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Generative Pre-trained Transformers (GPT)

reHepaTI/IBHBIe Hpe‘Zl,BapMTe]leO O6Y‘-I€HHBI€ Tpchcl)opMepr
(IIpeAIIecTBeHHNK - TEXHOAOISI MHTeAAeKTyaAbHOIO BBOAa TeKCTa A4l MOOMABHBIX TeaedoHoB T9)

s KoauuectBO TpenupoBouHbIe
3BIKOBBIE MOJAeAN JaTta BBIITyCKa
rapaMeTpos AaHHbBIE
451D Texcra u3
GPT-1 0,117 muaamnapaa | 7000 KHUT pasHbIX 11 yrona 2018 .
JKaHpPOB
40 I'b Ttekcra, 8
GPT-2 1,5 Muaanapaa MI/AAVIOHOB 14 ¢pespaasa 2019 1.
AOKYMEHTOB
570 I'b, B ocHOBHOM
CommonCrawl,
GPT-3 175 mmaanapaos WebText, 11 mronsa 2020 1.
AHI AUVICKas
Buxkuneans
e ga};tgll;;-& 5) 175 Mmaanapaos Aonsél;ql/;{ep/:elﬂoe 30 HOs10ps1 2022 T.
GPT-4 HewnssectHO HemnssecTHo 14 mapta 2023 T.
OpenAl: aoctynmuer Beca u  GPT-4 AEMOHCTPUPYET CIIOCOOHOCTI B HECKOABKIX
TexXHn4eckmne aeraam HGIZpOHHOIZ CTaHAAPTU3VIPOBaHHBIX TeCTaX. B Xo4e TeCTpOBaHIMA MOAEADb I10A1Yy4rila
ceTun GPT-2, texHnyeckne 1410 6aaaos o AkageMnyecKoMy OLIeHOYHOMY TectTy (94-1i npoyenmuav),

nnogpoonoctu GPT-3, 2251 GPT-4
II0Ka HeT MHpOpMaLun.

163 6aaaa mo Law School Admission Test (88-i npouenmuav) u 298
6aaaoB o EanHoMy sk3ameHy Ha agBokata (90-ii npoyenmuav).




TounocTs pemenusn 10 apudpmMeTUIecKuX 3ajad MOAEASIMU
PasAU'IHBIX PasMePOB: TOYHOCTD pe3KO BO3pacTaeT IIpU yBeArdeHUM IapaMeTpOB
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Tom B. Brown et al. Language Models are Few-Shot Learners
https://doi.org/10.48550/arXiv.2005.14165
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Pexopa 1mo ckopocTu rnnpusBaevYeHns HOBBIX I10Ab30BaTeAen:
1 MaH 3a 5 aHen
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System;

g System.Collections.Generic;

"Model this example, the agents are created with an inttial wealthof 1 and e

e List<Agent> agents;
= Random rnd;

(int numagents)

agents = new List<Agent>();

rnd = new Random();

= {int i = 8; 1 ¢ numAgents; i++)

Agent a = new Agent(i};
agents.Add(a);

)

int randomIndex = rnd.Next(®, agents.Count);
Agent selectedAgent = agents[randomIndex];

a2




write a description of this model no less than 2000

characters
This demographic agent-based model (ABM) simulates the behavior and interactions of individual agents within a
population. The agents in the model can represent individuals, households, or other units of analysis, and their
behavior and interactions are based on demographic processes, such as births, deaths, migration, and aging.

The model is implemented in C# and has two classes: Agent and Population. The Agent class has two properties:
Age and IsAlive. The Age property keeps track of the age of the agent and the IsAlive property indicates whether the
agent is alive or not. The Population class has a list of Agent objects, a currentYear variable, a maxAge variable, and
a deathProbability variable. The currentYear variable keeps track of the current year in the simulation, the maxAge
variable represents the maximum age an agent can reach, and the deathProbability variable is the probability of an
agent dying in a given year.

The Simulate() method is responsible for advancing the simulation by one year for each agent. It increments the age
of each agent and checks if they have reached the maximum age or if a randomly generated number is less than the
death probability. If either of these conditions is met, the agent's IsAlive property is set to false. This process is
repeated until there are no more agents alive in the population.

The Main method creates a population of 1000 agents with a maximum age of 80 and a death probability of 0.01. It
then calls the Simulate() method, which runs the simulation until there are no more agents alive. The program then
outputs the year when the simulation ends.

This is a basic example of a demographic ABM, and it can be extended to include more demographic processes such
as births, migration, etc. The model can also be modified to include different types of agents with different
characteristics and behaviors, and to simulate more realistic populations. The ABM approach allows for a more
granular and individualized simulation of demographic processes, as opposed to aggregate models. It can be useful
for studying the impacts of different demographic scenarios on a population, and for understanding the complex
interactions between individuals and their environment.

2231



write a description of this model no less than 5000

This demographic agent-based model (ABM) simulates the behavior and interactions of individual agents within a population. The agents in the model can represent
individuals, households, or other units of analysis, and their behavior and interactions are based on demographic processes, such as births, deaths, migration, and aging.
The ABM approach allows for a more granular and individualized simulation of demographic processes, as opposed to aggregate models. It can be useful for studying the
impacts of different demographic scenarios on a population, and for understanding the complex interactions between individuals and their environment.

The model is implemented in C# and has two classes: Agent and Population. The Agent class has two properties: Age and IsAlive. The Age property keeps track of the age
of the agent and the IsAlive property indicates whether the agent is alive or not.

The Population class has a list of Agent objects, a currentYear variable, a maxAge variable, and a deathProbability variable. The currentYear variable keeps track of the
current year in the simulation, the maxAge variable represents the maximum age an agent can reach, and the deathProbability variable is the probability of an agent
dying in a given year. This variable can be set to a constant or can be a function of age and/or other factors such as health, socioeconomic status, and environmental
conditions.

The Simulate() method is responsible for advancing the simulation by one year for each agent. It increments the age of each agent and checks if they have reached the
maximum age or if a randomly generated number is less than the death probability. If either of these conditionsis met, the agent's IsAlive property is set to false. This
process is repeated until there are no more agents alive in the population.

The Main method creates a population of 1000 agents with a maximum age of 80 and a death probability of 0.01. It then calls the Simulate() method, which runs the
simulation until there are no more agents alive. The program then outputs the year when the simulation ends.

This basic example of a demographic ABM can be further improved and extended in several ways. For example, the model can include births by adding a birth rate
variable and creating new agents at each time step. Additionally, migration can be included by allowing agents to move in or out of the population based on certain
conditions. Furthermore, more realistic populations can be simulated by introducing different types of agents with different characteristics and behaviors, such as
gender, socioeconomic status, and health status.

Moreover, the model can be enhanced to include more realistic demographic processes such as marriage, divorce, and family formation. These processes can be
modeled by introducing new agents and allowing agents to form relationships with one another. Additionally, the model can be expanded to include education,
employment, and other social-economic variables that affect demographic processes.

In addition, the model can be linked to other models or data sources, such as land use or economic models, to simulate the impact of changes in those areas on
population demographics.

Overall, this demographic agent-based model provides a flexible and powerful tool for simulating and analyzing demographic processes at the individual level. It can be
used to study the impacts of different demographic scenarios on a population, and to understand the complex interactions between individuals and their environment.
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Mexoynapoonaa xongpepernyusa no mawmunnomy ooyuenuto (ICML):

Cmamou, 6KAOUAtOUjUe THEKCM, CeHePUPOSAHHbINL € NOMOWDLI0 KPYNHOMACULMAOHOU
asvikosort modeau (LLM), maxoii kax ChatGPT , sanpewjerivi, ecAu co30anHbviil mexcm He
npedcmasier Kax 4acmv IKCNEPUMEHMAALHO20 AHAAUSA CTNAbU.
https://icml.cc/Conferences/2023/1lm-policy

3anpem zocydapcmeennvix wikoa Hoto-Hopxa (6 ansaps 2023)

New York City public schools ban access to Al tool that could help students cheat
New York City public schools will ban students and teachers from using ChatGPI, a powerful
new Al chatbot tool, on the district’s networks and devices, an official confirmed to CNN on
Thursday.

https://edition.cnn.com/2023/01/05/tech/chatgpt-nyc-school-ban/index.html

Edward Tian: 1 spent New Years building GPTZero — an app that can quickly and
efficiently detect whether an essay is ChatGPT or human written
3:17 AM - 3 aus. 2023 r.-7,4 MAH IIPOCMOTPOB

Anarus npedroxenus Ha npeomem ux pasHomeprocmu. A0du nuwym HepasHoMEpPHO
(xopomxue u dautirvle npedroxerus), VIV 6oree odropoden


https://twitter.com/edward_the6/status/1610067688449007618

3 1 < nuigents;

Agent & = Agent(1);

agents. Aad(e);

=00 ¢ meAgents; 1+s)
Agent & « agents{i];
T onueleighbors = md Next(, msfgents /

§ ¢ msbeighbors; jeo)

Agent b « agemts{rnd . Mext(:, oumAgents)];
(a '« b &8 la.Neighbors.Contains(d))

o Meighbors . Add(b) ;

0

randosindex = rad Next(, agents . Count);

Agent selecteadgent » agents{rendomincex);

! neightorindex = rad Next{/, selectedAgent . Nelghbors.Count);

Agent selectecheighbor = selectedigent  Neighbors[neighborincex];
selectedApent . SendMessape(selectedieighbor, |

Systes;
System.Collections.Gemeric)

iditional features su 1 tID( ;
Wealth { 3

List<Agent> Neighbors {

id)

good unaerstancing of the 10 « ig;

Wealth - 3

Nelghbors = ListeAgent>(};

(Agent recipient,

recipient.ReceiveMessage( s message);

(Agent sender,

le writeline(

ID, message, sender.ID);

ListdAgent> agents,

Random rnd;

T nusigents)

aperts »

™md =

List<Agent>();

This example includes a class ~Agent™ that has a list of neighbors, and a method
*SendMessage” to send a message to one of its neighbors. The model class *Model® creates a
number of agents and randomly connects them as neighbors. Each time step, one agent is

randomly selected, performs its behavior and sends a message to one of its neighbors.



. System;
. Systen.Collections.Generlc;

List<PersonAgent> population;
Random rnd;

(int numAgents)

population = List<Personigents();
md = Random( ) ;

it 4 = 55 1 < numAgents; i++)

PersonAgent a = PersonAgent(1);
a.Gender = rnd.Next(:, == & ?
population.Add(a);




Systea;
Systen.Collections.Generic;
Systen.Threading;

int ID { g«

can you make parallel version of it?

Yes, | can help you create a parallel version of a demographic agent-based model (A

C#. There are several ways to make an ABEM parallel, depending on the specific requirements
of the model and the hardware

[s1]

vailable

to make an ABM parallel is to use multi-threading, which allows you to run

multiple threads in parallel on a single machine. In C#, you can use the ~ System.Threading

namespace to create and manage threads. Here

s

s an example of how you might use multi-

List<PersonAgent> population;
i Random rnd;

threading to make the previous demographic A

(int numagents)

population = new List<PersonAgent>();
md = Randoa();

(int 4 = 0 1 < numAgents; 1++)
PersonAgent a = PersonAgent(i);

a.Gender = rnd.Next(Z, 1) == 7 ?
population.Add(a);

(int nunThreads)

int chunkSize = population.Count / numThreads;
List<List<PersonAgent>> chunks =
(int & = 0; 1 < numThreads; 1++)

List<List<Personagent>>();

nt startIndex = 1 * chunkSize;
t endIndex = startIndex + chunkSize -
(1 == nuaThreads - 1)




can you add procedure that realize migration method in this code?

Yes, | can help you add a migration methed to the demographic agent-based medel (ABM)

S ]

n C#. Migration can be modeled in many wa

ys in an ABM, depending on the specifics of the
problem and the available data. Here is an example of how you might add a migration
method to the previous ABM that randomly selects an agent and moves it to a different

ocation:

Systen;

< Systen.Collections.Generic;

Systea.Threading;

int I0 { ; 53

int Age { H i}

string Gender { getj setj }
bool IsAlive { get; }
string Location { H 3}

0

Listcstring> locations = Listestring>

locations .Remove(Location);
int randomIndex = rnd.Next(:, locations.Count);
Location = locations{randomIndex];

List<PersonAgent> population;
Random rnd;

(int numAgents)

population = (= List<PersonAgent>();
md = Random( );

ti=0; 1< numAgents; 1++)
Personagent a = PersonAgent(1);

a.Gender = rnd.Next(:, == 4
population.Add(a);




Syxtem;
Sywtam._Collsctioes.Gereric;

This is a simple example of an agent-based model that simulates a population of agents that

grow older over time. The ~Agent™ class has properties for age and whether the agent is
alive, as well as methods for growing older, giving birth, and migrating. The ~ Population®

class has a list of agents and a method for “ticking” the simulation, which updates the

nts' ages and handles death, birth, and migration

i)

il

1]

A

Mote that this is just a skeleton of the code, and you would need to add more complexity to

the model such as probability of death, birth, migration or other factors that could influence
the population. It's important to understand that a Agent based model is a complex topic Listagonts Ageeta { 72+
and would require a lot of research, testing and development to make it work properly. o aton)
Agents » Listchgents();

( Lo g L ¢ nioeg dee)

{
Agmort s Ade(, Aget{i}):

}

0

{ L w05 L ¢ Ageets.Count; 14+)

Agert sgest = Agerrta(i);
aperrt _GronDldert ) ;
{1 agent.Alive)




can you realize example of probability within this code?

Sure, here is an example of how you might implement probability of death, birth, and

migration within the ~Population™ class's *Tick™ method:

In this example, I've added code to calculate the probability of death, birth, and migration
based on the agent's age. The death probability increases as the agent gets older, while the
birth probability increases when the agent is between the ages of 20 and 30, and the
migration probability increases when the agent is between the ages of 20 and 40. The
Random.NextDouble method is used to generate a random number between 0 and 1, and

this number is compared to the probability to determine whether the event should occur.

It's important to note that the probabilities defined here are just examples and may not
reflect realistic values. Also, you may want to incorporate additional factors, such as gender

and health status, that influence these probabilities.

0

(int £ = 5; 1 < Agents.Count; f++)

Agent agent = Agents[i];
agent.GrowOlder();
(lagent.Alive)

yle deathProbability = :
(agent.Age > ") deathProbability 3

* (agent.Age > ") deathProbability = H

= (agent.Age > ©0) deathProbability = H 2
( Random( ) .NextDouble() < deathProbability)

agent.Alive =

’

uble birthProbabllity = ;
(agent.Age > 8% agent.Age < ) birthProbability =
. 4 Random( ) .NextDouble() < birthProbability)

agent.GiveBirth();

uble migrationProbability = ; 1
(agent.Age > 8% agent.Age < -7) migrationProbabili

( Random( ) .NextDouble() < migrationProbability)

agent.Migration();




z can you realize parallel version of the whole model?

Certainly, here's an example of how you might implement a parallel version of the
demographic agent-based model using the ~Parallel® class from the

*System.Threading.Tasks™ namespace:

In this example, I've used the *Parallel.ForEach® method to parallelize the loop that
processes each agent in the population. This method divides the work of the loop across
multiple threads, allowing the agents to be processed concurrently. This can lead to a

significant performance improvement, especially when dealing with large populations.

It's important to note that parallelizing the code can be tricky, and you need to be careful
when working with shared data. In this case, the Agents list is shared among all parallel
tasks, and you may need to use locks or other synchronization mechanisms to ensure that

the agents are updated correctly.

Also, it's important to test your parallel version of the model and compare it with the
sequential version, taking into account the hardware you are running it on and the size of
your population. In some cases, parallelization may not be the best solution, due to the

overhead of managing threads.

Systen, Threading . Tanks

Listcigent> Agerts {

(it adawm)

UstcAgent>();

3 1 < xize; d4e)

Agerrt s Ak Ageat( }):

Parallsl. Forfach{Agerta, spent =>

{

agert GrowOldery ) ;
{lagent_Aliwe)

Sir SesthProbebdlity »

{
{
{
{

(

{

agent Age > ) demthProbetdlity »

agert Agw 3 ) SwathProbebdlity »

agent. Age > ) SewthProoabdlity » H
Rarcbon( ) . NextDasilel) ¢ desthProbablliity)

apgert Alive »

» birtProbatiility »
apent Agw > BA sgent dpe < ) BirthProbebility »

Rarctn( ) . MextDabslel ) < birthPrcbablitty)

apent Givellireh();

» migratiosProbability » ;
agent Age > AL spent . ige < ) migruticeProbabliity »

Rancem( ) . MextOouhle() ¢ sigretiseProbebility)

apeet Sgration|);




| =2

B

te Cplex cplex;
0

cplex = new Cplex();

INumVar[] x = cplex.NumVarArray(3,

cplex.AddMinimize(cplex.ScalProd(x, new

// Define constraints

cplex.AddEq(cplex.Sum(x), 168);
cplex.AddLe(cplex.Diff (x[8], x[1]),

cplex.AddLe(cplex.Diff(x[1], x[2]),

cplex.Solve();

Console.WriteLine(
Console.WriteLine(
double[] sol = cplex.Get

, Double.MaxValue);

) Copy code

+ cplex.GetStatus());
+ ¢plex.Objvalue);




sing ilog.cplex;

te Cplex cplex;

rivate int numSectors;

Can yoU reaiize more compiex cge mode ? with several economic sectors? '.':: (il‘l: ﬂUMSECtDl‘S}

eate E E ole general e GE) model in cplex = new Cplex();
5] ACIESSARENE = i mate complex CGE mote = Ypie thiz.numSectors = numSectors;
Sconbin ion variables
A more complex CGE mode de S ranber ofsa s INumVar[][] x = new INumVar[numSectors][];
s - equire e mization libraries such as for (int i = 8; i < numSectors; i++)
e b ot librarie < Sl ear systems of equations {

x[1i] = cplex.NumVarArray(numSectors,

{/ Define obj

I0bjective obj = cplex.AddMinimize();
for (int 1 = 8; i < numSectors; it++)
{

for (int j =

, Double.MaxValue);

0 Copy code




ChatGPT

» Tenepupyem xauecmeeHHblll K00, KOMOPLLUY MOXKHO UCHOAD306AMb Jaxe 0e3
usmerenuu (mouro 0e3 npoorem 6 6ude NPUAOKEHUU K OUNAOMHBIM U
duccepmayuoHHbImM padomam)

 [locmpoetiue kapxaca Moderu 0Asl nocaedyrouieti dopadomiu

* [loayuerue akmyarbHou urHopmayuu 00 aPPexmusHom cnocobe pearusavuu
NPoZPAMMIHO020 K004, UCNOALIO6AHUYU AYUULUX OUOAUOEK

 Buvicmpas pearusayus mpusuaroHux onepayuil

Cxopee ecezo caedyroujue pearusavuu (Aubo ChatGPT Aubo xonkypenmot) uepes
200-06a mozym cepvesto ckoppexmuposams IT pvinox



Pathways Language Model (PaLM) ot Google (540 mapa. mapameTpoB)

O01mmui1 pasmep Habopa gaHHBIX = 780 MI1AA11aPAOB TOKEHOB
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GitHub (xo0a) 5%
Bukumeayst (MHOTOSI3bIUHAS) 4%
HoBoctu (Ha aHTAMIICKOM ) 1%
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