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Abstract—Existing DRAM controllers employ rigid, nonadaptive scheduling and buffer management policies when servicing prefetch
requests. Some controllers treat prefetches the same as demand requests, and others always prioritize demands over prefetches.
However, none of these rigid policies result in the best performance because they do not take into account the usefulness of
prefetches. If prefetches are useless, treating prefetches and demands equally can lead to significant performance loss and extra
bandwidth consumption. In contrast, if prefetches are useful, prioritizing demands over prefetches can hurt performance by reducing
DRAM throughput and delaying the service of useful requests. This paper proposes a new low hardware cost memory controller, called
as Prefetch-Aware DRAM Controller (PADC), that aims to maximize the benefit of useful prefetches and minimize the harm caused by
useless prefetches. The key idea is to 1) adaptively prioritize between demands and prefetches, and 2) drop useless prefetches to free
up memory system resources, based on prefetch accuracy. Our evaluation shows that PADC significantly outperforms previous
memory controllers with rigid prefetch handling policies. Across a wide range of multiprogrammed SPEC CPU 2000/2006 workloads, it
improves system performance by 8.2 and 9.9 percent on four and eight-core systems while reducing DRAM bandwidth consumption by
10.7 and 9.4 percent, respectively.

Index Terms—Memory systems, prefetching, memory controllers, DRAM, multi-core systems.
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1 INTRODUCTION

HIGH-PERFORMANCE memory controllers seek to maximize
throughput by exploiting row buffer locality. A modern

SDRAM bank contains a row buffer that buffers the data of the
last accessed memory row. Therefore, an access to the same
row (called row-hit) can be serviced significantly faster than
an access to a different row (called row-conflict) [18]. Due to
this nonuniform access latency, state-of-the-art memory
delaying it by servicing the row-conflict demand request
first may not result in the best performance.

In addition, prefetching does not always improve and
can sometimes degrade performance due to two reasons.
First, useless prefetch requests unnecessarily consume
valuable off-chip bandwidth and fetch useless data that
might displace useful data blocks in processor caches.
Second, prefetch requests contend for the same resources
(e.g., memory request buffer entries and memory bus
bandwidth) as demand (load/store) requests issued by a
processing core. As a result, a prefetch request can delay a
demand request, which could lead to performance degra-
dation especially if the prefetch is useless. If the interference
between prefetch requests and demand requests is not
controlled, system performance can degrade because either
demand requests or useful prefetch requests can be
significantly delayed.

Existing DRAM scheduling policies take two different
approaches as to how to treat prefetch requests with respect
to demand requests. Some policies [42] regard a prefetch
request to have the same priority as a demand request. As
noted above, this policy can significantly delay demand
requests and cause performance degradation especially if
prefetch requests are not accurate. Other policies [9], [14],
[7], [35], [36] always prioritize demand requests over
prefetch requests so that data known-to-be-needed by the
program instructions can be serviced earlier. One might
think that always prioritizing demand requests over
prefetch requests in the memory controller provides the
best performance by eliminating the interference of prefetch
requests with demand requests. However, such a rigid
demand-over-prefetch prioritization policy does not con-
sider the nonuniform access latency of the DRAM system
(row-hits versus row-conflicts). A row-hit prefetch request
can be serviced much more quickly than a row-conflict
demand request. Therefore, servicing the row-hit prefetch
request first provides better DRAM throughput and can
improve system performance compared to servicing the
row-conflict demand request first.
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four-core system, and for 21 SPEC workloads by 9.9 percent
on an eight-core system while also reducing memory
bandwidth consumption by 10.0, 10.7, and 9.4 percent for
two, four, and eight-core systems, respectively. We show that
our controller has low implementation complexity and
storage cost, requiring only 4.25 KB of storage in a four-core
system.

Contributions. To our knowledge, this is the first paper
that comprehensively and adaptively incorporates prefetch
awareness into the memory controller’s scheduling and
request buffer management policies. We make the following
contributions:

1. We show that performance of a prefetcher signifi-
cantly depends on how prefetch requests are
handled by the memory controller with respect to
demand requests. Rigid memory scheduling policies
that treat prefetches and demands equally or that
always prioritize demands can either cause signifi-
cant losses in system performance or not achieve the
best performance for all applications.

2. We propose a low hardware cost memory controller
design that dynamically adapts its prioritization
policy between demand and prefetch requests based
on how accurate the prefetcher is in a given program
phase. This mechanism achieves high performance
by improving both DRAM throughput and prefetch
timeliness/coverage.

3. We propose a simple mechanism that reduces the
interference of useless prefetches with demand
requests by proactively removing the likely-useless
prefetches from the memory request buffer. This
mechanism efficiently reduces the buffer, band-
width, and cache space resources consumed by
useless prefetches thereby improving both perfor-
mance and bandwidth efficiency.

4. We show that the proposed adaptive scheduling
and buffer management mechanisms interact posi-
tively. Our Prefetch-Aware DRAM Controller(PADC)
that comprises both mechanisms significantly im-
proves performance and bandwidth efficiency on
both single-core and multicore systems. In addi-
tion, our proposal is very effective for a variety of
prefetching algorithms including stream, PC-based
stride, CZone/Delta Correlation (C/DC), and Mar-
kov prefetching.

5. We comprehensively evaluate performance and
DRAM bus traffic of PADC on various DRAM and
last-level cache configurations. We also compare and
incorporate PADC with other mechanisms such as
hardware prefetch filtering, feedback directed pre-
fetching, permutation-based page interleaving, and
runahead execution. Our results show that PADC not
only outperforms but also complements all of these
previous performance enhancement mechanisms.

2 BACKGROUND

2.1 DRAM Systems and Scheduling
We provide background into DRAM organization and
characteristics to motivate the problem and the solution
proposed in this section. Readers can find more information

on detailed DRAM structures and DRAM system organiza-
tion in other works [18], [3], [31].

An SDRAM system consists of multiple banks that can be
accessed independently. Each DRAM bank is a two-
dimensional array comprising rows and columns of DRAM
cells. A row contains a fixed-size block of data (usually
several Kilobytes). Each bank has a row buffer (or sense
amplifier). The row buffer can store only a single row. To
access a location in a row, the entire row needs to be
brought into the row buffer (i.e., sense-amplified). In
essence, the row buffer acts as storage that buffers the most
recently accessed row in the DRAM bank. A DRAM access
can be done only by reading (writing) data from (to) the
row buffer using a column address.

There are three possible sequential commands that need
to be issued to a DRAM bank in order to access data. A
memory controller may issue 1) a prechargecommand to
precharge the bank’s bitlines, 2) an activatecommand to open
a row into the row buffer with the row address, and then, 3) a
read/writecommand to access the row buffer with the column
address. After the completion of an access, the DRAM
controller can either keep the row open in the row buffer
(open-rowpolicy) or close the row buffer with a precharge
command (closed-rowpolicy). The latency of a memory access
to a bank varies depending on the state of the row buffer and
the address of the request as follows:

1. Row-hit: The row address of the memory access is the
same as the address of the opened row. Data can be
read from/written to the row buffer by a read/write
command; therefore, the total latency is only the
read/write command latency.

2. Row-conflict: The row address of the memory access
is different from the address of the opened row. The
memory access needs a precharge, an activate, and a
read/write command sequentially. The total latency
is the sum of all three command latencies.

3. Row-closed: There is no valid data in the row buffer
(i.e., closed). The access needs an activate command,
and then, a read/write command. The total latency
is the sum of these two command latencies.

DRAM access time is the shortest in the case of a row-hit
[18].3 Therefore, a memory controller can try to maximize
DRAM data throughput by maximizing the hit rate in the
row buffer, i.e., by first scheduling row-hit requests among
all the requests in the memory request buffer. Previous work
[31] introduced the commonly employed FR-FCFS policy
which prioritizes requests such that it services 1) row-hit
requests first and 2) all else being equal, older requests first.
This policy was shown to provide the best average
performance in systems that do not employ hardware
prefetching [31], [17]. Unfortunately, this policy is not aware
of the interaction and interference between demand and
prefetch requests in the DRAM system, and therefore, treats
demand and prefetch requests equally.
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3. The row-hit latency is about one-third of the row-conflict latency in
contemporary SDRAM systems. For example, the row-hit and row-conflict
latencies are 12.5 and 37.5 ns, respectively, for a 2 Gbit DDR3 SDRAM chip
[18]. The row-closed latency is 25 ns. We use the open-row policy
throughout the paper since it increases the possibility to improve DRAM
throughput. We also evaluate the closed-row policy in Section 6.8 for
completeness.



2.2 Hardware Prefetchers
In most of our experiments, we use a stream prefetcher
similar to the one used in IBM’s POWER 4/5 [39]. Stream
prefetchers are commonly used in many processors [39], [6],
[12] since they do not require significant hardware cost and
work well for a large number of applications. They try to
identify sequential streams of data that the application
needs by closely monitoring and recording previous
sequential accesses. Once a stream is identified, prefetch
requests are sent out for data further down the stream so
that when the processor actually demands the data, it will
already be in the cache. As such, stream prefetchers are
likely to generate many useful row-hit prefetch requests
which PADC can take advantage of. Therefore, we achieve
significant performance improvements with PADC com-
bined with a stream prefetcher. Our implementation of a
stream prefetcher is explained in the next section.

We also evaluated our mechanism with other prefetchers.
The stride prefetcher [1] is similar to the stream prefetcher,
but instead of identifying only sequential streams, it detects
sequences of addresses that differ by a constant value
(stride) and generates prefetch requests that continue in the
stride pattern. The Markov Prefetcher [9], a correlation-
based prefetcher, records in a large table the cache miss
addresses that follow a cache miss. If the same miss occurs
again, the table is accessed, and prefetch requests to the
recorded next address(es) are generated. We also evaluated
PADC with the previously proposed C/DC prefetcher [27].
This prefetcher divides the address space statically into
fixed-size regions (CZones) and finds patterns among miss
addresses within a region. It uses delta correlations to detect
patterns more complex than simple strides and generates
prefetch requests that follow the detected pattern. Note that
all of these prefetchers can also generate a significant
number of row-hit prefetch requests especially for stream-
ing/striding address/correlation patterns. In the results
section, we show that PADC can improve performance
when combined with any of these prefetchers and is not
restricted to working with only a stream prefetcher.

2.3 Stream Prefetcher
We discuss an implementation of an aggressive stream
prefetcher (similar to the one used in the IBM POWER4/5
[39]) used to collect most of our experimental results. The
stream prefetcher we use for the evaluations is the best
performing among the large set of prefetchers we exam-
ined. It improves IPC by 20 percent, on average, compared
to no prefetching for the 55 SPEC 2000/2006 benchmarks
when employed with a demand-first scheduling policy. The
stream prefetcher prefetches cache lines into the L2 cache.

Each stream entryin the stream prefetcher monitors a
range of consecutive cache line addresses beginning at a
starting pointer (S) and ending at S plus a prefetch distance(D).
We call this range of consecutive cache line addresses a
monitoring region. We also a ssociate with the stream
prefetcher a prefetch degree(N). When a new (not part of an
existing stream) cache miss occurs, a stream entry is allocated
and the cache line address is recorded as S. When subsequent
cache accesses (both cache hits and misses) within a small
distance from S occur, the direction of prefetching is
determined and the monitoring region is set up starting

with S and ending with S+D. If an L2 cache access happens
within the monitoring region, N consecutive prefetch
requests from cache line address S+D+1 to S+D+N are sent
to the memory system. After prefetches are sent, the
monitoring region is shifted in the direction of prefetching
by the number of the requests sent.

The timeliness and aggressiveness of the stream pre-
fetcher are functions of both D and N. Larger values for D
and N result in more prefetch requests that are far ahead of
the current access stream so that more latency can be
hidden if the prefetches are accurate. On the other hand,
overly aggressive values for D and N can prevent demand
requests from being serviced since prefetches can fill up a
larger fraction of the memory system buffer resources. We
found that a prefetch degree of 4 and a prefetch distance of
64 result in the best performance on our single-core system
described in Section 5.

Since the stream prefetcher tries to fetch consecutive
cache lines from a region, it is likely that it will generate
many row-hit prefetch requests. If the row buffer locality of
these prefetch requests is not exploited intelligently by the
DRAM scheduling policy, DRAM throughput and system
performance can degrade.

3 MOTIVATION: RIGID PREFETCH SCHEDULING IN
DRAM SYSTEMS

None of the existing DRAM scheduling policies [9], [31],
[42], [14], [35], [36] take into account both the nonuniform
nature of DRAM access latencies and the behavior of
prefetch requests, i.e., whether they are useful or useless.
We illustrate why a rigid, nonadaptive prefetch scheduling
policy degrades performance in Fig. 2. Consider the
example in Fig. 2a, which shows three outstanding memory
requests (to the same bank) in the memory request buffer.
Row A is currently open in the row buffer of the bank. Two
requests are prefetches (to addresses X and Z) that access
row A, while one request is a demand request (to address Y)
that accesses row B. This example abstracts away many
details of the DRAM system (such as DRAM bus/bank
timing constraints and queuing delays) for ease of under-
standing. We omit them from the figure to clearly illustrate
the concept of rigid prefetch scheduling in the DRAM
controller. However, our simulations faithfully model all
details of the DRAM system.

For Fig. 2b, assume that the processor needs to load
addresses Y, X, and Z in a serial fashion (i.e., the prefetches
are useful) and the computation between each load instruc-
tion takes a fixed and small number of cycles (25 in the figure)
that is significantly smaller than the DRAM access latency.
We assume that processor execution takes a small number of
cycles because previous studies [24], [11] have shown that
most of the execution time is dominated by DRAM access
latency. Fig. 2b shows the service timeline of the requests in
DRAM and the resulting execution timeline of the processor
for two different memory scheduling policies: demand-first
and demand-prefetch-equal. With the demand-first policy
(top), the row-conflict demand request is satisfied first which
causes the prefetch of address X to incur a row-conflict as
well. The subsequent prefetch request to Z is a row-hit
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because the prefetch of X opens row A. As a result, the
processor first stalls for approximately two row-conflict
latencies (except for a small period of execution) to access
address Y, and then, to access address X. The processor then
stalls for an additional row-hit latency (again with the
exception of another small period of execution) since it
requires the data prefetched from address Z. The total
execution time is the sum of two row-conflict latencies and
one row-hit latency plus a small period of processor
execution (the other computation periods are hidden) which
total to 725 cycles in this example.

With the demand-prefetch-equal policy (bottom), the
row-hit prefetch requests to X and Z are satisfied first. Then,
the row-conflict demand request to Y is serviced. The
processor stalls until the demand request to Y is serviced.
However, once the demand request is serviced, the
processor does not stall any more because the memory
requests to the other addresses it needs (X and Z) have
already been serviced and placed into the cache. The
processor only needs to perform the computations between
the load instructions and finds that loads to X and Z hit in
the cache. The resulting total execution time is the sum of
two row-hit latencies, one row-conflict latency, and the
latency to execute the computation between each load
instruction for a total of only 575 cycles in this example.
Hence, treating prefetches and demands equally can
significantly improve performance when prefetch re-
quests are useful . We observe that the stream prefetcher
generates very accurate prefetch requests for many memory-
intensive applications such as libquantum, swim, and leslie3d.
For these applications, the demand-prefetch-equal memory
scheduling policy increases prefetch timeliness by increas-
ing DRAM throughput, and therefore, improves perfor-
mance significantly, as shown in Fig. 1.

However, prefetch requests might not always be useful.
In the example of Fig. 2a, assume that the processor needs
to load only address Y but still generates useless prefetches
to addresses X and Z. Fig. 2c shows the service timeline of
the requests and the resulting execution timeline of the
processor for the two different memory scheduling policies.
With the demand-first policy (top), the processor needs to
stall only for a single row-conflict latency that is required to
service the demand request to Y, and therefore, the total
execution time is 325 cycles. On the other hand, with the

demand-prefetch-equal policy, the processor needs to stall
additional cycles since X and Z are serviced (even though
they are not needed) before Y. It takes two row-hit requests
to service the useless prefetches to X and Z and one row-
conflict request to service the demand request to Y. The
resulting execution time is 525 cycles. Hence, treating
prefetches and demands equally can significantly degrade
performance when prefetch requests are useless . In fact,
our experimental data in Fig. 1 showed that treating
demands and prefetches equally in applications where
most of the prefetches are useless causes prefetching to
degrade performance by up to 36 percent (for milc).

These observations illustrate that 1) DRAM scheduling
policies that rigidly prioritize between demand and prefetch
requests without taking into account the usefulness of
prefetch requests can either degrade performance or fail to
provide the best possible performance, and 2) the effective-
ness of a particular prefetch prioritization mechanism
significantly depends on the usefulness of prefetch requests.
Based on these observations, to improve the effectiveness of
prefetching, we aim to develop an adaptive DRAM
scheduling policy that dynamically changes the prioritiza-
tion order of demands and prefetches by taking into account
the usefulness of prefetch requests.

4 MECHANISM: PREFETCH-AWARE DRAM
CONTROLLER

Our PADC consists of two components as shown in Fig. 3:
An Adaptive Prefetch Scheduling (APS) unit and an
Adaptive Prefetch Dropping (APD) unit. APS tries to
1) maximize the benefits of useful prefetches by increasing
DRAM throughput and 2) minimize the harm of useless
prefetches by delaying their DRAM service, and hence,
reducing their interfere nce with demand and useful
prefetch requests. APD cancels useless prefetch requests
effectively while preserving the benefits of useful pre-
fetches. Both APS and APD are driven by the measurement
of each processing core’s prefetch accuracy in a multicore
system. Before explaining how each component works, we
explain how prefetch accuracy is measured for each core.
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Fig. 2. Performance impact of demand-first versus demand-prefetch-equal policy. (a) DRAM and controller state. (b) Timeline when prefetches are

useful. (c) Timeline when prefetches are useless.







Our adaptive scheduling policy and DDPF/FDP are
complementary and improve performance significantly
when combined together. When used together with Adap-
tive Prefetch Scheduling, DDPF and FDP improve perfor-
mance by 6.3 and 7.4 percent, respectively. Finally, the
results show that PADC outperforms the combination of
DDPF/FDP and APS which illustrates that Adaptive
Prefetch Dropping is better suited to eliminate the negative
performance effects of prefetching than DDPF and FDP. We
conclude that 1) our adaptive scheduling technique comple-
ments DDPF and FDP, whereas our APD technique outper-
forms DDPF and FDP, and 2) DDPF and FDP reduce
bandwidth consumption more than APD, but they do so at
the expense of performance.

If a prefetch filtering mechanism is able to eliminate all
useless prefetches while keeping all useful prefetches, the
demand-prefetch-equal policy would be best performing.
That is to say we do not need an adaptive memory scheduling
policy since all prefetches sent to the memory system would
be useful. However, it is not trivial to design such a perfect
prefetch filtering mechanism. As discussed above, DDPF and
FDP filter out not only useless prefetches but also a lot of
useful prefetches. Therefore, combining those schemes with
demand-prefetch-equal does not necessarily significantly
improve performance since the benefits of useful prefetches
are reduced.

Fig. 31 shows performance and average traffic when
DDPF and FDP are combined with demand-prefetch-equal.
Since DDPF and FDP remove a significant number of useful
prefetches, performance improvement is not very signifi-
cant (only by 2.3 and 2.7 percent compared to demand-
first). On the other hand, PADC significantly improves

performance (by 8.2 percent) by keeping the benefits of
useful prefetches as much as possible.

6.13 Interaction with Permutation-Based Page
Interleaving

Permutation-based page interleaving [43] aims to reduce
row-conflicts by randomly mapping the DRAM bank
indexes of addresses so that they are more spread out
across the multiple banks in the memory system. This
technique significantly improves DRAM throughput by
increasing utilization of multiple DRAM banks. The
increased utilization of the banks has the potential to
reduce the interference between memory requests. How-
ever, this technique cannot completely eliminate the
interference between demand and prefetch requests in the
presence of prefetching. Any rigid prefetch scheduling
policy in conjunction with this technique will still have the
same problem we describe in Section 3: none of the rigid
prefetch scheduling policies can achieve the best perfor-
mance for all applications since they are not aware of
prefetch usefulness. Therefore, PADC is complementary to
permutation-based page interleaving.

Fig. 32 shows performance impact of PADC for the 32 four-
core workloads when a permutation-based interleaving
scheme is applied. The permutation-based scheme improves
the system performance by 3.8 percent over our baseline with
the demand-first policy. This is because the permutation
scheme reduces row-conflicts by spreading out requests
across multiple banks. APS and PADC consistently work
effectively combined with the permutation-based interleav-
ing scheme by efficiently managing the interference between
demands and prefetches based on usefulness of prefetches.
APS and PADC improve system performance by 2.9 and
5.4 percent, respectively, compared to the demand-first
policy with the permutation-based interleaving scheme.
Also, PADC reduces bandwidth consumption by 11.3 percent
due to adaptive prefetch dropping.

6.14 Effect on a Runahead Execution Processor
Runahead execution [24] is a promising technique that
prefetches useful data by executing future instructions that
are independent of a long latency (runahead-causing) load
instruction during the stall time of the load instruction.
Because it is based on the execution of actual instructions,
runahead execution can prefetch irregular data access
patterns as well as regular ones. Usually, runahead execu-
tion complements hardware prefetching and results in high
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Fig. 30. Comparison with DDPF and FDP with demand-first scheduling.

(a) Performance. (b) Average traffic.

Fig. 31. Comparison to DDPF and FDP with demand-prefetch-equal

scheduling. (a) Performance. (b) Average traffic.

Fig. 32. Effect on permutation-based page interleaving. (a) Performance.

(b) Average traffic.



performance. In this section, we analyze the effect of PADC
on a runahead processor. We implemented runahead
capability in our baseline system by augmenting invalid
bits in the register files for each core. Since memory requests
during runahead modes are very accurate most of the time
[24], we treat runahead requests the same as demand
requests in DRAM scheduling.

Fig. 33 shows the effect of PADC on a runahead processor
for the 32 workloads on the four-core CMP system. Each
runahead processor has exactly the same parameters as our
baseline processor, but it also uses a 512-byte runahead
cache to support store load forwarding during runahead
execution. Adding runahead execution on top of the
baseline demand-first policy improves system performance
by 3.7 percent and also reduces bandwidth consumption by
5.0 percent. This is because we use a prefetcher update
policy that trains existing stream prefetch entries but does
not allocate a new stream prefetch entry on a cache miss
during runahead execution ( only-train). Previous research
[21] shows that this policy is best performing and most
efficient. Runahead execution with the only-train policy can
make prefetching more accurate and efficient by capturing
irregular cache misses during runahead execution. These
irregular misses train existing stream prefetch entries, but
new and more speculative stream prefetch entries will not
be created during runahead mode. This not only prevents
the prefetcher from generating useless prefetches due to
falsely created streams but also improves the accuracy and
timeliness of the stream prefetcher since existing streams
continue to be trained during runahead mode.

Fig. 33 shows that PADC still effectively improves
performance by 6.7 percent and reduces bandwidth con-
sumption by 10.2 percent compared to a runahead CMP
processor with the stream prefetcher and the demand-first
policy. We conclude that PADC is effective at improving
performance and bandwidth efficiency for an aggressive
runahead CMP by successfully reducing the interference
between demand/runahead and prefetch requests in the
DRAM controller.

7 RELATED WORK

The main contribution of our work beyond previous
research is an adaptive way of handling prefetch requests
in the memory controller’s scheduling and buffer manage-
ment policies. To our knowledge, none of the previously
proposed DRAM controllers adaptively prioritize between

prefetch and demand requests nor do they adaptively drop
useless prefetch requests based on prefetch usefulness
information obtained from the prefetcher. We discuss
closely related work in DRAM scheduling, prefetch filter-
ing, and adaptive prefetching.

7.1 Prefetch Handling in DRAM Controllers
Many previous DRAM scheduling policies were proposed to
improve DRAM throughput in single-threaded [47], [31], [7],
multithreaded [30], [25], [44], and stream-based [17], [42]
systems. In addition, several recent works [26], [22], [23]
proposed techniques for fair DRAM scheduling across
different applications sharing the DRAM system. Some of
these previous proposals [47], [31], [25], [44], [26], [22], [23] do
not discuss how prefetch requests are handled with respect to
demand requests. Therefore, our mechanism is orthogonal to
these scheduling policies. These policies can be extended to
adaptively prioritize between demand and prefetch requests
and to adaptively drop useless prefetch requests.

The remaining DRAM controller proposals take two
different approaches to handling prefetch requests. First,
some proposals [14], [7], [8] always prioritize demand
requests over prefetch requests. Other proposals [42], [30],
including some memory controllers in existing processors
[10], [38], treat prefetch requests the same as demand
requests. As such, these previous DRAM controller propo-
sals handle prefetch requests rigidly. As we have shown in
Sections 1 and 3, rigid handling of prefetches can cause
significant performance loss compared to adaptive prefetch
handling. Our work improves upon these proposals by
incorporating the effectiveness of prefetching into DRAM
scheduling decisions.

7.2 Prefetch Filtering
Our APD scheme shares the same goal of eliminating useless
prefetches with several other previous proposals. However,
our mechanism provides either higher bandwidth efficiency
or better adaptivity compared to these works.

Charney and Puzak [2] and Mutlu et al. [20] proposed
prefetch filtering mechanisms using on-chip caches (using
the tag store). Both of these proposals unnecessarily consume
memory bandwidth since useless prefetches are filtered out
only after they are serviced by the DRAM system. In contrast,
APD eliminates useless prefetches before they consume
valuable DRAM bandwidth.

Mowry et al. [19] proposed a prefetch dropping mechan-
ism that cancels software prefetches when the prefetch issue
queue is full to avoid processor stall. On the other hand, our
scheme drops hardware prefetch requests only if their age
is greater than a dynamically adjusted threshold (based on
prefetch accuracy). Srinivasan et al. [37] use a profiling
technique to mark load instructions that are likely to
generate useful prefetches. This mechanism needs ISA
support to mark the selected load instructions and cannot
adapt to phase behavior in prefetcher accuracy. In contrast,
APD does not require ISA changes and can adapt to
changes in prefetcher accuracy.

Zhuang and Lee [45], [46] propose a mechanism that
eliminates the prefetch request for an address if the prefetch
request for the same address was useless in the past. PADC
outperforms and also complements their mechanism as
discussed in Section 6.12.
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Fig. 33. Effect on runahead execution. (a) Performance. (b) Average

traffic.
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