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% What are Language Language Models (LLM)?

- Deep learning models pre-trained on vast amounts of textual
data. E.g., GPT-4 has 1.76 trillion parameters.

- Mostly based on the transformer architecture, utilizing
self-attention mechanisms to capture complex textual
relationships.

- Able to understand and generate human-like text, capable of
various tasks like translation, summarization, code generation,
guestion-answering, etc.

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI Introducing Prompt Engineering / Guanghan Wu 07/08/2024



% What are Language Language Models (LLM)?

fd T5 G Gshard Publicly Available
— 2019 — 50597 G s Y panGu-a @9 Ernie3.0
2021 HUAWEI
GPT3@/ ~ 4 = £7. PLUG ﬁlz;l Jurassic-1
cotexs & n ~ = 250 CPM22
= @ _ I FLAN (5 [avpA
: ’ mspur Yuan 1.0 @ i
Anthropic | A\ HyperCLOVANAVER \ i @ AlphaCode () Pythia
WebGPT /ll’]\‘ @Chinchilla [wss) Vieuna =2 InternLM  [Ij Baichuan2
Ernie 3.0 Titan -é‘: InstructGPT @ 2022 / W RWKV s'wé PanGu-x [N MPT 2 QWEN
Gophero CodeGenO \7 — @ Sparrow G Bard Jli Baichuan E FLM
~ . | = PaLM o~ -
cLaM G5 MT-NLG g OPT 00 \ 7 C ¢ Flan-Ts 00 LLaMA G PaLM2 oy 40y
s YaLM C~ =
CodeGeeX f"‘.‘ GPT-NeoX-20B @ 4% 0 \-? HREaE O CodeGen2 JC Skywork
moon © o memmane /N Lo [ s v
mto € ) o g 0Q NLLB
W A lexaTM a Cohere y ~— o, i) Falcon x/| Grok-1
BLOOMZ -
@ weLM [ R 14— ;l\, |
Galatica 0Q N R e
I I )-11
OPT-IML 0Q GPT-4@ Q0 LLaMA2

ChatGPT @

Fig 1. A timeline of existing large language models (having a size larger than 10B) in recent years. [4]
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% What Can LLMs Do?

Natural Language Processing tasks:

Text summarization
Language translation
Sentiment analysis

Named entity recognition

Writing assistance (essays, articles, marketing copy)
Content Generation: Code generation and completion

Creative writing (stories, poetr
LLM Applications g ( poetry)

Chatbots and virtual assistants
Question Answering and Information Retrieval: Customer support systems

Research and data analysis

Document sorting
Text Classification and Categorization: Spam detection

Content moderation

Fig 2. The applications of LLMs in various domains. Adapted from [5]
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% What is Prompt Engineering?

Essence: Crafting the optimal prompt to achieve a specific goal
with a language model.

- Domain knowledge, understanding of the Al model, and a
methodical approach to tailor prompts for different contexts.
- Construction of prompts.

- Creating templates that can be programmatically modified
based on a given dataset or context, i.e., prompt
templates.

- An iterative and exploratory process,
- akin to traditional software engineering practices such as

version control and regression testing.
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Why Prompt Engineering?
— Conclusion:

Advanced prompt engineering and specialized
techniques are needed to enhance LLM utility

LLMs have their limitations:

- Transient State: and mitigate inherent constraints.
- Lack persistent memory or state, need additional systems for context retention and
management.

- Probabilistic Nature:
- Different answers even with the same prompt.
- Outdated Information:
- Pre-trained on historical knowledge, precluding real-time updates.
- Content Fabrication:
- Hallucination: LLMs may generate plausible yet factually incorrect information.
- Resource Intensity:
- The substantial size of LLMs means huge costs, impacting scalability and accessibility.
- Domain Specificity:
- Domain-specific data often required for specialized tasks.
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Benefits

 Describe tasks precisely &
creatively

* No expert skills needed
(Configurations; Code)

* Multi-lingual inputs

* ...Mmany more

% Prompts: Benefits & Limitations

Limitations

* Limited no. words per prompt
* Limited prompt per chain

* Required domain knowledge
* Lack of transparency

* Lack of repeatability
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Be concise.
* Brevity & clarity
» As simple as possible

Examples:

% Can you provide me with a detailed
explanation of the photosynthetic process
and the significance of this biochemical
reaction?”

"Explain the process of photosynthesis
and its significance in detail.”
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% Prompt Design Principles & Skills

Be clear.
 Avoid vagueness & ambiguity
* As specific as possible

Examples:
& “How do | produce a paper?”
v Explain the common steps of

writing a research paper for a peer
reviewed academic journal.’
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Prompt Design Principles & Skills

®  Break down complex tasks.
Avoid...
» combining several tasks in one prompt
» asking for several outcomes/formats in one prompt
Divide tasks involving several steps or topics..

* into separate prompts
 or make it into a prompt chain (= conversation)

Example:
“Design a comprehensive marketing campaign for a new eco-friendly product, detailing the target
audience,key messaging, and promotional strategies. include specific examples of advertising
mediums such as social media, print, and television, and create a visual mockup of an advertisement
in a modern minimalist style.Write meaningful alt-text for the advertisement, summarizing its content
for enhanced accessibility. Finally draft a 2-minute pitch script for presenting this marketing campaign

to potential investors.”
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Include context & logical structure.
* Provide context
 Structured & coherent prompts

Examples:

% Mention tasks involved in writing a
research paper.”

v ‘List the steps involved in writing a

research paper for a student assignment.

Begin with selecting a topic, end with
proofreading the final draft.”
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% Prompt Design Principles & Skills

Specify desired output.
 Style & tone * Depth & length
* Format, language, or content type
» Temperature (parameter controlling
precision & creativity

Examples:

Format, language, content type:
“For example: A three-column table; a poem
in Swahili; a script in Python.”

Temperature:
“Balance creativity & precision, depending
on task”
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Teaching in the prompt.
* LLMs an learn from what they are being
fed in the prompt: zero-shot learning ability.
* Algorithms, knowledge, functions...

Chain of thought prompting.

* Force it to follow a series of steps in
its “reasoning”

* By adding “let’s think step by step”
at the end of a prompt.

» Zero-shot Chain of Thought
prompting
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% Prompt Design Principles & Skills

Being forceful.
* Do not be so nice and friendly.
» Use forceful language sometimes.
* ALL CAPS and exclamation mark work!

Reordering of the examples and the
prompt.

* LLMs like GPT only read forward.

« Giving the instruction before the example
helps, even the reordering of the examples
works.
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% A Prompt Framework: CO-STAR

Context (C) : Providing background information helps the LLM
understand the specific scenario.

Objective (0) : Clearly defining the task directs the LLM’s
focus.

Style(S): Specifying the desired writing style aligns the LLM
response.

Tone (T) : Setting the tone ensures the response resonates with
the required sentiment.

Audience (A) : Identifying the intended audience tailors the
LIM’'s response to be targeted to an audience.

Response (R) : Providing the response format, like text or Json,
ensures the LLM outputs, and help build pipelines.

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI Introducing Prompt Engineering / Guanghan Wu 07/08/2024

12



Advanced Techniques in Prompt Engineering
— Chain of Thought (CoT)

- Manual Demos One by One
Q: A pet store had 64 puppies. In one day they sold 28 of v

, b Mg sl [ e ————————— >
them and put the rest into cages with 4 in each cage. 'Q There are 15 trees in the grove. Grove workers will plant
How many cages did they use?

ki Itrees in the grove today. After they are done, there will be 21 |
A: Let's think step by step. ' trees. How many trees did the grove workers plant today? :

l Rationale Generation ' *-Question I

[ LLM ] 'A There are 15 trees originally. Then there were 21 trees after |
 some more were planted. So there must have been 21 -15=6.,

i :The answer is 6.% ‘Answer ... RatlonaleI

Q: A pet store had 64 puppies. In one day they sold 28 of |  |F— === =TTl TTTTTIII I I I I I I T I I I I I LI
them and put the rest into cages with 4 in each cage. 'Q A pet store had 64 puppies. In one day they sold 28 of them
How many cages did they use? 'and put the rest into cages with 4 in each cage. How many

i ?
A: Let’s think step by step. There are 64 puppies. 28 of i cages did they use?

them were sold. This leaves 36 pueples Each cage has Qé'. .......................................... .,
4 puppies, so we need 9 cages.  (Generated Rationale l ‘
Therefore, the answer (arabic numerals) is [ LLM ] Test Question

l Answer Extraction l

[ — ] The pet store had 64 puppies. They sold 28 of them. So they
i had 64 - 28 = 36 puppies left. They put them into cages with 4
[ 9. ] in each cage. So they used 36 / 4 = 9 cages. The answer is 9.
(a) Zero-Shot-CoT (b) Manual-CoT

Fig 3. Comparison of Zero-shot and Manual Chain of Thought (few-shot) techniques. [2]
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Advanced Techniques in Prompt Engineering
— Tree of Thought (ToT)

Input : thought :

llll

Majorlty vote

(a) Input-Output (c) Chain of Thought  (c) Self Consistency

Prompting (10) Prompting (CoT) with CoT (CoT-SC) () Tree of Thoughts (ToT)

Fig 4. lllustrative representation of the Tree of Thought.. Each branch symbolizes a distinct line of
reasoning, enabling a comprehensive exploration of potential solutions. [2]
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Advanced Techniques in Prompt Engineering
— Reflection

Reflection is a recent advancement in LLM technology that enables
self-improvement through introspective evaluation.

Process: After generating an initial response, the LLM critically assesses it
against predefined criteria. If issues are found, the model refines its
response, potentially creating multiple improved versions.

Challenges: Accuracy depends on the LLM's training in self-evaluation;
Risk of reinforcing errors if self-assessment is flawed

Implications: Reflection could lead to more autonomous, versatile, and
reliable LLMs, especially for applications requiring high precision.
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Advanced Techniques in Prompt Engineering
— Streamlining Complex Tasks with Chains

Chains are a method for using LLMs in complex, multi-step tasks.

- Sequential linkage of specialized components to break down complex
tasks.

- Output from one component becomes input for the next.

- Range from simple (information retrieval) to complex (reasoning,
decision-making).

- Examples: Medical diagnosis chain (symptom collection — differential
diagnosis — treatment recommendation).
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Advanced Techniques in Prompt Engineering
— Retrieval Augmented Generation (RAG)

“Mounting” an external knowledge database for LLMs to deal with its limited
context window and outdated knowledge, improving accuracy and relevance of
LLM responses.

Retrieval: The system searches a database for relevant information based on
the input query.

Augmentation: Retrieved information is added to the context provided to the
language model.

Generation: The model generates a response using both its pre-trained
knowledge and the retrieved information.
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Advanced Techniques in Prompt Engineering
— Retrieval Augmented Generation (RAG)

Benefits: Applications:

Improved accuracy and up-to-date Question answering systems

information - Chatbots and virtual
- Reduced hallucinations (fabricated assistants
information) - Content generation
- Ability to cite sources - Research and analysis tools

- Customizable knowledge base
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| 'strategic d

'
1 | ...l am unable to provide comments on

1 | future events. Currently, | do not have '
1 | any information regarding the dismissal p-;
'

! 1 and rehiring of OpenAl's CEO

! 1.....This suggests significant internal

I
1 disagreements within OpenAl regarding;
'

| 'the company's future direction and
ions. All of these twists
1 1and turns reflect power struggles and
4 corporate governance issues within

! OpenAl...

How do you evaluate the fact

Indexing
\ —
=)
O—=
= =)
Documents ]
=)

that OpenAl's CEO, Sam Altman
went through a sudden dismissal
by the board in just three days,
and then was rehired by the
company, resembling a real-life
version of "Game of Thrones" in
terms of power dynamics?

.
! Question !
1+ How do you evaluate the fact that the
1 OpenAls CEOQ, ... ... dynamics? ;

| Please answer the above questions

| based on the following information : |
+ Chunk1: g
+ Chunk 2

| Chunk 3:

! o

Chunks|Vectors

Retrieval

[ Relevant Documents J

.

'
| Chunk 1: "Sam Altman Returns to

1 OpenAl as CEQ, Silicon Valley Drama |
] Resembles the 'Zhen Huan' Comedy" !

] '
| Chunk 2: "The Drama Concludes? Sam 1
1 Altman to Return as CEO of OpenAl, ,
1 Board to Undergo Restructuring” 4

'
' Chunk 3: "The Personnel Turmoil at

Combine Context
and Prompts

-

1+ OpenAl Comes to an End: Who Won
1 and Who Lost?"
'

Advanced Techniques in Prompt Engineering
— Retrieval Augmented Generation (RAG)

It mainly consists of 3 steps.

1) Indexing. Documents are split into
chunks, encoded into vectors, and
stored in a vector database.

2) Retrieval. Retrieve the Top k
chunks most relevant to the question
based on semantic similarity.

3) Generation. Input the original
question and the retrieved chunks
together into LLM to generate the
final answer

Fig 5. A representative instance of the RAG process applied to question answering. [6]
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Advanced Techniques in Prompt Engineering
— Autonomous Agent System

Short-term memory Long-term memory
) )
l
Calendar () [« Memory
A
Calculator() < »| Reflection
CodeInterpreter () [« Tools |« Agent > Planning > Self-critics
Search () [« ! > Chain of thoughts
..more [= Action » Subgoal decomposition

Fig 6. Overview of a LLM-powered autonomous agent system. [7]
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% Prompt Engineering Tools and Frameworks

Llamalndex:
Lt e - Spegiali_zes in data management for LLM
- From bhains to Agents and web browsing applications
: ) - Streamlines data integration process
- Comprehensive suite for complex LLM Auto-GPT:
applications

Semantic Kernel (Microsoft): - User-friendly interface for complex LLM

- Toolkit for skill development and planning Auto
- Supports chaining, indexing, and memory
access
Guidance (Microsoft):
- Modern templating language for prompt
engineering
- Aligned with latest advancements

Al agent development

Gen (Microsoft):

- Capabilities in agent and multi-agent
system design

PromptAppGPT, Dust, OpenPrompt, PromptFlow,
PromptBase, and more...
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% The GenAl Life Cycle

GenAl (or Generative Al), refers to advanced machine learning systems capable of
creating content, such as text, images, and even code, that is often indistinguishable
from content produced by humans. The GenAl life cycle delineates the steps for
creating Al-based applications, such as chatbots, virtual assistants or intelligent agents.

Definition
7 ~
Monitoring Data
& Improvement Investigation

/ \‘ Fig 7. lllustration of The Generative Al Project Life Cycle. [8]

Data
Deployment Preparation

\ s
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% The GenAl Life Cycle

4. Development:

N » Select and integrate appropriate LLM model(s)
1. Problem Definition: « Implement RAG

* Define problem and business context - Design effective prompts

* Set clear objectives and scope « Fine-tune LLM if necessary
* Determine potential impact and desired outcomes

- . 5. Evaluation:
2. Data Investigation: , « Test for correctness, readability, performance, and reliability
* Source data for Retrieval-Augmented Generation « Evaluate against predefined criteria and business needs

(RAG)

* Assess data availability, relevance, and quality 6. Deployment:

* Focus on enhancing LLM capabilities with external « Set up infrastructure for hosting, scaling, and management
information - Integrate with existing systems

3. Data Preparation: 7. Monitoring and Improvement:

« Clean, format, and structu.re data « Continuously track performance, user satisfaction, and

* Process and embed data into vector store database efficiency

* Ensure compatibility with GenAl models and RAG « Update based on data, feedback, and evolving needs
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Thanks!
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