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Abstract— This report covers performance tuning — queries,
clustered and non-clustered indexes, and implementing
secondary indexes for the Health is Wealth Hospital database.
It then goes on to advise them on distributed database solutions
(fragmentation) — horizontal, vertical, mixed, and derived
horizontal, as well as how to reconstruct them.
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II. INTRODUCTION

This report will cover the methods of performance tuning
and distributed database solutions that the Health is Wealth
Hospital could go about applying to their database. It will go
on to discuss queries, and indexes — both clustered and non-
clustered, as well as how they are implemented. The
distributed database solutions section will cover different
methods of fragmentation — horizontal, vertical, mixed, and
derived horizontal. Then advise on how they can be
reconstructed.
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IV. PERFORMANCE TUNING

When attempting to increase the performance of a
database, it is important to look at which aspects are most

XAX-X-XXAX-XXXX-X/NXD XX 00 ©@20XX IEEE

commonly used. The most used features of the database will
benefit more so when they are optimized correctly. Usually,




data queries are the most commonly performed actions in a
database.

A. Queries

A query is a request from the user, asking the database to
perform a specific action. This can include adding, removing,
editing, viewing records, etc. It must therefore be ascertained
which of these actions the Health is Wealth Hospital database
system users are most likely to frequent. The database has
two main purposes of which users interact with it — assigning
shifts to staff and assigning prescriptions to patients.

In regard to assigning shifts to staff, both time and date, as
well as the relevant staff member must be set using the
database. The date and time of each shift should be automated
as there are lots of repeat data entries to be performed — which
don’t require administration. Assigning staff to those shifis
can also be automated, but in the event that it is not, an
administrator will have to select either each shift and assign
a staff member to it or select each staff member and assign
shifts to them.

It would be more effective to first retrieve the list of shifts
available, then select staff to cover them — as this would
enable a more thorough overview of the staff timetable. This
creates the first main query — viewing/editing the staff shift
table.

The second main query comes from assigning
prescriptions to patients. Doctors will be frequently assigning
prescriptions to patients they treat so will need to be able to
quickly look up that the patient’s records to be able to assign
them their medication. The creation of new prescription
records would also need to be performed, but not as
frequently as assigning patients prescriptions — There is a
more limited number of variations of prescription than there
are patients to treat. The second query would therefore be
viewing /editing the patient’s table.

A third, less important query would be that of assigning
patients to beds — almost all patients will need a prescription,
but not all patients will need a bed (but will also need a
prescription if they are assigned a bed). This query would
involve viewing/editing the bed records to find which are not
currently in use.

Now that these core queries have been found, secondary
indexes should be created to increase the speed at which they
can be performed. There are two kinds of secondary index —
clustered, and non-clustered indexes.
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B. Clustered Indexes

In a clustered index, the rows of the table are sorted and
stored based on their specified values (dictated by the index).
This index sets what the order should be. This is done so that
users can pick what order they want the data presented to
them in (alphabetical, numerical, ete.) — regardless of how it
has been saved to the database. There can only be one
clustered index per table (as this sets the order and any others
would overwrite the first order). [1]

C. Non-Clustered Indexes

A non-clustered index differs to clustered indexes in that
they don’t actually reorder the data they use. Non-clustered
indexes effectively create a new table that only visualizes the
data that they use — using pointers in respect to the original

data positions. This means that multiple non-clustered
indexes can be used on any table (up to 999 per column). [2]

D. Implementing secondary indexes

The Health is Wealth Hospital database would benefit
greatly from implementing secondary indexes. Based on the
queries discussed above, the best implementation would be
for clustered indexes to be created for the staff shifts, patients,
and beds.

The staff shifts should be organized by shift id. This will
sort in descending order to show the newest registered shifts
first. The shift id can then be matched to whichever staff id
should be working that shift.

The patients table should be sorted by alphabetical order
of the patients surname. This is because when doctors, (etc.)
are searching for a patient, the common practice is to first
search by surname, then first name, then date of birth.

The beds table should be sorted by which beds are not
currently occupied (patient id), with all free beds first, and
occupied beds after. This decision is based upon the idea that
an empty bed might need to be found more quickly than an
occupied bed in an emergency. [3]

V. DISTRIBUTED DATABASE SOLUTIONS

A distributed database solution is a system in which
different files on the in the same database are located on
different networks. These different networks can be in the
same building or split across different sites — potentially all
over the world. A distributed database solution primarily
involves fragmentation of database tables. Tables are split
mto horizontal, vertical, mixed, and horizontal derived
fragmentation. [4]

A. Horizontal Fragmentation

Horizontal fragmentation involves splitting up a table by
its rows. Only the rows that are wanted are split and used with
the others left out. The rows selected are based upon the
values that the row contains — a WHERE clause. In the Health
is Wealth Hospital database there are a number of uses for
horizontal fragmentation. The beds table would benefit
greatly from a clause to find which beds are currently
unoccupied — in an emergency, finding a spare bed is urgent.
The staff table could also check to find which staff member
has which staff type (role) in the hospital. This would help
with scheduling staff shifts to ensure that the numerical
requirement of each staff type 1s met (ensure there are at least
two doctors on each shift, ete.). Finally, the prescription table
would use a clause to find all the information about a specific
prescription 1d. This would allow staff to easily check what
the dosage is of already made prescription records.

B. Vertical Fragmentation

Vertical fragmentation is  similar to  horizontal
fragmentation, expect it splits tables by column instead of by
row. Again though, only the columns that are selected will be
used and only those whose values meet the requirements set.
There are many vertical fragmentations for the Health is
Wealth Hospital database. When checking the timings of
shifts, a select clause to find the shift names, start times, and
end times would greatly benefit any new staff who are trying
to understand when their next shift is —e g., the start and end
times of the morning shift, etc. Being able to view the patient




and prescription ids from the patient prescription table would
allow nurses to check which prescription a patient has been
designated.

The next four tables possessing vertical fragmentation
would only slightly benefit the Health is Wealth Hospital
database. This is due to the fact that each of them only
contains their table id and a single other column with a string
name (to better identify the records in that table). The four are
as follows:

e Dosage use from the dosages table

e Interval use from the intervals table

*  Medication name from the medications table
o And staff type from the staff types table.

The use for these vertical fragmentations is to reduce the
amount of information displayed to the user when they access
each of these tables — e.g., users will only see the medication
name, not its id number. This would only be used to check
the full record list for each table to see if a new record needs
to be entered.

C. Mixed Fragmentation

Mixed fragmentation is a combination of the two methods
— horizontal and vertical (a SELECT and a WHERE clause).
The caveat being that one method must be carried out first,
then the other — e.g., horizontal then vertical. Either direction
of fragmentation can occur first, but it must only occur first —
it is not possible to fragment horizontally, then vertically,
then horizontally again. The order chosen is based upon
which would be best for the specific table in the database.
The only table that would benefit from a mixed
fragmentation, would be that of the patient table. The Health
is Wealth Hospital database users (primarily nurses) will need
to check what prescription a patient has. The simplest clause
would be to select the patient’s prescription id where the
patient’s first name, surname, and date of birth are equal to
the details of the patient they are checking. If needed, this
clause could also check against the patients address and
postcode (depending on how specific Health is Wealth
Hospital feel they want to be).

D. Derived Horizontal Fragmentation

A derived horizontal fragmentation takes a horizontal
fragmentation and creates a child fragmentation from it. Tt
bases a constraint on a table that has already had a constraint
placed upon it —a WHERE clause inside a WHERE clause.
The shift table is one use for derived horizontal fragmentation
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in the Health is Wealth Hospital database. The clause would
be to select all values from the shifts table where the shift date
is equal to the date specified, where the shift name is equal to
the shift name specified. This would allow users to find all
the dates of the morning shifts.

The final table to benefit from derived fragmentation
would be the staff shifts table. This would select all the
information from the staff shifts table, where the shift id is
equal to the specified value, where the staff type equals the
desired value. This would allow users to see all the shifts
taken by a specified staff type (job) — allowing shift planners
to ensure that the correct number of staff are being assigned
to each shift. This would also show if there were too many
staff being assigned to the same shift.

E. Reconstruction

Reconstructing global relations is a fairly simple process.
Vertical fragmentations are reconstructed using a “full outer
join” combining the table columns back together. The
horizontal reconstruction uses “union” to recollect the unused
rows, and the mixed fragmentation uses both “full outer join™
and “union”. [5]

V1. CONCLUSION

This report has discussed the use of queries, secondary
indexes, and distributed database solutions. It discovered the
best locations for implementing secondary indexes in the
Health is Wealth Hospital database . These are the staff shifts,
patients, and beds tables. It has also shown which tables
would benefit best from horizontal fragmentation — beds,
staff, prescriptions. The vertical fragmentation tables are shift
times, patient prescriptions, dosages, intervals, medications,
and staff types. The mixed fragmentation table is the patient
table, and the derived horizontal fragmentation tables are
staff shifts, and shifts.
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