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Engineering Computation 

Notes 
 For functions taking pointers as arguments, make sure you pass addresses to them as arguments, 

not variable values. The exception is entire arrays, which are already pointers 

 Remember to #include all needed libraries 

 Remember don't include return statement for void functions 

 Remember +1 to variable lengths for strings to fit '\0' character 

 

Various Commands 
 exit(EXIT_FAILURE) 

 exit(EXIT_SUCCESS) 

 int strlen(char): length of a string 

 int strcmp (char *s1, char *s2): returns neg if s1<s2, zero if s1=s2, pos if s1>s2 

 isalpha(int): true (non-0) if alphanumeric character, false (0) otherwise 

 break: terminates a loop completely 

 continue: skips the rest of the code inside the current loop, restarting the loop at next iteration 

Header Files 
 <stdio.h> standard input-output functions 

 <stdlib.h> some other basic stuff 

 <math.h> basic math functions 

 <string.h> sting handling functions 

 <time.h> data and time functions 

Math Functions 
 to enter a number using scientific notation: 1.0e-6 

 abs(int): returns the absolute value of an integer input (requires <math.h>) 

 fabs(double): returns the absolute value of a float input (requires <math.h>) 

 sin(),cos(),tan(): these are in radians (requires <math.h>) 

 log(): the natural logarithm (requires <math.h>) 

 pow(a,x): raises  a to the power of x] 

 exp(x): raises e to the power of x 

 sqrt(x): calculates the square root of x 

Random Numbers 

 time(0): gives current UNIX time (requires #include <time.h>) 

 srand(SEED): initialises random generator with SEED constant 

 rand(): generates random integer (no limits) 

 rand()%4+1: generates random integer (either 1,2,3 or 4) 

 rand()%160+150: generates a random integer between 150 and 309 
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Pointers 

 In a function declaration: void int_swap(int *num1, int *num2) - tell the function to expect 

points by using '*' in front of variable names 

 Calling a function: int_swap(&num1,&num2) - the function is expecting addresses, not variables, 

so make sure you pass in addresses 

 Calling a function with array arguments: int_swap(&A[i],&A[j]) - still need to use '&' for arrays, 

because although 'A' is a pointer, 'A[num]' isn't, it is a variable 

 Alternatively, you could enter the whole array as a pointer and pass in the desired elements as 

separate parameters: int_swap(A,i,j) 

Arrays 
 Must define their size: double array[10][20] 

 Define in functions like this: int function(double array[][20], int index) 

 Call as function parameters like this: function(array,index) 

 

Structures 
 Basic syntax for defining structures: 

  typedef struct { 

   double re; 

   double im; 

  } complex_t; 

 Access component variables using: student.bill.subjects[1] 

 If in a function with the structure passed as a pointer, need to use: (*student).bill.subjects[1], or 

more commonly (a shortcut): student->bill.subjects[1] 

 

Strings 

 A string is simply an array of type char, with a null bit '\0' at the end 

 Strings can be declared letter by letter: char s1[5] =  {'H','e','l','l','o','\0'} 

 They can also be declared as a single word: char s2[300] = "World" 

 The size of the string in the [] is optional, and can be much longer than the string length 

 Example function to calculate the length of a string: 

int strlen(char *s) 
{ 

 int i,length=0; 
 while(s[i]!='\0') 
 { 
  length++; 
  i++; 
 } 
 return length; 

} 

 Getchar(void): Returns the next character from the standard input. On success, the character 
read is returned (promoted to an int value according to ascii tables). 

 Putchar(int character): Writes a character to the standard output. Input is interpreted as an ascii 

value, and printed as the asci symbol corresponding to the inputted integer. 
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Insertion sort 
void insertionsort(int A[], int n) 
{ 
 int i; 
 if(n>1) 
 { 
  insertionsort(A,n-1); 
  for(i=n-1;i>0;i--) 
  { 
   if(A[i-1]>A[i]) 
   { 
    swap_int(&A[i-1],&A[i]); 
   } 
  } 
 } 
} 

Problem Solving Techniques 

 Generate and test: guess an answer and check if it works. Useful when set of all possible 

solutions is known, like checking for primes 

 Divide and Conquer (recursion): divide the problem into sub-problems and then solve the sub-

problems. Works very well with recursion or loops, when the original problem is a long 

sequence of fairly simple steps, like sorting a list 

 Simulation: create a virtual simulation of a process and then generate a large number of 

randomised outcomes. Useful for stochastic processes like gambling returns 

 Approximation: solve an easier, simplified version of the real problem. Useful for numerical 

techniques in maths, such as numerical integration and root finding 

Number Representation 

Types of Problems 
 Subtracting numbers that are (or may be) close together, because absolute errors are additive, 

and relative errors are magnified 

 Adding large sets of small numbers to large numbers one by one, because precision is likely to 

be lost 

 Comparing values which are the result of floating point arithmetic, zero may not be zero 

 

Negative Numbers 
 Sign-magnitude: first bit represents sign of number (1 for negative), rest of bits give magnitude 

 Twos-complement: leading bit has a value of      , and all other bits have their normal 

positive values. This avoids having two representations for zero 

 int variables are generally 32 bits long, whereas long long variables are 64 bits. Char variables 

are only 8 bits long 

 To get  the representation for a negative number in the two's complement system, retain zeros 

from the right and the rightmost 1, and then toggle everything else to the left 
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Floating Point Numbers 
 The floating point types are float (32 bits), double (64 bits), and long double (128 bits) 

 Floating point numbers are stored in three parts: a one bit sign, a short integer exponent, and a 

longer mantissa 

 

 

 

 

 

 

 

 

 

 

 

Root Finding 

Problem 
 Given a continuous function     , determine the set of values x such that        

 This problem often arises in the context of finding equilibria, finding derivatives, or solving 

systems of equations 

Graphical methods 
 Plot the graph, and look for the roots, even if just approximate value 

 Can be useful to get a rough idea of the value of the roots prior to more detailed calculations 

Bisection method 
 Start with a random pair of values on either side of the zero line 

 At each step the mid-point    
 

 
        of the current range is tested 

 Either    or    is moved (the other kept the same), so that new    and    are still on either side 

of the zero mark 

 Terminate when find root or reach specified number of iterations 

 Bisection is unreliable and can fail completely when multiple roots exist within initial interval; 

also often is difficult to find initial inspection interval 
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Newton-Raphson 
 This is an open method which avoids the need for an initial inspection interval 

 The Newton-Raphson algorithm starts at point    and estimates a better value for the root by 

finding the intercept of the tangent to the curve, evaluated at    

 Obviously this will fail if the derivative is ever zero or cannot be found. Turning points near the 

root can also cause problems 

 Gives faster convergence than bisection method, with number of precision digits roughly 

doubling each iteration 

 

 

 

 

 

 

 

 

 

 

 

 

Numerical Integration 

Problem 

 Given some continuous function      and two limits x1 and x2, compute        
  

  
 

 Useful in a range of situations where volumes of objects are required, total energy, etc 

Trapezoidal method 

 Break the interval up into n steps each of size   
       

 
 

 Then the area of each small trapezoid is worked out, and added to a total 

 Larger values of n mean smaller values of h, and hence less approximation error from deviating 

from the true function 

 However, floating point arithmetic rounding errors may become a problem 

 

 

 

 

 

 

 

 

Simpson’s Method 
 Break the interval up into steps, and for each step pick three successive points close together on 

the curve 

 Fit a quadratic polynomial through these points, and calculate the area under this polynomial 
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 Repeat for all steps, and add areas together to find approximate area under entire function 

 This converges much faster than trapezoidal, thus allowing smaller n and hence less scope for 

rounding errors 

 

 

 

 

 

Numeric Interpolation 

Problem 
 Often we do not have a well defined function, but only a series of points on that function 

 How can we find roots or estimate the integral of that unknown function? 

 To do this, we need to interpolate values of the function that we are not explicitly given 

Piecewise linear interpolation 
 For each two known function values, interpolate values between them by a line drawn straight 

between them:          

 This is simple, but the result is not differentiable at the end points 

 

 

 

Newton quadratic interpolation 
 To get a differentiable function, we can instead fit a polynomial of degree n-1 through n points 

 Often a quadratic is used, and fitted through three consecutive points 

 Any three points define a unique quadratic, so we just need to find it 

 

 

 

 

 

 

Method of splines 
 The Newton polynomial is continuous and differentiable, but the function is likely to diverge 

rapidly outside the zone for which points are supplied, and may also overshoot/return if there 

are step changes within the spanned zone 

 In a spline, component polynomials are pieced together, with each section connecting with 

similar sections left and right 

 Quadratic splines allow first order derivatives to be continuous, while cubic splines allow second 

order derivatives to also be continuous 
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Differential Equations 

Euler forward differences 
 Calculate values at initial conditions, time step a small increment forward, and then update 

values using old values (e.g. new position is updated using old velocity). But need to be very 

careful, because the errors accumulate through the course of the simulation 

 

 

 

 

 

Runge-Kutta Solutions 
 Use (an estimate of) the rate of change at mid-point of the interval, rather than the start of the 

interval. This will diverge more slowly from the “true” situation, at the cost of more calculation 

per iteration 


