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Abstract - In this study, DMA of PCIe is used to solve this problem. In order to implement the existing Open SHMEM 
based on PCIe, the transfer between the existing Symmetric memory and the kernel memory and the DMA address of the 
Symmetric memory is performed by using the DMA protocol of the PLX SDK Device Driver. In the Open SHMEM 
program initialization process, the Symmetric heap and the memory of the user area are allocated and mapping. 
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I. INTRODUCTION 
 
Compressive Today, PCI Express is widely used as a 
standard I / O interface for connecting processors and 
I / O system devices. PCI Express is considered as an 
alternative to the existing network structure because 
of its high speed, low power and high efficiency. In 
addition, artificial intelligence and big data that are 
emerging recently are demanding high-performance 
computing. To solve this problem, researches are 
being made to create a computer cluster of several 
computers. 
 
The nodes of a computer cluster are typically 
connected to a high-speed local area network. 
InfiniBand and Ethernet interconnection network 
technologies are used to build this local area network. 

 
Figure 1 Interconnect system share as of 

 
Recently, by taking advantage of PCI Express, PCI 
Express interconnection network system can be used 
as an alternative to the existing interconnection 
network system consisting of Infiniband, Ethernet 
and so on. Compared to InfiniBand and Ethernet 
networks, the protocol efficiency is about 6% higher 
and the end-to-end latency is 10 to 30 times smaller 
than Ethernet. This difference is due to differences in 
the processing of TCP / IP packets that are handled 
by hardware on NIC (Network Interface Card) 
devices used in InfiniBand or Ethernet and the 
difference in PCIe not doing this. In addition, the 
price of interconnection network ports is twice as 
cheap. The method of directly communicating with 

different nodes using the PCIe interface is that the 
nodes.  
When forming a network by connecting different 
systems through PCIe, SSC (SpreadSpectrum Clock) 
conflicts with clock timing conflicts and bus 
addressing. The NTB port solves this problem by 
isolating each node by logically isolating each node, 
and by translating different clock timings and bus 
addressing schemes.Each NTB node has a Base 
Address Register (BAR), and some memory regions 
are associated with its own memory so that other 
remote nodes can directly access (DMA) through 
address translation. The BARs of other nodes are 
connected to the base of the memory they have 
through the Scratch pad register. 

 
Figure 2 Mapping of physical memory areas of different 

systems through NTB 
 

II. OUR APPROACH 
 
The existing OpenSHMEM constitutes an 
interconnection network with TCP / IP protocol based 
socket communication through network devices such 
as InfiniBand and Ethernet. A core component of 
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such a cluster computing system is a system 
interconnection network technology, in which 
multiple computing systems are connected to one 
system and data is divided and processed. In clustered 
applications, RDMA is used to transfer relatively 
large data between nodes and load of CPU, and a 
partitioned global address space (PGAS) 
programming model is used to implement RDMA. 
OpenSHMEM, one of the PGAS programming 
models, runs on an interconnection network-based 
clustered computer, such as Infiniband or Ethernet. In 
addition, network devices such as Infiniband's host 
channel adapter (HCA) and Ethernet NICs support 
the TOE (TCP Offload Engine) function and handle 
TCP / IP packets on the hardware and use TCP / IP 
protocol or Socket Direct Protocol ) And a zero-copy 
technique. However, in the conventional socket 
communication, overhead may occur due to 
operations such as data copy, context switching, and 
pinning of the user area memory between the user 
area memory and the kernel area memory. 
In this study, DMA of PCIe is used to solve this 
problem. In order to implement the existing 
OpenSHMEM based on PCIe, the transfer between 
the existing Symmetric memory and the kernel 
memory and the DMA address of the Symmetric 
memory is performed by using the DMA protocol of 
the PLX SDK Device Driver. In the OpenSHMEM 
program initialization process, the Symmetric heap 
and the memory of the user area are allocated And 
mapping. 
 
III. FIRMWARE IMPLEMENTATION 
 
We check the input / output data in the PMBus BMC 
application in the MAX 10 Device used as the target 
board. When the BMC is executed, it is necessary to 
initialize the system and hardware resources required 
by the target board shown in Figure 3. This process is 
done in the main function of the application executed 
by the BSP. The main initialization functions are as 
follows. 

 
Figure 3 MAX 10 Device System Block Diagram 

 
Peripheral initialization function initializes various 
peripherals needed for PMBus. The built-in functions 

__builtin_ldwio (), __builtin_stwio (), and 
__builtin_xxxxx () that access specific memory areas 
of the Nios II are wrapped by macro functions such as 
IOWR () and IOWR_I2C_OPENCORES_TXR (). 
These functions are performed by using the offset and 
bit of each peripheral device as parameters.  
 

 
Figure 4 Pin Assignment 

 
The peripheral devices to initialize are ADC, Power 
Module, LED, FAN, User Flash Memory, voltage 
and temperature timer. Macro functions such as 
IOWR are defined in [BSP root] /HAL/inc/io.h of the 
BSP source code. Interrupt initialization function 
Initializes the interrupts used by the PMBus and 
register the ISR (Interrupt Service Routine). The 
corresponding interrupts are: Three PMBus alerts, 
button interrupts, UART interrupts (RX / TX), 
voltage and temperature timer interrupts. Peripheral 
initialization function initializes various peripherals 
needed for PMBus. The built-in functions 
__builtin_ldwio (), __builtin_stwio (), and 
__builtin_xxxxx () that access specific memory areas 
of the Nios II are wrapped by macro functions such as 
IOWR () and IOWR_I2C_OPENCORES_TXR (). 
These functions are performed by using the offset and 
bit of each peripheral device as parameters. The 
peripheral devices to initialize are ADC, Power 
Module, LED, FAN, User Flash Memory, voltage 
and temperature timer. Macro functions such as 
IOWR are defined in [BSP root] /HAL/inc/io.h of the 
BSP source code. Interrupt initialization function 
Initializes the interrupts used by the PMBus and 
register the ISR (Interrupt Service Routine). The 
corresponding interrupts are: Three PMBus alerts, 
button interrupts, UART interrupts (RX / TX), 
voltage and temperature timer interrupts. 
 

int main() 
{ 
 variable_init(); 
 peripheral_init(); 
 interrupt_init(); 
 
 printf("Board Management Controller is 
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ready\n\r"); 
 printf("Version 1.0\n\r"); 
 powerup(); 
 printf("Type HELP for supported 

command\n\r"); 
 //Only start timer when everything okay 
 voltage_n_temperature_timer_alarm_start(); 
 
 while (1) 
 { 
 } 
  return 0;} 
 

In the main () function of the PMBus BMC 
application, as shown in <Figure 3-26>, while 
executing the while (1) infinite loop, various 
functions are called according to the condition and 
finally a specific command is input from the user. 
The program proceeds as shown in the following 
flowchart.The features of BMC are as follows. 
• Power-up / power-down flow of external power 

module based on PMBus 
• Monitor external power module rails 
• Record data on voltage and temperature beyond 

the defined (set) threshold. 
• Control the DC fan based on the temperature 

delivered from the temperature sensor diode. 
 
RESULTS AND DISCUSSION 
 
The power module test bed developed in this first 
study will be used as a basic platform for the basic 
HW / SW Architecture grasp in future development 

of BMC firmware. BMC demand increases in terms 
of remote / autonomic management in terms of 
performance / cost / energy / heat efficiency in HPC 
and data center server management. It provides 
Improved hardware system management skills based 
on IPMI standards. It also provides higher possibility 
of development of management / policy based 
resource management function 
 
CONCLUSION 
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