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Abstract

The following is a discussion and analysis of an artificial intelligence program based on
Temporal Difference Learning ( TDL ). After interpreting each part of the code, analyzing and
discussing is the core and main purpose of this research. To raised the win rate and efficiency of the
TDL program, | explored the relationship between each executable features and win rate.

Firstly, I analyzed the different types of patterns composed of various amount of tuple. In this
research, 1 named it “Double Rule”, which can be well-applied to the development of high tuples in
the future. Besides, “Pattern Extension Method” was also created while | was analyzing all kinds of
patterns so as not to miss any possible one. After that, the 130 features that can be supported by the
computer and excluded from the non-discussion value are analyzed for hundreds of thousands of
times, and the advantages and disadvantages of various features were figured out.

“Times distributed Nature” is the most unique and applicable research method thought by this
research. In the second half of this study, | calculated the times of each place on the layout, which
can explain some phenomenon | discovered before. In the future, I am going to develop a new kind
of research way which was named “Back Step from the Times distributed Nature”. With this
newly-created way, | can be able to figure out the most ideal model by generalizing plenty of
patterns and their win rate or their learning efficiency.

This project took a total of nine months, with 48 computers in the computer science laboratory
as the main equipment, and a total of nearly 25 million games were performed to achieve the final
results of this study. What’s more, | also hope that this research result will be applied in many other
fields, such as computer science, artificial intelligence, big data, feature engineering or other
technology products.
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2048-Al Program

int move_left() {
uint64_t move = @;
uint64_t prev = raw;
nt score = 8;
lookup: :find(fetch(@)).move_ left(move, score,
lookup: : find(fetch(1)).move_left(move, score,
lookup::find(fetch(2)).move_left(move, score,
lookup: : find(fetch(3)).move_left(move, score,
raw = move;
eturn (move != prev) ? score : -1;

}

int move_right() {
uinted_t move = @;

uint64_t prev = raw;
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Microsoft Office Excel 2007
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Programming Language : C++
program & content of 2048-Al

Content :

(1) To collect and arrange the blg data
(2) Tools for drawing win rate scatter charts.

Dev C++5.11

Internet Resource

float alpha = @.01;

size_t total = 10000;

unsigned seed;

__asm__ _ volatile ( 8 (seed));
info << << alpha << std endl;
info << << total << std::endl;
info <« <¢ seed << std::endl;

std: :srand(seed);

tdl.add_feature(new pattern

K ({ e,
.add_feature(new pattern({
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.add_feature(new pattern
.add_feature(new pattern

Chapter 9
Temporal-Difference Learning

9.1 BACKGROUND
9.2 REINFORCEMENT LEARNING
9.2.1 Discounted Returns
9.2.2 The Control Problem
9.3 1D A\ID B AC K PROPAGATION
ating TD Frror

9.4.1 Specifying the Environment
9\RUNN[VGTHEPROGRAM

@cueaBsm

Making adjustment and running the programs.

To comprehend the principles of TD Learning.
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Tools for statistics.

Tools for recording my ideas, plans and progress.
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121314 15
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=~ FHERZSH © Dev C++ 5.11FF A ~ ECEEA ~ Microsoft Office Excel
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// initialize the features

tdl.add_feature(new pattern ({ BABHEZGE 1)
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3Tuples3#t 1024 2048 g 4Tuples3 ¥t 1024 2048 g
= Q08X

L156 44 00% 520% 1 T0125 80.80% 18.00% 1
HA456 43.40% 3.26% 2 10126 73.40% 16.40% 2
L125 26.20% 1.40% 3 Window1256 58.00% 10.60% 3
L145 15.60% 1.00% 4 745910 50.00% 9.00% 4
LO14 30% 0.40% 5 L1567 49.60% 9.00% 5
5Tuples 4t 1024 2048 e 6Tuples3 47 1024 2048 e
(128X A7TEX)

T01259 79.00% 31.00% 1 Stairs0458910 80.80% 18.00% 1
dog610111314 79.00% 23.00% 2 stairs5910131415 | 73.40% 16.40% 2
112359 74.00% 20.00% 3 Co0l489101213 58.00% 10.60% 3
001246 71.00% 20.00% 4 Cool045689 50.00% 9.00% 4
tallz1261011 74.00% 16.00% 5 41236910 49.60% 9.00% 5

Fo TSR Bi— P L 1 2e3-6 Tuple 1 Y 130FE 17 {8 2 el A2 [ B 52 SR B 1Y 5 EE Tl
& AR E—TER BV EIR S S > RUHFEIRVERE TE(1LER) /25 XE - i
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&)

T01259 5 30.00% 1
Dog610111314 | 5 22.00% 2
L12659 5 21.00% 3
T0125 4 20.80% 4
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/I initialize the features
tdl.add_feature(new pattern ({ $#&E1 1))

tdl.add_feature(new pattern ({ &2 1)
tdl.add_feature(new pattern ({ ®#3 1))
tdl.add_feature(new pattern ({ &4 1)
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fitgr— : FFEOTEVEIP YR

LA E R —

(%1 : 3Tuple REFIFE)

3 Tuple
L014 L045 L125 L145
L156 L569 HO012 456

(322 * 4Tuple FHEFIFR)

4 Tuple
#0123 HA4567 FH0145 FH1256
156910 L0124 L0126 L4568
L5679 L0456 L1567 70156
71267 745910 7561011 TO125
T4569

(23 : STuple FHEFIFE)

5 Tuple
Dog610111314 Dog15689 Dog59101213 Dog267910
L1234 101248 456812 L567913
L123590 L45678 +14569 Short z 4591011
Short z 01567 Stairs015610 Stairs126711 Stairs56101115
Stairs4591014 T01235 T01259 T456913
T45679 Tall z 015910 Tall z 56101415 Tall z 1261011
Tall z 4591314 Thumb01245 Thumb567910 Thumb12356
Thumb45689 U01246 U02456 U456810

U468910




(=4 : 6Tuple RFEFIFE)

6 Tuple
148121314 159131415 Thumb159101314 Thumb2610111415
Thumb04891213 F15691314 F267101415 F04581213
U47891011 U81112131415 U4810121314 U15791011
U5S911131415 U034567 U0468910 T4567913
T4567910 T0125913 T012359 T012356
Dog269101415 Dog256101415 Dog589131415 Dog5910111213
Dog15891314 Dog14591314 Dog14591011 Dog156789
7126101415 7459131415 715691014 7267101115
71591314 701591011 70485913 Stairs15691011
Stairs489121314 Stairs489131415 Stairs459101115 Stairs156101115
Stairs5910131415 Stairs0458910 Stairs04591011 Stairs0156711
Stairs04591014 Q569101415 Q45891314 Q0145910
Q12561011 Medal1256710 Medal4589113 Medal569101114
Medal014569 Cool1567910 Cool489101213 Cool5910111314
Cool45689 Window4568910 Window012456 +1456913
J1236910 J45691213 J567101314 J012589
X689101113 X245679 Duck45791011 Duck013567
Bird459101114 Bird0156710 Y46891013 Y024569
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e &5 AU BB
fif$%— : 6Tuple FFELEXCE—FEED)

tuple6 FEXE 1024 win rate 2048 win rate

J 52 2

stairs0458910 51.41 2

cool 48.77 1.86

Thumb 46.24 421| EEalEIguE N IR E
stairs0156711 46.18 1| $FEVFIME:1024 2 46.05%
T0125913 46.05 2.52 H 2048 %2 1%
dogl15891314 42.33 3.22

window 42.06 1.19

U04 40.96 1.29

F 39.56 1

dogl4591314 37.73 2.37

z04 36.77 1

T012359 36 2

T012356 35.52 1

Q 32.9 1

duck 24.79 0.28

dogl156789 22.3 0.74

stairs04591014 22.1 0.27

medal 22.01 0.52

bird 20.78 0.33

y 18.92 0.26

stairs04591011 18.59 0.36

dogl14591011 18.26 0.46

X 14.35 0

+ 12.71 0.28

201591011 6.26 6.26

L 0.57 0

U03 0 0

Z01591314 0 0

+ (5% 2 B 4 BURRYZE I —RAVa K LIE - RABIEEBENEER - BH
M Sample %% > NIELEFR TEE T &/ K — LR RE BB (R -
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EESa
fifs%= : 6Tuple FFELELCE —FEEY)

1024 e

tuple6 FEHEH 1024 win rate 2048 win rate

J 73.15% 11%
cool 70.74% 10.53%
stairs0458910 70.73% 12.47%
T0125913 70.19% 10.67%
stairs0156711 68.37% 6.51%
Thumb 64.95% 9.99%
2048 HE4

tuple6 fEE 1024 winrate 2048 win rate
stairs0458910 70.73% 12.47%
J 73.15% 11%
T0125913 70.19% 10.67%
cool 70.74% 10.53%
Thumb 64.95% 9.99%
stairs0156711 68.37% 6.51%

&ham:  stairsOl B thumb #E3H7F 1024 £ 2048 ESHg % —28

WP 1024 >70% 2048>10%
80.00% PR P = el
1, 73.15% SRR A
70.00% * " i
cool 70.“7@)0SB 1589%6, 0% I]zuumb
’ 6887 ’
60.00% 70.73% 70.19% B7%) 959
Yo00%
e
= 00% & 1024 win rate
=80.00% i
§ ® 2048 win rate
20.00%
cool, 10.58% T0125913,
10.00% -%’—5%15@458@%@0—.7
12.47% st SOngmJ_U\b, 9.99%
0.00% : : S 6.51% .
0 1 2 3 %:k 4 5 6 7
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fif8% T : 6Tuple FHEELEIE =FBED)

2048 HEX

tuple6 FEIE 2048 win rate

stairs0458910 23.33%
cool 20.51%
T0125913 18.13%
J 18%
Thumb 14.59%
stairs0156711 11.32%

A 2048=23.33
PRHE AR stairs0458910

otuple ELEZ > 20190130 _E4F 11:30

win rate

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

2048HE44 2048 win rate
@ 2048HE4, 2048 win...

stairs0458910,

23.33%
@ cool, 20.51%
T0125913,
o 18.13%
J, 18%

Thnmh'

14.59%

L

stairsU156/11,
11.32%
0 1 2 3 4 5 6
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BB =
bis 7 - EBR=RTHY/INTEE-- #1025 HE 10000 X

5712 %_,Z_? JFRE= btuple *4 3456 &%—
500 28.60% 25.40% 29%
1000 36.80% 23.60% 51.40%
1500 50.20% 28.20% 70.40%
2000 57% 33.80% 83.40%
2500 61% 43% 89.40%
3000 69.20% 42.40% 90.80%
3500 71.40% 51% 93.60%
4000 72.20% 61.60% 93%
4500 79.60% 58.40% 94.60%
5000 81% 68% 94.60%
5500 83.20% 66.20% 93.40%
6000 82.80% 70.60% 94.60%
6500 84.60% 72.20% 95%
7000 83.80% 72.80% 94.20%
7500 87.80% 78% 95.60%
8000 86% 76.80% 96%
8500 85% 77.80% 96%
9000 88.60% 80.60% 95.80%
9500 89.60% 83.80% 96.60%
10000 90% 80% 96.40%
Ity 73.42% 59.71% 87%
100.00% | : :
80.00% “:%‘_zmﬁ_‘i ]
¢ :. Ey [ | \
ﬁ 60.00% > .—: B * J?j%fﬁ
40.00% ”:.. [ ] = 6tuple *4
20.00% |
0.00% 3456
0 2000 4000 6000 8000 10000 12000
BERE

+ TEFEIAT 10000 REVERET - ZHEE—HEESMELRRHHE
HYERE S RE R
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1024 %g‘%}f JiH 6tuple *4 3456 &—
500 0.60% 1.20% 1.20%
1000 2% 0.20% 7%
1500 3.60% 0.60% 11.40%
2000 7.80% 2.60% 27.60%
2500 9.20% 2.60% 31.80%
3000 13.40% 2.60% 37.40%
3500 15% 4.80% 39.40%
4000 18.20% 7.20% 43.20%
4500 20.60% 8.40% 47.80%
5000 23.40% 9.20% 53.40%
5500 24.40% 9% 52.80%
6000 25% 10.40% 60%
6500 25.40% 11.20% 62%
7000 30.40% 13% 58.60%
7500 36.20% 12% 65.60%
8000 36.60% 14.80% 66.60%
8500 36.40% 16.40% 61%
9000 37.20% 17.60% 69%
9500 36.60% 14.80% 72.20%
10000 41.40% 17.60% 71.80%
Ity 22.17% 8.81% 46.99%
80.00%
70.00% A
60.00% AL
50.00% =
%40.00% "‘0.‘ 7 ,
30.00%
2000 RETT == m 6tuple *4
10.00% ";::.'Tl!... . 3456‘% —
0.00% ——l‘l—.ﬁ.. | |
0 2000 4000 6000 8000 10000 12000
K&

+ 1024 FIBSHRAELCE 10000 REVEER - SHEE—HIREERARTZR
RS ZRIfE LA L
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2048 BBE | IR 6tuple *4 | 3456 &%—
500
1000
1500
2000 0.20%
2500 0.40%
3000 0.40%
3500 2.20%
4000 2.80%
4500 0.20% 2%
5000 3.20%
5500 0.60% 1.80%
6000 0.40% 3.20%
6500 0.80% 0.20% 5.40%
7000 0.40% 3.20%
7500 0.80% 7.20%
8000 0.60% 7.80%
8500 0.60% 6.60%
9000 0.60% 8.60%
9500 1.20% 11.80%
10000 1% 11%
Wty 0.39% 0.01% 3.89%
0.14
0.12
0.1
g 0.08 =1
005 ® 6tuple *4
0.04
0.02 == 345675 —
9 EEEN ORI I PO 9K
0 2000 4000 6000 8000 10000 12000
K&

+ FEUEBRE - ERE EFRETT 10000 XME » FrUUERIEES -
* BERAEBR=MRIUEIHRR | &8 33 BRVEGHRBREE 93% |
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4096 B | IR 6tuple *4 3456 &—
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500 0.20%
7000
7500
8000
8500
9000
9500
10000 0.20%
= 0.00% 0.00% 0.02%

0.0025

0.002

0.0015

* IR
0001 ® 6tuple *4

2

0 2000 4000 6000 8000 10000 12000
RE

+ 10000 BB HARE RABR0.2% F B RS T BBk EeE/)
[EIE O R B ERUURY R SRS AN4%HE 32 & 8500 K BH] 25 72.8%H S B |
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e =

fifskoN - EEETURREE SR R-K BT IR
A BPHAHT FE 8 - ISR 30000 SEUBCLER 8% - FLAS 500 4R HOTS

BT REL 2048 4096 8192 | BhITIE 2048 4096 8192
299000 | 81.40% | 28.20% 040% | 315500 | 80.20% |  32.20% 0.20%
299500 |  81.80% |  29.80% 316000 | 84.60% 26% 0.20%
300000 | 83.80% | 27.40% 040% | 316500 | 83.20% | 27.20%
300500 | 80.20% |  25.20% 317000 | 82.80% 35%
301000 | 80.80% | 28.80% 317500 | 85.20% |  28.20%
301500 83% | 31.40% 020% | 318000 | 81.60% | 32.20%
302000 | 84.20% |  30.20% 318500 | 82.80% |  29.20%
302500 | 85.40% 29% 319000 84% | 31.20%
303000 | 81.60% |  27.80% 319500 | 82.20% |  27.80% 0.40%
303500 85% |  27.20% 320000 83% 28% 0.20%
304000 | 82.40% |  27.40% 320500 8% | 26.80% 0.40%
304500 | 84.80% 30% 020% | 321000 | 84.80% | 31.20% 0.20%
305000 84% |  27.40% 321500 | 80.20% 28% 0.40%
305500 83% |  28.40% 040% | 322000 | 82.40% | 29.80%
306000 | 82.80% | 29.20% 322500 | 82.40% |  30.80%
306500 | 80.40% |  29.60% 323000 | 84.20% | 29.40% 0.40%
307000 | 81.40% | 30.20% 323500 85% | 30.20%
307500 | 83.20% |  28.20% 020% | 324000 | 83.20% | 31.40% 0.20%
308000 85% | 31.20% 324500 | 83.40% |  31.80%
308500 | 84.20% 31% 020% | 325000 | 82.80% | 29.80%
300000 | 85.60% |  26.40% 325500 |  85.60% |  33.60%
309500 | 82.20% 33% 326000 | 81.40% |  27.80% 0.20%
310000 8% |  28.60% 0.60% | 326500 80% |  27.40%
310500 | 83.20% | 29.60% 327000 | 81.80% |  27.20% 0.20%
311000 | 78.20% 28% 327500 | 83.40% |  31.80% 0.20%
311500 80% |  25.40% 328000 |  81.60% |  27.20% 0.20%
312000 86% 3% 328500 80% |  27.40% 0.20%
312500 | 81.20% 30% 0.40% | 329000 | 80.60% | 28.40%
313000 | 85.20% |  30.80%

313500 82% 28% 0.40% TR 1 32.9 B

314000 83% 28% 2048 : 80-85 %

314500 | 82.60% |  28.60% 4096 : 27-33 %

315000 | 80.40% |  30.20% 0.20% 8192 : 0-0.4 %
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Fea A EES =

ffsx T - SRR ARR-KBIR
A BPHAHT FE R - ERBUR 30000 SELBCEER 8% - FLAS 500 4RHOTS

BT 2048 4096 8192 | #{TEL 2048 4096 8192
299000 90.80% 65.80% 1.80% 315500 90.60% 67% 3%
299500 91.80% 67.20% 2.40% 316000 90.40% 64.80% 3.20%
300000 90.80% 61.60% 2% 316500 90.20% 05.40% 2.60%
300500 92.40% 63% 1.60% 317000 90.80% 70.40% 2.20%
301000 92.80% 67% 2.20% 317500 90.60% 07.80% 2.80%
301500 88.60% 63.40% 2.60% 318000 90.40% 07.80% 3.40%
302000 92.80% 63% 3.20% 318500 91.80% 68.40% 3.60%
302500 90.40% 63.40% 3.40% 319000 89.60% 07.60% 5%

303000 90.80% 62.80% 3.60% 319500 89.40% 05.80% 3.80%

303500 91.60% 05.20% 3.60% 320000 90.20% 07.60% 3.20%

304000 88.20% 62% 3% 320500 91.20% 69% 3.20%
304500 87.20% 59.60% 2.40% 321000 88.20% 07.60% 3.60%
305000 89.80% 06.20% 4% 321500 92.20% 05.20% 3.40%
305500 91.40% 64% 2.60% 322000 89.20% 06.80% 3.60%
306000 91.40% 63.40% 3.80% 322500 91.40% 68.20% 4%
306500 88.20% 64.80% 3.40% 323000 91.20% 66% 4.20%
307000 92.80% 62.40% 2.20% 323500 89.20% 65% 3.80%
307500 90% 63.60% 2.60% 324000 90.20% 70.40% 2.80%
308000 89.80% 61.20% 1.80% 324500 89% 60% 3.40%
308500 88.20% 59.80% 3% 325000 90.60% 68% 4.40%
309000 89.80% 67.20% 2.80% 325500 91% 61.40% 3%
309500 91.60% 63% 4.20% 326000 90.60% 66% 3%
310000 90.60% 64.40% 2.80% 326500 90.60% 64.40% 3.60%
310500 91.80% 64.80% 2.60% 327000 91% 68.60% 4.40%
311000 92.60% 67.20% 2.60% 327500 91.20% 66.80% 2.80%
311500 90.80% 66% 2.80% 328000 91.80% 68.80% 3.40%
312000 90% 65.80% 3.40% 328500 93.80% 72.60% 2.60%

312500 90.60% 61.80% 2.60% 329000 92.20% 67.80% 2.60%

313000 88.20% 61.20% 2.80%

313500 92% 06.80% 3% PATRE 329 X
314000 88.80% 61.60% 2.80% 2048 : 90-94 %
314500 92% 67.80% 1.60% 4096 : 65-70 %

315000 | 91.20% 67% 3.20% 8192 :3-5 %
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Fea A EES =

fifsk/\ - R R SR R SRR BT R
A BPHAHT FE R - ISR 30000 SELRCLER 8% - FLAS 500 4RHOTS

I TREL 2048 4096 8192 | FITHEL 2048 4096 8192
299000 | 76.60% |  24.40% 0.80% | 315500 T4% | 29.40% 0.60%
299500 T4% | 23.20% 1% | 316000 | 75.60% | 29.20% 1.60%
300000 | 75.40% 26% 0.60% | 316500 7% | 29.80% 0.60%
300500 | 75.80% |  22.40% 0.60% | 317000 76% | 26.60% 1%
301000 | 76.20% 27% 0.60% | 317500 |  74.40% 24%

301500 77% 27% 0.60% | 318000 | 80.40% | 28.40% 0.80%
302000 | 78.80% |  24.60% 040% | 318500 | 77.40% | 31.20% 0.60%
302500 | 76.80% |  28.20% 1% | 319000 | 77.20% 26% 0.80%
303000 | 78.60% |  28.80% 0.80% | 319500 | 76.20% |  25.60% 0.40%
303500 | 75.40% |  24.60% 040% | 320000 | 79.40% |  30.40% 1.20%
304000 | 77.40% | 26.40% 0.60% | 320500 |  78.20% 29% 0.80%
304500 | 75.40% | 24.20% 040% | 321000 | 79.80% | 31.60% 0.80%
305000 | 79.80% 29% 1.40% | 321500 |  75.80% | 30.40% 0.80%
305500 | 75.40% |  28.80% 0.60% | 322000 | 75.80% |  27.40% 0.60%
306000 | 76.40% |  26.60% 0.60% | 322500 81% |  31.40% 1%
306500 8% | 26.20% 040% | 323000 | 81.80% | 32.40% 0.80%
307000 | 77.20% | 27.20% 0.20% | 323500 79% | 30.80% 0.40%
307500 | 73.60% 25% 0.20% | 324000 |  78.40% 29% 0.40%
308000 | 76.40% |  25.80% 0.80% | 324500 | 79.20% |  32.80% 1%
308500 | 78.40% |  26.20% 040% | 325000 |  80.80% 32% 1%
309000 | 76.60% |  31.80% 0.60% | 325500 75% | 30.20% 1%
309500 | 78.60% |  25.80% 326000 | 77.40% |  28.60% 0.40%
310000 | 75.40% | 22.80% 040% | 326500 | 77.60% |  26.20% 0.20%
310500 6% | 28.40% 0.60% | 327000 | 79.80% |  29.20% 1.60%
311000 76% | 25.20% 0.80% | 327500 | 80.60% |  30.40% 0.60%
311500 | 78.60% |  29.40% 1.20% | 328000 | 78.60% 27% 0.60%
312000 | 77.80% | 26.20% 0.60% | 328500 7% | 31.20% 1.40%
312500 | 76.60% 29% 0.20% | 329000 78% | 27.80% 2.40%
313000 6% | 27.40%

313500 | 78.60% |  25.80% 0.60% BUTREL - 32.9 X

314000 6% | 26.60% 1% 2048 : 75-80 %

314500 | 76.60% |  25.80% 0.60% 4096 * 25-30 %

315000 | 76.40% | 24.20% 0.40% 8192 :0-2 %
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