POSTGRES Version 4.2
Release Notes

1994/06/30

1. Introduction

These are the release notes for version 4.2 attise GRESdatabase system from the Uni-
versity of California at Berkley. The database system and its installation procedure are co
ered in detail in the setup document for this release, which can be found in the file
doc/ post gres-setup. {cat, ps}. Here, we cuer only the most important ddrences
from release 4.1 and earlier versions of the system.

2. Aim

This is the last release eDSTGRESfrom the POSTGRESgroup at Berkley. This release
supports a f@ more platforms than the prieus release, has arfanore features, has mabug
fixes, and has a bit better documentatidhe aim was to increase the reliability as much as
possible before closing up shop, while pding a fev more features that some of our users
needed.

3. Compaitibility With Existing 4.1 Databases

There hae been some changes to the the system catalogs Bo®BSRESVersion 4.1.
Because of this, if you want to migrate your data from Version 4.1 you mugtattopour
databases out to flat ASCII files and then reload them into the 4.2 database digsxtoitye
copy command in the reference manual for details abowttbaopy data out of a class into a
flat ASCII file. Note that this procedure does not presames or large objects; rules must
simply be redefined and large objects copied out separately.

4. New Platforms

This release supports the follimg platforms in addition to the Sun SparcStation (SunOS 4)
and DECstation 3100/5000 (Ultrix) ports already supported in the past:

H-P 9000 Series 700/800 (PA-RISC) on HP-UX 9.00, 9.01 and 9.03
DECstation 3000 (Alpha AXP) on DEC OSF/1 1.3 and 2.0

IBM RS/6000 (POWER) on AIX 3.2.5

Sun SparcStation (SPARC) on Solaris 2.3

5. New Features

This section highlights some of thewnbeatures. &r complete documentation of these fea-
tures refer to theosTGREdJser Manual and Reference Manual in the appropriate sections.

5.1. Function Overloading

Function @erloading is nav allowed. Thatis, the same function name may be used for
functions that tad& dfferent argument lists. The syntax fbef i ne functi on is still the
same; hwever, ther enove functi on command has changed slightlyhe agument
types must ne be pecified, as in
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remove function distance(point, point)

Note that the restriction that dynamically-loaded C functions mustthe same C name and
POSTGRESname has not been rewsd, which limits the usefulness of this feature to the
extent that duplicate symbol nhames cause dynamic loading problems on some sy$tems.
main restriction we kne about is that you cahdefine a dynamically-loaded function with
the same name as a function tharteady built intoPosTGRESUNder OSF/1. This and most
other examples wlving duplicate function names shoulask more-or-less as expected on
other operating systems.

5.2. Automatic Constant Coercion

In most cases, constants are cast to the correct type as long as there is no ambiguity and
the explicit typecast “::type” should notveai be sed quite as oftenHowever, additional
typecasts may become necessary inadases due to the rewed of some undocumented,
buggy and inconsistent dailt typecasting (mostly having to do witthar 16 andt ext).
vin addition, there are aviecommands (notablglef i ne functi on) where parsing is
handled in special (broken) ways and type coercion dowsnk correctly.

5.3. Time Data Type Changes

Times prior to January 1, 1970 arewndlowed. Inaddition, the special abstimalues
infinity, -infinity, and current have been added. The webuilt-in function
nkt i nt erval takes two astime aguments and returns the nt er val with those times
as its endpoints.

5.4. Hash Access M ethod

This release ofPOSTGRESincludes a hashed access method for creating secondary
indices. ThePOSTGRESquery optimizer will consider using a hashed ndéenaer an
indexed atribute is irvolved in an equality comparison.

The operator classes defined on hash indices are:

i nt2_ops fl oat 8_ops char 2_ops char 16_ops
int4_ops oi d_ops char4_ops t ext _ops
fl oat4_ops char _ops char 8_ops

The syntax is similar to that for creating a B-tree or R-tree index. For example, therfgllo
POSTQUELcommand defines an inden the clas€EMP using the salary attribute:

define i ndex EMP_SALARI ES on enp using hash (salary int4_ops)
Hashing of large objects is not supported.

5.5. External Large Objects

A user may nw access files external to the database by the same mechanismgesimplo
for private large objects. Application writers using the LIBPQ interface canissue a call

fd = p_creat e(pat hnane, node, External)

to “import” an external file into the database frame of referefi¢ee other calls, such as
p_open, p_read andp_wri t e, continue to work eactly as before on “Unix” or “Iver-
sion” files but will nev work also on other files imported in thasshion. Externdiiles may

be accessed according to common permissions of both the user for whom dredbackin-
ning and the ba@nds wser id itself. Plainly, if you do not grant the postgres uid access to
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your files, you canngi_open orp_cr eat them.

Importing a file will automatically create shaddalirectory entries in the irersion file
system, and thexestence of an wersion file (as regular file) which has the same pathname
as an intervening host system directory will abort the inclusiblowever, doing a
p_unl i nk operation (or th@r mcommand) will not actually rerve the host system file; it
will only make the database forget about its existence.

We havemade this extension configurable by the compile time optiBEXTERNAL_LO
because it represents some security rifkn application connects to a backend on a remote
system masquerading as a user on that system, the application gains access to files according
to the constraints mentioned abBo Malicious applications could clobber database system
catalogs, or obtain copies of the password file for cracking purposes, for example.

An even greater l@el of risk is posed if your computer is set up in such a way that
allows outside users to place a file where plasTGRESbaclkend could load it as a user
defined function, as the user-defined function could issue direct calksam andwri t e
and circument een the additional checks imposed by the external large object system.
Users who hae o account on your machine may be able to place files in your file system
using ay number of mechanisms, including agamus FTP and possibhut onrount and
al ex.

POSTGRESshould alvays be run with the Kerberos neirk authentication system turned
on wherger external lage objects are to be accessed or user-defined functions may be
loaded.

5.6. Array Changes

This version provides a #téble support for multi-dimensional arrays ofydmase type. It
supports tw kinds of arrays: “large object arrays” that are stored as postgres large objects
and “small arrays” that are stored in the same page as the tuple. The inclusige obact
arrays means that arrays can span multiple pages. The implementation allows update and
retrieval of single array elements or sub parts of the arBg the reference manual under
creat e,append, retrieve andr epl ace for details.

For optimizing the retrigal of large arrays we provide optional support for chunking the
array as described in the paper [SARA94]. Aycopthe paper is\ailable with the source in
src/ doc/ paper s/ arrays/ paper. ps.

[SARA94]
S. Saraagi and M. Stonebralk, “Efficient Oganization of Large Multidimensional
arrays,”Proc. Tenth Int. Conference on Data Engineering, Feh 1994.

5.7. Asynchronous Portals

This release has support for asynchronous portde the section in the reference man-
ual under LIBPQ entitled “ASYNCHRONOUS PORLS AND NOTIFICATION".

5.8. Dynamic Loader Changes

The user defined function facility has been changed to use the codhropen interface
available on most systems to support shared librafi@s.the Ultrix platform (which does
not hare adl open interface), a version has been providedsic/ t ool s/ i bdl. See
the installation notes for details.



POSTGRES V4.2 Release Notes 4 1994/06/30

5.9. Error Message Cleanups

An attempt vas made to change some of the more arcane error messages into something
more useful.

6. Documentation

An attempt was made to documentvhimajor subsystems iROSTGRESwork. Thiswill be
of some help to people attempting to modify (orudplparts oPOSTGRESNternals. The docu-
ment is &ailable insrc/ doc/i npl enent ati on. We cannot guarantee that this document
is either complete or entirely accurate (as the code may hanged een snce the writing of
the doc) but it should rertheless be very useful to someone attempting to understand the
code. Thelocument on the access method interface (re) is particularly useful.

In addition to the internals documentation, a pass was madé¢he User Manual and Ref-
erence Manual to clean things up. The User Manualwsmore than twice as long and con-
tains important information about creation of dynamically-loaded object ddelave actu-
ally tried all of thePOSTQUELqueries.

7. Bug Fixesand Overdue I mprovements

7.1. Portability I mprovements

Substantial effort has beenvasted in fixing bad prototypes and making the code more
portable. Itshould nev be easier to hild POSTGRESUsing pedantic compilers such gsc
(on CISC platforms, amwvay, for alignment reasons) and it is somewhat less dependent on
non-POSIX library routines.

7.2. User Programs

icopy
» Defaulted to Unix large objects instead of the documentesidion large objects.
initdb
* Now runsvacuumon the template database byaldf. Thismakes queries on the sys-
tem catalogs much faster.

monitor
« Silently truncateccopy i n andcopy out lines at 100 characters.

newbki
» Changed theeosTGRESsuperuses UID, but did not change the name of th@STGRES
superuser if no user named “postgres” existed.

pcat
* Treated command-line switches as filenames as well as switches.

pmkdir
« Would often fail while gecutingp_st at on files and directories.

postmaster
* Would occasionally leak shared memorgmeents or exit while attempting to reacquire
shared memory after reinitialization. (This appears to be fixed, feedback is desired.)
* Neve detached from its original controlling terminal, resulting in error messages being
printed to that tty Now has a command-line option (-S) that causes it to detach and oper
ate silently.
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reindexdb
* Now provided to assist in disaster reeny. See the Reference Manual.

vacuum
* Now works. (TherosTQUELcommand worked, but the script didn’t.)

7.3. Contributed Programs

Most of the stuf that couldnt be @mpiled agymore (because it required out-of-date
external softvare) or is currently being maintained outside B&khas been remad. The
most current version dfknoni t or, a Tcl/Tk-based replacement for the terminal monitor
is incorporated in the Lassen information reieystem and can be retvied as:

pub/ sequoi a/ src/ | assen.tar.Z

from s2k-ftp.CS.Bergley.EDU (128.32.149.157). The latesergion of pgbr owse, a

Tcl/Tk-based tool for querying ROSTGRESdatabase that contains hooks for usgemsions,
is located in:

pub/ pgbr owse
on crseo.ucsbh.edu (128.111.100.50).

7.4. General Bug Fixes

» A pass was made through the code to find and fix places wharel6 was improperly
used. Identifiershat are actually 16 characters long are more likely to work.

« Seveal serious memory leaks were fixed, increasing the number of queries that can be
run in a single transaction.

7.5. Access Methods
B-tree

* Insertion of a n@ minimal (lowest) value wouldafil under certain circumstances, causing
queries that used the indéo return incorrect resultsTuples would be visible using a
non-inde scan (e.g., one with no qualification) bubwd not be returned by a query with
a qualification that caused an indscan.

R-tree
* Variable-length indekeys (e.g., polygons) didhwork at all.
» The calculation for estimating the grth of a bounding box corresponding to the union
of two bounding boxes produced garbage values, leading to poor tree layout.
» Use of uninitialized ariables caused w&al problems (e.g., nested-loop joins with an R-
tree on the inner relation crashed).

7.6. Query Parser

* Negdivei nt 2 andf | oat 4 constants should mowork normally without being entered
like:
"-3.14159"::float4
* Queries that contained multiple commands, such as those specified when defwing ne

rules orPOSTQUEL functions, would sometimes V& their “from” clauses parsed incor
rectly.
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7.7. Query Executor

* Now atempts to do a better job of detecting non-functional updates (repeated updates to
the same tuple in the same transaction).

« Failed to do adequate pinning aiffers, meaning thatuffers still in use could be flushed
to disk and reused. This caused corruption of relations. This occurred not only in mul-
tiuser operation but also when certain operations were performedgerrddaitions (e.g.,
mergejoin).

* repl ace queries nor acquire write locks before henning their read operations, reduc-
ing concurreng somewhat but preenting maiy bogus deadlocks.

» Projecting more than one attribute from the result @iosTQUELfunction would crash
the system if the attributes were of different types.

7.8. Query Optimizer

» Due to a botch in the system catalogs, the optimizer wowlet nse an inde on an oi d
attribute of the inner join relation.

» The optimizer generatedvidid query plans if ristential qualifications (clauses that are
totally disconnected from relations that are actually nedtién the target list) were joined
by an “or” clause. This caused theseutor to crash.

 Various optimizer cost functions causes floating point underéiod divide-by-zero,
which works better on some machines than others.

 Fixed various memory management bugs in the optimization of expednactions.

» Archival (time travel) queries on a relation crashed the optimizer if you modified the
schema of a relation (e.g., usiaddat t r).

» Applying “not” to the result of a function crashed the optimizer.

7.9. System Catalogs

* pg_cl ass. rel nat t s was wrong for some system catalogs.

* pg_group is nav correctly created at initialization time.

« Mary function/operator entries containedszalid argument types.For example, the>
operator betweennt 2 andi nt 4 was rot usable.

» The system thought it could hashjoin using'tleoperator for thdool type, sometimes
leading to incorrect results when joinihgol attributes.

7.10. POSTQUEL Utilities
addattr

* Now acepts & option. Changingnly a superclass in a hieraycwithout changing the
children caused tvarsals of the inheritance hieragcto crash.

define aggrgate
» Now does substantially more error-checking.
» Current operation is closer to the definition used in 4.0.1. This is not vasaomginally
designed or documentedutb(for example) allows the aggaes used in the Sequoia
2000 benchmark to be defined again.

define operator
« Made incorrect system catalog entries for unary operators.

extend index
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» Consecutie ext ends ddn’t work.

load
* No longer requires absolute pathnames.
« Object files that contained symbol names longer than 16 characiald waften not be
correctly loaded.

purge
» Now does something besides crash. See the Reference Manual.
rename
« Would allov you to rename your classes with the prefix , which then preented other
operations (such as destroying them).
* Now acepts & option. Changingnly a superclass in a hieraycwithout changing the
children caused tvarsals of the inheritance hieragcto crash.

7.11. Transaction System

» Multiple versions of the same tuple would become visible during an update transaction.
» The following error was caused by a race condition that has been fixed:

NOTI CE: Jan 20 10: 26: 35: LockRepl ace: xid table corrupted

» Backends that aborted due to deadlock timeoubsild often corrupt shared memopry
causing other running backends to crash.

« If one backend sat idle while another ba#t performed mancommands that modified
the system catalogs, the mostly-idle backemdld (in some circumstances) crash when
it tried to begin a ne transaction due to a bug in the shared caclafidiation code.

7.12. Storage System
« Race conditions within the buffer manager would cause lost updates.

* On UNOS 4, the backend would crash after about 60 files had been opened due to a mis-

calculation of the number of/alable file descriptors.

7.13. Inversion File System/L arge Objects

» The current Imersion working directory was notwadys initialized in the frontend library
routines.

» Appending 0-4 bytes using tbew i t e interface failed, sometimes causing crashes.

» Executingp_st at on an empty Iversion file caused the system to crash.

7.14. LIBPQ

* No longer callexi t for most errors, returning “R” and “E” (WULL, depending on the
documented interface) more often.

* Now stsPQEr r or Msg more consistently.

« In the absence of authenticationywnosesget ui d to figure out who the user is instead
of the USER environment variable.

« PQexec sometimes returned a pointer to an automatic variable as its relue VI his
would sometimes cause the frontend application to crash or get garbage.

« The number of open portals magrows dynamically (instead of being hardcoded to a
maximum of 10).

» Retrieval of variable-length attributes through binary portals would return objects that
were four bytes too lge. Thiswas dten relatvely innocuous unless the user code
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estimated &lues from the size of the variable-length attribute or the out-of-bounds read in
the server happened to cause a segmentation violation.

7.15. Abstract Data Types

 Error-checking in input/output routines has been imgdan general.

« Insuficient space was allocated for nyaoutput routines, causing mysterious errors when
out-of-bounds writes occurred.

* The time types wereverhauled. Br example, time subtraction didrvork.

» Polygons with 0 points were not correctly handled in ynamutines.

8. Known Bugs and Problems

There are seral known bugs that we did not fix in this release. Note that unimplemented
features and limitations inxisting implementations are, for the most part, documented in the
Reference Manual rather than here.

A list of knawvn bugs and suggested work-arounds (as we find them) will be mailddbla
for anonymous FTPThis list will be kept in the file

pub/ post gr es/ post gres-v4r 2/ bugs
on s2k-ftp.CS.BerkeleEDU (128.32.149.157).

8.1. User Programs
shmemdoc

« This program has become out of date and should not be used. Migedron case some-
one needs the functionality so badly thaythe willing to fix it.

8.2. Query Executor

» The current implementation of hash joinsAOSTGRESattempts to put the entire hash
table in virtual memorylf the hash table is too big to fit into memory the transaction will
be aborted.The planner tries to tekelation size into account when deciding whether or
not to plan a hash joinubit is dependent on the most recent database statistics. If these
are out of dat@osTGRESMight still exhibit this unfriendly belér. To avoid this prob-
lem you shouldvacuumyour database after yarand all lage append or copy com-
mands.

« |f a backend fails while in the course okeuting ar et ri eve i nt o query a urious
file, with the same name as thegeirclass of theetri eve i nt o, will be left in the
database directoryThis file can be safely deleted by the database DBA.

8.3. Crash Recovery

e This isnt really so much a bug as aaming. POSTGRESdoes not implement standard
crash receery techniques such as write-ahead loggifi¢pe POSTGRESStorage architec-
ture permits fast crash remy in the sense that the system can restart instantly without
having to go through a lenggtanalysis of disk blocks and a log filélowever, POSTGRES
requires that the data still be readable. This implies that if (1) a lROSMGRESSCram-
bles the contents of a relation or (2) a disk block goes bad, there iaynofiixing the
relation. You may be able to read some of the contents out or you may naxdfople,
if one of the shared relations goes bad, the entire database may be unusable). Do frequent
offline backups.You ae warned.
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8.4. Transaction System

* There is a subtle bug relating to cachedidation that can causeoSTGRESto violate
transaction semantics in transactions/queriesiving multiple commandslf the back-
end has a relation open that needs to kdidated when one command is finished the
invalidation message is ignored@.hus the relation descriptor can become out of date, and
won't be dated until the next time it isvdidated. Atthe time of writing we belie
that the odds you willver notice this bug are small.

8.5. Rule System

» As ever, the instance rule system essentially ignores indices, so if you are defining a rule
on an indeed atribute, you should use the query rewrite rule system.

» The instance rule system does not handle array references cortamtly use arrays in
rules.

8.6. Inversion File System/L arge Objects

« If a backend fails while it is manipulating lge objects, spurious large object files will be
left in the database directonAlso, there is no mechanism for getting rid of large objects
which are returned by functions but not stored in instances.

« Attempting to @erwrite Inversion large objects doesnivork reliably This is due to a
major design fla and hasrt been fixed. If you need rewritable large objects, you must
use Unix large objects.

8.7. LIBPQ
» Agan, this is more of a warning than agp Seeral mysterious-looking errors, such as:
WARN: Nov 4 14:49:09:init_fcache: Cache | ookup
failed for procedure O

are occasionally caused byasTQUELcommand returning more return values than the
frontend application>@ects. (Inother words, the frontend and backend get out-of-sync
in the protocol.) See the LIBPQ section of the Reference Manual &@ushl for
details.

8.8. Abstract Data Types

« While input/output routines ka improved eror-checking, may numeric operators and
functions do not check for undenfipoverflow and other exceptions.

9. Machine-Dependent Caveats
9.1. DEC OSF/1

« As previously discussed, you should not define a dynamically-loaded C function with the
same name as a function that is already built inteetdsTGRESserver Any calls to such
a function will actually call theosTGRESult-in function.

9.2. HP-UX

* We oould not test the H-P port on HP-UX 8.07 because all of the machines to which we
had access were upgraded to HP-UX SHawever, the system did work prior to that
point. If you find that some minor changes are requiredutlnl bhe system under 8.07,
please let us knwand we will archve your patch file on our FTP server.
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» The standard HP-UX C compiler does novéndhe -M (male dependencies) optionif
you want dependencies, you will need to install the GNU C compjles. (That is, if
you attempt to build dependencies, tikeep script will try to invoke gcc).

» HP-UX does not provide aevsion of the BSD nst al | program. V& haveprovided a
copy of thebsdi nst script from the MIT X11R5 distribution, which works acceptably.

» The HP-UX library doesnhandle timezones on dates before Jan. 1, 1970 correctly.

» Alpha-test users ka reported that i8 not hard to gerflow the HP-UX kernel file table
on a busy machineEachPOSTGRESsener can use up tdOFI LE (60) file descriptorslf
you find a workaround or a kernel parameter that works acceptably for yon, &g us
know and we'll pass on the information.

» To compile the system on HP-UX 9.03, yowst first apply patch PHSS_4307. The C
preprocessor for this version of HP-UX hasese problems. As an alternagi build
POSTGRESON a machine running 9.01 and use it with 9.03.

9.3. SUn0S4
e The SunOS library doedrtiandle timezones on dates before Jan. 1, 1970 correctly.

9.4. SUunOS5

* We havebuilt and testedPOSTGRESusing both the GNU C compiler and the SunPro C
compiler We used a version of the GNU C compiler modified to emulate the Sun com-
piler in its handling of &lues of typedoubl e. Use of an unmodified GNU C compiler
will not work. You may obtain a binary cgmf the modifiedgcc binary from our FTP
sener (located inpub/ post gr es/ usef ul ) or you may apply the following one-line
change shown in the installation instructions to your owty cbgcc.



