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State-of-the-Art Timing Analysis

Multi-Core System
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State-of-the-Art Timing Analysis
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IPUs(i, R;): worst-case interference on shared bus
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State-of-the-Art Timing Analysis
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jehp(i
Requires Compositionality for Soundness

m Does not hold even for simple hardware platforms [Hahn et al., RTNS’16]
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Why Task-Level Analysis is Expensive
Microarchitectural State Space Exploration
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Why Task-Level Analysis is Expensive
Microarchitectural State Space Exploration
+ Longest Path Search

e Set of System States
— Processor Cycle

State Space Explosion due to Timing Anomalies
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Timing Anomalies and Execution Progress

more progress

Timing anomaly = Cycle behaviour is non-monotonic

Cycle behaviour is monotonic = No timing anomalies
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Monotonicity w.r.t. Progress is Key to ...
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Monotonicity w.r.t. Progress is Key to ...
Timing Compositionality with Penalty p

finish(Cmiss) = finish(Creciified) + P
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Monotonicity w.r.t. Progress is Key to ...
Timing Compositionality with Penalty p

ffniSh(Crectified) +p< finish(ch/t) +p
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Even Simple Microarchitectures Behave Non-Monotonically

Conventional In-Order Pipeline

Foteh Instruction
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Execute Data y
Memory
Write-Back Cache
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SIC: Strictly In-Order Pipelined Core

Enforce Monotonic Behaviour

fetch ins NS misses

Execute Data
Memory Cache
Write-Back ac

=> strict bus access order
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In Our Paper

Design and Analysis of SIC: A Provably
Timing-Predictable Pipelined Processor Core

Sebastan Hahn and Jan Reincke
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Evaluation Questions

1.) Performance Overhead of Enforcing Access Order

2.) Gain in Analysis Efficiency
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Performance SIC versus Conventional In-Order
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Performance SIC versus Conventional In-Order
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Performance Single PTARM-Thread versus SIC

A Precision-Timed (PRET) Microarchitecture Implementation [Liu et al., ICCD’12]
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Task-Level Analysis Cost
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Task-Level Analysis Cost

’ 0oPTARM [ 0in-order (anomalies)
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Task-Level Analysis Cost
Compositional Base Bound [Hahn et al., RTNS’16]
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Conclusions

Strictly in-order pipeline
m designed to behave monotonically
m provably timing-predictable: anomaly freedom + compositionality

less progress C
progress = Chit

less progress C

less progress C

less progress C

|

m yet performant
m practical: low implementation overhead

e PRI

Sebastian Hahn Strictly In-Order Core



	Introduction

