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Motivation

» Machine Learning (ML) techniques are widely used
in industry.

» Popular ML techniques include:

>

v V. V VY

Neural Networks
Decision Trees

Support Vector Machines
Hidden Markov Models

etc.

» ML applications: voice recognition, face recognition,
machine translation, weather prediction, etc. &3

4 THE UNIVERSITY
OF AUCKLAND

Te Whare Wananga o Tamaki Makaurau



Motivation

» Most ML techniques require @ @ @ p@

very powerful computers to B e

| .= - -i_‘:}Td_,r T~
un OVO - ©

» For example, to build a voice .
recognition system, you may

need a neural network with @ @ @ @

thousands of neurons and ST =TT
‘11 . L > S ::“E\T ZF::"’H:” -
millions of neural connections. @ @ @ @
» Using a computer with T L

hundreds of CPUs, you still @f ﬂ({j - H-a:@
need several days to train the
neural network.
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Research Questions

» How to build large ML systems?

» How to use large ML models when hardware

>

resources are limited?

Applications of ML models?

Our Solutions

>

We run large ML models on Microsoft Azure Virtual
Machines (VM).

We build ML-based voice recognition systems.

We apply ML techniques to automatic program
repair. =
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Microsoft Azure Cloud VMs

>

In Microsoft Azure Cloud, VMs can be set up:

rosoft Azure R Search resources, services, and docs (G+/)

+ Create a resource

ﬁ Home

[Ed Dashboard

1= All services
FAVORITES

All resources

[ Resource groups

@ App Services

4> Function App

B sQlL databases
L Azure Cosmos DB

K3 virtual machines

@ Load balancers

= Storage accounts

4> Virtual networks
B Azure Active Directory

® Monitor

Q Advisor

U Security Center

@ Cost Management = Bill...

= .

«

¢

E

Virtual
machines

ices Seeall (100+) >

App Services

Microsoft Learn

Learn Azure with free
online training from
Microsoft

Create a resource >

®

Recent resources see all your recent resources > See all your resources >

(%)

NAME
UoA-CS2-DataDisk-1
UoA-CS2

Azure Pass - 5]

UoA-CS-CRSF

Storage SQL databases Azure Database
accounts for PostgreSQL
Azure Monitor 0 Security Center
Monitor your apps and Secure your apps and
infrastructure infrastructure

TYPE LAST VIEWED
Disk 4 mo age
Virtual machine 4 mo ago
Subscription 4 mo ago
Resource group 4 mo ago

;J PEAN

Azure Cosmos
De

g Cost Management
Analyze and optimize
your cloud spend for
free

Function App

Useful links

Technical Documentation (£
Azure Services [

Recent Azure Updates [4
Azure Migration Tools

Find an Azure expert

Azure mobile app

& App Store

ccaib06@UoA.auckland
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Microsoft Azure Cloud VMs

» Azure VMs include different operating systems:

Microsoft Azure £ Search resources, services, and docs (G+/)

« Home > Virtual machines > Create a virtual machine

+ Create a resource
ﬁ Home

L] Dashboard

*= All services

FAVORITES

All resources
[*4] Resource groups
@ App Services
47> Function App

Bl SQl databases

Azure Cosmos DB

K& virtual machines
‘{} Load balancers
= Storage accounts
4> Virtual networks

B Azure Active Directory
® Manitor
q Advisor

G Security Center

(‘_ Cost Management + Bill...

=

Create a virtual machine
Instance details

Virtual machine name * @
Region * @

Availability options @

Image * ©

size* @

Administrator account

Authentication type @
Username * ()

SSH public key * (O

Review + create

[ uoacs3 v

| (Us) EastUS 2 v
No infrastructure redundancy required W ‘
Ubuntu Server 16.04 LTS ~

Ubuntu Server 18.04 LTS

Red Hat Enterprise Linux 7.7

SUSE Linux Enterprise Server (SLES) 15
CentOS-based 7.5

Debian 9 “Stretch” with backports kernel
Ubuntu Server 16.04 LTS

Windows Server 2019 Datacenter
Windows Server 2016 Datacenter
Windows Server 2012 R2 Datacenter
Windows 10 Pro, Version 1809
Windows 10 Pro, Version 1803

@ Learn more about creating and using SSH keys in Azure

ccaib06@UoA.auckland.
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Microsoft Azure Cloud VMs

» Configurations of CPUs and memory can be changed:

Microsoft Azure R Search resources, services, and docs (G+/) ccaib06@UoA.auckland
THE UNIVERSITY OF AUCKLAND

« Home > Virtual machines | Select a VM size
Browse available virtual machine sizes and their features

+ Create a resource Create a virtual mac
‘ R Search by VM size... ‘ Clear all filters
ﬁ Home
Instance details - . - + N
[Ed Dashboard ( Size : Medium (7-16) °> | Generation : 2 selected @ | | Family : General purpose @ | [ Premium disk : Supported @ | [ ™5p Add filter
Virtual machine name * @
All services Showing 9 of 251 VM sizes. |  Subscription: Azure Pass - 256 | Region: WestUS2 |  Current size: Standard_D2s_v3
FAVORITES Region * O
VM Si... Offering Family vCPUs RAM (GiB) Data disks Max IOPS, Temporary storage (.. Premium disk ... Cost/month festi
All - Availability options @
resources ¥ op B8ms Standard General purpose 8 32 16 4320 64 Yes NZ$374.59
"
() Resource groups Image * © D8s_v3 Standard General purpose 8 32 16 12300 64 Yes NZ§431.96
@ App Services DS4v2 Standard General purpose g 28 32 25600 56 Yes NZ$515.20
s . size * (D
Function App 1 43 16 6480 es
B SQL databases 16 64 32 128
Azure Cosmos DB 1 64 32 128 U ailable
K3 virtual machines Administrator account ; =, 32 128 Yes
Authentication type @
€) Load balancers 8 32 16 12800 64 es Unavailable
= Storage accounts Username * O 16 56 64 51200 112
4> Virtual networks SSH public key * (O
B Azure Active Directory
® Monitor
@ Advisor ! '

m Prices presented are estimates in your local currency that include only Azure infrastructure costs and any discounts for the subscription and location. The prices don't

Q Cost Management + Bill, include any applicable software costs. View Azure pricing calculator. Final charges will appear in your local currency in cost analysis and billing views.

=
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Microsoft Azure Cloud VMs

» Extra disk spaces can be added into VMs:

Microsoft Azure £ Search resources, services, and docs (G+/)

« Home > Virtual machines » Create a virtual machine > Create a newdisl  Select a disk size X
+ Create a resource Create a new disk R
ﬁ Home Browse available disk sizes and their features.
[Id Dashboard Create a new disk to store applications and data on your VM. Disk pricing v A i o
storage type, and number of transactions. Learn more about Azure Manag ccount type

+= All services Premium SSD v

FAVORITES Name * | UoA-CS-3_DataDisk_0 Size Disk tier Max I0PS Max throughput

All resources = Source type ¥ @ | None (empty disk) 32 GiB P4 120 25

. 64 GiB P& 240 50
[*#) Resource groups Size * @D 1023 GiB i
@ App Services Premium SSD 128 GiB P10 500 100
Change size

<> Function App 256 GiB P15 1100 125
ﬁ SQL databases 512 GiB P20 2300 150

Azure Cosmos DB 1024 GiB P30 5000 200
K3 virtual machines 2048 GiB P40 7500 250
€ Load balancers 4096 GiB PS0 7500 250
= Storage accounts 8192 GiB P60 16000 500
4> Virtual networks 16384 GiB P70 18000 750

} Azure Active Directory 32767 GiB P80 20000 900

@ q Create a custom size

Monitor
® Enter the size of the disk you would like to create. You will be charged the same rate for your provisioned disk, regardless of how much of

Advisor

the disk space is being used For example, a 200 GiB disk is provisioned on a 256 GiB disk, so you would be billed for the 256 GiB -

G Security Center “

Q Cost Management + Bill...

- b R
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Microsoft Azure Cloud VMs

» For each Azure VM, an IP of remote access is automatically

created:
[]
i O DR o A
THE UNIVERSITY OF AUCKLAND

« Home > All resources > UoA-CS2

+ Create a resource n UoA-CS2 2 X
ﬁ Home

Virtual machine

‘p [earch (Ctri+/) « & Connect P start Q¥ Restart M Stop %, Capture @ Delete () Refresh
[Ed Dashboard N
_ . - Resource group (change) : UoA-CS-CRSF Computer name : UoA-CS2
1= All services B overview
Status : Running Operating system : Linux (ubuntu 16.04)
P g sy
FAVORITES Activity log )
Location : EastUS 2 Size ; Standard D&s v3 (8 vcpus, 32 GiB memory)
- .
M Access control (IAM
- (AM) Subscription (change)  : Azure Pass - 28] Ephemeral OS disk D N/A
[#) Resource groups & Tags Subscription ID : dedaf7d3-4b01-4d0f-9¢51-4¢5179addcas IPub\icIP address : 52.167.60.10 I
@ App Services K Diagnose and solve problems Private IP address : 10.0.04
4 Function App Setti Virtual network/subnet : UoA-CS-CRSF-vnet/default
ettings
- DNS name : Configure
B Sl databases & Networking
Tags (change) : Click here to add tags
Azure Cosmos DB € Disks
A
B3 virtual machines 2 size
‘f:} Load balancers s it
O security Show data for last: Ghous  12hows  iday  7days  30days )
= Storage accounts -} Extensions
> Virtual networks g i i
Continuous delivery (Preview) CPU (average) ﬁ Network (total) ;?
. Azure Active Directory Avallability set
. 400kB
® Rloaiton & Configuration 05
@ Advisor L ldentity /\’\'\/\/V\,W\MW\’ 3-3Ckg\j\jV\/\\/'\/M’VV"V\[\/V"\/V‘
0.1%
G Security Center It Properties 200i2
(; Cost Management + Bill... &8 Locks - 005% 100kB -
= =% 3 »

12 tHEuNveRsiTY

OF AUCKLAND

Te Whare Wananga o Tamaki Makaurau



Project 1
Automatic Voice Recognition
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Automatic Speech Recognition

>

Automatic Speech Recognition (ASR) is the use of
machines to convert human speeches to texts.

ASR has been used in many applications:

>

>

>

>

Siri
Amazon Alexa
automatic subtitle generator

etc.

Problems with ASR: accents, background noise,

professional words, etc.

S5
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Voice Recognition System with the Kaldi toolkit

Voice

Segmentation

o

Frames

MFCC,
Triphone, MLLT,
fMLLR, etc.

™

Language Maodel

GMM-HMM or DNN-HMM
Acoustic Models

Sentence

a

Words

a

Lexicon

n  Sequence of

Audio Features

V| Pronunciations

erer)
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Example Results - Noisy Test Data

Kaldi’s Output: “DENOUNCE STANDING AND FEATURE HAS BEEN TANTALIZED IT'S ALWAYS
BEEN IMPORTANT HOW PEOPLE IT IS A TROUBLE | CALMLY AND SEVERAL KINDS OF
OCCUPIED THE PEACH IT IS IMPORTANT TO ALL OF THEM EVERY TROUBLE GROUP WITHIN
THIS ROCK TO BELIEVE THAT IT IS THAT TAKEN PLACE COULD DO SO BUT THERE WHILE HE
CUT TOO HAS BEEN USED TO KILOMETER WALKING TRACK WHICH ZIGZAGS TO THE PEAK AS
POLARIZED THE COMMUNITY AND THOSE WHO WANT TO GET GOOD AND THOSE
DEFIANTLY AND PACED A A LAUGHS A GREEDY RANGE IS ONE OF THE HORSE BAYS BEST
KNOWN MINORIES LAST YEAR THE VINEYARD SPENT THREE HUNDRED THOUSAND DOLLARS
CREATING THE TRACK ON NEIGHBOURING LAND OLD CONSENT FROM THE HASTINGS
DISTRICT COUNSEL TO CUT THE FACE OF THE MOTHER BUT EVERY LETTER THAT HE WE
PAULLINUS SAYS NO ONE HAD BOTHERED CONSULTING WITH LOCAL MONEY”

Standard Answer: “DEEMED AN OUTSTANDING LAND FEATURE HAS BEEN VANDALISED IT S
ALWAYS BEEN IMPORTANT TO OUR PEOPLE IT IS A TRIBAL ICON AND SEVERAL TRIBES HAVE
OCCUPIED THE PEAK AND IT IS IMPORTANT TO ALL OF THEM EVERY TRIBAL GROUP WITHIN
THIS ROHE BELIEVES THAT IT IS A TAPU PLACE IT IS SACRED BUT THEIR WAHI TAPU HAS A

NEW KM WALKING TRACK WHICH ZIGZAGS TO THE PEAK IT HAS POLARISED THE

COMMUNITY THOSE WHO WANT TO KEEP IT AND THOSE DEFIANTLY OPPOSED MAN TIKA
TONU ALL U E TIKATONU U E TIKA TONU ATU KI A KOE E TAMA CRAGGY RANGE IS ONE OF

THE HAWKE S BAY S BEST KNOWN WINERIES LAST YEAR THE VINEYARD SPENT CREATING

THE TRACK ON NEIGHBOURING LAND IT SOUGHT CONSENT FROM THE HASTINGS DISTRI%
COUNCIL TO CARVE THE FACE OF TE MATA BUT IWI LEADER NGAHIWI TOMOANAPDAYS MNliversity

OF AUCKLAND
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Natural Voice vs Audio Book Voice

WERs of the MDL-NZ-70 Model
0 ‘\.\.\‘\‘__‘
90 -

== Natural
== Audio Book

40 -

30 +

20

Monophone Triphone  LDA+MLLT SAT FMLLR DNN

Training Stage

» Natural --- The test set of natural voice of movies, games, etc.
» Audio Book --- The test set of audio book voice from LibriSpeech.

» Finding: Natural voice is difficult to be recognised. %
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Project 2
Automated Program Repair
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Automated Program Repair

» Software engineers write computer programs
every day.

» After writing programs, engineers are
responsible for repairing faulty programs.

» The manual repair of faulty programs often
reduces the efficiency of software development.

» Can we automate program repair processes?

295
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Automated Program Repair

» The first step of automated program repair is to make computers understand

how programs run.

» State transitions can represent program running processes.

» For example, if we have a program “inc1”: PREx>0 & x<6 THENx:=x+1

>

END. Valid executions and

are shown in the following state
diagram:

incl

- incl —— incl l
G N e T )

ML models can learn to identify valid executions and invalid executions. @
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Automated Program Repair

» Results of state transition learning: > MO1 - 18: programs

ROC-AUC » ROC-AUC: a degree of
Subject # Examples BNEB LR SVM RF  Silas ML model performance
MO1 24530 0.615 0.619 1.000 1.000 1.000
MO2 292500 0.722 0.736 0.984 0.996 0.990 _ R
MO3 1608 0.720 0.601 0965 1.000 1000 " BNB - Bernoulli naive
MO04 10202 0.660 0.668 0.936 1.000 1.000 Bayes classifiers,
MO5 15360 0.640 0.645 0.997 0.099 (.999
MOG 14160 0.584 0.503 0.999 0.099 0.999 logisti .
MOT 1550 0.663 0.654 0725 0065 0005 » LR -logistic regression
MOS8 2024 0.673 0.709 0.905 0.998 0.988 e
M09 14580 0.536 0.530 0.994 0.999 0.999 classifiers
M10 6502 0.625 0.636 0.993  1.000 0.998
M11 15860 0.848 0.868 0930 0997 0995 » SVM -support vector
M12 20076 0.566 0.563 0.996 1.000 1.000 )
M13 10210 0.536 0.532 0.621 0.999  1.000 machines
M14 11918 0.802 0.814 0.997 1.000 0.997
M15 1944 0.777 0.837 0.844 0.999 00988 p  RF - random forests
M16 2456 0.642 0.666 0.850 0.990 (.999
M17 0056 0.679 0.735 0.956 0.998 0.996 (normal)
M18 51984 0.783 0.822 0.995 1.000 0.998
Average 242010 0.682 0.607 0962 0.998 0.998 P  Silas - random forests
Classification Accuracy 0.636 0.652 0.902 0.981 0.983 (high performance) %
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Conclusion

» ML techniques require considerable computational
resources to run.

» We used Microsoft Azure Cloud VMs to build ML
systems.

» We built an automatic voice recognition system on
an Azure VM.

» We built an ML-based automated program repair
system on an Azure VM.

» |In the future, we look forward to using better ML
techniques to improve the two projects.

*
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