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Outline/Agenda

« From calculators/computers to Al - How did we get here?

* Why is Al now different from the 80’s hype?

* What are some myths and realities of chatbots?

« How can ASHRAE members benefit from the recent trends in Al?




What Is special about this number?




Hardy—Ramanujan number

‘Il remember once going to see him when he was ill at Putney. | had
ridden in taxi cab number 1729 and remarked that the number seemed
to me rather a dull one, and that | hoped it was not an unfavorable
omen. "No," he replied, "it is a very interesting number; it is the smallest
number expressible as the sum of two cubes in two different ways.”

-Hardy

1729 =13+ 123 =93+ 103

* Just a four digit number — nothing special

* Represents sum of two cubes

* Represents sum of two cubes in two different ways

* Represents smallest number expressible as sum of two
cubes in two different ways

* Represents smallest number expressible as sum of two
positive cubes in two different ways



Computer Technology Evolution

Since 2001
1970
DDR gradually
IBM separates hardware replaces SDRAM,
from software, defining and hard disk
1889 the value of software 1975 capacity expands to
i 40 GB or more
The first microcc;r::':3 Il'tr:lt’
electromechanical 1954 .
tabulating machine
IBM's first 1999
transistorized
1930 computer 1977 64 MB of RAM and 6.4
l GB hard disk becoming
The first electronic analog The first persona the standard
computer computer with color configurations
b graphics
NIT ’ 1 950
COM V|

] The first parallel

1946 computer 1983

The Electronic
Numerical Integrator
and Computer

1998

Celeron processors
with 128K L2 cache
becoming popular

among installers

The first graphical
user interface
controlled by a
mouse

(Source: https://fastvoicemedia.de/image-collection/what-is-the-timeline-of-computer-history.aspx)




Computers and Mathematics - Timeline

Computer x
mathematics 1849

1936 1949

timeline The Babylonians William Oughtred Charles Babbage Alan Turing George Reitwiesner,

invent the world’s invents the slide designs ‘Difference publishes his Clyde Hauff, Homeé

earliest calculator, rule, a mechanical Engine #2', which seminal paper McAllister and W

the abacus. analogue computer is a mechanical ‘On Computable Barkley Fritz use
designed to both contraption that Numbers'. the newly invented
multiply as well as solves equations ENIAC computer to
divide numbers. autonomously. compute i to 2 035

He never sees the decimal places.

machine in action.

Elﬂﬁ? EI!ITG El%d EISSB EZI.INI E2[119

The first handheld A computer cracks The software The first volunteer Mathematician Emma Haruka lwao
digital calculator, the Four Colour MATLAB debuts. computing project, Thomas Hales uses Google’s cloud
Texas Instruments’ Theorem, making it the Great Internet formally proves the computing service
CalTech, is the first computer- Mersenne Prime Kepler conjecture to calculatemto a
invented. It assisted proof to Search, kicks off. by using proof staggering 31 trillion
costs $85, be solved. assistant software. decimal places.

(Source: https://fastvoicemedia.de/image-collection/what-is-the-timeline-of-computer-history.aspx)



Artificial Intelligence - Timeline

ARTIFICIAL INTELLIGENCE TIMELINE

0.000240% -
0.000220% -
M ey 1980: Edward Feigenbaum
. 1955: Logic 1heorists, the introduces rt systems
0.000200% first Al program, is invented crper s
0/ =
: Dartmou we will have a machine A
0.000160% A 1938-1946: 1950: Can Summer Research with the general 1982: Jgpan’s Fifth :i?:?zatls)(é}cp Slug
Golden Ageof ~ Machines Think? | Project on Artificial 1965: intelligence of a human | Generation Computer Kas arova'gch .
0.000140% - |—Science Fiction -Alan Turing Intelligence Moore's Law being” -M. Minsky Proj R
0.000120% { I { I I I | artificial intelligence
86: Navlab, the : ; :

0.000100% A 1949: Machester 1963: DARPA 19 > 1997: First publicly available

’ ﬁ:& 1, the first funds AI at MIT ﬁm.a‘go,';:’{,“"“s speech recongition software
0.000080% - storted program s ‘2 ::“ Mel)(; . developed by Dragon Systems

computer, is invented 1968: “By the year 2001 we will &

0.000060% - have machines with intelligence

e that matched or exceeded

o/ human’s”

0.000040% -Arthur Clarke and Stev
0.000020%
0.000000% T T T T T T d

1930 1940 1950 1960 1970 1980 1990 2000

(Source: The history of Artificial Intelligence, Harvard student blog available at:
https://sitn.hms.harvard.edu/flash/2017/history-artificial-intelligence/ )
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Artificial Intelligence in the 1980’s

Goal of Al: . _
“Replication of the functionality of human RS nREE
mind” |

Robotics
Technologies: ,_ Speech Processing

Expert Systems or Knowledge-Based Systems

Natural Language Processin
Neural Networks % guas g

Fuzzy Logic \ Theorem Proving
\ Pattern Recognition

Machine Learning

New Career Title e.g.:
Knowledge Engineer




Expert Systems / Knowledge-Based Systems

Goal of Expert Systems:

Interpretation

.\\

S

“‘Represent heuristic knowledge in an

automated system” —
Prediction

Components: : Diagnosis
Facts/Data — Knowledge Base |

Design / Plannin
Rules — Knowledge Base | gn/ 4

Language Processor

Agenda Control (Event Manager)




Early Expert System Examples

e 1965: Mass-spectrometry Chemical Analysis
Edward Feigenbaum, Stanford

DENDRAL

MYCIN 1972: Identifying and treating blood infections
EMYCIN e Edward Shortliffe, Stanford

e 1986: Building Energy Analysis CONsultant Kaggle Data science
Jeff Haberl, Colorado competition in 2018

BEACON

2004: Conceptual Design of HVAC Systems
ltzhak Maor and Agami Reddy, Drexel

HVAC-KBCD




Expert Systems

and Al Limitations of 1980s

+»* Lack of computing power for
text processing and collapse
of the LISP machine market

+»*Slowdown in development
and deployment of
Commercial Expert systems -
they could solve only well-
defined problems in narrow
domains

Social excitement
and concern

Success of
AlphaGo,
Libratus, etc...

Boom 3

“Machine Learning”

Boom 2

“Expert Systems”

Boom 1
“GOFAL"

Deep Learning

Autonomous
Vehicles

Winter 1 Winter 2

Autonomous
Weapons

knowledge

engineering
DENDRAL, MYCIN

AAAL JSAI PROLOG, Lisp

FGCS, SCI, MCC, Alvey, ESPRIT

Feigenbaum, Brooks

heuristic

search

General Problem Solver
Samuels’ Checkers Program

MIT, CMU, Simon, Newell,
Stanford McCarthy, Minsky

| |

“Al for Social Good"?

1960s 1970s 1980s 1990s 2000s 2010s




Technology Advancements Triggering Al

Revolution in 2022

The Al innovations on the Hype Cycle reflect
priorities across four main categories:

1. Data-centric Al

2. Model-centric Al

3. Applications-centric Al
4. Human-centric Al

Technologies Triggering the Hype:

Big Data

Cloud Computing

Data Science

Machine Learning

5. Large Language Models

PWNRE

(Source: https://www.gartner.com/en/articles/what-s-new-in-artificial-intelligence-from-the-

2022-gartner-hype-cycle )

Hype Cycle for Artificial Intelligence, 2022

3

Synthatic Data
Smart Robots —

Foundation Models - |
Responsible Al -
Ganarative Al L

Neuromorphic
Computing Mod
Operational Al Systems.

E Al
{r Kd&.y:hdqn Graphs

Natusal Languages Pr

Expectations
gz
g £

Data Labeling and Annotation
Fitslligent Applications

Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
Time
Fatoau wit be mached
less than 2 yeses @ 210005 years @ 51010 yaaes A more than 10 years () obsokae batore plstee As of July 2022
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Large Language Models

 Deep learning models trained on vast amounts of linguistic data,
so they understand and respond in natural language text

m

Capabilities Components

Natural Language Understanding (NLU) Transformers

6

Gemini Command-R+

Natural Language Generation (NLG) Large Datasets

Context Awareness Learning Models Q

Claude 3.5
Sonnet

ChatGPT



Generative Al Chatbot - How does it work?

. Give a prompt . SIS EHUIG
P P SEYERLRGEIRE

Train the Chatbot
with data

John wants his bank to cash the

(verb) (John's} (financial institution) (verb)

Traditional LLM
€ 4 4 & & 4 4
U
yeer ~ Transformer
. — = i = 1 - < =
- e John ﬁrrg:s his bank to r(:;?br} the
Response o« O O o %= i 4r
+
Transformer
@« S + & o = &

} John wants his bank to cash the




Retrieval Augmented Generation (RAG)

RAG Application

Knowledge Base

- Al Agent

Response
+

Citations

Retrieved
Context

Response| m=




Generative Al and Conversational Al

Generative Al Conversational Al
Designed to create original content Designed to understand and respond to
based on a user’s prompt by using human language on focused topics.

existing data.

Applications: Applications:
Generate text On-line customer support
Form realistic images Virtual Assistants
Design products and strategies HR Processes
Make music loT Devices (e.g Alexa)
Create games Software Commands
Format videos Speech to text

Write computer code



Al Chatbots

User uses chatbot enabled Chatbot parses the question using The NLP is used to querie
messaging app to ask a question. Natural Language Processing to convert Kk gebas
the question to data. W Knowe: ?
Results are processed through
Chatbot answers question Server processes querie and
using familiar language the NLP layer to convert results feeds data back to NLP Layer

into natural language




Generative Al Chatbots for Consultants

AUTOMATING DATA GENERATING ANSWERING SUMMARIZING
ANALYSIS (TEXT REPORTS ROUTINE CUSTOMER EMAILS
BASED) QUERIES

v L

POINT FORM-TO- RATING FOR CLARITY MOCK INTERVIEWS
PARAGRAPH




How to use LLMs in HVAC design?

“What the large language models are good at is saying
what an answer should sound like, which is different
from what an answer should be.”

—Rodney Brooks, Robust.Al

Helpful prompts for HVAC design:
Rephrase this technical report for a non-technical audience.
Write an abstract for this report.
Explain this architectural concept to me.
Make this email sound more polite/professional.



HVAC Operational Data Analysis — Experiments

* Provide data to Chatbot in small batches.

* j.e., a weeks worth of electrical power meter data on 15-minute intervals.

e Can be useful to the smart building loT sectors where logic and
data processing can be automated to provide a “virtual
analyst” in describing results to the end client.

* Typical commissioning efforts or building retuning require an
“expert” to explain results to the client where Al can potentially
provide a “virtual expert.”



Common Use Cases In Facilities Management

N
\

Troubleshooting HVAC Control
Systems via BAS Graphics
BAS platforms feature unique, animated

schematic representations of mechanical
equipment

LLMs can assist in interpreting these
graphics and identifying issues

Staffing and Training Challenges

Facilities management staff may be
understaffed or undertrained

Lack of experience in troubleshooting
complex HVAC control systems

Al can provide guidance and step-by-step
troubleshooting support

Complex HVAC Systems

HVAC systems can be intricate and difficult
to understand

Al can simplify complex information and
provide actionable insights

KR

Indoor Air Quality (IAQ)

Ensuring optimal IAQ is critical for occupant
health and comfort

Al can monitor IAQ parameters and alert
operators to issues, recommending
corrective actions




Broken AHU Heating Coil BAS Graphics

78.6°F

74.6°F

suprry serromt 55.0 °F

88.8 °F

2% HEATING VALVE  COOUING VALVE

0.0% 67.8%

can you tell me what is wrong with this air handling unit and please
layout some steps in troubleshooting it?



Results on Broken AHU Heating Coll

(LLM response)

Based on the image of the air handling unit (AHU) with its current readings and
component states, here are some observations and potential issues:
 Temperature Discrepancy: The temperature readings show significant variation:

* Left side: 74.6°F

 Right side: 78.6°F and 88.8°F

* Supply Setpoint: 55.0°F

* The supply setpoint temperature (55.0°F) is much lower than the actual
temperatures, indicating the system is not cooling effectively.




Results on Broken AHU Heating Coill

(LLM response continued)

* Cooling Valve Position: The cooling valve is 67.8% open, which suggests the system is trying to
cool the air but is not reaching the setpoint.

* Heating Valve Position: The heating valve is 0% open, indicating no heating is being applied,
which is correct since cooling is needed.

 Damper Position: The damper position is 32%, which might be insufficient for proper airflow.
The c?amper position should be checked to ensure it is providing the right amount of outside air
and return air for effective cooling.
Troubleshooting Steps
1. Check the Cooling Coil
2. Inspect the Cooling Valve
3. Assess Airflow
4.Evaluate Temperature Sensors
5.System Controls
6. Check for Air Leaks
7.Review Historical Data



ASHRAE Policy for Use of Al (Feb 9, 2025)

€ 2> € 2% ashraeorg w e

@ Artificial intelligence (Al policy: ASHRAE prohibits the entry of content from any ASHRAE publication or related ASHRAE intellectual praperty (IF) into any Al too, including but not

fimited to ChatGFPT. Additionally, creating devivative works of ASHRAE IF using Al is also prohibited without express written permission from ASHRAE. For the full Af policy; ciick here

ASHRAE Policy for Use of Artificial Intelligence (Al)

Board of Directors Approved February 9, 2025

Purpose:

The purpose of this Artificial Intelligence (Al) policy is to guide the ethical and effective use
of Al technologies to serve ASHRAE members. As a publisher of technical guidelines and
standards, organizer of conferences, provider of educational programs, and a research
institution, ASHRAE strives to ensure that Al is used in ways that align with our mission,
upholds intellectual property rights, and promotes fairness, transparency, and
accountability.



SUMMARY

» Generative and Conversational Al applications will transform the internet
research and processing of electronic information for analysis and reporting.

» Machine learning and data analytics will transform HVAC controls, building
operation and maintenance integrating Al for real time changes.

» HVAC Design and analysis will greatly change from using design algorithms
and integrate project-based learning as part of the design process.

» Though ChatBot and Machine learning will automate and improve
productivity, these still will require expert, trained professionals for
meaningful application of the technology.




Questions

Contact Information:

Krishnan Gowri, Ph.D., BEMP, LEED AP, Fellow ASHRAE

Krishnan.gowri@Intertek.com

253-304-4579
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