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Why care?
Rapidly growing in popularity
Change the way we write applications and expose new challenges

“The future of AWS”

— Marvin Theimer,
Distinguished Engineer at AWS




EC2Instances.info Easy Amazon EC2 Instance Comparison

EC2 RDS

Filter: Min Memory (GB):

Name

Cluster Compute Eight Extra Large
Cluster GPU Quadruple Extra Large
T2 Nano

T2 Micro

T2 Small

T2 Medium

T2 Large

M4 Large

M4 Extra Large

M4 Double Extra Large

M4 Quadruple Extra Large

M4 Deca Extra Large

M4 16xlarge

C4 High-CPU Large

C4 High-CPU Extra Large

C4 High-CPU Double Extra Large
C4 High-CPU Quadruple Extra Large
C4 High-CPU Eight Extra Large

P2 Extra Large

P2 Eight Extra Large

P2 16xlarge

G2 Double Extra Large

G2 Eight Extra Large

X1 16xlarge

X1 32xlarge

R3 High-Memory Large

R3 High-Memory Extra Large

R3 High-Memory Double Extra Large
R3 High-Memory Quadruple Extra Large
R3 High-Memory Eight Extra Large
12 Extra Large

12 Double Extra Large

12 Quadruple Extra Large

Compute Units:

API Name
cc2.8xlarge 60.5 GB
cg1.4xlarge 225GB

t2.nano 0.5GB
t2.micro 1.0GB
t2.small 20GB
t2.medium 4.0GB
12.large 8.0GB
m4.large 8.0 GB
mé4.xlarge 16.0 GB

m4.2xlarge 32.0GB
m4.4xlarge 64.0 GB
m4.10xlarge  160.0 GB
m4d.16xlarge  256.0 GB

c4.large 3.75GB
c4.xlarge 7.5GB
c4.2xlarge 15.0 GB
c4.4xlarge 30.0GB
c4.8xlarge 60.0 GB
p2.xlarge 61.0GB
p2.8xlarge 488.0 GB

p2.16xlarge  732.0 GB
g2.2xlarge 15.0 GB
g2.8xlarge 60.0 GB
x1.16xlarge =~ 976.0 GB
x1.32xlarge  1952.0 GB

r3.large 15.25 GB
r3.xlarge 30.5GB
r3.2xlarge 61.0GB

r3.4xlarge 122.0 GB

r3.8xlarge 2440 GB
i2.xlarge 30.5GB
i2.2xlarge 61.0 GB

i2.4xlarae 122.0GB

Storage (GB):

88 units
33.5 units
Burstable
Burstable
Burstable
Burstable
Burstable
6.5 units
13 units
26 units
53.5 units
124.5 units
188 units
8 units
16 units
31 units
62 units
132 units
12 units
94 units
188 units
26 units
104 units
174.5 units
349 units
6.5 units
13 units
26 units
52 units
104 units
14 units
27 units

53 units

ute Units (ECU) vCPUs

32 vCPUs
16 vVCPUs
1vCPUs
1vCPUs
1vCPUs
2vCPUs
2vCPUs
2VvCPUs
4 vCPUs
8 vCPUs
16 vCPUs
40 vCPUs
64 vCPUs
2vCPUs
4 vCPUs
8 vCPUs
16 vCPUs
36 vCPUs
4 vCPUs
32 vCPUs
64 vCPUs
8 vCPUs
32 vCPUs
64 vCPUs

3360.0 GB (4 * 840.0 GB)
1680.0 GB (2 * 840.0 GB)

0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)
0 GB (EBS only)

60.0 GB SSD

240.0 GB (2 * 120.0 GB SSD)

1920.0 GB SSD

128 vCPUs 3840.0 GB (2 * 1920.0 GB SSD)

2VvCPUs
4 vCPUs
8 vCPUs
16 vCPUs
32 vCPUs
4 vCPUs
8 vCPUs
16 vCPUs

32.0 GB SSD
80.0 GB SSD
160.0 GB SSD
320.0 GB SSD

640.0 GB (2 * 320.0 GB SSD)

800.0 GB SSD

1600.0 GB (2 * 800.0 GB SSD)
3200.0 GB (4 * 800.0 GB SSD)

Arch
64-bit
64-bit
64-bit

32/64-bit

32/64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit
64-bit

Network Performance
10 Gigabit

10 Gigabit

Low

Low to Moderate
Low to Moderate
Low to Moderate
Low to Moderate
Moderate

High

High

High

10 Gigabit

20 Gigabit
Moderate

High

High

High

10 Gigabit

High

10 Gigabit

20 Gigabit

High

10 Gigabit

10 Gigabit

20 Gigabit
Moderate
Moderate

High

High

10 Gigabit
Moderate

High

Hiah

N/A

N/A

N/A

N/A

N/A

N/A

N/A

450.0 Mbps
750.0 Mbps
1000.0 Mbps
2000.0 Mbps
4000.0 Mbps
10000.0 Mbps
500.0 Mbps
750.0 Mbps
1000.0 Mbps
2000.0 Mbps
4000.0 Mbps
750.0 Mbps
5000.0 Mbps
10000.0 Mbps
1000.0 Mbps
N/A

5000.0 Mbps
10000.0 Mbps
N/A

500.0 Mbps
1000.0 Mbps
2000.0 Mbps
N/A

500.0 Mbps
1000.0 Mbps
2000.0 Mbps

$2.000 hourly

$2.100 hourly
$0.006 hourly
$0.013 hourly
$0.026 hourly
$0.052 hourly
$0.104 hourly
$0.120 hourly
$0.239 hourly
$0.479 hourly
$0.958 hourly
$2.394 hourly
$3.830 hourly
$0.105 hourly
$0.209 hourly
$0.419 hourly
$0.838 hourly
$1.675 hourly
$0.900 hourly
$7.200 hourly
$14.400 hourly
$0.650 hourly
$2.600 hourly
$6.669 hourly
$13.338 hourly
$0.166 hourly
$0.333 hourly
$0.665 hourly
$1.330 hourly
$2.660 hourly
$0.853 hourly
$1.705 hourly
$3.410 hourly

$1.090 hourly
unavailable
$0.005 hourly
$0.009 hourly
$0.018 hourly
$0.036 hourly
$0.072 hourly
$0.083 hourly
$0.164 hourly
$0.329 hourly
$0.658 hourly
$1.645 hourly
$2.632 hourly
$0.078 hourly
$0.155 hourly
$0.311 hourly
$0.621 hourly
$1.242 hourly
$0.684 hourly
$5.476 hourly
$10.951 hourly
$0.474 hourly
$1.896 hourly
$4.579 hourly
$9.158 hourly
$0.105 hourly
$0.209 hourly
$0.418 hourly
$0.836 hourly
$1.672 hourly
$0.424 hourly
$0.848 hourly
$1.696 hourly

$2.570 hourly
$2.600 hourly
$0.009 hourly
$0.018 hourly
$0.036 hourly
$0.072 hourly
$0.134 hourly
$0.246 hourly
$0.491 hourly
$0.983 hourly
$1.966 hourly
$4.914 hourly
$7.862 hourly
$0.193 hourly
$0.386 hourly
$0.773 hourly
$1.546 hourly
$3.091 hourly
$1.084 hourly
$8.672 hourly
$17.344 hourly
$0.767 hourly
$2.878 hourly
$9.613 hourly
$19.226 hourly
$0.291 hourly
$0.583 hourly
$1.045 hourly
$1.944 hourly
$3.500 hourly
$0.973 hourly
$1.946 hourly
$3.891 hourly

$1.336 hourly
unavailable
$0.007 hourly
$0.014 hourly
$0.032 hourly
$0.062 hourly
$0.106 hourly
$0.184 hourly
$0.366 hourly
$0.735 hourly
$1.469 hourly
$3.672 hourly
$6.875 hourly
$0.170 hourly
$0.339 hourly
$0.679 hourly
$1.357 hourly
$2.769 hourly
$0.868 hourly
$6.948 hourly
$13.895 hourly
$0.611 hourly
$1.979 hourly
$7.523 hourly
$15.046 hourly
$0.238 hourly
$0.428 hourly
$0.824 hourly
$1.490 hourly
$1.989 hourly
$0.565 hourly
$1.131 hourly
$2.260 hourly



#thecloudistoodamnhard

What type of instances?
How many to spin up?
What base image”?
What price spot?

And then wait to start.....

EC2Instances.info Easy Amazon EC2 Instance Comparison

Ec2 RS

I e e e

Fitor: Min Mermory (GB): Gompute Unis:
Name AP Name
Guster Compute Eight Exra Large.  cc2.Birge
Guster GPU Quacruple Exralarge  cat.diarge
T2Nano 2nano
T2Micro 2micro
T2 smal 2smal
T2 Medium 2medum
T2tage 2lare
M Large mejage
M Exva Large maxiarge
M Doutle ExraLarge ma2darge
M Quadruple Extra Large mdarge
M Deca Exra Large ma.10xarge
i toxarge matoxtrge
4 High-CPU Large calerge
G4 High-CPU Extra Large caxarge
G4 Hgh-OPU Double Extralarge  cé 2xirge
4 High-CPU Quadnpe ExraLarge  cd.dxige
04 High-CPU Eght Exvra Large e g
P2 Exra Large pstarge
P2 Eght Exta Large p28uarge
P2 16varge P2 6varge
G2 Doutle Exra Large c22xrge
G2 Eght Extra Large c2axarge
X1 toxirge x1.16xarge
X1 32xiarge X1 axarge
RS High-Memory Large rlarge
3 HigMemory Exa Large raxage
3 High-Memory Doue ExraLarge  13.2xrge
RS High-Momory Quacruple Exva Large 13 4xarge
RS HghMemory Eght ExvaLarge. 3 8xarge
12 Extra Large 2xage
12 Double Extra Large 2avage
12 Quadnupe Extra Largo aarge
12 Egnt Exra Large 2axage
02 Extra Large g
02 Double Extra Large 2 2xarge
D2 Quadrupie ExtraLarge a@.xarge
D2 Eght Extra Large @ 8xarge
Hit. High UO Quacruple ExtraLarge it axirge
Hoh Siorage Eght Bxva Large nst.aiarge
M3 Genera Purpose Medum m3 medum
M5 Genera Purpose Large majage
M3 Genera Purpose ExtraLarge maxiargs

M3 General Purpose Double Extra Large

ma.2xiarge

Storage (GB)

Memory
0568
2568

0scs
1068
2068
408
s0cs
s0as
16068
22068
1068
160068
26068
arsee
7508
15068
w068
a00cs
51068
am0G8
72068
15068
&00G8
975068
1952068
152568
%0568
s.068
122068
200068
%0568
s068
122068
200068
%0568
s0c8
122068
200068
w0568
1oce
768
7568
15068
%0068

Compute Units (ECU) vCPUS

e unis
a5 unts
Busiasie
Businie
Bursuie
Bursibie
Busianie
65wt
13 unts
2 unis
ss5unis
1245 unfs
188 s
Bunis
t6unis
31 unis
G2unts
152 s
12unis
saunts
188 s
25 unis
104unis
1745 unts
349 s
65w
13 unis
2 unis
s2unis
104unis
14 unts
27unis
Ssunis
104unis
1aunts
28 unis
Sounis
Tiunis
a5 units
a5 unis
sunis
65wt
T3unis

2Buniis

Storage
3290PUs. 33600GB (¢ 840.0 GB)
16vCPUS 1680.0 GB (2 * 840.0 GB)
1vePUs 0GB (€8S only)
1vcPUs 0GB (€8S only)
1voPUs. 0GB €8S only)
2vcPUs 068 (€85 only)
2vcPUs 0GB (EBS only)
2voPUs 068 €8S oniy)
avorUs 0GB €8S only)
8vcPUs 068 (€8S only)
16vCPUS 0GB (€8S only)
20voPUs. 068 €8S only)
64voPUs. 068 (€8S only)
2vcPUs 068 (€8S only)
4voPUs 0GB (EBS only)
8voPUS 068 €8S only)
16vCPUS 068 (€85 only)
36vCPUs. 0GB (EBS only)
4voPUs 0GB (€8S only)
32v0PUs 0GB €8S only)
4vCPUs 068 (€8S only)
8vCPUS 600GB SSD
32vCPUs  240.0GB(2° 1200 GB SSD)
64voPUs. 1920.0 68 55D
128VGPUS 3840.0 GB (2 19200 GB SSD)
2vePUs 32068550
4voPUs 80068 55D
8vcPUs 160068 55
16vCPUS 32008 SSD
32vCPUs  640.0GB (23200 GB SSD)
avoPUs 800.0G8 55D
8VCPUs  1600.0GB (28000 GB SSD)
16VCPUS | 3200.0GB (4* 8000 GB SSD)
32vCPUs | 6400.0 GB (8° 800.0 GB SSD)
avorUs 60000 GB (3 20000 GB)
8vcPUs 120000 GB (5" 2000.0 68)
16VCPUs | 24000.0 GB (12 2000.0 GB)
35VCPUs 480000 GB (24 - 2000.0 GB)
16VCPUS 20480 GB (2" 1024.0 GB SSD)
6VCPUS | 48000.0 GB (24 2000.0 GB)
1voPUs 40GBSSD
2voPUs 32068 55D
4vePus 80,068 (2" 40.0G8 88D
8VCPUs | 160.0GB(2°80.0GBSSD)

Arch

ot
s
s
sasaon
sarsaon
aebt
e
st
oot
st
sbt
st
s
s
sibt
st
aebt
s
st
oot
st
s
st
s
e
sibt
ot
s
s
sibt
st
aebt
e
st
st
st
s
st
st
s
sibi
st
s

Babic

VPG Only
10Gigant NA o 52,000 hourty $1.030 hourty 52570 houry $1.39 houry
10Gigat A o S2:100 noury unavaiatie 52600 houry wnavaiasie
Low Na Yo S0.006 hourty 50,005 hourty 50,009 houry 50,007 houry
Low to Moderate NA Yes 50013 nourty 50,008 hourty 50018 houry 50014 houry
Low to Moderate nA Yes 50026 hourty $0.018 hourty 50,038 houry 50032 houry
Low to Moderate A Yes  s00s2noury 50,036 houry 50072 houry 50062 houry
Low to Modarate NA Yoo 0104 nourty 50,072 hourty 50134 houry 50108 houry
Moderate 4500 Mops Yo soz0noury 50,083 hourty 50245 houry 50,184 houry
Heh 7500 Mops Yes 50239 nourty $0.164 hourly $0.491 houry 50366 houry
Hoh 10000 Mops Yeo 0479 hourty S0.329 houry 5098 houry 50735 houry
Hah 20000 Mops Yes 0958 nourty S0.858 hourty 51966 houry $1.489 houry
10Gigat 40000 Mops Yes 2304 nourty $1.645 hourty $4914 houry 53672 houry
20 Gigabt 100000 Mbps Vs sasa0noury s2.632 houry 57,802 houry 5675 houry
Modarato 5000 Mops Yoo S0.05 hourty 50,078 hourty 50193 houry 50170 houry
Hah 7500 Mops Yes 0209 nourty 50,155 hourty 50386 houry 50339 houry
Hen 10000 Mops Yes  s0a19nourty 50311 hourty 50773 houry 50679 houry
[ 20000 Mops Yes 0838 noury S0.621 houry $1.546 houry $1.367 houry
10 Gigabit 40000 Mops Yoo st675houty $1262 hourty $3.081 houry 52789 houry
Hah 7500 Mops No 50.900 nourty 50,684 hourty $1.084 houry 5086 houry
10 Giganit 50000 Mops o 57.200 nourty $5.476 hourly $8.672 houry $6.948 houry
20 Gigabt 100000 Mbps No $14.400 noury 510951 hourly $17.344 houry $13.895 hourly
Heh 10000 Mops o 50,850 nourty $0.474 hourty 50787 houry 50611 houry
10Gigat NA o 52,600 nourty 51,898 hourty s2878 houry 51979 houry
10 Giganit 50000 Mops o 56,669 nourty 54579 hourly 59613 houry $7.523 houry
20 Gigabit 100000 Mbps No $13.398 noury 59158 hourty $19.226 hourly $15.046 hourly
Modsrate NA No 50,165 hourty 50.105 hourty 50281 houry 50238 houry
Moderate 5000 Mops o 50.333 nourty 50208 hourty 50583 houry $0.428 houry
Hen 10000 Mops o 50,605 houry $0.418 houry $1.045 houry $0.624 houry
Heh 20000 Mops o $1.330 hourty 50.836 hourty $1.944 houry $1.40 houry
10Gigabit NA No s2:680 nourty $1.672 hourty 53500 houry $1.989 houry
Moderate 5000 Mops o 50,853 nourty $0.428 hourly 50973 houry 50565 houry
Heh 10000 Mops. No $1.705 houry S0.848 houry $1.946 houry $1.131 houry
Hah 20000 Mops o 53,410 nourty 51,696 hourty 538971 houry 52260 houry
10Gigabit NA No $6.820 nourty $3.392 hourty $7.782 houry $4.521 houry
Moderate 7500 Mops o 50,690 hourty $0.402 hourly s0.821 houry $0.472 houry
Heh 10000 Mops No $1.380 hourty 50.804 houry $1.601 houry 50685 houry
Heh 20000 Mops No s2.760 nourty 51608 hourty $3.062 houry 51,690 houry
10Gigant 40000 Mops o 5520 nourty 53216 hourty $6.198 houry $3.300 houry
10Gigat A o S3.100 noury $1.698 houry $3.580 houry 52200 houry
10 Gigait Na No 4,600 hourty S2:574 houry $4.951 houry 52961 houry
Modsrate NA o 50,087 hourty 50,048 hourty 50130 houry 50100 houry
Moderate NA o 50,133 hourty 50,085 hourty 50259 houry 50199 houry
[ 5000 Mops o $0.200 houry 50.190 houry 50518 houry 50397 houry
Hah 10000 Mops. o 50,532 hourty 50:380 hourty $1.03 houry 50785 houry



What it is? '

] ﬁ\[ﬁ$

™ Google Cloud Platform

CLOUD FUNCTIONS *** Azure Funétions

A serverless platform for building event-based microservices

Process eventswith a serverless code architecture




Core capability

© o N O Ok -

Manage a set of user defined functions

Take an event sent over HT TP or received from an event source
Determine function(s) to which to dispatch the event

Find an existing instance of function or create a new one

Send the event to the function instance

Wait for a response

Gather execution logs

Make the response available to the user

Stop the function when it is no longer needed.



Basic architecture

/ Edge Master \

Worker
Ul function main() { code
(] o return {payload:
\ 8 ) 'Hello World};
c;} 5 } code
-
APl Gateway ' = > '
(%2} .
g a :
. :
Cloud
Event Worker
Sources code e code

N =




A virtualization story

Virtualizing the client

$

Virtualizing the server

$

Virtualizing the cluster

2

Virtualizing the cloud



Classic web stack

RPC ——b>

Application

Server

OS Weak virtualization

Hardware

(based on slides at https://www.usenix.org/node/196323)



1st Generation: Virtual Machines

RPC ——b>

Application

Server

OS

Virtual hardware
Hardware

(based on slides at https://www.usenix.org/node/196323)



1st Generation: Virtual Machines

R oo
Application
Server | Server

Application

Virtual hardware

Hardware

(based on slides at https://www.usenix.org/node/196323)



2nd Generation: Containers

T
Application Application
Server | Server

Virtual OS

Hardware

(based on slides at https://www.usenix.org/node/196323)



3rd Generation: Lambdas

o

(based on slides at https://www.usenix.org/node/196323)

Virtual servers




Tradeoffs

Lambdas Containers VMs
———ll- | S O|atiON

Overhead

startup, ..)



. . Google
First serverless app: BigQuery Big ngry

S——— ———
Fully managed Data Warehouse \./
¢ “Arbitl’ar”y” |al’ge data and querieS - UX’CU‘SDKIDBCUDBC
- Pay per bytes being processed e nine
- No concept of cluster PNV ANV
sy s
Other similar systems ARy
+ AWS Athena gl
. Snowflake e — |
. ... | | |



AWS lambdas

Serverless functions: typically read/write data from/to S3
« 300 seconds
« single-core (AVX2)
« 512 MB in /tmp
- 1.5GB RAM
« Python, Java, Node
« Sub-second billing: 3,600 threads for one second - 10¢



aggregate TFLOPS

Lambda Scalability

Compute

per-core
GFLOPS hist

20 30 40

0 500 1000 150020002500 3000
workers

80

aggregate GB/s
B D
o o

N
o

Data

20 30 40 50 60 70
rate (MB/s)

1000 1500 2000 2500
workers



A case study: PyWren API

import pywren e ®
import numpy as np ;o: + AWS Lambda

Run code without thinking about servers.

def addone(x) : ANACON DA Pay for only the compute time you consume.

| s arsimon |
return x + 1

wrenexec = pywren.default_executor ()
xlist = np.arange(10)
futures = wrenexec.map(addone, xlist)

print [f.result() for f in futures]

The output is as expected:

[l, 2’ 3’ 4’ 5’ 6’ 7’ 8, 9) 10]



How it works?

|
future = runner.map(fn, data) i
-
Serialize func and dat . * l
i
Put on 53 1 |pull job from s3
Invoke Lambda  s===1"" | download anaconda runtime
python to run code

pickle result

stick in S3
[ | It | N

e lim—— i
result
unpickle and return EEEEE

your laptop the cloud

future.result()




ou can do A LOT OF work with

=1
8

0.01
0.0162377673919
0.0263665089873
0.0428133239872
0.0695192796178

0.112883789168
0.183298071083
0.297635144163
0483293023857
0.784759970351
1.2742749857
206913808111
3.35981828628
545559478117
8.8586679041
14.3844988829
23.3572146909
37.9269019073
61.5848211066
100.0

0.01

0.0162377673919

0.0263665089873
0.0428133239872
0.0695192796178

0.112883789168
0.183298071083
0.297635144163
0483293023857
0.784759970351

,
(=]

Il

1.2742749857
206913808111

3.35981828628
545559478117

8.8586679041
14.3844988829
23.3572146909

map

37.9269019073

61.5848211066

100.0

28

24

20

16
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Preprocess 1.4M images from

IMAGENET

,4! - I -
T T ey o

Compute GIST 7 & a7

image descriptor
(some random

python code off
the internet)




job
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600

500

400

300

200

100

start latency
setup time
compute
result fetch

60 80 100 120
seconds

140




Want our runtime to include

Start MPAOSYVIIZ

conda clean

977 MB

eliminate pkg

946 MB

Delete non-AVX2 MKL

670 MB

strip shared libs

510MB

delete pyc

441MB



Understanding host allocation

host recycling

100 . .

fraction new hosts

L
L
L B
0
im 2m 5m 10m 30m 1 2h
time between job invocation



Beyond Maps...
Numpywren: linear algebra library on top of Pywren/Lambdas

Use Amazon S3 to store sharded intermediate data, stream
shards to CPUs for parallel computation



How well does it work?

NxD X = NxN

Dgemm Aggregate
1.2

4096 3000 1320s 8.9 TFLOPs 40 TFLOPs

Millon

1.2

Million 18432 3000 2520s 21 TFLOPs 40 TFLOPs



How well does it work?

NxD X = N x N

Dgemm Aggregate
1.2

4096 3000 1320s 8.9 TFLOPs 40 TFLOPs

0.5 * Peak

FLOPS!

Millon

1.2

Million 18432 3000 2520s 21 TFLOPs 40 TFLOPs



From Map to MapReduce

Input Split Map Phase Shuffle and Reduce
Sort Phase
Al —» A1
A B R o1 A1
R 1 £
B, 1
C.1 A, 2
functjon égﬁ C C R G1 e B, 2
R 1
ACB C 3
Gl
R, 2

G131
Al C 1
C1
AE B B,1 R, 1
R4

A baby analytics job: word count

Map()



The missing piece: Shuffle

Input Split Map Phase Shuffle and Reduce
Sort Phase
Al —» A1
A B R o1 A1
R 1 £
B, 1
C.1 A, 2
functjon égﬁ C C R G1 e B, 2
R 1
ACB C 3
Gl
R, 2

C:1
Al c:i
C1
fub B B, 1 R, 1
R, 1

A baby analytics job: word count

Map()



The missing piece: Shuffle

A
RS B

map phase shuffle & sort

Now we can do everything!



Rate-limiting on S3 (SlowDown error)
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Doing 100TB Sort

CloudSort record: Spark completes in 2983s with $144
Back of envelope calculation for serverless sort:

« 1GB per container: 100000 mappers, 100000 reducers

- 10,000,000,000 = 10MO0 files to shuffle

+ 1070 /6000 = 19 days! and $$$$$$$



Elastic memory in cloud
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map phase shuffle & sort

S3: cheapfor storage/access  elastic memory: high throughput
low throughput expensive?



Doing 100TB Sort
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Spark on VMs: 2983 secs $144
PyWren: 2945 secs $163 ($143 Lambda + $32 Redis)




TPC-DS Queries
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Comparable performance for shuffle-intensive queries.



ExCamera

People can make changes to a word-processing document
« The changes are instantly visible for the others

Goal: people can interactively edit and transform a video
« The changes are instantly visible for the others

Encoding, Fast and Slow: Low-Latency Video Processing Using Thousands of Tiny Threads,

Sadjad Fouladi, Riad S. Wahby, and Brennan Shacklett, Stanford University;

Karthikeyan Vasuki Balasubramaniam, University of California, San Diego; William Zeng, Stanford University;
Rahul Bhalerao, University of California, San Diego; Anirudh Sivaraman, Massachusetts Institute of Technology;
George Porter, University of California, San Diego; Keith Winstein, Stanford University,. NSDI 2017.

https://ex.camera



(slide from https:/www. usenl org/co 1 ~~~~~~ é;\sdn 7/,te‘b§ﬁ%~g9al sessions/presentation/fouladi) |

: B L . X

o

o

o
.

1J1g<‘:

i s
-] ~llluh.“ L ey, m" -
DL . — at i v > 7 W”




nsdit’ '/teéhm

P

cal- -S ssmns/present%tlo

"Look everywhere for this face in this movie.'



"Remake Star Wars Episode | without Jar Jar." :

..

Drg

L% 0

: org/conference/nsdﬂ7/techn|cal sessmﬂgpresentatlon/fo



Video Encoding/Compression

Exploit the temporal redundancy in adjacent images.
« Store the first image on its entirety: a key frame.
 For other images, only store a "diff" with nearby images: an interframe.
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4K video @15Mbps: key frame ~1 MB; an interframe is ~25 KB




Video Encoding/Compression
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Key idea:
« split video in very small chunks
« encode chunks in parallel
« stitch the encoded chunks

Challenge: Inter-frames are stateful, i.e., need state from other
frames to reconstruct/encode



Parallel encoder
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(based on slides at https://www.usenix.org/conference/nsdi17/technical-sessions/presentation/fouladi)



mu, supercomputing as a service

Library for designing and deploying general-purpose parallel
computations on a commercial “cloud function” service.

Starts thousands of threads in seconds and manages
interthread communication (https://github.com/excamera/mu)
« Computation no longer stateless!
« Needed because S3 has high latency

(based on slides at https://www.usenix.org/conference/nsdi17/technical-sessions/presentation/fouladi)



14.8-minute 4K Video @20dB

vpxenc single-Threaded 453 mins

vpxenc Mult-Threaded 149 mins

YouTube (H.264) 37 mins

ExCameralo, 10 2.6 mins

(slide from https://www.usenix.org/conference/nsdi17/technical-sessions/presentation/fouladi)



Are Lambdas limitations fundamental?

Recall:
« 300 seconds
« single-core (AVX2)
« 512 MB in /tmp
- 1.5GB RAM



Challenges

Fast, elastic storage
« Needed for shuffle

« Would enable ExCamera like appls without interthread communication
- We implemented ExCamera with Redis, simpler, more robust, and as fast

What do we need from such fast storage:
- Elasticity
« Key-value or similar API
- Notification based mechanism (think Chuby)



Performance Isolation
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Challenges

Fast, elastic storage
Performance isolation

Others:

« Security
 Start up time



Summary
Serverless, the next level of virtualizing and multiplexing cloud

Initially restricted to maps, but only a matter of time before
extending to other programming models

« Video editing in real time

« Linear algebra

« MpaReduce



