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High-Performance and Low-Power Memory-Interface
Architecture for Video Processing Applications
Hansoo Kim and In-Cheol Park

Abstract—To improve memory bandwidth and power consumption in video applications, a new memory-interface architecture is
proposed. The architecture adopts an array address-translation
technique to utilize the fact that video-processing algorithms
have regular memory-access patterns. Since the translation can
minimize the number of overhead cycles needed for row-activations in synchronous DRAM (SDRAM), we can improve memory
bandwidth and energy consumption significantly. The features
of SDRAM and memory-access patterns of video-processing
applications are considered to find a suitable address translation.
Compared to the conventional linear translation, experimental
results show that the proposed architecture reduces about 89%
of row-activations and increases the memory bandwidth by
50%. In addition, the proposed architecture reduces the energy
consumption by 30% on the average.
Index Terms—Advanced memory interface, array address translation, low-power, MPEG, regular memory-access pattern, synchronous DRAM, video-processing application.

I. INTRODUCTION

A

S THE resolution of video-processing applications
becomes high, video signal processors should deal with
a large amount of data within a tightly bounded time. Due to
the large quantities, video data are stored in off-chip memories
that are usually slow, and thus the system performance strongly
depends on the memory bandwidth between processors and
external memories. For example, in decoding MP@HL video
streams, an MPEG-2 video decoder must feature 10-MB
memory as frame buffers and should access about 370 million data/s. To meet the requirement, we must exploit the
characteristics of video-processing algorithms that are usually
programmed using multi-dimensional arrays and nested loops.
Once an algorithm description is completed, the characteristics
of arrays such as dimension, size, loop bound, and stride are
determined. From the deterministic parameters, most memoryaccess patterns can be known at compile time [1]. The regularity of memory-access patterns can be effectively used to
reduce the number of clock cycles required in array accesses.
In order to improve memory bandwidth, newer DRAM
families such as synchronous DRAM (SDRAM) and Rambus
DRAM (RDRAM) are now widely used in high-performance
video systems as they are equipped with high-performance
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features. For example, SDRAM has two key features: burst
access mode and multiple bank architecture [2]. The burst
access mode makes it possible to access a number of data
by changing only column addresses, and the multiple bank
architecture can hide memory cycles needed for row-activations
and precharges by accessing different banks alternatively. Since
the number of additional cycles needed for row changes is
considerable, we have to reduce the number of row changes
or hide these cycles by using the high-performance features
of SDRAM. This observation motivated us to research an
array address-translation technique to minimize the number of
overhead cycles needed for row changes.
Besides the high memory bandwidth, low-power consumption
becomes an important factor to be considered in system design.
As the power related to memory accesses dominates the whole
system power in data-dominated systems, it is essential to reduce
the memory power consumption [3]. Among many memory operations, row-activation and column data access are dominant in
memory power consumption. Since the switching of the address
bus between processors and memories is also a major source of
power consumption, we can save power significantly by using
the address translation that minimizes both the number of rowactivations and the number of commands on the address bus.
In this paper, we propose a memory-interface architecture to
improve memory bandwidth and power consumption in videoprocessing applications, extending our previous work that presented an array address-translation technique [4]. The rest of
this paper is organized as follows. Section II briefly explains
previous researches on the improvement of memory bandwidth
and on the power reduction. Section III describes a simplified
architecture and features of SDRAM and Section IV explains
the problem we deal with. We propose the array address-translation technique and the memory-interface architecture in Sections V and VI, respectively. Section VII describes the effect of
the proposed architecture on energy consumption. Finally, experimental results are shown in Section VIII.
II. RELATED WORKS
Memory hierarchy has been actively researched to increase
the performance of computer systems [5], [6]. In the hierarchy,
as a lower level memory provides a faster access time at the
cost of limited amount of entries, memory bandwidth can be increased by reducing the number of accesses to slow higher level
memories. Using the locality of a given application, an analytical strategy has been presented for exploring memory configurations such as cache size and line size [6]. Moreover, several
memory data-layout techniques have been presented in [7], [8]
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to assign scalar or array variables to physical addresses so as to
reduce conflict cache misses by using deterministic memory-access patterns in applications. However, as the memory-access
patterns of video applications have little degree of locality, the
conventional cache memory systems are not appropriate for the
video-processing applications. For example, in the motion-compensation routine of MPEG-2 video decoding, reference macroblocks cannot be determined until the corresponding motion
vectors are decoded. This uncertainty makes it difficult to reduce
the number of page replacements in the previous techniques. Instead of cache memory systems, on-chip local buffer schemes
are used in the video-processing applications in order to exploit
burst access modes and synchronize memory-accesses with data
operations.
To utilize the fast interface schemes of newer DRAM families,
several pre-synthesis optimizations have been proposed, such as
variable clustering, access reordering, bank assignment and loop
transformations [9]. Though these techniques are very effective
in increasing memory bandwidth, a lot of row-activations may
happen if logical arrays arelinearly mapped to physical addresses,
and thus may make the system performance worse in video-processing applications. Although a tile-based memory organization
was presented for MPEG-2 video decoding to avoid unnecessary
page-breaks in SDRAM [10], [11], it is limited to a specific application and memory type, as a systematic approach to find an
optimal organization is not presented.
In [1], it is shown that the memory hierarchy can be optimized
in terms of power consumption, as well as system performance,
by doing a tradeoff between cache miss rate and cache size. The
authors in [12] proposed a low-power memory mapping technique to reduce address bus activity. Considering the regularity
and locality of behavioral array accesses in application specifications, the technique reduces the number of transitions on the
memory address bus to save the power consumption of off-chip
drivers and memory decoding circuitry. However, it did not consider the number of row-activations which is a crucial source of
memory power.
This paper presents a memory-interface architecture to increase the memory bandwidth and to reduce power dissipation
in SDRAM. The architecture adopts an array address-translation technique that utilizes the regular memory-access patterns,
as well as advanced features of SDRAM in order to reduce the
number of row changes in SDRAM. Since the address translation does not affect data locality, it can be associated with
the memory hierarchy system. To reduce conflict misses in the
cache memory, the memory data-layout technique assigns an
appropriate physical space to each array by considering interleaving accesses of arrays [7]. An array is partitioned into a set
of sub-arrays to further reduce the conflict cache misses [8]. Although the memory data-layout techniques determine the physical address spaces of arrays, they assume an array is linearly
mapped to the corresponding physical space. As the proposed
architecture deals with how to translate the physical address of
a block within an array in order to minimize the number of row
changes required to access the block data, the proposed translation can be integrated with the memory data layout techniques.
By applying both techniques simultaneously, we can reduce the
number of cache line replacements as well as the time to fill
cache lines. In addition, the pre-synthesis optimizations such as

Fig. 1.
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Architecture of typical SDRAM.

variable clustering, access reordering and loop transformations
can be applied complementarily for scalar variables that have
irregular access patterns usually.
III. FEATURES OF SDRAM
In this section, we explain the basic architecture, access operations and an energy consumption model of SDRAM. A simplified architecture of typical SDRAM is shown in Fig. 1. Four
banks share the address and data buses, while each bank has its
own row decoder, column decoder, and sense amplifier. A Mode
Register indicates one of several memory operation modes, including Burst-Length, CAS Latency, or Interleaving. The register is updated according to the command issued on the address
bus. A memory-access operation consists of three steps. First, a
row-activation command is activated to copy the row data of a
designated bank into the sense amplifier. Second, a burst access
command is issued to fetch data as many as Burst-Length from
the sense amplifier and send them to the data bus. Changing
only the column address, we can access other column data on
the same row without invoking any additional row-activation.
Finally, the sense amplifier is precharged for different row data.
Since these steps are pipelined with an external clock, SDRAM
can operate at high clock frequency and commands to different
banks can be overlapped, e.g., a row-activation command can
be overlapped with burst access operations of another bank to
reduce the number of cycles for the row-activation. As a result,
the memory cycles depend on the physical locations where the
successively accessed data are stored.
Let us consider, for example, two burst accesses of which
burst length is 4. In Fig. 2(a), RAS0 and CAS0 are commands
for accessing data stored in Bank0, while RAS1 and CAS1 are
for Bank1. As soon as the preceding burst data are fetched, the
data of Bank1 can be accessed without any additional cycles,
since Bank1 can be activated during the burst access of Bank0.
However, if both burst accesses read two different rows of the
same bank, some overhead cycles are inevitable. The second
burst data can be fetched, only after the precharge of the sense
amplifier, a row-activation and a column access operation are
serially finished, as shown in Fig. 2(b). If we assume that the
row-activation delay, CAS latency and precharge delay are all
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Fig. 2. Timing diagram of two consecutive read cycles in SDRAM. (a) Accessing data stored in two different banks takes 14 cycles. (b) Accessing data in two
different rows of the same bank takes 20 cycles.

three cycles, accessing eight data takes six more cycles. We call
these additional cycles overhead cycles.
Power consumption related to memory accesses can be divided into two components—core power and I/O power—as follows:
(1)
, , , and are the average current of SDRAM
where
to be used, average switching activity in I/O buses, I/O capacitance, and operating frequency, respectively.
The power consumption of the SDRAM core, the first term
of (1), is calculated by using dc currents in a memory specification [13], which are measured under various test conditions,
), active status (
), burst access
e.g., normal access (
), and refresh (
). Thus,the dc current can be
mode (
estimated by averaging these dc current parameters weighted by
the execution time of each operation. The execution time depends
on the numbers of row-activations, refreshes and data transfers.
Therefore, the dc current of SDRAM can be calculated by (2),
,
, and
denote minimum
where
memory timing parameters for row-activation, precharge and
,
, and
denote
clock period, respectively [14], and
the numbers of row-activations, data transfers, and refresh commands within a total execution time , respectively. While the
first and the second terms denote the induced currents during data
accesses with a row-activation and without any row-activation,
respectively, the third and fourth terms denote the induced current
of refresh operation and that of active status, respectively [14]

(2)

Fig. 3. Block diagram of a conventional memory-interface architecture.

To calculate the column data access time, the term (DN CN)
has been measured under a test
is used instead of DN, since I
condition that a row-activation and a data access are repeatedly
already includes the induced current
issued. In that case, I
for a data access. Similarly, the last term of (2) is to compensate
,
,
the active standby current that is already included in
.
and
As shown in (1), the I/O power consumption of SDRAM is
proportional to bus switching activity, once the operating frequency and I/O capacitance are fixed. In the command-based
memory such as SDRAM and RDRAM, the switching activity
is closely proportional to the total number of commands. Hence,
reducing the number of commands is important to save power
consumption.
IV. PROBLEM DEFINITION
Fig. 3 shows a conventional memory-interface architecture in
which a memory controller takes physical addresses as its input
and generates proper SDRAM commands. Due to the separate
SDRAM command generator, memory operations and data processing operations can be executed in parallel. However, if a
sequence of physical addresses requires many row-activations,
the overhead cycles become considerable, degrading the system
performance.
In the video-processing applications, video data are usually
represented by multi-dimensional arrays that are processed in
nested loops. A loop statement is expressed with the initial
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However, if logical addresses are translated as shown in
Fig. 5(b), accessing the block does not induce any row change.
To minimize the number of row changes that degrade system
performance, we propose a translation of logical addresses
of a multi-dimensional array into physical addresses. For the
address translation, a logical array is partitioned into a set of
rectangles called windows and each window is stored in a row
of SDRAM. The windows of Fig. 5(a) and (b) consist of 1 line
128 data and 8 lines 16 data, respectively.
V. ARRAY ADDRESS-TRANSLATION TECHNIQUE

Fig. 4.

A fragment of the MPEG-2 video-decoding algorithm.

value, bound and stride of a loop index variable. The loop
index variable changes from the initial value to the bound
representing the loop limit. The stride denotes an incremental
step for the loop index variable. The bound and stride of the
loop as well as the dimension and size of the array are statically
determined. The number of data accessed sequentially can be
determined by the loop bound of the innermost loop. As this
number is usually fixed in video-processing applications, a set
of memory accesses of the innermost loop is called a “blocktype access.” The indices of the outer loops determine the start
address of a block-type access, but do not change the number
of data accessed sequentially.
Fig. 4 shows a fragment of a simplified MPEG-2 video decoding algorithm. There are two nested iteration loop pairs in
the routine. In the outer loop pair (lines 1–11), the routine performs macroblock processing such as motion vector decoding,
inverse discrete cosine transform (IDCT) decoding, and motion
compensation (MC). The inner loop pair (lines 5– 9) generates
motion compensated 16 16 pixels to be stored into the frame
memory. There are many memory operations in the inner loop
pair, and the size of a block-type access is fixed to 16 16,
,
which is the size of a macroblock. The motion vector (
) is determined at run time.
If we choose a proper address translation such that the
block-type data accessed in the innermost loop are stored in a
row or in different banks, the block-type access does not induce
any overhead cycles for row-activations. The problem to be
solved is to find such an address-translation scheme that converts logical addresses (array indices) into physical addresses.
We will show several conditions for optimal address translation
and present an efficient searching algorithm in Section V.
Let us explain the motivation of address translation by using
a simple example. Consider an algorithm that processes a 2-D
array of 8 8 data, as shown in Fig. 5. If logical addresses are
linearly mapped to physical addresses, accessing a block of
8 8 data causes seven row changes, as shown in Fig. 5(a).

The most important problem in array address translation is
to find a suitable window size that minimizes the number of
memory cycles. The memory cycles consist of pure column data
accesses and overhead cycles for row changes. The overhead
cycles are categorized into two groups, intra-overhead cycle
and inter-overhead cycle. The intra-overhead cycle denotes the
row-change overhead that cannot be hidden during a block-type
access. We assume that the first desired row of every bank visited in the block-type access is already activated. On the other
hand, the inter-overhead cycle denotes the row-change overhead
cycles between block-type accesses incurred to activate the first
desired row of every bank that is visited in the latter block-type
access.
To minimize the overhead cycles, it is necessarily required
that any block-type access should take zero or minimal intraoverhead cycles. In this section, we explain several conditions
that guarantee the zero or minimal intra-overhead cycles. The
conditions depend on the characteristics of inner loops (bounds
and strides of loops) and SDRAM parameters, such as the size
of a row and the overhead cycles of a row change. Since the
number of banks in SDRAM diversifies the conditions, we describe the conditions for 2-D arrays assuming 2-bank, 4-bank,
) memories. We focus on 2-D arrays, since
and 2 -bank (
the video data are usually represented with 2-D arrays. Even if
video-processing algorithms can use multi-dimensional arrays
to include a time dimension, they usually access the 2-D video
data of a time frame in the innermost loop of the algorithms.
Thus considering 2-D arrays is usually sufficient to improve the
memory bandwidth of the video-processing algorithms.
Besides the regular block-type accesses, the variation of outer
loop also plays an important role in determining memory-access patterns at run time. As the number of inter-overhead cycles depends on the dynamic memory-access patterns, we use a
simple memory-access simulation to take into account the dynamic memory-access patterns. We also explain in this section
an efficient algorithm that searches for an optimal window.
A. Conditions for Minimal Overhead Cycles
1) Number of Banks 2:
Condition 1: All the data of a block-type access are contained in a window.
It is apparent that the first condition induces no row change,
since all the data to be accessed are stored in a row. The window
in Fig. 5(b) satisfies this condition and thus the access of 8 8
data needs no row change.
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Fig. 5. Row changes for two physical memory maps. (a) Logical array with (1, 128)-windows and its physical memory map. (b) Logical array with (8, 16)-windows
and its physical memory map.

that if the horizontal size of windows is larger than two times
of the horizontal loop bound, the mapping A is superior to the
mapping B. For accurate calculation, the number of overhead
cycles should be considered
overhead occurrence in mapping A
(a)

(b)

Fig. 6. Two possible mapping cases of a block data when the block data
are stored in vertically contiguous windows and the number of banks is two.
(a) Mapping A. (b) Mapping B.

Condition 2: If all the data of a block-type access are contained in windows that are contiguous horizontally, the horizontal size of windows must be greater than the loop bound and
the horizontally contiguous windows must be stored in different
banks.
When block data are stored in horizontally contiguous windows, the block-type access must visit different windows. The
condition that the horizontal size of windows is greater than the
loop bound guarantees that the number of windows to be visited
horizontally in any block-type access is at most 2. As the desired
rows of two different banks visited in the block-type access are
already activated, the number of intra-overhead cycles is zero.
When a block-type access visits vertically contiguous
windows, it is impossible to avoid the intra-overhead cycles
completely in 2-bank memory. Therefore, it is important to
select an appropriate mapping between two possible cases
shown in Fig. 6, where h_size (v_size) and h_bound (v_bound)
denote the horizontal (vertical) size of windows and the
horizontal (vertical) loop bounds, respectively. A block-type
access contained only in vertically contiguous windows does
not induce intra-overhead cycles in mapping A, while it induces
intra-overhead cycles in mapping B. Hence, the probability
that a block-type access induces intra-overhead cycles in each
mapping can be calculated as equations (3) and (4), where
(vertical break) means the probability that a block-type access
visits two vertically contiguous windows. The equations show

vertical break

(3)

overhead occurrence in mapping B
vertical break

(4)

2) Number of Banks 4:
Condition 1, 2: These conditions are the same as the cases
of 2 banks.
Condition 3: If all the data of a block-type access are contained in windows that are contiguous horizontally and vertically, four windows that are contiguous horizontally and vertically should be stored in different banks, the horizontal size
of the windows must be greater than the innermost loop bound,
and the product of the vertical size of windows and the innermost loop bound is greater than the minimum number of data
needed for hiding the row-change overhead cycles.
Since all the neighboring windows are stored in different
banks, any row-activations of vertically contiguous windows
can be overlapped with the burst-accesses of other windows.
Since the product of the vertical size of windows and the
innermost loop bound is greater than the overhead cycles of
a row change, the overhead cycles can be hidden by column
accesses of other banks. Therefore, a block-type access does
not need any intra-overhead cycles unlike the 2-bank case, if it
meets at least one of the above conditions.
Fig. 7 shows block-type accesses of two arrays. If we assume that each window is translated such that it meets one of
the above conditions, no intra-overhead cycle is induced within
a block-type access. However, the last data of Block1 and the
first data of Block2 are stored in two different rows of Bank3,
and thus the block-type access of Block2 induces inter-overhead
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Fig. 9. Simplified flow of the proposed algorithm searching for the best
window size.
Fig. 7. Block-type accesses of two arrays that are stored in the same set
of banks. In this case, overhead cycles are required in changing block-type
accesses.

Fig. 8. Block-type accesses of two arrays that are stored in different sets
of banks. In this case, no overhead cycle is required in changing block-type
accesses.

cycles. We can minimize these inter-overhead cycles by array
partitioning and memory-access simulation, which will be explained in the next subsection.
(
): As mentioned in the
3) Number of Banks
4-bank case, four is the minimum number of banks required to
access block data without any intra-overhead cycle. However,
if multiple arrays are accessed in an interleaving manner, the
interference may lead to inter-overhead cycles. To avoid the interference effects, we use an array-partitioning method [9]. Our
groups, not
method differs in that arrays are partitioned into
groups, where denotes the number of banks in SDRAM,
and four banks are exclusively assigned to each group. Arrays
are partitioned such that the total interference among arrays in
a group is minimized. In such a partitioning, most interferences
occur between different groups that are stored in different bank
sets, and thus the inter-overhead cycles of the interleaving array
accesses can be minimized as shown in Fig. 8.
B. Searching Algorithm for an Optimal Window
Besides the regular block-type access, the variation of
outer loop indices also plays an important role in determining
memory-access patterns. The indices of outer loops determine
only the start address of a block-type access, and do not change

the number of data accessed sequentially. Since the start
addresses of block-type accesses are usually varying at run time
in video-processing applications, memory-access simulations
for all the candidate windows are needed to determine an
optimal translation. The simulation estimates overhead cycles
by calculating physical locations of memory operations of
typical input vectors. To choose a robust address translation, we
should determine the window size by performing the simulation
repeatedly for various typical input vectors. Since the repetitive
simulations are very time-consuming, we present an efficient
algorithm, as outlined in Fig. 9.
The algorithm takes the C-description of an application as its
input and generates an optimal translation of the given application considering the memory-access patterns and parameters
of SDRAM, such as the number of banks and the size of a row.
First, based on static memory-access patterns such as loop characteristics and array information contained in the C description,
the algorithm evaluates the conditions for minimal intra-overhead cycle windows and selects candidate windows that meet
the conditions. Second, repetitive simple memory-access simulations are performed for the candidate windows selected in
the first step to consider dynamic memory-access patterns. By
taking into consideration the dynamic access patterns, the simulation can consider the interleaving accesses of multiple arrays.
The simple simulation calculates only the variation of start locations of block-type accesses, not the whole memory accesses, in
order to reduce CPU time. As block-type accesses of the innermost loops do not induce any intra-overhead cycles in 2 -bank
) memories, the simple simulation that estimates the
(
number of inter-overhead cycles is sufficient to calculate overhead cycles accurately. If the number of banks is less than 4,
intra-overhead cycles are also considered, which are computed
from the number of vertical windows visited during a block-type
access. Lastly, the algorithm chooses the best window associated with the minimum overhead cycles.
C. Code Transformation
To exploit the burst access mode, a simple loop transform
should be performed in the algorithm description. The transform
separates memory-access operations from data processing operations, as shown in Fig. 10. After this transform, there are only
data processing operations that fetch data from the local buffer
in the innermost loop (lines 6–10), and a 16 16 block data is
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access, such as bank, row,and column addresses. It also calculates the corresponding window, (
,
), and the position
,
).
within the window where the first data is stored, (
Then, Next-Line block computes the physical addresses of the
first data of every line in the block-type access. If the data of
a block-type access are stored in two horizontally contiguous
windows, Next-Line block must generate the physical address
of the first data of every line in the latter window. Next-Line
block also conveys timing information on when the commands
should be issued to the SDRAM command generator.
Though the on-chip local buffer is assumed in this paper, a
cache memory can be used to replace the local buffer as long
as the cache size is large enough to cover a block-type access.
The cache memory is placed before the address-translation logic
and looked up with virtual addresses obtained by linearly translating the logical indices. In this case, the proposed method can
improve the system performance by reducing overhead cycles
of external SDRAM accessed for cache line filling as well as
by eliminating external memory accesses for the data hit in the
cache.
Fig. 10.

Fig. 11.

Transformed algorithm of the Fig. 4.

Block diagram of the proposed memory-interface architecture.

transferred between the external memory and the local buffer by
a sequence of burst access modes (lines 5 and 11).
VI. PROPOSED MEMORY INTERFACE ARCHITECTURE
To apply the proposed array address-translation technique,
the memory-interface architecture should include an addresstranslation logic as shown in Fig. 11. The address-translation
logic is placed in between the processor and the SDRAM command generator, and an on-chip local buffer is included to synchronize the burst data with data processing operations.
In this architecture, a memory operation is executed as follows. The processor requests a block-type memory access to
the SDRAM controller. Then, the controller generates SDRAM
commands after the array address translation. If the data of a
block-type access are dispersed to several windows, many rowactivations are required, but they can be hidden by other burst
accesses. Although the address-translation logic is additionally
required compared to the conventional architecture, it can reduce the overhead cycles significantly.
As shown in Fig. 12, the modified SDRAM controller
contains the address-translation logic consisting of two blocks:
First-Line block and Next-Line block. First-Line block calculates the physical location of the first data of each block-type

A. Hardware Implementation of Address-Translation Logic
First-Line block takes logical indices, window sizes and the
number of data to be accessed as its inputs and generates the
physical address of the first data element by dividing the logical
,
). In case of 2-D
indices ( , ) by window sizes (
arrays, two division operations are required for horizontal and
vertical axes. To minimize the hardware overhead, a bit-serial
divider is employed to generate quotient and remainder results
simultaneously.
The Next-Line block calculates the physical address of the
first data in each line. Since the video data are accessed in a
block-type, the physical locations of the rest lines can be incrementally calculated from that of the first line. For the incremental calculation, we use three counters—a bank counter, a
row counter and a column counter—which select their increments according to the relation between the windows of the current data and the previous data, as shown in (5)–(7). The bank
counter can select its increment among 0, 1 and 2, while the row
, which
counter can select its increment among 0, 1, and
denotes the number of rows that are needed to store as many
). If
array lines as two times of vertical window size (
the window of the current data is the same as that of the previously accessed data, the bank and the row addresses do not
change. If the current window is horizontally contiguous to the
previous window-like block-type accesses Fig. 13(a) and (b),
the bank counter increases by 1 and the row counter increases by
0 or 1. Lastly, if the current window is vertically contiguous to
the previous window like block-type accesses Fig. 13(c) and (d),
the bank counter increases by 2 and the row counter increases by
. Similarly, the column counter can select its operand
0 or
,
and
, where
denotes the horamong
izontal position of the first data within the window and
and
are calculated with the window size and the vertical
,
increment in the innermost loop. As shown in Fig. 14,
, and
are used for the column address calculations of the first data in the horizontally contiguous window,
the next line data within the window and the next line data in
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Fig. 12. Block diagram of the SDRAM controller.

if

(5)

otherwise

if
if
Fig. 13.

Mapping of logical window to physical memory.

otherwise

if
otherwise
(6)

if
Fig. 14. Increments for column address calculation.

if

the vertically contiguous window. The numbers of the shaded
data denote increments for calculating new addresses from old
addresses

otherwise

if

(7)

otherwise.
if
if
otherwise

Since these increments depend on loop characteristics, array
information and window size, it is sufficient to calculate them
only once at start time. To deal with arrays in loops with different characteristics, the address-translation logic can include
several tables of increments that are indexed by loop identifiers.
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Hence, the address-translation logic is implemented with a divider, three counters, increment tables, and simple controllers.
As First-Line block is implemented with a bit-serial divider,
a division operation takes about 12 cycles, if the bit width of
logical indices is 12. Thus, it takes about 26 cycles to calculate
the physical location of the first data in First-Line block. After
the physical location of the first data is calculated, the Next-Line
block can generate the column address of the burst access at
every cycle. Finally, the SDRAM command generator generates
the commands to hide row-activations as many as possible by
using the burst accesses. Since the number of data in a block
is usually large and the data are processed in a pipeline way,
the latency of the address-translation logic does not degrade the
throughput of memory operations.
We implemented the address-translation logic for a MP@HL
MPEG-2 video decoder with a 0.35 - m CMOS standard-cell
library. To process a high-resolution video and loops that have
the different loop characteristics, the bit-length of array indices
is set to 12 and the increment tables have six entries. The hardware complexity of the address-translation logic is 7253 equivalent gates, which is negligible compared to that of the MP@HL
MPEG-2 video decoder core.
VII. ENERGY REDUCTION BY ADDRESS TRANSLATION
In this section, we explain the effect of the array addresstranslation technique on energy consumption in SDRAM. As
explained in Section III, the memory-related power consumption consists of two components, the core, and the I/O power
consumptions. Since row-activations and column data accesses
are the major sources of the core power consumption, their
power consumption must be reduced. As specified in [13], we
assume that the dc currents of row-activation, burst access, and
refresh operations are about 150, 180, and 210 mA, respectively. As the last compensation term of (2) is small enough to
be ignored, the equation of average current can be simplified to
,
, and
(8), where we assume that
are 45, 20, and 7.5 ns, respectively. In practice, the number of
refresh commands is quite small compared to other commands.
Thus, the equation shows that row-activations and column data
accesses are important sources of memory power consumption
and that a row-activation command induces more current than a
column data access by about six times. Therefore, the proposed
technique can save the energy consumption by reducing the
number of row-activations

(8)
In addition to the power consumption of the memory core,
switching of the interconnection bus connecting the processor
and the memory is a crucial source of power consumption. As
the switching activity is normally proportional to the number of
data and commands, it is required to reduce the number of commands needed to access the same number of data. The proposed
address-translation technique has a chance to reduce the power
consumption significantly by reducing the number of row-activation commands. Hence, though the technique leads to addi-

TABLE I
MEMORY PARAMETERS

tional power consumption in the address-translation logic, the
reduction of I/O power and bit-line switching power pay off the
additional power.
VIII. EXPERIMENTAL RESULTS
As a test application, we use the MPEG-2 video decoding
algorithm [15], which processes 2-D video data and consists
of several kernel operations such as variable-length decoding
(VLD), de-quantization, IDCT, MC, and block addition (BA). In
particular, the MC and BA routines intensively access the video
data stored in external memory. Since the kernel operations in
MPEG-2 decoding are processed with a group of data called a
“macroblock,” the memory-access patterns in the routines are
almost deterministic, e.g., the burst length is determined to 8,
9, 16, or 17 and the stride of the vertical axis is fixed to 1 or 2
according to the MC mode.
We use a set of MPEG-2 video bit-streams each of which
contains 15 frames. Table I shows the characteristics of
memory parameters used in this experiment [13]. According to
the memory-timing parameters, we assume that the number of
cycles needed for each row-activation and pre-charge is in the
range of 3–10, which varies with operation types such as read
and write. To meet the refresh period, five refresh commands are
generated at every 40 s. With these parameters, we calculate
the memory cycles of two address translations; the first stores
the video data linearly in order of logical addresses (linear
translation), and the second translates the logical addresses
appropriately for the MPEG routine (proposed translation).
Table II shows the results of the two address translations. The
first and the second columns show the MPEG-2 bit streams and
the number of data accessed during MPEG-2 video decoding,
respectively. The third and the fourth columns show the number
of execution cycles for memory operations. The last column
shows the speedup of the proposed method. As shown in the
table, the video decoding under the linear translation consumes
a large number of cycles for row-activations, while the proposed
translation requires almost no additional cycles. On the average,
the speedup of the proposed translation over the linear translation is 1.5.
As shown in Fig. 15, the overhead cycles computed by the
proposed algorithm is consistent to the result of the exact simulation. The speedup of the proposed algorithm over the exact
simulation is about 76 and the relative error is less than 5%,
which indicates that our algorithm is efficient in finding an optimal window.
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TABLE II
COMPARISON OF MEMORY CYCLES

Fig. 15.

Consistency of the results of the proposed algorithm and those of the exact simulation.
TABLE III
COMPARISON OF THE NUMBER OF SDRAM COMMANDS

TABLE IV
COMPARISON OF THE NUMBER OF ROW-ACTIVATION COMMANDS

Table III shows that the proposed translation reduces 29%
of SDRAM commands which have a significant effect on the
switching activity of the external address bus. Particularly, the
number of row-activation commands that induce large energy
consumption in SDRAM is reduced by a factor of ten, as shown

in Table IV. Table V shows the active current, total execution
time and energy consumption of the two translations. The average current is calculated by taking an average over the execution time. Since the execution time is decreased very much in the
proposed translation, the average current is slightly increased.
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TABLE V
COMPARISON OF ENERGY CONSUMPTION IN SDRAM CORE

Nevertheless, the energy consumption of memory core that is a
product of the average current and the execution time is saved
by about 30% on the average, as shown in Table V. To take into
consideration the power consumption of the address-translation
logic, we estimate the power using PowerMill. As the estimated
average current is 3.1 mA, the overhead is about 1.6%.
IX. CONCLUSION
We have proposed a new memory-interface architecture that
translates memory addresses to improve memory bandwidth
and power consumption in multi-dimensional video-processing applications. We have also presented an algorithm
that searches for a suitable window size that can be stored in
a row of SDRAM considering the memory-access patterns
and memory parameters. Experimental results show that the
proposed translation is very effective in increasing the memory
bandwidth of SDRAM and reducing the number of memory
cycles required for row changes and precharges. In addition,
the proposed architecture can save energy consumption of
SDRAM by reducing the switching activity of the address bus
and the number of bit-line charging.
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