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LTR - monolithic constraint 
Pros:
+ distills complicated composition structures into a 
single formula 
+ precisely captures all feasible combinations 

Cons:
- imposes dependencies across components 
- lacks support for localized debugging/repairing
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LTR vs. uLTR

• Component-dependent 
timing requirement 

• Linear real arithmetic 

• Precise 

• Monolithic
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• Component-independent 
under-approximated LTR 
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Checklist
What is uLTR?

• Component-independent under-approximated LTR 
• Soundness: ensure timing safety 

How to break up the monolithic constraint?
• Compute uLTR from LTR 
• Precision: preserve as many choices as possible 

How can localized constraints support the 
management of timing requirements?

• uLTR for component selection 
• uLTR for runtime adaptation and recovery
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Symbolic Optimization 

[POPL’14]
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• Real-world Web Service data: QWS dataset 
• Case studies: online booking service, … 
• Evaluate the percentage of false-negatives (precision) 
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Strong dependency in 
the original LTR: 
t1+t2+3t3-2t4<4
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uLTR for runtime adaptation 
and recovery

Must finish within 4s!

tDS<1 tFS<∞ tPS<1

response time

repairing plan

Monitor

Replacing DS is enough!

The “meaning” of LTR: 
safe if one of tFS and tPS is less than 1.
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uLTR for runtime adaptation 
and recovery

Experiments:
• Use real service response time 
• Simulate violations by adding uniform random delays to 

components 
• Compare the length of recovery plans generated by 

LTR and uLTR 
• In ~90% cases, uLTR discovers shorter repairs
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Limitations & Future Work
Limited evaluation

• Need to look at other domains 

Proof of concept, not the silver bullet
• Generalize the sampling algorithm: allow arbitrary 

hyper-rectangles 

Scalability issues:
• Quantifier elimination 
• Balance between precision and performance
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Questions?
Thank you!
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