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Index
vModels à slide 3
vDebugging à slide 19
vStructure à slide 29
vReference à slide 36
vData Codes à slide 40
vData Types (Ch 2) à slide 51
vType conversion à slide 69
vFormatted output à slide 74
vLogic (Ch 3) à slide 77
vControl structures à slide 82

§ Loops à slide 93
vStrings à slide 100
vMethods à slide 116

KEY

DATA
STRUCTURE
LOGIC
OTHER

vArrays à slide 132
vArray Methods à slide 157
vArray Search/Sort à slide 169
vMulti-D (2D) Arrays à slide 181
vCommand Line Args à slide 185
vDate & Time à slide 190
vRandom Numbers à slide 206
vMonty Hall Problem à slide 215
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Software
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Digital Systems

Computer
Phone
Controller

Hardware

Layers
Levels
Composition

Software

Hard disk
Flash disk
Flash 
EEPROM

External Storage

v CODE
v DATAComputer 

Engineering

Computer 
Science

v Architecture
v Physical design

v Algorithms
v Theory
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Running Java

Java source code

Java bytecode

Java Run-time
JVM/JRE

Java API
(java.*)

v Compile

v Interpret (JIT)
v Run

hello.java

hello.class

java hello

other1.class
other2.class

v Imported Libraries
q Java.util
q Javax.swing
q Java.io

import
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Hardware/Software Low Level

OS

API

User
Applications

Monitor

Win/Mac OS/Unix
iOS, Android

Microsoft .NET, Java Lib
Apple Cocoa, Android API

Assembly level

Hardware
CPU

Boot Loader
+ BIOS

Low level
firmware

System User interface

Java, Python, C/C++
& assembly

Can be replaced by a simulator

Micro-architecture

Computer Org

ISA

COMP122HW Units
v ALU, ICU, Reg/Mem

Low-level HW
v Pipelines, threads, scheduling, branch prediction

STACK
Model
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Baseline Instruction Set
Computation Memory Program Control I/O

v ALU
§ ADD
§ SUB
§ AND
§ OR
§ XOR
§ NOT

v MULT/DIV [opt]
v BIT

§ SET/CLR
§ TEST

v COMPARE
§ CMP

v SHIFT
§ SHIFT (A, L)
§ ROTATE

v Reg-Reg
§ MOV

v Reg-Mem
§ LOAD
§ STORE
§ MOV

v Mem-Mem
§ MOV

v Stack
§ PUSH
§ POP

v JUMP
§ JUMP/GOTO

v BRANCH
§ BRA
§ BRCC
§ LOOP

v CALL
§ CALL/CALR/JAL
§ RET/RETFIE

v NOP

v I/O
§ IN
§ OUT

v Mem Mapped
§ MOV   PORT
§ LOAD/STORE

System Control

v Reset
§ RESET

v Power
§ SLEEP/HALT

Rev Aug 2021

RISC

CISC

OLD

NEW
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MARS
Registers
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IPO Model

PROCESSINPUT OUTPUT
DATA DATA

CODE
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Software Development
ANALYZE PROBLEM

WRITE REQUIREMENTS

CREATE DESIGN

WRITE PROGRAM

ANALYZE RESULTS

q STRUCTURE
§ CODE
§ DATA

q ALGORITHMS

Language Independent

Select Language

Development Procedure
(similar to SDLC)

Systems Analysis
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SDLC
SOFTWARE DEVELOPMENT LIFE CYCLE

Requirements

4 stages
we use

Structure

Coding

CSD UML
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SDLC

vRequirements
vAlgorithms
vProgramming
vDesign
vImplementation

Software Development Life Cycle

vTesting
vDeployment
vMaintenance

Ø 6 Stages (we use the 1st four)

Ø Software Engineering

Ø Coding
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Software Engineering

Software Engineering is a specialty of computer science, and it uses 
engineering style disciplines in the construction of correct and robust 
programs. models such as "SDLC” and "IPO" are the key pillars, along 
with OOP and its forebear, "structured programming". Also included is 
"safety engineering" for mission critical applications, and it may include 
"proof of correctness". These are concepts and models independent of 
implementation language.

As a Software Engineer you will be required to become proficient in 
several programming languages, plus "design patterns", in addition to 
the concepts and models.

Most engineering schools only offer computer science at the undergrad
level, while offering software engineering at the master's level.  CSUN 
offers a BS in computer science plus an MS in software engineering, as 
well as in computer science.
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Software Engr. at Google
ACM



COMP110
©2016-2022
Jeff Drobman

Software Engr. at Google
ACM
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SDLC +  In-Process-Out

REQUIREMENTS

PROCESS

DEBUGGING/TESTING

INPUT OUTPUT

as intended?

correct program?

SDLC

I-P-O

Design

Implementation

Ø We will use this model
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Course Mapping

vProblem Solving
vAlgorithms
vProgramming

vUsing JAVA
vCompare to C, C++

vStructured Programming

vOOP – Object-Oriented Programming

Other major topics

Programming Languages

Intro to

vMethods

vClasses

via
implemented

via

vAlgorithms
vProgramming

vUsing JAVA

vRequirements
vAlgorithms
vProgramming
vDesign
vImplementation

Ø I-P-O model

Ø SDLC model

Ø Encapsulation

Ø Encapsulation Ø Inheritance Ø Polymorphism

v Testingv Debugging

Ø STRUCTURE
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Sandwich Model
vBread (encapsulation)

q Classes
q Methods

vGreens (passing data)
q I/O
q Parameter passing

vCheese (blocks/constructs)
q Conditional structures

§ IF-THEN-ELSE
§ SWITCH-CASE

q Loops

vMEAT (statementsàgist)
q Arrays
q Strings
q Expressions

§ Arithmetic
§ Logical

Ø DATA

Ø CONTROL

Ø Input/Output

Ø STRUCTURE
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Java
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Debugging
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Debugging
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Debugging
Console Logs

Log key watch values

details
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Debugging

try using “Debug mode” in jGrasp
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Debugging
try using “Debug mode” in jGrasp
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Debugging
try using “Debug mode” in jGrasp
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Debugging

§ conditional

usual

Breakpoints
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Pareto in Code Practice
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Pareto in Code Practice

Bugs!
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Java

Intro to
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Code + Data
Software

vCode structure
q Macro

§ Classes
§ Methods

q Control (Micro)
§ Conditional blocks

• If
• Switch - Case

§ Loops
• For
• While

vData structure
q In Code

§ Arrays
§ Array-Lists
§ Enums
§ Collections

q In Files
§ CSV files
§ Databases

vData types
q Numeric

§ Integer
§ Floating-point

q Non-Numeric
§ Logic (Boolean)
§ Characters
§ Strings
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Code Structure

Structure Mapped to Requirements

Main
Method

Function 1

Method
Function 2

Method
Function 3

Method
Algorithm 1 Algorithm 2 

Ø Not all Functions are implemented by Algorithms

Tree structure
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Code Structure (Macro)
Java ó OOP

MAIN
method

optional
method 1

optional
method 2

optional
method N

MAIN Class

Minimum
required

MAIN Class = any name
OOP
Structures

Execution is
by call sequence

Classes/methods
MAIN Method = “main”
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Code Structure (Micro)
Java ó OOP

Any method

Conditional block
v IF-THEN-ELSE
v SWITCH-CASE

Loop block
v FOR
v WHILE

Loose code

Loose code

Loose code

Block
Structures

Execution is
sequential

Constructs

v Control

v Control
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Ø Map Fns à Methods

Programs & Algorithms

Main

Method 1

Method N

o
o
o

PROGRAM

Requirements

Data IN Data OUT

Ø 1 Algorithm per function or method

Procedure à Process

Nested Structure

Algorithm A

Algorithm B
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Program Debugging

PROGRAM

Requirements

Data IN Data OUT

ERRORS

v compiler finds
v you fix

BUGS

you find & fix

v BUGS
q DEBUG
q in situ à IF-THEN
q exception handlers

v ERRORS
q syntax à compiler
q semantic/logic à debug
q exceptions à handlers

Errors and Bugs

v You find
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Java
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Meta-language:  BNF
vBNF = Bachus-Naur Form

<item to be replaced>
[optional item]
::= à “equals” (is defined as)
<item 1 | item 2>   à “OR”
<item 1 …>  à ellipsis (any number more)
<1..N>  à 1 “to” N

Examples
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Java Ref Pg 1
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Java Ref Pg 2
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Software – Data
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Number Codes

vInvented/Artificial
q Signaling

Ø Smoke signals
Ø Drums
Ø Semaphores

q Communications
Ø Morse code
Ø Hollerith code (punch cards)
Ø Paper tape codes
Ø Encryption/cypher codes
Ø ASCII code (also EBCDIC)

vNatural
q DNA – Genetic code

Ø Base-4 {A,C,G,T)
q Fibonacci sequence

Ø Shell growth
Ø Leaf growth
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Telegraph:  Morse Code
1st Digital CodeBase 2 = {dot, dash} 1836-1844

by Samuel F.B. Morse et al.Each letter is a 1 to 4-bit character
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Punchcards

12
11

A
12

1

B
12

2

Invented by Herman Hollerith for 1890 census
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ASCII Codes- Letters

1963
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ASCII Codes- 7-bit

IANA encourages use of the name "US-ASCII" for Internet uses of ASCII

\n=\u000A
sp=\u0020

char ch=0xA
char sp=0x20
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IBM EBCDIC
EBCDIC

Extended Binary Coded Decimal
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Old Mac Char Codes
16-bit

unique 
special chars
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Unicode – 16-Bit
v7 LSB are same codes as for ASCII
v9 MSB add 216=65,536 - 128 new codes
vJapanese character sets

Ø Kanji uses same 5000 characters as base Chinese
Ø Hiragana/Katakana uses phonetics  

vOther foreign languages
q alphabets
q special characters
(vis-à-vis, oomlaut)

UTF-16
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UTF-8 Variable Codes
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Escape Characters

Ø BACKslash
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Chapter 2
LIANG
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Identifiers
Identifier = Name
where
§ each character is in {a-z, A-Z, 0-9, _, $}
§ 1st character is in {a-z, A-Z, _, $}   (no digits)
§ not a reserved word
§ not in {true, false, null}   (literals)
§ any length

examples
§ any$
§ anyStringXY
§ any_string
§ any_num012
§ A1_xyz
§ $special
§ _special

Naming Conventions

examples
§ anyStringWillDo
§ JOptionsPane
§ _special
§ $DEBUG
§ old style (FORTRAN):

§ {I .. N} integers
§ {X .. Z} float

Symbol Table

Symbol address
§ xyz 0x1FE5 87C4
§ $X2 0x1FE5 87C8
§ _K3$ 0x1FE5 87CD
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Variables vs Constants
vVariables

Ø Assign values any time, many times
Ø Mutable
Ø Naming:  lowercase (“camelCase”)
Ø Examples

§ int x = 1;  //initialized
§ x = y + 13;
§ x = z – 2;

vConstants
Ø Assign value only ONE time
Ø Immutable
Ø Naming:  UPPER_CASE
Ø Examples

§ final double PI = 3.14159;
§ final int MIN = 3;
§ final boolean $DEBUG =  true;
§ final boolean $FLAG =  false;
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Keywords/Reserved Words
§ abstract*
§ assert
§ boolean
§ break
§ byte
§ case
§ catch
§ char
§ class
§ const
§ continue
§ default*
§ do
§ double
§ else
§ enum
§ extends

§ for
§ final*
§ finally
§ float
§ goto
§ if
§ implements
§ import
§ instanceof
§ int
§ interface
§ long
§ native*
§ new
§ package
§ private*
§ protected*

§ public*
§ return
§ short
§ static*
§ strictfp*
§ super
§ switch
§ synchronized
§ this
§ throw
§ throws
§ transient
§ try
§ void
§ volatile
§ while

JAVA

Appendix A

*class modifiers
true, false, null are reserved literals
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Number Systems
POSITIONAL REPRESENTATION 

N = SUMi (ni * Ri)
Notes:
1. R = Radix
2. i = -infinity to +infinity
3. i >= 0 for integersradix = 2:  <-- 25 24  23  22 21 20   with n = {0, 1}

radix = 10:  <-- 105 104  103  102 101 100  with n = {0 .. 9}

radix = 16:  <-- 165 164  163  162 161 160  with n = {0 .. 9, A, B, C, D, E, F}

hexadecimal

binary

decimal

1) 1
2) 10
3) 11
4) 100
5) 101
6) 110
7) 111

8) 1000
9) 1001

10) 1010
11) 1011
12) 1100
13) 1101
14) 1110
15) 1111

+8
-->

0)        0binary

A
B
C
D
E
F

hexadecimal

Byte = {0..255} 28 = 256
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Numbers

vIntegers

vFixed-point*

vFloating-point

123456789

12345.12345 Pi = 3.14159

*NOT a supported type in any HLL; must use Floating-point

1.234512345e+4 Pi = 3.14159e0

Accuracy vs.  Precision 

no. digits correct no. digits stored/displayed

int x = 123.567
assigns 123 to x

v Java truncates Integers
Ø to Round add 0.5

v Java rounds floats
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Ordinals
Ordin

al
Power

of 2
Power 
of 10 Actual

1K 210 103 1024

1M 220 106 1,048,576

1G 230 109 1.074x109

1T 240 1012 1.0995x1012

Name 2n M/G Actual

byte 28 -- 256
word 216 64K 65,536

integer 232 4B 4.3x109

double 264 16 Q 1.84x1019

IPv6 2128 340 uD 3.4x1038

10^(+6)  million
10^(+9)  billion
10^(+12)  trillion
10^(+15)  quadrillion
10^(+18)  quintillion
10^(+21)  sexillion
10^(+24)  septillion
10^(+27)  octillion
10^(+30)  nonillion
10^(+33)  decillion
10^(+36)  undecillion
10^(+39)  duodecillion
10^(+42)  tredecillion
10^(+45)  quattuordecillion
10^(+48)  quindecillion
10^(+51)  sexdecillion
10^(+54)  septendecillion
10^(+57)  octodecillion
10^(+60)  novemdecillion
10^(+63)  vigintillion
10^(+100)  googol
10^(+303)  centillion
10^(10^(+100))  
googolplex

Gazillions

Powers of 2 <> 10:  10:3
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Declaring Data Types

‘**standard variables
Dim i, j, k, l, m, n As Byte 
Dim const1 As Byte = 1
Dim u, v, w, x, y, z As Int16
Dim ss, tt, uu, vv, ww, xx, yy, zz As Single
Dim wstr, xstr, ystr, zstr, xxstr, alertst, srchstr, matchstr As String
Dim err1 As Boolean = False, err2 As Boolean = False
Dim vobj, wobj, xobj, yobj, zobj As Object

v Standard Data Types
q Numerics

q Non-Numerics

byte xb;
short s, p;
int n, m;
long nn, mm;

char xch;
boolean flag1, flag2;

In VB

Ø String is a Class not a Type
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Data Types – C, Java

§ unsigned int (0 to 65,535)
§ signed int (-32,768 to +32,767)

vIntegers (16-bit)

vChar string/byte (8-bit)

vFloating Point (“Real”) (32/64-bit)

§ unsigned char (0 to 255)
§ signed char (-128 to +127)

§ Float (32-bit single precision:  +-N x 10^64)
§ Double (64-bit double precision:  +-N x 10^256)

1.123456789 E+64

JavaC 

ASCII-8
UNICODE-16
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Data Types – Java

-128  to  +127FF

FFFF

FFFF FFFF

FFFF FFFF FFFF FFFF

FFFF

FFFF FFFF
FFFF FFFF FFFF FFFF

FF

-32,768  to +32,767
-2,147,483,648  to  +2.15B
-1.845x1019 to  +X(-1)
0  to  +-3.4x1038

0  to +-1.8x10308

0  to  65,535
0  or -1 {00, FF}

Java

v all signed

v unsigned
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Data Types– Assembly Level 
vHex: 0x5EC46A or 5EC46AH or just 5EC46A

vBinary: B ’001100101001’

vDecimal: D ’123456’ or just 123456

vBCD: packed = [D,D] un-packed = [0,D] [0,D]

vASCII: A ’TeXt234’

vSigned numbers (16-bit example)

² Unsigned (addresses) à 0 to 65,535

² Sign & Magnitude à -32,767 to +32,767 [+0, -0]

² Two’s Complement à -32,768 to +32,767 [0 only]

² Sign extension

S  [216-] MMMM

MMMMM

S  MMMM

SSSSSSSSS  [2N-] MMMM
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Floating Point

1.123456 x10nnn

mantissa characteristic (exponent)

RANGES Large (>>1) Small (<<1)

SINGLE 3.403 E+38 (2128) 1.4 E-45

DOUBLE 1.798 E+308 4.9 E-324

SPECIAL VALUES
q POSITIVE_INFINITY   (=X/0)
q NEGATIVE_INFINITY   (=-X/0)
q NaN (=0/0 and many more)

Integers:
Div by 0 à ArithmeticException

IEEE 754 Positive & Negative

ALL REAL NUMBERS Java
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Floating Point

SPECIAL VALUES
q POSITIVE_INFINITY   (=X/0)
q NEGATIVE_INFINITY   (=-X/0)
q NaN (=0/0 and many more)

IEEE 754ALL REAL NUMBERS Java
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Floating Point Math Functions
Transcendentals as Intrinsics

Ø Built in

Math.sqrt()
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Literals – Numeric, String

q Decimal
§ int i = 0;
§ long  k = 123456789
§ double  xx = 3.141592653
§ float  x = 1.23456e-21

q Hexadecimal
§ int hx = 0x1F8C
§ long  hxyz = 0x1F8C5D1B

q String
§ char  cx = ‘a’
§ String sx = “anytext”

Java

v String is a class with methods (built-in)
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Operations – Numeric

Symbol Operation Example Result

+ addition 34 + 1 35

- subtraction 34.0 – 0.1 33.9

* multiplication 300 * 30 9000

/ division 1.0 / 2.0 0.5

% remainder
(mod residue) 20 % 3 2

Java

1 / 2 à 0
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Operations – Shorthand

Symbol Operation Example Result

+= addition x += 8 x ß x + 8

-= subtraction x -= 8 x ß x - 8

*= multiplication x *= 8 x ß x * 8

/= division x /= 8 x ß x / 8

%= remainder
(mod residue)

x %= 8 x ß x % 8

Java

every programming language uses these
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Operations – Incr/Decr

Symbol Operation Example Result

++var PRE incr y = (++x) + 2 x += 1
y ß x + 2

var++ POST incr y = (x++) + 2 y ß x + 2
x += 1

--var PRE decr y = (--x) + 2 x -= 1
y ß x + 2

var-- POST decr y = (x--) + 2 y ß x + 2
x -= 1

Java

most programming languages uses these
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Section
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Type Conversions
vJava truncates Integers

Ø to Round add 0.5
vExpressions

Ø mixed types resolve to highest precision operand
§ Double > Float > Long > Int > Short > Byte

vCasting
q Implicit

q Explicit

5.0/9 à 0.5555
5/9 à 0

5/9 à 0
5/9 + 0.5 à 1.0555 à 1

int i = 1.23 à 1
int i = 1.23e+12 à error
float x =  1.23 à 1.23
byte x = 128 à error

float f = 1.23 à 1.23e0
int i = f + 1.23 à error?
int i = (int) f à 1
int i = (int) 1.23e+12 à error
long i = (int) 1.23e+12 à 1,230,000,000,000

vStrings – String.method (shown later)

can use:
123f
123d

Numeric

Non-Numeric
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Data Type Conversions
Mixed type expressions

X  (O)  Y

A  (O)  B (O)  C (O)  D (O)  E

Left to à Right

v Numerics:  UP convert
v String:  convert Numeric to String

Ø String to Numeric 
v Char:  treat as Numeric (use ASCII code/ Unicode)

Ø Double > Float > Long > Int > Short > Byte

“” + x

Integer.parseInt(str)
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Operation Precedence
Expression EvaluationzyBook

arithmetic
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Operation Precedence
Expression EvaluationLiang

arithmetic

logic

comparison
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Section
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Formatted Precision
123.45

(int) (x * 100) / 100.0

(int) (x * 1000) / 1000.0

123.456
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Formatted Output

%n.m f à can be placed anywhere in a string

v format specifiers (%) are related to arguments left to right

String fstr = “temperature = %10.2f”;
System.out.printf (fstr, celcius);

No commas
Commas
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Chapter 3
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Boolean
true or   false

boolean x = true; if (x) = true { if (x) {
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Logic

if (x <= y+3)  && x > 2 || _FLAG == true 

_FLAG == true  ó _FLAG
_FLAG == false ó ! _FLAG

v AND has 2 uses:
1) Mask (1 lets in)
2) Filter (0 keeps out)

v XOR has 2 uses:
1) Bit complement/toggle
2) Bit equal

any type à boolean boolean à boolean



COMP110
©2016-2022
Jeff Drobman

Truth Tables

X Y X &&  Y

0 0 0

0 1 0

1 0 0

1 1 1

X Y X ||  Y

0 0 0

0 1 1

1 0 1

1 1 1

OR AND

X Y X ^  Y

0 0 0

0 1 1

1 0 1

1 1 0

XOR INclusive

EXclusive

v AND has 2 uses:
1) Mask (1 lets in)
2) Filter (0 keeps out)

v XOR has 2 uses:
1) Bit complement/toggle
2) Bit equal

control data

pass

flip
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Bit-wise Operations

Operator Name Example Result

& Bitwise AND 11101 & 00111 00101

| Bitwise OR 00010 | 11000 11010

^ Bitwise XOR 00111 ^ 11111 11000

~ 1’s complement 00111100 11000011

<< Left shift (*2n) 10101010 << 2 10101000

>> Right shift, arith SE 10101011 >> 2 11101010

>>> Right shift, logical 10101011 >> 2 00101010

Appendix G p. 751

Integer types only

NEW

bit flip

*2n
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Section
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Control
v Control Flow

Ø Confined to structures

v Control Structures
q IF-THEN-ELSE
q LOOPS

§ FOR (iteration)
§ WHILE
§ DO-WHILE

q Subroutines/Functions à Methods
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Control Structures:
Conditional & Loops 

vIF-THEN-ELSE

vCase (Switch)
² Integer values
² Discrete objects

vLoops
² FOR (count)
² (DO) WHILE (switch ON)

FOR I = 1 to N
<statements>

Next

DO WHILE  I <= N
<statements>
I += 1

Continue

Select N
Case is 1: <statement>
Case is 2: <statement>
Case is 3: <statement>

End Select

IF I <= N THEN
<statement>

ELSEIF x <> y
<statement>

ELSE
<statement>

ENDIF

VB
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Conditional:  IF-THEN-ELSE
IF I <= N THEN

<statements>
ELSEIF x <> y

<statements>
ELSE

<statements>
ENDIF

if (I <= N)  {
<statements>}

elseif (x <> y)  {
<statements>}

else {
<statements>

}

VB C/C++ 

Java

if (I <= N)  
<statement>

elseif (x <> y)
<statement>

else {
<statements>

}

v Cascaded
v May be nested

Ø (but bad practice)
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Example:  IF-THEN-ELSE
if (num==1) {
System.out.println (“Ordinary number = “+num);
}
else if (num==2) {
System.out.println (“Special number = “+num);

}
else {
System.out.println (“Illegal number = ”+num);

}

String str;
if (num==1) {str=“Ordinary”;}
else if (num==2) {str=“Special”;}
else {str=“Illegal”;}
System.out.println (str+” number = ”+num);

--OR--

single use of print
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Conditional:  Expressions

if (x > 0)
y = 0;

else
y = -1;

y = (x > 0) ? 0 : -1;

T F
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Conditional:  CASE/SWITCH

SELECT N
Case is 1: <statements>
Case is 2: <statements>
Case is 3: <statements>
Case else: <statements>

END SELECT

switch (N)  {
Case 1: <statements>

break;
Case 2: <statements>

break;
Case 3: <statements>

}

VB
C/C++ 

Javav fall-through if no “break”
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Examples:  CASE/SWITCH
switch (Num) {

case 1:
str = “Ordinary”;
break;

case 2:
str = “Special”;
break;

default:
str = “Illegal”;

}
System.out.println (str + ” number = ” + num);

NO break, NO fall-through

Java 13 only!
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Example:  Strings
if (nam==“Joe”) {
System.out.println (“Joe, do this.”);
}
else if (nam==“Mary”) {
System.out.println (“Mary, do something else.”);

}
else {  //Bob
System.out.println (“Bob, do Joe’s job.”);

}

String str;
if (nam.equals(“Joe”)) {str=“do this”;}
else if (nam.equals(“Mary”)) {str=“do something else”;}
else {str=“do Joe’s job”;}
System.out.println (nam+”, “+str+”.”);

if (nam == “Joe”) does NOT work!

equalsIgnoreCase
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Example:  CASE/SWITCH
String name = “Joe”;
switch (name) {

case “Joe”:  //Joe
str = “do this”;
break;

case “Mary”:  //Mary
str = “do something else”;
break;

default: //Bob or other
str = “Bob, do Joe’s job”;

}
System.out.println (nam + ”, “ + str + ”.”);

v Switch can also be a String or Object
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CASE/SWITCH Ranges
Switch for Ranges
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Loops
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Code Blocks – Loops 

FOR I = 1 to N
<statements>

NEXT

DO WHILE (I <= N)
<statements>
I += 1

CONTINUE

for (I = 1; I<N; I++) {
<statements>

}

while (I <= N)  {
<statements>
I ++

}

do  {
<statements>
I ++

} while (I <= N);

while (1) {  }

VB C 

embedded apps

Java
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For Loops
for (i = 1; i<=N; i++) {

<statements>
}

v executes N times
v i = 1 to N
v i post increments

for (i = 0; i<N; i++) {
<statements>

}

v executes N times
v i = 0 to N-1
v i post increments

for (i = 0; i<=N; ++i) {
<statements>

}

v executes N times
v i = 1 to N
v i pre increments

for (i = 0; i<=N; ++i) {
<statements>

if (<cond>) break;
}

v break à EXIT early
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Continuous Loops

while(<cond>) {

or use this
Project:
Thermostat

while(true) {

if (<cond>) break;
}

•
•
•
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Loop Conditions

v test FIRST

v test LAST

v test FIRST

v break à EXIT early
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Loops:  Continue
while ( i <= N) {

<statements>
if ( x > m) break;

}

while ( i <= N && x <= m) {
<statements>

}

while ( i <= N) {
<statements>
if ( x > m) continue;
<statements>

}

vbreak
vcontinue

while ( i <= N) {
<statements>
if ( x <= m)   {
<statements>
}

}

not break

not continue

!(x > m) == (<= m)
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Loops:  While, Do

while (x <= m) {
<statements>
x = y + z;
if ( x > m) break;
<statements>

}

while (true) {
<statements>
x = y + z;
if ( x > m) break;
<statements>

}

while (x <= m) {
<statements>
x = y + z;
if ( x > m) break;

}

do {
<statements>
x = y + z;

}  while (x <= m);



COMP110
©2016-2022
Jeff Drobman

Strings

as Class
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Special Char + String Literals

space char sp = ‘ ‘;   or
char sp = \u0020;

2x sp String sp2 = sp + sp; //etc for 2..n

? char qmark = ‘?’;
@ char at = ‘@’; //etc for others

Null à null (already a reserved literal)

may declare variables for these:

Multi-line literals New Text Blocks “””
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Char Methods
Liang

is

to

boolean
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Char Methods
zyBook
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Char Methods Example
zyBook
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Convert String to Numeric

convert to int

convert to double

<Type>.parse<Type>(<string>)

Ø convert <string> to <Type>

name of String
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String Methods
Liang

regex

ch::= <beginIndex>

I,j::= <beginIndex, endIndex>

ch|s; returns (0-n | -1)

equalsIgnoreCase
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String Compare
Liang

=

< = >
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String Compare
zyBook

=

< = >
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SubString Example
zyBook

2 signatures
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String Modify Methods
zyBook

Concatenation (“Cat”)
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Regular Expressions
regex

0|1

0..N

1..N
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Regex in Java
Ø ref:  Liang Appendix H, Table H.1

. any single character (different than ‘?’)
[abc]   a, b or c  (short for ‘a|b|c’)
[^abc]   NOT a, b or c (not any in the list)
[a-z]   a, b, c, …, z (LC letter)
[^a-z]   NOT a, b, c, …, z (not LC letter)
p?   0 or 1 x pattern p
p*   >=0  x pattern p
p+   >= 1 x pattern p

specials:  (compare to escapes\)
\d   digit   \D   NON digit
\w   word char   \W   NON => ([a-z] | [A-Z] | [0-9] | _)
\s   space   \S   NON space (actually “whitespace” to include others)

[a-z]  ó \w  && \D && [^_]

ix = str.indexOf(sp); find spaces
where
char sp = ‘ ‘;   or
char sp = \u0020;
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Search Alpha Via Regex

if(chx.matches(“[a-z] | [A-Z]”)

String alpha = “abcdefghijklmnopqrstuvwxyz”;

if(alpha.indexOf(chx.toLower))
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Matching Strings

<string>.matches (“<regex>”)

examples
“Java is fun”.matches(“Java.*”)
“Java is fun”.matches(“Java.+”)
“Java fun”.matches(“Java\\s.?w?.?”)
“fun fun fun”.matches(“fun{3}”)

Ø boolean expressions = true|false ref:  Appendix H, Table H.1

replaceAll(regex: <regex>, replacement: <repl_string>: <in_string>)
replaceFirst(regex: <regex>, replacement: <repl_string>: <in_string>)
split(regex: <regex>): <from_string>[ ])

str.replaceAll([^a-z], empty);

filter out non-alphas

if(!chx.matches(“[a-z] | [A-Z}”) chx=empty;
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String Handling

‘**STRING variables
Dim wstr, xstr, ystr, zstr, xxstr, alertst, srchstr, matchstr As String

v STRING Data Type (VB)

‘**STRING expressions, operators, functions
xstr &= ystr & “123” ‘concatenate
zstr = substring(xstr, 1, 4)  ‘substrings (index, length)
wstr = substring(xstr, 5)  ‘substrings (index)

‘**Strings are an option for arrays:  string indices ó array indices
‘string of 10 characters vs. array of 10 elements:  example for Y/N votes
Dim xstr As String, xarr(9) As String 
xstr = “YNNYYNYYNN”
xarr(0) = “Y” : xarr(1) = “N” : xarr(2) = “N” : xarr(3) = “Y” : xarr(4) = “Y”
Xarr(5) = “N” : xarr(6) = “Y” : xarr(7) = “Y” : xarr(8) = “N” : xarr(9) = “N”

‘load array of 10 from string
For I = 0 To 9

Xarr(I) = substring(xstr,I,1)
Next

VB

Arrays vs. Substrings
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Methods
Ch 6
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Methods
Midterm

[public][static] <type><name>(<parm list>) {

<parm list> ::= [<type><name>, <type><name>, … ]

[<type> may include arrays:
int[] A, int[]B, int[] C
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Methods in Java
public static void convA(int dd, float ff)  {

int a,b;
< statements >

Return;
}

vSignature
vCall
vParameter passing

Ø By Value
Ø By Reference*

vReturn
Ø Sub -> void
Ø Function -> value

public static void main(String[ ], args)  {
int a,b,c;
convA(a,b);
x = convB(b,c);

}

public static int convB(int dd, float ff)  {
int a,b;
< statements >

Return a;
}

SUBROUTINE

FUNCTION

MAIN PROGRAM
Calls subs

Parameters

Arguments

Arguments Parameters

v 1 to 1
v match type
v *Java passes objects by 

value via ref to objects

returns value

returns value
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Methods:  Lab 3 Example

public static double FtoC(double ftemp)  {
double ctemp = (ftemp-32) *5/9.0;
return ctemp;

}

vSignature
vCall
vParameter passing

Ø By Value
vReturn

Ø Sub -> void
Ø Function -> value

public static void main(String[ ], args)  {
<statements>
if (F2C) temp = FtoC(fahr);
else temp = CtoF(celc);

}

public static double CtoF(double ctemp)  {
double ftemp = ctemp *9/5.0 + 32;
return ftemp;

}

Fahr ó Celc

vF2C
q Global var (or) 
q Parameter
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Methods:  Lab 4 Example

public static boolean isPal(String strParm)  {
boolean result = true;
<statements>
return result;

}

vSignature
vCall
vParameter passing

Ø By Value
vReturn

Ø Sub -> void
Ø Function -> value

public static void main(String[ ], args)  {
<statements>
boolean palFlag = isPal(inStr);
boolean anaFlag = isAna(inStr);

}

public static boolean isAna(String strParm)  {
boolean result = true;
<statements>
return result;

}

Lab 4:  Pals + Anagrams

vFlags
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Methods
Midterm

[public][static] <type><name>(<parm list>) {



COMP110
©2016-2022
Jeff Drobman

Methods:  Structuring
Calendar App ExampleCh 6

v Hierarchy of Methods
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Methods:  Structuring
Calendar App ExampleCh 6
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Abstraction/Encapsulation
Hiding

Black Box

Ch 6

optional
I/O
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Methods: Overloading
Multiple Instances with DIFFERENT SIGNATURES

<type> <name> (parm list)

int myMeth( )
int myMeth(int p1)
int myMeth(int p1, int p2)
int myMeth(float p1, float p2)

Ch 6
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Methods: Overloading
Example code
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Methods: Overloading
Example code
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Methods: Overloading
Ambiguous Overloading

Ø Compile time error

Ch 6

?
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Ambiguous Overloading
Ambiguous Example
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Parameter Overloading
Parameter Overloading

static void meth1(int p1, char p2, int… p3) {

à produces array ”p3” as int[4] with values passed as 
w=0, x=0, y=0, z=0

array ptr
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Parameter Overloading
Parameter Overloading: try again

array[4]

Ch 6
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Arrays
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Basics vs. Extensions

Basic

ExtensionExtension

ARRAYS

ARRAY LISTSENUMS

COMP110

COMP182

zyBook 4.11 (opt)
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Enums
“Enumerations”
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Arrays

vOrganized collection (“List”) of data (all same type)
vIndexed by Integers (Non-negative: 0..N)
vAssociative arrays in other languages (e.g., PHP)  but not Java
vSingle Dimension (“Linear” array or “vector”)
vMulti Dimension

q 2-dimensional:  “Matrix” or Table (databases)
q N-dimensional:  abstract

int[] myArr = new int[10];

int[] myArr = {3, 21, 0, 16, 0, 1};
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Arrays
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Arrays

value0

value1

value2

value3

Array ptr

0

1

2

3

4

5

6

value0,0

value1,0

value2,0

value3,0

0

1

2

3

4

5

6

Array ptr

value0,1

value1,1

value2,1

value3,1

value0,2

value1,2

value2,2

value3,2

0 1 2

columns

rows

value[0] [2]

value[0]

1D

2D

v Indexed
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Arrays

Data File

value0,0

value1,0

value2,0

value3,0

0

1

2

3

4

5

6

Array ptr

value0,1

value1,1

value2,1

value3,1

0 1

Words

rows

Prons
2D option

v Same Types

v Database
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Arrays

value0

value1

value2

value3

Word Array ptr

0

1

2

3

4

5

6

value[0]

value0

value1

value2

value3

Pron Array ptr

0

1

2

3

4

5

6

value[0]

Data File

2x 1D option

v Dif Types (can be)

v Database

v Associated
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Arrays <-> Databases

String[][] database = new String [9][6];



COMP110
©2016-2022
Jeff Drobman

Data-Arrays/Blocks
vArrays

q Assembly
§ DW A’0123456789’

q C
§ unsigned char strarr[10] = {‘0’,’1’,’2’,’3’,’4’,’5’,’6’,’7’,’8’,’9’}
§ charx = strarr[n] //use array element

q C++
§ int arr[ ] = {0,1,2,3,4,5,6,7,8,9}

q Java
§ int [ ]  arr = {0,1,2,3,4,5,6,7,8,9}
§ int [ ] [ ]  arrRag = { {0,1,2,3,4},

{5,6,7,8},
{9,0} };

vBlock Constructs (C/C++)
q Structures
q Unions

v Java only:  Ragged
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Arrays in Java
Declare a “pointer” (reference) to an array:

<type>[] <array name>;

<type> <array name>[];

or use this “C” type:

To allocate memory for, and thus be able to use, an array,
one must instantiate the array:

<array name> = new <type>[<size>];

<type>[] <array name> = new <type>[<size>];

one may combine the array declaration and instantiation:

Example:

int[] myArr = new int[10];

v Use this form

v Rarely used
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Initializing Arrays
Declare/Instantiate Example:

int[] myArr = new int[10];

Declare/Instantiate & Initialize Example:

int[] myArr = {3, 21, 0, 16, 0, 1};

Fill Examples:

int[] myArr = new int[10];
for(i=0; i<10; i++) {

myArr[i] = i;
}

int[] myArr = new int[10];
for(int ax: myArr) {

ax = n;
}

v Foreach

(0..9)

(0..5) à 6

or use i++

{0..9}

{0..9}
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Using Arrays
Declare/Instantiate Example:

int[] myArr = new int[10];

Reference Example:

int x = myArr[10];
Error:  array subscript out of bounds

int[] myArr = {-1, 21,0,16,0,1, -1,-1, 
-1,-1};

for(i=6; i<10; i++) {myArr[i] = -1;}

Oversized Example:

-OR after init-

(0..9)

v Marking uninitialized elements
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Sizing Arrays

int[] myArr = new int[10];

Perfect size

int size = 0;
int max = 1000;
int[] myArr = new int[max];
size++;

OVER size
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Oversizing
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Array Example
char key, int[] numArr = new int[10]; //inits
for(i=0; i<10; i++) {numArr[i] = i;}
String[] stArr = {“+”,””,”abc”,”def”,”ghi”, 
“jkl”,”mno”,”pqrs”,”tuv”,”wxyz”};
//find key
int ix = -1;
for(i=0; i<10; i++) {

if stArr[i].indexOf(key) >=0 {
ix = i; //found it
break;} }

//print key
if (ix >0 && ix <10)
system.out.printf(“letter %1d=%4s“,
numArr[ix],stArr[ix]);
else

system.out.println(“bad key”);

find keys

{0..9}
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Strings vs. Arrays
vStrings vArrays

char[] alphaArr = {‘a’, ‘b’, ‘c’, ‘d’, ‘e’, 
‘f’, …, ‘z’};

String alpha = “abcdefghijklmnopqrstuvwxyz”;

int ix = alpha.indexOf(chx); //letter number
if(ix< 0)
--or--
int ix = chx - ’a’; //’a’ = \u0061
if(ix < 0 || ix > 25)
JOptionPane.showMessageDialog(null,“Error not a-z!”); //check

for (i=0; i<26; i++) {//searching array
if (chx = alphaArr[i]) {
ix = i;
break;

}

Ø Or alpha.toCharArray()



COMP110
©2016-2022
Jeff Drobman

Array Example Revisited
String alpha = “+\s\s \s\s\s abc def ghi jkl
mno pqrstuv wxyz”;

//find key
int ix = alpha.indexOf(key)/4;

if ix >0 ix++;

//print key -- same

find keys
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Pythagorean Alphabet
Arrays-Strings Example



COMP110
©2016-2022
Jeff Drobman

Pythagorean Alphabet

11 and 22

Arrays-Strings Example
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Arrays – Operations 

vCommon Array Operations
q Initialize
q Compare
q Copy
q Shift
q Reverse
q Shuffle
q Parameter Passing

Ø Pass by Sharing

Ø using for loops

Ø by Reference
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Arrays: Copy

Ø arraycopy
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Arrays:  Shifting

v must use a temp
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Arrays:  Reverse
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Arrays:  Random Shuffling

v must use a temp
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Arrays
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Library Functions
Liang Ch 7
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Arrays Class.methods
equals

sort & search

Arrays.equals(arr1, arr2)

sec 7.12

Partial Sort

Arrays.sort(xArr, 2, 5)

Fill

Arrays.fill(xArr, 2, 5, 8)Arrays.fill(xArr, 8)
entire array partial array [2..5]

partial array [2..5]

Ch 7
is?

ArrName.isArray( ) Ø Used in Lab 4
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Selecting Methods
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New Tests
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ASCII + Unicodes
Test -1
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ASCII Codes- 7-bit

IANA encourages use of the name "US-ASCII" for Internet uses of ASCII

\n=“\u000A”
sp=“\u0020”

char ch=0xA
char sp=0x20
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ASCII + Unicodes
Plane 0

7-bit ASCII

Upper half Unicode

7-bit ASCII

Upper half Unicode – spaced out
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Whole Array
Test 0
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Arrays Example #1

1D

2D

Test 1
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Arrays Example #1

1D

2D
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Arrays Example #2
Lab 4:  anagrams Test 2



COMP110
©2016-2022
Jeff Drobman

Sorting
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Arrays:  Searching & Sorting
vSearching

q Linear (non-sorted)
q Binary (sorted)

vSorting
q Linear
q Selection (textbook Ch 7)
q Bubble
q Quicksort
q Qsort

Ø binarySearch returns found array index or negative index
Ø = - (insertion index + 1)

sec 7.12Ch 7
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Arrays:  Sorting
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Sorting:  Donald Knuth
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Searching:  Donald Knuth
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Arrays:  Sorting
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Arrays:  Sorting
v Sorting

q Timsort
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Sorting:  Stability
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Sorting:  Stability
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Array Sort
Test 3
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Array Split-Sort
Test 4
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Array Sort:  Result
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Chapter 8
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Arrays

0

1

2

3

4

5

6

Array ptr

0 1 2 3 4

columns = fields

rows = 
records

value[0] [4]

2D
v Database example

ID last first year major

12345 Smith Joe 3 cs

12565 Jones Mary 2 cit

12475 McDon Chuck 1 ce

12787 Torres Maria 4 math

12465 Stein Mark 3 cs

12983 Chu Song 1 cs

12167 Al-Dhu Ahmad 1 ce
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2D Arrays [ ] [ ]
Ch 8
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2D Arrays
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Section
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Command Line Args
sec 7.13

java program  “hello Bob”  12  howdy  0

hello Bob

12

howdy

0

0

1

2

3

args
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Command Line Args
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Command Line Args
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Command Line Args
Terminal appJava Compiler
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Section
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Data & Time (Mac)
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Y2K Dates
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Time (System Class)

v org 1-1-1970
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Date & Time (Date Class)

Ø Date date = new Date( )
Ø date.toString( )

System.out.println(date.toString( ) );

Wed  Sep 21  14 : 33 : 30  EST  2016prints out è

v date.getTime( )

System.out.println(date);
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Date & Time Examples

Miniscule (or 0) difference
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Date & Time Examples
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Date & Time Examples
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Date & Time Examples
PST<>PDT
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Time Zones
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Date & Time Examples
World Times
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Date & Time Example
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New Class.method
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Date & Time More
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java.time
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Time & Location:  GPS
vUS GPS:  30+ satellites (since 1978)
vAlternatives as backups

q Iridium – 67+ satellites
q DARPA ANS
q USAF/Aerospace Sextant

ØTriangulation
4th satellite
for elevation
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Math Lib
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Library Functions
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Random Numbers

Math.random( )
returns double 0 < N < 1  ó [0-1]

0.000000001 to 0.999999999

for  0 <= N <= 9
use
(int) (Math.random( ) * 10)

*10 à 6.391378045…

*10 à 6.391378045…

int à 6

for  1 <= N <= 10
use
(int) (Math.random( ) * 10) +1
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Random Numbers
vGenerating Random numbers

q Pseudo-random
q Seeded

§ Default = system time (ms)
§ Specified

q Random seeded (2-level, …, N-level)
q Java:  method + Class(seed)

vUsing Random numbers
q 0 to N-1:   (int) (N * Math.random( ));
q 1 to N:    (int) (N * Math.random( )) + 1;
q selecting which digit to use (more randomizing)

*10 à 6 . 3 9 1 3 7…
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Random Numbers

vClass:  Random
§ Random Ranx = new Random( );
§ int rand = Ranx.nextInt(10);

Ø Returns 0..9 {10 values}

Alternative
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Generating Randoms

random à method

Random à class
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Generating Randoms
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Math.random( )

random method:
à returns (0..0.999…)

shuffle deck of 52 cards:
à returns integer = (0..

shuffle deck of 52 cards:
à returns integer = (0..51)

Swap “deck[ i ]” ßà “deck[random]”



COMP110
©2016-2022
Jeff Drobman

Random Numbers
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Math Lib
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Monty Hall Problem
Ø Pick a Door
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Monty Hall Problem
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Monty Hall Problem

Ø we will do a computer simulation in Java
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3 Prisoners Problem
Ø see Monty Hall Problem
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Randoms for Monty Hall
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Monty Hall:  Play
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Random Methods

method

Class
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Monty Hall Results

Counts + percents (%)


