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Ubiquitous Database on a Contactless Smartcard

Kimio Kuramitsu† and Ken Sakamura†

Ubiquitous database places data everywhere. We focus on contactless smartcards combined
with a small processor and memory for data storage. Very small DBMS implemented on them
can interact through queries on a wireless communication. Ubiquitous database associates ob-
ject information with such a DBMS physically, and then allows different organizations to share
information retrieved from real-world entities (i.e., goods, materials, or persons). We com-
bined the theory with practice in the ticket digitalization project. Through the experience
of our project, this paper will discuss how to manage ubiquitous database in the context of
mobile commerce applications.
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Fig. 1 Concept of ubiquitous database.
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IEC/ISO 7816 UNIX

4
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APDUs Application Protocol Data Units

SCFS Smart Card File System 3)
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〈l, t, v〉
l ∈ L t ∈ T v ∈ V

oi

Li ⊂ L

Ti ⊂ T Vi ⊂ V oi

3. oi

oi : Li×Ti → Vi

oa

oa : (product, string) → "aCD"

oa : (price, currency-yen) → 1200

oa : (price, currency-usd) → 10
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r R p

P σ

σ : R × P → {T, F}
σ σ(r, p)→ T (r, p)

1

4. o σ

o R ⊂ R

ri ∈ R

σ(ri, pi)→ T pi ∈ P o

(r, p)

o

σ(r, p) → T r

o′ σ′(r, p)→ F
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3.3

select

update

select {(li, ti)} by {(r, p)} where {(lj , tj) cmp vj}

→ {〈li, ti, oa(li, ti)〉 } ... {〈li, ti, ob(li, ti)〉 }, ..
update {〉li, ti, vi〈} by {(r, p)} where {(lj , tj) cmp vj}

→ {〈li, ti, oa(li, ti)〉 }, {〈li, ti, ob(li, ti)〉 }, ..

SQL

by

where cmp

cmp = {=, <>, <,>, <=, >=} 6
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Fig. 2 System architecture.
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Fig. 3 The formatting layout of object storages.
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Table 1 Basic commands.

commands description

ECHO

BYE

SELECT

OPEN

READ

UPDATE

INSPECT

CLOSE

CREATE

MOVE DB

VERIFY

DELETE

1

4.3

1

APDUs

READ UPDATE

READ [oid] n1 .. ni END.

→ {〈oid, n1, v1〉..〈oid, ni, vi〉} END.
UPDATE [oid] n1 v1 .. ni vi END.

→ {〈oid, n1, ooid(n1)〉..〈oid, ni, ooid(ni)〉} END.

1

〈oid, n, v〉 n

name v ooid(n)
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UPDATE

oid C ID

[oid]

oid = 0

n

SELECT

disjoint

SELECT [oid] n1 CMP v1 .. ni CMP vi END.

→ {〈oid, n1, ooid(n1)〉..〈oid, ni, ooid(ni)〉} END.
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o : (type, string) → "ticket"

o : (id, serial) → 100001
o : (title, string) → " "

o : (orgnizer, string) → " "

o : (orgnizer, phone) → 03-xxxx-xxxx

o : (place, string) → " "

o : (place, phone) → 03-yyyy-yyyy

o : (date, date) → 1999-10-07

o : (seat, string) → A00132

o : (enable, boolean) → true
o : (checkin, date) → null

4 o

Fig. 4 A sample ticket o.

5.2

owner Q1

select (id, serial), (title, string), (date, date)

by (owner, p1 ) where (type, string) = ”ticket”

Q2

select (∗, ∗) by (owner, p1 ) where (id, serial) = 100001

5.3

1

Q3

select (id, serial) by (service, p2 ) where

(type, string) = ”ticket”and(enable, boolean) = true

σ(service, p2 ) →
authorized

Q4 1

update 〈enable, boolean, no〉,〈checkin, date, 2001-12-20〉
by (service, p2 ) where (id, serial) = 100001

2

Table 2 Results of cost estimations.

commands Q1 Q2 Q3 Q4

2 2 1 1

4 7 3 2

APDUs 12 7 15 2

5.4

Q1 Q4

256

APDUs

3

256

2

Q1

2

SELECT by (owner, p1 ) 〈ntype,string,=, ”ticket”〉 END.
READ 0 nid,serial, ntitle,string, ndate,date END.
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