MULTICS TECHNICAL BULLETIN MTB-253

To? Distripution
From? Je Berson
Dated 02703776

Subject? Release 2 of the Multlcs Sort/Merge

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

Comments and criticlsms are solicitedy, whether on techknical
aspects or on the documentation. They may be sent to Joel Berson
at Honeywell Blllerica by mall or phoned or vis "mall Berson
MSORT"™ on elither the MIT or Phoenlx Multics systems.

Multics Project 1Internal working documentatlon. Not to be
reproduced or distrilbuted outsice the Multics Project.
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1.

1.3

1.4

1.5

NEW_FUNCIIONS
A Mergey or Flle collation, function has been added,

A subroutine iInterface for both the Sort and Merge has been
addeds

Support for the SORT portlon of the ANSI COB0L Sort/Merge
Moduley Level 2y has been added. (The COBOL MERGE function
is not supported by thls packagel.

Additlonal data types for keys and multlple key flelds are
supported. Release 1 supported oniy character string and a
single key fleld.

Addltional storage media and flle organlizatlons are
supported for the input and otuput files. Essentlally any
flile can be supported whlilch <¢an be read or wrltten
sequentially wvia iox_ using any available I/0 modufe.
Release 1 supported only sequentlial Input and output flles
In the Multics storage system {(using vfile_ ).

The following addltlonat user exit points are provided!

input_record exit? Permlts the user to alter, delete, or
insert records before they enter the
sorting or merging process.

output_record exitt Permits the user to altery, delete,
inserty, or summarlze records coming
out of the sorting or mergling process
before they are written to the output
filee

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

Command arguments for measurement and testing have been
added (-tlmey =-merge_order, ang =-string_slize).
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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 generalized file sorting
capabllity, which Is speclialized for executlon by user
supplied parameterse. The basic 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 fleldsy, and write a single file of ordered (or
“ranked"™) records. The Sort has the following general
capabllitjes:s

Input and output files may be on any storage medium and |[n
any file organization;

Very large files, such as muitisegment flles, can be sorted)

Muitiple key fields and most PL/I string and numeric data
types may be speclfleds

Exits to user supplled subroutines are permitted at several
points durlng the sorting processs.

In additlon to arguments to the sort command, other
information is necessary to specjiallze the Sort for a particular
executlons 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 situatlons where the Sort ls free standlng; that [s, where
no user supplied oprocedures are executed, {User supplled
procedures are called "exlt procedures™.) Addltional Information
is necessary for executing the sort command with exlt procedures,
and Is contalned 1In the descriptlion of the sort_ subroutlne In
the Multics Programmers® Manual, Subroutines, Sectlon II.

}
INPUT AND OUTPUT

The user can specify the lnput and output flles. In this
environment, the Sort reads the input files and writes the output
tfilees Each lnput or output file may be stored on any medium and
in any flle organlzatlon supported by an I/70 module through lox_.
The 1/0 module may be one of the Multics system I/0 modules {such
as tape_ansi_J)y or one supplled by a3 speciflc Instaltiation, or
one written by a user. An Input or output flle Is specified
elther by a pathname or by an attach descriptlon.

Alternatively, the user can supply elther an Iinput_file

procedure or an output_flie procedure {(or both)ls An input_file
procedure s responsible for readling input and releaslng records
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to the Sort. An output_file oprocedure is responsibie for
retrieving records {(ranked by the Sort) from the Sort and writing
outpuUTe

In all casesy, records may be elther fixed length or varlable
lengthe.

KEY FIELDS

The user can specify the key flelds to be wused In ranking
records. Key fields are described Iin the Keys statement of the
Sort Descriptions Up to 20 key fields may be specified. Any
PL/T string or numerlc data type - except compiex or plctured -
may be specified for a glven key fleld, Ranking may be
ascendingsy descendingy or mixed. For a cnaracter string fielid,
the collating sequence [s that of the Multlics standard character
setas

Aiternatively, the user can specify a user supplied compare
procedure, which Is then used to rank recordse.

The orlglnal order of records with equal keys |Is preserved
(FIFO order). Original input order 1s defined as follows?

1. If two equal records come from different input flles, then
the record from the file which is speclftied eariler in the
command line s first.

2 If two equal records come from the same iInput flley, then the
record which is eariier in the file is first.

EXITS

The Sort provides exlts fto wuser supplled procedures at
speclific points during the sorting process. Exit procedures are
named Iin the Exits statement of the Sort Descriotjion,. The
following exit polints are provided?

input_flle To obtaln lnput records and release them one
by one fto the sorting process.

output_fliie To retrleve ranked records one by one from
the sorting process and output them.

Input_record To perform speclal processing 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 pertorm special processing for each output
records such as deleting, Inserting, or
altering records to be output from the Sort;
or summarizing data by accumulating 1t Into a
summary record.

To compare two records? that is, to rank them
for the sortlng processe.
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sort

———

sort -input_specs output_spec control_args

wheres

1.

input_specs

~lnput_fille pathname

-if pathname

indicates that the wuser Is specifylng the
input files. Up to 10 Input tlles may be
specified. Each [Input flle specificatlon
{each Input_spec) may be supplied in one of
the followlng forms?

If an input ffile is In the Multics
storage system and [ts file organization
is either sequentlal or Indexed, then |t
may be speclified by its pathname. The
file may be either a slingle segment or a
mui tisegment files The star conventlon
can not be used.

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

-lnput_descriptlon "attach_desc”
-ids "attach_desc”™ If an input flle {s not In the Multlcs

storage system or its flie organization
Is nelther segquentlial nor lndexed, then
it must be specified by an attach
description. The attach description
must be quoteds The target I/0 module
specifled via the attach descriptlon
must support the sequential_input
opening mode and the jox_ entry opcint
read_recorde.

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

If the user Is supplying an Input_flle exlt
procedure, then the lnput_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 indicates that the user s speclfying the
output flle. Only one output flile can be
specifled. The output file speclificatlon
{output_spec) may be supplied In one of the
follonlng formss

-output_file pathname

-of pathname I1f the output file Is 1In the Multics
storage system and jts flle organization
ils segquential, then |t may be speclifled
by its pathname. The file may be ei ther
a slngle segment or a multisegment flle,.

The equals convention may be used. If
it 1isy it Is applied to the pathname of
the first Input flle and the flrst [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
descrilption “vfile_ pathname™. Thus {f
the file does not exlsty, It wlll be
created. If 1t does exlst, 1t will be
overaritten,

~output_flle -replace

-of =rp ' The output flle Is to replace the first
input tile. That input file will be
overnritten durlng the merge phase of
the Sort. It =-repitace s usedy the
first input fite must be speclfled by a
pathnames, not by an attach descriptlion,

-output_description "attach_desc"

-ods "attach_desc™ If the output file Is not In the Multics
storage system or jits flle organlzatlon
Is not sequentlalty, then 1t must be
specified by an attach descriptions. The
attach description must be quoted. The
target I/0 module speclifled via the
attach description must support the
sequentlal_output opening mode and the
lox_ entry polnt arlte_record.

If the user is suppliyling an output_flile wexlt
procedure, then the output_spec argument must
be omltted and the output_file exlt procedure
must be named In the Exits statement of the
Sort Description.
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control_args must be chosen from the followingt

-console_input

-ci Iindicates that the Sort Qescription is
read via the 170 switch wuser_lIprput
{which normally Is the user®s terminal).

=-sort_desc sd_path

-sd sd_path indicates that the user [Is specifying
the pathname of the segment contairing
the Sort Description,

"Either the -console_input or the =-sort_desc
argument - but not both - must be specified.
See the headlng Sort Description beiow.

-temp_dir td_path
-td td_path indicates that the wuser [Is speclifying
: -the pathname of the directory which will]
contain the Sort®s work flles. The
equals conventlon can not be used.

If this argument is omitteds work flles
will be contained in the user*®s process
directory.

This argument should be used when the
process directory will not be |arge
enough to contaln the work flies. The
{wd] active functlon may be used for
td_path to place work ftiles in the
user®s current working directory,

-flle_size § speclifies that the totat amount ot data
to be sorted s f miilions of bytes,
The argument f must be a decimal number.
If the -file_size argument is omitted,
the default assumptlon s apoproximately
one milllorn bytes (f = 1+G).

Thls argument s iIntended for wuse when
some or all of the input flles are not
in the storage system (that is, are not
speciflied by pathnames) or when an
Ilnput_file exlt procedure ls used. In
these cases the 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 bit counts.) The
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-file_slze argument may also be wused
when atl of the Input tlles are [In the
storage system but records are to be
inserted or deleted through an
input_record exlt procedure,

The =-flle_slze argument s wused for
optimization of performancej +the ac tual
amount of Input data can be consliderably
farger wlthout preventing the Sort from
completing. The maximum amount of data
which can be sorted 1Is (in bytes)
approximately 6§ mitiion times the
square root of f.

NOTES

Arguments c¢an appear iIn any order, but a pathname or attach
description must immediately follow lts keyword,

The temporary directory pathname (td_path) is the name of a
directory. The Sort Descrliption pathname (sd_path) ls the name
of a segment.

Any pathname may be relatlive (to the user®s current working
directory) or absolute.
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Sort Qescription

The Sort Descriptlon contalns additional Informatlion to
specilalize the Sort for a particular execuytlon. The Information
supplied may be?

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

Exits - Specification of which exit points are to be wused
and the names of the corresponding user supptlled
exlt procedures. '

A Sort Descriptlion ls requlred.,. As a mlinimum, the user must
specify how records are t0 be rankedy either by describing key
tietds In the Keys statement or by naming a compare exit
procedure In the Exits statement. Other information In the Sort
Description is opptlionai.

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

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

If  the Sort Description is read via the user®s terminal,
the =-console_input argument is used. The Sort oprints *“Input:™
via the I/0 switch wuser_output and waits for input. The user
then types the Sort Descriptione. To terminate the Sort
Description, the wuser types a line consisting of a period (".")
foliowed by a line feed. {This tine is not part of the Sort
Description.) '

SYNTAX OF THE SORT DESCRIPTION

A Sort Descriptlon consists of a set of statements. Each
statement must begin wWith a function keyword. The function
keyword 1s followed by the function keyword dellmiter colon
("t*). The statement ltself consists of one or more parametersy
separated by parameter delimiters. The parameter dellimlters are
spacesy commas ("y*)y or {In certaln specific cases as specified
- below) parentheses {*("™ and ")*™). Each statement must end with
the statement dellmiter semicoton ("3™.

In the descriptions belows, certain notational conventlons
are useds A word enclosed between the less than and greater than
symbols (<" and “»™) 1ls a notational variable, which must be
replaced by an actual word or phrase of the Sort QDescriptlon
fanguage. A word not enclosed between < and > (s an actual word
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of the Sort Description |anguage. A phrase enclosed betueen
brackets (™I and ™1*) 1s optlonal. A phrase enciosed between
braces ("{" and "3}") and followed by an elllpslis (M«ee™) s
requiredy and may be repeated one or more times.

KEYS STATEMENT

The Keys statement specifles key flelds used to rank the
records of the lnput tlless The format of the Keys statement st

keyst {<key_description>} s+ 3

The Keys statement consists of a serles of one or more
<key_description»>s., The key descriptions are specified in order,
the flrst describing the majJor key and the last descrlbing the
most mlnor keys. Up to 2] key descriptions may be supplied.

A key descriptlion is the specification of a single key
flelde The format of a <key_description> ls?

<datatype> (<size>) <position> [descendingl]

wheret

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

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

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

For string data typesy, <size> ls the length
(characters or bits) of the field. The
length ls the exact amount of space occupied
by the fleld.

For arithmetic data types, slze 1Is the
precision (binary or declmal digits) of the
fleld. Scale factor, 1f any, must not be
Aaritten (it {s not requlired by the Sort).
The space occupled [|s determined by the
precislion In combinatlon wlith the data type
and the allgnment, {(Alignment is speclfled
via <posltion>.) For an aligned blnary fleld
{filxed or floating), the space occupled |is
Increased 1f necessary to an Integral number
of words.
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<poslition>

<w>

<w> (<b>)

descending
dsc

- s s

sort

<slze> must be a decimal integer. The wunit
depends on the data typee. See the table
below for the semantics of <slze>. (The
rules used are the same as those used by
Multics PL/I.)

ls the offset of the bpeglnning of the key
field, reiative to the beglnning of the
records Consider the record as being aligned
on a word boundary, as wiil be the case for a
Multics PL/I structure. Thls element Is
reguired. There are tWwo formats?

where <w> s the aord offset., Words are
numbered from 0 for the flrst wora of
the record., This format specifles to
the Sort that the key fleld [s allgned
on a word or (If <w> is even) on a
double wora boundarys

where <w> [s the word portlon of the
offset and <b> is the bit portion of the
offset: that Isy the blt offset within
the word. Bits are numbered from J +to
35. This format implies that the key
fleld is not allgned on a word boundary.,.
If the key fleld Is aligned on a word
boundary but the user specifles a bit
offset of § anyway, the Sort will
operate correctly although speed of
execution may be affected.

The formats for <positlon> and the values for
<> and <b> are conslistent with those shown
in Multics PL/I listings or used by debuge.

speclfles descending order for ranking using
this key fielde This element may be omitted;
the default 1s ascending order for thls key
field-
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sort

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 OF KEY DESCRIPTIONS

char{(10), 06(18)

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

char(8)s 1, descendlng

character{4), 24 dsc

bit(ie), 0(2)

bin{i7), 2

bin{17),y 2(18)

bin(1), 2(Q)

bin{1), 2

bin(36)s 2

dec(d)y 0(D)

float dec(9), 0(D

Character stringy, Multics ASCII code, length
elght characters} starts at blt § of wora 13
ranking is descending.

Character string, Multics ASCII code, length
four characters; starts at bit 0 of word 23
rankling ls descending.

Bit stringy lencth 16 bits3 starts at blt 2
of word 0.

Fixed binarys, preclsion 173 since no ©bIit
offset 1s speclfied, {s allgned and thus
occupies one word (eaquivalent to ™bin(35),
2").

Fixed blnarys oprecision 1737 since a bit
offset is specified, is wunallgned and
asccupies 418 bits; starts at bit 418 of word 2
(leess Is in the low order half of word 2).

Fixed blnary, precision {13 unatlligned and thus
occupies 2 bitsy starts at bit 0 of word 2.

Filxed blnary, preclislion {3} allgned and  thus
occupies one word (equivalent to “bin(35),
2" .

Flxed blnary, preclsion 363 since no bit
offset 1ls specifled and preclision is greater
than 35 and word offset s even, I[Is alligned
and occuplies two words (equlvatlent to
“bin{(71)s 2™}

Filxed decimaly, 9 bit digity preclslon 63
starts at blt 9 of worcd § and occuples 7
diglits Including sign (that Is, through the

and of word 1).

Floating decimaly 9 bit digits precision 9;3
starts at blt 9 of word 0 and occuples 11
digits Including exponent and sign {(that |Is,
through the end of word 2).
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EXITS STATEMENT

An Exits statement speclfies the exilt procedures to be used
during execution of the Sort, The format of an Exlts statement
iss

exitst {<exit_descriptlion>} .e¢ 3

The Exits statement consists of a set of one or more
<exlt_descriptlon>s. ExIt descriptions may be speclfled In any
Or‘der‘.

An exit description is the specificatlion of one exit point
and the user supplied exlt procedure to be called at that exit
point. The format of an <exit_description>» s

<exlt_name> <user_name>

wheret
1. <exit_name> is the keyword naming the exit point at whlich
the wuser supplled exlt procedure ls to be
calleds. Exlt names may be chosen from the
folilowing list?
Ilnput_flle
output_file
input_record
output_record
compare
2» USser_name Is the name of the entry polnt of the user

suppiled proceduree. This parameter has the
same syntax and semantics as a command name.
That |ist

User_name can be el ther a segment name (esg.y
segment) or a segment name and an entry point
name (2.gey sSegmentientry_polnt)l. In these
casesy the user®s current search rules ara
applled to find the oprocedure. {If some
segment is already known by the speclfied
referance namey that segment is used.)

User_name can also be a pathname; that ls,
can speclfy a directory hlerarchy location,
either relative (to the wuser®s current
worklng dlrectory) or absolute. In +this
casey the search rules are not appiied and
the pathname [s used to find the procedure,
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——

({If some other segment ls already known by
the speclfied reference name, that segment s
termlnated first,.)

HRITING EXIT PROCEDURES

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

sort =Ilnput_file sort.ln =-output_flle =.0ut <-console_input
Inpu?. ‘
keyt char(10), 03

In this example, the arguments of the command stete that
there is one input flfe, whosSe pathname ls sort.in} the output
file pathname [s sort.outy the Sort Oescription ls Input via the
user®*s terminalj} and by default the work files are contained in
the user®s process directory.

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

sort -temp_dir >»udad>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 Is contalned In the segment named sd.

Assume that the segment sd contalns?

keys? fixed bin(35) 04 char(8) 13
exitst input_flle wuserglinput,
output_file userfoutput;

The Sort Description states that there are two keys. The
malJor key is an aligned flixed binary tleld of precislion 35,
contalned in word ¢ of the record. The minor key Is a character
string of length 8, contalned [n words 1 and 2 of the record.

There are two exitss an Input_flle procedure exlt and an
output_file procedura exite The Input_ftile exit procedure entry
colnt is named usersinput] the output_flle exlt procedure entry
point Is named userg$output, These exlts must be speclifled
because the command did not specify either an input file or an
output flle.

sort =-}if sort_in =of =-replace -td [(wd]l =sd sort_desc

In this example the arguments of the command state that the
Input flle 1Is named sort_In3 the output flle Is to replace the
Input file} work files are <contained In the user®s current
working directory; and the Sort Description ls contalned in the
segment sort_desc.
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sort -input_description “tape_ansi_ vol_1 -name 3" -if b \
~output_descriptlon "“vflle_ c =extend™ -cli

In this example there are two input fltes. The first input
tite 1is specifled by an attach descriotlion for the I/0 mogule
tape_ansi_ with the attach argument "vol_1 -nzme a". The second
input file is speciflied by the pathname b, and thus must be a
sequential or Indexed file In the storage system. The output
file 1Is specifled by an attach description for the 1I/0 mocule
vfiie_ with the attach argument *b -extend®™. For the I/0 module
viile_s thlis means that the pathtname is ¢ and the flle is to be
extended; that s, output records from the Sort wilil be wrjitten
at the end of the file ¢ (If [t already exists).

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

The Sort Descriotion (not shown) wlll be read via the user®s
terminal,.

sort =-ids "record_stream_ =-target vfile_ 3" =-of b =-ci

In this axample assume that the Input file s an
unstructured flle Iln the storage system, with the pathname 3.
The Input flle has been specifled by an attach description using
the I/0 moduie record_stream_, which will transform the record
I/0 operatlions regquested by the Sort Into the appropriate stream
I70 operations for the target file a.

sort =-lds "syn_ user_switchname® =of b =-ci

In this example the input file Is attached. using the 1I/0
module syn_ to the 1/0 switch user_swltchname, whlich must be
attached and closed,

Namet! merge

The merge command provides a generalized file merging
capability, which is speciallzed for executlion by user supplied
parameters. The basic functlon of the Merge iIs to read one or
more input flles of records which are In order according to the
values of one or more key flelds, merge {col!ate) those recordas
accordilng to the values of those key flelas, and write 2 slngle
file of ordered (or “ranked"™) records. The Merge has the
follonwing general capabllitless

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

any file organization?
Very large filesy, such as multisegment tlles, can be merged};

Muttiple key flelds and most PL/I string and numeric data
types may be specified’

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

In addition to arguments +to the merge command, other
Information [s necessary to speciallze the Merge for a particular
execution, This informationy, called the Merge Descriptions, can
be supplled either through the user®s termlnal or In 3 secment,

The description given here of the merge command |s
sufficient for situations shere the Merge [s free standlngs that
lsy where no user supplled procedures are executed. {User
supplied procedures are called "exlt procedures™.) Additlonal
information Is necessary for executing the merge command with
exlt procedures, and s contained In the description of the
merge_ subroutline in the Muitics Programmers"® Manual,
Subroutines, Section II.,

INPUT AND 0OUTPUT

The wuser speclfles the input and outout flles. The Merge
reads the input filles and wrltes the output file. Each Input or
output flle may be stored on any medlum and In any flile
organizatlion supported by an 1/0 module through [oxX_. The 1I/0
module may be one of the Multics system 1/0 modules (such as
tape_ansl_), or one supplied by a speclfic Instaliation, or one
written by a user. An input or output flle Is speclfied elther
by a pathname or b2y an ‘attach description.

In all casesy records may be elther fixed length or variable
lengthe
KEY FIELDS

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

(END)
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ascending,y, descendingsy of mixeds For a character string fleld,
the collating sequence is that of the Multlcs standard character
sete. The records of each input fiie must be In order according
to those key flelds.

Alternatively, the user can speclfy a user supplled compare
procedure, which 15 then used to rank recordse The records of
each Input file must be [In order according to the atgorjitrm of
that procedure.

The original order of records with egual keys is preserved
{FIFDO order). 0Original lnput order [s deflined as follows?

i, If tvwo equal records come from dlifferent Input files, then
the record from the flle which is specified earfler In the
command line is first.

2 If two equal records come from the same Input files, then the
tecord which Is earlier In the file Is first.

EXITS

The Merge provides exlts to wuser supplled procedures at
specific points during tne merging process. Exit procedures are
named in the Exits statement of the Merge fQescription. The
folionwing exit polnts are provided?

output_record To perform special processing for each output
record, such as deleting, inserting, or
altering records to be output from the Merge;
or summarlzing data by accumulating it into a
summary record.

compare To compare two records; that Is, to rank them
for the merglng 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 [ts flle organization
is sequentialy then 1t may be speclfied
by Its pathname. The flle may be elther
a single segment or a muitisegment flle,

The equals convention may be useq. If
It 1s, it Is applled to the patrname of
the first Input flie and the first irput
file must be specified by a patbname,
not by an attach description.

An output flle specifled by a pathname
will be attached wusing the attach
description "vflle_ pathname™, Thus If
the flle does not existy It will be
createde. If It does exist, it will be
overwrjitter.

-output_description ™attach_desc"

-ods "attach_desc™ If the output file Is not In the Multics
storage system or lts flle organizatlion
Is not sequentlal, 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 openling mode and the
lox_ entry pcint wur]lte_record.

control_args ' must be chosen from the'following:

-console_input

-Cci indicates that the Merge Oescription |Is
read via the 1I/0 swltch wuser_input
(vhich normally Is the user®s termlnatl)e.

-merge_desc md_path

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

Either the =console_lnput or the -merge_desc

argument = but not both - must be specified.
See the headlng Merge Description belowe.

(END)
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NOTES

Arguments can appear In 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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The Merge Description contalns addlitionat Informatior to
speclalize the Merge for a particular executlon. The information
supplied may be?

Keys = Description of one or more key flelids used for
ranking records.

Exits - Specification of which exit points are to be used
and the names of the corresponding user supplied
exit proceduresa.

A Merge Descriptlon is requiregd. As a minimumy the wuser
must speclfy how records are to be ranked, elther by describing
key fields In the Keys statement or by naming a compare exit
procedure In the Exits statements. Other information In the Merce
Description ls optionail.

The - Merge QOescriptlon may be supplled as a segment or read
via the I/0 switch user_Iinput {(normally the user®s terminal).

~ If the Merge Descriptlon Is supplled in a segment, 1Its
pathname Is specified in the -merge_desc argument,

If fthe Merge Description Is read via the user®s terminal,
the =console_Ilnput argument [s used. The Merge prints “Input:™
via the 1I/0 switch user_output and waits for input. The user
then types the Merge Description. Jo terminate the Merce
Descriptions, the user types a line consisting of a perjiod (".™)
followed by a line feed. {This tine is not part of the Merge
Description.)

SYNTAX OF THE MERGE DESCRIPTION

A Merge ODescriptlon consists of a set of statements, Each
statement must begin witn a function keyworde. The functlon
keyword Is followed by the function keyword dellmiter coion
{("1")s The statement jitself consists of one or more parameters,
separated by parameter dellmiters.s The parameter delimlters are
spacesy commas (™y™)y, or (in certain specific cases as specified
below) parentheses {("(" and ")*™). Each statement must end wlth
the statement delimiter semicolon (™3").

In the descriptions below, certain notational conventlons
are used. A word enclosed between the less than and greater than
symbols ("< and ">") Is a notational varlabley, which must be

(END)
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replaced by an actual word or phrase of the Merge Oescription
language. A uword not enclicsed betwsen < and > Is an aciuai word
of the Merge Description language. A phrase enclosed between
brackets ("™[* and "1") [s optional. A phrase enciosed between
braces ("*{"™ and "}") and followed by an ellipsis (Yeee™) s
reaquired, and may be repeated one or more times.

KEYS STATEMENT

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

keyst (<key_descrlptlon>} ees 1}

The Keys statement consists of a serles ‘0of one or more
<key_description>s. The key descriptlons are speclfled In order,
the first describing the major key and the last descrliblng the
most minor key. Up to 20 key descriptions may be supp!ied.

A key description Is the speclficatlon of a single key
fleldse The format of a <key_description> st

<datatype> (<slze>) <poslition> [descendingl

where?

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

2« <Slize> Is the slze of the key fleld, This element

is required.

For string data types, <size> ls the length
{characters or Dbits) of ¢the fleid. The
tength Is the exact amount of space occupled
by the flelid.

For arithmetic data typesy, <slze> [s the
precislion (binary or decimail digits) of the
fields Scale factory If any, must not be
wrltten (1t is not required by the Merge).
The space occupled 1ls determined by the
precision In combination with the data type
and the alignment. (Alignment is speclfied
via <position>s) For an allgned blnary fleld
{filxed or floating)y the space occupied s

(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 <slze>

of } {where <slze> = n)
<datatype>] Unit Range Space Occupled
Character string char 9 bit 1 - 4895 n characters
{Muttics ASGII) character
Blt string . : blt 1 bit 1 - 4095 n bits
Flxed binary bin 1 bit 1 - 71 Al fgned?

1 £ n < 35t one
36 £ n £ 71t two

Unaligned: 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
(teading sign) digit

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

wWOor(
HOrC

bits

273 one wWore

arc
S

In addition to the forms shown for <datatype> In the table
aboves the following variants are also perm]ltted?

The following alternate spellings may be used?
charicharacter biniblnary decidecimal

The word "“fixed™ may be used (or omitted), For examples
fixed binipin fixed declidec

The words may be written [In any seguence. For examplet?

(END)
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ftoat binloin float

(END)

Page 29

merge



merJje merge

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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diglts including exponent and sign (that s,
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 procedure.
(If some other segment [s already known by
the specified reference name, that segment (s
terminated first.)

WARITING EXIT PROCEDURES

The exit polints to be used during an axecutjon of the Merge
and the names of the corresponding user supplied exlt procedures
are specified in the Exits statement as described abovea The
speciflcations for writing exlt procedures (PL/I declare and call
statements) and the functional requirements [mposed upon exlit
procedures are given In the descriptlon of the merge_ subroutine
In Section II of MPM Subroutines.

(END)
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Examples

merge =-if mergesin_1 =1t merge.in_2 =-output_ftile =.,0ut =ci
Input.
key? char(igd)s §°

-

In this example, the arguments of the command state that
there are two input filesy, whose pathnames are merge.ln_1 and
mergesin_23 the output file pathname 1[s merge.out} and the
Merge Descriptlon is input vlia the user®s terminal.

The Merge Description states that there is one key, a
character string of length 410 characters, starting at word 0 bit
0 of the records There are no exlts speclfled.

merge =input_flle 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_25 the output file is named
out_13 and the Merge Descriptlon ls contalned in the segment
named Md.

Assume that the segment md contains?

keys? fixed bin(25) 04 char{(8) 13
exitst output_record userf$output;

The Merge Descriptlion states that there are tWwo keysSe The
major key is an aligned filxed bilnary field of precision 35,
contalned In word 0 of the records The minor key Is a character
string of length 8, contained In words 1 and 2 of the record.

There is one exity, an output_record procedure exit; the
output_record exlt procedure entry polnt s named usergoutput.

merge =-input_description "tape_ansi_ vol_1 =-name 3" =-if b \
-output_descriptlion "vflle_ ¢ -extend™ ~ci

In this exampley there are two input filtes. The first Input
file is specified by an attach descriptlon for the I/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 flie In the storage system. The output
file is specified by an attach descrloption for the I/0 module
vfile_ wWith the attach argument "c -extend™. For the I/0 module

{(END)
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vfile_, this means that the pathname Is ¢ and the flle [s to be
extended; that iss output records from the Merge wili be written
at the end of the file ¢ (if it already exlists).

{A \ followed by a flne feed s used to continue the command
arguments onto the sacond lines)

The Merge Description (not shkown) wlil be read from the
Juser®s terminal.

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

In thlis example, assume that tbe first Input file Is an
unstructured file In the storage system, wlith the pathname 3.
This input fllte has been speclfied by an attach description uslng
the I/0 module record_stream_y which will transforms ' the record
I/0 operations requested by the Merce into the appropriate stream
I/0 operations for the target file a. The second input flle 1Is
attached wusing the I/0 modulie syn_ to the I/0 sWitch
user_snitchnamey which must be atfached and ciosed,

Namet sort_

The sort_ subroutine provides a generalized file sorting
capabliltyy whlch Is speclallzed for execution by user suppllied
parameters. The basic function of sort_ is to read one or more
Input flles of records which are not orderedy, sort those records
according to the values of one or more key fleldsy and write a
single output file of ordered (or “ranked”) recordse. The sort_
subroutine has the following general capaolijities:?

Input and output flles may be on any storage medlum ang in
any tile organization}

Very large filtesy such as multlisegment flles, can be sorted;

Multiple key flelas and most PL/I string and numerjic gata
types may be specifled;

Exits to user supplied subroutines are permitted at severasal
polnts durlng the sorting processe.

The arguments to the sort_ subroutine incluade one or more
pointers to additional information necessary to speciallze sort_

for execution. This additlional Information Ils <called the Sort
Description.

(END)
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INPUT AND OUTPUT

The wuser can specify the Input and output flles, In this
environment, the Sort reads the [nput files and writes the output
file. Each Input or output file may be stored on any medlunr and
in any file organizatlon supported by an I/0 module through lo0oX_.
The 1I/0 module may be one of the Multics system I/0 modules (such
as tape_ansli_)y or one supplled by a specific Installation, or
one written by a user. An jnput or output fitle |Is speclfied
either by a pathname or by an attacr description.

Alternativelyy, the user <can supply elther an [nput_flle
procedure or an output_file procedure (or 20thl. An inpuit_fite
procedure Is responsible for reading lnput and reteasling records
to the Sort. An output_fite procedure Is responslible for
retrieving records (ranked by the Sort) from the Sort and writing
output.

In all casesy racords may be either fixed ltength or variable
lengthe.

a

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 in
the keys structure - of +the Sort Descrlptions Up to 20 key
flelds may be speciftied. Any PL/I string or numeric data type =
except complex or pictured - may be speclifled for 3 glven key
fielde Ranking may be ascending, descending, or mlxed. For a
character string key fletld, the collating sequence 1Is that of the
Multics standard character set.

Alternatively, the wuser can supply a compare procedure,
which iIs then used to rank records.

The orlginal inout order of records with egual keys Is
preserved (FIFO order). Orlginatl Input order 1Is deflned as
follows?

1e If two equal records come from different Input fliles, then
the record from the flle which s speclified eartier In the
list of input files (In the input_specs subroutlne argument)
is first.

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

(END)
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EXITS

The Sort provides exits to wuser supplied procedures at
speciflc points during the sorting pnrocess. Exit procedures are
named Iin the Exits statement - or In the exlts and jo_exlts
structures = of the Sort Description. The following exit points
are provlded? '

input_file To obtaln input raecords and release them one
by one to the sorting process.

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

input_record To perform speclal processing ftor each Input
record, such as deletingy Insertings, or
altering records to be input to the Sort,.

output_record To perform speclal processing for each output
records such as deleting, Inserting, or
altering records to bpe output from the Sort;
or summarlizing data by accumuiating [t Into a
summary record.

compare To compare two recordsy that Isy to rank them
for the sorting processs

fetails ot exlt procedures are given below under the heading
Writing Exlt Procedures.

(END)
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Usage?l

dcl  sort_ entryl

call sort_ (

where!

1. input_specs

-input_tile path
-if pathname

-input_descripti
-ids attach_desc

(*)char(*)y, char{(*), (*)ptry char(*),
char(*), float bin(27), fixed bin(35));

input_specs, output_spec, sort_deaesc, temp_dir,
user_out_swy file_sizes code);

is an array contalning the speciflications of
the input flles. Up to 10 input flles may be
specl fled,. The array extent speclfles the
number of Input files, (Input)

Input flle ) Is speclfled in +the array
element Input_specs{]), in one of the
followlng forms?

name
If an lInput flle Is In the Multics
storage system and its flle organlzatlon
Is either sequentlal or indexed, then it
may be specifled by lts pathname. The
flle may be elther a singte segment or a
mul tisegment file. The star convention
can not be used.

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

on attach_desc

If an input flie Is not in the Multics
storage system or [ts flle organlzation
ls nelther sequentlal! nor |ndexed, then
it must ©bDe speclfled by an attach
description. The target 1I/0 moaule
specifled wvia the attach descriptlion
must support the sequential_input
opening mode and the lox_ ertry point
read_records.

Pathnames and attach descriptions <can be
intermixed in the lnput_specs arraye.

It the user is supplying an input_fille exit
procedurey then input_specsii)y the flirst

(END)
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input flle specification, must be "™ (the
array extent should be 1) and the input_flle
exlt procedure must be named in the jo_exits
structure of the Sort Description.

2. output_spec Is the speclficatlon of the output flle.
Only one output file may be specifiede.
(Input)

The output file may be specifled Ir one of
the following forms:

-output_file pathname

=of pathname It the output flle 1s In the Multlcs
storage system and [ts file organization
Is sequentlaly, then 1t may be speclifled
by lIts pathname. The flle may be el ther
a single segment or a3 muttisegment file.

The equals conventlon can be used. If
it 1lsy It ls applled to the pattname of
the first Input file and the first Irput
file must be speclfled by  a pathname,
not by an attach descriptlon.

An output file specifjied by a pathname
will be attached wusing the attach
descrilption "vfllie_ pathname™, Thus [f
the flle does not exist, it wlll be
created, It It does exist, it will be
overwritten,

~output_file -replace

-of =rp The output flile Is to replace the first
input file. That Input flle wlll be
overwritten during the merge prase of
the Sort,. It -replace 1is wused, the
flrst input flle must be specified by a
pathnamey, not by an attach descriotlion.

-output_description attach_desc

-ods attach_desc If the output fille Is not In the Multics
storage system or jits flle organfization
is not sequentialy, then [t must be
specifiecd by an attach description. The
target I/0 module speclified vla the

(END)
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sort_desc

temp_dir

user_out_sw

sort_

attach description must support
seaquential_output cpening mode and

23T T aeSr

iox_ entry point wurite_record.

- -+
ol 3
a o

If the user [s supplylng an output_flle exit
procedure, then the output_spec argument must
be "™ and the output_file exit procedure must
be named In the ljo_exits structure of the
Sort Descriptlon.

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

Jescription below. (Input)

ls the pathname of the directory whlch will
contaln the Sort®*s work flles. (Input)

If thls argument [s ™™, then work fllies wliil
be contalned In the user®s process dlrectory.

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

specifles the destlnatlion of both the summary
report and dlagnostic messaces for errors
detected In the arguments to sort_ or [n the
Sort Descriptione (Input)

This argument may have the following valuess
e = wrlte the summary report and

diagnostic messages via the I/0
snwitch user_ocutput.

[}

"-bf* do not write the summary report
and diagnostic messages. If any
errors are dilagnosed, sort_ wiill
return with +the status code
bad_arg but information about
the number and nature of the

errors Is not avallable.

i

write the summary report and
dlagnostlic messages via the I/0
siitch named swltchnames The

sultchname

(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)

Page 41



sort_

bad_arg

fatal_error

out_of_sequence

sort_

———— — vt

Normal return (no errors).

One or more arguments speclfled to sort_,
Inctluding those [n the Sort Descriptlon, was
invalid or inconsistent. The Sort wlill hrave
previously written diagnostic messages as
directed by the wuser_out_sw argument, The
sorting process ltself has not been started.

The Sort has encountered a fatal error durlng
the sorting processe. The Sort wlll bpave
prevliousliy generated a speclfic error message
and signalied the sub_error_ condltion via
the sub_err_ subroutlne.

The ¢call to sort_ Is not 1In the seguence
requlred by the Sort} that iss sort_ has

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

(END)
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Sort Descriptlion

The Sort Description contalns additional Information to
specialize the Sort for a particular execution, The Sort
Description is specified via the sort_desc argument to sort_.
The information specifled may be3

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

Exits - Specification of whlch exit polnts are to be wused
and the names of the corresponding user supplied
exlt procedures,

A Sort Description Is 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 optionai.

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

The source form of the Sort Description Is wrltten exactly
as specifled for the sort command {(see the Multics Programmers”®
Manual, GCommands and Active Functlonss 3Section III)y and |is
Stored as an ASCII segment; that ls, as an unstructured flle [n
the Multics storage system. If source form is wuseds then the
sort_desc argument to sort_ must have an array extent of 1 and
the one polnter 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 Descriotlon and supplles [t
10 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 opolnters to the ttree
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{jio_exits)
where the three structures (keys, exlitsy, and lo_exits) are
deflned below. The Internal form ls useful when the procegure
calling sort_ constructs the Sort Descrilptlone.
{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

i i

bit_offset

desc

For arlthmetic data typesy size 1is the
precision {binary or declmal digits) of the
fieids, The space occupied s 'determined by
preclsion In combination wWith the data type.
The space occuplied is not adjusted for an
altigned fleld. For exampley for 2n allgned
fixed binary field of one word, size must be
specified as 353 for an atignead floating
blnary field of two wWwords, slze must be
specifled as 63, See the tabie befiow for the
samantics of size.

is the word portion of the offset of the
beginning of the key fleld, relative to the
beginning of the record. Consider the record
as being allgned on a word boundary, a3as wlll
be the case for a Multlcs PL/I structure.
Words are numbered from 0 for the first word
of the record.

ls the bit portion of the offset of the key
fleld; that iss the bit offset within the
word In whlch the key field begins. B8its are
numbered from § to 35 (If the fleld Is
aligned on a word boundarys then bit_offset
ls 0.)

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

use ascending ranking.

]

"dsc* use descending rankinge.

(END)
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OATATYPE ENCODING AND SEMANTICS OF SIZE

£ncoding | Semantlcs of slze
of 1 (where size = n)
datatype § Unit Range Space Occupled
Character string char 9 bit 1 - 4095 n characters
(Muttlics ASCII) character ’
Bit string bit 1 bit 1 - 4095 n blts
Flxed binary bln 1 bit 1 -71 n +1 bits
Floating binary fibin 1 bit 1 - 63 n ¢ 9 blts
Fixed decimatl dec 9 bit 1 - 59 n + 1 dlgits
{leading sign) diglt
Floating decimal fldec 9 bit 1 - 59 n + 2 diglts
diglt
(END)
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EXITS STRUCTURE
The exits structure st

dcl 1 exits,

1 version fixed bin init{1),
2 compare entry,
2 Input_record antry,
2 output_record antry;
wheret
1« version is the version number of the structure (must
be 1).
2. compare speclifles the entry point of a user supplied
- comparae exit procedure. If the caller
describes key flelds  (supplles a keys
structure), then thls exit must not be
specified.
3« Input_record specifles the entry polnt of a user supplled

input_record exlt procedure. This exit can
be specified whether or not the Input_file

exit Is specified.

4, output_record specifies the entry point of a user supplied
output_record exit procedure. Thls exlt can
be specified whether or not the output_file

exlt ls specified.

IO_EXITS STRUCTURE
The lo_exlts structure ]s?

dcl 1 lo_exits,

2 versjion ' fixed bin Init{i),
2 lnput_¢fitle entry,
2 output_file entry;
where:!
1e verslon Is the version number of the structure
be 1).
(END)
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2. Input_file speclifies the entry point of a user suppllied
input_tlle sxXit orocedure. ITf the caller
names Input files, then thls exlt must not be
speclfled.

3. output_file specifies the entry point of a user supplled
: output_flle exit procedure. If the caller
names the output flle, then thls exlt must

not be specified.

ENTRY VARIABLES

In the exits and lo_exits structures, each exit point lis
specified via an entry varlable, The entry varlabie must be set
(either Initiallzed or assigned) by a user procedures, normally
the procedure which calls sort_. The entry varlable can Identify
elther an internal entry point (that ls, 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 procedures.

If none of the exlts declared In elther the exits or
lo_exits structure is to be usedy then that structure can be
omitted and the corresponding polnter In the array sort_desc must
be null, If the structure Is Included but an exlit specified in
It is not to be used, then the corresponding entry varlable must
be set to sort_%$noexlty which Is declared?

dcl sort_3%noexit entry external;
An exit polint may not be altered after the call to sort_.
Any change to the entry variable thereafter wlll have no effect.

However, certaln entry polnts can be disabtedy, as specifled In
the descriptions of the indivilidual exit procedures belon.

(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 procedura replaces the standard [nput
reading function of the Sort. The Sort calils the [nput_tlle exit
procedure only once durlng an execution of the Sort.

An input_tile exit procedure must perform the follownwing
functlont! For each record which lIs Input by the user to the
sortlng processy the Input_file exit procedure must make one call
to the entry sort_sSrelease (descrlbed later)., After the
input_flle exlt procedure has refeased the last Input record +to
the Sort, it must return to the Sort,.

Usage

input_filet oproclcode);

dcl code fixed bin(35) parameter)
where code (s a standard Multics status code (in error_table_)
whlch must be returned by the input_flle exlt procedure., If the
value 1Is not (s 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 calis the compare
exlt proceaure each time fthe sorting process ls ready to rank two
recordsy that isy to determine which of the two is first In the
sorted orders

A compare exit procedure must perform 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 the 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
functione

Usage

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

dcil {rec_ptr_1 ptr,
rec_ptr_2 ptr) parameter;
dci resuilt fixed bin(1)}

s e

return{resul t);
end compare;

wherel

i. rec_ptr_1 is a pointer to a doubie word aligned buffer
contalning the first record of the palr to be
compared. Thils record is always the flrst of
the two according to the orlginal lnput
orders {Input)

2« rec_ptr_2 -is a pointer to a dounlie word alligned buffer
contalnig the second record of the palr to be
compared, (Input)

3. resuit ils the result of the comparison. (Qutput)

Posslble values are!

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 exit polnt so that the iInput_record exlt procedure
wlil not be called again during thls execution of the Sort.
This is accomplished by setting close_exit_sw = "1".
The lnput_record exit procedure must return to the Sort each
time it ls called.
Usage

Ilnput_record: proci{rec_ptr, rec_len, actlon, close_exlt_sw)?

det (rec_ptr ptry
rec_len fixed bln(21),
action fixed bin,

cliose_exit_sw Dit(1) ) parameters
where!

1. rec_ptr polnts to a double word aligned buffer
containing the current record. The
input_record exit procedure may alter the
contents of the record or- may change the
pointer t0o point to another record. For the
actions of accept and Iinserty the Sort will
use the value of rec_ptr returned to [t by
the input_record exit proceduree.
{Input/Output)

At the last cali to the Input_record exlft
procadure (end of input), there [Is no current
record and rec_ptr = nutt{).

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, the Sort willl use the
value of rec_len returned to it by the
Input_record exlt procedure. (Input/CQutput)

3. action Indlicates the action to be taken upon return
to the Sort. (Input/0utput)

Argumaents referred to below are the vatues

returned to the Sort by the input_record exlit
procedurea.

(END)
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G4a

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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OUTPUT_RECORD EXIT PROCEDURE

An output_record exit procedure may be used whether the
Sort's standard output_flle procedure or a wuser supplled
output_flile exit procedure |[s used, and supplements that
output_file process, The Sort calls the output_record exit
proceduret

1. Each time 1t has determined the next record In ranked order
from the merging process?

2 . Once more after the ftast record has been obtalned from the
merging process {(end of output);

3 Addltionallyy, each time the output_record exlt procedure
returns with an action of [nsert.

The Sort gives the output_record exlit procedure access to
two recordst

1. The output record, about to be written to the output fitfe.
(It an output_flle exit procedure has been specifled by the
user, this Is the record about to be returned to that exit
procedures)

2« The next records the record teaving the merging process.

An output_record exit procedyre need not perform any
processing. If It does noty then the output record Is accepted
for the output flle.

An output_record exlit oroceduré may perform the folloming
functions, wWhich are accomplished via the values of arguments
returned when the input_record exit procedure returns to the
Sorts

Accept the output record. Thils Is accomplished by settlng
action = 0. )

Delete the output record. Thls iIs accompilshed by setting
action = 1.

Delete the record ieaving the merge. This 'ls 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 cali to
(END)
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the output_record exlt procedure, records may be Inserted at
the end of output.) This 1s accomplished by setfting
rec_ptr_2 to point to the record to be Inserted, setting
rec_ten_2 approprjiatelys, and setting actlon = 3.

Alter the output record, before It is wrltten to the output
flled Thls s accompllished by aitering the record polnted
to by rec_ptr_1 or setting rec_ptr_1 to point to another
recordy, setting rec_len_1 appropriately, and setting actlon
= ¢ to accept {or actlon = 3 to Insert).

Summarize data into the first record of a sequence of
records nwith equal keysy, and delete the succeeding records
of the seguence., This may be accomplished as follouns? At
the first catl to the output_record exlt procedure, set
equal key checklng on f(equal_key_swu = "1"). At subsequent
callis to the output_record exit procedure, if the output
record and the record leaving the merge have equal keys
(equal_key = 0)y then accumulate data into the output record
and delete the record leaving the merge (actlon = 2), If
the two records have unequal keys (egqual_key # 0), then
accept the output record (actlon = Q).

Summarlize data Iinto the last record of a sequence With equal
keys, and delete trhe preceding records of the sequence.
This may be accomplished as foiflonwst At the flrst call +to
the output_record exit procedure, set equal key checking on.
At subsequent calis, [If the two records have egual keys then
accumulate data [nto a work area and deiete the output
record {(action = 1)« If the two records have unequal keys,
then alter the output record using the accumulated data and
accept that recora (action = ().

Segquence check the output file. This 1Is accomplished by
setting seq_check_sw = "1™, If the output rcord willl not
collate properly with the output file, or does not have |ts
keys in the posltlon specified to the Sort, then set
seqg_check_sw = g%,

Close the exit point so that the output_record exlt

procedure will not be called agaln durlng this execution of
the Sorte This is accomplished by setting close_exit_sw =

'Iill.

The output_record exlt procedure must return to the Sort
time it is cal led.

(END)
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Usage

output_recordt proclrec_ptr_1is rec_len_14y rec_ptr_2, rec_tlen_2,
: action, equal_keys 2qual_key_sw,
seq_check_su, close_exit_sw)3

dcl (rec_ptr_1 ptry
rec_len_1 fixed bin{21),
rec_ptr_2 ptr,
rec_len_2 tixea bin(2i},
action fixed bin,
equal_key fixed bin(1},

equal_key_sn bit(41),
seq_check_su bit{1i),
close_exlt_sw bit{i) ) parameter)

nherel

1. rec_ptr_1 points to a double word aligned bufter
‘ containing Tt he output record. The
output_record exlt procedure may alter the
contents of this record or may change the
pointer to polnt to another records The Sort
uses the value of rec_ptr_1 returned fo it by
" the output_record exlt procedure as speclifled
below In the description of the actlon
argument, (Input/Output) o

At the flrst call to the output_record exlt
procedure (beginning of output)y, there Is no
output record and rec_ptr_1 = nuli(l,

2s rec_len_1 Is the {ength of the output record Iin bytese.
The output_record exit procedure may change
the length of this records The Sort uses the
value of rec_len_1 returned to 11t by the
output_record exit procedure as sopecifjied
below In the description of the actlon
argument. {(Input/Output)

3. rec_ptr_2 points to a double word aligned buffer
contalning the record feaving the merge. The
output_record exlt procedure may not alter
the contents of this record. For all actjons
except iInsert, the Sort wll! lgnore the value
of rec_ptr_2 returned to it by the
output_record exit procedure. If the action
s Inserty, then the output_record exit

(END)
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4.

5.

rec_len_2

action

sort

procadure must change rec_ptr_2 to polnt to
the record to be Inserteds (Input/Output)

At the last call to the output_record exit
procedure (end of output), there [s no record
teaving the mercge and rec_ptr_2 = nulll).

is the tength of the record 1leaving the

merge. The output_record exlt procedure may
not change the length of thls record. For
all actions except Insert, the Sort will

ignore the vaiue of rec_len_2 returned to [t
by the output_record exlt procedure. If the
action lIs 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/Output)

Possible values of actlon ares

0 = accept the output record. The output
record 1ls nrltten 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 procedurey, the
record leaving the merge becomes the new
output record, and a new record feaving
the merge has been obtained.

Each time the output_record exit
procedgure is calledy, the Sort sets actlon
to this values

1 = delete the output records No record 1Is
wrltten to the output file. The Sort
lgnores the returned values of rec_ptr_1
and rec_len_1. At the next call to the
output_record exlt procedure, the record
ieaving the merge becomes the new output
recordy, and a nem record leaving the
merge has been obtained.

nN
H

delete the record leaving the merge.
{Thils actlon should be used for
summarlzation Into the output record.)

(END)
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sort_

No record [s written to the output file,
At the next call to the output_record
exit procedure, the output record remains
the sames, and a new record leaving the
merge has been obtalned. The Sort uses
the returned valdes of rec_ptr_1i and
rec_len_1 to ldentify the output record
for that next call to the output_record
axit procedure,

3 = Insert a record after the output record.
The output record s written to the
output files« The Sort uses the returned
vatues of rec_ptr_41 and rec_len_1 to
identify the record to be written. The
Sort caltls the output_record exit
procedure again, so that the inserted
record may be accepted or an sdditional
record may be [nserted. At this next
call to the output_record exlt procedure,
the Iinserted record becomes the new
output record, and the record leaving the
merge remains the same. The Sort uses
the returned values of rec_ptr_2 and
rec_len_2 to ldentl]lty the Inserted
record. '

At the {ast call to the output_record exit
procedure {end of outout), it the
output_record exlt procedure lnserts records
then they are appended at the end of output.
Any other value for actlon means  do not
append any recordss and the output_record
axlt will not be taken agaln.

indlcates whether the output record and the
record 1Jeaving the merge have equal kKeysSa
{Input)

Possibie vatues are!

0 = the tno records rank equal.

1]

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

i1

(END)
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7»

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 procedures.) Seguence checkling
is performed after the output_record exit
procedure returns to the Sort, and only 1f a
record is to be written to the output flie
{that [s, only If the actlon [s accept or
insert). If the user suppiled key
descriptionsy then the Sort*s key comparison
routine [s wused. It the wuser suppllied a
compare exit procedure, then that exit
procedure [Is called,

If the output record s out of sequence with
the previous recordy, then the status code
fatal_error is returned to the caller of
sort_3 see the entry sort_ above. (If the
Juser specifled an output_flie exit procedure,
then the status code data_seq_error |s
returned to that exlt procedure; see the
antry sort_$return below.)

A1 records written to the output file,
including Inserted recordss, can be sSequence
checked,

indicates whether the axit Is. to be <closed
hereaf ter, {Input/0Output)

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
"{" = close this exlt. The Sort wlll 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 alligns each record In a buffer on a double
word boundary, |t an exlt procedure applles a based declaration

of the record to the polnteri{s) then correct allgnment Is
ensureds.

ORIGINAL INPUT ORDER (FIFO)

For the compare and output_record exlt proceduresy rec_ptr_1
always polints to the record whose orjiglnal lnput order was prior
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 orlginal Input order Is preserveds QJriginal Input order has
been deflned earller under the headlng Key Flelds.

(END)
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Entry: sort_grelease

The entry “sort_S$release”™ 1Is used each time the caller
releases a record *to the sorting processSe. Calls to
sort_gsrelease are made from a user supplled Input_file procedure.

The caller speclifies the location and lenath of the record. The
Sort accepts the record and stores [t In Its own work area.

Usaag

dcl sort_%rejease entryiptr, fixed bin{(21), fixed bln(35)1)3

call sort_grelease (buff_ptr, rec_len, code)s

where?

i. buff_ptr is a pointer to a byte alignea buffer
containing the record. {Input)

2. rec_len Is the length of the record in  bytes.
{Input)

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

Notes

The Sort allgns each record on a double word boundary In a
WOork area.

Status Codes

The folioming status codes may be returned by the
sort_srelease entry polnt (all codes are in error_table_)?¢

g Normal return {(no error).
out_of_sequence The call to sort_srelecase is not Iin the

sequence required Dy the Sort} €egey
sort_3release has been called before sort_,.

(END)
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fatal_error

long_record

short_record

The Sort has encounterd a fatal error durling
the sorting process. The Sort wlll prave
previously generated a specltic error message
and signallied the sub_error_ conditlon vla
the sub_err_ subroutine.

This lInput record Is longer than the maxlimum
supported. The record s lgnored by the
Sort, and the caller nay 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_greturn

The sort_3return entry Is wused each time the caller
retrieves a record, In ranked order, from tne Sort, Calls to
sort_greturn are made from a user suppllied output_flile procedure,.
Upon return from sort_g$return, the caller is glven the locatlon
and length of the record.

If sort_sreturn ls called but there are no more records to

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

Usage
dci sort_s$return entry(ptr, fixed bin{21), fixed bin(35))3

call sort_sreturn (buff_ptr, rec_len, code);)

wherel

i. buff_ptr is a pointer to a double word aligned buffer
containing the records {OQutput)

2. Trec_Jen is the 1ength of the record In by tes.
{OQutput)

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

Notes

The Sort allans each record on a double word boundary [n a
work area. Thus if the calfer applles a based declaration of the
record to the polnter then correct allgnment ls ensured.

S1atus Codes

The following status codes may be returneda by the
sort_gsreturn entry point (all codes are in error_table_)?

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

(END)
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end_of_into Thera are no more records to be retrleved
trom the Sort. Thlis 1is the normal end of
data indlcatlon. No record 1Is returned to
the caller.

out_of_sequence The call to sort_s$return Is not In the
seguence required by the Sort; aTJey
sort_greturn has been called before

sort_3srelease.

fatal_error The Sort has encountered a fatal error during
the sorting processs. The Sort will have
previously generated a specliflc error message
and signalled the sub_error_ condition via
the sub_err_ subroutine.

data_Jloss End of data has been reached, but the number
ot records previously returned is less than
the number of records released to the Sort,
No record is 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 rankling 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 callery and the
caller may continue to request records from
the Sort.

Name?! merge_

The merge_ subroutine provides a genaralized file merging
capabillty, which ls specliallzed for executlon by user suppliled
parameters. The baslc function of merge_ Is to read one or more
Input files of records which are In order according to the values
of one or more key fleldsy, 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 following general capabliltles?

Input and output files may be on any storage medium and In
any file organizationy

(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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foliows?

1. It two equal records come from different Input fliesy, then
the record from the flle which is specified eariier In the
list of iInput flles (in the input_specs subroutlne argument)
ls tirst.

2e If two equal records come from the same Input file, then the
record which iIs earfler In the flle s first.

EXITS

Thé Merge provides exits to wuser suppiled procedures aft
specific points during the mergling process. Exit procedures are
named in the Exlts statement - or In the exits structure - of the
Merge Description. The folloning exlt points are provided?

output_record To perform speclal processing for each output
recordy such as deleting, Inserting, or
altering records to be output from the Merge?
or summarizing data by accumulating It Into a
summary record.

compare To compare two records; that isy to rank them
for the merging processe.

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

(END)

Page 70



merge

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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b

(Input)

The output file may be specifled In one of
the folloning formst

-output_*flle pathname

-of pathname

If the output file is iIin the Multics
storage system and [Its fille organlzation
is sequentlialy, then 1t may be speclfled
by Its pathnames The file may be either
a single segment or a multisegment file.

The eguals conventlon can be used. It
it sy it ls appiied to the pathname of
the first Input file and the first Input
fille must be speclflied by a patrnanme,
not by an attach description.

An output file specifled by a pathname
will be attached wusing the attach
descriptior "vtile_ pathname™. Thus if
the flle does not exlsty, It wlll be
created. It It does exlist, It wlll be
overwrittens.

-output_description attach_desc

-0as attach_desc

merge_desc

user_out_sw

If the output flle Is not In the Multics
storage system or lts flle organlzatlion
ls not sequentlal, then [t must be
speclfied by an attach description. The
target 1I/0 module speclfled wvis the
attach description must support the
sequential_output opening mode and the
lox_ entry polnt wr]lte_record.

an array of polnters to the Merge

Jescription. See the heading Merge
Jescriptlon belon. (Input)

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

argument may have the followlng values?

(END)
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S5« code

NOTES

merge_

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

Y-pf* = do not writa the summary report
and dlagnostic messages. If any
errors are diagnosedy, merge_
wlit return with the status code
bad_arg o2ut information about
the number and nature of the
errors ls not avallable.

i

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

swltchname

Is a standard Multlcs status code returned by

merge_. Possible values are listed below

uynder the heading Status Codes. (Output)

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

STATUS COBES

The foliowning

status codes may be returned by merge_ (all

codes are in error_table_)

8

bad_arg

fatal_error

Normal return {(no errors).

One or more arguments specified to merge_,
inctludlng those In the Merge Descriptior, was
Invalid or inconsistent. The Merge will have
previously w#wrjitten diagnostic messages 2as
dlrected by the user_out_sw argument, The
merging process Itself has not been started.

The Merge has encountered a fatal error
during the merglng processe. The Merge wllli
have prevlously generated a speclfic error
message and signallad the sub_error_
condltlon via the sub_err_ subroutine.

(END)
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out_of_sequence

merge_

The call to mercge_ Is not In the sequence
required by the Merges that ls, merge_ has
been callied after inltiatlion of the Merce but
bpefore termination of that invocatlon,

{END)
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Merge Description

The Merge Description contalns additional information to
specjallze the Merge for a particular executlion. The Merge
Description is specifled via the merge_des:z argument t0 merge_.
The information speclfied may be?

Keys - Descrlption of one or more key fleids wused for
ranking recordse.

Exits - Speciflication of which exlt polnts are to be used
and the names of the corresponding user suppllied
exit procedures., '

A Merge Description s requlredes As a3 minimum, the user
must speclfy how records are to be ranked, el ther by describing
key flelds In the Keys statement or by naming a compare exit
procdure in the Exits statement. Other information In the Merge
Descriptlon Is optlonat.

The Merge Descrip?lbn may be suppilied to merge_ In either of
two forms, called source form and internal form.

The source form of the Merge Description 1ls written exactly
as specified for the merge command {see the Multics Programmers®
Manual, Commands and Active Functlonsy, Section III), and 1s
stored as an ASCII segment; that Isy as an unstructured fi{le 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 pointer must be a polnter to the sagment. (The segment
must contain only the Merge Description.) The source form is
useful when the user writes the Merge Description and suppllies 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 24 and the two polnters are pointers to the two
structures. Any of the structures can be omltted; In that case
the corresponding pointer must be nult, The polnters must be
specifled In the array In the followlng ordert

addr (keys)
addr{exits)

where the two structures (keys and exits) a~e deflined below. The

internal ftorm [s useful when the procedure c¢slllng merge_
constructs the Merge Descrilption.

(END)

Page 75



————— v — S - -

merge_ merge_

vt - ——— s i

KEYS STRUCTURE

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

If the caller does not descrlibe keyss then the corresponding
polnter in the array merge_desc must be null and the compare exit
must be specifled In the exlts structure. The user supplled
compare routine will then be used to rank records.

The keys structure st

dcl 1 Keys,

2 version fixed tin Init(1),
2 number flxed bin,
2 key_desc{user_keys_number refer{keys.numberl)),
3 datatype char(s),
3 slze fixed bin(24),
3 word_offset fixed bin{(418),
3 bit_offset fixed bin(6),
3 desc char(3);
wheret
1. version is the version number of the structure (must
be 1,.
2« Number Is the number of key fields, establlshed by

the value of user_keys_number.

3. key_desc Is an array of key descriptionse. Each key
description ls one element of the array. The
key descrlptlons must be speclifled In order,
the major key first and the most minor Kkey
last.

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

5« size is the slze of the key fleldy In unlts whlch
depend on the dats type.

For string data typesy, slize 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 exlt polnt may not be altered after the call to merge_.
Any change to the entry varlable thereafter wlll have no effect.
Howevery certaln entry polnts can be dlsabledy as specltied In
the cescriptions of the Individual exlt procedures below.

(END)
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Mriting Exit Procedures

A user supplilied exit procedure is called by the Merce to
perform a speclfled function., The user procedure must perform
that function, and then must return to the Merge. The user exit
procedure may perform additional functlons desired by the user.

Certaln exlt procedures replace the corresponding standard
routine of the Merge. Other exlt procedures suppliement the
normal functlions of the Merge. Thils 1is specifled for each
Individual exit procadure below,

The following exit points are provided?

output_record
compare

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

The entry point names of all user supptled exlt procedures

are deflned 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
comparlson procedure of the Merges The Marge calls the compare
exlt procedure each time the merging process is ready to rank two
records; that Isy to determine whilch of the two Is first In the
merged order.

A compare exit procedure must perform the foltlowing
function? The compare exlt procedure ~ecelves as arguments a
polnter to each of the two records. The compare exit procedure
must determine which of the two records iIs flrst - or that they
are equal In rank - and must return a correspondlng return value
to the Merge. The compare exlt oprocedure 1[s Invoked as a
function.

Usage

comparet procirec_ptr_1, rec_ptr_2) returns(flxed bin{i1))3

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

LR ]

return(resul t);
end compares

where:?

i. rec_ptr_i ls a pointer to a double word aligned buffer
contalning the tirst record of the pair to be
compareds, Thils record ls always the first of
the two accordlrg to the orliglnal Input
orders (Input)

2« 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 ls the result of the comparison. {(Output)

Posslble values are?

g = the two records rank equal.

(END)
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=1 = the record pointed to by rec_ptr_41 ranks
first.

+1 the record polnted to by rec_oftr_2 ranks

first,

If a compare exit proceaure requires the length of el ther
recordy it 1ls available In the word preceding that record In the
forms

dci rec_len fixed bin(21) aligned}s

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

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

i. Each time It has determined the next record In ranked order
from the mergling process;

2e Once more after the 1ast record has been obtalned from the
mergling process {(end of output)}

3. Additionallys each time the output_record exlt procedure
returns with an actlion of insert.

The Merge glives the output_record exlt procedure access to
tWwo records?

1 The output record, about to be written to the output file.
2« The next record, the record leaving the merging processe.

An output_record exlt procedure need not perform any
processinge. If 1t does nots 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
Merget

Accept the output record. Thls Is accomplished by settling
action = 0.

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

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

Insert one or more records after the output records (At the
first catl to the output_record exit procedure, records may
be inserted at the beglinning of output. At the last call to
the output_record exit procedure, records may be Inserted 3t
the end of output.) This Is accomplished by setting
rec_ptr_2 to point to the record to be Inserted, setting
rec_len_2 approorlately, and setting actlion = 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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dct (rec_ptr_1
rec_len_1
rec_ptr_2
rec_len_2
action
equal _key

equal_key_
seq_check_

pIry
tixed bin(21),
ptr,
tixed bin(21),
fixed blny,
fixed bin(1),
su blt(1),
s bit(1),

cltose_exit_sw bit(i) ) parameter;

where?

i.

Ce

3.

rec_ptr_1

rec_len_1

rec_ptr_2

polnts to a double word aligned buffer
containlng the output recorde. The
output_record exit procedure may alter the
contents of thls record or may change the
polnter to polnt to another record, The
Merge uses the value of rec_ptr_1 returned to
It Dby the output_record exlt procedure as
speclfied below In the descrilption of the
actlon argument. {(Input/Output)

At the first call to the output_record exit
procedure (beginnlng of output), there Is no
output record and rec_ptr_1 = nuli().

is the length of the output record In bytes.
The output_record exlt procedure may change
the length of thls record. The merge uses
the value of rec_len_i1 returned to It by the
output_record exit procedure as speclfled
below In the description of the actlon
argument. (Input/Output)

points to a doublie word allgned buffer
contalning the record ieaving the merge. The
output_record exit procedure may not alter
the contents of this records For all actlons
except Ilnserty, the Merge wlll lgnore the
value of rec_ptr_2 returned to 1t by the
output_record exlt procedure. If the actlon
ils insert, then the output_record exl!lt
procedure must change rec_ptr_2 to polnt to
the record to be Inserted. (Input/Output)

At the last calil 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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e rec_len_2
5. action

Is the 1length of the record leaving the
merge. The output_racord exlt procedure may
not change the length of +this record. For
alt actlons except LInserty, the Merge willl
lgnore the value of rec_len_2 réturned to 1t
by the output_record exit procedure. If the
action is Insert, then the output_record exlt
orocedure must set rec_len_2 to the lencth of
the record to be Inserted. (Input/Output)

lndicates the action to be taken upon return
to the Merge. (Input/Jutput)

Possible values of actlon arel

g = accept the output recorde . The output
record 1Is written to the output flle.
The Merge uses the returned values of
rec_ptr_1 and rec_len_31 to identlfy the
record to be writtens, At the next catll
to the output_record exit procedure, the
record teaving the merge becomes the new
output recordy, and a new record leaving
the merge has been obtained.

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

delete the output records No record |is
written to the output flle. The Merge
lgnores the returned values of rec_ptr_1
and rec_len_1. At the next call to the
output_record exit procedure, the record
leaving the merge becomes the new output
recordy and a new record Jleaving the
merge has been obtained.

[WS
]

2 = delete the record teaving the nmerge,
{This actlion shouid be used for
summarization into the output record.)
No record Is wrltten to the output flle.
At the next cail to +the output_record
exit procedure, the output record remains
the samey and a new record leavlng 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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equal_key
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for that next call to the output_record
exlt procedure.

3 = Insert a record after the output record.
The output record |[s written to the
output file. The Merge uses the returned
vajues of rec_ptr_1 and rec_len_1 +to
ldentify the record to be written. The
Merge calls the output_record exit
procedure &galnes so that the inserted
record may be accepted or an additional
record may be Inserted., At this nex?t
call to the output_record exit procedure,
the Inserted record becomes the new
output record, and the record leaving the
merge remajins the same., The Merge uses
the returned values of rec_pt_2 and
rec_len_2 to ldentify the Inserted
record,

At the last call to the output_record exit
procedure {end of output), 1f 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 equal keys.
(Input)

Possible values are!
0 = the two records rank equal.

the two records do not rank equal. At
the first and tast calls to the
output_record exlt procedure, {(beginnling
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 Is determined onty by
those kKey fleldsy the orlglnal Input order
2f the two records iIs not used to resolve key
equality. If the user supplied a compare

(END)
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7T« equal_key_sw
8. seq_check_sw

merge_

exlt procedurey, then the Merge uses the
resuit of that compare exlt procedure to set
the value of equal_key. (In elther case, 1If
the tWo records rank eqgual then rec_ptr_1
points to the record which is tirst according
to the orliglinal [nput order of the two
recordss.) :

indicates whether or not equal key checking
is to be performedes (Input/Output)

Possible values are!

3" = do not check for equal Kkeys. At the
first call +to the output_record exlt
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 exlt
procedure.,

Since equal key checking takes tlmes the user
should set equal_key_sw = %4 only when
regulred for actlons such as summarlzatlon.

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

Possible values ares
"0* = do not Sequence Ccheck.

"4*" = sequence check. At the flirst call to
the output_record exlit procedure
{(beglnning of outout)y the Merge sets
seg_check_sw to this value.

)

Sequence checking means comparing the output
record to the record previously wnrltten to
the output flle. Sequence checkirg |Is
performed after the output_record exit
procedure returns to the Merge, and only If a
record Is to be written to the output flle
{that isy only it the actlon 1is accept or
insert). If the user supplled key
descriptlons, then the Merge®s key comparlson
routine is used. Itf the wuser supoliea a

(END}
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9.

close_exjit_s«

merge_

compare exit procedur ey then that exit
procedure is called.

If the output record [s out of segquence wWith
the oprevious recordy then the status code
fataj_error ls returned to the caller of
merge_3 See the entry merge_ above.

A4l records written to the output flile,
includlng Inserted recordsy can be seguence
checkede.

indicates whether the exit is to be closed
hereaftera. {Input/Output)

Possible values are?

0" = keep this exit open. Each time the
output_record exlt procedure ls called,
the Merge sets close_exlt_sw to this
value.

“1" = close this exlts The Merge will not
call the output_record exit procedure

again durlng thlis executlon of the
Merge (even LIf the actlon ls insert).

(END)
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RECORD POINTERS

Since the Merge aligns each record In a buffer on a doublae
word boundary, if an exit procedure applies a based decliaration
of the record to the pointerl(s) then correct allignment |Is
ensured.

ORIGINAL INPUT ORDER (FIFO)

For the compare and output_record exlt procedures, rec_ptr_1
always points to the record shose orjiglnal input order was prior
to the record pointed to by rec_ptr_2. If a compare eaxit
procedure returns with an equal ranking for the two records, then
this original input order is preserveds OJriginal Ilnput order has
been defined earller under the headlng Key Fleldsa.

Namet sort

The sort command {s described In the Multics Programmers®
Manual, Commands and Actlve Functlons, Sectlion III, This
description includes only additional optlonal control arguments
which are not described In MPM Commands.

Usage

sort iInput_specs output_specs control_args

wheret
3, control_args can be chosen from the following (In aagdition
"to those control arguments speclifled (n MPM
Commands)$
-time prints timing information for the Sort}

System load {hmu)
Merge order
String size
and for each phase 0of the Sort!
Elapsed time
Real cpu time
Virtual cpu time
Page faul ts
Paging device faults
Comparlsons g2xecuted

(Times are glven In seconds.)

(END)
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-merge_order p

-string_slze g

-debug

Sort/Merce PLM

specifies that the merge order ls to be
Me The argument m must be a decimal
Integer. This argument s meanlngful
only if all lnput files are 1In the
Storage System, So that the total Input
flle slze can be obtained by the Sort,

specifles that the string slze (as
produced durlng the presort) s to be s
bytes. The argument 5 must be a declimal
integer, and must be less than the
system maximum segment sizes The actual
slze of any string may dlffer somewhat
from 54 since the {ength of +the last
record Inserted Into the strlng may not
exactly match the soace avallablee.

Merge order and string slze cannot both be
speclfied.

speclfles that temporary files wlil be left
initiated (but truncated to zero {length)
after completior of the Sorte This argument
is intended : for Jdse with performance
measurement and analysls tools which print
reference names, Such as sample_refs,

If this argument Is omittedy, temporary files
will be deleted after completion of the Sort.

If ~-debug Is speclfledy deletlon of temporary
flies must be done expllcltiy Dy the wuser.
Some temporary flles are In the process
directory; the work files are in the
directory specifled by the -temp_dir
argument. The names of all temporary flies
are generated uniguely for each Invocation of
the Sort, and aiways contaln the string
nsor f_“.

(END)
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Namet: merge

Sort/Merce PLM

The merge command [s described in the Multlcs Programmers®
Manual, Commands
description inciludes only additioral optlonal <control arguments
which are not described In MPM Commands.

Usage

and

merge input_specs

wheret

3s

control_args

-time

-debug

Active Functions, Section III. This

output_specs control_args

can be chosen from the following (In 'addition

to

those control arguments specified In MPM

Commands)?

prints timing information for the Merage?l
System load {hmu)
and for each phase of the Merge!
Elapsed time
Real cpu ftime
Virtual cpu time
Page fauits
Pagling device faults
Comparisons executed

{Times are given in seconds.)

specifies that temporary flles willl be
teft inltiated (but truncated to zero
fength) after completion ot the Merge.
This argument [5 Intended for use with
performance measurement and analyslis
tools which print reference names, such
as samplie_refs,

If this argument is omitted, temgorary
flles will bpe deleted after completion
of the Mercge.

If -debug 1Is speclfled, deletion of
temporary flles must be done explliclitly
by the user. All temporary files are in
the process directorye The names of atll
temporary fililes are generated unliquely
for each Invocatlion of the Merge, and
always contalin the string “sort_"
(END)
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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 calling an output_¢tile
procedure, the driver may perform the
necessary functlions directliy.

5. sort_gsterminate ls the procedure of the Sort which must
be calied when the output_flle procedure
hes completed retrieving recorgs from
the Sort (It ™terminates™ the sorting
process)s.s See the entry sort_Sterminate

. below.

The entry polnts sort_3Iinitiate, sort_gcommence, and
sort_S$terminate are speclfically deslgned to be wused by CO0B0L
oblect oprogramse They support the ANSI COBOL Sort/Merge Module,
Level 2 (the SORT, RELEASE, and RETURN statements).

Normaliys when callied as a command (sort) or as a subroutine
(sort_), the Sort ltself contains the driver to perform the flve
calls listed above.

Usage

dcl sort_3%initiate entryl{char{(*), ptr, ptr,
char{*}, float bin{27), fixed bln(35)})3

call sort_sinitiate(temp_dir, keys_ptr, exlits_ptr,
user_out_swy, flle_slzes code)}

nhere!

1. temp_dir is the pathname of the directory which will
contain the Sort's work files. It +this
argument is ", then wWork 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 flles. The get_dir_ functior may be
used to obtaln the name of the user®'s current
working directory. f{(Input)

2« keys_ptr ls a polnter to the keys structure, which
describes the key flelds to be wused for
ranking recordse. This structure 1s idenrtical
to that speclifled under the heaalng Keys
Structure In the description of the sort_
subroutine In MFM Subroutines, Sectlon II.
If the wuser Is supplylng a compare exit
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3

4

5e

exlts_ptr

user_out_sw

file_size

Sort/Merge PLM

procedure, then keys_ptr must be null and the
compare procedure must be speclflied in the
axlts 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 suppilled exit procedurese.
Thls structure is identical to that specified
under the heading E&xits Structure [n the
description of the sort_ subroutine In MFM
Subroutinesy Sectlon II. 1If no exits are +to
be usedy then exits_ptr must be null. If the
compare exlt is speclified, then keys must not
be described. (Input)

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

This argument may have the followlng values?

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

do not wrlte the summary report
and diagnostic messages. If any
errors are dlagnosedy
sort_Sinltlate wllfl return nlth
the status code bad_arg but
Informatlion about the number and
nature of the errors 1ls not
aval lable.

"‘bf"

W

smltchname write the summary report and
dlagnostic messages via the 1/0
suitch named switchname. This
switch must be attached and open

for stream output.

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

The flle_slize argument is used for
optimization of performance) the actual
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amount of data c¢an be considerably larger
without preventing the Sort from completing.
The maximum amount of data which can be
sorted Is {(in bytes) approximately 60 milllon
times the sguare root of flle_slize.

6+« code is a standard Multics status code returned by
sort_3inltiate. Possible values are llsted
belion under the headling Status Codese.
{Output)

Enicy Yarlables

Entry wvarlables In the exlts structure should be set
{elther initialized or assigned) by the procedure which calls the
sort_Initlate entry polnt.

Cleanup Handlina

In order that the Sort can be terminated prooerly in case of
an abnormal exity the cleanup procedure of the caller of
sort_3initlate must Include a calt to the entry point
sort_S$terminate.

Siatus codes

The following status codes may be returned by sort_g%$inltiate
{all codes are In error_tabile_)?¢

0 Normal return (no errors).

bad_arg One or more arguments speclifled to
sort_$initlatey, Including the keys and exlts
structures, was Invalid or inconsistent. The
Sort wlli have previously written dlagnostic
messages as dlrected by the user_out_sw
argumente The sorting process itself has not
been starteaq.

fatal_error The Sort has encountered a fatal error. The
Sort will have previously generated a
speci{flc error message and slignalted the
sub_error_ condlition via the sub_err_
subroutline.
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out_of_sequence

Sort/Merge PLM

The call to sort_ginitiate is not In the
seguence required by the Sorts @eGer
sort_3inltiate has been called after
initlation of the Sort but before normal
termination of that lnvocatlon via a3 call to
sort_3termlnate.
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Entrys sort_3commence

The sort_gscommence entry point must be called after the
driver of the Sort has completed lts Input_file oprocedure. See
the entry point sort_sinitlate above. The cail to sort_gcommence
informs the Sort that end of input has been reached. Upon return
from sort_$commencey, the driver <can bdegin 1ts output_¢flle
procedure.

Usage
dcl sort_3%commence entry(fixed bin(35))3
call sort_scommence{code)}

where c¢ode s a standard Multics sfatus code returned by
sort_gcommences. Possible wvalues are {lsted below under the
heading Status Codes. {(Output) ’

2tatyus Codes

The foi!owing status codes may be returned by sort_3commence
{all codes are In error_table_)}

g ‘ Normal return (no errors).

fatal_error The Sort has encountered a fatal error durlng
the sorting process. The Sort will bpave
prevliously generated a speclflc error message
and slignalited ttre sub_error_ condition via
the sub_err_ subroutine. ’

out_of_sequence The catl to sort_scommence 1s not In the
sequence requlred by the Sort; €eJey
sort_gcommence has been called before
sort_sinltlate.
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Entryt sort_sterminate

The sort_sterminate entry polnt must be called atter the
driver of the Sort has completed its output_fille procedure. See
the entry point sort_S$inltlate above. The call to
sort_S$terminate Informs the Sort that the current executlon of

the Sort |Is complete, Upon return from sort_gterminate, the
caller can Inltlate another executlon of the Sorte.

Usage
dcl sort_sterminate entry(fixed bin{35));
call sort_g%terminate(code)?
where code Is a standard Multtics system status code returned by

sort_sterminate. Possible wvalues are listed below under the
heading Status Codes. {(Qutput)

alatus Codes

The follonlng status codes may be returned by
sort_gterminate (all codes are In error_tadble_)?

) Normal return (no errors).
out_of_seguence The call to sort_sterminate 1Is not [In  the
sequence requlred by the Sort;s €egnry

sort_$terminate has been calied before
sort_3injtiate.

(END)
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