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Lessons from Working in a Fbreign Culture : ‘A Bridge between Two Research Areas
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Based on the expuxcncc of working in a dxffcxcnt cultuu‘ we describe how (ultnml wnt(-xt
mﬁucnces the design of a graphical user interface. Hclc we use the word enlture to xofu toa
rescarch arca in computer science. The two arcas in' concern are lniman cotigputer inte x.unom

“and database management systems. The work that bridged these two eultures was to make
a graphical user interface for a data.ba:.o management system for pxof('ssmu.tl users. With the
resulted design. we learned some features in cleslg,xuu graphical ‘user interface; 'We proposc
a model which will bridge the two rescarch arcas. And we conclude that for elaborating and
augmenting the new inter cu]tuxal rescatch area. rescarchers fromn the two research areas should

" evenly participate.



1 Introduction

Opportunities to work in a foreign culture
are becoming more common these days
as a result of broader overlaps between
research areas and the growth of multi-
national corporations. The term "an unfa-
miliar culture” could be replaced by many
other expressions. Many books have com-
pared cultures along lines of nationality
(e.g. Christopher [4]). A short survey of
human-computer interaction (HCI) based
on region has been presented by Karat (8].

Recently several conferences have fo-
cused on the intercultural relationship of
two different research areas. Advanced Vi-
sual Interfaces {AVI '94) and the summer
workshop of the SIGDB of the Informa-
tion Processing Society Japan are exam-
ples. The ACM SIGCHI's annual confer-
ence is also an international conference fo-
cusing on interdisciplinary research.

Some new areas have been established
by researchers from different research ar-
eas; an example is Computer-Supported
Cooperative Work (CSCW). A list of re-
search areas involved in CSCW has been
published [7]. An important feature of the
new interdisciplinary research is the equal-
ity of the participating research areas.

In this paper, cultwal difference refers
to computer science research areas. specif-
ically those of HCI and database manage-
ment systems (DBMS).

The use of query languages as user in-
terfaces was surveyed in the early "80s by
Reisner [12]. With the wide use of win-
dow systems. several graphical user inter-
faces for RDBMSs have been made. Gen-

erally, graphical user interfaces (GUIs) in
a relational database management system
(RDBMS) are used to define tables. to ex-
ecute queries. and to show the results of
queries. Users of these systems are not
necessarily database professionals. Out-
side the academic arena. there are several
commercial RDBMS products that sup-
port GUIs. Gupta's SQLWindows [6] is
an example of such a GUI.

AERIAL [3] and GRAQULA [14] are
examples that resulted from academic re-
search. The quarterly review of ACM SIG-
MOD [1] publishes user interfaces built for
database management systems. At the
SIGMOD '92 conference. a paper on a GUI
of a database was presented [5]. It was a
formal description of the model aud lan-
guage, rather than an actual implementa-
tion involving users. At a recent SIGCHI
conference. a GUI for dynamic queries was"
described by Ahlberg [2]. An application
on a product DBMS was built by Rieman
[13]. The target users of these systems
were not database professionals. ‘

Generally. DBMS researchers rarvely at-
tend SIGCHI conferences and HCI re-
scarchers rarely attend SIGMOD confer-
ences. Though attending conferences is
not the only way for people to get to know
cach other. we may be able to say that

~currently DBMS and HCI rescarchers have

few shared interests.

In this paper. the design and implemen-
tation of a GUI for an RDBMS is de-
scribed from a cultural perspective. The
familiar culture is HCIL. while the foreign
culture is DBMS. The final design was
greatly affected by the cultural context.



Through the experience, we learned some
design features that could be useful for
future construction of GUIs. Some of
" them seem to be especially applicable to
- GUIs for professional users. We found
some discussable issues that will require
researchers from both areas to work to-
gether and will help them to understand
the other area better, and thus to provide
more suitable GUIs for users. B

First, .we describe the Starburst
" RDBMS, the system on which our GUI
was built. Next, we explain the GUI that
was implemented and describe the impact
of the cultural context on our design de-
cisions. Finally, we explain the useful-
ness and importance of interdisciplinary
research on DBMS and HCI by proposing
amodel.

2. Starburst RDBMS

The GUI was built on top of the Starburst
extensible RDBMS, which has been devel-
oped at IBM’s Almaden Research Center.
Close to one hundred people have worked
on Starburst if visiting scientists from sev-
eral countries and summer students are in-
cluded. A paper by Lohman [10] summa-
rizes the latest extensible features of Star-
burst.

~ As other research projects on RDBMS,
Starburst -also focused its research issues
on the following:

e Performance of query exccution
o Concurrency control

e Distribution of data and control

e Expressiveness of query languages.

The usability is the secondary issue. For
example. although a query language is
the most common interface for users of
a DBMS. the emphasis in the query lan-
guage research has not been its ease of use.

2.1 SQL Compiler

Users of Starburst can interactively sub-
mit queries. The submitted queries ave
compiled to execute accessing data. In the
compilation process, there are several in-
ternal structures. After a query has been
parsed. it is stored in a structure called the
Query Graph Model (QGM). A detailed
description of the QGM is given by Pira-
hesh [11]. The query optimizer of Stai-
burst then refers to the QGM to trans-
form the submitted query into an ezecu-
tion plan. which is then used to retrieve
data. The query optimizer examines many
alternative execution plans and picks the
most efficient one for execution by estimat-
ing the cost.

The internal structure of an execution
plan is a tree whose nodes arc made up
of primitive database operators. such as
scan. sort. and join. Ares from child
nodes to a parent node represent input
stream relationships. All nocdes have cer-
tain pieces of information in counnon, such
as quantifiers (tables). colunns. predi-
cates. and costs. The inputs for each prim-
itive databasc operator differ.

There is a command prant_plan in Star-
burst to display the exeention plau chosen
by the query optimizer in.the line mode.



For the following query, seven operators
are generated for the execution plan.

select lastname, firstname, deptname
from employee e, department d
where e.empno = d.mgrno

and e.workdept = d.deptno (1)

The tree structure is shown with inden-
tation. The execution plan is interpreted
from 115 lines of the output from the
print_plan command. On the assump-
tion that users are all developers of Star-
burst. who know the inside of the Star-
burst implementation well, some informa-
tion such as quantifier or columns is pro-
vided with numbers corresponding to the
internal data values. A more detailed
description of the Starburst optimizer is
given by Lohman [9]

3 Graphical User Inter-
face

An interactive graphical user interface was
built for Starburst with X11/Motif on AIX
3.2. The purpose of the GUI is to show the
internal structure of a QGM and an execu-
tion plan for a user-submitted query. The
GUI is intended to be used by both devel-
opers and end users who are RDBMS pro-
fessionals. They design an RDBMS, im-
plement it. write papers about it, or use it
for applications with special requirements.
Unless explicitly differentiated. the term
“users” refers in this paper to developers
and professional end uscrs.

- Figure 1 is a graphical representation
of the execution plan for the query in the
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Figure 1: A GUI for an optimized plan

query 1. Basically the GUI for QGM and
that for the execution plan have a similar
look and feel. Each GUI has two areas.
The upper area is for displaying the struc-
ture of a QGM or a plan generated by the
query optimizer. The lower is a set of but-
tons for controlling displayed information.
In the following, we will describe the de-
tails of a GUI for the query optimi'/,er.y

A pop-up window labeled "Global
View” in Figure 1 appears when the Dis-
play button in the control arca is clicked.
Information contained in primitive opera-
tors (the nodes in a tree) is classified into
threc parts: operands. output propertics.
and costs. The Default View sclection in
the pop-up window lets users specify infor-
mation to be displayed. The view of the
operands shows the argunents of an op-
crator. The view of properties and costs
show the estimated results of an operator’s
execution by the query optimizer. The se-




lection affects all nodes, and users do not
need to go through the selection process
every time they inspect a node.

Specific information on each node in a

tree can be seen by pressing the At a
Glance buttons. The operator's name is
presented on each node of the tree in Fig-
ure 1. Each node can be labeled with the
estimated total cost, the I/O cost, or the
cardinality.
. Different types of user can see the same
information on operands and properties
in different formats, specified in the User
Mode buttons. The information pop-up
window in Figure 2 appears according to
the selections in the Default View and the
User Mode when the user clicks a node in
the tree. In this pop-up window. all the
information is shown when the developer
mode is selected. '

Through the Display button from the
information pop-up window, a pop-up
window labeled "Local View” appears.
There are the Default View buttons in the
Local View pop-up window. This selec-
tion pop-up window was provided to allow
users to see different types of information
after a particular node has been chosen.
A selection made through this window is
valid locally for the node.

Some operators in the estimated exe-
cution plan have two input streams that
can be seen as two children. Since each
input stream has a specific meaning, the
placement of a child node on the right or
left child becomes important and imparts
a different meaning in cach casc.

For another submitted query, the execu-
tion plan for it consists of 33 nodes all told.

This in twn would cause the print_plan
command to generate 498 lines of output.
making it very cumbersome. In contrast.
the GUI is much more usable:

e It reduces the users’ effort and the
time taken to locate the information
for a specific operator. A node in a
tree is easier to find in a graphical for-
mat than an operator name in a list.
In general, the same operator name
can appear several times in a query.

e It improves users understanding of
~ the overall plan structure and 1ela—
txonshlps between operators..

e It allows users to obtain a specific
type of information for all nodes at
once. '

o It allows users to obtain selective in-
formation. Also the two levels of se-
lection (Global View and Local View)
gives users the control of the display
with less actions.

e It can display the same mformation
in different formats dopoudmg on the
type of user.

Design Alternatives and De-
sign Decisions

3.1

In this section, design features of the GUI
are described along with some of the alter-
natives that were considered: The context
associated with working in an RDBMS
greatly influenced the design decisions.
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Figure 2: An Information Pop-up Window

3.1.1 Accessing Information

The selection in the Display is globally
valid. and users see the same type of in-
formation for all nodes.. Another set of
selection buttons for each node is also pro-

vided.

Interaction using only global selection
buttons is simpler than interaction using
local selection buttons as regards the dia-
log structure. On the other hand. local se-

lection buttons allow users to concentrate
on the values of each operator without the
interruption of lengthy mouse movements
to global selection buttons if they want to
see other information that appeared in the
information pop-up window. The partic-
ular way of accessing information is de-
termined by the working style of database
nsers.



3.1.2 Category of Displayed Infor-
mation

Only a small portion of an execution plan’s
internal structure can practically be dis-
played. The information selected for dis-
play was the same as that produced by the
print_plan command. There can be more
than ten different pieces of information as-
sociated with each operator in an execu-
tion plan. Since users are not typically in-
terested in seeing all the information for a
node at once, the type of information had
to be classified in order to keep the GUI
usable. '
There were various design alternatives
concerning how to classify them in the
GUIL If many classes were defined. the
displayed information could be very small
in quantity and compact, but more inter-
action’ with the GUI would then be re-
quired of wusers when more detailed in-
formation was desired. In contrast. with
fewer classes, users would get more infor-
mation with less interaction, but the quan-
tity of information could become over-
whelming. - '
Classification of information was influ-
enced by the way in which it is typically
used and its meaning. Three categories
were chosen as for the Default View selec-
tion buttons. It was important to separate
out the cost information. since the primary
objective of an optimizer is to select an
efficient, low-cost execution plan. Note
that, depending on the type of a node.
some information may appear in both the
operands view and the properties view. As
shown in Figure 2, for example, colunn in-

formation appears twice.

3.1.3 Tree Direction

As shown in Figure 1. execution plans are
displayed vertically. In the original de-
sign, they were displayed horizountally. but
RDBMS users are used to sceing execu-
tion plans displayed vertically in publica-
tions, so a vertical display was considered
more reacdable. As explained previously.
the placement of a child node at the right
or left is also important for users to under-
stand a plan intuitively.

3.1.4 Information for Two Types of
User

The information desired by '_both devel-
opers and end users is more or less the
same. There is. however. a difference in
the way that information is used. There-
fore. a selection for different types of user
was provided. Depending on the type of
user, certain pieces of information are dis-
played differently. For example.column
names and table names are displayed for
end users. When a user is a developer.
however. column numbers: are displayed
instead in the information pop-up window.
There could be another type of users. such
as database administrators. According to
the number of user types. the GUI design
is modified.

3.2 Lessons

In this paper, we described a GUI that was
designed to display query exceention plans
in the Starburst RDBMS. We showed that



the cultural context greatly influenced the
design of our GUI.

Through our work on the design, we
learned some features of the design of
graphical user interfaces that could have
general applications or that could be use-
“ful in systems for professional users:

e Providing selection buttons two
levels of effectiveness: valid lo-
cally and valid globally. This fea-
ture is usable when the same oper-

" ations are performed on several dis-
played objects in a window. Locally
effective selection buttons must be
attached to an object. By freeing
users from the need for lengthy mouse
movements, this allows them to con-
centrate on a displayed object.

¢ Showing duplicated information
for the purpose of completeness
of information. If some phenom-
ena have more thah one interpreta-
tion, even outputs with the same for-

- mat can be shown in the same win-
dow. ‘ ’

e Displaying information in dif-
ferent formats from the same
source of information. This can
be used to describe one thing at dif-
ferent levels of abstraction. Though
the sources of information are differ-
ent, some debuggers that show both
a high-level language and an assemnbly
language arc examples of this feature.

We hope that these observations will be
“helpful in the design and coustruction of

DBMS research area HCl research area

""" data modeling, ---...

- design rationale,

... query optimization, --- | ... usability, ...
""" query language, - - user-centered design,
relatlc!nshlp mapping
list of issues of issues
of lslkues to GUI

Figure 3: Meta-Modeller Model

graphical user interfaces. especially for
professional users.

4 A Proposal

Finally we describe a proposal for inter-
disciplinary research on DBMS and HCI to
obtain more sophisticated and useful tools.
We built a model based on the implemen-
tation of two graphical user interfaces for
DBMS specialists. The model is for mod-
eling the image that DBMS specialists ex-
pect to see in thie graphical user inter-
face and could be called a Meta-Modeller
Model (MMM). v

MMM consists of three parts (Figure 3).
One is for describing the expectations or
concept. of the users to a GUL The concept
is described as a list of issues. The second
is for describing the relationship of each
issue. and the thivd is for mappiug the
concept to a user interface design. To get
an actual GUL cach compounent of MMM
should be instantiated.

The issues vary according to the re-
scarch ‘arcas.  For DBMS. for example.



they could be

o Visualizing amodel. For example, the
model of the optimized plan should be
drawn as a binary tree.

o User level

o Information retrieval. It is necessary
to consider from where the informa-
tion should be obtained.

e Information filtering. It is necessary
to consider how to show the informa-
tion. :

The relationship part is to define the re-
lationship between the issues listed above.
The following points should be considered:

o Which issues are orthogonal to other
issues. In the GUI for the optimizer.
the user level affects the information
filtering.

e Nested relationships in an issue. In
the above GUI. the information filter-
ing could be specified at two levels.
locally and globally.

~ The mapping part is to decide:
o The layout of a window

e The type of link which should display
attached information

e The dialog of a user interface.

Issues will be listed mainly by DBMS
rescarchers and mapping will be done
mainly by HCI researchers. Rescarchers
from the two arcas may be required to

work together on the relationship part.
which will affect the usability. There could
be many combinations of research tasks
and the instantiation of MMM could be
different for each combination.

There is a need to provide a graphical
user interface for the optimizer and QGM
for a broader range of users. We can as-
sume that instantiation of MMM is com-
mon through GUIs for DBMS. Thus. once
MMM has been instantiated for a combi-
nation of DBMS and HCI. it should be
useful when another implementation of a
graphical user interface for DBMS is tried.
MMM is on the way to completion and it
could be completed through the collabo-
ration of DBMS researchers and HCI re-
searchers. When MMM is working. many
other useful graphical user interfaces for
DBMS research could easily be made.
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