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Databaze confisurztion and maintenance have histon-
cally bean complex tasks, often requinng expert knowl-
adge of databaze desizn and application behavior. In an
ambedded em-ironment, 1t 15 not possible to require such
expertise or to perform onsome databaze mamtenance.
Thiz paper discusses the databaze admumistration chal-
lenses posad by embedded systemns and desenbes how
Sleepyeat  Sofftware’s Berkeley DE  architecture
addraszzes thesa challenges.

1 Imtroduction

Embedded systems provide a combmmation of opportun-
tiez and challenses 1 application and system confizura-
tion and manarement. As an embedded system 1= most
often dadicated to a smgle appheation or small set of
cooperating tazks, the operating conditions of the =ys-
tam are typically better understood than those of gen-
eral-purpose compuhne ewronments. Simlarhy, as
ambedded zyvstems are dedicated to 2 zmall set of tazks,
one expects that the soffware to managze them would be
small and simple. On the other hand, once an embedded
system 15 deploved, 1t mmst contimue to fonchon without
mtermupfion and without admimstrator intervention.

Database admimstraton haz two components,
mrtial configuration and ongoing meinterance Inrhal
configuration mcludes database design, mamfestation,
and tumne. The mstanfizhon of the desien mecludes
decompesing the data mfo tables, relztions, or ohjects
mplementations (e.z. B-trees, hash tablas, atc). Tonins
the design requures selecting a locahion for the log and
data files, selecting approprniate databaze page sizes,
specifime the =mize of m-memory caches, and
determuminge the practical hmits of muolh-threadims and
concurrency. As we axpect that an embedded zystem 1=
created by expenenced and kmowladseabls enginears,
requrng  experhze dorme  the 1muhal  system
configuration process 15 acceptable, and we focus our
afforts on the onzomz mamtenance of the system. In
this way, our emphasis differs from other projects that
focus on automatng databaze desigm, such as
Microsoft’'s AutoAdnin project [3]and the “no-knobs™
admmistration that 13 1dentified 3= an area of important
future research by the Azilomar authors [1].

In this paper, we focus on what the authors of the
A=ilomar raport call “s1zmo” databases [1], datzbases
that reside mm devices such as smart cards, toasters, or
telephones. The key characterishics of these datzbaszes
are that therr funchonaldy must be completely
tranzparent to users, no explicit datzbase operations or
datzbase mamtenance 1z ever performed, the databaszs
mayv crazh at amy tme and must recover mstantly, the
device may undergo 2 hard reset at amy time (Tequunne
that the database retum to ms mutial state), and the
semantic integmity of the databaze must be mamtamed at
all time=. In Sechon 21, we provide maore detail on the
sorts of taske typically performed by database
adminmistrators (DEBEAs) that must be automated m an
embedded system

The rest of thiz paper 15 structured a= follows. In
Section 2, we outlne the reqmrements for embedded
database support. In Section 3, we discuss how Berkeley
DE 1z conducrve to the hands-off manasement required
m embeddad systems. In Section 4, we discuss novwel
features that enhance Berkeley DE's smtabality for the
embedded appheations. In Section 3, we dizcuss 135ues
of footprnnt s1ze. In Sechion 6, we dizcuss related work,
and we conclude m Section 7.

2 Embedded Database Requirements

Historically, much of the commercal database mdustry
has bean driven by the requirements of high perfor-
mance online tranzaction proceszing (OLTF), complex
guery proceszsing, and the mdustry standard benchmarks
that have emerged (e.z.. TPC-C [9], TPC-D [10T) to
allowr for systemn compansons. As embedded svstems
typically perform fairky simple quenies and only rarely
require hizh, sustamed transacton rates, such metncs
are not nearly as ralevant for embeddsd dztabzze siv=-
terns as are ease of mamtenance robustness, and a small
memory and dizk footprint. Becanse of conmtimuously
falling hardware prices, robustness and eaze of mainte-
nance are the key mssues of these three regurements.
Fortmately, robustness and sase of mamtenance are side
effacts of sumpheity and zood desizn. Thess, m turn,
lead to 2 small zize. contmbuting to the third requirenent
of an embadded databaze system.



2.1 The User Perspective

Usars must be able to trust the data stored m ther
devices and must not need to manually perform amy
databasze or system admumstration m order for ther
g1zmo to perform correctly.

In the embedded databaze arena, it 1= the ongoms
mantenance tazks that must be automated, not the 1mitial
system configuration. There are five tasks traditionally
performed by DBAs, which must be performed
automatically m embedded databasze systems. These
tasks are log archral and reclamation, backup, data
compachonreorsanization. automate and ramd
recovery, and remmmhahzation from an mutial state.

Log archral and backup are hshitly coupled.
Database backups are part of any recoverable datzbasze
mstallation, and log archival 15 analogous to ncremental
backup. It 1= not clear what the mmplications of backup
and archnal are for an embadded system. Conzumers do
not back up therr telephones or refrigerators. vet thev do
{or should) back up their personal computers or personal
digital aszistants. For the remamder of this paper, we
assume that some form of backups are required for
gizmo datzbazes (conmder manually re-programmungs a
talephone that mcludes fimchonalty to compare and
selact long-distance szarvices basad on the caller’s
callns pattern and commection times). Furthermoere,
these backups must be completely transparent and must
not miermupt service, as users should not be aware that
their mizmos are beins backed up, wall not remember to
mitiate the backups expheitly, and are umwalling to wat
for servica.

Data compaction or recrzamization has traditionally
requred pariodic dumping and restoration of database
tablaz and the racreation of mdices m order fo bound
lookup tmes and munmize database growth. Inm an
ambedded sy=tem, compaction and recrgamzation muost
happen aufomatically.

Fecovery 1zsues are simlar i embedded and
tradiional emaronment: with tewo sizmficant
exceptions. While a few seconds or even a mmnute of
recovery 15 acceptable for a large zarver imstallaton,
consumers are unwillms to wat for an apphance fo
reboot. As with archral recovery must be nearhy
mstantaneous 1 an embedded product. Addibonally, it
1z often the casze that a systern will be completely
remifizhzad, rather than performuns any type of
recovery, sspecially m systems that do mot meorporate
non-velatile memory. In this case, the embedded
dztabasza must be restored to 1ts hal state and must not
laak amv respurces. Thiz 1= not typically an iszue for
large, tradihomal database servers.

1.1 The Developer Perspective

In addition to the mamtenance-free operahon required
of embedded databaze syvstems, there are a number of
requirements based on the constrammed resources tym-
cally available to the “sizmos™ uzing mizmo databaszes.
Thesa requirements are a small disk and memory foot-
print, short code-path, programmatic mterface (for tight
application coupling and to avoid the ime and size over-
head of interfaces such a= SQL and ODBC), support for
entiraly memoery-resident operation (e.z., systems where
file systems are wnavailable), application configuralhity
and fesability, and support for mulb-threadine.

A zmall footprint and short code-path are salf-
explanatory; however, what 13 not as obvious 1z that the
programmatic inferface requirement 15 ther kb=meal
result. Tradihonal mterfaces, such a= ODBC and SOL,
add a sigmficant size overhead and frequently add
multiple contextthread switches per operation, not to
unhkely fto require the complex and powerful guery
processing that SQL enablss. Instead, 1n the embadded
space, the ability for an application to obtamn guckly its
specithc data 1= mwre important than a general query
mterface.

Az some systems do not provide storaze other than
memery, 1t 18 essanhial that an embedded databaze work
seamlessly 1n memorv-only emviromments. Similarly,
mary ambedded operafing systems have a =ngle
address space architecture, so a fast multi-threaded
datzbase architecturs 153 essemhal for appheations
TEqUITINE CONCUITENCY.

In seneral, embedded apphcations mn on gizmos
whose natve operatne system  support  vanes
tremandously. For example, the embedded OS5 may or
may not support user-level processes or mulb-threadms.

ven 1f it does, a particular embedded applicabon may
or may not need 1t, e.z., not all apphications nead more
than one thread of confrol. An embedded database must
provide mechamsme to developers without deciding
pohcy. For exampls, the threading model m an
application 15 a matter of policy, and depends not on the
datzbase softmare, but on the hardware, operatings
svatam and hbrary mterfaces, and the appheation’s
requirements. Therefore, the data manager must provide
for the wse of multi-threading, but not reqmre 1t, and
must not itself determune what a thread of control locks
hike.



3 Berkeley DB: A Database for Embedded
Systems

The current Berkelevy DB package, a= distmbutad by
Sleepyveat Soffware, 1= a descendant of the hash and B-
tree access methods that were distnbuted with the 455D
releasss from the Unmrersity of Cahforma, Berkeley.
The onigmal softaare (osually refarred to 2= DE 1.83),
was onginally intended as a public domam replacement
for the



