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sensor measurements

continuous analytics

…

Data stream processing systems enable  
low-latency decision making and continuous analytics

2

actions, alerts

location streams

web activity
monitoring events



 Any non-trivial streaming computation 
accumulates and maintains state
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rolling aggregationsinput offsets
window contents

ML models
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One key-value store (RocksDB) per 
stateful operator instance

<k,v>

<k,v>

Worker 1

Worker 2
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Current practice: Monolithic state management
NEXMark Q4
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6X in p99

 In support of workload-aware streaming state management   
(Vasiliki Kalavri, John Liagouris, HotStorage’20) 
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Alternative designs might improve performance 
but are cumbersome to evaluate

Different store 
configuration per operator Replace KV Store Shared external KV store

• Integrate new KV stores with a streaming engine

• Configure and deploy a cluster

• Instrument the streaming engine to collect traces



Our contributions
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• We report on the first  empirical characterization study of streaming 
state access workloads using 3 real-world data streams.


• We empirically confirm that  YCSB workloads cannot approximate  
state access traces produced by streaming operators.


• We design and implement  Gadget, a new benchmark harness  for 
systematic and robust evaluation of standalone streaming state stores.


• We perform a  performance evaluation study of four KV stores  for 
streaming state management. 


•



Characterizing streaming state 
access workloads
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Workload composition
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Composition 
varies across 

operators

Composition 
varies across 
input streams

Windows and 
joins make 

frequent deletes



The state access stream differs 
significantly from the input stream

• The state store accepts a 
much higher request load  than 
the stream arrival rate. 


• Most workloads exhibit key 
distributions different from 
those of their respective input 
streams.
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Event and key space amplification (Borg)

A stream arriving at 
100K events/s will 

generate >1M 
requests/s at the KV 

store



State access streams exhibit high 
temporal and spatial locality
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Stack distance: distribution of unique 
keys accessed between consecutive 
operations on the same key.
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Can we approximate streaming 
state access workloads with YCSB?
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The highest locality achieved by YCSB is much 
lower than that exhibited in real traces.
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Continuous aggregation

• YCSB-L: latest



YCSB workloads exhibit either temporal or 
spatial locality but not both.
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• YCSB-L: latest

• YCSB-L sh.: latest shuffled

• YCSB-S: sequential

• YCSB-S: sequential shuffled



YCSB workloads exhibit either temporal or 
spatial locality but not both.
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• YCSB-L: latest

• YCSB-L sh.: latest shuffled

• YCSB-S: sequential

• YCSB-S: sequential shuffled



YCSB workloads exhibit either temporal or 
spatial locality but not both.
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• YCSB-L: latest

• YCSB-L sh.: latest shuffled

• YCSB-S: sequential

• YCSB-S: sequential shuffled



YCSB workloads exhibit either temporal or 
spatial locality but not both.
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• YCSB-L: latest

• YCSB-L sh.: latest shuffled

• YCSB-S: sequential

• YCSB-S: sequential shuffled



The Gadget Benchmark 
Harness
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Gadget enables systematic and robust 
evaluation of alternative designs

A new benchmark harness that:


• Generates representative workloads by closely simulating the state access 
logic of streaming operators


• Achieves high accuracy by exposing a set of configurable parameters

• arrival rate distribution

• event time skew

• watermark frequency


• Provides eleven predefined workloads, supports custom operator 
implementation, and offers connectors to four KV stores
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Gadget input

operator.type = tumbling.incremental 
window.length = 5 
expected.num.operations = 10000000 
wrapper.type = rocksdb 
operator.key.size.distrib.params.constant = 10 
operator.value.size.distrib.type = constant 
operator.value.size.distrib.params.constant = 10 
event.generator.outoforder.percentage = 2 
event.generator.lateness.threshold = 3 
event.generator.key.popularity.distrib.type = zipf 
event.generator.event.occurrence.distrib=exponential 
event.generator.event.occurrence.distrib.lambda= 10 
watermark.frequency= 3
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Gadget output
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P99.9: 154 us 
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Gadget can accurately simulate real state traces
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Temporal locality  
of synthetic and real traces

Stack distance: distribution of unique 
keys accessed between consecutive 
operations on the same key.

gadget

Spatial locality  
of synthetic and real traces

Unique sequences occurring in a 
state access stream with a maximum 
length of up to 8.



Gadget provides robust performance results

• YCSB underestimates 
throughput by up to 7x 
(BerkeleyDB).


• YCSB positions BerkeleyDB 
last: in reality it outperforms 
both RocksDB & Lethe.
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Cont. aggregation

Gadget
Real trace

YCSB Hot
YCSB Latest
YCSB Seq



RocksDB: a wide performance gap
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Streaming systems could 
improve throughput and 
latency by an order of 

magnitude if they switch 
to B+Tree or hash-based 
for incremental operators

RocksDB is 
significantly 

outperformed in 6 
out of 11 workloads



Try it out!

Gadget enables easier evaluation of streaming state stores


• Automatic KV store configuration


• Novel store designs, e.g. hybrid or polystores


• Optimization of stateful operators: better windowing designs


• Alternative state management approaches, e.g. external KV stores


Gadget enables easier tuning of KV stores and streaming operators


• Trigger compactions according to delete frequency


• Automatic cache sizing, prefetching
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https://github.com/CASP-Systems-BU/Gadget

https://github.com/CASP-Systems-BU/Gadget
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