
































































































































































File Creation 
Considerations for Structured Files 

UNIQUE ALTERNATE KEYS. An alternate-key field can be designated 
to require a unique value in each record. If an application 
tries to insert a record that duplicates an existing record's 
value in a unique key field, the insertion is rejected. A 
"duplic-ate record" error indication will be returned to the 
application program in a subsequent call to FILEINFO. With 
nonunique alternate keys, the insertion above would be permitted. 

If a file has one or more unique alternate keys, remember that: 

• For each unique alternate key having a different <key length>, 
the user must create a separate alternate-key file. 

• More than one unique alternate key of the same <key length> 
can be referred to by the same alternate-key file. 

KEY SPECIFIER. To identify a particular key field as an 
path when positioning, each key field must be uniquely identified 
among other key fields in a record by a two-byte 
key specifier. The key specifier for primary keys is predefined 
as ASCII "<null><null>" (binary zero). Key specifiers for 
alternate-key fields are application-defined and must be supplied 
when the primary file is created. 

ALTERNATE-KEY FILES. For each primary structured file havin9 
one or more alternate keys, you must create at least one 
corresponding alternate-key file. 

Each record in an alternate-key file refers to only one alternate 
key, but the file can contain references to one or more alternate 
keys. Thus, with five alternate keys, the alternate-key file 
would have five records for each primary-file record. The 
primary file can have multiple alternate-key files; for example, 
one might contain references to three of the alternate keys, with 
a second alternate-key file containing references to the other 
two keys. 

Some reasons to have separate alternate-key files are: 

• Each individual alternate-key file is smaller than a combined 
file with several alternate-key references, so fewer index 
references are needed to locate a given alternate key. 

• Frequent updating of one alternate key can cause fragmentation 
of the file. With separate files, this fragmentation would 
not affect references to the other keys. 

• A unique alternate key cannot share a file with other keys of 
different lengths. 
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Some reasons not to have separate alternate-key files are: 

• System control-block space is allocated for each opening of an 
alternate-key file (that is, each opening of the primary 
file). 

• A file control block is allocated for the first opening of an 
alternate-key file. 

Alternate-key files can be partitioned to span multiple volumes. 

Key 
Specifier 

(two bytes) 
Alternate 

Key 

Data File's 
Primary 

Key 

Figure 4-1. Record Structure of an Alternate-Key File 

The record structure of an alternate-key file is shown in Figure 
4-1. Its record length is 

2 for the <key specifier> 
+ the <key length> of the longest alternate key included in 

the record 
+ the <key length> of the associated primary key 

An alternate-key file is itself a key-sequenced file, so the 
maximum record length under the DPl disc process is limited to 

<data-block size> - 26 
2 

Under the DP2 disc process, the maximum record length is 

<block size> - 34 

KEY LENGTH. The primary-key length of an alternate-key file-­
distinguished from the data file's primary key--depends on 
whether the file contains unique key references. With nonunique 
key references, the file's primary key is the entire record, so 
its primary-key length is the same as its record length. 
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If an alternate-key file contains a single, nonunique key, then, 
that key can be no longer than 

255 (maximum <key length> of the alternate-key file) 
- 2 for the <key specifier> 
- the <key length> of the data file's primary key 

Thus, if the data file's primary key is 33 bytes long, no 
nonunique alternate key can be more than 255 - 2 - 33 = 220 bytes 
long. 

If the alternate-key file contains unique key references,, its 
primary key is the key specifier and the unique key. Therefore, 
the primary-key length is 

2 for the <key specifier> 
+ <key length> of the unique alternate-key field 

Thus, a unique alternate key can be as long as 255 - 2 = 253 
bytes, regardless of the data file's primary key. 

KEY OFFSET. For each alternate key, you must specify the offset 
in the record--where the alternate-key field begins. 

Some considerations when choosing the offset of an alternate-key 
field are: 

• An alternate-key field can begin at any offset in the record. 

• Alternate-key fields can overlap each other and the primary­
key field of a key-sequenced file. 

• Alternate-key fields are fixed-length but need not be written 
when inserting or updating a record. 

• If any part of a given alternate-key field is present when 
inserting or updating a record, the entire field must be 
present. 

• If the key field is to be treated as a data type other than 
STRING, the <offset> should be chosen so the field be~Jins on a 
word boundary. 

NULL VALUE. Any alternate key can be assigned a null value. 
When a record is inserted, if each byte in such an alternate-key 
field contains the null value, the alternate-key reference is not 
added to the alternate-key file. In the case of an update, if 
such an alternate-key field is changed to contain only bytes of 
the null value, the alternate-key reference is deleted from the 
alternate-key file. 
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If the file is read sequentially via such an alternate key, 
records containing the null value will not be found. Instead, 
the record returned (if any) is the next record in the access 
path not having the null value in the alternate-key field. 

The most common null values are ASCII blank (%40) and binary 0. 

NO AUTOMATIC UPDATING. The data-base designer can designate that 
the alternate-key-file contents for an alternate key not be 
automatically updated by the system when the value of an 
alternate-key field changes. 

Some reasons for not having automatic updating by the system are: 

• Certain fields may not be referred to until a later date. 
Therefore, they can be updated in a batch (one-pass) mode more 
efficiently. 

• A field can have multiple null values. In this case, the 
application program must have the alternate-key file open 
separately. The program must determine whether the field 
contains a null value. If it does not, the application 
program then inserts the alternate-key reference into the 
alternate-key file. 

CREATION EXAMPLES 

The next eight pages contain file-creation examples for five 
kinds of DPl files: 

1) key-sequenced file 
2) key-sequenced file with alternate keys 
3) alternate-key file for programmatically created primary 
4) partitioned relative file 
5) partitioned key-sequenced file 

If these were DP2 files, IBLOCK would be ignored because all 
blocks in a DP2 file are the same size. They could also have 
additional parameters specified, such as MAXEXTENTS or BUFFERED. 
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Example 1: Key-Sequenced File 

To create a key-sequenced file for this record: 

byte: 
[O] [34] [134] [142] [150] 
!<name> I <address> I <curbal> r--<fim1 t>T 

Primary key 

using FUP, you could use these commands: 

:FUP 
GUARDIAN FILE UTILITY PROGRAM - T9000E05 - (010CT82) SYSTEM \AB 
-SET TYPE K 
-SET CODE 1000 
-SET EXT (16,1) 
-SET REC 150 
-SET BLOCK 2048 
-SET COMPRESS 
-SET IBLOCK 2048 
-SET KEYLEN 34 
-SHOW 

TYPE K 
CODE 1000 
EXT ( 16 PAGES, 1 PAGES ) 
REC 150 
BLOCK 2048 
IBLOCK 2048 
KEYLEN 34 
KEYOFF 0 
DCOMPRESS, ICOMPRESS 

-CREATE myf ile 
CREATED - $STORE1.SVOL1.MYFILE 
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Using the CREATE procedure, you could write this in an 
application program: 

INT .cust"'filename [0:11] := "$STORE1 SVOLl MYFILE II • , 

.keyAparameters [0:2] := 

LITERAL 
priAextent = 16, 
file"'code = 1000, 
sec''extent = 1, 
file"'type = %33, 

rec"'len = 150, 
data"'blockAlen = 2048; 

34, key length. 
0, ! key off set. 
0, ] ; ! index-block size, uses 

the data-block size. 

primary-extent size = 16*2048 

secondary-extent size=1*2048. 
file type=key-sequenced, with 

data and index compression. 
record length. 

CALL CREATE (custAfilename, pri"'extent, fileAcode, sec"'extent, 
file"'type, rec"'len, data"'block"'len, key"'parameters); 

I F < THEN . . . ! error . 
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Example 2: Key-Sequenced File with Alternate Keys 

To create a DPl key-sequenced file for this INVENTORY record: 

byte: 
[0] [2] [32] [40] [42] [46] [54] 
I <partno> I <descr> 

t 
primary key 

I <price> I <av a i ,~_>_1 _<_1-.-o_c_> __ < __ v_e_n-T"~-o._r_>_I 

alternate alternate alternate 
key AQ key LO key VN 

using FUP, you could use these commands: 

-SET TYPE K 
-SET CODE 1001 
-SET EXT (32,8) 
-SErr REC 54 
-SET BLOCK 4096 
-SET IBLOCK 1024 
-SET KEYLEN 2 
-SErr ALTKEY ( "AQ", KEYOFF 40, KEYLEN 2) 
-SET ALTKEY ("LO",KEYOFF 42,KEYLEN 4) 
-SET ALTKEY ("VN",KEYOFF 46,KEYLEN 8) 
-SET ALTFILE (0,INVALT) 
-SHOW 

TYPE K 
CODE 1001 
EXT ( 32 PAGES, 8 PAGES ) 
REC 54 
BLOCK 4096 
IBLOCK 1024 
KEYLEN 2 
KEYOFF 0 
ALTKEY ( "AQ", FILE 0, KEYOFF 40, KEYLEN 2 
ALTKEY ( "LO", FILE 0, KEYOFF 42, KEYLEN 4 
ALTKEY ( "VN", FILE 0, KEYOFF 46, KEYLEN 8 
ALTFILE ( 0, $STORE1.SVOL1.INVALT ) 
ALTCREATE 

-CREATE inv 
CREATED - $STORE1.SVOL1.INV 
CREATED - $STORE1.SVOL1.INVALT 

The DP2 disc process ignores the !BLOCK specification. If this 
were a DP2 file, all blocks in this file would be 4096 bytes 
long. 
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Using the CREATE procedure, you could write this in an 
application program: 

INT . inv"'f i lename [ 0: 11] : = "$STORE1 SVOLl INV "; 
.pri"'key [0:2] := [ 2, key length = 2. 

. alt"'keys [0:24] := 

LITERAL 
pri"'extent = 32, 

0, key offset = 0. 
1024 ]; index-block len.=1024 . 

%000403, 1 alternate-key file, 
3 alternate keys. 

! key description for key 1. 

"AQ"' 
40, 

2 ' 
0 , 

key specifier= "AQ". 
key offset = 40. 
key length = 2. 
key file number. 

! key description for key 2. 

"LO" 
42, 
4 I 

0 , 

key specifier= "LO". 
key offset = 42. 
key length = 4. 
key file number. 

! key description for key 3. 

"VN" 
46, 
8, 
0 , 

! key file name 

"$STORE1 " 
"SVOLl ", 
"INVALT "]; 

key specifier= "VN". 
key offset = 46. 
key length = 8. 
key file number. 

volume, 
subvolume, 
disc file name. 

primary extent size= 32*2048. 
f ile"'code = 1001, 
sec"'extent = 8, 
file""type = %03, 
rec""len = 54, 
data"'block"'len = 4096; 

secondary extent size=8*2048. 
file type = key-sequenced. 
record length = 54. 
data-block size = 4096. 

CALL CREATE (inv"'filename, pri""extent, file"'code, 
sec""extent, file"'type, rec"'len, 
data"'block"'len, pri"'key, alt"'keys); 

I F < THEN • . • ! e r r o r • 

Note that the alternate-key file must be created separately. 
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Example 3: Alternate-Key File 

The alt~rnate-key file for Example 2's key-sequenced file is 
created automatically when FUP is used for file creation. 

If the primary file is created programatically, the alternate 
file must be created in a separate operation. To create the 
alternate-key file for Example 2's key-sequenced file, you could 
write this sequence in an application program: 

INT .altAfilename [0:11] := "$STORE1 SVOLl INV ALT " 

.priAkey[0:2] := [ 12, 

LITERAL 
pri'"extent = 32, 
fileAcode = 1002, 
secAextent = 8, 
file"'type = %13, 

0' 
1024 ] ; 

recAlen = 12, 
dataAblock"'len = 4096; 

maximum alt.-key length 
! + primary-key length 
! + 2. 

key offset = O. 
index-block size = 1024. 

primary-extent size = 32*2048 

secondary-extent size=8*2048. 
file type = key-sequenced, 

with data compression. 
record length = 12. 
data-block size = 4096. 

CALL CREATE (altAfilename, priAextent, fileAcode, 
secAextent, fileAtype, recAlen, 
dataAblockAlen, priAkey); 

IF < THEN ! error. 
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Example 4: Relative, Partitioned File 

To create a relative file with a record length of 128 bytes that 
spans four partitions, using FUP, you could use these commands: 

-SET TYPE R 
-SET EXT (64,8) 
-SET REC 128 
-SET BLOCK 4096 
-SET PART (l,$PART1,64,8) 
-SET PART (2,$PART2,64,8) 
-SET PART (3,$PART3,64,8) 
-SHOW 

TYPE R 
EXT ( 64 PAGES, 8 PAGES ) 
REC 128 
BLOCK 4096 
PART ( 1, $PART1, 64, 8 
PART ( 2, $PART2, 64, 8 
PART ( 3, $PART3, 64, 8 

-CREATE f ilea 
CREATED - $PART0.USERA.FILEA 

Using the CREATE procedure, you could write this in an 
application program: 

INT .relAfilename[O:ll] := "$PART0 

.partarray [0:17] := [ 3, 
"$PART1 
"$PART2 
"$PART3 
64, 
64, 
64, 

8 ' 
8' 
8 ] : 

LITERAL 
priAextent = 64, 
secAextent = 8, 
fileAtype = %01, 
recAlen = 128, 
dataAblockAlen = 4096: 

" 
" 
" 

USERA FILEA ", 
partition parameters array 
number of extra partitions 
volume name of first extra 
volume name of second extra 
volume name of third extra 
primary ext. for first extra 
pri. extent for second extra 
pri. extent for third extra 
second. ext. for first extra 
sec. extent for second extra 
sec. extent for third extra 

primary extent size = 64*2048 
secondary extent size=8*2048 
file type = relative. 
record length = 128. 
data-block size = 4096. 

CALL CREATE (relAfilename, priAextent,, 
secAextent, fileAtype, recAlen, 
dataAblockAlen,,,partarray): 

IF < THEN . . . ! error. 
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Example 5: Key-Sequenced, Partitioned File 

This example partitions a key-sequenced file having this record 
format: 

byte: 
[0] [36] 
~,--<-n_a_m_e_> ___ I ·---

primary key 

The file resides on six volumes and is partitioned in this 
manner: 

<names> whose first two 
letters are in the range reside on 

00 \ 

I 
DA \ 

I 
HA \ 

I 
LA \ 

I 
PA \ 

I 
TA \ 

I 

> ------------------> $PARTO 

> ------------------> $PART1 

> ------------------> $PART2 

> ------------------> $PART3 

> ------------------> $PART4 

> ------------------> $PART5 

Using FUP to create this file, you could use these commands to 
describe the partitioning: 

-SET PART (1,$PART1,64,8,"DA") 
-SET PART (2,$PART2,64,8,"HA") 
-SET PART (3,$PART3,64,8,"LA") 
-SET PART (4,$PART4,64,8,"PA") 
-SET PART (5,$PART5,64,8,"TA") 
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Using the CREATE procedure to create this file, the partitioning 
would be described in this partition array: 

.partarray [0:36] := [ 5, 
"$PART1 
"$PART2 
"$PART3 
"$PART4 
"$PART5 
64, 

"1 82583 AOO 3/85 

64, 
64, 
64, 
64, 
8' 
8' 
8' 
8' 
8' 
2 ' 
"DA", 
"HA", 
"LA", 
"PA", 
"TA" 
]: 

II 

" 
" 
" 
" 

partition-parameters array 
number of extra partitions 
volume name of first extra 
volume name of second extra 
volume name of third extra 
volume name of fourth extra 

' volume name of fifth extra 
primary extent for first extra 
primary extent for second extra 
primary extent for third extra 
primary extent for fourth extra 
primary extent for fifth extra 
secondary extent for first extra 
secondary extent for second extra 
secondary extent for third extra 
secondary extent for fourth extra 
secondary extent for fifth extra 
partial-key length = 2 
key value for $PART1 
key value for $PART2 
key value for $PART3 
key value for $PART4 
key value for $PART5 
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SECTION 5 

FILE ACCESS 

Topics discussed in this section are: 

• Opening files 

• Access rules for structured files 

• Access rules for unstructured files 

• Other considerations for both structured and unstructured 
files, such as locking records and files, verifying write 
operations, refreshing, and programmatic allocation and 
deallocation of extents 

• Error-recovery considerations for key-sequenced files, for 
files having alternate keys, and for partitioned files 

• Access examples 

File creation is discussed in Section 4, "File Creation," and in 
the descriptions of the File Utility Program (FUP) in the 
GUARDIAN Operating System Utilities Reference Manual and GUARDIAN 
Operating System User'~ Guide. 

OPENING AND CLOSING A FILE 

Communication is established with a disc file through use of the 
OPEN procedure. For example, this code opens a permanent disc 
file: 
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I NT . f i 1 e"' name [ 0 : 11 ] : = " $VOL 2 STOREl TRANFILE"; 

CALL OPEN ( file"'name, file"'number,,1 ); 

IF <> THEN 

wait I/0, 
shared access, 
read/write access, 
sync depth = 1. 

Subsequently, the file is identified to other procedures by the 
file number returned by the OPEN procedureo 

Access to a disc file is terminated by use of the CLOSE 
procedure, as shown here: 

CALL CLOSE ( file"'number ); 

Communication is established with a temporary file by passing the 
array containing the temporary file name, returned from CREATE, 
to the OPEN procedure: 

CALL OPEN ( temp"'file, temp"'file"'number,, 1 ); ! wait I/0, 

IF <> THEN ... 

! shared access, 
read/write access, 
sync depth = l ,. 

As with a permanent file, other procedures access the temporary 
file by using the file number returned by OPEN. 

A temporary file is purged when you close it. In the example 
above, 

CALL CLOSE ( temp"'file"'number ); 

would delete the temporary file from volume $VOL2. 

If you do not want the file purged when it is closed, a temporary 
file can be made permanent by use of the RENAME procedure. In 
this example, 

5-2 

newAname ':=' "$VOL2 STOREl NEWFILE "; 
CALL RENAME ( temp"'file"'number, newAname ); 
IF< THEN .•.• 

CALL CLOSE ( temp"'file"'number ); 
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the temporary file is renamed, making it permanent. The volume 
name supplied to RENAME must be the same as that used when the 
temporary file was created, but both the subvolume and the file 
name can be different. 

OPENING PARTITIONED OR ALTERNATE-KEY FILES 

When the first partition of a partitioned file is opened, all 
partitions are automatically opened. If one of the partitions 
cannot be opened, access to the file is still granted but OPEN 
returns a CCG warning indication (see "Condition Codes" in 
Section 3) and some operations may not work. You can call the 
FILEINFO procedure to obtain the file-system error number and the 
FILERECINFO procedure to identify the highest-numbered partition 
that did not open. 

Individual partitions cannot be opened separately unless 
"unstructured access" (OPEN <flags>.<2> = 1) is specified. See 
the OPEN procedure in the System Procedure Calls Reference Manual 
for details on unstructured access. 

If the file has one or more alternate keys, all alternate-key 
files are automatically opened when the primary file is opened. 
If an alternate-key file cannot be opened, OPEN returns a CCG 
warning indication. You can then call the FILEINFO procedure to 
obtain the file-system error number and the FILERECINFO procedure 
determine which key file couldn't be opened. The file is still 
accessible. However, an attempt to use an access path associated 
with an alternate-key file that did not open results in an error 
46 ("invalid key specified"). 

Alternate-key files can be opened and accessed separately from 
their primary files. 

If the file is not partitioned and does not have alternate keys, 
there are no special considerations. 

ACCESS TYPES (DP2 Files Only) 

Buff er and cache management under the DP2 disc process are more 
efficient if you specify the proper access ~ when you open a 
file. Which one you should specify depends on how you intend to 
use the file. 

• If you specify system-managed access, the default access 
type, the disc process uses previous I/O requests as a basis 
for predicting whether the user is performing random or 
sequential access and optimizes its behavior accordingly. 
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• If you specify random access, the disc process employs a 
"least recently used" (LRU) method when reusing cache space. 
This helps ensure that a frequently used block can remain in 
the cache instead of being read in each time it is needed. 

• If you specify sequential access, the disc process allocates 
a single cache buffer, reusing Tt when the next data block is 
requested. This prevents the cache space from being filled 
with data blocks that the user probably will not need again. 

• If you specify direct I/O, the disc process bypasses the 
cache completely when the file has been opened with write­
through, unstructured access in either exclusive read/write 
or protected read-only mode. Direct I/0 could be desirable 
in an application which requires fast unstructured access and 
receives no benefit from the cache mechanism. 

The SETMODE procedure lets you set or examine the access type for 
any DP2 file. 

END-OF-FILE POINTER 

An end-of-file (EOF) pointer is associated with each disc file. 
This pointer contains the relative byte address of the first byte 
of the next available block. When appending to a file, the end­
of-file pointer is advanced automatically each time a new block 
is allocated at the end of the file. 

The system maintains the working copy of a file's end-of-file~ 
pointer in the file control blocks (FCBs) that are in both of the 
two system processes that control the associated disc volumeo A 
file's end-of-file address is physically written on disc every 
time one of these events occurs: 

• The file is created. 

• An extent is allocated for the file. 

• A CONTROL operation is performed for the file. 

• The last accessor closes the file. 

• The REFRESH procedure is called for the file. 

• The PUP command REFRESH is executed for the file's volume. 

• The end-of-file pointer is changed (if the autorefresh option 
is in effect). 

• A block split or collapse occurs in a DP2 key-sequenced file. 
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The autorefresh option can be specified when the file is first 
created. Even if a file is created without the autorefresh 
option specified, it can be modified at some later date to 
include the autorefresh option. DP2 key-sequenced files always 
have this option on. 

When creating a file with the CREATE procedure, you can specify 
the autorefresh option by setting <file type>.<12> = 1. When 
creating a file with FUP, you can specify the autorefresh option 
with the SET REFRESH command. For files created without the 
autorefresh option, the option can specified at any time with the 
FUP command ALTER ... REFRESH ON. 

The "Refreshing" subsection below discusses when and how 
frequently files should be refreshed. 

AUDIT-CHECKPOINT COMPRESSION (DP2 Files Only) 

If a file is audited or is opened with "sync depth" greater than 
0, updating a record in that file causes an audit-checkpoint 
(AC) record to be created. The AC record, describing changes 
incurred for the update, is sent to the backup disc process. If 
the file is audited by TMF, the AC record also is sent to the 
audit trail's disc process. 

If the file is audited, the AC record gets copied from place to 
place several times. It occupies permanent space in the audit­
trail file and also occupies resident memory in the backup disc 
process until the backup determines that the updated record has 
been written to disc. If the file is not audited, the AC record 
is sent as a checkpoint message to the backup disc process, where 
it occupies resident memory until it is no longer needed for 
takeover recovery. 

An AC record includes (1) an AC-record header approximately 64 
bytes long, (2) a copy of the record before the update, or 
before-image, and (3) a copy of the record after the update, or 
after-image. If a data record is 1000 bytes long, therefore, the 
AC record for its update would be 2064 bytes long. 

When you create a DP2 file, you can specify audit-checkpoint 
compression to lessen this overhead. Later, you can turn this 
feature on or off by using the SETMODE procedure or the File 
Utility Program (FUP) command ALTER. 

AC compression shortens parts (2) and (3) of the AC record by 
omitting the changed fragments of the data record. The AC record 
must include the record key (in a key-sequenced file), record 
number (in a relative file), or relative byte address (in an 
entry-sequenced or unstructured file), but no other unchanged 
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fields. For example, if only two 10-byte fields in a 1000-byte 
record were updated, the compressed AC record could be about 130 
bytes long instead of 2064 bytes. Although AC compression uses 
some extra CPU cycles, it has several advantages: 

• CPU and memory cycles are reduced during message transferral, 
although some extra cycles are required to perform the 
compression. If the file in our example is audited, the 
compressed AC record causes only 1040 bytes of I/0 (8 * 130) 
instead of 16,512 bytes (8 * 2064). 

• Resident memory requirements in the backup CPU are reduced. 

• If the file is audited, audit-trail consumption is reduced and 
audit-blocking is more efficient because of the smaller AC 
records. 

When you create a data file of any type, you can establish 
whether AC compression should be enabled or disabled when the 
file is opened. After you open the file, you can use the SETMODE 
procedure to enable or disable AC compression. 

Even when AC compression is enabled for a file, not every AC 
record is compressed. Also, some limits are imposed to keep the 
space used for recording the compression from becoming ~1reater 
than the unchanged fragments that would be omitted. 

• If the record length is less than a certain limit, the disc 
process does not compress the record. This limit, 20 bytes in 
the BOO release, is subject to change. 

• If an update changes the record length, the disc process does 
not compress the AC record. 

• If two changed fragments of a record are sufficiently close to 
each other, they and the bytes between them are considered one 
changed fragment. 

• If more than a certain limit of fragments are changed, the 
entire remainder of the record is considered the last 
fragment. 

• After the changed fragments are identified, the total size of 
the prospective compressed AC record is computed and compared 
to the size of a noncompressed AC record. If the savings are 
insufficient, the noncompressed AC record is used. 

Key-sequenced records with large keys reduce the effectiveness of 
AC compression because the key must be kept in the AC record. 
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ACCESS RULES FOR STRUCTURED FILES 

The best way to get access to a structured file depends on what 
you want to do with that file. 

Sequential Access 

Sequential processing, in which a related group (subset) of 
records is to be read in ascending order using the current access 
path, is accomplished by the READ and READLOCK procedures. 

The records comprising a subset are indicated by the file's 
current positioning mode: approximate, generic, or exact. A 
subset can be all or part of a file or it can be empty. An 
attempt to read beyond the last record in a subset or to read an 
empty subset returns an end-of-file indication. 

The first call to READ or READLOCK, after a file-opening or 
positioning operation, reads the record (if any) at the current 
position. Subsequent calls to READ or READLOCK, without 
intermediate positioning, return successive records (if any) in 
the designated subset. 

Sequential reading of a relative file, after a call to OPEN, 
POSITION, or approximate KEYPOSITION by primary key, reads the 
file sequentially and skips omitted or deleted records. 

After each call to READ or READLOCK, the position of the returned 
record becomes the current position. 

Random Access 

The update procedures, READUPDATE, WRITEUPDATE, READUPDATELOCK, 
and WRITEUPDATEUNLOCK, are used for random-access processing. 
The updating operation occurs at the record indicated by the 
current position. Random processing implies that a record to be 
updated must exist. Therefore, if no record exists at the 
current position (as indicated by an exact match of the current 
key value with a value in the key field designated by the 
current-key specifier), a "record not found" error (<error>= 11) 
is returned. 

WRITEUPDATE or WRITEUPDATEUNLOCK cannot be used to alter a 
record's primary key. If this is to be done, the record must 
first be deleted, then inserted (via WRITE) using the new value 
of the primary key. 
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If updating or locking is attempted immediately after a call to 
KEYPOSITION where a non-unique alternate key is specified, the 
updating or locking fails with an "invalid key" error (<error> = 
46). However, if an intermediate call to READ or READLOCK is 
performed, the updating or locking is permitted. 

Inserting Records 

Record insertion is accomplished via the WRITE procedure. 
Insertion implies that no other record exists with the same 
primary-key value as the record being inserted. Therefore, if 
such a record already exists, the operation is not performed and 
a "duplicate record error" (<error> = 10) is returned. 

If an alternate key has been declared to be unique and an attempt 
is made to insert a record having a duplicate value in such an 
alternate-key field, the operation is not performed and a 
''duplicate record error" (<error> = 10) is returned. 

Insertion of an empty record (one where <write count> = 0) is not 
valid for key-sequenced and relative f ilesv but is valid for 
entry-sequenced files. The length of a record to be inserted 
must be less than or equal to the record length defined for the 
file. If not, the insertion is not performed and an "invalid 
count" error (<error> = 21) is returned. 

Deleting Records 

Record deletion (that is, WRITEUPDATE or WRITEUPDATEUNLOCK where 
<count> = 0) always applies to the current position in at file. 

Alternate Keys 

Alternate-key fields are fixed-length but need not be written 
when inserting or updating a record. If any part of a given 
alternate-key field is present when inserting or updating a 
record, the entire field must be present. 
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Current Position 

The current position is subject to change only after a call to 

• READ or HEADLOCK from any structured file 

• WRITE for a relative or entry-sequenced file 

• KEYPOSITION for a key-sequenced, relative, or entry-sequenced 
file 

• POSITION for a relative, entry-sequenced, or unstructured file 

After a call to READ or HEADLOCK, the current position becomes 
the position of the record just read. After a call to WRITE for 
a relative or entry-sequenced file, the current position becomes 
the position of the record just written. 

Current Key Value 

Except for insertions to key-sequenced files, the current key 
value will be set to the value of the record transferred. 

Current Primary-Key Value 

A file's current primary-key value is taken from the primary key 
associated with the last 

• READ or HEADLOCK operation from any structured file 

• WRITE operation to a relative or entry-sequenced file 

• KEYPOSITION operation by primary key for a key-sequenced file 

• POSITION operation by primary key for a relative or entry­
sequenced file 

Sequential Block-Buffering 

In a Nonstop 1+ system, a process can optionally specify (when a 
file is opened) that the file system should use an array in the 
process's data area for deblocking records. In a Nonstop system, 
the array is in the process file segment (PFS), not in the data 
stack. The use of such an array is called sequential 
block-buffering. 
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Without sequential block-buffering, the system separately 
requests each record from a disc process; for each record, this 
involves sending an interprocess message, changing the 
environment, and possibly waiting to obtain some of the system 
data space. With sequential block-buffering, an entire block is 
returned from the disc process and stored in the application 
process's data area or in the PFS. Once a block is there, 
subsequent access to records within that block is performed by 
file-system code, not the disc process, and requires no disc 
access, no communication with the disc process, and no 
environment changes. Therefore, sequential reading from a block 
buffer can eliminate many messages. 

Reading the buffered data does not use the disc process until: 

• The block has been traversed, at which time the disc process 
fetches another block. 

• An intervening POSITION or KEYPOSITION is performed. In this 
case, the next READ request causes a new block to be fetched. 

• A disallowed request (such as READUPDATELOCK, READLOCK, or 
READUPDATE) is specified. In this case, the single record 
requested is read from the disc file to the user process, as 
in a normal procedure call, and the buffer is cleared. 

CAVEATS. Note that this option is meaningful only for sequential 
reading of multiple records of a structured file. Neither random 
reading nor any writing can take advantage of the sequential 
buffer. In fact, writing operations automatically clear the 
buffer, because they must go to the disc process. 

Also, you should be very careful when using the buffer with a 
key-sequenced file, because record access within the buffer is 
unstructured. 

Sequential block-buffering ignores any record locks that may be 
in effect for the block. It does not, however, bypass file 
lockse 

To change a record that has been read from a block buffer, you 
should first perform intervening POSITION, KEYPOSITION, JREADLOCK, 
or READUPDATELOCK operations to fetch the record via normal 
methods. This ensures that the record has not been altered or 
deleted by another user since the block was read. It also 
ensures that the record is not currently locked by another 
process and locks out other processes from the record to be 
updated. 
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OPEN PARAMETERS. Nonstop systems and Nonstop 1+ systems differ 
in their handling of these buffers. In either system, however, 
the OPEN procedure's <sequential block buffer> and <buffer 
length> parameters govern creation of a buffer. 

In a Nonstop 1+ system, the <sequential block buffer> parameter 
contains the address of a storage area to be used as the block 
buffer. The <buffer length> parameter must be greater than or 
equal to the data-block length of the primary file or any 
associated alternate-key files. (The data-block length is 
specified when a file is created.) If the specified length is 
too short, the OPEN operation succeeds but returns a CCG 
indication (a subsequent call to FILEINFO returns <error> = 5, a 
"failure to provide sequential buffering" warning) and the 
application process's sequential buffer is not used; instead, 
normal system buffering is used. For example: 

INT .seqAbuffer [ 0:2047 ]; sequential block buffer. 

flags := %2060; ! read-only, protected, wait I/0. 
CALL OPEN fileAname,fileAnumber,flags,,,,seqAbuffer,4096 ); 
IF < THEN ! OPEN failed. 

ELSE 
IF > THEN 

BEGIN ! file successfully opened 
CALL FILEINFO ( fileAnumber , error ); 
IF error = 5 THEN ! sequential buffer request rejected. 

END the file is successfully opened 

The file is then read sequentially in the normal manner. 

eof := 0; 
WHILE NOT eof DO 

BEGIN 
CALL READ ( fileAnumber, buffer, reclen, countread ); 
IF > THEN eof := 1 
ELSE 

END; 

When READ is called and the sequential block buffer is empty 
(either this is the first record read from the file or all 
records in the block have been read), the file system transfers a 
data block from the disc-I/0 process to the sequential block 
buffer ("seqAbuffer") in the application process's data area. 
For each call to READ, a record is deblocked from the sequential 
block buffer and transferred into the array called "buffer". 

In a Nonstop system, however, the <sequential block buffer> 
parameter serves only as a numeric buffer identifier, because the 
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file system allocates the buffer space from the PFS. This 
parameter can be omitted if buffer space is not to be shared (see 
"Sharing Buffer Space" below); <buffer length> is the more 
significant parameter because: 

• If the <buffer length> parameter is zero or absent, or is 
longer than the space available in the PFS, the OPEN operation 
succeeds but returns a CCG indication with error 5 (a "failure 
to provide sequential buffering" warning) and block-buffering 
is not used. 

• If the <buffer length> parameter is greater than the filevs 
block size, the buffer will be created with the specified 
size. 

• If the <buffer length> parameter is nonzero but not greater 
than the file's block size, the buffer size will equal the 
block size. For example, if a file with block size 4096 is 
opened with <buffer length> 128 specified, the buffer will be 
created for a block size of 4096. This is often the easiest 
way to provide the most efficient usage of buffer space. 

ALTERNATE-KEY FILES. If you want to use an alternate-key access 
path and the alternate-key file's block size is larger than that 
of the primary file, be certain to open the primary file with the 
larger <buffer length> parameter. 

If access to a primary file uses sequential block-buffering, so 
does access to its alternate-key records. 

After KEYPOSITION with a nonzero key specifier, the first READ 
request causes the disc process to fetch a data block from the 
alternate-key file into the buffer area. The disc process then 
fetches a single record from the primary data file via the 
alternate-key specification in the buffer. Thus the benefits and 
limitations of sequential block-buffering apply to the alternate­
key-file I/0, not to the primary-file I/0. 

SHARED FILE ACCESS. For sequential block-buffering, the file 
usually should be opened with protected or exclusive access. 
Combining sequential block-buffering and shared access is allowed 
on either a Nonstop system or a Nonstop 1+ system, but you should 
beware that this combination can cause some concurrency problems. 

If another process is updating data copied into the block buffer, 
those updates may not be seen by the process using the buffer. 
For example, assume process A is reading a buffered block of data 
while process B inserts a new record into that block on the disc. 
The new record will not be in the buffer that process A is 
reading. Although process A's user might expect to see the 
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record that process B inserted, that record will not be in the 
buffer unless process A reads that block again. 

SHARING BUFFER SPACE. In either kind of system, you can have two 
or more files share the same buffer space by specifying identical 
<sequential block buffer> parameters in OPEN. This can cause 
significant memory-consumption savings in some applications. 

When using this feature, however, be certain that the first file 
opened either has the largest block size or is opened with enough 
buffer space to accommodate the largest file. If a file tries to 
share a buffer that was already created with a smaller block 
size, the OPEN operation succeeds but returns a CCG indication 
with error 5 (a "failure to provide sequential buffering" 
warning) and block-buffering is not used. 

A shared buff er can be useful when reading whole blocks of data 
from several files, but it would be inefficient when reading a 
single record or switching back and forth between files, because 
the buffer is refilled each time a new file or random record is 
read. 

If you omit the <sequential block buffer> parameter when opening 
a file on a Nonstop system, the file cannot share a buffer. 

ACCESS RULES FOR UNSTRUCTURED FILES 

The best way to get access to an unstructured file depends on 
what you want to do with that file. 

File Pointers and Relative Byte-Addressing 

Data access in an unstructured disc file is via a relative byte 
address (RBA). The first byte in a file is at RBA zero. A 
relative byte address is an offset, in bytes, from the first 
byte. 

Three pointers are associated with each open, unstructured disc 
file: 

• The next-record pointer contains the RBA of the location where 
the next disc transfer (READ or WRITE) begins. 

• The current-record pointer contains the RBA of the location 
just read or written, which is the address where a disc 
transfer due to a READUPDATE or WRITEUPDATE begins. 
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• The end-of-file pointer contains the RBA of the next even­
numbered byte after the last significant data byte in a file 
(unless the file has ODDUNSTR set). The end-of-file pointer 
is incremented automatically when a record is appended to the 
end of a file (WRITE). It can be set explicitly by calls to 
the POSITION and CONTROL procedures. 

Separate next-record and current-record pointers are associated 
with each opening of an unstructurej disc file so, if the same 
file is open several times simultaneously, each opening provides 
a logically separate access. The next-record and current-record 
pointers reside in the file's access control block (ACB) in the 
application process environment. 

A single end-of-file pointer, however, is associated with all 
openings of a given unstructured disc file. This permits data to 
be appended to the end of a file by several different accessors. 
The end-of-file pointer resides in the file's file control block 
(FCB) in the disc-I/0-process environment. A file's end-of-file 
pointer value is copied from the file label on disc when the file 
is opened and is not already open; the end-of-file pointer value 
in the file label is updated (1) when any CONTROL operation to 
the file is performed, (2) when a file extent is allocated for 
the file, and (3) when the file is closed and there are no other 
openings of the file. 

An unstructured file's end-of-file address is physically written 
on disc every time one of these events occurs: 

• The file is created. 
• An extent is allocated for the file. 
• A CONTROL operation is performed for the file. 
• The last accessor closes the file. 
• The REFRESH procedure is called for the file. 
• The PUP REFRESH command is executed for the file's volume. 
• The end-of-file pointer is changed (if the autorefresh option 

is in effect). 

The autorefresh option can be specified when the file is first 
created. Even if a file is created without the autorefresh 
option specified, it can be modified at some later date to 
include the autorefresh option. 

When creating a file with the CREATE procedure, you can specify 
the autorefresh option setting <file type>o<12> to 1. When 
creating a file with FUP, you can specify the autorefresh option 
with the SET REFRESH command. For files created without the 
autorefresh option, you can specify the option at any time with 
the FUP command ALTER REFRESH. 

Table 5-1 summarizes pointer action with unstructured disc files. 
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Table 5-1. File-Pointer Action 

In this table, <count> is the specified transfer count. If 
the file was created with the CREATE procedure's ODDUNSTR 
parameter set, the value specified for <count> is the number 
of bytes transferred. If the ODDUNSTR parameter was not set 
when the file was created, <count> is rounded up to an even 
number before the data are transferred. 

CREATE 

file label's end-of-file pointer := OD: 

OPEN (first) 

end-of-file pointer := file label's end-of-file pointer: 

OPEN (any) 

current-record pointer := next-record pointer := OD: 

READ 

current-record pointer := next-record pointer: 
next-record pointer := next-record pointer + 

$min (<count>, eof pointer - next-record pointer): 

WRITE 

if next-record pointer = -lD then 
begin 

current-record pointer := end-of-file pointer: 
end-of-file pointer := end-of-file pointer + <count>; 

end 
else 

begin 
current-record pointer := next-record pointer: 
next-record pointer := next-record pointer + <count>; 
end-of-file pointer := $max( end-of-file pointer, 

next-record pointer ); 
end; 

READUPDATE 

file pointers are unchanged 
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Table 5-1. File-Pointer Action (continued) 

WRITEUPDATE 

file pointers are unchanged 

CONTROL (write end-of-file) 

end-of-file pointer := next-record pointer; 
file label's end-of-file pointer := end-of-file pointer; 

CONTROL (purge data) 

current-record pointer := next-record pointer := 
end-of-file pointer := OD; 

file label's end-of-file pointer := end-of-file pointer; 

CONTROL (allocate/deallocate extents) 

file pointers are unchanged 
file label's end-of-file pointer :- end-of-file pointer; 

POSITION 

current-record pointer := next-record pointer := 
<relative byte address>; 

CLOSE (last) 

file label's end-of-file pointer := end-of-file pointer; 

Sequential Access 

READ and WRITE increment the next-record pointer by the number of 
bytes transferred; therefore, automatic sequential access is 
provided to the unstructured file. 

If the file was created with the ODDUNSTR parameter setv the 
number of bytes transferred and the amount the pointers are 
incremented are exactly the number of bytes specified with <write 
count> or <read count>. If the ODDUNSTR parameter was not set 
when the file was created, the values of <write count> and <read 
count> are rounded up to an even number before the transfer takes 
place and the file pointers are incremented by the rounded-up 
value. 
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EXAMPLE. This sequence of ENSCRIBE calls shows how the file 
pointers are used when sequentially accessing an unstructured 
disc file. Assume these are the first operations to the file 
after OPEN: 

CALL READ fileAa, buffer, 512 ); 

CALL READ fileAa, buffer, 512 ); 

CALL WRITEUPDATE ( fileAa, buffer, 512 ); 

CALL READ ( fileAa, buffer, 512 ); 

The first READ transfers 512 bytes into "buffer" starting at 
relative byte 0. The next-record pointer now points to relative 
byte 512 and the current-record pointer points to relative byte 
o. 
The second READ transfers 512 bytes into "buffer" starting at 
relative byte 512. The next-record pointer now points to 
relative byte 1024 and the current-record pointer points to 
relative byte 512. 

The WRITEUPDATE procedure then replaces the just-read data with 
new data in the same disc location. The file system transfers 
512 bytes from "buffer" to the file, at the position indicated by 
the current-record pointer (relative byte 512). The next-record 
and current-record pointers are not affected by the WRITEUPDATE 
procedure. 

The third READ transfers 512 bytes into "buffer" starting at 
relative byte 1024 (the address in the next-record pointer). The 
next-record pointer then points to relative byte 1536, and the 
current-record pointer points to relative byte 1024. 

ENCOUNTERING THE END OF THE FILE DURING SEQUENTIAL READING. When 
the end-of-file (EOF) boundary is encountered during reading of 
an unstructured disc file, data up to the EOF location are 
transferred. A subsequent READ will return an EOF indication 
(condition code of CCG) because it is not permissible to read 
data past the EOF location. If the file is not repositioned, the 
EOF indication will be returned with every subsequent READ. 

For example, assume an unstructured file is written on disc, with 
the EOF location at relative byte 4096. Sequential readings of 
512 bytes each are executed, starting at relative location 0: 
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file"'eof := O: 
WHILE NOT f ile"'eof DO 

BEGIN 
CALL READ ( file"'a, buffer, 512, num"'read, .. ): 
IF > THEN file"'eof := 1 
ELSE 
IF = THEN 

BEGIN 
.•• process the data ... 

END 
ELSE . . . ! error. 

END: 

Each of the first eight READ calls transfers 512 bytes into 
"buffer", returns "num"'read" = 512, and sets the condition-code 
indicator to CCE (operation successful). 

READ 1 READ 2 READ 3 READ 8 READ 9 
(512 BYTES) {512 BYTES) (512 BYTES) (512 BYTES) (EOF) 

/-~~J__--v---~, 

c ·r_ c 
t t t t t t 
0 512 1024 1536 3584 
RELATIVE BYTE ADDRESS 

Figure 5-1. Example of Encountering EOF 

4096 
(EOF) 

$5033-014 

The next READ fails, so no data are transferred into "buffer", 
"num"'read" is returned as zero (0), and the condition-code 
indicator is set to CCG (end-of-file indication). 

Figure 5-1 shows a sample EOF encounter. 

If sequential READS of 400 bytes are executed from the same file, 
the results are slightly different: 
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file""eof := O; 
WHILE NOT f ileAeof DO 

BEGIN 
CALL READ ( fileAa, buffer, 400, numAread, .. ): 
IF > THEN fileAeof := 1 
ELSE 
IF = THEN 

BEGIN 
... process the data ... 

END 
ELSE ... ! error. 

END: 

In this case, the first 10 READ calls each transfer 400 bytes 
into "buffer", return "num"'read" = 400, and set the condition­
code indicator to CCE (operation successful). The eleventh READ 
transfers 96 bytes into "buffer", returns "numAread" = 96, and 
sets the condition-code indicator to CCE. The next READ fails 
and sets the condition-code indicator to CCG. This situation is 
illustrated in Figure 5-2. 

READ 1 
(400 BYTES) 

READ 2 READ 3 READ 10 READ 11 READ 12 
(400 BYTES) (400 BYTES) 

I I v v I 
/ v 

t t t t 
0 400 800 1200 

RELATIVE BYTE ADDRESS 

(400 BYTES) (96 BYTES) (EOF) 

-~ 

t 
3600 

l I 
t t 

4000 4096 
{EOF) 

85033-015 

Figure 5-2. Example of Encountering EOF (Short READ) 

Random Access 

Random access to an unstructured disc file is accomplished by 
setting the file pointers explicitly. This is done by calling 
the POSITION procedure and specif ing the starting location to be 
accessed in the <relative byte address> parameter. 

For example, to update data in an unstructured disc file at 
relative byte address 81920, you could use this sequence of 
calls: 
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CALL POSITION ( fileAa, 819200 ); 

CALL READUPDATE ( fileAa, buffer, 512 ); 

CALL WRITEUPDATE ( fileAa, buffer, 512 ); 

The call to POSITION sets the next-record and current-record 
pointers to relative byte 81920. 

The call to READUPDATE transfers 512 bytes from the file to 
"buffer", starting at relative byte 81920. Following the read, 
the next-record and current-record pointers are unchanged. 

The WRITEUPDATE procedure replaces the just-read data with new 
data in the same location on disc. The file system transfers 512 
bytes from "buffer" to the file at relative byte 81920. 

Appending to the End of a File 

The POSITION procedure can be used to append data to the end of 
an unstructured disc file. To set the pointer to the current 
end-of-file, pass -lD as the <relative byte address> parameter: 

CALL POSITION ( fileAa, -lD ): 

The next-record pointer now contains -lD. This indicates to the 
file system that subsequent WRITE calls should append to the end 
of the file. 

A subsequent WRITE, then, appends 512 bytes to the end of the 
file: 

CALL WRITE ( fileAa, buffer, 512, numAwritten ): 

The file system transfers 512 bytes from "buffer" to the current 
end-of-file location (131072). The next-record and end-of-file 
pointers .now point to relative byte 131584: the current-record 
pointer points to relative byte 131072; the next-record pointer 
still contains -lD, so a subsequent WRITE also appends to the end 
of the file. 

Figure 5-3 shows an example of using POSITION for both random 
access and appending to the end of an unstructured disc :file. 

5-20 ,,, 82583 AOO 3/85 



r OPEN 
READ 2, 

READ 1 WRITEUPDATE 

I 512 

I 
512 

I 

t t t 
CUR-REC PTR 0,0 512 1024 
NEXT-REC PTR 0 512 1024 
EOF PTR 

File Access 
Access Rules for Unstructured Files 

POSITION (81920D) 
~POSITION (-10) l READUPDATE, 

READ 3 WRITEUPDATE WRITE 
/~ ~ 

512 

I J 
512 G 

t t t t t 
81920 131,072 

1536 81920 131,072 131,584 
131,072 131,584 

85033-016 

Figure 5-3. Example of File-Pointer Action 

Heeding Sector or Buffer Boundaries 

Disc storage is divided into physical sectors, each containing 
512 bytes. Any disc READ or WRITE operation, regardless of the 
number of bytes transferred, involves at least one sector and can 
involve as many as eight sectors (4096 bytes). 

It is most efficient to transfer whole sectors of information. 
This means the most efficient transfers are multiples of 512 
bytes on 512-byte boundaries. These boundaries are easy to find 
because a file always starts on a sector boundary. 

The DP2 disc process treats the buffer size of an unstructured 
file as a substitute for sector size. This buffer size must be 
512, 1024, 2048, or 4096 bytes. For a DP2 unstructured file, 
then, the most efficient transfer starts on a <buffer-size> 
boundary and is an integral multiple of the buffer size. Thus, 
if the buffer size is 4096, you can plan efficient transfers as 
you would with a DPl disc having 4096-byte sectors. 

Consider a disc operation transferring two full sectors of 
information (1024 bytes) to an unstructured disc file, starting 
at relative address 512: 

POSITION (outAfile, 512); 
CALL WRITE ( outAfile, rodney, 1024, ... >: 

This call involves only one disc operation: the 512 bytes of 
"rodney" are transferred to one disc sector. 
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Now consider a WRITE that does not fall on sector boundaries. 
Suppose you write only 200 bytes, starting at relative location 
400, using these calls: 

POSITION (outAfile, 400): 
CALL WRITE ( outAfile, king, 200 ): 

This situation, illustrated in Figure 5-4, transfers two disc 
sectors, even though "king" is shorter than "rodney." Also, 
because only part of each sector is to receive data from "king," 
two disc operations are required: 

1. The two sectors, containing relative addresses [0:1023], are 
read from the disc into the disc's buffer area in main 
memory. The first 200 bytes of "king" are moved into the 
appropriate location in the disc's buffer (address [400]). 

2. The updated sectors are written back to the disc. 

SECTOR BOUNDARY 

+ SECTOR 0 (512 BYTES) SECTOR 1 (512 BYTES)~ 

[. __ _ 
I ~~;;!f0:; 

J ::~::~IL 

i i 
~ ~ z;::-" 
: - .,,-r: ~ 

' t t t t 
0 400 512 600 1024 

RELATIVE BYTE ADDRESS 
85033-017 

Figure 5-4. Example of Crossing Sector Boundaries 

Although full-sector transfers are most efficient for the system 
to perform, they are not necessarily the most efficient for a 
particular application. If the application can block data to 
fill a buffer or sector, however, its I/0 will be more efficient. 

Resident Buffering (Nonstop 1+ System Only) 

For unstructured files on a Nonstop 1+ system, resident buffering 
can save some data transferral and avoid suspension of an 
application process waiting for file-system buffer spacE~ for I/O. 

With resident buffering, any data transferred because of an I/0 
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request are transferred directly between the application 
process's data area and an I/0 buffer in the processor running 
the primary I/0 process controlling a device. This bypasses the 
normal intermediate transfer to a file-system buffer in the 
processor running the application process. 

The effect of using resident buffering is shown in Figure 5-5. 

RESIDENT 
BUFFER IN 

APPLICATION 
PROGRAM 

IN GUARDIAN'S DATA AREA 
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Figure 5-5. Resident Buffering 

Resident buffers are specified on a file-by-file basis through 
bit <flags>.<6> of the OPEN procedure. If resident buffers are 
specified, the application process must make resident any buffers 
(arrays) used with the file in main memory. Additionally, the 
resident buffer in the application's data area must be 
addressable through the system data map. Both are done through a 
call to the process-control LOCKDATA procedure. LOCKDATA can be 
called only if the application process is executing in privileged 
mode (otherwise, an "instruction failure" trap will occur). 

For example: 
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INT .buffer[0:255]; ! application buffer to be 
! locked into memory. 

INT PROC privAlockdata ( address , count , sysrnap ) CALLABLE; 
INT address, count, sysmap; 

BEGIN 
RETURN LOCKDATA ( address , count , sysrnap ); 

END; ! privAlockdata. 

is a application procedure that executes in privileged mode. 
This is used instead of a direct call to LOCKDATA, so the process 
does not execute in privileged mode when not necessary. 

Now, invoke LOCKDATA: 

n := privAlockdata ( @buffer, 256, 1 ); 

This specifies that the physical pages where "buffer" is located 
are to be made main-memory-resident and are to be assigned to 
entries in the system data map. If the pages are successfully 
locked, 1 is returned in n. 

Then call OPEN, specifying resident buffers: 

LITERAL resAbuf := %1000; 

CALL OPEN ( fileAname, fileAnumber, flag LOR resAbuf ); 
IF < THEN ! open failed. 

A subsequent call to a file-system I/O procedure would then 
specify "buffer" in the procedure's <buffer> parameter. For 
example: 

buffer ':=' data FOR writeAcount; ! move data into 
! resident buffer. 

CALL WRITE ( fileAnumber, buffer, writeAcount ); ! write it. 
IF< THEN ... ; ! error. 

If a resident buffer is specified for the $RECEIVE file or a 
process file, the 12 words immediately preceding word[O] of the 
buffer must also be resident and available for use by the file 
system (that is, this space must be unused by the application 
process). For example: 

INT .buffer[-12:255]; ! application buffer to be locked ! in 
memory. 

LOCKDATA is invoked in this fashion: 

n := privAlockdata ( @buffer[ -12 ], 264, 1 ); 
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When you use resident buffering, these considerations apply: 

• For each concurrent process running with resident buffering in 
any one CPU, at least lK of system global data space must be 
left unassigned when generating the system (by SYSGEN). 

• Although resident buffering is specified on a file-by-file 
basis, you can use the same resident buffer for several 
different files (if, of course, the structure of the program 
permits). 

• It is not necessary to call LOCKDATA before OPEN is called. 
However, LOCKDATA must be called before the first I/0 transfer 
(READ, WRITE, CONTROL, etc.) with a file is performed. 

• The resident buffer is not used for accesses to structured 
ENSCRIBE files; it is for unstructured files only. 

Adjustable Buffering (with DP2 Disc Processes Only) 

The BUFFERSIZE attribute lets you define the internal buffer size 
to be used for access to an unstructured DP2 file. The buffer 
can be any valid DP2 block size--512, 1024, 2048, and 4096 bytes. 
You can set this attribute when the file is created and change it 
by either a call to SETMODE or use of the FUP command ALTER. If 
you specify an invalid size, the next higher valid size is used. 
The default buffer size is 4096, the highest possible. The 
buffer size you specify has no effect on the format of the data 
accessed by the user. 

An appropriate buffer size lets the disc process use its fixed­
length cache management scheme more efficiently. For instance, 
if some application usually accesses a DP2 unstructured file in 
1024-byte quantities and on 1024-byte boundaries, the most useful 
buffer size would be 1024. 

LOCKING FILES AND RECORDS 

Access to a sharable file among two or more processes is 
coordinated by means of file locks, record locks, and key locks. 
A process requests a lock before performing a critical operation, 
to temporarily exclude other accesses. It releases the lock when 
a critical operation is completed, to allow access by other 
processes. 
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File-Locking 

ENSCRIBE disc files can be locked and unlocked by the LOCKFILE 
and UNLOCKFILE procedures. Multiple processes accessing· the same 
disc file can call LOCKFILE before performing a critical sequence 
of operations to that file. If the file is not currently locked, 
it becomes locked and the process continues executing. This 
prevents other accesses to the file until it is unlocked through 
a call to UNLOCKFILE. If the file is locked, then the action 
taken depends on the locking mode in effect at the time of the 
call (see "Interaction between File Locks and Record Locks" 
below). 

If a process attempts to write to a locked file, the access is 
rejected with a "file is locked" error indication~ if a process 
attempts to read from a locked file, it is suspended until the 
file is unlocked. 

An alternate mode for file-locking can be specified via a call to 
the SETMODE procedure. Instead of suspending the caller to 
LOCKFILE if the requested file is locked, the lock request is 
rejected and the call to LOCKFILE completes immediately with a 
"file is locked" error indication. Moreover, if a process 
attempts to read from a locked file, the attempt is immediately 
rejected. 

Record-Locking 

Record-locking operates in essentially the same manner as file­
locking, but it allows a greater degree of concurrent access to a 
single file than file-locking does. 

Individual records of a file are locked by one of these 
procedures: 

• The LOCKREC procedure locks the current record (as indicated 
by the last operation with the file). 

• The READLOCK or READUPDATELOCK procedure locks the record to 
be read before reading it. 

When a lock is requested for a record, if no other process has it 
locked, the lock is immediately granted. If the record or the 
file is locked, then the action taken depends on the locking mode 
in effect at the time of the call (see "Interaction between File 
Locks and Record Locks" below). 

If a file lock is attempted on a file when one or more records 
are locked, the file lock must wait for all records to be 
unlocked before it will be granted. Similarly, a record lock 
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must wait if the file is currently locked. 

Records are unlocked by one of these procedures: 

• The UNLOCKREC procedure unlocks the current record. 

• The UNLOCKFILE procedure unlocks all records in the file 
locked by the caller. 

• The WRITEUPDATEUNLOCK procedure unlocks the record after 
writing it. 

If a record is deleted, it is automatically unlocked. If a 
record is deleted from a file audited by the Transaction 
Monitoring Facility (TMF), the lock is not relinquished until the 
transaction is committed or aborted. See the GUARDIAN Operating 
System Programmer'~ Guide or the PATHWAY SCREEN COBOL Reference 
Manual for details. 

Record-locking allows the maximum concurrency of access to a file 
while still guaranteeing the integrity of the file's contents 
when it is to be simultaneously updated by more than one process. 
However, for complex updating of a file involving many records, 
record-locking may not be desirable, because of the amount of 
system processing required or because it increases the 
possibility of "deadlock" (see "Deadlock" below). In such cases, 
file-locking may be preferable. 

In a Nonstop 1+ system, the maximum number of concurrent locks 
depends on how much control-block space is available, up to a 
maximum of 922 key locks or 1808 record locks. In a Nonstop 
system with DPl disc processes, no more than 3000 concurrent 
record locks or 2000 key locks can be pending on a given file. 
If the file is partitioned, the limit applies to each partition, 
rather than to the entire file, because each partition has its 
own file control block (FCB). 

In a Nonstop system with DP2 disc processes, no more than 2000 
locks (of all kinds) can be held concurrently by any user--that 
is, by any file opener or any TMF transaction identifier. 

If the maximum is reached and an additional lock request is made, 
the lock request will be rejected with <error> = 35 ("unable to 
obtain I/0 process control block") on a Nonstop system or <error> 
= 32 ("unable to obtain main memory space for a control block") 
on a Nonstop 1+ system. 

When a process reads a file that was opened with sequential 
block-buffering, the process ignores all record locks (although 
it does honor file locks). The File Utility Program (FUP) 
command COPY, for example, uses sequential block-buffering and 
therefore it can read locked records. 
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Key-Locking (DPl Only) 

Key locks are used only for deleted records in audited DPl files, 
because there is no address to define a record lock. TMF 
implicitly sets these locks when records are deleted. 

The key-lock entry size varies with the key length, unlike record 
locks, whose entries are of a fixed size. This means you are not 
always guaranteed space for 2000 key locks; if the keys being 
locked are long, fewer key locks will be allowed. Therefore, the 
application designer should try not to delete large numbers of 
records in a single transaction. 

Locking Modes 

Locks are granted on an file-opening (<file number>) basis. 
Therefore, if a process has multiple openings of the same file, a 
lock through one file number excludes access to the file through 
other file numbers. 

Two locking modes are available. The locking mode determines the 
action taken if the file or record is already locked when a 
request is made to lock it. 

• In the default locking mode, if a process requests to lock 
or read a locked record---rt.hat is not locked by the <file 
number> supplied in the call), that process is suspended 
until the file or record becomes unlocked. 

• In the alternate locking mode, if a process requests to lock 
or read a locked record (that is not locked by the <file 
number> supplied in the cal 1), that request is imrne~diately 
rejected with a "file/record is locked" error indication 
(<error>= 73), so the requesting process can take 
alternative action. 

The locking mode is specified via <function> 4 of the SETMODE 
procedure. 

In either mode, if a control or write request is made and the 
requested record is locked but not through the <file number> 
supplied in the call, the call is rejected with a "file/record is 
locked" error indication (<error>= 73). 
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Interaction between File Locks and Record Locks 

This subsection applies only if the default locking mode is in 
effect. 

With the DPl disc process, mixed record-locking and file-locking 
in a given file is not supported. Record locks cannot be granted 
while the file is locked. With DP2, a user (file-opener or TMF 
transaction identifier), having locked a file, still can lock a 
record in that file separately. 

For a file having one or more pending lock requests, there is a 
queue of file-locking requests. Attempting to read from a locked 
file, when the file is not locked through the file number 
supplied in the call, queues the read request with the file­
locking requests. When the current lock is cleared (by means of 
a call to the UNLOCKFILE procedure), the request at the head of 
the file-locking queue is granted. If the request is a lock 
request, the lock is granted and the request continues 
processing: if it is a read request, the file is read. 

Similarly, for a record having one or more pending lock requests, 
there is a queue of record-lock requests. Attempting to read 
from a locked record, when the record is not locked through the 
file number supplied in the call, queues the read request with 
the record-locking requests. When the current lock is cleared, 
the system grants the request at the head of the locking queue 
for that record. If the request is a lock request, the lock is 
granted and the processing continues: if it is a READ request, 
the record is read. 

A call to LOCKFILE is not equivalent to locking all records in a 
file: for instance, locking all records would still allow someone 
else to insert new records but file-locking would not. 

With the DP2 disc process, locking requests do not wait behind 
other locks held by the same user. If a user holds record locks 
and later requests a file lock, and no other user holds record 
locks in that file, the record locks are given up and replaced by 
the file lock. 

With the DPl disc process, if a user requests a file lock while 
any records in the file are locked, the request is queued behind 
the record locks. If a user requests a record lock in a file it 
has already locked, that request is usually queued behind any 
file locks for the file. 

The exception to the DPl queuing of record locks is: if a user 
has one or more records locked, then requests another record lock 
for that file, the record lock will preempt any pending (but not 
yet granted) file locks for that file (the request will not 
preempt other record locks for the same record). This exception 
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minimizes the possibility of a deadlock condition occurring, as 
illustrated below: 

User A 

LOCKREC: $A.B.C,rec 1 
(lock granted) 

User B User C 

LOCKFILE: $A.B.C 
(lock queued) 

LOCKREC: $A.B.C,rec 12 
(lock granted) 

LOCKREC: $A.B.C,rec 12 
(lock queued) 

Note that a deadlock condition occurs in this situation: 

1. A process opens a certain file more than once, with file 
numbers 1, 2, ... , n, using the default locking mode. 

2. The process locks file number 1. 

3. The process calls READ or READUPDATE, using file number 2. 

Now the READ must wait until the file lock is removed, so the 
process is suspended. The suspended process, however, cannot 
remove the lock, so a deadlock condition exists. If this process 
uses the alternate locking mode, the READ request would be 
rejected and processing would continue. Deadlocks are discussed 
further in the next subsection. 

Deadlock 

One problem that can occur when multiple processes require 
multiple record locks or file locks is a deadlock condition. An 
example of deadlock is: 

User A User B 

LOCKREC: record 1 LOCKREC: record 2 

LOCKREC: record 2 LOCKREC: record 1 

Here, user A has record 1 locked and is requesting a lock for 
record 2, while user B has record 2 locked and is requesting a 
lock for record 1. 
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One possible way to avoid deadlock is to always lock the records 
in the same order. Thus, the situation described above would 
never happen if each user requested the lock to record 1 before 
it requested the lock to record 2. 

Since it is sometimes impossible for an application program to 
know in which order the records it must lock are going to be 
encountered, another solution is offerred. For updates to single 
records of the file, no special processing need be done. For an 
update involving two or more records, however, the solution is to 
first lock some designated common record, and then lock the 
necessary data records. This prevents deadlock among those users 
requiring multiple records, since they must first gain access to 
the common record, but still allows maximum concurrency and 
minimum overhead for accessors of single records. 

Record-Locking with Unstructured Files 

ENSCRIBE permits record-locking in unstructured files, so 
applications can define their own file structures and still use 
the capabilities of record-locking. 

Record-locking with unstructured files is accomplished by 
positioning the file to the relative byte address of the record 
to be locked, then locking the address through the LOCKREC, 
READLOCK, or READUPDATELOCK procedure. Any other user attempting 
to access the file at a point beginning at exactly that address 
will see the address as being locked (the action will then be 
appropriate for the current locking mode). 

Unstructured files are unlocked in the same way as structured 
files. 

TMF Locking Considerations 

In a system using the Transaction Monitoring Facility (TMF), a 
transaction must lock all records that it updates, either on a 
record-by-record basis or for an entire file at a time. For 
server processes to change a TMF-audited data base, TMF imposes 
certain record-locking rules to prevent transactions from reading 
uncommitted changes of other concurrent transactions: 

• Whenever a transaction inserts a new record into an audited 
file, that record is locked automatically. 

• Before a process can successfully change or delete an existing 
record in an audited file, it must previously have locked the 
record or file. When a transaction deletes a record from an 
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audited file, TMF sets a key lock based on the deleted 
record's primary-key value. For the duration of the record­
deleting transaction, the key lock effectively prevents any 
other transaction from inserting a record having the same key 
value as the deleted record. 

• All locks on audited files are held until the transaction 
completes (that is, until it either is committed or aborts and 
is backed out). 

• At the discretion of the programmer, all records read and not 
changed, but used by a transaction in producing its output, 
should be locked. Following this rule guarantees that all 
reading operations are repeatable. 

All but the last rule are enforced by TMF on audited files. 

A TMF transaction is begun by a call to BEGINTRANSACTION and 
terminated by a call to ENDTRANSACTION. 

Figure 5-6 illustrates (1) how processes can acquire locks and 
update audited files and (2) when TMF will release the locks. 

LOCK RECORD 1 
CHANGERECORD1 
UNLOCK RECORD 1 

LOCK RECORD 2 
DELETE RECORD 2 

LOCKFILE 
CHANGE RECORD 1 

CHANGE RECORD 2 
UNLOCKFILE 

LOCK RECORD 1 
CHANGE RECORD 1 

LOCK RECORD 2 
NO CHANGE TO 
RECORD2 

UNLOCKFILE 

d~ 
~~,~~~o::;:~~::i !, I 

UNLOCKFILE 

55033-019 

Figure 5-6. Record-Locking for TMF 
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If the whole set of current active transactions tries to acquire 
too many locks (see "Record-Locking" above), the attempt will be 
rejected with <error> = 35 ("unable to obtain I/0 process control 
block") on a Nonstop system or <error> = 32 ("unable to obtain 
main memory space for a control block") on a Nonstop l+ system. 

The file lock or record locks are owned by the current­
transaction identifier of the TMF process that issued the lock 
request. For example, a single transaction can send requests to 
several servers or multiple requests to the same server class. 
In this situation, where several processes share a common 
transaction identifier and the locks are held by the same 
transaction identifier, the locks do not cause conflict among the 
processes participating in the transaction (see Figure 5-7). 

"transaction mode" 

END-TRANSACTION 
\.. ~ 

85033-020 

Figure 5-7. Record-Locking by Transaction Identifier 

Figure 5-7 illustrates these principles: 

• The terminal control process (TCP) interprets BEGIN­
TRANSACTION and obtains the transaction identifier before 
requesting data-base activity from the servers. 

• The transaction identifier is transmitted to the servers in 
the request message and any disc activity performed by the 
servers is associated with the transaction identifier. 
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• The transaction identifier owns the lock(s); all servers that 
acquired the same transaction identifier can read, lock, add, 
delete, and change records in the audited files. For example: 
server A can read and lock a record and server B can read or 
change the same record, if both servers A and B have the same 
current-transaction identifier. 

REPEATABLE READS. Generally, a TMF transaction should lock any 
data it reads and uses in producing its output, regardless of 
whether it modifies the data. Following this rule guarantees that 
all -0f a transaction's reading operations are repeatable and that 
data on which the transaction depends does not change before the 
transaction is committed. 

OPENING AUDITED FILES--ERRORS. In TMF, because locks are owned 
by the transaction identifier instead of the process identifier 
or the identifier of the file opener, they can persist longer 
than the opener process. This means that even if a file has been 
closed by all its openers, the disc process will keep it 
effectively open until all transactions owning locks in the file 
have ended or have been aborted and backed out. 

For files with pending transaction locks, these types of errors 
are possible: 

• Attempting to open an audited file with exclusive access will 
fail with <error>=12 ("file in use"), regardless of whether 
openers of the file exist. 

• FUP operations requiring exclusive access such as PURGE and 
PURGEDATA will fail. PURGE will fail with file error 12 and 
PURGEDATA will fail with file error 80. 

Additionally, error 80 ("invalid operation on audited file") will 
be returned for attempting to open a file if: 

• It is a nonaudited file whose automatically updated key file 
that is audited. 

• It is an audited file whose automatically updated key file 
that cannot be opened or is not audited. 

• It is a structured audited file with unstructured access. 

• It is an audited, partitioned file having a nonaudited 
secondary partition. 

• It is a nonaudited, partitioned file having an audited 
secondary partition. 
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READING DELETED RECORDS. If transaction Tl deletes a record and 
another transaction T2 attempts to read the same record while Tl 
is still active, then: 

• If T2's request is from the READ procedure after exact 
positioning, error 1 ("end-of-file") will be returned. 

• If T2's request is from the READUPDATE procedure, error 73 
("file or record locked") will be returned (in alternate 
locking mode) or the request will wait for Tl to complete (in 
default locking mode). 

BATCH UPDATES. When programming for batch-updating of audited 
files, you should either have the transaction lock an entire file 
at a time by using the LOCKFILE procedure or carefully keep track 
of the number of locks held. If you do not use LOCKFILE, TMF 
sets these implicit locks: 

• When a new record is inserted in an audited file, TMF 
implicitly locks that record. 

• When a record is deleted from an audited file, TMF implicitly 
retains a lock on the key of that record. 

These locks are not released until the transaction is committed 
or is aborted and backed out. This means that transactions doing 
batch updates to audited files, if they involve deleting, 
updating, or inserting a large number of records, can seek too 
many locks. (The maximum number of locks that can be acquired 
for each DPl file or by each DP2 transaction is specified in the 
"Record-Locking" subsection above.) This situation will return 
<error> = 35 ("unable to obtain I/0 process control block") on a 
Nonstop system or <error> = 32 ("unable to obtain main memory 
space for a control block") on a Nonstop 1+ system. 

If a TMF transaction calls LOCKFILE for a primary file, LOCKFILE 
is automatically applied to any associated alternate-key files. 
This prevents primary-file updates from causing the alternate-key 
files to obtain record or key locks. 

OTHER CONSIDERATIONS FOR BOTH STRUCTURED AND UNSTRUCTURED FILES 

This subsection describes data purging, WRITE verification, file 
refreshing, and allocation and deallocation of extents. 
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Purging Data 

Either the File Utility Program's (FUP's) PURGE command or the 
PURGE procedure can logically remove all data from a file by 
removing the file from the disc directory. The file data are not 
overwritten or erased, but rather pointers are changed to show 
the data to be absent. 

Later, if that space is re-allocated for another file, the new 
file's owner may be able to read the logically purged data. For 
security reasons, you may want to actually erase the data. If 
you have set the CLEARONPURGE flag for a file, using either 
function 1 of the SETMODE procedure or the FUP command SECURE, 
all data will be physically erased (overwritten with zeros) when 
the file is purged. (See the "SETMODE and SETMODENOWAIT 
Functions" table in the System Procedure Calls Reference Manual. 

Also, either the FUP command PURGEDATA or the CONTROL procedure's 
"purge data" operation can logically remove all data from a 
nonaudited file by resetting the file's current-record, next­
record, and end-of-file (EOF) pointers to relative byte 0 and 
updating the EOF pointer in the file label on disc. CLEARONPURGE 
has no effect after PURGEDATA, however. 

For example, this CONTROL call would logically purge all data 
from file <fileAa>. 

LITERAL purgedata = 20; 

CALL CONTROL 
IF < THEN .•. 

fileAa, purgedata ); 

This CONTROL operation can be used in conjunction with the 
CONTROL procedure's "allocate/deallocate" operation to deallocate 
all of a file's extents: 

LITERAL allocAop = 21, 
dealloc = O; 

CALL CONTROL ( fileAa, purgedata ); 
IF< THEN ••. 
CALL CONTROL ( fileAa, allocAop, dealloc ); 
IF< THEN .•. 

sets the EOF pointer to relative byte 0 then deallocates all 
extents. 
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Using the "verify write" operation ensures the integrity of each 
WRITE operation to a disc file. The disc-controller hardware 
makes a byte-by-byte comparison of the just-written data on disc 
with the corresponding data in the controller's memory. Note, 
however, that this requires an additional disc revolution. The 
"verify write" option is enabled by the SETMODE procedure 
(<function>= 3): the default setting disables it. Also, you can 
enable this option when you open a DP2 file. 

Refreshing 

The information in an open file's FCB, such as the end-of-file 
(EOF) pointer, is kept in main memory. To maximize performance, 
the EOF pointer is normally written to the file's disc label only 
when needed, as described in the "End-of-File Pointer" subsection 
above. 

Although refreshing the file's disc label (under these conditions 
only) maximizes system performance, certain considerations should 
be taken into account: 

• If an open file is backed up, the file label copy on tape does 
not reflect the actual state of the file .. An attempt to 
restore such a file will result in an error. 

• If the system is shut down (each processor module has been 
reset) while a file is open, the file label on disc will not 
reflect the actual state of the file. 

• If a total system failure occurs (such as that caused by a 
power failure that exceeds the limit of memory battery backup) 
while a file is open, the file label on disc will not reflect 
the actual state of the file. 

An autorefresh option is available, indicated by setting 
<file type>.<10> of the CREATE procedure, that causes the file 
label to be written to disc each time the end-of-file pointer is 
advanced. You can also use the FUP command ALTER ... REFRESH to 
specify the autorefresh option (see the the descriptions of the 
File Utility Program (FUP) in the GUARDIAN Operating System 
Utilities rteference Manual and the GUARDIAN Operating System 
User'~ Guide). REFRESH 1s always ON for DP2 key-sequenced files. 

However, the additional I/O caused by the REFRESH ON option can 
decrease processing throughput significantly. For applications 
(other than DP2 key-sequenced files) that cannot afford this 
overhead, the file label on disc can be forced to represent the 
actual state of a file through periodic use of the REFRESH 
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procedure or the equivalent Peripheral Utility Program (PUP) 
REFRESH command. Execution of REFRESH writes the information 
conta1ned in any file control blocks (FCBs) to the file labels on 
the associated disc volume. 

REFRESH is useful before backing up a file that is always open-­
for example, where the application is always running. At some 
point during the day when the system is quiescent (no 
transactions are taking place), issue a REFRESH command for all 
volumes in the system. Then, when the files are backed up, the 
file labels on backup tape will represent the actual states of 
the files backed up. 

You can also use REFRESH before a total system shutdown to ensure 
that the file labels on disc will represent the actual states of 
files on disc. 

To minimize the effect of a total system failure, have an 
application process call the REFRESH procedure periodically (say, 
every ten minutes). Note that this is useful only when a power 
failure occurs that exceeds the limit of memory battery backup; 
therefore, it is necessary only where the computer site is 
susceptible to frequent and severe power outages. 

For DP2 files, using the ALL option with REFRESH ensures that 
FCBs and all file blocks are flushed. 

Programmatic Extent Allocation 

An application process can cause the file system to allocate one 
or more file extents in an open file by means of the CONTROL 
procedure's "allocate/deallocate" operation. 

For example, to allocate all 16 extents in a newly created DPl 
file, the file is opened then CONTROL is called, as shown here: 

LITERAL allocAop = 21, 
maxAext = 16; 

CALL CONTROL ( fileAa, allocAop, maxAext ); 
IF< THEN ... ! extent allocate error. 

This allocates all 16 extents of "fileAa". 
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Extent Allocation Errors 

Two errors are associated with allocating disc extents: 43 
("unable to obtain disc space for file extent") and 45 ("disc 
file full"). 

The next example shows both kinds of error. A file is created 
with an extent size of 2048 bytes, then repetitive WRITEs of 400 
bytes are executed to the file: 

loop: CALL WRITE ( fileAa, buffer, 400, nurnberAwritten ); 
IF < THEN 

BEGIN 
CALL FILEINFO ( fileAa, error);. 

END 
ELSE GOTO loop; 

The first five WRITES are successful ("nurnberAwritten" = 400), 
but the sixth fails after transferring 48 bytes of "buffer" to 
the disc ("nurnberAwritten" = 48). If all disc soace has been 
allocated to other files, the <error> returned by FILEINFO is 43 
("out of disc space"). If the current extent is the last one 
permitted in the file (extent number 15 in a DPl file), then the 
<error> returned by FILEINFO is 45 ("disc file full"). This 
situation is illustrated in Figure 5-8. 

Note that <error> = 43 can also occur when allocating extents via 
the CONTROL procedure's operation 21 ("allocate/deallocate"). 

/ 

WRITE 1 
(400) 

I v 

WRITE 2 
(400) 

I v 

WRITE 3 
(400) 

I 
v 

FILE EXTENT ZERO 

WRITE 4 
(400) 

I v 

WRITE 5 WRITE 6 
(400) (48) 

I ~ 

2048 

___A___ 

85033-021 

Figure 5-8. Example Showing Extent-Allocation Error 
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Programmatic Extent Deallocation 

An application process can cause the file system to deallocate 
any file extents past the extent where the end-of-file pointer is 
pointing, by means of the CONTROL procedure's 
"allocate/deallocate" operation. 

For example, to deallocate any unused extents in a file, the file 
is opened, then CONTROL is called, as shown here: 

LITERAL allocAop = 21, 
dealloc = O; 

CALL CONTROL ( fileAa, allocAop, dealloc ); 

This deallocates any extents past the end-of-file extent. 

DISC CONTROL AND SETMODE OPERATIONS 

Complete descriptions of the CONTROL operations and SETMODE and 
SETMODENOWAIT functions are given in the System Procedure Calls 
Reference Manual. 

ERRORS AND ERROR RECOVERY 

The file system produces a number of messages indicating errors 
or other special conditions. These messages can occur during 
execution of almost any user application or Tandem-supplied 
program, since most programs use the file system. 

An error number is associated with the completion of each 
procedure call. (See "Characteristics of ENSCRIBE Procedure 
Calls" in Section 3.) 

Error Categories 

File-system errors are grouped into three major categories, as 
described in Table 3-2. These categories are: 
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• Errors reserved for process application-dependent use (error 
numbers 300 through 511) 

• Errors encountered by standard operations (error numbers 10 
through 255) 

• Warnings (error numbers 1 through 9) 

A " fourth category" i s <error> = 0 ', w h i ch i s " no er r or . " 

Many of the file-system errors imply that invalid parameters were 
supplied to the file-system procedures or that illegal operations 
were attempted. These could be considered programming errors. 
Other types of errors imply that the system is not being operated 
properly. And other types are simply informational messages 
informing the application about a particular device-oriented 
problem. 

Errors occuring during disc file access can be separated into 
these categories: communication-path errors, data errors, device­
operation errors, and failure of the primary application process. 

Communication-Path Errors 

A cornmunication-p~th error is a failure of a processor module, 
I/0 channel, or disc-controller port that is part of the primary 
path to disc device. For errors of this type, the file system 
automatically switches to the alternate path and completes the 
I/0 operation if a synchronization depth greater than zero was 
specified when the file was opened. Therefore, if an error >= 
200 is returned to the application program, the disc device is no 
longer accessible. 

Data Errors 

Data errors are error numbers 50 through 59, 120 through 139, and 
190 through 199. The file system automatically retries 
operations associated with this type of error. Therefore, if one 
.of these errors is returned, all or part of the file can be 
considered invalid. Error 120 ("data parity error") indicates a 
hardware error. A bad track on a Nonstop 1+ system, or a bad 
sector on a Nonstop system, can be assigned to an alternate track 
or sector through use of the Peripheral Utility Program (PUP) 
command SPARE. 
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Device-Operation Error 

Device-operation errors are error numbers 60 through 69 and 103. 
None of these errors are retried by the file system. Errors 60-
69 i~dicate that the device has been deliberately been made 
inaccessible and, therefore, the associated operation probably 
should not be retried. Error 103 occurs if the entire system has 
experienced a power failure and that the disc is in the process 
of becoming ready. Therefore, an operation associated with error 
103 should be retried periodically. 

Failure of the Primary Application Process 

A failure of the primary application process is not a disc error 
in the strictest sense. Rather, this is a failure of the 
processor module where the primary process of a primary/backup 
process pair is executing. Operations associated with this type 
of failure must be retried by the backup application process when 
it takes over the applications work. The GUARDIAN Operating 
System Programmer's Guide discusses recovery from this type of 
error, under "Checkpoint1ng." 

Error-Recovery Routines 

When writing error-recovery routines, the programmer must 
consider the type of device (disc, magnetic tape, line printE~r, 
etc.); the type of error (whether it is recoverable 
programmatically); and the number of "no-wait" operations 
outstanding when the error is detected. 

If a disc file is opened with a <sync depth> greater than or 
equal to 1, all recoverable errors, including path errors, are 
automatically retried by the file system. 

When using "no-wait" I/0 and executing more than one concurrent 
operation to the same file, it is quite possible for one 
operation to fail, but subsequent operations to succeed, as 
illustrated here: 

Three "no-wait" WRITE operations are initiated to a line printer: 

5-42 ~ 82583 AOO 3/85 



File Access 
Errors and Error Recovery 

• WRITE "no-wait" 1 initiated to printer 
print: "line one" 

• WRITE "no-wait" 2 initiated to printer 
print: "line two" 

• WRITE "no-wait" 3 initiated to printer 
print: "line three" 

Then the three WRITE operations are completed with calls to 
AWAI TIO: 

• AWAITIO 1 indicates "no-wait" 1 succeeded (line printed) 

• AWAITIO 2 indicates "no-wait" 2 failed (line not printed) 

• AWAITIO 3 indicates "no-wait" 3 succeeded (line printed) 

The three "no-wait" WRITE operations generate this output: 

"line one" 
"line three" 

Note that "line two" is missing. When order is important, you 
should not permit concurrent operations on the same file. 

Error Considerations for DPl Key-Sequenced Files 

DPl users are cautioned that if a key-sequenced file is opened 
with a <sync depth> of zero, a failure occuring while a record is 
being inserted or updated may leave the structure of the file in 
an indeterminate state (and therefore inaccessible). 

Error Considerations for Files with Alternate Keys 

Users are cautioned that if an application process opens a file 
having alternate keys with a <sync depth> of zero or opens with a 
nonzero <sync depth> but does not have a backup to complete an 
operation in case of a failure, a failure occurring while a 
record is being inserted or updated will have indeterminate 
results. It is possible in such cases for the insertion (or 
update) of the primary record to be successful but the insertion 
(or update) to the alternate-key file to have not been made. In 
this instance both files will appear valid (their structures are 
intact); however, there will be no alternate-key reference to the 
primary record. 
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Error Considerations for Partitioned Files 

Each partition of a file can get errors apart from the file's 
other partitions. This is especially significant for errors 42 
through 45, which pertain to disc-space allocation. You may be 
able to avoid these errors by using FUP to alter the size 
characteristics of the partition where the error occurred. 

In any case, after a CCL (or possibly CCG) return from a file­
system procedure call, the file-system error number is obtained 
by calling the FILEINFO procedure; the partition number of the 
partition in error is obtained by calling the FILERECINFO 
procedure. The volume name of the partition in error can be read 
by examining the file's partition-parameter array (eithe~r 
programmatically or via FUP). 

ACTION OF CURRENT KEY, KEY SPECIFIER, AND KEY LENGTH 

To briefly describe the basic file-system operations and their 
relationships to file-currency information, we first define some 
variable names and some functions. We then use those variable 
names and functions to write miniprograms defining the OPEN, 
KEYPOSITION, POSITION, READ, READUPDATE, WRITEUPDATE, and WRITE 
procedures. 

First, we define some variables: 

• CKV = <current key value> 
• CKS = <current key specifier> 
• CKL = <current key length> 
• CMPL = <comparison length> 
• MODE = <positioning mode>: approximate = 0 

generic = 1 
exact = 2 

• primary = 0 
• next = true if the next record in sequence is to be the 

reference 
• rip = relative file insertion pointer 
• present = true if parameter is supplied 
• keyseq = file type 3 
• entryseq = file type 2 
• relative = file type 1 

Next, we define some functions: 

• keyf ield ( record, specifier 

returns the value of the "specified" key field in the record. 
If the file is not key-sequenced and specifier = 0, then a 
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<record specifier> is returned. 

• keylength ( record, specifier ) 

returns the length of the "specified" key field in the record. 
If record = 0, this returns the defined key-field length. 

• find (mode, specifier, key value, comparison length) 

returns the position of the first record in the file according 
to mode, specifier, key value, and comparison length. 

If mode= 0 (approximate), positioning is to the first record 
whose key field, as designated by the <key specifier>, is 
greater than or equal to the <key value>. If no such record 
exists, an end-of-file indication is returned. 

If mode= 1 (generic), positioning is to the first record 
whose key field, as designated by the <key specifier>, 
contains a value equal to <key> for <comparison length> bytes. 
If no such record exists, an end-of-file indication is 
returned. 

If mode= 2 (exact), positioning is to the first record whose 
key field, as designated by the <key specifier>, contains a 
value of exactly <comparison length> bytes and is equal to 
<key>. If no such record exists, an end-of-file indication is 
returned. 

• findAnext (mode, specifier, key value, comparison length) 

returns the position of the next record in the file according 
to mode, specifier, key value, and comparison length. 

If mode= 0 (approximate), positioning is to the next record. 

If mode= 1 (generic), positioning is to the next record. If 
the key field designated by the <key specifier> does not equal 
<key> for <comparison length> bytes, an end-of-file indication 
is returned. 

If mode= 2 (exact), an end-of-file indication is returned. 

• insert ( key value, key length ); 

returns the position where a record is to be added, according 
the specified key value and key length. If a record already 
exists at the indicated position, a "duplicate record" 
indiction is returned. For relative and entry-sequenced 
files, a key value of "-lD" returns the end-of-file position 
and a key value of "-2D" returns the position of the first 
available record. 
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Now we can use the variables and functions defined above to show 
miniprograms that briefly describe the basic file-system 
operations and their relationships to file-currency information: 

OPEN: 
CKS := primary; 
if keyseq then CKL := CMPL := 0 
else 

begin 
CKL := 4; 
CKV := rip := OD; 

end; 
MODE := approx; 
next := false; 

KEYPOSITION: 
CKV := rip := <key>; 
CKS := if present then <key specifier> else primary; 
CKL := CMPL := if present then <comparison length> 

else keylength(O, CKS); 
MODE := if present then <positioning mode> else approx; 
next := false; 

POSITION: 
CKV := rip := <record specifier>; 
CKS := primary; 
CMPL := CKL := 4; 
MODE := approx; 
next := false; 

READ: 
position := if next then findAnext(MODE,CKS,CKV,CMPL) 

else find (MODE,CKS,CKV,CMPL); 
if <error> then return; 
record := file[position]; 
CKV := keyfield (record,CKS); 
CKL := keylength(record,CKS); 
next := true; 

READUPDATE: 
position := find(exact,CKS,CKV,CKL); 
if <error> = 1 then <error> := 11; if <error> then return; 
record := file[position]; 

WRITEUPDATE: 

5-46 

position := find(exact, CKS, CKV, CKL); 
if <error> = 1 then <error> := 11; if <error> then return; 
if <write count> = 0 then 

if entryseq then begin <error> := ##; return; end: 
else delete the record 

else f ile[position] := record; 
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WRITE: 
if keyseq then 

begin 
position := insert(keyfield(record,primary), 

keylength(record,primary)); 
if <error> then return; 
f i 1 e [ k e ypo s i t ion ] : = record ; 

end; 
if relative then 

begin 
if CKS then begin <error> := ##; return; end; 
if rip <> -2D and rip <> -lD and next then rip := 
position := insert(rip,4); 
if <error> then return; 
file[position] := record; 
CKV := keyfield(record,primary); 
next := true; 

end; 
if entryseq then 

begin 
if CKS then begin <error> := ##; return; end; 
position := insert(-lD,4); ! end-of-file 
file[position] := record; 
CKV := keyfield(record,primary); 
next := true; 

end; 
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ACCESS EXAMPLES 

All examples in this subsection use this CUSTOMER record 
definition: 

byte: 
[0] [34] [134] [136] [144] [152] 
-y--~~~....--"-~~~~~-.-~~~~~.--~-~~~-...-~~~~--,. 

I "name" I "address" "region" I "curbal" "1 im it" 
I I I 

primary key alternate key "RG" 

INT .cust[0:75]; 

STRING 
.scust := @cust '<<' 1; 

FIXED(2) 
. fcust := @cust; 

DEFINE 
cust"'len = 
cust"'name = 
cust"'name"'len = 
custAaddress = 
cust"'addressAlen = 
custAregion = 

custAregionAlen = 
custAcurbal = 
custAlimit = 

152#, 
scust#, 
34#, 
scust[34]#, 
100#, 
scust[136]#, 

2#, 
fcust[17]#, 
fcust[18]#; 

The contents of the CUSTOMER file are: 

name address region 
I ADAMS MIAMI' FL. I so I 
I BROWN,A REEDLEY, CA. I WE I 
I BROWN,B BOSTON, MA. I EA I 
l~EV_A_N_s __________ B_U_T_T_E_,~M-T--.--~~1~·wE I 
I HARTLEY CHICAGO, IL. -rNo 
I JONES DALLAS, TX. I so 
I KOTTER NEW YORK, NY. I EA 
I RICHARDS MINNI, MN. I NO 
I ROGERS BOISE, ID. I WE 
I SANFORD L.A., CA. I WE 
I SMITH DAYTON, OH. -rNo 

5-48 

customer record. 

byte addressable. 

fixed addressable . 

customer-rec. length. 
name field. 
name-field length. 
address field. 
address-field length. 
region field: 

NO = northern, 
SO = southern, 
EA = easte?rn, 
WE = weste?rn. 

region-field length. 
current balance. 
credi- limit field. 

curbal 
0000.00 
0256.95 
0301.00 
0010.00 
0433.29 
1234.56 
0089.00 
0000.00 
1024.00 
0301.00 
0010.00 

limit 
0500.CWT 
0300.00 I 
1000.00 I 
0100.00 I 
0500.00 I 
2000.00 I 
0500.00 I 
0500.00 I 
1500.00 I 
1000.00 I 
0500.00 I 
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Example 1. Action of Current Position 

• Position via primary key "ROGERS" 

key : = " "; 
key[l] ':=' key FOR custAnameAlen - 1; 

key ':=' "ROGERS"; 

blank the 
key. 

CALL KEYPOSITION ( custAfileAnumber, key); 

ADAMS MIAMI, FL. SO 0000. 00 T--0500. 00 
BROWN,A REEDLEY, CA. WE 0256.95 I 0300.00 

_B_R_O~W-N~,-B-----r--B-OS~T~O~N-,__,__MA_.----.---EA--......--0~3~0~1-.~0-=-0-l-iOOO.OO 

EVANS BUTTE, MT. WE 0010.00 10100.00 I 
_H_A_R_T_L_E_Y __ -.--_c_H_r c_A_G,__o_,_r_L-.-----.--N-o--..__0-4-3-3,.... • ....,,._,2 ~r- r·-05 o o-::oo 1 

JONES DALLAS, TX. SO 1234.56 I 2000.00 I 
KOTTER NEW YORK, NY. EA 0089.00 I 0500.00 I 
RICHARDS MINNI, MN. NO 0000.00 I 0500.00 I _R_o_G_E_R_s ___ ___,.... __ B_o_I s_E__;_.., -r-D-.-----..--w-E __ .._,_1_0,__2_4 __ -o-=-o-r1 so o . o o 1 

SANFORD L.A., CA. WE 0301. 00 11000. 00 I 
<---+ 
<+ I 

SMITH DAYTON, OH. NO 0010.00 I 0500.00 I 
next of subset 

current/ 
• Position via alternate key "RG" - "NO": 

key':=' "NO"; 
CALL KEYPOSITION ( custAfileAnumber, key, "RG"); 

BROWN,B BOSTON, MA. EA 0301.00 I 1000.00 
KOTTER NEW YORK, NY. EA 0089.00 10500. 00 

I 
I 
I 

HARTLEY CHICAGO, IL. NO 0433.29 lb500. 00 <---+ 
RICHARDS MINNI, MN. NO 0000.00 10500.00 <+ I 
SMITH DAYTON, OH. NO 0010.00 r-0500-:00 I 
ADAMS MIAMI, FL. so 0000.00 10500. 00 I 
JONES DALLAS, TX. so 1234.56 I 2000.00 I 
BROWN REEDLEY, CA. WE 0256.95 r-o 3 o o-::oo I 
EVANS BUTTE, MT. WE 0010.00 10100.00 I 
ROGERS BOISE, ID. WE 1024.00 I 1500.00 I 
SANFORD L.A., CA. WE 0301. 00 11000. 00 I 

next of subset I 
I 

current/ 
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Example 2. Approximate Subset by Primary Key After OPEN 

INT .custAfileAname[O:ll], 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

custAfileAnumber, 

custAeof := O: 
WHILE NOT custAeof DO 

BEGIN ! read loop. 
CALL READ (custAfileAnumber, cust, custAlen): 
IF > THEN custAeof := 1 
ELSE 

IF< THEN ... ! error. 
ELSE 

BEGIN ! process the record. 

END; 
END; ! read loop. 

Primary Key 
t 

ADAMS MIAMI, FL. lsoToooo.oo 

BROWN,A REEDLEY, CA. !WE 0256.95 

BROWN,B BOSTON, MA. -IEA 0301.00 

EVANS BUTTE, MT. IWE 0010.00 

HARTLEY CHICAGO, IL. -!NO 0433.29 

JONES DALLAS, TX. lso 1234.56 

KOTTER NEW YORK, NY. --IEA 0089.00 

SMITH DAYTON, OH. -I-NO 0010.00 

I ROGERS BOISE, ID. !WE 1024.00 

SANFORD L.A. , CA. I-WET 0301. oo 

SMITH DAYTON, OH. INO I 0010.00 

EOF 

0500.00 I 

0300. oo I 

1000.001 

0100. oo I 

0500.001 

2000. oo I 

0500.ool 

0500.001 

1500.ool 

1000.001 

0500.001 
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Example 3. Approximate Subset by Alternate Key 

Key specifier= "RG". 

CALL KEYPOSITION ( custAfileAnumber, key, "RG" ); 
! position to first record. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

cust"'eof := O; 
WHILE NOT custAeof DO 

BEGIN ! read loop. 
CALL READ (cust"'file"'number, cust, custAlen); 
IF > THEN custAeof := 1 
ELSE 

I F < THEN . • . ! error . 
ELSE 

BEGIN ! process the record. 

END; 
END; ! read loop. 

Alternate Key "RG" 
t 

BROWN,B BOSTON, MA. EA 0301.00 

KOTTER NEW YORK, NY. EA 0089.00 

HARTLEY CHICAGO, IL. NO 0433.29 

RICHARDS MINNI, MN. NO 0000.00 

SMITH DAYTON, OH. NO 0010.00 

ADAMS MIAMI, FL. so 0000.00 

JONES DALLAS, TX. so 1234.56 

BROWN REEDLEY, CA. WE 0256.95 

EVANS BUTTE, MT. WE 0010.00 

ROGERS BOISE, ID. WE 1024.00 

SANFORD L.A., CA. WE 0301.00 

EOF 
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1000.00 

0500.00 

0500.00 

0500.00 

0500.00 

0500.00 

2000.00 

0300.00 

0100.00 

1500.00 

1000.00 
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Example 4. Generic Subset by Primary Key 

Primary-key value = "BROWN". 

1 

2 

key ' : =' "BROWN"; 
compareAlen := 5; 
CALL KEYPOSITION 

( custAfileAnurnber, key, ,cornpareAlen ,generic ); 
cust"'eof := O; 
WHILE NOT custAeof DO 

BEGIN ! read loop. 
CALL READ (cust"'file"'number, cust, cust"'len); 
IF > THEN custAeof := 1 ! end-of-file. 
ELSE 

IF< THEN •.. ! error. 
ELSE 

BEGIN process the record. 

END; 
END; ! read loop. 

BROWN,A REEDLEY, CA. TWE 0256.95 0300.00 T 
BROWN, B BOSTON I MA. ~~A 0301. 00 1000. 00 T 

~~~--''--~~~~-----'---~~~~--~--·~~--------~ 

3 EOF 
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key := 
key[l] 

" " . 
' ' : =' 

key ': =' "SMITH": 
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blank the 
key. 

CALL KEYPOSITION ( custAfileAnumber, key,,, exact ); 

custAeof := O: 
WHILE NOT custAeof DO 

BEGIN ! read loop. 
CALL READ (custAfileAnumber, cust, custAlen); 
IF > THEN custAeof := 1 ! end-of-file. 
ELSE 

IF< THEN ... ! error. 
ELSE 

BEGIN process the record. 

END: 
END; ! read loop. 

1 SMITH DAYTON, OH. NO 0010. 00. r 0500. oo-r 

2 EOF 
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Example 6. Exact Subset by Non-Unique Alternate Key 

key':=' "NO"; 
CALL KEYPOSITION cust"'file"'number, key, "RG",, exact ) ; 

1 

2 

3 

4 

cust"'eof := O; 
WHILE NOT cust"'eof DO 

BEGIN ! read loop. 
CALL READ (cust"'file"'number, cust, cust"'len); 
IF > THEN cust"'eof := 1 ! end-of-file. 
ELSE 

IF < THEN ... ! error. 
ELSE 

BEGIN process the record. 

END; 
END; ! read loop. 

HARTLEY CHICAGO, I L . ------r-, -NO I 0 4 3 3 . 2 9 
----------·---· 

RICHARDS MINNI, MN .--------T-NO 0000.00 

SMITH DAYTON, OH. -!NO 0010.00 

EOF 

0500.ool 

0500.001 

0500.001 
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Example 7. Insertion of a Record into a Key-Sequenced File 

Record to be inserted = 

I HEATHCLIFF I PORTLAND, OR. WE I 0000.00-l 0500.00I 
~~~~~~~~~~~~-'--~~~~~~~~-

cust : = " "; Blank the customer 
cust[l] ':=' cust FOR (cust"'len + 1) I 2; ! record. 

cust"'name 
cust"'address 
cust"'region 
cust"'curbal 
cust"'limit 

' : =' 
' . - ' . -
' . - ' . -
: = 
: = 

"HEATHCLIFF"; 
"PORTLAND, OR."; 
"WE"; 
O.OOF; 
500.00F; 

CALL WRITE (cust"'file"'number, cust, cust"'len); insert a 
new record. 

IF<> THEN ... ! error. 

"CUSTOMER" File after Insertion 

name address region curbal 1 im it 

ADAMS MIAMI, FL. so 0000.00 -Y-0500.00 
BROWN,A REEDLEY, CA. WE 0256.9~-T-o3oo.oo 
BROWN,B BOSTON, MA. EA o 3 o 1 . o cr· 11 o o o . o o 
EVANS BUTTE, MT. WE 0010.00 i--0100.00 
HARTLEY CHICAGO, IL. NO 0433.29 I 0500.00 I 
HEATHCLIFF PORTLAND, OR. WE 0000. oo-r-osoo---:-oo 1 <-in-
JONES DALLAS, TX. so 1234.56 -r-2000.00 lserted 
KOTTER NEW YORK, NY. EA oos9.oo -y-Q5oo.oo I 
RICHARDS MINNI, MN. NO 0000.00 I 0500.00 I 
ROGERS BOISE, ID. ---rwE 10240oo_T_Isoo--:-oo1 
SANFORD L.A. , CA. I WE 0301.00 r-1000.00 I 
SMITH DAYTON, OH. I NO 0010.00 T-0500.00 I 
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Example 8. Random Update 

EVANS BUTTE, MT. 
HARTLEY CHICAGO, IL. 
JONES DALLAS, TX. 

key . - " " . .- , 

I WE 
-r· NO 

I so 

key[l] ' : =' key FOR custAnameAlen 

key ' : =' "HARTLEY"; 

roo10.oo 
I 0433.29 
I 1234.56 

blank 
- 1 . ! key. , 

CALL KEYPOSITION (custAfileAnumber, key); 
IF<> THEN ... 

0100.00 
0500.00 
2000.00 

the 

CALL READUPDATE (custAfileAnumber, cust, custAlen); 
IF <> THEN ... 

<-

I HARTLEY CHICAGO, IL. r-No 0433.29 0500.00 T -- ----

custAcurbal := custAcurbal + 30.00F 

CALL WRITEUPDATE (custAfileAnumber, cust, custAlen); 
IF<> THEN ... 

I HARTLEY CHICAGO, IL. 0463.29 osoo.oo T 
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Example 9. Random Update to Non-Existent Record 

Record to be updated = "BROWN, C" 

ADAMS MIAMI, FL. SO 0000.00 0500.00 I 
BROWN,A REEDLEY, CA. WE 0256.95 0300.00 I 
BROWN,B BOSTON, MA. EA 0301.00 1000.00 I 

--EV_A_N_s--'-----""""T--B_U_T_T_E_,...;_M_T_.--~-,--W-E~_.-o~o-1_0_._0_0--,--0100.00 -, 

key := 
key[l] 

" " . , 
r • _ r . -

key':=' "BROWN,C"; 
CALL KEYPOSITION (custAfileAnumber, key); 
IF<> THEN ... 

blank the 
key . 

CALL READUPDATE (custAfileAnumber, cust, custAlen); 
IF < THEN 

BEGIN 
CALL FILEINFO (custAfum, error); 
IF error= 11 THEN .• ! record not found. 

~ 82583 AOO 3/85 5-57 



File Access 
Access Examples 

Example 10. Sequential Reading via Primary Key with Updating 

The "limit" for each record having a "limit" >= 1000.00 and <= 
2000.00 is raised to 2000.00. 

compareAlen := O; 
CALL KEYPOSITION ( custAfileAnurnber, key, , compareAlen); 

position to first record via primary key. 
custAeof := O; 
WHILE NOT custAeof DO 

BEGIN ! read loop. 
CALL READ ( custAfileAnurnber, cust, custAlen); 
IF > THEN custAeof := 1 
ELSE 

IF< THEN ... ! error. 
ELSE 

BEGIN ! process the record. 
IF custAlirnit >= 1000.00F 
AND custAlirnit <= 2000.00F THEN 

BEGIN 
custAlimit := 2000.00F; 
CALL WRITEUPDATE 

(custAfileAnurnber, cust, custAlen); 
IF< THEN ... ! error. 

END; 
END; 

END; ! read loop. 

1 irn it 

i-ADAMS MIAMI, FL. ~so I 0000.00 I 0500.oo-T 
l~BR_o_w_N_,-A-~~-R-EE_D_L_E~Y-,-c-A-.---i-wE I 0256.95 I 0300.00 I 
I BROWN, B BOSTON, MA. ---r--EA--IOfOT:00-1200lf:OO I < - in-
1 EVANS BUTTE, MT. I WE I 0010.00 I 0100.00 lserted 
I HARTLEY CHICAGO, IL. I NO I 0463. 29 10500. 00 I 
,~Jo_N_E_s----..--D-A-LL_A_s_,~T-x-.---i-scs--1 1234.56 1 2000.00 1 
I KOTTER NEW YORK, NY.--i-EA I 0089.00 I 0500.00 I 
I RICHARDS MINNI' MN. --i-No Tcwoo. 00 I 0500. 00 I 
1 -.-Ro_G_E_R_s-----.--B-o_I_s_E_;_, -I-n. ---i-wY-1 1 o 2 4 . o o 1 2 o o o • o o 1 < - - - + 
I SANFORD L.A., CA. I WE I 0301.00 I 2000.00 I <---+ 
1_s_M_I_T_H ______ D_A_Y_T~o-N-,-o-H-.-·--i-No I 0010.00 I 0500.00 I 

inserted 
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Example 11. Random Deletion via Primary Key 

Primary key = "EVANS" 

BROWN,B I BOSTON, MA. EA 0301.00 
EVANS I BUTTE, MT. WE 0010.00 
HARTLEY I CHICAGO, IL. NO 0463.29 

key := " " . blank , 
key[l] I • - I key FOR custAnameAlen - 1; key. .-
key I • - I . - "EVANS" 
CALL KEYPOSITION (custAfileAnumber, key); 
IF <> THEN ... 
CALL WRITEUPDATE (custAfileAnumber, cust, 0} ; 
IF <> THEN 

File Access 
Access Examples 

1-2000. 00 
I 0100.00 <-
rosoo.oo 

the 

BROWN, B BOSTON, MA. EA 0301. 0 0 12 0 0 0 . 0 0 
~HA_R_T_L_E~Y-----.--C_H_I_C_A_G~O-,~I-L-.---.---N-O~r--0-4_6_3_.~2-9-r-osoo.oo 

..-, 82583 AOO 3/85 5-59 



File Access 
Access Examples 

Example 12. Sequential Reading via Primary Key with Deletions 

Each record having a "curbal" value of 0.00 is deleted. 

CALL KEYPOSITION cust"fileAnumber, key, , 0); !position to 
! first record via primary key. 

cust"eof := O; 
WHILE NOT cust"eof DO 

BEGIN ! read loop. 
CALL READ ( cust"file"number, cust, cust"len)~ 
IF > THEN cust"eof := 1 
ELSE 

IF< THEN ... ! error. 
ELSE 

BEGIN ! process the record. 
IF cust"curbal = O.OOF THEN 

BEGIN 
CALL WRITEUPDATE ( cust"file"number, cust, 0 ); 
IF < THEN . . . ! error. 

END; 
END; 

END; ! read loop. 

curbal 

IBROWN,A REEDLEY, CA. -r-wE -Tl'.f256.95 I 0300.00 T 
I BROWN, B BOSTON, MA. -r-EA - I 0301. 0 0 I 2 0 0 0 . 0 0 · 1 

I _H_A_R_T_L_;..E_Y __ ,.---C_H_I, CAGO ' I L . ~---NO T04 6 3 . 2 9 -T 0 5 0 0 . () 0 -I 
I JONES DALLAS' TX. -r-so-TT234. 56 I 2000. ()0 · 1 

I KOTTER NEW YORK, NY.--rEA-1 0089.00 I 0500.00 ·1 
I ROGERS BOISE, ID. I WE I 1024.00 I 2000.00 ·1 
I -SA_N_F_O_R_D---,--L-.-A--.-,-'--'.c-A-. ---r--wE T03 o 1. o o - I 2 o o o . o o -I 
I SM I TH DAYTON , OH • -C_NO - I 0 0 10 . 0 0 I 0 5 0 0 . 0 0 L 
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Example 13. Positioning with a Relative or Entry-Sequenced File 

For these declarations: 

INT(32) recAaddr; 
STRING primaryAkey = recAaddr; 

positioning by primary key is done with: 

CALL POSITION (fileAnumber, recAaddr); 

positioning to end-of-file is done with: 

recAaddr := -lD; 
CALL POSITION (fileAnumber, -lD); 

and the current primary-key value (current position) can be 
obtained with either: 

CALL FILEINFO (fileAnumber,,,,,,,,,,,recAaddr); 
or 

CALL FILERECINFO (fileAnumber,,,,primaryAkey); 
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Example 14. Sequential Reading of a Relative or Entry-Sequenced 
File 

Reading begins at the beginning of the file. 

CALL OPEN (fileAname, fileAnumber, .. ); 

eof := O; 
WHILE NOT eof DO 

BEGIN ! read loop. 
CALL READ (fileAnumber, buffer, len, numread); 
IF > THEN eof := 1 
ELSE 

I F < THEN . . . ! error . 
ELSE 

BEGIN process the record. 

END; 
END; ! read loop. 

Note that the preceding statements are functionally identical 
to the example for sequential access of a key-sequenced file 
via its primary key. 

Example 15. Insertion to a Specific Position in a Relative File 

CALL POSITION (fileAnumber, 12345D); 
CALL WRITE (fileAnumber, buffer, count); 
IF < THEN 

BEGIN 
CALL FILEINFO (fileAnumber, error); 
IF error= 10 THEN •.. ! record already exists at 12345D. 

END; 
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Example 16. Appending to the End of a Relative File 

CALL POSITION (fileAnumber, -lD); 
WHILE 1 DO 

BEGIN 

buffer':=' data FOR (count+ 1)/2; 

prepare a record to be written. 

CALL WRITE (fileAnumber, buffer, count); 
IF <> THEN ! error. 

CALL FILERECINFO (fileAnumber,,,,primaryAkey); 

returns the <record number> of where the new record is 
appended. 

END; 

Example 17. Insertion to Empty Positions in a Relative File 

CALL POSITION (fileAnumber, -2D); 
WHILE 1 DO 

BEGIN 

buffer':=' data FOR (count+ 1)/2; 

CALL WRITE (fileAnumber, buffer, count); 
IF <> THEN ! error. 

CALL FILERECINFO (fileAnumber,,,,primaryAkey); 

returns the <record number> of where the new record is 
appended. 

END; 
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Example 18. Appending Records to an Entry-Sequenced File 

WHILE 1 DO 
BEGIN 

5-64 

buffer':=' data FOR (count+ 1)/2; 

CALL WRITE (fileAnumber, buffer, count); 
I F < > THEN . . . ! error . 

END; 
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RELATIONAL PROCESSING EXAMPLE 

An "ORDER" Record: 

byte: 
[ 0] [ 2 ] 

"orderno" I "name" 

Primary 
Key 

I 

Alternate 
Key "NA" 

INT .order[0:26]; 

STRING 

[38] [46] 

"date" I "total" 
I 

Alternate 
Key "DT" 

.sorder := @order '<<' l: 

INT .orderAorderno = order; 

DEFINE 
orderAlen 
orderAname 
orderAnameAlen 
orderAdate 
order"'date"'len 

FIXED(2) 
. order"'total 

= 54#, 
= sorder[2]#, 
= 36#, 
= sorderhrd[38]#, 
= 8#: 

:= @order[23]: 

Contents of the "ORDER" File: 

order no name date total 
0020 SMITH 76/09/30 0000.00 
0021 JONES 76/10/01 0000.00 
0176 BROWN,B 76/10/17 0000.00 
0180 ADAMS 76/10/17 0000.00 
0410 SANFORD 76/10/22 0000.00 
0498 ROGERS 76/11/02 0000.00 
0568 EVANS 76/11/05 0000.00 
0601 SMITH 76/11/08 0000.00 
0621 RICHARDS 76/11/12 0000.00 
0622 HARTLEY 76/11/12 0000.00 
0623 KOTTER 76/11/12 0000.00 

..,, 82583 AOO 3/85 

order record. 

byte addressable. 

order number field. 

order record length. 
name field. 
name field length. 
date field. 
date field length. 

total field • 
"total" = 0 means 
order not filled. 
"total" <> 0 means 
order filled but not 
shipped. 
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An "ORDER DETAIL" Record: 

byte: 
[0] [2] [4] [6] [8] r-,---=----...---- ----, I 
I "orderno" : "itemno" I "partno" I "qty" I "itemtot" 
I I I I 

Primary 
Key 

INT .orderdet[0:7]; 

INT(32) 
.orderdetAorditem 

DEFINE 
orderdetAlen 
orderdet"orderno 
orderdetAitemno 
orderdet"partno 
orderdetAqty 

FIXED(2) 
.orderdetAitemtot 

. -. -

= 
= 
= 
= 
= 

. -. -

Alternate 
Key "PN" 

@orderdet; 

16#, 
orderdet#, 
orderdet[l]#, 
orderdet[2]#, 
orderdet [ 3] #~; 

@orderdet[4]; 

Contents of the "ORDER DETAIL" File: 

orderno:itemno part no qty itemtot 

0020 0001 23167 00002 I 0000.00 
0020 0002 02010 oooofl- 0000. oo 
0020 0003 12950 00005 I 0000.00 
0021 0001 00512 0002mooo.oo 
0021 0002 23167 00001 I 0000.00 
0176 0001 32767 00001 I 0000.00 
0180 0001 12950 oooo5fcfooo. oo 
0180 0002 32767 00022 I 0000.00 
0180 0003 23167 00002 I 0000.00 
0410 0001 01234 00010 I 0000.00 
0410 0002 03379 00010 I 0000.00 

0623 0012 01234 00010 0000.00 
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T 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

order detail record. 

order-item field. 

order record length. 
order num. subfield. 
item number subfield. 
part number field. 
quantity field. 

item total field . 
total = 0 means item 
not available. 
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An "INVENTORY" Record: 

File Access 
Relational Processing Example 

byte: 
[ 0] [ 2] (32] [40] [54] 

"partno" 

Primary 
Key 

"descr" 

I NT . i n v [ 0 : 2 7 ] : 

STRING 

"price" I "availqty" 
I 

Alternate 
Key "AQ" 

I "loc" "vendor" I 
I I 

Alternate Alternate 
Key "LO" Key "VN" 

inventory record. 

.sinv := @inv '<<' l: byte addressable. 

DEFINE 
inv"'len 
inv"'partno 
inv"'descr 
inv"'descr"'len 
inv"'availqty 
inv"'location 
inv"'location"'len 
inv"'vendor 
inv"'vendor"'len 

FIXED(2) 

= 54#, 
inv#, 

= sinv[2]#, 
= 30#, 

inv[20]#, 
sinv[42]#, 

= 4#, 
= sinv[46]#, 
= 8#: 

inventory record len. 
part number field. 
part descript. field. 
descr. field length. 
avail. quant. field. 
location field. 
loc. field length. 
vendor field. 
vendor field length. 

. inv"'price := @inv[16]; price field • 

Contents of "INVENTORY" file: 

part no descr price availqty loc vendor 

00002 HI-FI 0129.95 00050 AOl TAYLOR I 
00512 RADIO 0010.98 00022 GlO GRAND I 
00987 TV SET 0200.00 00122 A76 TAYLOR I 
02010 TOASTER 0022.50 00000 F22 ACME I 
03379 CLOCK 0011.75 00512 A32 I ZARF I 
12950 TOASTER 0020.45 00010 --~--~----~----.,.--,~---=---..-~---,.--.--C~9~8-i-8M-Y-~I 

20211 WASHER 

23167 ANTENNA 
32767 IRON 
65535 DRYER 
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0314.29 00005 B44 !SOAPY I 

I 10_0_2_2_. --5-0 __ 0_0_0_0_8~-A-O_l_IT AYLOR 
I 0025.95 00051 A82 T HOT 
I 0299.50 00022 Z02 I SOAPY 
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The next example finds orders more than one month old and fills 
them. This involves these steps: 

1. Read the "order" file sequentially via the date field. 

2. When an order is found that must be filled, the corresponding 
"customer" record is read (random processing) and an order 
header consisting of customer name and address is printed. 

3 Next, the generic subset in the "order detail" file 
corresponding to the current "orderno" is read sequentially. 

4. For each line item (a record in the generic subset), the 
"inventory" file is read and updated (random processing), the 
line item record is updated, and the line item is printed. 

5. When all line items for the current order have been 
processed, the order record is updated with the total price 
of the order. Then the customer current balance is updated 
and the total are printed. 
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The example code is 

compareAlen := O; 

File Access 
Relational Processing Example 

! position to beginning of file via date field. 
CALL KEYPOSITION (orderAfile"'number,key,"DT",compareAlen); 
order"'eof := O; 
WHILE NOT order"'eof DO 

BEGIN ! reading order file via date field. 
CALL READ (order"'fum, order, order"'len); 
IF > OR order"'date >= limit"'date THEN order"'eof .- 1 
ELSE 

BEGIN ! fill order. 
! read customer file. 
CALL KEYPOSITION (cust"'file"'number, orderAname); 
CALL READUPDATE (cust"'file"'number, cust, custAlen); 
PRINT (order header); 
! read order detail file for current order. 
compare"'len := 2; 
CALL KEYPOSITION (orderdet"'file"'number,order"'orderno,, 

compare"'len, generic); 
orderdet"'eof := O; 
WHILE NOT orderdet"'eof DO 

BEGIN 
! read line item. 
CALL READ 

(orderdet"'file"'number,orderdet,orderdet"'len); 
IF > THEN orderdet"'eof := 1 
ELSE 

END; 

BEGIN 
CALL KEYPOSITION 

(inv"'file"'number,orderdet"'partno); 
CALL READUPDATE (inv"'file"'number,inv,inv"'len); 
! next, update inventory record 
CALL WRITEUPDATE (inv"'file"'number,inv,invAlen); 
! next, update the order-detail record 
CALL WRITEUPDATE 

(orderdet"'file"'number, orderdet, ordetlen); 
! print the line item 
PRINT (line item) 

END; 

! update the order file 
CALL WRITEUPDATE (order"'fileAnumber, order, order"'len); 
! update the customer file. 
CALL WRITEUPDATE (custAfileAnumber, cust, custAlen); 
PRINT (total); 

END; ! of fill order. 
END: ! of read order file via date field. 
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Records and files used to fill the first order: 

10020 

!SMITH 

0020 
0020 
0020 

SMITH 

0001 
0002 
0003 

From the "ORDER" file -

1 16;09;30-1crooo:oo-T 
-·----------

From the "CUSTOMER" file -

From the "ORDER DETAIL" file -

23161 I o o o 0·21--·oo o-o . o 0-1 
02010 I 000011--0000:-00--1 
12950 I 0000510000. oo -, 

-"-------------- ---------

From the "INVENTORY" file -

12 316 7 ANTENNA 0 0 2 2. 5 0 T-000-08--1 AO 1 TAYLOR! 

ACME I 1o2 o i o To As TER o o 2 2 . so T-ocf o o o 1 F 2 2 --------------

112950 TOASTER 0020 .·45·r--ocfOTOl C98 SMYTHE! _c _________________ _ 

Records and files after filling the first order: 

10020 

!SMITH 

10020 
I 0020 
I 0020 

123167 

102010 

I 12950 

From the "ORDER" file -

SMITH I 7 6/ 0 9 I 3 01·014 i-:251-------

From the "CUSTOMER" file -

DAYTON, OH. -T-NoToT57.25T 0 5 0 0 • 0 0 

From the "ORDER DETAIL" file -

0001 23167 I 00000 I 0045.oo I 
0002 02010 I 000011--·aoa·o. 00--1 <- not filled 
0003 12950 I 00000 I 0102.25-I 

From the "INVENTORY" file -

ANTENNA 0022. 50 TU00006 I AOl I TAYLOR! ----------------·-------

TOASTER 0 0 2 2 . 50-roo_o _o o __ I __ F_2_2 __ A_C_M_E_ 

TOASTER 0 0 2 0 • 451---00 0 0 5 l c 9 8 SMYTHE:f 

T 

<--none 
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SECTION 6 

FILE LOADING 

The File Utility Program (FUP) commands related to loading data 
into an existing file are LOAD, LOADALTFILE, and BUILDKEYRECORDS. 

• The LOAD command loads data into an existing structured disc 
file without affecting any alternate-key files. Existing data 
in the file being loaded are lost. 

For loading of key-sequenced files, the input records can be 
in sorted or unsorted order (unsorted is assumed unless the 
SORTED option is specified). Also for key-sequenced files, 
the slack space (the percentage of data block and index block 
space to be left for future insertions) can be specified. 

• The LOADALTFILE command generates alternate-key records from a 
specified primary-key file and loads those records into the 
specified alternate-key file. Slack space for future 
insertions can be specified. LOADALTFILE always sorts the 
alternate-key records before actually loading them. 

• Because some systems may have insufficient disc space for the 
sorting operation, the alternate-key file can be loaded in two 
separate steps by first performing a BUILDKEYRECORDS 
operation. 

The BUILDKEYRECORDS command generates alternate-key records 
for specified key fields of a specified structured disc file 
and writes those records to a designated file (not necessarily 
the ultimate-destination alternate-key file). This output 
(which can be to a magnetic-tape file) can then be loaded into 
the alternate-key file by means of a COPY or LOAD command. 

FUP resides in volume $SYSTEM. Normally, it is run through use 
of the GUARDIAN Operating System Command Interpreter. For a 
complete description of all the FUP commands, see the GUARDIAN 
O~erating sistem Utilities Reference Manual. Also see the FUP 
discussion in the GUARDIAN Operating System User'~ Guide. 
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File Loading 
File Utility Program (FUP): File-Loading Examples 

The examples below illustrate file-loading operations that 
require a sequence of FUP commands. Example 1 loads a key­
sequenced file. Example 2 adds an alternate key to a file having 
alternate keys. Example 3 adds an alternate key to a file not 
having alternate keys. Example 4 reloads a single partition of a 
partitioned key-sequenced file. Example 5 loads a single 
partition of a partitioned alternate-key file. 

EXAMPLE 1: LOAD A KEY-SEQUENCED FILE 

For this example, file $VOL1.SVOL.PARTFILE is a key-sequenced 
file having three partitions. The first secondary partition is 
$VOL2 and the second secondary partition is $VOL3. 

Any record having a primary-key value in the range of zero to 
(but not including) HA are to exist in the primary partition; 
records with primary-key values from HA to (but not including) RA 
are to exist on $VOL2; records with primary-key values of RA or 
greater are to exist on $VOL3. 

The records to be loaded into this file are 128 bytes long and 
are on tape in unsorted order. The tape is written with one 
record per block. 

The FUP commands to perform this operation are 

-VOLUME $voll.subvolurne 
-LOAD $TAPE, partf ile 

LOAD reads the records from tape drive $TAPE and sends them to 
the SORT process. When all records have been read, sorting 
begins. When the sort is finished, the records are read from the 
SORT process and loaded into the file according to the file's 
<partial-key value> specifications. The data and index block 
slack percentage is zero (0). 

EXAMPLE 2: ADD AN ALTERNATE KEY TO A FILE HAVING AN AUI1ERNATE 
KEY 

This example adds an alternate key to primary file 
$VOL1.SVOL.PRIFILE, which has one alternate-key file designated 
$VOL1.SVOL.ALTFILE. The alternate-key records for the new key 
field will be added to file ALTFILE. 

The <key specifier> for the new key is NM, the <key offset> in 
the record is four (4), the <key length> is twenty (20), a "null 
value" of " " (blank) is specified for the new key field. 
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File Utility Program (FUP): File-Loading Examples 

The FUP commands to perform this operation are 

-VOLUME $voll.subvolume 
-ALTER prifile, ALTKEY ( "NM", KEYOFF 4, KEYLEN 20, NULL" " ) 
-LOADALTFILE 0, prifile, ISLACK 10 

The LOADALTFILE command loads PRIFILE's key file zero (0), 
$VOL1.SVOL.ALTFILE, with the alternate-key records for <key 
specifier> NM and for any other alternate keys defined for key 
file zero (0). An index-block slack percentage of 10 is 
specified. 

EXAMPLE 3: ADD AN ALTERNATE KEY TO A FILE NOT HAVING ALTERNATE 
KEYS 

This example adds an alternate key to primary file 
$VOL1.SVOL.FILEA, which is an entry-sequenced file. The new 
alternate-key file will be $VOL1.SVOL.FILEB. The alternate-key 
records for the new key field will be added to FILEB. 

The <key specifier> for the new key is XY, the <key offset> in 
the record is (0), and the <key length> is ten (10). 

The FUP commands to perform this operation are 

-VOLUME $voll.subvolume 
-CREATE fileb, type K, rec 16, keylen 16 
-ALTER filea, ALTFILE ( 0, fileb ), ALTKEY ( "XY", KEYLEN 10 ) 
-LOADALTFILE 0, filea 

The CREATE command creates the alternate-key file 
$VOL1.SVOL.FILEB. The record length and key length are specified 
as 16 bytes (2 for the key specifier + 10 for the alternate-key­
field lengths+ 4 for the primary-key length). 

The ALTER command changes the file label for FILEA so that it 
refers to FILEB as <alternate-key file> 0, and contains the 
definition for the key field specified by <key specifier> XY. 

The LOADALTFILE command loads FILEA's key file zero (0), 
$VOL1.SVOL.FILEB, with the alternate-key records for <key 
specifier> XY. An index-block-slack percentage of zero (0) is 
implied. 
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EXAMPLE 4: RELOAD A SINGLE PARTITION OF A PARTITIONED, 
KEY-SEQUENCED FILE 

For this example, the primary partition of the partitioned file 
is $VOL1.SVOL.PARTFILE. Its first secondary partition is on 
$VOL2 and its second secondary partition is on $VOL3. The 
secondary partition on $VOL2 is to be loaded. 

The FUP commands to perform this operation are 

-VOLUME $voll.subvolume 
-SET LIKE $vol2.partfile 
-SET NO PARTONLY 
-CREATE temp 
-DUP $vol2.partfile, temp, OLD, PARTONLY 
-LOAD temp, $vol2.partfile, SORTED, PARTOF $voll 
-PURGE temp 

The SET and CREATE corrunands create a file identical to 
$VOL2.SVOL.PARTFILE except that the file is designated a non­
partitioned file by means of NO PARTONLY. 

The DUP command duplicates the data in the secondary partition 
($VOL2.SVOL.PARTFILE) into $VOL1.SVOL.TEMP. 

The LOAD command reloads the secondary partition 
$VOL2.SVOL.PARTFILE. The SORTED option is specified because the 
records in the TEMP file are already in sorted order. 

EXAMPLE 5: LOAD A SINGLE PARTITION OF A PARTITIONED, 
ALTERNATE-KEY FILE 

For this example, primary file $VOL1.SVOL.PRIFILE is a key­
sequenced file having a primary-key field ten bytes long. It has 
three alternate-key fields defined by the <key specifiers> Fl, 
F2, and F3. Each of these alternate-key fields is ten bytes 
long. 

All alternate-key records are contained in one alternate-key file 
that is partitioned over three volumes; each volume contains the 
alternate-key records for one alternate-key field (the <key 
specifier> for the alternate-key field is also the <partial-key 
value> for the secondary partitions). 

The alternate-key file's primary partition is $VOL1.SVOL.ALTFILE. 
It contains the alternate-key records for the <key specifier> Fl. 
The first secondary partition, $VOL2.SVOL.ALTFILE, contains the 
alternate-key records for <key specifier> F2. The second 
secondary partition, $VOL3.SVOL.ALTFILE, contains the aJLternate­
key records for <key specifier> F3. 
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File Loading 
File Utility Program (FUP}: File-Loading Examples 

To load the alternate-key records for <key specifier> F2 into 
$VOL2.SVOL.ALTFILE, the FUP commands are: 

-VOLUME $voll.subvolume 
-CREATE sortin, ext 30 
-CREATE sortout, ext 30 
-BUILDKEYRECORDS prifile,sortin,"F2",RECOUT 22,BLOCKOUT 2200 
-EXIT 
:SORT 
<FROM sortin, RECORD 22 
<TO sortout 
<ASC 1:22 
<RUN 
<EXIT 
:FUP 
-VOLUME $voll.subvolume 
-LOAD sortout, $vol2.altfile, SORTED, PARTOF $voll, RECIN 22, 

BLOCKIN 2200 
-PURGE ! sortin, sortout 

The CREATE commands create the disc file used as the output of 
BUILDKEYRECORDS (which is also the input to SORT) and the disc 
file to be used as the output of SORT. 

The BUILDKEYRECORDS command generates the alternate-key records 
for <key specifier> F2 of PRIFILE and writes the records to 
SORTIN. Record-blocking is used, to improve the efficiency of 
disc writes. 

The SORT program sorts the alternate-key records. The key-field 
length for the sort is the same as the alternate-key record 
length (22, 2 for the <key specifier> + 10 for alternate-key­
field length+ 10 for the primary-key-field length). The output 
file of the sort is SORTOUT. 

The LOAD cornrnand loads the secondary partition $VOL2.SVOL.ALTFILE 
with the alternate-key records for <key specifier> F2. Note that 
the record-blocking here is complementary to that used with 
BUILDKEYRECORDS. 

Af' 82583 AOO 3/85 6-5 





APPENDIX A 

ASCII CHARACTER SET 

The table below shows the USA Standard Code for Information 
Interchange (ASCII) character set, and the corresponding code 
values in octal notation. 

Octal Value Octal Value 
Character (left byte) (right byte) Meaning 
--------- ----------- ------------ ---------------------

NUL 000000 000000 Null 
SOH 000400 000001 Start of heading 
STX 001000 000002 Start of text 
ETX 001400 000003 End of text 
EOT 002000 000004 End of transmission 
ENQ 002400 000005 Enquiry 
ACK 003000 000006 Acknowledge 
BEL 003400 000007 Bell 

BS 004000 000010 Backspace 
HT 004400 000011 Horizontal tabulation 
LF 005000 000012 Line feed 
VT 005400 000013 Vertical tabulation 
FF 006000 000014 Form feed 
CR 006400 000015 Carriage return 
so 007000 000016 Shift out 
SI 007400 000017 Shift in 

DLE 010000 000020 Data link escape 
DCl 010400 000021 Device control 1 
DC2 011000 000022 Device control 2 
DC3 011400 000023 Device control 3 
DC4 012000 000024 Device control 4 
NAK 012400 000025 Negative acknowledge 
SYN 013000 000026 Synchronous idle 
ETB 013400 000027 End of transmission 

block 

~ 
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ASCII Character Set 

Octal Value Octal Value 
Character (left byte) (right byte) Meaning 
--------- ----------- ------------ ---------------------

CAN 014000 000030 Cancel 
EM 014400 000031 End of medium 
SUB 015000 000032 Substitute 
ESC 015400 000033 Escape 
FS 016000 000034 File separator 
GS 016400 000035 Group separator 
RS 017000 000036 Record separator 
us 017400 000037 Unit separator 

SP 020000 000040 Space 
020400 000041 Exclamation point 

" 021000 000042 Quotation mark 
# 021400 000043 Number sign 
$ 022000 000044 Dollar sign 
% 022400 000045 Percent sign 
& 023000 000046 Ampersand 

023400 000047 Apostrophe 

024000 000050 Opening parenthesis 
024400 000051 Closing parenthesis 

* 025000 000052 Asterisk 
+ 025400 000053 Plus 

026000 000054 Corruna 
026400 000055 Hyphen (minus) . 027000 000056 Period (decimal point) 

I 027400 000057 Right slant 

0 030000 000060 Zero 
1 030400 000061 One 
2 031000 000062 Two 
3 031400 000063 Three 
4 032000 000064 Four 
5 032400 000065 Five 
6 033000 000066 Six 
7 033400 000067 Seven 

8 034000 000070 Eight 
9 034400 000071 Nine 

035000 000072 Colon 
035400 000073 Semicolon 

< 036000 000074 Less than 
= 036400 000075 Equals 
> 037000 000076 Greater than 
? 037400 000077 Question mark 
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ASCII Character Set 

Octal Value Octal Value 
Character (left byte) (right byte) Meaning 
--------- ----------- ------------ ---------------------

@ 040000 000100 Commercial "at" 
A 040400 000101 Uppercase A 
B 041000 000102 Uppercase B 
c 041400 000103 Uppercase C 
D 042000 000104 Uppercase D 
E 042400 000105 Uppercase E 
F 043000 000106 Uppercase F 
G 043400 000107 Uppercase G 

H 044000 000110 Uppercase H 
I 044400 000111 Uppercase I 
J 045000 000112 Uppercase J 
K 045400 000113 Uppercase K 
L 046000 000114 Uppercase L 
M 046400 000115 Uppercase M 
N 047000 000116 Uppercase N 
0 047400 000117 Uppercase 0 

' 
p 050000 000120 Uppercase p 
Q 050400 000121 Uppercase Q 
R 051000 000122 Uppercase R 
s 051400 000123 Uppercase s 
T 052000 000124 Uppercase T 
u 052400 000125 Uppercase u 
v 053000 000126 Uppercase v 
w 053400 000127 Uppercase w 

x 054000 000130 Uppercase x 
y 054400 000131 Uppercase y 
z 055000 000132 Uppercase Z 
[ 055400 000133 Left square bracket 
\ 056000 000134 Left slant 
] 056400 000135 Right square bracket 

A 057000 000136 Circumflex 
057400 000137 Underscore -

• 060000 000140 Grave accent 
a 060400 000141 Lowercase a 
b 061000 000142 Lowercase b 
c 061400 000143 Lowercase c 
d 062000 000144 Lowercase d 
e 062400 000145 Lowercase e 
f 063000 000146 Lowercase f 
g 063400 000147 Lowercase g 

~ 
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ASCII Character Set 

Octal Value Octal Value 
Character (left byte) (right byte) Meaning 
---------- ----------- ------------ ---------------------

h 064000 000150 Lowercase h 
i 064400 000151 Lowercase 1 

j 065000 000152 Lowercase J 
k 065400 000153 Lowercase k 
1 066000 000154 Lowercase 1 
m 066400 000155 Lowercase m 
n 067000 000156 Lowercase n 
0 067400 000157 Lowercase 0 

p 070000 000160 Lowercase p 
q 070400 000161 Lowercase q 
r 071000 000162 Lowercase r 
s 071400 000163 Lowercase s 
t 072000 000164 Lowercase t 
u 072400 000165 Lowercase u 
v 073000 000166 Lowercase v 
w 073400 000167 Lowercase w 

x 074000 000170 Lowercase x 
y 074400 000171 Lowercase y 
z 075000 000172 Lowercase z 
{ 075400 000173 Opening brace 
I 076000 000174 Vertical line 
} 076400 000175 Closing brace 

077000 000176 Tilde 
DEL 077400 000177 Delete 
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APPENDIX B 

BLOCK FORMATS OF STRUCTURED FILES 

This appendix describes the block formats for key-sequenced, 
entry-sequenced, and relative files. A block in a structured 
file usually consists of a header, a record area, and a map of 
offsets pointing to the beginning of each record. For a relative 
file under the DP2 disc process, an array of record lengths 
replaces the offsets map. 

The block format for Nonstop 1+ systems and for Nonstop systems 
with DPl disc processes is shown in Figure B-1 and described in 
detail on the subsequent pages. 

Under the DP2 disc process, a key-sequenced file begins with a 
bit-map block telling which data and index blocks are in use. 
The second block is the root (highest-level) index block for the 
file. The third block is either a second-level index block or 
the file's first data block. Under DPl, a key-sequenced file's 
first block is the root index block. 

In a relative file under DP2, the first block is a bit-map block 
telling which data blocks contain at least one record. The 
second block is always the first data block. A DPl relative 
file's first block is a data block. 

In an entry-sequenced or unstructured file under DPl or DP2, all 
blocks are data blocks. 

Figure B-2 shows the general block format for Nonstop systems 
with DP2 disc processes. DP2's five different block-header 
structures are shown in Figures B-3 through B-8. 
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Block Formats of Structured Files 
DPl Disc Process 

-----------------·----· 

<rba> Word Length 
(Decimal Addresses) in Words 

I [ 0] [ 0] I <next block at same level> T 2 
I !----------------------------

! [4] [2] <next block on free list> 
I ----------------------------

BLOCK [ 8] [ 4] <number of records> 
HEADER ----------------------------

! [10] [5] <level> 
I ----------------------------
! [12] [6] block checksum 
\ ----------------------------

\ [14] [7] unused (zeros) 
============================ 

I [20] (10] (record 0) 
I 

I 
I 
I 

DATA 
AREA 

' I I 
\ 

\ 

I 
/ 

I 
I 

OFFSETS 
MAP 
I 
I 
I 
I 
I 
I 
\ 

\ 

[ <block 
size> -

one word ] 

. 
1----------------------------
1 (record 1) I . . 
1----------------------------. . . . 
1----------------------------
1 (record N, where N = 
I <number of records> - 1) 

free space 
============================ 
byte <offset> 
from [OJ to free space 

byte <off set> 
from [O] to record N 

I byte <off set> 
I from [O] to record 1 
1----------------------------1 
I byte <offset> I 
I from [O] to record 0 I 
I I 

'--------------------·----

2 

1 

1 

1 

3 

1 

1 

1 

1 

Figure B-1. Block Format for Structured Files (non-DP2 systems) 
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Block Formats of Structured Files 
DPl Disc Process 

<rba> 

A block is addressed by a doubleword relative byte address 
(RBA). In a key-sequenced file, (<rba> = 0) points to the root 
(highest-level) index block; in a relative or entry-sequenced 
file, (<rba> = 0) points to the first data block. 

To locate a given record in a key-sequenced file, the key value 
supplied to KEYPOSITION is used to search the block for a 
record having a key field that matches. 

To locate a given record in a relative file, the <record 
number> supplied to POSITION is converted to a block address 
and record number in the block, as shown here: 

<blocking factor> = 
( <block length> - 22 ) I ( <create record length> + 2 ) 

<rba of block> = 
<record number> I <blocking factor> * <block length> 

<record in block>= <record number> '\' <blocking factor> 

The format of a <record address> used to position to a record 
in an entry-sequenced file is 

I byte 0 byte 1 byte 2 I byte 3 I 

<rba of block> I 512 
<record in block> 

<next block at same level> 

For key-sequenced files, this is the block number of the next 
block at the same level; for relative and entry-sequenced 
files, this field is not used and is set to zero. 

<next block on free list> 

For key-sequenced and relative files, this serves two 
functions: It holds (1) the block number of the next block on 
the file's free list(s) (for a key-sequenced file, if the 
index- and data-block lengths differ, the file has two free 
lists; one for index blocks and another one for data blocks) 
and (2) the number of free blocks on the list. The doubleword 
is formatted as shown here: 
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Block Formats of Structured Files 
DPl Disc Process 

RBA of free block is the 
last nine bits are zeroed = 

I 
I \ 

<next block number> 
512 

l_b_y_t_e_O--.-__,b,--y_t_e_l--.--.,,--b-yt-e--2__ I ~1iY t_e_ 3 ~ 

-,-
$MIN ( 511 , <number of blocks in free list> ) 

If the entry = -10 for a key-sequenced or relative file, the 
block is the last block in the free list. 

If the entry = -20 for a key-sequenced file, the block is in 
use. 

If the entry = -20 for a relative file, there are no free 
records in the block. 

For entry-sequenced files, this entry is not used and is set to 
-lD. 

<number of records> 

is the number of records written in the block. 

<level> 

is the tree level of the block. <level> = 0 means the block is 
a data block: <level> > 0 means the block is an index block. 

<record> 

is a data record (if <level> = 0) or index record (if <level>> 
0 ). The length of record N is 

<offset to record N + 1> - <offset to record N> 

Also, a record must be able to fit into the record area of one 
block. The format of a OPl or Nonstop 1+ index record is 

[O] [<length(N) - 4>] [<length(N)>] 
t t t 
I key value I b~_Q~T~ _ _byt~ 1 I bl_!-e 2 T by=te 3 I 

\ I 
I 

<rba> of block at next level 
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<offset> 

Block Formats of Structured Files 
DPl Disc Process 

is the offset, in bytes, to the beginning of "free space" or a 
record. For relative files, the number of <offset>s is always 
the same as the <blocking factor>. 

<block size> 

is the block size in words, calculated as shown here: 

<block size> = ( <creation block length> + 1 } I 2 
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Block Formats of Structured Files 
DP2 Disc Process 

[Offset] 
(Decimal) 

I [ 0 ] 
I 

I [ 1 ] 
I 

COMMON [ 4 ] 
BLOCK 
HEADER [ 5 ] 

\ 
\ [ 6] 

\ 
\ [12] 

[14] 

I [16, 18, 
I 22, or 28] 

I 
I 
I 

DATA 
AREA 

I 
I 
I 
\ 

\ 

I 
I 
I 
I 
I 

I 

OFFSETS MAP 
or 

RECORD-SIZE 
ARRAY 
I 
I 
I 
I 
\ 

\ 

<block 
size> 

- 2 ] 

<eye-ca-tcher> I 
--------------------------------! 

<relative sector number> I 
--------------------------------! 

<flags> I 
--------------------------------! 

<index level> I 
--------------------------------! 

<volume sequence number> I 
--------------------------------! 

<checksum> I 
================================! 

<type-specific block header> I 
================================! 

I (record 0) I . . . . 
1--------------------------------1 
I (record 1) I 
!--------------------------------! . . . . . . 
!--------------------------------! 
I (record N) I 
I ( N = <number of records> - 1) I 
1--------------------------------1 
I free space (key-sequenced or I 
I entry-sequenced files only) I 
================================! 
byte <offset> from I I 

[O] to start I (reserved) I 
of free space I I 

--------------------+-----------
byte <offset> from size of 
[O] to record N record N 
(key-sequenced or (relative 
entry-seq. only) file only) 

--------------------+-----------

--------------------+-----------
byte <offset> from size of 
[O] to record 0 record 0 
(key-sequenced or (relative 
entry-seq. only) file only) 

Length 
in Bytes 

1 

3 

1 

1 

6 

2 

[ 4 ' 6' 
10, or 16] 

2 

2 

2 

Figure B-2. Block Format for DP2 Structured Files 

B-6 ~ 82583 AOO 3/85 



Block Formats of Structured Files 
DP2 Disc Process 

<eye catcher> 

is currently set to ">" but may be changed in a future release. 

<relative sector number> 

identifies the relative 512-byte sector within the file. 

<flags> 

Bit 0: This bit is set (=1) if the block is broken 
(inconsistent). 

Bits 3-5: These three bits indicate the file type as follows: 

000 (reserved) 
001 Relative File 
010 Entry-Sequenced File 
011 Key-Sequenced File 
100 (reserved) 
101 (reserved) 
110 (reserved) 
111 Directory 

Bits 6-7: These two bits indicate the block type as follows: 

<index level> 

00 Data or Index 
01 Bit Map (file must be key-sequenced or relative) 
10 Free (file must be key-sequenced) 
11 (reserved) 

contains the tree level of the block. If the block is not an 
index block, <level> = O. 

<volume sequence number> 

identifies the last update of a structured block. This number 
is incremented each time a change is made to the block, 
regardless of whether the block is written to disc. For a TMF­
audited file, the <volume sequence number> is included in the 
audit-checkpoint (AC) record. Later, during autorollback or 
takeover, the number in the block header is compared with the 
number in the AC record to determine whether the AC record must 
be applied. 
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Block Formats of Structured Files 
DP2 Disc Process 

<checksum> 

is the software checksum over the entire block. 

<type-specific block header> 

is the block-header area that differs according to the type of 
file. The various block headers are illustrated in Figures B-3 
through B-7. Figure B-8 illustrates the arrangement of bit-map 
blocks with key-sequenced and relative files. 

--------------------------
Offset {Decimal} 

[ 0] 

[14] 

[16] 

[24] 

I <common block header> I 
!===========================! 
I <quantity of I 
I records allocated> I 
1---------------------------1 
I {reserved) I 
!===========================! 
I {record 0) I _____ , _____________________ _ 

Length in Bytes 

"') 

"· 

Figure B-3. Header for DP2 Key-Sequenced Index Block 

----------------------------

Offset (Decimal} 

[ 0] 

[14] 

[16] 

[24] 

[27] 

[30] 

<common block-header> 
=========================== 

<quantity of 
records allocated> 

(reserved) 

<relative sector number> 
of next data block 

<relative sector number> 
of previous data block 

=========================== 
(record 0) 

,__ ________________ , ______ _ 

Length in Bytes 

2 

3 

3 

Figure B-4. Header for DP2 Key-Sequenced Data Block 
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Offset (Decimal) 

[ 0] 

(14] 

[ 16] 

[ 2 0] 

Block Formats of Structured Files 
DP2 Disc Process 

Length in Bytes 

I <common block header> I 14 
l===========================I 
I <quantity of I 2 
I records allocated> I 
1---------------------------1 
I (reserved) I 4 
l===========================I 
I (record 0) I 

Figure B-5. Header for DP2 Entry-Sequenced Data Block 

Offset (Decimal) Length in Bytes 

[ 0 ] 

(14] 

(16] 

(18] 

(20] 

I <common block header> I 
l===========================I 
I <quantity of I 
I records allocated> I 
1---------------------------1 
I <quantity of I 
I records present> I 
1---------------------------1 
I (reserved) I 
l===========================I 
I (record 0) I 

14 

2 

2 

2 

Figure B-6. Header for DP2 Relative Data Block 

Offset (Decimal) Length in Bytes 

[ 0] 

(14] 

(18] 

I <common block header> I 
l===========================I 
I <quantity of free bits> I 
l===========================I 
I <bit map> I [ 
I I 

14 

4 

<block size> 
- 18 ] 

Figure B-7. Header for DP2 Bit-Map Block 
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Block Formats of Structured Files 
DP2 Disc Process 

Block 0 is the first 
I header I bits b(l) b(2) b(3~:-b"{N) <-- bit-map block .. 
l--------'------------------------------
1 data or inde~ block <-- Block 1 
!---------------------------------------
! 
!---------------------------------------
! data or index block <-- Block N 
!======================================= 
I header I bits b(l) b(2) b(3) ... b(N) <--Block N+l 
!--------'------------------------------
' data or index block <-- Block N+2 
!---------------------------------------
' I !---------------------------------------! 
I data or index block I<-- Block 2N+l 
!=======================================! 

Figure B-8. Arrangement of DP2 Bit-Map Blocks 

<common block header> 

is illustrated in Figure B-2. 

<quantity of records allocated> 

tells how many records have been allocated in the block. This 
field occurs in the header of all four types of index or data 
blocks. 

<quantity of records present> 

tells how many records have been allocated in the block. This 
field occurs in the header of a relative data block only. 

<relative sector number> of next data block 

provides a link to the next logical block. The current block's 
<relative sector number> is given in the common block header. 
This field occurs in the header of a key-sequenced data block 
only. 
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Block Formats of Structured Files 
DP2 Disc Process 

<relative sector number> of previous data block 

provides a link to the previous logical block. This field 
occurs in the header of a key-sequenced data block only. 

<quantity of free bits> 

tells how many bits in this bit-map indicate blocks which are 
free (empty) in a key-sequenced file or not full in a relative 
file. This field occurs in the header of a bit-map block only. 

<bit map> 

is an array of bits describing availability of index or data 
blocks. For a key-sequenced file, each bit tells whether the 
corresponding block is free (0) or in use (1). For a relative 
file, each bit tells whether there is room for at least one 
more record in the corresponding block. This is analogous to 
the "free lists" which enable space management under the DPl 
disc process. 

An empty bit-map has (8 * (<block size> - 18) ) free bits. 
With a 1024-byte block, for example, the map has 8048 available 
bits. 

<record> 

can be a data or index record. The length of record N in a 
key-sequenced or entry-sequenced file is 

<offset to record N + 1> - <offset to record N> 

A record must be able to fit into the record area of one block. 
Thus the maximum key-sequenced record length is the block size 
minus 34 (30 bytes for the header and 4 for the smallest 
possible offsets map). 

DP2 index records differ from those of DPl disc processes or 
Nonstop 1+ systems because of the different internal structure 
of key-sequenced files. Where a DPl index block uses a four­
byte relative byte address as a pointer, DP2 uses a three-byte 
relative sector number. Where DPl maintains a linked list of 
free blocks, DP2 uses bit-map blocks. 

The format of a DP2 index record is: 
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[ 0 J [<length(N) - 3>] 
t t 
I key value ~variable lenilll_ lbyte 

\ 

<relative sector number> 

[<length(N)>] 
t 

0 byte 1 I ~1=.~ 2 I 
I 

of block at next level 

The <relative sector number> field in an index record points to 
the start of the block associated with this key. A null key 
value is used when KEYLEN = O; this occurs in any index record 
pointing to an index block or to the first data record. 

<offset> 

is the distance, in bytes, from the beginning of the block 
(offset = 0) to the beginning of a record or free space. 
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APPENDIX C 

THE DPl AND DP2 DISC PROCESSES 

This appendix compares the major features of the DPl and DP2 disc 
processes, then discusses file-system compatibility between DPl 
volumes and DP2 volumes within the same system or network. 
Section 2 discusses the structures of various types of ENSCRIBE 
files. 

COMPARISON OF DPl AND DP2 

Table C-1 shows how the DPl and DP2 disc processes differ from 
each other. 

Table C-1. Differences in DPl and DP2 Disc Processes 

Characteristic 
Maximum record 
length (if block 
size = 4096) 

key-sequenced 
relative 
entry-sequenced 
unstructured 

DPl 

Size-Header-Offsets 

(4096-20-6)/2=2035* 
4096-20-4=4072 bytes 
4096-20-4=4072 bytes 
4096 bytes 

*DPl requires that 
at least two records 
fit in a K-S block. 

DP2 
(see note #3) 
Size-Header-Offsets 

4096-30-4=4062 bytes 
4096-20-4=4072 bytes 
4096-20-4=4072 bytes 
4096 bytes 

--------------------+---------------------+--------------------
Legal block sizes 512, 1024, 1536, 512, 1024, 2048, 

2048, 2560, 3072, or 4096 bytes 
3584, or 4096 bytes 
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The DPl and DP2 Disc Processes 
Comparison of DPl and DP2 

Table C-1. Differences in DPl and DP2 Disc Processes (continued) 

Characteristic DPl DP2 
Key-sequenced index! Can be different Must be the same 

size and data blocks I sizes 
--------------------+---------------------+-----------------·---
Block-header lengthl 

key-seq. data I 20 bytes 
key-seq. index I 20 bytes 
relative I 20 bytes 
bit-map blocks I (do not exist) 
entry-sequenced I 20 bytes 

30 bytes 
24 bytes 
20 bytes 
18 bytes 
20 bytes 

--------------------+---------------------+--------------------
Maximum number of N=(B-22)/(R+2) I N=B-H(type)/(R+2) 
records (N) in a I where B=Block length! where H(KS)=30+2=32 
block for different I and R=Record length! H(REL)=20+2=22 
record lengths I Also, N < 512 I H(ES)=20+2=22 

I I (see Note 3) 
Because the disc process uses a nine-bit, 

internal variable to store the record number, 
the maximum number of records of any size is 511. 

--------------------+---------------------+--------------------
Maximum extents 16 As many as 978 (see 

per file Note 1); limit is 
dynamically 
extensible 

--------------------+---------------------+--------------------
Number of directory! 1 As many as 987; the 

extents I limit is dynami-
1 cally extensible 

--------------------+---------------------+--------------------
Largest extent 65535 pages I (see Note 2) 

134,215,680 bytes I 
--------------------+---------------------+--------------------
Address Space (AS) 

key-sequenced 

C-2 

relative 

entry-sequenced 
unstructured 

AS=physical storage 

AS=physical storage 

AS=physical storage 
AS=physical storage 

AS=physical storage 
minus bit-map block 
AS=physical storage 
minus bit-map block 
AS=physical storage 
AS=physical storage 
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Table C-1. Differences in DPl and DP2 Disc Processes (continued) 

Characteristic 
Cache 

DPl I 
•Binary search I 
•Not dynamic I 
•Buffered for audit-I 

ed files; write- I 
through for others I 

•"Least-recently- I 
used" (LRU) access I 
mode I 

I 

DP2 
•Hashed search 
•Dynamic 
•Buffered for au-
dited files; op­
tional for others 

•Random ( LRU) , 
sequential, 
system-managed, or 
direct I/0 

--------------------+---------------------+--------------------
Maximum number of 16 16 

partitions 
--------------------+---------------------+--------------------

Maximum number In a Nonstop system, I Arbitrary limit of 
of locks 3000 concurrent re- I 2000 locks per user 

cord locks or 2000 I (that is, 
key locks on a file. I per opener or 
~n a Nonstop 1+ I per transaction 
system, the limits I identifier) 
are 1808 and 922, I 
respectively. I 

--------------------+---------------------+--------------------
Lock search I Sequential search I Hash search on 

I on locks appended I lock table 
I to an FCB I 

--------------------+---------------------+--------------------
Audited files and I May be on the same I May not be on the 
audit-trail files I volume I same volume 

--------------------+---------------------+--------------------
TMF monitor/master Monitor audit trail Master audit trail 
audit trail contains commit- can contain commit-

ment, and abortion ment, abortion, and 
records; separate I data records; aux­
audi t trail contains! iliary audit trail 
data records I is optional 

Note 1: The maximum number of extents per file can depend on the 
number of alternate keys, because extent and alternate­
key information share the same area of the file label. 
For example, consider a structured file having two 
alternate keys: 
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Directory block size: 
Block header and trailer: 
Fixed part of DP2 file label: 
Information on two alternate keys: 

4096 bytes 
-·34 bytes 

-150 bytes 
-·66 bytes 

Space left for four-byte extent entries: 3846 bytes 

The maximum number of extents allowable for this file is 
3846/4 or 961 extents. 

Note 2: DP2 extent allocation for relative and key-sequenced 
files includes bit-map blocks that are not accessible to 
the user for data storage. Therefore, a DP2 extent can 
hold slightly fewer data bytes than a DPl extent of the 
same size. 

Note 3: If there are N records in a block, then there are N+l 
two-byte offset fields at the end of a key-sequenced or 
entry-sequenced block--one pointing to each record and 
one pointing to the free space. These offset fields and 
the header are not available for data storage, so they 
must be subtracted from the block size when you 
calculate available space. 

If a relative file under DP2 has N records, then there 
are only N overhead words (each two bytes long} at the 
end of the block. One two-byte field is unused in a DP2 
relative file, however, so a DP2 block can always be 
mapped back to a DPl format to comply with a file system 
call from a DPl node. 

FILE-SYSTEM COMPATIBILITY BETWEEN DPl AND DP2 

The DPl and DP2 disc processes treat files differently in many 
respects. This can cause some difficulties in operations dealing 
with mixtures of DPl and DP2 volumes. These considerations 
concern mixed sets of volumes within a single system or among two 
or more systems in a network. 

Detection of Version Levels 

When a file is opened on an A03 or later Nonstop system 1, the file 
system and the disc process exchange information about their 
respective version levels. Nonstop 1+ systems neither send nor 
look at this version information. 

Some interprocess messages differ with the version information at 
hand. For example, if a DP2 disc process is requested to perform 
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sequential block-buffering, it returns a block in DP2 format to a 
BOO (or later) file system and in DPl format to any other file 
system. 

Also, when a file is opened under certain conditions, an A06 (or 
later) disc process sends file-system error 60 to pre-A06 or 
Nonstop 1+ file systems, but sends sequential I/0 (SIO) error 59 
to A06 or later file systems under the same conditions. 

File Creation 

Two forms of file~creation messages exist, one for DPl and 
another for DP2. A BOO or later Nonstop system determines which 
type of disc process is involved and sends the correct form of 
creation message. Other file systems send only the DPl form. A 
DP2 disc process can receive and handle either form. 

E08 and later Nonstop l+ systems accept, but do not use, the 
special creation parameters designed for DP2 files. These 
parameters are not defined for earlier Nonstop l+ systems or for 
A06 or earlier Nonstop systems. 

BOO or later Nonstop systems support a larger record length for 
DP2 key-sequenced files. A Nonstop 1+ or pre-BOO Nonstop system 
returns an error for this larger record length. 

Files with More than 16 Extents 

The DPl disc process, unlike DP2, limits a file to only 16 
extents. On a Nonstop 1+ or pre-BOO Nonstop system, the FILEINFO 
procedure returns an allocated-extents value of 16 for any DP2 
file having 16 or more extents. 

Similarly, if <file> has more than 16 extents and the FUP command 
INFO <file>, EXTENTS is used on a Nonstop 1+ or pre-BOO Nonstop 
system, the command returns information on only the first 16 
extents and returns an allocated-extents value of 16 for any DP2 
file having 16 or more extents. 

An error is returned if the CONTROL procedure on a Nonstop 1+ or 
pre-BOO Nonstop system attempts to allocate a 17th (or greater) 
extent. 
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Partitioned and Alternate-Key Files 

All parts of a file must be under the same type of disc process. 
That is, the partitions of a file cannot be mixed among DPl and 
DP2 volumes, although they can be on different systems. 

Similarly, related alternate-key files cannot be on mixed sets of 
volumes. 

The OPEN and CREATE procedures on BOO or later Nonstop systems 
check for these restrictions, but older Nonstop and Nonstop 1+ 
systems do not. 

Other Considerations 

• Although a Nonstop system can have a mixture of DPl and DP2 
volumes, the Transaction Monitoring Facility (TMF) requires 
that all audit trails and audited files in the same system 
must be under the same kind of disc process. 

• The Nonstop 1+ system has no special handling for DP2 files. 
Therefore, it treats remote DP2 files exactly as DPl files. 

• A Nonstop l+ or pre-BOO Nonstop system receives error 49 
("access violation") if it attempts to open a partitioned, 
relative, DP2 file. All other DP2 files are accessible from 
all file systems. 

• A Nonstop l+ or pre-BOO Nonstop system receives error 49 
("access violation") if it attempts to gain unstructured 
access to a structured DP2 file. BOO or later Nonstop systems 
can gain such access, however. 

Because of the different structured block formats, an 
application that opens structured files for unstructured 
access under one type of disc process may not work correctly 
with the other type of disc process. 

• Some SETMODE and SETMODEMOWAIT operations apply to DP2 files 
only. A BOO or later Nonstop system issues these SETMODE 
requests to DP2 disc processes only, but a Nonstop 1+ or pre­
BOO Nonstop system sends the request to the file's disc 
process regardless of type. A DPl disc process receiving such 
a request rejects it with error 2 ("invalid operation"). 
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record length 2-5 

determining maximum 4-7 
record numbers 1-10 

as the primary key 1-11 
structure 1-10 
use of alternate keys 2-13 

Relative sector number 
in DP2 block structure B-7 

Removing data 
example 5-36 
logically or physically 1-23, 5-36 

RENAME procedure 
description 3-4 
error 27 for uncompleted operations 3-5 
return indicates completion 3-5 

Repeatable reading 5-34 
REPOSITION procedure 

description 3-4 
error 27 for uncompleted operations 3-5 

Resident buffering 5-22 

SAVEPOSITION procedure 
description 3-4 

Sector boundaries 5-21 
Sequential access 5-4, 5-16 

encountering end of file 5-17 
Sequential block-buffering 

(see Buffering) 
Sequential processing 

definition 5-7 
SETMODE procedure 

description 3-4 
error 27 for uncompleted operations 3-5 
reference to all functions 5-40 
return indicates completion 3-5 
setting buffer-size attribute 5-25 
setting or examining access type 5-4 

SETMODENOWAIT procedure 
AWAITIO required with no-wait I/0 3-5 
description 3-4 
error 27 for uncompleted operations 3-5 
reference to all functions 5-40 

Shared access 1-19 
Structured files 

(see also Entry-sequenced files) 
(see also Key-sequenced files) 
(see also Relative files) 

Index-14 
~ 82583 AOO 3/85 



block formats 
DPl disc process B-2 
DP2 disc process B-6 
general description B-1 

comparison table 2-14 
definition 1-7 
entry-sequenced file structure 1-11 
key-sequenced file structure 1-10 
relative file structure 1-10 

Subvolume name 1-3 
System-managed access 5-3 

Tag parameter in procedure calls 3-6 
Temporary file identifiers 1-4, 1-5, 5-2 

making permanent 5-2 
TMF 

auditing 
definition 1-18 

locking rules 5-31 
record-locking 1-18 

Transactions 
locks for 5-31 

Transfer count parameter 3-6 
Type-specific block header 

in DP2 block structure B-8 

UNLOCKFILE procedure 5-26, 5-27 
AWAITIO required with no-wait I/0 3-5 
description 3-4 

UNLOCKREC procedure 5-27 
AWAITIO required with no-wait I/0 3-5 
description 3-4 

Unstructured files 
buff er size 

relative to extent size 4-6 
setting or altering 2-2 

current-record pointer 1-17, 5-13 
effects of various procedures 5-15 

definition 1-16 
end-of-file pointer 1-17, 5-14 

effects of various procedures 5-15 
next-record pointer 1-17, 5-13 

effects of various procedures 5-15 
random access 5-19 
record locks 5-31 
relative byte address (RBA) 2-1 

definition 1-17, 5-13 

Verification of WRITE operation 5-37 
Version levels 

detection of C-4 
Volume name 1-3 
Volume sequence number 

in DP2 block structure B-7 
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Wait I/0 
definition 1-19 

WRITE procedure 5-8 
AWAITIO required with no-wait I/O 3-5 
buffer-size boundaries 5-21 
description 3-4 
effects on current-record pointer 5-15 
effects on end-of-file pointer 5-15 
effects on next-record pointer 5-15 
for sequential access 5-16 
verification 5-37 
write access required 3-8 

Write-only access 1-18 
WRITEUPDATE procedure 5-8 

description 3-5 
effects on current-record pointer 5-16 
effects on end-of-file pointer 5-16 
effects on next-record pointer 5-16 
for random-access processing 5-7 
write access required 3-8 

WRITEUPDATEUNLOCK procedure 5-8, 5-27 
AWAITIO required with no-wait I/0 3-5 
description 3-5 
for random-access processing 5-7 
write access required 3-8 

$0 (for operator console) 1-4 
$RECEIVE 1-4 

-lD or -2D positioning 2-6 
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READER COMMENT CARD 

Tandem welcomes your comments on the quality and usefuiness of its 
software documentation. Does this manual serve your needs? If not, how 
could we improve it? Your comments will be forwarded to the writer for review 
and action, as appropriate. 

If your answer to any of the questions below is "no," please supply detailed 
information, including page numbers, under Comments. Use additional 
sheets if necessary. 
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