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« Umjetna inteligencija postaje standardna
komponenta modernih aplikacija
« Korisnici oCekuju:
« Pametne asistente
« Automatizirane analize
 Inteligentnu podrsku u donosenju odluka

« Razvojni timovi sve ¢esc¢e moraju integrirati Al
U postojece sustave

Cilj rada je usporediti razlicite nacine integracije Al
funkcionalnosti u softverski proizvod.




2. PREGLED PODRUCJA
2.1. KAKO INTEGRIRATI Al U APLIKACIJU

U praksi postoji vise pristupa:

« APl modeli
» brza implementacija
* model se izvrsava na udaljenim serverima

 lokalni open-source modeli
« veca kontrola nad podacima
« mogucnost prilagodbe modela

» viastiti ML modeli
» specificni prediktivni zadaci
« potpuno prilagodeni domeni




2.2. MALI DOMENSKI MODELI

Zasto mali domenski modeli?

LLM-ovi nisu uvijek optimalni za poslovne aplikacije.

Problemi:

privatnost podataka

latencija

troskovi API poziva

ogranicena prilagodba domeni

Alternativa:
fine-tuning manjih open-source modela

Prednosti:
» |lokalno izvodenje
« Uzi kontekst
« maniji racunalni zahtjevi
« veca kontrola nad modelom



3. METODOLOGIJA | PLAN

Sustav chatbota koji odgovara na specificna pitanja (solarne elektrane)

Podaci iz raznih izvora - QA parovi za treniranje

Fino podeseni manji javno dostupni model

Nije racunalno ,,pretezak”

Predikcija kwh uz pomoc¢ drugog modela strojnog ucenja



3.1 PLAN PRAKTICNE
IMPLEMENTACIJE

« Programski jezici: C#, Python

« Softverski okviri: .NET, WPF, ML.NET

« Softverske biblioteke: Llama Sharp

» Platforma za obuku modela: Google Colab, Jupyter

» Platforma za preuzimanje modela i setova podataka: Hugging Face

« Koristeni alati umjetne inteligencije: ChatGPT model 5.2
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3.2 KORISTENE TEHNOLOGIJE

« Mistral 7b i ML.NET model

- \ .
Explain photovalvi t




3.2 KORISTENE TEHNOLOGIJE

 ML.NET model za predvidanje
« Colab biljeznica za treniranje
m Select a scenario

g‘ Share G Environment Learn more about training with your own data in Model Builder.

Data Tabular

The following scenarios use Automated ML to train and pick the best model for your data (numbers, text, categorical, date).

& CASE_projekt ¥ &

File Edit View Insert Runtime Tools Help

ommands + Code ~ 4 Text > Runall ~ Connect 712 v A

Instalacija potrebnih modula sa pip alatom, otkomentirati kod prvog
pokretanja
A T

o 'pip install -q datasets
'pip install -q torch
Ipip install -q unsloth

Show hidden output

Odabir i ucitavanje modela

import unsloth
from unsloth import FastlLanguageModel
import torch

model, tokenizer = FastlLanguageModel.from_pretrained(
model_name = "unsloth/mistral-7b-v@.3",
max_seq_length = 2048,
dtype = None,
load_in_4bit = True,

model = FastlanguageModel.get_peft_model(

Train
Evaluate
Consume

Mext steps

—JJ

Data classification

Classify tabular data (numeric,

categorical, text) into 2+ categories,

e.qg. categorize flowers based on
petal size and width measurements.

Local

Forecasting

Predict future values based on
previously observed time series
values,

Local Preview

+

-

Value prediction

Predict a numeric value from your
data (regression), e.g. predict the
price of a house based on features
like size, location, etc.

Local

*_

Recommendation

Produce a list of suggested items
for a particular user, e.g.
recommend products.

Local

] ..
model, & Feedback Computer Vision

r =16, -




 Hugging Face
« uUCitavanje viastitog QA dataseta
* preuzimanje osnovnog modela

Models Datasets Spaces

~ Hugging Face

Follow & Unsloth Al

mistral-7b-v0.3 T

Q like

>  Text Generation & Transformers & Safetensors English mistral € unsloth mistral-7b mistral-instruct instruct

Model card Files and versions = «<xet Community

& Edit model card

Finetune Mistral, Gemma, Llama 2-5x faster with 70% less memory via 201"'3‘1““ fast month

Unsloth!

We have a Google Colab Tesla T4 notebook for Mistral v3 7b here: £2 Safetensors

https://colab.research.google.com/drive/1 yNCks4BTD5z0njozppphh5GzMFaMKq_2 Modelsize 7Bparams  Tensortype

usp=sharing
For conversational ShareGPT style and using Mistral v3 Instruct: 4 Inference Providers wew

https://colab.research.google.com/drive/15F1xyn8497 dUbxZP4zWmPZ3PJx10ymv? % Text Generation

usp=sharing

Community

Docs  Pricing = Q

@ text-generation-inference & apache-2.0

<7 Deploy v J Use this model

BF16

A

2 Files info

Hugging Face

° solarSystems_QA T

Text {} json <1K

Dataset card Data Studio

BB Dataset Viewer

Split (1)
train -

instruction

Explain what photovoltaic systems are and their basic
purpose.

What is the difference between off-grid and on-grid
photovoltaic systems?

What is a photovoltaic cell and what is its basic
role in the system?

Explain the photovoltaic effect.

What are the basic parts of a photovoltaic system?

Files and versions xet

Models

D like

& Datasets l pandas & Polars

Community Settings

<[> API Embed Duplicate M Data Studio

output

string

Photovoltaic systems are energy systems that convert
solar radiation directly into electrical energy usin.

Independent or off-grid systems do not have a
connection to the power grid and must have batteries.

A photovoltaic cell is the basic element of a
photovoltaic system in which sunlight is directly..

The photovoltaic effect is a physical phenomenon in
which the energy of sunlight is converted into..

The basic parts of a photovoltaic system are
photovoltaic cells and modules, an inverter..




4. REZULTAT
FINO PODESAVANJE

UcCitavanje dataseta i tokeniziranje podataka za davanje modelu za treniranje

Odabir 1 ucitavanje modela

o import unsloth
from unsloth import FastlLanguageModel ‘,
import torch prompt = """Below is an instruction that describes a task, paired with an input that pro
### Instruction:

model, tokenizer = FastlanguageModel.from_pretrained( {}
#i#t# Response:

model name = "unsloth/mistral-7b-v@.3",
e
{}

max_seq length = 2048,
dtype = None,

. . EOS_TOKEN = tokenizer.eos_token
load _in 4bit = True,

def promptFormatter(prompts):

instructions = prompts["instruction™]

outputs = prompts["output™]
model = FastlLanguageModel.get peft model( texts = []

model, for instruction, output in zip(instructions, outputs):

r = 16, text = prompt.format(instruction, output) + EOS_TOKEN
texts.append(text)

target _modules = ["qg_proj", "k _proj", "v _proj", "o _proj",
return { "text" : texts, }

"gate proj", "up_proj", "down_proj",],
da55
lora_alpha = 16, g

lora_dropout = 0, from datasets import load dataset

bias = "none”, dataset = load_dataset("fcotic/solarSystems QA", split="train")
use_gradient_checkpointing = "unsloth”, dataset = dataset.map(promptFormatter, batched = True,)
random_state = 3407, print(dataset[0])




trainer = SFTTrainer(
model = model,
tokenizer = tokenizer,
train_dataset = dataset,
dataset text field = "text”

4 R EZ U LTAT' max_seq length = 2048,
° dataset num proc = 2,
packing = False,

4
FINO PODESAVANJE
per_device train_batch size =

gradient accumulation_steps
warmup_steps = 5,
max_steps = 60,
. . learning_rate = 2e-4,
* Stvaranje frainer-a fp16 = not is_bfloat1s_supported(),
bfie = is bfloati6 supported(),
. logging steps = 1,

hd MOdel, TOkeﬂlzeI’, dOTOSGT optim = "adamw

weight decay = 9.91,
. . . 1r scheduler_type = "linear",
« Argumenti treniranja seed = 3407,

output dir = "outputs"”,

« Pokretanje treniranja

Unsloth: Tokenizing [“text"] (num_proc=6). 100% 997/997

Fino podesavanje na pripremljenim podacima

o trainer_stats = trainer.train()



Podaci za ML.NET model

Stupac za predikciju

Site Name

Start Time

Active power(kW)

Annual energy(kWh)

Conve

Mikuli¢

-1007:45:00

0,263

0,40

Mikuli¢

-10 08:00:00

0,352

0,54

Mikuli¢

-1008:15:00

0,286

0,62

Mikuli¢

-10 08:30:00

3,631

1,01

Mikulié

-10 08:45:00

4,276

1,91

Mikuli¢

-10 09:00:00

4,512

3,01

Mikuli¢

-1009:15:00

3,145

4,03

Mikuli¢

-1009:30:00

2,618

4,86

Mikulié

-10 09:45:00

0,627

5,47

Mikuli¢

-1010:00:00

0,692

5,64

Mikuli¢

-1010:15:00

3,916

6,42

Mikuli¢

-1010:30:00

2,243

7,34

Mikulié

-1010:45:00

5,907

8,28

Mikuli¢

-1011:00:00

4,633

9,49

Mikuli¢

-1011:15:00

3,857

10,48

Mikuli¢

-1011:30:00

0,708

10,86

Mikuli¢

-1011:45:00

2,222

11,12

Mikuli¢

-1012:00:00

0,969

11,45

Mikuli¢

-1012:15:00

1,011

11,66

Mikuli¢

-1012:30:00

1,986

11,91

Scenario

Environment

Train
Evaluate
Consume

Next steps

4. REZULTATI
ML.NET MODEL

In order to build a model, you must add data and choose your column to predict.
How do | get sample datasets and learn more?

Input

Data source type
@ File (.csv, .tsv, .txt)
5QL Server

C\Users\user\Desktop\CASE_2026_projekt\logoviElektraneNikola\MIKULI C.csv Browse...

Column to predict (Label):®
Daily energy(kWh)

Time series column:@
Start Time

[[Juse default index as time column.
Advanced data options...

Data Preview

10 of 44.276 rows.
(® Table O Graph




4. REZULTATI

Colab biljeznica ML.NET model

Run history: Train

in/ h Specify a time to train for evaluating various models.
train/epoc —_ﬂ How long should I train far?
trainlgIObal_Step —ﬂ
train/grad_norm |l l - Training setup summary
train/learning_rate _ gy s e, Time to train (seconds):(D  1pp
trainfloss _—————— - ] Haorizon:(i)

Advanced training options..

12

Run summary:

Train again +/ Training complete
total_flos 4594978264031232.0 o
train/epoch 0.48144 Training results
train/global_step 60 Best RMSE: 16831
train/grad_norm 1.25656 Best model: ForecastBySsa
train/learning_rate 0.0
train/loss 0.8401
train_loss 1.08627
train_runtime 413.059
train_samples per_second 1.162 Next step
train_steps per second  0.145

Training time: 33,66 seconds
Models explored (total): 5

Generated code-behind: DailyEnergyPredictionModel.consumption.cs, DailyEnergyPredictionModel.training.cs




4. REZULTATI - IMPLEMENTACIJA

private void InitializeModel()

{

try
{

}

string modelPath = System.IO.Path.Combine(KnownFolders.GetPath(KnownFolder.Downloads), "mistral_7B_solarSystems.qu_k_m.gguf");
var parameters = new ModelParams(modelPath)

ContextSize =4096,
GpuLayerCount =80

weights = LLamaWeights.LoadFromFile(parameters);
context = weights.CreateContext(parameters);
executor = new InteractiveExecutor(context);

var chatHistory = new ChatHistory();
chatHistory.AddMessage(AuthorRole.System,

"You are a strictly domain-limited assistant specialized ONLY in solar systems and residential solar power plants installation
"CRITICAL RULES:\n" +

"1l. You MUST answer ONLY questions related to solar panels, photovoltaic systems, inverters, batteries, mounting systems, insta

"2. If the question is NOT related to solar systems in any way, you MUST refuse.\n" +

"3. When refusing, respond EXACTLY with:\n" +

"'I'm sorry, but I can only answer questions related to solar systems and photovoltaic power plants.'\n" +
"4, Do NOT provide any additional information when refusing.\n" +

"5. Do NOT attempt to reinterpret unrelated questions as solar-related.\n" +

"6. If a question seems like it isn't related to the topic DO NOT ANSWEAR AND REFUSE AS INSTRUCTED");
chatSession = new ChatSession(executor, chatHistory);

inferenceParams = new InferenceParams() { MaxTokens =4096, AntiPrompts = new List<string> { "User:" } };

catch ( .Exception ex)

{

AppendText($"Error loading model: {ex.ToString()}\n");

Inicijalizacija
modela

Postavljanje
sistemske poruke




4. REZULTATI

Slanje upita modelu

Prikupljanje i prikaz odgovora

if (chatSession != null && inferenceParams != null)

{

}

else

{

var responseBuilder = new System.Text.Stri

await foreach (var token in chatSession.Chat

{

responseBuilder.Append(token);

1
J

var response = responseBuilder.ToString();

response = Regex.Replace(response, @"\s*User
Messages.Add(new Message { Role = Me ole

Messages.Add(new Me

Async(new ChatHistory.Me

:\s*$", string.Empty,
e.Assistant, Content

LeType.Assistant, Content =

- IMPLEMENTACIJA

e.User, message), inferenceParams))

»tions.IgnoreCase);
response, Timestamp = .DateTime.Now });

"Model not loaded.", Timestamp =




= private async void btnSend_Click(object sender, RoutedEventArgs e)
- i
var message = txtMessage.Text.Trim();

if (string.IsNullOrEmpty(messagel)

1
MessageBox.Show("Please enter a message.", "CHATBOT", MessageBoxButton.OK, MessageBoxImage.Warning);
return;

}

var userMsg = new Message { Role = MessageRoleType.User, Content = message, Timestamp = .DateTime.Now };

Messages.Add(userMsg);

txtMessage.Text = string.Empty;
txtMessage.Focus();

if (ContainsPredictionKeyword(message))
. {
« Slanje poruke

if (span == null)
chatbotu ro

Messages.Add(new Message { Role = MessageRoleType.Assistant, Content = "I couldn't parse the time periocd from your request. P
return;

var span = ParseTimeSpanFromQuery(message);

Provjera rijeci za :

int intervals = Getl5MinIntervalCount({span.Value),

predikciju

try
{
var output = DailyEnergyPredictionModel.Predict(null, interwvals);
PI’I|<CIZ pred|kC|Je if (output !'= null && output.Daily_energy_kWh_ !'= null && output.Daily_energy_kWh_.Length =8)
i

g;f}r]f}rir(]r]f} var preds = output.Daily_energy_kuh_;

v var sb = new System.Text.StringBuilder();
EBF\EBFQ;IJEB var overlSMinAverage = new double[preds.Length];

sb.AppendLine($"Prediction for the next {span.Value}: "3;

for (int i = @; 1 < preds.Length; i++)

1
sb.AppendLine($"Interval {i +1}: {preds[i].ToString()} kwh");
if (i != @) overl5MinAverage[i] = preds[i] - preds[i - 1];
else overlSMinAverage[i] = preds[i];

var avg = overl5MinAverage.Average();
sb.AppendLine($"\nAverage over 15 minute period: {avg.ToString("F2")}} KkWh"J;

Messages.Add{new Message { Role = MessageRoleType.Assistant, Content = sb.ToString(), Timestamp = .DateTime.Now });
return;




4. REZULTATI

Hello, how may | help you?

n? Do i need




5. DISKUSIJA

lzvlaCenje i revidiranje pitanja - ChatGPT - 1000 QA parova

PEFT — LORA - 0.58% parametara podeseno

Mistral 7lb — Google Colab — limifiran hardver

Komercijalna primjena

Vremenska i novcana isplativost



6. ZAKLJUCAK

Pregled i usporedba pristupa integraciji Al funkcionalnosti

Proveden LORA fine-tuning modela Mistral 7B

Proveden trening ML.NET modela

Integracija Al modela u .NET aplikaciju

Pregled isplativosti



e —— -

HVALA
NA POZORNOSTI!
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