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Abstract—Call Detail Record or Charging Data Record
(CDR) processing is a computation-intensive task, which is
traditionally handled by costly high-performance machines. If
extra computing resources are not allocated beforehand, it is
fragile to handle peak or urgent events. Cloud computing, which
offers elastic computing resources, can cure this problem. In this
paper, we investigated several Cloud scheduling strategies for
minimizing cost in peak and/or urgent CDR processing scenarios
while preserving designated Service Level Agreements (SLAs).
To be realistic, we assumed that incoming event is unknown to
scheduler until it arrives. Results show that a well-performing
strategy in normal scenario could be the worst strategy in peak &
urgent scenario. Scheduling strategies should be carefully chosen
to minimize cost when handling unexpected events in Cloud.

Keywords—Cloud, CDR processing, Peak event, Urgent event,
Event scheduling

I. INTRODUCTION

Call Detail Record or Charging Data Record (CDR)
processing is an important function in telecom BSS (Business
Support Systems) and involves tasks of collection, conversion,
and delivering of CDRs to other BSS (e.g. billing). Millions, if
not billions, of CDRs are generated daily, so it requires heavy
computing power to process CDRs in telecom billing
mediation system.

Traditional telecom systems use costly high-performance
machines for this task. It is also preferable to allocate extra
computing resources for handling unexpected peak events.
However, extra resources incur extra cost. Moreover, re-
configuration of computing resources may require human
intervention, which also takes cost.

Cloud computing, which offers elastic computing
resources, can be adopted to launch extra machines for
consuming peak or urgent events. Recently, more and more
telecom systems adopt Cloud Computing to handle
computation-intensive tasks [4]. Adoption of Cloud
Computing can help telecom companies save significant cost
on hardware and maintenance.

In this paper, we investigated several Cloud scheduling
strategies for minimizing cost in peak and/or urgent CDR
processing scenarios while preserving designated SLAs. To be
realistic, we assumed that incoming event is unknown to
scheduler until it happens, so schedule must be dynamically
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adjusted to efficiently handle new events. This adjustment
may be severe if the incoming event is peak and/or urgent. For
simplicity, we also assumed that all virtual machines are
homogeneous. Our experimental results show that a well-
performing strategy in normal scenario could be the worst
strategy in peak and/or urgent scenario.

The remainder of this paper is organized as follows.
Section 2 presents related works. Section 3 states the problem.
Section 4 describes scheduling strategies. Section 5 shows
experimental result. Finally, Section 6 presents our concluding
remarks, as well as future directions.

II.  RELATED WORKS

Although telecom operators are usually cloud service
providers, they could also be cloud service adopters. A survey
of MVNO (Mobile Virtual Network Operator) experts shows
that most telecom BSS functions could be deployed on the
Cloud [13]. Xu et al. further proposes a framework of
deploying telecom services in cloud environment [12]. The
possibility of cloud-powered BSS has already gained attention
in industry [2].

CDR processing is an important function in BSS and
involves tasks of collection, conversion, and delivering of
CDRs to other BSS systems (e.g. billing). Millions, if not
billions, of CDRs are generated daily, so performance and
reliability are always critical issues of CDR processing.
Siangzhee and Achalakul attempted to improve performance
and reliability of CDR processing by a specific job scheduler
with dynamic priority assignment [11]. Although this work
could be naturally applied to cloud, they didn’t try to adopt
different algorithms considering characteristics of Cloud
environment. Real-time processing of CDRs is important in
certain applications, for example, SIM card rental services.
Some prior works focus on near real-time processing of CDRs
[3]1[7]. Compared to these prior works, this work allows SLA-
based CDR processing, which can also cover near real-time
processing.

Scheduling has been an active research topic for a long
time [10]. Resource limitation is a common assumption in past
scheduling research [1]. However, this limitation can be
relaxed in Cloud environment. Cloud can be adopted to handle
peak workload [9]. To the best of our knowledge, few
scheduling researches have tried to head-to-head tackle peak
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workload in Cloud environment. Li and Lo attempted to
average peak load in Cloud for energy saving issues [8].
However, this work doesn’t impose job deadline requirements.
Most researches adopt “workload forecasting” to handle
oscillate load [5]. Although we don’t adopt workload
forecasting to handle peak workload, it can be a complement
of our paper. Scheduling under uncertainty can complicate
scheduling problem in that no algorithm can be optimal under
high uncertainty [6]. A good scheduling strategy, accompanies
with good resource allocation method [15], can effectively
save energy.

III. PROBLEM STATEMENT

This section formulates CDR processing problem, as well
as notations used in subsequent sections.

In this paper, CDR processing tasks are called events. For
simplicity, capacity requirement of each event is measured in
units. Also, continuous timeline is divided into discrete
timeslots. Each event has SLA (Service Level Agreement),
which is the required number of timeslots for processing this
event. SLA is a hard constraint in this paper.

An event is represented as a tuple (arrival timeslot,
capacity requirement in number of units, SLA in number of
timeslots). For example, a tuple (3, 50, 10) means this event
arrives at timeslot 3, requires 50 units capacity, and needs to
be done in 10 timeslots (before timeslot 13).

This paper assumes events are separable. On the other
words, one incoming event can be divided into several
independent events. This assumption is reasonable because
CDR processing is record-based. One CDR processing task
usually involves thousands to millions of records, and in most
cases, each record can be processed independently.

This paper assumes events are unpredictable. Incoming
event is unknown to scheduler until it happens.

Virtual machines are assumed to be homogeneous. This
assumption simplifies the problem in that fitness between
events and virtual machines can be discarded.

Like popular Amazon Cloud Service, virtual machines are
priced in hourly basis. However, SLAs of urgent CDR
processing tasks needs to measured in minutes. To
compromise, we adopted five-minute as a timeslot. Therefore,
one virtual machine launched in current timeslot is available in
subsequent 12 timeslots. This number 12 is defined as a
variable #machine_lifetime.

All virtual machines are equally priced. Renewed virtual
machine has no discount.

The overall objective is to minimize cost under above
problem settings. On the other words, the objective is to
minimize number of rentals (machine-hour) of virtual
machines.

IV. SCHEDULING STRATEGIES

Three categories of scheduling strategies are attempted:
Average Strategy, Capacity Reservation Strategy, and Pooling
Strategy. Next subsections introduce these strategies.
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A. Average Strategy

For each event, Average Strategy tries to equally distribute
workload to available timeslots. For example, assume current
timeslot is 3, and it comes an event A(3, 50, 10). It means
event A requires fifty units capacity in ten timeslots, which
begin from timeslot 3, and suppose to be done no later than
timeslot 12. Following this strategy, scheduler will assign 5
units to each timeslot from timeslot 3 to timeslot 12.

The philosophy behind Average Strategy is simple:
avoiding peak workload. Peak workload forces scheduler to
launch extra machines and may result in over-provisioned
capacity in the future.

At each timeslot, scheduler allocates enough computing
capacity for consuming works assigned to this timeslot.
Sometimes, it remains residual capacity in current timeslot
after consumption of assigned works. The residual capacity
will be assigned to other unfinished events in urgency order.

The urgency order is determined by urgency score in
decreasing order. The urgency score of an event is measured
by the following formula:

e If number of remaining timeslots of this event is equal
to 1, then urgency score = Integer MAX

e Else urgency score = (number of remaining units /
number of remaining timeslots)

If two events have equal urgency score, the event with
more remaining unit priors.

B. Capacity Reservation Strategy (I)

At each timeslot, scheduler adopting Capacity Reservation
Strategy(]) tries to reserve sufficient capacity for consuming
unfinished events. For example, at current timeslot, assume
unfinished events totally require 300 machine-timeslots
capacity, and launched virtual machines can only provide 250
machine-timeslots capacity in the future. At this timeslot, in
order to fill the gap, scheduler will launch extra machines that
can totally provide at least 50 machine-timeslots in the future.
Capacity Reservation Strategy (I) always reserves sufficient
capacity for known events. If peak/urgent events come, the
reserved capacity could be reallocated to peak /urgent events
to reduce impact.

Specifically, at each timeslot, scheduler tries to launch
extra machines if the following two conditions are met:

e Current capacity is insufficient to consume all urgent
events, whose deadline is one timeslot away from now

e Total capacity is insufficient to consumer all events

The first condition guarantees that all urgent events be
finished before deadline. The second condition reserves
sufficient capacity for all known events. Please note that
condition 2 does not guarantee that all known events are well-
allocated. Instead, it only ensures that fotal provided capacity
is larger than total requested capacity. Resources may be over-
provisioned in some timeslots and under-provisioned in
another timeslots. That is, only condition 2 does not guarantee
sufficient resources in a// timeslots.
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C. Capacity Reservation Strategy (II)

Capacity Reservation Strategy (I) can be modified to
guarantee sufficient resources for some events in only limited
number of subsequent timeslots. This modified strategy is
called Capacity Reservation Strategy (I).

Capacity Reservation Strategy (II) guarantees sufficient
resources for events whose deadline is in subsequent
(#machine_lifetime-1) timeslots. A virtual machine is
launched at one timeslot can only contribute capacity in
subsequent (#machine_lifetime-1) timeslots. At current
timeslot, it is possible to guarantee resources availability of
events that due in subsequent (#machine_lifetime-1) timeslots
by launching extra virtual machines.

Furthermore, Unlike Capacity Reservation Strategy (1),
which aggregative calculates resource requirement, Capacity
Reservation Strategy (II) calculates resource requirement
timeslot-by-timeslot, therefore finer granularity is provided.

D. Pooling Strategy

Pooling Strategy adopts the following rules: 1) Do not
launch extra machine unless this machine will be fully
occupied; 2) Do not begin to consume events unless postpone
may incur higher cost. Launch extra machines if capacity is
insufficient for consuming these events.

The following example illustrates the first rule. At timeslot
7, there are four unfinished events: A(4, 20, 8), B(3, 5, 7), C(1,
30, 12), and D(4, 10, 8). Assume that one virtual machine can
offer 10 units capacity in a timeslot and #machine lifetime be
equal to 5, so one virtual machine can offer 50 units capacity
in each rental. Based on these assumptions, how many new
virtual machines will Pooling Strategy launch at timeslot 7?
Fig. 1 shows capacity requirements of timeslot 7-13 if all
events are pooled in each timeslot. For example, at timeslot
11, event A, C, and D are pooled, and totally require 60 units
(20+30+10) capacity. Note that workload assigned at timeslot
11 can be assigned to timeslots before 11 without violating
SLA. So, the 60-unit capacity requirement can be spread to
timeslot 7-11, which fully occupies one machine (50 units
capacity) launch at timeslot 7. So Pooling Strategy will launch
one extra machine at timeslot 7. Also note that although this
new machine is launched for consuming event A, C, and D, it
is not dedicated to consume these three events. If other urgent
events come, the machine can be reallocated. But whether
urgent events come or not, this machine is guaranteed to be
fully occupied.
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Fig. 1. Capacity requirements of timeslot 7-13 if all events are pooled in
each timeslot
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The following example illustrates the second rule. At
timeslot 3, it comes an event (3, 40, 6), which requires 40
units capacity from timeslot 3 to timeslot 8. Assume one
machine can offer 10 units capacity in each timeslot. As
shown in Table I, the minimum number of concurrent
machines required by this event depends on when
consumption starts. For the same events, the later consumption
starts, the more possibility that minimum number of
concurrent machines increases.

TABLE I. MINIMUM NUMBER OF REQUIRED CONCURRENT MACHINES

Start Remaining Required Minimum # of
consumption timeslot # Capacity per Required
from timeslot timeslot Concurrent

# Machines
3 6 6.66 (40/6) 1
4 5 8.0 (40/5) 1
5 4 10.0 (40/4) 1
6 3 13.33 (40/3) 2
7 2 20.0 (40/2) 2
8 1 40.0 (40/1) 4

This event requires one concurrent machine when starting
consumption from timeslot 5, but requires at least two
concurrent machines when starting consumption after timeslot
5. Therefore, Pooling Strategy will start consuming this event
no latter than timeslot 5, or it may incur risks of launching
unnecessary machines.

V. EXPERIEMRNTAL RESULTS

To explore adaptability of these strategies for peak and/or
urgent workload, two CDR processing scenarios are tested:

e Peak Scenario: The connection between BSS mediation
components and networked equipments is temporarily
broken. CDRs are accumulated in networked
equipments, and BSS mediation components can not
receive CDRs. Once the connection is repaired,
accumulated CDRs become peak events. Luckily, it
still leaves enough time for handling these peak events.
Red bars in Figure 4 shows an example of peak
scenario, where events from timeslot 4 to timeslot 9 are
accumulated and postponed to timeslot 10.

e Peak and Urgent Scenario: This scenario is identical to
peak scenario except that time is not enough.
Therefore, many events require much tougher SLAs to
catch up with deadline. Red bars in Figure 6 shows an
example of peak and urgent scenario, in which events
from timeslot 16 to timeslot 21 are accumulated and
postponed to timeslot 22. Because timeslot 24 is
ultimate deadline, these peak events become urgent.

This experiment only focuses on 24 timeslots. Fewer
timeslots can help differentiate these two scenarios from
normal scenario.

This experiment assumes each machine offers 10 units
capacity in each timeslot. And #machine_lifetime is equal to
12. One rental of a virtual machine can totally offer 120 units
capacity.
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This experiment assumes seven levels of SLAs: 1 timeslot
(5 minutes), 3 timeslots (15 minutes), 6 timeslots (30
minutes), 9 timeslots (45 minutes), 12 timeslots (60 minutes),
18 timeslots (90 minutes), and 24 timeslots (120 minutes).
Each event randomly picks a SLA.

Capacity requirement of each event is a random integer
between 1 unit and 119 units.

At each timeslot, 20 incoming events are randomly
generated. Notably, all events are forced to be consumed
completely no latter than end of timeline (timeslot 24).
Therefore, all generated events due at a timeslot later than
timeslot 24 are adjusted to timeslot 24.

We repeated 100 times of experiment with randomly
generated events. Each experiment tests performance of the
four strategies in three scenarios (normal, peak, peak &
urgent). Performance is measured in number of required
virtual machine rentals. Following subsections demonstrate
experimental results of normal scenario, peak scenario and
peak & urgent scenario.

We implemented a custom simulator in Java to test the
four scheduling strategies. More implementation details are
available in a technical report [14].

A. Normal Scenario

Normal scenario excludes connection broken in peak
scenario, and acts as a control group. Fig. 2, which is an
example of this scenario, shows aggregated capacity
requirement of incoming events at each timeslots (left most
red bar in each timeslot), as well as how the four strategies
consume events at each timeslots.
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Fig. 2. An example of normal scenario: aggregated incoming capacity
requirements at each timeslot (left most red bar in each timeslot), as well as
how the four strategies consume events at each timeslots.

Table II summarizes experimental results. Of 100
experiments, Pooling Strategy performs best, with 41 times of
best performance. Capacity Reservation Strategy I & II
performs well too. Average Strategy (Average), without any
best performance, is the worst strategy of them.

TABLE II. NUMBER OF TIMES EACH STRATEGY PERFORMS BEST IN NORMAL

SCENARIO.
Strategy # of times this strategy
performs best
Average Strategy 0
Capacity Reservation Strategy 1 20
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Capacity Reservation Strategy 11 39
Pooling Strategy 41

Table III shows performance statistics of the four
strategies in number of virtual machine rentals. Capacity
Reservation Strategy (II) and Pooling Strategy are almost
equally best in median but Pooling Strategy performs more
stable.

TABLE III. PERFORMANCE STATISTICS OF EACH STRATEGY IN NORMAL
SCENARIO (IN NUMBER OF VIRTUAL MACHINE RENTALS).

median min max Q1 Q3
Average 439 362 492 425 453
Capacity
Reservation 405 271 483 373 426
Strategy 1
Capacity
Reservation 383 264 464 362 404
Strategy 1l
Pooling 384 329 439 365 395

Fig. 3 visualizes the statistics as a box plot.
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Fig. 3: A box plot visualizes Table III.

B. Peak Scenario

In this scenario, events from timeslot 4 to timeslot 9 are
postponed to timeslot 10. Fig. 4, which is an example of this
scenario, shows aggregated capacity requirements of incoming
events at each timeslots (left most red bar in each timeslot), as
well as how the four strategies consume events at each
timeslots.
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Fig. 4. An example of peak scenario: aggregated incoming capacity
requirements at each timeslot (left most red bar in each timeslot), as well as
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how the four strategies consume events at each timeslots. Incoming Events
from timeslot 4 to timeslot 9 are postponed to timeslot 10.

Table IV summarizes experimental results. Of 100
experiments, Capacity Reservation Strategy I dominates with
77 times of best performance. Pooling Strategy, which
performs well in normal scenario, becomes the worst strategy.
Average Strategy, although still performs poor, is relatively
better than it performs in normal scenario.

TABLE IV. NUMBER OF TIMES EACH STRATEGY PERFORMS BEST IN PEAK
SCENARIO.

Strategy # of times this strategy
performs best
Average Strategy 5
Capacity Reservation Strategy 1 77
Capacity Reservation Strategy 11 18
Pooling Strategy 0

Table V shows performance statistics of the four strategies
in number of virtual machine rentals. Capacity Reservation
Strategy (I) dominates other strategies in all statistics, and
Pooling Strategy falls behind in all statistics.

TABLE V. PERFORMANCE STATISTICS OF EACH STRATEGY IN PEAK SCENARIO
(IN NUMBER OF VIRTUAL MACHINE RENTALS).

median min max Q1 Q3
Average Strategy 463 392 544 438 488
Capacity
Reservation 384 291 479 327 426
Strategy 1
Capacity
Reservation 424 312 550 392 461
Strategy 11
Pooling Strategy 490 428 581 466 505

Fig. 5 visualizes the statistics as a box plot.
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Fig.5. A box plot visualizes Table V.

C. Peak & Urgent Scenario

In this scenario, events from timeslot 16 to timeslot 21 are
postponed to timeslot 22. Moreover, these peak events are
forced to be consumed completely no latter than timeslot 24.
Fig. 6, which is an example of this scenario, shows
aggregated capacity requirements of incoming events at each
timeslots (left most red bar in each timeslot), as well as how
the four strategies consume events at each timeslots.

Copyright2013IEICE

7000

6000

8
2
g

&
g
g

Incoming/Consume Capacity Units
8
8
8

2000

1 2 3 4 s 6 7 & © 10 11 12 13 14 15 16 17 18 12 20 21 22 23 24
Timeslots

®incoming M Average M Capacity Reservation Strategy | Capacity Reservation Strategy Il ® Pooling

Fig. 6. An example of peak & urgent scenario: aggregated incoming
capacity requirements at each timeslot (left most red bar in each timeslot), as
well as how the four strategies consume events at each timeslots. Incoming
Events from timeslot 16 to timeslot 21 are postponed to timeslot 22.

Table VI summarizes experimental results. Average
Strategy is absolutely the best, wins 98 best performance out
of 100 experiments. Capacity Reservation Strategy II and
Pooling Strategy, which are outperforming in other scenarios,
becomes bad strategy in this scenario.

TABLE VI. NUMBER OF TIMES EACH STRATEGY PERFORMS BEST IN PEAK
& URGENT SCENARIO.

Strategy # of times this strategy
performs best
Average Strategy 98
Capacity Reservation Strategy 1 0
Capacity Reservation Strategy Il 2
Pooling Strategy 0

Table VII shows performance statistics of the four
strategies in number of virtual machine rentals. Average
Strategy dominates other strategies in all statistics.

TABLE VII. PERFORMANCE STATISTICS OF EACH STRATEGY IN PEAK &
URGENT SCENARIO (IN NUMBER OF VIRTUAL MACHINE RENTALS).

median min max Q1 Q3
Average Strategy 480 418 566 455 501
Capacity
Reservation 521 441 612 490 545
Strategy 1
Capacity
Reservation 765 490 966 714 841
Strategy 11
Pooling Strategy 809 685 895 783 836

Fig. 7 visualizes the statistics as a box plot.
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Fig.7. A box plot visualizes Table VII.
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D. Discussions

Table VIII summarizes relative performance of the four
strategies in the three scenarios. The best, i.c., least expensive
strategy is set to 0.00% in each scenario.

In normal scenario, the largest difference is only up to
14.62%. In peak scenario, the largest difference grows to
27.60%. In the toughest peak & urgent scenario, the difference
grows further up to 68.54%. It shows that strategy selection
especially matters in tougher scenario.

No strategy can outperform others in every scenario. To
minimize cost, scheduler could alter strategy if peak and/or
urgent scenario is met. If the alternation is not available,
Capacity Reservation Strategy I, which is the most stable
strategy, is suggested.

Capacity Reservation Strategy Il and Pooling Strategy,
although perform well in normal scenario, could be trapped in
peak & urgent scenario.

TABLE VII. RELATIVE PERFORMANCE OF EACH STRATEGY IN EACH

SCENARIO.
normal peak peak &
. . urgent
scenario scenario .
scenario
Average Strategy -14.62% -20.57% 0.00%
Capacity Reservation _5.74% 0.00% 8.54%
Strategy 1
Capacity Reservation 0.00% -10.42% -59.38%
Strategy 11
Pooling Strategy -0.26% -27.60% -68.54%

VI. CONCLUDING REMARKS AND FUTURE DIRECTIONS

This paper studies four strategies for scheduling CDR
processing events with hard SLAs in Cloud environment to
minimize cost. Especially, this paper examines adaptability of
these strategies in peak scenario and peak & urgent scenario.
Experimental results show that no strategy performs best in
every scenario. The best performing strategy in normal
scenario could perform very poorly in peak & urgent scenario.
But in average, Capacity Reservation Strategy I performs most
stably. To minimize cost, scheduler could alter strategy if peak
and/or urgent scenario is met.

In the future, we plan to develop solutions for more
complicated and more realistic scenarios for Cloud-
Computing-powered CDR processing. In this paper, we
assumed machines are homogeneous. But in real world, Cloud
vendors usually provide several options of machines.
Heterogeneous machines complicate this problem in that
fitness between events and machines should be considered.
Moreover, we can also consider situations where in-place
upgrade is possible. That is, if capacity is insufficient, we can
choose to upgrade machines instead of launching new
machines.

Implementing a mixed strategy is also of our future
directions. Since no strategy can fit each scenario, it will be
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beneficial if scheduler can alter strategy based on
environmental change. It is also interesting to adopt
evolutionary approach, as well as workload forecasting, to
enhance the scheduler.
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