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Handhelds

Features
@ Low cost, light weight, small sized

@ Anytime, anywhere convenience

Applications
Personal information management, educational and enterprise
applications etc.

Ezxample handheld - Simputer

e.g. Simputer [Sim] has 32-bit 200MHz Strong Arm SA-1100 RISC CPU,
32 MB of DRAM, 24 MB Flash for Permanent Storage and Monochrome
LCD Display Panel.
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DBMS in handhelds

Handheld applications

@ Have high volume of data

@ Execute simple and complex queries on the device - select, project,
complex join and aggregate queries

@ Require maintaining ACID properties, Data Privacy,
Synchronization, Mobility, Security

To meet these requirements efficiently,

@ DBMS should be lightweight

@ DBMS techniques should be small memory and computation power ¢
cognizant A
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Resource Constrained Handhelds

Major changes from resource rich devices

Handhelds have Flash memory for stable storage. Flash memory
read time is small but write time is higher

Handhelds have small main memory size, flash memory size and
energy source (battery life)

Transaction management and synchronization have to consider
disconnections, mobility and communication cost

Handheld Operating Systems have lesser facilities
E.g. no multi-threading support in PalmOS

Handhelds require better security measures as they can be easily
stolen, damaged and lost
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Overview of DELite

DELite is an Open Source Light Weight Database Management
System developed by IITB. Some features:

o Flash memory as read buffer and RAM as write buffer.

o Modified two phase optimizer generates only fully pipelined,
left deep tree query execution plans.

@ Pointer based storage model like ID-based and Domain based
are supported.

@ Index structures are generated in memory during query
execution.

o Select, Project, Join, update and aggregate queries are
supported.

@ Read intensive environment is assumed. —
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@ There is a mismatch between the kind of resources hand-helds are
equipped with and the kind of queries they are expected to service.
Though these devices are required to service queries that go well
beyond simple Select-Project-Join queries, they have limited
memory, computing power and communication band-width.

@ The communication costs, coupled with the unreliable connectivity
motivates the execution of queries at the client-end itself (without
any delegation of work to the server).




Problem Definition

query processing?

What are the factors utilizing resources (memory and energy) during
the query?

How to divide resources among these factors to get optimal plan for
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Parameters affecting energy consumption

Hardware
processor, cache, memory and buses

Software

compression, query evaluation plan used (The join algoritms selected, use
of pipelining/materialization etc)

Query related parameters
Type of query, result set size, number of attributes in the result, number
and type of attributes participating in the WHERE clause etc.
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Energy Consumption Models

Model 1

EQEP = Pcpu * tepu + Pflash * thiash + Pdisplay * tdisplay + PRAM * tRAM
where pcomponent 1S the power consumed by component and
tcomponent is the time for which it is used.

Model 2
Eqgep = nw; * Ew, + ng, * Er, + nw,, * Ew,, + ngr,, * Er,, + nc * Ec
where Ey is the energy required for a write to flash/RAM
Er is the energy required for a read from flash/RAM

Ec is the energy required for a unit of computation

ny is the number of writes to flash/RAM

ng is the number of reads from flash/RAM

nc is the number of units of computation
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Ezxperimental Setup
@ Hospital Schema used for experiments
Relation Size
DOCTOR(DOCID int, NAME char[20]) 91
PRES(VISITID int, DRUGID int) 2155
VISIT(VISITID int, DOCID int, DATE int) | 830
DRUG(DRUGID int, TYPE char[20]) 77

@ Simputer Platform [Sim]

o
o
o

@ 2 AA sized NiCd Eveready Rechargeable Batteries (1.2V, 700mAh)
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Effect of number of attributes in result

@ Q1: SELECT DOCTOR.NAME FROM DOCTOR, PRES, DRUG, VISIT WHERE VISIT.DATE = 1998
AND DOCTOR.DOCID = VISIT.DOCID AND DRUG.DRUGID = PRES.DRUGID AND PRES.VISITID =
VISIT.VISITID AND DRUG.TYPE = ‘Antibiotic

@ Q2: SELECT * FROM DOCTOR, PRES, DRUG, VISIT WHERE VISIT.DATE = 1998 AND

DOCTOR.DOCID = VISIT.VISITID AND DRUG.DRUGID = PRES.DRUGID AND PRES.VISITID =
VISIT.VISITID AND DRUG.TYPE ='Antibiotic

Note: The number of attributes in the result set for Q2 is more than that
for Q1.

Inference: Changing number of attributes selected keeping other
conditions same affects power consumption to a very small extent.

Possible reason: results not displayed on screen. Only query plan is
displayed. Energy spent in flushing results on screen is zero in all the
cases. i.e. display consumes greater energy comparatively.
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Effect of number of relations participating in the join

@ Q3: SELECT DRUG.TYPE FROM DRUG,PRES WHERE DRUG.DRUGID = PRES.DRUGID;

@ Q4 : SELECT DOCTOR.NAME FROM DOCTOR, PRES, DRUG, VISIT WHERE DOCTOR.DOCID =
VISIT.DOCID AND DRUG.DRUGID = PRES.DRUGID AND PRES.VISITID = VISIT.VISITID ;

Note: The number of relations participating in the join are more in Q4
than in Q3

Inference: Q3, containing fewer number of relations participating in the
join as compared with Q4, has executed more number of times than Q4.
From this we can conclude that the more the number of relations
participating in the join, the more the energy consumption.

Possible reason: This result is intuitive, since more number of relations
means more |1/O and more computations.
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Effect of condition evaluation

@ Q5: SELECT DOCTOR.NAME FROM DOCTOR,PRES,DRUG,VISIT WHERE DOCTOR.DOCID =
VISIT.DOCID AND DRUG.DRUGID = PRES.DRUGID AND PRES.VISITID = VISIT.VISITID AND
DRUG.TYPE = ‘Antibiotic

@ Q6(Q1) : SELECT DOCTOR.NAME FROM DOCTOR, PRES, DRUG, VISIT WHERE VISIT.DATE =

1998 AND DOCTOR.DOCID = VISIT.DOCID AND DRUG.DRUGID = PRES.DRUGID AND
PRES.VISITID = VISIT.VISITID AND DRUG.TYPE = ‘Antibiotic

Note: Q6 has an additional condition (test for date).

Inference: Size of result set (number of computations) affects energy
consumption.

Possible reason: computation of extra conditions may be consuming
additional energy.
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Results

| Query | Number of executions | Time(min) |

’ idle ‘ none ‘ 10 ‘
Q1 75 6
Q2 74 6
Q3 1321 6
Q4 34 5
Q5 106 5
Q6 75 6

Table: Experimental Results
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Issues in Memory Constrained Environments

@ Storage Management — a critical issue in handhelds.

@ Due to small size, handhelds can use Systems on Chip (SoC),where
RAM competes with other components on the same silicium die.
More RAM implies less stable storage, and hence the less embedded
data. This trade-off arises every time the silicium die size needs to
be reduced to match physical constraints such as thinness, energy
consumption.
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Issues related to compression in database systems

@ Compression and decompression are CPU intensive operations. The
cost is especially important at low-end clients.

@ Database applications often need random access to data in small
pieces (tuples, attributes, etc). The popular compression methods
only work well for large chunks of results, and a large chunk of
results must be decompressed even if only a small piece is needed.

@ A DBMS holds domain specific knowledge of the query results,
which can be used to enhance the effect of compression. For
instance, instead of using a single compression method for all
attributes, a combination of compression methods that compress
each attribute separately based on the domain knowledge can
achieve better effect.
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Query performance aware compression optimizer

As per Heuristics, Compression is always beneficial for query execution,
however

@ String compression is useful when there are no decompressions or
small number of decompressions

@ Attribute level integer compression code overhead nullifies the
positive compression benefit of integer data.

@ Hence, Heuristic approach is not sufficient. A more cost based
approach is required - a query performance aware compression
optimizer would be useful
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Multi-Query Optimization

Scenario: Multiple related, but slightly different queries

Goal: Save power and communication

Challenge: Combining multiple queries, finding common query
parts

Two approaches:
@ Materialization

@ Pipelining

In DELite, writes to secondary storage (flash) should be minimized.
So there is minimum materialization of intermediate results.
Left-deep trees most suited for pipelined evaluation are used.
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Conclusion

o
o
o

@ Memory and battery power are the performance bottlenecks in

handheld systems.

@ Various parameters affecting consumption of resources are studied.
Properly tuning these parameters will result in resource friendly,

efficient computing on the handhelds.

@ Experiments performed on the Simputer support the study.




PRESENTATION OUTLINE INTRODUCTION QUERY OPTIMIZATION IN ENERGY CONSTRAINED ENVIRONMENTS MEMORY CONSTRAI

[e] [e] o
[e] [e] o
[e] [e] o
[e] 0000

[e]

[¢]

Future Work

Future work includes
@ Study effect of compression on energy

@ To come up with a model for Estimation of Energy Consumption of
a query evaluation plan.

@ To come up with an optimizer for an energy constrained
environment that makes use of the above mentioned model for
determining the costs of the query evaluation plans. To start with,
extend [Sen04] optimizer to compute cost in terms of energy
consumed.

@ To study the various query parameters that affect energy
consumption. These parameters would be used for estimation of
energy consumption of a query given the energy consumption of a
similar query.




PRESENTATION OUTLINE INTRODUCTION QUERY OPTIMIZATION IN ENERGY CONSTRAINED ENVIRONMENTS MEMORY CONSTRAI

[e] [e] o
[e] [e] o
[e] [e] o
[e] 0000

[e]

[¢]

Future Work

@ To study the energy behavior of various Index and Data
Organizations in DELite. This can used for determining what
organization should be used for storing data while downloading it to
the handheld.

@ The insights gained by the above study can also be used by the
optimizer to determine what organization should be used for storing
the query results.

@ To study the relation between the execution time and the energy
consumed.
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