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Multiprocessor
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Concurrent accesses to shared hardware resources:
e Shared cache e DRAM



Commercial-off-the-shelf (COTS) multiprocessors
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Nvidia Jetson TX1/TX2

Quad ARM®RA57

16-way set associative 2MB L2
Pseudo-random cache

No cache lockdown

No bank partitioning
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Memory-centric scheduling with multi-phased task models
Acquisition-Execution-Restitution (AER) / PRedictable Execution Model (PREM)

non-PREM With PREM
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Multi-phase tasks overview



Compiling for multi-phase tasks
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Compiling for multi-phase tasks

Task typologies

by type of segments:

read-execute

by number of segments:

single-segment

read-execute-write

multi-segment




Cache/scratchpad partitioning

Avoid inter-core interference
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Cache/scratchpad partitioning

Preemptive scheduling
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Cache/scratchpad partitioning

Non-preemptive scheduling
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Concurrent accesses

1 out of m vs. k out of m
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Concurrent accesses

1 out of m vs. k out of m
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Concurrent accesses

1 out of m vs. k out of m
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Concurrent accesses

1 out of m vs. k out of m
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Concurrent accesses

1 out of m vs. k out of m

memory phase D computation phase

mem; | cmp; | d;i | prio;
5 8 7 13 | high
T 8 10 16 | low




Parallel memory phases
Traffic shaping
e higher bandwidth for non-burst workloads
e add mini delays (e.g., NOPs) between memory accesses
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Memory arbitration

TDMA
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Memory arbitration

Table driven

e offline
e memory and computation phases fixed at predetermined points

e |LP formulation
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Memory arbitration

Fixed-priority (non-preemptive)
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Memory arbitration
Fixed-priority (preemptive)
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Memory-centric scheduler without DMA



Memory-centric scheduler in hypervisor

Preemptive memory phases
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e Jailhouse Linux hypervisor
e single cache partition for each core
e computation phases scheduling: fixed-priority non-preemptive
e memory phases scheduling: preemptive between the cores
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Memory arbitration

Scheduling overheads

| AVG | STD | WCET | BCET

Hypercall 1265.83 | 191.50 3129 709
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Priority Assignment

Priority Inversion

blocked by 7
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two processors P; and P,
task set: Ty, 7, T7M with prio(Ty) > prio(Tap) > prio(Ty)

processor assignment: {ry, 7.} — P1, {Tm} — P2



Priority Assignment

Priority Inversion

blocked by 7
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memory phase D computation phase

do nothing group tasks on processors by
priority inheritance priorities (implicit ceiling)



Schedulability analysis

Response Time Analysis example

task | priority | period | wcct | wemt | core
71 | highest 4 15 1.0 P
P second 12 2.4 0.5 P>
T3 third 12 2.0 1.0 P
lowest 24 1.7 0.5 P,




Schedulability analysis

Response Time Analysis example
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Pessimism in Response Time Analysis
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Schedulability improvement
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Fixed-priority vs. TDMA
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(b) Fixed-priority memory-centric scheduling.
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Heuristics for task to processor assignment
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Heuristics for task to processor assignment
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Heuristics for task to processor assignment
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Heuristics for task to processor assignment
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Drawback of work-conserving memory-centric schedulers

task | priority | period | wcct | wemt | core
T1 high 10 3 2 P2
T | medium 10 3 2 P>
T3 low 10 2 3 P1




Drawback of work-conserving memory-centric schedulers
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Drawback of work-conserving memory-centric schedulers
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Drawback of work-conserving memory-centric schedulers
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Memory-centric scheduling with DMA



Memory-centric scheduling with DMA
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Two scratchpad partitions for each core

e Non-preemptive scheduling at core-level
Memory arbitration with TDMA
Read-Execute-Write task model
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Memory-centric scheduling with DMA

Early Load (state-of-the-art work-conserving scheduler)
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Memory-centric scheduling with DMA
Lazy Load
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Memory-centric scheduling with DMA

Experiments
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Conclusions

e new models for better parallelism

e new compilers and sensitivity analyses

e new schedulers beyond work-conserving algorithms

e new hardware features (Arm’'s MPAM and Intel's RDT)
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