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What is programmable storage?

* For Skyhook - Pushdown some data
management tasks into the storage layer
— Transformations (process/format data)
— Indexing, statistics, re-sharding
e Skyhook uses Ceph object storage
— Open source, extensible, originated at UCSC

* See Programmability.us for more info
Engin%aesrikrilg W




Ceph Distributed Object Storage

 Distributed, scalable, fault-tolerant

— Widely available in the cloud
* Objects are the core entity (read/write/replicate)

— Other APl wrappers on top: file, block, S3
 LIBRADOS object library

— Users can interact directly with objects

— Create user-defined object classes (read/write)
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Data Storage in Ceph Cluster

CEPH CLUSTER
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Data Storage in Ceph Cluster

Partitions
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Data Storage in Ceph Cluster

Partitions Objects
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Data Storage in Ceph Cluster

Partitions Objects
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Data Storage in Ceph Cluster

Partitions Objects

(Q )
Ceph data
placement
algorithm
CRUSH(obj-id)

S

CEPH CLUSTER

Primary copy replication
Writes: atomic+transactional
Given object name

o Client can calculate location
Partial reads/writes of objects
Automatically redistributes data
during failures/add/remove servers
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How does this help us?

* Ceph storage provides transparent
— Data distribution/scaling
— Fault tolerance/recovery
 Remote processing on storage servers
— via custom object classes
* Query-able metadata on storage servers
— via local indexing mechanism (RocksDB)
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Remote Processing + Indexing

e Execution of custom object classes and indexing is
performed by Ceph storage servers (OSDs)

_ CEPH CLUSTER
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Remote Processing + Indexing

e Execution of custom object classes and indexing is
performed by Ceph storage servers (OSDs)
e Utilizes remote resources

CEPH CLUSTER
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Remote Processing Example

Full size image stored in object

— Custom read: Generate thumbnail ——
Other examples Reduce data

_ CheCksum transferred!

— Filter/Regex -'\ M
— Aggregate  __gSeles
— Transform ==

Storage Server
— Reorg data
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int

{

Ceph Custom Object Classes (CLS

C++ interface Lua interface

Compute_mdS(cls_method_context_t hctx, bufferlist *in, local md5 = require 'mds’
bufferlist *out)
size_t size; function compute_md5 (input, output)
int ret = cls_cxx_stat(hctx, &size, NULL);
if (ret < 0) local data = objclass.read()

return ret;
’ output = md5.sumhexa(data)

bufferlist data;
ret = cls_cxx_read(hctx, 0, size, data);
if (ret < 0)

return ret;

end

byte digest[AES::BLOCKSIZE];
MD5().CalculateDigest(digest, (byte*)data.c_str(),

data.length());

out->append(digest, sizeof(digest));
return 0;
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Putting it All Together - Skyhook

* Data partitioning
— Physical data layout and format
* Remote processing
— Custom object classes
* Remote indexing
— Query-able metadata (data vals, stats)

Baskin
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RocksDB

Skyhook Architecture

PostgreSQL Database

Ceph connector (Postgres FDW)
utilizing Skyhook CLS plugins

CEPH CLUSTER

Storage Server
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Skyhook - Data partitioning + format

Table data Row partitions*® Formatted data** ] ,
e Format retains data’s

semantics (table

schema)
. I - . - ® Object names are
part-2 Obj-2
| generated

+_> ® Objects are distributed

| by Ceph based on name
1 1 ® Object location not

*Darfiti : stored by Skyhook
Partition rows with **Partitions formatted as YRy
JumpConsistentHash Google Flatbuffers ) S S



https://arxiv.org/abs/1406.2294
https://github.com/google/flatbuffers

Skyhook - Remote Processing

TABLE
(Row partitioned)

TABLE DATA

(1 partition/object)

SELECT
(row-operation)

PROJECT
(col-operation)

AGGREGATE

(set operation)
MIN/MAX/SUM/COUNT

MIN

MIN

MIN




Skyhook - Remote Processing

TABLE
(Row partitioned)

TABLE DATA

(1 partition/object)

SELECT
(row-operation)

PROJECT
(col-operation)

AGGREGATE

(set operation)
ORDER BY/SORT (TODO)

| |
| |




Skyhook - Remote Indexing

TABLE DATA CREATE LOCAL INDEX on COMPUTE SPLIT REFORMAT
(1 partition/object) Subset of columns STATS (TODO) (TODO)

(TODO) ‘ ‘ ‘ \

:

+




Skyhook - Ceph Extensions developed

e Custom object classes (cls)
— SELECT (SELECT * from T WHERE a>5)
— PROJECT (SELECT a,b from T)
— AGGREGATE (SELECT min(a)from T WHERE b>5)
* Query-able Metadata
— index(a), index(a,b,...), stats(a), min(a), count(a

Baskin
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https://github.com/uccross/skyhook-ceph/tree/skyhook-luminous/src/cls/tabular

Skyhook - Ceph Extensions developed

e Custom object classes (cls)

— SELECT (SELECT * from T

— PROJECT (SELECrom T)

— AGGREGATE (seLecT rom T-
 Query-able Metadata
— @ stats(a), min(a), count(a

Baskin
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https://github.com/uccross/skyhook-ceph/tree/skyhook-luminous/src/cls/tabular

Experimental Results

Dataset: TPC-H lineitem table, 1 billion rows, ~140GB
Objects: 10K objects ~14MB each (each with local index)
Queries: Point, range

Machines: 1 Client node; 1--16 Storage nodes

— CPU=20 cores (Xeon), MEM=160GB, Net=10GbE, Intel SSDs
Compare (report average of 3 runs each experiment)

— Skyhook approach (query processing done in storage servers)

— Standard approach (query processing done by client/database)
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Execution Time (seconds)

POi nt QU e ry (single matching row)

SELECT * WHERE | _orderkey=5 and |_linenumber=3

B client-side W server-side G&rwer-sideﬂ@

Remote Indexing
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Execution Time (seconds)

Ra n ge QU e ry (selectivity=10%)

SELECT * WHERE @endedprice > 71@ SELECT * WHERE(comment like %uriou@
| :Iiem—sid O -:,Iiem—sid

Execution Time (seconds)
[ o]
]
o

1 2 4 8 16 | 2 4 8 16
Number of Storage Servers (OSDs) Number of Storage Servers (OSDs)
e Remote processing done: e Remote processing done:
o Integer comparison O Regex on text

O OQOthers? 32



Skyhook - Key Takeaways

* Store data partitions in objects, retain the
data’s semantics
— For RDBMS - a subset of a table (rowscol partition)
e Utilize remote resources on storage servers
— Ceph’s custom object classes (read/write)
— Ceph’s local indexing mechanism (RocksDB)

Baskin
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Thank You

Funding provided by

 NSF-OAC-1836650, NSF-CNS-1764102,
NSF-CNS-1705021, DOE DE-SC0016074
* Center for Research in Open Source Software

More info:
* https://cross.ucsc.edu
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