palr to be
compareds. (Input)

3. result i{s the result of the comparlison. (Output)

Possible values are?

g = the two records rank equal.

(END)
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-1 = the record pointed to by rec_ptr_1i ranks
firste.
+1 =

the record pointed to by rec_ptr_2 ranks
first. :

It a compare exit proceaure requires the length of elther
record, it is available in the word preceding that record in the
forms

dcl rec_len fixed bin(21) aligned}

A compare exit procedure cannot alter elther the content or
the length of either record.

(END)
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An output_record exlt procedure supplements the standard
output writing function of the Merge. The Merge calls the
output_record exit proceduret

i. Each time it has determined the next record In ranked order
from the merging process;)

2 Once more after the last record has been obtained from the
merging process {(end of output)}

3. Additionally, each time the output_record exlt procedure
returns with an action of insert.

The Merge glves the output_record exlt procedure access to
tWwo records? '

1» The output record, about to be written to the output flle.
2+ The next record, the record leaving the merging processe.

An output_record exlt procedure need not perform any
processing., If 1t does noty then the output record Is accepted
for the output flle.

An output_record exit procedure may perform the following
functionsy which are accomplished via the values of arguments
returned when the output_record exlt procedure returns to the
Merge?

Accept the output record. This ls accompiished by setting
actlon = 0.

Delete the output raecorde This Is accomplished by setting
action = 1.

Delete the recora leaving the mergee. Thls Is accompllshed
by setting action = 2.

Insert one or more records after the output record. (At the
first call to the output_record exit procedurey, records may
be inserted at the beglinning of output. At the last call to
the output_record exit procedure, records may be inserted st
the end of outpute.) This Is accomplished by setting
rec_ptr_2 to polint to the record to be Insertedy, settling
rec_len_2 approorlately, and settlng action = 3.

(END)
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Alter the output record, before [t Is wrltten to the output
files This ls accompiished by altering the record polnted
to by rec_ptr_i or setting rec_ptr_1 to polnt to another
records setting rec_len_1 appropriately, and setting action
= 0§ to accept (or action = 3 to Insert).

Summarize data Into the first record of a sequence of
records wlth equal keys, and delete the succeedling records
of the sequence. This may be accomplished as follows: At
the first cail to the output_record exit procedure, set
equal key <checkling on {equal_key_sw = *“1"™). At subseguent
calls to the output_record exit procedure, If the output
record and the racord Jleaving the merge have equal keys
(equal_key = p), then accumuiate data Into the output record
and delete the record leavig the merge {actlon = 2). If the
two records have unequal keys {(equal_key # 0)y, then accept
the output record {(action = j).

Summarize data into the last record of a sequence with equal
keys, and detete the preceding records of the sequence.
This may be accomplished as followst At the first call to
the output_record exlt procedure, set equal key checkling on.
At subsequent calls, If the two records have equal keys then
accumulate data Into a work area and delete the output
record {actlon = 1). If the two records have unegqual keys,
then alter the output record using the accumulated data and
accept that record {action = §).

Sequence check the output flilee. This 1Is accomplilshed by
setting seq_check_sw = "i". 1If the output record wiill not
collate properily with the output flle, or does not have |[fts
keys 1In the position specifled to the Merge, then set
seq_check_swn = "0,

Cliose the exlt point so that the outpuft_record exit
procedure wllil not be calied agaln during thls execution of
the Merge. Thls is accompiished by settling close_exit_sw =

..1'.’

The output_record exit procedure must return to the Merge
time It is cal ted.

output_recordt proc{rec_ptr_1y rec_len_1s rec_ptr_2y rec_len_2,

actlon, equali_key, equal_key_sw,
seg_check_sny close_exit_sn);

(END)
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dcl {(rec_ptr_1
rec_len_1
rec_ptr_2
rec_len_2
action
equal_key

merge_

otry

tixed bin(21),
ptr,

fixed bin{21),
tixed bin,
filxed bln{1),

equal_key_s» pit(i),

seq_check_

3w bit(l),

close_exit_sw Dit(1) ) parsasmeter}

wheret

1.

e

3.

rec_ptr_1

rec_len_1

rec_ptr_2

ooints to a double word aligned buffer
containing t he output record. The
output_record exit procedure may alter the
contents of thlis record or may change the
polnter to point to another record. The
Merge uses the value of rec_ptr_1 returned to
It by the output_record exlt procedure as
specifled below In the descrlptlon of the
actlon argument. (Input/Output)

At the first call to the outpuf_record exlit
procedure (beginning of output), there [Is no
output record and rec_ptr_1 = null(),.

ils the length of the output record In bytes.
The output_record exit procedure may change
the length of this record. The merge uses
the wvalue of rec_len_i returned to It by the
output_record exit procedure as specifled
below in the description of the actlon
argument, (Input/Output)

points to a double word allgned buffer
contalning the record feaving the merge. The
output_record exit procedure may not alter
the contents of thls record. For all actlons
except lnserty, the Merge will Ilgnore the
value of rec_ptr_2 returned to [t by the
output_record exlt procedure. If the actlon
is insert, then the output_record exlt
procedure must change rec_ptr_2 to point to
the record to be Inserted, (Input/Output)

At the 1last call to the output_record exit
procedure (end of output), there is no record
leaving the merce and rec_ptr_2 = null{),

(END)
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rec_len_2

action

ls the Jlength of the record leaving the
merge., The output_racord exlt procedure may
not change the length of +this record. For
alt actlons except Inserty the Merge wlll
ignore the value of rec_len_2 réturned to 1[It
by the output_record exlt procedure. If the
action Is Insert, then the outputft_record ex]t
orocedure must set rec_len_2 to the lencth of
the record to be Inserted. (Input/Output)

indicates the actlon to be taken upon return
to the Marge., (Input/Qutput)

Possible values of actlon aret

g = accept the ouftput recorde ., The output
record is written to the output file,
The Merge uses the returned values of
rec_ptr_i1 and rec_len_1 to identify the
record to be writtens At the next cafl
to the output_record exit procedure, the
record leaving the merge becomes the new
output records, and a nen record leaving
the merge has been obtalined.

Each time t he output_record exlt
procedure is called, the Merge sets
actlon to this value.

1 = delete the output records NO record is
written to the output file. The Merge
Ignores the returned values of rec_ptr_1
and rec_len_1. At the next call to the
output_record exjt procedure, the record
leaving the merge becomes the new output
records and a new record leaving the
merge has been obtained.

2 = delete the record 1leaving the nmrerge.
{This action shouid be used for
summarization into the output record.)
No record s written to the output flle.
At the next call to +the output_record
exlt procedure, the output record remains
the same, and a new record leaving the
merge has been obtalned. The Merge uses
the returned values of rec_ptr_1 and
rec_len_1 to ldentify the output record

(END)
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for that next call to the outpuft_record
exlt procedure.

3 = Insert a record after the output record.
The output record [s written to the
output flles The Merge uses the returned
values of rec_ptr_1 and rec_len_i1 +to
ldentify the record to be written. The
Merge calls the output_record exit
procedure sgain, s0 that the inserted
record may be accepted or an additional
record may be Inserted. At thls next
call to the output_record exit procedure,
the Inserted record becomes the new
output recordy and the record leaving the
merge remalins the same, The Merge uses
the returned values of rec_pt_2 and
rec_len_2 to ldentlify the Inserted
record.

At the last call to the output_record exit
procedure {end of output), if the
output_record exit procedure inserts records
then they are appended at the end of output.
Any other value for action means do not
append any records, and the output_record
exlt will not be taken agalne.

Indicates whether the output record and the
record 1leaving the merge have eqgual keys.
(Input)

Possible values are!

8 the two records rank equal.

the two records do not rank equal. At
the first and tast <calls to the
output_record exlt procedure, (beglinning
of output and end of output)y only one
record is ©present and the Merge sets
equal_key to this value.,

1

If the user supplled key descrlptions, then
the value of equal_key s determined only by
those key fleldsy the orlginal Input order
2% the two records s not used to resolve key
equality. If the user supplled a compare

(END)
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equal_key_sw

seq_check_sn
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exit procedure, then the Merge uses the
resulit of that compare exlt procedure to set
the value of equal_key, {In elther case, 1|f
the twWo records rank equal then rec_ptr_1
points to the record which iIs tirst according
to the origlnal Inpuyt order of the two

- recordss)

indicates whether or not equal key checking
is to be performed. {Input/Output)

Possible values are?

*3™ = do not check for equal keys. At the
first calt to the output_record exit
procedure {beglnning of output), the
Merge sets equal_key_sw to this value.

4" = check for equal keys before the next
call to the output_record exit
procedure.

Since equal key checking takes tlme, the user
should set equal_key_sw = ™1™ only when
required for actlons such as summarlizatlon.

indicates whether or not sequence checking is
to be performed. (Input/Qutput)

Possible values are?

0" = do not sequence checke

" sequence checks, At the first call to
the output_record exlt procedure
(beglnning of output)y, the Merge sets
seg_check_sw to this value.

l.ill

Sequence c¢hecking means comparing the outoput
record to the record previously written to
the output flile. Sequence checklirg |s
performed after the output_record exit
procedure returns to the Merge, and only if a
record 1ls to be written to the output flle
(that isy only if the actlon 1Is accept or
Insert). If t he user suppllea key
descriptlons,s, then the Merge®s key comparlson
routine is used. It the wuser supoliea a

(END)
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compare exit procedurey then that exit
procedure is calied.

If the output record [s out of sequence wilth
the previous recordy then the status code
fatal_error ls returned to the <caller of
merge_3 see the entry merge_ abovee.

A4l records written to the output flile,
includling Inserted recordsy, can be sequence
checkade.

indicates whether the exlt is to be closed
hereafter. {Input/Output)

Possible values arel

“3” = keep this exit open. Each time the
output_record exit procedure ls calted,
the Merge sets close_exlt_suw to this
value,

*4" = close thils exlts The Merge will not
call the output_record exit procedure

again durlng tnls executlon of the
Merge (even 1f the actlon Is insert).

(END)
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Since the Merge aligns each record In a buffer on a double
word boundary, if an exit procedure appliles a based decliaration
of the record to the pointer(s) then correct allgnment |s
ensured.

ORIGINAL INPUT ORDER (FIFOQ)

For the compare and output_record exlt procedures, rec_ptr_1
always polnts to the record whose original input order was prior
to the record polinted to by rec_ptr_2. It a compare exit
procedure returns with an equal! ranking for the two records, then
this original input order is preserveds Original ilnput order has
been defined earller under the heading Key Flelds.

Name: sort

The sort command 1s described In the Multics Programmers®
Manualy, Commands and Actlve Ffunctlonsy Section III, This
description inciudes only additional optlonal control arguments
which are not described in MPM Commands.

Usage

sort Input_specs output_specs control_args

wheret
3. control_args can be chosen from the followlng (In addition
to those contro! arguments speclifled [n MPM
Commands)$
-time prints timing informatlon for the Sort!

System load {hmu)
Merge order
String size
and for each phase 0f the Sort:
Elapsed time
Real cpu time
Virtual cpu time
Page faul ts
Paging device faults
Comparlsons axecuted

(Times are glven In seconds.)

(END)
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-merge_order pn

-string_slze s

-debug

Sort/Merce PLM

specifies that the merge order Is to be
M The argument m must be a declmal
Integer. Thls argument s meanlngful
only it all Ilnput files are In the
Storage System, so that the total I[nput
fille slze can be obtained by the Sort.

specifies that the string slze (as
produced durlng the presort) s to be s
bytes. The argument § must be a declmal
integer, and must be less than the
system maximum segment size. The actual
slze of any string may differ somewhat
from $s since the {ength of the last
record Inserted Into the strlng may not
exactly match the space avallable.

Merge order and string size cannot both be
speclfled.

speclfles that temporary flles wlll be left
lnitiated (but truncated to zero Ilength)
after complietior of the Sort. This argument
is intended : ftor Jse with performance
measurement and analysls tools which print
reference names, such as sample_refse.

If this argument lIs omittedy temporary files
willt be deleted after completiorn of the Sort.

If -debug s speclifled, deletion of temporary
flies must be done expllcltly by the wuser.
Some temporary flles are 1In the process

directory; the work files are In the
directory specifled by the -temp_dir
argument. The names of all temporary flies

are generated uniquely for each [nvocatlon of
the Sorty, and aiways contaln the string
“SOT’T_“.

(END)
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Name! merge

The merge command Is described in the
Manual, Commands and Active ¥Functions,

Sort/Merce PLM

Multlcs Programmers®

Section

description includes only additioral! optlonal control

which are not described In MPM Commands.

Usage

merge input_specs output_specs control_args

vheret

III. This
arguments

3

controil_args

-time

-debug

can be chosen from the following (In 'addition

to

those control arguments specified In MPM

Commands)t

prints timing information for the Mergel
System load {hmu)
and for each phase of the Merge!
Elapsed time :
Real cpu time
Virtual cpu time
Page fauits
Paglng device faults
Comparlsons executed

{Times are gliven in seconds.)

specifies that temporary flles will be
teft jinitiated {(but ftruncated to zero
tength) after completion ot the Mergee.
This argument [s Intended for use with
performance measurement and analysls
tools whilch print reference names, such
as sample_refs.

If this argument is omitted, temporary
flles wilt bpe deleted after completion
of the Mercge.

If =-debug 1Is speclfled, deletion of
temporary files must be done expllicltly
by the user. All temporary files are in
the process directory. The names of all
temporary flies are generated uniquely
for each Invocatlion of the Merge, and
always contain the string “sort_".
(END)

Page 93



Sort/Merge PLM Sort/Merce PLM

Name! sort_

The sort_ subroutine is descrioed In the Mul tics
Programmers® Manualy Subroutlinesy Sectlion II. This descriptlon
inctudes only additional entry polnts whlch are not described In
MPM Subroutlines.

Entry: sort_sinitiate
The sort_ginltiate entry point Is wused when the Sort Is

*ariven" by Its callar. The Sort is sald to be drlven 1[f the
caller supplies a procedure which calls {or dilrectly performs)
the iInput flle processing and output flile processing procedurese.
Such a driver must have the following general form?

call sort_3slnitiatelarguments);

call input_file_proc(code)}

call sort_gcommence{code)?

call output_tile_proc{code);

call sort_jterminate(code)}

where?

1« sort_sinitlate is the procedure of the Sort whlch must
be called flrst (it ™initlates™ the
Sort).

2« Input_tlle_proc ls an Input_f]lle procedure, as specifled
in the description of the sort_
subroutlne in MPM Subroutlnes. Instead
of calling an Input_ftile procedure, the
driver may perform the necessary
functlions directiye.

3. sort_gcommence is the orocedure of the Sort which must
be called when the lnput_flie procedure
has completed releasing records to the
sorting process (lt *commences™ the
merging process) s See the entry
sort_fcommence below.

be outout_tille_proc is an output_*Ffile procedurey as

specified in the description of the
sort_ subroutine In MPM Subroutines.
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Instead of cal tling an output_flle
procedure, the driver may perform the
necessary functions directiy.

5. sort_gterminate ls the procedure of the Sort which must
be calied when the output_flle procedure
nas completed retrieving recoras from
the Sort (it ™terminates™ the sorting
process)s.s See the entry sort_sterminate

_below.

The entry points sort_3initiate, sort_gcommence, and
sort_$terminate are speclifically designed to be wused by COB0L
obJect programse They support the ANSI COBOL Sort/Merge Module,
Level 2 (the SORT, RELEASE, and RETURN statements).

Normall?, when called as a command (sort) or as a subroutine
(sort_), the Sort itself contains the driver to perform the flve
calls listed above.

Usage

dcl sort_ginitiate entrylchar{(*), ptr, ptr,
char{*}, float bin{27), fixed bln(35))}

call sort_sinitiate(temp_dirs keys_ptr, exits_ptr,
user_out_swy, file_slzey code)}

nhere!

1. temp_dir is the pathname of the directory which wlil
» contaln the Sort's work filles. It +thils
argument is ", then work files will be

contained In the user®s process directory.

This argument should be used when the process
directory #will not be 1arge enough to contain
the work flies., The get_dir_ functior may be
used to obtain the name of the user®s current
working directory. (Input)

2. keys_ptr ils a polnter to the keys structure, which
describes the key flelds to be wused for
ranking records. Thls structure is identical
to that specifled under the headgling Keys
Structure In the description of the sort_
subroutine In MPM Subroutlnes, Sectlon 1II.
If the wuser Is supplylng a compare exit
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3

Ge

5.

exlts_ptr

user_out_sw

file_size

Sort/Merge PLM

procedure, then keys_ptr must be null and the
compare procedure must be speclfled In the
axits structures (Input)

is a polnter to the exits structure, which
speclfles which exlt points are to be used
and gives the entry point names of the
corresponding user supplled exit procedurese.
Thls structure is ldentical to that speclfied
under the heading Exlts Structure [n the
description of the sort_ subroutine In MPM
Subroutinesy Sectlon II. If no exits are to
be usedy then exits_ptr must be nulle. If the
compare exlt is speclfled, then keys must not
be described. (Input)

speclfies the destination of both the Sort's
summary report and dlagnostlc messages for
errors detected In the arguments to
sort_sinitiate. (Input)

This argument may have the followlng vatuest

b = wrlte the summary report and
diagnostic messages via the I/0
sWltch user_output.,.

do not wrlte the summary report
and diagnostic messages. If any
errors are dlagnosed,
sort_Sinitlate wlll return with
the status code bad_arg but
Information about the number and
nature of the errors 1s not
aval lable.

"‘bf"

write the summary report and
dlagnostic messages via the 1/0
switch named switchname. This
snitch must be attached and open
for stream output.

"

swltchname

is the total amount of data to be sortedy, 1In
miltlons of bytes. If thls argument s zero,
the default assumption is approximately one
mitilon bytes (file_size = 1.0). (Input)

The flle_slze argument is used for
optimization of performance) the actual
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amount of data can be <considerably larger
without preventing the Sort from completing.
The maximum amount of data which can be
sorted Is (in bytes) approximately 63 milllon
times the square root of flle_slize.

bs code is a standard Multics status code returned by
sort_3inltiate. Possible wvalues are llsted
beiow under the headling Status Codese.
{Output)

Enicy Varclables

Entry wvarliables In the exlilts structure should be set
(elther Initialized or assigned) by the procedure which calls the
sort_Ilnitlate entry polint.

Cleanup Handling

In order that the Sort can be terminated properly in case of
an abnormal exit, the <cleanup procedure of the caller of
sort_3%initlate must Include a calt to the entry point
sort_S$terminate.

31atus codes

The following status codes may be returned by sort_gsinitiate
(all codes are [In error_table_)¢

0 Normal return (no errors).

bad_arg One or more arguments specifled to
sort_%inltiatey, Including the keys and exlits
structures, was lnvalid or inconsistent. The
Sort wlli have previously written dlagnostic
messages as dlrected by the user_out_sw
arguments. The sorting process itself has not
been startea.

fatal_error The Sort has encountered a fatal error. The
Sort will have previously generated a
speciflc error message and signalied the
sub_error_ condltlon via the sub_err_
subroutline. '
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out_of_sequence
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The call to sort_ginitiate is not In the
seguence requlired by the Sorts QeGes
sort_3%initiate has been called after
initlation of the Sort but before normal
termination of that lnvocatlon via a call to
sort_stermlnate.
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Entcyd sort_3commence

The sort_gscommence entry point must be called after the
driver of the Sort has completed lts Input_flle procedure. See
the entry point sort_g8initlate above. The call to sort_gcommence
informs the Sort that end of input has been reached. Upon return
from sort_gScommencey, the driver <can Ddegin 1ts output_flle
procedure.

Usage
dcl sort_3scommence entry(fixed bin(35))
call sort_scommence{code)}

where code s a standard Multics sfatus code returned by
sort_gscommences Possiblie wvalues are ({lsted below under the
heading Status Codes. {(Qutput)

Status Codes

The following status codes may be returned by sort_$commence
{all codes are in error_table_)!

0 : Normal return (no errors).

fatal_error The Sort has encountered a fatal error durling
the sorting process, The Sort will bhave
previously generated a speclflc error message
and slgnalted tre sub_error_ condition via
the sub_err_ subroutine. ’

out_of_sequence The catl to sort_Scommence 1Is not in the
sequence requlred by the Sort) €eJes
sort_gcommence ras been called before
sort_sinltiate.
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Enicy? sort_sterminate

The sort_gterminate entry polnt must be called atter the
driver of the Sort has completed its output_file procedure. See
the entry point sort_%initlate above. The call to
sort_$terminate Informs the Sort that the current execution of

the Sort 1Is complete., Upon return from sort_gterminate, the
caller can initlate another execution of the Sort.

Usage
dcl sort_sterminate entry(flixed bin(35))3
call sort_gterminate{code)}
where code Is a standard Multtics system status code returned by

sort_g$terminate. Possible values are (listed below under the
heading Status Codes. (Output)

alatus Codes

The fotlonlng status codes may be re turned by
sort_g$terminate (all codes are In error_tadble_ )

3 Normal return (no errors).
out_of_seqguence The call to sort_gsterminate s not In the
sequence requlred by the Sort} €egnn

sort_$termlinate has been calied before
sort_3injtiate.

(END)
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