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DDR5 Memory Systems

Memory Wall

Mem Channels
@ Cluster



Popular solutions
(bandwidth extension & high cost)

-New DDR generations(DDR6) ... )
-New memory architecture(HBM)
-New memory paradigm(PIM,NDP) ... )
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Design Overview

Sequential_gf?c::te“ne Baseline

Aeeess oxo000 [ T L T I T L
oxooaol T T T T[T
oxoosol| [ [ | [ | [
oxoocq| L [ I T I
| oxot00 [T T T T 1 1
[ oxo1a0 | L [ [ [ [ [
|0xo180| T
oxorcd| [ T T T T 1T
I OO
| (CCCLITT T
B EEEEEEEE

Data
32-bit

Cacheline ASPA
offset
oxoo00 [ [ [ T T T T[]
oxoos0 ([ [ [ T [ T T T[]
oxooa0 [ [ [ T [ T T T[]
oxoofo \[ [ T T T T ][]
oxorqo | T T T 1 T 1 |7
oxorso ([ [ T [ T T T[]
oxoreo [ [ T T T T[]
oxo2z0 ([ [ [ T [T T T[]
LT T
[T LIT]
T T
Data
P 40-bit J

1™\

Tier-2 Parity



Design Overview

Sequential_gf?c::te“ne Baseline

Aeeess oxo000 [ T L T I T L
oxooaol T T T T[T
oxoosol| [ [ | [ | [
oxoocq| L [ I T I
| oxot00 [T T T T 1 1
[ oxo1a0 | L [ [ [ [ [
|0xo180| T
oxorcd| [ T T T T 1T
I OO
| (CCCLITT T
B EEEEEEEE

Data
32-bit

Cacheline ASPA
offset
oxoo00 [ [ [ T T T T[]
oxoos0 ([ [ [ T [ T T T[]
oxooa0 [ [ [ T [ T T T[]
oxoofo \[ [ T T T T ][]
oxorqo | T T T 1 T 1 |7
oxorso ([ [ T [ T T T[]
oxoreo [ [ T T T T[]
oxo2z0 ([ [ [ T [T T T[]
LT T
[T LIT]
T T
Data
P 40-bit J

1™\

Tier-2 Parity



Design Overview
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Design Overview
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DRAM 1/0 Configurations

x32 subchannel

m”” x32 subchannel I

x32 subchannel E




DRAM 1/0 Configurations

Typical server choice




Bandwidth Distribution

Memory
subchannel
. >
Ab*BL*8chips=64B data 4b*BL*2chips=16B parity
(Cacheline) (ECC codeword)

BL(Burst Length)=16



Bandwidth Distribution

',; Memory
l subchannel
4b*BL*8chips=64B data Ab*BL*2chips=16B data
(Cacheline) (1/4 Cacheline)

BL(Burst Length)=16



Common Die

Common die
Same operation logic
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Challenge |: Reassign Bandwidth
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Challenge |: Reassign Bandwidth
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Challenge |: Reassign Bandwidth

Mem.
Channel
= >
4b*BL*8chips=64B data 4b*BL*2chips=128b parity
(Cacheline)

BL(Burst Length)=16



Challenge |: Reassign Bandwidth

Baseline
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ASPA -- Fixed Buffering
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ASPA -- Fixed Buffering
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ASPA -- Adaptive Buffering

x5 DRAM Chip BL=16
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ASPA -- Adaptive Buffering

x5 DRAM Chip BL=16
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ASPA -- Adaptive Buffering
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ASPA -- Adaptive Buffering
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ASPA -- Adaptive Buffering

x5 DRAM Chip BL=16
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ASPA -- Adaptive Buffering

x5 DRAM Chip BL=16
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Challenge Il: Reliability

Detection Correction

1
CEE oY o IIII

] B




Challenge Il: Reliability

Detection Correction

[ ) [ 5~

Detection is much more llght-welght than correction

III./




UCF

Detection Capability

‘ 512b Cacheline ‘ I:I 32b Parity

Collision rate: 2732, sufficient for error detection




Detection Capability

‘ 512b Cacheline ‘ ‘ ‘ 64b Parity

2—64

Collision rate: , exponential sufficient for error detection

‘ 512b Cacheline ‘

‘ 512b Cacheline ‘

‘ 512b Cacheline ‘ ‘ ‘ 64b Parity

Collision rate: 27°* | exponential sufficient for error detection



Detection Capability

Common die ECC chip
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Detection Capability

‘ 512b Cacheline ‘ ‘ 128b Parity ‘

Collusion probability= 271%8>> 512 single bit flip cases
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Error Detection & Correction Logic

ECC chip
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Workflow
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Percentage(%)

Access Pattern of Workloads
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Thank you for listening

Q&A: fan.li@ucf.edu
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