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Challenges
Demands of memory bandwidth and capacity keep increasing
with more cores

Current memory technology can not scale well
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Fully Buffered DIMM – A Recent Effort to Address the
Challenges

FB-DIMM adds an Advanced Memory Buffer(AMB) to each DIMM
Memory controller and AMBs are connected by a point to point
channel
DRAM chips are connected with AMB with DDR2 Channel.
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AMB-Prefetching: An Optimization for FB-DIMM
Add small cache(AMB-Cache) to each AMB
Prefetch data from DRAM devices to AMB-cache
AMB-Prefetching can improve performance by more than 15%
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Memory Bandwidth Issues with Multicore

A k-core processor increases memory traf�c k times roughly.

Memory bandwidth is limited by pin bandwidth
I Processor pin (contact) number: 775 for Intel Core 2

I DDR2-800: 6.4GB/s bandwidth, 240 actual pins.

I Application demand: up to 8 GB/s by a single SPEC 2000 program
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How to Provide Larger Memory Bandwidth?

More pins?
– Already too many pins and wires in processor and DRAM
memories

Higher bus frequency?
– Hard to maintain signal integrity
– Must reduce the number of DIMMs, so less capacity
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Nice Properties of FB-DIMM
Fully-buffered DIMM: Proposed by Intel

I Use narrow memory channels and increase per-pin bandwidth
dramatically

I Use multi-gigahertz point-to-point connection and differential
signaling to boost per pin bandwidth

I Use advanced memory buffer (AMB) to bridge FB-DIMM and DDR2
DRAM devices

Technical highlights
I By default 69 pins (vs. 240 in DDR2), up to six channels may be

used currently

I Using existing DDR2 DRAM devices

I Separate wires for read and write data

J Lin, H Zheng, Z Zhu, Z Zhang and H David ( Department of Electrical and Computer Engineering Iowa State University, Department of Electrical and Computer Engineering University of Illinois at Chicago, Digital Enterprise Group Intel Corp. )DRAM-Level Prefetching for FB-DIMM ISPASS 2007 10 / 36



Structure of FB-DIMM
FB-DIMM Structure: single channel
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Observations and Motivation
Redundant bandwidth at the second level buses
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AMB Prefetching

How about prefetching? A natural way to use of redundant
bandwidth

AMB prefetching Prefetching data from DRAM to AMB

Is it really a good idea?
I Good prefetching: highly accurate, with good coverage, and timely

I Bad prefetching incurs extra memory traf�c , cache pollution, and
prefetching overhead

I Note AMB prefetching does not reduce latency as much as cache
prefetching
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AMB Prefetching

AMB prefetching vs. cache prefetching
I (+) No waste of critical channel bandwidth

I (+) No cache pollution

I (+) Little overhead

I (-) Less latency reduction
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The Main Idea
Adding a small cache, e.g. 64 blocks of 64 bytes (4KB total), to
each AMB1

On each read request for a memory block found in DIMM, fetching
K memory blocks instead of one, where K is from two to eight
If a request hits in an AMB cache, get data from there

1Could use other prefetching scheme and thats our future work
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DRAM Operations

A DRAM access involves three operations2

Precharge(PRE): 15ns

Activation(RAS) : 15ns , 54ns interval between two activations

Column access(CAS): 15ns

Close page mode with auto-precharge:
Do precharge immediately after a column access to speed up the next
access

2All numbers are device-dependent
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Memory Latency Reduction

Normal Read Access:
63ns = 12ns at controller + 3ns command delay + 15ns ACT +
15ns COL + 6ns data delay + 4*3ns AMB delay

AMB-cache hit Read Access:
33ns = 12ns at controller + 3ns command delay + 6ns data delay
+ 4*3ns AMB delay
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Design Considerations

How often are AMB cache hits?
I AMB cache utilizes spatial locality in memory traf�c

I Qualitatively, memory traf�c has good spatial locality

How much cache is enough?
I A small cache is enough to exploit the locality

Hsu ISCA93, Cuppu ISCA99, Zhang MICRO00, Zhang IEEE Micro 2001

J Lin, H Zheng, Z Zhu, Z Zhang and H David ( Department of Electrical and Computer Engineering Iowa State University, Department of Electrical and Computer Engineering University of Illinois at Chicago, Digital Enterprise Group Intel Corp. )DRAM-Level Prefetching for FB-DIMM ISPASS 2007 20 / 36



Implementation ( 1 )

Other changes to FB-DIMM:

Protocol extension to fetch multiple blocks from DRAM to AMB

Protocol extension to fetch blocks from AMB directly to memory
controller

Using new interleaving scheme
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Implementation ( 2 )
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Interleaving Scheme
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Simulator and Major Parameters

Simulation:
M5 with our FB-DIMM simulator

Major parameters:
I Number of cores: 1, 2, 4, 8

I Processor speed: 4 GHz

I Issue queue size: 64

I Load/store queue: 32 LQ, 32 SQ

I L1 cache: 64KB, 2-way, inst and data

I L2 cache: 4MB, 4-way, 64-byte

I Memory: four channels by default

I Channel bandwidth: 667MT/s
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Workload Construction

Twelve memory-intensive SPEC 2000 programs

Use SimPoint to reduce simulation time

Use SMT speedup to summarize the speedup: Use single-core
execution as the reference points
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AMB Prefetching Speedup Single-core

Speedup
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AMB Prefetching Speedup Multi-Core

SMT speedup
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Prefetching Coverage and Ef�ciency

Coverage = # prefetch_hit=# read
Ef�ciency = # prefetch_hit=# prefetch
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Sources of Performance Gain ( 1 )

Two Sources:
I Source 1: Idle latency reduction

I Source 2: Better bandwidth utilization

To distinguish:
Use AMB Prefetching with Full Latency or FBD-APFL

Quantitative analysis
I Performance difference between FBD and FBD-APFL is the gain

from idle latency reduction
I Performance difference between FBD-APFL and FBD-AP is the

gain from better bandwidth utilization
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Sources of Performance Gain ( 2 )
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AMB Prefetching and Cache Prefetching ( 1 )

What happens if cache prefetching is used?
I Pro: Prefetch data directly into cache, thus less latency

I Cons: Bandwidth waste and cache pollution

Quantitative analysis
I Compare the performance with

F AMB prefetching alone
F Software cache prefetching alone
F Both

I Previous baseline is with SP

I Change reference point: No prefetching
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AMB Prefetching and Cache Prefetching ( 2 )
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Summary

We have proposed a design optimization of FB-DIMM, which is
simple and effective

I Add small cache(AMB-Cache) to each AMB

I Prefetch data from DRAM devices to AMB-cache

I AMB-Prefetching can improve performance by more than 15%

We have thoroughly investigated the design and implementation
issues

We have carefully evaluated and examined the performance gain
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Thanks!
&

Questions?
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