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6\PERO�7DEOH�5HYLHZ

6\PERO�WDEOH�UHYLHZ�
■ 5HFRUGV�ZLWK�NH\V�
■ ,16(57�
■ 6($5&+�
■ %DODQFHG�WUHHV�XVH�ORJ�1�NH\�FRPSDULVRQV�
■ +DVKLQJ�XVHV�2����SUREHV�EXW�SUREH�SURSRUWLRQDO�WR�NH\�OHQJWK�

$UH�NH\�FRPSDULVRQV�QHFHVVDU\"��1R�
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7ULHV�
■ 6WRUH�FKDUDFWHUV�LQ�LQWHUQDO�QRGHV��QRW�NH\V�
■ 6WRUH�UHFRUGV�LQ�H[WHUQDO�QRGHV�
■ 8VH�WKH�FKDUDFWHUV�RI�WKH�NH\�WR�JXLGH�WKH�VHDUFK�DOD�UDGL[�VRUW�
■ 1%���IURP�UH75,(YDO��EXW�SURQRXQFHG��WU\��
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0RGHUQ�DSSOLFDWLRQ���LQYHUWHG�LQGH[�RI�:HE�
■ ,QVHUW�HDFK�ZRUG�RI�HYHU\�ZHE�SDJH�LQWR�WULH��VWRULQJ�85/�OLVW�LQ�OHDYHV�
■ )LQG�TXHU\�NH\ZRUGV�LQ�WULH��DQG�WDNH�LQWHUVHFWLRQ�RI�85/�OLVWV�
■ 8VH�3DJHUDQN�DOJRULWKP�WR�UDQN�UHVXOWLQJ�ZHE�SDJHV�

0RUH�DSSOLFDWLRQV�
■ 3ULQFHWRQ�8�&$//�
■ 5RXWLQJ�WDEOHV�IRU�,3�DGGUHVVHV�
■ 6WRULQJ�DQG�TXHU\LQJ�;0/�GRFXPHQWV�
■ &RPSXWDWLRQDO�ELRORJ\�
■ 'DWD�FRPSUHVVLRQ�� VWD\�WXQHG
■ $VVRFLDWLYH�DUUD\V��DVVRFLDWLYH�LQGH[LQJ�
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6HW�RI�.H\V���QR�DX[LOLDU\�GDWD��

)XOO�VHW�RI�RSHUDWLRQV�
■ &UHDWH�
■ 'HVWUR\�

■ ,QVHUW�
■ ([LVWV�

■ &RXQW�
■ 'HOHWH�
■ -RLQ�
■ 6RUW�
■ )LQG NWK�ODUJHVW�

JHQHULF�RSV�IRU�$'7�

RSV�WKDW�FKDUDFWHUL]H�
H[LVWHQFH�V\PERO�WDEOH

RWKHU�RSV�WKDW�PDQ\�
FOLHQWV�QHHG

Key k;
STinit();
while(KEYscan(&k) == 1) {

if (!STsearch(k)) {
STinsert(k);
KEYshow(k);

}
}
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.H\�FRQVLVWV�RI�DQ�DUUD\�RI�GLJLWV�
■ 6WULQJ���’\0’�WHUPLQDWHG�VHTXHQFH�RI�FKDUDFWHUV�
■ %LWVWULQJ���VHTXHQFH�RI��V�DQG��V�
■ &UHGLW�FDUG�QXPEHU���VHTXHQFH�RI����GHFLPDO�GLJLWV�

#define R 256           // extended ASCII
#define NULLdigit ’\0’  // string termination char

typedef char Digit;     // each digit is a character
typedef Digit *Key;     // Key is a sequence of digits

int eq(Key, Key);      // are keys equal?
int  less(Key, Key);    // is first key less than second?

void KEYshow(Key);      // display key
int  KEYscan(Key *);    // read in a key
void KEYfree(Key);      // free memory
Key KEYcopy(Key);      // copy
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5�:D\�([LVWHQFH�7ULH���,PSOHPHQWDWLRQ

5�ZD\�H[LVWHQFH�WULH���D�OLQN�
/LQN� SRLQWHU�WR�D�QRGH�
1RGH�� VWUXFW�RI�5�OLQNV�

typedef struct STnode* link;
struct STnode {

link next[R];             
};

static link root;
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5�:D\�([LVWHQFH�7ULH���,PSOHPHQWDWLRQ

&RGH�LV�VKRUW�DQG�VZHHW�

int searchR(link x, Key k, int i) {
Digit d = k[i];              // ith character
if (x == NULL) return 0; // not found
if (d == NULLdigit && x->next[NULLdigit]) return 1;
return searchR(x->next[d], k, i+1);

}

link insertR(link x, Key k, int i) {
Digit d = k[i]; // ith character
if (x == NULL) x = NEWnode(); // add node
if (d == NULLdigit && !x->next[NULLdigit])

x->next[NULLdigit] = NEWnode(); 
if (d == NULLdigit) return x;
x->next[d] = insertR(x->next[d], k, i+1);
return x;

}
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([LVWHQFH�767���,PSOHPHQWDWLRQ

([LVWHQFH�767���D�OLQN�
/LQN���SRLQWHU�WR�D�QRGH�
1RGH���VWUXFW�RI�IRXU�ILHOGV

² GLJLW�G
² OHIW�OLQN��767�ZLWK�VPDOOHU�NH\V�
² PLGGOH�OLQN��767�ZLWK�HTXDO�NH\V�
² ULJKW�OLQN��767�ZLWK�ODUJHU�NH\V�

typedef struct STnode *link;
struct STnode {

Digit d;
link l, m, r;

};

static link root;
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int searchR(link x, Key k, int i) {
Digit d = k[i]; // ith character
if (x == NULL) return 0; // not found
if (d == NULLdigit && x->d == NULLdigit) return 1;
if (d < x->d) return searchR(x->l, k, i);
else if (d > x->d) return searchR(x->r, k, i);
else         return searchR(x->m, k, i+1);

}
int STsearch(Key k) { return searchR(root, k, 0); }

link insertR(link x, Key k, int i) {
Digit d = k[i]; // ith character
if (x == NULL) x = NEWnode(d); // add node
if (d == NULLdigit && x->d == NULLdigit) return x;
if (d < x->d) x->l = insertR(x->l, k, i);
else if (d > x->d) x->r = insertR(x->r, k, i);
else if x->m = insertR(x->m, k, i+1);
return x;

}
void STinsert(Key k)  { root = insertR(root, k, 0); }

WVW�H[LVWHQFH�F���6HGJHZLFN�3URJUDP������

��

([LVWHQFH�6\PERO�7DEOH���,PSOHPHQWDWLRQV�&RVW�6XPPDU\

767���$V�IDVW�DV�KDVKLQJ��DV�IOH[LEOH�DV�%67�

5HG�%ODFN

,PSOHPHQWDWLRQ

+DVKLQJ
/���ORJ�1

6HDUFK�KLW

/
ORJ�1

,QVHUW

/

7\SLFDO�&DVH

&

6SDFH

&
����

0RE\

����
����

$FWRUV

����
5�:D\�7ULH

767
/

/���ORJ�1
/

/���ORJ�1
5�1���&

&
����
����

0HPRU\
����

'HGXS

QR�DULWKPHWLF

,QSXW�
 / / / ���� ����



��

([LVWHQFH�767�:LWK�5� %UDQFKLQJ�$W�5RRW

+\EULG�RI�5�ZD\�DQG�767�
■ 'R�5�ZD\�RU�5��ZD\�EUDQFKLQJ�DW�URRW�
■ (DFK�RI��5� URRW�QRGHV�SRLQWV�WR�D�767�

4� :KDW�DERXW�RQH�OHWWHU�ZRUGV"

767

DD

767

DE

767

DF

767

]]

767

]\

DUUD\�RI�5� URRWV

��

([LVWHQFH�6\PERO�7DEOH���,PSOHPHQWDWLRQV�&RVW�6XPPDU\

5HVXOW���)DVWHU�WKDQ�KDVKLQJ��DV�IOH[LEOH�DV�%67�

5HG�%ODFN

,PSOHPHQWDWLRQ

+DVKLQJ
/���ORJ�1

6HDUFK�KLW

/
ORJ�1

,QVHUW

/

7\SLFDO�&DVH

&

6SDFH

&
����

0RE\

����
����

$FWRUV

����
5�:D\�7ULH

767
/

/���ORJ�1
/

/���ORJ�1
5�1���&

&
����
����

0HPRU\
����

767�ZLWK�5� /���ORJ�1 /���ORJ�1 & ���� ����

'HGXS

QR�DULWKPHWLF

,QSXW / / / ���� ����

��

([LVWHQFH�767�6XPPDU\

$GYDQWDJHV�
■ 9HU\�IDVW�VHDUFK�KLWV�
■ 6HDUFK�PLVVHV�HYHQ�IDVWHU����H[DPLQH�RQO\�D�IHZ�GLJLWV�RI�WKH�NH\��
■ /LQHDU�VSDFH�
■ $GDSWV�JUDFHIXOO\�WR�LUUHJXODULWLHV�LQ�NH\V�
■ 6XSSRUWV�HYHQ�PRUH�JHQHUDO�V\PERO�WDEOH�RSV�
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■ ,I�TXHU\�GLJLW�LV�’.’ 25�LI�LW
V�JUHDWHU�WKDQ�FXUUHQW�GLJLW�JR�5,*+7�
■ 0DLQWDLQ�SDWK�LQ�DQ�DUUD\�RU�TXHXH�



��

767���3DUWLDO�0DWFKHV

void matchR(link x, char *k, int i) {
static char word[MAXK + 1];
char d = k[i]; // ith character
if (x == NULL) return;
if (d == ’\0’ && x->d == ’\0’) {

word[i] = d;
printf("%s\n", word); // print all matches

}
if (d == x->d || d == ’.’) { 

word[i] = d;
matchR(x->m, k, i+1);

}
if (d  < x->d || d == ’.’) matchR(x->l, k, i);
if (d  > d->d || d == ’.’) matchR(x->r, k, i);

}
void STmatch(char *k) { return matchR(root, k, 0); }
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s

hby the

e shells

l

sea sells

��

767�6\PERO�7DEOH

767�LPSOHPHQWDWLRQ�RI�V\PERO�WDEOH�$'7�
■ 6WRUH�,WHPV�LQ�OHDYHV�RI�WULH�
■ 6HDUFK�KLW�HQGV�DW�OHDI�ZLWK�.H\�
VHDUFK�PLVV�HQGV�DW�18//�RU�OHDI�ZLWK�GLIIHUHQW�.H\�

■ ,QWHUQDO�QRGHV�VWRUH�FKDUDFWHUV��H[WHUQDO�QRGHV�VWRUH�,WHPV�
² XVH�VHSDUDWH�LQWHUQDO�DQG�H[WHUQDO�QRGHV"
² FROODSVH��DQG�VSOLW����ZD\�EUDQFKHV�DW�ERWWRP"

s

hby the

e

shells

e

shorel

sea sells

��

([LVWHQFH�6\PERO�7DEOH���,PSOHPHQWDWLRQV�&RVW�6XPPDU\

6HDUFK��LQVHUW�WLPH�LV�LQGHSHQGHQW�RI�NH\�OHQJWK�
■ &DQ�XVH�ZLWK�YHU\�ORQJ�NH\V�

5HG�%ODFN

,PSOHPHQWDWLRQ

+DVKLQJ
/���ORJ�1

6HDUFK�KLW

/
ORJ�1

,QVHUW

/

7\SLFDO�&DVH

&

6SDFH

&
5�:D\�7ULH

767
/

/���ORJ�1
/

/���ORJ�1
5�1���&

&
767�ZLWK�5� /���ORJ�1 /���ORJ�1 &

,QSXW / / /

5�ZD\�FROODSVH���ZD\ ORJ
5
1 ORJ

5
1 51���&

767�FROODSVH���ZD\ ORJ�1 ORJ�1 &



��

$VVRFLDWLYH�$UUD\V

$VVRFLDWLYH�DUUD\�
■ ,Q�&��DUUD\V�LQGH[HG�E\�LQWHJHUV�
■ ,Q�3HUO��-DYD6FULSW��FVK��3+3��3\WKRQ�������

² SUHVLGHQW>�3ULQFHWRQ�@� ��7LOJKPDQ�

# collect data

foreach student ($argv)

foreach input (input100.txt input1000.txt input10000.txt)

foreach program (worstfit bestfit)

t[$student][$input][$program] = ‘time $program < $input‘

end

end

end

# compute statistics

. . .

,GHDOL]HG�H[FHUSW�IURP�&26�����WLPLQJ�VFULSW
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$VVRFLDWLYH�,QGH[LQJ

$VVRFLDWLYH�LQGH[�
■ *LYHQ�OLVW�RI�1�VWULQJV��ZDQW�WR�DVVRFLDWH�DQ�LQGH[�EHWZHHQ
��DQG�1���ZLWK�HDFK�VWULQJ�

■ 5HFDOO�XQLRQ�ILQG�ZKHUH�ZH�DVVXPHG�REMHFWV�ZHUH�ODEHOHG���WR�1���

:K\�XVHIXO"
■ 5XQQLQJ�DOJRULWKP�ZLWK�LQGLFHV��LQVWHDG�RI�67�ORRNXS��LV�IDVWHU�
■ 1R�QHHG�WR�PRGLI\�,WHP�W\SH�² DGG�LQGH[�ILHOG�WR��struct Stnode�
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$VVRFLDWLYH�,QGH[LQJ���$SSOLFDWLRQ

&RQQHFWLYLW\�SUREOHP�
■ 1�REMHFWV�����WR�1��
■ )LQG���LV�WKHUH�D�FRQQHFWLRQ�EHWZHHQ�$�DQG�%"
■ 8QLRQ���DGG�D�FRQQHFWLRQ�EHWZHHQ�$�DQG�%�

)XQ�YHUVLRQ����VHH�$VVLJQPHQW���
■ 1�REMHFWV����.HYLQ�%DFRQ����.DWH�+XGVRQ��������
■ )LQG���LV�WKHUH�D�FKDLQ�RI�PRYLHV�FRQQHFWLQJ�.HYLQ�WR�.DWH"
■ 8QLRQ���.HYLQ�DQG�.DWH�DSSHDUHG�LQ��+RZ�7R�/RVH�D�*X\�LQ����'D\V��
WRJHWKHU��DGG�FRQQHFWLRQ

5HDO�YHUVLRQ�
■ 1�REMHFWV����ZZZ�FV�SULQFHWRQ�HGX����ZZZ�KDUYDUG�HGX�
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$VVRFLDWLYH�,QGH[LQJ���$SSOLFDWLRQ

while(1) {
scanf("%d", &p);
scanf("%d", &q);
. . .

}

while (1) {
KEYscan(&pkey);
p = STindex(pkey);             // get index
if (p == -1) {                 // not found

p = STinsert(pkey);         // insert it
names[p] = KEYcopy(pkey);   // copy to array

}

KEYscan(&qkey);
. . .

} 6WULQJ�LQSXW�SDLUV

,QWHJHU�LQSXW�SDLUV
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6\PERO�7DEOH�6XPPDU\

%LQDU\�VHDUFK�WUHHV�
■ 5DQGRPL]HG�
■ 5HG�EODFN�

+DVK�WDEOHV�
■ 6HSDUDWH�FKDLQLQJ�
■ /LQHDU�SURELQJ�

7ULHV�
■ 5�ZD\�
■ 767�

'HWHUPLQH�WKH�67�RSV�IRU�\RXU�DSSOLFDWLRQ��DQG�FKRRVH�WKH�EHVW�RQH�


