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Abstract

In real-time systems it is of paramount importance that
time constraints of tasks are enforced. A tremendous
amount of research has been carried out on scheduling
problems associated with such systems, primarily focusing
on priority assignment policies in non-overloaded systems.
While static real-time systems, by definition, do not suffer
from overloads, they offer limited or no flexibility and abil-
ity to adapt to new situations, often making them a poor
choice for complex real-time applications. While dynamic
real-time systems often meet these demands, they are prone
to transient overloads.

In this paper we introduce a novel scheduling architec-
ture with a new algorithm for dynamically resolving tran-
sient overloads, that is executed when a new transaction
cannot be admitted to the system due to scarce resources.
The resolver algorithm generates a cost effective overload
resolution plan which, in order to admit the new transac-
tion, finds the required time by de-allocating time among
the previously admitted but not yet completed transactions.
Considering the cost efficiency of executing the plan and
the importance of the new transaction, a decision is made
whether to execute the plan and admit the new transaction,
or to reject it. the new transaction.

We consider a multi-class transaction workload consist-
ing of hard critical and firm transactions, where critical
transactions have contingency transactions that can be in-
voked during overloads. We present a thorough perfor-
mance analysis showing to what degree the overload re-
solver enforces predictability and ensures the timeliness of
critical transactions when handling extreme overload sce-
narios in real-time database systems.

�This work was performed while the first author was visiting University
of Virginia, supported by the University of Sk¨ovde, Sweden and, NUTEK
(The Swedish National Board for Industrial and Technical Development).

1 Introduction

In real-time systems temporal correctness is of utmost
importance, normally expressed as deadlines by which a
task should be finished. Deadlines which always must be
met are considered to be hard critical, since missing a sin-
gle deadline may have catastrophic consequences. In con-
trast, firm deadlines should also be met but may be missed
occasionally, e.g., during transient overloads.

Some work has been carried out on scheduling of trans-
actions having alternative actions, where the different ap-
proaches can be categorized by studying how a task is de-
composed and the model for executing the decomposed
tasks. In theprimary/backup model(also referred to as the
primary/alternate task model) tasks have a primary action
and a backup action. The alternate is executed in order
to recover a system from the failure of completing the pri-
mary action, for example timing faults of primaries [12, 15],
processor failures [11], or database consistency faults [19].
Hence, in this model either the primary or the alternate
completes, and the scheduler must make the decision of
which one to execute. In theimprecise computation model
[17, 18, 13] it is suggested that tasks are decomposed into
one mandatory and one optional subtask, where the for-
mer computes a result that satisfies the minimum system
requirement. By executing the optional task as well, the
quality of the result will be increased. Hence, execution of
both the mandatory part and the optional part will provide a
result with no quality reduction. Mandatory tasks have hard
critical deadlines and optional tasks have firm deadlines.

During transient overloads, non-critical transactions are
dropped and only critical transactions are executed. Admis-
sion control filters transactions in order to ensure that ad-
mitted transactions, based on some schedulability test that
considers the resource requirements of the already admitted
transactions and the new transaction, are schedulable. If the
new transaction cannot be admitted, the transaction is gen-
erally rejected. However, if we consider a new transaction



that is critical, and therefore must be admitted, we have an
obvious conflict.

Our contributions are twofold. In this paper we intro-
duce (i) a novel scheduling architecture, that includes dy-
namic admission control, a transaction scheduler, an over-
load resolver, and a dispatcher, and (ii) a new algorithm for
overload management for a multi-class transaction work-
load in main-memory resident database systems. Overloads
are detected by the admission controller, which invokes an
overload resolver. The overload resolver develops a plan to
de-allocate enough resources among the admitted transac-
tions in order to be able to admit the new transaction. It
also determines whether it is advantageous to carry out the
plan or not.

Transaction classes are differentiated by their criticality,
where transactions have hard critical deadlines or firm dead-
lines. In addition, critical transactions have contingency
transactions that can be invoked in case of overloads and
executed instead of the original transaction. Our algorithm
attempts to maximize the sum over all transactions of util-
ity less any penalty imposed on the system, but more im-
portantly, as our performance study shows, the algorithm
enforces the time constraints of hard critical transactions.

2 Problem Description

2.1 Transactions and Temporal Attributes

The workload consists of a set of transactions,T =
f�1; �2; :::; �ng, where transactions have hard critical or firm
time constraints, i.e., a multi-class transaction workload.
In addition, critical transactions have corresponding contin-
gency transactions, denoted��i, which may be invoked and
executed during overloads replacing the original transaction
�i.

The following temporal attributes related to the tempo-
ral scope constituted by a transaction�i are assumed to be
known a priori (the corresponding temporal attributes of a
contingency transaction��i are indicated by a bar):

� di - the deadline at which the execution of transaction
�i should be complete;

� !i - the worst-case-execution time of transaction�i
(independent of the current state of the database and
the system);

� �i - the transaction criticality of�i (hard critical or
firm);

� bi - the maximum amount of time that transaction�i
can block another transaction of higher priority.

2.2 Description of the Research Problem

Current state-of-the-art scheduling algorithms featuring
overload tolerance either reject transactions upon arrival
(e.g., [5, 7]) or carry out only partial execution of trans-
actions (e.g., imprecise computation tasks and incremental
algorithms [17, 18, 13]). The rejection method is only ap-
plicable for real-time systems where non-critical (soft and
firm) transactions are rejected at run-time, and where criti-
cal periodic transactions are statically guaranteed. The im-
precise computation model can be used in critical systems,
but cannot be adopted in systems where non-incremental
algorithms are used, in which case tasks cannot be divided
into mandatory and optional tasks (see section 1).

Generally, the contingency transaction��i has signif-
icantly smaller resource and processing requirements in
comparison to the original transaction�i. As the contin-
gency transaction��i is a substitute action, producing a re-
sult of less quality, it is of interest to minimize the number
of replacements. It is therefore usually preferred to exe-
cute the original transaction�i if its timeliness (ability to
meet its time constraints) is not jeopardized as opposed to
execute the contingency transaction��i. In our work, the de-
sire of completing the original transaction as opposed to the
contingency transaction is represented by their value func-
tions, describing the utility contributed to the system once
the transaction completes. A value function, denoted�i(t),
or ��i(t) respectively, describes the relative importance of
the transaction�i and��i in relation to other transactions in
the workload. In our study, value functions are assumed
to be piecewise constant. This is a simplification (for this
study) of a more general value function where the utility
contributed to the system may change over time.

�i(t) =

8<
:

ui > 0 t � di
�1 �i = hard ^ t > di
0 �i = firm ^ t > di

DEFINITION 1 A critical transaction is said to successfully
complete if and only if the corresponding original transac-
tion �i or contingency transaction��i completes before the
corresponding deadlinedi or �di.

Hard critical transactions are sporadic or periodic, while
firm transactions may be aperiodic as well as sporadic
or periodic (periodic transactions are modeled as sporadic
transactions with constant inter-arrival time). Upon arrival,
transactions are ready to execute immediately.

ASSUMPTION1 Each transaction�i is pre-declared and
pre-analyzed with known worst case execution time!i.
This information is made available to the scheduler and the
admission controller as transaction�i arrives in the system.



ASSUMPTION2 (LOAD HYPOTHESIS) The set of critical
transactions is always schedulable based on the worst-case
execution time of their contingency transactions.

2.3 Overload Model

In our system we have a workload consisting of a mix-
ture of sporadic critical and aperiodic non-critical time con-
straints, and therefore special care is needed. Overloads
potentially causing critical deadlines to be missed are the
most important ones to resolve. The consequences of this is
that the overload mechanism must be sensitive to the type
of overload that is about to occur, i.e., what type of time
constraint that is about to be missed. By performing ad-
mission control, considering the worst-case execution time
!i of each transaction�i, we can ensure that the set of ad-
mitted transactions is schedulable. For uni-class transaction
workloads where all transactions are either non-critical or
are of equal importance, transactions are normally rejected
once it is determined that they cannot be admitted given the
current workload. For multi-class transaction workloads,
transactions which are sporadic and critical are harder to
handle. Critical transactions have to meet their deadlines,
therefore they must be admitted to the system. However, if
too many non-critical transactions have already been admit-
ted, the critical transaction cannot immediately be admitted
due to scarce resources, implying that resources must be
de-allocated to allow the critical transaction to be admitted.
We call this process overload resolution, and this work is
carried out by the overload resolver. In this work two types
of actions are used in combination to resolve overloads:

1. Controlled dropping of non-critical transactions. This
strategy is carried out by the overload resolver both at
the admission control level, i.e., rejecting newly ar-
rived transactions, and at the scheduler level, i.e, pre-
empting and aborting currently running transactions.

2. Invocation of contingency transactions for critical
transactions, replacing the original transactions. This
strategy is carried out by the overload resolver both at
the admission control level and the scheduler level.

Controlled dropping is being used to get overall better
utility from the system, versus if all non-critical transactions
are being dropped in which case we get safety but poor util-
ity.

Our real-time database system model incorporates two
processing elements, one dedicated for performing schedul-
ing activities (admission control, overload management and
scheduling of real-time transactions) and one for executing
transactions [1, 14]. There are several reasons that warrant
the use of a dedicated processing element for scheduling

and overload management. First, scheduling processors off-
load both the scheduling algorithm and other operating sys-
tem overheads from the application tasks, both for speed
and so that external interrupts and operating system over-
head do not cause uncertainty in the execution of transac-
tions and tasks. Second, the use of special purpose hard-
ware which is orders of magnitude faster than its alternative
software version enables handling of time granules that are
orders of magnitude smaller [4]. Third, dynamic scheduling
has higher run-time costs but offers flexibility and adapt-
ability in contrast to static scheduling. Earlier work on the
design and use of a dedicated scheduling co-processor has
been carried out in the Spring project [16, 4].

The database is main-memory resident, and hence, the
blocking of transactions due to disk delays are avoided. We
use a real-time optimistic concurrency control [9, 10].

3 Algorithm Description

3.1 Scheduler Architecture

The architecture consists of a dynamic admission con-
troller, a transaction scheduler, an overload resolver, and a
dispatcher. The admission controller tests for schedulability
of new transactions upon their arrival. It acts as a transac-
tion filter guaranteeing that the transaction scheduler will
always be able to find a feasible schedule.

In case a new transaction cannot be admitted immedi-
ately by the admission controller, the overload resolver is
invoked in order to examine whether reallocation of re-
sources should be performed. The transaction scheduler
uses Earliest Deadline First (EDF) and Stack Resource Pol-
icy (SRP [2] described below) for scheduling of the ad-
mitted transactions and preventing chained blocking. The
overload resolver is invoked when an original transaction
�i cannot be admitted to the system, in which case the re-
solver initializes a negotiation of the requirements of the
previously admitted transactions and the new transaction.
The overload resolver develops anoverload resolution plan
(ORP), evaluates its cost efficiency and executes the plan
if it is considered to be worthwhile. The dispatcher per-
forms dispatching according to the schedule determined by
the transaction scheduler.

The admission controller performs admission based on
the worst-case execution times of new transactions. Once
transactions are admitted, the required amount of process-
ing time is reserved.

We have adopted the Stack Resource Policy (SRP) [2], as
an improvement to priority ceiling protocols (PCP), in order
to prevent blocking and multiple priority inversion. SRP re-
lies on two premises: to prevent deadlock, a job should not
be permitted to start until the resources currently available
are sufficient to meet the maximum requirements of the job,



and to prevent multiple priority inversion, a job should not
be permitted to start until the resources currently available
are sufficient to meet the maximum requirement of any sin-
gle job that might preempt it. In SRP ceilings are static
and based on preemption levels as opposed to PCP where
ceilings are dynamic and based on the scheduling priority.
Since SRP ceilings are static, SRP can be applied directly to
EDF scheduling without resort to dynamic recomputations
of ceilings.

With SRP, the blocking timebk is given by the maximum
worst-case execution time of the longest nontrivial critical
section of every transaction�k such thatdi < dk. This
maximum includes the worst-case execution time of all the
critical sections of other transactions that might subject�i to
priority inversion. The following condition should be satis-
fied in order to guarantee the schedulability of a set of pe-
riodic and aperiodic transactions using SRP together with
EDF [2]:

THEOREM 1 (BAKER, 1991) A set ofn (periodic and ape-
riodic) processes is schedulable by EDF scheduling with
SRP semaphore locking if

8k = 1; :::; n

 
kX

i=1

�i
di

!
+
bk
dk
� 1:0

Proof. See [2][p.83].

Once transactions are admitted, they are assigned a pri-
ority according to the EDF priority assignment policy. By
exploiting admission control, only schedulable transactions
will be admitted, which allows the scheduler to always find
a feasible schedule.

3.2 Overload Resolver

The basic idea behind this is to generate a plan that re-
solves the impending overload by de-allocating time from
previously admitted transactions. In the case of an overload,
the resource reservations are scrutinized, and they may be
reduced by substitution or de-allocated by dropping. Hence,
transactions that are admitted are given a prognosis that
they will get their desired level of resources. In the worst
scenario, given the load hypothesis, this implies that non-
critical transactions are terminated and that critical trans-
actions may be replaced by their contingency transactions
(see section 2.3). We call theseoverload resolutions ac-
tions (ORAs). Dropping and replacing transactions result in
a utility loss relative to the initial expectations, and possi-
bly, wasted processing time if the transactions have already
started to execute. Hence, it is of interest to minimize the
utility loss. Note, a new transaction will eventually (when
complete) give some utility to the system, and this must be

contrasted with the utility loss caused due to de-allocating
enough resources in order to admit the new transaction.

If we are about to resolve an impending overload, it is
important to have an understanding of in which time inter-
val the overload is occurring. As we will see, the reason
for this is that in order to resolve an overload, not neces-
sarily any transaction can be dropped and thereby make the
workload schedulable. Consider a set of sporadic and/or
aperiodic transactions arriving in a system which uses EDF.
EDF is known not to handle overloads very well, causing a
domino-effect of missed deadlines. Let us define two inter-
vals, namely, a total overload interval and a critical overload
interval.

LetTA denote the set of admitted transactions, and let��
represent a new transaction coming in to the system. Con-
sider the situation when the set of transactionsTA can be
feasibly scheduled with EDF, but where T = TA[f��g is not
schedulable. Thetotal overload interval[t1; t2] denotes the
total time the overload will last, i.e., from the current time
(t1) until t2 which is the latest deadline of those transac-
tions missing their deadline. Admitting transaction�� will
delay the execution for!� time units (approximately) of
those transactions having lower priority than��, and in the
worst case they will miss their deadlines.

In our approach, de-allocation of processing time is done
in an interval referred to as the critical overload interval. In-
formally, thecritical overload intervalstarts once the over-
load is detected at timet1 and ends at the time of the dead-
line of the first transaction having the smallest slack (be-
fore �� is admitted) among those transactions having a pri-
ority lower than�� . Note, the critical overload interval is
smaller or equal to the total overload interval, and resolv-
ing the overload here is guaranteed to resolve it in the total
overload interval. However, de-allocating time outside the
critical overload interval will not resolve the overload.

More precisely, the resolver (i) determines the critical
overload interval and computes the amount of processing
time that needs to be de-allocated in the interval in order
to resolve the overload; (ii) generates an overload resolu-
tion plan (ORP) which consists of a set of ORAs that de-
allocate resources from admitted transactions; and (iii) de-
cides whether it is advantageous to carry out the ORP, con-
sidering the relative utility loss/gain of executing the ORP
and accepting the new transaction in comparison to simply
rejecting it (firm) or substituting (hard critical).

From the set of eligible ORAs, we build an ORP by se-
lecting a subset of ORAs that minimizes the total utility loss
while de-allocating the required amount of time to admit the
new transaction.

ORAs imposing an infinite penalty by dropping criti-
cal transactions, will by definition not be considered ac-
ceptable. Hence, any ORP containing ORAs with infinite
penalty will not be performed.



3.2.1 Computing Time Saved by an ORA

The amount ofsaved time, denoted�xi , in a critical over-
load interval as a result of performing a specific ORAx on
an arbitrary transaction�i, is computed as follows. When
dropping a transaction�i, the amount of time de-allocated
is:

�di = �i � oi +  

where�i is theremaining execution time, oi expresses the
time for abortingtransaction�i, and where is related to
blocking time, defined as follows:

 =

�
bi �maxfbj ji 6= jg; if bi > maxfbj ji 6= jg
0 otherwise

Since we are using SRP we know that a high-priority
transaction may be blocked only once by low-priority trans-
action. bi is thus the worst-case execution time for the
longest critical section among the low priority transactions.
If transaction�i is the transaction with the longest critical
section, thenbi time units have been reserved for blocking,
but if it is decided to drop or replace transaction�i, then
transaction�i will not enter its critical section and, hence,
will not block any other transaction, implying that time may
be saved. The amount of time saved is then the difference in
execution time between the longest remaining critical sec-
tion of �i (bi) and the second longest remaining critical sec-
tion of transaction�j (bj).

The time de-allocated when an original transaction�i is
replaced by its contingency transaction��i can be computed
in a similar way. Similarly, the execution time of the longest
critical section of the contingency transaction��i has to be
considered, i.e., we get the following:

�ri = �i � oi � �!i +  

where

 =

8<
:

bi �maxf�bi; bj ji 6= jg; if �bi < bi and
bi > maxfbj ji 6= jg

0 otherwise

In case the ORP is composed of several ORAs, the
amount of time saved due to non-occurring blocking de-
pends on which transactions that are selected to be dropped
or replaced, and hence, cannot be computed before ORAs
are selected. The following example shows why. Consider
the following set of transactionsf�i; 1 � i � njdi�1 < dig,
further assume that�k has the longest critical section, i.e.,
bk > max(biji < k). This implies that�k may block an-
other transaction forbk time units. Hence, if we decide to
drop�k we will savebk � bj time units, wherebj represent
the second longest critical section. If we decide to drop or
replace both�k and�j , the time saved will be the difference

betweenbk and the time of the third longest critical sec-
tion. However, if we decide to only drop�j , no time will be
saved with respect to blocking, since any transaction may
still be blocked for at mostbk time units. In conclusion,
at the time that ORAs are generated there is no knowledge
of which ORAs will be selected later on to be part of an
ORP, which makes it hard to estimate any time saved due
to non-occurring blocking. In our model, the amount of
time saved by an ORA is initially computed using only the
remaining execution time, the time needed to abort a trans-
action, and possibly, the execution time of the contingency
transaction, i.e., is initially considered to be negligible.
The computation is determined at the time when ORAs are
generated. Computing the time saved due to blocking that
no longer will occur is postponed until the set of ORAs that
have been selected to be part of the ORP is known. Then
it is possible to determine the amount of time saved due to
’non-occurring blocking’ since we then know which trans-
actions that are subject to be dropped or replaced and how
these transactions relate to other transactions.

3.2.2 Computing Utility Loss Caused by an ORA

The amount ofutility loss, denoted
xi , as a result of a spe-
cific ORA x on an arbitrary transaction�i, is computed as
follows. When dropping a transaction�i, the utility loss is
given by the penalty of missing the deadlinedi, i.e.:


di = �i(t � di)� �i(t > di)

By replacing a transaction�i with its contingency trans-
action��i, the amount of utility loss is the difference between
the utility contributed by�i and��i, i.e.:


ri = �i(t � di)� ��i(t � �di)

3.2.3 Algorithm for Generating the Overload Resolu-
tion Plan

To select a subset of eligible ORAs, such that utility loss
is minimized, is an NP-hard optimization problem. Our
heuristic algorithm selects ORAs by relating the utility loss
caused by a certain action to the amount of resources that is
de-allocated by it, i.e., we compute theutility loss density
(
xi =�

x
i ) for each ORA, and, let the set of actions be ordered

by their utility loss density.
The overload resolution algorithm determines the best

set of ORAs to select in order to save a minimum of exe-
cution time in the critical overload interval. The algorithm
uses the utility loss density for selecting the actions, and
then computes the total utility loss. The algorithm consists
of the following steps:

1. Generate the set of possible ORAs actions and com-
pute their utility loss density.



2. Iterate through the ORAs in order of decreasing util-
ity loss density, and add them to the ORP as long
as the total amount of saved time by the new ORP
(overload resolution plan) does not exceed the time
required.

3. From the remaining actions, add the action with min-
imum utility loss, such that the required time is met
or exceeded, to the set of selected actions.

4. Remove any now unnecessary actions from the set of
selected actions. Start with the ORA with the highest
utility loss, such that the required time is still met or
exceeded.

By selecting an ORA by its utility loss density, we en-
sure that the de-allocated time is cost efficient with respect
to other ORAs. Given a workload where transactions are
similar in length and utility, transactions close to comple-
tion will not be selected due to the limited time they would
save if dropped. Critical transactions cannot be dropped,
only replaced, and the amount of time saved by replacing a
transaction is often more limited. Once the remaining exe-
cution time of a critical transaction is smaller than the exe-
cution time of the contingency, replacing the critical trans-
action by its contingency transaction is not justified in the
general case1.

Note that in the case when an arriving transaction has a
contingency transaction, there is an opportunity of directly
accepting the contingency transaction instead. Admitting
the contingency transaction requires less, if any, process-
ing time to be de-allocated than if the original transaction
would have been admitted, but it also contributes with less
utility. Hence, we generate up to three ORPs and compute
the relative cost of implementing them: (i) admitting the
original transaction; (ii) admitting the contingency transac-
tion; and (iii) rejecting the transaction (non-critical transac-
tions only). The most cost effective approach will then be
selected, i.e., the one with the best overall utility gain/loss.
Let �(x) denote a function returning the amount of utility
lost due to de-allocatingx time units. The change in utility,
denoted�, can be computed as follows, and the ORP with
the lowest utility loss (or highest utility gain) will then be
selected. Lets denote the smallest slack among the trans-
actions active in the critical overload interval and that have
a deadline later than transaction�� .

admit��: �1 = ��(t � d�)� �(!� � s)
admit���: �2 = ���(t � �d�)� �(�!� � s)
reject�� : �3 = ��(t � d�)� ��(t > d�)

1The exception is if the deadline of the contingency transaction is later
than its original transaction, and postponing the execution of the contin-
gency transaction will save time in the critical overload interval, then re-
placing the original transaction could be justified.

4 Performance Analysis

In order to evaluate the algorithm, we have developed a
simulator, modeling the performance of the overload reso-
lution algorithm in a centralized real-time database system.

Our simulations include the results from two compara-
tive algorithms, namely, pure Earliest Deadline First (EDF)
without admission control, and a modified EDF scheduler
acting as a comparison baseline (BL) for our experiments.
The BL algorithm is based on EDF with an admission con-
troller, where the admission changes policy depending on
the severity of the overload. Once an overload occurs, non-
critical transactions are unconditionally rejected by the ad-
mission controller, leaving only critical transactions to be
admitted. If workload increases to such extent that critical
transactions cannot be admitted based on their original re-
source requirements, only contingency transactions of criti-
cal transactions are admitted from then on. Hence, this algo-
rithm performs two mode switches: (i) reject all non-critical
transactions; and (ii) admit only contingency transactions.
It should be noted that the sole purpose of BL is to serve
as a comparison baseline for our experiments, that is, in-
dicating when no feasible schedule can no longer be found
even though only contingency transactions are admitted and
scheduled. In fact, BL is inappropriate as an algorithm since
it performs the first mode switch when it has failed to ad-
mit a non-critical transaction. The second mode switch is
triggered when an original and critical transaction cannot
be admitted.

4.1 Simulation and Workload Parameters

We have evaluated the performance of the overload res-
olution algorithm by modeling certain database system pa-
rameters and a number of workloads, using values for simu-
lation parameters that represent what we believe is realistic,
as shown in tables 1 and 2. As noted in section 2.3, we
use dual processors, where one processor is dedicated for
scheduling services and the other is dedicated for transac-
tion processing.

Table 1. Database system parameters

NumCPU 1 + 1 Number of processing elements
ProcOp 10.0 Processing time per database operation (ms)
DBSize 1000 Database size (number of pages)
ArrivalRate 1-55 Arrival rate (transactions/sec)

We have defined the workload to consist of two trans-
action classes (hard critical and firm transactions), where
each class is 50% of the total workload. The critical class of
transactions has contingency transactions that differ in size



and utility from the original transaction. Beyond that, the
two transaction classes are equal. Each transaction class is
defined as follows (’ ’ means that the corresponding value
is the same as for the original transaction�i):

Table 2. Transaction workload parameters.

Transaction Hard critical Firm
Class original contingency original

% of workload 50.0% 50.0 %
Size (no. of op) 11-15 4-6 11-15

Slack factor 9.0-11.0 (see footnote2) 9.0-11.0
Periodicity S  A

Utility 100.0-300.0  *0.5 100.0-300.0
Penalty �1  0.0

Write probability 0.25  0.25

Aperiodic transactions arrive according to a Poisson dis-
tribution. The size of a transaction, i.e., the total number of
operations it performs, is uniformly distributed within the
range as specified bySize. Each transaction access a num-
ber of pages that are selected uniformly within the database.

4.2 Results

Each experiment was conducted by running a series of
three simulations and summarizing them. We use com-
pletion ratio (CR) as our primary metric, i.e., the ratio of
the number of transactions that successfully complete and
the total number of transactions requesting resources. Each
data point is the average completion ratio with 95% confi-
dence intervals (values are shown in figure 1).

We have studied the completion ratio of the three algo-
rithms (overload resolution algorithm - denoted OR in the
graphs, EDF, and BL) as shown in figure 1. We can see that
EDF starts missing transaction deadlines when the transac-
tion arrival rate exceeds approximately five transactions per
second, which is expected since this represents a workload
utilizing approximately eighty percent. EDF’s inability to
handle overloads, causing a domino-effect of missed dead-
lines, is well-known and is shown in figure 1. Since both
classes share the same characteristics, no transaction class
is favored, thus, the decay rates of the completion ratio are
similar.

Since it is of paramount importance that the time con-
straints of the critical transactions are met, we observe that
the overload resolution algorithm satisfactorily enforces this
requirement. During extreme overloads it performs close
to optimal (in terms of meeting time constraints for critical
transactions) as set out by the baseline BL. The algorithm
ensures the timeliness of critical transactions by gradually

2The slack factor is increased in proportion to the change in size be-
tween the original transaction�i and the contingency transaction��i.

increasing (from zero) the numbers of critical transactions
being replaced by their contingency transactions (see fig-
ure 1c) and gracefully dropping/rejecting firm transactions,
which is a significant improvement compared to both the
baseline and the EDF algorithm.

The reason why the algorithm does not achieve optimal
results during extreme overloads is the sporadic nature of
the workload and the fact that the scheduler is not clairvoy-
ant. Original transactions are admitted when possible, since
they contribute a high utility to the system. The drawback
of this is that when additional transactions arrive, a feasi-
ble schedule may no longer be found. Although the origi-
nal transactions are replaced by their contingency transac-
tions, unnecessary processing time has been lost. This can
be overcome to some degree by having the workload mon-
itored, and when the workload goes beyond a certain level
the admission controller is notified to only admit contin-
gency transactions.

In order to verify the robustness of overload resolu-
tion algorithm, additional simulations have been performed
where different parameters have been varied, e.g., slack fac-
tor, importance value, and number of database operations,
to simulate different workload scenarios. Due to the lim-
ited space in this article, we only include the simulation re-
sults from the experiment where the relative utility of the
contingency transaction in comparison to the utility of the
original transaction was varied. In this experiment we have
used the same workload as specified in table 2, except that
the utility obtained by the contingency was varied, where
��i(t) = c � �i(t) and c is varied between0:0 (no utility
is obtained for completing the contingency transaction��i)
and1:0 (there is no reduction in utility when completing the
contingency transaction as opposed to the original transac-
tion). The results can be seen in figure 2. We observe that
the completion ratio of hard critical transactions is intact for
c > 0:25 (for arrival rates within the operational envelope).

5 Related Work

Chetto and Chetto [6] have suggested that alternative ac-
tions are scheduled according to Earliest Deadline Latest
(EDL), implying that alternative actions are executed as late
as possible. This gives the primary actions the maximum
amount of time possible to execute. The time reserved for
the alternative action is released once the primary action
completes, increasing the processor availability. In contrast
to our model, they assume that the worst-case execution
time is not known for the primary action (worst-case ex-
ecution time is known for alternative actions). Moreover,
they do not consider sporadic and aperiodic tasks, but only
periodic tasks where all tasks have the same criticality. Li-
estman and Campbell [12] have focused on how to execute
the maximum number of primary periodic tasks on a uni-
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Figure 1. Completion ratio of successfully completed transactions in relation to the number of trans-
actions requesting resources. Graph (a) and (b) shows the completion ratio of hard critical and firm
transactions. Graph (c) shows the percentage of hard critical transactions that have been replaced.
Note, the arrival rate as presented in the graphs denotes the total number of transactions arriving to
the system per second
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Figure 2. Completion ratio of successfully completed transactions in relation to the total number of
transactions requesting resources.



processor system. However, they assume prior knowledge
of the worst-case execution time of both primary and alter-
native tasks.

Nagy [15] considers the deadline scheduling problem
where compensating transactions, with known worst-case-
execution times, are used as safe mechanism for bailing out
if the primary transactions are not able to finish within their
deadlines due to unknown processing requirements. Admit-
ted transactions are guaranteed to complete either by suc-
cessful commitment of the primary transaction or by safe
termination of the compensating transaction, i.e., compen-
sating transactions are not used for resolving overloads. In-
stead, overloads are resolved at the admission control level
by rejecting new transactions at submission time. In con-
trast to our work, alternative actions are used as one mech-
anism for resolving overloads by either saving time or buy-
ing extra time (the other mechanism is rejection of trans-
actions). However, in our system overloads are resolved by
the overload resolver both at the admission control level and
the scheduler level. In our work, the deadline of a contin-
gency transaction may also be later than the deadline of the
original transaction.

Liu et al. [13] defined a set of scheduling algorithms ap-
propriate for imprecise computation tasks. Their approach
is to guarantee mandatory subtasks by considering them
critical and then on a best-effort basis schedule the optional
subtasks. In contrast to our approach, the original transac-
tion and the alternative action has a 0/1 constraint, either the
original transaction is executed or the alternative. Hence,
during overloads the alternative actions is executed as op-
posed to Liuet al. ’s approach where only the mandatory
tasks are executed.

Buttazzoet al. [5] investigated the performance dur-
ing overloads of the Earliest Deadline First, Highest Value
First, Value Density and theMix dynamic scheduling algo-
rithms. Two derivatives of each algorithm were developed
to enforce the notion of guarantee and robustness, where
the class of guarantee algorithms uses an acceptance test in-
voked at admission of new tasks. The robust algorithms per-
form a guarantee test upon task activation, a rejection based
on the importance value of the tasks, and combined with a
resource reclaiming mechanisms taking advantage of early
task terminations [5]. Tasks have a weight value reflect-
ing the importance level of the individual task. Their work
suggests that scheduling by deadline and rejecting by value
is the most effective strategy for a wide range of overload
conditions.

In contrast to Buttazzoet al. [5], Haritsa et al. [8],
and Baruahet al. [3], our work addresses additional com-
plexities with respect to the multi-class nature of the work-
load (hard critical and firm deadlines), and the additional
transaction element, namely the contingency transactions,
requiring more sophisticated admission control and rejec-

tion algorithms.

6 Discussion and Future Work

While hard critical and firm transactions offer no dead-
line tolerance, soft deadlines are considered less stringent,
allowing some degree of tardiness. We will now discuss
how soft transactions with deadline tolerance can be in-
corporated into our model and how tardiness is controlled
during overloads. Our proposed algorithm computes the
amount of time to de-allocate and which transactions to
replace or drop among those transactions being active in
the critical overload interval. The notion that soft dead-
lines should meet their deadlines but that it is acceptable
if they are occasionally missed, suggests that soft transac-
tions should be scheduled based on their deadline, but that
tardiness should be controlled during transient overloads.

If a soft transaction has its deadline inside the critical
overload interval, but where the secondary deadline of the
soft transaction is outside the critical overload interval, then
parts of the transaction can be postponed to take place past
its deadline but also outside the critical overload interval.
This may save time inside the critical overload interval.
Hence, we have a third type of ORA, namely, postponing
the execution of a transaction. Due to limited space we have
excluded formulas for computing the amount of time saved
if transactions are postponed. We intend to adress this in
future papers.

In contrast to the imprecise computation model (see sec-
tion 1), we have focused on how and when toreplacecriti-
cal transactions, as opposed to onlypartially executecritical
transactions. We will now briefly discuss how the impre-
cise computation model can be incorporated in our schedul-
ing model. By defining mandatory transactions to be hard
critical transactions without contingency transactions, and
further, define optional transactions to be non-critical trans-
actions with firm deadlines, imprecise transactions can be
admitted and scheduled by the overload resolver. How-
ever, the imprecise computation model has a precedence re-
quirement between mandatory and optional parts, since the
optional part should not execute before the corresponding
mandatory part has completed. While our algorithm does
not explicitly support the representation of precedence con-
straints, this casual chain can be modeled by letting manda-
tory transactions, once they complete, releasing their op-
tional transactions.

7 Conclusions

In this paper we have presented a novel overload reso-
lution strategy based on a scheduler architecture and with
a dynamic overload resolution algorithm for handling tran-



sient overloads in real-time database systems. The archi-
tecture consists of an admission controller, a transaction
scheduler, the overload resolver and a dispatcher. Our al-
gorithm is designed for handling multi-class transactions,
i.e., transactions of different criticality, where critical trans-
actions have a contingency transaction.

Transactions are scheduled using EDF, blocking is han-
dled by Stack Resource Policy (SRP) [2]. Admission con-
siders the schedulability of a transaction given its worst-
case execution time and the potential time it may be
blocked. If a transaction cannot be admitted with its origi-
nal resource requirements, the overload resolver is invoked.
At a high level, the overload resolver computes the required
amount of time that needs to be de-allocated, develops a
plan that de-allocates the needed amount of time, and car-
ries out the plan if it is determined to be advantageous.

We have implemented the algorithm and conducted a
simulation-based performance analysis. The results show
that the algorithm (i) gracefully degrades the performance
during overloads by increasing the number of contingency
transactions replacing the original transaction, and dropping
non-critical transactions controllably; (ii) ensures the time-
liness of critical transactions (below a certain operational
envelope); and (iii) produces near-optimal results.
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