CS106B Debugger Tutorial



Hi everybody!




Ths

N—

part of Assignment o, we'd like you
get a liffle bit of practice using fhe
debugger in @t Creator.

o)




% debugger is a tool you can use to

nelp)

see whal your program is doing as you

run i1,
N—




T —~

IT's veally usetul tor helping find errors in
your programs, and the more practice you
get with it, the easier it'll be to correct

misTakes in The programs uou write,




/Thimk ot this guide as a little TuTOvia\\

walkthrough to help give you a sense of
how To use the debugger and how to make

N—

sense ot whal you're seeing.
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1 Issues

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

B NameHash.cpp x| # % Unix (LF)

* For those of

using namespace std

* treats e
:itpthzge To start fhings oft, open up The Name Hash
v some smal - pyogram you van in Parf One of This assignmend,
ut we
*/ Scroll down 1o the nameHash function so thal you
int nameHas ) i i .
/% This can see the enfire function in your window,
* prim
* 2031 -
*/
static const int kLargePrime = 15485863;
static const int kSmallPrime = 137;

int hashval = 0;

/* Iterate across all the characters in the first name, then the 1
* name, updating the hash at each step.
*/
for (char ch: first + last) {
/* Convert the input character to lower case. The numeric values of
* lower-case letters are always less than 127.
*/
ch = tolower(ch);
hashvVal = (kSmallPrime * hashVal + ch) % kLargePrime;
}

return hashval;

8 Test Results %

2 Search Results 3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 General I

4+ P [E Line: 11, Col: 48




NameHash.cpp @ NameHash [main] - Qt Creator = .

File Edit View Build Debug Analyze Tools Window Help
Projects s T & B [ < B NameHash.cpp X # using namespace std = | Unix (LF) 4+ & [E Line: 11. Col: 48 B+

gl ¢ N e e 42 * For those of you who are more mathematically -inclined, this function ’
e IR e — 43 *x treats each character in the input name as a number between © and 128.
EE“ 44 * It then uses them as coefficients in a polynomial over the finite field
45 x F_p, where p is a large prime number, and evaluates that polynomial at
46 * some smaller prime number q. (You aren't expected to know this for CS106B,
Dﬂ@’ 47 * but we thought it might be fun!)
y? 48 */
REies 49 - int nameHash(string first, string last){
Sz 50 - /* This hashing scheme needs two prime numbers, a large prime and a small
51 ool i uct is less than
~

Move your mouse cursor so thal it's in the space
right before the line number tor line sb,

Now, click the mouse! the last
N\
62 - for (char ch: first + last) {
63 -~ /* Convert the input character t The numeric values of
64 * lower-case letters are always less
65 x/

MameHash

I;I »

Debug

ch = tolower(ch);
hashVal = (kSmallPrime * hashVal + ch) % kLargeP

>

o
e 70
st

69

) return hashval;

[Nl . Type to locate (Ctrl 1 Issues 2

s 3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 General ] Version Control 8 Test Results %



NameHash.cpp @ NameHash [main] - Qt Creator - X

File Edit View Build Debug Analyze Tools Window Help
Projects s T & B [ < B NameHash.cpp X # using namespace std = | Unix (LF) 4+ & [E Line: 11. Col: 48 B+

gl ¢ N e e * For those of you who are more mathematically inclined, this function

e IR e — *x treats each character 1in the input name as a number between 0 and 128.

g * It then uses them as coefficients in a polynomial over the finite field
* F_p, where p 1is a large prime number, and evaluates that polynomial at

Edit

W

‘*-QQ~EE:: for CS106B,
= When you do, you should see a red circle with a

Projects

) \lT‘He hOMYg\aSS pPov uv. and a small

Help

less than

This is called a breakpoint, If we run the program
in debug mode, whenever the program gets to
this line, it will pause and open up the debugger

\ so we can see whal's going on,

the last

for (char ch: first + last) {
/* Convert the input character t
* lower-case letters are always less

The numeric values of

*/
“E?r @ ch = tolower(ch);
oo hashval = (kSmallPrime * hashVal + ch) % kLargeP

. }

return hashval;

[Nl . Type to locate (Ctrl Results 3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 Genera ontrol 8 Test Results %



NameHash.cpp @ NameHash [main] - Qt Creator = 9

File Edit View Build Debug Analyze Tools Window Help
Projects T = B d < B NameHash.cpp X # using namespace std % | Unix (LF) 4 P = Line: 11, Col: 48 B+

| e e * For those of you who are more mathematically inclined, this function .
e * treats each character in the input name as a number between © and 128.
EE“ * It then uses them as coefficients in a polynomial over the finite field
x F_p, where p is a large prime number, and evaluates that polynomial at
* some smaller prime number q. (You aren't expected to know this for CS106B,
Dgg’ * but we thought it might be fun!)
p x/
Projects * int nameHash(string first, string last){
Sa g /* This hashing scheme needs two prime numbers, a large prime and a small
= " nr%me..Ihasa.nHmhﬂ£a.uﬂ£ﬂ.shaﬁan.hﬂﬁﬁﬁﬁﬁ.ﬁhﬂi&.ﬂ;ﬁdggi;:i'less than
~Now, we're going to run This program in debug

N

mode. To do so, click on the *run in debug mode”
button in The bottom—right corner of fhe screen.
It's the one just below the regular green ‘run®

N button., When you do..

for (char ch: first + last) {
/* Convert the input character t
* lower-case letters are always less
*/
“Eﬁr a ch = tolower(ch);
' hashVal = (kSmallPrime * hashVal + ch) % kLargeP

Debug

>

q return hashvVal;
[ °_ Type to locate (Cirl... 1 Issues esults 3 Application Output 4 Compile Output 5 QML Debugger Console 6 Gener: ] Control 8 Test Results =% =

the last

The numeric values of

}




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects * T @ H H < B NameHash.cpp

" e Namevasn % For t you should see something like thist Notice fhat
* treat: :
B . 1t tnd 3 bunch of extra panels popped up in @f Creafor,
* F ] v N
o werll falk about what each of fhese windows mean
: [0 / .
*_but wg in a second.
I 1
Projects 9 File Edit Options Help
(7] 10 B B g A D H e
“What is your first name? rodu
3
4
5
6
1
8
9 ame, then
1c
> 1l
2l 3
3 he numeri
4 ' [* Llower—-case letters are always Lless than 127. — Value Type :
*/ .
DE:;’ ctn . Lie Address Number Function AllRaEs File Line Address Conilgnore Thre =
' el nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
|

|1l °, Type to locate (Ctrl 1 Issues 2 Results 3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 General M 7 Version Control 8 Test Res
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File Edit View Build Debug Analyze Tools Window Help
s T &= B[ <

B NameHash.cpp

* For t
treats
It thg
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some
but we

L A T

File Edit Options Help
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NameHash.cpp @ NameHash [main] - Qt Creator

In the meanfime, fupe in The first name Ada and hit

enter, as shown here, We specifically want you to
enter Ada here, not your actual first name,
(Unless your first name is Ada, )

@

What is your first name? Ada
What is your last name?

TN

%\

ame, then

|
he numeri

' ["* Lower—-case Lletters are always Lless Tthan 127.

*/

Debugger % GDB for "NameHash" = [§ B

Level Function File

Results

Line Address

Number
e1

Application started.
Function
nameHash(std::string, std::string)

3 Application Qutput 4 Compile Output 5 QML Debugger Conscle 6 General M

Control

Name

File
...eHash.cpp

8 Test Results %

Value

Line Address Conilgnore

66

...ab2d3

Views &=
Threads
(all)




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects * T B+ @ < B NameHash.cpp
B e « For t
Welcome - Eources * tl"eat .
= T « Tt the Now, fype in Lovelace as a last name, but
* F_p, v '
- !
i don't hit enter yet:
b r * but wg
» |
Projects 19 File Edit Options Help
(7] 5@ B B F A D D e
Help ! . .
j;What is your first name? Ada fodd
) .
““What is your last name? Lovelace
54
55
> 6
¥
>8
59 ame, then
50
51
52 3
53 he numer-
54 ' ¥ loWer—-case letters are always [e€ss than 127. Name T — :
*/ -
MameHash 4 b
Debugger % GDB for "NameHash" < [ & Application started. Views
DE:;’ Level unction File Line Address Number Function — File Line Address Conilgnore Threads =
' el nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

>

;3
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects ~ T. @@ B+ @ < B NameHash.cpp
i ~ [[@ NameHash [main]

H [z NameHash.pro * For t

Welcome ~ [ sources .
E B NameHash.cpp treat
It thg

F_p,
some

but we

As soon as you hif enter, a bunch of things are
going To pop up in QT Creafor, Don'T panict I1's
normal,

W

Debug

y

Projects 9 Eile Edit QOptions Help

(7] ;OuiﬁﬂJA@@&'

: IWhat is your first name? Ada rodd
“What is your last name? Lovelace
4

5
g
]
8
9 ame, then
0
1]
2
3 he numer-«
4 ' [* Tower—-case letters are always less than 127. Name Value Type

*/ -

4 »

X% % % %

P

Debugger = GDB for "NameHash" = [§ & Application started. Views
Level Function File Line Address Number Function File Line Address Conilgnore Threads

Det
ebug o1 nameHash(std::string, std::string) -.eHash.cpp 66  ..ab2d3 (@l

>
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects $ T B H £ B NameHash.cpp \

i M * For t
Welcome - gsf)ur(es * tr_eat . . .
B. NameHash.c
= = « Tt thd With that said, hit entfer,
* F_p, '
- !
L and watch the magic happen:
L 7 * but wé
» ;-
Projects _‘l Eile Edit Options Help
() -2 B 7 A9 9 @
“'What is your first name? Ada i
D .
“What is your last name? Lovelace
54
_)l_
56
5
_)
59 ame, then
50
2
> ||
5 he numer-i
>4 "% lower—-case Lletters are aLways less than 127. [:,lame Value Type -
*/ -
NameHash 4 »
|;|> Debugger % GDB for "NameHash” = 0§ & Application started. Views
e Level Function File Line Address Number Function File Line Address Con lgnore Threads
shud e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
>

) locate (Ctrl... 1 Issues ts 3 Application Output 4 Compile Output 5 QML Debugger Console 6 Gen Version Control 8 Test Results #




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

-

Projects T B+ @ < B NameHash.cpp 2% | # nameHash(string, string) -> int % | Unix {LF) 4+ &® [E Line: 66, Col: 9 = Name Value Type

- i . . . . ~| » _ for_begin std::string:iter...
EgTﬁﬁﬂﬁ?ﬁ” s /* This hashing scheme needs two prime numbers, a large primes Jorend - oo.in: stdstingiitar...
Welcome - - ’ . . . v _ for_range “"Adalovelace” std::string &&
- e * prime. These numbers were chosen because their product is | @ ~ 65 oxa1 char
E ETEl B T . » first "Ada" std::string
* 27231 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
'k/ kSmallPrime 137 int
. . . R b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
P static const int kSmallPrime = 137; kSmallPrime: 137

)t

Projects int hasl'p/ \

(7]

e - /* Iter
* name
x/

v for (ch

- /*k
*

*/
© 66 kh tolower (ch); N
hashVal = (kSmallPrime % hashVal + ch) % kLargePrime;

Shazam! We've back in QT Creator, and fhere's
fons of values showing up everywhere,

return hashval;

} | |
Name Value
NameHash 4 b
|;| ) Debugger % GDB for "NameHash" % [k EhME Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15
Debug Level Function File Line Address Number Function File Line Address
' + 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb

>

A
o

3 Application Output 4 Compile Output 5 QML Debugger Console 6 General ion Control 8 Test Results %



NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects $ T ®pBE < B NameHash.cpp x| # nameHash(string, string) -= int % Unix (LF) + & [E Line: 66. Col: 9 =3l Name Value Type

- i . . . . a|» _ for_begin std::string::iter...
B nomermathprg . /* This hashing scheme needs two prime numbers, a large prime|: Zorend oo sstring:ter..
Welcome - = . . . » _for_range "Adalovelace” std::string &&
. L * prime. These numbers were chosen because their product is | @ w 65 0xa1 char
E ameHash.cpp R » first "Ada" _std::strlng
* 2431 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
‘k/ ksmallPrime 137 int
. . . 5 b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1l..
£ A0 static const int kSmallPrime = 137; kSmallPrime: 137

Prfe:rs int hasl'p/ \

&

Help
- /* Iter
* name

* / .
v for (ch happem‘”@’

- /*

*

There's a lot going on right here, Let's see what's

*/
© 66 kh = tolower (ch);
hashval = (kSmallPrime * hashvVal + ch) % kLargePrime;

return hashVal;

} |
Name Value
1 »
Debugger * GDB for"NameHash” =+ Ik B (24 = & E Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15 Views
Level Function File Line Address Number Function File Line Address
1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb

3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 General ion Control 8 Test Results %



NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects 2 T. @ B0 < B NameHash.cpp s x| # nameHash(string, string) -> int % Unix (LF) 4+ @ [F Line: 66, Col: 9 =0 Name Value Type
- i . . . . «| » _ for_begin std::string::iter...
E;ﬂﬁﬁﬂﬁ?ﬁ” v /* This hashing scheme needs two prime numbers, a large prime]s Torend  cociis stsstring:ter..
Welcome - - . . . » _ for_range "Adalovelace"” std::string &&
i i * prime. These numbers were chosen because their product 1is|/| @ w 65 oxa1 char
E -CPP . » first "Ada" std:istring
* 2731 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
. . . . » last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
B0 static const int kSmallPrime = 137; kSmallPrime: 137

Prfecrs int hasl‘;)/ \
@

N [ Iter First, notice that our red breakpoint now has a

* / . .
[ yellow arvow in it,

- /*

p = *
’ N
" b x/
1
1 |© 66 kh = tolower (ch);
A = : SN
. 6f hashval = (kSmallPrime % hashvVal + ch) % kLargePrime;
- }
return hashVal;
} L
Name
NameHash 4 » .
|;| N Debugger % GDB for "NameHash" = 0% WS o= E Threads: =» #15 NameHash + Stopped at breakpeint 1 in thread 15. Views
e Level Function File Line Address Number Function File D é Threads
: 1 nameHash NameHash.cpp 66 0x5555555ab2d3 =1 nameHash(std::string, std::string) ...eHash.cpp 66 (all)
2 studentMain NameHash.cpp 31 0x5555555ab0fb

>

13
e

3 Application Output 4 Compile Output 5 QML Debugger Console 6 General i ntrol 8 Test Results #
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4 & [E Line: 66, Col: 9 =@ Name Value Type

- i . - . . . a| ¢ _ for_begin std::string::iter...
e Eéﬁﬁiﬂgzﬂm . /* This hashing scheme needs two prime numbers, a large prame|s Zorend o std:string:er..
Nelcome - > . . . v _ for_range "Adalovelace" std::string &&
. s owees * prime. These numbers were chosen because their product is | @ N 65 oxe1 char
- » rsi " a" stad:strin
= * 2731 - klLargePrime - 1. hashval 0 e
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
) . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
ol static const int kSmallPrime = 137; kSmallPrime: 137
Debug b

—

}a
Projects int hash . . . .
o " This yellow arrow indicates where in the program
E /* Iter . .
ol we are right now, The program stopped running af
S o This line because we hit that breakpoint you set
- /x k earlier,
L
Cl o |c;/ lower (ch)
I |[© 66p = tolower(ch);
‘Q..',’ hashval = (kSmallPrime * hashval + ch) % kLargePrime;
}
return hashVal;
} ||
N:é:: g'GDBf::'r“l‘JaHaE.h" SN Addres t = readg: JameHash + Stopped at breakpoint 1 in thread 15. : - \ ) Thre =
1 nameHash NameHash.cpp 66 0x5555555ab2d3 ¢1 nameHash(std::string. std::string} ..eHash.cpp 66 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb

>

13
13

Il £ Type to locate (Ct

3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 General I



NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4 & [E Line: 66, Col: 9 =@ Name Value Type

- i . - . . . a| ¢ _ for_begin std::string::iter...
e Eéﬁﬁiﬂgzﬂm . /* This hashing scheme needs two prime numbers, a large prame|s Zorend o std:string:er..
Nelcome - > . . . v _ for_range "Adalovelace" std::string &&
. s owees * prime. These numbers were chosen because their product is | @ N 65 oxe1 char
- » rsi " a" stad:strin
= * 2731 - klLargePrime - 1. hashval 0 e
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
) . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
ol static const int kSmallPrime = 137; kSmallPrime: 137
Debug b

}1
Projects int hash |
o l}ﬁ\nemevev you pop up the debugger, it's qooolTo\
E /* Iter .
sl figure out exactly where you are in the program
*/ : - , | .
~ el That you'rve vunning, so you'll get info the habit
- /x k of checking for this yellow arrow,
't"-“s‘ x/
1 |© 66 kh = tolower (ch);
‘Q..',’ hashval = (kSmallPrime * hashval + ch) % kLargePrime;
}
return hashVal;
} | |
N:‘I;i:: ctn ERE f=:'r”r‘JaHa-_:.h" =0k Addres ) = rE‘adS: JameHash + Stopped at breakpoint 1 in thread 15. : - L ) Thre =
1 nameHash NameHash.cpp 66 0x5555555ab2d3 ¢1 nameHash(std::string. std::string} ..eHash.cpp 66 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb

>

13
13

Il £ Type to locate (Ct

3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 General I



File Edit View Build Debug Analyze Tools Windew Help
= H+ [

-

Projects -
~ [@ NameHash [main]
[ NameHash.pro
~ [ Sources
B, NameHash.cpp

Welcome

W

Debug

/(a

Projects

e

NameHash

|;I 3

Debug

>

13
13
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(Il © Type to locate (Ct

---‘

NameHash.cpp @ NameHash [main] - Qt Creator

< B NameHash.cpp 2| # nameHash(string, string) -> int % Unix (LF) 4 & [E Line: 66, Col: 9 =@ Name Value Type
. . . . a| ¢ _ for_begin std::string::iter...
- /* This hashing scheme needs two prime numbers, a large primes Zorend o scdsring:ter.
. . . v _ for_range “Adalovelace" std:istring &&
* prime. These numbers were chosen because their product 1s B - 65 o1 char
) v firs "aAda" std::string
* 2731 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
) . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
static const int kSmallPrime = 137; kSmallPrime: 137
int hashVal = 0; hashval: 0
5 /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
* [
E for (char ch: first + last) { first: "Ada" Tlast: "Love..
y /* Convert th
* lowe
*/
- - t letes 4 i
F Next, let's fake a look at this panel,
hashVva
} This is called the call stack.
return has
Mame Value Type
L L L L L L L L i
Debugger % GDB for "NameHash” =+ [% = =M Threads: =» #15 NameHash % Stopped at breakpoint 1 in thread 15. Views
Level Function File Li Address Nlmber Function File Line Address Conlgnore Threads
1 nameHash NameHash.cpp 66 0x5555555ab2d3 N 1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb 1
1
1

J

6 Genera

i o e P ffin. B euftpife- npte &5 ™ML Debugger Console




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help
Projects F T A < B NameHash.cpp $ X | # nameHash(string, string) -> int * | Unix (LF) %P [E Line: 66, Col: 9 =i Name Value Type

- i . . . . a| ¢ _ for_begin std::string::iter...
Eéﬁﬁﬁﬂﬁ?ﬁm z /* This hashing scheme needs two prime numbers, a large prime|» Zocend oo std:string ..
e - P . . . v _ for_range “AdalLovelace" std::string &&
. -2 ouees * prime. These numbers were chosen because their product s | @ A 65 oxez char
- 2 rsi " a" sta::strin
= * 2731 - kLargePrime - 1. hashval 0 e
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
A ) . R b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
P static const int kSmallPrime = 137; kSmallPrime: 137
)4
P int hashval = 0; hashval: @
(7]
s /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.

*/

E for (char ch: first + last) { first: "Ada" Tlast: "Love..
v /* Convert th
=g * lowsg
Ol o / Right , ‘ve in the nameHash
' |o sar kh = t ghT now, we know we've In The nameHas
¢

Lo hashva function, because our helpful friend the Yellow
Arvow tells us exactly what line we've on:

return has

Mame Value Type
NameHash GEN BN BN BN BN BN BN BN BN BN BN B O »
' Debugger * GDB for "NameHash" + | 1% = F LY Threads: =» #15 NameHash ¥ | Stopped at breakpoint 1 in thread 15. Views =
»
T 1 Level Function File Li Address Ngmber Function File Line Address Con lgnore Threads
B 1 nameHash NameHash.cpp 66 0x5555555ab2d3 1° 1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
1 2 studentMain NameHash.cpp 31  0x5555555abofb 1
> i
1
';‘: 1 1
: 1

J

1 Issuef~ S o e e P fin. B ot e &5 ¥ML Debugger Console 6 General I g ] trol 8 Test

(Il © Type to locate (Ctrl.



NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects E3 AN =TT Y B NameHash.cpp 2| x| = nameHash(string, string) -> int 2 | Unix (LF) %+ |e® [E Line: 66, Col: 9 [ Name Value Type

- i . . . . 4| ¢ _ for_begin std::string::iter...
réﬂﬁiﬂxﬁim ° /* This hashing scheme needs two prime numbers, a large proime s Zocend oo stdistringiiter..
Nelcome - ~ . . . v _ for range “AdalLovelace" std::string &&
. =2 oues * prime. These numbers were chosen because their product is | « w 6s oxal char
% ameHash.cpp . v first "Ada" 5td::strmg
* 27231 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
*/ kSmallPrime 137 int
i . . N b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
AP static const int kSmallPrime = 137; kSmallPrime: 137
)4
e int hashval = 0; hashval: ©
(2]
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.

*/

s for (char ch: first + last) { first: "Ada" Tlast: "Love..
g /* Convert th
a=$ * loweg
4 . */ '
’
' oo G - However, The yellow arrow can't tell us exactly
¢

L6 hashva how we got fo this part of the program. What

e parf of fhe program actually called nameHash?
} N— -

Name Value Type
NameHash NN NN NN NN NN NN NN BN BN BN BN BN BN BN BN BN BN BN »
|:_| . 4 Debugger % GDB for "MameHash" % = 3= 1§ Threads: = #15 NameHash % | Stopped at breakpoint 1 in thread 15. Views &
Debug 1 Level Function File Address Ngmber Function File Line Address Con lgnore Threads
B 1 nameHash NameHash.cpp 66 0x5555555ab2d3 1° 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
b 1 2 studentMain MameHash.cpp 31  0x5555555abofb 1
1
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File Edit View Build Debug Analyze Tools Window Help

NameHash.cpp @ NameHash [main] - Qt Creator

Projects : T A £ B NameHash.cpp X | # nameHash(string, string) -> int = | Unix (LF) %+ & = Line: 66, Col: 9 =l Name Value Type
- h i . . . . 4| ¢ _ for_begin std::string::iter...
éﬂ:ﬁi$$§” = /* This hashing scheme needs two prime numbers, a large Prime|s Zocend — coxii: st stringier..
Nelcome - ~ . . . v _ for range “AdalLovelace" std::string &&
. B Sources * prime. These numbers were chosen because their product is/ | = w 65 oxa1 char
B NameHash.cpp . v first "Ada" std::string
* 2A31 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
*/ kSmallPrime 137 int
i . . N b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
b O static const int kSmallPrime = 137; kSmallPrime: 137
i :
e int hashval = 0; hashval: ©
2]
g /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
s for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the_d
* lowe,
*/
© 66 kh = t
hashva I st fell fly that
, The call sTack can Tell us exacTly That:
return has \ /
Name Value Type
NameHash SN BN NN NN NN NN BN BN NN BN BN BN BN BN BN BN BN BN N T
|:_| . 4 Debugger % GDB for "NameHash" % [k 1§ Threads: = #15 NameHash % | Stopped at breakpoint 1 in thread 15. Views &
T 1 Level Function File Line Address Ngmber Function File Line Address Con lgnore Threads
e 0|21 nameHash MameHash.cpp 66 0x5555555ab2d3 1° 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
1 2 studentMain MameHash.cpp 31  0x5555555abofb 1
> 1 )
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects E3 SN =TT S B NameHash.cpp X | # nameHash(string, string) -> int = | Unix (LF) %+ & = Line: 66, Col: 9 =l Name Value Type
- i . . . . 4| ¢ _ for_begin std::string::iter...
réﬂﬁiﬂxﬁim ° /* This hashing scheme needs two prime numbers, a large proime s Zocend oo stdistringiiter..
eI - P . . . v _ for range “AdalLovelace" std::string &&
- =2 oues * prime. These numbers were chosen because their product is|/| « w 65 oxa1 char
=] EI= AERIET D . » first "Ada" std::string
* 2A31 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
*/ kSmallPrime 137 int
i . . N b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
AP static const int kSmallPrime = 137; kSmallPrime: 137
)4
e int hashval = 0; hashval: ©
(7]
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.

*/

s for (char ch: first + last) { first: "Ada" Tlast: "Love..
T /* Convert the Jdooui.ch
* 1 . . . .
iy " Notice thal the call stack lists a series of different
°ee ﬁzszvz functions in order., Here, it has nameHash (where

} we are now) at the fop, and right below fhatf is

return has studentMain.,
} \‘~.__> A___—"

Name Value Type
NameHash NN NN NN NN NN NN NN BN BN BN BN BN BN BN BN BN BN BN »
|:_| . 4 Debugger % GDB for "MameHash" % = 3= 1§ Threads: = #15 NameHash % | Stopped at breakpoint 1 in thread 15. Views &
Debug 1 Level Function File Address Ngmber Function File Line Address Con lgnore Threads
B 1 nameHash NameHash.cpp 66 0x5555555ab2d3 1° 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
b 1 2 studentMain MameHash.cpp 31  0x5555555abofb 1
! i
[ 1
13 1 |
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects : T A £ B NameHash.cpp X | # nameHash(string, string) -> int = | Unix (LF) %+ & = Line: 66, Col: 9 =l Name Value Type
- i . . . . 4| ¢ _ for_begin std::string::iter...
éﬂ:ﬁﬂiﬁi” = /* This hashing scheme needs two prime numbers, a large Prime|s Zocend — coxii: st stringier..
Nelcome - ~ . . . v _ for range “AdalLovelace" std::string &&
. B Sources * prime. These numbers were chosen because their product is/ | = w 65 oxa1 char
B NameHash.cpp . v first "Ada" std::string
* 2A31 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
*/ kSmallPrime 137 int
i . . N b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
b O static const int kSmallPrime = 137; kSmallPrime: 137
i :
e int hashval = 0; hashval: ©
(2]
g /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
s for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the dpouich
* low

*/
e ﬂs;v; 6o and double—=click the call fo studentMain

} on Level 2, When you do..

return has
} \ /

Name Value Type
NameHash ] »
|:_| . Debugger % GDB for "MameHash" % = = Threads: = #15 NameHash % | Stopped at breakpoint 1 in thread 15. Views &
Debug Level Function File Line Address Number Function File Line Address Con lgnore Threads
(L S N N S S SppE S -055-_":95!2!. el nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain MameHash.cpp 31  0x5555555abofb
’ | JE e O NN BN BN NN R

b
o
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects + T @ B H < B NameHash.cpp 2% | # main % | Unix {LF) 4+ |&® [E Line: 31, Col: 5 = Name Value Type

Y “é’,ﬂ;";’;;_";:“l 20 using namespace std; 2 Roanvalue :{fda" _ fﬁf“ﬂrfng
wetcome [N SRS 21 » last Lovelace” std:istring
E B NameHash.cpp - . .
22 - /% Prototype for the nameHash function. This lets us use the funi
23 * in main and then define it later in the program.
24 */
E':'!’ 25 int nameHash(string first, string last);
M 26
Projects 27 - int main() {
g 28 string first = getLine("What is your first name? ");
29 string last = getLine("What is your last name? ");
30
+ 31 int hashValue = nameHash(first, last); hashValue: @ fi..
32 -
33 cout << "The hash of your name 1sy
34 return 0;
35 1}
| end h
37 - /* This is the actual function that YOD( en up over nere!
38 * to talk more about what hash func
39 * the meantime, think of it as a fu
40 * of the input and produces a number® /
41 *
42 * For those of you who are more mathematically inclined, this fi wame Value Tpe
43 * treats each character in the input name as a number between 0.
NameHash 4 3

|;| ) Debugger % GDB for "NameHash" = [k B H Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15 Views =
Do Level Function File Line Addres Number Function File Line Address Conilgnore Threads
' 1 nameHash NameHash.cpp 66  0x5555555ab2d3 e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

- 2 studentMain NameHash.cpp 31 0x5555555ab0fb

>

A
o

[l ©, Type to locate

3 Application Qutput 4 Compile Output 5 QML Debugger Console 6 Genera




Welcome

W

Debug

y

Projects

&

Help

MameHash

I;I »

Debug

>

A
£ 3

Projects
~ [[@ NameHash [main]
[z NameHash.pro
~ [ sources
B NameHash.cpp

Level Function File L Address Number Function

[Nl . Type to locate (Ctrl
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

B MNameHash.cpp 2 x| # main % Unix (LF) | E Line: 31, Col: 5 =0l Name Value Type
. a| ¢ first "Ada" std::string
using namespace std; hashValue 0 int
» last "Lovelace" std:string

/* Prototype for the nameHash function. This lets us use the funi
* in main and then define it later in the program.
*/

int nameHash(string first, string last);

int main() {
string first = getLine("What is your first name? ");
string last = getlLine("What is your last name? ");

hashvValue: 0 fi..

g

+ 31 int hashValue = nameHash(first, last);

cout << "The hash of your name -1is:
return 0;

Notice that the yellow arrow

} : : :
points fo Line 31, That line
/* This is the actual function that ¢ .
x to talk more about what hash func |V\C‘MO{€S d Ca\\ TO The nameHash
* the meantime, think of it as a fu ‘FMV]C‘hOV]. This is The PavT O‘F
* of the input and produces a numbe
* the code that actually
* For those of you who are more mat . .
* treats each character in the 1inpu ca\\eol nameHash, which 1s how

1
Debugger % GDB for "NameHash" = [k (G N

Threads: = #15 NameHas

we got to the line with the
breakpoint:

1 nameHash
- 2 studentMain

NameHash.cpp 66 0x5555555ab2d3 el
NameHash.cpp 31 0x5555555ab0fb

nameHash(std::s

ontrol 8 Test Results %




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

a

Projects 2T ® B0 < B NameHash.cpp 2| x| # main % Unix [LF) + & [ Line: 31, Col: 5 =ry Name Value Type

S ~ [ NameHash [main] . R a|» first "Ada" std::string
E\ NameHash.pro usi ng namespace Std, hashvalue 0 int
Welcome = ) » last "Lovelace" std::string
e ~ [ sources

B, NameHash.cpp
8 ~ /* Prototype for the nameHash function. This lets us use the fun

* in main and then define it later in the program.
*/

a int nameHash(string first, string last);

Debug

Ve . .
Projects - -l ﬂt ma-l n ( ) {

o string first = getLine("What is your first name? ");
string last = getLine("What 1is your last name? ");

+ 31 int hashValue = nameHash(first, last); hashvalue: 0 fi..

cout << "The hash of agllci S

return 0; L~

Generally speaking, you can use The call stack as a

. * . . . . .
/x This s thel \au {0 see which function calls got us fo the point
* to talk mor
* the neantin where the program paused at the breakpoint:
* of the 1npu
* \ /
* For those of you who are more mathematically inclined, this fi [ame Vaiue Tpe
* treats each character in the 1input name as a number between 0.
NameHash 4 *
|;| N Debugger = GDB for "NameHash" = | I} @ = Threads: == #15 NameHash + Stopped at breakpeint 1 in thread 15. Views
e Level Function File Addres Number Function File Line Address Con lgnore Threads
chug 1 nameHash NameHash.cpp 0x5555555ab2d3 e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

-+ 2 studentMain NameHash.cpp 31 0x5555555ab0fb
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&

Projects =
~ [ NameHash [main]

[+ NameHash.pro
Welcome ~ [ sSources

E B NameHash.cpp

W

Debug

Ve

Projects

e

Help

NameHash

I;I »

Debug

>

A
£ 3

T-

[ Il . Type to locate (Ct

<

P
20

W M

-

N N NN NN
O 0 ~ O 0 b

= ©

W wwN N

w W
W N

W

-
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W N = © W o~ C

B

]

Debugger s GDB for "NameHash" 5 [} v | Threads: =» £15 NameHash % Stopped at breakpoint 1 in thread 15 Views

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
o H+ [

B NameHash.cpp | x| # main % Unix (LF) 4+ & [E Line: 31, Col: 5 =l Name Value Type
. | v first "Ada" std::string
using namespace std; hashvalue 0 int
» last "Lovelace" std::string

~ /* Prototype for the nameHash function. This lets us use the fun
* in main and then define it later in the program.
*/

int nameHash(string first, string last);
* int main() {
string first = getLine("What is your first name? ");

string last = getLine("What is your last name? ");

int hashValue = nameHash(first, last); hashValue: 0 fi..

cout << "The hash of oo St

return 0; L~

Depending on your 0S, you might see some
Ih"s is the additional functions beneath studentMain,
o talk mor
the meantim What are those?

of the 1inpu
\ /

For those of you who are more mathematically inclined, this fi [wome Value pe
treats each character in the input name as a number between 0.

3

S . S S

Level Function File Addres Number Function File Line Address Con lgnore Threads

1 nameHash NameHash.cpp 0x5555555ab2d3 e 1

nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

- 2 studentMain NameHash.cpp 31 0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help

Projects 2 T.® B n < B NameHash.cpp x| # main % | Unix (LF) 4+ & [F Line: 31, Col: 5 El Name Value Type

~ [ NameHash [main] . R a| » first "Ada" std::string
HH B h usn ng namespace Std hashvalue 0 int
Welcome - % :j::::s e ? b last "Lovelace" std::string

B NameHash.cpp
g - /* Prototype for the nameHash function. This lets us use the fun

* in main and then define it later in the program.
*/

i int nameHash(string first, string last);

Debug

> . .
Projects T 1 nt main ( ) {

ﬁa string first = getLine("What is your first name? ");
string last = getLine("What is your last name? '");

=+ 31 int hashValue = nameHash(first, last); hashvalue: 0 fi..

cout << "The hash of ugllc o TRl

return 0; L~

These grayed—out functions represent helper

- /% This 1is the { : ' N N
uncTions our libraries auTomagically call To he
* to talk mor g 't 2
% .
the meantin gel uour program set up.

*x 0 e dnpu

* \\~.__> <‘_——’/

* For those of you who are more mathematically inclined, this fi [ame Value Type

* treats each character in the input name as a number between 0.
NameHash 4 b
|;| N Debugger = GDB for "NameHash" = [ NE] Threads: =» #15 NameHash + Stopped at breakpoint 1 in thread 15 Views
Debug Level Functien File Addres Number Function File Line Address Conilgnore Threads
ol 1 nameHash NameHash.cpp 0x5555555ab2d3 ®1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

+ 2 studentMain MNameHash.cpp 31 0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects 2 T.®= BrH < B NameHash.cpp 2 x| # main % Unix [LF) + & [ Line: 31, Col: 5 S0 Name Value Type

- ameHash [main - . a| b firs "Ada" std::strin
el 20  using namespace std; Ihas:hvmue ot | "EZ t_g
Welcome -+ P Sources . + las "Lovelace" std::string
E & NameHash.cpp - l
22 - [x Prototype for the nameHash function. This lets us use the funi
23 * in main and then define it later in the program.
24 *x/
ol 25 1int nameHash(string first, string last);
)‘ /_7[';
e L 27 ~ int main() {
PI 28 string first = getLine("What is your first name? ");
elp
29 string last = getLine("What is your last name? '");
30
=+ 31 int hashValue = nameHash(first, last); hashvalue: 0 fi..
32
33 cout << "The hash gf gllc.l S
34 return 0; L~
G 1
N, You dont need to worry about these, Theyll
37 - [/* This 1is the h '
e, In all The progra e, a ou ca
Lo s el show up in all the programs you vun and you can
39\ * t?e reantim safely ignore them.
40 * of the inpu
41 * \ /
42 * For those of you who are more mathematically inclined, this fi [ame value Type
43 * treats each character in the input name as a number between 0.
MNameHash 4 3
|;|> Debugger + GDB for "NameHash" = ([SNE Threads: = #15 NameHash +  Stopped at breakpoint 1 in thread 15 Views
o Level Functien File Addres Number Function File Line Address Conilgnore Threads
o 1 nameHash NameHash.cpp 0x5555555ab2d3 ®1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
} + 2 studentMain MNameHash.cpp 31 0x5555555ab0fb
*
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help

Projects 2 T.® B n < B NameHash.cpp x| # main % | Unix (LF) 4+ & [F Line: 31, Col: 5 El Name Value Type

- ~ [ NameHash [main] . . -]t firasst e "Ada" isrtlzd::string
Welcome - %:;?:::sash.pm et ng namespace Std’ b ;;sthVI '?Lovelace" st:i::string
E B NameHash.cpp
- /* Prototype for the nameHash function. This lets us use the funi
* in main and then define it later in the program.
*/
ol int nameHash(string first, string last);
a : .
Projects ~ int main() {
ﬁa string first = getLine("What is your first name? ");
string last = getLine("What is your last name? '");
=+ 31 int hashValue = nameHash(first, last); hashvalue: 0 fi..
cout << "The hash of ugllc o TRl
return 0; o~ .
} In the meantime, let’s get back to our nameHash
N« this s the function, To do that, double—click on the
* to talk morl pnameHash enfry af the fop of fhe call stack, When
* the meantim d
* of the inpu %OM 0..
* \ /
* For those of you who are more mathematically inclined, this fi [ame value Type
* treats each character in the input name as a number between 0.
NameHash [l 3
|;| N Debugger = GDB for "Nam H & = Threads: =» #15 NameHash +  Stopped at breakpoint 1 in thread 15 Views
Addres Number Function File Line Address Conilgnore Threads
Ea 0x5555555ab2d3 ®1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

31  0x5555555ab0fb
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Welcome

W

Debug

y

Projects

o

Help

MNameHash

g »

Debug

>

A
o

Projects
~ [[@ NameHash [main]
[+ NameHash.pro
~ [ Sources
B NameHash.cpp

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

4 B NameHash.cpp X # nameHash(string, string) -= int % Unix (LF) +/e® [ Line: 66, Col: 9 = Name i Value Type i
50 -~ /* This hashing scheme needs two prime numbers, a large primeZE§§2 @Oxffbaffcd E%Eﬁ%%ﬁ
51 * prime. These numbers were chosen because their product s ’51; ’ SO M“Eﬁimi
52 * 2231 - kLargePrime - 1. el e Usassses int
53 */ Dl Hovetacer chdstring
54 static const int kLargePrime = 15485863; kLargePrime: 1..

55 static const int kSmallPrime = 137; kSmallPrime: 137
56

57 int hashvVal = 0; hashval: ©
58

59 - /* Iterate across all the characters in the first name, then
60 * name, updating the hash at each step.

61 */

62 -~ for (char ch: first + last) { first: "Ada" Tlast: "Love..
63 - /* Convert th

64 *x lows

65 */

© 66 kh = t
o } hashva You'll be teleported back here:

0o
69
o) return has

_—

71 1 \

-

Debugger % GDB for "N . =& B Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15
Level Function le Line Address Number Function

- 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string)
2 studentMain NameHash.cpp 31  0x5555555ab0fb

3 Application Output 4 Compile Output 5 QML Debugger Console 6 General ion Control 8 Test Results %

Name

File
...eHash.cpp

Value Type
Views =
Line Address Conilgnore Threads
66  ..ab2d3 (all)




Welcome

-
"
Debug

y

Projects

&

Help

- NameHash [main]
[z NameHash.pro
~ [ sources
B NameHash.cpp

>

T

File Edit View Build Debug Analyze Tools Window Help
@ H+ M

NameHash.cpp @ NameHash [main] - Qt Creator

¥ B MNameHash.cpp 2 x| # nameHash(string, string) -> int % Unix (LF) %+ & [ Line: 66, Col: 9 =0l Name Value Type
- N . a|» _ for_begin std::string:iter...
50 - /* This hash1ng scheme needs two prime numbers, a large prame| Zrorend oo std:string.te...
. . » _for_range "Adalovelace” std::string &&
51 * prime. These numbers were chosen because their product ds h a 65 oxan char
. b firs "Ada" std::string
52 * 2431 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
53 ‘k/ kSmallPrime 137 int
. . . 5 b last "Lovelace" std::string
54 static const int kLargePrime = 15485863; kLargePrime: 1.
55 static const int kSmallPrime = 137; kSmallPrime: 137
56
57 int hashval -8
58 ~ N
59 - /* Iterate
60 * name , u ' . v
61 y Let's quickly recap whal we've seen so far.
62 -~ for (char
63 - /* Con
64 * low\
65 */
© 66 kh = tolower(ch); <7;:T.35‘
67 hashval = (kSmallPrime * hashvVal + ch) % kLargePrime;
68 }
0 0
70 return hashVal;
. |
72 Name Value
=
Debugger % GDB for "NameHash" = 2 = O = Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15 Views
Level Function File Line Address Number Function File Line Address Conilgnore Threads
+ 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects $ T B H £ B NameHash.cpp 2| x| # nameHash(string, string) -> int % Unix (LF) 4+ & [ Line: 66, Col: 9 = Name Value Type

- i . . . . «| » _ for_begin std::string::iter...
E;ﬁﬁiﬂﬁ?ﬁ” v /* This hashing scheme needs two prime numbers, a large prame|s Zorend oo st:string: ter..
Nelcome . - . . . » _ for_range "Adalovelace"” std:string &&
el ﬂ;ﬂﬁ;m“C *x prime. These numbers were chosen because their product is | @ w 65 Ox41 char
E -Cpp R » first "Ada" std::string
* 2A31 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
. ) . R b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
- static const int kSmallPrime = 137; kSmallPrime: 137

Debug

)4
p,e int hashVa‘L? N

- /x Tterate To sef a breakpoint so thal we can pause the

* name, u

Ny program and look around, click in The margin just

E for (char

, i+ con]  betore the line number where you want to pause.

* lowé\~_.__>
*/
ﬂ( |ch = tolower (ch); h

hashval = (kSmallPrime % hashvVal + ch) % kLargePrime;

return hashVal;

0 ¢
} NS

||
Name Value
NameHash 4 »
|;| N Debugger = GDB for "NameHash" = [I% @ = Threads: =* #15 NameHash + Stopped at breakpeint 1 in thread 15. Views
T Level Function File Address Number Function File Line Address Conilgnore Threads
: -~ 1 nameHash NameHash.cpp 66 0x5555555ab2d3 =1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31 0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4 & [E Line: 66, Col: 9 =@ Name Value Type

- i . - . . . a| ¢ _ for_begin std::string::iter...
et Eéﬂﬁiﬂﬁ?ﬂ” ° /* This hashing scheme needs two prime numbers, a large prime)» Zoend oo st string: er.
Nelcome - > . . . v _ for_range "Adalovelace" std::string &&
. s owees * prime. These numbers were chosen because their product is|| @ N 65 oxe1 char
= » rsi " la" sta::strin
= * 2731 - klLargePrime - 1. hashval 0 e
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
. . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
0 static const int kSmallPrime = 137; kSmallPrime: 137
)‘ .
Projects int hashV \
(7]
- /* Iter

« name|  Once the breakpoint is reached, it will pull up all

* / . .
| for (ch sorts of useful information.

- /*

*

*/
© 66 kh = tolower (ch); ‘-..EFT‘ES~

hashval = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;

} L
Name Value
NameHash [l »
|;| N Debugger % GDB for "NameHash" # = = Threads: = #15 NameHash % Stopped at breakpoint 1 in thread 15. Views =
e Level Function File e Address Number Function File Line Address Conlgnore Threads
- 1 nameHash NameHash.cpp 66 0x5555555ab2d3 ¢1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4 & [E Line: 66, Col: 9 =@ Name Value Type

- i . - . . . a| ¢ _ for_begin std::string::iter...
5= Eéﬂﬁiﬂﬁ?ﬂ” = /* This hashing scheme needs two prime numbers, a large prime)» Zoend oo st string: er.
Nelcome - > . . . v _ for_range "Adalovelace" std::string &&
. s owees * prime. These numbers were chosen because their product is|| @ N 65 oxe1 char
= » rsi " la" sta::strin
= * 2731 - klLargePrime - 1. hashval 0 e
kLargePrime 15485863 int
‘k/ ksmallPrime 137 int
. . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
0 static const int kSmallPrime = 137; kSmallPrime: 137
,0
Projects int hashV \
(7]
- /* Iter
* name

y The yellow arrow points out where we are right now,
E for (ch
- /*

*/
© 66 kh = tolower (ch);
hashval = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;

} L
Name Value
NameHash [l »
|;| N Debugger % GDB for "NameHash" # = = Threads: = #15 NameHash % Stopped at breakpoint 1 in thread 15. Views =
e Level Function File e Address Number Function File Line Address Conlgnore Threads
- 1 nameHash NameHash.cpp 66 0x5555555ab2d3 ¢1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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Projects

e

NameHash

.

Debug

| 4

13
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File Edit Wiew Build Debug Analyze Tools Window Help

~ [@ NameHash [mainl
[ NameHash.pro

. NameHash.cpp

(Il © Type to locate (Ctrl.

Debugger =
Level Function
nameHash
studentMain

NameHash.cpp @ NameHash [main] - Qt Creator

B NameHash.cpp 2 X # nameHash(string, string) -= int * | Unix (LF) %P [E Line: 66, Col: 9 g Name

/* This hashing scheme needs two prime numbers, a large primd
* prime. These numbers were chosen because their product 1s
* 2A31 - kLargePrime - 1.

*/

v _ for_range “AdalLovelace"
h .

static const int kLargePrime = 15485863} kLargePrime: 1..
static const int kSmallPrime = 137; kSmallPrime: 137
int hashV

/* Iter

« name| The call stack shows us how we got into the current

* / .
for (ch 'FUWC‘hOV].

[ *

*

*/
kh = tolower(ch); ch:
hashval = (kSmallPrime * hgfhval + ch) % kLargePrime;

return hashVal;

Threads: =» #15 NameHash ¥ | Stopped at breakpoint 1 in thread 15.
Line Addre: Number Function

NameHash.cpp 66 0x~F ,5555ab2d3 o1 nameHash(std::string, std::string)
NameHash.cpp 31 Q 5555abofb

3 Application Qutput 4 Compile Qutput 5 QML Debugger Console & General ntrol 8 Test Results =

File Address Coni lgnore

Type
std::string::iter...
std::string::iter...
std::string &&
char

std::string

int

int

int

std::string

Views &
Threads
(all)




Welcome

"

Debug

)4

Projects

e

NameHash

(A

Debug

>

b
o

ts * T
- NameHash [main]
[ NameHash.pro
- [@ Sources
B NameHash.cpp

» B+ @

[l 2. Type to locate (Ctr

<

File Edit View Build Debug Analyze Tools Window Help

NameHash.cpp @ NameHash [main] - Qt Creator

B NameHash.cpp x| # nameHash(string, string) -> int % | Unix (LF) %+ & = Line: 66, Col: 9 B+

5 /* This hashing scheme needs two prime numbers, a large primd
* prime. These numbers were chosen because their product 1s
* 2A31 - kLargePrime - 1.

*/

static const int kLargePrime
static const int kSmallPrime

int hashV
v /* Iter
* name

*/
s for (ch
- /*
*
*/
kh =

© 66

hashval

1.
137

kLargePrime:
kSmallPrime:

15485863
137;

Name Value

v _ for_begin

v _ for_end

v _ for range “AdalLovelace"
ch s

v first "Ada"
hashwval 0

kLargePrime 15485863
kSmallPrime 137

last "Lovelace”

65 0x41

Now, let's see how we can read the values of the

variables in this function.

tolower (ch);
(kSmallPrime * hashVal + ch) % kLargePrime;

return hashval;

1

Debugger % GDB for "MameHash" %
File
NameHash.cpp
NameHash.cpp

Level Function
- 1 nameHash
2 studentMain

3 Application Qutput

66
31

=) 3= Threads: = #15 NameHash % | Stopped at breakpoint 1 in thread 15.

e Address
0x5555555ab2d3
0x5555555abofb

Function
nameHash(std::string,

Number

el std::string)

4 Compile Output 5 QML Debugger Console 6 General ntrol 8 Test Results 3

T

L]
Name Value
File Line
..eHash.cpp 66

—

Address Com ignore
...ab2d3

Type
std::string::iter...
std::string::iter...
std::string &&
char

std::string

int

int

int

std::string

Views
Threads
(all)




NameHash.cpp @ NameHash [main] - Qt Creator - X

File Edit View Build Debug Anglgs TN mEEEEAEEEEEEEN
ame Value Type .
v _ for begin std::string::iter..l
v _ for_end std::string::iter..
N+ _for range "Adalovelace" std::string &&
° . ch " 65 0x41 char i
» first "Ada" std::string |
Look up at this panel over here. G :
kLargePrime 15485863 int
ksmallPrime 137 int 1
N b last "Lovelace” std::string 1
Prime: 1.. » Y
"'_' - ~----------------—
el 1Prime: 137
~ :
P int hashval = 0; hashval: ©
0 58
59 - /* Iterate across all the characters in the first name, then
60 * name, updating the hash at each step.
61 */
62 -~ for (char ch: first + last) { first: "Ada" Tlast: "Love..
63 - /* Convert the input character to lower case. The numeri:
64 * lower-case letters are always less than 127.
65 */
© 66 kh = tolower (ch); ch: 65
67 hashval = (kSmallPrime * hashVal + ch) % kLargePrime;
68 }
69
70 return hashval;
_ u
7l 1
T -—J Name Value Type
NameHash b .
|:_| , Debugger % GDB for "Nam ' = Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15. Views =
— Level Function Line Address Number Function File Line Address Coni lgnore Threads
? -~ 1 nameHash MNameHash.cpp 66 0x5555555ab2d3 el nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain MameHash.cpp 31 0x5555555ab0fb
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= x

C L IS

last "Lovelace” std::string

accessible” on your system - that's okay!) Prime: 1. S o moooa?
e=fMa Ll LPrime: 137

st This window lets you fake a look at all the values |orrermms- - —
. . . e s

of the local variables that are in scope now. roduct {s b gome s i
E Narr ) . » Erassthval ;Ada" ;sri.:g::string |
(Dont worry if you see different values or *not Keapepime Ssseses N

1

: 3

Debug

}a

Caar int hashval = 0; hashval: ©
o

g /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
v for (char ch: first + last) { first: "Ada" Tlast: "Love..
' /* Convert the input character to lower case. The numeri:
*x lower-case letters are always less than 127.

*/
® 66 kh = tolower(ch); ch: 65
hashval = (kSmallPrime * hashVal + ch) % kLargePrime;

return hashval;

} u
Name Value Type
MameHash 1 ¥
|:_| , Debugger % GDB for "NameHash" % [} ) Threads: =» #15 NameHash ¥ Stopped at breakpoint 1 in thread 15. Views &
T Level Function File i Number Function File Line Address Coni lgnore Threads
-~ 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1l nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain MNameHash.cpp 21  0x5555555ab0fb
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= x

Depending on whal 0S uyou're using, these might be P L L L LN

P E Line: 66, Col: 9 B+ jkatlid value Type
. . . . v _ for_begin std::string:ziter.. B
in a different order, and there might be some  [laree prindimcdi e
1 . . . . . . . p ro U Ct -i S » a|'1£,|; ) :::l a" ° wa ;:aitstfiﬂ
= weird—looking ones in there in addition to nicer -
kSmallPrime 137 int 1
ones \I\(@ ch amol hashVal. Prime: 1. % e e ,'

L Y T T T

b pesfa L LPrime: 137

Debug

)a
s int hashval = 0; hashVal: ©

o

' /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
v for (char ch: first + last) { first: "Ada" Tlast: "Love..
g /* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.

*/
© 66 kh = tolower(ch); ch: 65
hashval = (kSmallPrime * hashVal + ch) % kLargePrime;

return hashval;

} u
Name Value Type
MameHash 1 »
|;| ) Debugger % GDB for "NameHash" % ) Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15 Views =
o Level Function File i Number Function File Line Address Conilgnore Threads
-+ 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain MNameHash.cpp 31  0x5555555ab0fb
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= x

GHEN BN BN BN BN BN BN BN BN BN BN BN BN BN B N g,

File Edit View Build

y 2

i = Line: 66, Col: 9 Egtame Value Type s
. - I-F . “'h . d \ k . -l_a roe r"i m v _;or_begin stg::string::iter.,.
mmm — [ or_en std::string::iter..
W:I::me s We |q V]O Ve e We‘ Y OO | V] q O V]es / We Oa V] g p . b :for:range "aAdalovelace” std::string &b :
source b roduct 1s h A 65 0x41 char
E B Nam . ‘F . \ . v first "ada" std::string |
hashval 0 int
see Some Vnce/ am| |aV mames‘ kE;rg:Frime 15485863 ::t I
kSmallPrime 137 int 1
R b last "Lovelace" std::string ]
Prime: 1.. )
_."'_’ . N NN BN BN BN BN BN BN BN BN BN BN BN B
el restaLLPrime: 137
) .
ERiS int hashval = 0; hashval: 0
i
' /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
v for (char ch: first + last) { first: "Ada" Tlast: "Love..
g /* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.
*/
© 66 kh = tolower(ch); ch: 65
hashval = (kSmallPrime * hashVal + ch) % kLargePrime;
return hashval;
} u
Name Value Type
MameHash 1 » =
|;| ) Debugger % GDB for "Narr ! = Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15 Views &
. Level Function Line Address Number Function File Line Address Conilgnore Threads
J -+ 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain MNameHash.cpp 31  0x5555555ab0fb
| 2
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A
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NameHash.cpp @ NameHash [main] - Qt Creator - X

GHEN BN BN BN BN BN BN BN BN BN BN BN BN BN B N g,

File Edit View Build Debug Analyze Tools Window Help P N
Projects + T B H £ B NameHash.cpp x| # nameHash(string, string) -> int % Unix (LF) + & [ Line: 66, Col: 9 Eeahiame Value Type ‘.
- h i . . . . » _ for_begin std::string::iter..

B romerthrg . /* This hashing scheme needs two prime numbers, a large pr1mq»4?nmd o2 s siving:iter |
. - . . . v _for_range “"Adalovelace” std::string &&
B Souces * prime. These numbers were chosen because their product is | « A 55 0xa1 char s
[&, NameHash.cpp R » first "Ada" std::string |
* 2431 - kLargePrime - 1. Il hashval 0 int 1
kLargePrime 15485863 int 1
* ksmallPrime 137 int
/ . . . ‘—' b last "Lovelace" std::string ]
static const int kLargePrime = 15485863; 1. » )

L Y T T T

Dﬂ@’ static const int kSmallPrime = 137; SmallPrime: 137
) -
FpE int hashval = 0; hashval: 0
ot

' S /* Iterate across all the characters in the first name, then

F 1T Ao+ 1ng +l"\ﬁ haoch -+ ﬂash stﬁn

For example, here you can see the values of

"Love..
numeris

kLargePrime and kSmallPrime, which match fhe
values they were declared with, ch: 65

/ e
urn hashVal;
} |
Name Value Type

NameHash 4 b

|;| . Debugger % GDB for "NameHash" = = O = Threads: = #15 NameHash % Stopped at breakpoint 1 in thread 15 Views
Detug Level Function File Line Address Number Function File Line Address Conilgnore Threads

' - 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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Projects
- NameHash [main]
[z NameHash.pro
~ [ sources
B, NameHash.cpp

-
L
Debug

)4

Projects

B

NameHash

I;I »

Debug

>

13
73

File Edit View Build Debug Analyze Tools Window Help
B NameHash.cpp | x

/* This hashing scheme needs

NameHash.cpp @ NameHash [main] - Qt Creator

FIX | # nameHash(string, string) -> int % Unix (LF) + & [F Line: 66, Col: 9

* prime. These numbers were chosen because their product 1s
* 2A31 - kLargePrime - 1.
*/

static const int kLargePrime
static const int kSmallPrime

15485863

argePrime: 1.
kSmallPrime: 137
int hashval = 0; hashval: 0

/* Iterate across all the characters in the first name, then

[Nl . Type to locate |

F 1LY~ A=+ +l'1i hoch -4 ﬁash itﬂﬂ

"Love..
We can also see that, at this point, hashval numer i
is still zero,
ch: 65
4‘_———"ime;
turn hashVal;
GDB for "NameHash" =+ Ik = ) = Threads: = #15 NameHash + Stopped at breakpeint 1 in thread 15. '

File Line Address Number Function
NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string)
NameHash.cpp 31  0x5555555ab0fb

3 Application OQutput 4 Compile Qutput 5 QML Debugger Conscle 6 General

two prime numbers, a large primc

=0 Name Value

v _ for_begin
» _ for end
» _ for_range “Adalovelace”

Type
std::string::iter...
std::string:titer...
std::string &&

ch A 65 char
b first "Ada" std::string
g hashval 4] int

kLargePrime 15485863 int

kSmallPrime 137 int
b last "Lovelace" std::string

Name Value

Views

File Line Address Con lgnore Threads
...eHash.cpp 66  ...ab2d3 (all)




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help

Projects F T EH < B NameHash.cpp 2| x| # nameHash(string, string) -> int 4 Unix (LF) 4+ & [F Line: 66, Col: 9 =@ Name Value Type
- - N . N . a| ¢ _ for_begin std::string::iter...
B et poa. - /* This hashing scheme needs two prime numbers, a large prime|» Tforend coorn: st string: er.
. - . . . v _ for_range "Adalovelace" std:istring &&
&8 Sources * prime. These numbers were chosen because their product is|| =@ " 65 Ox41 char
f&. NameHash.cpp ) v first "Ada" std::string
* 2731 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
‘)r/ kSmallPrime 137 int
. . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
B0 static const int kSmallPrime = 137; kSmallPrime: 137
# .
e int hashval = 0; hashval: 0
@
g /* Iterate across all the characters in the first name, then
F 1LY~ nd-ta1ng +l'1i haoch o4 ﬁash itﬂﬂ
"Love..
X numeri
As we walk Through the program one step at a fime,
v
we'll see these values change.
ch: 65
___~ e
turn hashVal;
| |
}
Name Value Type
MameHash [l » .
|:| N Debugger % GDB for "NameHash" # Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15. ETH
T Level Function File Number Function File Line Address Con lgnore Threads
_ - 1 nameHash NameHash.cpp 66 0x5555555ab2d3 21 nameHash(std::string. std::string) ..eHash.cpp 66 ...ab2d3 (ally

2 studentMain NameHash.cpp 31 0x5555555ab0fb
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File Edit View Build Debug Ana

ts

Name!
Source|

B, Nam

-
1€«
Debug

/0

Projects

e

NameHash

I:I 3

Debug

>

A
13

[ ° Type to locate (Ctrl...

NameHash.cpp @ NameHash [main] -

@ 5 Line: 66, Col: 9

=gy Name

Value Type

. a| ¢ _ for_begin std::string::iter...
-l_a I"ge p FAme |» _for end std::string::iter...
. v _ for_range “AdalLovelace" std:istring &&
product 1s ch X 65 0x41 char
v first "Ada" std::string
v N hashval 0 int
Now, lef's take a look at this for loop, Feamairime Jsaasess
kSmallPrime 137 int
. b last "Lovelace" std::string
Prime: 1..
/ Prime: 137
H hashval: 0
/* Iterate across all the characters in the first name, then
60 * name, updating the hash at each step.
. I 4 . q
62 -~ g for (char ch: first + last) { first: "Ada" Tlast: “Lov%m
63 - 1 /* Convert the input character to lower case. The numdri
64 : * lower-case letters are always less than 127. :
65 | */ 1
© 66 : kh = tolower (ch); ch::65
67 1 hashval = (kSmallPrime * hashVal + ch) % kLargePrime; g
68 "} !
- ‘ 4
l")Li AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN BN BN BN BN BN BN BN BN BN BN BN B .
70 return hashVal;
. | |
1 }
T 2 Name Value Type
F
Debugger % GDB for "NameHash" # Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15. ETH
Level Function File Number Function File Line Address Con lgnore Threads
- 1 nameHash NameHash.cpp 66 0x5555555ab2d3 21 nameHash(std::string. std::string) ..eHash.cpp 66 ...ab2d3 (ally
2 studentMain NameHash.cpp 31 0x5555555ab0fb

5 QML Debugger Console

3 Application Qutput

4 Compile Output

6 General

ntrol 8 Test R




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Aga
: ® 5] Line: 66, Col: 9 =8 Name Value Type

. a| ¢ _ for_begin std::string::iter...
. . ‘F -l_a I"ge p FAmd |» _for_end std::string:titer...
— v _f "Ad; lace" d::stri
This loop is a range—based for loop. It says Jproduct il e
v first "Ada" std::string
Y . . o hashval 0 int
'FOV each ohavacTev In The S#Vlmg first + last, kargeprime 15405063 it
. . R b last "Lovelace" std::string
Y .
.. do something with that character. Prime: L.
bebus Prime: 137
)1 /
e 3 hashval: 0
(2]
Help . .
/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
E g for (char ch: first + last) { first: "Ada" last: "Lovg..
y 1 /* Convert the input character to lower case. The numdri
: * lower-case letters are always less than 127. :
1 * [ 1
© 66 : kh = tolower(ch); ch::65
1 hashval = (kSmallPrime * hashVal + ch) % kLargePrime; s
1 1 1
‘----------------------------------------,
return hashVal;
L]
}
Name Value Type
MNameHash ] ! -
|;| 5 Debugger * GDB for "NameHash" = | Ik T EOE Threads: =* #15 NameHash ¥ | Stopped at breakpoint 1 in thread 15. Views =
- Number Function File Line Address Con lgnore Threads
e -~ 1 nameHash NameHash.cpp 66  0x5555555ab2d3 @1 nameHash(std::string, std::string) ...eHash.cpp 66  ..ab2d3 (all)
b 2 studentMain NameHash.cpp 31  0x5555555ab0fb
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Projects

Source]
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Debug
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Projects

e

NameHash
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Debug
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(Il © Type to locate (Ctrl

1 Issues

3 Application Output 4 Compile Qutput

NameHash.cpp @ NameHash [main] -

@ 5 Line: 66, Col: 9 B+

5 QML Debugger Console & General A ntrol 8 TestR

Name

Value

Type

. a| ¢ _ for_begin std::string::iter...
-l_a I"ge p FAmd |» _for_end std::string:titer...
d t -is b _hfor_range “:daLovelac:; oxen st';d::string &b
. pro uc c Y x4l char
Remember (from a while back) that we entered i
kLargePrime 15485863 int
kSmallPri 137 int
The V] a m e A d a Love\ ace ? R b Ias.rt"a e "Lovelace" Isl,;d::string
Prime: 1.
/ Prime: 137
3 hashval: 0
/* Iterate across all the characters in the first name, then
60 * name, updating the hash at each step.
[§ . . 1
62 -~ g for (char ch: first + last) { first: "Ada" last: "Lovg..
63 - 1 /* Convert the input character to lower case. The numdri
64 : * lower-case letters are always less than 127. :
65 [ x/ 1
© 66 : kh = tolower(ch); ch::65
67 1 hashval = (kSmallPrime * hashVal + ch) % kLargePrime; s
68 1 |
. A g 4
70 return hashVal;
— ||
1l 1
T 2 Name Value Type
Debugger * GDB for "MameHash" =+ 8 & Threads: =» #15 NameHash ¥ | Stopped at breakpoint 1 in thread 15. Views =
Level Function File Number Function File Line Address Con lgnore Threads
- 1 npameHash NameHash.cpp 66 0x5555555ab2d3 s1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Aga

@ 5 Line: 66, Col: 9 =0 Name Value Type

. a| ¢ _ for_begin std::string::iter...
-l.a rge prim std::string::iter...
1t we take a look at the curvent value of the J A
B Nam pro uct 1s Lal ot ;Pdazrstring
. . hashval 0 int
variable ch, we can see that it has the value A, Hasirime L ;;;
R b last "Lovelace" std::string
. That's The first letter of the name Ada Lovelace., [Prime: 1.
QLJ Prime: 137
)a /
Projects ; haShVa-L H 0
(2]
Help
/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
E g for (char ch: first + last) { first: "Ada" last: "Lovg..
y 1 /* Convert the input character to lower case. The numdri
: * lower-case letters are always less than 127. :
1 */ 1
© 66 : kh = tolower(ch); ch::65
1 hashval = (kSmallPrime * hashVal + ch) % kLargePrime; s
1 1
return hashVal;
||
}
Name Value Type
MNameHash ] ! -
|;| 5 Debugger * GDB for "NameHash" = | Ik T EOE Threads: =* #15 NameHash ¥ | Stopped at breakpoint 1 in thread 15. Views =
T Number Function File Line Address Con lgnore Threads
- 1 npameHash NameHash.cpp 66 0x5555555ab2d3 s1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
b 2 studentMain NameHash.cpp 31  0x5555555ab0fb
a
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NameHash.cpp @ NameHash [main] -

File Edit Wiew Build Debug Ana

jects

@ 5] Line: 66, Col: 9 =@ Name Value Type

- [ NameHa -l_a rge p r‘i m a| b _;or_begin st::::str!ng::iter...
Name! : { |+ _for_en @ ! st ffstr!ngz:iter...
ch SO V]O\/\/ \/\/e k V]O\/\/ Wheve \/\/e aYe ( \lV]e 66 ) / hO\/\/ \/\/e QOT Jpl"oduCt '| S 3 waorirange ‘;\.daLovelacgs onts i:]da}strmg &
=) b first "Ada" std::string
N N hashval 0 int
there (main called nameHash), and the values in the st Ssssnc @n;
mallPrime ini
. . P R 1 b last "Lovelace” std::string
X program at this point, AR
D:;:.q' / Prime: 137
)4
P 3 hashval: ©
2]
Help . .
/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
S g for (char ch: first + last) { first: "Ada" Tlast: “Lov%m
- 1 /* Convert the input character to lower case. The numdri
: * lower-case letters are always less than 127. :
| */ |
© 66 : kh = tolower(ch); ch::65
1 hashval = (kSmallPrime * hashVal + ch) % kLargePrime; a
2 ;
AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B B . .
return hashVal;
||
}
Name Value Type
NameHash q » .
|;| , Debugger % GDB for "MameHash" El |- = -E ) = Threads: =* #15 NameHash % | Stopped at breakpoint 1 in thread 15. Views =
S Number Function File Line Address Con lgnore Threads
s = 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
’ 2 studentMain MameHash.cpp 31  0x5555555abofb
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- [ NameHa
Namel
Source|

B Nam

Debug

)4

Projects

0

Help

NameHash

o,

Debug

| 2

-3
AE

[0l 2. Type to locate

© 66

Debugger %

Level Function

L
2

nameHash
studentMain

NameHash.cpp @ NameHash [main] -

0x5555555ab2d3 =1
0x5555555ab0fb

MNameHash.cpp 66 nameHashistd::string, std::string)

MameHash.cpp 31

4 Compile Output 5 QML Debugger Console 6 General I 8 Test

3 Application Output

..eHash.cpp 66

...ab2d3

< 5] Line: 66, Col: 9 B+ Nami‘ - Value Tvsf o
- - large prim([s Zorend i ringier
' ' " alovelace" std::strin
Now, lef's do something really cool - we're qoing to Jproduct o] e e’ S
b first "Ada" std::string
N N N N hashval in
run this program one line at a time, watching what e tasasee .
N v last "Lovelace” std::string
happens at each step: Prime: 1.
/ Prime: 137
3 hashval: ©
/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
g for (char ch: first + last) { first: "Ada" Tlast: “Lov%m
1 /* Convert the input character to lower case. The numdri:
: * lower-case letters are always less than 127. :
1 */ 1
: kkh = tolower(ch); ch::65
] hashval = (kSmallPrime * hashVal + ch) % kLargePrime;
1 1
return hashval;
} | |
Name Value Type
% GDE for "NameHash" 5 [ HE! Threads: =* #15 NameHash # Stopped at breakpoint 1 in thread 15. ’ Views =
File ine Address Number Function File Line Address Coni lgnore Threads

(all)




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help
Projects EA AN =T Y B NameHash.cpp x| # nameHash(string, string) -= int % | Unix (LF) + & = Line: 66, Col: 9 =l Name Value Type

i [ 50 - /* This hashing scheme needs two prime numbers, a large primfsjggﬁz @Oiiba1ich g%gﬁ;ﬁﬁ
felcome 'Egﬂﬁimmxw 51 * prime. These numbers were chosen because their product -s N ’ KL m“iﬁ&mz
52 * 2A31 - kLargePrime - 1. EﬁgimE?u%%a it
53 */ e ovelacer chd:sting
54 static const int kLargePrime = 15485863; kLargePrime: 1..
Dgﬁ' 55 static const int kSmallPrime = 137; kSmallPrime: 137
y? 56
Projects 57 int hashval = 0; hashval: ©
0 58
59 - /* Iterate across all the characters in the first name, then
60 * name, updating the hash at each step.
61 */
62 - for (char ch: first + last) { first: "Ada" Tlast: "Love..
63 - /* Convert the input character to lower case. The numeri:
64 * lower-case letters are always less than 127.
65 x/
© 66 kh
67 has .
. ) Right above fhe stack trace, you'll see there are
69 .
i I some small butfon icons.,
71 }

NameHash

o,

Debug

| 2

Debugger % GDB for "NameHash" ¢ = Threads: = #15 NameHash # Stopped at breakpoint 1 in thread 15. Views &=

Level Function File Number Function File Line Address Coni lgnore Threads

-~ 1 nameHash MNameHash.cpp 66 0x5555555ab2d3 el nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain MameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help

Projects s Tepd < B. NameHash.cpp = x| % nameHash(string, string) -= int % Unix (LF) + P [E Line: 66, Col: 9 j=n Name Value Type
- i . . . . a| b _ for _begin std::string::iter...
B Nomctthorg - /* This hashing scheme needs two prime numbers, a large prim(|» Zorend oo s sting:ster.
. - . . . v _ for range "Adalovelace" std::string &&
 Sorcss * prime. These numbers were chosen because their product is | =« w 65 0xa1 char
%, NameHash.cpp . v first "ada" std::string
* 2231 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
'k/ kSmallPrime 137 int
i . . N b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
b0 static const int kSmallPrime = 137; kSmallPrime: 137
}’ .
P int hashval = 0; hashval: ©
(2]
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.
*/
s for (char ch: first + last) { first: "Ada" Tlast: "Love..
' /* Convert the input character to lower case. The numeri:
* lower-case letters are always less than 127.

*/
© 66 kch
has

) These bultons let you resume the program, stop the
program, walk through it one line at a fime, efc,

_——

return

MNameHash

|:_| , Debugger % GDB for "NameHash" = E = Threads: = #15 NameHash ¥ Stopped at breakpoint 1 in thread 15. Views &
Debug Level Function File Number Function File Line Address Coni lgnore Threads
-~ 1 nameHash NameHash.cpp 66  0x5555555ab2d3 o1 nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain MameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help

Projects s Tepd < B. NameHash.cpp = x| % nameHash(string, string) -= int % Unix (LF) + P [E Line: 66, Col: 9 j=n Name Value Type
- i . . . . a| b _ for _begin std::string::iter...
B Nomctthorg - /* This hashing scheme needs two prime numbers, a large prim(|» Zorend oo s sting:ster.
. - . . . v _ for range "Adalovelace" std::string &&
 Sorcss * prime. These numbers were chosen because their product is | =« w 65 0xa1 char
%, NameHash.cpp . v first "ada" std::string
* 2231 - kLargePrime - 1. hashval 0 int
kLargePrime 15485863 int
'k/ kSmallPrime 137 int
i . . N b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
b0 static const int kSmallPrime = 137; kSmallPrime: 137
}’ .
P int hashval = 0; hashval: ©
(2]
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.
*/
. for (char ch: first + last) { first: "Ada" Tlast: "Love..
' /* Convert the input character to lower case. The numeri:
* lower-case letters are always less than 127.
*/
© 66 kch

hasl Move your mouse so that you're hovering over the
! button that's third from the lett, It you hover

return

over it, iT should say *step over,”

_——

Debugger % GDB for "NameHash" =+ Threads: = #15 NameHash ¥ Stopped at breakpoint 1 in thread 15. Views &
Level Function File Number Function File Line Address Coni lgnore Threads

-~ 1 nameHash NameHash.cpp 66  0x5555555ab2d3 o1 nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain MameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects $ T @ B @ < B NameHash.cpp | x| # nameHash(string, string) -> int % Unix (LF) %+ &® [E Line: 66, Col: 9 =l Name Value Type

- 5 . . . . - |+ _ for_begin std::string::iter...
3 . /* This hashing scheme needs two prime numbers, a large prim(|» Jorend oo s string:ster.
A - . - A . . R v _for_range “Adalovelace" std::string &&
e . * prime. These numbers were chosen because their product is | & ' 65 0xa1 char
E ameHash.cpp N v first "ada" _std::strlng
* 2731 - kLargePrime - 1. hashval O int
kLargePrime 15485863 int
'k/ kSmallPrime 137 int
A . . R b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
bt P static const int kSmallPrime = 137; kSmallPrime: 137
)
s int hashvVal = 0; hashval: ©
(2
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.
*/
v for (char ch: first + last) { first: "Ada" Tlast: "Love..
. /* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.
*/
066 kh L v W Y
has] Once you're confident that you're on the *Step Over

) butfon - and not the *Step Into* or *Step out”
return buftons - go and click itr when you do..

_—

MameHash 4

|:| N Debugger % GDB for "NameHash" % [} I ELE Threads: = #15 NameHash %+ Stopped at breakpoint 1 in thread 15 Views =
T Level Function File \ Number Function File Line Address Coni lgnore Threads
-+ 1 nameHash NameHash.cpp 66 55555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 21 55ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects * T B+ @ < B NameHash.cp I X| # nameHash(string. string) -> int % Unix (LF) 4+ & [E Line: 67, Col: 9 =dl Name Value
j pp g g !
~ [[@ NameHash [main] . . - - - |+ _for_begin g
E: NameHash.pro /* This hashing scheme needs two prime numbers, a large prime|s Zrocend  cocn: .
Welcome - — ’ . . . v __for_range “"Adalovela
i £ Sources * prime. These numbers were chosen because their product is | = a
E B NameHash.cpp N v first "ada”
* 2231 - kLargePrime - 1. hashval ~ ©
kLargePrime 15485863 \\/
'k/ ksmallPrime 137
. . . b last "Lovelace" 4
static const int kLargePrime = 15485863;
¥ static const int kSmallPrime = 137;

Debug

)t
int hashval = 0; —

o

Help

o /* Iterate
* name, up

*/ .your window should look something like this,

v for (char ¢
= /* Conv
*x lowe
*/ /
° ch = tolower(ch);

+ 67 hashVal = (kSmallPrime * hashVal + ch) % kLargePrime;

return hashval;

} | |
Name Value Type
NameHash 4 b
|;| ) Debugger % GDB for "NameHash" % [ cEE Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views =
Debug Level Function File Line Address Number Function File Line Address Conilgnore Threads
' + 1 nameHash NameHash.cpp 67 0x5555555ab2el o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects s T & B [ < B NameHash.cpp X # nameHash(string, string) -=> int = Unix (LF) +|® = Line: 67, Col: 9 =g Name Value
~ i . . B . a|» _for_begin Rr...
B nomermathprg . /* This hashing scheme needs two prime numbers, a large primc|: Torend cooco () () o
Welcome - = . . . » _for_range "Adalovelag
- & cources * prime. These numbers were chosen because their product is | « 2
E B NameHash.cpp N » first "Ada"
* 2731 - kLargePrime - 1. hashval 0
kLargePrime 15485863 \\/
‘k/ ksmallPrime 137
. . . » last "Lovelace" 4
static const int kLargePrime = 15485863;
£ A0 static const int kSmallPrime = 137;
)a
S int hashval = 0; e
@
Help
v /* Iterate

o names e Okayr A few things have changed, Let's see what's

- for (char ¢ QOW\Q on.

v /* Conv
* lowe
*/ /
° ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;

} | |
Name Value Type
1 »
Debugger * GDB for"NameHash” =+ Ik B (24 = & E Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views
Level Function File Line Address Number Function File Line Address Conilgnore Threads
1 nameHash NameHash.cpp 67 0x5555555ab2el e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects s T & B [ < B NameHash.cpp X # nameHash(string, string) -=> int = Unix (LF) +|® = Line: 67, Col: 9 =g Name Value
~ i . . B . a|» _for_begin Rr...
B nomermathprg . /* This hashing scheme needs two prime numbers, a large primc|: Torend cooco () () o
Welcome - = . . . » _for_range "Adalovelag
- & cources * prime. These numbers were chosen because their product is | « 2
E B NameHash.cpp N » first "Ada"
* 2731 - kLargePrime - 1. hashval 0
kLargePrime 15485863 \\/
‘k/ ksmallPrime 137
. . . » last "Lovelace" 4
static const int kLargePrime = 15485863;
£ A0 static const int kSmallPrime = 137;
)a
S int hashval = 0; e
@
Help
v /* Iterate

 name, up First, nofice that our helpful Yellow Arrow friend

- for (char ¢ is now pointing at line »1,

y /* Conv
* lowe
*/ /
l"'\ ch = tolower(ch);
2f>57 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;
-»
+

return hashVal;

} | |
Name Value Type
1 »
Debugger * GDB for"NameHash” =+ Ik B (24 = & E Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views
Level Function File Line Address Number Function File Line Address Conilgnore Threads
1 nameHash NameHash.cpp 67 0x5555555ab2el e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects =T & B H < B NameHash.cpp *2 X | # nameHash(string, string) -> int % Unix (LF) + & [ Line: 67, Col: 9 =ry Name Value
~ i . . B . ~|» _for_begin Rr...
i E;Tﬁﬁﬂﬁﬂﬂm v /* This hashing scheme needs two prime numbers, a large primes Trorend  cocn: () () .
Welcome - = . . . » __for_range "Adalovelag
. [ sources * prime. These numbers were chosen because their product is | = 2
E B, NameHash.cpp | v first Ada"
* 2231 - klLargePrime - 1. hashval 0
kLargePrime 15485863 \\/
‘k/ kSmallPrime 137
» last "Lovelace" 4

static const int kLargePrime = 15485863;
- static const int kSmallPrime = 137;

Debug

)4
Projects int hashval = 0 —

e

-

" /* Iterate We're now at the line right after the one where

* name, up

*/ we sfopped. You just ran a single line of the

E for (char ¢

: /% Conv program: Pretty cool:

* lowe
*/ /

l"\ ch = tolower(ch);

V= BT hashVal = (kSmallPrime * hashval + ch) % kLargePrime;

b 3 }

return hashVal;
} L
Name Value Type
NameHash 4 »
|;| N Debugger % GDB for "NameHash" =+ = O B Threads: == #15 NameHash + Stopped: "end-stepping-range". Views
e Level Function File Address Number Function File Line Address Con lgnore Threads
: 1 nameHash NameHash.cpp 67 0x5555555abZel e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31 0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects =T & B H < B NameHash.cpp *2 X | # nameHash(string, string) -> int % Unix (LF) + & [ Line: 67, Col: 9 =ry Name Value
~ i . . B . ~|» _for_begin Rr...
E;Tﬁﬁﬂﬁﬂﬂm y /* This hashing scheme needs two prime numbers, a large primes Zrorend oo () () -
Welcome - = . . . » __for_range "Adalovelag
i ﬂ;ﬂﬁ;m“C * prime. These numbers were chosen because their product is|/| =& a
E &g . » first "Ada"
* 2231 - klLargePrime - 1. hashval 0
kLargePrime 15485863 \\/
‘k/ kSmallPrime 137
. . . b last "Lovelace" 4
static const int kLargePrime = 15485863;
B0 static const int kSmallPrime = 137;

)4
Projects int hashval = 0 —

e

-

= /* Iterate
* name, up

*/ So what did that line of code do?

E for (char ¢
g /* Conv
* lowe
*/ /
° ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;

} ||
Name Value Type
MNameHash 4 »
|;| N Debugger = GDB for "NameHash" = Ik VE = B Threads: == #15 NameHash + Stopped: "end-stepping-range". Views
T Level Function File Line Address Number Function File Line Address Conilgnore Threads
: 1 nameHash NameHash.cpp 67 0x5555555abZel e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31 0x5555555ab0fb
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-

Projects -
~ [@ NameHash [main]
[ NameHash.pro
~ [ Sources
E B, NameHash.cpp

Welcome

W

Debug

}1

Projects

e

NameHash

|;I 3

Debug

>

13
13

T.

Il £ Type to locate (Ct

£

File Edit View Build Debug Analyze Tools Windew Help

= B O B NameHash.cpp s x| #

NameHash.cpp @ NameHash [main] - Qt Creator

e nameHash(string, string) -> int
/* This hashing scheme needs
* prime. These numbers were
* 2A31 - kLargePrime - 1.

x /

static const int kLargePrime
static const int kSmallPrime

4| Unix [LF) 4P [E Line: 67, Col: 9 S Mame Value
. . ~| » __for_begin
two prime numbers, a large primc|r Zforend C) ()
. . v _ for_range “Adalovelag
chosen because their product s B =
» rsi " a"
hashval [}
kLargePrime 15485863 \\/
kSmallPrime 137
b last "Lovelace" 4
= 15485863;
= 137;

/

int hashVal : _
This line
/* Iterate
* name, up
*/

for (char ¢

function takes in a character and refurns a lower—
case version of iT, so this overwrifes ch with a

converts ch To lower case, The tolower

lower—case version of ifselt,

_—

[ ]
> 67 rime * hashVal + ch) % kLargePrime;
} L
Mame Value Type

1 »
Debugger % GDB for "NameHash” =+ [% = O E Threads: =» #15 NameHash + Stopped: "end-stepping-range". Views =
Level Function File Address Number Function File Line Address Conlgnore Threads

1 nameHash NameHash.cpp 67 0x5555555abZel o1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects s v - <P 5] Line: 67, Col: 9 E Name Value Type
P . a| ¢ _ for_begi td::string::iter...
Narr:;en:lea:;': ’ge pI"I me |» _fE;_eﬁgm itd::;tlr'::g::;tjlr'm
. . v _ for_range “AdalLovelace" std::istring &&
Sources bduct s ch ar o7 0x61 char
&, NameHas y ‘\, \ \ Th . b \ k . _‘, “,h \ v first "Ada" std::string
hashval 4] int
ou can aclually see IS oy 00KIng a € values e e sanssss int
kSmallPrime 137 int
N b last "Lovelace" std::string
panel over on the side:
| 3
Debug
)a
Projects /
7
(7]
5 /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
E for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
] ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;
return hashVal;
} ||
Mame Value Type
NameHash 1 , -
|;| N Debugger % GDB for "NameHash” =+ [% E = O E Threads: = #15 NameHash % Stopped: "end-stepping-range". Views =
T Level Function File Line Address Number Function File Line Address Conlgnore Threads
_ 1 nameHash NameHash.cpp 67 0x5555555abZel o1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb
>
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Name Value Type

~ '@ [F] Line: 67, Col: 9

Projects slw
P . al b for_begi td::string::iter...
Namenrash [m rge prime —toend etdoratrings-ter. .
Sources . YAdalvelace" std::istring &&
B e bduct s ch ' o7 Ox61 char
tice that the val iated with ch has changed i
NoTice Thal The value associaled with ch has change hearar— i
kLargePrime 15485863 int
kSmallPrime 137 int
1 1 1 1 . v : —_ b last "Lovelace" std::string
from 'A" to 'a' - it's now in lower—case:
| 3
Debug
)1
Projects /
7
(7]
5 /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
E for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
] ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;
}
return hashVal;
||
}
Mame Value Type
NameHash [l » .
|;| N Debugger = GDB for "NameHash" = [k v =0 = Threads: =* #15 NameHash %+ Stopped: "end-stepping-range". Views =
T Level Function File Line Address Number Function File Line Address Conlgnore Threads
_ 1 nameHash NameHash.cpp 67 0x5555555abZel o1 nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
’ 2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help
Name Value Type

~ P [F] Line: 67, Col: 9

Projects E 1
- P . a _ for_begi td::string::iter...
£ Namenash [ e primi|i e
Sources . "Adalpvelace" std::string &&
=2 bduct s ‘ 97 Ox61 char
1 1f yourll notice, this value is i d while all th '
hashval ] int
lé u V] Ce / S V a ue S V] Ye W e a e ki:rg:Prime 15485863 ::t
kSmallPrime 137 int
b last "Lovelace” std::string

‘ other values are in black,
b [

Debug
)‘ /

Projects
9 >
s /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.
x/
E for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
L] ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;
} | |
Mame Value Type
NameHash [l 3
|:_| . Debugger % GDB for "MameHash" # Ik C el s N Threads: = #15 NameHash %+ | Stopped: "end-stepping-range". Views =
Level Function File Line Address Number Function File Line Address Con lgnore Threads
...eHash.cpp 66 ...ab2d3 (all)

Deb
sbug + 1 nameHash NameHash.cpp 67  0x5555555ab2el el nameHash(std::string, std::string)
’ 2 studentMain NameHash.cpp 31  0x5555555abofb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help

~ <% 5] Line: 67, Col: 9 Name Value Type

ts E 1
ameHash [mgg N N N . . a| ¢ _ for_begin std::str!ng::?ter_,.
Srmennd” This indicafes That the value here has changed since Yee primd|Zum e
Welcome Sources jduc‘t 'is 97 0x61 cha}
E. NameHas . . . = vl std::string
= the previous step, This is a really useful way to e ;gg
kSmallPrime 137 int
N b last "Lovelace” std::strin
keep Track of whaf's changing as you run the :
[
Debug
' program,
Prfr}cts ' /
(7] /
s /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
* [
E for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
x/
L] ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;
}
return hashVal;
| |
}
Mame Value Type
NameHash [l 3 .
|:_| , Debugger * GDB for "MameHash" + [k Ee e ME| Threads: =» #15 NameHash ¥ | Stopped: "end-stepping-range”. Views &
7 Level Function File Li Address Number Function File Line Address Con lgnore Threads
shug + 1 nameHash NameHash.cpp 67 0x5555555ab2el el nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555abofb
| 2
3
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NameHash.cpp @ NameHash [main] - Qt Creator

Value Type

File Edit Wiew Build Debug Analyze Tools Window Help
Projects = g ~ P [F] Line: 67, Col: 9 = Name
- P . a| b _ for_begi td::string::iter...
& Na::,]:‘e:s;é "ge pl"l me |» _fE;_eﬁgm :td:::t::g::;tg:m
. . v _ for_range “AdaLovelace" std::string &&
OUFCE‘S jduct 1s ch ‘a' 97 0x61 char
E. NameHas \ T v “' \ T \ b first "Ada" std::string
Now, leT's Take a look al line 67, where we are il o it
LargePrime 15485863 int
kSmallPrime 137 int
N b last "Lovelace” std::string
right now,
|3
Debug
>~ /
Projects
s
(7]
s /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
E for (char ch: first + last) { first: "Ada" Tlast: "Love..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
L] ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;
return hashVal;
} | |
Mame Value Type
NameHash ] ! -
|:_| . Debugger 5 GDB for "MameHash" = [k E = E0E Threads: =* #15 NameHash % Stopped: "end-stepping-range". Views =
S Level Function File Line Address Number Function File Line Address Con lgnore Threads
R + 1 nameHash NameHash.cpp 67 0x5555555ab2el el nameHash(std::string. std::string} ..eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555abofb
>
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[ NameHash.d
- [= Sources
E. NameHas
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Debug
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Projects
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NameHash

.

Debug

| 4
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NameHash.cpp @ NameHash [main] - Qt Creator

~ P [F] Line: 67, Col: 9 B+

Not gonna lie, This is a pretfy dense line of
code., 1T performs some weird sort of
mathematical calculation on a bunch of different

rge prime
bduct s

values., /

.
s /* Iterate across all the characters in the first name, then

[l

(Il © Type to locate (Ctrl.

1 Issues

2

= 67

nameHash
studentMain

Debugger * GDB for "MameHash" +
Level Function

o 1

* name, updating the hash at each step.
*/
for (char ch: first + last) { first: "Ada" Tlast: "Love..
/* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.

*/
1 T | VA N
T COTTOWCETI STy

hashVal = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;

el s N Threads: =» #15 NameHash ¥ | Stopped: "end-stepping-range”.

File Line Address Number Function
NameHash.cpp 67 0x5555555ab2el el nameHash(std::string, std::string)
NameHash.cpp 31  0x5555555abofb

ntrol 8 Test Results

3 Application Qutput 4 Compile Qutput 5 QML Debugger Console & General

Type

MName Value
v _ for_begin std::string::iter...
v _ for_end std::string::iter...
v _ for_range “AdaLovelace" std::string &&
ch ‘a' 97 0x61 char
b+ first "Ada" std::string
hashval o int
kLargePrime 15485863 int
kSmallPrime 137 int
b last "Lovelace” std::string
L]
Mame Value Type
Views &
File Line Address Con lgnore Threads
...eHash.cpp 66 ...ab2d3 (all)




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
sl ~ <% 5] Line: 67, Col: 9 [EgName Value Type
P . 4| ¢ _ for_begin std::string::iter...
" oe FI1mi |» _for_end std::string::iter...
e, g:ﬂf::Sh‘ F d T \ \ Th h T v . T “, . g ‘FE . » _ for range "AdaLovelace” std::string &&
- - bduc 1s ch ‘a' 97 0x61 char
% B NameHas u M a m e V] a lé' / O u q / | S J u S CO m P u | Vl q S O m e v first "Ada" std::string
hashwval 0 int
kLargePrime 15485863 int

weird function of some values and stashing it into il B
[ hashval.

Debug
)‘ /

é - i
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.
* /
s for (char ch: first + last) { first: "Ada" Tlast: "Love..
g /* Convert the input character to lower case. The numeri:
* lower-case letters are always less than 127.

*/

-1 ra L%
. 1T tULU“ T \\.-II}’
+> 67 hashVal = (kSmallPrime * hashVal + ch) % kLargePrime;
return hashval;
} | |
Name Value Type
NameHash 4 >
|:_| , Debugger % GDB for "NameHash" % [& E =N < NE| Threads: = #15 NameHash % Stopped: "end-stepping-range". Views =
Level Function File Line Address Number Function File Line Address Con lgnore Threads
...eHash.cpp 66 ...ab2d3 (all)

Deb
. » 1 nameHash NameHash.cpp 67 0x5555555ab2el ol nameHash(std::string, std::string)
’ 2 studentMain MameHash.cpp 31  0x5555555abofb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help
2w - B ] Line: 67, Col: 9 [EQ Name Value Type
. x| ¢+ _ for begin std::string::iter...
" oe FI1mi |» _for_end td::string::iter...
NameHash.g g p . bifglr'fr?nge "AdalLovelace" itd:::t::g Eldf(r
Sources bduct s ch = 97 0x61 char
[, NameHas L T v Th _‘, \| ‘F d d h _‘, v first "Ada" std::string
hashval 1] int
e S go Vu V] a We O CO e a V] See W a kLargePrime 15485863 int
ksmallPrime 137 int
b last "Lovelace” std::string
happens!
| 30
Debug
> /
Projects
.
7]
g /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
s for (char ch: first + last) { first: "Ada" Tlast: "Love..
5 /* Convert the input character to lower case. The numeri:
* lower-case letters are always less than 127.
*/
] oot
+ 67 hashVal = (kSmallPrime * hashVal + ch) % kLargePrime;
}
return hashval;
} |
Name Value Type
NameHash 4 » .
|:_| , Debugger % GDB for "NameHash” % [& EVEEOE Threads: = #15 NameHash % Stopped: "end-stepping-range"”. Views =
— Level Function File Line Address Number Function File Line Address Coni lgnore Threads
? =1 nameHash NameHash.cpp 67 0x5555555ab2el 1 nameHashistd::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain MameHash.cpp 31 0x5555555ab0fb
| 2
b
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ts =
- NameHash [main]
[ MameHash.pro
- [@ Sources
. NameHash.cpp

L3

Debug

}4

Projects

e

NameHash

o,

Debug

| 2

b
AE

T & B @

[l ©. Type to locate |

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help

< B NameHash.cpp x| # nameHash(string, string) -= int % Unix (LF) %+ |e® = Line: 67, Col: 9 = Name Value Type
N . . . x| ¢+ _ for begin std::string::iter...
v /* This hashing scheme needs two prime numbers, a large prim|» Zforend std:stringiiter...
. . . v _ for range “Adalovelace" std::string &&
* prime. These numbers were chosen because their product -s ch o o7 ox61 char
. v firsi "Ada" std::string
* 27231 - kLargePrime - 1. hashval 0 int
kLargePrime 1548586 int
*/ kSmallPrime 137 int
i . . b last "Lovy gtd::string
static const int kLargePrime = 15485863;
static const int kSmallPrime = 137;
int hashval = 0;
g /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.

*/

. The butfon uyou're clicking really is *Step oOver,”

= 67

and click ifr When you do.

~—

Hover over the *Step Over’ buttfon, confirm that

_—

}

1
Debugger % GDB for "NameHash"
Level Function

=1 nameHash
2 studentMain

= Yy =
File pss
MNameHash.cpp 5555ab2el
MameHash.cpp 31 E555ab0fb

Threads: = #15 NameHash s
Number
el

Stopped: "end-stepping-range".
Function

nameHash(std::string, std::string)

5 QML Debugger Console 6 General ntrol 8 Test Results

3 Application Output

4 Compile Output

| |
Name Value Type
»
Views =
File Line Address Coni lgnore Threads
...eHash.cpp 66 ...ab2d3 (all)
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File Edit View Build Debug Analyze Tools Window Help
Projects * T B+ @ <
~ [[@ NameHash [main]
[+ NameHash.pro
~ [ Sources
E B NameHash.cpp

Welcome

W

Debug

y

Projects

o

Help

+ 62

NameHash 4

g »

Debug

>

A
o

B NameHash.cpp x| #

-

Debugger =

Level Function

=1 nameHash
2 studentMain

NameHash.cpp @ NameHash [main] - Qt Creator

=1 Name
. . ~| v _for_begin
two prime numbers, a large primc|» Zorend

» _ for_range

Value Type
std::string::iter...
std::string:iter...
std::string &&

nameHash(string. string) -> int % | Unix (LF) 4+ | &P [F Line: 62, Col: 5

/* This hashing scheme needs

"AdalLovelace”

* prime. These numbers were chosen because their product is e 2 ox61 char
* 2431 - kLargePrime - 1. hashval 97 e
kLargePrime 15485863 int
'k/ :<SrtnaIIPr\me 1L37 | I?;; .
A . . R b las "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
static const int kSmallPrime = 137; kSmallPrime: 137

int hashval = @ hashval: 97

-

/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
For (char ch: first + last) { ch: 97 first: "Ada" las..
/* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.
*/
ch tolower (ch);
hashval =

2 hochly/ o] 07

return has

GDB for "NameHash" % [% cEE Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views =
File Line Address Number Function File Line Address Conilgnore Threads
NameHash.cpp 62 0x5555555ab31b o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects $ T ®pBE < B NameHash.cpp x| # nameHash(string, string) -= int % Unix (LF) + & E Line: 62, Col: 5 =3l Name Value Type

- i . . . . a|» _ for_begin std::string::iter...
B nomermathprg . /* This hashing scheme needs two prime numbers, a large prime|: Zorend oo sstring:ter..
Welcome - = . . . » _ for_range "Adalovelace"” std::string &&
. £ Sources * prime. These numbers were chosen because their product is | « @ 97 0x61 char
E f2 NameHash.cpp 2131 KL Pri 1 » first "Ada" std::string
* — — hashval a7 int
argerrime : kE:.rgeaPrime 15485863 int
‘k/ ksmallPrime 137 int
. . . 5 b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1l..
£ A0 static const int kSmallPrime = 137; kSmallPrime: 137
)
BRI int hashval = 0; hashval: 97

&

Help

S /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
+ 62 - |for (char ch: first + last) { ch: 97 first: "Ada" las..
v /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
° ch = tolower(ch);
hashval = ebachyo] 2%

return has Let's see what's changed,

4 »

Debugger * GDB for"NameHash” =+ Ik B (24 = & E Threads: = #15 NameHash * Stopped: "end-stepping-range"”. Views
Level Function File Line Address Number Function File Line Address Conilgnore Threads

1 nameHash NameHash.cpp 62 0x5555555ab31b e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Jlis
52, Col: 5 e Name Value Type

Projects g
~ [ NameHash [main] . . ‘ . . -l _:Or_hegin stgfistringfj!ter.,.
= FirsT, nofice that the value stored in hashval PrimE)) St et e
ficicome - [B Sources t 1s ch '3 97 0x61 char
" std::string

hashval 97 int

changed o 47, We know thal it changed because fhe T .
value is in red, and we know that nothing else : L.

b last "Lovelace" std::string
z AT

E B, NameHash.cpp

L 3
changed because nothing else is in red:

s /:1 : 97

e

erate across all the characters in the first name, then
* name, updating the hash at each step.
*/
* 62 - |for (char ch: first + last) { ch: 97 first: "Ada" las..
g /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
° ch = tolower(ch);
hashval = (kSmallPrime % hashVal + ch) % kLargePrime;

return hashVal;
} ||
Name Value Type
NameHash 4 »
|;| N Debugger = GDB for "NameHash" = = O E Threads: == #15 NameHash + Stopped: "end-stepping-range". Views
T Level Function File Address Number Function File Line Address Conilgnore Threads
: 1 nameHash NameHash.cpp 62 0x5555555ab31b e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31 0x5555555ab0fb

>

13
e

3 Application Output 4 Compile OQutput 5 QML Debugger Console 6 General I



NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4P [E Line: 62, Col: 5 =@ Name Value Type

i il ' /* This hashing scheme needs two prime numbers, a large pr‘iml‘:j?;jgﬁgi" GOtz ich igigﬁﬂggi
. * prime. These numbers were chosen because their product is | @ - ’ a7 ox61 ;:da}string
5 * 2831 - kLargePr‘ime - 1. :iﬂﬂnme ?;485863 ::E ’
*/ ) . . . b :;SSTEHPFINE ﬂﬁ:a:!\.'relace" Isr;l:i::string
. static const int kLargePrime = 15485863; kLargePrime: 1..
AP static const int kSmallPrime = 137; kSmallPrime: 137
}1
Projects int hashVal = 0; hashVal: 97
(2]
5 /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
::)52 - [for| (char / : , \
1% - )« conl  Second, notfice that we've back up at the fop of
* Low .
Iy the for loop, since that's where the uellow arrow
[ ] Ch = t . . . .
ol is pointing. We ended up back here because this
} is The next line that gefs executed,
return hasm
}
Nai Typ

= E Threads: = #15 NameHash % Stopped: "end-stepping-range".
Address Number Function File Line Add

|;|> Debugger > | GDB for "NameHash" = 0%

Level Function File
1 nameHash NameHash.cpp 62  0x5555555ab31b ®1 nameHash(std::string, std::string) ..eHash.cpp 66 ...al
2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Windew Help
Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4P [E Line: 62, Col: 5 =@ Name Value Type

- i . - . . . a| ¢ _ for_begin std::string::iter...
el el - /* This hashing scheme needs two prime numbers, a large prime|: Zforend oo s string: e .
Nelcome - - . . . v _ for_range "Adalovelace" std::istring &&
N £ Sources *x prime. These numbers were chosen because their product is | = " 97 Ox61 char
=] 8. NameHash.cpp ) b first "Ada" std::string
* 2A31 - kLargePrime - 1. hashval 97 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
) . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
0 static const int kSmallPrime = 137; kSmallPrime: 137
/0
e int hashVal = 0; hashval: 97
(7]
5 /* Iterate across all the characters in the first name, then

* name, updating the hash at each step.
*/
* 62 - |for (char ch: first + last) { ch: 97 first: "Ada" Tlas..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
° ch = t

nashval  We just single—stepped through a single iteration
of that loop: Pretty cool:

return has

Na Typ
NameHash [l » .
|;| N Debugger % GDB for "NameHash” =+ [% = O E Threads: = #15 NameHash % Stopped: "end-stepping-range". O O
e Level Function File Address Number Function ; File Line Add
1 nameHash NameHash.cpp 62  0x5555555ab31b ®1 nameHash(std::string, std::string) ..eHash.cpp 66 ...al
’ 2 studentMain NameHash.cpp 31  0x5555555ab0fb
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Projects =
~ [@ NameHash [mainl
[ NameHash.pro
- [= Sources
. NameHash.cpp

v

(Il © Type to locate (Ctrl.

File Edit Wiew Build Debug Analyze Tools Window Help

NameHash.cpp @ NameHash [main] - Qt Creator

B+ B £ B NameHash.cpp x| & nameHash(string, string) > int % Unix (LF) %P [E Line: 62, Col: 5 =g Name Value Type
. . . . a| ¢ _ for_begin std::string::iter...
- /* This hashing scheme needs two prime numbers, a large primi|s Zforend — co.riv: std:string:ter.
. . . v _ for_range “AdaLovelace" std::string &&
* prime. These numbers were chosen because their product is/| & @ o7 ox61 char _
. b firsi "Ada" std::string
* 27231 - kLargePrime - 1. hashval 97 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
A ) . R b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
static const int kSmallPrime = 137; kSmallPrime: 137
int hashval = 0; hashval: 97
s /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
x/
+ 62 - |for (char ch: first + last) { ch: 97 first: "Ada" las..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
L] ch = t
hashVa T . d . T .
) LeT's go do 1T again!
return has
}
Ma Typ
Debugger * GDB for "MameHash" + [k =< NE| Threads: =» #15 NameHash ¥ | Stopped: "end-stepping-range”. O O
Level Function File Line Address Number Function File Line Add
+ 1 nameHash NameHash.cpp 62 0x5555555ab31b el nameHash(std::string, std::string) ..eHash.cpp 66 ...al
2 studentMain NameHash.cpp 31  0x5555555abofb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help

Projects F T A < B NameHash.cpp $ X | # nameHash(string, string) -> int * | Unix (LF) %P [E Line: 62, Col: 5 =i Name Value Type
- i . . . . a| ¢ _ for_begin std::string::iter...
Eéﬁﬁﬁﬂﬁ?ﬁm z /* This hashing scheme needs two prime numbers, a large prime|» Zocend oo std:string ..
e - P . . . v _ for_range “AdaLovelace" std::string &&
. -2 Jourees * prime. These numbers were chosen because their product is | = @ 97 Ox61 char
E ameHash.cpp . b first "Ada" std::string
* 2A31 - kLargePrime - 1. hashval 97 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
A ) . R b last "Lovelace” std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
P static const int kSmallPrime = 137; kSmallPrime: 137
> .
P int hashval = 0; hashval: 97
(7]
s /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
x/
+ 62 - |for (char ch: first + last) { ch: 97 first: "Ada" las..
- /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.

*/ -
- ch = t Again, move your mouse over the STep Over

| s button (and make sure it says *Step Over” and

not something elser), fhen click it,

return has

Nal Typ
NameHash q [r— 8
|:_| s Debugger = GDB for "NameHash" = [} Z0 = Threads: =» #15 NameHash % Stopped: "end-stepping-range". O O
Debug Level Function File bss Number Function File Line Add
+ 1 nameHash NameHash.cpp 6 5555ab31b o1l nameHash(std::string, std::string) ...eHash.cpp 66 ...al

2 studentMain NameHash.cpp 31 §555abofb
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Welcome

W

Debug

y

Projects

o

Help

MNameHash

g »

Debug

>

A
o

Projects
~ [[@ NameHash [main]
[+ NameHash.pro
~ [ Sources
B NameHash.cpp

.
-

T

B+ @

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

£ B NameHash.cpp X # nameHash({string. string} -> int % | Unix (LF) + & [ Line: 66, Col: 9 B+ Namt: v Value Tyge
. . . . el or_begin std::string::iter...
” /* This hashing scheme needs two prime numbers, a large prim(, forend ibaitco Sﬂ?ﬁéﬂi“
* prime. These numbers were chosen because their product dis [ @ o f 100 MMcgfrg
* 2431 - kLargePrime - 1. Y e
kLargePrime 15485863 int
'k/ :<SrtnaIIPr\me %LBT e I?;; .
. . . . » last ovelace" stdiistring
static const int kLargePrime = 15485863; kLargePrime: 1..
static const int kSmallPrime = 137; kSmallPrime: 137
int hashval  Now we've here! Nofice That ch now has fThe value
: /* 1terate]  'd', which is the second letter of the name Ada.
* name, u
*/
v for (char ch: first + last) { first: "Ada" lastzjnzﬁhah.
= /* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.
*/
© 66 kh = tolower(ch); ch: 100

hashVal = (kSmallPrime % hashVal + ch) % kLargePrime;

return hashval;

Name Value Type
4 » .
Debugger % GDB for "NameHash" % [ cEE Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15 Views &=
Level Function File Line Address Number Function File Line Address Conilgnore Threads
+ 1 nameHash NameHash.cpp 66 0x5555555ab2d3 o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb
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File Edit View Build Debug Analyze Tools Window Help

Projects | T H WK
- NameHash [main] -
[z NameHash.pro
Welcome ~ [ sources
E B NameHash.cpp
[ S
Debug
Projects
Help
< 66
1
Debugger =
Level Function
1 nameHash
2 studentMain

B NameHash.cpp 2| x| #

NameHash.cpp @ NameHash [main] - Qt Creator

nameHash(string. string) -> int * Unix (LF) + & [E Line: 66, Col: 9 B+

two prime numbers, a large primc
chosen because their product ds

/* This hashing scheme needs
* prime. These numbers were
* 2431 - kLargePrime - 1.
*/

static const int kLargePrime =

static const int kSmallPrime

kLargePrime: 1l..
kSmallPrime: 137

15485863;
137;

Name

» _ for_begin
v _ for end
» _ for_range

Value Type
std::string::iter...
std::string:titer...

"Adalovelace” std::string &&

ch 100 0x64 char

» first "Ada" std::string
hashval 97 int
kLargePrime 15485863 int
ksmallPrime 137 int

b last "Lovelace" std::string

int hashVa

/* Iterate
* name, U
*/

for (char ch: first + last) {

code.

NameHash.cpp 68 5555ab2d3 o1

NameHash.cpp 31 §555ab0fb

nameHash(std::string, std::string)

6 General Control 8 Test Results %

3 Application Qutput

4 Compile Output 5 QML Debugger Console

first: "Ada" lastztnzﬁﬂan.

Go click *Step Over” again 1o run this line of

/* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
kh = tolower (ch); ch: 100
hashval = (kSmallPrime * hashvVal + ch) % kLargePrime;
}
return hashVal;
[ |
Name
-
GDB for "NameHash" =< [k =M E Threads: = #15 NameHash + Stopped at breakpoint 1 in thread 15
File ﬂ ss Number Function File

...eHash.cpp

Value Type

Views
Threads
(all)

Line Address Conilgnore
66 ...ab2d3




NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects * T B+ @ < B NameHash.cpp K O# nameHash(string, string) -> int % | Unix (LF) + & [ Line: 67, Col: 9 = Name Value Type
- h i . - . B ~| » _ for_begin std::string::iter...
EgTﬁﬁEJ?ﬁ” s /* This hashing scheme needs two prime numbers, a large primc|» Zforend std::stringziiter...
Nelcome - - ’ . . . » _ for_range "AdalLovelace” std::string &&
et 3 Sources * prime. These numbers were chosen because their product is | @ d 100 0x64 char
E %, NameHash.cpp ) » first "Ada" std::string
* 27231 - kLargePrime - 1. hashval 97 int
kLargePrime 15485863 int
'k/ ksmallPrime 137 int
b last "Lovelace" std::string

static const 1in
Ak static con

Debug

> .
Projects int hashVa

o

Help

You should be here now. Notice that none of The\

values changed, That makes sense, since all we did

- /rIteratelas convert a lower—case 'd' fo a lower—case 'd'.

* name, u
*/
v for (char ch: first + last) { first: "Ada" lastzjnzﬁhah.
= /* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.
*/
° ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashVal + ch) % kLargePrime;

return hashval;

} |
Name Value Type
NameHash 4 b
|;| ) Debugger % GDB for "NameHash" % [k EhME Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views =
Do Level Function File Line Address Number Function File Line Address Conilgnore Threads
' + 1 nameHash NameHash.cpp 67 0x5555555ab2el o1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects $ T ®pBE < B NameHash.cpp x| # nameHash(string, string) -> int % Unix (LF) + & E Line: 67. Col: 9 = Name Value Type
- h [main] » _ for_begin std::string:iter...
B Nomerach pro. . /* This hash1ng scheme needs two prime numbers, a large pFTml'4$nmd o2 sstring:ter..
) . - » _ for_range "Adalovelace"” std::string &&
. (R — * prime. These numbers were chosen because their product 1is | @ o 100 0x64 char
E f&. NameHash.cpp R » first "Ada" std::string
* 2431 - kLargePrime - 1. hashval a7 int
kLargePrime 15485863 int
‘k/ ksmallPrime 137 int
b last "Lovelace" std::string

static const 1n
AF static con

Debug

Ve .
Projects int hashVa

&

Help

—

Now, click *Step Over” one more time,

o /* Iterate
* name, U

*/
z for (char ch: first + last) { first: "Ada" lastztn:;ﬁaa.
v /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
° ch = tolower(ch);
+ 67 hashVal = (kSmallPrime * hashval + ch) % kLargePrime;

return hashVal;

} | |
Name Value Type
1 »
Debugger % GDB for "NameHash" = EOE Threads: = #15 NameHash * Stopped: "end-stepping-range"”. Views
Level Function File \J:s5 Number Function File Line Address Conilgnore Threads
1 nameHash NameHash.cpp { §5555ab2el e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)

2 studentMain NameHash.cpp ( 55ab0fb

-
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File Edit View Build Debug Analyze Tools Window Help

NameHash.cpp @ NameHash [main] - Qt Creator

Projects * T & B B < B NameHash.cpp X # nameHash({string. string} -> int % | Unix (LF) + & [E Line: 62, Col: 5 B+ Namt: e Value Tigft' —
Rl 6 e s e /* This hashing scheme needs two prime nug= - .‘I:;Eﬁ:eﬁﬂ'" @oxibatics 5:3::::3;5:
N'E o * prime. These numbers were chosen beca L K h . '?T‘m"ge :Isda"macim oxea irda?strfng
I ) ) firs a stdz:string
* 2A31 - kLal’gePr‘lme B l' OO eye. kLargeFrimezszszBEB ::E
*/ . . . b :;S;TBHPW\‘E %I_ac:?velace" Isrii:Tc:i::*:,tring
a static const int kLargePrime = 15485863; e
b static const int kSmallPrime = 137; kSmallPrime: 137
y
Projects int hashVal = 0; hashval: 22222
° _— —
You'll now be at this point in the program., We've
* 62 - covered up the value of hashval in this image, because
at this point you should be able fo see what hashval is by
- reading the value in the side pane, This is the special value
we want you to tell us when submitting the assignment:
retom
}
NEEES:I ebugger + GDBfor"NameHash” % I B (24 = O B Threads: = #15 NameHash % Stopped: "end-stepping-range". .
Debug Level Function File Line Address Number Function File Line Add
1 nameHash NameHash.cpp 62 0x5555555ab31b *1 nameHash(std::string, std::string) ...eHash.cpp 66  ..alH
2 studentMain NameHash.cpp 31  0x5555555ab0fb
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File Edit View Build Debug Analyze Tools Window Help
Y. & H+ [

2 L4

NameHash.cpp @ NameHash [main] - Qt Creator

S B MNameHash.cpp 2 x| # nameHash(string, string) -> int % Unix (LF) | & E Line: 62, Col: 5 =0l Name Value Type
- R » _ for_begin std::string:iter...
B nomermathprg . /* This hash1ng scheme needs two prime numbers, a large pFTml'4$nmd o2 sstring:ter..
) . - » _ for_range "Adalovelace"” std::string &&
. e — * prime. These numbers were chosen because their product is | @ @ 100 oxea char
- b firs! "Ada" std::string
- * 2731 - kLargePrime - 1. hashval (22279 e
, kL 863 !nt
int
/ d::string
. . . . ' .
o To finish up this section on the debugger, we'd like fo show
; last little techni t you might find useful
you Two last little Techniques that you might find usetu
o :
Help
' : when debugging programs.,
*/
+ 62 - |for (char ch: first + last) { ch: 100 first: "A
v /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*/
° ch = tolower(ch);
hashval = (kSmallPrime * hashvVal + ch) % kLargePrime;
+
return hashVal;
|
}
Name Value Type
1 » .
Debugger % GDB for "NameHash" =+ Ik EYvEE2NE Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views
Level Function File Address Number Function File Line Address Conilgnore Threads
1 nameHash NameHash.cpp 62 0x5555555ab31b e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb
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Welcome

-
1w
Debug

y

Projects

&

Help

File Edit View Build Debug Analyze Tools Window Help

NameHash.cpp @ NameHash [main] - Qt Creator

Projects $ T ®pBE < B NameHash.cpp x| # nameHash(string, string) -> int % Unix (LF) + & E Line: 62, Col: 5 = Name Value Type
- R » _ for_begin std::string:iter...
B nomermathprg . /* This hash1ng scheme needs two prime numbers, a large pFTml'4$nmd o2 sstring:ter..
. o » _ for_range "Adalovelace"” std::string &&
& cources * prime. These numbers were chosen because their product is | « d 100 0x64 char
[&, NameHash.cpp ) » first "Ada" std::string
* 2431 - klLargePrime - 1. hashval (2 2?7 int
kL 863 int
/‘ int
d::string
To start fhis off, click on the fhe breakpoint that we set
earlier in The program. If you do.
*/
+ 62 - |for (char ch: first + last) { ch: 100 first: "A
v /* Convert the input character to lower case. The numeri
* lower-case letters are always less than 127.
*
¢ —\ /
a ¥ ch = tolower(ch);
N
hashval = (kSmallPrime * hashvVal + ch) % kLargePrime;
+
return hashVal;
|
}
Name Value Type
1 » .
Debugger % GDB for "NameHash" =+ Ik EYvEE2NE Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views
Level Function File Address Number Function File Line Address Conilgnore Threads
1 nameHash NameHash.cpp 62 0x5555555ab31b e 1 nameHash(std::string, std::string) ...eHash.cpp 66 ...ab2d3 (all)
2 studentMain NameHash.cpp 31  0x5555555ab0fb

3 Application Qutput 4 Compile Output

5 QML Debugger Consaole

6 General

Control 8 Test Results %

B



File Edit View Build Debug Analyze Tools Window Help
ts * T B+ @ <

Proj

B NameHash.cpp X

NameHash.cpp @ NameHash [main] - Qt Creator

# nameHash(string, string) -> int % | Unix {LF) 4+ | &P [F Line: 62, Col: 5 = Name Value Type
- i . . . . ~| » _ for_begin std::string:iter...
O e - /* This hashing scheme needs two prime numbers, a large prime|, Zorend oo sdtringr..
Welcome - - ’ . . . v _ for_range “"Adalovelace” std::string &&
. B2 Souces * prime. These numbers were chosen because their product is | @ o 100 ox64 char
E %, NameHash.cpp ) » first "Ada" std::string
* 27031 - kLargePrime - 1. hashval (2?2 ? int
k| i 863 int
/’ int
string
e . 1T should clear the breakpoint, Now, if we were to run
< ' in in d de, it ld not st Thi
This program again in debug mode, it would not stop at this
o . . . . . .
Help
' : point, since nothing's telling it to:
*/
+> 62 |for (char ch: first + last) { ch: 100 first: "A
= /* Convert the input character to lower case. The numeri
*x lower-case letters are always less than 127.
*
l—\ /
LA ch = tolower(ch);
< . .
- hashVal = (kSmallPrime % hashVal + ch) % kLargePrime;
}
return hashval;
}
Name Value Type
MameHash 4 . -
|;| ) Debugger % GDB for "NameHash” % [ CELvE 20 3E Threads: = #15 NameHash %+ Stopped: "end-stepping-range”. Views =
T Level Function File Address Number Function File Line Address Conilgnore Threads
= + 1 nameHash NameHash.cpp 62  0x5555555ab31b
’ 2 studentMain NameHash.cpp 31  0x5555555ab0fb
b
AE
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Welcome

-
"
Debug

y

Projects

&

Help

- NameHash [main]
[z NameHash.pro
~ [ sources
B NameHash.cpp

>

T

& He 0

L4

4

Debugger % GDB for "NameHash"

File Edit View Build Debug Analyze Tools Window Help

NameHash.cpp @ NameHash [main] - Qt Creator

B MNameHash.cpp x| # nameHash(string, string) -> int % Unix (LF) %+ & [ Line: 62, Col: 5 = Name Value

P

Level Function

1
2

nameHash
studentMain

a|» _ for_begin

/* This hash1ng scheme needs two prime numbers, a large primc|> Zforend

Type
std::string::iter...
std::string:titer...

. . » _ for_range "Adalovelace” std::string &&
* prime. These numbers were chosen because their product is - @ ox64 char
» rs a" sta:stnn
* 2731 - kLargePrime - 1. hashval [ 22 e
kLargePrime 15485863 int
‘k/ ksmallPrime 137 int
. . . 5 b last "Lovelace® std::string
static const int kLargePrime = 15485863; kLargePrime: 1l..
static const int kSmallPrime = 137; kSmallPrime: 137

int hashval = © hashval: 2?2?2?

=

/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/

For (char ch: f1rst + last) { ch: 100

/* Convert t

first: "A

* low
*/
ch = t

hashval  Now, fake a look back af these buttons,

return has

) -

Name Value Type
—— »
5 = ) E Threads: = #15 NameHash + Stopped: "end-stepping-range”. Views
File Number Function File Line Address Conilgnore Threads

NameHash.cpp 62  0x5555555ab31b
NameHash.cpp 31  0x5555555ab0fb
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File Edit View Build Debug Analyze Tools Window Help
Projects F V@B H <
~ [ NameHash [main]
[z NameHash.pro
~ [ sources
E B, NameHash.cpp

Welcome

W

Debug

)

Projects

e

+ 62

NameHash 4

I;I »

Debug

>

Debugger

13
e

LIl . Type to loc

&
>

Level Function
1 nameHash
2 studentMain

GDB for "NameHash" =

3 Application Output 4 Compile Output

NameHash.cpp @ NameHash [main] - Qt Creator

6 Genera

5 QML Debugger Console

B NameHash.cpp 2| x| # nameHash(string, string) -=> int % Unix (LF) 4+ @ [E Line: 62, Col: 5 = Nam? = Value TVEE
. . N . al b or_begin std::string::iter...
/* This hashing scheme needs two prime numbers, a large pr1m|»j?&$ @oxrfifbafich 53ﬁ®%§“
* prime. These numbers were chosen because their product is h ° @ 0w MMcﬁt,g
- L4 s a stdiistring
* 2A31 - kLargePrime - 1. hashval (P27 7? int
kLargePrime 15485863 int
‘k/ :(SmaIIPr\me 137 | |r'1:z i
. ) . R b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
static const int kSmallPrime = 137; kSmallPrime: 137
int hashval = 0; hashval: 22222
/* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
Hor (char ch: first + last) { ch: 100 first: "A
/* Convert t i
* low
*/
S Hover your mouse over The one that's
N el the far right, When you hover over
iT, it should say *Step out.”
return has \ /
Name Value Type
19 ()= Threads: == #15 NameHash + Stopped: "end-stepping-range". : Views
File Li AdCST Number Function File Line Address Con lgnore Threads
NameHash.cpp 62 0x5555555ab31b
NameHash.cpp 31 0x5555555ab0fb




File Edit View Build Debug Analyze Tools Windew Help

NameHash.cpp @ NameHash [main] - Qt Creator

Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4P [E Line: 62, Col: 5 =@ Name Value Type
- i . . . . a| ¢ _ for_begin std::string::iter...
el el - /* This hashing scheme needs two prime numbers, a large prime|: Zforend oo s string: e .
Nelcome - > . . . v _ for_range "Adalovelace" std::string &&
. ol * prime. These numbers were chosen because their product is | @ o 100 oxe4 char
=] EEE R v first "Ada” std::string
* 2731 - klLargePrime - 1. hashval (22?2 7? int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
) . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
Ly static const int kSmallPrime = 137; kSmallPrime: 137
~ .
e int hashVal = 0; hashval: 22222
(2]
5 /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
* 62 - |for (char ch: first + last) { ch: 100 first: "A
y /* Convert t i
* low
! t oliok just yet. Bul do ol
4 o] Pon't click jusT yeT. Bul when you do click,
hashva 'T ‘ T T {‘ T
} it will vun the rest of the nameHash
function until it finishes and returns,
return has
Mame Value Type
NameHash [l fro— » .
|;| N Debugger % GDB for "NameHash” =+ [% =) = Threads: =» #15 NameHash + Stopped: "end-stepping-range". Views =
e Level Function File Li AddN Number Function File Line Address Conlgnore Threads
chug 1 nameHash MNameHash.cpp 62 0x5555555ab31b
b 2 studentMain NameHash.cpp 31  0x5555555ab0fb
13
13
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File Edit View Build Debug Analyze Tools Windew Help

NameHash.cpp @ NameHash [main] - Qt Creator

Projects T2 EH < B NameHash.cpp X # nameHashistring, string) -> int % | Unix (LF) 4P [E Line: 62, Col: 5 =@ Name Value Type
- i . . . . a| ¢ _ for_begin std::string::iter...
i e ' /* This hashing scheme needs two prime numbers, a large prim(|: Zorend cocin: s string- e
Nelcome - > . . . v _ for_range "Adalovelace" std::string &&
. ol * prime. These numbers were chosen because their product is | @ o 100 oxe4 char
=] EEE R v first "Ada” std::string
* 2731 - klLargePrime - 1. hashval (222 2 int
kLargePrime 15485863 int
‘k/ kSmallPrime 137 int
) . . . b last "Lovelace" std::string
static const int kLargePrime = 15485863; kLargePrime: 1..
0 static const int kSmallPrime = 137; kSmallPrime: 137
~ .
e int hashVal = 0; hashval: 22222
(2]
5 /* Iterate across all the characters in the first name, then
* name, updating the hash at each step.
*/
* 62 - |for (char ch: first + last) { ch: 100 first: "A
y /* Convert t i
* low
*/
ch = < ick that button, If you did
Now, go click ThaT bulton., It you di
hashVva
} everything right..
return has
Mame Value Type
NameHash [l » .
|;| N Debugger % GDB for "NameHash" # NN Threads: = #15 NameHash % Stopped: "end-stepping-range". Views =
T Level Function File e AddVETING Number Function File Line Address Conlgnore Threads
g 1 nameHash NameHash.cpp 62  0x555] ab31lb
’ 2 studentMain NameHash.cpp 31  0x555] ROTb
13
13

(Il © Type to locate (Ct

5 QML Debugger Console 6 General ntrol 8 Test Results =
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects + T @ B H < B NameHash.cpp 2% | # main % | Unix {LF) 4+ |&® [E Line: 31, Col: 5 = Name Value Type

- i L . ~| » first "Ada" std::string
Eéa&;ﬂezs;;r\;:;n] 20 using namespace Std; rasth\/ame ?L e i?:a..t-
Welcome ~ [ sources 1 » lasi ovelace" std:string
E B NameHash.cpp -
22 - [/* Prototype for the nameHash function. This lets us use the funi
23 * in main and then define it later in the program.
24 */
P 25  int nameHash(string first, string last);
y 26
Projects 27 - int main() {
9 28 string first = getLine("What is your first name? ");
elp . . .
29 string last = getLine("What 1is your last name? ");
3
30
+ 31 int hashValue = nameHash(first, last); hashValue: 0 fj
32
33 cout << "The has
34 return 0;
35 }
36 : : -
- . . you should end up with something that ==
37 = [/x This 1is the 't P q
8 * to talk mor looks like thist
39 * the meantim
40 * of the dinpu
42 * For those of you who are more mathematically inclined, this fi fame Value Tpe
43 * treats each character in the input name as a number between 0.
NameHash 4 »
|;|’ Debugger % GDB for "NameHash” + [k B T 20 E Threads: = #15 NameHash %+ Stopped: "function-finished". Views =
T Level Function File Line Address Number Function File Line Address Conilgnore Threads
= + 1 studentMain NameHash.cpp 31 0x5555555ab0fb
| 2
M
A

[l ©, Type to locate
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects 2 T.® B[ £ B MNameHash.cpp 2 x| # main % Unix (LF) | E Line: 31, Col: 5 =0l Name Value Type

T 20 using namespace std; | a0 e
Weleone - B Sounces 21 » last Lovelace" std::string
E B NameHash.cpp . 3 .
22 - [* Prototype for the nameHash function. This lets us use the funi
23 * in main and then define it later in the program.
24 */
Dgg’ 25 1int nameHash(string first, string last);
)' 26
Projects 27 - int main() {
Sz 28 string first = getLine("What is your first name? ");
29 string last = getlLine("What is your last name? ");
30
+ 31 int hashValue = nameHash(first, last); hashValue: 0 fj

)

3 cout << "The has
34 return 0;

5

Let's take a minute To get our bearings., =

37 - /*x This is the
>0 *
38 to talk mor Where exactly are we?
39 * the meantim
40 x of the inpu
41 * N— _~
42 * For those of you who are more mathematically inclined, this fi [uame Value Type
43 * treats each character in the input name as a number between 0.
NameHash 4 ¥
|:_| , Debugger % GDB for "NameHash" =+ Ik B VEEOR Threads: = #15 NameHash + Stopped: "function-finished". Views
- Level Function File Line Address Number Function File Line Address Conilgnore Threads
e « 1 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects 2 T.® B[ £ B MNameHash.cpp 2 x| # main % Unix (LF) | E Line: 31, Col: 5 =0l Name Value Type

T 20 using namespace std; | a0 e
Weleone - B Sounces 21 » last Lovelace" std::string
E B NameHash.cpp . 3 .
22 - [* Prototype for the nameHash function. This lets us use the funi
23 * in main and then define it later in the program.
24 */
Dgg’ 25 1int nameHash(string first, string last);
)' 26
Projects 27 - int main() {
Sz 28 string first = getLine("What is your first name? ");
29 string last = getlLine("What is your last name? ");
30
+ 31 int hashValue = nameHash(first, last); hashValue: 0 fj

)

3 cout << "The has
34 return 0;

5

well, the yellow arrow indicates that we're =

37 - /*x This is the
> Q * . . .
38 to talk mor back in main again, Cool:
39 * the meantim
40 x of the inpu
41 * N— _~
42 * For those of you who are more mathematically inclined, this fi [uame Value Type
43 * treats each character in the input name as a number between 0.
NameHash 4 ¥
|:_| , Debugger % GDB for "NameHash" =+ Ik B VEEOR Threads: = #15 NameHash + Stopped: "function-finished". Views
- Level Function File Line Address Number Function File Line Address Conilgnore Threads
e « 1 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects 3 T ® B 0 < B MNameHash.cpp x| # main % Unix (LF) %+ & [ Line: 31, Col: 5 B+ Na;_?et V:‘I:e T{ge =
i ~ [@ NameHash [main] : . l + lirs Value U a" isnt::s ring
We=lc=:mf: '%:::::sash.pm US'Ing namespace Std’ » :;assth I "Lovelace" std:string
E B NameHash.cpp i .
o /* Prototype for the nameHash function. This lets us use the funi
* in main and then define it later in the program.
*/
93@’ int nameHash(string first, string last);
)
A int main() {
51 string first = getLine("What is your first name? ");
string last = getlLine("What is your last name? ");
+ 31 int hashValue = nameHash(first, last); hashvalue: 0 fi..
mLe hash of vour name is: " << hashValue << endl;
We can see that the nameHash ﬂmcﬁom\
returned value 15058255 int
refurned 15058255, Thanks, debugger: h code. We'r:
n the quarte
_ ‘ . Jmbles up the
(A nofe: it seems like on some Macs, this
number doesnt display, Don't worry it you |ined, this filee—we
d 'T ‘\, . ‘\, T ‘ er between 0.
on't see IT — JusT conTinue on as usual,) :
JAnished".
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Projects
~ [ NameHash [main]
[z NameHash.pro
~ [ sources
B, NameHash.cpp

[ °_ Type to locate (Cirl...

1llssues 25

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
2 T. @B H <

B NameHash.cpp X # main
using namespace std;

% Unix (LF) + & [ Line: 31, Col: 5

~ /* Prototype for the nameHash function. This lets us use the fun
* in main and then define it later in the program.
*/

int nameHash(string first, string last);

~ int main() {
string first =

getLine("What is your first name? ");
string last =

getLine("What is your last name? ");

int hashValue =

nameHash(first, last); hashvalue: 0 fi..

t << "The hash of your name is: " << hashValue << endl;

But it we look up over here, we see thatf AW
hashvalue isn'f storing 15058255, even though that’s
what was returned. "
(You might see a number other Than o on

your system - That’s okay,)
N

s 3 Application Output 4 Compile Qutput 5 QML Debugger Console 6 General Me: Control 8 TestResults =

=M Name Value Type

a s std::string

ace” std:string

returned value 15058255 int
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File Edit View Build Debug Analyze Tools Windew Help

Projects 2| T e HE < B NameHash.cpp I X| # main % Unix (LF) 4+ @@ [F Line: 31, Col: 5 =gy Name Value Type ;
~ [3 NameHash [main] N . a| b first "Ada" _std::strlng
B NameHash using namespace std hashvalie 0 int
e -pro ? b last "Lovelace" std::string
Welcome - E Sources "

B, NameHash.cpp
8 - /* Prototype for the nameHash function. This lets us use the fun

* in main and then define it later in the program.
*/

ol int nameHash(string first, string last);

~ : .

Projects | I‘]t main ( ) {

o string first = getLine("What is your first name? ");

string last = getlLine("What 1is your last name? ");

+ 31 int hashValue = nameHash(first, last); hashvalue: 0 fi..

out << "The hash of your name 1is: " << hashValue << endl;

returned value 15058255 int

But it looks like we're sefting hashvalue We'r

arte

equal To the number That was retfurned by p the
the nameHash function, What's going on?

1s -Fl Mame Value Type
feen O
NameHash L »
|;| N Debugger % GDB Tor "NnameHasn 5| g »= = wy =] l2l | INnreads: == #1> NameHasn | stoppea: “Tunction-finished". Views
Level Function File Li Address Number Function
Debug

Line Address Conlgnore Threads
1 studentMain NameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit Wiew Build Debug Analyze Tools Window Help
B NameHash.cpp

using namespace std;

~ [@ NameHash [mainl
[ NameHash.pro

. NameHash.cpp

int nameHash(string first, string last);

- int main() {
string first
string last

int hashValue nameHash(first, last);

out << "The hash of your name is:

- /* Prototype for the nameHash function. This lets us use the funi
* in main and then define it later in the program.

getLine("What 1is your first name? ");
getLine("What 1is your last name? '");

hashvValue: 0 fi..

<< hashValue << endl;

We ' ri
arte

This is pretty cool, actually: the

his fi

43 X LTeaLs cacncnaraceermore 1rpuc LS

GDB for "NameHash" Threads: = #15 NameHash

[Nl ° Type to locate (Ctrl. 5 QML Debugger Console

3 Application Qutput

4 Compile Qutput

Bo & ngmber between 0.

»

Stopped: "function-finished".

Unix (LF) 4P F Line: 31, Col: 5 =i Name Value Type
a| b first "Ada" std::string

hashvalue o int
b last "Lovelace" std::string

returned value 15058255 int
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects E3 SN =TT S B NameHash.cpp 2| x| # main 2 | Unix (LF) ¢ P E Line: 31, Col: 5 =8 Name Value Type
- [E NameHash [main] . B «| b first "Ada" _std::strlng
B NameHash.pro using namespace std; hashvalue 0 it
- Em Sources ’ b last "Lovelace" std::string

B NameHash.cpp
- /* Prototype for the nameHash function. This lets us use the fun

* in main and then define it later in the program.
*/

oo int nameHash(string first, string last);

» . .
Projects - | nt main ( ) {

ia string first = getlLine("What is your first name? ");
string last = getLine("What 1is your last name? ");

<> 31 int hashValue = nameHash(first, last); hashValue: 0 fi..

out << "The hash of your name is: " << hashValue << endl;

7~ Whal's happened is that we've just refurneo
from nameHash with a value, but since we've  [""

arte

going through the program one step at a time, p the
we haven't acfually assigned that value to .
NWEHW — hashva'l_ue %e“’! J.° O'Name Value Type

|:_| . Debugger % GDB rtor "MameHasn™ 5 0% ER .S “= (= ©J) |5 o] | INreads: == #15 NameHasn | otoppea: “tunction-finished".
Level Function File Line Address Number Function
=1 studentMain MNameHash.cpp 31  0x5555555ab0fb
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

Projects E3 SN =TT S B NameHash.cpp x| # main % | Unix (LF) +|e® [E Line: 31, Col: 5 [ Name Value Type
- [E NameHash [main] . B «| b first "Ada" _std::strlng
2 NameHash.pro using namespace std; hashvalue 0 int
A e >- ’ b last "Lovelace" std::string
Welcome - E Sources
% B NameHash.cpp

- /* Prototype for the nameHash function. This lets us use the fun
* in main and then define it later in the program.

*/

Dgg' int nameHash(string first, string last);

)4

Projects

e

- int main() {

string first = getlLine("What is your first name? ");
string last = getLine("What 1is your last name? ");

<> 31 int hashValue = nameHash(first, last); hashValue: 0 fi..

out << "The hash of your name is: " << hashValue << endl;

4 , .
Le‘\' ' S dO a \\S“—ep O\/ev ’ SO ‘\—h a—" We Cav‘ ﬁ V“Sh returned value 15058255 int
. . i . . ) We'ri
executing this line, Click *Step Over,” and arte
. . . . the
if you did everything right..
~\
* For those of you who are more mathematically inclined, this fi fwame Value Tpe
* treats eagy aracter in the input name as a number between 0
ﬂrlhji-r' ebugger %+ | GDB for "NameHash" IS i =N < NE| Threads: = #15 NameHash % Stopped: "function-finished". ’ iEns
Debug Level Function File S5 Number Function File Line Address Con lgnore Threads
=1 studentMain MNameHash.cpp 3 5555ab0fb
| 2
%
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects + T @ B H < B NameHash.cpp 2% | # main % | Unix {LF) 4| &P [F Line: 33, Col: 5 = Name Value Type

| e Do - /* Prototype for the nameHash function. This lets us use the funf'F%mme%ﬁ%;‘Efﬁm
”E;” L N * in main and then define it later in the program. - e S
*/
int nameHash(string first, string last);
ok - dint main() {
Y’ string first = getlLine("What is your first name? ");
Ple** string last = getLine("What is your last name? ");
- int hashValue = nameHash(first, last); first: "Ada" la.
+ 33 cout << "The hash of your name is: " << hashValue << endl;
return 0;
ul
) We'r
. you should see the right value get stored arte
. . . the
(notice it's in red!) and we've moved to the
next line, is fi
ween 0
x It then uses them as coefficients in a polynomial over the fiI [name Value Tpe
* F_p, where p is a large prime number, and evaluates that polyL

-
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+ 1 studentMain NameHash.cpp 33 0x5555555ab119
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects 2 T.® B[ £ B MNameHash.cpp 2 x| # main % Unix (LF) /&P E Line: 33, Col: 5 =0l Name Value Type

gl ¢ N e e - /* Prototype for the nameHash function. This lets us use the funf'F%mmeﬁﬁ%s‘%fTw
WE;” e — * in main and then define it later in the program. = oreee e
*/
int nameHash(string first, string last);
5 - dint main() {
y? string first = getlLine("What is your first name? ");
REies string last = getLine("What 1is your last name? ");
o
- int hashValue = nameHash(first, last); first: "Ada" la.
<+ 33 cout << "The hash of your name is: " << hashValue << endl;
return 0;
ul
. . . . . We'r
AT this point, we've seen just aboul everything Yiarte
. . the
we care abouf, Rather than single—stepping
all The way 1o the end, let's just fell the i
program to keep on running. Pen
Name Value Type
B, e D AT e, ang svawgates that polyLn

Debugger = GDB for "NameHash" = [k & = =0 E Threads: = #15 NameHash * Stopped: "end-stepping-range"”. Views
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1 studentMain NameHash.cpp 33 0x5555555abl19
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Projects
~ [[@ NameHash [main]

[z NameHash.pro

B NameHash.cpp

NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help

¥ B MNameHash.cpp 2 x| # main % Unix (LF) /&P E Line: 33, Col: 5 =0l Name Value Type

* /* Prototype for the nameHash function. This lets us use the funf'F%mmeﬁﬁ%s‘%fTw
* in main and then define it later in the program. R
*/
int nameHash(string first, string last);
* int main() {
string first = getlLine("What is your first name? ");
string last = getLine("What 1is your last name? ");
int hashValue = nameHash(first, last); first: "Ada" la.
<+ 33 |cout << "The hash of your name is: " << hashValue << endl;
return 0;
}
* /* This is the actual function that computes the hgghmss= <
* to ta
* the% do fhis, click on this bufton., It you hover
* of : : :
" over if, it says *Continue,” and that button
* For .
« trd  means ‘unpause the program and let it keep
* It . . e Type
CF running from here,* "
ehugger + GDB for "NameHash" = [k B = = E Threads: = #15 NameHash + | Stopped: "end-stepping-range". Views
Level Function File Line Address Number Function File Line Address Conilgnore Threads
1 studentMain NameHash.cpp 33 0x5555555abl19
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NameHash.cpp @ NameHash [main] - Qt Creator

File Edit View Build Debug Analyze Tools Window Help
Projects + T & B8 < B NameHash.cpp X | # main %+ Unix (LF) 4| &P [F Line: 33, Col: 5 =dl Name Value

Rl 6 e s e - /* Prototype for the nameHash function. This lets us use the fund
LEELN - [z Sources * in main and then define it later in the program.

E B NameHash.cpp
Edit */

int nameHash(string first, string last);

Value Type

Dg; 7 -~ int main() {

p < )

Projects [9 File Edit Options Help

r?.,, 1o B ®mF A D D e
“What is your first name? Ada da" Tla..
_.What is your last name? Lovelace -
4The hash of your name 1is: 15058255
y
§ 49}% do, you should see something like This,
. (The program window might not automatically
; pop up. That's okay! TJust open it manually,)
13 N . .
E— Our program is now done running: y ,

—
* F_p, where p 1s a large prime number, and evaluates at poLlyL
MameHash 4 b
|;| ) Debugger % GDB for "NameHash" = [§ B Running. Views =
Level Function File Line Address Number Function File Line Address Conilgnore Threads

Debug

>

;3

|1l °, Type to locate (Ctrl 1 Issues 2 Sea Results 3 Application Qutput 4 Compile Output 5 QML Debugger Consaole 6 Genera ontrol 8 Test Results %



—

N—

™~

So there you have ifr You've now golten more

familiar with the debugger:




— ™~

You know how to set a breakpoint to pause the
program at a parficular point,

N—




—

N—

™~

You know how to read the call stack and fo

see the values of local variables.,




— ™~

You know how fo single=step the program and
see what values change.

N—




— ™~

You know how fo run a function fo completion,
and how 1o let the program keep on running.,

N—




" As you write more and more complicated )
programs This quarter, you'll get a lot more
familiar using the debugger and seeing how

\ your programs work,




And, if you continue to build larger and larger™
pieces of soffware, you'll find that knowing how
fo use a debugger is a surprisingly valuable

\ Skl\\'




—

N—

Hope this helps, and welcome to CS104B:

T~
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