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Processor-DRAM Gap (latency)

µProc
60%/yr.

DRAM
7%/yr.
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The situation has changed
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Memory Latency and IPC
����in-flight inst.
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Reducing Memory Latency
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Outline
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Kilo-instructions processors
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Scalability
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Utilization of the Resources

� + ���4�����

� 9���(�����������
����������
� /�������
: ����;�����

� &��� �������

� < ��(�6(��,��
&�� � ��
����������

� 1 ��� ����
/��������

� �����������
- �����

� ���6��� ����
14��������

� /�����,
= ��

� &���������



12

1168 1382 1607 1868 1955 2034
0

200

400

600

800

1000

1200

1400

1600

1800

2000

N
um

be
r

of
In

-f
lig

ht
In

st
ru

ct
io

ns

Number of In-flight Instructions (SpecFP)

10% 25% 50% 75% 90%

Instructions in-flight (FP, ROB=2048)

Often nearly full



13

Instructions in-flight (Int, ROB=2048)

Branches
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Checkpointing Instructions
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Checkpoint Information
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Ephemeral registers
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Early Release + Virtual Registers I
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Early Release + Virtual Registers II
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Instruction Queues
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Performance Evaluation
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Memory Latency, SLIQ size and Performance
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Memory Latency
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Large Reorder Buffers
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