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RESUMO

Para a industria 4.0 a coleta de Big Data ¢ muito desafiadora. Serdo apresentadas algumas
técnicas promissoras de diagnéstico que levam como base o aprendizado de maquinas. O
objetivo deste trabalho é aplicar as técnicas de Business Intelligence na Manutencédo Preditiva
dentro da industria 4.0. A importancia do uso dessas técnicas dentro da inddstria, sendo mais
preciso, na manutencdo preditiva, é a reducdo de gastos com aperfeicoamentos, aumento de
vida e da performance da maquina. Através de pesquisa exploratéria, utilizamos as técnicas
de Business Intelligence junto a base de dados que possui informagfes proximas a realidade
dentro da industria, manifestando assim o desafio do uso dessas técnicas. O resultado obtido
durante o processo ndo foi satisfatorio. Isso deixa uma abertura para que o problema persista
em trabalhos futuros, os quais sejam realizados utilizando novas técnicas de Bl. Concluimos
que é possivel a utilizacdo dessas técnicas dentro da industria 4.0 quando direcionada
corretamente para cada situacao.

Palavras-Chave: Aprendizado de Maquina, Manutencdo, Industria 4.0, Curva PF, Inteligencia
Artificial.
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ABSTRACT

For the 4.0 Industry, gathering Big Data is very challenging. We will present some of the
promising diagnosis techniques based on machine learning. The purpose here is to present
how to reach expected results when Business Intelligence is applied on the Predictive
Maintenance, to solve problems from the 4.0 Industry. The significance of using these
techniques within the industry, being more precise in predictive maintenance, is the reduction
of expenses with improvements, increase of life and performance of the machine. Through
exploratory research, we use Business Intelligence techniques along with a database that has
information close to reality within the industry, exhibiting that using these techniques are very
challenging. The result obtained during the process was not satisfactory. This leaves an
opening for the problem to persist in future work, which is carried out using new BI
techniques. In conclusion, it is possible to use these techniques within Industry 4.0 when
correctly targeted for each situation.

Keywords: Machine Learning, Maintenance Predictive, Industry 4.0, Curve PF, Business
Intelligence.
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CAPITULO 1

Introducao

Desde o inicio da Revolugdo Industrial, em 1760, houve grandes descobertas sendo
assim um periodo de muitos desenvolvimentos tecnolégicos ndo s6 na Inglaterra, mas no
mundo todo. A descoberta da maquina a vapor garantiu o surgimento da inddstria,
consolidando a formacgdo do capitalismo, causando grande transformacdo na economia
mundial, estilo de vida, producdo de mercadorias, exploracdo dos recursos naturais e nas
relacdes de trabalho.

Com o passar dos anos, comegcamos a utilizar muito a tecnologia em nosso dia a dia,
trazendo modernizacdo na producdo: maquinas mais eficientes; comunicagdo: utilizacdo de
aparelhos eletrdnicos como computadores, celulares e cameras; e nos estudos: 0 aparecimento
da internet, onde hoje é utilizada por quase toda popula¢do sendo por computador e/ou por
celular. Cada fase da Revolugdo Industrial tém sua caracteristica, veremos em seguida cada
uma delas e suas diferencas:

Primeira Revolucdo Industrial: processo de evolucdo tecnoldgica no século XVIII
(entre 1760 e 1850). Fase marcada pela maquina a vapor, edlica e hidraulica; substituicdo da
manufatura para maquinofatura e a existéncia de novas relagdes de trabalho. Como resultado
houve modificacdo na producdo diminuindo o tempo e o aumento dela, as invengdes dao
possibilidade ao melhor escoamento de matéria prima e também de consumidores
favorecendo a distribuicao dos bens produzidos.

Segunda Revolucdo Industrial: processo de evolucdo na metade do século XIX
tendo seu fim durante a Segunda Guerra Mundial. Houve avanca da industrializagdo nos
limites geogréaficos da Europa Ocidental. Essa fase é marcada pelo aperfeicoamento
tecnoldgico das tecnologias ja existentes na primeira fase, vivenciando novas criagdes
aumento ainda mais a produtividade e seus lucros, também houve grande incentivo as
pesquisas no ramo da medicina. As principais invencdo foram associadas ao uso do petrdleo
como sua fonte de energia, como 0 motor a combustdo. A eletricidade passou a ser usada em
funcionamento de motores, em seu destaque motores elétricos e a explosao, e 0 ago comegou

a substituir o ferro.



Terceira Revolucdo Industrial: essa fase também é conhecida como Revolucdo
Tecnocientifica, teve seu inicio na metade do séc XX. Nessa fase teve crescimento no setor
industrial, tecnolégico havendo avanco cientifico espalhando para todo o mundo. As
transformacdes tecnocientificas sdo vivenciadas até o dia de hoje na biotecnologia, robética,
avancos na area da genética, telecomunicagOes, eletrdnica, transporte, entre outras areas,
transformando também o modo de vida da sociedade e o espaco geogréafico. Esses avangos na
area cientifica também é conhecido como globalizagéo.

Quarta Revolucdo Industrial: é caracterizada pela automacdo industrial, onde
integra-se diferentes tecnologias como inteligéncia artificial, robdética, internet das coisas,
computacdo em nuvem. Hoje na industria 4.0 a tecnologia passa por adaptacfes
acompanhando as técnicas preditivas, como: analise de vibragdes, ultrassom, inspecéo visual,

técnicas de anélise ndo destrutivas, entre outros, alem de acompanhamentos periodicos.

Figura 1 — Fases das Revolucdes Industriais
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Fonte: http://especiais.estadao.com.br/mundodigital/ola-mundo/

Com isso, antecipamos a necessidade de manutencdo, eliminamos o trabalho de
desmontagem aumentando o tempo de vida do equipamento, reduzindo as ocorréncias de
emergéncia ndo planejadas impedindo o aumento dos danos. Esté centrada na confiabilidade e
tem por funcdo assegurar que todos os ativos continuem cumprindo as funcdes que Ihes foram
especificados.

Um dos desafios da industria 4.0 € manter em dia a manutencao preditiva quando se
trata de coletar dados das méaquinas para o software, sem que haja alguma interferéncia. Passa
que seja possivel utilizarmos o Business Intelligence (BI) e Machine Learning (ML). O BI
com suas técnicas para visualizar os dados que foram coletados e também na tomada de
decisdo, e 0 ML para ensinar a maquina a forma certa dela pensar através de diversas técnicas

de aprendizados e usando a melhor técnica para a situagdo especifica.


https://brasilescola.uol.com.br/biologia/biotecnologia.htm
https://brasilescola.uol.com.br/biologia/biotecnologia.htm
http://especiais.estadao.com.br/mundodigital/ola-mundo/

Os dados sao levados ao software através do Internet of Things (IoT) de forma remota
para o software onde é trabalhado o Bl e em seguida ML para preparar para a proxima
manutencéo.

Mas vem a questdo do “O que ¢ Business Intelligence e como ele pode nos ajudar
dentro da manutencdo preditiva?”, "O que ¢ manutengdo preditiva?", "Ha outros tipos de
manutengdes?”, “Qual a diferenga entre as outras manutengdes?", O que é Machine
Learning?”, “Como Machine Learning pode ajudar?”.

e Tipos de manutencdes segundo a NBR-5462, suas vantagens e desvantagens:

Dentro da manutencdo temos a manutencao planejada e a ndo-planejada.

Figura 2 — Diagrama de manutengéo
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Fonte: Proprio autor

Dentro da manutenc¢éo planejada hé trés tipos de manutencgdes:

o Manutencéo preditiva: acompanha 0S equipamentos/maquinas

periodicamente através dos dados que sdo coletados por meio de inspecGes, utilizando as
técnicas de analise de vibracdo, ultrassom, inspecdo visual, entre outras técnicas nédo
destrutivas.

Vantagens: Reduz a frequéncia de manutencGes corretivas e preventivas, ja que seu
objetivo é prever as falhas e consequentemente como resultado aumentando a vida atil do
equipamento e melhorando seu desempenho.

Desvantagens: Envolve alto investimento para compra de equipamentos para esse tipo
de manutencéo (sensores, por exemplo).

o Manutencdo preventiva: feita periodicamente (intervalos predeterminados)

ou de acordo com os critérios prescritos, reduzindo a probabilidade de falha ou degradacdo do
3



equipamento. agindo antes da manutencao corretiva que acaba resultando em altos custos,
promovendo reparos melhorando as condi¢fes dos equipamentos.
Vantagens: Reduz a probabilidade de falha ou degradagéo do equipamento.
Desvantagens: N&o é a manutengdo com o melhor custo/ beneficio, tendo seu custo
trés vezes maior que a manutencéo preditiva.

o Manutencdo corretiva: A manutencdo é efetuada apos a ocorréncia de falha

ou quebra, destinada a recolocacgéo do item.

Vantagens: N&o ha.

Desvantagens: A manuten¢do mais cara e tomando um tempo maior, trazendo mais
prejuizo para a empresa.

A manutencdo ndo-planejada é somente uma (a manutencédo corretiva), onde também a
encontramos na manutencao planejada.

Com a evolucdo tecnolégica, quando falamos de tecnologia ndo estamos falando
somente de maquinas, mas também de novos softwares, técnicas e linguagens de
programacdo. Com a implementacdo do Business Intelligence ajudou na tomada de decisdo
com a ajuda de seus softwares: Tableau, Microsoft Power Bl, Google Data Studio, Domo,
entre outros através da mineracao de dados, visualizacdo de dados, ferramentas/infraestrutura
de dados e as préticas recomendadas para auxiliar as organiza¢Ges na tomada de deciséo
impulsionadas por dados.

Também podemos destacar a linguagem de programacdo e suas técnicas como
Machine Learning, que ajudam da predi¢do de uma determinada necessidade podendo saber o
préximo dia que sera preciso fazer a manutencdo de um determinado equipamento, ou até
mesmo prever qual equipamento tera a necessidade de manutencdo. Isso € possivel através de
suas técnicas e vendo qual é a melhor escolha para cada situacao.

Esse trabalho tem a proposta de mostrar como o Business Intelligence atua junto a
manutencdo preditiva dentro da indUstria 4.0 e suas dificuldades, tornando a manutencdo mais
eficiente ndo causando atraso nas producdes e com o0 custo menor em comparagdo as demais

manutencdes.



1.1 — Business Intelligence e Machine Learning na Manutencao Preditiva

Com o passar dos anos a tecnologia evoluiu rapidamente, por exemplo, a internet 5G,
carregar seu celular por inducdo, reconhecimento facial, equipamentos industriais mais
modernos e até novas técnicas de manutencdo dando mais seguranca a inddstria para
producdo de seus produtos. Business Intelligence é conhecido como métodos de coletas e uso
de informacbes para aumentar o fator competitivo. E um conjunto de ferramentas de
infraestrutura de dados, que sdo usados para gerar beneficios e mudancas positivas. Machine
Learning é conhecido como aprendizado de maquinas onde suas inumeras técnicas ajudam
nas predicbes, fazendo com que a maquina pense por ela mesmo até chegar no resultado
esperado. Com essas grandes ferramentas tecnoldgicas mostrando a utilizacdo delas dentro da

“Quarta Revolucao Industrial" ou também conhecida como Industria 4.0.

1.1.1 — Business Intelligence

A origem do termo Business Intelligence, teve sua primeira vez na década de 50 por
um pesquisador da IBM, Hans Peter Luhn. Em seu artigo chamado “A Business Intelligence
System” escrito em 1958 propde desenvolvimento de sistema automatico tendo como base
méaquinas de processamentos de dados, que indexa e codifica os documentos de forma
automatica.

Como suas principais caracteristicas temos:

o Capacidade de extrair e integrar dados de diversas fontes

e Transformar registros obtidos para informacdo util direcionado para conhecimento

empresarial

e Anélise de dados contextualizada

e Trabalhando com hipétese e desenvolvimento de estratégias e acdes competitivas

Em 1989 Howard Dresner cunhou uma definicdo moderno do termo no sentido em
que normalmente ¢ usado hoje na industria. (“acesso do usuario final e andlise de conteudo
estruturado, ou seja, dados™)

Segundo a empresa ASAS, Business Intelligence é “Uma ampla categoria de
programas, aplicacGes e tecnologias para coletar, armazenar, analisar e fornecer acesso a

dados para ajudar os usuarios corporativos a tomar as melhores decisdes de negdcios”...“A
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arte de obter uma vantagem comercial a partir de dados, respondendo perguntas
fundamentais”.

No final século XX para o inicio do seculo XXI, o que antes era um diferencial
competitivo, acabou se tornando algo obrigatério, com a diferenga de que muitas empresas
ainda ndo conseguem fazer a utilizacao do conceito de Business Intelligence.

De alguns anos para ca o Business Intelligence deu uma evoluida e passou a incluir
processos e atividades para ter melhora em seu desempenho. Esses processos sao:

Mineracdo de dados — usa-se aprendizado de méaquinas revelando tendéncias e
conjuntos de dados grandes, e banco de dados.

Geracdo de relatorios — processo de compartilhamento de analise para tomada de
decisOes para as partes interessadas.

Benchmarking e métricas de desempenho — comparagdo dos dados atuais e
histdricos para 0 acompanhamento do desenvolvimento em relagcdo as metas

Analise descritiva — uso da analise dos dados para descobrir 0 que aconteceu

Consultas — entendendo os dados fazendo perguntas especificas

Andlise estatistica — explorando conceitos estatisticos dos dados com mais
profundidade

Visualizacdo de dados — transformando analises em dados de representacdes visuais
(graficos, diagramas, histogramas)

Anélise visual — exploracdo dos dados através de histérias visuais para comunicar
informag@es conforme necessario e manter o fluxo da andlise.

Preparacéo de dados — identificar as dimensdes e prepara-las para sua anélise.

1.1.2 — Machine Learning

Iniciou a partir da década de 1950. Nessa época Alan Turing , conhecido como “o pai
da informatica moderna” iniciou o teste de o quanto as maquinas seriam capazes de pensar
por elas e elaborar raciocinio como seres humanos.

Alguns anos depois, em 1956 o professor de matematica John McCarthy usou o termo
Inteligéncia Artificial em publico, sendo usada como um titulo do projeto no Dartmounth
Summer Research on Artificial Intelligence.



Machine Learning € um conjunto de algoritmos que consiste em uma linha de acdo em
face de comando. Também considerado como sequencias de passos para realizar uma tarefa,
também ajudando a solucdo de problemas (algoritmos gerando respostas). Por exemplo,
alguns algoritmos (como os do Google) tem a fun¢do de mostrar resultados considerando uma
certa quantidade de informacdo prévia como dispositivo usado, horario, localizacdo, entre
outras informacdes.

Desde 1956 os algoritmos sofrem alteracdes e isso sempre vai acontecer, até para
melhorar a funcionalidade de acordo com a evolugdo tecnoldgica (maquinas, produgdes, entre
outras). Dentro do Machine Learning ha alguns tipos de aprendizados, supervisionado e o
ndo-supervisionado.

o Aprendizado supervisionado: quando falamos de aprendizado supervisionado
é quando se tem uma pergunta de negécio, como por exemplo “Qual a acdo de marketing
mais impacta nas vendas;”. Com base nesse questionamento identificaria as causa que
impactam na varidvel “vendas”. A aprendizagem supervisionada é dividida entre:

- Regressdao: método que busca encontrar a variavel que evolui em relacdo a outras,
esta entre os métodos mais comuns.

- Classificacdo: método que busca explicar a varidvel categérica, e ndo numéricas
como no casso da regressao.

o Aprendizado ndo-supervisionado: nesse caso € necessario que a propria
méaquina faca a exploracdo das informacdes localizando os resultados adequados para a
pesquisa, ndo existindo uma resposta especificada ser buscada e sim uma andlise que tem
resultado nas alternativas para sustentar uma determinada agdo. Podem alterar os resultados
conforme as variaveis consideradas.

- Clusterizacdo: uma técnica que permite divider automaticamente o conjunto de
dados em grupo de acordo com uma similaridade.

- Detccdo de anomalias: faz a descoberta automaticamente de pontos incomuns no
conjunto de dados, util para a identificagdo de transacoes fraldulentas, na descoberta de pecas
defeituosas de hardware e também na identificagdo de erro humano na entrada de informacéo.

- Mineracdo de associacdo: faz a identificacdo de um conjunto de itens que com
frequencia ocorre junto com seu conjunto de dados. Essa analise costuma a ser usada em
carrinhos de compras, analizam quais itens costumam ser comprados juntos, desenvolvendo a

estratégia mais eficaz de marketing e merchandising.



- Modelos de variantes latentes: usados no pré processamento de dados, reduzindo
numero de recursos em um conjunto de dados.

Em resumo, o aprendizado de méaquina ndo supervisionado descobre padrdes
desconhecidos por dados. Se é desconhecido ndo se sabe qual deve ser o resultado, tornando

mais aplicavel aos problemas do mundo real.

1.2 — Justificativa

Com a utilizacdo do Business Intelligence dentro da industria 4.0 houve melhorias em
suas producdes, ndo precisando interrompé-las por um tempo maior para fazer reparos, sendo
feita com previsdo facilitando saber qual peca necessitaria de troca sempre mantendo e
melhorando a vida util do equipamento e também levando em consideracdo o aumento do
lucro da empresa. A importancia dessa pesquisa exploratéria que é estudar os dados que a

base de dados te da para que consiga ter bons resultados em cima desses dados.

1.3 — Objetivos

Mostrar como funciona o Business Intelligence e o Machine Learning dentro da
manutencdo preditiva, técnicas a serem usados, softwares, linguagens de programacdo que
podem ser utilizadas e como escolhé-las e também mostrando como é uma manutencdo
preditiva sem o uso de Business Intelligence e com o uso de Bl. Implementando a inteligéncia
artificial prevendo falhas, evitando paradas de linha de fabricacdo reduzindo custos com a

manutencao.

1.4 — Delimitacéo

O foco deste trabalho sdo as industrias, sejam elas de pequeno, médio ou grande porte.
Hoje na inddstria 4.0 a parte de maior importancia é a manutencdo, com o investimento
correto a inddstria que utiliza o Bl em suas manuteng¢@es tem um aumento de produgdo maior
e conseqlientemente o aumento do lucro.

Business Intelligence, como falado anteriormente sdo um conjunto de técnicas, que

com sua formacdo é possivel fazer levantamentos financeiros, levantamentos de produtos
8



mais vendidos, qual o publico melhor para venda, localidade, previsGes para alguns anos

fazendo assim a melhor tomada de deciséo para seu crescimento.

1.5 — Metodologia

Através da nossa pesquisa exploratdria, colocando em préatica nosso conhecimento
adquirido dentro de sala de aula, acrescentando com as pesquisas feitas através de artigos que
foram compartilhados através do orientador, livros, entre outros trabalhos colocamos em
pratica as técnicas de Bl. O experimento foi feito inteiramente pelo autor com suporte do
orientador. A estratégia utilizada no trabalho foi procurar uma base de dados retirada de um
repositério de Machine Learning, onde os dados sdo perto da realidade da indUstria para que
possamos utilizar as técnicas de Bl baseadas em seus dados e explicando o porqué de cada
biblioteca, gréficos e mapas utilizados.

1.6 — Descricao

Este trabalho esta estruturado da seguinte forma:

No capitulo 2 sera falado sobre 0 embasamento tedrico, onde mostraremos através de
gréficos a importancia da manutencao preditiva, citacGes de autores

O capitulo 3 sera apresentado a parte pratica do nosso experimento desde o uso do
software até a inteligéncia artificial junto com as propostas tecnoldgicas falando um pouco
das técnicas que foram utilizadas

Por ultimo chegaremos a conclusdo e em trabalhos futuros para essa base de dados que

utilizamos no nosso estudo de caso.



CAPITULO 2

Embasamento Teodrico

Nesse capitulo falaremos um pouco sobre a manutencdo, a curva PF, a qual é
considerada a curva muito importante dentro das manutencdes e quando sabemos como
utiliz&-la seré bastante util podendo ser utilizada também na relacdo do custo e manutengédo. A
partir desse momento entendemos qual manutencédo vale mais a pena a ser implementada na
industria.

“A primeira revolucdo industrial durou 201 anos (1712-1913), cedendo lugar a
segunda revolugdo industrial, quando Henry Ford criou a linha de produgdo em massa,
fazendo a producdo empurrada, criando o conceito de producdo em escala, reduzindo custos e
popularizando o produto para que a massa trabalhadora pudesse adquiri-lo[...]Jentdo, a era da
automacdo, também conhecida como Terceira Revolucdo Industrial, com a implantacdo de
computadores no chdo da fabrica, controles eletrdnicos, sensores e dispositivos capazes de
gerenciar uma grande quantidade de variaveis de producdo, permitindo a tomada de decisdes
de controle de dispositivos de maneira autdbnoma.”(ALMEIDA; PAULO, 2019)

Desde o aparecimento da primeira maquina industrial a vapor na Inglaterra a partir da
segunda metade do séc XVIII a manutencdo era feita sempre quando uma peca quebrava.
Entdo era necessario parar a producdo para fazer a troca da mesma, feito isso a producao

retornaria a seus afazeres.
) Curva PF

Quando falamos de manutencéo, ndo devemos esquecer de falar sobre a curva PF. A
curva PF é uma representacdo grafica da vida atil do um equipamento, portanto se conhecer a
funcionalidade da curva PF também conhece a vida Gtil do equipamento e seus pontos de
falhas. A curva é chamada da seguinte maneira pelo ponto P significar performance e o

ponto F significar falha funcional.
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Figura 3 — Curva PF

-

Inicio da falha

P - Falha Potencial

F - Falha
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Tempo —
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Fonte: https://www.power-mi.com/node/43038

Conforme o tempo vai passando e o equipamento esta sendo utilizado, a performance
vai caindo e antes disso acontecer é quando a manutencao preditiva deve entrar em cena. O Bl
identifica a falha antes dela acontecer para que a manutencdo seja feita sem afetar a producéo
e para que a performance do equipamento continue com exceléncia. Conforme mostra no
gréafico abaixo, quanto mais se demora para fazer a manutengdo, maior € o custo do reparo da
maquina.

Figura 4 — Curva TxC
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Fonte: https://www.power-mi.com/node/43038
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No préximo grafico mostra que até o ponto P é onde consideramos que deve ser feita a
manutencdo preditiva. Em seguida, passando o ponto P até o ponto F € considerado a
manutencdo preventiva e a partir do ponto F para baixo, € a manutencdo corretiva. Chegando

no ponto final (falha funcional), & onde mostra a degradacdo da peca/maquina.

Figura 5 — Manutenc0es

o A
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S
o
@
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© Preditiva .
3 Preventivay, F - Falha
% Funcional
£
o) .
= rretiva
@
o =
Tempo P
Tempo P - F
Fonte: https://www.power-mi.com/node/43038
° Pareto

Pareto formou-se em matemaética, fisica e engenharia na Italia e foi responsavel pela
formulacéo da lei de distribuicdo de renda. Tentou mostrar que a renda e riqueza nao eram
distribuidas de maneira uniforme ao longo da evolugdo das sociedades, chamada Lei de
Pareto.

O diagrama de Pareto é uma ferramenta de qualidade importante dentro das empresas
identificando seus problemas. O diagrama de pareto é composto por graficos de barras que
ordena as frequéncias das ocorréncias ordenada de forma crescente, permitindo a localizacao
de problemas vitais e eliminacdo de futuras perdas. Também é conhecida como a ferramenta

80/20 , onde 80% séo seus resultados e 20% sao suas causas.
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Figura 6 — Diagrama de Pareto
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Fonte : https://support.minitab.com/

A terceira revolucdo industrial durou até 2010. Como se pode ver os intervalos vem
diminuindo, inaugurando uma nova era [...] maior protagonista é a internet que ja esta
consolidada como um grande canal de comunicagdo convergente de todas as tecnologias,
agora sendo colocado dentro da industria com seus conceitos adaptados a méaquinas e
equipamentos. (ALMEIDA; PAULO, 2019)

Volpato, Rufino e Dias (2014, p. 5) citam que:

Tao importante quanto gerar informacdo é a capacidade de processamento de dados
volumosos em alta velocidade. Isso se comprova pelo fato de que, nas Ultimas décadas,
presenciamos 0 desenvolvimento de supercomputadores que atendam essa necessidade:
guanto mais a tecnologia foi penetrando no meio social, mais informacdes as pessoas foram

gerando e consumindo.

2.1 — Fundamentos da Industria 4.0

Com a evolucdo tecnoldgica e a integracdo dos processos segundo o conceito da
Industria 4.0, os sistemas de producdo passaram a ficar cada vez mais inteligentes, capazes de
detectar o surgimento de necessidades produtivas, de suprimentos e de matéria-prima, o que
envolve a unido de tecnologias fisicas e digitais e a integracdo de todas as etapas do
desenvolvimento de um produto ou processo. Isso trouxe um impacto muito positivo,
traduzido em maior eficiéncia e produtividade. (ALMEIDA; PAULO, 2019)
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CAPITULO 3

Experimento e Propostas Tecnologicas

Durante esse capitulo sera apresentado as informacdes sobre o dataset escolhido para o
experimento, também abordando um pouco sobre cada biblioteca que foi usada durante toda a
nossa pratica até o aprendizado de maquinas.

A proposta deste trabalho é apresentar a implementacdo do Bl dentro da manutengéo
industrial. Mostrando como isso é possivel e quais técnicas foram utilizadas no processo.
Escolhemos usar um dataset que tivesse dados préximos a realidade que as inddstrias passam
para manutencdo preditiva, o dataset foi retirado do site para trabalhos académicos UCI
Machine Learning Repository. O link do dataset se encontra em “Referéncias Bibliograficas”
caso tenham interesse em estuda-lo ou até mesmo ver outros datasets.

Ha informacbGes que ndo sabemos como: tipo de maquina que estamos lidando,
producédo da maquina e data. As demais informac0es estabelecidas do dataset sao:

- O conjunto de dados consiste em 10.000 linhas de dados armazenados com 14
colunas.

- UID: identificador Unico variando de 1 a 10.000

- ID do produto: letras L (low 50% de todos os produtos), M (medium 30%) ou H
(high 20%) como variantes de qualidade do produto e um numero de série especifico da
variante

- Temperatura do ar [K]: gerado usando um processo de passeio aleatorio
posteriormente normalizado para um desvio padrdo de 2 K em torno de 300 K

- Temperatura do processo [K]: gerado usando um processo de passeio aleatério
normalizado para um desvio padrdo de 1 K, adicionado a temperatura do ar mais 10 K.

- Velocidade de rotacdo [rpm]: calculada a partir de uma poténcia de 2860 W,
sobreposta com um ruido normalmente distribuido

- Torque [Nm]: os valores de torque sdo normalmente distribuidos em torno de 40 Nm
com um If = 10 Nm e nenhum valor negativo.
- Desgaste da ferramenta [min]: As variantes de qualidade H/ M / L adicionam 5/3/2

minutos de desgaste da ferramenta a ferramenta usada no processo.
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O rotulo de ‘falha da maquina’ que indica se a maquina falhou neste ponto de dados
especifico para qualquer um dos seguintes modos de falha é verdadeiro.

A falha da maquina consiste em cinco modos de falha independentes

- Falha por desgaste da ferramenta (TWF): a ferramenta sera substituida ou falha em
um tempo de desgaste da ferramenta selecionado aleatoriamente entre 200 - 240 minutos (120
vezes em nosso conjunto de dados).

- Falha de dissipacdo de calor (HDF): a dissipacdo de calor causa uma falha de
processo, se a diferenga entre a temperatura do ar e do processo for inferior a 8,6 K e a
velocidade de rotacdo da ferramenta for inferior a 1380 rpm. Esse é o caso de 115 pontos de
dados.

- Falha de energia (PWF): o produto do torque e da velocidade de rotacdo (em rad/ s)
é igual a poténcia necessaria para 0 processo. Se esta poténcia estiver abaixo de 3500 W ou
acima de 9000 W, o processo falha, o que é o caso 95 vezes em nosso conjunto de dados.

- Falha de esforco excessivo (OSF): se o produto do desgaste da ferramenta e torque
exceder 11.000 minNm para a variante de produto L (12.000 M, 13.000 H), o processo falha
devido ao esforco excessivo. 1sso € verdade para 98 pontos de dados.

- Falhas aleatérias (RNF): cada processo tem uma chance de 0,1% de falhar
independentemente de seus parametros de processo. Este € o caso de apenas 5 pontos de
dados, menos do que poderia ser esperado para 10.000 pontos de dados em nosso conjunto de
dados.

Para esse trabalho foi utilizado o software Anaconda, podendo utilizar a linguagem
Python ou linguagem R, sendo a plataforma de cddigo aberto mais popular para ciéncia de
dados Python. Dentro do software hd pacotes para serem instalados e gerenciados com
facilidade conforme sua necessidade, nesse caso instalamos o Jupyter Notebook onde ele ja
vem com Python.

Importante ressaltar que ha outros softwares que podem ser utilizados, como por
exemplo o Google Colab, como também héa outras linguagens de programacao que possam ser
utilizadas como linguagem R, Julia, Java, entre outras. O link do colab encontra-se dentro de
“Referéncias Bibliograficas” caso tenham interesse de ver o desenvolvimento do trabalho.

A seguir serd mostrado o passo a passo do trabalho:

15



Passo 1 :
Iniciamos instalando trés bibliotecas: matplotlib, seaborn e scikit-learn.

Figura 7 — Instalagéo das bibliotecas iniciais

In [1]: | 'pip install matplotlib
'pip install seaborn
'pip install scikit-learn

Fonte: Proprio autor

Foram utilizadas as bibliotecas acima por causa da sua funcionalidade:
Matplotlib — biblioteca para cria¢do de graficos
Seaborn — biblioteca de visualizacdo de dados baseada no matplotlib, porém com graficos
mais sofisticados.
Scikit-learn — biblioteca para Inteligéncia Artificial

Instalado, receberd mensagens de instalagdo e depois retornando que a instalacao esta
completa. Em seguida precisamos fazer com que o Jupyter Notebook leia 0 nosso arquivo em

formato é .csv.

Passo 2 :

Figura 8 — Lendo o arquivo csv

In [2]: import pandas as pd
dados = pd.read csv("aidi2@2e.csv")
display(dados)

Fonte: Préprio autor

Para que nosso arquivo possa ser lido, precisaremos importar a biblioteca pandas. O
Pandas € uma biblioteca de manipulacdo, leitura e visualizacdo de dados. Nesse caso
usaremos para leitura. Utilizamos o “display” por usarmos um DataFrame (df) onde foi

substituido para o nome de “dados”.

16



O resultado disso é:

Tabela 1 — Resultado do DataFrame

uDI Produlclz:; Type Air tem peratl; II;? temperaﬁ{l?:e[fé Rotational 5[%35% To [rl"i rL:'(-; Tool m; M?:RL'T: TWE HDE PWE OSE RNF

0 1 14860 M 2981 308.6 1551 428 0 0 0 0 0 0 0

1 2 L47181 L 2082 308.7 1408 453 3 0 0 0 0 0 0

2 3 L47182 L 208.1 3085 1498 49.4 5 0 0 0 0 0 0

3 4 L47183 L 298.2 308.6 1433 395 T 0 1] 1] 0 1] Q

4 5 L47184 L 208.2 308.7 1408 40.0 g 0 0 0 0 0 0
9995 9996 24855 M 298.8 308.4 1604 295 14 0 0 1] 0 0 0
9996 9997 H39410 H 298.9 308.4 1632 318 17 ] 0 1] 0 0 1]
9997 9998  M24857 M 209.0 308.6 1645 334 22 0 0 0 0 0 0
9998 9999 H39412 H 209.0 308.7 1408 485 25 0 0 0 0 0 0
9999 10000 24859 M 299.0 308.7 1500 40.2 30 0 0 0 0 0 1]

Fonte: Proprio autor

Observamos que nosso DataFrame tem 10.000 linhas e 14 colunas, para ter certeza se

esta tudo correto usamos o print(dados.info()) onde o0 programa entende que queremos

imprimir toda a informagéo do meu arquivo “dados”.

Passo 3 :

In [

Figura 9 — Imprimindo informagdes do DataFrame

print({dados.info())

<class "pandas.core.frame.DataFrame’>

RangeIndex: 18888 =ntries, @ to 9959

Data columns (total 14 columns):
Mon-Null Count

#

KQOO"-JO'\U"-BUJI\JI-‘@:

=
==

11
12
13

Column

uDI

Product ID

Type

Air temperature [K]
Process temperature [K]
Rotational speed [rpm]
Torque [Mm]

Tool wear [min]
Machine failure

THF

HDF

PWF

OSF

RMNF

18886
1aaeo
1aaeo
18286
18886
1aaeo
1aaeo
18286
18886
1oaee
1aaeo
18286
18886
18886

non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null

dtypes: floaté4(3), intée4(9), object(2)
memory usage: 1.1+ MB
None

Fonte: Proprio autor

floated
intsd
floated
inted
intad
intad
intsd
inted
intad
intad

17



Passo 4 :
Esse inicio é importante para sabermos como iremos tratar os dados, se tivesse alguma

linha faltando informacédo, precisariamos trata-las. Por opcao do autor, foi decidido renomear

as colunas (dados.rename(columns={...).

Figura 10 — Renomeando as colunas do DataFrame

In [5]: |dados.rename({columns={'Product ID':'ID do Produte', 'Type':'Tipo', 'Air temperature [K]':'Temperatura ambiente [K]'
'Process temperature [K]':'Temperatura do processo [K]',
'Rotational speed [rpm]’:’Vvelocidade rotacional [rpm]’.

'Tool wear [min]' : 'Desgaste da ferramenta [min]', 'Machine failure' : 'Falha técnica'}, inplace=True)
dados
Out[5]:
IDdo Temperatura Temperatura do Velocidade Torque Desgaste da Falha
UDl progute PO ambiente [K] processo[K]  rotacional pm]  [Nm]  ferramenta [min]  técnica ' HDF PWF OSF RNF
0 1 M14560 M 2981 308.6 1551 428 0 0 0 0 o 0 ]
1 2 L47181 L 298.2 3087 1408 46.3 3 0 0 0 ] 0 0
. A H
Fonte: Proprio autor
Passo 5 :

Iniciando trabalho com gréficos:

Figura 11 — Importando outras bibliotecas

In [&]: import seaborn as sns
import matplotlib.pyplot as plt

sns.pairplot(dados)
plt.show()

Fonte: Proprio autor
Nesse momento importamos o sns e o plt. Ou seja, criamos graficos com o seaborn e

mostramos o grafico com matplotlib. O pairplot do sns cria diferentes graficos onde ocorre a

correlagéo dentro da tabela.
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Resultando em :

-
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Figura 12 — Correlagéo existentes na tabela
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O proximo grafico que fizemos da biblioteca sns é o displot.

distribuicdo, onde a cor mais forte é onde eles se relacionam mais.

Passo 6 :

In [25]:

Out[25]:

Desgaste da ferramenta [min]

250 4

=]
=

&
=

s
=

=

cmap =

Figura 13 — Gréfico de distribuicdo

)

i

Fonte: Proprio autor

<seaborn.axisgrid.FacetGrid at @x1d574e9d348>

T
1250

T
1500

T
1750

T
2000

T T
2250 2500

Velecidade rotacional [rpm]

Fonte: Proprio autor

T
2750

sns.displot(dados, x="Velocidade rotacicnal [rpm]”,y="Desgaste da ferramenta [min]",
‘flare’

Um grafico de
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A correlacdo é vista da melhor maneira através do mapa de calor, conhecido também
como heatmap. A correlacdo € vista quando o mapa de calor mostra a correlacdo dentro da
tabela, sua correlacdo é forte quando for perto de 1,0 ou 1,0.

Passo 7 :

Figura 14 — Gréfico de calor

In [24]: sns.heatmap{dados.corr() , cmap ='flare")

display()
4
100
ln]]
TEmperatura ambiente [K] 075
TEmperatura do processo [K]
Velocidade rotacional [rpm] 030
Trque [Nm] 025
Desgaste da ferramenta [min]
Falha técnica 000
TWF
-0.25
HDF
PWF —-0.50
O5F
RNF --0.75

TWF
HDF
PWF
O5F
RMNF

Torgue [Nm]

Falha técnica

)
=
1
=
[=
2
=
£
m
m
s
=
=
&
o
o
&

TEmperatura do processo [K]
Velocidade rotacional [rpm]

Desgaste da ferramenta [min]

Fonte: Proprio autor

Fizemos um gréfico de sementes aleatdrias, conhecido como randon.seed (0)
declarando nprand para que ndo tenha modificagdo em nosso dataset. Utilizamos O (zero)

tornando os numeros aleatdrios previsiveis.
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Passo 8 :

Figura 15 — Grafico random seed

In [2]: import numpy as np; np.random.seed(&)
import seaborn as sns; sns.set theme()
nprand = np.random.rand(8,8)
ax = sns.heatmap({nprand)

=
- - 08
[}

06
[3r]
=

04
[T=]
w 0z

0 1 2 3 4 I G 7

Fonte: Préprio autor

Agora partimos para a inteligéncia artificial, onde utilizaremos o numpy para informar
as variaveis. O y é o dado que eu quero prever e escolhemos prever através da Falha Técnica,
e 0 X escolhemos utilizar a HDF (falha de dissipacdo de calor) e OSF (falha de esforgo
excessivo). Em seguida separaremos os dados de treino e teste e a biblioteca a ser utilizada é o
sklern. A ordem sempre sera x_treino, X_teste, y_treino, y_teste, caso for trocada uma ordem
dara erro no processo.

Quando houver treino e teste existe um padrédo, dentro do train_test_split usa 30% dos
dados para fazer o teste e o restante dos dados (70%) é utilizado para treino, isso pode ser
modificado, mas nesse caso nao ha necessidade.

Escolhemos testar a treinar a regressao linear e arvore de decisdo, importamos
LinearRegression e RandomForestRegressor. O proximo passo € criar a inteligéncia, entdo
chamamos o modelo_regressaolinear e modelo_arvoredecisao para criarmos o0 treinamento
com o modelo_regressalinear.fit(x_treino, y_treino). O resultado retorna com a técnica que

melhor se encaixa, sendo nesse caso sendo RandomForestRegressor.
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Passo 9 :

Figura 16 — Organizagéao dos dados para treino e teste

In [25]: import numpy as np

dados ["Falha técnica"]
dados [["HDF","0SF"]]

y
X

#separar os dados de treino e teste

from sklesarn.model selection import train test split
¥_treino, x_teste, y_treino, y_teste = train_test_split
(%, y, test size=06.3)

#regressao Linear e arvore de decisdo
from sklearn.linear model import LinearRegression
from sklearn.ensemble import RandomForestRegressor

#cria a inteligencia

modelo regressaclinear = LinearRegression()
modelo arvoredecisac = RandomForestRegressor()

#treina a inteligencia
modelo regressaclinear.fit{x treino, y treino)
modelo_arvoredecisao.fit(x_treino, y_treino)

Out[25]: RandomForestRegressor()

Fonte: Proprio autor

Em seguida importamos r2_score da biblioteca sklearn para determinar a pontuacao de

regressdo, a melhor pontuacéo possivel € 1,0 ou préximo.
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Passo 10 :
Figura 17 - Resultados

In [26]: from sklzarn.metrics import r2_score

#cria as previsdes
previsac _regressaclinear = modelo regressaclinear.predict(x teste)
previsac_arvoredecisac=modelo arvoredecisao.predict(x teste)

#compara com o gabarito

print(r2 score(y teste, previsaoc regressaclinear))
print(r2 score(y teste, previsao arvoredecisao))

2.5618678663928408446
@.6218796356871233

Fonte: Proprio autor

Conforme mencionado no primeiro capitulo, um dos desafios das industrias é
implementar o uso do Bl dentro delas, isso envolve custos, equipe especializada e
equipamentos corretos. E o desafio que se encontra dentro do Bl é saber tratar os dados de
forma correta sem saber qual técnica pode ser usada para cada situacdo. Pode-se dizer que

alguns momentos sdo feitos tentativa e erro com as técnicas mais provaveis de dar certo.
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CAPITULO 4

Conclusao e Trabalhos Futuros

O presente estudo de caso em que foi trabalhado propds a analise de possiveis falhas
existentes na manutencao industrial dos métodos de Bl dentro da industria 4.0 com o objetivo
de solucionar problema antes das tais ocorréncias, ndo colocando em risco os procedimentos
produtivos e financeiros.

Conforme apontados durante o estudo, os métodos empregados estdo voltados a
aplicacdo de conceitos referentes a sistemas de gestdo e qualidade em manutencdo preditiva,
engenharia e sustentabilidade.

O método pesquisado deixou caminho para trabalhos futuros para aperfeicoar o
resultado final dataset. Nesse sentido € valido destacar os experimentos pertinentes aos
estudos realizados pela analise computacional neste estudo de caso, aplicado na manutencédo
preditiva em BI.

A anélise do nosso estudo de caso permitiu concluir que nosso objetivo foi concluido
ao perceber que foi possivel aplicar as técnicas de Bl nesse estudo, antes de uma parada
parcial do equipamento. Um novo modelo de industria surge com o aprimoramento da
manutencdo preditiva através das aplicacbes computacionais, solucionando problemas
preditivos.
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H.P.Luhn

A Business Intelligence System

Abstract: An automatic system is being developed to disseminate infermation to the various sections of any

industrial, scientific or government organization. This intelligence system will utilize data-processing

machines for aufo-abstracting and auto-encoding of documents and for creating interest profiles for each

of the ““action peints” in an organization, Both incoming and internally generated documents are automati-

cally abstracted, characterized by a word paitern, and sent automatically to appropriate action peints. This

peper shows the flexibility of such a system in identifying known information, in finding who needs to know

it and in disseminating it efficiently either in abstract ferm or as a complete document.

Introduction

Edfficient communication is a key to progress in all fields
of human endeavor, It has become evident in recent years
that present communication methods are totally inade-
quate for future requirements. Information is now being
generated and utilized at an ever-increasing rate becuuse
of the accelerated pace and scope of human activities and
the steady rise in the average level of education. At the
same time the growth of organizations and increased spe-
cialization and divisionalization have created new barriers
to the flow of information. There is also a growing need
for more prompt decisions at levels of responsibility far
below those customary in the past. Undoubtedly the most
formidable communications problem is the sheer bulk of
information that has to be dealt with. In view of the
present growth trends, automation appears to offer the
most efficient methods for retrieval and dissemination of
this information.

During the past decade significant progress has been
madec in applying machines to the processes of informa-
tion retrieval, Automatic dissemination has so far been
given little consideration; however, unless substantial por-
tions of human effort in this area can be replaced by
automatic operations, no significant over-all improvenient
will be achicved. Even the information retrieval pro-
cesses mechanized so far still require appreciable human
effort to organize the information before it is entered into
machines.

It is believed that techniques now being developed will
greatly contribute to the solution of the problem by ex-
tending automatic processes to the preparatory phases of
mechanical information-retrieval systems, to the area of
dissemination and to associated functions. Ideally, an
automatic system is needed which can accept information
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in its original {orm, disseminate the data promptly to the
proper piaces and furnish information on demand.

The techniques proposed here to make these things pos-
sible are:

1. Auto-abstracting of documents;
2. Auto-encoding ol documents;

3. Automatic creation and updating of action-poini
profiles.

All of these techniques are based on statistical proce-
dures which can be performed on present-day data proc-
essing machines. Together with proper communicalion
facilities and input-output equipment a comprehensive
system may he assembled to accommodate all information
problems of an organization. We cull this a Business fntel-
ligence System.

Objectives and principles

Before the system operation is described, the term Bue-
iness Intelligence System should be defined and the objec-
lives and principles stated.

In this paper, business is a collection of activities car-
ricd on for whatever purpose, be it science, technology,
commerce, industry, law, government, defense, et cetera.
The communication facility serving the conduct of a bus-
iness (in the broad sense) may be referred to us an infel-
ligence system. The notion of intelligence is also defined
here, in a more general sense, as “the ahility to apprehend
the interrelationships of presented facts in such a way as
to guide action towards a desired goal.”™!

The term document is used to designate a block of
information confined physically in a medium such as a
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letter, report, paper or book. The term may also include
the medium itself.

The objective of the system is 1o supply suitable infor-
mation lo support specific activities carried out by indi-
viduals, groups, departments, divisions, or even larger
units. These are the action painis previously refcrred to,
"To this end the system concerns itself with the admission
or acqujsition of new information, its dissemination, stor-
age, retricval and transmittal to the action points it serves.

More particularly the object of the system is to perform
these functions speedily and efficiently, taking advanlage
of novel procedures which uiilize the inhercnt capabilitics
of clectronic devices.

One of the most erucial problems in communication is
that of channeling a given item of information to those
who need to know it. Present methods of accomplishing
this are inadequate and the general practice is to dissem-
inate information rather broadly to be on the safe side.
Since this method tends to swamp the recipients with
paper, the probability of not communicating at all be-
comes great. The Business Intelligence Systcm' provides
means for selective dissemination to each of its action
points in accordance with their current requirements or
desires. This is accomplished by the mechanical creation
of profiles reflecting the sphere of interest of each point
and by updating thesc profiles as dictated by changes in
the attitude of the respective action points and as re-
corded by the system on the basis of certain transactions.

Another problem in communication is to discover the
person or section within an organization whose intercsts
or activities coincide most closely with a given situation.
Presently, the difficulty of finding such relationships often
results in improper decisions, wrong actions, inaction, or
duplication. An objective of the Business Intelligence
System is to identify related interests by usc of profiles of
aclion points,

The problem of discovering information which has a
bearing on a given situation has probably received the
most attention in recent years, and vartous mechanical
systems have been developed and put into operation. This
phase of communication is commonly referred to as infor-
mation retrieval or, more broadly, as the library problem.
Information retrieval is necessarily a major function of
the Business Intelligence System. Means are provided not
only to integrate this function with the rest of the system
but also to produce additional useful functions, as will be
described later.

The achicvement of these objectives is governed by
principles essential to effective service and convenience of
the user. Some of these are listed below:

. Information admitted to the system includes communi-
cations, addressed to action points individually, which

contain information of potential intercst to other action

points.

2. New information which is pertinent or uscful to cer-
tain action points is selectively disseminated to such

points without dclay. A function of the system is to pre-

sent this information to the action point in such a manncr

that its existence will be readily recognized,
3. Transmittal of information either as a result of dis-
semination or of retrieval is to be guided by pro-
gressive stages of acceptance by an action point. This
procedure saves the recipient’s time by reducing the
amount of material to be transmitted and eliminating the
non-pertinent matevial.
4. The system is to provide means for quickly discovering
similarity of interests and activities that might exist
amongst action points 50 that subjects and problems of
common concern may be discussed and advanced through
direct interchange of ideas between such points, if so
desired.
5. The system is nol to impose conditions on its user
which require special training to obtain its scrvices.
Instcad the system is to be operated by experienced
library workers. Thus, in the case of an inquiry, the user
will be required only to ¢all the librarian, who will accept
the query and will ask for any amplification which, n
accordance with his experience, will be most helpiul in
securing the desired information.
6. Similarly, information lingering at an action peint but
of potential value to other action points is mobilized
for efficient communication through inquiries of skilled
reporters.

Description of the Business Intelligence System

The following description is given in rather general terns,
and references to any specific type of business huve been
substantially avoided. Furthermore, the fact that certain
devices are being reterved to as implemcntation of the
system, should not be interpreted as implying a specific
size of the operation.

The description is given in accordance with main func-
tional scctions of the system, cach illustrated by the dia-
gram. Qur assembly of these functional sections into a
complete system is shown in Fig. 1.

Document input

Each document entering the system shown in Fig. 1 is
assigned a serial number and is photographically repro-
duced on somc medium such as microfilm. In thosc cases
where the document has been addressed specifically to an
action point, the original is promptly transmitted to the
addressee, In all other cases the original is stored in a file
for a reasonably short time and thereafter destroyed, un-
less there are reasons tor preserving it for longer periods.

The microfilm copy of the document is transcribed onto
magnetic tape by a humaun transcriber or a print-reading
device. In those cases where the original document is
available in machine-readable form, the (ranscription is
done mechanically. The document is now available both
as 4 microfilm copy and a magnectic tape record.

The microfilm copy is then recopied cnte the storage
medium of a document microcopy storage device. The
microfilm record is stored elsewhere to constitute a micro-
film master file which may serve to regenerate rccords in
cascs of emergency.

315

IBM JOURNAL * OCTOBER 1958

28



316

The magnetic tape record is now introduced into the
auto-abstracting and encoding device, This device subniits
the document to a statistical analysis based on the physi-
cal properties of the (ext, and daga are derived on word
frequency and distribution. From these data the device
then selects certain sentences of the document to produce
an auto-abstract.” This is printed out, fogether with the
title, author, and document serial number, This printout
is photographically transferred onto the storage medium
of the auto-abstract microcopy storage device.

The process of creating uuto-abstracts consists of ascer-
taining the frequency of word occurrences in a document.
A predetermined portion of the words of highest fre-
quency is then given the status of significant words and
an analysis is made of all the sentences in the text contain-
ing such words. A relative value of sentence significance is
then established by a formula which reflects the number
of significant words contained in a sentcnce and the prox-
imity of these words to each other within this sentence.
Several sentences which rank highest in value of signifi-
cance are then extracted from the text to constitute the
auto-abstract.

As s00n as the auto-abstract has been created, the sta-
tistical data are further processcd to derive an information
pattern which characterizes the document. This proccss
of encoding constitutes a further abstraction and involves
procedures such as the categorization of words by means
of a thesaurus.?

Useful patterns may be derived by listing a given por-
tion of the words of highest frequency together with a
selection of specific words. The interrelationship of words
may also be indicated and certain frequently occurring
combinations of words may be noted. Because of varia-
tion of word usage amongst authors the normalization of
such words becomes an important function of encoding,.
Index Iookup in a thesaurus-like dictionary will replace
words, including those of foreign languages, by a notional
family designation, The selection of specific words may
also be accomplished by index lookup.

The document pattern derived by the above process is
then transferrcd into a special pattern-storage device
together with the title, author, and document serial num-
ber. This information is stored in coded form on a
medium that may be subjected to serial scanning. As an
alternative the resulling pattcrn may be rearranged and
be distributed over a storage array to permit random
access according to characteristics.

The tape or film transcript of the document may be
stored in a library for reference if it later becomes neces-
sary to change the method or scope of encoding.

Action-point profiles

As indicated earlier, one of the basic requirements of the
systern is the ability to recognize by mechanical means
the sphere of interest and the type of activities that char-
acterize each of the action points the system is to scrve,
This is accomplished by means of an information pattern
similar to that of the documents,
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Initially, the creation of these action-point profiles is
best accomplished by having cach action point create a
document describing the various aspects of its activities
and enumerating the types of information needed. Such
documents ure then introduced at the input of the system
and arc identified by action-point designation. The ma-
chine-readable transcripts of these documents are then
described in connection with the document input. The
resulting patterns are then stored in the Pattern Storage
area in a special profile-storuge device. Alse stored, with
each of these profile patterns, is the datc of entry.

Selective dissemination of new information

Based on the document-input operation and the creation
of profiles, the system is ready to perform the service
function of selective dissemination of new information.

As soon as a new document has been entered into the
system and its pattern developed, this pattern is set up in
a comparison device which has access to all of the action-
point profiles. The comparisons are carried out on the
busis of degree of similarity, expressed in terms of a frac-
tion, for each of the profile patterns. This fraction is sub-
ject to change as time goes on, depending upon conditions
to be explained later.

Whenever a profile agrees to a given extent with a given
document pattern, the serial number, title, and author of
the atfected document, together with the action-point pro-
file designation, are transferred and stored in a monitoring
device. This procedure is repeated for any subsequent
similar occasion. The monitor is substantially a random-
access storage device and has the functional capabilities
of performing inventory operations, In this capacity it will
transmit the scrial number, title and author of the docu-
ment in question to the desk printer at the selected action
point and keep a record of this transaction.

Of the various ways in which such an announcement
may be transmitted to the affected action points, the most
effective one is by means of a printing device at cach
action-point location. An objective of the system is to
command attention of the recipient. The use of individ-
ual printing devices is more effective than are centrally
located devices scrving several action points.

Selective acceptance of disseminated information

The dissemination of information so far has consisted in
furnishing the action point with the scrial number, title,
and author of documents selected for it. This selection,
however, is considered to be a provisional onc, and the
system withholds any further information if the action
point can determine, on the basis of information given so
fur, that certain of the selected subjects are not of suffi~
cient interest. If an announcement is of interest, and more
detailed information on the subject is desired, the system
will produce such information on demand. This step is
initiated when the action peoint connects itself by tele-
phone to the monitor and dials the serial numbers of the
documents affected. Upon receipt of this message the
monitor will relay an instruction to the microcopy storage
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device to produce photoprints of the auto-abstracts of
these documents and to mark them with the action-point
designation. The auto-abstracts are then transmitted to
the action point either in the form of a paper copy or by
speedicr means, such as Telefax or TV display.

The action point may now perusc the abstracts to de-
termine which of the documents are desired in their
entirety. These decisions arc then cntered into the system
in the form of acceptances. An acceptance is made at an
action point by dialing the document number, prefixed
by u code symbol, whereupon the monitor will instruct
the microcopy storage device to produce a photocopy of
the complete document, properly marked with the action-
point designation. These photocopies are then delivered
to the action point.

The monitor will record the incidence of acceptance by
modilying the affected records contained in its storage.
At the same time the monitor will also instruct the auto-
encading device to transier copies of the code patterns of
the affected documents to the profile section of pattern
storage, together with the identification of the action point
involved and the date of transferral.

As a result of these operations the profile of a given
action point has been updated to reflect interest in a car-
rently communicated subject. As tiie goes on there is the
probability that an increasing number of new documents
will be announced to an action point because of possible
shift of interests. In order (0 avoid such cumulative
effects, the system is so urranged that the response to past
interests is gradually relaxed. This relaxation is related to
the date affixed to each new pattern that is superimposed
on an action point’s profile. Depending on the age of each
of these patterns, an adjustment is made on the fraction
of similarity that must be met in the comparison process
of new documents. The older the profile pattern, the
closer an agreement is needed for selection for dissemina-
tion, and consequently the fewer documents are selected.
On the other hand those documents selected are more
closely rclated to the original subject.

Information retrieval

This phase of the system concerns itself with the retrieval
of those stored documents which might be relevant to a
topie under consideration by un action peint, The infor-
mation to be discovered may vary widely and may consist
of anything ranging from factual data lo an extensive
bibliography on a broad subject. Under the supervision
of an experienced librarian the process of information
retrieval is performed in the following way.

An action point telephones the librarian and states the
information wanted. The librarian will then interpret the
inquiry and will solicit sufficient background information
from the action point in order to provide a decument
similar in format to that of documents normally entering
the system. This query document is transmitted to the
auto-encoding device in machinc-readable form. An in-
formation pattern is then derived from the query document
in a manner similar to that used for normal documents.

IBM JOURNAL * OCTOBER 1958

The resulting query pattern, together with a serial mum-
ber and designation of the originating action point, is then
sent to the queries section of the pattern-storuge device.
Subscquently, a copy of this query pattern is set up in the
comparison device and-is compared with all of the docu-
ment patterns stored in the document-pattern storage
device. This operation is similar to the one described in
connection with selective dissemination. In the present
case, the query pattern replaces the profile pattern.

Whenever similar patterns are detected by this means,
the document designation is transmitted to the monitor,
where 1t is regisicred and then announced to the action
peint.

Although the service of a librarian is considered a con-
venience to the action point, in certain cases, means may
be provided at the action-point location to permit direct
access ta the system. This would be justified where many
of the inquiries concern lookup-type retrievul of data-

When an action point desires information relative to a
given document, the number of the document at hand
would be dialed and instructions for search given to the
monitor. Thereupon the monitor would select the corre-
sponding pattern from document-pattern storage and pro-
vide instruction for use as a query pattern in the ensuing
comparison operation,

Selective acceptance of retrieved information

The considerations which prompted the step-by-step ac-
ceptance of documents in the dissemination process are
also applied to information retrieval. The processes cm-
ploved, therefore, are identical.

‘The function of information retrieval, howcever, differs -
from that of dissemination in that the choice is not that of
accepting or rejecting one document, but rather a selec-
tion of one or several from a special group of potentially
rclevant documents. Although in some cases a first search
may have produced satisfactory refercnces, in other cases
the material produced may not be satisfactory. The action
point must then relay this fact to the librarian and dis-
cuss with him how the searching procedurc or the query
should be modified so as to improve the prohabhility of
getting relevant material.

in those cascs where pertinent information has been
discovered, the acceptance of the complete documents of
such information will cause the updating of the action-
point profile, as was the case in dissemination. The query
pattern will be impressed on the profile us a matter of
course, whether or not the inquiry has been satisfied, so
thut new documents relevant to the subject of the inquiry
will be made known subsequcntly.

Detection of an action point having
given chatracteristics

In the process of transacting business it is often desired to
determine who concerns himself with a given subject. The
usual type of question asked is: “Who does or knows a
certain thing?’ A function of the Business Intelligence
System is to answer questions of this type.
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The manner in which this function is performed by the
system is similar to the information retrieval progedure.
However, instead of simulating a document pattern, a
profile pattern is developed which represents most closcly
the characteristics of an action point sought. This syn-
thetic profile is then compared with those in the profile
storage and when a given degree of similarity is discov-
ered, the identification of the affected action point is
transferred to the monitor, together with the identification
of the inquirer point. Thercafler the identities arc an-
nounced by the tape-printing device at the inquiring
alction point so that personal contacts may be made,

Document cutput

The functions described so far have concerned themselves
with decuments admitted or acquired by the system from
the outside. The document-output phase deals with n-
ternally generated documents. This type of document is
essentially the product of action points and may be ad-
dressed to other action points within the organization
or to cgxternal points, An objective of the system is to
facilitatc selective dissemination and retrieval of such
documents in substantially the same way as for outside
documents.

When a document has been created at an action point,
4 copy is produced, preferably in machinable form. This
copy is then dispatched for processing to the input point
of the system and the original is sent to the addressee.

Since this type of document is an indication of the
interest of the originating action point, the information
pattern derived by the auto-cncoding process is not only
stored in document-pattern storage but also is impressed
on the profile of its originator, thereby updating it.

In the dissemination process this internally created
document is announced to other aclion points in the same
fashion as were outside documents.

Miscellaneous functions of the system

The comprehensive system Jor the various {unctions so
far described is illustrated by Fig. 1. A pumber of addi-
tional useful functions which may be derived from the
systcm are briefly described here.

It mipght be desirable to check each new document
for duplication by comparing it with all of the documents
in storage. Similarly a list of related documents may
be prepared to serve as references applying to a new
document.

When retrieving information it might be found advan-
tagcous to compare a query first with all the queries
stored, in order to discover whether similar queries have
been submitted in the past. If a list of the documents
retrieved is available, the process of retrieval may be
greatly simplified. This method may also be used to bring
together the respective inquirers to furnish an opportun-
ity to discuss the problems which apparently brought
about similar inquiries. Periodic analysis of the profifes
may also furnish valuable information on trends and pos-
sible overlapping of activities or interests.

Since a history of the usage of the system is stored in
the monitor, an analysis of its records will disclose the
eflicicney of system operation. The findings may serve {o
adjust the system for optimum efficiency.

There are many details which might have to be pro-
vided to adjust the gencral form of the system to specific
applications. One such requirement might be classifica-
tion, by an editor, of documents with regard to security,
proprietary interests and proper utilization of information.

A plurality of systems may be organized in hierarchical
fashion, in which a first system would serve a number of
more specialized systems. In this case the specialized sys-
tem would each assume the role of an action point in the
mother system.

It also appears quite feasible to share the system equip-
ment among a number of organizations,

Prospects for establishing a
Business Intelligence System

The system described here employs rather advanced de-
sign techniques and the question arises as to how far away
such systems may be from realization, It may therefore
be of interest to review the state of system and machine
development.

The availability of documents in machine-readable
form is a basic requirement of the system. Typewriters
with paper-tape punching attachments are already used
extensively in information processing and communication
operations. Their use as standard equipment in the future
would provide machine-readabie records of new informa-
tion, The transcription of ¢ld records would pose a prob-
lem, since in most cases jt would be uneconomical to
perform this job by hand. The mcchanization of this
operation will therefore have to wait until print-reading
devices have been perfected.

The type of equipment required for processing infor-
mation in accordance with the system is presently avail-
able as far 4y the functions are concerned. It is safe to
assume that special equipment will eventually be required
to optimize the operation.

The auto-abstracting and auto-encoding systems are in
their carly stage of development and a great deal of re-
search has yet to be done to perfect them. Perhaps the
techniques which ultimately find greatest use will bear
little resemblance to those now visualized, but some form
of automation will ullimately provide an effcctive answer
to business intelligence problems.
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We propose that a 2 month, 10 man study of artificial intelligence be carried out during the
summer of 1956 at Dartmouth College in Hanover, New Hampshire. The study is to proceed on
the basis of the conjecture that every aspect of learning or any other feature of intelligence can in
principle be so precisely described that a machine can be made to simulate it. An attempt will be
made to find how to make machines use language, form abstractions and concepts, solve kinds of
problems now reserved for humans, and improve themselves. We think that a significant advance
can be made in one or more of these problems if a carefully selected group of scientists work on it
together for a summer.

The following are some aspects of the artificial intelligence problem:

1 Automatic Computers

If a machine can do a job, then an automatic calculator can be programmed to simulate the
machine. The speeds and memory capacities of present computers may be insufficient to simulate
many of the higher functions of the human brain, but the major obstacle is not lack of machine
capacity, but our inability to write programs taking full advantage of what we have.

2. How Can a Computer be Programmed to Use a Language

It may be speculated that a large part of human thought consists of manipulating words accord-
ing to rules of reasoning and rules of conjecture. From this point of view, forming a generalization
consists of admitting a new word and some rules whereby sentences containing it imply and are
implied by others. This idea has never been very precisely formulated nor have examples been
worked out.

3. Neuron Nets

How can a set of (hypothetical) neurons be arranged so as to form concepts. Considerable
theoretical and experimental work has been done on this problem by Uttley, Rashevsky and his
group, Farley and Clark, Pitts and McCulloch, Minsky, Rochester and Holland, and others. Partial
results have been obtained but the problem needs more theoretical work.

4. Theory of the Size of a Calculation

If we are given a well-defined problem (one for which it is possible to test mechanically whether
or not a proposed answer is a valid answer) one way of solving it is to try all possible answers in
order. This method is inefficient, and to exclude it one must have some criterion for efficiency of
calculation. Some consideration will show that to get a measure of the efficiency of a calculation
it is necessary to have on hand a method of measuring the complexity of calculating devices which
in turn can be done if one has a theory of the complexity of functions. Some partial results on this
problem have been obtained by Shannon, and also by McCarthy.

5. Self-lmprovement

Probably a truly intelligent machine will carry out activities which may best be described as
self-improvement. Some schemes for doing this have been proposed and are worth further study.
It seems likely that this question can be studied abstractly as well.

6. Abstractions

A number of types of “abstraction” can be distinctly defined and several others less distinctly.
A direct attempt to classify these and to describe machine methods of forming abstractions from
sensory and other data would seem worthwhile.

7. Randomness and Creativity

A fairly attractive and yet clearly incomplete conjecture is that the difference between creative
thinking and unimaginative competent thinking lies in the injection of a some randommness. The
randomness must be guided by intuition to be efficient. In other words, the educated guess or the
hunch include controlled randomness in otherwise orderly thinking.

2
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In addition to the above collectively formulated problems for study, we have asked the indi-
viduals taking part to describe what they will work on. Statements by the four originators of the
project are attached.

We propose to organize the work of the group as follows.

Potential participants will be sent copies of this proposal and asked if they would like to work
on the artificial intelligence problem in the group and if so what they would like to work on. The
invitations will be made by the organizing committee on the basis of its estimate of the individual’s
potential contribution to the work of the group. The members will circulate their previous work
and their ideas for the problems to be attacked during the months preceding the working period of
the group.

During the meeting there will be regular research seminars and opportunity for the members
to work individually and in informal small groups.

The originators of this proposal are:

1. C. E. Shannon, Mathematician, Bell Telephone Laboratories. Shannon developed the
statistical theory of information, the application of propositional calculus to switching circuits,
and has results on the efficient synthesis of switching circuits, the design of machines that learn,
cryptography, and the theory of Turing machines. He and J. McCarthy are co-editing an Annals
of Mathematics Study on “The Theory of Automata” .

2. M. L. Minsky, Harvard Junior Fellow in Mathematics and Neurology. Minsky has built
a machine for simulating learning by nerve nets and has written a Princeton PhD thesis in math-
ematics entitled, “Neural Nets and the Brain Model Problem” which includes results in learning
theory and the theory of random neural nets.

3. N. Rochester, Manager of Information Research, IBM Corporation, Poughkeepsie, New
York. Rochester was concerned with the development of radar for seven years and computing
machinery for seven years. He and another engineer were jointly responsible for the design of the
IBM Type 701 which is a large scale automatic computer in wide use today. He worked out some of
the automatic programming techniques which are in wide use today and has been concerned with
problems of how to get machines to do tasks which previously could be done only by people. He
has also worked on simulation of nerve nets with particular emphasis on using computers to test
theories in neurophysiology,

4. J. McCarthy, Assistant Professor of Mathematics, Dartmouth College. McCarthy has
worked on a number of questions connected with the mathematical nature of the thought process
including the theory of Turing machines, the speed of computers, the relation of a brain model to
its environment, and the use of languages by machines. Some results of this work are included in
the forthcoming “Annals Study” edited by Shannon and McCarthy. McCarthy’s other work has
been in the field of differential equations.

The Rockefeller Foundation is being asked to provide financial support for the project on the
following basis:

1. Salaries of $1200 for each faculty level participant who is not being supported by his own
organization. It is expected, for example, that the participants from Bell Laboratories and IBM
Corporation will be supported by these organizations while those from Dartmouth and Harvard
will require foundation support.

2. Salaries of $700 for up to two graduate students.
3. Railway fare for participants coming from a distance.
4. Rent for people who are simultaneously renting elsewhere.

5. Secretarial expenses of $650, $500 for a secretary and $150 for duplicating expenses.

3
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6. Organization expenses of $200. (Includes expense of reproducing preliminary work by
participants and travel necessary for organization purposes.

7. Expenses for two or three people visiting for a short time.

Estimated Expenses

6 salaries of 1200 $7200
2 salaries of 700 1400
8 traveling and rent expenses averaging 300 2400
Secretarial and organizational expense 850
Additional traveling expenses 600
Contingencies 550

$13,500



PROPOSAL FOR RESEARCH BY C. E. SHANNON

I would like to devote my research to one or both of the topics listed below. While I hope to
do so, it is possible that because of personal considerations I may not be able to attend for the
entire two months. I, nevertheless, intend to be there for whatever time is possible,

1. Application of information theory concepts to computing machines and brain models.
A basic problem in information theory is that of transmitting information reliably over a noisy
channel. An analogous problem in computing machines is that of reliable computing using unreliable
elements. This problem has been studies by von Neumann for Sheffer stroke elements and by
Shannon and Moore for relays; but there are still many open questions. The problem for several
elements, the development of concepts similar to channel capacity, the sharper analysis of upper
and lower bounds on the required redundancy, etc. are among the important issues. Another
question deals with the theory of information networks where information flows in many closed
loops (as contrasted with the simple one-way channel usually considered in communication theory).
Questions of delay become very important in the closed loop case, and a whole new approach seems
necessary. This would probably involve concepts such as partial entropies when a part of the past
history of a message ensemble is known.

2. The matched environment - brain model approach to automata. In general a machine or
animal can only adapt to or operate in a limited class of environments. Even the complex human
brain first adapts to the simpler aspects of its environment, and gradually builds up to the more
complex features. I propose to study the synthesis of brain models by the parallel development
of a series of matched (theoretical) environments and corresponding brain models which adapt to
them. The emphasis here is on clarifying the environmental model, and representing it as a math-
ematical structure. Often in discussing mechanized intelligence, we think of machines performing
the most advanced human thought activities—proving theorems, writing music, or playing chess.
I am proposing here to start at the simple and when the environment is neither hostile (merely
indifferent) nor complex, and to work up through a series of easy stages in the direction of these
advanced activities.
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PROPOSAL FOR RESEARCH BY M. L. MINSKY

It is not difficult to design a machine which exhibits the following type of learning, The
machine is provided with input and output channels and an internal means of providing varied
output responses to inputs in such a way that the machine may be “rained” by a ‘trial and
error’” process to acquire ane of a range of input-output fanctions. Sudh a machine, when placed
in an appropriate environment and given a criterior of “Success” or “filure” can be trained to
exhibit “goal-seeking” behavior. Unless the machine is provided with, or is able to develop, a way
of abstracting sensory material, it can progress through a complicated environment only through
painfully slow steps, and in general will not reach a high level of behavior.

Now let the criterion of success be not merely the appearance of a desired activity pattern
at the output channel of the machine, but rather the performance of a given manipulation in a
given environment. Then in certain ways the motor situation appears to be a dual of the sensory
situation, and progress can be reasonably fast only if the machine is equally capable of assembling
an ensemble of “motor abstractions™ relating its output activity to changes in the environment.
Such “motor abstractions™ can be valuable anly if they relate to changes in the environment which
can be detected by the machine as changes in the sensory situation, i.e., if they are related, through
the structure of the environrnent, to the sensory abstractions that the machine is using.

I have been studying such systems for some time and feel that if a machine can be designed
in which the sensory and motor abstractions, as they are formed, can be made to satisfy certain
relations, a high order of behaviar may result. These relations involve pairing, motor abstractions
with sensory abstractions in such a way as to produce new sensory situations representing the
changes in the environment that might be expected if the corresponding motor act actually took
place.

The important result that would be looked for would be that the machine would tend to build
up within itself an abstract model of the environment in which it is placed. If it were given a
problem, it could first explare solutions within the internal abstract model of the environment
and then attempt external experiments. Because of this preliminary internal study, these external
experiments would appear tobe rather clever, and the behavior would have tobe regarded as rather
“Smaginati ve"

A very tentative proposal of how this might be done is described in my dissertation and I
intend to do further work in this direction. I hope that by summer 1956 I will have a model of
sich a machine fairly close to the stage of programming in a computer.
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PROPOSAL FOR RESEARCH BY N. ROCHESTER

Originality in Machine Performance

In writing a program for an automatic calculator, one ordinarily provides the machine with
a set of rules to cover each contingency which may arise and confront the machine. One expects
the machine to follow this set of rules slavishly and to exhibit no originality or common sense.
Furthermore one is annoyed only at himself when the machine gets confused because the rules he
has provided for the machine are slightly contradictory. Finally, in writing programs for machines,
one sometimes must go at problems in a very laborious manner whereas, if the machine had just
a little intuition or could make reasonable guesses, the solution of the problem could be quite
direct. This paper describes a conjecture as to how to make a machine behave in a somewhat more
sophisticated manner in the general area suggested above. The paper discusses a problem on which
I have been working sporadically for about five years and which I wish to pursue further in the
Artificial Intelligence Project next summer.

The Process of Invention or Discovery

Living in the environment of our culture provides us with procedures for solving many problems.
Just how these procedures work is not yet clear but I shall discuss this aspect of the problem
in terms of a model suggested by Craik'. He suggests that mental action consists basically of
constructing little engines inside the brain which can simulate and thus predict abstractions relating
to environment. Thus the solution of a problem which one already understands is done as follows:

1. The environment provides data from which certain abstractions are formed.

2. The abstractions together with certain internal habits or drives provide:
2.1 A definition of a problem in terms of desired condition to be achieved in the future, a goal.
2.2 A suggested action to solve the problem.
2.3 Stimulation to arouse in the brain the engine which corresponds to this situation.

3. Then the engine operates to predict what this environmental situation and the proposed reac-
tion will lead to.

4. If the prediction corresponds to the goal the individual proceeds to act as indicated.

The prediction will correspond to the goal if living in the environment of his culture has
provided the individual with the solution to the problem. Regarding the individual as a stored
program calculator, the program contains rules to cover this particular contingency.

For a more complex situation the rules might be more complicated. The rules might call
for testing each of a set of possible actions to determine which provided the solution. A still
more complex set of rules might provide for uncertainty about the environment, as for example in
playing tic tac toe one must not only consider his next move but the various possible moves of the
environment (his opponent).

Now consider a problem for which no individual in the culture has a solution and which has
resisted efforts at solution. This might be a typical current unsolved scientific problem. The
individual might try to solve it and find that every reasonable action led to failure. In other words
the stored program contains rules for the solution of this problem but the rules are slightly wrong.

In order to solve this problem the individual will have to do something which is unreasonable
or unexpected as judged by the heritage of wisdom accumulated by the culture. He could get
such behavior by trying different things at random but such an approach would usually be too
inefficient. There are usually too many possible courses of action of which only a tiny fraction are
acceptable. The individual needs a hunch, something unexpected but not altogether reasonable.
Some problems, often those which are fairly new and have not resisted much effort, need just a little
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randomness. Others, often those which have long resisted solution, need a really bizarre deviation
from traditional methods. A problem whose solution requires originality could yield to a method
of solution which involved randomness.

In terms of Craik’s'S model, the engine which should simulate the environment at first fails
to simulate correctly. Therefore, it is necessary to try various modifications of the engine until one
is found that makes it do what is needed.

Instead of describing the problem in terms of an individual in his culture it could have been
described in terms of the learning of an immature individual. When the individual is presented
with a problem outside the scope of his experience he must surmount it in a similar manner.

8o far the nearest practical approach using this method in machine solution of problems is
an extension of the Monte Carlo method. In the usual problem which is appropriate for Monte
Carlo there is a situation which is grossly misunderstood and which has too many possible factors
and one is unable to decide which factors to ignore in working out analytical solution. So the
mathematician has the machine making a few thousand random experiments. The results of these
experiments provide a rough guess as to what the answer may be. The extension of the Monte
Carlo Method is to use these results as a guide to determine what to neglect in order to simplify
the problem enough to obtain an approximate analytical solution.

It might be asked why the method should include randomness. Why shouldn’t the method
be to try each possibility in the order of the probability that the present state of knowledge would
predict for its success? For the scientist surrounded by the environment provided by his culture, it
may be that one scientist alone would he unlikely to solve the problem in his life so the efforts of
many are needed. If they use randomness they could all work at once on it without complete du-
plication of effort. If they used system they would require impossibly detailed communication. For
the individual maturing in competition with other individuals the requirements of mixed strategy
(using game theory terminology) favor randomness. For the machine, randomness will probably be
needed to overcome the shortsightedness and prejudices of the programmer. While the necessity
for randomness has clearly not been proven, there is much evidence in its favor.

The Machine With Randomness

In order to write a program to make an automatic calculator use originality it will not do to
introduce randomness without using forsight. If, for example, one wrote a program so that once in
every 10,000 steps the calculator generated a random number and executed it as an instruction the
result would probably be chaos. Then after a certain amount of chaos the machine would probably
try something forbidden or execute a stop instruction and the experiment would be over.

Two approaches, however, appear to be reasonable. One of these is to find how the brain
manages to do this sort of thing and copy it. The other is to take some class of real problems which
require originality in their solution and attempt to find a way to write a program to solve them on
an automatic calculator. Either of these approaches would probably eventually succeed. However,
it is not clear which would be quicker nor how many years or generations it would take. Most of my
effort along these lines has so far been on the former approach because I felt that it would be best
to master all relevant scientific knowledge in order to work on such a hard problem, and I already
was quite aware of the current state of calculators and the art of programming them.

The control mechanism of the brain is clearly very different from the control mechanism in
today’s calculators. One symptom of the difference is the manner of failure. A failure of a cal-
culator characteristically produces something quite unreasonable. An error in memory or in data
transmission is as likely to be in the most significant digit as in the least. An error in control
can do nearly anything. It might execute the wrong instruction or operate a wrong input-output
unit. On the other hand human errors in speech are apt to result in statements which almost make
sense (consider someone who is almost asleep, slightly drunk, or slightly feverish). Perhaps the
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mechanism of the brain is such that a slight error in reasoning introduces randomness in just the
right way. Perhaps the mechanism that controls serial order in behavior? guides the random factor
30 as to improve the efficiency of imaginative processes over pure randomness.

Some work has been done on simulating neuron nets on our automatic calculator. One purpose
was to see if it would be thereby possible to introduce randomness in an appropriate fashion. It
seems to have turned out that there are too many unknown links between the activity of neurons
and problem solving for this approach to work quite yet. The results have cast some light on the
behavior of nets and neurons, but have not yielded a way to solve problems requiring originality.

An important aspect of this work has been an effort to make the machine form and manipulate
concepis, abstractions, generalizations, and names. An attempt was made to test a theory® of how
the brain does it. The first set of experiments occasioned a revision of certain details of the theory.
The second set of experiments is now in progress. By next summer this work will be finished and
a final report will have been written.

My program is to try next to write a program to solve problems which are members of some
limited class of problems that require originality in their solution. It is too early to predict just what
stage I will be in next summer, or just; how I will then define the immediate problem. However,
the underlying problem which is described in this paper is what I intend to pursue. In a single
sentence the problem is: how can I make a machine which will exhibit originality in its solution of
problems?
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