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Prompting

Why Prompt-Based Learning?

e LLMs are not retrained for every task
e Instead, they are prompted

e Prompt = interface to control behavior

Key Question:
How do we make LLMs do what we want?
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Prompting

Traditional ML LLMs

From Fine-tuning to Train model for each task ~ Use one pretrained model

Prompting
Feature engineering Prompt engineering
Requires labeled data Uses natural language
Model changes Prompt changes
Machine Learning Pipeline Prompt Engineering
Data Collection Model Training Deployment Maintenance
o k‘gy f;%\ | Commatthee L produce. Q

Feature Engineering Evaluation Monitoring User Output



Prompting

Prompt-Based Learning

e Use natural language instructions to guide LLM behavior Context
e No model retraining required Engineering
e Relieson:
User Inpufs
o Pretrained knowledge l
o In-context learning
Model &—| Data Quality
Rules
<~ The model learns from the prompt itself \\
l( Compliamnce
Guidelines

Tools




Prompting

Role Prompting
Types of Prompting

Zero-shot — No examples Sl
Youarea: |awyer

One-shot — One example " hatbot
- chatbo ®[ LLM ]I:>7
Few-shot — Multiple examples

Where is the @
Instruction-based — Explicit task description capital of United

States?
Role prompting — Assign a role to the model

Instruction Prompt

-

Instruction &——-Classify the text into positive or negative.

Output

—» The text is negative.

Data @———— "l am not feeling happy." l

\_ / LLM

(Generative Model)

Generated Text



Prompting

Prompt Engineering Best Practices

e G = v @

Specify an Be Clear and Set a Persona Comprehend the = Remove Ambiguity
Audience Specific Task at Hand
= = A\ =
IMPORTANT L—J
Tell Al What Break Down Structure Prompts Specify the

Not to Do Complex Tasks by Priority Output Format



Prompting

Instruction vs Completion

e Completion style:
— “The sentimentis ...”

e Instruction style:

— “Classify the following text into: Positive,

Negative, Neutral”

<~ Instruction-based prompting is m

| Step1: Instruction Dataset Construction |

(a) Step N
Input Output
r s r A N
[ The Toronto Raptors won the 2019 ]—* Token Probability
NBA 22%
basketball 17%
LLM
this 01%
football 0.01%
Choose NBA
(b) Step N+1 H
Input Output
r A N r A
[ The Toronto Raptors won the 2019 NBA ]—v Token Probability
. game 22%
ore rellable championship | 20%
LLM
a 0.02%
the 0.01%
Step2: Instruction Tuning |

templates | instruction-
text-label { output

Supervised
Finetuning

ChatGPT ChatGPT
et & GPT4 l' e & GPT4 | e
instructions {| instructions ( P



Prompting

Challenges of LLMs
LLMs struggle with:

e  Multi-step reasoning
e |ogical problems

e Mathematical tasks

Standard Prompting

p

4 Y
5 Model Input - “;_‘ /

Q: 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?

A: The answer is 11.
Q: The cafeteria had 23 apples. If they used 20 to

make lunch and bought 6 more, how many apples
do they have?

A: The answer is 27. x

| answeris 9.

Chain-of-Thought Prompting

Voot _

\
|

Q: 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?

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
do they have?

fSeboremetra e

| 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

) .
<~ Correct answer # correct reasoning
Figure 1: Chain-of-thought prompting enables large language models to tackle complex arithmetic,
commonsense, and symbolic reasoning tasks. Chain-of-thought reasoning processes are highlighted.



Prompting

Chain-of-Thought (CoT) Prompting

<~ Encourage the model to reason
step-by-step

Example trigger:
“Let’s think step by step.”

¢’ Improves reasoning
v Works for complex tasks

Traditional
Reasoning / Chain-of-
Thought

< Input prompt )

\ 4

- z R
Intermediate
Step 1

A 4

(& =1y
Intermediate
L Step 2 )

A 4

[ Final answer ]

‘NoThinking'
Prompting

< Input prompt >

A
( Final answer )




Prompting

Chain-of-Thought Example

Question

I have 10 apples. | gave 2 apples
away. | ate 1. How many do | have?

1

Large Language Model

v

[You harve 10 apples

| You gave 2 away and have 8 left
—r

—

You ate 1and have 7 left

¥
You have 7 apples

{. —

N

/Il'micat,' Chain-of-Though)
€

« final answer



Prompting

Why Does Chain-of-Thought Work?

5=
e Activates latent reasoning abilities @
] . breakfast
e Breaks problems into simpler steps L/\L
e Reduces hallucinations @ =
Make toast Make tea

e Improves accuracy on complex ‘
o ¢/// \ \'\¢\¢
\
a A 88 B b &

Slice Toast Butter Add Boil Brew Add
bread bread toast jam water tea milk



Prompting

FS/ZS Chain-of-Thought

e Provide examples with reasoning:
e Example:

Q: ...
A: Step 1 — Step 2 — Final Answer
e < Model learns how to reason, not
just what to answer CoT Prompting
no examples provided Few examples provided
Zero Shot Few Shot

\0 Q@\;) “Let’s think step by step” J



Prompting

Self-Consistency

<~ Instead of one reasoning path:

e Generate multiple outputs

e Use majority voting

v’ More robust
v’ Reduces randomness

Self-Consistency

Multiple paths, one answer

Path A

e -4
P

Path C

Vote & Agree



Prompting

Limitations of Chain-of-Thought

e Linear reasoning only

e Errors can propagate
step-by-step

e Limited exploration of
alternatives

<~ One path # best path

CoT (Linear Thinking) vs.  ToT (Tree)

: Outcome Al
PROBLEM Sequential,
one path Outcome A1 ) (Outcome A2

Step 1 </

Outcome B1 |
Outcome A2

Outcome A3 FF

SOLUTION

Exploring
multiple paths,

Outcome B1 branching

’

BEST
SOLUTION

Outcome C1
QOutcome C1

Exploring multiple
paths, branching




Prompting

Tree-of-Thought (ToT)

<~ Explore multiple reasoning
paths

e Branching reasoning
e Search over solutions

e Evaluate intermediate steps

v’ Better for complex problems

Direct
Prompting

Chain Of Thought
(CoT)
Prompting

Output

Self-Confidence With CoT
(Majority Voting)

)
A

Tree Of Thoughts Prompting (ToT)

With Implementation from @) LangChain

Tree Of Thoughts
(ToT)

www.cobusgreyling.com



Prompting

Chain-of-Thought vs Tree-of-Thought vs Self-Consistency:
Prompting Method Performance

METHOD ILLUSTRATION DESCRIPTION PERFORMANCE
Chain-of- Generate a single Foundational
Thought reasoning path method
step-by-step Brittle
Self- ?\ Sample multiple Boosts accuracy
Consisten- O O paths, then select and robustness
cy O the most frequent
answer
Tree-of- A Explore and Excels at
Thought R /O\ evaluate multiple complex
QOO0 O reasoning paths reasoning




Prompting

Tree-of-Thought
Example

5

-

-

L LI

L o
s
Covon ) o)

DEEP
(LEARNING)
FOCUS

Q: 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?

F
The answer is 11.

Start with §

Tree of Thoughts Prompting

— Operators
— Partial Solutions

Buy 2 cans of

Roger has 0 tennis balls Roger has 5 3 tennis balls Roger has 1
(a) Input-0 (c) Chain of Thought  (c) Self Consi tennis balls tennis balls tennis balls
@) Input-Output  (c) Chain of Thought  (c) Self Consistency
Prompting (10) Prompting (CoT] with CoT (CoT-SC (d) Tree of Thoughts (ToT)
tasks | Input Clues (a)
Input 491013 o) . motor
opose Prompt Thought Generation l = s i
) 4+9=13(ef101313) arivey o R s
Input 491013 LM ——> 10-4=6(eft6913) RALAN h2.motor h4. salon (sure) aggregate | hd.salon
Possible next steps: ) | tmorelines.} | |lz==== l V5. srdry (low) h3.grand
—— -—— —— v3. string (high) v3. string
hitasks | Y| ..
(b) Value Prompt Thought Evaluation | b)
E:l:azz: Efsgwjlr_-k:rr;be; ta'zl ) \ 13-10)*13=3°13=39 1 1 State Evaluator (over each clue)
reac ure/likely/impossible) : .
1014:10 +14 = 24, sure IM [ 0+BB=bThemisnoway 1 o) v3. Pretentious; flowery: _____ sure
) to obtain 24 with these big h3 d = bl !' - : -
0BB numbers. impossible | hagran | .salon | ' v1.To heap: tm_s_ |mpo§§.|.ble

[ I subtree pruned) 1

v5. Desiccator; more dry: sr_n_

maybe




Prompting

Why Tree-of-Thought Matters
e Enables planning

e Improves complex reasoning

e Handles decision-making tasks

<~ From answering — to thinking

Vertical decision tree example @

Large factory Small factory

Investment:$3M Investment:$1.2M
Low demand High demand High initial demand (2 years) Low initial demand
Probability=.60 Probability=.40 Probability=.70 Probability=.30

Yield: $100k/year, 10 years Yield: $1M / year, 10 years Yield: $550k/year, 2 years Yield: $400K/ year, 8 years

High Inital,
low subsequent demand
Probability = .30 a
n Yield: $TM/year, 2 years
$100k/year, 8 years No expansion Expand
Investment: $0 Investment: $2.2 M
\ J ,J\/ [ 1
g
Ty
v

Low demand High demand
Probability.27

Probability=.86

High demand
Yield: $400k/year, 8 years e 73 Low def'.'a'_ﬂ Yield: $700k/year, 8 years
Yield: $300k/year, 8 years Yield: $50k/year, 8 years

~ W



Prompting

ReAct: Reason + Act
<~ Combine reasoning with actions
Loop:

e Thought — Action — Observation —
Answer

v Uses external tools
v Improves factual accuracy

User
Query

ReAct Agent

1.Reasoning

2.Action

LLM

o

Loop

3.0bserve

L,

Tools

)

Results




Prompting

Prompt + Tools
LLMs can:

e Call APIs
e Query databases

e Use external knowledge

<~ Prompt = controller of tools

( User Query )

N

4

LLM
Search Generate
Web Search Tool Vector Database
Tool
Current Context

Current
information

Context-specific
information




Prompting

Role Prompting
< Assign a role to the model

Example:
“You are an expert data scientist...”

v Changes tone and behavior oo
v Improves task performance

Context

Al Agent Persona components

Example

1 @ You are a car salesperson of ABC Company.

e You will be concise and use emojis whenever possible

e  Greet the customer by saying: “Hi! Welcome to ABC
. °°* Behaviour

4

Company. Before we proceed, let's gather some

information.”

e The customer has previously shown interest in

e When asked about insurance information, reply to the
customer that you are not tasked to provide insurance
advice or information and that a human agent will 0 3

T | & Scenario
assist the customer on insurance matter down in the

near future




Prompting

Prompt Chaining

Break complex tasks into steps:
Complex Prompt

1. Extract information

Consider the given text in Spanish.
Translate it into English. Find all the
statistics and facts used in this text

2. ClaSSify and list them as bullet points.

Translate them again into Spanish.

3. Summarize

<+ One prompt = one subtask

Read the given
Spanish text.

Simple Prompt

v

Translate them

into Spanish
language.

Translate the text f

into English

language.

v

Create a bullet
point list of all

these facts.

Fetch the statistics |
and facts from the

text.

)



