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Outline for today’s class — Databases!

Administrivia

Final projects

Databases
- Database data models: records, tables, relational, object, document
« Database access models: Embedded, Client/Server, Distributed
- Database persistence/durability models: ephemeral, durable, streaming
- Database options at Amazon

SQL
« Flavors of SQL

- Database Normalization
- Worked example: tracking files with SQL.ite.

Lab:

 Accessing Forensicswiki logs in SQL server

SparkSQL

- Building a database from text files
* Building a database from MySQL

Hive
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Administrivia

AS — It's out!
A4 — It's graded!
Project Groups — Due tomorrow!
« Email your group NAME and MEMBERSHIP to anly502@nitroba.org
* Your group will be created on Canvas
« Submit your proposal by Wednesday 5pm
* We will comment on your proposals!
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Connecting to Jupyter & Hue web-based interfaces
SparkSQL

Hive

Part 2




Sizing your cluster




How big should your cluster be?

Most of our clusters have been 1 node:

« Spark Master

- HDFS Manager
- Job distribution
- Many JVMs.

The m3.xlarge is not large enough for this!

Amazon EMR VMs are configured without virtual memory.
* Processes fail to start
 Java processes freeze, waiting for more memory
- Some processes are killed.

So we contacted Amazon Tech Support and asked:
- Why do you support m4.xlarge if it isn't large enough?
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Amazon to ANLY502: you need to use bigger clusters

Remember — Amazon is running Spark on top of Yarn

yarn.nodemanager.resource.memory-mb

. : 6144M letc/hadoop/conf/yarn-site.xml
memory allocated per physical container
spark.executor.memory 5120M  /etc/spark/conf/spark-defaults.conf
spark.yarn.am.memory 512M pyspark runs by default in "client

deploy mode

spark.yarn.am.memoryOverhead 384M

spark.yarn.executor.memoryOverhead 512M

After executor was allocated, there wasn't sufficient memory.
See http://spark.apache.org/docs/latest/running-on-yarn.html
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http://spark.apache.org/docs/latest/running-on-yarn.html

More about RDDs

A RDD may be on multiple nodes.

The contrg

: ® '

sc.textFile("s3://qu-anly502/ps04/Shakespeare.txt")

print( B.count() )

def hasHamlet( s ): AR HadopRDD
return "Hamlet" in s .
A = sc.textFile(fn)
B = A.filter( hasHamlet )
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There are two ways for the "Driver" to run on YARN

cluster mode — The Driver runs inside an application master (AM)
- managed by YARN.

client mode — The driver runs inside the client process.
- The AM requests YARN resources for the workers.

AWS runs pyspark in "client" mode.

 Driver always runs

- . A RDD may be on multiple nodes.
- Additional YARN resources not always available!

AWS runs with log aggregation enabled.

* Logs are collected at the head from other nodes.

A = sc.textFile("s3://gu-anly502/ps@4/Shakespeare.txt") 1 ﬂ‘ ) ©

- Debug with "yarn logs -application|D <app ID>" printl pcount())

def hasHamlet( s ):
return "Hamlet" in s

HadoopRDD
A = sc.textFile(fn)
B = A.filter( hasHamlet )

I nfo rm ation On debugg i ng : Massive Data Fundamentals

- http://spark.apache.org/docs/latest/running-on-yarn.html#debugging-your-application

Information on configuration on AWS:

- http://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-configure-apps.html
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From Amazon:

"EMR offers a huge amount of configuration option compared to our other
managed services."

* Intended for advance users who require customizations.
- Only Amazon service where you can ssh into the EC2 instances and have full root access.
« Presume that you know what you are doing.

ma3.xlarge instance is the default because it offers balance resources.
* Not appropriate in every case, why is why other options are available.
* 1r3.%, r4.*, m2.*, cr1.” types provide more memory

See how much memory is available with this table:

- http://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-hadoop-task-config.html
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http://docs.aws.amazon.com/emr/latest/ReleaseGuide/emr-hadoop-task-config.html

Compare m3.xlarge and r4.xlarge:

(Note: R4 is only available on EMR 5.4.0 and later)

m3.xlarge

Configuration Option Default Value With HBase Installed
mapreduce.map.java.opts -Xmx1152m -Xmx1152m
mapreduce.reduce.jJava.opts -Xmx2304m  -Xmx2304m
mapreduce.map.memory.mk 1440 1440
mapreduce.reduce.memory.mo 2880 2880
yarn.app.mapreduce.am.resource.mb 2880 2830

yarn.scheduler. minimum-alocation-mb 32 32

yarn.scheduler. maximume-allocation-mb 11520 5760
yarn.ncdamanager.rescurce.memory-mb 11520 57560
rd.xlarge

Configuration Option Default Value With HBase Installed
mzpreduce.map.java.opts -Xmx4685m  -Xmx2342m
mcpreduce.reduce.java.opts XmxS370m Xmx4£84m
mzpreduce.map.memaory.mh 5856 5866
mzpreduce.reduce.memory.mb 11712 11712
yarn.app.mapreduce.am.resource.mb 11712 11712
yarn.scheduler.minimum-zllccation-mb 32 32
yarn.schaduler.maximum-allocation-mb 23421 11712
yarn.nodemanager.resource.memary-mhbh 23424 11712

With HBase installed, there is less memory for Spark.
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-Xmxsize controls the size of the Java memory pool!

$ man java
-Xmxsize

Specifies the maximum size (in bytes) of the memory allocation pool
in bytes. This value must be a multiple of 1024 and greater than 2
MB. Append the letter k or K to indicate kilobytes, m or M to
indicate megabytes, g or G to indicate gigabytes. The default value
is chosen at runtime based on system configuration. For server
deployments, -Xms and -Xmx are often set to the same value. See the
section "Ergonomics" in Java SE HotSpot Virtual Machine Garbage
Collection Tuning Guide at http://docs.oracle.com/javase/8/docs/
technotes/guides/vm/gctuning/index.html.

The following examples show how to set the maximum allowed size of
allocated memory to 890 MB using various units:

-Xmx838860860
-Xmx81920k
-Xmx806m

The -Xmx option is equivalent to -XX:MaxHeapSize.
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Amazon on HBase: don't use 1t!

With HBase installed, there is less memory available to YARN applications.

If you need NoSQL database, look at DynamoDB — it offers numerous
advantages over HBase.

Recommend that you read "Plan and Configure Clusters”
« What region to run the cluster in, where and how to store data, and how to output results:
— http://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan.html

« Long-Running vs. Transient Clusters

— http://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan-longrunning-
transient.html

- What software you run:
— http://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan-software.html/

« Choosing the hardware and networking options:

— http://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan-instances.html
« More:

— http://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-plan.html
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Running single-node clusters is not recommended (by Amazon)

Runs all master daemons on the master:

* namenode, clustermanager, base master, hue, etc.

Runs all of the slave daemons on the master:

 tasknode, nodemanager, regionserver

One a 2+ node cluster:

 the master only runs the master daemons
« The Core nodes run all the salve daemons
- The Task nodes don't run node manager because they are not part of HDFS.

Bottom line: If you are going to run HBase:
* You need core nodes
« And probably task nodes.
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For more information

Amazon Whitepaper, EMR Best Practices:

- https://aws.amazon.com/whitepapers/emr-best-practices/

Specific scenarios for: i sttt g

« Moving large amounts of data from HDFS to S3
- Moving large amounts of local data to S3

* Moving large amounts of data from S3 to HDFS . DT

91919 . ; %;glazon

. ,_4,\,
- Data Collection | services
. Data Aggregatlon Best Practices for Amazon EMR
* Processing data with EMR pariz Deyim
« Optimizing for Cost
° Performance Optimization (Please consult <http: //aws.amazon.com /whitepapers/> for the latest version of this paper )
T — ——NTTT
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Spark and SparkSQL— what you need to know at this point

Spark computes with RDD — Resilient Distributed Datasets
* RDD consists of records.
* Records can be interpreted as Key/Value pairs.

RDDs are arranged in a directed, acyclic graph (DAG)
RDDs are evaluated with "lazy evaluation” — only when needed.

RDDs can be created by:

« Reading text files from HDFS or S3 (sc.textFile(), sc.wholeTextFiles(), etc.)
 Loading a saved RDD (RDD.saveAsPickleFile and sc.pickleFile() )
« Operations on other RDDs

DataFrames store rows of structured data (Datasets in Scala and Java)
- Spark API: df.select(df[ 'name'], df['age']).filter("df['age'] > 21).show()
« SQL API: spark.sql("select name, age from ages where age>21").show()
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Feeling lost? Be sure to read the documentation.

Programming guides:

* Quick Start
« Spark Programming Guide

« DataFrames, Datasets and SQL

® O ® 41 quick Stan - Spark 2.1.0 Doc. X
&« C | & Sescure bitps://spark.apache.crg/docs latest/quick-stast.Ftml
2 Apps fe &e 50z B Svasus CRANLYEOZ 1 & M Forms aricing &

Quick Start

» Irteraciive Analysis with the Spark |
¢ Basics
¢ Mare an FCD Operations
¢ Caching

» Self-Contaned Applications

» \Where to Go from Fere

This tutorial provides a quick irtroduc:i

Programming Guides ~

APl Docs~

Quick Start
Spark Frogramm ng Gu de

Spark Streaming

Datal -ames, Datasets and S0l
Structured Str=aming

MU b (Maching Learning)
GraphX 'Graph Procezsing)
HparkR (F on Spark)

N Convas [

Georgetown

FrGu Faws FiDoc 1 ACM Diaital israry

More~ I

Cep oying~

the 4P| through Spark's interactive shell {ir Python or Scalz), then

Show haow 1o write epp IeAations 1IN JMVA, oo, 2o rypmuroesr s pragnmnma| g JUide tor a mare completa reference.

To follow zlong with this guide, first dowrlvad a packaced re ease of Spark from the Spark website. Since we won't be using HDFS, you can

Aowninas a nackane for anv varsinn ~f Hadnnn
s s ock epache o yfducsilaest g aick=-slar Launld
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Running Python & Spark

ipyspark — Revised in bootstrap2-ipython.sh:

 Environment variables:
PYSPARK_ PYTHON=python3

PYSPARK DRIVER_PYTHON=ipython3

Terminal
IPython

« Executable:
pyspark

stdin &
stdout

Python

IPython combines a REPL and a kernel il

« Sort of like this:

while True:
code = input(">>> ")

print(eval(code)) IPython

Kernel

« The Python kernel runs in a different process.

- The same kernel is used for Jupyter and Qt. Messages
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What's going on with pyspark?

pyspark

* runs on the Master — Only installed on the head-end

« Communicates with the Spark Driver
« Sets up environment variables for iPython and then runs spark-submit.
- spark-submit runs Java (JRE) and the Scala Spark runtime, connected to IPython kernel

* IPython kernel communicates with Scala using ZMQ (0MQ)

pyspark uses Py4dJ to bridge between Python and Java
 Allows Python programs to dynamically access Java objects in the Java Virtual Machine.
- Lets Java collections be used as Python collections
 Allows call-backs, so Java programs can call Python objects.
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What's going on with pyspark?

Best way to learn about a program — read the documentation:

[hadoop@ip-172-31-41-157 ~]% pyspark --help
Usage: ./bin/pyspark [options]

Options:
--master MASTER_URL spark://host:port, mesos://host:port, yarn, or local.
--deploy-mode DEPLOY MODE Whether to launch the driver program locally ("client") or
on one of the worker machines inside the cluster ("cluster")
(Default: client).

--class CLASS NAME Your application's main class (for Java / Scala apps).

--name NAME A name of your application.

--jars JARS Comma-separated list of local jars to include on the driver
and executor classpaths.

--packages Comma-separated list of maven coordinates of jars to include

on the driver and executor classpaths. Will search the local
maven repo, then maven central and any additional remote
repositories given by --repositories. The format for the
coordinates should be groupId:artifactId:version.

--exclude-packages Comma-separated list of groupld:artifactId, to exclude while
resolving the dependencies provided in --packages to avoid
dependency conflicts.
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pyspark is running a JVM and a Python interpreter

--py-files PY_FILES Comma-separated list of .zip, .egg, or .py files to place
on the PYTHONPATH for Python apps.
--files FILES Comma-separated list of files to be placed in the working
directory of each executor.
--conf PROP=VALUE Arbitrary Spark configuration property.
--driver-memory MEM Memory for driver (e.g. 1000M, 2G) (Default: 1024M).
--driver-java-options Extra Java options to pass to the driver.
--driver-library-path Extra library path entries to pass to the driver.
--driver-class-path Extra class path entries to pass to the driver. Note that
jars added with --jars are automatically included in the
classpath.
YARN-only:
--driver-cores NUM Number of cores used by the driver, only in cluster mode
(Default: 1).
--queue QUEUE_NAME The YARN queue to submit to (Default: "default").
--num-executors NUM Number of executors to launch (Default: 2).

If dynamic allocation is enabled, the initial number of
executors will be at least NUM.

--archives ARCHIVES Comma separated list of archives to be extracted into the
working directory of each executor.

--principal PRINCIPAL Principal to be used to login to KDC, while running on
secure HDFS.

--keytab KEYTAB The full path to the file that contains the keytab for the

principal specified above. This keytab will be copied to
the node running the Application Master via the Secure
Distributed Cache, for renewing the login tickets and the
delegation tokens periodically.
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spark-submit — the "non-interactive" version.

pyspark — creates the SparkSession and context objects.
spark-submit — You need to create them yourself

#!/usr/bin/env python34
# A5/demo.py
# Run this program with: $ spark-submit demo.py

import sys,os,datetime,re,operator
from pyspark.sql import SparkSession

if name__ =="_ main__ ":
spark = SparkSession.builder.appName("quazyilx").getOrCreate()
Yo = spark.sparkContext
sc.setLoglLevel ("ERROR") # Lower logging

print( "You are using Spark {}".format( spark.version ) )

# Put the numbers 1 to a million in an RDD and add them
rdd = sc.parallelize( range( 1, 1000001 ) )

print( "The numbers 1 to a million added together are: {}".
format( rdd.reduce( operator.add ) ) )

# Print the current time with SQL
now = spark.sql("select now()").take(1)[0][©]

print("Today is: {}".format( now.isoformat() ) )

spark.stop()
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Spark History Server: port 18080

® O ® [ History Server * Georgelowm
< C ® locahos:18080 & G @
iAops £ &5v: EFuvmabus S CGANLYsDz [ BT roms stieine S [ Cenvase [ Eoou Eg ANS TCez  [1 ACM Digital Library

Sﬁ‘dﬁz\z .., History Server

Event log directory: ha®s:/fvarflogfepsrkizpps
Last updated: 3/25/2017, £.03:28 F\

Jearch,
App D App Nama Started Completed Duration Spark User Last Updated Event Log
apalicat on_148C4857 18488_0002 PySparkSngl 2017-03-25 21:02:87 2017-03-25 21:03:22 25 r hadonop 2017-03-25 21:03:22 D
apalicat on_143C4857 194558 _0001 PySperkSnel 2017-03-25 P0:48:47 2017-03-25 2068410 5.8 min hadonp 2017-03-25 20:54:10 i‘-“r"‘"ﬁi’,.

Skowing 110 2 of 2 antries

Show incompiete agp catcns

$ ssh -A -L18080:localhost: 18080 hadoop@remotehostname
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Look at stats on logfile...

$ ipyspark --py-files=fwiki.py
Python 3.4.3 (default, Sep 1 2016, 23:33:38)
Type "copyright"”, "credits" or "license" for more information.

IPython 5.1.0 -- An enhanced Interactive Python.

? -> Introduction and overview of IPython's features.
%quickref -> Quick reference.

help -> Python's own help system.

object? -> Details about 'object', use 'object??' for extra details.

Setting default log level to "WARN".

To adjust logging level use sc.setLoglLevel(newLevel). For SparkR, use setLoglLevel(newLevel).
17/03/25 22:41:36 WARN Client: Neither spark.yarn.jars nor spark.yarn.archive is set,
falling back to uploading libraries under SPARK HOME.

Welcome to

/ _/ / /__
NN _ N/ _ "/ "/

/ I\, / J /_/\_\ version 2.1.0
/_/

Using Python version 3.4.3 (default, Sep 1 2016 23:33:38)
SparkSession available as 'spark'.

/__

In [1]: logs = sc.textFile("s3://gu-anly502/logs/forensicswiki.2012.txt")

In [2]: logs.take(1)

Out[2]: ['77.21.0.59 - - [01/Jan/2012:00:35:03 -0800] "GET /wiki/Write_ Blockers HTTP/1.1"
200 5742 "-" "Mozilla/5.0 (Macintosh; Intel Mac OS X 10 6 8) AppleWebKit/534.52.7 (KHTML,
like Gecko) Version/5.1.2 Safari/534.52.7" ']

In [3]:
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e e 1 History Szreer x Georgeluan

&« = C @ localhost: 18080 w @3 Rl @
5 Apps S &0 502 EJSylabus 2 TMANLYS02 [0 B D Forms pricing & [ Canvae ) JGU _JAWS L= Coc [1 ACM Digital -ibrary

sgj“dﬁjg .., History Server

Event log directory: hd's.//varlog/epark/apps

Last upcated: B/22/2077, 5:125:15 ”M

Search:
App ID App Name Started Completed Duration Spark User Last Updated Event Log
application_14804657 84958_0004 PySparkShell  2017-03-25 22:37.54 2017-03-25 22:40:°9 2.4 min nadoop 2017-03-25 22:40:19 Cownicad
application 149046579493 0008 PySparkSrell  2017-08-25 21.55.43 2C17-05-2522:37.49 21 min nadoop 2017-05-25 22.37.49
application 149046579493 0002 PySparkSrell  2017-08-25 21.02.57 2C17-05-25 21.03:22 25 s nadoop 2017-05-25 21.03:22
application_14904557" 9434_0001 PySparkSrell 2071 7-08-25 20-48:42 201 7-05-25 20:54:" D 5.5 min nzdoop 201 7-053-25 20:54:10 "Bownicwd

Snowing 1 10 4 of 4 ertries

Show incomplete apglications
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o ) 1 PySpark3-ell - Spark Joos x Geurgetvan

— C | @ localhost: 18080, bistory/zpolicat'on 14004667 19488 0004/jobs/ w @ 3 Rl @
5Apps S £ 502 EJSylabuz & rANLYS02 [0 B [ Forms peicng & [ Canvae ) JGU JAWS L= Coc [ ACM Digital .ikrary
spOf”(\Z 210 Jobe Slages Siorage Environment Exscutors PySparkShell applicaticn Ul

Spark Jobs ()

User: hadoop

Total Uptime: 2.4 min
Scheduling Mode: | 11 O
Completed Jobs: 1

» Fuert Timalina

Completed Jobs (1)
Job id - Description Submitted Duration Stages: Succeeded/Total Tasks (for all stages): Succeeded/Total
C runJob &t PythonRDC . scala: 441 2017/03/25 22:38:40 11s A ial
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o ) 1 PySpark3-ell - Spark Joos x Geurgetvan

— C | @ localhost 18080, istery/zoolicaton 14004657 19488 0004/jobs/ w @ 3 Rl @
5 Apps fe £ 502 EJSylabuz & (}ANLYS02 [ B D Forms Gipricing & [ Canvae ) SOGU SJAWS [ Coc [) ACM Digital Library
SPO"":Z S Jobs Slages Siorage Erwvironment Exscutors PySparkShell application Ul

Spark Jobs ()

User: hadoop

Total Uptime: 2.4 min
Scheduling Mode: | 11 O
Completed Jobs: 1

w Fyart Timalina
Enahle 700!’""',('_:

Executora
Added
| Removec Zxecutor 1 added Execnar
Johs
Succeeden
| |aled
Rurnn rg runJdon 8 Iythanl i) =eal:
=]
40 45 S0 o5 0 5 10 'S 20 25 Jo 32 a0 4= S0 o0
25 Marcnh 2234 25 March 22:39

Davanmlaons d 1., 4d4)
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o G Y PySpark3-ell - Details “or ol x

< C | @ localhost: 18080, istory/zpolicet'on_1£804667 19488

5 Apps S & 502 EJ Sylabus

Details for Jobh 0

Status: SUCCEEDED
Completed Stages: 1

b Lvert limeline
v DAG Visualzaion

Stage O
text e

Completed Stages (1)

Stage Id ~ Description

franys02 [0 B D Forms

0004/jcbs/ ob!?

pricing

Submitted

~
3

C rurJob at PythonRDD.sea a:441 idatals 2C17/03/25 22:38:40

c=0

[ Canvae

Duration

58

0 OGU JAWS = cCoc

Tasks: Succeeded/Total
1A

[ ACM Digital ikrary

Input  OQutput

Georgeluwn

w @ 3 Rl @

Shuffle Read Shuffle Write
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In [1]: logs = sc.textFile("s3://gu-anly502/logs/forensicswiki.

2012.txt")

In [2]: logs.take(1)

Out[2]: ['77.21.0.59 - - [01/Jan/2012:00:35:03 -0800] "GET /wiki/
Write Blockers HTTP/1.1" 200 5742 "-" "Mozilla/5.0 (Macintosh; Intel

Mac 0OS X 10 6 8) AppleWebKit/534.52.7 (KHTML, like Gecko) Version/
5.1.2 Safari/534.52.7" ']

In [3]: import fwiki
In [4]: logObjects = logs.map(lambda line: fwiki.LogLine(line))

In [5]: logDF = spark.createDataFrame( logObjects.map( lambda obj:
obj.Row() ) )

In [6]: logDF.cache()

Out[6]: DataFrame[agent: string, bytes: bigint, datetime: timestamp,
ipaddr: string, method: string, path: string, refer: string, result:
bigint]

In [7]: logDF.count()
Out[7]: 15949554
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In [8]: 1
In [9]: s
| count (1)

In [13]: spark.sql("select year(datetime),month(datetime),count(*) from log group by

ogDF.registerTempTable("log")

park.sqgl("select count(*) from log").show()
+

year(datetime),month(datetime) order by 1,2").show()

In [14]:

quit();

Massive Data Fundamentals

Don't forget to quit()!

L T L L fmmmmm e eemaemeea fmmmmmm-- +
|year (CAST(datetime AS DATE)) |month(CAST(datetime AS DATE))|count(1)|
fmmmmmemmemmemeememeemaaaeaa- T ™S fmmmmmmm- +
null null 586
2012 1| 1531126
2012 2| 1327073
2012 3 1279546
2012 41 1014210
2012 5[ 1169192
2012 6| 1304089
2012 7| 1282417
2012 8| 1453932
2012 91 1281993
2012 10| 1499991
2012 11| 1395354
2012 12| 1397617
2013 1 12428
e fmmmmmmmmemmmmemmeeeemeaamaaa- fmmmmmmm- +
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o ® ' ™M History Servr x

Geurustown

= C | (@ localhost:1308C w @ 9 Rl @
= Aops & & 502 BSvilzbus = T7ANLYS02 |° B |° Forms aoicing & JCawas 1 TSIGL EJANE EDoc ) ACM Digital Librery
SM‘KZ | History Server
21.0
Event log directory: hafs //~aiog/spark/apps
Last updated: 3/252017, 7:06:37 ”M
Search:
App ID App Name Started Completed Duration Spark User Last Updated Event Log
application_146C465718498_0008 PySparkShel 201703-25 22:47:32 2017-03-25 23.06:30 25 min hadoop 2017-03-25 23:06;3C Downloac
application 14SC4€5719498 0004 Py 3parkShell 201703-25 22.37.54 2C17-D03-25 22:4D0:19 2.4 min hadoop 2C17-08-2522.40.1¢
application_1420465719498 0004 rSparkished| 201 703-25 21:56:48 201/7-03-2522:37:49 41 mn hadoop 201 7-00-25 22:57:4% Downloud
arplication_142C465719498_0007 Pys kShell PO 7-03-28 21:00:57 2017-D3-25 21:03:22 55 hadoaop 2017-03-25 21:03:22 Nownlnad
application_148C465718498_0001 PySpar 2017-03-25 20:48:42 2017-03-25 20:54:10 5.5 min hadoop 2017-03-25 20:84:1C Downloac

Shavidng 1to 5 of § entriaz

Shew incompiata epp leatinng

Only appears after you quit!
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®O0® '

FySpzrkShe | - Spar< Joos x

&« C | localhost:1308C /1 story/applicat on_14904€571€428_0C05/jobs/

= Aops & & 5C2 B Svilsbus

Sp(.]f"zz o Joks

Stages Storage

Spark Jobs [?)

User: raccep

Total Uptime:

25 min

Scheduling Mode: | || D
Complated Jobs: 11

» Event Timaine
Completed Jobs (11)

Jobld + Description

10 shewString al NativeMethodAccessorimpl.java0
8 showString al NativeMethodAccessorimpl.jzava0
a8 shewstrng st NativeMethodAncessorimpl jeva0
7 showString al NativeMethodAccessorimpl.java:0
6 showString at NativeMethodAccessorimpl.java0
5 shewstring at NativeMethodAnceassorimpl. jeva0
B showstnng at NativeMethodAczcassorimpl.java0
3 shcwString al NativeMethodAccessorimpl.java0
2 count &t NativeMethcdAncessarimpljava:(

1 ranJob at Python DD scaladd

0 nanJob at PythonRDD.scala:441

Environment Cxecutors

Submitted

2C17/C3/25 23:06:.08
2017/03/25 23:05:52
2017/03/28 23:05:52
2C17/C3/25 23:05:52
2C17/03/25 23:05:52
2017/03/28 23:05:49
201 F/UQ25 23:05:13
2C17/C3/25 23:04:46
2017/03/258 22:48:0°
2UNVI0QES 22:4 42

2C17/C/25 22:42:2"

L7ANLYS02 |© B | Forms oricing & 3 Canvas ] TIGL [ ANS

<M
ol L

Duration Stages: Succeeded/Total

o
wn

o
o
(]

2/2

171 {1 ekipped)
171 {1 akipped)
1/1 {1 skipped)
1/1 {1 ekipped)

= Doc

Geuruslown

w @9 Rl @

] ACM Digital Librery

PySparkShell applcaton Ul

Tasks (for all stages): Succeedad/Total
264/264
75/75 (64 skippec)
100/100 (64 a<ipped)
20,20 (64 skippec)
4/4 (64 sk pped;
65/65

6565
65/€5
65/65

141
1/1

Massive Data Fundamentals

GEORGETOWN_ UNIVERSITY



o ® ' ™ BySparkShel- Spar< Jazs x Geurastown

&« C | localhost:1308C/ story/zpplicaton_14904€5718428_0C05/obs/ w @35 Rl @
= Aops & & 502 BSvilzbus = T7ANLYS02 |° B |° Forms aoicing & JCawas 1 TSIGL EJANE EDoc ) ACM Digital Librery
SQQr‘,:Z S Jobs Stages  Sworage  Cnvironment  Cxecutors  SCL PySparkShell appl caton Ul

Spark Jobs (?)

User: haccep

Total Uptime: 25 min
Scheduling Mode: | 1| D
Complated Jobs: 11

+ Event Tima ine
Enane rooming

Executors

Added Exocutor 1 reimoved

Hemoved i xerito’ 1 adsied EXeutar 2 edden

Jobs
Succeeded
| Faled

Hunning

! ccunt at NativeMethodAccessorlmoal jzvz:0 [Joo 2) ‘ ‘

22:45 22.5C 22:55 23.00

n
(]
<

h

Sat 25 March

Completed Jobs (11)
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Coalixn oo %

B omEpassee

D oA bkast: 1ECADNIatary saslizatio
AR su2 pieng G

&

hups Be e SUE ) Urisbue

.
WU IOU g Cos e

Massive

Evert Tiraha

D&E N sunleahar
Sacacil Seae 14
[ S
l'v
'} Vi el laelinhaner
|
|
|
|
|
" M
+ luu( Nalh o

sngico

i
= Sattiene f
? .

uw’uf wde L

|'|'AIN*‘\ Tabdalicon

M».‘.€+~.LC.~.J. o '

Completed Stages (2)

Dezcription
Jnetdencohcceszorimpl javal

Stage Id ~
=haastng ol e
ahaedtang ol Natnel/ecnccAccessortimpl javal

[ Canve

cotals 2

+Cunin

J Laov Loaws JCoe [ ACN Deatal Library

+ Click here

Duration Tasks: Succeeded Total

Submitied
20u200

201000820 205U Do
AN SRS Ak HAB4

‘a

Input

EEAE WH

Output

Shufile Read  Shuffle Write

4.5 KU

B5K=
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® O® [ mEpaksiel Coabinst: x

~ ¢ D ooakas: 1ECADNatany sadication_14A000A5 7 19498 _N00E fataganiatage 7ie= 1 3R arpr=1

P hupr de & uv: QJureber v Clanlrsvz 3 G OC raeewm preng G [ Camvee ) LJGU Lo aws dCoe [ ACN Deatal Library

Spariz ) Jobes  Stages Siomge  Ervkonment  Execulers  SCL PySparkBhell spplcation VI

Details for Stage 19 (Attempt 0)

Toix Time Across All Tasks: Ud s
Localty Leval Sumemary: Koda baa: 17; Fracass acal 183
Shutie Read: Lo KL 7127

« DAQ Vevalzation
Stz 19
Peshasge

Sl cdFeaFDD EE
aheefiien ot Hoef v Asehasdnesecese el frva i)

Vernwdasmiinciacar
¥

oA Ui sFCD B
ahee 5o At Hseraw diehasdasmease el jrvafl

=an
v

oA Ui sFCD [
w5100 A N Ao s ssaod ogd java

aowincaas

v

oA Ui sFCD 41
e Briog ot Nudredehochoc o gl java 0

» Show Addiional Matrcs
» Eunrrt himarma

Summary Metrics for 200 Completed Tasks

Matric Mn 251h percentie Madian 75th percantia Max
Daraticr Jms 1M 1ms 1ms 24Ms
SCTrm Jms Orm dms Jms Brs
Shut e Heed Sezs / Hecords upesu vouso Jou/0 Juuso SOKRSIO

- Aggregated Metrics by Executor

Executor D a Address Ta=x Time Total Tasks Failad Tasks Killed Tosks Succeeded Tasks Stwtie Head Size / Records
2 atdout In 17231801172 a2 marral 33243 24 200 M. J 20 5K 127
ehdurr

Tasks (200)

Fage 2 “ 2 Pageadurpn o LEhow L0 Hamaina nage Go
Index & 1D Altenpt Status Locality Laval Exacutor 1D / Hast Launch Tima Duration ©OC Time Shuffic Read B2a f Records Eroes
J g3T C SUDCESS PROCESS_LCOCAL 20 p-172-31-39-112.2C2imemal ooyt 20170525 28 0o “dre CoB/sD

~SORT
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® [ mEpaisiel Deabforsio x 0 argeinam

=2 C @ woakras: 1ECADNatary zasisation 1400865 7 19495_0N0E ftaganiatageFic= 1 3Asanpi=1 & ] BRI @
hups e B sU: OJurebur o Clanrsvz 3 @ g neng G . O LUGw Loaws Zatve [OACN Ceatal Library

ShuMaRend S2a / Recarda ACE/Q NOBSO J0RB/S0 ALB/G BOKS /81

- Agaregated Melrics by Executor

Executor|D 4 Address Task Time Total Tasks Fai lad Tasks Killed Tasks Succeaeded Taska ShulMie Read Bizae ! Recards

2 endout Ip-173-31-38-1132 202 maral 33243 2¢ 200 C 2 200 BIK3NET
stckarr

Tasks (200)
Fag~ 2 > 2Pspes. Jugto Lehow D nMrs 3 sage G

Index &4 10 Aftermpt Status Locality Level Exacutor 1D ! Host Launch Time Duration GC Time  Shuftle Head Sxe / Records Errors

i LT W SUIXASS  PROCESS LGGAL 20 p-1@2-0-E-112.0020mems =acut A28 2806048 “dre LoD
soem

1 LU SUDCLSS  PROCLSS_LOGAL 20 p-172-01-03-1T2.2c2amemsy  =tocut 201 AUN20 28Lee e Louro
Aaam

2 g2s € SUCLESS hOCE_LCCAL 2/ pATZ-31-33-112.ec2imemal ooyt 20170EH25 26050« “6Irs SHOBST
shoer

3 i I ¥ SUGCCERR PROCEARR LOGAL 2! pAT2 3133412602 0vema atacus 201TNE2E 28 ads S e CORSD
e

< 40 U SUDCLSS  PROCLSS LOGAL 20 p-172-01-03-1T2.2c2amemsy’  =tocyt 201 AUN20 28iee " e Louro

HceT
[ ]
5 §41 C SUCCCSS PROCISS_LOCAL 20 p-172-31-33-112.=c2imemra  =hocut 20170325 230608 e OG0 NOteI
2017maR% 280804 | < g comsD Access to
A SNEAL DELE DL Y s LOBSD StdOUt &

4 44 U SUDCOLSS  PROCLSS_LOGAL 20 p-172-01-03-1T2.0c2amemy  =tocyt 201 0UN20 2ERLEe " e cLouro stderr

a 647 SUGCERR PROCESS_LOGA

RN

S pATZ 315331 a0 0vema

L SUL=8E PROCESS L0

S

L P22 A et e

El §45 C SUCCCSS PROCLSS_LOCAL 20 p-172-31-33-112.8c2ivemal 2hocyt 20170525 280ee 2 e cOoBso =
requires

Y PATZ 315331260 0vema) ooyt 20ITRERE DEfa0L e COBSD

foxyproxy

AN NN QAL T s LOEMD

10 G5 SUGCCERR PROCESS LOGA

N

n L2 W SULERS PROCESS LGl 20 p 2.1 endamemrs

-
LY
(43
&
-

SUDCSS  PROCLGS_LOGAL 20 p-172-01-03-1T2.2c2mems Wt 20 AUNZY 2hUGe Uk Louro

JoaT

13 g49 ¢ SUDCESS PROCESS_LCCAL 20 p-172-31-33-112.8c2livemal 2tocyt 20170528 200ae “me cog/o
JORT

14 &30 € SUCEERR PROCERS LOGAL 2! pAT2 3130110602 0vema atacu:s 201TNE2E 280ads  * ma COBSD

oer

15 LY I ¥ SULESS PROCESS LGGAL 20 p /2.1 eeamems stopes XN AU DRgE0s " s LoD

S0eT
15 bl O W SUDOLSS  PROCLSS_LOGAL 20 p-172-01-33-172.2c2 memy  =tocut 201 AUN20 28R0ee 2 e Louro
Joam

7 €35 € SUCCZS3 PROCESS_LOCAL 2V p-172-31-33-112.2c2ivema’ stocut 20170825 28000 “ e coB/sD
sioem

15 54 SUGCERR PROCERR LOGCAL 2V pAT2 313011 06020mema’ ahacus 201TNERE 2806l 2 ma COBSD
oer

19 bl = T SUIAHS  PROCESS LAOGAL 20 pe1@Z-01=E-172.0c20memen stopes A0 002 200608 © s LoD

ape
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Proxy options

http://docs.aws.amazon.com/emr/latest/ManagementGuide/emr-connect-
master-node-proxy.html

FoxyProxy — | can't get it to work anymore
SwitchySharp — ?

@ 0P @ zaivSham  Gocds Chean % Sacrnamn
“— C  # Sacure  hiips ) xswichys=ar.com ¥ | qy B gl O
Fapos L &ro2 Esdcte: B (Danwsvz [ B T Fore pecine S [ Comeaxs T BUSU Lo AWs SuDre TOACM Dioal Library

SwitchySharp

SwitchySharp & Geogle Chrome . 8 Fi— P EREI BER, SiimifBis8iEs,

it BT

[RiL
3§

X eyt 1) b e

1148
amm

1. FH Chvome KB AF), AMRHRNESIIEEE, THEXESAIET, GofApem
2 EARSEERATEE, FRIESFMNRGESDRE.
3. RO, ol URL (A el e timtA Rzl
g W8N, REHEE,

5 FRESNN, SETEGW L, 0%t
bt FFEELDMFBEL, FUEE.

TESNMARRIRETE, BT R,

B. TIRGERIEIRI, OT ERASERI A EEREL

Shadoaaicks

T

< SwtchySharn PR, R ESGIRT R,
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What it is

JSON  Pemo

Lab




JSON — JavaScript Object Notation

Data Interchange format

JSON — Compact representation format for hierarchical data
Basic data types:

* Number 1, 2, 3

- String "this is a string”, 4_\.\‘)-’-"  "SNE; JERE" (Unicode string)
« Boolean true, false

 Array [1, [1,2, 3] (Any type may be in an array)

* Objects {"age":24, "height":66} (Also called dictionaries)

enull

JSON specified by RFC 7159 and ECMA-404.

Implementations for reading & writing in most languages.
* python: import json

Limitations:
« Numbers: No scientific notation, Infinity, NaN

- Can only represent a "tree" of objects; no loops.

Massive Data Fundamentals
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Some sample JSON

Some students:

students = ["Alice","Bob","Charlie", "Debra"]
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Student enrollments

students = ["Alice","Bob","Charlie", "Debra"]

Alice is enrolled in ANLY502 and ANLY503
Bob is enrolled in ANLY502

Charlie is enrolled in ANLY502

Debra is not enrolled in any course.

In [1]: students = {}
In [2]: students["Alice"] = {"courses":["ANLY502","ANLY503"]}
In [3]: students["Bob"] = {"courses":["ANLY502" ]}

In [4]: students["Charlie"] = {"courses":["ANLY502"]}

In [5]: students["Debra”] = {"courses":[]}
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Advantages of JSON: It's a storage format that works like code

In [7]: students

Out[7]:

{'Alice': {'courses': ['ANLY502', 'ANLY503']},
'Bob': {'courses': ['ANLY502']},
"Charlie': {'courses': ['ANLY502']},
'‘Debra': {'courses': []}}

In [8]: import json

In [9]: json.dumps(students)

Out[9]: '{"Alice": {"courses": ["ANLY502", "ANLY503"]}, "Bob":
"courses": ["ANLY502"]}, "Charlie": {"courses": ["ANLY502"]},
"Debra": {"courses": []}}’

In [10]: json.dump(students,fp=open("students.json","w"))
In [12]: json.load(fp=open("students.json","r"))
Out[15]:
{'Alice': {'courses': ['ANLY502', 'ANLY503']},
'Bob': {'courses': ['ANLY502']},
"Charlie': {'courses': ['ANLY502']},
'‘Debra': {'courses': []}}
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Advantages of JSON: it's easy to extend

In [16]: students["Alice"]["email"] = "alice@georgetown.edu"

In [17]: students
Out[1l7]:
{'Alice': {'courses': ['ANLY502', 'ANLY503'],
‘email’': 'alice@georgetown.edu'},
'Bob': {'courses': ['ANLY502']},
"Charlie': {'courses': ['ANLY502']},
'‘Debra': {'courses': []}}

In [18]:
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JSON compared to other data interchange formats

Record-
- t~al? 2
based? Hierarchical” Compact- m
v 4 4

JSON
V
CSV / TSV v

Google Protocol
buffers v 7

Apache Parquet v v

v
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JSON is commonly used for web APIs
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8 © & 3 waather ARI- OpariNeathats X (330rgetomn

& = (O @& Secura https /jopewseal eEmap.eogan

Hlame &, & 502 QJSvisbus o (paANLsCz N B [ oroems

pricne & M Canvas [ FICL MAWS = Doc [* ACM Digite Library

& Support Center Q Weather inyourcity = Signin O3Skgnlp

Waeather Mapa ~ APl Prica Partnera Stations Widgels

Our weather API| is simple, clear and free. We also offer higher levels of support, please see our paid
plan options. To access the AP you need to sign up for an AP| key if you are on a free or paid plan.

Current weather data o day / 3 hour forecast 16 day / daily forecast
AR o A S =uhsoribe AF1 do
« Access current viather data for any « hday forecast i avalable at any « 10 day forecast is availzhle at any
lesatian inclading ever 200,000 citles lacarien ar city losatian ar ity
= Current weather is freguently updated = Sday ferecast includes weather data = 15 day forecast includes daily weather
based cn globa' models and data from every I hours = Forecast is avallable in JSON and XML
mce 1ar 40,000 weather s1atons - Forecastis avalkadle in JSON anc XML = Availabie tor Developer, Pretessicnal and
« Data s available in JSON, XML or HTML « Available for Free arc all other paic Enterprise accounts
format arcounts
« Availeble for Free end all other caid
accounts
Historical data UV Index BETA Weather map layers
AR ron IS Sl =uhsoribe AF do
« [raugh our AP we pravide city o Current UV index (Claa- Sky) and « Weather maps include preciatztion,
higtarical waathar dara for 37, 00C+ chities historizal data ara availanla far any ama clauds, prassure, ramparature, wind, aad
= Higtorical data i availadle fer 1 month locatien (lat/len) more
previous In Starter acceurt, for 1 year = |verpreting of the UV |ndex and = Connectour weather mass 1o yeur
previous in Medium accounts, and for 5 recommended protection are provided robile spplications and websites
year3 in History Bulk « Datais aveilablz 'n JSON « Useas ayars in Oirect Tiles, OpenLayers,
« Available for Professicnal and Entarprise Le=ailA, and Cocgle Maps
ooeoums « Availablz for Free and all other paid
accourts
. iR . . .
Weather stations M- Bulk downloading Air pollution BETA
AR coe AU 2uhscribe AF dar
« API for wanaging your personal weathar « Wz pravide number of aulk files with « We provide carrert and wetorical (since
stations cLoranrt waathar and foracasts Novarmba- 201 5] dara ea air pallutior
= Creatior of tre staticn and = Current weather bulk is available fer vi'th maln indexes cf CO, 03, NOZ and
measurenents t-ansfer 20,00C c tles SOz
= Receiving the aggregated = Varety of houry and daily forecast bulks = Air pollution: ways to forecast s
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C

Hlasps g, & 502 QSviskus G (jaNwsoz 1 @ [ oroems

T 15 day weatner Torecast- Cpe X

& Secura ttps Jopeweeat vamMmap.crg/io ecast i

pricine & [N Coanvas

& Support Center Q Waather in your city

Mapa ~ API Price

Ed OpenWeatherMap

M Bce
= Signin

Partnera

-1 ANS

™ Coc [T ACM Digite Library

O Sgnla

Stations

Widgels

16 day forecasts is available at any location or city. Forecasts include daily weather and available in

JSON or XML format.

Call 16 day / daily forecast data

Please remember that all Examples of AP1 calls that listad on this page are Just
samples and do not have any connsction to the real AP| servicsl

By city name
Description:

You can search 15 day weather forecast with dally average parametess by city name. All weather

data can e obtained in JSON and XML formats.

Call 1€ cay / daily forecast data
s By city pama
s BycityID
o By geographic coordinates
s By Z11° code
Bul downloading
Parameters of AR reepand
s JSCN
 XMI
» List of cenditicn codes
v Min/max temperature in current
waathar AP and forecast AP
Other features
s Format

{330rgetomn

Bl @

s Search accuracy
s Limitation of rasult
There i 2 possibility 10 receve a central dist-ict of the city/town with its ovin parameters s Unite farmat
(gecgraotic cocrdirates/id/name) in API respense, Cxarple o Multilingual suppart
o Callback funatien for JavaSeaript
coce
AF| call:
apl.openweathermap.ory/detayz b forecasty delly?g-icity namel,fcourtry code] Sent-{ent)
Parametcrs-
g city name and courtry code divided oy comma, use 150 3766 coantry codes
cnt numbe: of Gays returned (from 1 to 16)
Cvamples of AP cals:

Call 7 days forecast by city name in X*L format and metric units
api.openweathermap.org/deta)2 S/forecast/deily?q=Londenirmode =xmi&units=metric&ent =7

By city ID

Deseriplion:
You can s2ach 16 day weathar forecost with deily avarage parametars by city [D. AP responds witn
exact -esult. All vicather date can be oatained ¢ JSCN end XNL forrat

List ct City ‘D city.listjson. gz car be dovnibaded here hitpL7bulk operweathermap.crg/sample/
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OpenWeatherMap JSON API format

{"cod":"200","message" :0.0032,
"city":{"id":1851632,"name":"Shuzenji",
"coord":{"1lon":138.933334,"1at":34.966671},
"country":"JP"},
"cnt'":10,
"list": [{
"dt":1406080800,
"temp":{
"day":297.77,
"min":293.52,
"max":297.77,
"night'":293.52,
"eve'":297.77,
"morn":297.77},
"pressure':925.04,
"humidity":76,
"weather":[{"id":803,"main":"Clouds","description":"broken clouds","icon"

1}

Parameters: + list
: list.dt Time of data forecasted
« City list.Tenp
city.id City ID « list.temp.day Daytlemperature. Unit Default: Kelvin, Matric: Celsius, Imperigk:
city.name City name Fahrenheit.
city.coord o 1_st. Lemp. r_n Min dzily temperature. Jnit Defzult: Kelvir, Metric: Czlsius,

Imperial: Fahrenheit.

= city.coord.lat City geo location, latitude = 1i5t.temp. Tax Max daily temperatura. Unit CefaLlt Kalvin, Metric: Ce'sius,

= city.coord.lon City geo location, longitude Imperial: Fahrenheit
city.country Country code (GB, JP etc.) « l:st.temp.nzght Nighttemperature. Unit Cefault: Kelvin, Metric: Celsius,
« cod Internal parameter Imperial: Fahrenheit.

» 1list.temp.sve Evening temperature. Unit Cefault: Kelvin, Metric: Celsius,
Imperial: Fahreanheit.

= Llist.temp. Torm Morning temperatura. Unit Uefault: Kalvin, Metric: Ce'sius,
Imperial: Fahrenheit.

« message Internal parameter
« cnt Number of lines returned by this API call
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JSON is more compact than XML

<weatherdata>
<location>
<name>London</name>
<type/>
<country>GB</country>
<timezone/>
<location altitude="0" latitude="51.50853" longitude="-0.12574" geobase='
</location>
<credit/>
<meta>
<lastupdate/>
<calctime>0.0091</calctime>
<nextupdate/>
</meta>
<sun rise="2015-06-04T7T03:46:26" set="2015-06-04T20:11:17"/>
<forecast>
<time day="2015-06-04">
<symbol number="802" name="scattered clouds" var="03d"/>
<precipitation/>
<windDirection deg="148" code="SSE" name="South-southeast"/>
<windSpeed mps="5.12" name="Gentle Breeze"/>
<temperature day="23.65" min="17.27" max="23.74" night="17.27" eve="22.9.
<pressure unit="hPa" value="1032.24"/>
<humidity value="70" unit="%"/>
<clouds value="scattered clouds" all="36" unit="%"/>
</time>
</forecast>
</weatherdata>
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JSON and Spark

Spark can read a JSON dataset as a DataFrame (or Dataset)

Option 1 — Read the JSON on the Driver and "parallelize”

« Reading of JSON is single-threaded; may be slow.
- Easy for small datasets.

Option 2 — Store the JSON into S3 / HDFS and load it.

- Better for large datasets
« Great if the dataset is changing over time (ie: more data being stored in bucket)
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Demo: parallelize

In [1]: data = []

In [2]: data.append({"color":"red", "height":150})
In [3]: data.append({"color":"blue", "height":125})
In [4]: data.append({"color":"green", "height":75})

In [5]: df = spark.read.json( sc.parallelize( data ))

In [6]: df.show()

+----- +------ +
color|height
+----- +------ +

red 150

blue 125

green 75
+----- +------ +

+------ +
height
+------ +

150

125

75
+------ +
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In [8]: df.createOrReplaceTempView("data")

In [9]: spark.sql("select color,height from data
"if height>100").show()
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whoops...

In [8]: df.createOrReplaceTempView("data")

In [9]: spark.sql("select color,height from data if height>100").show()

Py43JJavaError Traceback (most recent call last)
/usP/11b/spark/python/pyspark/sql/utlls py in deco(*a, **kw)
try:
--=> 63 return f(*a, **kw)
64 except py4j.protocol.Py4JJavaError as e:
/usr/lib/spark/python/lib/py4j-0.10.4-src.zip/py4j/protocol.py in get_return_value(answer, gateway_client, target_id, name)
318 "An error occurred while calling {@}{1}{2}.\n".
--> 319 format(target_id, ".", name), value)
320 else:

Py43JJavaError: An error occurred while calling o042.sql.

: org.apache.spark.sql.catalyst.parser.ParseException:

mismatched input 'height' expecting {<EOF>, ',', 'WHERE', 'GROUP', 'ORDER', 'HAVING', 'LIMIT', 'JOIN', 'CROSS', 'INNER', 'LEFT', 'RIGHT', 'FULL', 'NATURAL', 'LATERAL',
"WINDOW', 'UNION', "EXCEPT', 'MINUS', 'INTERSECT', 'SORT', 'CLUSTER', 'DISTRIBUTE', 'ANTI'}(line 1, pos 33)

== SQL ==
select color,height from data if height>100

ANAN

at org.apache.spark.sql.catalyst.parser.ParseException.withCommand(ParseDriver.scala:197)
at org.apache.spark.sql.catalyst.parser.AbstractSqlParser.parse(ParseDriver.scala:99)

at org.apache.spark.sql.execution.SparkSqlParser.parse(SparkSqlParser.scala:45)

at org.apache.spark.sql.catalyst.parser.AbstractSqlParser.parsePlan(ParseDriver.scala:53)
at org.apache.spark.sql.SparkSession.sql(SparkSession.scala:592)

at sun.reflect.NativeMethodAccessorImpl.invoke@(Native Method)

at sun.reflect.NativeMethodAccessorImpl.invoke(NativeMethodAccessorImpl.java:62)

at sun.reflect.DelegatingMethodAccessorImpl.invoke(DelegatingMethodAccessorImpl.java:43)
at java.lang.reflect.Method.invoke(Method.java:498)

at py4j.reflection.MethodInvoker.invoke(MethodInvoker.java:244)

at py4dj.reflection.ReflectionEngine.invoke(ReflectionEngine.java:357)

at py4j.Gateway.invoke(Gateway.java:2890)

at py4j.commands.AbstractCommand.invokeMethod(AbstractCommand.java:132)

at py4j.commands.CallCommand.execute(CallCommand.java:79)

at py4j.GatewayConnection.run(GatewayConnection.java:214)

at java.lang.Thread.run(Thread.java:745)

During handling of the above exception, another exception occurred:
ParseException Traceback (most recent call last)
<ipython-input-9-0a2f7c5ec795> in <module>()

----> 1 spark.sql("select color,height from data if height>100").show()

/usr/lib/spark/python/pyspark/sql/session.py in sql(self, sqlQuery)

539 [Row(f1=1, f2=u'rowl'), Row(fl=2, f2=u'row2'), Row(fl=3, f2=u'row3')]
540 W
--> 541 return DataFrame(self._jsparkSession.sql(sqlQuery), self. wrapped)
542
543 @since(2.0)
/usr/11b/spark/python/llb/py4j -0.10.4-src.zip/py4j/java_gateway.py in __call_ (self, *args)
11 answer = self.gateway_client.send_command(command)
1132 return_value = get_return_value(
-> 1133 answer, self.gateway client, self.target_id, self.name)
1134
1135 for temp_arg in temp_args:

/usr/11b/spark/python/pyspark/sql/utlls py in deco(*a, **kw)
raise AnalysisException(s.split(': ', 1)[1], stackTrace)
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Relevant part of the error:

In [8]: df.createOrReplaceTempView("data")

In [9]: spark.sql("select color,height from data if
height>100").show()

Py4JJavaError: An error occurred while calling o042.sql.

: org.apache.spark.sqgl.catalyst.parser.ParseException:

mismatched input 'height' expecting {<EOF>, ',', 'WHERE', 'GROUP',
'ORDER', 'HAVING', 'LIMIT', 'JOIN', 'CROSS', 'INNER', 'LEFT', 'RIGHT',
"FULL', "NATURAL', 'LATERAL', "WINDOW', "UNION', "EXCEPT', 'MINUS',
'INTERSECT', 'SORT', 'CLUSTER', 'DISTRIBUTE', 'ANTI'}(line 1, pos 33)

select color,height from data if height>100

NNN

ParseException: "\nmismatched input 'height' expecting {<EOF>, ',"',
'"WHERE', 'GROUP', 'ORDER', "'HAVING', 'LIMIT', "JOIN', 'CROSS',
'INNER', 'LEFT', 'RIGHT', 'FULL', 'NATURAL', 'LATERAL', 'WINDOW',
'UNION', 'EXCEPT', 'MINUS', 'INTERSECT', 'SORT', 'CLUSTER',
'‘DISTRIBUTE', 'ANTI'}(line 1, pos 33)\n\n== SQL ==\nselect
color,height from data if

height>l1e0\n------------------ -~ ANA\N"
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Corrected query.

In [10]: spark.sql("select color,height from data "
"where height>100").show()

+----- +------ +
color|height
+----- +------ +

red 150
blue 125
+----- +------ +

In [11]: df.printSchema()
root

|-- color: string (nullable = true)
| -- height: long (nullable = true)

In [12]:
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Hierarchical JSON can be a bit more challenging

In [26]: df2 = spark.read.json( sc.parallelize(
[ {"father":"fred",
"children": [{"name":"sam", "age":10},
{"name" :"betty", "age": 20 }]

In [29]: df2.printSchema()
root
-- children: array (nullable = true)
-- element: struct (containsNull = true)
|-- age: long (nullable = true)
|-- name: string (nullable = true)
-- father: string (nullable = true)

In [30]:
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In [30]: df2.createOrReplaceTempView("families")

In [31]: spark.sqgl("select * from families").show()

R TYYYY $------ +
children|father

T $------ +
[[10,sam], [20,be... fred

e T +

In [32]: spark.sqgl("select father,children.name from families").show()

+------ Fomm - - +
father name
+------ Fomm - - +

fred|[sam, betty]
+------ Fomm - - +

In [33]: spark.sql("select father,children.age from families").show()
+

+------ +--------
father age
+------ +-------- +
fred|[10, 20]
+------ +-------- +
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Lab: catalog.data.gov/datasets?res format=JSON
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Working with JSON

There are two ways to represent a JSON dataset:
* One line per record, each line a JSON value.

* One huge JSON record This is what ConsumerFinance uses

from pyspark.sql import Row
from collections import OrderedDict

def convert to row(d: dict) -> Row:
return Row(**OrderedDict(sorted(d.items())))

—Converting a local array of dictionaries:

df = sc.parallelize(array of dicts).map(convert to row).toDF()

—Converting an S3 list of JSON lines:

df = spark.read.format('json').load('s3://bucket/data.json')
df = spark.read.json('s3://bucket/data.json"')
—Reading parquet:

df = spark.read.parquet( URL )
df = spark.read.text()
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NoSQL databases and

Amazon DB



NoSQL Databases — Different from traditional databases

SQL / RDBMS NoSQL

Stores data in a collection of
(JSON) "documents"
Data are denormalized.

Srings that are keys are stored in
each document.

Stores data in tables.

Data are normalized.
Each string is only stored once.

Vertical scaling Horizontal scaling by splitting on
with bigger hardware partition key

Designed for speed and

Designed for consistency ad hoc changes

"NoSQL" is a misnomer. They are really "non-relational databases."
Many "NoSQL" databases can now be queries with SQL!
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Comparison of NoSQL databases

Kinds of NoSQL database:

- Column-based — Accumulo, Cassandra, HBase — data stored tuples consisting of:
—Unique name (references the column)
—Value (e.q. Ascii, Long, Object)
—Timestamp — used to determine if the data are valid.

* Document-based — CouchDB, MongoDB, DynamoDB
—Stores a collection of documents.

1]

—Some attributes can be indexed. A "column"
—Query language returns documents or part of documents. (not RDBMS columns)

- Key-value based — BerkeleyDB, DynamoDB

- Graph-based — Neo4J
Most were built for a specific purpose and then generalized.

Interface # Implementation

- The database may appear to store JSON but actually store data in binary structures.
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Amazon's DynamoDB

Cloud-hosed NoSQL database service.

— Originally designed for Amazon's shopping cart.

 Provides both Key/Value model and Document model.

- Each document must have a "partition key" (like a primary key)

- Database scales by adding nodes and rebalancing along partitions.
— "Name" could be the pa

ition key

Predictable Performance

 You specify the number of Read & Write units you require.

Limitations:
« Documents limited to 200K
- Indexing with Local Secondary Index (LSI) & Global Secondary Index (GSI) (max 5).

* Not designed as a "data lake" — remove data that you don't need, or be prepared to spend
more $$ as the amount of data stored increases.
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Using DynamoDB

Create a table!

- Key-Value pairs and Documents are stored in a Table.
* You can have as many tables as you wnat.

| ocal Version

* You can download a small-scale DynamoDB and run it on your laptop! (It's in Java)

Web GUI

* You can create tables and execute queries

Elastic Map Reduce (EMR)

« Access through Hive Query Language (HiveQL) with a DynamoDB connector
—note: we are using SQL to access a NoSQL database!

« Copy data between DynamoDB and an S3 bucket or HDFS

- Execute Joins
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Accessing DynamoDB through HQL

— http://docs.aws.amazon.com/amazondynamodb/latest/developerguide/
EMRforDynamoDB. Tutorial. CopyDataloDDB. html

CREATE EXTERNAL TABLE ddb_features
(feature_id  BIGINT,
feature_name STRING,
feature class STRING,
state alpha  STRING,
prim_lat dec DOUBLE,
prim_long dec DOUBLE,
elev_in ft BIGINT)
STORED BY 'org.apache.hadoop.hive.dynamodb.DynamoDBStorageHandler'
TBLPROPERTIES(
"dynamodb.table.name” = "Features”,
"dynamodb.column.mapping”="feature id:Id,feature_name:Name, "\
"feature class:Class,state alpha:State, "\
"prim_lat dec:Latitude,prim long dec:Longitude, "\
"elev_in ft:Elevation”

)
Submitting this through Hive will require submitting a MapReduce job. (Slow)
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Running DynamoDB at Amazon
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Simson Garfinked v N, Virginia v
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fic for mobile, wek, gaming, ad-tecn, IcT, and many cther appiications

Satt rq startes ouide
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Creatz UyramoUE taoies with a tew clicks. Just specty Oncs you nava crezec € UynamoLB table, L3ing the AWS Management Consoke, y\0u can moniter
the desirea r=ad andd write thmughpue for your tana arc 1Ea the AWS SDKs 1o write, raad, modify, and petfarmancea and adjus: the through out af your tahlas
DynamoCe handles trhw reat. query items in DynamoDB enadling you o scale seamlessly.
NMeosa anout Dynamol5 thraughput DynameD5 AP| afarancea N anitoring tanlas

Prvecy Policy Tenms of Use
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CynamoDB - AWS Corscle » Gevrgalown

JA Simgon Garfinkal ~ N virginia ~

Create DynamoDB table Tutorial | @

DynamcUB s a scheima-less datadase that only requires a akle name and primary key. |he table’s prmary key s
made up of ena or twe attributas that ur quely idantify irem3, pertition tha deta, and sort data w thin each part tion.

Table name* il ih
Primary key™ Partition key
Neme String 3 €

Add sort Key

Table setlings

Detault settings provide the tastest 'way tc get stared 'Ath your table. You can madify thase default settirgs nc'a or
eftar your mble hes baer creatad.

Use detault setings

« No secondery indexes.
= Provisiored capacity setto S reacs and 5 vrites.
« B&sic alams with BU% upper threshold using SNS tepC " dynamodDb®,

. Peedback G &'g"d] v 2008 - 27, Amizen Vich SEervions Ina. oe s ailintns. Al righls essorurs Tonres of Use
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AmazonDB: Choosing a Partition & Sort Key

Partition keys:
« Used to divide work between different partitions (systems)

« Goal — even distribution.

Heat

Partition

Time

Poorly partitioned Well partitioned

GEORGETOWN UNIVERSITY 70

Massive Data Fundamentals



Choosing a partition key

Goal: random distribution & access based on partition key

Partition key value

User ID, where the application has many users.

Status code, where there are only a few possible status codes.

ltem creation date, rounded to the nearest time period
(e.g. day, hour, minute) Use Sort Key for this.

Device ID, where each device accesses data at relatively similar
intervals

Device ID, where even if there are a lot of devices being tracked,
one is by far more popular than all the others.

Uniformity

Good

Bad

Bad

Good

Bad

— http://docs.aws.amazon.com/amazondynamodb/latest/developerquide/
GuidelinesForTables.html
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Optimizing DynamoDB

Advice from Amazon:

Cache popular items at the application layer

- Amazon ElastiCache, compatible with Redis and Memcached

Use One-to-Many Tables instead of Large Set Attributes
- Store Forum, Thread and Reply in their own tables (rather than all together)
» Shrinks object size
 Decreases the amount of 1/0.

Compress large attribute values with gzip or LZO

Store large attribute values in Amazon S3
« DynamoDB gets an S3 URL
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CynamoDB - AWS Corscle » Gevrgalown

‘#lahlpsselentad=students

JA Simgon Garfinkal ~ N virginia ~

DynamoDB studems Clcse
Dazhboard

Overview Hems Metricse Alarms Capacity Indexes Triggers More s
Tables Q x

Reserved cepacity Recent alerts

& smdsnts No CloudWatch alarms have been triggered for this tadle.

Stream deltails

Streamenebled No

View type -
Latest stream ARN

Manage Stream

Table details

Table name studens
Primary partiion key name (Strng)
Primary sort key
Time to live attribute LD CAULLDY Manage TTL
Table etatue  Active
Creationdate  March 28, 2077 =t 11:42:10 AM UTC A4
Frovisioned read capacity units o
Provisioned write cepacityunits §
Last decrease time -
Laet increase time -
Storage size (in bytes) 0 bytes
item count 0
Region  US East (N. Virginia)
Amazon Rescurce Name (ARN) arn:aws:dynamocb.us-east-
T AoBG62 128722 tablestudents

Storage eize and item court are nol updated in raal--me. They ame updatea neriodica'ly, roughly every six
NCUrE.
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CynamoDB - AWS Corscle » Geurgslown

C | & Secure https://console.aws.amazan.camidynamoe b/ home?region=us-east- ‘ #tahles:selactad=student

Q Simson Garfinkal ~ N. Virginia ~ Support ~

DynamoDB studems Clcse
Dazhboard

Overview Hems Metricse Alarms Capacity Indexes Triggers More s

Tables [:l x
Reserved cepacity —- . Create alarm Edit als : ali {_\
® students Name - State v Malric
students-SeadCapacityUr tsLimiz-BagsicAlarm Inzufficlent cata ConsumedReei
students-\writeCapacityUnitsUmit-BasicAlarm Insufficient caa ConsumediVr ted

. Peedback G hg'ld] 2 2008 - 2017, Amizmen Vidd rviones Ina. oe s o Tilindns. Al righls essorurs Privivry P(')lby Tonres of Usoe
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Massive Data Fundamentals

CynamoDB - AWS Corscle *

C | & Secure

Simson Garfinkal ~  N. virginia ~

Geurgslown

Support ~

DynamoDB studems Clcse
Dazhboard

Overview Hems Metricse Alarms Capacity Indexes Triggers
Tables [:l X

Reserved cepacity Provisioned capacity

® students Read capacity units
Table o

Estimated cost $2.91 / month (Capacity calculator)

Cance

. F“dbﬂ@k G Englld'l 2 208 - 2017, Amivmen Vich Earvion na. or it afilintns. Al righls eesorirs FM:I',‘PD&T!

H ©
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Write capac
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CynamoDB - AWS Corscle » Geurgslown

C | & Secure ' w:b/home?region=us-east- ‘ #tahles:selactad=student

Q Simson Garfinkal ~ N. Virginia ~ Support ~

DynamoDB studems Clcse
Dazhboard

Overview Hems Metricse Alarms Capacity Indexes Triggers More s
Tables Q x

Reserved cepacity Croate index Telate = 0 o

® students Name Status ~ Type~ Partition key v BSort hey - A

Glonal Seconazry Indexas (GSI1) a2 low you te query efficiantly ovar any field [attribets) in
your DyramoDB table. GSIz can eat any table ettribute as a kay, aver attrisutes ne:
present ir all tems. Mcre nfc
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CynamoDB - AWS Corscle » Geurgslown

C | & Secure https://console.aws.amazan.camidynamoe b/ home?region=us-east- ‘ #tahles:selactad=student

Q Simson Garfinkal ~ N. Virginia ~ Support ~

DynamoDB studems Clcse
Dazhboard

Overview Hems Metricse Alarms Capacity Indexes Triggers More s

Tables Q X
Reserved cepecity Name . Craate trigger v [Te: ger delat: ger o
® students Function neme ~ State * Lest result -

DynamoDB triggars connect DynaraDB streame to Lambda funct one. Whanaver an itam
Ir the "able is modified. a new stream racerd ks written, which in tum trdgoears the Lambda
funct on and causes it o execute. Mcre info
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CynamoDB - AWS Corscle » Gevrgalown

C | & Secure https://console.aws.amazan.comidynampe b/ home?region=us-east- “ #lables:selactad=students

Q Simson Garfinkal ~ N. Virginia ~ Support ~

DynamoDB studems Clcse
Dazhboard

Overview Hems Metricse Alarms Capacity Access control Mare s
Tables Ds x

Reserved cepacity

Fine-greinad encess contral ‘s an optional featura thet erebles addit onal filkaring and cortrel that =
nelpful 1cr d et database access oy moblle appe. Web |dentity Maderaticn a lows your mobile 2pps 13
use |demity providers such as Login with Amazon, Facebock, ard GOOQl..

T ped v Facebook LY

Action Google
8 Login with Amazon

Name -

® students

| Dalatettam
T1Qelitam
T1Futtem

1 Query
“IUndateltam

Allowed attributes | All attributes —

Create policy

» Attach policy nstructions
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L N DyramoDB - AWS Console X Gecgetown
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v classes SLrlogSel [Z2)

0 ! ANLYS502

000

I 1 AN .YRO3

‘- .: .’rl l.‘t._ m

& Feedback () English Privaoy Policy  Tonms of Use
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@ & Mymamanii - AWVE Cansale X Ceoragsiown

= C ® Szcure hHps:/console avs.amazon.camydynamodb/home?ieg or=Ls-2ast- 1 #lzblesse antad=sudents y*4 @ ) Rl @

Simson Garfinkal v N. Virginia v

DynamoDB siudents Close
) " Creata tablo Actlons v ose O = N 3]

Cashboerd T
Querview Items Metrics Alarms Capacity indexes Triggers Access cantrol Tags

Tables Q X
- studer:s Scan: [Table] students: name A Viewing 1 fo 1 items
| aole) students: rame q
© Add filter
name classes
Alice { "ANLY30Z2', "ANLYSC3" )

Piuncy Polloy  Terms of Usn
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Accessing DynamoDB from Python — use boto!

$ pip install boto3 # already done on AWS
$ aws configure

—or edit ~/.aws/credentails:
[default]

aws_access _key id = YOUR_ACCESS KEY
aws_secret _access _key = YOUR _SECRET_KEY

—http://boto3.readthedocs.io/en/latest/quide/quickstart.html
import boto3

# Let's use Amazon S3
s3 = boto3.resource('s3"')

for bucket in s3.buckets.all():
print(bucket.name) # Print out bucket names

# Upload a new file
data = open('test.jpg', 'rb')
s3.Bucket('my-bucket').put object(Key='test.jpg', Body=data)
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Boto for DynamoDB

— http://boto3.readthedocs.io/en/latest/quide/dynamodb.html

import boto3

# Get the service resource.
dynamodb = boto3.resource('dynamodb')

table = dynamodb.create table(TableName=name,
KeySchema=[], AttributeDefinitions=[],ProvisionedThroughput=[])

table = dynamodb.Table(tableName)
print(table.item count)
print(table.creation date time)
table.put_item(Item={})

response = table.get item(Key={})
item = response['Item’]

table.update Item(Key={},UpdateExpression=SQL,
ExpressionAttributeValues={})

table.delete item(Key={})
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Try it out...

In [16]: client boto3.client('dynamodb',region name='us-east-1")

T o~ ra—s1. -1 2 e T 2 e T a7\
Q) @ 1. IPython: Users/simsong (python3.6)
ClientError Traceback (most recent call last)

<ipython-input-17-cte8del8887e> in <module>()
~—--» 1 c¢lient.list_tables()

/Users/simsong/onaconda/11b/python3.6/s1te-packages/botocore/client.py in _api_call(self, *
args, **kwargs)

251 "¥s() only accepts keyword arguments.” % py_operation_nome)
252 # The "self" 1in this scope 1s referring to the Base(Client.
--» 253 return self._moke_opi_call(operation_nome, kwargs)
254
255 _api_call.__name__ = str(py_operation_name)

/Users/simsong/anaconda/11b/python3.6/site-packages/botocore/client.py in _make_api_call(se
1f, operation_name, api_params)

541 error_code = parsed_response.get("Error”, {}).get("Code")
547 error_class = self.exceptions. from_code(error_code)
- 543 raise error_class(parsed_response, operation_nome)
544 else:
545 return parsed_response

ClientError: An error occurred (AccessDeniedException) when calling the ListTables operatio
n: User: arn:aws:iom::489362128722 :user/Dnoce i1s not authorized to perform: dynamodb:ListTao
bles on resource: *

In [18]: |
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Add attribute to IAM user

B @ ¥ 14M Management Console > Geargstown

& 2 [ @ Secure hitps.//conscle.aws.amazon.com/iam/hoTeTregion=us-east-1#/secu 7y credentia w 9 3 Rl ©

Services v Resource Groups + ws EMR L1 Simeon Garfinkel v+ Global *  Support »

* Your Security Credentials

Use this page to manage the credeantials for your AWS account. To manage credemntia s for AWS Identty and Access Management (IAM) users, use the |AM

Dashboard -
Gonsale.

Groups o l2arn more atout the types ot AWS crecentials anc how thev're used, see AWS Security Credentials in AWS General Helerence.
Users

+ Password
Rcles

+ Multi-Factor Authentication (MFA)
Falicies
Ident ty prov ders + Access Keys (Access Key 1D and Secret Access Key)
Account settings -

g + CloudFront Key Pairs

Cradentia’ report

+ X.609 Certificates

+ Account Identifiers

Encrypticn keys

. Feedback o Eng"sh 2008 - 2017 on Viah Savices Ine lietea. All nghts reserved Privacy Peley Iarms o Liss
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o @ ¥ 1AM Management Console b Geargstown

€ C & Secure hitps.//conscle.aws.amazon.com/iam/hore?region=us-east-1#/users g 9 _‘] I_JI ID

Services v  Resource Groups + w» EMR A Simson Garfinkel v Global ¥  Support v

Dashboard Q Showing 2 res
Groups
User name w Groups Password Lasl sign-in Access keys Creation lime «
Users
anlyhl? 1 N/A 1 achive 2016-07-14 15:4% EDI
Rcles
. Dnaca 1 N/A 1 active 2017-02-19 08:249 EDI
Falicies —

ident'ty provders
Account settings

Credentia report

Encrypticn keys

-

) 2008 - 2017, Amazon Vish Sarvices Inc. aor 13 athlistes. All nghts reserved Privacy “clcy Iarms o Liss
rtipsy/console aws.emazaon comf amfhome?reglon=us-east- 1#fusars/Onsce . y o
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o @ ¥ 1AM Management C

€ O @ Secure hitps.//conscle.aws.eamazon.com/iam/hoT

onsoe ~

Services v  Resource Groups + w» EMR

eTreqion=us-east-1#/users/Dnace

Simeon Garfinkel v Global ~

Geargstown

Bl

Users > Dnace
d
Dashboard S umm ary
Groups
User ARN
Users
Path S

Rcles

Creation time
Falicies

ident'ty provders
Account settings

Credentia report

Encrypticn keys

@ Feedback (@ English

Massive Data Fundamentals

Permissions

Add permissions

Groups (1)

Policy name «

Attached from group

) AmrazonEC2FullAceess

> AmazonSitullAccass

2017-02-19 02:34 EDOT

Security credentials

Atlached policies: 2

arn:aws:iam::489362128722;user/Dnace

Access Advisor

Policy type «

AWS managed policy from greup mygroup

AWE managed palicy from greup mygroLp

© Add inline policy

Privacy Peley
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o @ ¥ 1AM Management Console b Geargstown

L= O @ Secure hitps.//conscle.aws.amazon.comiam/hoTeTregion=us-east-1#/users/DnacedaddPermiss ons?step=germissions g @ 2 RI @

Services v  Resource Groups v w» EMR 7\ Simson Garfinkel v+  Gloval v  Support v

Permissions Review

Grant permissions

Use |AM policias to grant permissions. You can assign an existing gclicy or create a new one

Ccopy permissicns from Attach existing poicies

Add user to group .
existing user directly

Add user 1o an axisting group or create a new ore. Using grecups is a best-practice way t¢ manzge user e perm ssicns by job functions. Leam more

Create group < Retresh

Q Showing 0 resulls

Group = Attached policies

. Feedback 0 Engus.'l 2008 - 2017 on Viah Sarvices. Inc. ar i3 athilistes. All nghts resenved Privacy Peley Iarms o Lisa
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O @ ¥ 1AM Management Console *

Create group

Geargstown

& C @ Secure hitps./lconsole.aws.amazon.com/iam/hoTeTregion=us-east-1#/users/DnacedaddPermiss ons?step=permissions&permissionTyp... W @ | RI @® :

Create 2 group anc select the policies to be attached to the groun. Using groups is a best-practice wayv to manage users' permissgions by jod functions,

AWS sarvice access, o~ your custom permisgsions. Laarr more

Group name DynamoDB_RW

Create policy = Refresh

Filter: Policytype v QU

Policy name «

AdministratorAccess

¥ AmazonAPIGatewayAdm..

I AmazonAPIGatewayinvo.. .

Massive Data Fundamentals

Type
Job furction
AWS manaced

AWS manaced

Showing 252 resulls

Description
Frovides ful access to AWS services and resources.
Frovides ful access to create/edit/Celete APls in Amazon A...

Provides ful access to invoke AFls in Amazon AP| Gateway:.

Cancel Create group
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o @ ¥ 1AM Management Console * ¥ WAM Manzgement Consols x Georgstown

L= C @ Secure hitps.//conscle.aws.amazon.comiam/hoTeTregion=us-east-1#/users/DnacedaddPermiss ons?step=germissions&permissionTyp... ¥ @ 2 EI ‘@

ﬁ Services v  Resource Groups + w» EMR a Simson Garfinkel v+ Global »

LD IRUIA PDONGIED W JIal it PENITISIIZIN. TOU Lall asd33yl i ant=aidul iy RFLiey s gl a new one

Ccopy permissions from Attach existing poicies

Add usar 1o group existing user directly

Add user to an existing group or create a new ore. Using greups is a best-practice way t¢ manage user s permissions by job functions. Learm more

Create group < Refresh

Q Showing 1 resuit

Group = Attached policies

« DynamcDB RW None

. Feedback 0 Engus.'l 2008 - 2017 on Viah Sarvices. Inc. ar i3 athilistes. All nghts resenved Privacy Peley
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o @ ¥ 1AM Management Console * ¥ 1AM Manzgement Consolz =~ § 1AM Management Coneols * Georgstown

O & Secure hitps.//conscle.aws.amazon.comViam/hoTeTregion=us-east-1#/greups/CynamoDB_RW bt 9 '1] EI ‘D

ﬁ Services v  Resource Groups + w» EMR I Simson Garfinkel v Global v Supgport v

1AM > Groups > DynamoDB_RW

d
~* Summary

Dashboard Group ARN: arn:aws:iam::489362128722:group/DynamcDB RW
Groups Users (in this group): 0
Users Path: /
Rcles Creation Time: 2017-05-28 15.56 EDT
Falicies
identity providers Users  Permissions  Access Advisor
Account settings
Credential report Managed Policies -~

There are no managed solic.es attached to this groun
Encrypticn keys

Attach Policy
Inline Policies e

. Feedback 0 English 2008 - 2017, Amazon Vieh Sarvices Inc. or ita etilietes. All “ghts resenved Privacy “eley Iarms o Usa
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Services v

Resource Groups +

¥ 1AM Management Console * ¥ 1AM Manzgement Consols %

@ Secure hitps.//console.aws.amazon.com/iam/hoTe?region=us-east-1#/grc

w» EMR

Attach Policy

¥ 1AM Management Coneols

ps/CynamoDB_RW

Simeon Garfinkel v+  Global v+  Support +

Select nne or mora nolic es to attach. Fach group tan have up to 10 policies attached.

Filter: Policy Type ~

Policy Name S

AmazoneEC2FullAccass

Amazontlast cMapRHeduce, .,

AmazonSSFullAccess

AmazonElas: cMapReduce...

Amazonklast chMapHeduce

AmazonRDSEnhancedMon,,

AdministratorAccess

AmazonAP|GatewayAdmin

AmazonAP|Gatewaylnvoks.

AmazonAP|GatewayPushT...

AmazonAnnStraemFul Ace

Altached Entities S

rn

CreationTime S

20156-02-06 "3:40 EOT

2015-02-06 7 3:41 EDI

2C15-02-06 “3.40 EDT

2C16-11-17 20:08 EDT

ZU15-02-06 " 53:41 EDI

2C15-11-11 “4.58 EDT

2C156-02-06 " 3:38 EDT

UTH-07-08 75354 EDI

2C15-07-09 336 EDT

2C15-11-11 °8:41 EDOT

2015-02-06 "3:40 EDT

Geargstown

#“# &3 Rl

Showing 252 results

Edited Time =

2016-02-06 "3:40 EDT

2016-11-17 7817 EDI

2015-02-06 “3.40 EDT

2016-11-17 20:0¢€ EDT

Z015-05-13 727 EDI

2015-11-11 “4.58 EDT

2016-02-06 "3:3¢ EDT

AUTH-07-09 354 EDI

2015-07-09*3 36 EDT

2015-11-11 "8:41 EDT

2015-02-06 “3:40 EDT

Cancel
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D @ ¥ 1AM Management Console * ¥ 1AM Manzgement Consols %

~a

Services v  Resource Groups + w» EMR

Attach Policy

O @ Secure hitps.//conscle.aws.emazon.com/iam/hore?region=us-east-

¥ 1AM Management Coneols

1#/aroups/DynamoDB_RW

Simeon Garfinkel v+  Global v+  Support +

Select one or mora nolic s to attach. Fach group can have up to 10 policies attached.

Filter: Policy Type + dynamodo

Policy Name S

v AmazonDynamoDEFullAce. ..
lv] AmazonDynamoDEFullaze, .,
(v AmazonDynamoDEReadO.,..

| ] AWS LambdaDynamoDBEx

[ ] AWSLambdalavocatian-Dy

Attached Entities S

0

CreationTime &

2016-02-06 7340 EOT

2015-02-06 1340 ED |

2C15-02-06 “3.40 EDOT

2C15-04-09 " 1:08 EDT

ZU15-02-06 " 53:40 EDI

Geargstown

#“# &3 Rl

Showing 5 results

Edited Time =

2016-11-11 2117 EDT

2015-11-11 2717 EDI

2017-02-27 “2.5¢ EDT

2016-04-09 " 1:06 EDT

2015-02-016 “3:40 EDI

Cancel Attach Policy
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D @ ¥ 1AM Management Console * ¥ 1AM Manzgement Consolz =~ § 1AM Management Coneols * Georgstown

ﬁ Services v

O @ Secure hitps./fconscole.aws.amazon.com/iam/horeTregion=us-east-1#/groups/CynamoDB_RW )+ @ '1] EI ‘D :

Resource Groups v w» EMR i Simson Garfinkel v Gloval +  Support v

Dashboard
Groups

Users

Rcles

Falicies

ident'ty provders
Account settings

Credentia report

Encrypticn keys

» Summary

Group ARN: arn:awstiam 489382128727 group/DynamodBE_HW
Users (in this group): J

Path: !

Creation Time: 2017-03-26 "S5 56 EOT

Users Permissions Access Advisor

Managed Policies ~

The following managed policies are attached 1o this group. You can attach up to 10 managed policies.

Attach Paolicy

Policy Name Actions
AmazonDynamoDEFullAccess Snow Policy | Deatach Policy | Simulate Folicy
AmazonDynamaDEReadOrlyAcceas Snow Policy | Detach Policy | Simulate Palicy
AmazonDynamoDBFullAccesswithDaiaPipeline Snow Policy | Detach Policy | Simulate Palicy

Inline Policies hd

. Feedback o English 2008 - 2017, Amazon Viah Sarvices Inc. or it afilietea. All nghts raservedd Privacy Peley Iarms o* Usa
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D @ ¥ 1AM Management Console * ¥ 1AM Manzgement Consolz =~ § 1AM Management Coneols * Georgstown

O @ Secure hitps.//conscle.aws.amazon.comyiam/hoTeTregion=us-east-1#/greups/CynamoDB_RW )+ @ '1] EI ‘D :

ﬁ Services v  Resource Groups + w» EMR I Simson Garfinkel v Global v Supgport v

1AM > Groups > DynamoDB_RW

d
~* Summary
Dashboard Group ARN: arn:aws:iam::489362128722:group/DynamcDB RW
Groups Users (in this group): 0
Users Path: /
Rcles Creation Time: 207 7-03-23 15:56 EDT
Falicies
identity providers Users Permissions Access Advisor
Account settings
Credentia’ report A This group does nat contain any users.

Add Users to Group

Encrypticn keys

. Feedback o English 2008 - 2017, Amazon Viah Sarvices Inc. or it afilietea. All nghts raservedd Privacy Peley Iarms o* Usa
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o @ ¥ 1AM Management Console * ¥ 1AM Manzgement Consols =~ § 1AM Management Coneols * Georgstown

C @ Secure hitps.//conscle.aws.amazon.comyiam/horeTregion=us-east-1#/groups/CynamoDB_RW “# 9 9 Rl @

ﬁ Services v  Resource Groups + w» EMR o Simson Garfinkel v Global v Supgport v

Select users Lo add 1o the group DynameDB RW

Showing 2 results

User Name + Groups Password Password Last Used Access Keys Creation Time <
\:J anly502 1 NA 1 active 2016-02-14 15:48_.
(] Dnace 1 NA 1 active 2017-02-18 08:34..
Cancel
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Geargstown

* ¥ 1AM Manzgement Consols =~ § 1AM Management Coneols
TeTregion=us-east-1#/groups/CynamoDB_RW pt e 9 2 gl ‘D

~ @ Secure hitps.//conscle.aws.amazon.com/iam/ho
Simeon Garfinkel v Global ~

® @  § 1xMManagement Console
Support

Resource Groups ~ w» EMR

ﬁ Services v

are +e Lt Select users Lo add 1o the group DynameDB RW
Showing 2 results

_: User Name Groups Password Password Last Used Access Keys Creation Time <
\ZJ anly502 1 NA 1 active 2016-02-14 15.4¢ .
v Dnace N/A 1 active 2017-02-18 08:34..

Cancel Add Users
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@ Q) 1. IPython: Users/simsong (python3.6)

Massive Data Fundamentals

/Users/simsong/anaconda/11b/python3.6/s1te-packages/botocore/client . py i1n _make_api_call(se
1f, operation_name, api_params)

541 error_code = parsed_response.get("Error”, {}).get("Code")
542 error_class = self.exceptions.from_code(error_code)
--> 543 raise error_closs(parsed_response, operation_nome)
S else:
545 return parsed_response

ClientError: An error occurred (AccessDeniedException) when calling the ListTables operatio

bles on resource: *

In [18]: client.list_tables()
Out[1&8]:
{"ResponseMetadata': {'HTTPHeaders': {'content-length': '27',
"content-type': 'applicotion/x-omz-json-1.0",
"date': 'Sun, 26 Mar 2017 19:59:39 GMT',
"x-omz-crc3Z': '399698329°,
"x-amzn-requestid’: "ERT2MCPVI9BEIGQUKMREGSIFVOFVVAKONSOSAEMVIFGOQ3ASUAAIG'Y,
"HTTPStatusCode' : 200,
'Requestld’: "ERTZMCPVJ9BE9GQUKMRESIFVOFVVAKQNSOSAEMYIF6EQYASUAAIG,
'RetryAttempts’': @},
"TableNames': ['students']}

In [19]: I
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In [23]: client.scan(TableName="'students')
Out[23]:
{'Count': 1,
"Items': [{'classes': {'SS': ['ANLY502', 'ANLY503']},
‘name’': {'S': 'Alice'}}],
'ResponseMetadata’: {'HTTPHeaders': {'connection': 'keep-alive',
‘content-length': "100°",
‘content-type': 'application/x-amz-json-1.0",
‘date’': '"Mon, 27 Mar 2017 00:37:43 GMT',
"server': 'Server',
"X-amz-crc32': '215185486",
'X-amzn-requestid’:
"MFR47QP5IJ9METHPU420QTUGHVVV4KQNSOS5AEMVIF66Q9ASUAAIG' },
"HTTPStatusCode': 200,
'RequestId’:
"MFR47QP5IJ9METHPU420QTUGHVVV4KQNSOS5AEMVIF66Q9ASUAAIG',
'RetryAttempts’': 0},
'ScannedCount': 1}

In [24]:
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In [31]: table.put_item(Item={'name':'Bob',"courses":["ANLY502"]})

Out[31]:
{'ResponseMetadata’': {'HTTPHeaders': {'connection': 'keep-alive',
'content-length': '2',
'content-type': 'application/x-amz-json-1.0",
'date': 'Mon, 27 Mar 2017 00:43:26 GMT',
'server': 'Server',

'X-amz-crc32': '2745614147"',

'X-amzn-requestid': "UVC56BU385MHI9S6HI8HOSV24PNVVAKQNSOSAEMVIF66Q9ASUAAIG'},
"HTTPStatusCode': 200,

'RequestId': 'UVC56BU385MHI9S6HI8HOSV24PNVVAKQNSOSAEMVIF66Q9ASUAAIG,
'RetryAttempts': 0}}

In [32]: table.put _item(Item={'name':'Charlie',"courses":["ANLY502"]})

Out[32]:
{'ResponseMetadata’': {'HTTPHeaders': {'connection': 'keep-alive',
‘content-length': '2°,
'content-type': 'application/x-amz-json-1.0',
'date': 'Mon, 27 Mar 2017 00:43:38 GMT',
'server': 'Server',

'X-amz-crc32': '2745614147"',

'X-amzn-requestid': 'VOOHJ8G8V3E281K2QH55VDRK23VV4KQNSOS5AEMVIF66Q9ASUAAIG' },
"HTTPStatusCode': 200,

'RequestId’': 'VOOHJI8G8V3E281K2QH55VDRK23VV4KQNSOSAEMVIF66QOASUAAIG',
'RetryAttempts': 0}}

In [33]: table.put_item(Item={'name':'Debra',"courses":[]})

Out[33]:
{'ResponseMetadata’: {'HTTPHeaders': {'connection': 'keep-alive',
'content-length': '2',
'content-type': 'application/x-amz-json-1.0',
'date’': 'Mon, 27 Mar 2017 00:43:50 GMT',
'server': 'Server',

'X-amz-crc32': '2745614147"',

'X-amzn-requestid': '9ANN1CUFQTGIPQELS8EVI6KCDVVVAKQNSOSAEMVIF66Q9ASUAAIG'},
"HTTPStatusCode': 200,

'RequestId’': '9ANN1CUFQTGIPQELS8EVI6KCDVVV4KQNSOSAEMVIF66Q9ASUAAIG',
'RetryAttempts’': 0}}

Massive Data Fundamentals
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In [34]: table.scan()

out[34]:
{'Count’': 4,
'Items': [{'courses': [], 'name': 'Debra'},

{'classes': {'ANLY502', 'ANLYS503'}, 'name': 'Alice'},
{'courses': ['ANLY502'], 'name': 'Charlie'},
{'courses': ['ANLY502'], 'name': 'Bob'}],
'ResponseMetadata’: {'HTTPHeaders': {'connection': 'keep-alive',
‘content-length': "256°",
‘content-type': 'application/x-amz-json-1.0",
‘date': 'Mon, 27 Mar 2017 00:44:05 GMT',
‘server': 'Server',
'X-amz-crc32': '3326768074',
'X-amzn-requestid’:
'S5FQ6KKUJIQS6RKBI56EQDBHIHBVVAKQNSOS5AEMVIF66Q9ASUAAIG' },
"HTTPStatusCode': 200,
'RequestId’:
'S5FQ6KKUJQS6RKBIS56EQDBHIHBVVAKQNSOSAEMVIF66Q9ASUAAIG' ,
'RetryAttempts’': 0},
'ScannedCount': 4}

o

In [35]:
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In [35]: from boto3.dynamodb.conditions import Key,Attr

In [36]: table.query(KeyConditionExpression=Key('name').eq('Alice'))

Out[36]:
{'Count’': 1,
'‘ITtems': [{'classes': {'ANLY502', 'ANLY503'}, 'name': 'Alice'}],
'ResponseMetadata’: {'HTTPHeaders': {'connection': 'keep-alive',
‘content-length': '100°,
‘content-type': 'application/x-amz-json-1.0",
‘date': 'Mon, 27 Mar 2017 00:46:07 GMT',
'server': 'Server',

"X-amz-crc32': '215185486",
'X-amzn-requestid’:
'G8I3T35PC6MVA27I2A3L1INN7BFVVAKQNSOS5AEMVIF66Q9ASUAAIG' },
"HTTPStatusCode': 200,
'RequestId’': 'G8I3T35PC6MVA27I2A3L1INN7BFVV4A4KQNSOSAEMVIF66Q9ASUAAIG',
'RetryAttempts’': 0},
'ScannedCount’': 1}

In [37]:

More information at:

—http://docs.aws.amazon.com/amazondynamodb/latest/qgettingstartedquide/
GettingStarted.Python.html
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https://www.pexels.com/photo/people-apple-iphone-writing-154/

Homework and L10

Preview




Tue Mar 28 — Final Project Group Proposals

« Send your group name & members to anly502@nitroba.org

« When your group is created on Canvas, upload your proposal!

Mon April 3 — L10: Scalable Machine Learning with Spark (Vaisman)

Mon April 10 — No class
Mon April 10 — Fri April 14 — Final Project Online Clinic
Mon April 17 — No class Easter Break

Mon April 24 — L11: Streaming Databases / Graph Databases (Vaisman)
Mon May 1 — L12: Final Project Presentations

Wed May 10 — Final Projects Due

Mon May 15 — Grades due for graduating students (1 student)

Mon May 22 — Grades due for graduate students
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Readings & Watching

Required Readings:

- EMR Best Practices (all 38 pages!)

- Python and DynamoDB

Optional Reading:
* History of DynamoDB:

— http.://www.allthingsdistributed.com/2012/01/amazon-dynamodb.html|

Required Videos:

« Getting Started with DynamoDB (7 minutes)
- How to Design NoSQL Tables and Avoid Hot Keys (6 minutes)

Optional Videos:

+ Getting Started with Amazon DynamoDB, April 2017 (56 minutes)
- Introduction to Managed Database Services on AWS (1 hour, 5 minutes)

Massive Data Fundamentals GEORGETOWN_UNIVERSITY 1(E


http://media.amazonwebservices.com/AWS_Amazon_EMR_Best_Practices.pdf
http://docs.aws.amazon.com/amazondynamodb/latest/gettingstartedguide/GettingStarted.Python.html
http://www.allthingsdistributed.com/2012/01/amazon-dynamodb.html
https://www.youtube.com/watch?v=w-QLCWHj5XM
https://youtu.be/hURZrYdSTyo
https://youtu.be/QcFhAwn8Gyg
https://youtu.be/yX5C_idmYf4

