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scranble.c

David J. Ml an <nmal an@ar vard. edu>
Nat e Hardi son <nate@s. harvard. edu>

I mpl enents Scranbl e with CS50
Usage: scranble [#]

where # is an optional grid nunmber
ncl ude <cs50. h>
ncl ude <ctype. h>
ncl ude <l i bgen. h>
ncl ude <stdio. h>
ncl ude <string. h>

nclude <tine.h>

duration of a gane in seconds

#def i ne DURATI ON 30

/1

grid' s dinensions

#defi ne DI MENSI ON 4

/1

maxi mum nunber of words in any dictionary

#def i ne WORDS 172806

/1

maxi mum nunber of letters in any word

#define LETTERS 29

/1
/1

default dictionary
http://ww. becomeawor dganeexpert. com wordlists. htm

#def i ne DI CTI ONARY "wor ds"

I
Fl

/1

for | ogging
LE* logfile;
grid

char grid[ DI MENSI ON| [ DI MENSI OV ;

/1 flags with which we can mark grid's letters while searching for words

bool marks[ DI MENSI ON| [ DI MENSI OV ;

/1
/1

defines a word as having an array of letters plus a flag
i ndi cati ng whether word has been found on grid

typedef struct
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}

bool
char

wor d;

/1 defines a dictionary as having a size and an array of words

struct
{
int
wor d
}

found;
| etters[ LETTERS + 1];

si ze;
wor ds[ WORDS] ;

dictionary;

/| prototypes

void clear(void);

craw (string letters, int x, int y);
voi d draw(voi d);

bool

bool

fin

d(string s);

void initialize(void);
| oad(string s);

bool
bool

| oo

kup(string s);

voi d scranbl e(void);

/1 This is Scranble.

int

{

mai n
Il e
ifo(
{

}
Il s

ifo(
{

}

el se

(int argc, string argv[])
nsure proper usage
argc > 2)

printf("Usage: % [#]\n", basenane(argv[O0]));
return 1;

eed pseudorandom nunber generator
argc == 2)

int seed = atoi(argv[1]);

iIT (seed <= 0)

{
printf("Invalid grid.\n");
return 1;

}

srand(seed) ;

srand(time(NULL));



scranble.c

97.

98.

99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
1109.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.

/1 determne path to dictionary
string directory = dirname(argv[O0]);

char path[strlen(directory) + 1 + strlen(D CTI ONARY) + 1];

sprintf(path, "%/ %", di

11
i f
{
}

/1

| oad dictionary
(!l oad(path))

rectory,

DI CTI ONARY) ;

printf("Could not open dictionary.\n");

return 1;

initialize the grid

initialize();

/1

initialize user's score
int score = 0;

/1 calculate tinme of ganme's end
int end = time(NULL) + DURATI ON,

/1

open | og

logfile = fopen("./log.txt", "w');

if

(logfile == NULL)

{
printf("Could not open |log.\n");
return 1;
}
/] accept words until tinmer expires
while (true)
{

/'l clear the screen
clear();

/1 draw the current state of the grid

draw() ;

/1 logfile board

for (int row = 0; row < DI MENSI ON;, rowt+)

{
for (int col = 0;
fprintf(logfi
fprintf(logfile,
}

/] get current tine
int now = tinme(NULL);

col < DI MENSION, col ++)

le, "o%"

"\n");

’

gridirowj[col]);
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/'l report score
printf("Score: %\ n", score);
fprintf(logfile, "%l\n", score);

/'l check for gane's end
it (now >= end)

{
printf("\033[31nt); // red
printf("Tinme: %\ n\n", 0);
printf("\033[39n"); // default
br eak;

}

/'l report time remaining
printf("Time: %l\n\n", end - now);

/1 pronpt for word
printf(">");
string s = GetString();

/1 quit playing if user hits ctrl-d
T (s == NULL)
br eak;

/] capitalize word
for (int i =0, n=strlen(s); i <n; i++)
s[i] = toupper(s[i]);

/1 logfile word
fprintf(logfile, "%\n", s);

/'l check whether to scranmble grid
T (stremp(s, "SCRAMBLE') == 0)
scranbl e();

/1 or to look for word on grid and in dictionary

el se
{
it (find(s) && | ookup(s))
score += strlen(s);
}

}

/1 close |og
fclose(logfile);

return O;
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}

/**

* Clears screen
*/

void clear()

{
printf("\033
printf("\033
}
/**

* Crams grid r
* Returns true
*/

bool craw (strin

{
/1 if out of

it (strlen(l
return t

/1 don't fal
I (x<0|]|
return f
f(y <o0]
return f
/'l been here
It (marks[x]
return f

/'l check gri

return f

[207);
[%l; %dH', 0, 0);

ecursively for letters starting at grid[x][y

iff all letters are found.

g letters, int x,

letters, then we nust've found themall!

etters) == 0)
rue;
| off the grid!

x >= DI MENSI ON)
al se;
y >= DI MENSI ON)
al se;

bef or e!

[yl

al se;

letters[0])
al se;

/1 mark | ocation

mar ks[x] [y]

= true;

inty)

d[x][y] for current letter
i (gridix][y] !=

/1 look left and right for next letter

for (int i =-1; i <= 1; i++)

{
/'l 1 ook down and up for next
for (int j =-1; j <= 1;
{

j+t)

letter

/1 check grid[x + i][y + j] for next
if (crawl (&etters[1], x + i,

return true;

y +1))

letter
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}

/1 unmark | ocation
mar ks[ x] [y] = fal se;

/1 fail
return fal se;

}

| *xx

* Prints the grid in its current state.

*/
voi d draw voi d)
{
printf("\n");
for (int row = 0; row < DI MENSI ON;
{
printf(" ");
for (int col = 0;
{
printf("%c",
}
printf("\n");
}
printf("\n");
}
/**

* Returns true iff word,
*/

bool find(string s)

{

col < DI MENSI ON,

gridirowj[col]);

r ow++)

col ++)

s, is found in grid.

/1 word nmust be at |least 2 characters in length

if (strlen(s) < 2)
return fal se;

/'l search grid for word

for (int row = 0; row < DI MENSI ON;

{

for (int col = 0;

{

col < DI MENSI ON,

/'l reset marks

for (int i =

0; i < DI MENSI ON:

r Owt+)

col ++)

i++)

for (int j =0; j < DIMENSIQN, j++)
marks[i][j] = fal se;

/'l search for word starting at

it (craw (s,

row, col))

grid[i][j]
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}

| *xx

void initialize(void)

{

* Initializes grid with letters.

*/

}

}

return true;

return fal se;

/'l http://en.w ki pedi a.org/w ki/Letter_frequency
fl oat frequencies[]
8.
1.
2.
4.
12.702,
2.

int

/1
for

n

terate over grid

(int row = 0;

CPONPNOIUTORNONROOOIOIN

167,
492,
782,
253,

228,
015,
094,
966,
153,
747,
025,
406,
749,
507,
929,
095,
987,
327,
056,
758,
037,
365,
150,

. 974,
. 074

= sizeof (frequencies) / sizeof(float);

11
Il
/1
11
Il
/1
11
Il
/1
11
Il
/1
11
Il
/1
11
Il
/1
11
Il
/1
11
Il
/1
11
Il

N‘<><E<C""U’)*_Q'0033_X'_‘_'D'(Q_"CDD_OUQ)

for (int col

{

/1 generate pseudorandom double in [0,

={

row < DI MENSI ON;

col

< DI MENSI ON; col ++)
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}

/

* %

double d = rand() / (double) RAND MAX;

// map d onto range of frequencies
for (int k =0; k < n; k++)

{
d -= frequencies[k] / 100;
if (d<0.0]||] k==n-1)
{
gridirowj[col] ="A + k;
br eak;
}
}

* Loads words fromdictionary with given filenane, s, into a global array.

*/

bool

{

l oad(string s)

/'l open dictionary
FILE* file = fopen(s, "r");
it (file == NULL)

Il

return fal se;

initialize dictionary's size

dictionary.size = 0;

Il

| oad words fromdictionary

char buffer[LETTERS + 2];
while (fgets(buffer, LETTERS + 2, file))

{

/1 overwite \n with \0
buffer[strlen(buffer) - 1] = "\0';

/'l capitalize word
for (int i =0, n=strlen(buffer); i <n; i++)
buffer[i] = toupper(buffer[i]);

/1 ignore SCRAMBLE
i T (strcnp(buffer, "SCRAMBLE') == 0)
conti nue;

/1 copy word into dictionary

dictionary. words[dictionary.size].found = fal se;
strncpy(dictionary. words[dictionary.size].letters, buffer,
dictionary.sizet++;

LETTERS + 1);
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}

/'l success!
return true;

}
/**
* Looks up word, s, in dictionary. |Iff found (for the first tinme), flags word
* as found (so that user can't score with it again) and returns true.
*/
bool | ookup(string s)
{
int low = 0;
int high = dictionary.size - 1;
while (low <= high)
{
/1 http://googl eresearch. bl ogspot.conf 2006/ 06/ extra-extra-read-al |l -about-it-nearly. htmn
int md = ((unsigned int)low + (unsigned int)high) / 2;
/'l see man page for strcnp for details on its return val ues!
/'l make sure to test for >/< 0, not ==/1=1
int conmparison = strcnp(s, dictionary.words[md].letters);
i f (conparison == 0)
{
/'l check if already found
i f (dictionary.words[md].found)
return fal se;
/'l flag as found
dictionary.words[md].found = true;
/1 found it!
return true;
}
else i f (conparison > 0)
low = md + 1;
el se
high = md - 1;
}
/1 fail
return fal se;
}
/**

* Scranmbles the grid by rotating it 90 degrees cl ockw se, whereby grid[0][0]
* rotates to grid[O][DI MENSION - 1]
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*

*

*

Best to instruct students to draw out all of the cases for a 4x4 grid to
figure out the math below. Trying to do the rotation in-place is a ness,

since noving one cell

* .> 3,3).

*/

voi d scranbl e(voi d)

{

requires noving three others (e.g. 0,0 -> 0,3 -> 3,0

// build up a newgrid with the rotation
char rotated_grid[ D MENSI ON| [ DI MENSI OV ;

for

{

}

(int

for

{
}

row = 0; row

(int col = 0;

< DI MENSI ON;, r owt+)

col < DIMENSION; col ++)

rotated_grid[col ][DIMENSION - row - 1] = grid[row[col];

/'l copy the rotated grid into the global grid

for

{

(int

for

{
}

row = 0; row
(int col = 0;

gridirow[col]

< DI MENSI ON;, r owt+)
col < DIMENSION; col ++)

= rotated_grid[row [col];
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