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Abstract—In this contribution, several optimization strategies for 
fully exploiting the performance of ARM11 MPCore have been 
discussed. Experimental studies are conducted for the basic 
computation performance and the multimedia processing 
performance of ARM11 MPCore. The basic computation 
operation includes integer operation and floating-point operation. 
Results show that an efficiency gain of a factor 3.8 for integer 
operation could be achieved when being optimized by using the 
OpenMP parallel computing model, and for floating-point 
operation, the value is 3 to 5 when adopting the VFP (vector float 
point) optimization method. With regard to the multimedia 
processing, two optimization methods are put forward, namely, 
the DCT optimization with VFP and the parallelization of audio 
decoding, video decoding and playing. The experimental results 
show that both methods could efficiently improve the 
performance of multimedia processing for ARM11 MPCore. In 
addition, considering that the interrupt load imbalance on multi-
core processor may bottleneck the entire system’s performance 
improvement, workload balancing methods basing on interrupt 
affinity are proposed for ARM11 MPCore, and results indicate 
these methods are effective. 

Keywords-ARM11 MPCore; vector float point; parallelization; 
interrupt affinity; load balancing 

I.  INTRODUCTION 
In the last decades, various applications including network, 

multimedia, and digital signal process are widely implemented 
on embedded platform. As a result, the requirements of 
embedded processor’s performance, as well as the high power 
efficiency, are growing rapidly. In order to solve this problem, 
the MPSOC (multi processor system on chip) has been 
introduced to design the embedded system [1]. Based on this, 
ARM has launched the MPCore [2], [3], [4], which is a 
synthesizable multiprocessor based on the ARMv6 and 
implements the ARM11 microarchitecture. Compared with the 
ARM9 processor family, the MPCore features configurable 
level 1 caches, vector floating point coprocessors (VFP), 
programmable distributed interrupt controller, etc. These 
features are expected to make MPCore have an excellent 
performance. 

To give a full play to the MPCore’s performance, the 
optimizations for current embedded software system must be 
considered. Typically, the traditional embedded applications 
are normally programmed using single-threaded programming 

model because of the constraints of single-core architecture. 
That is to say, they only have one thread and only use one 
processor when running, which means they could not run 
efficiently on the MPCore platform. So, multi-threaded 
programming model must be adopted. Furthermore, in order to 
fully exploit the advantage of the VFP module, the floating-
point computation which is very important to multimedia 
processing must be optimized. The relationship between 
performance enhancing and power consumption of parallelized 
implementations on the MPCore platform had been studied in 
[5]. References [6], [7], [8] proposed parallel performance 
optimization methods on x86 platform, but did not apply them 
to embedded platform. 

On the other hand, interrupt load balancing strategy should 
be considered on multi-core platform. In the Linux kernel 
supporting SMP, CPU0 is responsible for handling all 
interrupts by default configuration in order to maximize the use 
of CPU cache coherency [9]. References [10], [11] studied the 
network performance of SMP, and then proposed that this 
default configuration could cause interrupt load imbalance 
between CPUs, and lead to a poor network throughput. Many 
researches about interrupt load balancing methods on x86 
platforms have been studied, but there is little on ARM 
platform yet. 

The paper is organized as follows. Section II shortly 
discusses the basic architecture of the MPCore which could 
facilitate the understanding of our work. The following 
chapters III & IV perform experimental studies of the basic 
computation performance and the multimedia processing 
performance, and then propose optimization schemes. Section 
V discusses the interrupt affinity mechanism and brings 
forward the interrupt load balancing strategies. Finally, a 
conclusion is given in section VI. 

II. MPCORE ARCHITECTURE 
The ARM11 MPCore processor implements ARM 

architecture v6k with Java extensions as well as DSP and 
SIMD ISA extensions. This includes the 32-bit ARM 
instruction set, 16-bit Thumb instruction set, 8-bit Java 
instruction set, and a range of SIMD DSP instructions that 
operate on 16-bit or 8-bit data values in 32-bit registers. 
Furthermore, the ARM Intelligent Energy Manager (IEM) 
mechanism which includes a shutdown of unused resources 
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Figure 2.  Analysis and optimization of integer computaion 

Figure 1.  Architecture of ARM11 MPCore 

and a dynamic voltage and frequency scaling support is 
implemented to gain high-performance and low-power. A 
block diagram of the MPCore architecture is shown in Fig. 1. 
The processor features: 

• Up to four ARM11 CPUs, 
• A snoop control unit (SCU) that is responsible for 

maintaining coherency among ARM11 CPUs L1 data 
caches, 

• A private timer and a private watchdog per CPU, 
• Single or dual 64-bit AMBA 3 AXI bus, 
• Optional vector floating point coprocessors (VFP), 
• Programmable distributed interrupt controller with 

support for legacy ARM interrupts. 

The vector floating point unit provides a performance-
power-area solution for embedded applications and high 
performance for general-purpose applications. It supports 
single-precision and double-precision add, subtract, multiply, 
divide, multiply and accumulate, and square root operations. 
Three separate pipelines are implemented and each pipeline can 
operate independently of the others and in parallel with them: 

• Multiply and accumulate (FMAC) pipeline, 
• Divide and square root (DS) pipeline, 
• Load/store (LS) pipeline. 

The distributed interrupt controller which is compatible 
with previous ARM interrupt handling architectures manages 
all interrupts. It provides: 

• Masking of interrupts, 
• Prioritization of the interrupts, 
• Distribution of the interrupts to the target CPUs, 
• Tracking the status of interrupts, 
• Generation of interrupts by software. 

The controller consists of one interrupt distributor and four 
CPU interfaces. The interrupt distributor centralizes all 
interrupt sources for the ARM11 MPCore processor before 
dispatching the highest priority ones to each individual CPU, 
while the CPU interfaces handle interrupt priority masking and 
pre-empted interrupts. 

III. PERFORMANCE OF BASIC COMPUTATION 
Two mainly aspects should be considered when analyzing 

and optimizing the basic computation performance of ARM11 
MPCore, namely, integer operation and floating-point 
operation [12]. In order to present a brief view, the MPcore’s 
computation performance is benchmarked and compared with 
the S3C2410A implementing ARM9 architecture. The 
embedded Linux operation system and GCC compiler are 
chosen as a base platform to accomplish this job, and both of 
S3C2410A and MPCore’s processor frequency are set to 200M 
HZ. According to the specific features of MPCore’s hardware 
architecture, when carrying out the optimization, parallel 
processing, hardware floating-point operation, etc., are adopted 
to improve the computation performance. 

A. Integer operation 
Regarding the integer computing capability, three 

operations including addition, multiply and division are 
concerned. To generate a benchmark report, MOPS (million 
operations per second) is taken as the performance indicator. 
The test utilities programmed in C language are used to count 
how many operations have been executed within a certain time 
interval, and the MOPS can be calculated through the count 
results. Because ARM11 MPCore can be configured up to four 
processor cores, common programming model that can only 
make full use of one processor is not suitable here. Parallel 
computing model must be adopted in order to take full 
advantage of MPCore’s four processors. For this purpose, the 
OpenMP programming model [13] is introduced to optimize 
the test utilities on MPCore platform. The experimental results 
are shown in Fig. 2. 

As can be seen from the results, the performance of single-
threaded programs on MPCore does not improve obviously 
compared to the S3C2410A. This little part of the performance 
increase is mainly benefit from MPCore’s newest pipeline and 
memory architecture. But if employing the OpenMP parallel 
programming model, the improvement becomes evident. For 
the MPCore platform only, the efficiency of the program with 
OpenMP (4 threads) could improve by 3.8 times than the one 
programmed single-threaded. 

B. Floating-Point Operation 
In this part, similar experiments are made. The performance 

of floating-point addition, multiply and division operations are 



Figure 3.  Analysis and optimization of floating point computation 
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Figure 4.  Analysis and optimization of DCT 

taken into account. Typically, there are three ways to 
implement the floating-point computation. The first one is 
using software simulation for processors without floating-point 
processing unit. The second one is directly using the floating-
point instruction set in assembly language for those processors 
with floating-point processing unit. The final one is 
programming in C language under the same conditions with the 
second method, and then translating the C statements to the 
floating-point instructions by compiler. The last approach has 
the best software portability, but has the less efficiency than the 
second way. 

During the experiments, software simulation method is 
applied to S3C2410A. As to the MPCore, two kinds of tests are 
carried out. Firstly, the software simulation method is adopted 
merely just as the S3C2410A platform. Secondly, the VFP 
module is used to optimize the floating-point computation and 
the third approach mentioned in the previous section is 
employed. For the purpose of using VFP instructions on the 
MPCore platform, the options –mfpu=vfp –mfloat-abi=softfp 
must be used when compiling the test utilities with GCC. Fig. 3 
gives the benchmark results of the floating-point operation. 

The results indicate that the use of VFP is capable of 
enhancing the floating-point computation performance by 
about 3 to 5 times on MPCore platform, but the effect on the 
division operation is not obvious. Also, it is clear to conclude 
that even without the use of VFP, the MPCore’s floating-point 
computation capability could improve by about 20 times 
compared with the S3C2410A. The reason for this can trace to 
the introduction of two level caches and the optimized system 
architecture of MPCore. 

IV. PERFORMANCE OF MULTIMEDIA PROCESSING 
Due to architecture limitations, the traditional embedded 

systems normally have poor floating-point computation 
capability which is very important for multimedia processing. 
Therefore, when designing an embedded system, dedicated 
DSP chips are used. However, as a newest embedded 
processor, the ARM11 MPCore has introduced multi-core 
technology as well as the VFP unit which could greatly 
enhance the floating-point computation capability. These 
features can be used to improve the traditional multimedia 
software and make the embedded system decode and play 
multimedia without dedicated DSP chips. 

A. DCT optimization 
During the process of video decoding, DCT calculation is 

one of the most time-consuming parts. Conversely, it also 
means that a much better decoding efficiency could be 
achieved by carefully optimizing the DCT operation. The DCT 
computation involves floating-point operations, and therefore 
the VFP module could be used to optimize DCT calculation on 
MPCore platform. In this part, the DCT computing capability is 
benchmarked both on the MPCore and S3C2410A platform, 
and the Cooley-Tukey algorithm [14] which has the complexity 
of O (N log N) is chosen to compute DCT in the test utilities. 
The results are shown in Fig. 4. 

From the results, it is concluded that when both adopting 
software simulation method to implement floating-point 
computation, the MPCore performs about 6.8 times better than 
the S3C2410A in computing DCT. For the MPCore platform 
only, when introducing the VFP module, the performance 
could improve by about 3.6 times. 

B. Multimedia parallel processing optimization 
Traditional media players are generally programmed by 

single-threaded, which could not run efficiently on multi-core 
platform. Considering that the MPCore can be configured up to 
four processor cores, multi-threaded programming model 
should be adopted to optimize the media players. Typically, the 
process of multimedia decoding can be divided into three parts, 
i.e. audio decoding, video decoding and playing. So when 
optimizing the media players, three separate threads are used to 
parallel multimedia decoding. Each thread is bound to a certain 
processor and manages one job. An MPEG4 format media file 
of VGA (640x480), QVGA (320x240), 25fps, 210.7 kbps is 
used to accomplish our experiments. The results are shown in 
Tab. I.  

The test results enable us to conclude that the performance 
of media player with multiple threads can be improved about 
50 percent than the one with single thread. But the playback is 
not very smooth. The reason is that the MPCore prototyping 
test chip has bottlenecks on screen display. If introducing the 
acceleration module to the LCD controller, it can be predicted 
that the performance of multi-threaded media player will 
improve more obviously. 



TABLE I.  PARALLELIZATION OPTIMIZATION OF MULTIMEDIA 
PROGRAM 

Media Player 
Different Resolutions 

VGA QVGA 

Single-threaded 4.2fps 20.2fps 

Multi-threaded 6fps 25fps 
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Figure 5.  Interrupt CPU target registers 

IRQ 
CPUs 

CPU0 CPU1 CPU2 CPU3 

33 39697 38135 37724 36987 

36 470 1258 771 262 

37 12 0 0 0 

39 116 83 67 0 

40 10 0 0 0 

41 3978 2167 3107 1598 

TABLE II. ASSIGNMENT OF ACTIVE INTERRUPTS ON EACH CPU

V. PERFORMANCE OF INTERRUPT PROCESSING 
As previously mentioned, interrupt load imbalance will 

restraint the performance improvement on multi-core platform. 
To solve this problem, interrupt tasks must be distributed 
across all CPUs rather than just sending to CPU0. A 
mechanism called interrupt affinity [15] implemented in the 
Linux kernel would be used to achieve it. Interrupt affinity 
defines a CPU bitmask in hexadecimal for every interrupt, and 
the value of bitmask determines which processor the interrupt 
should be sent to. Under this architecture, interrupt tasks can be 
bound to specific processors to obtain the best execution 
performance and the interrupt loads can be balanced between 
CPUs. 

On the MPCore platform, the realization of interrupt 
affinity mechanism is dependent on the distributed interrupt 
controller. According to the implementation rule, each interrupt 
has a configurable CPU targets table maintained by the 
interrupt CPU targets registers [16]. The table describes which 
CPU the interrupt should be sent to. There can be up to 64 
interrupt CPU targets registers, and each one has 32 bits. As 
shown in Fig. 5, each of the registers can be divided into four 
domains by 8-bit width. Each domain corresponds to an 
interrupt. Every bit in the domain represents one specific CPU, 
and its value determined whether this CPU is allowed to 
receive and handle interrupt. For example, if the value of a 
domain is set to 0x2, it means the corresponding interrupt will 
be sent to the CPU1 for processing. 

There are two ways to balance the interrupt load by using 
interrupt affinity mechanism. 

A. Statically load balancing 
When an interrupt task has fixed load, and there are only 

limited interrupt tasks to be handled, all the tasks can be 
assigned to several different CPUs by statically setting the 
affinity bitmasks. References [10], [17] studied the network 
performance of SMP under different conditions, and proposed 
that when setting the affinity bitmasks statically, the network 

throughput could be received 45% and 25% performance 
increase respectively. 

B. Dynamically load balancing 
In order to distribute the interrupt load more evenly across 

CPUs, dynamically load balancing method should be adopted. 
There are many commonly used dynamic load balancing 
algorithms [18]. In this paper, the following actions are taken: 

A dedicated kernel thread is created to handle interrupt load 
balancing. At regular intervals, the thread collects the 
occurrence frequency of each active interrupt, and compares 
the load of each CPU to determine whether the system load is 
in equilibrium. Here, a threshold is defined. Only when the 
difference between maximum load and minimum load exceeds 
the threshold, the balancing method should begin to work. In 
this case, the thread sorts the load of each CPU, as well as the 
occurrence frequency of each active interrupt, and then binds 
all the active interrupts to different CPUs. The binding rule is: 
the interrupt with the highest occurrence frequency will be 
bound to the CPU with the lowest load, while the interrupt with 
the second highest occurrence frequency will be bound to the 
CPU with the second lowest load, etc. The binding operation is 
accomplished by modifying the affinity bitmask, and the total 
occurrence frequency of all interrupts on one CPU at a certain 
interval is chosen as the load indicator. 

On the MPCore platform, in order to test the efficiency of 
the load balancing method, the number of interrupts processed 
by every CPU is recorded when the system has run for a while. 
The results are shown in Tab. II. It can be concluded that the 
dynamically load balancing method is effective in distributing 
interrupt tasks across several processors and avoiding single 
processor saturating with heavy loads. 

VI. CONCLUSION 
Attribute to the introduction of multi-core architecture, the 

vector floating point unit and the programmed distributed 
interrupt controller, the performance of the ARM11 MPCore 
has been significantly improved than the ARM9 processors. 
Nevertheless, optimization schemes still should be considered 
to take full advantage of the MPCore. 

In this paper, the OpenMP parallel computing model is 
used to optimize the integer operation, and an efficiency gain 
of a factor 3.8 is got. Furthermore, by adopting the hardware 



floating-point instruction set to optimize the floating-point 
computation capability, a speedup of a factor 3 to 5 is achieved. 
Concerning the multimedia processing, two optimization 
methods are proposed for the ARM11 MPCore platform, i.e., 
the DCT optimization with VFP and the parallelization of 
audio decoding, video decoding and playing. The experimental 
results show that both methods could efficiently improve the 
performance of multimedia processing on the ARM11 MPCore 
platform. Finally, by proposing that the traditional interrupt 
processing mechanism may cause workload imbalance on 
multi-core platform, interrupt load balancing methods which 
could efficiently enhance the parallelism performance of the 
ARM11 MPCore are adopted. 

With the efforts above, the performance of the ARM11 
MPCore could be fully excavated, and it can be expected that 
the ARM11 MPCore will have a good application prospect. 
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