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Dynamic instrumentation
Fay (SOSP’11), Dtrace (ATC’04), ...

You often need to correlate information from different
points in the system

Causal tracing
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Model system events as tuples in a streaming, distributed dataset

Dynamically evaluate relational queries over this dataset

Happened-before Join ([><])

Join based on Lamport’s happened-before relation
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* Pivot Tracing Enabled (+illiBaggage, + & PT Agent)
Application level benchmarks: baseline 0.3% overhead

* No overhead for queries / tracepoints until installed

* With queries from paper installed

Application level benchmarks: max 14.3% overhead
(CPU-only lookups)
Largest baggage size: ~137 bytes
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Maybe skewed DataNode throughput is because :
some DataNodes store more files than others
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Client

When a file is read from a DataNode,
where else could it have been read from?

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
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Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol

Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COEyT
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Clients are selecting files uniformly at random
Files are distributed across DNs uniformly at random
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Hypothesis: choice of replica isn’t random?

Client

When a file is read from a DataNode,
where else could it have been read from?

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

e Join cl In Client.DoRandomRead
DataTransferProtocol ! On cl -> blockLocations

-! Where cl.host != readBlock.host
HDFS
(N
"\’ JDataNode
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Client

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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] When both ¢33 and ¢D host replicas,
Client Clients choose @3} this often: == (~50%)

Clients choose ¢D this often: == (~50%)

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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Client

When both ¢A and & host replicas,
Clients choose A this often: Il (100%)

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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Client

When both ¢A and & host replicas,
Clients choose A this often: Il (100%)
Clients choose ¢5 this often: (0%)

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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Client

When both ¢A and & host replicas,
Clients choose A this often: Il (100%)
Clients choose ¢5 this often: (0%)

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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When both ¢23 and ¢D host replicas,
Clients choose ¢23 this often:  (0%)

Sarnerack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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Client

When both ¢23 and ¢D host replicas,
Clients choose ¢23 this often:  (0%)

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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Client

When both ¢23 and ¢D host replicas,
Clients choose ¢23 this often:  (0%)

Clients choose ¢ this often: Il (100%)

Same rack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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When both ¢23 and ¢D host replicas,
Clients choose ¢23 this often:  (0%)

Clients choose ¢ this often: Il (100%)

Sarnerack?
->read raCk*’OcaI

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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When both ¢23 and ¢D host replicas,
Clients choose ¢23 this often:  (0%)

Clients choose ¢ this often: Il (100%)

Sarnerack?
->read rack-local

Otherwise
> select randomjy

From readBlock In DataNode.DataTransferProtocol
Join blockLocations In NameNode.GetBlockLocations
On blockLocations -» readBlock
Join cl In Client.DoRandomRead
On cl ->» blockLocations
Where cl.host != readBlock.host
GroupBy blocklLocations.replicas, readBlock.host
Select blockLocations.replicas, readBlock.host, COE?T
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Same rack?
->read rack-loca|

Otherwise
-> select ra”domly
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 Lack of randomization skewed workload toward certain DNs

Same rack?
->read rack-loca|
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DataNode Throughput [ops/s]

bbb

 Lack of randomization skewed workload toward certain DNs

Same rack?
->read rack-local

. HDFS-6268 Independently discovered. Fixed in HDFS 2.5
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Lack of randomization skewed workload toward certain DNs

HDFS-6268 Independently discovered. Fixed in HDFS 2.5

Seamlessly add correlations between multiple components
Very specific, one-off metrics
This experiment: 1.5% application-level overhead
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Same rack?
->read rack-local
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————————————————

Mracepoint A \
I Class: A 1
_1_Method: A1() ?

ﬁ'racepomt B Y
I Class: B ]
| Method: Bl() ]
\Exports: “delta”=delta ,:'

From a In A
Join b InBOna ->b
GroupBy a.procName
Select a.procName, SUM(b.delta)

——————————————————————

lAdwce Al rAY
IOBSERVE procName ==
_dpack ______procName i
lAdwce Bl (B
| OBSERVE delta ~=
1 UNPACK procName ]
l\EMIT procName, SUM(delta),'

—————————————————————————————




