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Introduction 

 What is SLO? 
– Service Level Objective 
– Specification of application requirements 
– Technology-independent 

 
 Examples 

– Performance : Average I/O latency, throughput 
– Capacity 
– Reliability 
– Security, etc. 
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Problem and Motivation 

 Assumptions: 
– W1 and W2 working on 

different data sets 
– Assign SLO to workloads 
– SLO = Latency (in ms) 
– SSD tier: read cache only 

 no write cache 
 

 Problems: 
– SLO inversion 
– SLO violation 
– Sub-optimal SSD Utilization 
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Need: Bring SLO-awareness to SSD caching (read) in HyS 

SSD Array 
(Read Cache) 

HDD Array  
(Permanent Store) 

W1, SLO=5ms W2, SLO=10ms 

Hybrid Store 



Solution – Trailer  

Per-workload cache partitioning and dynamic cache sizing 
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                       Architecture  
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Hybrid Store 
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Controller Design Space Dimensions 
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Un-partitioned cache vs. Partitioned Static vs. Dynamic Partition  

  Cache size decrement decision: 
max threshold vs. min-max range 



Error-aware Feedback Controller (EAFC) 
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b. SLO Target = 90 percentile 
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c. SLO Target = 80 percentile 
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d. SLO Target = 75 percentile 
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Evaluation 
 Hybrid Store prototype 

– 1 workload per volume 
 1 workload: All I/Os coming to a volume 

– HDD Space: 1TB 
– SSD Space: 160GB 
– RAM Size: 16 GB 

 Workload : SPECsfs 2008-like  
– No. of threads = 20 
– Load/thread = 250 IOPS  5000 IOPS 
– Total WSS = 70 GB 
– Target Latency = 3ms and 8ms 
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SPECsfs 2008 (SLO target = 8ms) 
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SPECsfs 2008 (SLO target = 3ms) 

11 MSST 2012 

0 

5 

10 

15 

20 

25 

30 

35 

40 

0 

1 

2 

3 

4 

5 

1 4 7 10
 

13
 

16
 

19
 

22
 

25
 

28
 

31
 

34
 

37
 

40
 

43
 

46
 

49
 

52
 

55
 

58
 

61
 

64
 

67
 

70
 

73
 

76
 

79
 

82
 

85
 

88
 

91
 

94
 

97
 

10
0 

10
3 

10
6 

SS
D 

Si
ze

 (G
B)

 

La
te

nc
y 

(m
s)

 

latency (Average ms) Used SSD (GB) partition_sz (GB) 

EAFC sizes SSD cache depending upon SLO requirement 
Stringent SLO  More % of WSS needs to be cached 



SPECsfs2008 (Varying loads) 
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2K IOPS 

EAFC adapts to changes in WSS and loads 



Conclusion 
 Insights 

– It is not necessary to cache whole WSS to meet certain 
latency targets  

– 75th percentile SLO conformance yields close to optimal SSD 
size meeting average SLO almost all the time 

– A cache sizer needs only few 100 history points to set the 
appropriate SSD size  light-weight 

 

 Objectives Met 
– SLO met close to 100% 
– With close to optimal amount of SSD 
– Improving SSD utilization 
– Without much computation and memory overheads 
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Sizing based on SLO needs 
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Test Case Size (Vanilla) Size (EAFC) % space 
savings 

SPECsfs 
(3ms) 

70 GB 36 GB 48% 

SPECsfs 
(8ms) 

70 GB 15 GB 78% 
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