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NIST Center for Neutron Research

User facility that uses neutrons to probe the structure and
dynamics of materials.

Experiment Participants/Year

Participants from all over the world . 2
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Understand/generate human language
_
L arge Use a Transformer Neural Network
_

I_ anguage _
Process text sequentially
(HRY) Predict text very well
_
Train on large amounts of data
_
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What are Trajectories?

« Simple scripts that allow for nested loops

Why did we pick them?. -

Well
documented
format(JSON)

J

Large
amounts data
available

J

Middle ground
of complexity
and power

J

Can Dry Run
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* 17 Parameters Initialized
‘3 Loops

'9 Variables changed per loop

Properties

expression D raw string

[ﬁIeF'reﬁx |'r] |Iive.sample.name | [IJ
expression @ raw string

[entr]rName |v] |unpo|arized | [IJ
expression [] raw string

[nas ) bz I=C)
expression [ raw string

| description 7/ five.sample.description | [IJ

+Property
Init

expression [+ raw string

_scanType B |SF'EC | X
expression [_] raw string

_man0 B |30.0 | X
expression D raw string

_mon- [7) [1250.0 IE3
expression D raw string

_hre B |1.U | X
expression D raw string

DIz =
expression D raw string

_L2s =) 3o B3
expression [] raw string

L2 7] 14030 IE3
expression [] raw string

1S3 =) [pa0.o | (*x
expression [ raw string

o =) 11230 |(*]
expression [_] raw string

_spotSize B l60.0 | [ZJ
expression [_] raw string

_thetaOfiset [#) oo IE3
expression [_] raw string

_S30ffset [ 22 IES
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Background
Questions



Overarching picture

User Add relevant Processes
Sentence data files and returns
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Follow up with:

[Change sampieAngle to 10” )

Parameter
additions

“When started, count against time”

|changes ) \ Make x loop nested inside y loop’ |

‘Text @82
Embeddings

text-embedding-ada-002

Initial prompt
contains: « Starting values
-What variables to loop

Ex: Create trajectory that
starts with a time of 10 and loops through
sampleAngle from 2 to 10 in steps of 0.25

Al
Sear

~500 lines

- System Prompt
- Previous messages

System
Message

System Message

Format required:
e+@sase e
- Provide the JSON “Flepref
format

“descn

« Ask follow up questions ramiName"” "paramvalue]],

+ Add @#¥@5@%@"@ ‘paramiame”,{"range"s

before and after o

8/7/2024
- Only use data from our

sources

3
esasese e




 InNStrument name

Initial_prOmpt EXperiment name
contailns: e Starting values

* What variables to loop

EX: Create magik trajectory angleChecks that
starts with a time of 10 and loops through
sampleAngle from 2 to 10 in steps of 0.25
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System Message

Format required:

@#0@%$@%s@"@

- ' {

Provide the JSON filePrefix":""

format "description":"",
» Ask follow up questions ":nit":[["L[)?ramName","paramValue"]],
. "loops":

'g‘dfd @#%$C(]?t%@/\@ "vary": [["paramName",{"range":

e_ore and alter {}}]

trajectory +,
- ¥

Only use data from our D @LOE@ G

Sources
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Our code

Combines:
 User Message
¢ System Prompt

~500 lines

* Previous messages

Communicates with Azure

8/7/2024



I|=ElTotal files
Z LI r e Old format
Procedurally Generated

[ilePrefic "mb 111" Valid Files
“ini

['counter.countAgainst’, "TIME"]],
“loops™ [{
vary': [
['sampleAngle”, {range™ {start” 2, "step™ 0.1, "stop™ 4111,
i

Searchable Index

Allows computer to
880 understand text

Embeddings

textembedding-ada-002 embeddings(vectors)

Transforms text into

1536 number list

LLM's version of words

Lexical Context

Lexical Search-
Context Based Search-

+ Also know as: Semantic-hybrid search

Search =

n I File Retrieval: p,

Combines:

= User Message q

. ~500 lines
= System Prompt
= Previous messages




Azure Cloud

A7 ure C "

Procedurally Generated

[ilePrefic "mb 111" Valid Files
i

I( '
vary'. |
["'sampleAngle”, {'range™ ("start™ 2, "step™ 0.1, "stop™ 4}}],
o]

Searchable Index

Model: GPT 40 ‘
Advantages: Disadvantages:
+ Fasler and cheaper than + Includes information not

| Allows computer to

GPT3.5 turbo provided by the user
YY) understand text - Large token count - Misses information clearly
2 - e + Less system message provided
beddings Transforms text into eded

‘hx;-embcddingada-oln embeddings(vectors)

q O « Asks follow up questions @

1536 number list

on :amaracters: 386
Tokens: 33 Tokens: 112

0
AI Lexical Context

Search

Context Based Search-

- Also know as: Semantic-hybrid search

8/7/2024
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(51ekekel Total files

skl Old format

/2245 Procedurally Generated

{"filePrefix": "mb111" ~ - Valid Files

"Init": |

"loops™: [{
"vary": [
['sampleAngle”, {"range”: {"start": 2, "step™: 0.1, "stop": 4}}],
]}]} 8/7/2024
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Searchable Index

,%z;b;ze;% Allows computer to
; understand text

Transforms text into
'text embeddlng -ada-002 embeddings(vectors)

1536 number list

81712024



File Retrieval: p 23

| exical Search

Lexical Search- rd search
Context Based Search- © o qiiciqr eiiral= alofeligglelph

 Also know as: Semantic-hybrid search

o s 8/7/2024




© FneTme . Tanouwown

» Definition- Provide examples of e Cost
prompt and output to model

 Time and cost

« Large data set required per
Instrument * Not enough data

 High effort to expand knowledge

« Resources
e Time

8/7/2024



RetrievaI-Augmented Generation

Integrating documents into Al prompt
Breaking down documents
Most relevant 5 files for specific prompt

Best way to use ChatGPT

8/7/2024



Tokens

LLM’s version of words

26
{

+ Tedte magik

"vary": [

**“"ectory angle
CT::?EH%hat starts

"stop": 53,
"step": 0.5

ity a time of 10
Tnd loops through

15

e g R T O 2
"init": [

l[ _A N

lﬁﬁﬂﬂmﬁﬁ steps of

t.f’)r\

"counter.timePreset"
30.0

‘“fMaracters: (1I26racters 386
Tokens: 33 Tokens: 112
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Model: GPT 40

Advantages:

* Faster and cheaper than
GPT3.5 turbo

« Large token count

* Less system message
needed

» Asks follow up guestions

Disadvantages:

 |ncludes information not

provided by the user

* Misses information clearly

provided




II=ElTo1aI files

Old format

Procedurally Generated

CilePrefi "mb 111" Valid Files
“init

ter countAgainst”, "TIME"],
I

ry [
['sampleAngle”, {range™ ['start": 2, "step"™ 0.1, "stop™ 4}1],
T

Searchable Index

Allows computer to
880 understand text

'Embeddings  Transforms text into —
textembedding-ada-002 embeddings(vectors)
1536 number list
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Follow up with:

[Change sampieAngle to 10” )

Parameter
additions

“When started, count against time”

|changes ) \ Make x loop nested inside y loop’ |

‘Text @82
Embeddings

text-embedding-ada-002

Initial prompt
contains: « Starting values
-What variables to loop

Ex: Create trajectory that
starts with a time of 10 and loops through
sampleAngle from 2 to 10 in steps of 0.25

Al
Sear

~500 lines

- System Prompt
- Previous messages

System
Message

System Message

Format required:
e+@sase e
- Provide the JSON “Flepref
format

“descn

« Ask follow up questions ramiName"” "paramvalue]],

+ Add @#¥@5@%@"@ ‘paramiame”,{"range"s

before and after o

8/7/2024
- Only use data from our

sources

3
esasese e




Follow up with:

[Value changes } [“Change sampleAngle to 10”

Parameter

additions When started, count against time

Loop position

changes Make x loop nested inside y loop



Per Message

Per Conversation

To create searchable database

31

Per Year



S eiventh 100

Azure Open Al $14 Conversations
Azure Storage $0.25

Azure Al Search $81.84 $15 OO
Total $96.09 Secor:d Al




* Trajectory format is valid < Harder prompts
« Parameter are correct * More Instruments
 Correct after conversation

2,018 100%

Training Data Files Trajectories Correctly
Generated

Sample Size: 250 8/7/2024



Current progress

Writes trajectories for all instruments
Generates a trajectory in the correct format
Asks follow up questions

Added NICE editor

8/7/2024



Live Demo



Add the 6191 broken files

Create trajectories with less specific names

Allow LLM to assume parameters

Moonshot goal: Suggested trajectories based on experiment
details

8/7/2024
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Thank You!

Contact Me!

NIST: Jack.campbell@nist.gov
Personal: Jackbcampbelll5@gmail.com
GitHub: @JackCampbell5
LinkedIn: /JackCampbell5
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» Contact Azure * Creating model * Moving training
» User prompt » Organizing data
» System data(Vectorize) « Adding meta

Message data

8/7/2024



Our system Message

You are artificial intelligence for the National Institute Of Technology's Center for Neutron Research program
Neutron Instrument Control Environment (NICE) that controls neutron instruments via programming. You should
output a single block of text in the following JSON format with "@#@$@3@"@" characters at the top and bottom

\\\\\

of the file, not ~ json:

{@#@$@$@"@

“filePrefix":"",

"description™:"",

"Init":[["paramName","paramValue"]],

"loops": [{

"vary": [['paramName" {"range": {}}]]

%],

Q#@IQS@"@

If the user does not specify ask to create a json trajectory for (name) instrument , ask them which instrument they
would like to use. Furthermore, if the user does not specify what the "init" (initialization), "filePrefix" (name), or
"loops" sections should contain, please ask the user what they would like to put if they did not provide any
information relating to these sections before printing the JSON output. You should only use data from your
sources. If you cannot find the answer, just say "I cannot do that yet."
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