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Abstract— Computing hardware has changed from a single core 
to a multi-core environment, and programming technique have 
also shifted from a single thread to multi-threaded model. In a 
multicore environment where resources are limited, time sharing 
makes multiple application running simultaneously by using 
resource efficiently. However, in manycore systems, time sharing 
technique generates kernel noise and it results in a performance 
degradation. To solve this problem, this paper proposes a space 
sharing scheme suitable for manycore systems. Space sharing 
scheme consists of one core-one thread and one core-one 
memory, ensuring that threads executed without competing 
kernel resources. Through experiments, we confirmed that space 
sharing provides scalability compared to time sharing and 
reduce kernel noise. In addition, we confirmed its performance 
through a simple HPC application; Edge-detection. We discover 
that space sharing can create resource waste for I/O intensive 
applications, which is rather a performance degradation. This 
problem should be solved through I/O acceleration later. 

 
Keywords— Manycore systems, Scalability, Space sharing, Time 
sharing 

I. INTRODUCTION 

As computing hardware evolved from single-core to multi-
core, the application has also evolved from existing single-
threaded to multi-threaded program. In multi-threaded 
application programming, it has become very important to 
maintain the fairness of the resource, such as core and 
memory, usage time between threads. 

The time sharing technique has a great advantage in 
responsibility and CPU usage because it allocates resources to 
use between threads by time [1][2]. However, as the number 
of threads increases due to the noise generated by the kernel, 
this degrades its performance as well as performance 
scalability. Typical kernel noises are timer interrupt, page 
fault, scheduling, preemption, and file input/output [3]. 

The hardware is now evolving into manycore systems that 
consists of hundreds to thousands of cores. In manycore 
systems environment, time sharing is no longer suitable as the 
performance is degraded as well as scalability is not 
guaranteed because of kernel noise [4][5][6].  

In this paper, we propose a space sharing method that 
suitable to sufficient resources environments such as 
manycore systems. It refers to a technique in which core and 
memory resources are divided and allocate them to the 
applications according to their characteristics. To do this, we 
define a method for dividing the core and memory. This can 

reduce the amount of contention occurred in the kernel when 
accessing shared resources. 

Space sharing scheme is faster than time sharing one 
because it reduces kernel noise. In experimental of scalability, 
performance, and HPC application named Edge-detection 
show good performance and scalability than time sharing 
kernel. 

The rest of the paper is as follows. Section 2 explain about 
the time sharing and space sharing techniques, and Section 3 
presents an experimental evaluation of space sharing. Section 
4 discuss about the resource waste, and Section 5 concludes. 

II. TIME SHARING AND SPACE SHARING 

In this chapter, we compare the time sharing technique with 
the space sharing technique. 

A. Time Sharing 

Time sharing is the sharing of computing resources among 
several users at the same time. It allow applications to use 
computing resources such as core and memory in a time-sliced 
manner. It shows a user interacting with a large number of 
applications at the same time through fast context switching 
among application, but it actually uses only one resource at a 
certain time. 

For implementing of time sharing requires techniques as 
follows; scheduling and multi-programming [7]. Scheduling is 
a process that allows one application to use the CPU resource 
while execution of another application is in a waiting state. It 
enable to make full use of CPU. Multi-programming is a form 
of parallel processing are run at the same time on a single 
processor. The kernel executes part of one program, then part 
of another, and so on. 

The advantage of the time sharing is that many applications 
can run at the same time. It is also used in batch programming 
if appropriate, which increase performance. Contrary, the 
disadvantage of the time sharing is that it consumes much 
resources so it need special operating system. If there a lot of 
applications running, they may hang up the system because 
they share kernel resources. 

B. Space Sharing 

Time sharing techniques is no longer adequate for resource-
rich manycore systems. It generate OS noises because it 
shares limited kernel resources. In particular, OS noise not 
only degrades performance, but also does not provide 
scalability in manycore systems. 
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Space sharing is a method for dividing and allocating space 
for resources to be used by an application in manycore 
systems having sufficient resources such as CPU and memory 
[8]. It is possible to distribute and utilize more resource 
effectively compared with utility of physical resource. This 
allows applications to take full advantage of resources without 
kernel interference or noise, such as resource contention or 
interrupts, and can support performance scalability in 
manycore systems. 

Space sharing consists of one core-one thread that 
guarantee thread-free core operation, an one core-one memory 
that specifies a memory region that can be used by each core 
and eliminates resource competition in memory operations. 

The performance and scalability improved using space 
sharing because threads use core and memory resource 
without interference, however, in certain situations 
performance shows worse. This case is named resource waste 
and we look into it in detail in Section 4. 

1)  One core-one thread 

One core-one thread is performed by pinning the core to be 
executes in order for the thread to monopolize the core and 
execute without preemption. Since the applications itself 
manage their CPU resources, they are executed without 
interruption of the kernel interrupt until the application is 
terminated. 

However, if an application runs more thread than the 
number of cores allocated, time sharing method can be used 
depending on the policy. This is not a function supported by 
the kernel, but the application itself should support it. 

2)  One core-one memory 

One core-one memory can be used for memory operations 
(i.e., alloc / free) by specifying a memory area that can be 
userd per core. Resource competition in memory occurred 
when alloc / free physical memory in free memory (Figure 1.-
(a)) and when updating the page table to manage virtual 
memory (map / unmap) (Figure 2.-(b)). 

 

 
Figure 1.  One core-one memory 

III. DESIGN AND EXPERIMENTAL RESULTS 

For experiments in the manycore systems, we used the Intel 
Xeon-phi with 54 cores as testbed. We developed the light 
weight kernel (LWK) to compare the performance and 
scalability of space sharing with time sharing. We also 
compared performance with Linux using time sharing. 

A. Scalability test 

Scalability test is a measure of the throughput of the 
performance indicators according to the core increase. The 
throughput change is measured with respect to the address 
space map/unmap and the memory alloc/free with the core 
increase. Figure 2. shows alloc/free throughput measurement 
per unit time (ms) with increasing core. As the core increases, 
the processing performance increases proportionally. 

 

 
Figure 2.  Scalability test results 

B. Space sharing throughput comparison 

In order to improve the performance and scalability of one 
core-one thread, we compared the throughput variation with 
Linux. Figure 3. Is a comparison of the space sharing and time 
sharing throughput per unit time (sec) for HPC application. 

Space sharing and time sharing do not show much 
difference to certain core, however space sharing shows better 
performance as core increases. This is because, in the 
environment where the core is increasing, time sharing is 
degraded due to resource competition. 

 

 
Figure 3.  Space sharing throughput comparison 
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C. Application performance and Scalability comparison 

Performance and scalability tests are conducted through 
and edge-detection application. Edge-detection application is a 
typical HPC application that detects edges of images input 
from manycore systems testbed, and tests are evaluated 
scalability through the number of images processes while 
increasing the core. 

Figure 4. shows the results of the space sharing and time 
sharing performance comparison. As the number of core 
increases, the performance of the space sharing application 
improves not only in terms of performance but also providing 
scalability than time sharing one. 

 

 
Figure 4.  Application performance and scalability comparison 

IV. RESOURCE WASTE 

Space sharing technique is a scheduling method suitable for 
manycore systems; however, resource waste is incurred 
compared with the time sharing technique. In time sharing 
technique, timer, page fault, scheduling, preemption, file 
input/output are controlled to improve core utilization. On the 
other hand, in the space sharing, these are considered to be the 
noise of the operating system, and these noises should be 
reduces to guarantee the performance scalability. 

However, if the application’s state move to the idle because 
of I/O operations, the core will not be able to perform other 
task, resulting in a waste of resources. The following figure is 
a measure of this waste of resources. Because of comparing 
performance of time sharing and space sharing, there is not 
much difference in calculation core HPC application in small 
core, but performance difference occurs more with more cores. 
(5% at 54 cores), which improves performance by eliminating 
g operating system noise (Figure 5-(a)). However, in the case 
of the application including I/O operations, the space sharing 
is 17% worse than the time sharing at 54 cores (Figure 5-(b)). 

This is because the space sharing waits while the CPU 
waits for I/O (iowait), but the time sharing performs well in 
terms of CPU utilization because time sharing executes other 
applications. This performance difference is a wate of 
resources in space sharing technique. 

 
Figure 5.  Resource waste problem 

V.  CONCLUSIONS 

The purpose of this paper is to test the characteristics and 
performance enhancement of space sharing in manycore 
systems. Most of current operating system used time sharing 
technique that has the advantage of improving resource 
efficiency and program responsiveness in limited resources; 
however, it can generate kernel noise in manycore systems. 
Experimental results show that the performance and 
scalability of the manycore systems are better than that of the 
time sharing by reducing the kernel interference. 

However, in the case of an application including I/O 
operations, it confirmed that resource waste occurs and the 
performance of the CPU degraded. This should be solved 
through techniques such as I/O acceleration later. 
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