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In 2023, the lecture content has changed significantly! | . ChatGPT appeared in November 2022, and a service in which
artificial intelligence (Al) answers questions input by users in an interactive format has become a familiar presence, and is
starting to have a major impact on education and business. The first half of the lecture focuses on understanding how
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generative Al works. In addition, we will continue to explain the technology for implementing Al into mobile devices, etc., by
overcoming the challenges of huge computational power and large power consumption that accompany high-performance
Al.

The purpose of this lecture (Applied Theory II) is to provide students with the basic skills to apply Al to their own master's
and doctoral thesis research by explaining examples of Al applications that are of great interest to society and have a large
impact. The purpose is to. In line with this purpose, this lecture consists of the following three parts. Part |: “Generative
artificial intelligence such as ChatGPT (including prompt engineering)”, Part Il: “Latest topics in data science”, Part llI:
Applications to hardware (applications to LS| design, Al implementation on LSI, etc.).

In this lecture (Application Theory I1), we will focus on Al application examples that have an impact on society and explain
the mechanisms of Al, so that students will understand the limitations and possibilities of Al's problem-solving ability, and
We aim to learn techniques for effectively utilizing Al (prompt engineering) and how to implement it into low-power LSIs to
make Al ubiquitous. There is a simple quiz every time, and there are exercises at the end of each part from Parts | to Ill.
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[General] The purpose of this course is for students to acquire the basic skills to apply Al to their own master's or doctoral
dissertation research by understanding examples of Al applications that are of great interest to society and have a great
impact

In Part |, "ChatGPT and other generative artificial intelligence (including prompt engineering)," you will learn the basics of
large-scale language models and understand the potential and limitations of ChatGPT and other generative artificial
intelligence

In the exercises in Part |, you will understand the role and function of prompt engineering in effectively utilizing generative
artificial intelligence such as ChatGPT.

In Part Il, "Latest Topics in Data Science," participants will understand the process of data mining and experience applying
data mining techniques using data from the Ministry of the Environment's air pollution sensing system.

In Part I, participants will practice mining frequent patterns in time-series data using data from an air pollution sensing
system.

In Part Ill, "Applications to Hardware," you will understand the application of artificial intelligence to hardware design
(integrated circuit design) and methodologies for implementing artificial intelligence in hardware (higher performance, lower
power

In Part lll, we will understand the important issues in this field, namely the relationship between optimization problems and
algorithms, and metaheuristics (evolutionary computation) as a specific algorithm.

In Part lll, students will learn through lectures and exercises about the application of artificial intelligence to automated LSI
design, and will understand model compression technology aimed at making artificial intelligence ubiquitous, and digital LSI
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REEHEEE Course Plan

No. IEH Topics AZ Content
1 H | </f— k| ChatGPT 04k | - BBR5FT—%%4% 5 RNN (Recurrent Neural Network) & LSTM (Long Short Term
BRATLEEE> /2— k| 21K | Memory)
DB E Transformer DERE | - LSTM & 77> > = U i#ee
- ChatGPT @7 —2 52 F+ [Transformer]
- [Transformer] @ Decoder #gt & GPT (Generative Pre-trained Transformer)
Z | <Part | Generative artificial | - RNN & LSTM
intelligence such as ChatGPT - LSTM & Attention
> Introduction to Part | as a - Transformer
whole and the basics of - Transformer Decoder Part and GPT
Transformer
2 H | </¥—F | ChatGPT Zn4% | - GPT (Generative Pre-trained Transformer) 2 & GPT3
BRRATLAEE > ChatGPT Ofk | - GPT3 D ER{fT 2 MFAEHLEE
HADAHZR L - OopenAl 1 b FEk S N 72381 FE Fi& PPO(Proximal Policy Optimization)
- Prospective AID 7 4 — KNy 7 (ZHE DWW zssb 2B F%E RLHF (Reinforcement
Learning from Human Feedback) & ChatGPT sk
% | <Part | Generative artificial | - GPT2 and GPT3
intelligence such as ChatGPT - Supervised Fine Tuning of GPT3
> Mechanism of Generative Al - Reinforcement Learning and PPO
such as ChatGPT - RLHF & ChatGPT Prospective
3 B | </S—hk | ChatGPT 4k | - EARE
BB ATLHEE > ChatGPT o#k | - ChatGPT o%E A% (Few Shot Learning)
BEBR Al OB (FRy7 | - BHRIEM e mEEG
[N i el SV 270 A=l i 2= R N
- BEOEHE
% | <Part | Generative artificial | - Basic Principle
intelligence such as ChatGPT - Few Shot Learning
> Applications of Generative - Information Provision and Condition for Answer
Al such as ChatGPT: Prompt - Prompting Algorithm
Engineering - Chain of Thoughts
4 H | </X=F 1 ChatGPT &% | - 7A>Y 7 F 7L TV XLDOEE. ChatGPT APl JER D EHE
R ATHEIBE > ChatGPT #2 & | - APl 2R L=7A Y 7 OFOBN
DER Al ICBBT2F2—HY
7L
& | <Part | Generative artificial | - Review of Prompt Engineering, Basic of how to use ChatGPT API
intelligence such as ChatGPT - Introduction to examples of prompts using API —
> Tutorial on Generative Al
such as ChatGPT
5 B | </¢x—F 1| ChatGPT F04% | - T—RARXT 1 8E
ERATIGE> B 1~41CE
TEHEE
= | <Part | Generative artificial | <Part | Generative artificial intelligence such as ChatGPT > Exercise related to the
intelligence such as ChatGPT | above four classes
> Exercise related to the
above four classes
6 B | <xX=FIll F=ZYATY |- TFT—EYATVIROERTL—LT—20 A (X L= IR, D, AIREL)

BT ERFOFE> T—




64161033_A\T 18 (HH=2E) LA I

X YA ITVRDERT L — L
=7

the Hardware Field> Digital
LSI design automation
exercise

Zm | <Partll Latest topics in data | - Introduction to Basic Framework Data Science (Storage, Preprocessing, Analysis,
science> Introduction to Basic | and Visualization)
Framework Data Science
7 B | <=t F=2YA4TY |- BRINT—RIZBITIHEET I NE—vDA =27
BT mIMOEE> KR
WF—&IZHIFBEHT 5/
R—=>DIA=Z>T
= | <Partll Latest topics in data | - Mining Frequent Patterns in Multiple Time Series Data
science> Mining Frequent
Patterns in Time Series Data
8 H | <=kl Al D/N—F7 T [RELRE] oEHL
TAOISA> [HR#ELRE] o
Et
Z | <Part Il Application of Al to | - Formulation of "optimization problem"
the Hardware Field>
Formulation of "Optimization
Problem"
9 H | </¢=FlIl Al ON=Fv T |- EZHEFNGETILIY XL
TADISH>EREBENTT
LY XL
Z | <Part Il Application of Al to | - Main specific algorithms
the Hardware Field> Major
concrete algorithms
10 H| </¢<=FHtll Al ON=FvxT |- FELEAMARTILIYIL
TADGRA>TEREERNL | - BE
TILTYXLEESR
Z | <Part Il Application of Al to | - Main specific algorithms
the Hardware Field> Major | - Exercises
concrete  algorithms  and
exercises
11 | B | </¥=FHIl Al ON—F7xT | -LSIDFF7A—EFEFEBHET LT XL
TADISA>TYRIVLSIDFEK | - X—=F4>a=v
srE®L- | - i
- W=Fa T
% | <Part Il Application of Al to | - LSl design flow and design automation algorithm
the Hardware Field> Digital | - Partitioning
LS| Design automation-Il - Placement
- Routing
12 | B | </t=FIl Al ON—=FvzT |- KB
TADISA>TY ZVLSI OF | - b—T 1 > JEEFM
FrEBML- - Ry FRERy FOREH
% | <Part Ill Application of Al to | - Placement
the hardware field> Digital LS| | - Routing congestion assessment
design automation-I| - Hotspot detection
13 B | </X=FIl Al DN—=F7 T | -LSIZRBEMICEIFZTILTY XLDOEEICET 58S
TADSHA>TY 2L LS| D%
FrEELER
& | <Part Ill Application of Al to | - Exercises on implementing algorithms in LS| design automation
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14 H | </x=HFIl Al /"= F7 T | - @S OLHREN
TADIGHA>Al OAEF LR | - Ty Y/ Za—AV/FrrrLTIL—=vT
Izt 7= & 7V ERBRAT - b—zZvrBROEFEEFAERINL —Z2 T
Z | <Part Il Application of Al to | - Advanced technology for knowledge distillation
the hardware field> Model | - Edge/neuron/channel pruning
compression technology for Al | - Post-training quantization and quantization-oriented training
ubiquity
15 [ B | </f=HIl Al ON=FT I | - BEBIVREO=2 -0V E2—TA I T770-FOHE (N7 Yy FT7F
TADIEA>N—F7 27 | B7/FYRILER)
MOZa2—HAAYEa2—F4 |- ANAFYIZa2—AYON=FTT7ETIL
v - VFTREAF IR
- VST RAIBUA N =X L
S UTIEALDZ 2 —AFILT Ay 7MY AT LDERK
= | <Part Il Application of Al to | - Overview of past and current neurocomputing approaches (hybrid analog/digital
the Hardware Field> | circuits)
Hardware-oriented - Spiking neuron hardware model
neurocomputing - synaptic dynamics
- Synaptic plasticity mechanisms
- Synthesis of real-time neuromorphic cognitive systems

JB1&515 Prerequisite(s)
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Required study time, Preparation and review

B | #%<ld Moodle Z7EA L £9, Moodle TATHIAE (Bth2E) ISR 112023] ([C&BEKL T<#Za Ly (FaEo URL),
https://moodle.cis.kit.ac.jp/course/view.php?id=59712
1) AR, BERHEBEL O IORBE2EETZ L 28D ET,
2) $§RTOEEIL online TITL, Moodle ZFAL £, BERIOFEANRZ KB L. Moodle ICFFEY > 7z HEET DT,
EERLEECETET, #FETL, BO0OERICHL T Moodle D7 + — 7 LA THBAHEXET,
3) EEH online TITLWET, ZANOBREDY Y V2 BRRIET 20 FEOBREZEFVW/-72<HEEH Y £9, ChatGPT
D APl ZFIHT 2RBEEERL TWLEET,

= | We will use Moodle in our lectures. Please register for Moodle "Artificial Intelligence (Machine Learning) Applied Theory ||
2023".
1) We recommend that you take this course after taking linear algebra and discrete systems theory.
2) All classes will be held online and will utilize Moodle. The content of each class will be recorded and posted on Moodle,
so you can review it after the lecture. Even after the lecture, you can ask questions about each lecture in the Moodle forum.
3) Exercises will also be done online. You may be required to remotely control the machines in the exercise room from off-
campus, or prepare your own environment. You will be required to build an environment that uses ChatGPT's API.

HRIE SEZE Textbooks/Reference Books

B | 31 (B FHICHEINZ AT BRFE) ISHAH | 2FaICIREL. BUBSLTLEENLEEL L,
HRE M RE. B0 BEE. ATHEE—Al OERED O HHER~. H£ILHAR, ISBN: 978-4-320-12419-6
S5EE
(1] ATHeedtam, SoE BEIE. H3HAR. ISBN4-320-12116-3

B, 5K XkRHFE, F— L. ISBN4-274-13179
BB, AHE=. #—L44%. ISBN

]
(2] #LWATLREE (B8R . siH
[3] AT E Y —X, ATHEE. &0

Bt
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B | #x:45x120 EFHREBICHEL Quz /HBEINEY) =484

EE: 18 KA v bk x3 bEY T =b4 BA v+

Wl 48454=102 m& Y £TH 100 mAEBR 2HEIZ 100 RSB TonET,
o= | Lecture: 4 points x 12 classes = 48 points

Exercises: 18 points x 3 topics = 54 points
If the score exceeds 102, it will be rounded down to 100.
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