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1 Project Goals

COMFORT stands for “Gs?mfortable Perffnmmce liming”.
The long-term goal that we pursue in the COMFORT project
is to automate, to the largest possible extent, the performance
tuning of database systems. Tuning of database systems de-
pends critically on the expertise and experience of system
administrators and other human tuning experts which are re-
sponsible for the setting of system parameters. The purpxe
of such system parameters, or “tuning knobs”, is to adapt the
system to the speeific characteristics of a given workload.
With a wider use of OLTP and other multi-user database ap-
plications, on the one hand, and a lack of qualified tuning ex-
perts, on the other hand, there is a strong need for simplifying
the tricky job of human administrators and ideally automat-
ing at least some critical tuning decisions.
Our approach is to derive appropriate tuning heuristics, or
“rules of thumb”, from quantitative performance models for
individual tuning problems, and to incorporate such heuris-
tics in an adaptive or “self-tuning” system architecture.
Thus, the goal of automatic performance tuning entails two
lines of research. On the one hand, we are investigating spe-
cific tuning problems, with emphasis on the challenging
problems that are posed by multi-user parallel database sys-
tems. On the other hand, we are aiming at architectural prin-
ciples of a database system that can automatically adapt it-
self to the workload. Such a system should ideally be
● self-tuning in that it does not require human intervention,
● responsive in that it can quickly react to signit3cant

changes of the workload,
● robust in that it guarantees acceptable performance even

under “stress” conditions, and
● Iow-cost in that it can make decisions on–line at accept-

able costs of bookkeeping, gathering of statistics, evalua-
tion of analytic models, etc.

Within this framework of a self-tuning database system ar-
chitecture, we have been addressing the tuning issues of data
placement in multklisk architectures, load control, paralle-
lization and optimization of complex queries, and processor
allocation for multi-user pamllel database systems [1].

2 Prototype Architecture

The overall architecture of COMFORT can be viewed, in an
idealized manner, as a feedback loop. The database system
monitors a number of load and performance metrics, and
gathers additional long-term statistics on data and workload
distributions. This information is managed in a special sort
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of catalog, the Tuning Information Pool (TIP), The database
system varies a number of control parameters based upon the
observed performance/load behavior. This control process is
driven by heuristic but quantitative rules, derived from sim-
ple performance models. The tuning decisions affect the po-
licies employed by the various system components and the
resource limits and other thresholds of system components.
It is also possible, at least as a last resort, that a human tuning
expert cart prohibit or overwrite certain types of tuning deci-
sions.
We have built a self–tuning storage system, which runs on a
Sequent shared-memory multiprocessor and on Sun com-
puters. This storage system currently consists of a parallel
fide system, a buffer manager, a transaction manager, and a
load control component. The system has been implemented
such that it can either manage real data on a real hardware
platform, or it can simulate the performance impact of re-
sources (processors, disks) that are not available to us.

3 Coping with Load Dynamics

In the COMFORT project, particular emphasis has been giv-
en to the problem of coping with load dynamics. Real-life
workloads often exhibit significant fluctuations in the arrival
rate of transactions; moreover, the transaction mix and hence
the access characteristics of the data evolve over time. This
dynamics of the workload poses additional challenges to the
tuning expert. However, tuning by a human system adminis-
trator is inherently static and cannot react to load fluctua-
tions. Our automatic tuning approach, on the other hand, is
able to dynamically adapt the system parameters to the
evolving workload. In the following two subsections, the
methods for achieving this adaptation are discussed for the
problems of dynamic disk load balancing and load control
for locking.

3.1 Dynamic Disk Load Balancing

We have developed a parallel file system that includes a set
of heuristics for data pktcement on multi-disk architectures
(e.g., disk arrays) [1][3]. These heuristics provide automatic
tuning capabilities for data partitioning, especially the tun-
ing of striping units, data allocation, and data reorganization.
An underlying assumption is that the system has atready col-

lected sufficient statistical information about data access

characteristics such as average request size and access fre-

quency of files. However, since access characteristics evolve

over time, we also provide dynamic repartitioning and real-

location strategies.

A typical problem in practice is that cold (i.e., infrequently

accessed) data may become hot (i.e., frequently accessed)
and vice versa. This may incur significant imbalances in the
disk load distribution of a multi-disk system. To avoid that
the hottest disk becomes a bottleneck already at a relatively
low arrival rate of data requests, we employ a dynamic load
balancing heuristics that carefully migrates data from hot

542



disks onto colder disks. We coined this method “disk cool-
ing” [3]. One of the crucial issues of this method is to take
into account the cost of the cooling itself. Since data migra-
tion incurs additional load and could actually aggravate the
queueing at the hottest disks, the cooling should not be initi-
ated during load peaks. We use various heuristics to enswe
that cooling steps are deferred until a point when the impact
on the regular load is acceptable.
Figure 1 illustrates the dynamic behavior of the disk cooling
method in a trace-driven performance experiment, based on
an OLTP page reference trace. This workload exhibited
heavily skewed access frequencies both across files and
within the hot files, and, in addition, dynamic changes of
these access frequencies and the overall arrival rate of re-
quests. The charts show the average response time of page
requests without cooling and with cooling as well as the
cooling frequency for the latter case, evolving over time. In
both methods, all files were striped across 24 disks, using
track-sized striping units and round-robin allocation.
As the response time chart shows, the cooling method could
not improve response time in the initial light-load period,
since the load imbalance of the vanilla method did not yet in-
cur any severe queueing. However, the cooling method did
collect statistics about the accessfrequencies of pages during
this period. This enabled the cooling method to rebalance the
disk load by migrating tlactions of fdes. Then, during the
load peak, the cooling method achieved a response time im-
provement by a factor of 1.7, due to better load balance and,
hence, reduced queueing. Note that the ceding method was
careful enough to suspend the data migration steps during the
load peak, as shown in the cooling frequency chart.

3.2 Adaptive Load Control for Locking
Load control is necessary to prevent a database system from
data-contention or memory-contention thrashing, caused
by excessive lock conflicts or excessive buffer replacements
that may occur due to temporary load peaks. The load control
method that is adopted by virtually all commercial database
systems is to limit the degree of multiprogramming (DMP),
that is, the maximum number of transactions that are allowed
to execute concurrently.
We have developed an a&ptive load control method for the
avoidance of data-contention thrashing [2]. Unlike the DMP
method, our adaptive method does not depend on any manu-
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Figure 1: Performance of the dynamic load balancing
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Figure 2: Performance of the adaptive load control

al tuning directives; it is completely self–tuning in the sense
that it adapts the DMP to the current workload dynamically
and automatically. The basic principle of this method is to
monitor a data-contention performance metric called the
conflict ratio, and to react to critical changes of the conflict
ratio by temporarily suspending the admission of newly ar-
riving transactions or by canceling blocked transactions that
block other transactions. The adaptive load control method
copes well with dynamic load fluctuations, since it adapts
the system to the evolving transaction mix, whereas the
DMY method uses a fixed DMP as a (bad) compromise.

Figure 2 illustrates the behavior of the adaptive load control
method. It shows the transaction arrivals and the average re-
sponse time for the adaptive method and the DMP method,
evolving over time. These figures were obtained from a
trace--driven performance experiment, based on a one–hour
page reference trace from a large OLTP system. This work-
load exhibited significant data-contention problems during
the two load peaks shown in Figure 2. The DMP value of the
DMP method was tuned optimally, by exhaustive exper-
imentation for the given workload.

During the two load peaks, our adaptive method outper-
formed the DMP method by a factor of 3. In addition, our
method performed significantly better also in the interval
between the two load peaks. The problem with the DMP
method was that a backlog of transactions was created during
the first load peak. Our adaptive method, on the other hand,
smoothed out the fluctuations in the transaction arrivals and
the transaction mix, by dynamically varying the DMP de-
pending on the current mix. Thus, the adaptive method could
achieve acceptable response time even during the load
peaks.
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