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ABSTRACT

Perhaps nothing haswvautionized the information industry more than the rela-
tional database. Keever, a relational database igmjarticularly logical for hierar

chical data structures, such as categorized directories or catalogs. This document
explores one strategy for dealing with this problem.

| am a feelance consultant, dealing with all things UNIX, perl, PjdFa and
more. You might consider hiring me if you are in need of unix (Linux, FreeBSD,
OpenBSD, etc..) services.

1. TheProject

Creating a categorized indef internet radio programming, arranged in a tree $ikucture, similar
to Yahoo or dmoz, such that program directors and stremners might neigate the directory
procuring content for their radio station or internet stream. t

The directory featured a search functionwbeer, this isnt useful when browsing me programs,
after-all, which leywords would you use?

2. TheChallenges

In ary project, there are challenges. The system has to run on anaheady wer-taxed piece of
hardware servicing other tasks.

2.1. ChoosingPel

In addition to being user friendly and easy t@igate, it had to bdast and response a people
would abandon the site.

For these reasons, | chose to implement the system peihgnstead of PHPJava was a close sec-
ond, kut the resource requirements were twoessve. PHP is good for simple web sites, but not suit-
able for serious web applications, perl allows us to run under FastCGl or plain vanilla CGl if need be.

This was a dffcult decision, had PHP been usable, GenieGate might been used for the user
management.

2.2. TheDatabase

Original drafted plans called for flatxtefiles, after recognizing the other needs (such as transactions
and referential integrity) these plans were scrappeavim 6f a relational database.

Postgresql was used instead of mysq|, again, difficult decision, mgsifl Wwave been easielit was
already installed and in use for other tasks, butahted robust performance witjpod integrity
checks, as we shall see, this turned out to be a good decision.

T http://streamsyndication.com/



2.3. Leanand Simple

We like gpplications to be clean, simple and lean. There is a simple axiom to remeentende,
zero bugs, zero time.

Your ultimate goal should therefore be, to use zero lines of code (this, of course, is impagsible, b
you get the idea)

3. DatabaseDesign
The data is @anized in atree-like structure.

Category Root

News Music Entertainment

N /NN

Science Technology Jazz Rock Movies Television

/ /

Environment Lounge

Structures such adews/ Sci ence/ Envi r onnment do not fit within the constraints of a relational
database very well. ®had a central table, callatirectory which contained one entry for each cate-
gory as well as parent ID representing the category afedt.

Tree in a Relational Table

ID Parent Path Description

1= (null) Food Food St uff

2. =1 Br ead Bread Stuff

3 ) Cake Food/ Br ead/ Cake

This figure represents the entries Farod/ Br ead/ Cake where theFood entry is a root cagory
and therefore has no parent Br,ead has an ID of 2, with its parent & od, while Cake has an
ID of 3, with its parent ID of 2, meaning th@ake is amember of Br ead.

The path column is not unique! we could véa/ Music/ 70s/Bread or /Wd-
di ng/ Party/ Cake, this non-unique nature of the immediate path has implications we will
explore later.

We oould obtain all thémmediate food items by using this query:
SELECT * FROM di rectory WHERE Parent =1

This works for single entries, but fails on recuestperies, wecould simply query for each entry
searching out the parent ID, then repeating the processjevédo a path such as
Food/Bread/Cake/Chocolate/Donuts would involve five round-trip queries to the database!

3.1. Postgresql to the rescue

To wlve the round-trip issue, we used a stored procedure within postgresql to performbe abo
gueries without multiple round trips to and from the database.

Our first function is internal, used within the loop of the second functivan @i itle and a parent
ID, it returns the parent path.

3.1.1. Usestored procedures to &oid round-trips



CREATE FUNCTION internal _directory_find_directory_did(| NTEGER, VARCHAR)
RETURNS VARCHAR AS $$
DECLARE
pat h VARCHAR;
BEGA N
IF $1 IS NULL THEN
SELECT did I NTO path FROM directory WHERE pid IS NULL AND titl e=$2;
ELSE
SELECT did I NTO path FROM directory WHERE pi d=$1 AND titl e=$2;
END | F;
RETURN pat h;
END;
$$ LANGUAGE pl pgsql ;

Our second, "public” function, accepts a path in the forfroafd/ Br ead/ Cake and parses it out,
looping until it reaches the end. Note that simply searching for "Ca&aldwt work, as other top
level categories could potentially v the same name, such\asddi ng/ Cake.

CREATE FUNCTI ON | ookup_di rectory_pat h( VARCHAR) RETURNS | NTEGER AS $%
DECLARE
di d | NTEGER;
ctr | NTEGER DEFAULT 1,
pat h VARCHAR;
i pat h VARCHAR,

BEGA N
ipath = ltrinm(rtrinm($1,’/"),'/1");
LOOP
path = split_part(ipath,’/’,ctr);
I F length(path) = 0 THEN
EXI T,
END | F;
did = internal _directory find_directory_did(did, path);
ctr = ctr + 1,
IF did IS NULL THEN
EXI T,
END | F;
IF ctr > 1024 THEN
RAI SE EXCEPTI ON ' Exceeded path count’;
EXI T,
END | F;
END LOCP;
RETURN di d;
END;

$$ LANGUAGE pl pgsql ;

The abwee functions allav us to sivethe round trips to the database, when we need tav kme 1D
for a gven path.

All this is well and good, it what if we need to kmothe path for a gen ID? as you hae pobably
guessed, this toovnlves a stored procedure.

3.1.2. Lookupthe path from an ID



CREATE FUNCTI ON | ookup_di rectory_ancestor _pat h(1 NTEGER) RETURNS VARCHAR AS $$
DECLARE
i d | NTEGER;
title VARCHAR
pat h VARCHAR DEFAULT '’ ;
I g director yYROMYPE;

BEA N
i d=$1;
LOOP
SELECT * INTO | g FROM di rectory WHERE di d=i d;
IF lg.title 'S NULL THEN
EXI T,
END | F;
title=lg.title;
i d=I q. pi d;
path = title || '/’ || path;
END LOCP;
path=ltrim(rtrin(path,’ /"), /");
RETURN pat h;
END;

$$ LANGUAGE pl pgsql ;
The abee function, gien an D, allows us to lookup the pathname in a manner that is wepuitiith-
out expensie retwork queries to and from the database.
The abee function makes the following SQL statement possible.

SELECT * FROM directory WHERE | ookup_directory_ancestor_path(id)
LI KE ' Food/ % ;

Now we havean intuitive way of traveling through the caggory index using SQL commands, treating
the path names as strings. With an index, theeahmction could actuallyweid the whole traersal.

3.2. Rathname Integrity Checking

Earlier on, | said | wanted good data checking, too often this kind of checking is done on the applica-
tion level rather than the databasede The problem with this approach is that validation becomes
some-what relaxed andstéasy to hae orrupted tables.

Besides the mundane checks, such as ensuring the title has no tabkner ctearacters, foreigrely
constraints (and in this casegykonstraints on the parent ID) we also want to ensure the complete
pathname is unique.

This is allaved Musi ¢/ 70s/ Br ead and Food/ Br ead. This is forbiddenFood/ Br ead and
Food/ Br ead (just as you cam’haveidentical directory names on a filesystem, you tchavetwo
identical categories in our table)

Once again, postgresgl comes to the rescue with constraints.

First, we need to write a simple function thatifres no such titlexéstswithin the same level, smply
checking the title for uniqueness is insufficient, recalling our Bread example.



CREATE FUNCTION is_unique_directory_title(lNTEGER | NTEGER, VARCHAR)
RETURNS bool ean AS $$
DECLARE
flag bool ean;
BEGA N
IF $2 IS NULL THEN
SELECT '1' INTO flag FROM directory WHERE did !=$1 AND pid IS NULL |,
ELSE
SELECT '1' INTO flag FROM directory WHERE did !=$1 AND pid = $2 AND
END | F;
| F flag THEN
RETURN ' 0" ;
ELSE
RETURN ' 1" ;
END | F;
END;
$$ LANGUAGE pl pgsql ;

Then, use our function to check to the table forgritg did is the directory ID, while pid is thgar-
entid.

ALTER TABLE directory ADD CHECK(is_unique_directory_ title(did,pid,title));

Now Postgresql will refuse to accept entries thatehdentical titles on the samevkd.

4. Lessond earned

Relational databases are wonderful, but some data structurésvddnparticularly well. Stored pro-
cedures are compleand should generally beveided, but when used judiciousiyiey can sae you
the averhead of repeat queries. (just doover-do them!)

Postgresql offers the ability to use other languages, such as yiatjsseemed I overkill. The
jury isn't out yet on whether or not perl shouldrbadeen used within postgresql.

Using perl along with functions that access the filesystem (such as a custom format specifically
designed for tree structures) requireveied privileges.



