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Why Computing Systems? 
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More computers than any of these systems in this room! 



Resource Management in Computers 
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Limited resources Many demands 
Energy, Storage… Quality of Service, Fairness…  

Configurable Parameters 
Frequency, Scheduling… 

Computers have dedicated resource controllers 



There is a Problem! 
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Computer architects don’t know Control theory
or  
Machine learning

don’t think they

^



Computer Resource Management Today 
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Ad hoc heuristics! 

No guarantees 
No reusability 

Frequency 

Scheduling 



A Prototype System 
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Samsung Galaxy S5 processor + Ubuntu 



Challenges for Formal Computer Control 
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•  Modular control 

Tracking goals, or 
Maximize Performance↑2 /Power , s.t. 

constraints 

Robustness 

Communication 

•  Lack of models 
•  Discrete inputs 

Robustness 

1 GHz, 1.1 GHz … 

•  Different goals 
Versatility 

•  Knowledge gap 
Tools and abstractions 

•  Tight decision-making 
Fast and low cost 

Robust control is a necessity! 



Our Approach 
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Outputs Inputs 
_ + 

Robust Controller 

Targets 

External signals 
#Tasks from OS 

_ 
+ 

Robust Controller 

Frequency 

Optimizer 

Optimizer 

Design 
goals 

min E×D 

Consider influence of other layers, nonlinearities as “uncertainty” 
Use black box system identification for modeling 

Mixed sensitivity 𝐻↓∞  design  



System 
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Minimize Energy×Delay ⇔ Maximize Performance↑2 /Power ,  
s.t. power and temperature are below limits 



Structure Specification 
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▪  Empirical model, 𝑀  

▪  Output multiplicative uncertainty, Δ↓𝑜𝑝  

▪  Input additive uncertainty, Δ↓𝑛𝑙  

▪  Performance weights, 𝑊↓𝑝  and 𝑊↓𝑢  

𝑴 Inputs 𝑲 _ + 
Targets 
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Structure Specification 
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▪  Empirical model, 𝑀  

▪  Output multiplicative uncertainty, Δ↓𝑜𝑝  

▪  Input additive uncertainty, Δ↓𝑛𝑙  

▪  Performance weights, 𝑊↓𝑝  and 𝑊↓𝑢  

Nominal loop 
𝑵 

𝚫 

Exogeneous 
inputs 

Observed 
Outputs 

Modular computer control ⟶ Robust performance problem!

Δ=[█Δ↓𝑜𝑝 &&@&Δ↓𝑛𝑙 
&@&&Δ↓𝑝𝑒𝑟𝑓   ] 



Optimizer 
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_ + 

Robust Controller 

1. Meeting fixed output targets 
Video processing 

Optimizer 

External signals 



Optimizer 
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_ + 

Robust Controller 

1. Meeting fixed output targets 
Video processing 

2. Meeting changing output targets 
Battery optimization 
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Optimizer 
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_ + 

Robust Controller 

1. Meeting fixed output targets 
Video processing 

2. Meeting changing output targets 
Battery optimization 

Optimizer 

3. Optimization  
min Energy×Delay ⇔ max Performanc
e↑2 /Power  

Power 

Performance 

Initial 
targets 

Targets 1 

Targets 2 

External signals 



Impact 
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Normalized Energy x Delay 

37% faster with 20% lower energy ⇒ 50% better ED 

 + Modular and Systematic! 

First work to use Robust control theory for multilayer computers 

Average across 14 standard applications 



Case Study with blackscholes 
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Low Overheads 
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Conclusions 

• Computers need to be extremely efficient 
• Unique challenges in formal control for computers 

•  E.g., modularity, abstractions 

• Our approach uses Robust control theory 
•  Prototyped results demonstrate effectiveness 

• Tremendous opportunity for this community! 

•  In the paper: 
•  Challenging scenarios with program mixes 
•  Optimizer details 
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