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Outline
“Adapting The Secretary Hiring Problem for Optimal Hot-Cold 

Tier Placement under Top-K Workloads”
1. What’s a Top-K Workload? Why?
2. Hot and Cold Storage Tiers, AWS Costs.
3. The Optimization Problem (and solution). (Case Study 2).
4. The Secretary Hiring Problem (and solution).
5. Evaluation.
6. Related Work.
7. Future Work, HASTE Project.
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Why a Top-K Workload?
• …because there is too much data to…. 

…store
…compute
…transport
…for a human to inspect

• Solution: take the most relevant/high quality/interesting data,
from our batch or stream window.
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What is a Top-K Workload?
# Pseudocode

def interestingness(document):
# TODO: return some interestingness metric for the document.
# How relevant, interesting, important, etc.
return 0.0…1.0

# Stream window of N documents:
N_doc_window = InputStream(window_size=N)

top_K = N_doc_window.takeOrdered(K, key=lambda doc: interestingness(doc))
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F(  )

1. Stream of N documents
generated by microscope
time lapse or simulation on 
cluster.

2. Interestingness
function computes
score for each
document.
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e.g. AWS S3

3. Only documents
ranking within the top
K are stored. Others are
discarded (or archived). 4. Documents

are displaced
from storage by 
other
documents
with higher
rank.

5. Top-K documents are allocated to Storage tier
based based on index:
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Early documents are
frequently
overwritten. A storage
tier well-suited to 
high turnover is used.

Later documents are more
likely to survive, rate of
document writes is lower. A 
storage tier well-suited to low
turnover is used.

7. At the end of the 
stream (or window),
The final Top-K 
documents are read for 
further analysis.

8. (Optional). Based on 
the results, F( ) is 
revised.
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… 6. In some scenarios we analyze, existing
documents are migrated between storage tiers at 
point r.

Producer

Consumer
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Hot and Cold Storage Tiers  (AWS)
(“Case Study 2”)

Read Cost Write Cost Rental Cost Best For

Hot AWS Elastic File 
Storage

0 0 $0.33 / 
GB-Month

High IO, short term. 

Cold AWS S3 
(Object Storage)

$0.005 / 
1,000 requests

$0.005 / 
1,000 requests

$0.023 / 
GB-Month

Long term, Low IO, 
archive.
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The Optimization Problem (K=1)
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The Optimization Problem (K>1)
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High IO ⇒
Hot Storage ”A”,

e.g. EFS

Low IO ⇒
Cold Storage “B”,

e.g. S3
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What’s the optimal value of r?
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What’s the optimal value of r?
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Relation to The Secretary Hiring Problem

r
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• Computational Systems Biology: Numerical Simulation of 
Gene Regulatory Networks. 

• Parameter Sweep to find values which give realistic natural 
behavior. (High-Dimension Parameter Space).

• SVM Classifier, (re-trained after each batch of N).

– Interestingness Function is Label Entropy.

– i.e. we’re interested in misclassified documents.

• ~ 14TB over 30 days with 60 vCPUs.
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Blue: trace of entropy values. Orange: analytic solution.

Evaluation
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Case Study 1

• 2 Clouds (AWS + Azure)
• Include Communication Costs
• Applicable to: IoT/BigData Cloud Upload:

– Motivation: Microscopy Image upload to the cloud
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Related Work
• Optimization Problems in Cloud Storage – ‘Pro-active’:

– Often Linear Optimization
– Ski Rental Problem (buy vs. rent?)

• Monitoring Application Load – ‘Reactive’:
– Most Frequently/Recently Accessed ‘Hot’ files.

• Our Contribution:
– Secretary Hiring Problem ~ Top-K Workload
– Cloud Storage/Transport
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Future Work
• Other Interestingness Functions

– Microscopy Imaging – is image in focus? debris? etc.
• More than 2 storage tiers.
• Integration with the HASTE Core Pipeline

– Scientific Computing as a Service.
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The HASTE Project, Funding
• HASTE: Hierarchical Analysis of Spatial TEmporal data

– hierarchical approach to acquisition, analysis, and interpretation 
of image data. 

– Interestingness measurement, to form intelligent spatial and 
temporal information hierarchies, 

– distributing data for computation and storage based on image 
features.

• Funded by (SSF) under award no. BD15- 0008, and the eSSENCE
strategic collaboration for eScience (Sweden).

• http://haste.research.it.uu.se/ https://github.com/HASTE-project
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Questions?
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