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Abstract— Coarse-grained reconfigurable 
architectures (CGRAs) require many processing 
elements (PEs) and a con- figuration memory unit 
(configuration cache) for reconfiguration of its PE 
array. Though this architecture is meant for high 
performance and flexibility. Power reduction is very 
crucial for CGRA to be more competitive and reliable 
processing core in embedded systems. We propose a 
DDR SDRAM (Double Data Rate Synchronous 
Dynamic Random Access Memory) architecture to 
reduce power-overhead caused by reconfiguration. The 
power reduction can be achieved by using the 
characteristics like double pumping the data bus and an 
I/O buffer between the memory and the data bus of 
DDR SDRAM. All modules have been designed at 
behavioral level with VHDL coding and to Simulate in 
Xilinx ISE navigator.   
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1. INTRODUCTION 

To provide high quality multimedia on mobile and 
embedded systems, efficient algorithms for audio/video 
data transfer and processing have been developed.   
These algorithms are complex and have computation-
intensive and data-parallel characteristics. For such 
applications, two extreme approaches are used for their 
implementation: software running on a general purpose 
processor    hardware in the form of   application   -   
specific integrated circuit (ASIC). In the case of general 
processor, it is flexible enough to support various 
applications but they may not provide sufficient 
performance to cope with the complexity of the 
applications. In the case of ASIC, one can optimize the 
implementation in terms of power and performance but 
they rely on application.                                                                                                  

A coarse-grained reconfigurable architecture (CGRA) 
can provide the advantage of both the approaches. 
CGRA has higher performance than general purpose 
processor and wider applicability than ASIC. In spite of 
the previous advantages, the deployment of CGRA is 

prohibitive due to its significant power consumption. 
This is due to incorporation of many computational 
resources such as algorithmic logic unit (ALU), 
multiplier, divider, and configuration cache to perform 
frequent memory read operations for dynamic 
reconfiguration in every cycle.  

The configuration cache is the main component in 
CGRA that provides distinct feature for dynamic 
configuration. Even though configuration cache plays 
an important role for high performance but suffers from 
large power consumption. Therefore, reducing power 
consumption in the configuration cache has been a 
serious concern for reliability of CGRA. 

For Low power CGRA design, this paper provides an 
optimized Low Power Technique in the configuration 
cache and its hardware implementation. In this paper, 
we suggest a novel power-conscious architectural 
technique called to Double Pumping Technique(DPT) 
reduce the data transfer time and also increase the 
operating speed and power consumption in 
configuration cache. DPT is universal approach in 
reducing power and enhancing performance for CGRA 
because it can be achieved by closing the power-
performance gap between clock periods. High 
performance achieved increasing the data transfer rate.  
This has been demonstrated by using real application 
benchmarks and gate level simulations. This paper is 
organized as follows. After mentioning the related work 
in Section II, we discussed base architecture in Section 
III. In Section IV, we present the motivation of our 
approach. In Sections V and VI, we suggest power-
conscious techniques based DPT. 

2. RELATED WORK 

Many kinds of coarse-grained reconfigurable 
architecture have been proposed with the increasing 
interests in reconfigurable computing in recent years 
[1]. These CGRAs can be classified into two cases: 
mesh-based reconfigurable array and linear 
reconfigurable array. Mesh-based reconfigurable arrays 
arrange their processing elements (PEs) mainly as a 
rectangular 2-D array with both horizontal and vertical 
connections, which supports efficient parallelism. In the 
case of linear reconfigurable arrays, they support 
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pipelined execution for stream-based applications with 
static or dynamic reconfiguration. MorphoSys [8] and 
REMARC are representations of mesh-based 
architectures. MorphoSys consists of Tiny_{R}ISC 
processor, Reconfigurable Cell array, frame buffer, 
context memory and DMA controller. RC array is 
an8x8 array of ALUs that performs 16-bit operations 
based on single instruction, multiple data (SIMD) 
programming model. REMARC consists of a global 
control unit and an 8x 8 array of nano processors. The 
configuration for each nano processor is stored in the 
32-entry instruction RAM to support multiple 
instruction stream, multiple data stream (MIMD) 
execution model as well as SIMD model. RaPiD and 
PipeRench have linear array structure. RaPiD 
architecture provides different computing resources and 
these resources are irregularly distributed on one 
dimension which are static reconfigured.  Instance of 
CGRA considering area and performance, they do 
architectures have been implemented with various 
technologies. In our concept we are implementing 
DDR2SDRAM as reconfiguration of cache and PE 
array. 

 
3. BASE ARCHITECTURE 

BLOCK DIGRAM
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Figure 1.  New CGRA Schematic 

The above architecture involves the RISC processor 
which has the data bus and address bus. The fetching, 
decoding, execution functions are done here .For the 
functioning of these we need to have some kind of 
controller. These functioning can be done by DDR 
SDRAM controllers. These functions will reduce the 
overall complexity. Processing elements (PE) executes 
arithmetic and Logical Operations .The input data will 
be processed according to the RD/WR, Chip select, 
Data bus and address busses. The pipelining technique 
will be used to reduce the power. 
 
The configuration cache is the main component in 
CGRA   that provide    distinct feature for dynamic 
configuration. Therefore, reducing power consumption 

in the configuration cache has been a serious concern 
for reliability of CGRA. In this unit contain cache 
controller and memory unit. 

 
Figure 2.Risc Processor Schematic 

CGRA has higher performance 16 bit processor   and 
wider applicability than ASIC. The Processor which has 
the data bus and address bus. The fetching, decoding, 
execution functions are done here. The Control Signals 
from the control units send to Execution Unit and 
Memory Unit (ROM), based on the context word in the 
IR register the corresponding functions are processed 

           The data computations are done in A 
(accumulator) register and B register with help of ALU, 
finally results are stored in 16 bit A register and 
processor output register. The ALU functions are 
predefined in ROM. This processor ALU operations are 
done in the DDR RAM. 

 
 

Figure 3.RISC Processor Module Result 

           The above figure 4 shows the simulated result for 
RSIC processor modules. The modules inner blocks are 
designed with VHDL coding and simulated by model 
sim. The simulated result shows the processor’s 
arithmetic and logical computation   output for given 
two 16 bit data stored in   Reg A and Reg B, the same 
result on output register and it is taken as processor 
module final output. 
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4. RECOFIGURATION UNIT 

We have implemented the base architecture shown in 
Fig. 1 at the RT-level with VHDL [11].We have 
synthesized a gate-level circuit from the VHDL 
description and analyzed power cost. The synthesis has 
been done using Design Compiler with 0.18- m 
technology. We have used Design-Ware library for the 
multipliers (carry-save array synthesis model). 
DDRSDRAM Macro Cell library is used for the frame 
buffer and configuration cache. Model Sim and Prime 
Power or Xilinx tools are used have been used for gate-
level simulation and power estimation, respectively. To 
obtain power breakdown data, we have used 2-D-FDCT 
as the kernel for simulation-based power measurement. 
The simulation has been done for the typical case under 
the operating condition of 100 MHz frequency, 1.8 V 
and 27 C temperature. As be observed from Fig.4a the 
CGRA spends about 89% of the total power consumed 
in RAA. Fig. 4b shows more detailed power breakdown 
the RAA. 

The RAA spends about 48% of the total power 
consumed in the PE array, which consists of many 
components such as ALUs, multipliers, shifters, and 
register files. The PE array consumes maximum power, 
which is quiet natural because coarse-grained 
architecture aims to achieve high performance and 
flexibility with plenty of resources. The configuration 
cache spends about 43% of the total power, which is the 
second maximum power constraint. Even though the 
frame buffer uses the same kind of SRAM in the [13]. 
But in this paper we are combine both PEs and cache in 
a single unit named as reconfiguration unit , this 
reconfiguration is known as architecture reconfigure 
technique .  

 
 
Fig. 4. Power cost breakdown for CGRA running 2-D-FDCT: 

(a) entire CGRA and (b) RAA  
 

5. MOTIVATION 

We propose a DDR SDRAM (Double Data Rate 
Synchronous Dynamic Random Access Memory) 
architecture to reduce power-overhead caused by 

reconfiguration. The power reduction can be achieved 
by using the characteristics like double pumping the 
data bus and an I/O buffer between the memory and the 
data bus of DDR SDRAM. Figure5 describe the data 
transfer. 
 

 
 

Figure 5. Double Data Transfer Functional Diagram 

6. POWER-CONSCIOUS TECHNIQUES 
BASED DPT 

We re-configure the entire section of the processes is 
changing the cache section by DDR SDRAM. The 
architecture involves the RISC processor which has the 
data bus and address bus. The fetching, decoding, 
execution functions are done here .For the functioning 
of these we need to have some kind of controller. These 
cache and controllers are going to be replaced by DDR 
SDRAM controllers. These functions will reduce the 
overall complexity. The PE (processing element) will 
be changed to have its ALUs and Shift Functions. The 
input data will be processed according to the RD/WR, 
Chip select, Data bus and address busses. The 
pipelining technique will be used to reduce the power 
.All these processes will be done to simulate in Xilinx 
ISE navigator.   
 
Addressing memory in a DDR SDRAM memory 
requires four separate addresses: Chip Select, Bank 
Select, Row Address and Column Address. 
 In DDR SDRAM there are two memory chips 
connected in parallel, with unique chip enable signal. 
This configuration allows the two chips to share address 
and data lines. By selectively asserting only one chip 
enable single at a time, this configuration allows twice 
the memory depth compared with signal chip. Chip 
enable signals are controlled by highest level of the 
memory addressing modes. This addressing level is 
called the chip selects.  
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              The remaining three addressing levels all take 
place within a single memory chip. Figure-3 shows a 
simplified block diagram of the internals of a DDR 
SDRAM memory chip. At the core of the memory chip 
are four 2D memory array banks. Each memory banks 
are addressed by both a row and column address. To 
determine the memory selection it is necessary to first 
understand the process of reading from one of the 2D 
memory arrays.  To read from the 2D memory array 
involves various steps and initially involves in selecting 
which row in the memory array to be address. This is 
done by issuing an ACTIVE command to the memory. 
This results in the memory array outputting an entire 
row of data through the sense amplifier, shown in figure 
1. At this point the memory chip is ready to accept read 
commands. Read commands include a column address, 
which decodes and selects required piece of data, 
currently outputted by the sense amplifiers, to read. 
Once this process is completed the 2D memory array 
can be returned to an idle state and this is accomplished 
by issuing a PRECHARGE command to the memory.  
The need to both activate and pre-charged the 2D 
memory array is that both data’s cannot be transmitted 
on every clock cycle, since the memory bank is busy in 
handling other tasks. In order to mask the time required 
to activate and pre-charge the memory array, DDR 
SDRAM memory chips is utilized with four 
independent banks of memory. The idea behind this is 
that bank is being activated or pre-charged, transactions 
can still occur on the remaining banks. 
 
The DDR SDRAM   is designed with RTL with VHDL 
coding its simulated outputs are as shown in the figure8. 
 

7. POWER EVALUATION 

To demonstrate the effectiveness of our power-
conscious approach, we have analyzed the power 
consumption of base architecture configuration cache. 
Table I shows comparison of power usage between the 
two architectures. Selected kernels were executed with 
100 iterations. Compared to the base architecture we 
have saved up to 93.85% of the total power consumed 
in the configuration cache and 39.19% of that in the 
entire architecture. 

These results show that DPT a good solution for power 
saving in CGRA. In the case of 32 Taps FIR showing 
the maximum reductions  ratio, the total power 
consumption of proposed architecture is much less than 
the result of PipeRench PipeRench has been fabricated 
in a 0.18-micron process and shows power 
measurement with varying FIR filter tap sizes. The 
power measurement shows that the power consumption 
of 32 Taps FIR ranges from 600 to 700mW.  

 
 
 

 
 

Figure 8: 128 Meg X 4 Functional simulation result 

Existing result analyses are  
 
Table I                                                 
  

 
 
Table II 
 

 
 

New 32 DDR taps FIR power reduced to 93.85% 

        Our proposed reconfiguration technique is used 
mean we can improve memory size as well as reduced  
power consumption are achieved .The testing results  
and graphs  shows the experimental analysis. 
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Graph1 

 

Graph II 
 

 
 
Graph III 
 

 
 
Graph IV 
 
 
 
 

8. CONCLUSION 
 

Coarse-grained reconfigurable architectures 
are considered appropriate for embedded systems -
because they can satisfy both flexibility and high 
performance requirements. Though power consumption 
is crucial for the reconfigurable architecture to be used 
as a competitive processing core in embedded systems. 
Most reconfigurable architectures have a configuration 
cache for dynamic reconfiguration, which consumes 
high amount of   power. In this paper, we proposed the 
design of the Double Pumping Technique (DPT) for 
low power reconfiguration cache structure supporting 
this technique. Our architecture can be used to achieve 
power-savings in a reconfigurable architecture while 
maintaining performance same as general CGRA. In 
addition, new configuration cache structure is more 
efficient than previous one in terms of memory size. In 
the experiments, we show that the proposed approach 
saves power even with reduced configuration cache 
size. Power reduction ratios in the configuration cache 
and the entire architecture are up to 93.85% show that 
definitely the overall architecture power consumption 
get reduce. 
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