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Abstract—Memory management is a challenging issue of multi-
core architecture. With growing core numbers, Distributed 
Shared Memory (DSM) is becoming a general trend. In this 
paper, a DSM based multi-core architecture is explored and 
evaluated via an H.264 decoder application. The memory access 
and communication over Network-on-Chips is managed by the 
Data Management Engine (DME). Experimental results realized 
on an Altera Stratix VI show that 9-node distributed memory 
system increases performance by 1.5x compared to centralized 
memory. Moreover, the performance of proposed DSM 
architecture grows linearly with the number of cores deployed. 
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I.  INTRODUCTION 
Multi-core platforms have demonstrated excellent 

performance for many applications. To enable multi-core 
platforms, scalable interconnect fabrics, such as Network-on-
Chips (NoC), have been proposed over the last ten years. Serial 
buses are considered to be replaced by the parallel 
communication networks since buses do not scale well with the 
core numbers. On the other hand, the memory management 
represents another key issue in multi-core architecture. The 
traditional solution is a single shared memory connected with a 
bus, which scales badly with respect to performance, cost and 
power consumption. Distributed shared memory (DSM) is a 
promising approach which overcomes the limitations of 
centralized memory while retaining shared address space for 
programming and communication. 

Cache coherency, memory consistency and synchronization 
are critical parts of distributed shared memory design. These 
memory and data management can be handled by a 
programmable controller called Data Management Engine 
(DME) [1]. The DME is a micro-programmable IP aiming at 
ASIC-like performance while maintaining the flexibility of 
SW. It hosts two mini-processors to concurrently queue and 
handle requests from the local core and remote cores via the 
communication network. The mini-processors also allow users 
to implement various functions such as virtual-to-physical 
address translation, memory access, and synchronization 
realized using microcode. 

In this paper, a DSM based multi-core NoC architecture is 
explored. Each node hosts a DME connecting the core, the 
local memory and the network. Basic DSM functions are 
realized and an H.264 video decoder is mapping on the multi-
core NoC to evaluate its performance. By partitioning and 
parallelizing the H.264 decoder program, the multi-core 
platform can achieve higher performance compared to a single 
core. The DSM scheme supports high memory bandwidth 
while the DME can implement efficient synchronization 
mechanisms. We implement the multi-core H.264 decoder on 
an Altera Stratix IV FPGA and a comparison of distributed 
memory with centralized memory system is presented. 

The rest of the paper is organized as follows. Section II 
provides an overview of related work. Section III presents the 
FPGA demonstrator design and setup, including the hardware 
multi-core architecture and software H.264 decoder program. 
Section IV reports experimental results. Finally, section V 
draws conclusions. 

II. RELATED WORK 
Distributed shared memory has attracted attention since the 

late 1970’s. In [2], Monchiero explored a distributed shared 
memory architecture and focused on the energy/delay 
exploration. In [3], Hennessy reviewed the key developments 
that led to the creation of cache-coherent distributed shared 
memory and described the first implementation of hardware-
supported scalable cache coherence. In [4], Chennareddy 
specified the weak consistency properties and verified the 
distributed shared memory weak consistency models. In [5], 
Singh proposed the notion of invariant consistency that allowed 
specification of inter-process synchronization constraints. 
Invariant consistency simplifies programming as it eliminates 
application-level synchronization code to enforce inter-process 
constraints. DME was first introduced to support flexible 
distributed shared memory management on multi-core NoC in 
[1]. It off-loads DSM management from the main-processor 
and has been used for a range of different applications and in 
different ways [6,7,8]. 

Regarding H.264 decoder mapping on multi-core, in [9], 
Nishihara proposed two parallelization methods to balance the 



 

Figure 3. H.264 intra decoder diagram. 

load across multiple cores and reduce memory access 
contention. In [10], Finchelstein proposed several techniques 
that enable multiple parallel decoders to process a single video 
sequence and also demonstrated several on-chip caching 
schemes. 

In contrast to previous work we use a simple and scalable 
distributed shared memory architecture for a H.264 decoder 
and demonstrate its scalability when more cores are added. The 
DME simplifies the memory management and shields the 
application designer from the details of the memory and NoC 
architecture. Thus, the main contribution of this paper is a 
DME supported memory architecture that is scalable and 
simplifies application design. 

III. DEMONSTRATOR DESIGN AND SETUP 
The FPGA demonstrator is composed of a hardware multi-

core NoC architecture and an H.264 decoder application 
mapping on it. The multi-core NoC platform is based on 
distributed memory while a comparing platform based on 
centralized memory is also presented in this section. 

A. DSM Based Multi-core NoC Architecture 
Fig. 1 a) shows an example of the DSM based multi-core 

NoC platform. The system is composed of Processor-Memory 

(PM) nodes interconnected via a packet-switched network. The 
network has a mesh topology and its size is configurable. 
Priority-based round-robin arbitration mechanism is used and it 
guarantees fairness (no starvation) among requests and allows 
any unused time slot to be allocated to a request whose round-
robin turn is later but who is ready now. Each PM node has a 
LEON3 processor (with I-Cache and D-Cache), a DME plus a 
local memory. The AHB bus connects to the LEON3 and the 
DME, which connects to the local memory. As illustrated in 
Fig. 1 b), the local memory is partitioned into private and 
shared. The private memory speeds up frequent private access 
while all the shared memories maintain a single virtual space 
visible to all nodes. 

The global memory access and communication over NoC is 
managed by the DME. As shown in Fig. 2, the DME contains 
six parts, Core Interface Control Unit (CICU), Network 
Interface Control Unit (NICU), Control Store, Mini-processor 
A, Mini-processor B, and Synchronization Supporter. As their 
names suggest, the CICU provides a hardware interface to the 
local core, and the NICU a hardware interface to the network. 
The Control Store dynamically uploads the microcode and 
feeds it to the two mini-processors during the program 
execution. The Synchronization Supporter coordinates the two 
mini-processors to avoid simultaneous accesses to the same 
memory address and guarantees atomic read-and-modify 
operations. The two mini-processors are the central processing 
engine which features a five-stage pipeline and four function 
units: Load/Store Unit, Adder Unit, Condition Unit and 
Message Passing Unit. The four function units can work 
simultaneously and independently under control of horizontal 
microinstruction. The instruction sets are identical and include 
general purpose instructions as well as a number of specialized 
instructions for support of synchronization, message generation 
and address manipulations. These features of the DME provide 
efficient and transparent communication for the programmers. 

B. H.264 Intra Decoder 
H.264 standard facilitates high compression rate and 

requires large amounts of computation. The H.264 intra 
decoder functional diagram is shown in Fig. 3. Entropy 
decoder (DEC) parses the coded video bit stream, generating 
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Figure 2. Architecture of the DME. 

 

Figure 1. a) A mesh multi-core NoC, b) Processor-Memory node. 



 

Figure 5. H.264 decoder timing profile. 

 

Figure 6. Multi-core platform with centralized memory. 
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Figure 4. H.264 decoder communication diagram. 

transformed residual data for iTrans/iQuant (IT/IQ) and 
predictive mode for Intra Prediction (INTRA). IT/IQ 
demonstrates inverts-transform to restore residual, adding 
predictive pixels from INTRA to finally reconstruct the 
original frames.  

Multi-core architectures emerge as good solutions to tackle 
with this complex media application by task partitioning and 
parallelizing. Based on above multi-core NoC structure, we 
firstly implement a 3-core H.264 intra decoder, using shared 
memory communication for data movement. Fig. 4 shows 
inter-core communication overhead of the H.264 decoder, 
mainly including shared memory access time. For example, 
DEC stores transformed residual data and predictive mode in 
local shared memory occupying 1.6% of the overall application 
processing time. Synchronization and data communication 
among these three nodes are supported by DME, which 
implements efficient distributed memory management in the 
multi-core H.264 decoder. According to the portion of waiting 
time, we allocate communication buffers on local shared 
memory of DEC and INTRA node respectively. A double-
buffer scheme is also applied to the shared memory of each 
node to provide parallel data exchange between local and 
remote cores. For example, while a remote core is reading data 
from buffer one through network interface of DME, the local 
core can write new data to buffer two through core interface of 

DME, which implements parallelization of shared memory 
transactions. As depicted in Fig. 5, workloads of these three 
function nodes are well balanced. 

C. Comparing Platforms 
In order to compare with distributed memory architecture, 

we build a multi-core platform with a single shared memory, 
interconnected with an AHB bus, as shown in Fig. 6. It is 
called symmetric multiprocessors (SMP), since all processors 
have an equal relationship with the centralized memory. The 
centralized memory architecture supports the traditional 
programming model, has lower communication costs since the 
cores communicate through bus rather than through NoC. 
However, memory access latency of a huge centralized main 
memory is much larger than small distributed memories 
maintaining the same address space together. At the same time, 
bus conflicts become so severe and result in lower efficiency 
with more cores integrated and frequent memory access. 

We also map H.264 decoder on more cores to compare the 
performance of distributed memory to centralized memory 
based platforms, as Fig. 7 shows. The multi-core platform is 
partitioned into clusters each containing a 3-node subsystem. It 
needs to add a Task Distributor in hardware to distribute 
decoding tasks frame by frame to the clusters. In summary, we 
setup a demonstrator with frame-level parallel H.264 decoders 
mapping on distributed memory and centralized memory multi-
core platforms. 

IV. EXPERIMENT AND RESULTS 
We implement above multi-core platforms on an Altera 

Stratix IV FPGA, running 3-node, 6-node and 9-node H.264 
decoder programs to process QCIF (176x144 pixels) and CIF 
(352x288 pixels) pictures. The 3-node distributed memory 
platform consumes 91K logic cells and takes 19M clock cycles 
to decode one QCIF frame. Fig. 8 depicts comparison between 
centralized memory and distributed memory multi- core 
platforms. Results show a sharp degradation in performance of 
the centralized memory platform while the performance of the 
distributed memory platform grows perfectly with the number 
of cores. The 3-node H.264 decoder based on distributed 
memory achieves throughput of 25fps for QCIF and 6fps for 
CIF when the FPGA runs at 125MHz, nearly the same as the 



 

Figure 7. H.264 decoder 9-node implementation on a) distributed memory 
platform, and b) centralized memeory platform. 
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Figure 8. Comparison of distributed memory with centralized memory 
platforms. 

centralized memory platform. The Task Distributor and 
efficient distributed memory enable the 6-node and 9-node 
H.264 decoder to achieve almost 1 and 2 times performance 
improvement over the 3-node solution while that of the bus-
based centralized memory saturates quickly. 

V. CONCLUSION 
 An FPGA demonstrator of a multi-core H.264 decoder 

supporting distributed memory has been presented. Efficient 
distributed memory management is realized by the DME, 
which supports synchronization, message generation, address 
manipulations and parallelization of shared memory 
transactions, etc. The results are compared to a centralized 
memory platform. With H.264 decoder mapping on more 
cores, the performance of distributed memory platform scales 
linearly.  
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