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SORTBS is a program which sorts a disc file holding records
of either fixed or variable length.

The output file is delivered on the scope specified.

The sorting is performed by means of the external algol procedure
SORTPROCBS which delivers the output file on scope temp.

It is the hope of the author that the current versions of mdsort
and mdsortproc in a short time will be replaced by sortbs and
sortprocbs.

In a period of about a year the md- and bs-versions will coexist
with identical content, and after that the names sortbs and
sortprocbs will be removed from the SYSTEM80 system tape.

Note that the new type 'absbyte' is not yet available in user-
programs through sortprocbs as the official version of the
internal sorting system has not yet been updated.
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Purpose,

Serths, sOort_LACKkiNU_storaue, is a sorting program for fast
sorting of one <izc file heolding records of eitner fixed or vari=-
abtle lemgth,

File formar,

Fecords of ftixed {ength are handled hy means of inrech/outrecs,
reccerds of vartable lemzth are handled by invar/outvar,
Tre lergeh of a file 15 either given in the catalong entry of the
input file:

inputfilesset <segrents> <storage deyice> <number of records>
or by a svecial end ot file record. See the call defimition Delow.

‘theou,

The program 15 basead upon the external algol procedure sortprocbs,
TH‘IS Drocedure DE‘!‘fCM".S trhe s5art in 2 ;}hasg5=

1: The input file is read, and sorted strings of the maximym
length are outout consecutively in one area,

2: The strings aererated in phase 1 are merged tagether in
the needeg nurher of passes.

The procedure will oOptimize the sorting by variation of the nmumber
of passess tne blocklengths, and the numper of shares, and by uti=
Lization of 2 disc stores if available,

the mytyal ordering ot records with ecual values in atl keyfields,
1., synonyms, is not changed Dy the sorting.

Muirerments,

The merge technicue reauires ¢ tbackimg storaace areas able to hold
tre data,
One ot these areas canr ve the input file i1f the proaram is allowed
to clear 11,
The job nrocess myst nwn at least 2 message buffers, byt the
machine can e utilized harder with a greater number, up to
about 20, especially with great core size,
The safe minimum core size 1s given in bytes by the following
expression:

12000 + 512+« (inpyuttiocklength + outoythlocklength)

+ 4¥maxlength + 4i3*noofkeys,

The blocklengths are aiven in segments, (512 bytes), and the maxi=
mum recordlength in oytes,

The minimum core size for blocklengths of 2 seagments §s thus about
15060 bytess but it is emphasized that this core size will

nive a very inefficient sort, 30000 to maxsize would be more
appropriate. depending on the data volume,
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—btxample of program call.
For a more exhaustive definition, see the next section,

sorths tn.fr el out.filed + inmput and output files

plock,? ¢ input and output blaocklemgths in

¢ Segments,
var,so » variable reclength, max 34 bytes,
lona, s v first sorting criterion, ascending
real.2f.n ¢+ second, descending
absbyte 11, 16,49 » Criterion 3, 6 bytes without sign

WO ra, Tl

Program call definition,
The oroaram call consists of the following parts:

sortbs <sortfiles> <sortspecifikation>

Both <sortfiles> anu <sortspecifikation> are groups of fp=parameters
which will be definedg in the sequel,

Sortfiles.
Fp=parameters defininyg input and output.

<sortfiles>:ii= inm,<input file> (.clear)0/1
out.<output file> (,.,<outout dise> (.<scope>)0/1 )071

<input tile>, <coutprut file>, and <outpuyt disc >::= <mame>
<sceope>::= temp | login ' user | project

The sianature (/1 meons that the nreceding quantity can be omit=
ted,

— The clear parameter defines, whether the input file should be
cleared or not, The narameter mav be mecessary in connection with
areat -Jate volumes,

The output file is created by the program, and placed on the

output giscy, 1f this parameter is aiven,

1f the cutput adisc is specifiea the scope of the output file

will bDe either temp Or the scope specified.

1¥ an output disc 15 nct specified the name of the outpnut file

is locked up with two rossiple results:
1, A file with this name does not exist on SCoOpe temp tO project,

In rthis case the ocutput scope will be temp and the disc for

the outout file is selected according te the most efficient
sorting strategy,.

A file with this name exists On sScope tembp toOo project,

The name for the outout disc and the scope for the output

file is fetchea from this file,

o]
.

In any case all files of the name of thne output file on scope

temp, togine: or of a scope lower than the scope selected for
" the cutout file, will bhe removed with a warning before the

sarting starts (or in sortprocbs if it is the input file),
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Sortsoecification,
Fosparameters getining the details of the sort,

<sortspecification>: ;s
block.<1rmnut nlocklength>(,<oytput blocklength>)0/ 1
<fix or var>,<maxlength>
( enf, <ect 1>,<enf 2> YUr11
<kgyfiel i» 1/n

<input blocklermgtn>, and <cutiut blockiength>::2 <irteger>

Two integers spec'fving the blockienaths of the input file and
the final output file Aas a nurper of segments, (512 bytes).
The maximum blocklenath 1s 40 segments,

If only the input nlocklenath §s specified, this blocklength
is used for the output file as well.

<fix or var>::1= fix t var ! vnc

Cefines whether tne records 0f the inpyt file was created by
cutrec Or by outvar,
vnC means invar withecut checksym,

<maxlength>:;:13 <inteaer>

Cefines the fixed or the maximum length of a record measured in
Lytes,

It must be even, and not less than 2.

It is important for the efficiency of the sort that maxlerngth isg

given as accurate as possible in the case of variable recorg-
lenath,

<enf 1>, and <eof 2>::1= <inteqger>

If the eof parameter does not occurs then the length of the in=
put file is given by the content of the catalog entry of the file,
The word succCeeding the name of the disc storage deyice in the
tail of the entry must contain the number of records to be sor=
ted:

innutfile=zset <segrments> <storage dev.,> <number of records>
But 1f the eof parameter is given, then the file end of the in=
put file 15 defined Ly a special record having <eof 1>, and <eof
2> as the values of the first ¢ words of the user part of the
record, 1.e.,+» byte ' to 4 of fixed length, and byte 5 to 8 of
variabl{e lergth recordas,
The numiber ¢f sorted records is always inserted in the catalog
entry of the output ftile, and an end of file record is written
at the end of the file if eocf is used,
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<keyfield>::= <type>,<firstaddr> (,<lastaddr>)0/1 (,descending)0/1

This is the specification of one kevfield,
The order of specification gives the bpriority of the keyfields,

<type>::= pyte | word 1 long t real | absgsbyte

The types correspond to the types 1 to 5 in the intermal sorting
system of rcé&l00 alaol.

<firstaddr> and <lastaodr>;:= <integerd>

Specifies the position of the keyfield,
The kevfield must be entirely within a maximum length record
and only & byte or absbyte keyfield may have an odd position,
The keyfield consists of at Lleast one simple field of the type
specified. This field will have <firstaddr> as the field address.
[f Klastaddr> is used, it must have the value:

<{astadar> = <firstaddpr> + (n = 1) * type.length
where n is the number 0of simple keyfields and type.length the
Length of one simple field, 1, 2+ or 4 bytes,
The composite keyfield counts as n in the calculation of number
of keys (noofkeys),
The maximum value of nmoofkeys is 50,

.descending

1f the sorting order should be descendings this parameter myust
be used.

Note on the syntax of the fp=parameters,

The individual parametergroups may OCCur in any order,

A parametergroup is defined as a sequence of parameters.
separated by points.

The last occurrence is used except for the keyfields, where
all occurrences and their mutyal ordering is significant.
only the first 3 characters of the keywords are checked, so
for example output can be used instead of out and blok in=-
stead of block.

For in and descending only the 2 first and the first cha-
racter is checked, and for out and block the forms yd and
segm are allowed.

Varjable length records.

The sum check facility of invar is used during the reading of the
input files, unless the parameter vnc 15 used instead of var.

The record Length must not excede maxlength, and it myst not be
0dU.

The minimum record lenath is given by the greatest of the two val-
ues: & and the position of the first keyfield,

Thus some of the keyfields of a short record may in fact be situ-
ated outside the record, .

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



Standard program sortbs page 5

Bs system files,

If the content field of the catalog tail of the input file
is eaual to 20, it is supposed that the file conforms to the
conventions of the bs system developed at suUs.

In this case, tne block parameter is Not necessary, and the
eof parameter is irrelevant,

The irmput file is read with the blocklength specified in

the catalog tail., and the output file is written with the
same blocklength if the block parameter is absent,

Printed output and the execution of the program,

1. The program call is listed on current output,
Two different errorindications may be printed among the i
fo=parameters: ,
<*> the preceding fp-parameter ig illegal,
<*g the preceding parameterqroup is incomplete,

2. Alarms are printed if the accepted fp-parameters are incomplete,

3. The input file is looked up, and the name, the taii of its
catalog entry, and its scope is printed,

b o I'f any errors have been detected up to this point, the run is
stonped by a runtime alarm setting the ok=bit false.

5 AlLL files of the name given for the output file which have to
be removed before the sorting are looked up and shown in the
same way as the input file, just before the removal.

The first of these files may actually be the input file,
it is not removed at this point but in sortprocbs,

6, The text: sort start: is printed jyst before the call of the
sorting procedure sortprochs,

7. The sorting may be stopped by a runtime alarm from sortprocbs,
8. After return from sortprocbs the text: sort ok: 1is printed.
G. The output file is scoped and looked up.

10, The number of segments and records produced in the output file
and the real time and the cpu time is showh,

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



Standgard program sortbs page 6

Alarms,

The possible alarmsources are myltiples, but the user errors should
be trapoed by either sortbs or sortprocbs,

These alarms are preceded by the text: **+s50rtbs alarm: anpd
**x30rtprocbs alarm: respectively.

**ws0rths alarm:

error 1n fp~parameters: <n> wrong parametergroups
in,<inputfile> not aiven
out,.<outputfile> not given
block,<blocklength> not given

fix, var or vic.<maxlength> not given
no keyspecifikation

more than 50 keyfields

negative number of records from tail(s)
inputfile does not exist

no resources for scope of outputfile
monitor procedure;: <n> result: <r>

These alarms are supposed to explain themselves,

The last one concerns peculiar results from callsg of monitor
procedures and should not occur,

*rrxsOrtDrocbs atarm:

alarm text. alarm integer. comment
param 1 wrong input blocklength,
3 wrong output blocklength,
5 wrong maxlength,
é noofkeys > maxlength,
keyfield eyfield no, illegal position of keyfield.
infile tail(1) input file is mot an area,
r.length record length illegal variable length.
remove monitor result input file cannot be cleared,
size -lacking bytes, the size of the job must be jn=-
creased so mych before sortprocbs
will do the sorting.
disc ~lacking entr, too few catalog emtries in main
catalog,
segments not enough segments for oOne work
file of this size,
out disc -1 the output disc is not moynted,
seqgments not room for file of this size on

the output disc.

In addition alarms from stderror may occur if record or file
formats are strongly illegal.

The alarm r,length, and stderror alarms occurring during the
reading of the inout file are also preceded by a {(inme. spe=
cifying the number of input records accepted before the error

was detected,
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Purpose,

Sortoracbs, sort_orocedureHQacking_storaqe. is a procedure: in-
tended for fast sorting of one backing storage area,

The procedure can be called from a program coded in algol cor for-
tran for RC 4000, RC 4000, and RC 8000,

Function,

The proceduyre sorts a backina storage file holding records of either
fixed or variable length, using backing storage throuahout,

The basic sorting method, is the merge technique:

Sorted strings, as long as possible, are generated by internal sor-
tirg during the first reading of the input file,

After that, these strings are merged repeatedly until only one sor=
ted string is left.

The procedure will try to minimize the sorting time by variation of
mergepowers: blocklenaths, use of single= op double=byffering, 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 shall be cleared, so its
area can be used for the merge,

The free core, when the procedure is callied, must be more than
about 10000 bytes, depending on the blocklengths and recordlengths
specified,

The value of 10000 bytes is valid for blocklengths up to 2 segments,
The time for the sorting is inversely proportional te the amoynt

of free core, and it can in general be decreased if 2 back~

ing storage devices are available.



Algol fortran standard procedure sortprocbs page 2

Cald,

sortorochs

param(1:7)

param(1)

param(?2)

param(3)

param(4)

param(5)

param(6)

param(7)

(param, keydescr, names, eof, noofrecs.
result, explanation)

(call values integer array)

This array holds varjous parameters of type inteqger
and tvpe boolean, describing the fileg and the
records,

segsperinblock, .
Blocklength of the input file, given as a numper
of seaments, 1 <= segsperinblock <= 40,

clearirput,

1: The input file is cleared, and its area can be
used for the merqe,

O0: The input file must not be cleared,

segsperoutblock,
Blocklength of the final outpout file, given as a
number of segments. 1 <= segsperoutblock <= 40,

fixedlength,

1: Fixed recordlength. Inrecbé/outrecé are uysed,
0: variable recordlength, Invar/outvar are used,
3: wvariable recordlength but no checksum,

maxlength,

The maximum length of variable length records, and
the length of fixed length records, measured in
bytes,

Maxlength >= 2 and maxlengh <= param(1) * 512

and maxlength <= param(3) * 512,

Maxilength must be even, _
It is important for the efficiency of the sort that
maxlength reflects the real maximuym length of vari=
able length records,

noofkeys,
The number of keyfields in the sorting key,
1 €= noofkeys <= maxlength and <=z 169,

concerns the reaction on resource troubles,
0: Resource troubles will not stop the execution,
the procedure returns with result > 1,

<501 Resource troubles cayses runtime alarm,
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keydescr (1
noofkeys,

names(1:6)

rnames(1:2)

names(3:4)

names(5:6)

»
.

1:2)

(call value, integer array)

The description of the sorting key,

Keyfield n is specified as: +/= type, position,

in keydescr(n, 1:2).

The type ranges from 1 to 5, indicating: signed
byte. integer, long, real, or absbyte,

The sian of the type specifies the sequencing:

+ for ascending, and = for descending order.

The position of the keyfield is specified as the
numoer of the last byte in the field, as for algol
6 field variables,

The entire keyfield must be within a maximum (enath
record,

The length of variable length records must not be
less than the position of keyfield 1, the highest
priority keyfield.

records having eaual valyes in all keyfields are
sorted according to their occurrence in the input
tile, i.e. their mutual order is not changed,

(call and return value, real array)
Contains 3 file and disc names,

inputfile,

The name of a backing storage area,

The procedure asumes that the size of the area re=
flects the amount of data to be sorted,

outputfile, _

It names(3) = real<::> then the name of the output=-
file is returned in names(3:4), otherwise the name
given is used for the final output file,

An existing file of this name on scope temp is
cleared without warning,

The sort is not able to yse the resources of such

a file,

outdisc, _

If names(5) = real<::> then the output disc is
selected according to the most efficient strategy.
otherwise the disc specified is uysed.
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eof (call vatue:s real)
If the parameter noofrecs is negative, then the
end of the input file is indicated by a record
holding the bitpattern given by eof in the first
4L bytes of the userpart. Byte 1 to 4 inm case of
fixed length and byte 5 to 8 in case of variable
length records,
The final output file is terminated by an endof-
file record of maximum length in this case,

noofrecs (call and return value: integer)
I't noofrecs is non negative, themn the nmnumber 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 returmed in any
case in this parameter,

result {return value, integer)

— The value of result specifies the result of the
call of the procedure.

In general, resource problems will yield a result
different from 1, whereasg errors concerning the
parameters or hard errors will sStop the execution
by a runtime alarm,

If param(7) <> 0 only result = 1 will occur, the
other results are transformed to alarms,

explanation (return value, integer)
The value of this parameter should give a further
explanation of result. See the next section,

Bs system files,

[f the content field of the catalog tail of the input file
is equal to 20. it is supposed that the file conforms to the
conventions of the bs system developed at SUS.

In this case the outout file is terminated according to the
bs system, without the endoffile record,

ReSU[tS-

result explanation comment

1 segments outout the sort was ok

P -lacking core bytes not sufficient core

3 see alarm segments not sufficient backing storage

4 see alarm out disc backing store specified by names
(5:6) does not exist or has too
few resoyrces,

Results > 1 are only given if param(7) = 0,

The parameter noofrecs will contain the number of sorted records
T if result = 1 , otherwise it is unchanged,

The output file wills, provided result = 1, be cut to the minimum

sizee and tail(é) of the catalog entry will contain the same value

as noofrecs.
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Reauirements,

The available amounrt of core storage before the call of the oroce-
dure must satisty the condition:

freebytes >» 7000
+ 512+(segsperinblock + segsperoutblock)
+ a4x*maxlength + 24%noofkevs,

The procedure reauires as working areas two disc files of the
size of the input file,

This means in the case when the inout file is removed that

the procedure must e aole to create one work file of that size,

I'f the input file is not removed the procedure must be able
to create two work files of the size of the inout file.

It an output disc is specified this disc myst be able to

hold the finmal output file,

already at the beginninyg of the procedure it is checked that
the output disc is capable of holding a file 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 sorting, so the
output file may have a greater size than the inmput file,

Wwork files are kept at minimum size by concatenation of the
records without regards to block Limits,

The procecure nNeeds 2 catalog entries, 2 area pbrocesses, angd

1 message obuffer. So, the job process should at least be the owner
of 4 area processes: and 2 message buyffers,

But it is recommended to have a greater number of message buffers,
(1% to 20), especially in the case of a sort of small records,
(about 2 to 20 bytes): with great core size, ( > 20000 bytes),

fariable length records,

The sum check facility of invar is used during the reading of the
input file 1f param(4) = 0 (invar with checksum control).,

The record length must not exceed maxlength,

The minimum recora length is giyen by the greatest of the two val=-
ues: 4 (if noofrecs < 0 them 8) and keydesecr(1, 2).

Thus some of the keyfields of a short record may im fact be sity=
ated outside the record,

Such a record is sorted as if all the bits of keyfields outside
the record were equal to zero.
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Alarms,

Parameter errors and hard file
time alarm,

alarmtext

Daram
keyfield

Create

lookup

change
rename

remove

infile

r.length

passes

reccount

size
disc

out disc

fortran standard pbroceduyre

integer

param number

xeyfieldu
monitor

monitor

monitor
monitor

monitor

tail(1)

recorg

20

record Count

=lacking
=lacking
segments

-1

segments

length

sortprocbs page &

errors will stoo the rygm with a run

comment

error at param(param nymber)

illegal position or type of keyfield
<integer>,

abnormal result in call of the mon-

itor procedure create entry.,

abnormal result from lookup entry,

This alarm will normally indicate

that names(1:2) does not specify a
catalog entry.

abnormal result in call of change

entry. Should not occur,

it is impossible to rename the final /
output file to mames(3:4),

abnormal result in call of removye

entrys. The alarm will normally con-

cern the original input file.

names(1:2) does not point to a catalog
entry describing an area,

variable length record of a lLength
greater than maxlength, less than key=
descr(1, 2), or less than 8 if sof used,
the sort could not be dore in 20 mer=
ging passes, This alarm should never
cccur.

this is a hard error or a programming
error, The counts of records in the
first pass and the last, are not

equale the last count is shown.

not enough core,

too few entrijes in main catalog,

not enough segments:, the value

of segments is the size of

one workfile,

the wanted ouytout disc
mounted,

not room for one workfile on the
wanted oyutput disc,

result

resylt

resuylt

result

result

bytes
entries

is not

The last 3 alarms concerning resource troubles will only be given
in case naram(7) <> 0, otherwise the corresponding results, 2 to 4.

with exnlanation will
In addition,

index=—a

correctly declareds

if records of strongly

errors,
Alarms,
textq

with the exception of
*+xg30rtprocbs alarm:,

The altarm r.length, . . -
ding of the input file are also preceded by a line, specifying the

number of

input

reco

be given,

larms may occur, if the parameter arrays are in-
and alarms from jinvar, and stderror will occur.,
illegal (ength are inputs or in case of hard

index-alarms, are preceded by the

and stderror alarms occurring during the rea=-

rds accepted before the error was detected.



