7 CARTIRTT

e —
——

S —

Dynamo concepts in depth.
Pavio Baron, codecentric AG

Friday, August 31, 12



FRAGILE
AGILE

Pragmatische
IT-Architektur AGILE SOFTWARCENTWICKLUNG

| e [

"BIG
DATA Pavlio Baron

FUR IT-ENTSCHEIDER

pavio.baron@codecentric.de
@paviobaron

Friday, August 31, 12



oygTm gigioioiooioYoyoroYoYoYoioYoYoYoYoYoYoroTm gigioioYooioYoYoIototoTm 10 [¢] gypioYoooioTm oygyoTm [ oygoTm

R R AR R R RR AR RN AR RE AU RN RE‘RERERE D) gioioioYToIoIoYoYIoIoIoYIoIoYIoYIoYoYIoYoYOYoYTOYOTN AR R RR AR RE AR R R ororoTm 1 orooTm
R R AR R R RR AR AR AR RRRERRRERERARAR) gigioYoYoioroYoYoIoYoYoYIoYoYoYoYoYoYoYoYoYoOTN 101 0 o1gi1o191010%0 ovm 1 1 10701
'ﬁ
m

grgigroioioYoIoIoIoIoYoYoIOYOIOTM grogigoIoIoIoIoIoIoIoYoIoIDYIoIOYoYoOIOYoOYIOYDOYTM 4 u

gioigioYoloYoYoYoYoYoYoYIoYIoYoYoNo giololoYololoYoYoIoYoo RRRERERRRERERRRERERERR‘RE‘REY RN+ LeR 0 310 ‘A ¥ 1

o

N oo (1] ]
N = glogo JRR1010
0

gioioioioIoYoIoYoIoYoYoIoYoYoYIoIoYoYIoIoYoYoIoYoYoYTDYIoYoYDYIoYoYoYDYoYoYDYOYDYTOYDOT N o — -l 0 oTm oy olo
gigioroioIoYoooIoYoYoYoYoYoIoYoYoYoYoYoYoIoYoYoYoIoYoYoYoYoYoYoYoYoYoYoYoYoYoYIoYoYoYoYoYoYoYoYoYoYoYoYoYoYoYoYDYIoY oY 0N DT O oTm ZioTm 1 oroyoTm
gioioioioIoYoIoIoIoIoYToIoYoYoIoIoYoYToIoYoYToIoIoYoYToIoYoYoIoYoYoYoIoYoYoIoYoYoYoIoYoYoIoYoYoIoIoIoYoOT M R R RRRRRERER) oiooTm oioyoTm

010101010101 010101010101010101010101010101010101010101 0101 n1010101010101010101 "10101010 M1010101010101010101010101 01 o "10101010 - n1 n1n1
10 10 gioioioYoYoloYoo 10 0 1070707070 10 gioioololo 10 glololo 10 R R RRRERERRRE RN 10 glololo oTm

010107071071070707107107070710710710710710710710710707010710707071071070107070701071071071071070710710710701071070107107107071071070707107107107101070710107070701 gigyorm gigyoTm
(R RRRRRRRRRRRERERRRERE R
oioroTm orooTm
groyoTm 1 orooTm
AR RN RR D) orooTm

giololoo gigotm

i10Y000TN orooTm
grooTm orooTm
oiooTm oioyoTm

1070707 1 gigoTm

gigyorm gioyoTm
SRR RRRRRERRRERERERR‘RE‘RER) oo 1
R R RRRE RN R orooTm grororooTm
RRRRRERRRR D) BB RR AR RRRERRRRRERRRARARI
grgioyoyoTm R RE R R RERERE'RRRR‘RA‘RE‘R|
gigioioYoYoYoYoYoYoYoYoYoYoYoYoYoYoYoYoNo
CRERRRRRERE A R AR AR RRRE AR RERERRRERE R
grogyoyoyoTm R RRRR R RRRRRR'RRRR'RA‘RAR|
pioioiooTm AR RR AR RRRE AR RERERRRRRURI

gigioioroTm 1010107000000 070707 0

(RN R RRRR RN R RN R R RR RN RERERERRRR R R
gigigioioyoioYoYoroYoYoYoIoYoYoYoYoYoYoTm
RE R AR RE RN D) RN AR R RR RN RERERERRRERR R
RR R RRRRRR D) 1 BB RRRR RRRERRRRRERRRARA‘RI
girogioyoyoTm R RE R R RERERE'RRRR‘RA‘RE‘R|
01 glololoto ‘| 310707070707 0707010
CRERRRRRERE A R AR AR RRRE AR RERERRRERE R
gvoyorm 1 R RRRR R RRRRRR'RARR'RA‘RAR|
oiooTm AR RR RR RRRE AR RE RN RRRRRRRI
1gigigoIgiooioYoYoYoYoYoYoYoToYooTm
grgyoTm RN R RN RR RN RERERERRRR R R
R R RRRR R DR AR RN AR RERERERE‘RERERER
oTm RN RR R RRRERRRERERRRERE R
groyoTm BB RRRR RRRERRRRRERRRARA‘RI
ogigyorm R RE R R RERERE'RRRR‘RA‘RE‘R|
1070707070 R RRRR RRRERRRERERRRRRER
i10Y0Y00TN R AR RRRRRERRRERERRRER
gvoyorm R R R R RERRRR'RARR‘RAD)
oiooTm CRR R R RRRR RN RRRERERRRA‘R

1070707 ‘DR RRRERERRRERERRRE‘REREY)

grgyoTm RN R RN RRRERRRE BRI Y]
gigigYoyoroYoYoYoloYoYoloTm 1
i10r000TM RN RR R RRRERRRERERRRERE R
CRERRRRRR‘RER) BB RRRR RRRERRRRRERRRARA‘RI
gioIoToyoTm R RE R R RERERE'RRRR‘RA‘RE‘R|
R R RR R R R R RE R R R RRRE AR AR RERE R DR RE RN RED
i10Y0Y00TN R AR AR RRRE AR RERERRRRRE R
gvoyorm R RRRR R RRRRRR'RARR'RA‘RAR|
oiooTm AR RR RR RRRE AR RE RN RRRRRRRI

1070707 101 m R RRRRRRRRRERERERAR

grgyoTm RN R RN RR RN RERERERRRR R R
CRE R RRRERE R RE AR R DR RERE AR RERE R RERERERED
CRERRRRRERER) RN RR R RRRERRRERERRRERE R
groyoTm BB RRRR RRRERRRRRERRRARA‘RI
ogigyorm R RR R R RERERE'RRRR‘RA‘RE‘R|
imioigioioioYoToioioYoYoIoYoYoYoYoloTm
i10Y0Y00TN R AR AR RRRE AR RERERRRRRE R
gvoyorm R RRRR R RRRRRR'RARR'RA‘RAR|
oiooTm AR RR RR RRRE AR RE RN RRRRRRRI
1gigigpoIgiooioYoYoYoioYoYoYoToYooTm
grgyoTm RN R RN RR RN RERERERRRR R R
R R RRRR R DR AR RN AR RERERERE‘RERERER
oTm RN RR R RRRERRRERERRRERE R
groyoTm AR RERR AR R RARERARRRERR A/
ogigyorm R RE R R RERERE'RRRR‘RA‘RE‘R|
giololoo RR R RE R RRRERRRRRE R RERARI
i10Y0Y00TN R AR AR RRRE AR RERERRRRRE R
gvoyorm 1gigororoYoroYoloIoYoTm
oiooTm CRRRRRRRR RN RRRERERRRA‘R
1070707 ‘DR RRRERRRRRERERRRE‘REREY)
grgyoTm RN R RN RR RN RERERERRRR R R
R R RRRR R DR AR RN AR RERERERE‘RERERER
i10r0070TN RN RR R RRRERERERERRRE R R
CRERRRRRR‘RRR) 1070707070700 07 07070707 0
gioIoooTm R RE R R RERERE'RRRR‘RA‘RE‘R|
oioIoIoYoYoYoYoYoYIoYoYoYoYoYoYoYoYoYoYoo
CRERRRRREREA) R RRRRRRRERRRERERRRER
gvoyorm R RR R AR RR R R RRRRRRRR‘RAD)
oiooTm CRRRRRRRR RN RRRERERRRA‘R

JiogioTm ] grorooTm ] 107070707070 j101m ] grorooTm 31070 gigloloYololoo

0
01010101 1010101010101 0101010101010101010710101010101010101010101

oorm
ooTm

oroTm

gipioTooTm
gigioiooTm
grororooTm
RR R RRRRRER)
AR R RRRR RN R
gioioiooTm
AR R RRRR RN A
RR R RRRRRE R
oiororoTm

BB R Rl

oot

1010

oo

ocooo
ocooooo

ocooo
ocooo

ooooooooooooooooooooon

ocooo

- - - NN - R RN R NN R-R--R-R-N-F-N-R-N-N-N-N-F-R-0-R-1-R-F-0-0-N-R-R-0-N-0-R-R-R-R-R-R-R-R-R-B-R-R-R-R-R-R-R-R-R-1-1.}

ocooo

11

Friday, August 31, 12



The 2 AM alarm call case
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The Tower of Babel case
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The Neo vs. Smiths case
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So Dynamo isn't about speed.

It’s about immediate,
reliable writes.

It's about
operation relaxation.

It's about distribution
and fault tolerance.

It’s about almost
linear scalability.
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Time and timestamps

&
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Clocks
V), V(j): competing
Conflict resolution:
1: siblings, client

2. merge, system
3. voting, system
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Vector clocks

¢ °PON

1,0,1

4,3,4

€ 9pPON
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Vector clocks
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O(1) for data lookups / delta tracking

#

st 31, 12
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Merkle Trees

N, M: nodes
HT(N), HT(M): hash trees

M needs update:
obtain: HT(N)
calc deltatHT(M), HT(N)

pull keys(delta)
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Node a.1 Merkle Trees

Cab ] ac
‘abe [ bd | =cb ] acc.

Node a.2
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Merkle Trees

Node a.2
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Consensus, agreement, voting, quorum
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Consistent hashing - the ring

X bit integer space
4 R

or: 2 x Pi
G e
X(N) = cos(A)
VAN): = sin(A)
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Quorum

V: vnodes holding a key
W: write guorum

R: read quorum

DW: durable write quorum

W 0.5 7V
Ri W >V
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Insert key
(sloppy quorum)

replicate

"Node 1
Node 2
®"Node 3
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Lookup key

(sloppy
gquorum)
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Gossip = node down/up

prd
o)
(@)
(D
l—\
pd
o)
@
D
N

update, read,

update g update e

7 °9PON £ 9PON
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Eventual consistency
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BASE

Basically Available,
Soft-state,
Eventually consistent

Opposite to ACID
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Read your write consistency
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Session consistency

Session 1 Session 2

write || read write || read
vV 2 V2 v 1 vl &
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Monotonic read consistency
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Monotonic write consistency
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Eventual consistency

-
.
*
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Hinted handoff

N: node, G: group including N

node(N) is unavailable
replicate to G or
store data(N) locally
hint handoff for later
node(N) is alive
handoff data to node(N)
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Key = “foo”, # = N -> Dir_ect
handoff hint = true replica

fails
Key = “foo”

replicate \
M "Node 1

Node 2
"Node 3
®Node 4
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Replica
handoftf recovers

"Node 1

Node 2
"Node 3
"Node 4
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Key = “foo”, 1 Al
# = N > replicas

handoff hint = fail
true |
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All

replicas
handoft recover

replicate

"Node 1

Node 2
"Node 3
"Node 4
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Latency is an adjustment screw
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Availability is an adjustment screw
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CAP - the variations

- jrrelevant

CP - eventually unavailable offering
maximum consistency

AP - eventually inconsistent offering
maximum availability
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CAP - the tradeoff
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Replica 1 CP

Replica 2
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Replica 1 CP (partition)
B

AR wrrite
: vV 2

v

@

Replica 2
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Replica 1 AP
vV 2
(B— m

replicate

Replica 2
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Replica 1 AP (partition)

write
V

2
read

Replica 2
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Frequent structure changes
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Thank vou
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Many graphics I've
created myself

Some images originate from
istockphoto.com

except few ones taken

from Wikipedia
and product pages
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