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Introduction



What 1s SLIQ?

—  SLIQ (Supervised Learning in Quest) is a high speed and
flexible decision tree classifier that allows to sort and
interpret data.

— SLIQ can reduce costs using efficient and pre—-sorting
decision trees to sort through larger data sets while
accounting for differences in data types.

— This maintains competitive accuracy with the ability to
scale and interpret larger data sets with multiple
classes and attributes.

— SLIQ Algorithm can be divided into 3 steps, pre-sorting

the sample, processing evaluation on splits, and updating
the class |ist.
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SLIQ uses a training set and a Gini split to prepare the

data for the decision tree algorithm. These equations are
what make SLIQ a, supervised learning, algorithms as the

data is pre-sorted and pruned.

For training set L with n distinct classes the equation:
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Example



Training Data Table

302 Y Y N N

353 Y Y N N
420 N N Y Y
545 N Y N N
610 Y N N N
610 N N Y Y
710 N N N Y
720 N Y Y N
780 Y Y Y Y

850 N N Y Y



Pre-Sorting

Credit Married Debt House
Score Status Existence Owned
302 1 Y 1 Y 1 Y 3

353 2 Y 2 Y 2 Y 6
420 3 Y 5 Y 4 Y 8
545 4 Y 9 Y 8 Y 9
610 5 N 3 Y 9 Y 10
610 6 N 4 N 3 N 1
710 7 N 6 N 5 N 2
720 8 N 7 N 6 N 4
780 9 N 8 N 7 N 5
850 10 N 10 N 10 N 7

— Credit Score attribute does not have predictive power
since they can be any number (continuous).



Ginl Index

—Finding Gini index for each attribute, in order to find the
root node.

—Gini index for Married status attribute =
PM=vy) {1 -[PM=y &C=y)2+PM=y &C
+ PM=n) {1 -[PM=n&C=y)"2+PM-=
= (0.41

= n)"2]
n&C =
—Gini index for Debt existence attribute = 0.34

—Gini index for House own attribute = 0.31

—House own attribute is used for the root node.




Processing Evaluation on Splits 2

i S S
Owned Status Existence Card

Y 3 Y 1 Y 1 N 3
Y 6 Y 2 Y 2 N 6
Y 8 Y 5 Y 4 Y 7
Y 9 Y 9 Y 8 N 9
Y 10 N 3 Y 9 N 10
N 1 N 4 \ N 3 Y 1
N 2 N 6 N 5 Y 2
N 4 N 7 \ N 6 N 4
N 5 N 8 N 7 Y 5
N 7 N 10 N 10 Y 8

— Using the root node create and determine the sub node.



Updating the Class List.
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— Previous steps repeat for each sub nodes.



Gini Index for Sub Nodes N2 and N3 . 4

<

— N2: Gini index for Married status attribute = 0.3
Gini index for Debt existence attribute = 0.2
— Debt existence attribute is used on sub node NZ2.

— N3: Gini index for Married status attribute = 0.2
Gini index for Debt existence attribute = 0.2

— Either Debt existence or Married status attribute can be
used on sub node N3.



Decision Tree

— Decision tree made based on the training data:

Y N
Y N Y N
Credit Card Credit Card
Issued Not Issued
y N Y N
Credit Card Credit Card Credit Card Credit Card
Issued Not Issued Not Issued Issued



Code



1#include "msp.h"

2 #include <math.h>

3 #include <stdio.h>

4 #include <stdlib.h>

S #include <stdint.h>

6 #include <stdbool.h>
7

8 void UARTO_init(void);
9

10 // structure for the attribute
11 typedef struct entry
124

13 int credit_s;

14 bool married;

15 bool debt;

16 bool house;

17 bool credit_c;
18 } entry;

19

20 // structure for counting each attribute
21 typedef struct totals
224

23 double married;

24 double debt;

25 double house;

26 double credit_c;
27 } totals;

28

29 // function to analyze the input data (return type:

30 entry* parse_input(double input[1@][5])
31{

entry structure)

32 // allocate the structure 'result’ with memory size 100
33 entry* result = malloc(100);

34 int i

35 // summarize each attribute depending on each attributes' value
36 for (i =0; i < 18; i++)

37 {

38 result[i].credit s = input[i]le];
39

40 if (inputl[il[1].== 1)

41

42 result[i].married = true;

43

e else

45

46 result[i].married = false;

47

48

49 if (input[i][2] ==.1)

50

51 result[i].debt = true;

52

53 else

54

1
55 result[i].debt = false;
1

§ 52 i (input[il[3].2=.0).

60 result[i].house = true;

62 else

64 result[i].house = false;

i if (input[i][4] ==.1)
69 result[i].credit_c = true;
71 else
73 result[i].credit_c = false;
75 }

77 return result;

78 }

79

80 // function to count the total number of 1s (yes) for each attribute
81 // of the data (return type: totals structure)

82 totals get_totals(entry* entries)

83{

84 totals result = {0};

85 int i;

86 for (i = 0; i < 10; ++i)

87 {

88 if (entries[i].married == true)
89 {

i o result.married 4= 1;

92 if (entries[i].debt == true)
ios =
¥
96 if (entries[i].house == true)
{

ios result.house += 1:

¥
1e@ if (entries[i].credit_c == true)
{

ilez result.credit c = 1;
104 ¥

106 return result;

107 }

188

1e9

110 void main(void)

111 {

112 WDT_A->CTL = WDT_A_CTL_PW | WDT_A_CTL_HOLD;// stop watchdog timer

L



// Credit Score
W
/7

// training data table as a 2d array

Married Status Debt Status House Own Credit Card
Yes = 1 True = 1 Yes = 1 Yes = 1
No = @ No = @ No = @ No = @

double input[1@][5] =
{

{302: 1,1,0, 0}:
{353.' 1, 1)010}:
{420,0,0,1,1},
{545,0,1,0,0},
{6103 1103030}:
{610,0)01 1, 1}:
{710,0,0,0,1},
{720,0,1,1,0},
{7801 1,1, 1:1}:
{850,0,0,1,1}

H
entry* entries

totals total =

parse_input(input);

get_totals(entries);

//calculate gini for married
double prob married y = total.married / 18;
double prob married . n =1 - prob married v;

double married_y credit_c_y = @;
double married_n_credit_c_y = @;
int i;
for (1 = 0; i < 10; ++i)
{
if (entries[i].married == true &% entries[i].credit_c == true)
married y_ credit c v +=.1;
}
if (entries[i].married == false &R entries[i].credit_c == true)
married n_ credit.c vy += 1;
¥
¥

double prob married. .y credit c.y

double prob married n_credit c v

married v credit c y / total.married;

married n credit c y / (1@ - total.married);

double gini married = ((prob married.v) * (1 - (pow(prob married v credit c.y. 2) +

pow(prob_marcied y credit c n. 2)))) .+ ((prob_macried n) ™
..+ pow(prob married n_credit c.n, 2))));




// calculate gini for debt
double prob debt v = total.debt / 1@;
double prob_debt n = 1 - prob_debt v;

double debt_y credit_c_y = @;
double debt_n_credit_c_y = @;
for (i =0; i < 10; ++i)
if (entries[i].debt == true && entries[i].credit_c == true)
debt v credit c .y = 1;

if (entries[i].debt == false && entries[i].credit_c == true)

debt n _credit c y +=1;

}

double prob_debt v credit c .y = debt v credit c.y / total.married:
double prob debt v credit.c.n =1 - prob debt y credit c v;

double prob_debt n _credit c .y
double prob debt n credit c

debt_n_credit c.y / (1@ - total.debt);
s.prob debt n credit c v;

double gini debt= ((prob debt y) * (1 - (pow(prob_debt v credit c v, 2)
+.pow(prob debt y_credit c.n, 2)))) + ((prob_debt n) *
(1 . (pow(prob_debt n_ credit c_ v, 2) + pow(prob debt n credit c n. 2))));

// calculate gini for house
double prob_house y = total.house / 18;
double prob_house.n = 1 - prob_house v;

double house_y_credit_c_y = @;

double house_n_credit_c_y = @;

for (i = @; i < 10; i++)

. if (entries[i].house == true &% entries[i].credit_c == true)
house_y. credit c v += 1;

if (entries[i].house == false &% entries[i].credit_c == true)

house_p. credit c v += 1;

}

double prob_house y credit c v = house y credit c y / total.house;

double prob_house_ y credit c.n = 1 - prob house y credit c v;

ob_house_n_credit c v = house n credit c y / (18 - total.house);

double prob house n credit ¢ n = 1 - prob house n credit c v:



ini *

prob_house v credit c .y, 2)

xmmqmg y.credit c.n,.2)))). .+ ((prob_house n) *
(1. -.(pow(prob _house n _cre

int a, b, ¢, d, e, f;
char.A; B3G5 D5 E;-FE;

*

Er
;

A =.(char)a +.'@":
b = .(gini married * 100) - (a . * 10);

i

C.=.(char)c +'@';
d = .(gini_ debt * 100) - (c X 10);
(char)d +'8';

1

:

4

int x = @;

UART@_init();

// print out each gipi index to the terminal to decide which attribute

// to be used for splitting the decision tree

// first attribute

ma&:mmwm&mmm

EUSCI_A@->TXBUF = '1';
i 1 =

EUSCI _AQ->TXBUF = ":';
1

EUSCI_A@->TXBUF = ' ';

2

while( ! (EUSCI_AQ->TFG & 0x02)) {.}

EUSCI_A@->TXBUF = '@";

while(! (EUSCI_A@->1FG & 0x02)) {.}

EUSCI_A@->TXBUF = '.';

while(!(EUSCI_A@->1FG & 0x02)) {.}

EUSCI_A@->TXBUF = A;

while(!(EUSCI_A@->IFG & @x02)) { .}

EUSCI_A@->TXBUF = B;
i 1

EUSCI_A@->TXBUF = '\t';

// second attribute

! ->IFG. & 0x02)). {.}...[* wait for. transmit, buffer empty. */

/*
/*
/t
/*

* send a char

send a char

send a char

send a char

send a char

/* send a char X

2dit c y..2) + pow(prob_house n_credit . c.n, 2))));

// integers and char to represents the decimal points for each gipi index

*/
)
2/
M,
*

EUSCI_A@->TXBUF = '2";

MQWWMW

/* send a char */



EUSCI_A@->TXBUF = ':';
i ! -
EUSCI_A@->TXBUF = ' ';
i 1 £ ) i t
EUSCI_A@->TXBUF = 'e';
! 2)). 4.}
EUSCI_A@->TXBUF = '.';
while(! (EUSCI_AQ->TFG & 0x02)) { .}
EUSCI_A0->TXBUF = C;
WMW
EUSCI_A@->TXBUF =
1 =5 ) i t

EUSCI_A®->TXBUF =

// third attribute
i 1

\t';

[FG.&.0x02)). {.}...[2.wait for. transmit buffer. empty. /L

EUSCI _AB- >TXBUF '3';
1 - ) ‘ t
EUSCI_A@->TXBUF = ":';

i 1 £
EUSCI_A@->TXBUF = ' ';
while(!(EUSCT_A0->TFG & 0x02)). {.}
EUSCI_A@->TXBUF = '@';

ile(! 76 8 0x02)). {.}
EUSCI _AB- >TXBUF '.',

' : A3
EUSCI_A@->TXBUF = Ej;

i ! =
EUSCI_A@->TXBUF =
while(! (EUSC P

EUSCI_A@->TXBUF = '\t';

316 void UARTO_init(void)

3174
318
319
320
321
322
323
324
325}
326

EUSCI_A@->CTLWe |= 1;
EUSCI_AB->MCTLW = @;
EUSCI_A@->CTLWG = @x8esl;
EUSCI_A@->BRW = 26;
P1->SEL@ |= @xec;
P1->SELL &= ~@x8C;
EUSCI_A@->CTLWG &= ~1;

/*
/*
/*
/*
/3

put in reset mode for config */

disable gyersampling */

1 stop bit, no parity, SMCLK, 8-bit data */
3,000,000 / 115200 = 26 */

P1.3, P1.2 for UART */

take UART out of reset mode */



Code

(x)= Variables X &7 Expressions

Name
)= A
)= a
- B
®):=b
)= C
)= c
=D
)= d
()= debt_n_credit_c_y
()= debt_y_credit_c_y
)= E
)= e
» entries
)= F
)= f
()= gini_debt
()= gini_house
()= gini_married
()= house_n_credit_c_y
()= house_y_credit_c_y
()= i
> (= input
()= married_n_credit_c_y
()= married_y_credit_c_y
()= prob_debt_n
()= prob_debt_n_credit_c_n
()= prob_debt_n_credit_c_y
()= prob_debt_y
()= prob_debt_y_credit_c_n
()= prob_debt_y_credit_c_y
()= prob_house_n
()= prob_house_n_credit_c_n
()= prob_house_n_credit_c_y
()= prob_house_y
()= prob_house_y_credit_c_n
()= prob_house_y_credit_c_y
()= prob_married_n
()= prob_married_n_credit_c_n
()= prob_married_n_credit_c_y
()= prob_married_y
()= prob_married_y_credit_c_n
()= prob_married_y_credit_c_y
, (& total
)= x

Type
unsigned char
int

unsigned char
int

unsigned char
int

unsigned char
int

double
double
unsigned char
int

struct entry *
unsigned char
int

double
double
double
double
double

int
double[10][5]
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double
double

struct totals
int

Value

52'4'

4

49'1

1

513

3

52'4'

4

4.0

1.0

51'3'

3

0x20000008 {credit_s=302,married=1 "x01',de...
491

1
0.34750000000000003
0.31999999999999995
0.41666666666666674
1.0

4.0

10

[[302.0,1.0,1.0,0.0,0.0],[353.0,1.0,1.0,0.0,0.0],[42...

4.0

1.0

0.5
0.20000000000000007
0.79999999999999993
0.5

0.75

0.25

0.5
0.80000000000000004
0.19999999999999998
0.5
0.20000000000000007
0.79999999999999993
0.60000000000000009
0.33333333333333337
0.66666666666666663
0.39999999999999997
0.75

0.25
{married=4.0,debt=5.0,house=5.0,credit_c=5.0}
0

Location

0x2000FFE4
0x2000FFC8
0x2000FFES
0x2000FFCC
0x2000FFE6
0x2000FFDO
0x2000FFE7
0x2000FFD4
0x2000FF48
0x2000FF40
0x2000FFES
0x2000FFD8
0x2000FFCO
0x2000FFES
0x2000FFDC
0x2000FF70
0x2000FFB8
0x2000FF28
0x2000FF90
0x2000FF88
0x2000FFC4
0x2000FD38
0x2000FF00
0x2000FEF8
0x2000FF38
0x2000FF68
0x2000FF60
0x2000FF30
0x2000FF58
0x2000FF50
0x2000FF80
0x2000FFBO
0x2000FFA8
0x2000FF78
0x2000FFAD
0x2000FF98
0x2000FEFO
0x2000FF20
0x2000FF18
0x2000FEES
0x2000FF10
0x2000FF08
0x2000FEC8
0x2000FFEQ




Demo



