MULTICS TECHNICAL BULLETIN MTB-253

To? Distrioution
From? Je Berson
Date: 02/703/76

Subject: Release 2 of the Multics Sort/Merge

Afttached ls information about Release 2 of the Multics
Sort/Merges which Is scheduled for Multlcs Refease 4.0 [n June
1976, There are four write-ups, including sort command, merge
command, sort_ subroutlne, merge_ subroutine, In the ususal form
for the Multics Programmers® Manual, and one write~-up of
additional interfaces to be documented In the PLM.

Comments and criticlsms are solicitedy whether on technical
aspects or on the documentation. They may be sent to Joel Berson
at Honeywell Blllerica by mall or phone} or via “mall Berson
MSORT™ on elther the MIT or Phoenlx Mul tics systems.

o —— -

Multics Project Internal worklng documentatlon. Not to be
reproduced or disfributed outsige the Multics Prolect.
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NEW_FUNCIIONS

A Merge, or flile cotlation, function has been added.

A subroutline Interface for both the Sort and Merge has been
addedo

Support for the SORT portlon of the ANSI C080L Sort/Merge
Module, Level 2y has been added. (The COBOL MERGE functlion
is not supported by thls packagel.

Additlonal data types for keys and mul tlple key flelds are
supported, Releasa 1 supported oniy character string and a
single key fleld.

Additionat storage media and flle organlzatlons are
supported for the input and otuput files. Essentially any
filte can be supported which <¢an be read or written
sequentlaily wvia 1lox_ wuslng any available 1I/0 module.
Release 1 supported only sequential lnput and output flles
In the Multlcs storage system (usling vflie_).

The tollowing addltlonal user exit polnts are provideds

Input_record exitt Permlts the user to altter, delete, or
Insert records before they enter the
sorting or merging process.

output_record exit? Permlts the user to altery, delete,
Ilnserty, or summarlze records coming
out of the sortling or merglng process
before they are wWwrjitten to the output
files

Sequence checking for output records has been added.
A flte slze argument has been added.

Command arguments for measurement and testing have been
agded (-tlme, -merge_order, and -string_slze).
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3.

3.1

3.2

3.3

CHANGED SPECIFICATIONS

The keyword -sort_desc (-sd) must precede the patrname of
The Sort Descriptlon {(when the Sort Dascriptlon Is suppiled
in a segment). In Release 1, the pathname of the Sort
Oescriptlon must be the flrst argument and {s not opreceded
by a keyword.

QUESTIONS ABOUY DOCUMENTATION

I would like to ralse the following aquestions about
documentat]lon of the Sort/Merge.

Should the Sort and the Merge be documented in four separate
MPM write-ups, as attached} or should the Merge (command and
subroutine) be documented in two shorter write-ups whlich
then refer to the two Sort write-ups for detalls? There is
much In common between the Sort and the Merge. On the other
hand, noting differences applicabte to the Merge In the Sort
Wwrite-ups may be somewhat compticated and contfusinge.

Should there be a separate Users® Gulde for the Sort/Merge?
It soy what Information should go in the MPM and what In the
Users" Gulde? Some Informatlon not presently in the MPM
write-ups which might go Into a Users® Gulde [st

text of error messages

descrlptlon of the report produced by the Sort/Merge
{various counts of records processed; data produced by
the -time argument)

I1/0 usage} e.ge for PL/I I/0,4 Fortran, recora_stream_,
Syn_, efcCs

Relationship between flte slize, work space requlirea,
optimization, atc.

Shoul!d the additlonal command arguments described in the PLM
wrlte-up be documented dlirectly in the MPM Commands
Write-ups?
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Name?! sort

The sort command provides a generatlized flle sorting
capabliitys, which 1s speclallzed for executlon by user
suppiled parameterse. The baslc function of the Sort ls to
read one or more Input files of records which are not
ordered, sort those records according to the values of one
or more key flelds, and write a single fille of ordered f(or
“ranked") recordss The Sort has the following general
capabliitiess

Input ana output fites may be on any storage medlum and In
any ftite organizationj

Very large files, such as multisegment fllies, can be sor ted)

Multiple key filelds and most PL/I string and numeric data
types may be speclfled;

Exits to user supplled subroutlnes are permitted at several
points durlng the sorting process.

In addltlon to arguments +to the sort command, other
information is necessary to speciallze the Sort for a partilcular
executions Thils information, caltled the Sort Descriptlon, can be
supplied elther through the user®s terminal or {n a segment.

The descriptionr given here of the sort command ls suffliclent
for situatlons where the Sort |s free standing; that [s, wherae
no user suppllied orocedures are executed., {User supplled
procedures are called "™exlt procedures”,) Addltional Informatlon
ls necessary for executing the sort command with exit procedures,
and Is contalned In the descriptlon of the sort_ subroutine In
the Multics Programmers®' Manual, Subroutines, Sectlon II.

13

INPUT AND 0OUTPUT

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

Alternatively, the user can supply elther an input_flle

procedure or an output_flie procedure (or both)le An Input_file
procedure s responslble for readlng Input and releasing records
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to the Sort, An output_tile procedure is responsible for
gs;rl:vlng records (ranked by the Sort) from the Sort and wrlting
put.

Len fﬁn all cases, records may be elther filxed length or varjiable
gthe.

KEY FIELDS

The user can specify the key flelds to be wused In rankling
records. Key flelds are described In the Keys statement of the
Sort Description. Up to 20 key fields may be specified. Any
PL/T string or numerlc data type - except compiex or plctured -
may be speclified for a glven key fleld. Ranking may ©be
ascendingy descendlingy or mixeds For a cnaracter string ftleld,
the colilating sequence s that of the Multics standard character
sets.

Alternatively, the user can specify a user supplied compare
procedure, which lIs then used to rank records.

The orlglnal order of records wWwlth equal keys 1Is preserved
(FIFO order). Original [nput order s defined as follows?

1« It two equal records come from different input flies, then
the record from the flle which is speclfied earller In the
command llne Is flrst.

2 If two equal records come from the same Iinput flley, then the
record which Is earlier in the flle s firste.

EXITS

The Sort provldes exlts to wuser supplled procedures at
speclfic polnts during the sorting process. Exlt procedures are
named In the Exits statement of the Sort Oescriotion. The
followlng exit polnts are provided?

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

output_¢flte To retrieve ranked records one by oOne from
the sorting process and output them.

Input_record To perform speclal processing for each Input
record, such as deletlng, inserting, or

altering records to be Input to the Sort.
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output_record

compare

sort

Tao pertorm speclal processing for each ocutput
record, such as delating, Inserting, or
altering records to be output from the Sort;
or summarlzing data by accumulating 1t Into a
summary record.

To compare two recordss that isy to rank them
for the sortlng processe.
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Usage

sort

sort -input_specs output_spec control_args

wheret

1. Input_specs

indicates that the user Is specifylng the
input files, Up to 10 Input tites may be
specifled. Each Input ftlle speclificatlon
(each Input_spec) may be supplied in one of
the followlng forms?

~lnput_flile pathname

-if pathname

It an Input ffite Is in the Multics
storage system and Its tile organlzation
ls elther sequentlal or lnaexed, then It
may be specified by Its pathname. The
flle may be elther a single segment or a
muitisegment flle,. The star conventlon
can not be used.

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

-lnput_description "attach_desc"
-ids "attach_desc™ If an input flle s not In the Multlcs

storage system or lts fllie organizatlion
Is nelther sequentlal nor [ndexed, then
it must be speclfled by an attach
description. The attach description
must be quoted. The target I/0 module
specifled wvia the attach descrilption
must support the sequential_Ilnout
opening mode and the lox_ entry opocint
read_records.

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

If the user 1Is supplylng an lInput_flle exlit
procedure, then the Input_specs argument must
be omitted and the Input_flle exlt procedure
must be named in the Exlts statement of the
Sort Oescription.
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output_spec

sort

indlcates that the wuser s specifying the
output tlle. Only one output flle can be
specifled. The output flle speclficatlon
(output_spec) may be supplied In one of the
followlng formst

-output_flle pathname

-of pathname

-oufput_flle

-of

-rp

If the output flie 1Is In the Multics
storage system and lts flle organlzatlion
Is sequentlal, then 1t may be specifled
by lts pathname. The file may be el ther
a slngle segment or a multisegment flle,.

The equals conventlon may be used. If
it Is, it ls applled to the pathname of
the flrst Input file and the first lnput
flle must be speclfled by a pathname,
not by an attach description.

An output flle speclfied by a pathname
will be attached wusing the attach
description “vfile_ pathname™., Thus 1t
the flle does not exlst, It wlti be
createde. If It does exlst, 1t will be
overwritten.

-replace

The output flte Is to replace the first
input ftile, That input file will be
overwritten durlng the merge phase of
the Sort. It -replace Is usedy the
tirst lnput tile must be speclfled by a
pathnamey, not by an attach description,

-output_description "attach_desc"
-ods "™attach_desc"™ It the output ftile Is not In the Multijcs

storage system or jts flle organlzation
ls not sequential, then 1t must be
specified by an attach description. The
attach description must be quoted. The
target 1I/70 module speclifled via the
attach description must support the
sequentlail_output opening mode and the
lox_ entry polnt aurlte_record.

If the user s suppiylng an output_flle exlit
procedure, then the output_spec argument must
be omitted and the output_ftlle exlt procedure
must be named lIn the Exits statement of the
Sort Jescrilption.
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control_args mus t

~console_input
-ci

-sort_desc sd_path
-Ssd sd_path

sort

be chosen from the followingt

indicates that ths Sort Oescription |s
read via the 1I/0 switch user_lrput
(which normally s the user’s terminal).

indicates that the wuser Is specifying
the pathname of the segment contairing
the Sort Descriptlone.

Either the -console_input or the -sort_ocesc
argument - but not both - must be specified.
See the heading Sort Description belowe

-temp_dir td_path
-td td_path

-tlte_size §

indicates that the wuser s <speclfying

-the pathname of the directory which witl

contain the Sort®s work fliles. The
equals conventlon can not be used.

If this argument lIs omittedy, work flles
wilt 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 flles. The
{wd]l] active functlon may be used for
td_path to place work flles in the
user®s current working dlrectory.

speclfies that the total amount of data
to be sorted Is f milllons of bytes.
The argument f must be a decimal number.
If the -file_size argument Is omitted,
the default assumptlion [s approximately
one milllorn bytes (f = 1.0).

Thls argument 1ls Intended for use when
some or all of the Input flies are not
Iin the storage system (that is, are not
specjfled by pathnames) or when an

input_flle exlt procedure Is used. In
these cases tha 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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. =flle_slze argument may also be wused
when all of the Input flles are In the
storage system but records are to be
inserted or deteted through an
input_record exlt procedure.

The =-flie_slze argument |Is used for
optimization of performance; the actual
amount of lnput data can be consliderably
farger wWlthout preventing the Sort from
completing.,. The maximum amount of data
whilch can be sorted Is (in bytes)
approximately 60 miliion times the
square root of f.

NOTES

Arguments can appear ln any order, dut a pathname or attach
description must immediately follow lts keyword.

The temporary directory pathname (td_path) is the name of a

directory. The Sort Description pathname {(sd_path) |Is the name
of a segment.

Any pathname may be relative {(to the user®s current worklng
directory) or absolute.
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ort Desgriotion

The Sort Description contains additlional Information to

speclalize the Sort for a particular
execuytlon. Th
supplied may be? e Information

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

Exits - Specification ot which exlt points are to be used

and t he names ot the corresponding user supplied
exit procedures.

A Sort Description Ils required. As a minlmum, the user must
sgeclfy how records are to be ranked, elther by describing key
tiefds In the Keys statement or by naming a compare exit
procedure In the Exits statement. Other information In the Sort
Description is opotlonal.

_ The Sort Description may be supplled as a segment or read
via the 1I/0 switch user_input (normailly the user®s terminal).

It the Sort Descriptlon 1Is suppliled 1In a segment, Its
pathname is speclifled In the -sort_desc argument.

If the Sort Description is read via the user®*s termlnal,
the =console_lnput argument is used. The Sort oprints “Inputt"™
via the 1I/0 switch user_output and waits for input. The user
then types the Sort Description. To terminate the Sort
Descrilption, the user types a llne consisting of a period (".")
foliowed by a {ine feed. (This 1lne 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 with a function keywora. The functlon
keyword 1ls foliowed by the function keyword delimjiter cclon
("t*"). The statement [tself consists of one or more parameters,
separated by parameter delimiters., The parameter delimlters are
spacesy commas ("y™)y or (In certaln specific cases as speciflied
- below) parentheses {"(* and *")™). Each st=tement must end with

the statement dellmiter semlcolon (3™ .

In the descriptions belowys, certain notational conventlions
are used., A word enclosed be tween the |ess than and greater than
symbols (<" and ">»") ls a notationat varlabley, which must be
replaced by an actual word or phrase of the Sort Descriptlon
{anguage. A word not enclosed between < and > |s an actual word
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of the Sort Description language. A phrase enclosed between
brackets ("[* and ™1) ls optlonal. A phrase enclosed between

braces ("™ and "3}") and followed by an elilpsis (Meee™) s
required, and may be repeated one or more times.

KEYS STATEMENT

The Keys statement specifles key flelds used to rank the
records of the lnput tlles. The format of the Keys statement lst

keys? {<key_description>)} see

The Keys statement conslsts of a serles of one or more
<key_description>s. The key descriptions are speclitied in ordery,
the first describlng the major key and the tast describing the
most minor key. Up to 2) key descriptions may be supplled.

A key description is the specification ot a single key
flelde The format of a <key_descriptlon> [s?

<datatype> (<slze>) <position> {descendingl

wheret

1. <datatype> Is the data type of ¢the key fleid, This
2lement is required. See the table below for
the encodling of <datatype>.

2. <slze> is the slze of the key fleid, expressed In a

form whlch depends on the data type. This
elemant ls requlred.

For string data types, <size> Is the i{ength
(characters or bilits) of the fleld. The
fength ls the exact amount of space occupled
by the fleld.

For arlthmetic data types, slze 1Is the
precision (binary or declmal diglits) of the
fleld. Scate factor, 1t anys, must not be
Aarltten (It is not requlred by the Sort).
The space occupled 1]s determined by the
preclslon In comblnation wlth the data type
and the allgnment. (Atignment is specifled
via <posjitlon>.) For an aligned blnary fleld
{tixed or floating), the space occupled |Is
Increased 1|f necessary to an |[ntegral number
2f wordse.
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3. <poslition>

<>

<> (<b>)

La gescendlng
dsc

- ——

sort
<slze> must be a decimal Integer. The wunit
Jepends on the data type. See the table
below for tha semantics of <slze>. (The

rules used are the same as those used by
Muttics PL/T.)

{s the offset of the beglnning of the key
fleldy, relative ¢to the beginning of the
record. Consider the record as belng aligned
on a word boundary, as wlll be the case for a
Multics PL/I structure. Thls element 1Is
requlreds There are two formatst

where <w> |s the word offset. Words are
numbered from O for the first wora of
the record., This format specifles to
the Sort that the key fleld (s aligned
on a word or (if <w> s even) on 3
double word boundary.

where <w> [s the word portlon of the
offset and <b> |ls the bit portion of the
offset;y that Isy the blt offset wlthin
the word. Bits are numbered from (g +to
35. Thls format impties that the kay
tleld is not allgned on a word boundary.
If the key fleid {s aligned on a word
boundary but the user specifles a bit
oftset of 3 anyway, the Sort will
operate correctly although speed of
execution may be affected.

The formats for <posltlon> and the values for
<w> and <b> are conslstent Wwith those shown
in Multics PL/I llstlngs or used by debug.

specl fles descendling order for rankling wucing
this key fielid. Thils element may be omltted;
the default 1s ascending order for thls key
fleide.
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DATATYPE ENCOOING AND SEMANTICS OF SIZE

Encoding t Semantlics of <slze>

of H (where <sjize> = n)
<datatype>! Unilt Range Space Occupled
Character string char 9 bit 1 - 4095 n characters
(Multics ASCII) character
B8it string blit 1 bit 1 - 4095 n blts
Fixed binary bin 1 blt 1 -71 Allgned:
1 £ n £ 35 one worg
36 £ n < 71: two word
Unalignedt n +# 4 blts
Floating binary float bin i bit 1 - 63 Allgned!?
{1 £ n £ 27% one word
3 € n € 683 two Nong\
Unallgnedt n + 9 blts
Flxed decimal dec 9 bit 1 - 59 n + 1 dligits
(leading sign) diglt
Floating declimal float dec 9 bit 1 - 59 n+ 2 digits
digit

In aagdition to the forms shown for <datatype> in the table

above, the followliny varlants are also permitted!

The following alternate speliings may be used:
charicharacter bintblnary decidecimal

The word "fixed"™ may be used (or omitted). For example!
fixed binibin fixed decldec

The words may be written In any sequence. For example!

ftoat binibin float
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EXAMPLES OF KEY DESCRIPTIONS

char(10), 0(18) Character stringy Multics ASCII code, fength
ten charactersy starts at blt 18 of word (.

char(8)y, 1, descendlng
Character stringy Multics ASCII code, fength
elght characters; starts at bit ¢ of wora 13
ranking ls descending.

character{4), 2, dsc
Character strings Multics ASCII code, tength
four characters; starts at bit 0 ot word 23
ranking Is descending.

bit(16), 0(2) 3lt strings length 16 blts; starts at blt 2
of word 0.

binti7), 2 Fixed binary, preclision 173 since no bit
offset 1s speclfled, ls atllgned an3 thus
occupies one word (equivaltent ¢to "bin(35),

2").
bin(17), 2(48) Fixed Dblnarys preclision 177 slnce a blt
offset is speci fied, Is wunallgned and

occupies 18 bitsy starts at blt 418 of word 2
(le€ey IS In the tow order half of word 2)e.

bln(1), 2(3) Fixed binary, precislon {3 unaligneda and thus
occuples 2 bitsy starts at blt 0 of word 2.

bin(1),y 2 Fixed binary, preclslon 13 atigned and thus
occuplies one word f(equivalent to “bin{(35),
2").

bin{(36)s 2 Flxed binary, preclsion 363 slnce no bit

oftset 1ls specifled and preclsion is greater
than 35 and word offset |ls even, [s allgned
and occuples two words (equivatlent to
“bin{71)., 2").

dec(6),y 0(9) Flxed declmal, 9 ©bit digity preclsion 63
starts at blt 9 of word 0 and occuples 7
dlgits Including slgn (that [s, through the
and of word 1).

float dec(9), §(9) Floating decimaty 9 bit digit, precision 93
starts at blt 9 of word 0 and occuples 11
diglts lnciuding exponent and sign (that is,
through the end of word 2).
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EXITS STATEMENT

An  Exlts statement speclfies the exlt procedures to be used
during execution of the Sort. The format of an Exlts statement
ist

exltst A{<exit_descriptlon>} ... }

The Exits statement consists of a set of one or more
<exlt_descriptlion>s. Exlilt descriptions may be speclified 1In any
order.

An exit description is the specliflcation of one exit pocint
Ind the user supplied exlt procedure to be caltled at that exl?
polnts The format of an <exit_description» s

<exlt_name> <user_name>

where!

1. <exit_name> is the keyword naming the exlit point at which
the wuser suppliled exlt procedure ls to be
called. Exit names may be chosen from the
following lists

lnput_flile
output_file
frput_record
output_raecord
compare

2, User_name Is the name of the entry polnt of the user
supplied procedure. This parameter has the
same syntax and semantics as a command name.
That st

User_name can be el ther a segment name (2s+ges
segmant) or a segment name and an entry polnt
name {eegey segmentdentry_polnt)e In these
casessy the user®'s current search rules are
applled to find the procedure. (If some
sagment ls already known by the speclfled
referance namey, that sagment (s used.)

User_name can also be a pathname; that [s,
can speclfy a dlrectory hilerarchy location,
elther relative (to the wuser®s current
worklng dlrectory) or absolute. In this
case, the search rules are not applied and
the pathname s used to find the procedure.
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{If some other segment [s already known by
the speclfied reference name, that segment Is
termlnated first,)

WRITING EXIT PROCEDURES

The exlt polnts to be used durlng an executlon of ¢the Sort
and the names of the corresponding user supplled exlt procedures
are specltied In the Exits statement as described above. The
specifications for writing exit procedures (PL/I deciare and call
statements) anda the functlonal requirements lmposed upon exit
procedures are given [n the descriptlon of the sort_ subroutlne
in Section II of MPM Subroutines.
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Examples

sort =-lnput_file sort.in =~output_flle =.o0ut =console_input
Input.
keyt char(i10)y 0}

In this example, the arguments of the command stzte that
there is one input flie, whose pathname 1ls sort.in} the output
file pathname Ils sort.out] the Sort Descriptlon ls Inout via the
Juser®s terminal; and by defauit the work flles are contained in
the user®s process dlrectory.

The Sort Descriptlion 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 >udd>pool =-sort_desc sd

In this examplie 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 bln(35) 0, char(8) 13
exits?! Input_flle wuser$input,
output_flle user$output;

The Sort Description states that there are two keysS. The
major key is an aligned flxed binary tleld of precislcn 35,
contalned in word ¢ of the record. The minor key Is a character
string of length 8, contalned in words 1 and 2 of the record.

There are two exltsy an Input_flite procedure exlt and an
output_file procedura exite The input_file exlt procedure antry
polnt is namead usersinputy the output_file exlt procedure entry
polnt Is named uJsergoutput. These exlts must be speclifled
because the command did not specify either an Input flle or an
output flle.

sort =-if sort_in =-0f =-replace -td (wdl =-sd sort_desc

In this example the arguments of the command state that the
Input flle Is named sort_lIn; the output flle ls to replace the
Input filej work files are contained 1In the user®s current
worklng directory; and the Sort Descriptlon ls contained In the
segment sort_descCe.

Page 18



sort sort

e e s e e

sort -lnput_description *“tape_ansi_ vol_1 -name 3" -if b \
~output_description "“vflle_ ¢ =-extend"™ -cli

In this example thera are two lnput flles.s The flrst I1Input
tile 1Is speclfled by an attach descriotion for the I/0 mogule
tape_ansl_ with the attach argument "vol_1 -name a“. The second
input flle is speclfied by the pathname bs and thus must be a
sequential or Indexed file In the storage system. The output
flle 1Is specifled by an attach descriptlon tor the I/0 mocule
ville_ with the attach argument b -extend™. ¥For the I/0 modute
viile_y this means that the pattname is ¢ and the flle iIs to be
extended; that Is, output records from the Sort wilt be written
at the end of the flle ¢ (if [t already exists).

(A \ foltowed by a line feed Is used to continue the command
arguments onto the second |lne.)

The Sort Descriptlion (not shown) wlill be read via the user’'s
terminal.

sort -jds "record_stream_ -target vfile_ a" =-of b =-cli

In this examptle assume that the Input file (s an
unstructured flle [n the storage systemy, wlth the pathname a.
The Input fille has been specitfled by an attach descrintlion using
the I/0 module record_stream_, which will transform the record
I/0 operatlons requested by the Sort Into the approprlate streanm
I/0 operations for the target file a.

sort =lds 'syn_ user_switchrame™ =of b -c|

In this example the input file [s attached wusing the I/0
module syn_ to the 1I/70 switch user_swltchname, Wwhich must be
attached and closed.

Name?! merge

The merge command provides a generallzed file merging
capabllity, which s speciallzed for executlon by user suppiled
parameters. The basic functlon of the Merge Is to reac one or
more input flles of records which are in order according to the
values of one or more key fleldsy; merge (col!ate) those recordas
according to the values of those key flelas,s and write =2 single
tile of ordered (or "ranked"™) records. The Merge bhas the
followlng general capatllitlest

(END)
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Input and output files may be on any storage medlum and In
any file organization;s

Very large filesy such as multisegment flilesy, Can be merged;

Multiple kay flelds and most PL/I string and numeric data
types may be spacifled;

Exlts to user supplied subroutlnes are permlitted at several
points during the merging process.

In additjion to arguments to the merge command, other
Information [s necessary to speciallze the Merge ftor 3 particular
execution, This information, called the Merge Description, can
be supplled ejther through the user®s termlnal or In 3 secment.

The description given here of the merge command |Is
sufficient for situations where the Merge (s free standing; that
lsy where no user suppllied procedures are executed. (User

supplied procedures are called "exlt procedures™.) Additlonal
information lIs necessary for executlng the merge command wWlth
exlt proceduresy, and Is contalned In the descrilotion of the
merge_ subroutine in the Multics Programmers" Manual,
Subroutines, Section II.

INPUT AND OUTPUT

The user speclifles the lnput and output files. The Merge
reads the input flles and wrltes the output ftlle. Each lnput or
output file may be stored on any medium and In any flie
organizatlon supported by an 170 module through [ox_. The I/0
module may be one of the Multics system 1/0 modules (such as
tape_ansl_), or one supplied by a specltic Installation, or one
wrltten by a user. An [nput or output flle s speclfied elther
by a pathname or by 3an attach descriptlon.

In all casess records may be elther fixed length or varlable
fengthe

KEY FIELDS

The user can spacify the key flelds to be wusea In ranking
recordss Key flelds are described In the Keys statement of the
Merge Descriptlon. Up to 2¢ key fields may be speclfied. Any
PL/I string or numeric data type - except compiex or plctured -
may be speciflied for a glven key fleld. Ranking may be

(END)
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ascending, descendingy, or mixeds For a character string fleld,
the collating seqgquence is that of the Multlcs standard character
set. The records of each input file must be In order according
to those key flelds.

Alternativelys, the user can speclfy a user supplled compare
procedurey, which 1Is then used to rank recordse The records of
each Input flle must be In order accordlng to the algoritrm of
that proceduree.

The original order of records wlth equal keys is preserved
(FIFO order). 0Origlnatl Ilnput order [s deflned as follows?

i. It two equal records come from dlfferant Input files, then
the record from the flle which Ils specifled earller In the
command line s flrst.

2. If two equal records come from the same Input file, then the
record which 1Is earller In the fille 1ls first.

EXITS

The Merge provides exlts to wuser suppliled procedures at
speclfic opoints during the merging process. Exit procedures are
named In the Exlts statement of the Merge OQOescription. The
following exlt points are provideds

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

compare To compare two records) that ls, to rank them
for the merglng process.

(END)
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Usage

merge

merge Input_specs output_spec control_args

where!

1.

2

input_specs

inadicates that the wuser |Is speclfying the
input filles. Up to 10 Input flles may be
specified. Each Input file speclfication
(each Input_spec) may be supplled In one of
the following forms?

-input_fite pathname

-1 f pathname

If an Ilnput flle (s in the Multics
storage system and lts flle organization
is either sequential or Indexed, then |t
may be speclfled by its pathname. The
file may be elther a single segment or a
mul tisegment file. The star convention
can not be used.

An lnput flle speclified by a pathrame
will be attached wusing the attach
descriptlon “vtlie_ pathname®™.

-input_descrintion *"attach_desc™
-ias "attach_desc™ If an input flie ls not In the Multics

output_spec

storage system or lts flle organization
is nelther sequential nor indexed, then
it must be speclified by an attach
description. The attach description
must be quoted. The target I/0 mocule
speclfled vila the attach descriptlion
must support the sequentlai_lnput
opening mode and the lox_ entry polnt
read_record.

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

indicates that the wuser Is speclfying the
output fitle, Only one output file can be
speclfled. The output flle speclflcatlon
{output_spec) may be suplled |In one of the
folliowing forms:?

-output_flle pathname

-0f pathname

If the output flle is In the Multlcs

(END)
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storage system and Its flle organlzation
is sequential, then 1t may be speclfied
by Its pathname. The flle may be elther
a single segment or a muitisegment tlle.

The equals convention may be used. It
it 1s, it Is applled to the patrname of
the flrst lnput flle and the first irput
file must be specifled by a pathname,
not by an attach description.

An output flle specitfled by a pathname

will be attached wusing the attach
descriptior "vflle_ pathname™. Thus |[f
the flle does not existy, it wllili be
created. If It does exlst, it will be

overwrittenr.

-output_description "attach_desc"

-ods "attach_desc™ If the output flle Is not In the Multlics
storage system or lts flle organjzatlon
ls not sequentialy then It must Dbe
specifiec by an attach descripotion. The

attach description must be quoted. The
target I/0 module speclfled viz the
attach description must support the

seguentlal_outoput openlng mode and the
lox_ entry pcint wrlte_record.

3. control_args must be chosen from the following?

-console_input

-ci indicates that tha Merge QOescription is
read via the I/0 swltch user_input
{nwhlch normally (s the user®s termlnal).

-merge_desc md_path

-md md_path indicates that the wuser s specifying
the pathname of the segment contalning
the Merge Descriptlion.

Either the =-console_lnput or the -merge_aesc

argument - but not both - must be specified.
See the headlng Merge Descriptlon below.

(ENO)
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NOTES

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

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

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

(END)
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Merge Description

The Merge Description contalns addltionat Information to
speclalize the Merge for a particular executlon. The Information
supptied may be?

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

Exlts - Speclflication of which exit polnts are to be used
and the names of the correspondlng user supplied
exlt procedures.

A Merge Descriptlon is requlireds As a minlimum, the user
must speclfy how records are to be ranked, elther by describing
key fields in the Keys statement or Dby namilng a compare exlt?t
procedure In the Exits statemente Other informatlon In the Merge
Description ls optlonal.

The Merge QOescriptlon may be suppliled as a segment or read
via the 1/0 switch user_input (normally the user®s terminal).

It the Merge Description 1Is suopplled in a segment, 1ts
pathname s speclfied In the -merge_desc argument.

If the Merge Description Is read via the user®s terminal,
the =-console_input argument is used. The Merge . prints “Input:™
via the I/0 switch user_output and walits for Input. The user
then types the Merge Qescription. Yo termlnate the Merce
Descriptiony, the user types a line consisting of a perlod (".")
followed by a line feed. {(This 1lne Is not part of the Merge
Description.)

SYNTAX OF THE MERGE DESCRIPTION

A Merge 0QOescription consists of a set of statements, Each
statement must begin with a functlon keyword. The functlion
keyword [s followed by the function keyword delimiter colon
{("t*). The statement [tself conslists of one or more parameters,
separated by parameter dellmlters, The parameter dellmlters are
spacesy commas (“y*"™)y or (ln certain speclilfic cases as speclifled
belon) parentheses ("(" and “)™)., Each stztement must end wlth
the statement dellmiter semicolon (™},

In the descriptions belows, certain notational conventlons
are used. A word enclosed between the less than and greater than
symbois ("<™ and '>»™) ls a notatlonal varlable, which must be

(END)
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replaced by an actual word or phrase of the Merge OQOescription
language. A word not enclosed between < and > Is an actual word
of the Merge Descrlption language. A phrase enclosed between
brackets ("{"™ and *1") ls optlonal. A phrase enclosed betwean
braces ("{"™ and "}"“) and followed by an eltlpsls (Yeea™) is
reaquliredy and may be repeated one or more tlimes.

KEYS STATEMENT

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

keyst {<key_descrilption>l} ees

The Keys statement consists of a serles 'of one or more
<key_description»>s. The key descriptlions are speclfled In order,
the first describing the major key and the last describlng the
most minor keye. Up to 20 key descriptions may be suoplled.

A key description ls the speclticatlon of a slingle key
field. The format of a <key_description> [s1

<datatype> (<slze>) <posltion> [descending]

where!

1. <datatype> is the data type of thae key field. This
element ls required. See the table beltow for
the encoding of <datatype>,

2e <sfze> Is the slze ot the key fleld, This etement

Is required.

For string data types,y <size> [s the length
{characters or Dblts) of the fleld. The
length 1Is the exact amount of space occupled
by the fleld.

For arlthmetic data typesy, <slze> [s the
precision (binary or decimal dlgits) of the
fields Scale factor, lf any, must not be
wrltten (1t is not requlred by the Merge)e.
The space occupled 1s determined by the
precislion In combinatlion with the data type
and the allgnment,. (Alignment s speclfied
via <poslition>.) For an aligned blnary fleld
(fixed or floating), the space occupled Is

(END)
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3. <position>

<>

<w> (<b>)

4o descending
dasc

Increased [t necessary to an integral number
of words,

<size> must be 3 decimal integer. The unit
depends on the data type. See the table
below for the semantics of <sjize>. (The
rules used are the same as those wused by
Multlcs PL/1.)

ls the offset of the pe3inning of the key
fieldy, reflative to the beglinning of the
record. Conslder the record as being atigned
on a word boundarys as will be the case for a
Multlcs PL/J/I structure. This element is
requlreds There are two formats?

nhere <> [z the word offset, Words
are numbered from 0 for the first word
of the recorde This format specifles to
the Merge that the key fleid ls allgned
on a word or {if <Ww> [s even) on a
double word boundary.

Where <W> is the word portion of the
offset and <b> [s the bit portion of the
oftset; that Isy the bit offset within
the word. ‘Bits are numbered from { to
35. This format impliles that thre key
field is not allgned on a word boundary.
If the key ftleid Is allgned on a word
boundary but the wuser speclfles a blit
otfset of 80 anyway, the Merge wlll
operate correctly although soeed of
execution may be affected,

The formats for <position> and the values for
<wW> and <b> are conslstent with those shown
In Muitics PL/I tistings or used by debug.

speclfles descendling order for rarking using
this key field, This element may be omitted;

the default ||s ascending order for trhrls key
flel d,

(END)
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DATATYPE ENCODING AND SEMANTICS OF SIZE

Encoding ! Semantjics of <sl ze>

of } (where ¢<slze> = n)
<datatype>} Unit Range Space 0Occupled
Character string char 9 bit 1 - 4095 n characters
(Multics ASCII) character
BIt string : ' blt 1 bit 1 - 4095 n bits
Flxed binary bin 1 blt 1 - 71 Al lgned?
1 £n & 35t one worc
36 £ n < 71¢ two mWore
Unaligned: n + 1 0blts
Floating binary float blin 1 bit 1 - 63 Allgnedt
1 ¢« n g 271 one wWore
36 £ n £ 632 t WO Jgorc
Unatllgnedt n + 9 'S
Flxed decimal dec 9 bit 1 - 59 n + 1 digits
(leading sign) diglt
Floating decimal float dec 9 bit 1 - 59 n + 2 diglts
digit

In addltion to the forms shown for <datatype> In the table
abovey the following variants are also permitted:

The following alternate spellings may be usedt
charicharacter biniblnary decidecimal

The word "filxed"® may be used (or omitted). For example?
fixed binlbln fixed decldec

The words may be written In any sequence. For examplet

(END)
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fioat binibin float

(END)
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EXAMPLES OF KEY DESCRIPTIONS

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

char(8), {0, descending
Character stringy Multics ASCII code, length
eight characters; starts at blt 0 of word 03
ranking ls descending.

character(4), g,y dsc
Character stringy, Multlcs ASCII code, length
four characters; starts at bit 0 of word 03
ranklng ls descendlng.

blt{46),y 0(2) 3it stringy ltength 16 bits; starts at blit 2
of word 0.

blIn(17), 2 Fixed blilnary, preclslon 173 since no DIt
offset 1Is speclifleds, 1s allgned and thus
occuplies one nword {equlivalent to *“bin(35),

2.
bin{(17), 2(18) Fixed blnary, preclsion 173 since a ©bl?
offset is specltled, Is wunaligned and

occupies 18 bits; starts at blt 18 of mord 2
{ie€e9 is In the low order half of word 2).

bln{4)y 2(0) Filxed binary, preclslion 13 unatigneda and thus
occupies 2 bitsy starts at bit 0 of word 2.

bin(4),s 2 Flxed blnaryy precision 13 altlgned and thus
occupies one word (egquivatent to "pin(35),
2") .

bin(36), 2 Fixed blnary, precislion 363 since no bIt

offset 1Is speclified and precision ls greater
than 35 and word offset Is even, Is allgned
and occupies two Wwords (equlivalent to
“"bin(71)y 2").

dec(b)y g(93) Fixed decimaly, 9 bIlt digitse preclslon 6;
starts at bit 3 of word 0 and occuples 7
dlglits including sign {that sy, through the
and of word 1).

float dec(3), §(9) Floating declmal, 9 blt diglty, precislon 93
starts at bit 9 of word 0 and occupies 11

(END)
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diglts including exponent and sign
through the end of word 2).

(END)
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EXITS STATEMENT

An Exlts statement speclfies the exlt procedures to be used
during execution 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
order,

An exit description lIs the specltication of one exlt point
and the user supptied exlt procedure to be called at +that exit
point. The format of an <exlt_descriptlion> (st

<exit_name> <user_name>

where:?
1e <exit_name> is the keyword naming the exit polnt at which
the wuser suppliled exit procedure Is to be
called. Exit names may be chosen from the
followlng list?
output_record
compare
2e user_name is the name of the entry point of the user
supplled procedure, This parameter has the
same syntax and semantics as a command name.
That is?

User_name can be el ther a segment name (eeGey
segment) or a segment name and an entry pclint
name {esge.y segmentientry_point). In ttrese
casesy the user®s current search rules are
applied to fInd ¢the procedure. (If some
segmant (s altready knhnown by the specltied
reference name, that segment [Ss used.)

User_name can also be a pathname; that Is,
can specify a directory hlerarchy 1iocatlon,
elther relative (to the wuser'®s current
Wworking directory) or absolute. In this
case, the search rules are not applled and

(ENQ)
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the pathname s used to find the procedure.
(It some other segment ls already known by
the specified reference name, that segment Is
termlnated flrst.)

ARITING EXIT PROCEDURES

The exlt polnts to be used durlng an axecutlion of the Merge
and the names of the correspondlng user suypplied exlt procedures
are specifled In the Exits statement as described abovee. The
speclitications for writing exlt procedures (PL/I declare and call
statements) and the functional requirements Imposed upon exit
procedures are glven In the description of the merge_ subroutlne
in Sectlon II of MPM Subroutlines.

(END)
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Examples

merge =if mergeesin_1 =1t merges.in_2 =-output_tile =,0ut =-cli
Input.
key?t char(4i(3)s ¢}

In thls example, the arguments of the command state that
there are two input filesy whose pathnames are merge.ln_41 and
merge,in_23 the output flle pathname 1S merge.out} and the
Merge Description is input vla the user®s termlnal.

The Merge Description states +that there is one key, a
character string of length 410 charactersy starting at word 0 bit
0 of the record. There are no exlts specifled.

merge =~input_fille in_1 -1f in_2 =-of out_1 =-merge_desc md

In thls exampley, the arguments of the command state that the
input files are named In_1 and in_2; the output flle 1Is named
out_1s and the Merge QOescriptlon ls contalned Iin the segment
named md.

Assume that the segment md contalnst

kKeys?t fixed bin(35) 04 char{(8) 1;
exits? output_record usersoutput;)

The Merge Description states that there are twWwo keyse The
major key 1is an alligned ftixed blnary field of precision 35,
contalned in word 0 of the records The minor key Is a character
string of length 8, contalned In words 1 and 2 of the record.

There [s one exity an output_record procedure exlt; the
output_record exlt procedure entry polnt Is named usergoutput.

merge =-input_description “tape_ansi_ voi_1 =name 3" =-{¢t b \
~output _descriptlon “"vflle_ ¢ =extend™ =-ci

In this exampifey there are two lnput files. The first Input
file |s specifled by an attach description for the I/0 module
tape_ansi_ wlth the attach argument "vol_1 =-name a". The second
input ftile is specified by the pathname by and thus must be a
sequential or Indexed flie In tre storage system. The output
file is specified by an attach descrlption for the I/0 module
vfile_ with the attach argument "c =extend™. For the I/0 module

{END)
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viile_, this means that the pathname [s ¢ and the file [s to be
extended; that s, output records from the Merge wili be wrlttan
at the end of the file ¢ (if [t already exlsts).

{A \ followed by a tine feed Ils used to continue the command
arguments onto the sacond (lne.)

The Merge Description (not shtown) wlll be read from the
Jyser®s terminal.

merge =lds "“record_stream_ ~-target vflle_ a" \
=-{ds "syn_ user_swltchname™ =o0f ¢ =-console_input

In this example, assume that tbe first lnput file Is an
unstructured flle In the storage systemy wlith the patrname a.
This input flle has been speciflied by an attach description uslng
the I/0 module record_stream_, which wltl transfore the record
I/0 operations requested by the Merce into the appropriate stream
I/70 operations for the target flle a. The second lnput file Is
attached using the I/0 moduie syn_ to the 170 sWwitch
user_switchname, which must be attached and closad.

Namet sort_

The sort_ subroutine provides a generalized file sorting
capabllityy, whlch ls speclalized for executlion by user supptlied
parameters., The basic function of sort_ is to read one or more
Input flles of records which are not ordered, sort those records
according to the wvalues of one or more key fleldsy and write a
single output file of ordered {or "ranked”) records. The sort
subroutine has the following general capaoillitlest

Input ana output files may be on any storage medlum ana in
any file organlzation)

Very large fllesy such as mulitisegment fllesy, can be sorted;

Multiple key flalas and most PL/I string and numeric cata
types may be speclfled)

Exits to user supptied subroutines are permitted at several
polnts durlng the sortlng processs.

The arguments to the sort_ subroutine Include one or more
polnters to additional Informatlion necessary to speclallze sort_

tor execution. This aadltlonal information Is called the Sort
Description.

(END)
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INPUT AND OUTPUT

The wuser <can specify the Input and output fliles, In this
environment, the Sort reads the lInput filles and writes the output
file. Each [nput or output flle may be stored on any medlum and
In any file organizatlon supported by an I/0 module through lox_.
The I/0 module may be one of the Multics system I/0 modules (such
as tape_ansli_)y or one supplied by a specific Instatllatlon, or
one written by a user. An Input or output file |[Is speclfled
ejither by a pathname or by an attachk descriptlion.

Alternatlvely, the user can supply elther an [nput_fitle

proceqgure or an output_tlle procedure (or s2oth). An input_tile
procedure s responsible for reading Input and relfeasing recorads
to the Sort. An output_file procedure s responsible for

retrieving records (ranked by the Sort) from the Sort and writing
OUTDUT.

In all casesy racords may be either flxed l!length or varjable
lengthe

KEY FIELDS

The wuser c¢an specify the key flelds to be used in ranking
records. Xey fields are described In the Keys statement - or In
the keys structure - of the Sort Descriptions Up to 20 key
filetds may be speclfled. Any PL/I string or numerjic data type -~
except complex or plctured - may be speclfled for a glven key
fields Ranking may pe ascending, descending, or mlxed. For a
Character string key tleldy, the collating sequence Is that of the
Multics standard character set.

Afternativelys, the uJuser can supply a compare procedure,
which Is then used to rank records.

The orlglnal lnput order of records wWith eqgual keys |Is

preserved (FIF0 order). Orlglnail fnput order s deflnea as
follows?
1. If two equal records come from dlfferent [nput flles, then

the record from the flle which s speclfied earlier in the
list of input files (in the input_specs subroutlne argument)
is first.

2e If two equal records come from the same ilnpout filey then the
record which is eartllier in the flle Is first.

(END)
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EXITS

The Sort provides exits to user sJ4pplied procedures at
specitlc points during the sorting porocess. Exit procedures are
named In the Exits statement - or in the exits and lo_exlts
structures - of the Sort Description. The foltowing exlt points
are provldeds

input_flile To obtaln Input records and release them one
by one to the sorting processe.

output_flile To retrleve ranked records one by oOne from
the sortlng process and output them.

input_record To pertorm speclal processing for each Input
record, such as deletlngy Iinserting, 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 pe output from the Sort;
or summarizing data by accumulating It Into a
summary records.

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

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

(END)
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Usage?

dcl sort_ entry{((*)char(¥*), char(*), (*)ptr, char(*),
char(*), float bln(27), fixed bIin(35})))

call sort_ (lnput_specs,y, output_spec, sort_desc, temp_dir,
user_out_swy flle_slzey, code)}

where!

1. input_specs is an array containing the speciflcations of
the input fllesse Up to 410 iInput flles may be
specl fled. The array extent speclfles the

number of ;nput flles. {Input)

Input flle |} ls speclfled in the array
element lnput_sopecs(]), in one of the
followlng formst

-input_ftllie pathname

-if pathname It an Input flle s 1In +the Multics
storage system and lts flle organlzatlon
Is either sequentlal or indexedy then jt
may be specitled by 1lts pathname. The
fite may be el ther a singte segment or a “N
muitisegment file. The star convention
can not be used.

An input flile speclfled by a pathname
will be attached wusing the attach
description "vfllie_ pathname”.

-input_description attach_desc

-ids attach_dasc¢ If an input flle Is not in the Multics
storage system or [Its tlle organlization
ls nelther sequentlal nor Indexeds, then
it must be speclifled by an attach

descrlption,. The target 1I/o0 moduile
specifled wvia the attach descriotlon
must support t he sequential_lnput

openling mode and the lox_ ertry point
read_recordes

Pathnames and attach descriptlons can be
intermlixed in the lnput_specs array.

If the wuser is supplying an input_file exit
procedure,y, then [nput_specsi{i)y the flrst

(END)
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2+ OUtput_spec

-output_fife pat
-of pathname

-oufpuf_flle -re
-0of -rp

-output_descript
-ods attach_desc

input flle speciflcationy, must be *" (the
array extent should be 1) and the Input_tlte
exlt oprocedure must de named In the jo_exits
structure of the Sort Jescriptlion.

Is the speclficatlon of the output flle.
Onlty one output file may be specitied.
{Input)

The output flle may be specifled Ir one of
the fotlowing forms:

hname
If the output flle Is 1In the Multics
storage system and lts flle organlization
Is sequentijaly, then 1t may be speclfled
by its pathnames The tile may be el ther
a slngle segment or a muitisegment file.

The equals conventlon can be used. It
it lsy 1t ls applled to the patrname of
the flrst input file and the first [rput
file must be speclftled by a pathname,
not by an attach descriptlon.

An output fille specified by a pathname

Wwill be attached wusing the attach
descrlption "vflle_ pathname™. Thus |[f
the filie does not existy, It wllHl be

created. If 1t does exlist, It will be
overwritten,

place
The output flle Is to replace the flrst
input flle. That lnput flle wlll be
overnr[tten during the merge oprase of
the Sort,. It -replace s wused, the
flrst input flle must be specitied by a
pathnamey, not by an attactr description.

lon attach_desc
If the output flle Is not iIn the Multics
storage system or [ts flle organlizatlion
is not seqguential, then [t must be
specified by an attach description. The
target I/70 module speclfied vlia the

(END)
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3

4

S5e

sort_desc

temp_dir

user_out_sw

sort

attach degscription must support the
sequentlal_output openlng mode and the
iox_ entry pc¢int write_record.

It the user is supplying an output_flle exlt
procedures, then the output_spec argument must
be "™ and the output_fite exit procedure must
be named In the Jo_exits structure of the
Sort Jescriptlione.

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

Jescription below. (Input)

Is the pathname of the dlrectory which willt
contalin the Sort®s work fllese. (Input)

If ¢thls argumert 1s "™, then work flles wil!
be contalned In the user®s process dlrectorye.

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

specifles the destlnatlion of both the summary
report and dlagnostic messaces for errors
detected In the arguments to sort_ or In the
Sort Descriptlon.s (Input)

Thils argument may have the following wvaiuest
b = wrlte the summary report and
diagnostic messages via the I/0

snuitch user_output.

ll-b f "

L

do not wrlte the summary report
and dlagnostic messages. If any
errors are diagnosed, sort_ will
return mith the status code
baa_arg but informatjion about
the number and nature of the
errors [s not avaltablie.

write the summary report and
dlagnostlc messages via the 170
switch named swltchname. The

switchname

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

6. tile_slze is the total amount of data to be sorted, In
mililons of bytes. If thls argument (s zero,
the default assumptlon s approximately one
miltlion bytes (tile_size = 1.0). (Input)

This argument ls intended for use wnhen some

or all of the input files are not In the
storage system (that lIs, are not speciflied by
pathnames) or when an Input_¢fltle exlt

procedure s uJseds In these cases the Sort
cannot determine the amount of Input data.
{The Sort does compute the total amount of
input data which s In the storage system,
Jusing segment bit counts.) The file_slize
argument may also be used when all of tre
Input flles are In the storage system but
records are to be lnserted or deleted trrough
an input_record exit procedure.

The tfile_size argument is used for
aoptimization of performance) the actual
amount of data can be conslderabliy larger

without preventing the Sort from completling.
The maxlmum amount of data which can be
sorted ls (in bytes) approximately 60 miitlon
times the square root of flle_size.

7 code Is a standard Multics status code returnec oy

sort_. Posslble values are Illsted below
Junder the heading Status Codess {Output)

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

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

STATUS CODES

The foltowing status codes may be returned by sort_ {(at |
codes are In error_table_)1t

{END)
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0

bad_arg

fatal_error

out_of_sequence

Normal return (no errors).

One or more arguments speclifled to sort_,
Including those In the Sort Descrlptlon, was

Invatld or inconsistent. The Sort wlil tave
previously written diagnostic messages as
directed by the user_out_sw argument, The

sorting process ltself has not been started.

The Sort has encountered a fatal error durlng
the sorting orocess. The Sort wlil have
prevliously generated a speclflc error message
and signalled the sub_error_ condltion via
the sub_err_ subroutine.

The ¢call to sort_ Is not In the sequence
reaquired by the Sort} that isy sort_ has

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

{END)
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Sort Qescription

The Sort Description contalns additlonal Information fto
specialize the Sort for a partlcular execution, The Sort
Descriptlon Is specified wvia the sort_desc argument to sort_.
The informatlion specifled may be!?

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

Exits =~ Specification of which exlt polnts are to be wused
and the names of the corresponding user supplied
exit procedures,

A Sort Description ls required. As a minimum, the user must
speclify how records are to be ranked, elther by describing key
fields in the Keys statement or by namlng a compare exlt
procedure In the Exlits statement.s Other Informatlon In the Sort
Oescription is optional.

The Sort Qescription 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 spbeclfled for the sort command (see the Multics Programmers’
Manualy GCommands and Active Functlonss Sectlon III)y, and s
stored as an ASCII segment; that lIsy as an unstructured flle In
the Multics storage system, If source fornm is used, 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 wrjites the Sort Descriptlon and supplles |t
to the procedure which calls sort_.

The Internal form of the Sort Descriptlion [Is a set of one to
three structures. The sort_desc argument must h3ve an array
extent of 3, and the three pointers are pointers to the ¢ttrree
structures. Any of the structures can be omitted; In that case
the corresponding pointer must be null,. The pointers must be
speclfled In the array in the follo%wing order?

addr (keys)

addr{exlits)

adgdr{io_exits)
where the three structures (keys, exits, and lo_exlts) are
deflned below. The internal form ls useful when the procecgure
calliing sort_ constructs the Sort Descrilptlion.

(END)
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KEYS STRUCTURE

The keys structure |s used when the caller describes key
fields. The Sort®*s standard compare routine wlll then be used to
rank recordss. If the caller describes keys, then the compare
exit must not be speclfied.

If the caller does not describe keysy then the corresponding
polnter In the array sort_desc must be null and the compare exilt
must be specified in the exits structure. The user supplled
compare routine will then be used to rank records,

The keys structure Is?

dc!l 1 keysy

2 verslon flxed bin Init(4),
2 number fixed bin,
2 key_descluser_keys_number refer(keys.number)),
3 datatype char(8),
3 slze fixed bin(24),
2 word_offset fixed bin(18),
3 bit_offset filxed bln(6),
3 desc chari(3);
wheret
1 versilon is the version number of the structure (must
be 1).
2+ Number is the number of key fleldsy establilshed by

the value of user_keys_number,

3. key_desc Is an array of key descriptlons. Each Kkey
descriptlon is one element of the array. The
key descriptions must be speclfied In order,
the ma)or key first and the most milnor key
last.

4. datatype is the data type of the key fleld. See the
table below for the encodlng of datatype.
The value must be 1eft Justifled withln
datatype.

5. sjize is the size of the key fleldy In units whilch
depend on the data type.

For string data types, slze |is the exact
tength (characters or blts) of the fleld.

{END)
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D word_offset

i |

7. bit_offset

8. desc

— e e e

For arlthmetlc data typesy, slze |is the
precision (binary or declmal digits) of the
fields The space occupled is determined by
preclsion In comblnation with the data type.
The space occupled is not adjusted for an
allgned ftleld. For example,y, for an allgned
fixed blnary fleld of one word, size must be
speciflied as 35) for an allgnea floating
blnary fleld of two wordsy slze must be
speclfled as 63. See the table below for the
semantics of slze.

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

Is the bit portlon of the offset of the key
field;s that ise the bit offset within the
mword In whlch the key fjield begins. Bits are
numbaered from ( to 35 (If the fleld Is
atigned on a word boundary,s then bit_offset
s 0.)

indlcates nhether ranking for thlils kay fleld
ls to be ascendlng or descending. Possible
values aret

]

use ascending ranking.

"dsc™ = use descendlng rankinge

(ENOD)
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Encoding | Semantics of size
of I (where size = n)
datatype | Unit Range Space 0Occupled
Character string char 9 bit 1 - 4085 n characters
(Multlics ASCII) character i
Bit string bit i bit 1 - 4095 n bits
Flxed binary bln 1 bit 1 - 71 n + 1 bits
Ftoatinyg blnary filbin 1 bit 1 - 63 n ¢ 9 bits
Fixed decimal dec 9 bit i - 59 n + 1 dlglits
(leading sign) diglt
Floating decimal fldec 9 bit i1 - 59 n + 2 dlglts
diglit

(END)
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EXITS STRUCTURE
The exlts structure st
dcl 1 exits,
1 version fixed bin init(1),
2 compare entry,
2 lnput_record antry,
2 output_record antry;
wheret
1. version ls the verslon number of the structure {must
be 1).
2. cCoOmpare speclifles the entry polint of a user suoplijed
- compare exit procedure. If the caller
describes key flelds (suppllies a keys
structure), then thls exlt must not be
specl fled.
3. lnput_record specifies the entry polint of a user supplled

input_record exlt procedure. This exit can
be speclfied whether or not the Input_tlle

exlt ls specltied.

4 output_record speclfies the entry polint of a user suppllied
output_record exlt procedure. Thls exlt can
be specified whether or not the output_fite

exlt Is specitied.

IO_EXITS STRUCTURE
The lo_exlts structure |]s

dcl 1 lo_exlts,

2 verslon fixed bin Init(1),
2 lnput_¢tlte entry,
2 output_file entry;
where?!
1e verslon ls the version number of the structure
be 1).
(END)
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Ce Ilnput_file specltlies the entry point of a user suppllied
input_file exit oprocedure. It the califer
names Input flles, then thls exit must not be
speclfled.

3. output_file speclfies the entry polint of 3 user supplled
: output_flle exit procedure. If the catler
names the output file, then ¢thls exlt must

not be specified.

ENTRY VARIABLES

In the exlts and lo_exits structures, each exit polnt lIs
specifled via an entry varlable. The entry varlable must be set
{elther Initlallzed or assigned) by a user procedure, normally
the procedure which calls sort_. The entry varlable can identify
elther an internal entry point (that lsy an Internal procedure)
or an external entry polnt of the procedure whlch sets the entry
varjiable; or [t can jdentify an external entry polnt of another
user proceduree.

If none of the exlts declared In elther the exits or
lo_exits structure (s to be usedy, then that structure can be
omitted and the corresponding polnter In the array sort_desc must
be null., If the structure [s Included but an exlt speclflad in
it Is not to be used,y, then the correspondlng entry varlable must
be set to sort_gsnoexity which s declared!

dc i sort_snoexit entry external;
An exit poilnt may not be altered af ter the call to sort_.
Any change to the entry variable thereafter wlil have no effect.

However, certaln entry polnts can be dlsabledy, as speclifled In
the descriptions of the Individual exlt procedures below.

(END)

Page 48



r

sort_ sort_

. a — o s o o

Hciting ExlY Procedures

A user supplled exlt procedure is calied by the Sort to
pertorm a speclfled functlon. The user procedure must perform
that function, and then must return to the Sort. The user exlt
proceagure may perform additlional functions deslired by the user.

Certajin exit procedures replace the correspondlng standard
routine of the Sort. Other exlt procedures supplement the normal
functlons of the Sorte. Thls is speclfied for each Indlvidual

exlt procedure below.
The following exlt points are provlded?

input_file
output_f~flle
compare
Input_record
output_recorda

All exit points may be actlve durlng the same lnvocation of
the Sort.

The entry point names of all user supplled exlt procedures
are defined by the user. Speclflc names are shown below arly for
convenlence in dlscussion.

(END)
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INPUT_FILE EXIT PROCEDURE

An Input_file exit orocedure replaces the standard Inout
readlng function ot the Sorte. The Sort calils the lnput_tlle exit
procedure only once durlng an executlion ot the Sort.

An input_tftile exit procedure must perform the following
functiont For each record which ls fnput by the user to the
sorting process,y, the Input_file exit orocedure must make one call
to the entry sort_g$release (descrlbed later). After the
Input_flle exlt procedure has released the last input record to
the Sort, It must return to the Sort.

Usage

input_file: oprocl(code);

dcl coae fixed bin(35) parameter;
where c¢ode is a standard Multics status code (in error_table_)
which must be returned by the [nput_flle exlt procedure. It the
value 1s not Qs than the Sort normally prints the corresponding

message and returns to its calter with the status code
tatal_error. {(Output)

(END)
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OUTPUT_FILE EXIT PROCEDURE

An output_flle exit procedure replaces the standard output
wrlting tunction of the Sort. The Sort calls the output_flle
ex]lt procedure only once durlng an execution of the Sort.

An output_file exit procedure must perform the follonwlng
functions? For each record which [s to be retrleved In ranked
order from the Sort, the output_file aexlt procedure must make one
call to the ‘entry polnt sort_greturn (descrilbed later). It
sort_$return ls called but there are no more records to be
retrieved from the sorting processy, then sort_greturn returns
with the status code end_of_Info. The output_ftile exlt procedure
then must return to the Sort. If the user deslires, the
output_tfile exit procedure may terminate retrieval at any time
prior to recelving the end_of_info status, but It must stlitl
return to the 3Sorte. {The entry sort_greturn may return status
codes other than end_of_Info In case of error.)

Usage

output_file: proc{codel}

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

message and returns to its caller with the status code
fatat_error. (Qutput)

(END)
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COMPARE EXIT PROUOCEDURE

A compare exlit procedure replaces the standard record
comparlison procedure of the Sort. The Sort calls the comgpare
exlt proceaure each time fhe sorting process s ready to rank two
records; that is, to detarmine which of the two Is ftirst Iin the
sorted order.

A compare exlt procedure must perform the following
function! The compare exlit procedure recelves as arguments a
polnter to each of the two records. The compare exit procedure
must determine which of the two racords Is first - or that they
are equal In rank = and must return a corresponding return value
to the Sort.,. The compare exlt procedure 1Is Invoked as a
functiona

Usage

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

dct (rec_ptr_1 ptre
rec_ptr_2 ptr) parameter;
dc! result fixed bin(1)3

return(resul t);
end compare;

nheret

i, rec_ptr_1 is a pointer to a double word allgned buffer
contalning the first record of the palr to be
compared. Thls record is always the flirst of
the two accordlng to the orlaglnal Input
order. (Input)

2. rec_ptr_2 -ls a polnter to a dounle word aligned buffer
containlg the second record of the palr to be
compared, {Input)

3. resulj t is the result of the comparison. (Output)

Posslible values are!

0 = the two records rank eqgual.

(END)
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-1 = the record polnted to by rec_ptr_i ranks
tirst.

the record polnted to by rec_ptr_2 ranks
tirst.

+1

It a compare exlt procedure requires the fength of el ther
record, |t ls avallable In the word preceding that record In the
form?

dcl rec_len ftixed bin{21) allgned;

A compare exlt procedure cannot alter elther the content or
the fength of elther record.

(END)
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INPUT_RECORD EXIT PROCEDURE

An lnput_record exit procedure may be used whetrer the
Sort*s standard input_tlle procedure or a user supplied
Input_file exlt procedure 1[Is used, and supplemants that
Input_file processs The Sort calls the Input_record exlt
procedure?

1. Each time the Ilnput_fite process releases a record to the
Sorty, and before that record iIs entered into the sorting
processy

2. Once more after the last Input record has been released to
the Sort (end of Input); ‘

3. Addltionatlys each time the Iinput_record exit procedure
returns wlth an action of lnsert.

The Sort glves the input_record exlt procedure access to the
current record, the record about to be entaered Into the sortlng
Processs

An Input_record exit procedure need not perform any
processing. If it does noty, then the Sort will accept the
current record into the sortlng process.

An |nput_record exit procedure may perform the following
functlons, which are accomplished via the values of arguments
returned when the lnput_record exit procedure returns to the
Sortt

Accept the current record. This Is accompiished by setting
action = 0.

‘ Detete the current record. This ls accomplished by setting
action = 1. :

Insert one or more records before the current record. (At
the last call to the lnput_record exlt procedure, records
may be inserted at the end of input.) This 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 record, before [t lIs entered into the
sorting process. Thls Is accomplished by alterlng the
record polnted to by rec_ptr or setting rec_ptr to point to
another record, setting rec_ten appropriately, and setting
actlon = Q.

(END)
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Close the exit polnt so that the Input_record exlt procecure
wlll not be caliled agaln during thls executlon of the Sort,
This is accomplished by setting close_exit_swu = 1",
The lnput_record exlt procedure must return to the Sort each
time it ls called.
Usage

Input_recordt proclrec_ptr, rec_len, actlon, close_exlt_sw)

dct (rec_ptr ptr,
rec_len fixed bin(21),
action fixed bin,

close_exjit_sw bIt(1) ) parameter?
wheret

1. rec_ptr points to a double word aligned buffer
contalning t he current record. The
input_record exit oprocedure may alter the
contents of the record or may change the
pointer fo polnt to another recorde For the
actions of accept and Insert, the Sort will
use the value of rec_ptr returned to It by
the input_record exlt procedure.
(Input/Output)

At the last cali to the Input_record exlt
procedure (end ot fnput), there ls no current
record and rec_ptr = nult (),

2+ Trec_len Ils the length of the current record In bytes.
The input_record exit procedure may change
the length of the record. For the actlons of
accept and insert, the Sort wlil use the
value of rec_len returned to It by the
Input_record exlt procedure. (Input/Output)

3. action Indicates the action to be taken upon return
to the Sort. {(Input/dutput)

Arguments referred to below are the vatues

returned to the Sort by the input_record exlit
procadure.

(END)
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close_exit_sw

sort_

Possibile values of actlon aret

0 = accept the current record. The record
polnted to by rec_ptr, whose lencth Is
given by rec_leny 1ls entered I[nto the
sortling process.

Each time the Input_record exlt procedure
ls calledy the Sort sets actlion to thls

value.

1 = delete the current record. The current
record Is not entered iInto the sorting
process.

3 = Insert a record. The record polnted to
by rec_ptry, whose tength (s gliven by
rec_leny, 1Is entered Into the sorting
process. The Sort calls the Input_record
exlt procedure agaln, so that the current
record mwmay be accepted or deleted or an
additlonal record may be Inserted. At
this next call to the input_record exit
procedure, the current record remalns the
SaMmee

At the |last call to the Iinput_record exlit
procedure (end of Input), 1t the Input_record
axlt procedure inserts records then they are
appended at the end of [lnput. Any other
value for actlon means do not append any
records, and the Input_record exit will not
be taken agalne.

Iindicates whether the exit 1Is to be closed
hereafteres (Input/Cutput)

Posslble values aret

0" = keep this exit open. Each time the
Input_record procadure 1ls calledy, the
Sort sets close_exlt_sw to thls vatue.

4" = close thls exlt. The Sort witit not
call the Input_record exit procedure

agaln during thls execution of the Sort
(even If the actlon 1ls Insert).

(END)
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An output_record exlt procedure may be wused whether the
Sort*s standard output_tile procedure or a wuser supplled
output_flle exit procedure Is used, and supptements that
output_flle process. The Sort calls the output_record exit
procedurest

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

2. ‘ Once more after the last record has been obtalned from the
merglng process (end of output);

3. Additlonally, each time the output_record exlt procedure
returns wlth an action of [nsert.

The Sort gives the outpuft_record exlt procedure access to
two recordst

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

2. The next records the record leaving the merging processe.

An output_recaord exit procedure need not perform any
processinge. If [t does noty then the output record 1Is accepted
for the output fllee.

An output_record exit oprocedure may perform the foltlowing
functionsy, whilch are accomplished via ¢the wvalues of arguments
returned when the input_record exit procedure returns to the
Sortt

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

Defete the output record. Thls ls accompilshed by settling
actlon = 1.

Delete the record leaving the merge. Thils 'ls accomplished
by setting action = 2.

Insert one or more records after the output record. (At the
flrst call to the output_record exlt procedure, records may
be Inserted at the beginning of output. At the tast call to

(END)
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the output_record exit procedure, records may be Inserted at
the end of outputa.) This 1s accomplished by settlng
rec_ptr_2 to point to the record to be Inserted, setting
rec_len_2 appropriatelyy and setting actlion = 3.

Alter the output recordy, before It s written to the output
flliae This s accomplished by altering the record pointed
to by rec_ptr_1 or setting rec_ptr_1 to point to another
record, setting rec_len_1 approprlateliy, and setting actlon
= ¢ to accept (or actlon = 3 to Insert).

Summarlze data into the flrst record of a sequence of
records wlth equal keysy, and delete the succeedlng records
of the sequence., This may be accomplilished as follonst At
the flirst call to the output_record exit procedure, set
equal key checklng on (egqual_key_sw = "1"). At subseguent
calls to the output_record exlt procedure, if the output
record and the record leaving the merge bhave 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 unhequal keys (equal_key # @)y then
accept tne output record (actlon = gl.

Summarlze data Into the last record of a sequence with equatl
keysy and delete the precedlng records of the sequence.
Thlis may be accomplished as followst At the flrst call to
the output_record exlt procedure, set equal key checking on.
At subsequent calls, If the two records have equal keys then
accumulate data into a work area and delete the output
record {(action = 1)« It the two records have unequal keys,
then alter the output record using the accumulated data and
accept that recora {action = ().

Sequence check the output file. This 1Is accompliished by
setting seq_check_sw = ™"4", 1If the output rcord wil!l not
collate properly with the output filey, or does not have |its
keys in the position speclfied to the Sort, then set
seq_check_sw = *g".

Close the exit point so trat the output_record exlt

procedure will not be called agaln durlng thls execution of
the Sort. This is accomplished by setting close_exit_sw =

.'1'..

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

(END)
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Usage
output_record! proclrec_ptr_1y rec_len_1y rec_ptr_z2. rec_len_2,
actiony, equal_keys, aqual_key_sSw,
seq_check_Sws close_exlt_sw);

dcl (rec_ptr_1 ptr,

rec_len_1 fixed bin(21),
rec_ptr_2 ptr,

rec_Jlen_2 fixea bin{21),
action fixed biny
equal_key fixed bin(1),

equal _key_sn bit(1),
seq_check_swn bitii),
close_exlt_sn blt{(1) ) parameter;

nhere!

1. rec_ptr_1 points to a double word aligned bufter
containlng the odtput record. The
output_record exit procedure may alter the
contents of this record or may change the
polnter to point to another recordes The Sort
Juses the value of rec_ptr_1 returned to it by
the output_record exlt procedure as specifled
pelon [In the description of the actlion
argument. (Input/Output) :

At the flrst call to the output_record exlt
procedure (beginning of output), there Is nro
output record and rec_ptr_1 = nulli{).

2« rec_len_1i is the tength of the output record In bytese.
The output_record exit procedure may change
the length of thils records The Sort uses the
vatue of rec_len_1 returned to It by the
output_record exit procedure as sopeclified
below [n the description of the actlon
argument. (Input/Output)

3. rec_ptr_2 points to a double word aligned buffer
contalining the record feaving the merge. The
output_record exlt procedure may not alter
the contents of this record. ¥For all actions
except lnsert, the Sort wlll lgnore the value
of raec_ptr_2 returned to it by the
output_record exlit procedure. If the action
Is lInsert, then the output_record exit

(END)
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5.

rec_len_2

action

sort_

procedure must change rec_ptr_2 to point to
the record to be Inserted. (Input/Qutput)

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

is the length of the record leaving the

merge. The output_record exlt procedure may
not change the tength of this record. For
all actlons except |[nsert, the Sort wniii

lgnore the value of rec_len_2 returned to 1[It
by the outputft_record exlt procedure. If the
action [s Inserty, then the output_record exit
procedure must set rec_len_2 to the length of
the record to be inserted. (Input/Output)

indicates the action to be taken upon return
to the Sort. {Input/Cutput)

Possible values of actlon ares

0 = accept the output record. The output
record 1Is nrltten to the output flle.
The Sort uses the returned values of
rec_ptr_1 =and rec_len_1 to ldentitfty the
record to be nritten, At the next call
to the output_record exit procedure, the
record leaving the merge becomes the new
output recordy and a new record leaving
the merge has been obtained.

Each time the output_record exit
procedure is calliedy, the Sort sets actlon
to this value.

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

2 = delete the record leaving the merge.
(This actlon should be used for
summarlzation Into the output record,.)

(END)
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No record |s wrltten to the output file.
At the next call to the output_record
exit procedure, tne output record remalns
the same, and 3 new record leaving the
merge has been obtalned. The Sort wuses
the returned values of rec_ptr_1 and
rec_ten_1 to ldentlfy the output record
for that next call to the output_record
exit procedure.

3 = Insert a record after the output record.
The output record s written to ¢the
output file. The Sort uses the returned
values of rec_ptr_1 and rec_len_1 to
identify the record to be wriltten, The
Sort calls the output_record exit
procedure again, so that the Inserted
record may be accepted or an additional
record may be [nserted. At thls next
call to the output_record exlt procedure,
the Inserted record becomes the newn
output record, and the record leaving the
merge remalns the same. The Sort uses
the returned values of rec_ptr_2 and
rec_len_2 to ldentlfy the Inserted
record.

At the dast <call to the output_record exit
procedure {end of output), it the
output_record exlt procedure Inserts records
then they are appended at the end of output,
Any other value for action means do not
append any racords, and the output_record
axit will not be taken agaln. .

6. equal_key indicates whether the output record and the
record leaving the merge have equal keysSe.
(Input)

Possibte values are!

0 = the two records rank equal.
£1 = the two records do not rank equal. At
the first and last calls to the

output_record exlt procedure (beglnnlng
of input and end of input)ly oniy one
record ls present and the Sort sets

(END)
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8.

equal_key_sSw

seq_check_sw

sort_

aqual_key to thils value,

If the user supplled key descrlptions, then
the value of equal_key is determined only by
those key fleldsy the orlginal Input order
of the two records ls ngt used to resoive key
equatity. If the wuser supplled a compare
exlt procedure, then the Sort uses the result
ot that compare exit procedure to set the
value of equal_keye (INn elther case, [f the
two records rank equal then rec_ptr_1i polnts
to the record which iIs first according to the
original lnput order of the two records.)

indicates whether or not eqgual key checking
is to be performeds (Input/Output)

possible values arel

0" = do not check for equal kays,. At the
flrst caill to the output_record exlt
procedure {(beginning of output), the
Sort sets equal_key_sw to thls value,

4" = check for equal keys beftore the next
caill to the output_record exit
procedure.

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

indicates whether or not sequence checkling |{s
to be performed. (Input/Output)

Posslble values are!

0™ = do not sequence check.

“1" = sequence check. At the first call to
the output_record exlt procedure
{beginning of output), the Sort sets
seq_check_sw to thls value.

Sequence checking means comparing the output

racord to the record oreviously written to

the output flle. (If the user specifled an
output_flle exit procedure, the output record

{ENO)
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ls compared to the record previously returned
to that exlt procedure.) Seguence checklng
is performed after the output_record exlt
procedure returns to the Sort, and only |f a3
record 1s to be written to the output flle
(that s, onily If the actlon s accept or
insert). If the Jugser supplled Key
descriptionsy then the Sort®s key comparlson
routine s used. It the wuser supplled a
compare exlt procedure, then that exlt
orocedure s called.

It the output record Is out of sequence with
the previous record, then the <status code
fatal_error {is returned to the caller of

sort_; see the entry sort_ above. (If the
Juser speclfled an output_file exit procedure,
then the status code data_seq_error s
returned to that exlt procedure; see the

antry sort_Sreturn below.)

Al records written to the output flle,
Including Inserted recordsy can be sequence
checked.

Indicates whether the axit Is to be closed
hereafter. {(Input/0utput)

Possible values are?
g = keep thls exit open. Each time the

output_record exlt procedure Is called,
the Sort sets close_exit_sw to this

value.
4" = close this exlit. The Sort wllil not
call the output_record exlt procedure

agaln during this executlon ot the Sort
(even |f the action ls Insert).

(END)
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RECORD POINTERS

Since the Sort aligns each record In a buffer on a dJdouble
word boundary, 1t an exlt procedure applles a based declaration

of the record to the pointer{s) then correct allgnment |Is
ensurede.

ORIGINAL INPUT ORDER (FIFO)

For the compare and output_record exlt proceduresy rec_ptr_1
always polnts to the record whose orlglnal [nput order was orior
to the record pointed fto by rec_ptr_2. If a compare exit
procedure returns wilth an equal ranking for the two records, then
thils orlginal lnput order |s preserveds OJriginal [nput order has
been defined eartler under the headlng Key Fletlds.

{END)
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The entry "sort_g$release” 1Is wused each time the caller
releases a record to the sortling procesSe Calls to
sort_3%release are made from a user supplled Input_file procedure.

The caller speclifies the {ocation and length of the record. The
Sort accepts the record and stores [t In Its own work area.

Usaae
dcli sort_$release entryl(ptr, fixed bin(21), fixed bln(35}));

call sort_grelease (buff_ptry, rec_ten, code))

mhere!

1. buff_ptr Is a pointer to a byte allgnea puffer
contalnlng the record. {Input)

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

3. code Is a standard Multlcs status code returned by
the Sorta. Possibtie values are llsted below
under the headlng Status Codes. (Output)

Notes

The Sort altlgns each record on a double word boundary In a
Work area.

Status Codes

The tolloning status codes may be returned by the
sort_sSrelease entry poilnt (all codes are in error_table_)?

Y Normal return (no error).
out_of_sequence The call to sort_s$release Is not In the
sequence required by the Sort}s ©eGey

sort_3srelease has been called before sort_.

(END)
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fatal_error

tong_record

short_record

sort_

The Sort has encounterd a fatal error during
the sortlng processe. The Sort wlll pave
previously generated a specltic error massage
and signalied the sub_error_ conditlon vlila
the sub_err_ subroutine.

This input record ls fonger than the maxlimum
suppor ted. The record Is lgnored by the
Sort,y, and the caller may continue to release
records to the Sorte.

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

record ls ignored by the Sort, and the caller
may continue to release records to the Sort.

(END)
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Entcyt! sort_3return

The sort_3return entry 1Is used each time the caller
retrieves a recordy Ln ranked order, from tne Sort. Calls to
sort_gsreturn are made from a user supplled output_flle procedure.
Upon return from sort_g$return, the calter |ls glven the locatlon
and length of the record.

If sort_greturn Ils called but there are no more records to

be retrievedy then sort_sreturn returns to the caller wWith the
status code end_of_info.

Usage
dcl sort_Sreturn entry(ptr, flxed bin{(21), flxed bin(35));
call sort_sreturn (butf_ptr, rec_len, code)}

wheret

1. buff_ptr is a pointer to a douole word allgned buffer
containing the record. {Output)

2. rec_len is the 1length of the record In by tes.
(Qutput)

3. code ls a stanagard Muttics status code returned by
the Sorta. Possible values are iisted below
under the heading Status Codes. {Qutput)

Notes

The Sort allgns each record on a double wWord boundary In a
Wwork area. Thus if the caller applles a based declaration of the
record to the polnter then correct allignment [s ensured.

Slatus Codes

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

0 Normal return (not end of Information, no
arror) .

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

out_of_sequence The call to sort_3%return Is not In the
sequence requlrad by the Sort} €agey
sort_dreturn has been called betore

sort_3drelease.

fatal_error The Sort has encountered a tatal error during
the sorting process. The Sort will have
previously generated a specific error message
and signatled the sub_error_ condlition via
the sub_err_ subroutline.

data_loss Enag of data has been reachedy but the number
of records previously returned Is tess than
the number of records released to the Sort.
No record Is returned to the caller.

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

data_seq_error A ranklng error has occurred In the records
returned to the caller (as determined by the
key flelds of the record). The current
record 1s returned to the caliery and the
caller may continue t0 reguest records from
the Sort,

Namet merge_

The merge_ subroutine provides a generalized flle merging
capability, which |s speclallzed for executlon by user supplied
parameterse. The baslc function of merge_ is to read one or more
Input flies of records whlch are In order according to the values
of one or more key flelds, merge (coll ate) those records
according to the values of those key fleldsy and write a singtle
output flle of ordered (or *“ranked™) records. The merge
subroutine has the following general capabliltlies?

Input ana output files may be on any storage medium and In
any file organlzation)

(END)
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Very targe files, such as multjisegment fllesy can be merged;

Multipte key fialds and most PL/I string and numeric data
types may be speclfied; ‘

Exlts to user supplled subroutlnes are permitted at several
points during the merglng processe.

The arguments to the merge_ subroutine Include one or more
pointers to additional Information necessary to speciallze merge_
for execution. This additlonal information ls called the Merge
Description.

INPUT AND OUTPUT

The user specifles the Input and output fliles. The Merge
reads the input files and writes the output file. Each Input or
output flie may be stored on any medium and in any flle
organizatlon supported by an I/0 module through lox_. The I/0
module may be one of the Multics system I/0 modules (such as
tape_ansl_)sy or one supplled by a specific Instaliatlon, or one
wrltten by a user. An Input or output flle Is speclfled elther
by a pathname or by an attach description.

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

KEY FIELDS

The wuser can specify the key flelds to be used in ranklng
records. Key fields are described In the Keys statement - or in
the keys sStructure - of the Merge Descriptlon. Up to 20 key
fleladas may be speclfled. Any PL/I string or numeric data type =~
except complex or pictured - may be speclfled for a given key
flelde Rankling may be ascendlingy descendlng, or milxed. For a
character string key fleid, the collating sequence is that of the
Multlcs standard character set. The records of each input fite
must be In order accordling to those keay flelds.

Alternativeiy, the user can supply a compare procedure,
which s then used to rank records. The ~ecords of each Input
flle must be 1In order accordling to the algorithm of that
procedure.

The origlnal Input order of records wlth equal keys Is
preserved (FIF0 order). Orlginat 1Input order Is defined as

(END)
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follows?

1. If two equal records come from different Input fliesy then
the record from the flle which Is specifled earlier In the
list of input fllies (In the iInput_specs subroutline argument)
ls first.

2e If two equal records come from the same Input file, then the
record which iIs earller in the flie Is flirst.

EXITS

The Merge provides aexlts to user supplled procedures at
specific polnts during the merglng process. Exit procedures are
named in the Exlts statement - or In the exlts structure - of the
Merge Description. The following exlt points are provlided!

output_record To perform speclal processing for each output

‘ record, such as deletingy, lInserting, or
altering records to be output from the Merge}
or summarlzlng data by accumulating It Into a
summary record.

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

Detajils of exlt procedures are glven betow under the heading
Writing Exit Procedures.

(END)
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Usage!
dc! merge_ entry((*¥)char(*), char(*), (*)ptr,
char(*), tixed bin(35))3
call merge_ (Ilnput_specs,y, output_spec, merge_descCy
Juser_out_sn, code);
wheret
1. Input_specs is an array containing the specifications of

the Input tlles. Up to 10 iInput flles may be
specltled. The array extent specifles the
number of lnput flles. (Input)

Input flie | ls speclfied In the array
atement input_specs(})), in one of the
following torms:

-Input_flle pathname

-1t pathname If an Ulnput flie s In the Multlcs
storage system and its flle organlzatlon
is either sequentlal or indexed, then |t
may be specitled by Its pathname. The
flie may be elther a single segment or a
multisegment fjile. The star convention
can not be used.

An lnput fi1e sveclfled by a pathrame
wlil be attached using the attach
description "“vflle_ pathname™.

=input_descriptlion attach_desc

-ids attach_desc If an input file is not In the Muttlcs
storage system or lts flle organlzatlon
is nelther sequential nor indexed, then
it must be specified by an attach

description, The target 1I/c0 modutle
specified wvia the attach descriotion
must support the sequential_lnput

opening mode and the lox_ entry polnt
read_recorde.

Pathnames and attach descriptions c¢an be
Intermixed In the lnput_specs array.

2« output_spec Is the speclitication of the output flle.
only one output file may be speclfleaq.
(END)
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(Input)

The output flle may be specified In one of
the folionwlng formst

-output_fille pathname

-of pathname It the output flie [s In the Multics
storage system and [ts flle organlzation
is sequentialy, then lt may be speclfled
by 1ts patrnames The file may be either
a single segment or a muttisegment file.

The equals convention can be used. If
it Isy It iIs applied to the pathname of
the flrst Input file and the first lnput
file must be speclifled by a3 pattname,
not by an attach description.

An output tlte specifled by a pathname
wlll be attached wusing the attach
descriptior "“vflle_ pathname™. Thus |f
the flle does not exlsty, It wlll be
created. If 1t does exlisty it wlll be
overwritten,

-output_description attach_desc

-0as attach_desc If the output flle ls not In the Multics
storage system or Its flte organlzation
Ils not sequentlal, then It must be
speclfied by an attach description., The
target [/0 module speclifled vis the
attach description must supnort the
sequentlal_output opening mode and the
lox_ entry polnt wrlte_record.

3. merge_desc s an array of polnters +to the Mer ge

Jescription. See the heading Merge
NDescriptlon belcowe (Input)

Le uUSeEr_out_sw specl fles the destlnatlon of both the summary
report and dlagnostlc messages for errors
detected In the arguments to merge_ or [n the
Merge QJOescriptiocon. (Input)

Thls argument may have the followlng values!?

(END)
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938 -

= write the summary report and
diagnostlc messages via the I/0
switch user_output.

“-bf* = do not writa the summary report
and diagnostic messages. I1f any
errors are diagnosed, merge_

wlll return with the status code
bad_arg out information about
the number and nature of the
errors ls not avallable.

sultchname wrilte the summary report and
dlagnostic messages via the I/0
snitch named swltchname. The
sitch must be attachea and open

for stream output.

S« code ls a standard Multlics status code returned by
merge_. Possible vatues are listed below
Junder the heading Status Codes. (OQutput)

NOTES

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

STATUS CODES

The following status codes may be returned by merge_ (all
codes are in error_table_) 3

0 Normal return (no errors).

bad_arg One or more arguments speclfied to merge_,
Includlng those In the Merge Descrlptior, was
Invaild or inconsistent. The Merge wiill have
prevliously written diagnostic messages as
dlrected by the user_out_sw argument, The
merging process ltself has not been started.

tatal_error The Merge has encountered a fatal error
during the merglng processe. The Merge wlll
have previously generated a speclfic error
message and slgnalled the sub_error_
condltlon via the sub_err_ subroutine.

(END)
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out_of_sequence

The ¢all to mercge_ is not In the sequence
requlred by the Merge; that Is, merge_ has
been called after inltlation of the Merce but
before terminatlon of that Invocatlion.

(END)
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Merae QDescriptlion

The Merge Description contalns additional information to
speciailze the Merze for a partlcular executlon. The Merge
Oescription is specifled vila the merge_desc argument to merge_.
The information speclified may be?

Keys - Descrlption of one or more key fleids used for
ranking recordss.

Exlts - Speciflcation of which exlt polnts are to be used
and the names of the corresponding user supplied
exit procedures.

A Merge Descriptlon ls requlreds As a minlimum, the user
must speclty how records are to be ranked, el ther by describling
key flelds In the Keys statement or by namlng a compare exlt
procdure in the Exits statements Other Information In the Merge
Descriptlon iIs optlional.

The Merge Descriptlon may be supplled to mérge_ In either of
tro forms, called source form and Internal form.

The source form of the Merge Description ls written exactly
as speclfjied for the merge command (see the Multics Programmers®
Manuaily Commands and Active Functlonsy Sectlon III), and ls
stored as an ASCII segment) that lsy, as an unstructured flle In
the Multics storage systaeam. If source form Is used, then the
merge_desc argument to merge_ must have an array extent of 1 and
the one polnter must be a polnter to the segment. (The segment
must contain only the Merge Description.) The source form s
useful when the user wrltes the Merce Description and supplles It
to the procedure which calls merge_.

The Internal torm of the Merge Descriptlon Is a set of one

or two sStructurese. The merge_desc argument must have an array
extent ot 2, and the two polnters are pointers to the two
structures. Any of the structures can be omltteds In that case
the corresponding polnter must be nuil. The polnters must be

specitled In the array In the folloxlng ordert

addr {keys)
addr(exits)

where the two structures (keys and exlts) a~e deflned below. The

Internal form s useful when the procedure czlilng merge_
constructs the Merge Descriptlon,

(END)
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KEYS STRUCTURE

The keys structure [Is used when the calter describes key
fielus. The Merge®s standard compare routine will then be used
to rank recordss. If the catler descrlbes keysy, then the compare
exit must not be specified,

If the caller does not descrlbe keysy, then the corresponding

pointer in the array merge_desc must be null and the compare exit
must be speclitfled In the exits structure. The user supplled
compare routine will then be used to rank recordse.

The keys struc ture Ist

dct 1 Keys,

2 version fixed bin Init(1),
2 number filxed blny,
2 key_descl{user_keys_number refer(keys.number)),
3 datatype char(8),
3 size fixed bin(24),
3 word_offset fixed bin(18),
3 bit_offset fixed bin(6),
3 desc char(3);
wheret
1. wverslon is the version number of the structure (mus?
be 1).
2. nNumber ls the number of key fields,y, establlshed by

the value of user_keys_number.

3. key_desc ls an array of key <descriptions. Each key
description ls one element of the array. The
kKey descrliptlons must be speclfled In order,
the major key flrst and the most minor key
jast.

4. datatype ls the data type of the key fleld. See the
table below for the encoding of datatype.
The value mnust be left Justifled within
datatype.

5. size is the silze of the key fleldy In units which
depend on the data type.

For string data types, size Is the exact
fength (characters or blts) of the fleld.

(END)
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6. wWord_offset

7« DbDit_offset

8. desc

Fpr arithmetic data typess slze is the
preclsion (binary or decimal digits) of the
tleide The space occupled Is determined by
preclslion jin comblnation wlth the data type.
The space occupled iIs not adjusted for an
aligned fleld. For exampley for an allgned
tixed binary field of ona word, size must be
speclifiled as 353 tor an atlgned floating
binary ftleld of two words, slze must be
specifled as 63. See the table below for the
semant jcs of size.

Is the word portion of the offset of the
beginning of +the key fleld, refative to the
beginning of the record. Conslder the record
as baeling allgned on g word boundary, as wlil1
pe the case for a Multics PL/T structure.
Words are numbered from J for the flrst word
ot the record.

is the blt portion of the offset of the key
fletds} that 1sy the bit offset within the
word in which the key ftleld begins. 8lts are
numbered from 0 to 35. (If the fleld 1Iis
allgned on a word boundary, then blt_offset
Is ()

indicates whether ranking for this key field
ls to be ascending or descending. Posslibile
values are?

use ascending ranking.

*dsc™ = use descendlng ranklng.

(END)
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Semantics of

Encodlng 1 slze
of H (nhere slze = n)
datatype } Unit Range Svace Occupled
Character string char 9 bit 1 - 4095 n characters
{(Multics ASCII) ' character
Bit string bit 1 bit. 1 - 4095 n bits
Fixed blnary bin 1 bit 1 - 74 n + 41 bits
Floating binary fibin 1 bijt 1 - 63 n + 9 blts
Fixed decimal dec 9 bilt i1 - 59 n + 1 digits
{leading sign) digit
Floating declimal floec 9 bit 1 - 59 n + 2 dlglits
dlglt
(END)
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EXITS STRUCTURE
The exlts structure s

dcl 1 exits,

1 version fixed bin inlt(1),

2 compare entry,

2 reserved entry inltimerge_ftnoexit),
2 output_record entry;

Wwhere!

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

2« compare specifles the entry polnt of a user supplled
compare exit procedureas If the caller
describes key flelds (supplies a keys
structure), then thls exlt must not be
speclfled.

3. reserved Is reserved for future use.

4. output_record speclfles the ertry point of 3 user supolled

output_record exit procedure.

ENTRY VARIABLES

In the exits structure, each exlt polnt [s speclfied via an
entry varlable. The entry varjiable must be set {elther
inltlalized or assligned) by a wuser procedure, normally the
procedure which calls merge_. The entry varlable can ldentify
elther an Internal entry polnt (that lsy, an Internal procedure)
or an external entry polnt of the procedure which sets the entry
varjiable) or it can ldentify an external entry point of another
user procedure,

If none of the exlits declared In the exlts structure [s to
be used, then that structure can be omitted and the
corresponding polnter In the array merge_desc must be null, If
the structure 1Is included but an exit speclfied In [t Is not to
be used, then the corresponding entry varlable must be set to
merge_$noexltsy which ls declaredt

dcl merge_%$noexit entry external]

(END)

Page 79



merge_

An exit polnt may not be aitered after the call
Any change to the entry varlable thereafter w]ll have no effect.
However, certain entry polnts can be dlsabledy as specltlied In
the dgescriptions of the Individual exlt procedures beiow.

to merge_.

(END)
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A user supplled exit procedure ls callied by the Merce to
perform a speclfled functlon. 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 correspondlng standard
routine of the Merge. Other exlt procedures supplement the
normat ftunctions of the Merge. This s speclfled for each
Individual exit procadure below.

The following exit points are provided?

output_record
compare
All exit polnts may be actlve durlilng the same Invocatlon of
the Merge.

The entry point names of all user supplled exlt procedures
are defined by the user. Speciflc names are shown below cniy for
convenlence in discussion.

(END)

Page 81



———— —— a—— — e e v

merge_ merge__

COMPARE EXIT PROCEDURE

A compare exlt procedure replaces the standard record
comparlson procedure of the Merge. The Marge calls the compare
exlt procedure each time the mergling process is ready to rank two
records; that lsy to determine which of the two ls tirst In the
merged order.,

A compare exit procedure must perform thre following
function? The compare exlt procedure ~e2celves as arguments a
pointer to each of the two records. The compare exit procedure
must determine which of the two records Is first - or that they
are equal in rank - ana must return a correspondlng return value
to the Merge. Tha compare exlt oprocedure (s Invoked as a
functione.

Usage

comparet! proclrec_ptr_1is rec_ptr_2) returns(flxed bin(41))}

dcl {(rec_ptr_1 ptr,
rec_ptr_2 ptr) parameter;
dclt  resutt flxed bin(1)3

LN

returnl(resul t);
end compare)

where:!

i. rec_ptr_j ls a polnter to a doubile word allgned buffer
contalning the tlrst record ot the pair to be
compareds, Thls record Is always the ftirst of
the two accordirg to the origlnal lrput
order. {(Input)

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

3. result is the result of the comparison. (CQutput)

Possible values are?

0 = the two records rank equale.

(END)
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It a3
record, it
formt

dci

compare
Ils availabile In the word

+1

H

the record
first.

the record
flrst,

exit proceaure

rec_len fixed bin{2i)

polnted to by rec_ptr_4 ranks
polnted to by rec_ptr_2 ranks

requires the length of elther
preceding that record [n the

aligneds

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

(END)
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OUTPUT_RECORD EXIT PROCEOURE

An output_record exlit procedure supplements the standard
output writing function of the Merge. The Merge calis the
output_record exit procedure!

1. Each time [t has determined the next record 1n ranked order
from the merglng process;)

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

3. Raditionalliyy each time the oufput_record exlt proceadure
returns with an action of insert.

The Merge glves the output_record exlt procedure access to
two records?

i The output recordy about to be written to the output flle.
Ce The next record, the record leaving the merging processe.

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

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

Accept the output recorde. This Is accomplished by setting
actlon = 0.

Uelete the output record. Thils s accompliished by setting
action = 1.

Delete the recorg leaving the mergee. Thls 1Is accompllshed
by setting action = 2.

Insert one or more records after the output record. (At the
first call to the output_record exit procedurey records may
be inserted at the beglnning of output. At the last call to
the output_record exit procedure, records may be lnserted at
the end of oufputs.) This Is accomplished by setting
rec_ptr_2 to polnt to the record to be Inserted, settlng
rec_len_2 apoproprlately, and settlng actlon = 3.

(END)
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Alter the output record, before It Is wrltten to the output
fllee This is accompilshed by altering the record polnted
to Dby rec_ptr_1 or setting rec_ptr_1 to polnt to another
record, setting rec_len_1 appropriately, and setting action
= 0 to accept (or actlon = 3 to lnsert),

Summarize data Into the tirst record of a sequence of
records with equal keys, and delete the succeedlng records
of the sequence. This may be accompllshed as follons! At
the first call to the output_record exlt procedure, set
equal key checkling on lequal_key_sw = ""1"™)e. At subsequent
calils to the output_record exit procedure, 1f the output
record and the racord {eaving the merge have equal keys
(equal_key = g)y then accumulate data Into the output record
and delete the record leavig the merge {(actlon = 2). If the
two records have unequal keys (equal_key # 0), then accept
the output record (action = ).

Summarize data Into the last record of a3 sequence wlth equal
keysy and delete the precedlng records of the sequence.
Thls may be accomplished as followst At the flrst call to
the output_record exlt procedure, set equal key checklng on.
At subsequent callsy, 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 unequal keys,
then alter the output record using the accumulated data and
accept that record (action = ).

Sequence check the oufput ftlle. This 1s accomplilshed by
setting seq_check_sw = "1i". If the output record will not
colilate properiy wnith the output file, or does not have |ts
keys In the oposlition specifled to the Merge, then set
seq_check_swu = 3",

Close the exlit opolnt so that the output_record exlit

procedure wlll not be called agaln during thils execution of
‘the Merge. This ls accomptlshed by settlng close_exlt_sw =
Clill.

The output_record exit procedure must return to the Merge
each time [t ls cal led.
Usage
output_recordt procl{rec_ptr_1s rec_len_1i, rec_otr_2y rec_len_2,
actlon, equali_key, equal_key_swy
seq_check_sW, close_exit_sw)}
(END)
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dct {(rec_ptr_1
rec_Jlen_1
rec_ptr_2
rec_len_2
action
equalil_key

equal _key_
seqg_Ccheck_

ptry
fixed bin(21),
ptr,
fixed bin{(21),
fixed bin,
fixed bln(1),
v bl?(i)’
3w blit(l),

close_exit_sw DbIit{(1) ) parameter;

wheret

1.

o

3.

rec_ptr_1

rec_len_1

rec_ptr_2

volnts to a double word aligned buffer
containlng t he output recorde. The
output_record exit procedure may alter the
contents of this record or may change the
pointer to opaint to another record. The
Merge uses the vatlue of rec_ptr_1 returned to
it by the output_record exlt procedure as
specifled below in the descrliption of the
actlon argument. (Input/Output)

At the first call to the output_record exlit
procedure (beginning of output); there Is no
output record and rec_ptr_1 = null{).

ls 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_1 returned to It by the
output_record exit procedure as speclifled
below in the description of the actlion
argument. (Input/0utout)

points to a double word allgneag buffer
contalning the record teavlilng the merge. The
output_record exit procedure may not alter
the contents of thls record. For all actlons
axcept lnsert, the Merge wilil 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?
procedure must changa rec_ptr_2 to polnt to
the record to be [nserted. (Input/Qutput)

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

(END)
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Is the 1length of the record leaving the
merge., The output_racord exlt procedure may
not change the length of thls record. For
all actlons except [nserty, the Merge wlll
ignore the value of rec_len_2 returned to 1[It
by the output_record exit procedure. If the
action Is Insert, then the output_record exit
orocedure must set rec_len_2 to the lencth of
the record to be Inserted. (Input/Output)

Indicates the actlon to be taken upon return
to the Merge. (Input/Jutput)

Possible values of actlion arel

d = accept the output recorde. The output
record 1s written to the output file.
The Merge uses the returned values of
rec_ptr_1 and rec_len_1 to identlfy the
record to be written, At the next call
to the output_record exlt procedure, the
record leaving the merge becomes the new
output recordy and a new record leaving
the merge has been obtalned.

Each tlme the output_record exlt
procedure is called, the Merge sets
actlon to this vatue.

{1 = delete the output records. NO record s
written to tha output file. The Merge
lgnores the returned values of rec_ptr_j{
and rec_len_1. At the next call to the
output_record exlt procedure, the record
leaving the merge becomes the new output
recordy, and a new record leaving the
marge has been obtalined.

2 = delete the record feavling the rmerge.
{This actlon shouid be used for
summarization into the output record.)
No record [s written to the output flie.
At the next catl to *the output_record
axilt procedure, the output record remalins
the samey, and a new record leaving the
merge has bean obtalned. The Merge uses
the returned values ot rec_ptr_1 and
rec_len_1 to ldentlfy the output record

(END)
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Be

equal _key

———— s s

merge_

for that next call to the output_record
exlt procedure.

3 = Insert a record after the output record.
The output record 1Is written to the
output flle. The Merge uses the returned
values of rec_ptr_1 and rec_len_1 to
ldentity ¢the record to be written. The
Merge calls the output_recorag exit
procedure &ggalnsy 50 that the inserted
record may be accepted or an addlitional
record may be Inserted. At this next
call to the output_record exit procedure,
the Inserted record becomes the new
output recordy, and the record leaving the
merge remalins the same. The Merge uses
the returned wvalues of rec_pt_2 and
rec_len_2 to ldentlfy the Inserted

record.,
At the ftast call to the output_record exlt
procedure {end of output), if the

output_record exlt 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
axlt will not be taken agaln.

Indicates whether the output record and the
record 1{eaving the merge have equal keysS.
{(Input)

Possible values arel

0 = the two records rank equal.
+1 = the two records do not rank equal. At
the flrst and fast calls to the

output_record exlt procedure, (beginning
of output and end of output), only one
record s opresent and the Merge sets
equal_key to this value.

If the user supplled key descriptions, then
the value of equal_key Is determined only by
those key flelds) the orliglnal Input order
of the two records ls not used to resolve key
aqual ity. If the wuser supplled a compare

{END)
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7 equal_key_sw

8. seq_check_sw

exlt procedure, then the Merge uses the
result of that compare ex]lt procedure to set
the value of equal_key, (In elther case, If
the tWo records rank equal then rec_ptr_1
polnts to the record which is tirst according
to the orlginal |[nput order of the two
records.)

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

Possible vajlues are?

"3*" = do not check for equal Keys. At the
tflrst call to the output_record exit
procedure {(beglnning of output), the
Merge sets equal_key_sw to thils value.

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

Since equal key checking takes tlme, the user

should set equal_key_sw = "1™ only when

requlred for actlons such as summarizatlion.

indicates whether or not sequence checking Is
to be performed. (Input/Output)

Posslble vatues aret

*0" = do not sequence Cchecke

sequence check, At the flrst call to
the output_record exlt procedure
(beglnning of outout), the Merge sets
seq_check_sw to this value.

ll1l!

Sequence checklng means comparing the output
record to the record previjously written to
the output flile. Sequence checkirg 1Is
performed after the output_record exlt
procedure returns to the Merge, and only [If a
record Is to be written to the output flle
{that Is, only it the actlon s accepnt or

insert). It t he user supplleda kKey

descriptlonsy, then the Merge'®s key comparlson

routine Is used. It the wuser supoliea a
(END)
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compare exit procedur e, then that exit
procedure ls calied.

It the output record (s out of sequence wilth
the previous record, then the status code
fatal_error ls returned to the caller of
merge_3 Ssee the entry merge_ above.

At records written to the output file,
includlng inserted records, can be sequence
checkede.

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

Possible values aret

“0" = keep this exlt open. Each time the
output_record exlt procedure iIs calted,
the Merge sets close_exlt_sw to this
value.

4" = close this exlte The Merge wili not
call the output_record exit procedure

agaln during this executlon of the
Merge (even lf the action Is Insert).

(END)
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RECORD POINTERS

Since the Merge aligns each record In a buffer on a double
Wword boundary, if an exit procedure applies a based declaration
of the record to the »pointer(s) then correct allgnment is
ensured.

ORIGINAL INPUT ORDER (FIFO)

For the compare and output_record exit procedures, rec_ptr_1
always points to the record whose origlnal input order was prior
to the record pointed to by rec_ptr_2. It a compare exlt
procedure returns wlith an equal ranking for the two records, then
this original input order is preserveds OJriginal Input order has
been detined earller under the headlng Key Flelds.

Namet sort

The sort command 1s described In the Multlcs Programmers®
Manualy Commands and Actlve Functlonss, Section III. This

description incliudes only additional optlonal controi arguments
which are not described In MPM Commands.

Usage

sort Input_specs output_specs control_args

wheret
3« control_args c¢an be chosen from the following (In agdltion
to those control arguments speclfled In MPM
Commands)
-time prints timing information for the Sortt

System load {hmu)
Merge order
String size
and for each phase of the Sorti
Elapsed time
Real cpu time
Virtual cpu time
Page faul ts
Paging device faults
Comparisons axecuted

(Times are glven In seconds.)

(END)
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-merge_order g

-string_slze g

-debug

Sort/Merce PLM

B ———

speclfies that the merge order s to be

e The argument @m must be a decimal
Integer, Thls argument s meanlngful
only it all 1nput flles are in the

Storage Systemy, 50 that trhe total input
flie slze c¢an be obtalned by the Sort.

specifles that the string slze (as
produced durlng the presort) s to be g
bytes. The argument § must be a decimal
integer, and must be 1less than the
system maximum segment size. The actual
slze of any string may differ somewhat
from Ss since the tength of the last
record Inserted into the string may not
exactly match the space avallable.

Merge order and string slze cannot both be
specl fled.

specifles that temporary flles wlll be left
initiated (but truncated to zero length)
after completior of the Sort. This argument
is intended for Jdse with performance
measurement and analysls tools which print
reference names,y, Ssuch as sample_refs.

If thilis argument ls omittedy, temporary files
will be deleted after complietlor of the Sort.

If -debug s specifledy deletion of temporary
files must be done expllcltly by the user.
Some temporary flles are 1In the process

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

are generated uniguely for each lnvocation of
the Sorty, and aiways contaln the string
“sort_".

(END)
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Namet merge

Sort/Mercge PLM

The merge command ls described in the Multlcs Programmers®
Manual, Commands
description iIncludes oniy additlioral optlonal control arguments
nhich are not described In MPM Commandse.

Usage

and

merge linput_spacs

wherest

3»

control_args

-time

-debug

Active Functions, Section TIII. This

output_specs controil_args

can be chosen from the foillowing (ln ‘additlon

to

those control arguments specifled [n MPM

Commands)?t

prints timing Information for the Merget
System load (hmu)
and for each phase of the Merge!
Elapsed time
Real cpu time
Virtual cpu time
Page faul ts
Paging device faults
Comparisons executed

{(Times are given In seconds.)

speclfies that temporary flles wlil Dbae
left injtiated (but truncated to zero
length) after comptetjon ot the Merge.
This argument [s5 Intended for use with
performance measurement and analysis
tools which print reference names,y such
as sample_refs.

If this argument Is omitted, tempgorary
flles will be deleted after completion
of the Mercge.

It -debug Is speclfledy deletion of
temporary flles must be done explliclitly
by the user., Attt temporary files are in
the process dlrectory. The names of atl
temporary flles are generated unljiquely
for each Invocatlon of the Merge, and
always contain the string “sort_"
{END)
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Name? sort_

The sort_ subroutine is descrined in the Multics
Programmers® Manual, Subroutlnes, Sectlon II. Thils description
Inciudes only additional entry polnts which are not described In
MPM Subroutlnes.

Entry? sort_sinltlate

The sort_sinitiate entry polnt s used when the Sort Is
“*driven'"™ by lts callar.e The Sort is sald to be drliven 11f the
caller supplies a procedure whilch calls {(or directly performs)
the lInput flile processing and outout flle processing procedurese.
Such a driver must have the following general forms

call sort_sinitiate(arguments);
call input_flte_proc(code);
call sort_scommence(code)}

cali output_tile_proc(code);

call sort_sterminate(code)}

where!

1. sort_ginitlate is the procedure of the Sort whlch must
be called flrst (It “Initlates™ the

\ Sort).

2. lnput_ffle_proc ls an iInput_flle procedure, as speclfled
in the description of the sort_
subroutline In MPM Subroutlnes. Instead
of calling an lnput_flle procedure, the
driver may perform the necessary
functlions directly.

3. sort_scommence is the procedure of the Sort whlch must
be called when the lnput_flle procedure
has completed releasing records to the
sorting process (1t “commences" the
merging process) . See the entry
sort_tcommence below.

G outout_file_proc is an output_file proceduresy as
specified in the descrliption of the
sort_ subroutine In MPM Subroutlnes.
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Instead of caltlng an output_flle
procedurey, the driver may perform the
necessary functions directliy.

Se sort_gSterminate ls the procedure of the Sort which must
be called when the output_fllie pDrocedure
nas completed retrleving recorcgs from
the Sort (1t "termlnates™ the sorting
process). See the entry sort_S$terminate
below.

The entry polnts sort_3inltiatey, sort_gcommence, and
sort_3terminate are speclflically deslgned to be wused by CO0B80L
object programse They support the ANSI COBOL Sort/Merge Module,
Level 2 (the SORT, RELEASE, and RETURN statements).

Normallyy when called as a caommand (sort) or a3s a subroutine
{sort_), the Sort [tself contains the driver to perform the five
calls llisted above.

Usage

dci sort_tinjitiate entryl{char(¥*), otr, ptr,
char{(*), float bin(27), fixed bin(35));

call sort_sinitiate(temp_dirs keys_ptrs, exlts_ptr,
user_out_swy file_slze, code);

nheret

i. temp_gair is the pathname of the directory which wlil
contain the Sort's work flles. It +thils
argument is "y, then work flles will be
contajined In the user®"s process directory.

This argument should be used when the process
directory will not be {arge enough to contain
the work flles. The get_dir_ tunctlor may De
used to obtaln the name o0f the user®s current
working directory. (Input)

2« keys_ptr is a polnter to the keys structure, which
describes the key fleids to be wused for
ranklng recordse. Thls structure [s Jdertjcal
to that speciflied wunder the heaalng Keys
Structure In the description of the sort_
subroutline In MPM Subroutines, Sectlon 1II,
If the wuser ls supplylng a compare exit
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3.

Ge

5.

o it e e s v ettt e

exlts_ptr

user_out_sSw

file_size

Sort/Merge PLM

procedure, then keys_ptr must be null and the
compare procedure must be speclfled In the
axlts structure, (Input)

Is a polnter to the exits structurey, which
speclfles whlch exit polnts are to be used
and glves the entry point names of the
corresponding user supplled exit procedurese.
Thls structure is ldentical to that speclfied
under the heading Exlts Structure [n the
descriptlion of the sort_ subroutline In MPM
Subroutines,y, Sectilon I1I. If no exits are to
be usedy then exlits_ptr must be null. It the
compare exlt is speclfled, then keys must not
be descrlibed. {(Input)

speclfles the destination of both the Sort's
summary report and dlagnostlc messages for
arrors detected in the arguments to
sort_sinitlate, (Input)

This argument may have the followlng values!?
s = wrlte the summary report and

diagnostic messages via the I/0
snwitch user_output,

H

do not wrlte the summary report
and diagnostic messagese. If any
errors are dlagnosed,
sort_8Sinltlate will return wlth
the status code bad_arg but
Information about the number and
nature of the errors 1Is not
aval lable.

ll-b ' "

1]

write the symmary report and
dlagnostlc messages via the I/0
switch named switchname. Thils
swltch must be attached and cpen
for stream outpute.

sWltchname

is the total amount of data to be sorted, in
milltlons of bytes. If thls argument |5 zero,
the default assumptlon is approximately one
mililon bytes (file_size = 1.0). (Input)

The file_slze argument is used for
optimizatlon of performances} the actual

Page 96



Sort/Merge PLM ) . Sort/Merce PLM

amount of data can be conslderably larger
wlthout preventing the Sort from completing.
The maximum amount of data which can be
sorted Is (in bytes) approximately 6 mllilon
times the square root of flle_slze.

6. code Is a standard Multlcs status code returned by
sort_3inltlate. Possible wvalues are Illsted
below under the headlng Status Codese.
{Qutput)

Enicy Varlables

Entry wvarlables 1In the exlts structure should be set
(elther lnitlalized or assligned) by the procedure which calls the
sort_lnitlate entry polnt.

Cleapup Handiing

In order that the Sort can be terminated prooerly In case of
an abnormal exity, the cleanup procedure of the caller of
sort_sinitiate must Inciude a calt to the entry point
sort_Sterminate.

S1atus codes

The following status codes may be returned by sort_sinitlate
(all codes are |n error_tabte_)1t

0 Normal return (no errors).

bad_arg One or more arguments specifled to
sort_$initlate, Including the keys and exlts
structuresy was Ilnvalld or inconsistent. The
Sort wlli have previously written dlagnostlc
messages as directed by the user_out_sw
argument. The sorting process itself has not
been started.

fatal_error The Sort has encountered a fatal error. The
Sort wiltl have previously generated a
specltic error message and slgnalted the
sub_error_ conditlon vla the sub_err_
subroutline.
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out_of_sequence

Sort/Merge PLM

The call to sort_gsinitiate s not In the

sequence required by the Sort; @eJes
sort_3%initlate has been called after
initliation of the 3Sort but before normal
termination of that invocation via a call to

sort_3sterminate.
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Entcyt sort_3commence

The sort_gscommence entry point must be called after the
driver of the Sort has completed lts lnput_flle procedure. See
the entry polint sort_ginltlate above. The call to sort_s$commence
Informs the Sort that end of input has been reached. Upon return
from sort_$commence, the driver can begln lts output_fltle
procedures,

Usage
dci sort_scommence entry(fixed bin(35))3
call sort_scommencef(code)
where code |[s a standard Multics status code returned by

sort_gscommencee. Possliblie values are 1{lsted below under fthe
heading Status Codes, (Qutput)

3tatus Codes

The ftollowing status codes may be returned by sort_gcommence
{all codes are In error_tabte_)!

0 Normal return (no errors).

fatal_error The Sort has encountered a fatal error during
the sorting process. The Sort witl bhave
previously generated a specltlc error message
and slgnaltlied tre sub_error_ conditlon via
the sub_err_ subroutine. ’

out_of_sequence The call to sort_scommence is not |{n the
sequence requlred by the Sort; €eJay
sort_gcommence has been called before

sort_ginltiate.
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Entryt sort_sterminate

The sort_gtterminate entry polnt must be caited after the
driver of the Sort has completed its output_file procedure. See
the entry point sort_g$inltlate above. The call to
sort_3$terminate Informs the Sort that the current execution of
the Sort |[|s complate. Upon return from sort_gterminate, the
caller can iInltlate another execution of the Sorte.

Usage
dci sort_sterminate entry(fixed bin(35));
call sort_gterminate(code)}
where code ls a standard Multtics system status code returned by

sort_gsterminatee. Possible wvalues are {isted below under the
heading Status Codes. {(Qutput)

atatus Codes

The foitowlng status codes may be returned by
sort_g$terminate (all codes are [n error_tandle_):

1 Normal return (no errors).
out_of_seguence The call to sort_3stermlnate s not In the
seguence requlired by the Sort; €eQey

sort_3%termlnate Fras been called before
sort_3injtiate.

(END)
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