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“The speed, scalability, 

and robustness of 

Berkeley DB Java Edition, 

compared to other SQL-

based solutions, creates 

new Mobile opportunities 

on Android” said Chris 

Eastland of Nebula 

Software Systems an 

Essex, Massachusetts 

developer of business 

mobile applications. “We 

are using Berkeley DB to 

enhance our application 

framework to take 

advantage of the Oracle 

and Google stacks.” 

Introduction 

Oracle Berkeley DB Java Edition (JE) is an embeddable database 

implemented in pure Java. It provides a transactional storage engine 

that reduces the overhead of object persistence, while improving on 

the flexibility, speed, and scalability of object to relation mapping 

(ORM) solutions. 

Recently, Oracle certified JE on the Android platform for devices like 

the Motorola Droid and HTC Eris smartphones. Android breaks new 

ground in the device category because it is a Java 2 Standard Edition 

(J2SE) platform, whereas the previous generations of Java-based 

devices are predominantly Java Micro Edition (Java ME) based. 

There are significant differences between J2SE and Java ME in terms 

richness of libraries and APIs and this creates a big opportunity for 

improved application capabilities. Most notable are the full-featured 

Java 5 language support, libraries like java.util.* and 

collections, and full multi-threaded support built on the Android Linux 

kernel. 

This paper highlights some of the features and benefits JE offers to 

the Android application programmer, including performance, 

scalability, indexing, concurrency control, transactions, and a many-

to-many transaction-to-thread model. 

Performance and Scalability 

Oracl  B rk l y DB Java Edition off rs th  Android application build r 

significant p rformanc  and scalability improv m nts ov r th  nativ  SQL-

bas d data manag m nt softwar . B caus  JE is writt n in pur  Java, th r  

is no translation b tw  n Java and an und rlying C library th r by l tting it 

op rat  dir ctly on th  application's Java obj cts. 

Furth r, JE do s not hav  th  ov rh ad of SQL, so it incurs no p nalty for 

parsing, optimizing, and int rpr ting r qu sts. Th  r sult is that an Android 

application using JE can r aliz  a 2x or b tt r p rformanc  improv m nt 

compar d to oth r Android-bas d data manag m nt librari s. 
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"The Direct Persistence 

Layer in Oracle Berkeley 

DB Java Edition has been 

very valuable to our 

software development 

efforts at the Children's 

Hospital Informatics 

Program," said Steven 

Boscarine, Principal 

Software Engineer, 

Children's Hospital Boston, 

a Harvard Medical School 

Teaching Affiliate. "We 

found that replacing JPA 

with DPL yielded a 

significant performance 

increase, made it easy to 

encrypt sensitive patient 

data, and allowed us to 

deliver scalable code 

much faster than we could 

have done with a 

traditional RDBMS with an 

ORM." 

For  xampl , using a Motorola Droid, JE can cr at  a databas  of 100 

simulat d photos (1 MB  ach), in 27 s conds, mor  than thr   tim s as fast 

as th  nativ  databas  softwar . T sts on th  sam  databas  d monstrat  

random acc ss r tri vals at 275 ms p r r cord av rag  (cold cach ) and 110 

ms (warm cach ). Using a diff r nt databas  containing on  million 100 

byt  r cords, JE p rforms random acc ss r ads (f tch) op rations in 29 ms 

(cold cach ) and 1.5ms (warm cach ). Th s  t sts cl arly d monstrat  JE’s 

scalabl  p rformanc  charact ristics for small and larg  data s ts and r cord 

siz s. An  ffici nt databas  translat s into long r batt ry lif  and b tt r 

r sponsiv n ss. 

Direct Persistence Layer 

Whil  r lational databas s ar  a sophisticat d tool availabl  to th  d v lop r 

for data storag  and analysis, th y ar  not id al for storing Java application 

data sinc  th y r quir  (un)marshalling obj cts to (and from) tupl s. For 

mor  compl x data mod ls, an RDB can cr at  an “imp danc  mismatch” 

b tw  n obj cts and databas  sch ma. Furth r, an RDBMS may b  ov rkill 

for th  d vic -programm r sinc  th  analytic capabiliti s of SQL ar  

g n rally not n  d d. 

JE's Dir ct P rsist nc  Lay r (DPL) l ts th  programm r mod l application 

data using Plain Old Java Obj cts (POJO) without worrying about 

(un)marshalling cod  or Obj ct R lational Mapping (ORM) tools. Simpl  

Java annotations to th  application program's class s ar  all that ar  n  d d 

to us  th  DPL. Furth r, th r  is no SQL ov rh ad with DPL. Th  r sult is 

fast r storag , low r CPU and m mory r quir m nts, and a mor   ffici nt 

d v lopm nt proc ss. But d spit  th  lack of a qu ry languag , B rk l y DB 

Java Edition can acc ss Java obj cts in an ad hoc mann r and still provid  

fast, r liabl  and scalabl  data storag  in a small,  ffici nt, and  asy to 

manag  packag . 

Consid r an Addr ss Book application. To stor  instanc s of a Contact 

class using th  JE DPL, th  programm r simply annotat s th  class with 

@Entity and th  primary and (optional) s condary k ys with 

@PrimaryKey and @SecondaryKey, r sp ctiv ly: 
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@Entity 

class Contact { 

@PrimaryKey 

String name; 

String street; 

String city; 

String state; 

int zipCode; 

@SecondaryKey(relate=ONE_TO_ONE) 

String phone; 

private Contact() {} 

} 

Storing th  fi lds in a Contact instanc  is handl d transpar ntly by JE 

without r quiring th  programm r to impl m nt any sp cial int rfac s. Th  

application class s d fin  th  sch ma; th  annotations d fin  th  m tadata. 

Acc ss to th  Contact data at runtim  is through primary and s condary 

indic s. For  xampl , to cr at  an  ntry in th  addr ss book for George 

Smith, w  writ : 

PrimaryIndex<String, Contact> contactsByName = … ; 

Contact George = 

new Contact(“George”, “123 Rock Drive”, 

“Bedford”, “CA”, “90222”); 

contactsByName.put(george); 

To look up his n ighbor Bill: 

Contact bill = contactsByName.get(“Bill”); 

Complex Relationship Modelling 

JE's storag  capabiliti s ar   v n mor  important wh n th r  ar  multipl  

r lat d obj cts in th  sch ma. Consid r a mobil  sal s ord r  ntry syst m in 

which sal sp rsons  nt r ord rs on th ir Android hands t. An ord r 

consists of an Order obj ct with r f r nc s to a Customer obj ct; 

multipl  Parts with SKUs; and a s ri s of strings containing sp cial 

instructions (not s) for th  ord r. Mod ling this using th  JE DPL is quit  

simpl : 
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@Entity 

class Order { 

@PrimaryKey(sequence=”ID”) 

long orderId; 

@SecondaryKey(relate=MANY_TO_ONE, 

relatedEntity=Customer.class) 

String customerName; 

@SecondaryKey(relate=MANY_TO_MANY, 

relatedEntity=Part.class, 

onRelatedEntityDelete=NULLIFY) 

Set<Long> skus = new HashSet<Long>(); 

List<String> notes = new ArrayList<String>(); 

private Order() {} 

} 

@Entity 

class Customer { 

@PrimaryKey 

String name; 

String address; 

… 

} 

@Entity 

class Part { 

@PrimaryKey(sequence=”ID”) 

long partSku; 

… 

} 

JE maintains consist ncy of all th  r lationships b tw  n th  various  ntiti s 

as w ll as th  storag  of th  fi lds, th r by simplifying th  cod  and th  

programm r's task. 

Fast Indexed Access 

JE's ind xing capabiliti s ar  valuabl  in a mobil   nvironm nt, not only 

b caus  th y provid  r lationship capabiliti s lik  th  on s shown in th  

abov  sampl  sch ma, but also b caus  th y provid  fast acc ss to th  data. 

Our sampl  mobil  sal s application k  ps a local r ad-only copy of th  

widg t catalog on th  d vic  and utiliz s JE's indic s for fast s arch and 

r tri val without going ov r th  w b to a back nd s rv r. JE supports 

primary and s condary indic s, composit  k ys, k ys bas d on compl x 

class s, lazy ind x population, and k y pr fixing. On Android, JE databas s 

can r sid  on th  flash m mory card (for  xampl , up to 32 GB on a 

Motorola Droid, 8GB on HTC Eris) facilitating larg  local data s ts. 
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On a Motorola Droid, a random acc ss r ad of a 1 KB r cord in a 100,000 

r cord (100MB) databas  is about 1 ms using JE and about 5 ms using th  

nativ  Android SQL-bas d databas . 

True Multi-Threaded Support 

JE provid s v rsatil  multi-thr ad d concurr ncy control, an important 

f atur  for many applications on th  Android platform. For  xampl , 

consid r an application which uploads and downloads to (and from) a 

s rv r in a background thr ad whil  th  us r is  nt ring or vi wing data on 

th  scr  n. In this sc nario, th  application may b n fit from loos ning 

locking r quir m nts to p rmit th s  background updat s. JE l ts th  

programm r adjust locking and concurr ncy by supporting all four l v ls of 

ANSI s rialization. Som  of an application's data may r quir  strict two-

phas  locking, which JE  nforc s by d fault. On th  oth r  nd of th  

sp ctrum, th r  may b  a s t of data for which strict int r-thr ad locking is 

not r quir d, and for that, JE allows data-acc ss using dirty r ads. 

Flexible Many-to-Many Transaction-to-Thread 
Model 

Programs can mak  us  of JE's transaction capabiliti s by wrapping on  or 

mor  op rations with beginTransaction() and commit() (or 

abort()) m thod calls. Transactions might s  m ov rkill on a d vic  lik  

a smartphon , but consid r a mobil  sal s ord r  ntry application wh r  a 

us r  nt rs multi-compon nt ord rs into th  d vic  and th n uploads th m 

to th  s rv r for fulfillm nt proc ssing: Atomicity and consist ncy ov r th  

ord rs in th  local storag  is important. For  xampl , d p nding on th  

outcom  of a larg  ord r upload -- succ ss or n twork failur  in th  middl  

of uploading -- th  application may want to d l t  all of th  local ord r 

 l m nts in a singl  transaction. Or, th  application may want to r ad 

s v ral obj cts from a d vic -local databas  in a transactionally consist nt 

mann r whil  a background task is concurr ntly updating data r c iv d from 

a s rv r ( .g. updat s to  mail/t xt m ssag s or ‘fri nd’ pr s nc  status). 

This is a sc nario wh r  th  availability of diff r nt s rialization options is 

us ful. Furth r, JE has a many-to-many transaction-to-thr ad mod l; 

multipl  thr ads may us  a transaction and on  thr ad may us  multipl  

transactions, allowing you th  gr at st fl xibility ov r th  ACID 

charact ristics of th  application. 
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Conclusion 

Android has cr at d th  n xt g n ration of mobil  d vic  t chnology by 

impl m nting a J2SE stack capabl  of supporting sophisticat d multi-

thr ad d databas  applications. In turn, B rk l y DB Java Edition and its 

Dir ct P rsist nc  Lay r provid  scalabl , transactional data manag m nt to 

th  n w br  d of Android applications and s rvic s. 

For mor  information, s  : 

Oracl  B rk l y DB Java Edition 

(http://www.oracl .com/databas /b rk l y-db/j /ind x.html) 

Oracl  B rk l y DB Product Family 

(http://www.oracl .com/databas /b rk l y-db/ind x.html) 

Oracl  B rk l y DB Blog (http://blogs.oracl .com/b rk l ydb/) 

Charl s Lamb’s Blog (http://blogs.oracl .com/charl sLamb/) 
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