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Abstract

SLIQ (Supervised Learning in Quest) is a high speed and flexible decision tree classifier
developed by IBM Almaden Research Center in 1996 that allows us to sort and interpret data.
Data classification is a bottleneck in data mining due to other methods' inability to scale with
large data sets spread across different classifications. 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.

Introduction

SLIQ is a decision tree algorithm. This means it splits nodes into two or more sub-nodes based
on some criteria. As more sub-nodes are created the bucketed data’s homogeneity increases, the
data becomes more similar, and the purity of the node increases with respect to the target
variable. SLIQ improves on this framework by aiming to reduce the diversity of the tree at each
split. This allows SLIQ to sort through data more efficiently and cost-effectively over large data
sets with different data types[1].

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 is

Gini(L)=1-T%j=1..nP% (1
-1 is the relative frequency of .
After the binary split of the set L into sets L1 and L2 the index
becomes,
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SLIQ is an improvement upon existing decision tree algorithms. SLIQ’s advantages are based in
its pre-sorting of data, no need for data normalization, scales well with data size, and it can
handle a variety of data types across many features and classifications. The downsides to SLIQ
lie in its complexity, time, and cost. SLIQ can very quickly become very complex for large data
sets, requires more time to train the model, is more expensive and complex than a normal
decision tree algorithm, and cannot be applied to regressions or predictive modeling [2].

The application of SLIQ can be used in any field where data mining is prevalent. Specifically,
SLIQ is being used today in the deregulated power market. The SLIQ algorithm allows us to
mine data in terms of cost of energy for purchase and sale to meet load demands and decrease the
cost of energy usage across any industry [4].

Existing Work

Throughout the research of SLIQ, researchers found that there is a lack of studies about the
algorithm but were unable to find it’s first inventors. From the IEEE Xplore library, researchers
were able to find a paper from 1996 written by three engineers: Manish Mehta, Rakesh Agrawal,
and Jorma Rissanen. These engineers proposed that SLIQ could solve an important problem at
the time, data mining. The algorithm for SLIQ creates a decision tree that can handle both
numeric and categorial attributes, which uses presorting techniques and optimizations to create
the ideal results[4]. These engineers suggested that one could use the algorithm to create
inexpensive, compact, and accurate trees.

Within the first research paper reveiwed, the researchers reviewed previous studies conducted on
classification, but found that for large data sets, they don't scale well. As a solution, they
proposed a decision- tree classifier, SLIQ, designed specifically for scalability.

Within the second research paper reveiewed, researchers found that the prediction with the
greatest separating power correlates to a split in a decision tree. The optimal split creates nodes
where a single class dominates the most[5]. The predictor's power to separate data may be
calculated in a variety of ways. The Gini coefficient of inequality is one of the most well-known
methodologies.

Within the second research paper reveiewed, the researchers used data mining for an easy tool to
analyze historical rainfall data, it allowed them to measure valuable patterns within a short
period of time. With an average accuracy of 74.92 percent, the SLIQ decision tree algorithm was
able to estimate an accurate precipitation forecast[6].

In 2005, through the International Power Engineering Conference, three engineers, named
Hongwen Yan, Rui Ma, and Xiaojiao Tong proposed using SLIQ to build a framework for a
competitive bidding assessment in a deregulated power market. They suggested that the bidding



system using the SLIQ algorithm could be consistent with the features of the electric energy
production and consummation, this would be more convenient for operating the power
markets[7].

Throughout the research of this algorithm, researchers only found software implementations.
Where SLIQ is used to make decisions based on a set of data for a specific use. Of these software
implementations, there are examples algorithms of precipitation prediction, bidding, or sorting
data. There are also algorithms that identifies households that are most likely to respond to a
promotion of a product, such as a new banking service[5]. Researchers have found that the SLIQ
decision tree, superior to other algorithms, can be built fast and scalable for larger data sets.

Example
- Algorithm

SLIQ is a decision tree classifier that can improve learning time for the classifier without any
loss in accuracy while this technique allows performing on the larger training data. SLIQ uses
Gini Index to determine the best split for each node [8]. SLIQ Algorithm can be divided into 3
steps, pre-sorting the sample, processing evaluation on splits, and updating the class list [4].

TRAINING DATA AFTER PRE-SORTING
Class (lass
I.ist 1At
Age  Salary  Class _Age  Index Salary Indes Class  Leal
k1] 68 L 13 | 2 | 15 2 I L b1}
13 15 B 3 I 40 4 2 B NI
4 78 G * 0 | 3 | 60 6| Al G NI
8 40 ] | 45 | 6 |65 | 1 | 418 N1
L5 L] L] 35 | L | 75 1 5 . L h ] |
45 ] G 58 4 10 s 6 G NI
Age List Salary List Class List

Pre-sorting the sample with given training data, create an attribute list for each attribute.

Once the data is sorted, it can process evaluation on splits by assuming the split of the first node
and evaluate each histogram. (Gini index will be used during this step but for this example since
attribute, age and salary do not have predictive power since they can be any number.)
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Evaluvate first split for node N3 (salary <= 40)
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¢ L indicates branch left.
¢ R indicates branch right.

Finally the class list can be updated. Traverse the training data through the decision tree and
replace the node with the new node. These steps can be repeated until each of the leaf nodes
becomes a pure node, meaning that the node only contains one class.

Class Class i

List List N
Age Index Salary  Index Class  Leaf N2 .

) (Salary == 40)

2 ;: 1% 2 1 G '\-2 (slhl? «= 15)
30 1 40 4 B N4
40 3 60 6 slo6 N3 . N4 N& N6 N7
s | 6 68 1 LB | N3 PN
[ 3 78 A £ G N3 (New value)
& 4 100 : 6| G N3

Age Lint Salary List Class List



- Example
- Question

The question for the example given is whether an individual will be chosen to receive a credit
card. The decision tree shows the results using the given data.

Credit Score Debt Married |Kids | Income Age | Credit Card?
Thousands Thousands
670 0 o 0 30 18 yes
695 0 yes 2 60 78 ves
620 20 no 1 100 65 no
850 0 ves 7 300 90 yes
420 3 ves 3 43 27 no
353 0 1o 0 72 31 ves
710 30 no 1 93 20 no
545 15 no 3 45 47 no
302 0 yes -4 42 58 no
T80 0 yes 0 37 28 yes

Example Training Data



- Solution

Credit Seere | List Debt List Kids List
Index (Thousands) | Index Index
302 9 Y 1 a 1
353 6 0 2 1] a
420 5 a 4 a 10
545 8 0 6 1 3
620 3 0 2 1 7
670 1 a 10 2 2
695 2 3 3 3 b
710 7 13 & 3 3
T80 10 0 3 4 9
850 4 30 7 7 4
Income List Age List Married List

[ Thousands) Index Index Index
37 10 18 1 Yes 2

42 9 0 Yes 4

43 5 27 5 Yes 3

43 H 28 10 Yes e

50 1 31 ] Yes 10

60 1 47 8 Ko 1

72 G 58 9 No 3

93 7 63 3 No -]

1o 3 ] ! No 7

] 4 20 4 HNo B

Pre-zorted data with index list

Determine the Gini index using the equation and the histogram made based upon the data of the
attributes. Where P is the value of the attribute obtained from the sorted data, A is true, B is fails,
L is branch left, R is branch right, and a and b is the number of the elements that fall into the
criteria of the table.

Attribute A B
Value < P
L al a2
R bl b2

Histogram example
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Gini index equation

Using the equation, Gini index for the overall training data is 1 — (5/10)* - (5/10)* = 0.5.

Gini index for all the attributes that are sorted are 0 because their new data cannot be predict,
meaning that they have to predictive power.

Gini index for the marriage status attribute is
0.5[1—3/5)*—(2/5)*] +0.5[1—(2/5)*—(3/5)*] =0.48

Since the table created by within the marriage status attribute is:

From the Gini indexes found, all the other attributes have zero Married? A B

Gini index but marriage status, the marriage status attribute L 3 2
must be used to split the data from the first node.

B 2 3
Giving a decision tree and two other histograms as:
N1 (Married or Not)
Nl= Yes Ne N3= Yes No
Married Mot Married
L 0 0 L 0 0
R 3 2 E 2 3
N2 ® o x3
Married Not Married

From the N2 and N3, any of the attribute can be take in place to split the node since they all had
the zero Gini index. Since it is obvious that the credit score matters the most towards the
question, use the credit score attribute to split the N2 and N3.

The N2 has been split nicely

N2 Yes No N3 Yes No
(<==420) (<=620) into N4 and N5 but the N3 has
L 0 2 L ! 2 not. So repeat the step with
N R 0 R 1 1 different attribute on N6.
N1 (Married or Not)
@
The steps needs to be repeated until each of the Married Not Married
leaf node becomes a pure node, meaning that the
1 {Credit (Credit
node only contains one result. Score <=420) N2 @ @ N3 Score < 620)

ANVAN



On the Node 6 and Node 7 debt in thousands attribute can be used for splitting the results.

N6 Yes No N6 Yes No
(=0)
L 1 2 — L 1 0
R 0 0 R 0 2
N7 Yes No N7 Yes No
(=0
L 0 0 —_— L 1 0
R 1 1 R 0 1

With the finalized decision tree update the training data by running the data through the decision
tree and replace the node with rather the credit card can be issued or not.

N1 (Married or Not)

o
(Credit / \ (Credit

Score <=420) N2 (@] [ ] N3 Score <= 620)

_\'4. NS. ®N6 ®N7

AN

Q< ® o0
N8 N9 NI10 NIl
Credit Score Debt Married Kids Income Age Node Credit Card?
Thousands Thousands
670 0 1o 0 50 18 N10 yes
693 0 Yes 2 60 18 N3 yes
620 20 no 1 100 63 N9 no
830 ] yes 7 300 90 N5 yes
420 3 yes 3 43 2 N4 no
353 0 no 0 72 31 NE yes
710 30 no 1 93 20 Nil no
545 13 0o 3 43 47 N9 no
302 0 yes 4 42 58 N4 no
780 0 yes 0 37 28 N3 yes

Updated training data



Methodology

As seen in the previous example, four students created a program in order to determine whether
or not a person is eligible to receive a credit card based on a set of data. The factors include the
person’s current credit score, debt, marital status, number of children, income, and age.

Below are two block diagrams one labeled ALU and the other Memory. The ALU diagram was
derived from the code which was written by the team of students. Within the ALU, the first box
is the inputs. The only inputs that were used in the program were the person’s credit score, debt,
and marital status. As the students dove into the test data, they discovered some of the
information in the table did not have an impact on whether a person received a credit card. Since
these other factors were not significant, they were pruned off of the decision tree which was used
to write the code. Due to them being pruned, there are only three inputs into the program. The
insignificant factors include number of children, income, and age. The second box in the ALU
labeled outputs includes only one output. The only thing the program is outputting is a yes or no
of whether the person should get a credit card or not. Yes is a 01, and no is a 00. The output can
be seen by accessing the memory. The next box inside of the ALU contains the registers. The
students used 10 registers in their code. The first three registers r0, r1, and r2 were used to hold
the credit score, debt, and married arrays. Register 3 was used to keep track of the index for each
array. Registers 4, 5, and 6 were used to hold specific elements pulled out of the arrays. R7 was
used to store the output at the memory location 0x20000000. Registers 8 and 9 were set as 0 and
1 to represent no and yes as outputs in the memory. In the section of the ALU titles arithmetic
there is only the addition function. The ADD function was used to update the index in register 3.
No other arithmetic functions were used. The last ALU box holds all the comparisons from the
code. The code contains 11 different comparison functions. Many of them appear multiple times
in the code. They proved to be very useful for SLIQ and its decision tree algorithm. Other types
of functions performed in the ALU include logic functions. The block diagram does not contain
any logic functions because the students did not use any.



ALU

Inputs Outputs Registers Arithmetic Comparison
Credit Score Credit Card (Y/N) r0 Add CMP
Debt rl CBZ
Married 2 CBZN

r3 gL
11:2. BGT
BGE
6 BNE
17 BEQ
8 BLE
19 STRB

The figure below is the block diagram of the memory. The memory address 0x20000000
contains all of the output values in the form of ones and zeros. The array for the credit score is
stored in the memory starting at 0x0800019C. Starting at the memory address 0x080001C4 the
array is holding the data containing the people’s debt. The marital status array is being stored at
the address 0x08001EC. The rest of the code is being stored at the memory address 0x08000000.

Memory

0x20000000 Output Y/N values

0x0800019C  Credit Score Array
0x080001C4 | Debt Array
0x080001EC | Marital Status Array

0x08000000 Code

Though the way the code was written was great, there are some other ways it could have been
written. One thing the students could have done differently was implement the Gini index into
the code. One of the students calculated the Gini index by hand to create the decision tree that
the code was based off of. As an alternative, the students could have incorporated the Gini index
into the program along with all of the data from the table and let the program decide what was
more important. However there are issues with this option. To start, the current program is
already using 10 registers, and just by including the three other arrays as inputs would require 13
registers. Then they would probably need another two or three registers just to calculate the Gini
index. The total number of registers for this method would be about 16, and assembly does not
even have that many available registers. In addition to that, the program would probably end up



being at least triple the size of the current program making it extremely unlikely for the students
to be able to complete in the allotted time. Another alternative solution to the current program
would be to create an array for each person as opposed to each category. This would allow less
loops to have to be used within the code which would ultimately shorten the code and make it
easier to read, but there are quite a few issues with this route. For this particular example, there
are ten people which would occupy ten registers as opposed to three before. For a larger data set,
even more registers would need to be occupied and assembly just does not have enough to be
able to do that.

This design by the students does have some limitations however. Since they used such a small
data set to create the program, using very large amounts of data may cause other aspects to be
more influential in the decision process than the ones they discovered to be. The larger data set
may cause some of the pruned branches to become more important and useful. For a larger data
set, the code would become much more complex than it is right now. Depending on how large
the data set becomes, it may be easier to figure out how to add the calculation of the Gini index
into the code, so that it does not have to be performed by hand.

While the students were actually working on the project, Piper did the full methodology while
Jason, Armis, and Tyler wrote the code. For the most part they all wrote the code together, but
there were some portions where they worked individually. The code is full of loops. The loop
called “loopTyler” is the part Tyler coded on his own. The loop called “loopJason” is the part
Jason did on his own, and the loop called “loopArmis” is the part Armis did on his own.

Results

Within the assembly code of the SLIQ algorithm, students found it was easier to assign each
person applying for the credit card a specific number. This specific number would allign to their
data in the different arrays for the inputs, as seen in the assembly code. With the same manner,
the final answer of yes or no for the person applying will be provided as an array located in the
memory. Decoding the array for the results, a “01” would clarify that yes this person can have
the credit card as for a “00” would clarify that no this person can not have a credit card. Within
the assembly code, the solution could easily be scaled larger for more data to be input and more
precise decisions. Alternatively, their code could have been done with the opposite branch
comparisons. Where a BLT is, it could be replaced with a BGE and have the code aligned to
match the procedure of decision tree. Other solutions would be longer and more complex without
the compare branch functions. Students took this complexity in consideration and decided that
using these branches to our advantage would have the best results.

Conclusion



In this project, students successfully used the supervised learning in quest (SLIQ) algorithm to
determine whether or not a person should receive a credit card. They used a data set and Gini to
determine which information was most important and which was not. They were then able to
create a decision tree with multiple branches. Afterwards, they used the decision tree to serve as
a guide to the coding process. Like how a decision tree makes many comparisons, the program
includes many different comparison functions. From this project, the students learned the history
behind SLIQ and decision tree algorithms, they also used team work and improved their
troubleshooting skills when things went wrong in the coding process. For future work, the
students would alter their code so that it could handle larger sets of data like SLIQ is designed
for. They would also like to implement their design onto hardware where the board could receive
inputs and give back outputs.
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Appendix

Assembly Code
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LEER MvyCode,
EXPORT _ main
ALIGH
ENTRY

_ main FPROC

CODE, EReadonly

BL. project ;execute project procedu
Stop B Stop

ENLDP

cscore DCD 670, €95, 620, 350, 420, 353,
debt DCD o, O, 20, O, 3, O, 30, 15, 0, O
married DCD O, 1, O, 1, 1, 0, O, ©, 1, 1

project PROC

;s3et the starting memory address
LDER r0,=cscore

LDR rl,=debt

IDR r2,=married

;where the result will be stored

MOV r3, #0 ;index for the arrays
MOV r&, #0 ;Credit card HO
MOV r&, #1 ;Credit card Yes
B loop

loop
CMP r3, #10 ;while index < 10
BGE endloop
;set each array[index] waluss to
LDR r4, [x2, r3, LSL #2] :married
LDR r5, [rO, r3, LSL #2] :;cscore
LDR r&, [rl, r3, LSL #2] :;debt
;first split
CHP r4, #1 ;compare marriage stat
BEQ loopTyler
BHE loopJason
;split on N2

loopTyler
CMP r5, #420 ;compare credit scoxr
BLE loopl
BGT loop2

Ire

710, 545, 302,
;array for debt
sarray for marriage status

730

of esach array to registers

registers

us with 1 then split

e with 420 then split

sarray for credit score



55 loopl

5e STRB r3, [r7],#1 :node(N4) is no

57 ADD r3, r3, #L ;index++

58 B loop ;back to loop

e

60 loop2

61 STRB r%, [r7],#1 :node(N5) is yes

62 ADD r3, r3, #1 ;index++

63 B loop :back to the loop

64

&5 seplitc on N3

66 loopJason

&7 CHMP r5, #620 ;compare credit score with €20 then split
658

69 BLE loophArmis

70

71 ;if it is greater than 620 (split on HT7)
)7 CBZ re, loop3 ;compare and branch if zero
T3 CBHMZ ré, loop4d :compare and branch if not zero
74

T)=] loop3

Te STRB r%, [xr7],#1 :node(N1l0) is ves

77 ADD r3, r3, #1 ;index++

78 B loop ;bkack to the loop

79

80O loop4d

g1 STRB r3, [x7],#1 :node(N1l) is no

82 ADD r3, r3, #1 ;index++

83 B loop ;back to the loop

g4

85 ;split on N&

86 loopArmis

87 CBZ re6, loopS ;compare and branch if zero
88 CBNZ r&, loopé ;compare and branch if not zero
g9

90 loops

al STREB r%, [x7],#1 :node(N3) is yes

a9z ADD r3, r3, #1 ;index++

53 B loop :;bkack to the loop

94

895 1loopé

96 STRB r3, [r7]1,#1 ;node(N9%) is no

a7 ADD r3, r3, #1 ;index++

58 B loop ;kack to the loop

=

100 endloop

101 BX LR ;return

102 ENDP

103 END




Simulation Results

Memory
|m2ummnn ul’
0x20000000: 01
0x20000001: 01
0x20000002: 00
0x20000003: 01
020000004 00
020000005 01
020000006 00
0x20000007: 00
0x20000008: 00
Ox2000000%: 01
Ox2000000A: 00
Ox2000000B: 00
0x2000000C: 00
0x2000000D: Q0O
Ox2000000E: Q0
0x2000000F: 00
Register
Register | value
=-iCore
RO Ox080001AC
il 008000104
- R2 0x080001FC
- R3 000000004
- R4 0:00000001
--RB 0x0000030C
-~ RB (000000000
- R7 0x20000004,
----- -RB 000000000
----- ‘A9 0x00000001
R10 0x00000000
A1 (0x00000000
R12 (000000000
R13 (SP) 0x20000400
~R14 (LR} 008000149
-~ R15(PC) 0080001 A8
= xPSR 061000000
N 0
-2 1
-C 1
-V I
-Q 0
GE 0x0
T 1
IT Disabled
ISR 0




Data memories

Ox080001C3:

oo

Ox0B0001EB:

- Credit score - Debt - Marriage status
owbsoooiec: em 0x080001C4: 00 0x080001EC: 00
o ooo1am o 0x080001C5: 00 0x080001ED: 00
ro0001aE . oo 0x080001CE: 0O 0x080001EE: 00
0%0200019F: 00 Ox0O80001CT: 00 Ox080001EF: 00
Ox02000180: 51 Ox080001CE: 00 Ox080001F0: 01
O0x080001&A1: 02 Ox080001C9: CO Ox08000FL: 80
o omoooinzy oo 0x080001CA: 00 0x080001F2: 00
0X080001A3: 00 O=Q20001CE: oo Easo00 EI oo
Ox0S0001A4: 6C Ox050001C0: 22 oEaEN00-FRE e
0x02000185: 02 Ox0OB0001CD: OO0 0x080001FS: 0O
0x020001A6: 00 O=0B0001CE: Co moSoooTEE o
0x0Z0001A7: 00 Ox0S0001CE: oo e
0x080001A8: 52 0=Q20001D0: Co e
0x080001A8: 03 oxQ80001D1: o0 e aoima oo
Ox02000188: 00 0x080001D2: 00 0x080001FR: OO
Ox02000188, 00 Ox0B0001D3: 00 0x080001FB: 0O
0x080001AC: L4 0x080001D4: 03 e
0x0800018D: 01 0x080001D5: 00 0x080001FD: 00
OwOS0001LE, 0D 0x080001DE: 00 0x080001FE: 00
0x080001AF: 00 0x080001D7: OO o
0x080001B0: 61 Ox080001DE: 0O PP
0x08000181: 01 0x080001D3: 0O APl
0x080001B2: 00 0x080001DA: 0O PP
0x030001B3: 00 0x080001D5: 0O Pmoeoooanes o
0x080001B4: Cé 0x080001DC: 1E e omooaoe oo
0x080001BS: 02 0x080001DD: 00 PP
0x080001B6: 00 Ox080001DE: 0O e oman oo
0x080001E7: 00 0xQS0001DE: 00 PP
Ox02000182: 21 0X080001E0: OF 0x02000208: 00
0%08000185: 02 O0x080001E1: 0O g:g:gggig;f :;
OxOS00018R: 00 Ox0B0001EZ: 00 oxaaaoozuﬂ: oo
0x0800018B: 0O 0x080001E3; 00 OROEO6050C: O
0x0S0001BC: 2E Ox080001E4: 0O 0x%0200020D: 00
0x0800018BD: 01 0x080001ES: 0O 0X0800020E: 00
0x080001BE: 00 Ox080001EE: OO 0x0800020F: 00
0x080001BF: 00 0x0B0001ET: OO 0x08000210: 0L
0x080001C0: OC OxQS0001ES: OO 0x08000211: 0O
0x080001C1: 03 0x080001ES: OO 0x08000212: 00
0x080001C2: 00 Ox020001ER: QO 0x08000213: 00



- Full view

Registers 3 EJ Disassembly
FledisEr Value || Mllox080001A4 FOOOFS3E BL.W 0x08000224 project
= 9: Stop B Stop
O b A 10: Memory 1
0x08000104 11: ENDF
0= 080001FC 12: IﬂﬁZDDDDDDD
(= 00000004 13: 020000000
gxggggggg(‘: 14: cscore DCD 670, €95, 620, 850. 420, 353. 710, 545, 302, 780 0:20000001' -
4 < 01
(:00000000 0x20000002: 00
(20000004 | ] system_stm32ioec | | ] startup_stm32476kxs | ] mains 0%20000003: 01
(00000000 0x20000004: 00
000000001 1 LRER MyCode, CODE, Readonly oo
>< 0x20000005: 0
(00000000 2 EXPORT _ main Pl
(100000000 3 LLTEN 0x20000006: 00
. (000000000 4 ENTRY 0x20000007: 0O
“R13 (3P 020000400 : 0x20000008: 00
5 PROC
“R14 (LR 006000149 | it 0%20000008: 01
“R15 (PC} 008000148 . . 0x2000000&: 00
PSR nglDDDDDD - ; BL project ;execute project procedure 0%20000008: 00
0x2000000C: 00
% S5top B 5to
} > 0 L g 0x2000000D: 00
0 o — 0x2000000E: 00
i = 0x2000000F: 00
00 0x20000010: 00
13
1 .
Disabled 14 cscore DCD €70, €95, €20, 350, 420, 353, 710, 545, 302, 730 ;g:igggggii: gg
0 15 debt DCD 0, O, 20, O, 3, 0O, 30, 15, 0, O r debt :
. SroTor T oTr o mmeomme o . 0x20000013: 00
16 married DCD O, 1, O, 1, 1, O, O, O, 1, 1 marriage 0x20000014: 00
X H
17
v o prosece eroc s 2
rea X H
oo e 1g
-Privilege Privileged 20 sset the starting memory address of each array to reg 0x20000017: 00
- Stack MR — 0x20000018: 00
States 1052298606 0%20000019: 00
Bec 87,69155050 22 0%2000001A: 00
- FPU 23 * ;
20 0x20000018: 00
oz 0x2000001C: 00
. 0x2000001D: 00
= 0x2000001E: 00
28 MOV r3, #0 rindex for the arrays 0x2000001F: 00
- 0x20000020: 00
30 MOV r3, #0 :Credit card NO gxigggggiif gg
31 MOV r3, #1 :Credit card Yes * ;
- 0x20000023: 00
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