CSC 221: Computer Programming |
Fall 2001

= conditional repetition
> repetition for: simulations, input verification, input sequences, ...
» whileloops
» infinite (black hole) loops
= counters & sums
» increment/decrement operators, arithmetic assignments
= for loop & other variants
» counter-driven loops, for loops
» other variants: do-while, break, continue

conditional repetition

if statement allows for conditional execution
= either execute ablock of statements, or don't (i.e., execute 1 or 0 times)

many applications require repeated execution of statements

» roll a pair of dice 10 times

» roll a pair of dice until you get doubles

» read user responses until "yes' or "no" is entered

» fold a piece of paper until its thickness reaches the sun
» read an arbitrary number of grades and average them

» search for thefirst vowel in a word (for Pig Latin)




while loops

many different words/phrases in English suggest repetition
> repeatedly do XaslongasY
> whileY holds, do X
> do X, Y number of times
> keep doing X until Y happens
> ...

in al these forms, repetition is controlled by a condition

conditional repetition in C++ is accomplished via a while loop

whi | e (BOOLEAN TEST) { /1 while TEST evaluates to true
STATEMENTS; /1l execute statements inside { }
} 11 and return to top to repeat
/1 when TEST becones false, exit |oop

Note similarity to if statement:
= both are controlled by a Boolean test: if the test succeeds, then the body is executed
= for awhile loop, however, control returns back to the top and the test is reevaluated

rolling along...

/1 rollemcpp
. . . /
consider the ssmulation of
repeated dice rolls

/1 Sinulates rolling two dice
THOEEEEEE i rirs

#i ncl ude <i ostreanp
#include "Die. h"
usi ng namespace std;

in pseudo-code:

while (HAVEN T ROLLED 10 TINES){
ROLL DI CE;
DI SPLAY RESULTS;

}

RECALL: the Dieclass
encapsul ates several useful
member functions:

« Rol I ()

const int NUM ROLLS = 10;
int main()
Die dl, d2;
while (d1.NunRolls() < NUMROLLS) {
int rolll =dl.Roll();
int roll2 = d2. Roll();

cout << "You rolled: "
<< " and "

<<rolll
<< roll2 << endl;

}

return O;

« NunRol I s() Note: the use of the constant NUM ROLLS

makes it easy to change the number of
repetitions




rolling along (cont.)

if only care about the dice
totals, can display the sum

could use the NunRol | s
member function to display

Il rollemcpp
/

// Simulates rolling two dice (with fancy output)
TECLLETELE T it r i i i rrrrrn

#i ncl ude <i ostrean
#i ncl ude <i omani p>
#include "Die. h"

usi ng namespace std;

const int NUM ROLLS = 10;

int main()
theroll #for witheachtotal | oe a1
while (d1.NunRolls() < NUMROLLS) {
. !nt rolllfdl.Roll()z
could useset wto line up #s tnt rolt2 = dz Roll();
cout << Roll " << setw(2) << di.NunRolls()
Rol | 1: 7 :: eﬁdl;<< setw(2) << (rolll + roll2)
Rol | 2: 10 }
Rol | 3 3 return O;
. }
oIl o 12 Note: setw(2) works for up to 99 rolls
Rol | 10: 8 . )
Can we generalize?
double time

suppose we wanted to roll dice
until we get doubles (and keep

track of number of rolls)

in pseudo-code:

ROLL DI CE;
DI SPLAY RESULTS;

whil e (DI CE ARE DI FFERENT) {
ROLL DI CE AGAI N;
DI SPLAY RESULTS AGAI N;

}

DI SPLAY NUMBER OF ROLLS;

again, Die member functions

are useful

I/ doubl es. cpp
!

// Simulates rolling two dice until doubles.
TELLLETEL L i r i iy

#i ncl ude <i ostrean
#include "Die. h"
using namespace std;
int main()
Die di, d2;
int roll1l = dl. Roll
int roll2 = d2. Roll

cout << "You rolled " << roll1l
<< " and " << roll2 << endl;

) {

():
()

while (rolll !'=roll2

rol 11 = di.Roll()

rol 12 = d2.Rol | ()
cout << "You rolled " << roll1l

<< " and " << roll2 << endl;

}

cout << "It took "
<< endl ;

<< d1. NunRol I's() << *

return 0;

rolls.”

Note: distasteful redundancy!




double time (cont.)

/1 doubl es. cpp

- - // " . . -
can avoid redunQancy W't_h & T T SR
KLUDGE (a qUICk_and_dl rty #include <i ostreanms

#include "Die. h"

trick for making code work) Using namespace std:

int main()
= only roll the dice inside the loop Diedl, d;
int rolll=-1; /] KLUDGE: initializes rolls
o . int roll2 =-2; /1 so that loop is entered
= initialize theroll variables so while (roll1 1= rol12) (
that the loop test succeeds the Iy
first time cout << "You rolled " << roll1l
<< " and " << roll2 << endl;
}
= after thefirst kludgy time, the cout << "It took " << di.NunRolls() << " rolls."
<< endl ;

loop behaves as before

return 0;

in general, avoid kludges.
here, the benefit of removing redundant code is worth it.

loops for input verification

acommon use of loopsisto verify user input
= in HW3, you prompted the user for an option (1-2, or 1-6)
= if theinput was not in the specified range, the program terminated

= wouldn't it be nicer to re-prompt the user on invalid input?

at first glance, an if statement might seem sufficient

pseudo-code: int_userOption;
cout << "Enter your option (1 — 6): ";

READ USER OPTI ON; cin >> userCption:

if (userOption < 1 || userOption > 6) {

if (OPTION NOT VALID) { cout << "That was an invalid response." << endl;
DI SPLAY ERROR MESSAGE; cout << "Enter your option (1 — 6): ";
REREAD USER OPTI ON, cin >> userQption;

} }




loops for input verification (cont.)

an if statement works fine as long as the user only messes up once

if it ispossible that they could mess up an arbitrary number of times,
then you need aloop to keep reading inputs until valid

pseudo-code:
READ USER CPTI ON;

while (OPTION NOT VALID) {
DI SPLAY ERROR NMESSAGE;
REREAD USER OPTI ON;

}

int userOption;
cout << "Enter your option (1 - 6): ";
cin >> userOption;

while (userOption < 1 || userOption > 6) {
cout << "That was an invalid response." << endl;
cout << "Enter your option (1 — 6): ";
cin >> userOption;

Note: this codeisidentical to the previous page except "while" replaces "if"

this highlights the similarity & difference between the two

generalizing input verification

of course, we could
generalize the task for easier
reuse (i.e., functions)

int age;
cout << "Enter your age: ";
age = Readl ntlnRange(0, 120);

int year;

cout << "In what year were you born? ";

age = Readl nt|nRange(1880, 2001);

char response;
cout << "Do you want to play again? ";
response = ReadYor N();

int ReadlntlnRange(int low, int high)
/1 Assunes: |ow <= high
I/ Returns: user input in range |ow .high

{

}

int userOption;
cin >> userOption;

while (userOption < low || userOption > high){
cout << "lInvalid response "
<< "(nust be between " << |ow
<< " and " << high << "): ",
cin >> user Option;

return userOption;

char ReadYor N()
// Returns: user input, either 'y' or 'n'

{

char user Char;
cin >> userChar;

user Char = tol ower (userChar);
while (userChar !="y" & userChar !="'n"){
cout << "lInvalid response "
<< "(nust be either "y' or 'n"): ";
cin >> userChar;

return userChar;




"hailstone sequence”

interesting sequence from mathematics
= start with a positive integer
= if that number is odd, tripleit and add 1
= if that number is even, divideit in half
= then repeat

52162824222 12>4>2>1-> ..
11234>17>52>26>13>40>20>10>5>16>8>4>2>1-> ...
242>12256>3210>52>16>82>4>2>1-> ...

150> 75> 226> 113> 340> 170> 85> 256> 128> 64> 32> 16> 8> 4> 2> 1> ..

It has been conjectured that every sequence gets caught in the 4>2->1 cycle.

The conjecture has been verified for al starting numbers < 60,000,000, but still has
not been proven to hold for al starting numbers.

hailstone code

can generate any hailstone sequence using awhile loop
READ STARTI NG NUM FROM USER;
while (NOT STUCK IN LOOP) {
UPDATE NUMBER,;

DI SPLAY NEW NUNMBER;
}

DI SPLAY THE FACT THAT STUCK;

HOMEWORK 4. complete the program (with input verification)

Enter the starting nunber of a hailstone sequence:
0
The nunber nust be positive. Try again:

The nunber nust be positive. Try again:
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In-class exercise

what output would be produced by the following loops?

int x =-5;
while (x > 0) {

cout << x << endl;
}

int x =5
while (x > 0) {

cout << x << endl;
}

int a=1, b = 10;
while (a < b) {

+ 1;
_2;

a=a
b=>b
cout << a << ", " << b << endl;

}

int num = 1024;
while (num> 0) {

num = num - 1;
}

cout << num << endl;

infinite loops

if the hailstone conjecture is false, then there is an infinite sequence!

using Readl nt | nRange, the user could enter invalid info forever!

=> infinite loops (loops whose tests are never false) are possible

infinite loops more commonly occur as aresult of programmer error

int ReadlntlnRange(int |ow, int high)

/1 Assunes: |ow <= high

Il Returns: user input in range |ow..high

{
int userOption;
cin >> userOption;

cout << "lInvalid response "
<< "(nust be between " << |ow
<< " and " << high << "): "

return userOption;

while (userOption < low || userOption > high){

what is wrong/missing here?

ak.a. black hole loops
= |oop test islike the event horizon
= once past it, there is no escape




avoiding infinite loops

!nt rolll1 =-1; )
int rol12 = -2 what iswrong here?
while (rolll + roll2 1=7) {
if (rolll ==roll2) {
roll1 = di.Rol I ()
rol12 = d2. Rol I ()

cout << "You rolled: " << (rolll1 + roll2)
<< endl ;

in these examples, programmer error made it so that nothing
changed inside the loop — GUARANTEED BLACK HOLE!

must ensure that something affecting the loop test changesinside the
loop — ISTHIS ALWAY S ENOUGH?

counters

while loops allow for repeated simulations/experiments
= often, want to keep track of some event that occurs during those repetitions

e.g., roll diceand keep track of the number of 7's
generate a hailstone sequence and keep track of its length
paper folding puzzle

acounter isavariable that is used to keep count of some "event
= jtisnot anew feature of C++, just aparticular pattern of use

int count = O; /1 must initialize counter to O
while (NOT DONE) {
PERFORM TASK;

if (EVENT OCCURRED) { /1 when event occurs,
count = count + 1; 11 increment counter
}
}




dice stats

can use a counter to keep track
of the number of sevensrolled

I'NI TI ALI ZE 7- COUNT TO 0;
while (HAVEN T FI NI SHED ROLLI NG {

ROLL DI CE;
I'F ROLLED 7, UPDATE 7- COUNT;

}

DI SPLAY 7- COUNT;

what would happen if we

Il stats.cpp
11

/1 Simulates rolling two dice, counts 7's.
TILLLETEEE L i e iirer

#i ncl ude <i ostrean
#include "Die. h"
using nanespace std;
const int NUM ROLLS = 1000;
int main()
Die di, d2;
int sevenCount = 0;
while (d1.NunRolls() < NUMROLLS) {
int rolll = dl.Roll();
int roll2 =d2. Roll();

if (rolll +roll2 ==7) {
sevenCount = sevenCount + 1;
}
}

fOI’gOt tO Inltla||Z€ sevenCount ’) cout << "Qut of " << NUMROLLS << " rolls, "

what would happen if we
initialized inside the loop?

<< sevenCount << " were sevens." << endl;

return 0;

—~

shorthand notation

counters are fairly common tools

= C++ provides shorthand notation for incrementing/decrementing

X =X + 1 = X += 1 = X+

1l
<

.
=

y

=y

.= ]_; = y--;

= infact, al the arithmetic operators can be combined with assignments

a=a?* 2 =

b

b / 10;

a *= 2;

b /= 10;

ADVICE: use++ notation for incrementing (shorter & more obvious)
use other arithmetic assignments as you find comfortable




dice stats++

use the increment operator ++
to increment sevenCount

note: each Die object is
keeping its own counter of the
number of rolls

= when you create a Die, the
counter isinitialized to 0

= when you call Rall, the counter is
incremented

= when you call NumRaoalls, the
counter value is returned

abstraction hides the detail s!

Il stats.cpp
11

/1 Simulates rolling two dice, counts 7's.
TILLLETEEE L i e iirer

#i ncl ude <i ostrean
#include "Die. h"
using nanespace std;
const int NUM ROLLS = 1000;
int main()
Die di, d2;
int sevenCount = 0;
while (d1.NunRolls() < NUMROLLS) {
int rolll = dl.Roll();
int roll2 =d2. Roll();

if (rolll +roll2 ==7) {
sevenCount ++;
}
}

cout << "Qut of " << NUM ROLLS << " rolls, "
<< sevenCount << " were sevens." << endl;

return 0;

generalized stats

again, can generalize with a
function to make variations
easier

have asingle Count Di ce
function with parameters so
that it works for

 arbitrary # of dicerolls

* arbitrary dice total

#i ncl ude <i ostrean
#include "Die. h"
using namespace std;

const int NUM ROLLS = 1000;
int CountDice(int nunRolls, int desiredTotal);

int main()

-~

i nt user Choi ce;
cout << "Wiat dice total are you interested in? ";
cin >> user Choi ce;

cout << "Qut of " << NUM ROLLS << " rolls, "

<< Count Di ce(NUM ROLLS, userChoice) << " were "

<< user Choice << "'s." << endl;

return O;

}
TEELLTTEEE L b n b n b rr i r iy

int CountDice(int nunRolls, int desiredTotal)

/1 Assunmes: nunRolls >= 0, 2 <= desiredTotal <= 12
/1 Returns: number of tines desiredTotal occured out
1 of nunRolls sinulated Dice rolls

Die di, d2;

int desiredCount = 0;

while (dl.NunRolls() < nunRolls) {
int rolll = dl.Roll();
int roll2 = d2. Roll();

if (rolll + roll2 == desiredTotal) {
desi redCount ++;
}

}

return desiredCount;

10



paper folding puzzle

if you started with aregular sheet of paper and folded it in half, then
folded that in half, then folded that in half, ...

how many folds would it take for the thickness of the paper to reach

the sun?

pseudo-code:

I'NI' TI ALI ZE PAPER THI CKNESS;
I'NI TI ALI ZE FOLD COUNT TO 0;

while (TH CKNESS LESS THAN DI STANCE TO SUN) {

DOUBLE THI CKNESS;
I NCREMENT FOLD COUNT,
}

DI SPLAY FOLD COUNT;

distance to the sun?

thickness of a piece of paper?

paper folding code

on average, distance to the sun
is 93,300,000 miles

pack of 500 sheetsis~1 inch
- single sheet is 0.002 inches

LESSON: when you keep
doubling something, it grows
VERY fast!

/1 fold.cpp
11

Il Simulates the paper folding puzzle.
PELELLTLLETELL LDy

#i ncl ude <i ostrean>
usi ng namespace std;

const doubl e PAPER THI CKNESS = 0. 002;
const doubl e DI STANCE_TO SUN = 93. 3e6*5280*12;

int main()

doubl e thick = PAPER_TH CKNESS;
int foldCount = 0;

while (thick < DI STANCE_TO_SUN) {
thick *= 2;
f ol dCount ++;

}

cout << "It took " << foldCount << " folds."
<< endl;

return O;

11



Sums

other applications call for accumulating values
= similar to a counter, but not just incrementing — must add a value to the sum

e.g., compute the average of a sequence of grades
requires a sum to accumulate the sum of the grades
requires a counter to keep track of how many grades

I'NI TI ALI ZE COUNTER & SUM
READ FI RST GRADE;

while (STILL MORE GRADES) { QUESTION: how can we know when

ADD GRADE TO SUM there are no more grades to read in?
| NCREMENT COUNTER;

READ NEXT GRADE;
}

COWPUTE AVERAGE = SUM COUNTER;

averaging grades

Il avg. cpp
11

/!l Generates a hail stone sequence starting with an input.

asentinel valueisaspecial |11/ i
Va]uetha[ mal’kS'[he end Of #incl ude <i ostreanm>

usi ng namespace std;

input
int main()
int nunGades = 0, gradeSum = O;
1. int de;

mUSt be aval ue that Cant Icgutgr<i1 ?Ent er grades (terminate with -1):" << endl;

cin >> grade;
naturally appear (e.9., a

whi | de !'= -1
gl’ade Of 'l) I ;rggre;uﬁq += gr)adfe;

numa ades++;

cin >> grade;

}
mUSt be Cal’efu| nOt tO treat doubl e avg = (doubl e) gradeSunt nunGr ades;
the %ntl nel Valueasdata cout << "Your average is " << avg << endl;

return 0;

12



dot race example

common occurrence at sporting events. big-screen dot races
= some number of colored dots race around a track
= movement is either random or else driven by crowd noise

we can simulate a dot race

= to keep things simple, we will have only 2 dots (but could easily expand)
= at each timeinterval, adot moves forward between 1 and 3 steps

= the race ends when one or both dots

PLACE DOTS AT START LI NE;

whil e (NEI THER HAS CROSSED FI NI SH LI NE) {
MOVE EACH DOT A RANDOM AMOUNT;
DI SPLAY PCSI TI ON;

}

I DENTI FY THE W NNER(S) ;

cross the finish line

how do we keep track of dot positions?
how do we know when cross finish?
how do we determine how far to move?

how do we identify the winner(s)?

/1 dot .
dot race code  |ij “treeecer
TILLLEELLL i rren
#i ncl ude <i ostrean

represent dot position asa | #include <i omani p>
#include "Die. h"

Il Simulates a race between two dots.

THELLETEEE iy

number usi ng namespace std;
o startlineisO const int FINSH.LINE = 20;
* finishlineisaconst i{nt mai n()

Die die3(3);

race continues if neither
has reached the finish line while (positionl
positionl +=
position2 +=

use a 3-sided Die object to cout << "ot
generate the step amount }

cout << "Dot

must be careful in
identifying the winner — cout << "Dot
both could cross the finish L ¢

line at the same time )

return O;

int positionl = 0, position2 = 0;

< FINISH_LINE & position2 < FINISH LINE) {
di e3. Rol T();
di e3. Rol I ():

1: " << setw(2) << positionl << "
2: " << setw(2) << position2 << endl;

if (position2 < FINISH LINE) {

1 wins!" << endl;

}
else if (positionl < FINISH LINE) {

2 wins!" << endl;

cout << "It's a tiel" << endl;

13



for loops
counter-driven loops (do something X times) are fairly common

int repCount = 0;
while (repCount < NUM REPS) {
DO DOVETHI NG

repCount ++;

afor loop more naturally encapsulates this type of behavior

for (int repCount = 0; repCount < NUM REPS; repCount++) {
DO DOVETHI NG,
}

 thisfor loop isidentical to the while loop above
* more concise, al loop control info is written on the same line
¢ lesslikely to forget a piece (e.g., forgetting to increment - infinite loop)

while loops vs. for loops

while loop version: for loop version:
int nunfTinmes = 0; for (int nunlines = 0; nunilinmes < 10; nunili nes++) {
while (nunflinmes < 10) { cout << "Howdy" << endl;

cout << "Howdy" << endl; }

nunili Nes++;

}

int i =1, sum= 0; int sum= 0;

while (i <= 100) { for (i =1; i <= 100; i++) {
sum += i; sum += i ;
i+ }

}

use for loop when you know the number of repetitions ahead of time

use while loop when the number of repetitions is unpredictable

14



complete stats (badly done)

#i ncl ude <i ostreanr
#i ncl ude <i onani p>
#include "Die. h"
using namespace std;

if you wanted to see stats for all dicetotals,

const int NUMROLLS = 1000;

int CountDice(int nunRolls,

you could take brute force approach

int desiredTotal);

int main()

cout << "Qut of "

<< NUM_ROLLS << " rolls:

" << endl

<< setw(4) << CountDice(NUM ROLLS, 2) << " were 2's." << endl
<< setW(4) << CountDi ce(NUM ROLLS, 3) << " were 3's." << endl
<< setW(4) << CountDi ce(NUM ROLLS, 4) << " were 4's." << endl
<< setw(4) << CountDice(NUM ROLLS, 5) << " were 5's." << endl
<< setw(4) << CountDice(NUM ROLLS, 6) << " were 6's." << endl
<< setW(4) << CountDice(NUM ROLLS, 7) << " were 7's." << endl
<< setw(4) << CountDice(NUM ROLLS, 8) << " were 8's." << endl
<< setw(4) << CountDice(NUM ROLLS, 9) << " were 9's." << endl
<< setW(4) << CountDi ce(NUM ROLLS, 10) << " were 10's." << endl
<< setW(4) << CountDi ce(NUM ROLLS, 11) << " were 11's." << endl
<< setw(4) << CountDice(NUM ROLLS, 12) << " were 12s." << endl;
return O;

PELELLETLE LT it b n i i r g
int CountDice(int nunRolls, int desiredTotal)

Il AS BEFORE

complete stats (well done)

can generalize using aloop
* variable ranges from 2 through 12
 Count Di ce function called on each pass

#i ncl ude <i ostreanr
#i ncl ude <i onani p>
#include "Die.h"
using namespace std;

const int NUMROLLS = 100;
int CountDice(int nunRolls, int desiredTotal);
int main()
cout << "Qut of " << NUMROLLS << " rolls: " << endl;
for (int roll =2; roll <= 12; roll++) {
cout << setw(4) << CountDice(NUM ROLLS, roll) << " were "
<< setW(2) << roll << "'s." << endl;

}

return 0;

}
PELLLTETEE LT i n i b nn i r i n i i b rrr i i b r i
int CountDice(int nunRolls, int desiredTotal)

Il AS BEFORE

15



consistent stats?

will the counts from st at s. cpp necessarily add up to 10007?

Qut of 1000 rolls:
24 were 2's.
48 were 3's
96 were 4's

100 were 5's.
125 were 6's.
159 were 7's.
136 were 8's
88 were 9's
0's

s

24 were 12's.

note that each call to Count Di ce is a separate experiment (1000 rolls)

if want a single experiment to count all dice totals, need
e asingleloop (1000 rolls)
e 11 different counters (for dice totals 2 through 12) ** L ATER **

Pig Latin revisited
remember status of Pig Latin program

we needed to find the first occurrence of avowel in the word
= using only if statements, this was extremely tedious

= using aloop, can traverse the word char-by-char until avowel isfound

nt Fi ndVowel (string str)

/ Assunes: str is a single word (no spaces)

/ Returns: the index of the first vowel in str, or
/ string::npos if no vowel is found

for (EACH CHAR IN str, STARTING AT | NDEX 0) {

if (CHAR I'S A VOAEL) {
RETURN | TS | NDEX;

}
OTHERW SE, RETURN NOT FOUND,

16



Pig Latin (final version)

#i ncl ude <i ostrean string PigLatin(string word)
# nclude <string> /1 Assumes: word is a single word (no spaces)
using namespace std; /] Returns: the Pig Latin translation of the word
; ; ; ; {
string PigLatin(string word); B — .
bool IsVowel (char ch): int vowel I ndex = Fi ndVowel (word);
int FindVowel (string str); . .
( g ) if (vowellndex == 0 || vowellndex == string::npos) {
int main() return word + "way";
}
string word; else {
cout << "Enter a word: "; return word. substr(vowel | ndex,
cin >> word; wor d. | engt h() - vowel | ndex) +
" " wor d. substr (0, vowel Index) + "ay";
cout << "That translates to: }
<< PigLatin(word) << endl; }
return 0O; . ) .
} int FindVowel (string str)
/1 Assumes: str is a single word (no spaces)
THELLLLLLL i rrrrnnny /1 Returns: the index of the first vowel in str, or
11 string::npos if no vowel is found
bool IsVoweI(ch_ar ch)
1 Assunes: ch is a letter for (int index = 0; index < str.length(); index++) {
/1 Returns: true if chis a voel if (I'sVovel (str.at(index))) {
("aeiou ) return index;
const string VOAELS = "aei ouAEl QU'; }
return VOWELS. find(ch) != string::npos; }
return string::npos;
}

other loop variants

do-while loop
= similar to while loop, only the test occurs at the bottom of the loop

break statement
= can break out of aloop using the break statement

continue statement
= can interrupt aloop pass, return to the top of the loop using continue

FILE UNDER: handy, but not necessary
= we may revisit thesein later examples, but maybe not
= don't worry about them for now (unless you want to)




repetition summary

while loops are used for conditional repetition
= can execute ablock of code an arbitrary number of times (incl. 0 times)
= similar toif statement, looping is controlled by a Boolean test

= infinite (black hole) loops are a possibility -- usually caused by coding errors

counters and sums are variables used to accumulate valuesin aloop
= counter: initialized to 0, incremented every time desired event happens
= sum: initialized to 0, has running total added to it

= shorthand notation exists for updating variables: x++; x += 1; x = x+1;

loops can take different formsin C++
= for loop: useful for counter-driven repetition
combines init-test-update info into asingle line
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