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Abstract. This paper proposes a model and an admission control algorithm for
achieving predictability in web services by means of service differentiation. We
use real-time scheduling principles typically used offline, adapt them to web ser-
vices to work online. The proposed model and algorithm is empirically evaluated
by implementing it Apache Axis2. The implementation is benchmarked against
the unmodified version of Axis2 for various types of workloads and arrival rates,
given different deadlines. We meet 100% of the deadlines keeping a healthy re-
quest acceptance rate of 42-100% depending on the task size variation. Our solu-
tion outperforms Axis2, specially at instances with high task size variance, by a
factor of 10 - 1000.

1 Introduction

Web service architectures and supporting infrastructure (such as SOAP engines and ap-
plication servers) by design, lacks support for predictability in execution. For instance,
they service requests in a best effort manner. As a result, specialised middleware (such
as Real-Time CORBA [1]) has been the default choice for applications with real-time
requirements.

Applications with real-time requirements are characterized by the equal importance
placed on time taken for a result to be obtained as on the correctness of the computation
performed. Herein, the notion of time taken for the result to be obtained is expected to
be predictable and consistent invariably. Moreover, if the time taken to obtain the result
is beyond a certain deadline, the result may be considered useless and might lead to
severe consequences. As a result, real-time systems with stringent QoS levels require
the service execution and middleware used to have very high predictability [2].

Although some research in web services has attempted to address Quality of Ser-
vice (QoS) aspects [3,4,5,6,7], none of them guarantees predictability in all aspects of
functionality, such as message processing and service execution. Moreover, there is no
support for predictability from the operating system (OS) and the development plat-
form. The work that comes close to achieving it [8], does it in a confined embedded
environment where tasks and their resource requests are known in advance of the task
occurrence. The challenge would be to achieve predictability in the totally dynamic
environment that web services are used in.

Contribution. Our solution is unique due to several reasons. The solution achieves
predictability in a highly dynamic environment with no prior knowledge of requests.
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Request acceptance is not pre-determined and happens on-the-fly. Moreover, it allows
any web service request to be tagged with a target completion time, which on accep-
tance is guaranteed to be met. This is the first approach of scheduling web service re-
quests based on a user requested deadline. Our solution is unique in adapting real-time
scheduling principles designed for offline use, to a dynamic online environment.

2 Background

Two concepts considered in schedulability analysis, namely processor demand and
loading factor [9] are defined here. Henceforth, we use a given task Ti, with release
time of ri, a deadline of di and an execution time requirement of Ci. Our proposed
model is based on the following definitions.

Definition 1. For a given set of real-time tasks and an interval of time [t1, t2), the pro-
cessor demand (h) for the set of tasks in the interval [t1, t2) is

h[t1,t2) = ∑
t1≤rk,dk≤t2

Ck. (1)

Definition 2. For a given set of real-time tasks the fraction of the interval [t1,t2) needed
to execute its tasks is considered as its loading factor (u) that is,

u[t1,t2) =
h[t1,t2)

t2− t1
. (2)

Definition 3. The loading factor of the maximum of all such intervals, is considered as
absolute loading factor, that is,

u = sup
0≤t1≤t2

u[t1,t2). (3)

Theorem 1 (Spuri [10]). Any set of real-time tasks is feasibly scheduled by EDF algo-
rithm if and only if

u≤ 1. (4)

3 Proposed Solution

3.1 Proposed Model

The proposed model is based on the notion of a deadline, specified by the client at the
time of service invocation. The Deadline is considered to be the absolute time period
the request has to be serviced within. The proposed solution has two parts. An on-the-fly
schedulability check is conducted on the arrival of a task at the system, to evaluate the
possibility of servicing it within the requested deadline, without compromising already
accepted tasks. Then the accepted tasks are scheduled using a deadline based real-time
scheduling algorithm.

In a pre-emptive scheduling system, execution of a given request could happen with
several pre-emption cycles.
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Definition 4. For a given request Ti having n number of pre-emptions, where the start
time of each execution is sn and the end time of each execution is en, the Total time of
the task execution Ei can be considered as,

Ei =
n

∑
j=1

(e j− s j). (5)

Definition 5. For a given request submitted to the system, with the execution time re-
quirement of Ci, at any given point of time the remaining execution time Ri can be
considered as,

Ri = Ci−Ei. (6)

Let Tnew be a newly submitted task, with a release time of rnew and a deadline of dnew

and an execution time requirement of Cnew. Let P be the set of tasks already accepted
and active in the system, with their deadlines denoted as dp

With reference to definition 1, the processor demand within the duration of the newly
submitted task can be defined as,

h[rnew,dnew) = ∑
rnew≤dp≤dnew

Rp +Cnew. (7)

With reference to definition 2, the loading factor within the duration of the newly sub-
mitted task can be defined as,

u[rnew,dnew) =
h[rnew,dnew)

dnew− rnew
(8)

With condition 8, if the following condition is satisfied, the new task is considered
schedulable together with tasks finishing on or before its deadline, with no impact on
their deadlines.

u[rnew,dnew) ≤ 1 (9)

Let Q be the set of tasks already accepted and active in the system, required to finish
after dnew (such that, with deadlines after dnew). Let q be the member of Q, with a
deadline of dq up to which the processor demand is calculated for,

h[rnew,dq) = h[rnew,dnew) + ∑
dnew≤di≤dq

Ri. (10)

The result of 7 is used as part of the equation. This represents the processor demand of
all tasks finishing on or prior to dnew and can be treated as one big task with a release
time rnew and a deadline of dnew respectively. Next, the loading factor for the same
duration is calculated.

u[rnew,dq) =
h[rnew,dq)

dq− rnew
(11)
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The loading factor is also calculated on a per task basis for each member of Q. Subse-
quently, the calculated loading factor is compared to be less than or equal to 1, in order
for all tasks leading up to q, to be satisfied as schedulable.

u[rnew,dq) ≤ 1 (12)

In summary, for a newly submitted task to be accepted to the system, condition 9 needs
to be satisfied for tasks with deadlines on or before dnew, subsequently condition 12
needs to be satisfied, separately for each task with deadlines after dnew.

3.2 Proposed Algorithm

Based on the above model, Algorithm 1, will form the core of our solution in the im-
plementation that follows. In devising the algorithm, we make the assumption that the
execution time requirement or an estimation of it per parameter, for each service hosted
would be available to the server.

Current time, deadline of the new request and the list of requests already accepted by
the system as inputs. Current time is considered as the start time of the new request. As
per the model described in 3.1, The check consists of two steps. First part determines the
schedulability of a new request together with tasks finishing within its lifespan, while
meeting all deadlines (Lines 2 to 14). For each request P′ ∈ P, it is checked whether
execution information is currently available (Line 4). If the request has been partially
processed, the remaining execution time calculated as per equation 5, is obtained (Line
5). If the request is yet to be processed, the execution time requirement of the task (Line
7), is used alternatively.

Following equation 7, the processor demand within the duration of the newly sub-
mitted request is calculated by summing up the remaining execution times or execution
time requirements of each task. Adding the execution time requirement for the new re-
quest (Line 10) completes the processor demand calculation for its lifespan. Following
equation 8, we calculate the loading factor for the time period (Line 11). If the load-
ing factor is greater than 1, the request is straightaway rejected. If the loading factor
remains less than 100%, the check continues on to the second stage.

The second stage validates the effect of the newly submitted request on requests fin-
ishing thereafter. For this we select requests with deadlines later than that of the new
task (Line 15). The check is done separately for each and every request selected. We
make the process more efficient by, first sorting the list of selected requests in the as-
cending order of the deadlines (Line 16). For each request Q′ ∈ Q, a further subset of
requests from the list is selected. All requests required to finish between newly sub-
mitted and Q′ are selected into set R (Line 19). For each request R′ ∈ R, the processor
demand is calculated by using either the remaining time of the request or its execution
time requirement (Lines 21 to 26). To this, the remaining time or the execution time re-
quest of request Q′ is also added (Line 27 to 29). Following equation 10, the processor
demand calculated for the duration of the new request is added to it (Line 28 and 30).
Finally, following equation 11, we calculate the loading factor for the same duration
(Line 32). If the result exceeds 100%, the request is rejected (Line 33 to 35). If it is less
than or equal to 100%, the check is repeated for members in Q, until a check fails or all
of them are satisfied, at which point the request is considered schedulable.
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Algorithm 1. Online Schedulability Check

Require: (Snew) Current time, (Dnew) deadline of new
request N, (T) List of requests currently in the sys-
tem

Ensure: true: if the task can be scheduled, false: if the
schedulability check fails

1: WPD← 0; APD← 0
2: P← GetTasksFinWitnNewTask(T, Snew , Dnew)
3: for all P′ ∈ P do
4: if execution information for P′ exists then
5: WPD←WPD + GetRemExTm(P′)
6: else
7: WPD←WPD + GetExecTime(P′)
8: end if
9: end for
10: WPD←WPD + GetExecTime(N)
11: LoadingFactor← WPD

(Dnew−Snew)

12: if LoadingFactor > 1 then
13: return false
14: end if
15: Q← GetTasksFinAftNewTask(T,Dnew)
16: Q← SortByDL(Q)
17: for all Q′ ∈ Q do
18: DL← GetDL(Q′)
19: R← GetTasksFinBtwn(T, Dnew, DL)
20: for all R′ ∈ R do
21: if execution information for R′ exists then
22: APD← APD + GetRemExTm(R′)
23: else
24: APD← APD + GetExecTime(R′)
25: end if
26: end for
27: if execution information for Q′ exists then
28: APD← APD + WPD + GetRemExTm(Q′)
29: else
30: APD← APD + WPD + GetExecTime(Q′)
31: end if
32: LoadingFactor← APD

(DL−Snew )

33: if LoadingFactor > 1 then
34: return false
35: end if
36: end for
37: return true

Sorting the requests by ascending
deadlines ensures a failure happens as
early as possible. Moreover, it avoids the
check being repeated after a failure. The
complexity of the algorithm results in
O(n2).

3.3 Deadline Based scheduling

The requests accepted through the
schedulability check are scheduled us-
ing a deadline based scheduling algo-
rithm. It schedules tasks sequentially in
the increasing order of their deadlines.
The algorithm makes use of priority lev-
els to control the execution of the worker
threads in the system. This ensures pre-
dictability at execution level of the sys-
tem.

4 Empirical Evaluation

The implementation is benchmarked
against unmodified version of Apache
Axis2. Since Axis2 by design works in
a best effort manner, there would be no
resultant task rejections. However, the
number of tasks meeting their deadlines
is used as the main metric to measure
performance. A web service that allowed
us to fine tune the task sizes with a single
parameter was used for the experiments.

We generated task sizes according to Uniform, Exponential and Pareto distributions.
Moreover, we generated task arrival rates using a Uniform distribution.

4.1 Experimental Results

The success of our solution, depends on two primary factors. The number of requests
accepted for execution and the number of requests meeting the requested deadlines. The
aim was to achieve a high rate of task acceptance and to ensure that majority of them
met their deadlines. The task size distribution, the execution time to deadline ratio and
the arrival rates had an effect on this. Table 1 contains a summary of all experiments
runs. The first two columns contain the various experiment runs conducted and the
parameters used. The deadline for each run was calculated by multiplying the respective
profiled execution time requirement by a value between 1.5 and 10 drawn out uniformly
from the distribution.
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Table 1. Comparison of Real-time Axis2 and Unmodified Axis2 performance

Real-time Axis2 Unmodified Axis2
Distribution Inter-arrival

time(sec)
% Acc. % D. Mis. % D. Met % D. Mis. % D. Met

Uniform
0.25 - 5 41.8 0 100 96.6 3.4
0.25 - 10 81.2 0 100 83.6 16.4

Bounded Exponential
λ = 10−6

0.25 - 2 62.5 0.1 99.9 42.6 57.4
0.25 - 5 99.3 0 100 0 100
0.25 - 10 100 0 100 0 100

Bounded Exponential
λ = 10−5

0.25 - 2 100 0 100 0 100
0.25 - 5 100 0 100 0 100
0.25 - 10 100 0 100 0 100

Bounded Pareto α = 0.5
0.25 - 2 100 0.3 99.7 0 100
0.25 - 5 100 0.1 99.9 0 100
0.25 - 10 100 0 100 0 100

Bounded Pareto α = 0.05
0.25 - 2 99.4 0 100 0 100
0.25 - 5 99.9 0 100 0 100
0.25 - 10 100 0 100 0 100

4.2 Discussion

Task Acceptance. In a given period of time, real-time Axis2 accepts between 42% -
100% tasks it receives, depending on the mixture of tasks. If the request sizes take an
Exponential or a Pareto type distribution, the task acceptance rate results a 100% in
almost all the experiment runs. This happens due to the high concentration of small
sized requests in the mix. A small task may have an execution time requirement of a
few CPU cycles or even a fraction of a CPU cycle. As a result, it is possible to finish
more small requests in a given period of time. Medium and large tasks having a higher
execution time requirement tend to get accumulated to the backlog of tasks waiting to
finish execution. This results in task rejections.

Impact of Arrival Rate. Varying the arrival rates of requests, it was observed that the
number of tasks accepted is proportional to the arrival rate of tasks. A higher arrival rate
results in the system receiving requests at a higher rate than it is completing requests.
This leads to a build-up of unfinished requests in the system that leads to the eventual
rejection of tasks. Moreover, a lower arrival rate results in the system finishing up ex-
ecution of requests before the next task arrives at the system. This yields a higher task
acceptance rate.

Deadline Achievement. With the real-time implementation, 100% of the requests
achieve their deadlines, in most cases. It is clearly visible that the real-time imple-
mentation performs better than unmodified Axis2 in meeting request deadlines. When
the requests received are predominantly small, both versions of Axis2 performs well
with meeting deadlines of all tasks. Due to the small execution time requirements of the
tasks the deadlines are easily achieved as it leads to no task build-up. Unmodified Axis2
performs marginally better than the real-time implementation in a couple of cases were
the task mix consist of only very small sized requests.

Timeliness of execution. According to Fig. 1, with runs having a higher variety of task
sizes, real-time Axis2 results in better execution times than unmodified Axis2 by very
large factors. When the requests are predominantly small, both implementations achieve
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Fig. 1. Execution Time Comparison of Unmodified and Real-time Axis2 implementations
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deadlines of almost all the requests. This is largely due to the best effort nature that
unmodified Axis2 functions in. Accepting all requests and trying to execute as many as
possible in parallel, results in all requests taking a longer time to finish execution. With
the real-time implementation, a task is only accepted if its deadline could be met while
not compromising that of the others already accepted. This results in lower execution
times compared to unmodified Axis2. In some of the bounded exponential and pareto
runs, Real-time Axis2 execution times have resulted in higher than normal execution
times for certain task sizes. These are deviations intended behaviour by the real-time
scheduler, in order to achieve the deadlines of other tasks.

CPU utilisation. In the runs where there was rejection of tasks, it is clearly visible from
Fig. 1 that Real-time Axis2 has a very high utilization of the process during the exper-
imental runs. Although it is reasonable to assume that the processor should be utilized
100% of the time by a process in such scenarios, practically this may not achieved due
to thread level scheduling. However, with a real-time OS being used and a develop-
ment platform that supports real-time systems, it is clearly visible that very high rates
of processor utilisation can be achieved. Moreover, whenever tasks are rejected by the
schedulability check, it is backed up by the high processor utilisation.

5 Conclusion

With the experiment results discussed in the previous section, it could be concluded
that the devised model, schedulability check introduced and the real-time algorithm
achieved their purpose. Moreover, it would be fair to conclude that real-time Axis2
achieves the goal of maximizing request deadline achievement. The result show a sig-
nificant difference in the execution times achieved especially where there is a high va-
riety of task sizes. The solution performs decently with a task acceptance rate of 42
- 100% varying with the arrival rates of tasks. Most importantly it performs well to
achieve the deadline of all accepted tasks consistently.
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