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COURSE ORIENTATION
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COURSE WEBPAGE

ling592b.krisyu.org

http://ling592b.krisyu.org
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SYLLABUS

ling592b.krisyu.org

http://ling592b.krisyu.org
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SYLLABUS

ling592b.krisyu.org

HW: read this!

http://ling592b.krisyu.org
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REVIEW QUESTIONS
‣ Each class will begin with review questions 

‣ Linked as “RQ” from course webpage for each class 

‣ You must be signed in to your UMass account in 
order to access the review questions
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CLASS SLIDES AND HOMEWORK
‣  Linked from course webpage for each class
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WHAT TO BRING TO CLASS
‣  A computer (if you have access to one) 

‣  Earbuds/headphones to listen to audio 
sometimes
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INTRODUCTIONS
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PROFESSOR YU 
SHE/HER

CERYS 
SHE/HER
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PROFESSOR YU 
SHE/HER

CERYS 
SHE/HER

We can start an intro 

thread on Slack too!
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COURSE INTRO
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RUN FOR YOUR LIVES! AI TAKEOVER!!
11

https://www.theguardian.com/commentisfree/2020/sep/08/robot-wrote-this-article-gpt-3

https://www.theguardian.com/commentisfree/2020/sep/08/robot-wrote-this-article-gpt-3
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RUN FOR YOUR LIVES! AI TAKEOVER!!
12

https://thenextweb.com/news/the-guardians-gpt-3-generated-article-is-everything-wrong-with-ai-media-hype

https://thenextweb.com/news/the-guardians-gpt-3-generated-article-is-everything-wrong-with-ai-media-hype
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SPEECH RECOGNITION EVERYWHERE
13

https://www.samsung.com/us/explore/family-hub-refrigerator/overview/

https://www.samsung.com/us/explore/family-hub-refrigerator/overview/
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THE CIRCLE (CHAT OPENS 12:24)
14

https://www.youtube.com/watch?v=9-m4gFdrQ8M
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THE CIRCLE (CHAT OPENS 12:24)
14

https://www.youtube.com/watch?v=9-m4gFdrQ8M
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SUPER-POWERED SPEECH RECOGNITION?
15

https://onezero.medium.com/netflixs-the-circle-gets-one-key-thing-right-about-a-i-ed957b018b1e

https://onezero.medium.com/netflixs-the-circle-gets-one-key-thing-right-about-a-i-ed957b018b1e
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MASSIVE DATA, HUMAN COGS BEHIND AI
16
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SPEECH RECOGNITION IS SOLVED!
17
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https://www.microsoft.com/en-us/research/publication/achieving-human-parity-conversational-speech-
recognition-2/

https://www.microsoft.com/en-us/research/publication/achieving-human-parity-conversational-speech-recognition-2/
https://www.microsoft.com/en-us/research/publication/achieving-human-parity-conversational-speech-recognition-2/
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https://www.ibm.com/demos/live/speech-to-text/self-service

LET’S TAKE WATSON FOR A SPIN…

https://www.ibm.com/demos/live/speech-to-text/self-service


LINGUIST 592B, FALL 2021. CLASS 1.1

SPEECH RECOGNITION IS NOT SOLVED
20

http://jeffreybigham.com/blog/2017/reaching-dubious-parity-with-hamstrung-humans.html

http://jeffreybigham.com/blog/2017/reaching-dubious-parity-with-hamstrung-humans.html
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SPEECH RECOGNITION IS NOT SOLVED
21

http://www.writeworks.biz/blog/voxrec/  
(defunct link now as of September 2021)

http://www.writeworks.biz/blog/voxrec/
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SPEECH RECOGNITION IS NOT SOLVED
21

http://www.writeworks.biz/blog/voxrec/  
(defunct link now as of September 2021) (Language model errors?)

http://www.writeworks.biz/blog/voxrec/
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DEEP LEARNING TO THE RESCUE?
22

https://awni.github.io/speech-recognition/

https://awni.github.io/speech-recognition/
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WORD ERROR RATE (WER)
23

See also https://aws.amazon.com/blogs/machine-learning/evaluating-an-automatic-speech-
recognition-service/

Taken from https://jonathan-hui.medium.com/speech-recognition-asr-decoding-f152aebed779

https://aws.amazon.com/blogs/machine-learning/evaluating-an-automatic-speech-recognition-service/
https://aws.amazon.com/blogs/machine-learning/evaluating-an-automatic-speech-recognition-service/
https://aws.amazon.com/blogs/machine-learning/evaluating-an-automatic-speech-recognition-service/
https://jonathan-hui.medium.com/speech-recognition-asr-decoding-f152aebed779
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LINGUISTIC VARIABILITY AND MODEL BIAS
24

https://fairspeech.stanford.edu/

https://fairspeech.stanford.edu/
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LINGUISTIC VARIABILITY AND MODEL BIAS
25

https://www.pnas.org/content/117/14/7684

https://www.pnas.org/content/117/14/7684


LINGUIST 592B, FALL 2021. CLASS 1.1

HOW CAN LINGUISTICS HELP?
26

https://doi.org/10.1016/0167-6393(96)00003-9

https://doi.org/10.1016/0167-6393(96)00003-9
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EFFORTS TO BETTER SAMPLE POPULATION
27

https://commonvoice.mozilla.org/en

https://commonvoice.mozilla.org/en
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MAKING RECORDING ACCESSIBLE
28

https://www.mitpressjournals.org/doi/pdf/10.1162/COLI_a_00387

https://lig-aikuma.imag.fr/ http://www.stevenbird.net/

https://www.mitpressjournals.org/doi/pdf/10.1162/COLI_a_00387
https://lig-aikuma.imag.fr/
http://www.stevenbird.net/
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GOALS OF THIS COURSE
29

▸ To build a foundation for fluency in linguistically 
(especially phonetically) informed speech processing 

▸ To discover open research problems in spoken language 
recognition and how you might work towards solving 
them 
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FOUNDATIONS OF SPEECH PROCESSING
30

“There will always be signals, they 
will always need processing, and 

there will always be new 
applications, new mathematics and 
new implementation technologies.”

Alan Oppenheim

https://futureofsp.eecs.mit.edu/

https://futureofsp.eecs.mit.edu/
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TIME TO WORK ON 
REVIEW QUESTIONS
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TIME TO WORK ON 
REVIEW QUESTIONS

Follow up on this for HW!
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SOUND AND DIGITAL SPEECH 
REVIEW (IF TIME)
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WHAT IS SOUND?
33

clapper >  
sides of bell >  
adjacent air molecules >  
further air >  
eardrum

Sound is the sensation you experience when your 
auditory nerves are stimulated by vibrating air molecules.
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WHAT ARE SOUND WAVES?
34

Sound waves are pressure variations over time in the 
air transmitted by the movements of air molecules.

am
pl

itu
de

time
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SOUND WAVES HANDS-ON
35

\

https://musiclab.chromeexperiments.com/Sound-Waves

https://musiclab.chromeexperiments.com/Sound-Waves
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SINE WAVES: SIMPLE HARMONIC MOTION
36

Period T 
Amplitude A 
Frequency f

http://www.gailruby.com/SHMGraph.htm

http://www.gailruby.com/SHMGraph.htm
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SINE WAVES: SIMPLE HARMONIC MOTION
37

http://www.gailruby.com/SHMGraphwithrelations.htm

http://www.gailruby.com/SHMGraphwithrelations.htm
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IT’S AN ANALOG WORLD
38

These pressure variations are continuous in 
both dimensions (“analog”).

am
pl

itu
de

time
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THE WAVEFORM
39

The waveform we see in Praat 
of a recorded audio signal is a 
picture of this transduced wave

▸ A microphone picks up the air pressure waves, like 
an eardrum, but then transduces the sound energy 
from air pressure into an electrical voltage.
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IT’S A DIGITAL WORLD
40

▸ But computers store information digitally 
as 1s and 0s! 

▸ So how do we get between an analog 
signal and a digital signal?
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ANALOG  ⇄ DIGITAL
41

Analog-to-digital conversion (A/D) → 
Digital-to-analog conversion (D/A) ←

Analog: continuous Digital: discrete
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TRANSDUCTION, THEN A/D CONVERSION.
42

http://www.centerpointaudio.com/Images/Analog-Digital%20frequency%20examples.png

http://www.centerpointaudio.com/Images/Analog-Digital%20frequency%20examples.png
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A/D CONVERSION BY SAMPLING
43
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SAMPLING IN TIME
44

▸ Horizontal dimension (x-axis) represents time 

▸ Choice for sampling interval: at what time interval T are 
points sampled form the signal? 

▸ Every 10 millisecond (ms)?  T = 10ms 

▸ Every second (s)?  T = 1s
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EXAMPLE: EVENLY SPACED SAMPLING INTERVALS
45

Sampling 
values at time 
interval T 

Continuous 
waveform

http://manual.audacityteam.org/o/man/digital_audio.html

http://manual.audacityteam.org/o/man/digital_audio.html
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EXAMPLE: EVENLY SPACED SAMPLING INTERVALS
45

Sampling 
values at time 
interval T 

Continuous 
waveform

http://manual.audacityteam.org/o/man/digital_audio.html

T

http://manual.audacityteam.org/o/man/digital_audio.html
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SAMPLING RATE (OR SAMPLING FREQUENCY)
46

▸ Frequency units: typically, the number of samples per second 
(“cycles per second”). 

▸ This unit is called Hertz (Hz), cycles per second. 

▸ Example: “The sampling rate was 20 kilohertz (kHz)” means the 
sampling rate was 20,000 Hz or 20,000 cycles per second  

▸ (kilo- = 1000, 1 kHz = 1000 Hz)

▸ Sampling rate: how frequently, per unit 
time, are samples taken?
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CALCULATING SAMPLING RATE
47

▸ Frequency = 1/[time] 

▸ Example: how often do you finish drinking a glass of water? 

▸    1/ [2 hours to finish a glass] 

= 1/2 glass drunk per hour 

▸ Sampling rate = 1 / [sampling interval] = 1 / T 

▸ Example: if T = 10ms, sampling rate is 1 / 10 ms, “1/10 of a cycle every 
millisecond” 

▸ Example: if T = 10s, sampling rate is 1/ 10 s, “1/10 of a cycle every second”, 0.1 Hz 

▸ Hz = cycles/second, so…

sampling rate in Hz = 1 / sampling interval in seconds*

* “seconds” is usually just abbreviated as “s”
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EXERCISE: CONVERTING FROM INTERVAL TO FREQUENCY 
48

▸ 1 sample every second: 
▸ sampling interval T = 1s 
▸ sampling rate f = 1 Hz 

▸ 1 sample every 0.1 second: 
▸ sampling interval T = ? s 
▸ sampling rate f = ? Hz 

▸ 1 sample every 0.01 second: 
▸ sampling interval T = ? s 
▸ sampling rate f = ? Hz
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EXERCISE: SAMPLING INTERVALS IN MILLISECONDS 
49

▸ 1 millisecond = 1 msec 
 = 1 ms 
 = 0.001 s (= 1/1000 s) 

▸ 1 sample every millisecond: 
▸ How many samples per second? 
▸ sampling interval T = ? s 
▸ sampling rate f = ? Hz
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EXERCISE: SAMPLING AT DIFFERENT RATES
50

2,500 Hz (? kHz)

10,000 Hz (? kHz)

(A/D) →
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QUANTIZATION: “SAMPLING” AMPLITUDE
51

Vertical dimension (y-axis) 
is divided into some number 
of values: here, 8 values (23) 

Quantization rate (bit depth) 
= 3 bits
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EXERCISE: QUANTIZATION RATE (BIT DEPTH) 
52

▸ Divide amplitude range into 65,536 values 
▸ 65,536  = 216 
▸ Quantization rate = ? bits 

▸ Divide amplitude range into 4096 values 
▸ 4096 = 2? 
▸ Quantization rate = ? bits 

▸ Quantization rate = 4 bits 
▸ Amplitude range divided into ? values 
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CLIPPING
53

Clipping: the peak amplitude of the sample is greater 
than the largest amplitude allowed by the quantization.
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CLIPPING
53

Clipping: the peak amplitude of the sample is greater 
than the largest amplitude allowed by the quantization.

Class demo!
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TOO FEW AMPLITUDE LEVELS?
54
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MORE SAMPLES ⇒ BETTER AUDIO QUALITY
55

▸ Higher sampling rate gives better time resolution 

▸ Higher quantization rate gives better amplitude 
resolution
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WHY NOT EVEN HIGHER RATES?
56

▸ Higher sampling rate: more numbers to be 
stored, retrieved and processed 

▸ Higher quantization rate: bigger numbers to be 
stored, retrieved, and processed

Trade-off between fidelity to original signal and demands 
on memory and processing of the stored string of numbers


