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Multicore Becomes Mainstream
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Good News !

Working solutions for the memory wall

Growing number of cores — more computing power!
- June 5, 2018:
- Intel 28 cores at 5GHz (for Q4)
- June 6, 2018 :
- AMD Threadripper 2 32 cores 7nm (for Q3)

- NXP QorlQ® P4080/P4040/P4081 4-8 cores 1.5 GHz.

- ARM big.LITTLE
- 4 big (cortex A15)
- 4 little (cortex A7)
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Bad News! ®

Memory wall solutions focused on throughput
- Can make predictable worst-case execution time (WCET) worst

Hardware solutions for throughput hinders timing guarantees / predictability

Hardware solutions for throughput hinders timing analysis
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Shared Hardware Resources

Core 1 Core 2

| Lo ||| Lo |

Core 3

| Lo |

ez b e e

{ | Last-Level Cache (L3) | 1
i ) |
|
| Memory Bus (and Mem Controller) | !
N — ] 3 A |
I \ 2 \ 2 4 \ 4 \ 4 :
|
: DRAM DRAM DRAM DRAM - DRAM :
| |Bank 0| |Bank 1 Bank 2| |Bank 2 Bank B}
|
\ I
\§ ________________________________________ I,

% Software Engineering Institute | Carnegie Mellon University

© 2018 Carnegie Mellon University
[Distribution Statement A] Approved for public release and unlimited distribution.



Timing Analysis
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Single-Core Fixed-Priority Scheduling + Rate Monotonic

Worst-Case Response Time (WCRT;) = WCET; =3

Icons credit: http://www.doublejdesign.co.uk
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Single-Core Fixed-Priority Scheduling + Rate Monotonic
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Single-Core Fixed-Priority Scheduling + Rate Monotonic
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Dual Core: Prevent delays from Task3?
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Dual Core: Prevent delays from Task3?
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Dual Core: Prevent delays from Task3?
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Shared Hardware Delays: Shared Cache
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Shared Hardware Delays: Shared Cache
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Shared Hardware Delays: Shared Cache
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Shared Hardware Delays: Shared Cache
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DRAM Memory Organization
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Memory Banks Delays

l—

—

read(row:1:col:0)
read(row:1:col:1)

read(row:1:col:2)

read(row:2:col:0)
read(row:2:col:1)

read(row:2:col:2)

Software Engineering Institute

read(row:1:col:2)
read(row:1:col:1)

read(row:2:col:2)

read(row:2:col:1)

read(row:2:col:0)

read(row:1:col:0)

Bank 1H Columns
= 0
S
O 1
]
" —> S —> 2
(2]
g |2
(@)
I | &
i 1
" Column
mg[ Column decoder ]
- =I
© 2018 Carnegie Mellon University 20

Carnegie Mellon University

[Distribution Statement A] Approved for public release and unlimited distribution.



Memory Banks Delays
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Memory Banks Delays
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Memory Banks Delays
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Memory Banks Delays
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Other Shared Hardware

Direct Memory Access (DMA) I/O: Disk, Video cards, etc.
- Behave as another core that access memory

Table Lookaside Buffer (TLB)
- Cache of virtual-to-physical page for virtual memory
- Similar effect to shared cache but for virtual-to-physical memory translations
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