Chapter 27: Indexed Sequential AccessMethod (ISAM)

Author’sNote:  This chapter is copied almost verbatim from the material in
Chapter 20 of the textbook by Peter Abdl. It isused by permission.

Indexed sequential access method (ISAM) is availablein many variations o
microcomputers, minicomputers, and mainframes, athough the preferred met
under DOS/VS and OS/VSisthe newer VSAM. (ELB: Itisafact that V SAM, t
be discussed in the next chapter, can perform all of the services of ISRM. thi
reason, many instructors prefer not to cover ISAM, but skip to V
included for historical reasons.)

A significant way in which ISAM (and other nonsequential
differs from sequential organization is that the record i
unique; thisis a system requirement, not just a prog

sequential file and updating an indexed file.
the entire file; this practice |eaves the origind

The flexibility of indexed sequenti
Space and accessing time. First
recordsin thefile. Second, t

overflow areas. Check thaty

?ne cost in both storage
s of indexesto help locate
rdsin special reserved
ore attempting to useit.

ocked Records
isthe layout of keys for unblocked records:

|Key201 | |Record201 |Key205 | | Record205 | Key206 | | Record 206 |

The records could represent, for example, customer numbers, and the keys could be for
customer numbers 201, 20S, and 206. In this example, the key is 3 characters long and the
datarecord is the conventional size. Under unblocked format, a key precedes each block
containing one record.
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Blocked Records
Thisisthe layout of keys for blocked records based on the preceding unblocked example:

| Key206 | | Record201 | Record 205 | Record 206 |
Under blocked format, the key for the last record in the block, 206, precedes the block.

ISAM automatically handles this use of keys, and when you perform aread
the system delivers the block, not the separate key, to main storage.

I ndexes <
To facilitate locating records randomly, ISAM maintains three level s pfN
track index, cylinder index, and an optional master index.

Track index. When ISAM creates afile, it storesatrack in
that the file uses. The track index contains the high
Al

cylinder. For example, if track 4 on cylinder 12 contains records with
and 208, the track index contains an entry for key 20 \ dp

ascending sequence.

Cylinder index. When ISAM creates
containing the highest key for each cy

Master index. An optional master/i : | ropriate cylinder index.
Thisindex isrecommended if t ' i J ceed four cylinders,
whichisavery largefile.

PROCESSING AN INDf
Consider asmall ai g4 tes on cylinder 5, with tracks 1 and 2
containing fiver [rey ArRtng . Thisareais known as the prime data
area. Track 1, far i 260 jth keys 205, 206, 208, 210, and 213.
Assume that rec i \

Track\\RataRecords on Cylinder 5
5 206 208 210 213

2\ [1214 219 220 222 225
) 7 | 226 227 230 236 unused

linder 5 \%s the track index, with an entry indicating the high key for each
he track index entries specify that the highest keys on cylinder 5, tracks 1, 2, and 3
¥3, 225, and 236, respectively:

track index

ke{ cy]ind< tr?ck ke§ cyhnd< trz?ck key cylinder track
track 0 | 213 0501 | |[225 0502 | 236 0503 |
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The cylinder index contains an entry for each cylinder that contains data, indicating the high
key for each cylinder. In this case, the only index entry isakey 236 on cylinder 5 (the track
number is not important in thisindex):

key cvlinder
:—L
Cylinder index | 236 0500 |

'~
As an example of processing, aprogram hasto locate randomly a recor
The read statement directs the system to perform the following

1. Check the cylinder index (assuming no master index), ¢ 22 hagainst its
first entry, 236. Since 227 is lower, the required record shoul der 5

2. Accessthetrack index in cylinder 5, track O, co essively against
each entry: 213 (high), 225 (high), and 236 (low ng to the entry for 236,

3. Check the keys on track 3; find key 227 ivent rd to 'sinput

area. If the key and the record do ng asan
As you can see, locating arecord random of &ditional processing
steps, although little extra programming effor ote processing steps are
‘ S record within thefile,

Overflow Areas
When a program first creg &
area. If you sub: S ecard; tSANMRStores it in an overflow area and maintains
linksto pointtoi N{¢

stribution of overflow records: Some of the overflow cylinders may contain many
cords, whereas other overflow cylinders may contain few or none.

2. "For an independent overflow area, ISAM reserves anumber of separate cylindersfor al
overflow recordsin the file. The advantage is that the distribution of overflow recordsis
unimportant. The disadvantage is in the additional access time to locate records
in the overflow area.

A system may adopt both types: the cylinder overflow areafor initial overflows and the
independent overflow areain case cylinder overflow areas overflow.
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In our most recent example, adding a record with key 209 causes ISAM to bump record 213
from track 1 into an overflow area, move 210 in its place, and insert 209 in the place vacated
by 210. The following assumes a cylinder overflow areain track 9:

Track | Data Recordson Cylinder 5 | Comments
1 205 206 208 209 210
2 214 219 220 222 225 .
3 | 226227 230 236 unused Prime Data Area

9 |213 Overflow Afea” [ Q

The track index now becomes 210, with a pointer (not show 3
in the overflow area.

key cylinder track key cylinde

track index | 210 0501 | |225

Reorganizing an Indexed File

the prime and overflow areas. It st tially in the new prime
data area and automatically cr he program may drop records
coded for deletion.

automatically followsitsindexesfor thein ié records sequentially from

eXflow areas, little added programming
= are four approaches to processing:

ou 2y exterid i . yhigher-key records at the end of thefile.
2 Addi%‘ a8 \\g eys that do not currently exist on thefile.
et s 3
i ean ISAM file with data (such as sales and payments

uential Processing. If you have many records to update and the new transactions
are in sequence, you can sequentially read, change, and rewrite the ISAM master.

Load or Extend a DOS|ISAM File

Loading afile createsit for the first time, and extending involves storing records at the end.
Input records must be in ascending sequence by a predetermined key, and all keys must be
unique. For load and extend, you code the usual OPEN and CLOSE to activate and
deactivate the file. Figure 27-1 uses sequential input records to load an ISAM file named
DISKIS. The new macros for this purpose are SETFL, WRITE, ENDFL, and DTFIS.
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The prototypes for these macros are as follows:

Name | Operation | Operand

[label] | SETFL filename

[label] | WRITE filename, NEW_KEY

[label] | ENDFL filename
Let's examine the imperative macros and the DTFIS file definition macro.
SETFL (Set FileLoad Model. SETFL initializes an ISAM file by prefor thelast
track of each track index. The operand references the DTFIS name of kel
be loaded. In Fig. 27-1, SETFL immediately follows the OPE
WRITE. The WRITE macro loads arecord into the ISAM {ile>Oper isyour DTFIS
filename, and operand 2 is the word NEWKEY . Y ou stgre the k dd eain awork

area (named ISAMOUT in Fig. 27-1). DTFIS know areathrou e entry
WORKL=ISAMOUT. For the WRITE statement, |

IOARISAM in the figure and known to DTF.
Here ISAM constructs the count area:

WORKL=I5AaM

IDAREAL = IDARI | 2
AN

ENDFL (End File Load Mode
ENDFL writes the last data blQ¢

d before the CLOSE,
d, and any required index

SET UP ISaM DISEK RECCRD
WRITE ISaM RECORD
ANY WRITE ERRORS?

TES — ERROR ROUTINE

R10ERR

DISKSD, SDISKIN GET NEXT SEDQ'L RECORD
AlOQLOOFP NO — CONTINUE
END-OF-FILE

DISKIS . END ISaM FILE LIMITS
DISKISC,B'11000001" ANY EMDFL ERRORS?
R10ERR . Y¥ES - ERROR ROUTINE
DISKSD  DISKIS NORMAL, TERMINATION

DISEK ERROER ROUTINES
* DISK ERROR
RECCOVERY ROUTINES

75 Cf.OEE DISKSD, DISKIS ABNORMAT, TER!-!I:NZ&TIDN
as EDT
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8z % DECLARATIVWVES .

93 DISKSD DIFPSD BLESIZE=360, SEQUENTIAL DISK INPUT
DEVADDR=STS015,

EQFADDR=ASOEND .,

DEVICE=3340,

JOAREA1L=TOARSD2 ,

RECFORM=FIXBLEK.,

RECSI2E=50,

TYPEFLE=INPUT,

WORKA=YES -

CL360 SEQ'L DISK E 1

aCL30 SEQ'L DI%K I
157 ACCTIN CLOB *
158 CcLB4 * REST Q{

160 DISKIS DTFIS CYLOFL=1, IND. *
DEVICE=3340.,
DSEXTNT=2,
TOAREAL=TOARTSAM,
: IOROUT=LOAD,

RECFORM=FIXBLK, .
RECSIZE=90, :
VERIFY=YES,
WORRL=LSAMOUT

209 IOARISAM DS CL2E4 I BUF@Q E

211 ISAaMOUT DS
212 ISEEYNO DS
213 ISRECORD DS

okttt

154 IOARSD1
156 SDISKIN

888 8

L

215 LTORG
216
217
218
219
220
221
222

DSKXTNT= 2 provides the number of extents that the file uses: one for each data extent and
one for each index area and independent overflow area extent. The program in Fig. 27-1 has
one extent for the prime data area and one for the cylinder index.

IOAREAL =IOARISAM provides the name of the ISAM 1/O load area. The symbolic name,
IOARISAM, references the OS buffer area. For loading blocked records, you calculate the
field length as Count area (8) + key length (6) + block length (90 x 3) = 284

|OROUT=L OAD tells the assembler that the program isto load an ISAM file.
KEYLEN=6 givesthe length of each record's key.
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KEYLOC= 1tellsISAM the starting location of the key in the record,
where 1 isthefirst position.

NRECDS=3 provides the number of records per block.
RECFORM=FIXBLK indicates fixed, blocked record format.
RECSIZE =90 gives the length of each record.

VERIFY=YES tels the system to check the parity of each record asit is

WORKL=ISAMOUT gives the name of your load work area, whic% S

elsewhere in the program. For blocked records, you calculate theiel h
Key length (6) + dataarea (90 X 3) =284 [ELB. | say 276]

For unblocked records, you would calculate the field length

Status Condition
On execution, ISAM macros may generate errgr¢
I/O operation, ISAM placesits statusin aone
if your DTFIS name is DISKIS, ISAM
of the 8 bitsin filenameC tbat the syste

control commands aso vary. First, the DLBL job entry for "codes" contains | SC,
meaning indexed sequentia create, and second, thereisan EXTENT command for both
the cylinder index and the data area.

Random Retrieval of an | SAM File

The main purpose of organizing afile asindexed sequential isto facilitate the random
accessing of records. For this, there are anumber of special coding requirements. The
program in Fig. 27-2 randomly retrieves recordsin thefile created in Figure 27-1. The
program reads a file of modification records in random sequence, with changesto the ISAM
master file. For each modification record, the program uses the account number (key) to
locate the correct ISAM record, correct it, and then update the record on the ISAM file.
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| SAM Macrosfor Random Retrieval
The new macros for random retrieval are;

Name | Operation | Operand
[label] | READ filename, KEY
[label] | WAITF filename
[label] | WRITE filename, KEY

READ causes ISAM to access arequired record from the file. Operand 1 cc
filename, and operand 2 contains the word KEY'. Y ou store the key in'the
the DTFIS entry KEYARG. In Fig. 27-2, KEY ARG=KEY NO. For
processed, the program transfers the account key number to

operation is finished. Code WAITF anywhere follow ITE and preceding

the next READ or WRITE.
WRITE rewrites an ISAM record. Operand ] ilename, 0 2isthe
word KEY, which refers to your entry in @
TheDTFISMacro @

In Fig. 27-2, the DTFIS entries for ther retrieva incl eser
|OAREAR=IOARISAM provid nameeithe | ieval area. The symbolic

name, IOARISAM, references ieval area ed records. For blocked
nglu keys) x blocking factor

NS to retrieve records randomly by key.
RANSEQ for both random and sequential.

our retrieval work area.

Any uncorrectabl e disk error except wrong length record.
Wrong length record detected on outpui.

2 End-of—file during sequential retrieval (not an error).

3 The requested record isnot in thefile.

4 The ID givento SETFL for SEQNTL is outside the prime data limits.

5 Duplicate record — an attempt to add arecord that already existsin thefile.

6. The cylinder overflow areaisfull.

7 A retrieval operation istrying to process an overflow record.
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1 PRINT CON,NODATA ,NOGEN
3 DPROG20EB START
4 BALR 3.0
5 USING *,3
6 OPEN FILEIN,DISKIS -
15 GET FILEIN,RECDIN READ 1ST INPUT RECORD
22 * MAIN PROCESSING
23 ALOLOOP MVC  ISKEYNO,ACCTIN SET UP KEY NUMBER
24 READ DISKIS,KEY READ ISAM RANDOMLY
29 ™ DISKTSC,B'1101010L1" ANY READ ERROR?
a0 EO RLOERR TES -~ ERROR ROUT
31 WAITF DISKIS COMPLETE READ OPERATION
36 MVC  ACCTDKO,ACCTIN MOVE FIEEDS
37 MVC  NAMEDKO ,NAMEIN *  T0 DISK
38 MVC  ADDRDKOC.ADDRIN *  WORKAREA &
=9 PACK BALNDKO,BALNIN
40 MVC  DATEDKO,DATEIN
22 WRITE DISKIS.KEY
a7 ™ DISKISC,B'11000000°
48 BO R10ERR
49 GET PFILEIN,RECDIN
55 B A10LOOP
57 = END-OF-FILE
58 ASOEND CLOSE FILEIN,DISKIS
67 ECJg
T1 * DISK ERROR RO
72 R10ERR EQU *
73 * .
74 B A9OEND
76 * - PECLARAT

77 PILEIN . DTFCD DEVADDR=SY¥SI

-+

IOAREAI=TOBRT +

BLESIZE=80, +

DEVICE=2540, +

EOFADDR=290END, +

+
101 TOARINI
103 RECDIN

104 CODEIN ‘o1

EN

+

-+

+

+

+

+

+

+

-+

-+

-+

-+

203
210
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=A(DISKEIS)
EMD PROG20B

Figure27-2 Program: Random retrieval of a DOS|1SAM file

Chapter 27 Revised January 9, 2010
Copyright © 2009 by Edward L. Bosworth, Ph.D.



S/370 Assembler ISAM

The program in Fig. 27-2 uses TM operations to test DISKIS after execution of the macros
READ and WRITE. Once again, the program would isolate the error and issue a message.

Sequential Reading of an ISAM File

Sequential reading of an ISAM file involves the use of the SETL, GET, and ESETL macros.
SETL (Set L ow) establishes the starting point of the first record to be proc . Itsoptions
include these:

» Set the starting point at the first record in the file:

SETL fil ename, BOF ©
» Set the starting point at the record with the key in the field defined.by
DTFISKEYARG entry: .
SETL fil enane, KEY
» Set the starting point at the first record within a ified group. For’example, the
KEY ARG field could contain "B480000" to indi ords with

key beginning with B48:
SETL fil enane, GKEY Q
% | enane.

The ESETL macro terminates sequenti deckes E
Qs
@%% dlculate the buffer sizejust

DTFIS entries include these:

| OAREAS=buffernamefor th
as you do for random retriev &

IOROUT=RETRVE toi uential retri
r random retrieval.
in arecord; if processing begins with

in the record and store acodeinit. A practice
ents. Subsequently, your program may

G OSINDE

AM fi

RBasie | ndexed Sequential Access M ethod) is used for random processing.

The Delete Flag

Under OS, the practiceis to reserve the first byte of each record with a delete flag, defined
with ablank when you create thefile. Y ou aso code OFTCD=L in the DCB macro or the
DD command. When you want to delete arecord, store X'FF' in this byte. QISAM
subsequently will not be able to retrieve the record. QISAM automatically drops the
record when the file is reorganized. Let's examine some features of OS ISAM processing.

=D SEQUENTIAL FILES
ef OSissimilar to DOS processing, except that QISAM
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Load an ISAM File
The OS imperative macros concerned with loading an ISAM file are the conventional
OPEN, PUT, and CLOSE. DCB entries are as follows:

DDNAME  Name of the data set.
DSORG Set to “1S” for I ndexed Sequential.
MACRF (PM) for move mode or (PL) for locate mode.
BLKSIZE  Length of each block. &
CYLDFL Number of overflow tracks per cylinder.
KEYLEN Length of the key area.
LRECL Length of each record.
NTM Number of tracks for the master ind any.
OPTCD Options required, suchasMYL
M establishes a master index (0
Y controls use of cylinder ove
| controls use of an ind
L isadeleteflag to caus
U (for fixed length only)
RECFM '
RKP
Sequential Retrf
Under OS, sequ
ESETL, and CLt

DCB entri
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n

n >
and the f%en \\ ed
M A R tr ‘\‘\ S

SO\

\>
Sisuseof SETL, K iskey or key class,
and PU is use of PUTX macro

EODAD=eofaddress  Used for input, if reading to end-of-file.
SYNAD=address Requests optional error checking.
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The SETL macro. SETL (Set L ow Address) establishes the first sequential record to be
processed anywhere within the data set. The general format is the following:

Name | Operation | Operand
[label] | SETL dcb-name, start—position, address

The start—position operand has the following options:
B Begin with thefirst record in the data set. (Omit operand 3 for B or BD.
K Begin with the record with the key in the operand 3 address. <

KC  Begin with thefirst record of the key class in operand 3, A k \group of

keys beginning with a common value, such as all keygH48x efirst record
is"deleted,” begin with the first non—del eted record.

I Begin with the record at the actual device address in operan
BD, KD, KDH, KCD, and ID cause retrieval of onl d ortion of arecord.
Here are some examples of SETL to set the fir ile named

using a 6-character key:
* Begin with thefirst record in the data
SETL DI SKI S, B

KEYADD1
KEYADD2

3-character key class

C 012644 %{a character key
Qs . . :
=SETL @B%aame, terminates sequential retrieval. If there
, L MUSE precede each one.
ISAM file sequentially and inserts a del ete code
five years old. The TIME macro delivers the standard
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ISAM
PROGZOC START
SAVE (14,12)
BALR 3,0
USING *,3
ST 13 ,SAVEAREA+4
LA 13,SAVEAREA
OPEN (ISFILE)
SETL ISFILE,B START 1ST RECORD OF DATA SET
TIME .
ST 1,TODAY
SP TODAY , =P* 5000
GET ISPILE
ALOLOOP CP 26(3,1) ,TODAY
BNL  AZ0
MVI 0(1),X'FF'
PUTX ISFILE
a20 GET ISFILE
B A10LOOP
ASOEOF ESETL ISFILE
CLOSE (ISFILE)
L 13,SAVEAREA+4
RETURN (14,12) ‘
SAVEAREZA DS 18F
TODAY DS F b 'S DATEZ DD+
ICAREA DS CL100 g?gx (3
(>
ISFILE DCB  DDNAME=IND +
DSORG=IS, 2%3\\\ *
EODAD=290EOF,
MACRF=(GL,S,PU) o <\\\<§
TTORG N
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BEND

N
PROG20C 62i§§§:\)9 .
Figure27-3 Piayra enti % of an OSISAM file

o
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KEY POINTS

The indexed system writes akey preceding each block of records. The key
isthat of the highest record in the block.

Thetrack index, cylinder index, and master index help the system locate
records randomly.

Thetrack index isin track O of each cylinder of the file and contains the
highest key number for each track of the cylinder.

The cylinder index is on a separate cylinder and contains the key%
the highest record on the cylinder. N

The optional master index is recommended if the cylin S fQuIr
cylindersin size.

The master index facilitates locating keys in the
index facilitates locating keys in the track index,
locating the track containing the required reea

der index, thesylinder
d thetrack index facilitates

of higher keys append to the end, itions.of lower keys

to bump into an overflow area.
x owsin that
it o%w verflows from the
-\o? pution of overflow records

few or nonein others.

Cylinder overflow areas reserve tracks
cylinder. This method reduces disk acc

Independent overflow ar

entirefile. This method if
—that is, many overfl i
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