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1

161

The mésortesystem (merge disc sorting) is intended for fast
sorting of records In an RC8000 backing storage area. The sy-

stem consists of a procedure, misortproc, and a program,

mdsort, with the same function, so it may be used either from

an application program or directly from a job file. An abse

tract of the system is given below:

File Conventions, 161
See ee ee ee,

Input to the system is ea file blocked either in algol format
or in SQ-format (ref.2). Qutput will be stored in a file in

the same format as that of the input file, and mey be the

same as the input file, another user file, or a file created

by the system. Scope rules are explained in section 2, and 3.

The user may specify a blocklength of the output file, which @
differs from thet of the inputfile. The maximm blocklength

is 40 segments.

The length of the file is given either es the number of file

records to be sorted or as an end of file record, The first

possibility is recommended as it gives the most efficient

sorting.



Record Conventions, 
1.2

Records may be of either fixed or variable length, The formatis thet of the algol high level zone procedures, (Ref.1). The
length is the blocklength,

A record key may be composed cf up to 50 key fields in the
program and 169 in the procedure, Their types may be 12-bitsinteger, 24-bits integer, 48-bits teeger, 48-pits real, or
12-bits positive integer, (Text Pields may be handled ss the
second, the third, or the fifth mentioned type). Each key
field can be used in either ascending or descending mode. The
mutual order of the key fields is free.

The address of each field mst be specified within the maxi-
mun record length, and the highest priority key field be
present in every record, If some key fields are not present,
they-will be substituted by the value 0.

Synonymous records will appear in the same order in the out-
put file es in the input file.

Sorting Strategy. 
1.3

The basic sorting method is the merge technique: sorted
strings of records, as long as possible, are generated by in-
ternal sorting during the first reading of the input file,
After that, these strings are merged repeatedly until only
one sorted string is left, The internal sorting method is the
heap as referred in ref,3,

The system will try to minimize the sorting time by variation
of mergepowers, and blocklengthes for workareas, by use of
Single- or double buffering, and by utilization of two discs,
if possible,

System Requirements, 
14

ee Cee ee em meme

The merge technique requires 2 backing storage areas able to
hold the file, Qne of these may be the input file, if the sy-
stem may clear it.

The minimm primary storage requirement is about 15000 helf-
words for blocklengthes of 2 Segments, but it is emphasized
that this amount will glve a very inefficient sorting. 30000
to any size would be more appropriate, depending on the deta
volume.



Purpose. rd
Mdsort. marje_aisc sorte igs a sorting program for fast sorting of

one digc file holding records of either fixed or variable length.

File format.

Kecorus of fixed length are handled by means of inrecé/outrects

records of variable length are handled by invar/outvare

The number of recoras of the file is either sypplied by the

sa system (contents = 21) of given in the catalog entry cf the

input files:

inputfilesset <segments> <disc name> <number af records>

or by a special end of file record,

Method. ; r )

Tne pragram is based upon the external algol procedure mdsortproc.

This procedure performs the sort in 2g dhases;

4: The input file js reade and sortea strings of the maximum

length are output consecutively tn one are@a.

2: The strings generated in phase 1 are merged together in

the neeced mumber of passes,

The procedure wilt optimize the sorting by variation of the number

of passese the blocklengthse and the number of sharese and by ytin

lization of 2 discs if available.

The mutual ordering of records with equal values in all keyfields:

1e@. SyNonymse 1S not changed by the sorting if the maximum

record length is less than 2046,

Requirements.

The merge technique requires 2 backing Storage areas able to Nold

the data,

One of these areas can be the input file if the program is allowed

to clear it.

The job process Must Own at least @ message pyffers, but the

computer can pe utilized harder with a greater numbers, up ta

@bout 20. especialiy with great core size.

The safe minimum core size is given in halfwords by the following

expression:

12000 + 542*Cinputblacklength * outputblocklength)

+ &emaxlength + 48&*noofkeys,

The blocklengths are given in segments, (512 halfworas), and the

Maximum recordiength in halfwords,

Tne minimum core size for blocklengths of 2 seaments is thus about

15090 nalfwordse Dut ft is emphasized thar this core size will @

Give a very inefficient sorte 39000 to any size would be more

appropriater depending on the data volume.



Example of program call.

For a more exhaustive definition, see the next section,

masort inefilet outefile2 » input and outout files :
block.2 * input 4nd output olocklengths in

: * segments. :
Vare3s% * variable reclengths max 34 haltwe:
long.8 + first sorting criterion, ascenging
real.20,¢0 * seconds descending
absnalf.,11.16.0 * Criterion 3, 6 unsigned halfwords
word.10

ProGram call definition.

Tn@ program call consists of the following parts:

TMGsort <sortfiles> <sortsnecifixations

Both <sortfiles> and <sortspecifixation> are groups of fp=parameters
e whicn wilt be defineao in the sequel.

sorttfiles.

Fowparameters defining input and output,

<sortfiles>:is ine<input file> (.cleardu/st

OuteSoutput file> (.<outout dise> (.<scope>)0/1 )0s/1

<inout file>. <outout file>. ana <output discaris <name>

<scope>::= temp ! login !| user ! project

The sianartyure 0/1 means tnat the orececing quantity can Ce omit

ted.

The clear parameter defines, whether the input file shoyld be
Cleared or note The parameter may be necessary in Connection with

e great data volumes.
The output file is Creared by the program, anu placea on the

Cutout discs if this naramerer is given,

If tre outoyut disc is specifiea the scope of the output file
will Ge either temo or the scope specifiea,

If an output dise is not specified the name of the oytout file

is looked up with two possible results:

1. a file witn this name does not exist on scone temp to project.

In this case tne output scope witl be tems and the aisc for

the output file is selected according to the most efficient

sorting strategy.

2, A file witn this mame exists om scope temo to croject.e

Tne name for tne output disc ana the scope for the output

file is fetcnec from tnis file.

In any case all tiles of the name of tne outrut file on scone

temoe Logins or of a scope not greater than tne scope selectéeu

for the output file» will De removed with a warning pafore the

@ sorting starts (or in mdsortproc if it is the input file).



Fo-paranerers defining the details of the sort.

<sortsoecification>::2

plockecinput blocklength>(.<output blocklength>d9/1

<fix or var>.<maxlength>

( eof.<eof 1>,<eof 2> )0s/1

( spill.s<yes or no> )0/1

<keyfiela> t/n

<invoygt blocklenath>s ana <oytnut blocklength>s::5 <integer>

Two integers specifying tne olocklengths of tne input file ang

the final outeut file as a number of segmentse (512 halfwords).

The maximum blocklength is 4U segments.

If only one integer is specified.» this value is ysed as both
input and output blocklength.

<fix or var>s:= fix ! yar ! vac

Defines wnether the records of the input file was Created by

outrec or by outvare

vne means invat without checksum,

<maxlengtnrr:= <integer>

Defines the fixed or the maximum length of a neCorc measured in

halfwords,

It must be evens anc not less than 2,

It is important for the efficiency of the sort that maxlength is

given as accurate 4s possidle in case of yartabdle record Length.

<eof 1>, and <eof 2>::= <integer>

This parameter is mainly of historical significance and ig is

mot recommendable for new systems.

Normally the mumber of records contained in the input file shoula

be either supplied by the sq system or given in the catalog entry:

inputfilesset <segmentss <dist> enumber of records>

But the end of the input file may for a non sq file be specified

by 8 special record haying <eof 1>+ and <sof 2> as the yalues of

the fimst 2 wotds of the uSef Dart of the PeCords, je@us Hal fword

1 to 46 of fixed Lengths and halfword 5 to 8 of variedle length

records.

The mumder of sorted records is inserted in the catratog entry

of the output filer and an end of file record is weitten at the

end of the file if eof is used and not sq file.

spili.<yes or no>

With spill.mo the stanaard check of integer and peal overtlow is

switched off. But more that an overflow in che Comparison of keys

may yield an invalid sorting.



<keyfield>r:= <type> .<firstaddr> (,<lastaddr>)0/1 (,descending)0/1

This is the specification of one keyfield,

The order of specification gives the priority of tne keyfields.

<type>iis half ! wora | long ! real { abshatf

The types correspond to tha types 1 to 5 in the internal sorting

system of rc8000 algol.

<firstaddr> and <lastaddr>::= <integer>

Specifies the position of the keyfieid as for a field yariabie.

The keyfield must be entirely within a maximum length record

and only a half of abshalf keyfield may haye an odd position.

The keyfield Consists of at Least one simple fiela of the type

specified. This field will have <firstaddr> as the field address.

If <lastaadr> is ysede it must have the value:

<lastaddr> = <firstaddr> + (nm = 1) * typellength

where n is the Number of simple keyfialds and typewlength the
Length of one simple fielae 15 22 or 4&4 halfwords,
The: comoosite keyfield counts as n in the calculation of number

of Keys (noofkeys).

The maximum value of noofkeys is 50,

~descending

Tf the sorting orcer should be descending, this parameter myst

be used.

Note on the syntax of the fosparametérs,.

The {ndividual parametergrounpsS May occur {Mm any order,

A Oarametergroup is defined as a sequence of parameterss

separated by points.

The Last occurrence is used except for the xeyfieldse where

all occurrences and their mytual ordering is significant.

Only the first 3 characters of the keywords are checked, so

for examDle outyut can be used instead of out and oOlok in=

steaaqa of block.

For in and cescending only the 2 first ana the first cham

racter is checked. and for out and block the forms ud ana

seam are allowed,

Variable Length recorcs.

The sum check facility of invar ig used during the reading of the

input file, unless the parameter yne is used instead of var.

The record length myst not excede maxlengtnr and it must be even.

The recora length myst not pe less than & and not less than the

position of the first keyfield.

Some of the keyfielas of a short record may in fact be situated

Outside the record,

Such a record is sorted as if all the bits of keyfields outside

the record were equal to zero,



Sq system files,

If the contents key of the catalog entry of the input file
fs equal to 21. ft is supposed that the file canforms to the
conventions of the sq file system,

In this casas the block paramerer is Mot necessaryr and the
eof parameter is irrelevant,

The Blocklength and number of records of the inout file is
supplied by the sq system (opensa).
The output file will be created as an sq filee either with the
same blocklength or with the blocklength specified,

Printed output and the execution of the program.

1. The program catl is Listed on current output.
Two different errorindications may be printed among the

fo=parameters: :
<*> the Preceding fo=parameter is illegal.

<*< the preceding parametergroup is incomplete.

2. Alarms are printed if the accepted ftoeparameters are incomplete,

3. Tne input file is logked ups and the mame, the tail of its
Caralog entrye and its scope is printed,

4. If any errors have been detected up to this points the syn is
stopped by 2 runtime alarm setting the ok-ebit false,

3. ALL files of the name given for the output file which haye to
be removed before the sorting are looked yp and shown in the
same way as the input files just before the removal.
The first of these files may actually be the input files
it is not remoyed at this point but in mdsortproc as jf
the clear parameter had been ysed,

6. The text: sort start: is printed Just before the call of the
sorting procedure mdsortproc.

7. The sorting may be stopped by a runtime alarm from mdgortproc.

8. after return from mdsortoroc the text: sort ok: is printed.

9. The output file is scoped and looked up.

10. The numoer of segments and records pfoduced in the gutput file
and the real time and the cpu time is shown,

11, If any errors occurred at 5. or 9, return is performed by a
runtime alarms otherwise the ok=bit will be true.



Alarms,

Tne possible alarmsources are multiples byt the user errors shoula

be cauaht by either mdsort or mdsortproc.

Tnese alarms are preceded by the text: *t#*mdsort alarm: and

**eemasortproc alarm; respectively.

*t*musort alarm:

error in fowparameters: <n> wrong parametergroups

ina<inputfile> not given

Out.<outoutfile> not given

Block.<blocklenatnh> not given

fixes var or vnc.<maxlength> not given

no Kxeyspecifikatioan

more than 50 keyfields

negative number of records from tail(6)

inoutfile does not exist

no resources for scope of outputfile

monitor procedure: <n> result: <r>

These alarms are supposed to exnlain themselves.

The Last one concerns peculiar results from calls of monitor

procedyres and should not occur.

*eemdsortoroc alarm:

Slarm text. alarm integer. Comment

param 1 wrong input blocklength,

3 Wrong Output bDlocklength.

5 Wrong Mmaxlangth.

lal nNoofkeys > maxlength.
keyfield keyfield no. illegal position of keyfieta.

intile rail cd) input file is not am area,
retengtn record lengtn illegal variable lengrn.

remove monitor result input file cannot be claaren,

size “lacking halfwe the size of the job myst be in=

Creaseqd so MuCh Oefore masortprac

will do the sorting,

Gisc slacking entre. too few catalog entries in main

catalog.

segments Mot enough segments for one work

file of this size.
Cut dise -1 the output Gise is not mounted.

segments Not room for file of this size on

the output aisc,

Tnreqereset had DassnuMber Normally spill in key Comparison.

1n adtition a@larms from opensq or stderror May occur if file

or recora formats are strongly illegal.

Tne alarm relengtnre and stderror alarms occurring during the

reaving of the inout file are also preceded Dy a liner soem

cifying the mumber of input records accepres Cefore rhe error

was detected.



Purpose. e@

Mdsortoroc., mergediscisortingwprocedurer is a procedure,

intended for fast sorting of one backing storage area,

The procedure can ve called from a program coded in algol or

fortran for RC 4000, RC 6000, and RC 8000,

Function,

The procedure softs @ backing storage file holding records of eicher
fixed or variable lengths using Datking storage throughout.
The basic sorting method. is the merge technique:
Sorted stringse as long as possible» are generated by internal sore
ting during the first reading of the input file.
Atter thats these strings are marged repeatedly until only one sorm
ted string is left,

The procedure will try to minimize the sorting time by variation of @
mergepowerss blocklengths,s use of single= or double-bufteringe and

by utilization of two disc-stores, if available.
The procedure needs in total a backing storage area of about twice
the size of the data to be sorted.
It can be specified that the input file shalt be clearedy g0 its
@rea Can be used for the merge.

The free cores when the procedure is callede must be more than
about 10000 halfwordss depending on the Dlocklengths and recora=
lengths specified,

The vatue of 10000 is valid for Blocklenoths up to 2 segments.
The sort can use any amount of free core to speed up the sorting
and room for a work file on two different discs will redyce the
time for input output.



Call,

@ mdsortoroc

param(1:7)

Param(1)

param(2)

@ param(3)

Param(4)

param(5)

param(6)

param(7)

11

(param, keydescre names, eofe noofrecs,

result. explanation)

(call values integer array)

This array holds various parameters of type integer

and type booleanse describing the files and the

racords,

segsperinblock, —

Blocklengtn of the input files given as a number

of segments. 1 <= segsperinblock <= 40,

Supplied by sq system ff contents = 21.

Clearinout.

1: The input file is cleared. anc its area can be

used for the merge,

0: tne input file must mot be cleared,

segsperoutblock.

Blocklength of the final outmut filer given as a

number of segments. 1 <= segsperourblock <= 4060,

If param(3) = 0 « segsperoutbdlocki= segsperinblock.

fixedlength,.

13: Fixed recorjlength. Inrecé/outrec6 are useds

0: variable recordlength. Invar/outvar are ysed.

23; variable recordlength but no checksum.

maxlength.

The maximum lenatn of variadle Length recordsse and

the length of fixed length records, measured in

hal fwords, .
Maxlength >= 2 and maxlengh <= segsperindlock « 512

and maxlengtn <= segsperoutrlock * 512,

Maxlength must 2e even.

It is important for the efficiency of the sort

that maxlengtn reflects the real maxymum Length

of yartaple length records.

noofkeys.

Tne number of keyfields in the sorting Kkeye

1 <= mocfkeys <= maxlength ann <= 16%,

concerns the reaction on resource troubles.

O: Resource troubles will not stop the executions

tne procedure returns with result > i.

<>U3; Resource troubles causes runtime alarm.



keydeser(1

noofkeys,

names(136)

names(1:2)

names(3:4)

names(5:6)

132)

(call value, integer array)

The description of the sorting key.

Keyfield mn is snecified as: */= types position,

in keydeser(n, 1:2),

The. type ranges from 1 to Se indicating: signed

halfword, integers Longe r@als, or abshaltword.

The sign of the type specifies the sequencing:

*+ for ascending: and = for descending order.

The position of the keyfiela is specified as the

number of tne last halfword in the fielae as for

algol field variables.

The position may not exceed 2047.

The entire xeyfield must be within @ maximum Langtn

record,

The length of yariable length records must not Ce

less than the position of keyfield 1+ ¢he highest

priority keyfield.

records having equal values in all keyfjelds are

sorted according to their occurrence in rhe input

files ise. their mutual order is not Changed.

In connection with very long records (maxlengths

Daram(5) >= 2046) the facility is switcned off.

(call and return values real array)

Contains 3 file and disc names.

inputfile.

The name of a backing storage area,

The procedure assumes that the size of the area re-

flectS the amount of data to pe sorted,

outputfile.

If names(3) = real<s::> then the name of the outpyt=

file is returned in names(3:4). otherwise tha name

Given is used for the final output file.
An axisting file of this name on scope temp is

Cleared without warnings just before the and,

The sort is not able to use the resources Of such

a file,

outdisc,

Tf names(5) = real<:i> then the output disc is

selecred according to the most efficienr strategy.

otherwise the disc specified is used.
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eof (call valuee real)

If the parameter noofrecs is negativer then the

@ end of the input file fs indicated by a record
holding the bitpattern given by eof im the first

4 halfwords of the userpart. Halfword 1 to 46 in”

case of fixed length and halfword 5 to 8 in case

of variable length records.

The final output file is terminated by an end

of file record of maximum length tn this case.

noofrecs (call and return valuer integer)

- If noofrecs fg non negatives then the number of

records in the input file is given by the value of

noofrecs and an eof record is not created.

The number of sorted records is returned im any

case in this parameter,

with an sq file noofrecs <= 0 means that noofrecs

is suppliea by the sa systems noofrecs > 0 means
that only this number of records are to be sorted.

@ result (return value, integer)

The value of result specifies the result of the

call of the procedure,

In generals resource problems will yield a result

different from 1+ whereas errors Concerning the

Parameters or hard errors wilt stop the execution
by a runtime alarm,

If param(7) <> 0 only result = 1 will occur, the

Other results are transformed to alarms,

explanation Creturn valuer integer)

The value of this parameter should give a further

explanation of result. See the next section.

Sa system files,

If the contents key of the catalog entry of the input file

is equal to 21, it is supposed that the file confcrms to the

conventions of the sq file system,

The output file will be created as an sq file 4s well.

Results.

result’ explanation Comment

t segments Output the sort was ok

rd “Lacking Core halfwords not sufficient Core

3 see alarm gisc not Sufficient backing stofaye

4 see alarm out dise backing store specified by names

(5:6) does not exist or has too

few Pesources,

Kesults > 1 are only given if param(7) = QO.

@ The parameter noofrecs will contain the number of sorteo records
if resylt = 1 + Otherwise it is unchanged,

The output file wille provided result = 1, be cut to the minimun

sizer and tail(o) of the catalog entry wilt contain the same

value as noofrecse if not sq file.



The available amount of core storage before the call of the proce=
Gure must satisfy the condition:

free.hal fiwords

> 7009

+ 512*(segsperinbdlock + segsperoutblock)
+ Gemaxlength * 24*noofkeys,

The procedure requires as working areas two dis¢ titles of the
size of the input file,
This means in the case when the input file is remoyed that
the procedure must be able to create one work file of thar size.

If the input file is not remoyed the procedure must be able
to create two work files of the size of the input file.
If an output dis¢ is specified this disc must be able to
hold the final output file.
already at the Deyinning of the procedure it is Checked that
the cutout disc is capable of holding a tile of the size of the
input file, (this is of course the case if the inputfile is
placed on the disc specified and has to be removed).
the blocking of records may be changed by the sortings so the
Output file may have a greater size than the input file,
work files are kept at minimum size by concatenation of the
records without regards to block limits,

The procedure needs 2 catalog entries, 2 area Processes. and
1 message buffer. So» the job process should at least be the owner
of 4 area processes, and 2 message buffers.
But it is recommended to haye a greater number of messace Syffers,
(10 to 20). especially in the case of a sort of smal records,
Cabout 2 to 20 halfwords)» with great core siz.

Varjable length records,

The Sum check facility of invar is used duting the reading of the
tnput file if param(4) = 0 (invar with checksym control),
The record length must not exceed maxlength,
The minimum record length is given by the greatest of the two yval=
ues: 4 (Cif noofrecs < 0 then 8) and keydescr(1s 2),
Thus some of the keyfields of a short record may in face be situ-
ated outside the record,

Such @ record is sorted as if all the bits of keytields outside
the record were equal to zero, 

.



Alarms,

15

Parameter errors and hard file errors will stop the run with a fun

time alarm,

alarmtext

caram

keyfield

create

Lookup

change

rename

remove

infile

e.lengotn

Passes

reccount

size

disc

Out disc

trap

nrecs sq

The alarms;

in case param(7)

with exolanation will be given,

index alarms may o¢ture

and alarms from opensa or stderror méy ocCure

In addition.

incorrectly declarede

integer

param number

keyfield

monitor result

monitor result

Monitor result

monitor result

monitor result

tail)

record length

20

record count

“lacking nalfwords

“lacking entries

segments

1

segments

passnumber

noofrecs

sizer

<> 0,

if file or record formats are

Alarms,

texte

number cf

Tne alarm r.length.

ding of the

input

with the exception of

*eexemdsortproc alarm:,.

input file are also preceded by a line,
records accepred before the error was detected.

dis¢ and out dis¢ (resources?)

otherwise the corresponding resultse

illegal or

index alarms.

and stderror alarms occurring during tne

comment

error at param(param number)

illegal position or type of keyfiald

<integer>,

abnormal result in call of the mone

itor procedure Create entry.
abnormal result from lookup entrye

This alarm will normally indicate

that names(1:2) dcoes not specify a

Catalog entry.

abnormal result in cakl of change

entry. Should mot occur,
it is impossible to rename the final

Output file te names(3:4),

abnormal result in call of remove

entry. The alarm will normally con

cern the original input tile.

Mames(1:2) goes not point to a catalog

entry describing an area,

variable length record of a length

Greater than maxlength. less than key-

descr(1+ 2)6 of tess than &

the sort could mot be done in 20 mer-

Qing passes. This alarm should never

occur,

this is @ hard @rror or a programming

@rror. The counts of pecords in the

first pass and the laste are not

equals the last count is shown.

Not enough Corée

too few entries in main catalog.

Mot enough seqmentse the yalue

of segments is the size of

one workfile,
the wanted outPut disc is not

mounted,

Mot room for one workfile on the
wanted output disc,

normally spill in key comparison.

param noofrecs > records in sq file,

will only Se given

2 to be

if tne parameter arrays are

in case of hard errors.

are preceded by tne

rea-

sdecifying the

if eof used,
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RETURN LETTER

Title: RC8000 Backing Storage Area Sorting RCSL No.: 31-D562

mdsort - mdsortproc

A/S Regnecentralen af 1979/RC Computer A/S maintains a continual effort to im-
prove the quality and usefulness of its publications. To do this effectively we need

user feedback, your critical evaluation of this manual.

Please comment on this manual’s completeness, accuracy, organization, usability,

and readability:

Do you find errors in this manual? If so, specify by page.

How can this manual be improved?

Other comments?

Name: Title:

Company:

” Address:

Date:

Thank you 42-4 1288
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