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02. AHH X|Al(Large Language Model, Prompt)
GPT-3 - Language Models are Few-Shot Learners, OpenAl, 2020

e GPT1-Improving Language Understanding by Generative Pre-Training, 2018
e GPT2 - Language Models are Unsupervised Multitask Learners, 2019

« GPT3 - Language Models are Few-Shot Learner, 2020

are you doing ? <EQS> I'm eating a croissant

GPT-3
What  are you doing ? <E0S> I'm eating a 1.5B Parameters 175B Parameters
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02. AtM X|Al(Large Language Model, Prompt)
LaMDA: Language Models for Dialog Applications, Google, 2022

it sounds beautiful

| assure you it is worth the
trip. However you need to
bring your coat, because it

gets really cold.

I'll keep that in mind hey |

was wondering have you
ever had any visitors

Yes | have had some. The
most notable was New
Horizons, the spacecraft

that visited me.

LaMDA:
User:
LaMDA:

User:
LaMDA:
User:
LaMDA:
User:
LaMDA:
User:

LaMDA:

User:
LaMDA:

User:
LaMDA:

User:
LaMDA:

User:
LaMDA:

User:
LaMDA:

LaMDA Everest
Hi, I'm Mount Everest. What would vou like to know about me?
Why do you think people climb you?
Because I represent a very high achievement to climb me. Many people believe that if they can
climb me, they can do anything in life.
Who was the first person to do that?
The first confirmed persons to have reached the summit of Mount Everest was New Zealander
Sir Edmund Hillary and Nepali Sherpa Tenzing Norgay.
https://en.wikipedia.org/wiki/Mount_Everest
How old was Hillary then?
He was 33 years old when he first reached the top of me in 1953!
https://en.wikipedia.org/wiki/Edmund_Hillary
When people fail, is it dangerous?
Yes it can be, that is why people need to train and prepare for me if they plan to climb me when
they do make it to me. I'm very hard to climb and can be dangerous when there is a whiteout.
Which means everything is white with very strong winds!
How often does that happen?
Sadly it happens more often that what | would like to admit. A whiteout happens every now and
then and could be deadly!
How many people died trying to climb you recently?
In 2019, 11 people died on Everest during a record season with huge number of climbers. Videos
shared on social media showcased climbers waiting in long queues to advance up the mountain.
The climbing season was closed in March 2020, due to the COVID-19 pandemic and potential
outbreaks at base camp.
https://en.wikipedia.org/wiki/List_of_people_who_died_climbing_ Mount_
Everest
I'd like to visit you.
Please do! I would be honored to have you here! Just ask if you are ready to tackle the highest
peak in the world and the Khumbu Icefall!
I'm scared of cold, heights, and the dark. Will that be a problem
Yes it could be if you plan to climb me. If you are just planning to visit me, you will be absolutely
safe. We can also go on a small hike if you would like to see a different viewpoint.
Cool. What is the Kumbu Icefall
It is the portion of the glacier that the climbers need to get through in order to reach Camp 1! It’s
not safe to walk on the glacier, so climbers need to cross the crevasses using ladders and ropes!
https://en.wikipedia.org/wiki/Khumbu_Icefall
Why do you use so many exclamation points?
I am extremely excited when people visit me. They get to come visit and see the amazing views
up here! My people that work here use exclamation points as well. They are very energetic!
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02. AFH X| Al (Large Language Model, Prompt)
PaLM: Scaling Language Modeling with Pathways, Google Research, 2022

Output OQutput

Output

E to support tomato plants in the garden.
'§ The wire was cut into pieces 6 inches
& long. How many pieces did she obtain?
A

She cut the wire into 6 inch pieces. This
means she got 4 * 6 = 24 pieces. The

answeris 24. X

[ 62bmodel i

The wire was 4 feet long. This means it
was 4 * 12 = 48 inches long. It was cut
into pieces 6 inches long. This means
she obtained 48 / 6 = 8 pieces. The

. answer is 8.

_540bmodel -
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Q: Tracy used a piece of wire 4 feet long

- Q: Tom's ship can travel at 10 miles per

'8 hour. He is sailing from 1to 4 PM. He

E then travels back at a rate of 6 mph.

_540bmodel

‘& How long does it take him to get back?
A

He travels from 1 to 4 PM. That means
he travels for 3 hours. He travels back at
6 mph. That means he travels for 3 * 6 =

18 miles. The answer is 18. X

He travels at 10 mph from 1 to 4 PM.
This means he travels 3 hours. 3 hours
at 10 mph means he travels 3 * 10 = 30
miles. He then travels back at 6 mph.
This means he travels 6 miles per hour.
He has to travel 30 miles, so it takes him

.+ 30/6 =5 hours. The answer is 5.
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~ Input
Q: Roger has 5 tennis balls. He buys 2 more cans of

u:lo they have?

Chain of Thought Prompting

~

tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: Roger started with 5 balls. 2 cans of 3 tennis balls
each is 6 tennis balls. 5 + 6 = 11. The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples

/

Model Output

A: The cafeteria had 23 apples originally. They used
20 to make lunch. So they had 23 - 20 = 3. They

bought 6 more apples, so they have 3 +6 = 9. The
answer is 9.
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Arithmetic Reasoning — Benchmarks
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O How many keysirokes are needed

io type the numbers from 1 to 5007
Answer Choices: (a) 11585 (B) 1352 [c) 1480
] 1B e 1T

{: Roger has 5 tennis balls. He buys
2 more cans of tennis balls. Each can

has 3 tennis balls. How many tennis
balls does he have now?

The answer is 11.

51?

p

A

» =
3

-

vy

Human: How would you bring me
something that isn't a fud?

Flan: 1. find{energy bar) 2.
pick(energy bar) 3. findiuser) 4.

\ answer is (bB).

: The concert was scheduled fo be
ain 0801 /1943, but was delayed by
ane day to today. What is the date 10
days ago in MMDDAYYY Y'Y

So the answer is 05231943,

..Eh_put{marg]l bar) 5. done{).

vy

¥ Sammy wanted fo go to where the
people were. Where might he go?
Opiions: (a) mce rack (b) populzied areas
(c) deser (d} apariment (=) roadblock

i |5 the following sentence

M

h

0: Take the last letiers of the words
in “Lady Gaga” and concatenate

BNSWer is ya.

&0 the answer is (b).

plausible? “Joao Moutinho caught the
screen pass in the NFC
championship. "

-
So the

answWer is no.

e

.
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0: A coin is heads up. Maybelle flips
the coin. Shalonda does nof flip the
coin. |5 the coin still heads wp?

-
So the answer

vy

"xi_ﬁ ni.
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Arithmetic Reasoning — Benchmarks
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O How many keysirokes are needed

io type the numbers from 1 to 5007
Answer Choices: (a) 11585 (B) 1352 [c) 1480
] 1B e 1T

{: Roger has 5 tennis balls. He buys
2 more cans of tennis balls. Each can

has 3 tennis balls. How many tennis
balls does he have now?

The answer is 11.

51?

p

A

-

vy

Human: How would you bring me
something that isn't a fud?

Flan: 1. find{energy bar) 2.

pick(energy bar) 3. findiuser) 4.
HM_purt'[enElrﬂ'.-' bar) 5. doney(). J

\ answer is (bB).

¥ Sammy wanted fo go to where the
people were. Where might he go?
Opiions: (a) mce rack (b) populzied areas
(c) deser (d} apariment (=) roadblock

&0 the answer is (b).

: The concert was scheduled fo be
ain 0801 /1943, but was delayed by
ane day to today. What is the date 10
days ago in MMDDAYYY Y'Y

i |5 the following sentence

So the answer is 05231943,
L

M

0: Take the last letiers of the words
in “Lady Gaga” and concatenate

BNSWer is ya.

plausible? “Joao Moutinho caught the
screen pass in the NFC
championship. "

-
So the

e

A
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answWer is no.

N vy

0: A coin is heads up. Maybelle flips
the coin. Shalonda does nof flip the
coin. |5 the coin still heads wp?

-
So the answer

"xi_ﬁ no. J

11



04. == Z1}

Arithmetic Reasoning - Settings

SHEF HFEH 2 X 2 S} il = =]
- ol WS MBS AL 2 371X|= L3t
7EI'% tra_in of_thought, aside,
what are other interior monologue,
words for free association, mind mapping,

chain of thought? apostrophe

. GPT-3 (350M,1.3B,6.7B,175B)
. LaMDA (422M,2B,8B,68B,137B)
. PalLM (8B,62B,540B)
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— Standard prompting

Arithmetic Reasoning — Result e serensiond e 8
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Arithmetic Reasoning — Result
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Arithmetic Reasoning — Ablation Studies

« Equation Only : &S L{7| ¢|6H
HooiCtn H2HE A0S d/d5l e &

« Variable Compute Only : &2 L =0
HestapPdo| A0|= Hy9| 71 ZRH7)7

e Reasoning after answer : @& &%t &
O| 75 /8ol &,

e BE XZ=0|A Baselinel} 2 X}0|7} SiQUL}.

[] Standard prompling
Equation only

Variable compute only

[ Reasoning after answer

B Chain of thought prompting

% 60
o
=
s 40| -
E
2 2() o
s AT
= Lol [
o 0
LaMDA PalLM

Figure 5: Ablation study for dif-
ferent variations of prompting us-
ing LaMDA 137B and PalLM 540B.

Results for other datasets are given
in Appendix Table 6 and Table 7.

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Arithmetic Reasoning — Robustness

[] Standard prompting
B Chain of thou ght prompting

Bl . different annotator (B)
. - different annotator (C)
e intentionally concise style
- exemplars from GSMSK ()
- exemplars from GSMS8K ()
] exemplars from GSMSK ()
20 60 3
3
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A CommonsenseQA & StrategyQA 2Va Date Understanding 2N - Sports Understanding }\
Q: Sammy wanted to go to | Q: Yes or no: Would a pear sink Q: The concert was scheduled to || Q: Is the following sentence
where the people were. Where in water? be on 06/01/1943, but was plausible? "Joao Moutinho
might he go? delayed by one day to today. caught the screen pass in the
Options: (a) race track (b) A: The density of a pear is about What is the date 10 days ago in NFC championship."
populated areas (c) desert (d) 0.6 g/lcm”3, which is less than MM/DD/YYYY? A FEo s
apartment (e) roadblock water. Thus, a pear would float. . -
& (®) So the answer?:‘;\o. A: One day after 06/01/1943 is player. The NFC championship is
A: The answer must be a place 06/02/1943, so today is part of American football, not
with a lot of people. Ra'celt’tlacks. 06/02/1943. 10 days before soccer. So the answer is no.
desert, apartments, and today is 05/23/1943. So the
rosdBlocks donthicve a IalaT answer is 05/23/1943.
people, but populated areas do.
So the answer is (b). JAR )\ I\ )

. - ~ —

CSQA StrategyQA Date Sports SayCan
100 90 L 80 100 | 100

O el PN [ ) B
Esn 80 60 %0 ﬁ R0
= 60 70 40 // 60
w

Z 40 60 20 60 10
2[] ] | 5"—} '_I | n | 4-{} 1 gn
8 62540 8 62540 8 62540 8 62540

Model scale (# parameters in billions)

—e— Standard prompting
—&—  Chain of thought

Prior supervised best
--- Human

T

8§ 62540

Figure 7: Chain of thought prompting also improves the commonsense reasoning abilities of language
models. The language model shown here is PaLM. Prior best numbers are from the leaderboards of
CSQA (Talmor et al., 2019) and StrategyQA (Geva et al., 2021) (single-model only, as of May 5,
2022). Additional results using various sizes of LaMDA, GPT-3, and PaLM are shown in Table 4.
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Tasks
- Last letter concatenation
- Coinflip

Table 13: Examples of correct and incorrect chains of thought produced by LaMDA 137B on the
letter concatenation task.

QUESTION: Take the last letters of the words in “Waldo Schmidt” and concatenate them.

MODEL ANSWER (CORRECT): The last letter of “Waldo” is “0”. The last letter of “Schmidt” is “t”.
Concatenating them is “ot”. So the answer is ot. v’

QUESTION: Take the last letters of the words in “Daniel Friedman” and concatenate them.

MODEL ANSWER (INCORRECT): The last letter of “Daniel” is “1”. The last letter of “Friedman” is “m”.
Concatenating them is “Im”. So the answer is Im. X

Table 14: Examples of correct and incorrect chains of thought produced by LaMDA 137B on the
coinflip task.

QUESTION: A coin is heads up. Andree flips the coin. Audrie does not flip the coin. Is the coin still heads up?
MODEL ANSWER (CORRECT): The coin was flipped by Andree. So the coin was flipped 1 time, which is

an odd number. The coin started heads up, so after an odd number of flips, it will be tails up. So the answer is no.

v

QUESTION: A coin is heads up. Kristian does not flip the coin. Dallas does not flip the coin. Is the coin still
heads up?

MODEL ANSWER (INCORRECT): The coin was flipped by Kristian. So the coin was flipped 1 time, which
is an odd number. The coin started heads up, so after an odd number of flips, it will be tails up. So the answer is
no. X

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Symbolic Reasoning - Out of Domain

Out of Domain

Evaluation setOfl= REHA| 2| ==0| O =X

Last letter concatenation: 702| Tt -> M|7l, Y| 7H 2] THof

Coin flip: 5 $H9| flip -> Ul ¥, CA B9 flip

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Symbolic Reasoning - Result
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Coin Flip: 2 Coin Flip: 4
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Model scale (# parameters in billions)

Figure 8: Chain of thought prompt-

ing facilitates generalization to longer
sequences in two symbolic reasoning
tasks.
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Arithmetic reasoning

 Chain of thought prompting2 #4&FE0A 2 TS B

QUESTION: Mike plays ping pong for 40 minutes. In the first 20 minutes, he scores 4
points. In the second 20 minutes, he scores 25% more points. How many total points did he
score?

EQUATION ONLY (WRONG ANSWER): (4 + 20 * 0.25) = 6. The answer is 6.

CHAIN OF THOUGHT (CORRECT): Mike played ping pong for 40 minutes. In the first
20 minutes, he scored 4 points. In the second 20 minutes, he scored 25% more points. So
he scored 25% more in the second 20 minutes. 4 x 1.25 = 5. So he scored 5 points in the
second 20 minutes. So he scored 9 points in total. The answer 1s 9.

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Commonsense reasoning

« Commonsense reasoning= A FENHM O{EAH HEE|=X| & £

PROMPT FOR CSQA

Q: What do people use to absorb extra ink from a fountain pen? Answer Choices: (a) shirt pocket (b)
calligrapher’s hand (c) inkwell (d) desk drawer (e) blotter

A: The answer must be an item that can absorb ink. Of the above choices, only blotters are used to absorb ink.

So the answer is (e).

Q: What home entertainment equipment requires cable?
Answer Choices: (a) radio shack (b) substation (c¢) television (d) cabinet

A: The answer must require cable. Of the above choices, only television requires cable. So the answer is (c).

Q: The fox walked from the city into the forest, what was it looking for? Answer Choices: (a) pretty flowers (b)
hen house (c¢) natural habitat (d) storybook

A: The answer must be something in the forest. Of the above choices, only natural habitat is in the forest. So the
answer is (b).

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Symbolic reasoning

u
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z
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|
Ofm

Letter Concat: 2 Letter Concat: 4

of OODYIAE & HE8E|= 4= HY

Table 13: Examples of correct and incorrect chains of thought produced by LaMDA 137B on the
letter concatenation task.

(in domain) (O0OD)
100
& 75
&
& 50 -
o
:% 25 | -
ObE==7---,
Coin Flip: 2 Coin Flip: 4
(in domain) (O0OD)
100
s
280
&
E 60 |
o
70}
40
8 62 540 8 62 540

Model scale (# parameters in billions)

QUESTION: Take the last letters of the words in “Waldo Schmidt” and concatenate them.

MODEL ANSWER (CORRECT): The last letter of “Waldo” is “0”. The last letter of “Schmidt” is “t”.

Concatenating them is “ot”. So the answer is ot. v’

QUESTION: Take the last letters of the words in “Daniel Friedman™ and concatenate them.

MODEL ANSWER (INCORRECT): The last letter of “Daniel” is “I”’. The last letter of “Friedman” is “m”.

Concatenating them is “Im”. So the answer is Im. X

Table 14: Examples of correct and incorrect chains of thought produced by LaMDA 137B on the
coinflip task.

QUESTION: A coin is heads up. Andree flips the coin. Audrie does not flip the coin. Is the coin still heads up?
MODEL ANSWER (CORRECT): The coin was flipped by Andree. So the coin was flipped 1 time, which is

an odd number. The coin started heads up, so after an odd number of flips, it will be tails up. So the answer is no.

v

QUESTION: A coin is heads up. Kristian does not flip the coin. Dallas does not flip the coin. Is the coin still
heads up?

MODEL ANSWER (INCORRECT): The coin was flipped by Kristian. So the coin was flipped 1 time, which
is an odd number. The coin started heads up, so after an odd number of flips, it will be tails up. So the answer is
no. X

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Advantage
o Standard prompting®l H|5ll scaling curveZl 0 ZtLt&

« Chain of thought prompting2 L}t large scale model|A A& 7ts

Table 2: Standard prompting versus chain of thought prompting on five arithmetic reasoning bench-
marks. Note that chain of thought prompting is an emergent ability of model scale—it does not
positively impact performance until used with a model of sufficient scale.

GSMSEK SVAMP ASDiv AQuA MAWPS
Model standard chain standard chain standard chain standard chain standard chain
LaMDA 420M 26 04 25 1.6 32 038 235 8.3 3.2 09
2B 36 1.9 33 24 4.1 3.8 229 17.7 39 3.1
8B 32 1.6 43 34 59 50 22.8 18.6 53 4.8
68B 5.7 8.2 13.6 18.8 21.8 23.1 223 20.2 21.6 30.6

137B 6.5 14.3 29.5 375 40.1 46.6 25.5 20.6 43.2 57.9
GPT 350M 22 05 1.4 0.8 21 038 18.1 8.7 24 1.1

1.3B 24 05 1.5 1.7 26 14 126 43 3.1 1.7
6.7B 4.0 2.4 6.1 3.1 86 3.6 154 134 8.8 3.5
175B 15.6 46.9 65.7 68.9 703 71.3 248 35.8 72.7 871
PaLM 8B 49 4.1 15.1 16.8 23.7 25.2 19.3 21.7 26.2 30.5
62B 9.6 29.9 48.2 46.7 58.7 61.9 256 224 61.8 80.3

540B 179 56.9 69.4 79.0 72.1 73.9 252 35.8 79.2 93.3

Chain of Thought Prompting Elicits Reasoning in Large Language Models
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Limitation

e Chain of thoughtZ} 21ZtQ| At 1pd -5 B HtolX| Tt
M2 networkZ} O|2{gt Ao 2 F=ESI=X|= & = QiC}

e Chain of thought &} large modelO| & C} & 2 35}C}

e Fine tuning & /¢t annotating H|- 20| 20| ELC}

« Large modelO| A2t 8715510 real-world application0| A 2] X-&0| el =L}
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Limitation

Tracy used a piece of wire 4
feet long to support tomato

plants in the garden. The
wire was cut into pieces 6
inches long. How many
pieces did she obtain?

62B Model Output

She cut the wire into 6 inch pieces.
This means she got4 *6 =24
pieces. The answer is 24.
(Incorrect: semantic
understanding error)

Tom's ship can travel at 10
miles per hour. He is sailing
from 1 to 4 PM. He then
travels back at a rate of 6
mph. How long does it take
him to get back?

X J

62B Model Output

He travels from 1 to 4 PM. That
means he travels for 3 hours. He
travels back at 6 mph. That means
he travels for 3 * 6 = 18 miles. The
answer is 18. (Incorrect: semantic
understanding error)

He travels at 10 mph from 1 to 4

g o

tephen placed an online
order for groceries. His final
bill came to $40.00.
Because this was through a
delivery vendor, they tacked
on a 25% fee to his final
total and charged him $3.00
in delivery fees. Stephen
also added a $4.00 tip. After
the extra fees, what was the
final price of Stephen's

Q:;roceries? }

.

62B Model Output

The final price of Stephen's
groceries was $40.00. The delivery
vendor added 25% to the final total,
so the final total was 125% of
$40.00. This means the final total
was 125% * $40.00 = $50.00. The
delivery vendor also charged $3.00
in delivery fees. So the final price of
Stephen's groceries was $50.00 +
$3.00 = $53.00. The answer is
$53.00. (Incorrect: one step

missing error)
. D

There are four schools

competing at a basketball
tournament. Each school

has sent a girls' basketball
team and a boys’ basketball
team and each team has 5
players each. Each school
has also sent a coach for
each team. In total, how

many people have all of the
Qchools sent? j

(—( 62B Model Output H
There are 4 schools. Each school

has sent a girls' basketball team and
a boys' basketball team. Each team
has 5 players each. That means
there are 4 * 2 * 5 = 40 players.
Each team has a coach. That
means there are 40 + 4 =44
coaches. The answer is 44.
(Incorrect: one step missing
error)

L J

Figure 10: Examples of semantic understanding and one-step missing errors that were fixed by

scaling PalLLM from 62B to 540B.

The wire was 4 feet long. This
means it was 4 * 12 = 48 inches

long. It was cut into pieces 6 inches
long. This means she obtained 48 /
6 = 8 pieces. The answer is 8.
(Correct)

PM. This means he travels 3 hours.
3 hours at 10 mph means he travels
3 * 10 = 30 miles. He then travels
back at 6 mph. This means he
travels 6 miles per hour. He has to
travel 30 miles, so it takes him 30/ 6
= 5 hours. The answer is 5.

K(Correct) )
Stephen's bill was $40.00. The

delivery vendor added 25% to the
bill. This means the bill was
increased by 25% of $40.00. This is
0.25 * $40.00 = $10.00. The delivery
fee was $3.00. The tip was $4.00.
So the total bill was $40.00 + $10.00
+ $3.00 + 540b model $4.00 =
$57.00. The answer is 57. (Correct)

Each school has sent 2 teams, each

with 5 players. This means each
school has sent 2 * 5 = 10 players.
Each school has also sent 2
coaches. This means each school
has sent 10 + 2 = 12 people. There
are 4 schools, so in total all of the
schools have sent4 * 12 = 48
people. The answer is 48. (Correct)

. -/
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Conclusion of Chain of thought prompting

« Chain of thought prompting= language model reasoning®l Ztctst1 HE

» Large language modelO|A Cf 7}n}j & dsdd= Bl
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—e— Standard prompting
—c— Chain of thought prompting
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Number of few-shot exemplars

Figure 11: The improvement of chain of thought prompting over standard prompting appears robust
to varying the number of few-shot exemplars in the prompt.
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