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OVERVIEW
• The Language of Technical Computing

• To analyze and design the systems and products transforming 

real world

• Machine learning, signal processing, image processing, 

computer vision, communications, computational finance, 

control design, robotics, and much more

• Features
• Matrix-based language

• Vast library of prebuilt toolboxes

• Integrated with other languages

• Video : MATLAB Overview
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HOMEPAGE
http://www.mathworks.com
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• The MATLAB Environment

 Interface

 Command Window / Workspace

 Scalars

 Arrays, Vectors and Matrices

 The Colon Operator

 Character Strings
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INTERFACE
Workspace: 저장된 데이터
를 보여주는 창

Editor: m-file 프로그래밍

Command History: 지난 명
령어 이력

Command Window: 매틀랩
명령어를 입력하는 곳
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COMMAND/WORKSPACE
매틀랩 명령어를 입력하는
command line

>>
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COMMAND/WORKSPACE
55 – 26 엔터를 입력하면
ans = 29 라는 결과를 확인

ans 는 answer 의 약자

workspace 에 ans 라는 변
수가 저장됨
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SCALARS
a = 4 엔터 를 입력하면

workspace 에 상수 a 가 저
장됨
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SCALARS
상수를 입력할 때 뒤에 세미
콜론(;) 을 붙이면 결과값이
창에 뜨지 않음

하지만 workspace 에 상수
A 가 저장됨
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SCALARS
쉼표(,) 를 이용하여 여러가
지 상수를 한꺼번에 입력할
수 있음

workspace 에 저장된 값 확
인
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SCALARS
저장되어있는 상수의 값을
확인하고 싶을 경우
command line 에 상수 이
름을 치면 확인 가능
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COMPLEX VALUE
i 와 j 는 매틀랩에서 기본적
으로 제공하는 허수를 의미
함 ( െ1)

workspace 에 i 와 j 가 상수
로 선언이 되지 않을 경우
허수로 인식
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COMPLEX VALUE
i 가 선언이 될 경우 허수로
인식하지 않음
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FORMAT
format 명령어를 이용하여
출력되는 자릿수와 형식을
결정할 수 있음

type Result Example

short Scaled fixed-point format with 5 digit 3.1416

long Scaled fixed-point with 15 digits for double and 7 digits 
for single 3.14159265358979

short e Floating-point format with 5 digits 3.1416e+000

long e Floating-point format with 15 digits for double and 7 
digits for single 3.141592653589793e+000

short g Best of fixed- or floating-point format with 5 digits 3.1416

long g Best of fixed- or floating-point format with 15 digits for 
double and 7 digits for single 3.14159265358979

short eng Engineering format with at least 5 digits and a power 
that is a multiple of 3 3.1416e+000

long eng Enginerring format with exactly 16 significant digits and 
a power that is a multiple of 3 3.14159265358979e+000

bank Fixed dollars and cents 3.14
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ROW VECTOR
괄호 기호 [ ] 를 이용하여
행 벡터를 저장할 수 있음

저장된 데이터를 확인하면
상수와는 다르게 여러개의
데이터를 저장하고 있기 때
문에 mim, max 값을 표기
하고 있다.
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COLUMN VECTOR
괄호 기호 [ ] 와 세미 콜론(;)
을 이용하여 열 벡터를 저장
할 수 있음
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COLUMN VECTOR
혹은 행 벡터로 입력 한 뒤
작은 따옴표 ‘ (transpose)를
이용하여 열 벡터로 입력 가
능
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MATRIX
매트릭스를 입력하는 방법
은 벡터를 입력하는 방식이
랑 동일

행 벡터를 입력 한 후, 세미
콜론 (;)으로 열을 구분하여
입력 가능

혹은 괄호 기호 [ 를 시작하
면 엔터를 입력 할 경우 다
음 줄로 넘어가기 때문에 두
번째 방식으로 입력할 수 있
음
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MATRIX
Transpose 기호를 사용, 다
음과 같이 각각의 열 벡터를
이용하여 매트릭스를 구성
할 수 있음



Copyright © 2016 Computational Design Lab. All rights reserved.

CAE

21

MATRIX: WHO(S)
who

현재 저장 되어있는 변수들
의 간략한 이름만 표시

whos
현재 저장 되어있는 변수들
의 이름과 자세한 정보를 나
타냄
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MATRIX: ELEMENT
벡터 b 의 4행 1열에 저장
되어있는 값을 확인할 경우
괄호 () 를 이용

매트릭스 A 도 같은 방식으
로 저장되어있는 값 확인
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MATRIX: BUILT IN FUNCTION
zeros(m,n)

m by n 의 0으로 채워진 매
트릭스를 저장

ones(m,n)

m by n 의 1로 채워진 매트
릭스를 저장
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COLON OPERATOR
콜론 (:) 을 이용하면 1단위
로 증가하는 배열을 저장할
수 있음
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COLON OPERATOR
- 값을 이용하여 줄어드는
배열을 저장할 수 있음
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COLON OPERATOR
매트릭스의 값을 확인하는
괄호 () 를 이용할 떄 콜론을
이용하면 전체 값을 확인 가
능

예시에는 2행 전체 값을 확
인
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COLON OPERATOR
배열값 역시 콜론을 이용하
여 원하는 위치의 값을 확인
할 수 있음
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LINSPACE FUNCTION
linspace(x1,x2,n)

값 x1 부터 x2 까지 선형적
으로 n 등분한 결과값을 저
장
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LOGSPACE FUNCTION
logspace(x1,x2,n)

값 10x1 부터 10x2 까지 로그
스케일로 n 등분한 결과값
을 저장
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CHARACTER STRING
작은 따옴표 두 개를 이용하
여 글자열을 저장할 수 있음
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CHARACTER STRING
마침표를 이용하여 세 개를
입력하면 다음줄로 넘어 갈
수 있음
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CHARACTER STRING
마침표를 이용하여 세 개를
입력하면 다음줄로 넘어 갈
수 있음



Copyright © 2016 Computational Design Lab. All rights reserved.

CAE

33

• Mathematical operations

 Operators

 Mathematical operation

 Vector product

 Vector-matrix multiplication

 Matrix-matrix multiplication

 Mixed operation
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OPERATORS
매틀랩 연산 기호

^ Exponentiation 4^2 = 8
- Negation

(unary operation)
-8 = -8

*
/

Multiplication and
Division

2*pi = 6.2832
pi/4 = 0.7854

\ Left Division 6\2 = 0.3333 
+
-

Addition and
Subtraction

3+5 = 8
3-5 = -2
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MATHEMATICAL OPERATION
연산에 우선순위가 있는것
을 확인
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VECTOR PRODUCT
저장되어있는 변수가 벡터
혹은 매트릭스일 경우 벡터
연산으로 연산 작용이 됨

 

2
4

1 2 3 4 5 , 6
8

10

a b
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VECTOR-MATRIX MULTIPLICATION
벡터와 매트릭스의 연산

 
4 1 2 3

1 2 3 , 5 , 4 5 6
6 7 8 9

a b A
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차수가 맞지 않을 경우 오류
메세지를 출력

 
4 1 2 3

1 2 3 , 5 , 4 5 6
6 7 8 9

a b A
   
        
      

VECTOR-MATRIX MULTIPLICATION
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MATRIX-MATRIX MULTIPLICATION
연산기호 ^ 을 매트릭스 연
산에 적용할 경우 제곱을 의
미함

 
4 1 2 3

1 2 3 , 5 , 4 5 6
6 7 8 9

a b A
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만약 매트릭스의 각 항을 제
곱한 결과를 보고 싶을때는
마침표를 연산기호 ^ 앞에
붙여서 .^ 연산을 해주게 되
면 각 항 별로 제곱한 결과
를 확인할 수 있음

 
4 1 2 3

1 2 3 , 5 , 4 5 6
6 7 8 9

a b A
   
        
      

MIXED OPERATION
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• Built-in functions

 Log

 Elfun

 Round

 Ceil

 Floor

 Others
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LOG
매틀랩에 기본적으로 저장
되어있는 함수들이 있음

예를들어 로그함수를 이용
하고 싶을 경우, help 명령
어를 이용하여 doc log 를
클릭하면 log 함수에 관한
문서가 팝업됨

팝업된 창에는 로그 함수의
설명과 이용방법에 대해 나
와있음
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ELFUN
그 외 기본적인 수학 관련
함수는 help elfun 으로 확
인 할 수 있음
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ROUND
round 함수는 각 원소별로
올림하여 정수로 만들어 주
는 함수

 1.6 1.5 1.4 1.4 1.5 1.6E    
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CEIL
ceil 함수는 양의 무한대로
제일 가까운 정수로 변환하
는 함수

 1.6 1.5 1.4 1.4 1.5 1.6E    
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FLOOR
floor 함수는 내림 함수

 1.6 1.5 1.4 1.4 1.5 1.6E    
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OTHERS
sum: 각 원소를 전부 더한
결과를 출력

min: 행 또는 열 중에서 제
일 작은값을 출력

max: 행 또는 열 중에서 제
일 큰 값을 출력

mean: 행 또는 열 중에서
평균값을 계산

prod: 각 원소를 전부 곱한
결과를 출력

sort: 각 원소를 낮은 순서대
로 배치

 3 5 4 6 1F 
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• Graphics

 Example

 Plot

 Specifiers

 Subplot & 3D plot
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EXAMPLE

2

2

1

1

Case I:   nonhomogeneous linear differential equation

Case II:  nonhomogeneous nonlinear differential equat

Case I

i n

 :

o

D U

t
h

c
m

mg cv
F ma F F

mg cv
dv cg v
dt m
dv cg v
dt m

Solution
cv c e
m

v c e

 



    


  

  

 

   



 

2 2 2

1 10, 0

1 : analytical (or exact) solution

tCase I n a hI:

t

c t
m

c t
m

c gmc c g c
m c

gm gmv c e t v c
c c

gmv e
c

gm gcv t
c m


 
 

  
 

  
 

    

       

 
   
  

 
   

 

• Falling parachutist
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VARIABLES & CONSTANTS 
독립변수 t 를 0부터 20까지
2초 단위인 벡터로 저장

length 함수는 벡터 혹은 배
열의 최대 크기를 출력
현재 11개의 원소로 벡터가
저장됨

속도를 구하기 위한 각 상수
를 저장
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DEPENDENT VARIABLE
예제에서 구한 exact 
solution 에 맞게 case 1 은
v1 으로 case 2 는 v2 로 속
도를 계산
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PLOT
plot(a,b) 함수는 독립변수 a
와 함수값 b 를 이용하여 그
래프를 출력하는 함수

두 벡터 혹은 배열의 크기가
맞아야 그래프가 출력이 됨

hold on 명령어는 현재 plot 
이 되어있는 figure 를 hold 
시킴으로써 새로운 plot 을
그릴때 그 위에 덧대서 그림
을 그릴 수 있게하는 명령어
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NAMING
title: 그래프의 제목을 변경

xlabel: 그래프 가로축의 이
름을 변경

ylabel: 그래프 세로축의 이
름을 변경

grid: 격자를 생성
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SPECIFIERS
그래프에 다양한 데이터가
존재하여 여러가지 형식으
로 구분해야할 경우 색깔, 
기호 및 선 형식에 따라 구
분할 수 있음

Colors Symbols Line Types
Blue b Point . Solid -
Green g Cicle o Dotted :
Red r X-mark x Dashdot -.
Cyan c Plus + Dashed --
Magenta m Star *
Yellow y Square s
Black k Diamond d
White w Triangle(down) ˅

Triangle(up) ˄
Triangle(left) <
Triangle(right) >
Pentagram p
Hexagram h
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SYMBOL
전 페이지의 명령어를 입력
하는 방법은

plot(x,y,’명령어’)

방식으로 입력 가능

예시는 데이터를 o 표시로
그림을 출력하는 방법
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COLLOR & DASHED LINE
본 예시는

사각형 s
대쉬 –
초록색 g 

명령어를 한 번에 적용하여
그래프를 출력한 경우
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SUBPLOT & 3D PLOT
subplot(m,n,p): m by n 개
의 그림칸을 생성, p 는 p 
번째의 그림을 의미

plot3(x,y,z): 3d plot 을 의미
하며 z 출은 세 번쨰 데이터
를 의미
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• Case study

• Assignment
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CASE STUDY

Results figuresData

  (2.1)t
d

gmv
c
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SOLUTION OF CASE STUDY
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SOLUTION OF CASE STUDY
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ASSIGNMENT
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ORIGINS OF MATLAB
Origins of MATLAB, by Cleve Moler

MATLAB is now a full-featured technical computing environment, but it started as a simple 

“Matrix Laboratory.” Three men, J.H. Wilkinson, George Forsythe, and John Todd, played 

important roles in the origins of MATLAB. 
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ORIGINS OF MATLAB
Wilkinson was a British mathematician who spent his entire carrer at the National Physical 

Laboratory (NPL) in Teddington, outside London. Working on a simplified version of a 

sophisticated design by Alan Turning, Wilkinson and colleagues at NPL bulit the Pilot Automatic 

Computing Engine (ACE), one of Britain`s first sotred program digital computers. THe Pilot ACE 

ran its first program in May 1950. Wikinson did matrix computations on the machine and went 

on to become the world`s leading authority on numerical linear algebra.
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ORIGINS OF MATLAB
At about the same time, mathematicians at the Institue for Numerical Analysis (INA), a branch 

of the National Bureau of Standards, located at UCLA, were working with the Standards 

Western Automatic Computer (SWAC), one of the USA’s first computers. Researchers at INA 

included George Forsythe, John Todd, and Olga Taussky-Todd. When the INA dissolved in 

1957, Forsythe joined the faculty at Stanford and the Todds joined the faculty at Caltech
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ORIGINS OF MATLAB
I went to Caltech as a freshman in 1957 and two years later took John Todd’s Math 105, 

Numerical Analysis. We did some of our homework with mechanical calculators, but we also 

used the Burroughs 205 Datatron, one of only a few dozen computers in southern California at 

the time.
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ORIGINS OF MATLAB
One of the projects that I did under Todd’s direction in 1960 involved Hilbert matrices. These 

are famous, ill-conditioned test matrices with elements

hi,j = 1/(i+j-1), i,j = 1, …, n

I wrote my programs in absolute numeric machine language and punched them on paper tape. 

If I’d had MATLAB at the time, my project would have involved computing
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ORIGINS OF MATLAB
I would then compute the inverse of H.

The exact inverse of the Hilbert matrix has integer elements. A function in MATLAB computes it 
with a recursive algorithm.
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ORIGINS OF MATLAB
I would compare these last two matrices and say the difference was the result of roundoff error 

introduced by the inversion process. I was wrong. I would learn a few years later from Wilkinson 

that the roundoff error introduced in computing H in the first place has more effect on the final 

answer than the error introduced by the inversion process.

In 1961, it was time for graduate school. Todd recommended that I go to Stanford and work with 

his friend George Forsythe. At the time, Forsythe was a professor in the math department, but 

he was starting the process that would create Stanford’s computer science department, one of 

the world’s first, in 1965.
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ORIGINS OF MATLAB
In 1962, after Forsythe’s numerical analysis course and a visit to Stanford by Wilkinson, I wrote 

a Fortran program to solve systems of simultaneous linear equations. Decks of punched cards 

for the program were distributed fairly widely at the time, including via SHARE, the IBM User’s 

Group.
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ORIGINS OF MATLAB
Alston Householder from Oak Ridge National Laboratory and the University of Tennessee 

began a series of research conferences on numerical algebra in the late 1950s. These are now 

held every three or four years and are called the Householder Conferences. As a graduate 

student, I went to the third conference in the series in 1964 and obtained a photo of the 

organizing committee. Much later, that photo was used in the first documentation of the image 

function in MATLAB.
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ORIGINS OF MATLAB
My 1965 Ph.D. thesis under Forsythe’s direction was entitled “Finite Difference Methods for the 

Eigenvalues of Laplace’s Operator.” The primary example, on which both Forsythe and 

Wilkinson had worked earlier, was the L-shaped membrane, now the MathWorks logo.
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ORIGINS OF MATLAB
Forsythe and I published a textbook about matrix computation in 1967 that was later listed by 
the Association for Computing Machinery as an important early text in computer science 
because it contained working software: programs in Algol, Fortran, and PL/I for solving systems 
of simultaneous linear equations.
Over several years in the late 1960s, Wilkinson and a number of colleagues published papers 
in Numerische Mathematik that included algorithms in Algol for various aspects of matrix 
computation. These algorithms were eventually collected in a 1971 book edited by Wilkinson 
and Reinsch.
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ORIGINS OF MATLAB
Every summer for 15 years, Wilkinson lectured in a short course at the University of Michigan 
and then visited Argonne National Laboratory for a week or two. Researchers at Argonne 
translated the Algol code for matrix eigenvalue computation from the Wilkinson and Reinsch 
handbook into Fortran to produce EISPACK. This was followed by LINPACK, a package of 
Fortran programs for solving linear equations. 
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ORIGINS OF MATLAB
When we were developing EISPACK and LINPACK, I was a math professor at the University of 

New Mexico, teaching numerical analysis and matrix theory. I wanted my students to be able to 

use our new packages without writing Fortran programs, so I studied a book by Niklaus Wirth to 

learn about parsing computer languages.
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ORIGINS OF MATLAB
In the late 1970s, following Wirth’s methodology, I used Fortran and portions of LINPACK and 

EISPACK to develop the first version of MATLAB. The only data type was “matrix.” The HELP 

command listed all of the available functions, with their names abbreviated.

There were only 80 functions. There were no M-files or toolboxes. If you wanted to add a 

function, you had to modify the Fortran source code and recompile the entire program. Here is 

a sample program. If you change long to format long, it works with today’s MATLAB.
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ORIGINS OF MATLAB
The first graphics were very primitive.

This first Fortran MATLAB was portable and could be compiled to run on many of the 
computers that were available in the late 1970s and early 1980s. We installed it on the 
interactive time-sharing systems that were hosted by mainframe computers at universities and 
national laboratories.
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ORIGINS OF MATLAB
The first “personal computer” that I used was the Tektronix 4081, which Argonne acquired in 

1978. The machine was the size of a desk and consisted of a Tektronix graphics display 

attached to an Interdata 7/32, the first 32-bit minicomputer. There was only 64K, that’s 64 

kilobytes of memory. But there was a Fortran compiler, and so, by using memory overlay, we 

were able to run MATLAB.
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ORIGINS OF MATLAB
I visited Stanford in 1979 and taught CS237, the graduate numerical analysis course. I had the 

students use MATLAB for some of the homework. Half of the students in the class were from 

math and computer science, and they were not impressed by my new program. It was based 

on Fortran, it was not a particularly powerful programming language, and it did not represent 

current research work in numerical analysis. The other half of the students were from 

engineering, and they liked MATLAB. They were studying subjects that I didn’t know anything 

about, such as control analysis and signal processing , and the emphasis on matrices in 

MATLAB proved to be very useful to them.

A few of the Stanford engineering students from my class joined two consulting companies in 

Palo Alto. These companies extended MATLAB to have more capability in control analysis and 

signal processing and, in the early 1980s, offered the resulting software as commercial 

products.
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ORIGINS OF MATLAB
Jack Little, a Stanford- and MIT-trained control engineer, was the principal developer of one of 

the first commercial products based on Fortran MATLAB. When IBM announced their first PC in 

August, 1981, Jack quickly anticipated the possibility of using MATLAB and the PC for technical 

computing. He and colleague Steve Bangert reprogrammed MATLAB in C and added M-files, 

toolboxes, and more powerful graphics.


