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CEPHFS
Abucket-based REST | A rgliable and fully- A POSIX-compliant
gateway, compatible with | gistributed block device, |distributed file systom,
53 and Swift with a Linux kemnel client |with a Linux kernel client
and a QEMU/KVM driver |and support for FUSE
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parallel data processing monitoring tools

Hive [TSA*lO]( >Peregrine [MG12] | | Scuba [AAB*13] E UberTrace [CMF* 14, §3]

SQL-on-MapReduce interactive querying in-memory database pervasive tracing

5 .

Y (Hadoop) MapReduce [DG08] | [Unicorn [CBB*13]| | | MysteryMachine [CMF*14]

A A parallel batch processing graph processing E performance modeling

|| daastorage i e e

S Haystack [BKL*10] | | TAO [BAC*13 Wormhole [SAA*15]
hot blob storage graph store p <> pub-sub replication A
A

Y HBase [BGS*11] Y  f4 [MLR*14] memcached [NFG*13] ¥
multi-dimensional sparse map warm blob storage in-memory key-value store/cachey
A

vy HDFS [SKR*10] Yy " MySQL .

distributed block store and file system sharded ACID database

Figure 1: The Facebook infrastructure stack. I omit front-end serving systems about which
details are unknown. Arrows indicate data exchange and dependencies between systems;
simple layering does not imply a dependency or relation.
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data processing

FlumeJava [CRP*10]

A parallel programming

Tenzing [CLL*11]
SQL-on-MapReduce

stream processing

MillWheel [ABB*13]

Pregel [MAB*10]

graph processing

A

\ MapReduce [DG08] Y

A parallel batch processing

Percolator [PD10]

incremental processing

data storage

PowerDrill [HBB*12]

query Ul & columnar store

MegaStore [BBC"11]
across-DC ACID database

Spanner [CDE*13]

cross-DC multi-version DB

Dremel [MGL*10] *J

A A columnar database

Y
v BigTable [CDG"06]

row-consistent multi-dimensional sparse mapy, <

Dapper [SBB*10]

pervasive tracing

1 GFS/Colossus [GGL03] ¥
distributed block store and file system

coordination & cluster management

L —
[
v

CPI? [ZTH*13]

interference mitigation A

Chubby [Bur06] <

locking and coordination

Borg [VPK™15] and Omega [SKA™13] v

cluster manager and job scheduler

Figure 1: The Google infrastructure stack. I omit the F1 database [SOE*12] (the back-end
of which was superseeded by Spanner), and unknown front-end serving systems. Arrows
indicate data exchange and dependencies between systems; simple layering does not imply
a dependency or relation.
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Performance

Two Lists of Response Times
(average for each is 1.000 second

1 924 796

1. Response time: F2A—" > 928 798

(15 FEERVETE) 3 954 802

2. Throughtput: I5ERTEIA 4 957 823
DU | .

TL)\?‘GEJZEI/J'T F55 24 5 961 919
3. Average VS Quantile : '

6 965 977

? 972 1.076

8 979 1216

9 987 1273

10 1.373 1.320
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Numbers Everyone Shouida KiiGw

L1 cache reference 0.5 ns
Branch mispredict 5 ns
L2 cache reference 7 ns
Mutex lock/unlock 25 ns
Malin memory reference 100 ns
Compress 1K bytes with Zippy 3,000 ns
Send 2K bytes over 1 Gbps network 20,000 ns
Read 1 MB sequentially from memory 250,000 ns
Round trip within same datacenter 500,000 ns
Disk seek 10,000,000 ns
Read 1 MB sequentially from disk 20,000,000 ns
Send packet CA->Netherlands->CA 150,000,000 ns

Jeff Dean Designs, Lessons and Advice from Building Large Distributed Systems



https://www.cs.cornell.edu/projects/ladis2009/talks/dean-keynote-ladis2009.pdf
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SEQUENTIAL SEQUENTIAL 4KB
REPRESENTATIVE 4KB READ
CATEGORY READ BAND- WRITE BAND- WRITE
DEVICE IOPS
WIDTH WIDTH I0PS
Western Digital
Mechani-
Black WD4001FAEX 130MB/s 130MB/s 110 150
cal disk
(4TB)
SATA-at-
Samsung 850 Pro
tached 550MB/s 520MB/s 10,000 36,000
(1TB)
SSD
PCle-at-
tached Intel 750 (1.2TB) 2,400MB/s 1,200MB/s 440,000 290,000
SSD
Main 16,100,000 (62ns/op-
Skylake @ 3200MHz 42,000MB/s 48,000MB/s
memory eration)

(In the above table, all IOPS figures are reported assuming a queue depth of 1, so
will tend to be worst case numbers for the SSDs.)

Max Bolingbroke Data structures for external memory

lll


http://blog.omega-prime.co.uk/?p=197

CATEGORY

Mechanical

Disk

SATA-at-
tached SSD
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tached SSD
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IMPLIED SEEK TIME IMPLIED SEEK TIME MEAN IMPLIED

FROM READ FROM WRITE SEEK TIME
9.06ms 6.63ms 7.85ms
92.8us 20.2us 56.5us
645ns 193ns 419ns
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Clients Metadata Cluster

9 ? ? ? ? ? ? Metadata operations
ciRsmses T — ilh

e % Metadata
i bash client || %ﬁb storage

libfuse

Object Storage Cluster

" I  —
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Figure 2.2. Conceptual picture of rolling merge steps, with result written back to disk
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Read Optimized

indexes
B-Tree Trie
Skiplist

Cracking
Adaptive structures

PDT ieagne Sparse Inde

LSM
Bloom filte
Differential £37 Af;l;pr';ximat

structures MaSM Bitmap indexes

Write Optimized Space Optimized

Figure 1: Popular data structures in the RUM space.

Manos Athanassoulis Designing Access Methods: The RUM Conjecture



http://101.96.8.165/stratos.seas.harvard.edu/files/stratos/files/rum.pdf
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Data Structure Write Amp Read Amp Read Amp Space Amp
(range) (range)
(worst case) (cold cache) (warm)
B Tree O(B) O(logz N/B) 1 1.33
FT index O(klog, N/B) O(log, N/B) 1 negligible
LSM leveled O(klog,N/B) 0O((log>N/B)/logk) 3 2 (file-per-run)

1.1 (many files)
LSM size-tiered O(logg, N/B)  O(k(log®> N/B)/logk) 13 3
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Ghemawat, Gobioff, & Leung. Google File System, S

G. DeCandia, et al.,, Dynamo: Amazon's Highly Available Key-
Value Store

B. Cooper, et al,, PNUTS: Yahoo!'s Hosted Data Serving Platform
L. Lamport, Paxos Made Simple

Diego Ongaro, In Search of an Understandable Consensus
Algorithm

F Chang, et al,, Bigtable: A Distributed Storage System For
Structured Data



