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Generally, operating only a single host on a single server results in hardware underutilization. Thus, hypervisors (e.g., Xen) have
been developed to allow several hosts to operate on a single server. The Xen hypervisor provides processor schedulers (e.g.,
Credit and Credit2 schedulers) to assign processors to each host. The Credit2 scheduler provides work assurance to the domain
relative to latency and it evenly assigns processors to each domain. In addition, the Credit2 scheduler can assign a weight value
to each host. A greater host weight value allows processors to be assigned to a host for longer periods. However, the Credit2
scheduler shows poorer performance than the basic Credit scheduler, which utilizes idle processors. In this paper, we propose
the Mcredit2 scheduler, which improves the Credit2 scheduler. The Credit2 scheduler takes no action when the load on a
specific domain causes increased processor usage. The proposed Mcredit2 scheduler allows a domain to quickly process loads by
temporarily assigning a greater weight value to a host with high processor usage. In addition, we introduce a processor
monitoring tool that visualizes the processor usage.

1. Introduction

In recent years, with the significant advances in computer
and communication technologies, which are new big leaps
in the digital world, a term called “Internet of Things”
(IoT) made its appearance [1]. Only in 2011 did the number
of interconnected devices on the planet overtake the actual
number of people, and it is expected to reach 24 billion
devices by 2020 [2]. In such an environment, IoT servers
are required to efficiently process large-scale data collected
from those devices. Generally, using only a single host on a
high-availability server can result in underutilized hardware.
Table 1 shows the hardware performance of an IBM server
[3]. To minimize hardware underutilization, hardware vir-
tualization techniques [4, 5] have been studied. Server virtua-
lization [6, 7] techniques allow several hosts to operate on a
single server. The use of hypervisors [8, 9] to support server
virtualization and reduce hardware underutilization has also
been studied. Currently, hypervisors, such as KVM [10] and
Xen [11], have gained popularity.

With Xen, the host is called the domain, and Xen requires
a scheduler to assign processors to each domain. The sched-
uler allocates a physical processor to the virtual processors of
each domain to perform operations.

Borrowed Virtual Time, Atropos, and Round Robin
schedulers [12] were used in early versions of Xen. Currently,
Xen 4.5.0 supports the Simple Earliest Deadline First (SEDF)
[13], Credit [14], Credit2 [15], Real-time Deferrable Server
[16], and Avionics Application Standard Software Interface
[17] schedulers. The Credit scheduler is commonly used
among these schedulers.

The Xen hypervisor adopts the Credit2 scheduler begin-
ning with Version 4.6 [17]. The Credit2 scheduler can assign
a weight value to each domain. The higher the weight value,
the longer the time for which processors can be assigned. In
this paper, we introduce the Mcredit2 scheduler as an
improvement to the Credit2 scheduler. The Mcredit2 sched-
uler temporarily allocates a greater weight value to a domain
having higher processor utilization. This allows domains that
suddenly require many processors (e.g., web servers) to
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operate more flexibly. In this paper, we extend our previous
work [19] and present more experimental results and inten-
sive analysis that were not reported in the previous work.

The server administrator can allocate domain resources
by checking whether the current CPU usage per domain is
high. It can also check the average CPU usage in the domain
for a certain unit time. The Xen hypervisor provides a mon-
itoring tool such as xentop [20] that shows information about
the Xen system in real time. However, with xentop, only the
usage time of the current CPU is indicated with text, creating
difficulties for a server administrator. In this paper, we pro-
pose a virtual processor monitoring tool called Mcredit2
that visually displays the CPU usage for each domain and
shows the CPU usage time, usage percentage, and average
usage time.

The remainder of this paper is organized as follows. In
Section 2, the basic Xen hypervisor scheduler is described.
In Section 3, the proposed scheduler and monitoring tool
implementation are described. In Section 4, scheduler perfor-
mance is evaluated based on the implementation results.
Finally, the paper is concluded in Section 5.

2. Backgrounds

Here, the SEDF, Credit, and Credit2 schedulers are described
to facilitate a comparison with the Mcredit2 scheduler.

2.1. SEDF Scheduler. The SEDF scheduler employs a real-
time scheduling method [21], that is, the scheduler assigns
higher priority to the process having the earliest deadline.

Each domain has a period parameter and a slice parame-
ter. Each domain is executed for nanoseconds of the slice
parameter value and every nanosecond of the period param-
eter value. These parameters are used to determine the
domain having the earliest deadline.

For example, the assumed domains 1, 2, and 3 have
period and slice parameters of 25 and 5, 10 and 2, and 10
and 5, respectively. Domains 2 and 3 have the shortest
deadlines, that is, a period parameter of 10. Here, domain
2 will be executed within 5ms and domain 3 will wait for
8ms. Therefore, domain 3 is scheduled first. Domain 2’s
deadline becomes shorter than that of domain 3 after
scheduling. After domains 2 and 3 are scheduled for
20ms, domain 1 is scheduled for 5ms. Figure 1 shows a
diagram of this scheduling process. In Figure 1, the hori-
zontal axis shows the elapsed time and the background
color changes depending on the period parameter. The
increase of the value reflects scheduling.

2.2. Credit Scheduler. Currently, the Credit scheduler [22] is
the basic Xen scheduler. The Credit scheduler allocates
symbolic money called credit to domains. Each domain
pays credits to use processors. The Credit scheduler ensures
that all work is processed. Even if all credits assigned to a
domain are used, additional processors can be utilized if
there are idle processors.

With the Credit scheduler, each domain has a weight
value parameter and a capacity parameter. The weight value
determines when a domain can use processors. Credits are
assigned to a domain in proportion to the weight value. For

Table 1: System x3950 X6 specifications [18].

Processor
Up to eight Intel Xeon E7-8800 v2 processors, each in a compute book. Each processor has 15 cores (up to 2.8GHz),
12 cores (up to 2.6GHz), 10 cores (up to 2.2GHz), eight cores (up to 2.0GHz), or six cores (up to 3.4GHz). There are
three QPI links (up to 8.0GTps each). Up to 1600MHz memory speed. Up to 37.5MBL3 cache. Intel C602J chipset.

Memory
Up to 192 DIMM sockets (24 DIMMs per processor, installed in the compute book). RDIMMs and load-reduced

DIMMs are supported, but memory types cannot be intermixed. Memory speed up to 1600MHz.

Memory maximums
With RDIMMs: up to 3 TB with 192× 16GB RDIMMs and eight processors.

With LRDIMMs: up to 12 TB with 192× 64GB LRDIMMs and eight processors.

Memory protection ECC, Chipkill, RBS, memory mirroring, and memory rank sparing.

Figure 1: SEDF scheduler CPU allocation.
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example, if domain 1 has a weight value of 512 and domain 2
has a weight value of 256, twice the number of credits are
assigned to domain 1. As a result, domain 1 processors can
be used for twice as long as domain 2 processors. The default
weight value is 256, the minimum is 1, and the maximum is
65,535. The capacity parameter determines the upper limit
of the processors to be used in the domain. A capacity value
of zero means that there is no upper limit. The upper limit of
one processor increases each time the capacity is increased by
100. The processor utilization cannot be over capacity, even
with idle processors.

The basic Credit scheduler algorithm is as follows.
Credits are assigned to all domains every 30ms relative to
the weight value. The virtual processors using processors
pay credits every 10ms. With the Credit scheduler, virtual
domain processors are assigned BOOST, UNDER, OVER,
and IDLE states. Processors in the BOOST state are given
the highest priority, followed by UNDER, OVER, and IDLE
states. The processor enters the BOOST state when an idle
virtual processor attempts to process a task. A virtual proces-
sor enters the UNDER state when using a physical processor.
The processor enters the UNDER state when the virtual pro-
cessors have remaining credits. The processor enters the
OVER state when the virtual processors do not have any
credits. When a virtual processor is not in use, it enters the
IDLE state. The state of the virtual processors determines
the priority queue assigned to each according to priority.

The Credit scheduler has limitations. For example, it
saves remaining credits and uses them for subsequent pro-
cessing tasks. If the credits of a given domain are greater than
a certain value, that domain becomes inactive and the unused
credits are discarded. If the domain is executing multimedia,
processors remain idle much of the time, because they are
only required when decoding multimedia. The domain’s vir-
tual processors enter the BOOST state and are positioned at
the top of the priority queue when decoding. After decoding,
they enter the UNDER state and compete with other virtual
processors. These processors rank far below other processors
in priority and are decoded erratically, because the domain
state is changed to inactive and saved credits are discarded.
As a result, multimedia playback may be terminated.

2.3. Credit2 Scheduler. The Credit2 scheduler [11] is intended
to address the weaknesses of the Credit scheduler. Like the
Credit scheduler, the Credit2 scheduler provides credits to
domains to use processors, and each domain must pay
credits to use the processors. The Credit2 scheduling algo-
rithm differs from that of the Credit scheduler.

The Credit2 scheduler algorithm is described as follows.
The same credits are assigned to all domains and virtual pro-
cessors pay credits when using a processor. In this case, the
amount of credits paid by virtual processors varies with the
weight value of the domain, even if processors are used for
the same amount of time. A greater domain weight value
results in lower credit costs. Concurrently, the credits to be
paid increase in proportion to the greatest domain weight
value. For the domain with the greatest weight value, proces-
sors can be used for 10ms and all credits are used. Regarding
the priority assigned to each virtual processor, the more

credits remaining, the higher the priority becomes. When a
specific virtual processor uses all its credits, the credit value
of all virtual processors will be initialized.

Another difference between the Credit2 and Credit
schedulers is how virtual processors are prioritized in the
queue. The Credit scheduler has one priority queue per pro-
cessor, and one processor schedules several virtual proces-
sors. With the Credit2 scheduler, there is one priority
queue for each set of processors.

2.4. Xentop. Xen provides a monitoring tool called xentop
[20] that operates as shown in Figure 2.

It is difficult to check the amount of usage of virtual
processors in real time because xentop reflects only their
execution time. Improved monitoring tools are required for
an administrator to check the usage amount of the virtual
processors for each domain.

3. Proposed Techniques

In this section, we describe the Mcredit2 scheduler and the
implementation of the virtual processor monitoring tools.

3.1. Mcredit2 Scheduler. The Mcredit2 scheduler dynamically
changes the weight value depending on the given situation. In
contrast, the weight value is only changed by an administra-
tor with the Credit2 scheduler. With the Mcredit2 scheduler,
for an insufficient number of credits, the initialization of
credits for all processors is executed when virtual processors
attempt to use physical processors. At this time, a variable is
assigned to the domain that has virtual processors with insuf-
ficient credits to increase the variable. At fixed intervals, the
weight value of the domain with the greatest variable is
increased. This weight value increases during the BOOST
state. If the number of processors for a specific domain
increases, the virtual processors in that domain will not have
sufficient credits and the initialization of credits increases.
Therefore, the domain can perform the given job with an
increased weight value.

Figure 3 shows the structures used in the Mcredit2 sched-
uler, such as the mcsched_runqueue_data, mcsched_dom,
and mcsched_vcpu structures. Here, runq in the mcsche-
d_runqueue_data structure is a list of viable virtual machines,
and svc is a list of all virtual processors in that runqueue. The
max_weight saves the greatest weight value in vcpu included
in the runqueue. The vcpu in the mcsched_dom structure
is a list of vcpu of the domain. In addition, weight is the
weight value of the domain and the vcpu of the domain.
The nr_vcpus stores the number of vcpu of that domain,
and reset_count increases the value each time the vcpu
of the domain initializes with credits. The sdom in the
mcsched_vcpu structure refers to a domain that contains
itself. Here, weight stores the value required for the algo-
rithm used to reduce the number of credits. Credit stores
the credit value to be paid when vcpu uses cpu.

Figure 4 shows how to enter the BOOST state after exe-
cuting the reset_credit() function to initialize credits for all
vcpus because a specific vcpu has insufficient credits. Here,
sdom is the mcsched_dom structure having vcpu to call the
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reset_credit() function owing to insufficient credits. The time
at which the reset_credit() function is called and the domain
of BOOST state is changed by checking tick variables. A
domain in the BOOST state is changed after sufficient time
has passed. Otherwise, the value of the reset_count variable
of sdom is increased by one. If this reset_count value happens
to be the greatest, the domain to be changed to the BOOST
state next is reserved as sdom.

Figure 5 shows a flowchart of the process to change the
BOOST state domain in the routine for initializing credits.
Here, old_d variable is the mcsched_dom structure holding
the current BOOST state domain. The d variable is the
mcsched_dom structure of the domain to enter the BOOST
state. The rate variable saves the increase rate of the current

weight value. If the current BOOST state domain and the
domain to be changed to BOOST state are the same, the rate
increases two times. Otherwise, the weight value is initialized
by dividing the current BOOST state domain by the rate.
Then, the current BOOST state domain is updated by chang-
ing old_d to d after initializing the rate to 2. Finally, multiply-
ing the original weight value of the current BOOST state
domain by the rate value allows the weight value to be
dynamically changed.

Algorithm 1 shows the process for assigning the BOOST
state to a domain and its initialization.

3.2. Virtual Processor Monitoring Tools. The xenstat_domain
and xenstat_vcpu structures of Figure 6 are declared in

Figure 3: mcsched_runqueue_data, mcsched_dom, and mcsched_vcpu structures.

Figure 2: Xentop execution screen.
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xenstat_priv.h. cpu_ns in the xenstat_domain structure is a
variable that stores the total use time of a domain’s processor
in nanoseconds. num_vcpus is a variable that stores the
number of virtual processors assigned to the domain, and
vcpus is a variable with an xenstat_vcpu structure address
created using the allocated virtual processors. Here, ns in
the xenstat_vcpu structure is a variable that stores the use
time of a virtual processor in nanoseconds.

The improved monitoring tools provide the usage of
the virtual processors assigned to each domain using the
variables described above as percentages. The implementa-
tion of the monitoring tools is described as follows.

Essentially, the program saves the xenstat_node struc-
tures used previously to calculate the virtual CPU utilization.

The time is obtained in microseconds using the previous
and the current output time. The use percentage of the
virtual processors is obtained using the ns variable of the
xenstat_vcpu structure. This process is similar to that
shown in Figure 7.

The calculation of virtual CPU utilization (%) is given in
Algorithm 2.

Figure 8 shows the complete operation of the proposed
virtual processor monitoring tools. The virtual processor uti-
lization for all domains is evaluated using these tools. These
tools visually represent the utilization of a virtual CPU for
each domain in bar form depending on the utilization speci-
fied by each hashtag. The tools also show the average utiliza-
tion of virtual CPUs.

Figure 4: BOOST procedure.

Figure 5: BOOST initialization process.
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4. Performance Evaluation

Here, the performance of the Mcredit2 scheduler is analyzed
and compared to extant schedulers.

4.1. Experimental Environments. The experimental environ-
ment is as follows: Intel i7-2600 processor (four processors

and eight threads) [23], 20GB RAM, and a 1TB hard
disk. As a result, processor utilization for all domains
can be up to 800%. Xen hypervisor version 4.5.0 is used.
Ubuntu 14.04 LTS [24] is used as the domain operating
system. A total of nine domains are generated. Four vir-
tual processors, 1GB RAM, and a 40GB hard disk are
assigned to each domain.

1: begin
2: Input: mcsched_dom∗ snext that calls the reset_credit() function
3: Output: execution time of the snext->vcpu and snext
4: // timed wait and enter BOOST state.
5: if tick > n then
6: // previous BOOST state: mcsched_dom prev_boost_sdom.
7: // initialize a weight value
8: for all vcpus ∈ prev_boost_sdom do
9: vcpus→weight ← vcpus→weight/rate;

10: end
11: prev_boost_sdom→weight ←

prev_boost_sdom→weight/rate;
12: // future BOOST state: mcsched_dom boost_sdom.
13: // Increment of the magnification of the weight value.
14: if prev_boost_sdom = boost_sdom then
15: rate ← rate∗2;
16: // Initialization of the magnification of the weight value
17: else
18: prev_boost_sdom ← boost_sdom;
19: rate ← 2;
20: end
21: // Initialization of the reset_count variables for all domains
22: for all vcpus ∈ rqd do
23: svc→sdom→reset_count ← 0;
24: end
25: // Increase the weight value for the BOOST state domain.
26: for all vcpus ∈ boost_sdom do
27: vcpus→weight ← vcpus→weight∗rate;
28: end
29: boost_sdom→weight ← boost_sdom→weight/rate;
30: else
31: // mcsched_vcpu snext that calls the reset_credit() function.
32: // Increase the reset_count variable of mcsched_dom using snext
33: snext→sdom→reset_count ←

snext→sdom→reset_count+1;
34: // update a mcsched_dom having the highest reset_count value
35: if snext→sdom→reset_count > max_reset_count then
36: max_reset_count ← snext_sdom→reset_count;
37: boost_sdom ← snext→sdom;
38: end
39: end
40: end

Algorithm 1: BOOST state transition.

Figure 6: xenstat_node, xenstat_domain, and xenstat_vcpu structures.
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The sysbench [25] benchmark tool is used to analyze the
scheduler. The sysbench tool measures operating system
performance using multithreads. In this experiment, the sys-
bench cpu mode is used as the test mode. In cpu mode, a
request to calculate a decimal value is assigned to the gener-
ated thread. Four threads are generated for the sysbench tool.

The maximum decimal value is 10,000 and the request to cal-
culate the decimal value occurs 100,000 times. The average
results of performing this process 10 times are obtained.

The environment variables for each scheduler are as
follows. For the SEDF scheduler, the period and slice param-
eters of each domain are set to 100 and 10, respectively. For

Figure 7: Calculation of virtual CPU utilization (%).

1: begin
2: Input: xenstat domain d
3: Output: percentage of the virtual CPU utilization pct
4: old_domain ← NULL;
5: us_elapsed ← NULL;
6: // check if previous node is exist
7: if prev_node = NULL then
8: return 0.0;
9: else if vcpu = NULL then

10: return 0.0;
11: else if old_vcpu = NULL then
12: return 0.0;
13: end
14: old_domain ←

xenstat_node_domain(prev_node, xenstat_domain_id(domain));
15: if old_domain = NULL then
16: return 0.0;
17: end
18: // calculation of the elapsed time
19: us_elapsed ←

(curtime.tv_sec-oldtime.tv_sec)∗1000000.0+
(curtime.tv_usec-oldtime.tv_usec);

20: // calculate the utilization percentage for the virtual CPU
21: pct ←

((xenstat_vcpu_ns(vcpu)-xenstat_vcpu_ns(old_vcpu))/10.0)
/us_elapsed;

22: return pct;
23: end

Algorithm 2: Calculation of virtual CPU utilization (%).
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the Credit scheduler, the weight value and capacity of each
domain are set to 256 and 0, respectively. For the Credit2
scheduler, the weight value of each domain is set to 256.
For the proposed Mcredit2 scheduler, the weight value of
each domain is set to 256.

The pseudocode of the program used to impose a
transient load on each domain is shown in Algorithm 3.

In these experiments, the pseudocode threads are gener-
ated in the domain not to execute the sysbench benchmark
tool. The domain that executes the sysbench benchmark is
called Domain_1, and the other domains are named
Domain_2 to Domain_9. In the first experiment, four
threads are generated with sufficient idle processors, and in
the second experiment, eight threads are generated with
insufficient idle processors.

4.2. Experimental Results. Figures 9 and 10 show the total
time required by the sysbench benchmark tool to measure
performance and the idle processors generated during the
process. Figure 9 shows the performance results with suffi-
cient idle processors, and Figure 10 shows the results with
insufficient idle processors.

The SEDF scheduler demonstrates the worst perfor-
mance. It cannot give priority to Domain_1, which requires
many virtual processors because the deadlines of all domains
are the same.

For the Credit scheduler, even when a specific domain
runs out of credits, if it has idle processors, the processors

can be used without redistributing credits. This leads to
increased virtual processor utilization of domains other than
Domain_1. In addition, the Credit scheduler cannot use pro-
cessors until credits are recharged when all credits are used.
As a result, additional processors are not assigned to
Domain_1 if there are no idle processors, and the perfor-
mance results for Domain_1 are not as good as those of
Credit2 and Mcredit2.

For the Credit2 scheduler, fewer processors are assigned
to Domain_1 even if idle processors are sufficient. As a result,
it shows poorer performance than the Credit scheduler
relative to utilizing more idle processors.

The Mcredit2 scheduler can use more processors with the
same number of credits because it dynamically increases the
weight value in domains with significant load. If there are idle
processors, processors can be continuously supplied due to
the high weight value of Domain_1. Due to the greater weight
value of Domain_1, it gains higher processor priority than
the other domains and its performance is increased.

5. Conclusion

Hypervisors have been developed to take advantage of the
increased performance of server hardware, and scheduling
algorithms have also been improved, so that hypervisors
can efficiently assign processors to virtual machines. As
described in this paper, the Credit2 scheduler algorithm of
the Xen hypervisor has been improved. In the proposed
method, a domain that requires many processors under
the Credit2 scheduler is identified, and the Mcredit2 sched-
uler gives higher priority to this domain by increasing its
weight value.

The performance of the SEDF, Credit, and Credit2
schedulers were compared to that of the proposed Mcredit2
scheduler. The performance was measured using the sys-
bench benchmark tool. The SEDF scheduler shows signifi-
cantly worse performance than the other schedulers, and
the Credit scheduler uses idle processors. Therefore, higher
virtual CPU utilization of domains can be accomplished with
lower domain workload. With the Credit2 scheduler, when a
load occurs in a specific domain, more virtual processors are
assigned to that domain than with the Credit scheduler. With
the proposed Mcredit2 scheduler, a domain where load
occurs is assigned more processors. The experimental results
demonstrate that the Mcredit2 scheduler assigns virtual
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Figure 8: Monitoring tool for virtual CPUs.

1: begin
2: Input: the number of threads: n
3: Output: error number: err_num
4: // infinite loop
5: loop
6: // impose load
7: for var i < 10000000 do
8: i ← i+1;
9: end

10: // stop to impose
11: usleep(200000);
12: end
13: end

Algorithm 3: Load test.
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processors to loaded domains more flexibly than the Credit2
scheduler. The experimental results also show that the
Mcredit2 scheduler assigns processors more flexibly than
the Credit2 scheduler when processor requirements for a
specific domain significantly increase.
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