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Abstract—It is important to Choose a good data distribution 
to the performance of applications on Non-Uniform Memory 
Access (NUMA) shared memory multiprocessors. In this paper, 
we have investigated memory accesses behavior over a AMD 
Opteron cache coherent Non-Uniform Memory Access (ccNUMA) 
platform with multicore processors. We get important 
conclusions that it is important to keep data local on node where 
it is being accessed and it is important to avoid sharing of data 
between threads running on different cores. 
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I. INTRODUCTION

NUMA (Non-Uniform Memory Access) technology 
combines programmability of SMP (symmetric multiprocess) 
system and the scalability of MPP (Massively Parallel) system, 
and has become one of the mainstream architectures today. At 
present, many well-known foreign server manufacturers have 
developed a NUMA-based high-performance server 
architecture. 

Today, both Intel and AMD use the NUMA architecture in 
the multiple CPU chipset to achieve the best performance at a 
relatively low price. system designers use non-uniform 
memory access to improve processor speed without increasing 
the processor bus load. NUMA system is characterized by 
multiple CPU modules, each CPU module consists of multiple 
cores (such as six), and has a separate local memory, I/O slots 
and so on. Each node can access the entire system's memory, 
because its nodes can connect and exchange information 
through interconnected modules. But the access time of thread 
to local and far memory is different. 

     In this paper, we have investigated memory accesses 
behavior over a AMD Opteron cache coherent Non-Uniform 
Memory Access (ccNUMA) platform with multicore 
processors. The memory accesses behavior investigation has 
been based on three types memory operations (read access, 
write access and read/write access), how datas were accessed 
(regular, irregular and random accesses) and how work was 
distributed to threads. The differences of local access and 
remote access are analyzed. Our results have shown that 
memory accesses behavior is related to data and threads 
placement on the machine nodes. 

II. NUMA ARCHITECTURE

The traditional model for multiprocessor support is 
Symmetric Multi-Processor (SMP). In this model, each 
processor has equal access to memory and I/O. As more 
processors are added, the processor bus becomes a limitation 
for system performance. Simplified flowchart of an SMP 
system is shown in Fig. 1. 

Fig. 1.  Simplified flowchart of an SMP system 

System designers are now using non-uniform memory 
access (NUMA) to increase processor speed without increasing 
the load on the processor bus. The architecture is non-uniform 
because each processor is close to some parts of memory and 
farther from other parts of memory. The processor quickly 
gains access to the memory to which it is close, while it can 
take longer to gain access to memory that is farther away. 
Simplified flowchart of an NUMA system is shown in Fig. 2. 

Fig.2.Simplified flowchart of a NUMA system 
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In a NUMA system, CPUs are arranged in smaller systems 
called nodes. Each node has its own processors and memory, 
and is connected to the larger system through a cache-coherent  
interconnect  bus. 

Today, both Intel and AMD use the NUMA (Non-Uniform 
Memory Access) architecture in the multiple CPU chipset to 
achieve the best performance at a relatively low price.  

In the NUMA system, the performance of application 
mainly is impacted as follows: 

1) Remote memory access. The times of a processor 
accessing remote memory directly affects the 
performance of an application. One strategy to improve 
the performance NUMA system is to reduce the times 
of remote accesses. The process should run at the local 
node as much as possible. 

2) The effects of interconnected HyperTransport bus 
bandwidth. 

3) The effect of memory competition. When many 
processors access a memory unit at the same time, 
there will be memory competition, memory 
competition will increase the memory response time, 
reduce the execution efficiency of the program. 
Appropriate data allocation strategy reduces memory 
contention. 

4) Effects of memory bandwidth. 

5) The effect of cache. Cache plays an important role in 
the performance of NUMA multiprocessor system. If 
the processor does not find the required data in the 
local cache, the remote memory is accessed. 

III. EXPERIMENTS AND RESULTS 
In this research, The NUMA architecture workstation we 

use is a Quartet system having four 2.2 GHz E1 Dual-Core 
AMD Opteron™ processors. Each processor had 2x1GB 
DDR400 DRAM memory. The structure is as fig. 3.  

Each processor has one bidirectional HyperTransport link 
that is dedicated to I/O and two bidirectional coherent 
HyperTransport links that are used to connect to two other 
dual-core processors.Each node has its own on-chip memory 
controller and is connected to its own memory. 

When the thread runs and accesses the memory at the same 
node, it is called a local access or 0-hop access. When the 
thread is running on a node, accesses to memory in the other 
node, it is called remote memory access. In remote access, if 
the node that the thread runs and the memory access node is 
directly connected to each other, it is called a 1-hop access. If 
the node that the thread is running is not directly connected to 
the memory access node, it is called a 2-hop access. In Figure 3, 
thread runs in node 0, the access to 1, 2 and 3 nodes is remote 
memory access. The access to node 1, 2 is called 1-hop access, 
the access to node 3 is called 2-hop access. 

 
 

 
Fig. 3. NUMA structure 

A. Difference of local and remote memory access  
We took a serial program to use a thread to write the 

same 5M data to  different node memory to test the access 
time, and each time we repeated the experiment 2000 times. 
The statistical results are shown in Fig.4. The access time of 
local memory is the shortest, the average is 2166μs; and it will 
require a longer time for the remote memory access, the 
average access time to the node 1 and 2 is 2445μs, and for the 
node 3,the distance is the farest, the average access time is the 
longest. The time is up to 3032μs.  

Fig. 4. Access time for local and remote node 
 

From this experiment, we can see that in the NUMA 
system, access to remote memory is slower than the access to 
local memory. In this case, the access time of 1-hop distance is 
1.13 times of the local access, the access time of 2-hop distance 
is 1.4 times of the local access. The longer distance thread 
accesses, the more time it needs. In our application, we should 
try to keep the data local. 
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B. The study of read-only and write-only memory of single 
thread 

What is the difference between local and remote access 
when memory access is read-only or write only? We use the 
following examples to study the influence. 

We took a serial program to use a thread to read and write 
the same 60M data to  different node memory to test the access 
time,the size was much larger than the size of cache. Thread 
ran on C0 of node 0. And for the system only one thread was 
running. The data access of thread is divided into the following: 

 Local access to node 0.(0-hop) 

 Remote access to node 1.(1-hop) 

 Remote access to node 2.(1-hop) 

 Remote access to node 3.(2-hop) 

Including: 

 0.0.R.0—Thread running on node 0/core0 does read-
only accesses  to memory resident on node 0. 

 0.0.R.1—Thread running on node 0/core0 does read-
only accesses to memory resident on node 1. 

 0.0.R.2—Thread running on node 0/core0 does read-
only accesses to memory resident on node 2. 

 0.0.R.3—Thread running on node 0/core0 does read-
only accesses to memory resident on node 3. 

 0.0.w.0—Thread running on node 0/core0 does write-
only accesses  to memory resident on node 0. 

 0.0.w.1—Thread running on node 0/core0 does write-
only accesses to memory resident on node 1. 

 0.0.w.2—Thread running on node 0/core0 does write-
only accesses to memory resident on node 2. 

 0.0.w.3—Thread running on node 0/core0 does write-
only accesses to memory resident on node 3. 

 
In this case, the comparison of the results of the access 

time is shown in Fig.5 and fig.6. With the increase of access 
distance, the access time of read and write is increased. In each 
case, the access time to write is longer than read because the 
write operation produces more memory bandwidth load. 
However, the access time of read and write increases with the 
increase of access distance. 

 
 
 
 
 
 

 
         Fig. 5. The thread runing on node 0 in the idle system, and reading the 

memory of nodes 0, 1, 2, and 3 
 

 
Fig. 6. The thread runing on node 0 in the idle system, and writing the 

memory of nodes 0, 1, 2, and 3 

C. Research the access between nodes and inside the node 
Multiple threads scheduled between nodes have the 

following constraints: 
 Whether the system is idle, that is, the system has no 

other load; 
 Whether multiple threads access to their own private 

data. 
 Whether multiple threads access to the shared datas. 

When the system was idle, We studied threads only 
accessed the private data of the node. 

We used two threads to write, each thread wrote the 60M 
data and accessed the local memory. The first method was that 
the threads were scheduled between nodes, that was core 0 on 
node 0,core 1 on node 1; The second method was that the 
threads were scheduled in a node, that was core 0 on node 
0,core 1 on node 0. Comparing the running time of the two 
methods. The scheduling time between nodes is relatively fast. 
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IV. CONCLUSION 
In this letter, We get important conclusions through the 

three experiments. The most important recommendation for 
most applications is to keep data local on node where it is 
being accessed. And the second recommendation is to avoid 
sharing of data between threads running on different cores. 
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