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* Energy waste patterns usually only correspond to specific device(s) or sub-system(s). It 1s
not necessary to analyze the relationships among all available vanables.

* Hence, GPT 1s utilized to select suitable features for various data mining tasks associated
with different device(s) or subsystem(s).

Input information Generation of data mining tasks
Py * Series-devices-level tasks : ~
: mpo ¥ T Device(s) or sub-system(s) associated
|cﬂ e buﬂdmb, » + Parallel-devices-level tasks . e(s) yHeuts)

; “ : | energy System {xl} N " with the taIgEt data mjmng tasks (‘If:r.]

Type of the target building energy * Device-level tasks

system (x,) l

Relations among components (x,)

Feature selection for data mining tasks

Prompting function = "There are [x,]

m a I.III- [-"-11- T}]E :rU"UWIIIg Vﬂ.."l.l:b]f-ﬁ- - SEHES'dEVICES'T'E\#&] laﬂkﬂ:

ﬂ Available variables in the targcl are uvailable in this [x.]: [:t"l.r Please Feature .lr, Feature ,?, i
L—bi-;:_ . R . selecl approprisle vanubles for (he * Parallel-devices-level tasks:
w1} building energy system (x,) | purpose of identifying the [x.] of the Feature 3. F; 4
[¥:]. Pleasc don't seloct variables which ed _mc . leature 4, ...
are not incloded in the available GPT * Device-level tasks:
. variobles. Please don't select variables
. hﬂerg}r waste patterns that users which are nol associaled with the [x,]." Feature 3, Feature 6, ...
£, areinterested in (x;) Prompting function Feature selection
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A template-based prompt generation method 1s proposed to automatically generate feature
selection prompts for GPT.

Masd Fanmemanmbs =F s - s s mmned s Tem om Ambe il baalea

A prompt of feature selection for the data mining task:

There are 2 chillers (chiller 1 and chiller 2), and 2 chilled water pumps (chilled water pump 1 and chilled water
pump 2) in a chilled water plant system. Chillers arc connected in parallel. Chilled water pumps are conncected in
parallel. Chillers and chilled water pumps are connected in series. The chilled water loop contains chillers and
chilled water pumps. The following variables are available in this chilled water plant system: load rate of chiller 1,
cooling water outlet temperature of chiller 1, chilled water outlet temperature of chiller 1, load rate of chiller 2,
cooling water outlet temperature of chiller 2, chilled water outlet temperature of chiller 2, frequency of chilled
water pump 1, frequency of chilled water pump 2. Please select appropriate variables for the purpose of identifying
the improper control, device faults, and sensor faults of the chiller 1. Please don't select variables which are not

I included in the available variables. Please don't select variables which are not associated with the chiller 1.

select appropriate variables for the purpose of ﬁ%ﬁ? the [x] of the [x;]. Please don't select varnables which

function ) , : _ j . . _
are not included in the available variables. Please don't select variables which are not associated with the [x,]."
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An improved maximal frequent itemset mining-based knowledge discovery method is proposed
to extract knowledge from building operational data. It can decrease the amount of the
knowledge extracted from building operational data.

ID | List of items ftem | Support | Node-link

1 |a,b,cefo e 80% | -t

2 |lacg ¢ BO% | e

3 |lei a B0% S

4 |lacdeg ’ g 50%

5 |lacegl b 20%

6 |ej f | 20% G N

7 labe.efp d 20% R

8 lacd Minimum support is "IQ‘*A“ I M“ii'::;‘::t‘-‘:l"““‘
9 lacegm L {e,c,a, b, f}
10 |a,cegn {e,c,a, g}

Transaction database le, a, d)
FP-tree Maximal frequent itemset tree

A maximal frequent itemset related to a chiller: {" Chilled water outlet temperature of chiller 1 is 5-6 °C", "Switch
status of chiller 1 is on"}
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The template-based prompt generation method 1s applied to automatically generate knowledge
interpretation prompts for GPT.

Prompting function Knowledge interpretation results
There are [x1] in a [x2]. [x3]. One ope The operation pattern of chiller 7
ration pattern 1s extracted from the op indicates potential improper contr
erational data of the [x6]. It i1s descnib ol and sensor faults. 1. Improper
ed as follows: [x7] Please analyze the . Control: The chilled water valve
above operation pattern to figure out “* " 7 switch status of chiller 7 is off. T
whether the [x6] has/have [x5]. If the GPT his is abnormal because the chille
[x6] has/have [x3], please further tell rison ...

me what [x5] happen/happens...

Insert the maximal frequent itemset into the slot [x-].
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* 313 maximal frequent itemsets are extracted by the knowledge discovery method.
* GPT-3.5 and GPT-4 are utilized to analyze the 313 maximal frequent itemsets.

* The detection accuracy of GPT-4 1s 89.17% for energy waste patterns and 99.48% for
normal operation patterns.

Abnoermal

W |i!!r!
Abmormnl

T-ue label

-I'.

0

W’
Norma

Abnormal Mol Abmormmal Marmul
Predicied label Predicied label

(a) GPT-3.5 {b) GPT-4

Confusion matrixes of (a) GPT-3.5 and (b) GPT-4.

Zhang Chaobo, Zhang Jian, Zhao Yang, Lu Jie. Automated data mining framework for building energy conservation aided by generative pre-
trained transformers (GPT). Energy and Buildings 2024:113877.
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BFEiRiEzl, BERENAT, EAERBTFCOESIRENEIENSIZHERE

PPy suemond X1s X0 Xs, X5 Xs, X, X, Xg) = "There are [X;]in a[X,]. [X;]. The [X,]
operates during the [ X;].

I have collected the data of some key variables from the [X;] durmg one steady-state
operation period (period 1). The average values and standard deviations of these
variables during this period are listed as follows:

[X:]

I have also collected the data of these variables from the [X,] during another steady-state
operation period. This period is fault-free. The average values and standard deviations of
these variables during this fault-free period are listed as follows:

(%]

Please compare the data collected from the period 1 and fault-free period to figure out
whether the [X.] has a fault during the period 1. Please choose the most likely diagnosis
result from the following options:

[%;]

The atorementioned optionsare explamed i detail as follows:

[¥]

You should write the most likely diagnosis result on the first Ilme as a separate
paragraph. Then, vou should describe the reasons behind yvour decision m following

paragraphs.”

NO. NHIEFXAT

X1 AGHBHR (B&. 4

X2 RAGMARH

X3 | REZMBEXR (BE. HE..)

X4 | REMETRA (W%, Hl#.D

x5 RO — BN | N HF
AR R ZE

xe | RARRIGEZRLIERETHEF
BUE AR R 22

X7 RG] RRAFTE RAR AL T

X8 6] R B R
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Normal Fault | - i '

i ﬁhgﬁé!ﬂ?fﬁ%ﬁ [RUG I AR RS : : PHHEIRNNE 2 AREARYLE .

N R L L g AT T S SR CTI——, | TANT L A ——————————, . ¢ A\ (R
o GHAREERUHT T . I%”ﬁ .........
t o from openai nnport OpenAl [rom openat import OpenAl I

]

: Faul :

- . . "prompt": "<Fault - ;
v client = OpenAl() client = OpenAl() ;. P _Pt : ” :
- diagnosis prompt 1>", '
L]
i : .. - "completion':
v gclient.ling tuning jobs.create( chent.[iles.create( T i e -
: .y - . : = ; e < Cormected fault
- training_file = "file ID", file = "fine-tune.jsonl”, "rb"), . e
i T e T .. diagnosis response 1>"}
' model = "gpt-3 5-turbo"} purpose = "fine-tune
1 “nd =
x5 ) i

: % IR R IR MR ARG SR R :
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Prompt for a fault or fault-free class generated
by the fault diagnosis prompt function

hd

e

Response of a LLM with incorrect diagnosis

$

-

PF it comectionl 2g) = The real diagnosis resull is
[X,]. There is a misdiagnosis in your previous
diagnosis response. Please correct this mistake
and provide an accurate diagnosis response
based on the real diagnosis resull. Ensure the
format of the corrected response matches the
previous response.

¥

k|

e

Corrected response of a LLM

k_w L

No

_""5

e —

......

A corrected chat added into the
line-tuning dataset

Prompt [or a [aull
generated by the fault
diagnosis prompt
function

\ 4

. Response of a LLM I r
. i - " " ]
| with correct diagnosis 1
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Zhang Jian ,Zhang Chaobo, Lu Jie, Zhao Yang ,Domain-specific large language models for fault diagnosis of heating, ventilation, and air

conditioning systems by labeled-data-supervised fine-tuning, Applied Energy,Volume 377, Part A,2025,124378,ISSN 0306-2619,
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Fs = iy 2T
Generative pre-trained transformers (GPT)-based :

1 automated data muning for building energy 2024 E?rﬁ;mmﬁtm o P
management: Advantages, limitations and the future o = 6‘%.-.'-?:}.‘;:.%0
Evaluation of large language models (LLMs) on the Enerev and Built _1;._‘:\ "': ?:':

2 mastery of knowledge and skills in the heating, 2024 E g:."' ; = T 5:" e

ventilation and air conditioning (HVAC) industry e pd Ny P,
Automated data mining framework for building '9?’-_' o 'I;',\\
P : . Energy and 4, ,'l.ll',“\
3 energy conservation aided by generative pre-trained 2024 Buildin '
transformers (GPT) &5
Domain-specific large langnage models for fault P, N =
4  diagnosis of heating, ventilation, and air conditioning 2024 Applied Energy =

systems by labeled-data-supervised fine-tuning BRI ) RATIH
Antomated data-driven building energy load
5 prediction method based on generative pre-trained 2025 Energy
transformers (GPT)
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Prompt: Drone view of waves crashing ageinst
the rugged cliffs along Big Sur’'s garay point
beach. Thecrashing blue waters create white-
tipped wawves, while the golden light of the
setting sun illuminates therocky shore. & small
island with a lighthouse sits in the distance, and
green shrubbery covers the cliff'sedge. The
steep drop from the road down to the beach is
a dramatic feat, with the cliff's edges jutting
outover the sea. This is a view that captures the
raw beauty of the coast and the rugged
landscape ofthePadific Coast Highway.
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As general-purpose Al becomes more capable, evidence of additional risks is
gradually emerging. These include risks such as large-scale labour market
impacts, Al-enabled hacking or biological attacks, and society losing control
over general-purpose Al. Experts interpret the existing evidence on these risks
differently: some think that such risks are decades away, while others think
that general-purpose Al could lead to societal-scale harm within the next few
years. Recent advances in general-purpose Al capabilities — particularly in tests
of scientific reasoning and programming — have generated new evidence for
potential risks such as

Al-enabled hacking and biological attacks, leading one major Al company to
increase its assessment of biological risk from its best model from ‘low’ to
‘medium’.
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