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1. Introduction

During the computer science HL course, the Human-Computer Interactions (HCI) is taught, and
that interaction can be achieved through the utilization of input devices. Among them,
keyboard plays a major role inside the HCI, which is particularly important for early PCs without
mice. While we usually believe that most buttons on the keyboard represent their
corresponding characters that users intend to input, such as the roman characters for English
users, the Chinese language requires more steps than simply pressing a button on the keyboard

to input a needed character.

Having over thousands of characters, PC users are expected to be able to input enormous
numbers of Chinese characters through a fixed size keyboard, and this requires the application
of input methods editors (IMEs) to filter out the needed words from a gigantic word bank but

with a limited number of keys.

In China, the most popular input method editor belongs to the Pinyin IME, a pronunciation-
based input method that inputs Chinese characters through entering series of Pinyin, the
official romanization system for Standard Chinese. Or at least, everyone around me uses the
Pinyin IME for Chinese inputting. On the other hand, countless of alternate options are
available as substitutions, such as stroke-based IME and Zhuyin IME. While Zhuyin IME, also a
pronunciation-based IME, is conceptually similar to Pinyin IME, stroke-based IMEs allow users
to piece the components of a Chinese character together to recognize and input the wanted

character.

As a Chinese Pinyin IME user, | became largely interested in investigating the reason why Pinyin
IME became the most popular IME, assuming that Pinyin IME has a greater efficiency than
Stroke IME. Therefore, the research question arises: “To what extent is a stroke IME different

from Chinese Pinyin IME in terms of speed and efficiency?”



While the paper assesses the efficiency difference of the two IMEs, the main focus is on the
investigation of the factor that has contributed to the efficiency of Pinyin IME, if it is more
efficient than Stroke IME. The goal is to first find out which IME has the greater efficiency and

then to evaluate a possible reason for how the IME is more efficient.



2. Background Information

2.1 Chinese characters

Chinese is the primary language spoken and is used by nearly 1.4 billion citizens of the People’s
Republic of China for daily communication. Its flexible grammar, perplexing phonemes and
particularly, the innumerable characters that exist in the vocabulary of Chinese form its

uniqueness.

Chinese characters were initially evolved as hieroglyphs, which are fonts created through the
emulation of objects and pictures. The Oracle Bone Script, for instance, was one of the earliest
forms of Chinese characters in which were written on oracle bones, which still remains

influence on modern Chinese even after millenniums of transformations. [1]
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Figure 2.1 Examples of Chinese hieroglyphs evolved from Oracle Bone Script [2]



Oracle Bone Scripts established the foundation of basic structure for the Chinese characters,
which is one character each having its own unique meaning, and since an individual meaning is
expressed through each Chinese character, there is a necessity of having a large number of

characters to express a variety of content.

An overwhelming number of characters are presented in the language that surprisingly reaches
up to 91,251 Chinese characters. Within the total number of characters, commonly used ones
only hold around 7,000 characters, and the frequently used characters occupy only 3,500

characters out of the entire character set. [3]

2.2  Input Method Editor

Input Methods are encoding methods that allow the output of multiplex characters or symbols

through inputting any data.

The demand of input methods originated from the limitations of keyboard size. Initially
designed primarily for English language, keyboard only features a composition of up to around
110 keys, which is limited when inputting logograms like Japanese and Chinese which have over

thousands of characters. [4]

Having over thousands of Chinese characters, the Chinese language requires input methods to

input them on a device.



2.3  Chinese Pinyin IME

Every character in Chinese has a monosyllabic pronunciation that does not interfere with other

nearby characters, while some characters in Western languages may have several different

pronunciations when combined as different words. For instance, letter A in English can be

pronounced as [ei] or [e&e] depending on its circumstance. Instead, the pronunciation of each

Chinese character is composed of a consonant and a vowel or diphthong, the combination of

two vowels in a single sound, such as zhuang, zhuo and tiao.
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Figure 2.3.1 Consonants and vowels in Chinese characters presented in Pinyin [5]

Chinese Pinyin, or Hanyu Pinyin are the phonetic notations for Chinese characters where each

word in Chinese is able to convert itself into Pinyin based upon its pronunciation. In

consequence, Pinyin serves mainly as a tool of assisting the learning of Chinese pronunciation.

As Chinese Pinyin mostly borrows the roman characters that are vastly presented on the

QWERTY keyboard, the Chinese Pinyin becomes one of the most commonly used Chinese input




methods, which is more likely due to the education of Pinyin being already taught for recent

generations of people during their elementary school.

The Pinyin IME is an input method that uses Pinyin to select wanted Chinese characters. Using
the Pinyin IME, user enters a Chinese character by typing down Pinyin that corresponds to the
pronunciation of that character and then selects the exact character through a pop-up bar. The
reason why a further selection is required is due to the existence of the dozens of characters
which have the same pronunciation but have different meanings, and this becomes the

downside of Pinyin IME.
» = 16:14 49% @ )

ni Cancel
Baidu Search

Q ni

Q ERIBH

Q  nice

Q niceBftAaFXER

Bookmarks and History
m B Rk R % # #~

123 @& 0 ®E . HA

Figure 2.3.2 User inputting a character “fJ” (you) using Pinyin IME on an iPhone

Usually, a single character of Chinese only requires a maximum of 6 Pinyin characters to input,
but it does not output the exact wanted character. The downside that the Pinyin IME owns is its

inaccuracy. Typing down the corresponding Pinyin displays dozens of characters that share the



same Pinyin for further selection, causing the waste of time to choose the accurate one. In
addition, standard Chinese has four main tones that are unable to be labeled through typing.

This results in an even higher inaccuracy while using Pinyin IME.
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Figure 2.3.3 User selecting a character “#J7” using Pinyin “ni” out of all possible choices

2.4 Chinese Stroke IME

Stroke input method was initially intended to serve as an easy-to-learn IME for users without
knowledge of Chinese Pinyin and want to master a Chinese input method in the least amount of
time. The method uses 6 buttons to perform action of inputting Chinese. Each button refers to
a specific type of stroke that is vastly presented on Chinese characters and is usually located at

a corresponding number key if the computer includes a physical number pad.
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Figure 2.4.1 User inputting a character “fJ” (you) using Stroke IME on an iPhone

When inputting, users enter the strokes of a Chinese character in its correct stroke order. The

keys contain 5 components of Chinese characters:

1. A horizontal stroke (—)

2. Avertical stroke ( | )

3. Along diagonal stroke (J )
4. Avery short dash stroke ( )

5. A horizontal stroke that has a downwards hook on the right (")

6. An asterisk that corresponds to any stroke.



A disadvantage of stroke input method is its low fault tolerance. The strokes inputted must be
in the correct stroke order, meaning that a single mistake in stroke order can potentially cause
the output of a completely different character. This is especially obvious when each character
out of thousands of others has its unique stroke order for memorization, increasing a certain
amount of difficulties for users who do not follow along with the correct stroke orders during

handwriting.

However, despite entering the character needs a large number of presses, the high accuracy
stands out when user masters the IME. Due to the theory that each Chinese character has its
own distinguishing strokes and stroke order, inputting correct strokes in the right order returns
the exact character that user intends to output, whereas inputting the correct Pinyin while

using Pinyin IME may outcome dozens of possible characters.

In addition, the stroke IME does not necessarily require user to enter all the strokes for a
character to input itself. The number of strokes entered into the IME can be reduced when the
inputted strokes are already enough to filter a majority of characters and leave dozens for
selections. Without entering any extra strokes, user can select the character handily through a
glance at the pop-up bar. However, this technique rarely used since experienced users are likely
to be capable of recognizing all the characters’ strokes and entering them handily, requiring no
selection needed at the pop-up bar as it possibly takes even longer time than inputting all the

memorized strokes.
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2.5 Hidden Markov Model

Typically, Chinese IMEs are heavily dependent on Hidden Markov Model (HMM) to assist the
efficiency of selecting Chinese characters. HMM a probability model served as the
representation of possibilities for a sequence of data. [6] The model is referred to a type of
Markov Model with hidden states that are unable to be directly observed. HMM is mainly

adopted in the areas of machine translation and speech recognition.

HMM is consisted of variables sets with two different states, hidden states Q and observations
O, and three probabilities, transition probabilities A, emission probability B and initial state
probability /1. The probabilities and variable sets can be put into calculations to solve for one

another. [7]

Problems Given... Find... Solutions

Evaluation problem Observation The probability of Forward and
sequences and an observations backward
HMM model algorithms

Decoding problem Observation The most likely state Posterior
sequences and an sequence that decoding and
HMM model outcomes the Viterbi algorithm

observations

Learning problem Observation The model Baum-Welch
sequences and an parameters {4, B,n} | algorithm
HMM model to maximize p{O|1}

Figure 2.5.1 Three basic problems associated with HMM and their solutions [7]

In terms of Chinese IME, the decoding problem, as an example, can be involved to calculate the
most likely chosen character from the Pinyin or strokes inputted. As each set of Pinyin can
return dozens of Chinese characters, the character with maximum probability of being selected
will be displayed at front while other characters are shown in the sequence of probability

descending, allowing less time consumption for users to select characters.

11



In a case where the user uses Pinyin IME to input a Chinese phrase “SRKKSRIF’(The

weather is good today), the Pinyin inputted and user expected outputs are listed in the table

below:

Pinyin Input Possible Character Outputs User Intended Output
jin SHIENRS T E.. S

tian X i B R 5 ... x

tian X i B % 5 1. x

qi EHHEtRESH.. 5

hen R IR R R IR B (... 1

hao MESBIFRER. 7

Figure 2.5.2 Pinyin Inputted and user expected character output table

The posterior decoding assumes that the inputted Pinyin are observations O and the outputted
characters are hidden states Q. To obtain the probability of the model to output a character

given the inputted Pinyin, the equation A,(i) is given by

A: (i) = P(ipossible character match for t,, Pinyin inputted | 0)

Which can be derived into

A:(D) = P(q(t) = q; | 0) [7]

Where P( q(t) = gq;) is the probability of outputting an it character for tw Pinyin inputted and
i=1.,Nt=1,.,T. [7]

Then, finding the character output with the maximum probability of being selected is given by

equation q(t):

q(t) = argmax P{A.(1)} [7]

12



Furthermore, the computation of probabilities for choosing the characters also relies on cloud
data, providing vast number of literary samples to determine which character is more
frequently used out of all characters with the same Pinyin. For instance, Sogou Chinese Pinyin
IME is one of the major Pinyin IME used in China, occupying 43.2% of Chinese Pinyin IME
market share in 2019. [8] The IME initially added the feature of cloud computing input in 2010.
When inputting, Sogou IME will automatically obtain cloud data to ensure more accurate input
results, which is usually done by calculating the probabilities g(t) of each character through the

examination of large amount of cloud samples. [9]

By doing so, the probabilities q(t) of each character being selected are calculated by the model
and then are used in arranging the order of characters from the most likely selected ones at the
front and the least likely selected ones at the last, effectively reduces the time consumed by

user selecting characters.
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3. Experiment Methodology

The investigation will be conducted through two components of codes, each for evaluating the
efficiency of one type of Chinese IMEs. The assessment of IME efficiency and speed is
determined through the number of presses which is required to input a sample text and is
further achieved through the comparison between the two Chinese IMEs, Stroke IME and
Pinyin IME. In this case, the IME that requires fewer presses to input the sample text
demonstrates the higher efficiency in time and speed. The base codes are discovered from
online sources and modified to achieve basic functionality, and they are available in Appendix

section.

3.1 Independent Variables

The three independent variables used in the investigation are three sample texts for IME

efficiency evaluation and are excerpts from translated novels and biography or Chinese works.

Sample | Name Author
1 Death’s End in Remembrance of Earth’s Past trilogy | Cixin Liu
[10]
2 Steve Jobs [11] Walter Isaacson
3 The Little Prince [12] Antoine De Saint-Exupéry

Figure 3.1.1 Book name and author of the three excerpts samples

3.2 Dependent Variables

The dependent variables are the stroke count and Pinyin count of each sample inputted.
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3.3  Preprocessing

In order to count the strokes and Pinyin number properly, punctuations within the sample texts
are removed since the extract of GB2312, the official Chinese character coding set of the
People’s Republic of China, that | use in Chinese characters conversion does not include
punctuation. Arabic numerals and Latin characters are also avoided in passage selection due to
the similar reason that gb2312 does not consist them, and Chinese stroke IME itself also does
not support English typing. In some parts of the sample texts, Arabic numbers are exchanged

with Chinese characters.

if (gb2312Bytes == null || gb2312Bytes.length > 2 || gb2312Bytes.length <= @ || gb2312Bytes.length == 1)
{

return 0;
}
Figure 3.3.1 Returning 0 if the character is not included in GB2312, such as punctuations,

numerals and Latin characters.

3.4 Hypothesis

Personally, | believe that the Chinese Pinyin IME will be more efficient than Chinese stroke IME.
As a Chinese Pinyin IME user, | find the Pinyin IME being very speedy at typing Chinese in

practice, which is perhaps due to my years of experiences with the Pinyin IME.

3.5 The Experiments

Both Stroke IME and Pinyin IME use database to store the stroke count and Pinyin for each
Chinese character. For instance, the stroke count database, which indicates stroke counts for all
Chinese characters, is externally inputted in the form of an array and follows the standard of

GB2312, the official Chinese character coding set of the People’s Republic of China. To return

15



the total number of presses required to input the sample text through both IMEs, the process
of calculating stroke counts and Pinyin counts is done separately for each individual Chinese
character at a time and is then added up after a complete repetition. The flow charts below

demonstrate the basic procedures for computing the needed number of presses using Stroke

IME and Pinyin IME to input the sample text.

Start Start
A
Exclude special
»| symbols & Western »| Sets the output format of
character Pinyin to lowercases
characters, characters
without tone and
Get chatacter’s converts Pinyin “U” to “v”’
high byte and low
byte |
v Excludes non-Simplified
Exclude non- nor Traditional Chinese
GB2312 character character
Return stroke count Returns the Pinyin
of the character corresponds to the
Chinese character
Add up all characters’ Outputs the total number
stroke counts of Pinyin characters for
the sample text

End End

Figure 3.5.1 Flowcharts for the basic procedures for calculating the needed number of presses

using Stroke IME (left) and Pinyin IME (right).
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3.6  Programs Break Down

3.6.1 The Stroke IME

The calculations of strokes for each character are achieved through an array that contains all
GB2312 characters’ stroke counts, which is arranged in the order of those having smallest to
greatest bytes. Since GB2312 requires 2 bytes to represent a Chinese character, or 16 bits, the

bytes can be divided into a high byte and a low byte, where high byte holds the most significant

part of the integer. [13] For instance, Chinese character “—” (one) has a GB2312 code of

“D2BB”, so the high byte and low byte would respectively be D2 and BB.

private static int[] gb2312StrokeCount = {
/% BO %/
10,7,10, 10, 8, 10, 9, 11, 17, 14, 13, 5, 13, 1@, 12, 15, 1o, 6,
10,9,13, 8, 10, 1o, 8, 8, 1o, 5, 1o, 14, 16, 9, 12, 12, 15, 15, 7,
10,5, 5, 7, 10, 2, 9, 4, 8, 12, 13, 7, 1e, 7, 21, 10, 8, 5, 9, 6, 13,
8, 8, 9, 13, 12, 10, 13, 7, 10, 10, 8, 8, 7, 8, 7, 19, 5, 4, 8, 5,
9, 10, 14, 14, 9, 12, 15, 1o, 15, 12, 12, 8, 9, 5, 15, 10,
/% Bl %/
16, 13, 9, 12, 8, 8, 8, 7, 15, 10, 13, 19, 8, 13, 12, 8, 5, 12, 9,
4, 9, 10, 7, 8, 12, 12, 10, 8, 8, 5, 11, 11, 11, 9, 9, 18, 9, 12,
14, 4, 13, 10, 8, 14, 13, 14, 6, 10, 9, 4, 7, 13, 6, 11, 14, 5, 13,
16, 17, 16, 9, 18, 5, 12, 8, 9, 9, 8, 4, 16, 16, 17, 12, 9, 11, 15,
8, 19, 16, 7, 15, 11, 12, 16, 13, 1e, 13, 7, 6, 9, 5, 8, 9, 9,
/% B2 %/
1e, 6, 8, 11, 15, 8, 1e, 8, 12, 9, 13, 1e, 14, 7, 8, 11, 11, 14,
12, 8, 7, 1e, 2, 1e, 7, 11, 4, 5, 7, 19, 10, 8, 17, 11, 12, 7, 3,
7, 12, 15, 8, 11, 11, 14, 16, 8, 10, 9, 11, 11, 7, 7, 10, 4, 7, 17,
16, 16, 15, 11, 9, 8, 12, 8, 5, 9, 7, 19, 12, 3, 9, 9, 9, 14, 12,
14, 7, 9, 8, 8, 10, 10, 12, 11, 14, 12, 11, 13, 11, 6, 11, 19, 8,
11,
/* B3 x/
6, 9, 11, 4, 11, 7, 2, 12, 8, 11, 1e, 12, 7, 9, 12, 15, 15, 11, 7,
8, 4, 7, 15, 12, 7, 15, 1e, 6, 7, 6, 11, 7, 7, 7, 12, 8, 15, 10, 9,
16, 6, 7, 10, 12, 12, 15, 8, 8, 1e, 1o, 10, 6, 13, 9, 11, 6, 7, 6,
6, 10, 8, 8, 4, 7, 10, 5, 9, 6, 6, 6, 11, 8, 8, 13, 12, 14, 13, 13,
13, 4, 11, 14, 4, 10, 7, 5, 16, 12, 18, 12, 13, 12, 9, 13,
/* B4 x/
10, 12, 24, 13, 13, 5, 12, 3, 9, 13, 7, 11, 12, 7, 9, 12, 15, 7, 6,
6, 7, 8, 11, 13, 8, 9, 13, 15, 10, 11, 7, 21, 18, 11, 11, 9, 14,
14, 13, 13, 10, 7, 6, 8, 12, 6, 15, 12, 7, 5, 4, 5, 11, 11, 15, 17,
9, 19, 16, 12, 14, 11, 13, 10, 13, 14, 11, 14, 7, 6, 3, 14, 15, 12,
11, 10, 13, 12, 6, 12, 14, 5, 3, 7, 4, 12, 17, 9, 9, 5, 9, 11, 9,
11,
/* B5 x/
9, 10, 8, 4, 8, 10, 11, 9, 5, 12, 7, 11, 11, 8, 11, 11, 6, 9, 10,
9, 10, 2, 10, 17, 1o, 7, 11, 6, 8, 15, 11, 12, 11, 15, 11, 8, 19,
6, 12, 12, 17, 14, 4, 12, 7, 14, 8, 10, 11, 7, 1@, 14, 14, 8, 8, 6,
12, 11, 9, 7, 10, 12, 16, 11, 13, 13, 9, 8, 16, 9, 5, 7, 7, 8, 11,
12, 11, 13, 13, 5, 16, 10, 2, 11, 6, 8, 10, 12, 1@, 14, 15, 8, 11,

Figure 3.6.1.1 An array that contains all GB2312 characters’ stroke counts with hexadecimal
numbers annotated in between the array, indicating the characters with the same high bytes

are below the number.
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The high byte and low byte are then used to locate the character’s stroke count in the array.
Revealed in figure 3.6.1.2, as the array only contains stroke counts for characters with high
bytes that are within the range from BO to F7, characters that are outside of the range are
excluded and thus return O for stroke counts. This also applies to characters with low bytes that

are not within the range from Al to FE.

private static int getStrokeCount(int highByte, int lowByte)

{
if (highByte < 0xB® || highByte > OxF7 || lowByte < @xAl || lowByte > @xFE)
{
return 0;
}
int offset = (highByte - @xB@) * (OxFE - 0xA@) + (lowByte - @xAl);
return gb2312StrokeCount [offset];
}

Figure 3.6.1.2 Method of getStrokeCount(int highByte, int lowByte)

The integer, offset, is the location of inputted character’s stroke count that is stored in the
array gb2312StrokeCount[]. Since the gh2312StrokeCount[] array begins from characters with
high bytes of B0, and in each high byte, there are FE — AO numbers of characters, so offset can
locate its final result to those with the same high bytes using (highByte — 0xB@) * (OxFE —
0xAQ). Then, the exact location within the category of high byte is calculated by (lowByte —

0xA1), which returns the stroke count of the character using “return
gb2312StrokeCount [offset];”

As a result, by repeating the above process for each character in the entire inputted passage

using a for loop, the program is able to return the total number of presses required for Stroke

IME to input the passage.

18



3.6.2 The Pinyin IME

Calculating the Pinyin count of each character inside a passage primarily relies upon a finished

JAR file named “pinyin4j-2.0.0”. [14] The application outputs six types of Pinyin of the user’s

inputted Chinese character.

[ NON | pinyin4j-2.0.0 applet demo
Input Chinese: — Format: ~ WITH_TONE_NUMBER E WITH_U_AND_COLON E
Formatted Hanyu Pinyin
Hanyu Pinyin Tongyong Pinyin Wade-CGiles Pinyin
yil yil il
MPSII Pinyin Yale Pinyin Gwoyeu Romatzyh
yil yil i

Convert to Pinyin

Figure 3.6.2.1 Finding the Pinyin of character “—"(one) using the JAR file

public static String getPinYin(String texts)
{

HanyuPinyinOutputFormat format = new HanyuPinyinOutputFormat();

format.setCaseType(HanyuPinyinCaseType.LOWERCASE) ;
format.setToneType(HanyuPinyinToneType.WITHOUT_TONE);
format.setVCharType(HanyuPinyinVCharType.WITH_V);

char[] input = texts.trim().toCharArray();
String output = "";

try {
for (int i = @; i < input.length; i++) {
if (java.lang.Character.toString(input[i]).matches (" [\\u4E00-\\u9FA5]+")) {
String[] temp = PinyinHelper.toHanyuPinyinStringArray(input[i]l, format);
output += temp[@];
} else
output += java.lang.Character.toString(input[i]);
¥
} catch (BadHanyuPinyinOutputFormatCombination e) {
e.printStackTrace();
}

return output;

Figure 3.6.2.2 Method of getPinYin(String texts)

19



Demonstrated in figure 3.6.2.2, the program first initializes its Pinyin format to all lowercase,
without tone and with v (Pinyin has a special character “i” that can also be exchanged with
character “v”). While String texts is the excerpts passage, it is broken down into a character
array. In the for loop, the program detects if the character matches one of the Chinese
characters, then it outputs the Pinyin of the character, and otherwise, it would return the

character itself.

System.out.println("Total Press counts using Pinyin IME: " + getPinYin(txt).length());

Figure 3.6.2.3 Outputs the total number of presses using Pinyin IME in the main method

After receiving all the Pinyin of the passage, the total number of Pinyin characters can be

obtained using “.length()", displayed in figure 3.6.2.3.

20



4. Experiment

4.1 Results Table

Results

Presses required for (IME)
Sample Text Word Count Pinyin IME Stroke IME
#1 Three Body 408 1258 2850
#2 Steve Jobs 380 1134 2746
#3 Little Prince 374 1074 2685
Average 387.33 1155.33 2760.33

Figure 4.1.1 The word counts and presses required for sample texts using the two IMEs

4.2 Results Graph

3000
2500
2000

1500

Presses

1000
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Death’s End in Remembrance of

Earth’s Past

Steve Jobs

Little Prince

m Stroke IME  m Pinyin IME

Figure 4.2.1 The presses needed for entering sample texts using the two IMEs in bar graph
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5. Evaluation

Although the results data demonstrate vast differences of efficiency in terms of the number of
presses, the computation of presses for the two Chinese IMEs in inputting a sample text does
not guarantee an accurate concept of efficiency comparison. There is a flaw that causes the
huge uncertainty to the results, where entering Pinyin into the IME does not occupy the entire
time for inputting. As explained earlier, user must select the exact character to input from a
group of characters after inputting Pinyin, since there are often dozens or hundreds of Chinese
characters with the same pronunciations displayed for selection, whereas entering the full
strokes of a Chinese character in stroke IME bypasses the further selection but at a cost of

spending much more time.

The results compare the time necessary to input raw Pinyin and strokes to recognize Chinese
characters but neglect the time taken for the selection of characters. The selection increases
the time required for inputting with Pinyin IME, which is more than the time returned through
the experiment. This is a huge uncertainty that impacts the factuality of obtained results, since
the time consumed when selecting characters is unable to be calculated due to a variety of
reasons as there is no defined unit to measure the time it takes, and it is rather down to user’s
ability to react quickly when he/she finds the needed character. But after all, as previously
mentioned, it is largely minimized by the Hidden Markov Model by arranging the mostly likely
selected characters at the front and the least ones at the back when user is choosing a

character from an inputted Pinyin.

In my personal experience with Pinyin IME, | rarely encounter situations where | am in need of
browsing through pages and pages of possible characters to find the right one besides when
inputting sophisticated characters from literatures. In most cases, only a glance is needed to
input a character. In addition, despite that there are around 100,000 characters in Chinese,
statistics have shown that 1,000 common characters can cover around 92% of written data,

while 3,000 characters can reach up to 99% of them. [15] This supports the reason why the
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further selection of characters does not occupy too much time and can be perhaps neglected to

a certain extent.

6. Conclusion

The aim of the essay is to assess the efficiency of Chinese Pinyin IME and Chinese Stroke IME.
Based on the results, we can approximately ensure that Pinyin IME requires less presses to
input an excerpt than Stroke IME needed, which means that Pinyin IME has a greater efficiency

than Stroke IME, proving the reason why it is the most popular IME in the Chinese market.

Throughout the investigation, we found out a major difference between the two IMEs is that
Pinyin IME has a selection process after inputting Pinyin, which requires the utilization of HMM
to minimize the time consumed by the process. This is what contributes to the great efficiency
of Pinyin IME, or else user may be always struggling to find a character from hundreds of
characters. As algorithms are being improved, newly developed algorithms such as the
Recurrent Neutral Network (RNN) are gradually attempted by many Pinyin IMEs to provide
greater accuracy and efficiency in the past few years, but the Hidden Markov Model is still the
most mature algorithm in the field of Pinyin IME, emphasizing the importance of algorithm that

impacts the efficiency of Pinyin IME. [16]

On the other hand, despite the low efficiency of Stroke IME, it still serves its role of being an
easy-to-learn IME for people who do not know Pinyin and are willing to be proficient in an IME
using the least amount of time, but at the cost of spending more time to input characters than

Pinyin IME.
After all, | hope this paper can present some useful information about Chinese IMEs in general

and project the effect of the statistical model on the Pinyin IME by comparing the most popular

used Pinyin IME with the less commonly used Stroke IME.
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8. Appendix

8.1 Codes for Pinyin IME (Java, retrieved from
https://blog.csdn.net/qag 40083897/article/details/85779162)

import net.sourceforge.pinyin4j.PinyinHelper;
public static void main(String[] args) {

String txt =
System.out.println("Total Press counts using Pinyin IME: " + getPinYin(txt).length());

wn,
’

}

public static String getPinYin(String texts) {
HanyuPinyinOutputFormat format = new HanyuPinyinOutputFormat();

format.setCaseType(HanyuPinyinCaseType.LOWERCASE) ;
format.setToneType(HanyuPinyinToneType.WITHOUT_TONE) ;
format.setVCharType(HanyuPinyinVCharType.WITH_V);

char[] input = texts.trim().toCharArray();
String output = "";

try {
for (int i = @; i < input.length; i++) {
if (java.lang.Character.toString(input[i]).matches (" [\\u4EQQ-\\u9FA5]+")) {
String[] temp = PinyinHelper.toHanyuPinyinStringArray(input[i], format);
output += temp[0];
} else
output += java.lang.Character.toString(input[i]l);
¥
} catch (BadHanyuPinyinOutputFormatCombination e) {
e.printStackTrace();
¥

return output;
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8.2 Codes for Stroke IME (Java, retrieved from
https://blog.csdn.net/tsyj810883979/article/details/6500709)

import java.io.FileNotFoundException;
public static void main(String[] args) throws FileNotFoundException {

String txt = “";
int totalStrokeCount = 0;
for (int i = @0; i < txt.length(); i++)
{
totalStrokeCount = totalStrokeCount +
getStrokeCount(String.valueOf(txt.charAt(i)));
¥
System.out.println("Total stroke count: " + totalStrokeCount);

b

public static int getStrokeCount(String character)

try {
byte[] gb2312Bytes = character.getBytes('gbh2312");
if (gb2312Bytes == null || gb2312Bytes.length > 2 || gb2312Bytes.length <= 0@ ||
gh2312Bytes.length == 1)
{

return 0;

¥
if (gb2312Bytes.length == 2)

{
int highByte = 256 + gb2312Bytes[0];
int lowByte = 256 + gb2312Bytes[1];
return getStrokeCount(highByte, lowByte);
¥

} catch (UnsupportedEncodingException e) {
// Auto-generated catch block
e.printStackTrace();

¥
return 0;
¥
private static int getStrokeCount(int highByte, int lowByte)
{
if (highByte < 0xB@ || highByte > OxF7 || lowByte < @xAl || lowByte > OXFE)
{
return 0;
int offset = (highByte - 0xB@) * (@xFE - 0xA@) + (lowByte — 0xAl);
return gb2312StrokeCount[offset];
¥

private static int[] gb2312StrokeCount = {
/* BO *x/
10,7,10, 10, 8, 10, 9, 11, 17, 14, 13, 5, 13, 10, 12, 15, 10, 6,
10,9,13, 8, 10, 10, 8, 8, 10, 5, 10, 14, 16, 9, 12, 12, 15, 15, 7,
10,5, 5, 7, 1e, 2, 9, 4, 8, 12, 13, 7, 1le, 7, 21, 10, 8, 5, 9, 6, 13,
8, 8, 9, 13, 12, 10, 13, 7, 10, 10, 8, 8, 7, 8, 7, 19, 5, 4, 8, 5,
9, 10, 14, 14, 9, 12, 15, 1e, 15, 12, 12, 8, 9, 5, 15, 10,
/* Bl %/
16, 13, 9, 12, 8, 8, 8, 7, 15, 1o, 13, 19, 8, 13, 12, 8, 5, 12, 9,
4, 9, 1le, 7, 8, 12, 12, 10, 8, 8, 5, 11, 11, 11, 9, 9, 18, 9, 12,
14, 4, 13, 10, 8, 14, 13, 14, 6, 1o, 9, 4, 7, 13, 6, 11, 14, 5, 13,
16, 17, 16, 9, 18, 5, 12, 8, 9, 9, 8, 4, 16, 16, 17, 12, 9, 11, 15,
8, 19, 16, 7, 15, 11, 12, 16, 13, 10, 13, 7, 6, 9, 5, 8, 9, 9,
/* B2 *x/
10, 6, 8, 11, 15, 8, 1o, 8, 12, 9, 13, 1o, 14, 7, 8, 11, 11, 14,
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12, 8, 7, 1e, 2, 1o, 7, 11, 4, 5, 7, 19, 1o, 8, 17, 11, 12, 7, 3,
7, 12, 15, 8, 11, 11, 14, 16, 8, 10, 9, 11, 11, 7, 7, 10, 4, 7, 17,
16, 16, 15, 11, 9, 8, 12, 8, 5, 9, 7, 19, 12, 3, 9, 9, 9, 14, 12,
14, 7, 9, 8, 8, 10, 10, 12, 11, 14, 12, 11, 13, 11, 6, 11, 19, 8,
11,

/* B3 x/

6, 9, 11, 4, 11, 7, 2, 12, 8, 11, 1o, 12, 7, 9, 12, 15, 15, 11, 7,
8, 4, 7, 15, 12, 7, 15, 1e, 6, 7, 6, 11, 7, 7, 7, 12, 8, 15, 10, 9,
16, 6, 7, 1o, 12, 12, 15, 8, 8, 10, 1o, 10, 6, 13, 9, 11, 6, 7, 6,
6, 10, 8, 8, 4, 7, 10, 5, 9, 6, 6, 6, 11, 8, 8, 13, 12, 14, 13, 13,
13, 4, 11, 14, 4, 1e, 7, 5, 16, 12, 18, 12, 13, 12, 9, 13,

/* B4 x/

1e, 12, 24, 13, 13, 5, 12, 3, 9, 13, 7, 11, 12, 7, 9, 12, 15, 7, 6,
6, 7, 8, 11, 13, 8, 9, 13, 15, 1o, 11, 7, 21, 18, 11, 11, 9, 14,
14, 13, 13, 1e, 7, 6, 8, 12, 6, 15, 12, 7, 5, 4, 5, 11, 11, 15, 17,
9, 19, 16, 12, 14, 11, 13, 10, 13, 14, 11, 14, 7, 6, 3, 14, 15, 12,
11, 1e, 13, 12, 6, 12, 14, 5, 3, 7, 4, 12, 17, 9, 9, 5, 9, 11, 9,
11,

/* B5 x/

9, 1o, 8, 4, 8, 10, 11, 9, 5, 12, 7, 11, 11, 8, 11, 11, 6, 9, 10,
9, 1o, 2, 1o, 17, 1o, 7, 11, 6, 8, 15, 11, 12, 11, 15, 11, 8, 19,
6, 12, 12, 17, 14, 4, 12, 7, 14, 8, 1o, 11, 7, 10, 14, 14, 8, 8, 6,
12, 11, 9, 7, 1o, 12, 16, 11, 13, 13, 9, 8, 16, 9, 5, 7, 7, 8, 11,
12, 11, 13, 13, 5, 16, 10, 2, 11, 6, 8, 10, 12, 10, 14, 15, 8, 11,
13,

/* B6 x/

2, 7, 5,7, 8, 12, 13, 8, 4, 6, 5, 5, 12, 15, 6, 9, 8, 9, 7, 9, 11,
7, 4, 9, 7, 10, 12, 10, 13, 9, 12, 9, 1o, 11, 13, 12, 7, 14, 7, 9,
12, 7, 14, 12, 14, 9, 11, 12, 11, 7, 4, 5, 15, 7, 19, 12, 10, 7, 9,
9, 12, 11, 9, 6, 6, 9, 13, 6, 13, 11, 8, 12, 11, 13, 10, 12, 9, 15,
6, 10, 10, 4, 7, 12, 11, 10, 10, 6, 2, 6, 5, 9, 9, 2,

/* B7 x/

9, 5,9, 12, 6, 4, 9, 8, 9, 18, 6, 12, 18, 15, 8, 8, 17, 3, 10, 4,
7, 8, 8,5,7,7,7,7, 4,8, 8, 6,7, 6,6, 7, 8 11, 8, 11, 3, 8,
ie, 1o, 7, 8, 8, 8, 9, 7, 11, 7, 8, 4, 7, 7, 12, 7, 10, 8, 6, 8,
12, 12, 4, 9, 8, 13, 1o, 12, 4, 9, 11, 10, 5, 13, 6, 8, 4, 7, 7, 4,
15, 8, 14, 7, 8, 13, 12, 9, 11, 6, 9, 8,

/* B8 x/

i1e, 11, 13, 11, 5, 7, 7, 11, 1e, 1o, 8, 11, 12, 8, 14, 9, 11, 18,
12, 9, 12, 5, 8, 4, 13, 6, 12, 4, 7, 6, 13, 8, 15, 14, 8, 7, 13, 9,
11, 12, 3, 5, 7, 9, 9, 7, 1o, 13, 8, 11, 21, 4, 6, 9, 9, 7, 7, 7,
12, 7, 16, 1o, 1o, 14, 1o, 16, 13, 15, 15, 7, 10, 14, 12, 4, 11,
1e, 8, 12, 9, 12, 1o, 12, 9, 12, 11, 3, 6, 9, 10, 13, 10, 7, 8, 19,
/* B9 x/

1e, 1o, 11, 3, 7, 5, 1o, 11, 8, 10, 4, 9, 3, 6, 7, 9, 7, 6, 9, 4,
7, 8, 8,9, 8, 8, 11, 12, 11, 8, 14, 7, 8, 8, 8, 13, 5, 11, 9, 7,
8, 9, 1o, 8, 12, 8, 5, 9, 14, 9, 13, 8, 8, 8, 12, 6, 8, 9, 6, 14,
11, 23, 12, 20, 8, 6, 3, 10, 13, 8, 6, 11, 5, 7, 9, 6, 9, 8, 9, 10,
8, 13, 9, 8, 12, 13, 12, 12, 1o, 8, 8, 14, 6, 9, 15, 9, 10, 10, 6,
1e, 9, 12, 14, 7, 12, 7, 11, 12, 8, 12, 7, 16, 16, 10, 7, 16, 10,
11, 6, 5, 5, 8, 1o, 17, 17, 14, 11, 9, 6, 10, 5, 10, 8, 12, 10, 11,
1e, 5, 8, 7, 6, 11, 13, 9, 8, 11, 14, 14, 15, 9, 15, 12, 11, 9, 9,
9, 10, 7, 15, 16, 9, 8, 9, 10, 9, 11, 9, 7, 5, 6, 12, 9, 12, 7, 9,
10, 6, 8, 5, 8, 13, 10, 12, 9, 15, 8, 15, 12,

/* BB x/

8, 8, 11, 7, 4, 7, 4, 7, 9, 6, 12, 12, 8, 6, 4, 8, 13, 9, 7, 11, 7,
6, 8, 10, 7, 12, 1o, 11, 10, 12, 13, 11, 10, 9, 4, 9, 12, 11, 16,
i5, 17, 9, 11, 12, 13, 1o, 13, 9, 11, 6, 9, 12, 17, 9, 12, 6, 13,
1e, 15, 5, 12, 11, 1o, 11, 6, 10, 5, 6, 9, 9, 9, 8, 11, 13, 9, 11,
i7, 9, 6, 4, 1o, 8, 12, 16, 8, 11, 5, 6, 11, 6, 13, 15, 10, 14,

/* BC x/

6, 5, 9, 16, 4, 7, 10, 11, 12, 6, 7, 12, 13, 20, 12, 3, 9, 10, 6,
7, 13, 6, 9, 2, 1e, 3, 13, 7, 16, 8, 6, 11, 8, 11, 9, 11, 11, 4, 5,
9, 7, 7, 7, 10, 6, 14, 9, 6, 8, 10, 5, 9, 12, 10, 5, 10, 11, 15, 6,
9, 8, 13, 7, 10, 7, 6, 11, 7, 13, 10, 8, 8, 6, 12, 9, 11, 9, 14,
12, 8, 1o, 13, 9, 11, 11, 9, 14, 13, 12, 9, 4, 13, 15, 6,

/* BD x/

10, 10, 9, 8, 11, 12, 10, 8, 15, 9, 9, 1o, 6, 19, 12, 10, 9, 6, 6,
13, 8, 15, 12, 17, 12, 10, 6, 8, 9, 9, 9, 20, 12, 11, 11, 8, 11, 9,
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7, 9, 16, 9, 13, 11, 14, 10, 10, 5, 12, 12, 11, 9, 11, 12, 6, 14,
7, 5, 1e, 8, 11, 13, 14, 9, 9, 13, 8, 7, 17, 7, 9, 10, 4, 9, 9, 8,
3, 12, 4, 8, 4, 9, 18, 10, 13, 4, 13, 7, 13, 1o, 13, 7, 10, 10,

/* BE x/

6, 7, 9, 14, 8, 13, 12, 16, 8, 11, 14, 13, 8, 4, 19, 12, 11, 14,
14, 12, 16, 8, 10, 13, 11, 1o, 8, 9, 12, 12, 7, 5, 7, 9, 3, 7, 2,
1e, 11, 11, 5, 6, 13, 8, 12, 8, 17, 8, 8, 10, 8, 8, 11, 7, 8, 9, 9,
8, 14, 7, 11, 4, 8, 11, 15, 13, 10, 5, 11, 8, 10, 10, 12, 10, 10,
11, 8, 1e, 15, 23, 7, 11, 1e, 17, 9, 6, 6, 9, 7, 11, 9, 6, 7, 10,
/* BF x/

9, 12, 10, 9, 1o, 12, 8, 5, 9, 4, 12, 13, 8, 12, 5, 12, 11, 7, 9,
9, 11, 14, 17, 6, 7, 4, 8, 6, 9, 10, 15, 8, 8, 9, 12, 15, 14, 9, 7,
9, 5, 12, 7, 8, 9, 10, 8, 11, 9, 1o, 7, 7, 8, 10, 4, 11, 7, 3, 6,
11, 9, 1e, 13, 8, 14, 7, 12, 6, 9, 9, 13, 1o, 7, 13, 8, 7, 10, 12,
6, 12, 7, 1e, 8, 11, 7, 7, 3, 11, 8, 13, 12, 9, 13, 11,

/*x CO x/

12, 12, 12, 8, 8, 10, 7, 9, 6, 13, 12, 8, 8, 12, 14, 12, 14, 11,
1e, 7, 13, 13, 11, 9, 8, 16, 12, 5, 15, 14, 12, 9, 16, 12, 9, 13,
11, 12, 1e, 11, 8, 1o, 1o, 1o, 7, 7, 6, 8, 9, 13, 10, 10, 11, 5,
13, 18, 16, 15, 11, 17, 9, 16, 6, 9, 8, 12, 13, 7, 9, 11, 11, 15,
16, 1o, 1o, 13, 11, 7, 7, 15, 5, 1o, 9, 6, 10, 7, 5, 7, 10, 4, 7,

12, 5, 11, 7, 8, 2, 14, 1e, 9, 12, 10, 7, 18, 13, 8, 10, 8, 11, 11,
12, 1o, 9, 8, 13, 1o, 11, 13, 7, 7, 11, 12, 12, 9, 1o, 15, 11, 14,
7, 16, 14, 5, 15, 2, 14, 17, 14, 1o, 6, 12, 10, 6, 11, 12, 8, 17,
16, 9, 7, 20, 11, 15, 10, 7, 8, 9, 11, 13, 13, 1o, 7, 11, 1o, 7,
le, 8, 11, 5, 5, 13, 11, 14, 12, 13, 10, 6, 15, 10, 9, 4, 5, 11, 8,

11, 8, 8, 7, 13, 9, 12, 15, 14, 8, 7, 5, 11, 7, 8, 11, 7, 8, 12,
19, 13, 21, 13, 1o, 11, 16, 12, 8, 7, 15, 7, 6, 11, 8, 10, 15, 12,
12, 1e, 12, 9, 11, 13, 11, 9, 10, 9, 13, 7, 7, 11, 11, 7, 8, 6, 4,
7, 7, 6, 11, 17, 8, 11, 13, 14, 14, 13, 12, 9, 9, 9, 6, 11, 7, 8,
9, 3, 9, 14, 6, 10, 6, 7, 8, 6, 9, 15, 14, 12, 13, 14, 11, 14, 14,
/* C3 x/

13, 6, 9, 8, 8, 6, 10, 11, 8, 13, 4, 5, 10, 5, 8, 9, 12, 14, 9, 3,
8, 8, 11, 14, 15, 13, 7, 9, 12, 14, 7, 9, 9, 12, 8, 12, 3, 7, 5,
11, 13, 17, 13, 13, 11, 11, 8, 11, 15, 19, 17, 9, 11, 8, 6, 10, 8,
8, 14, 11, 12, 12, 1o, 11, 11, 7, 9, 1o, 12, 9, 8, 11, 13, 17, 9,
12, 8, 7, 14, 5, 5, 8, 5, 11, 1o, 9, 8, 16, 8, 11, 6, 8, 13, 13,

/*x C4 x/

14, 19, 14, 14, 16, 15, 20, 8, 5, 10, 15, 16, 8, 13, 13, 8, 11, 6,
9, 8, 7, 7, 8, 5, 13, 14, 13, 12, 14, 4, 5, 13, 8, 16, 10, 9, 7, 9,
6, 9, 7, 6, 2, 5,9, 8, 9, 7, 10, 22, 9, 10, 9, 8, 11, 8, 10, 4,
14, 1o, 8, 16, 1o, 8, 5, 7, 7, 1o, 13, 9, 13, 14, 8, 6, 15, 15, 11,
8, 10, 14, 5, 7, 1e, 10, 19, 11, 15, 15, 10, 11, 9, 8, 16, 5,

/* C5 x/

8, 8, 4,7, 9,7, 10, 9, 6, 7, 5, 7, 9, 3, 13, 9, 8, 9, 17, 20, 10,
1e, 8, 9, 8, 18, 7, 11, 7, 11, 9, 8, 8, 8, 12, 8, 11, 12, 11, 12,
9, 19, 15, 11, 15, 9, 1o, 7, 9, 6, 8, 10, 16, 9, 7, 8, 7, 9, 10,
12, 8, 8, 9, 11, 14, 12, 10, 1o, 8, 7, 12, 9, 10, 8, 11, 15, 12,
13, 12, 13, 16, 16, 8, 13, 11, 13, 8, 9, 21, 7, 8, 15, 12, 9,

/* C6 x/

11, 12, 1e, 5, 4, 12, 15, 7, 20, 15, 11, 4, 12, 15, 14, 16, 11, 14,
16, 9, 13, 8, 9, 13, 6, 8, 8, 11, 5, 8, 1o, 7, 9, 8, 8, 11, 11, 10,
14, 8, 11, 1o, 5, 12, 4, 1o, 12, 11, 13, 10, 6, 10, 12, 10, 14, 19,
18, 12, 12, 1e, 11, 8, 2, 1o, 14, 9, 7, 8, 12, 8, 8, 11, 11, 10, 6,
14, 8, 6, 11, 10, 6, 3, 6, 7, 9, 9, 16, 4, 6, 7, 7, 8, 5, 11,

/*x C7 x/

9 9, 9, 6, 8, 10, 3, 6, 13, 5, 12, 11, 16, 10, 10, 9, 15, 13, 8,
15, 11, 12, 4, 14, 8, 7, 12, 7, 14, 14, 12, 7, 16, 14, 14, 10, 10,
17, 6, 8, 5, 16, 15, 12, 1o, 9, 1o, 4, 8, 5, 8, 9, 9, 9, 9, 10, 12,
13, 7, 15, 12, 13, 7, 8, 9, 9, 1o, 1e, 11, 16, 12, 12, 11, 8, 10,
6, 12, 7, 9, 5, 7, 11, 7, 5, 9, 8, 12, 4, 11, 6, 11, 8, 7, 11,

/* C8 x/

g, 11, 17, 15, 5, 11, 23, 6, 16, 10, 6, 11, 10, 4, 8, 4, 10, 8, 16,
7, 13, 14, 12, 11, 12, 13, 12, 16, 5, 9, 22, 20, 20, 20, 5, 9, 7,
9, 12, 10, 4, 4, 2, 7, 7, 6, 4, 3, 7, 6, 5, 4, 4, 6, 9, 13, 9, 16,
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14, 13, 1o, 9, 4, 12, 9, 6, 9, 20, 16, 17, 6, 10, 8, 6, 2, 15, 8,
6, 15, 13, 12, 7, 1o, 8, 1o, 15, 9, 11, 13, 17, 13, 14, 3, 8,

/* C9 x/

6, 12, 10, 13, 8, 12, 12, 6, 12, 13, 6, 10, 12, 14, 10, 9, 6, 8, 7,
7, 13, 11, 13, 12, 10, 9, 8, 7, 3, 7, 14, 8, 5, 8, 16, 17, 16, 12,
6, 10, 15, 14, 6, 11, 12, 10, 3, 8, 14, 11, 10, 12, 10, 6, 3, 14,
4, 10, 7, 8, 11, 11, 11, 6, 8, 11, 13, 10, 13, 1o, 7, 6, 10, 5, 8,
7, 7, 11, 1e, 8, 9, 7, 8, 11, 9, 8, 13, 11, 7, 5, 12, 9, 4, 11,

/* CA x/

9, 11, 12, 9, 5, 6, 5, 9, 9, 12, 8, 3, 8, 2, 5, 9, 7, 4,9, 9, 8,
7, 5,5,8,9,8,8,6,5, 3,5 9,38,9, 14, 10, 8, 9, 13, 16, 9,
5,8, 12, 8, 4, 5,9, 9, 8, 8,6, 4 9, 6, 7, 11, 11, 8, 14, 11,

i5, 8, 11, 1o, 7, 13, 8, 12, 11, 12, 4, 12, 11, 15, 16, 12, 17, 13,
13, 12, 13, 12, 5, 8, 9, 7, 6, 9, 14, 11, 13, 14,

/* CB x/

1e, 8, 9, 14, 10, 5, 5, 1e, 9, 17, 4, 11, 1e, 4, 13, 12, 7, 17, 9,
12, 9, 11, 1o, 9, 12, 15, 15, 9, 7, 5, 5, 6, 13, 6, 13, 5, 7, 6, 8,
3, 8, 10, 8, 10, 9, 7, 6, 9, 12, 15, 16, 14, 7, 12, 9, 10, 10, 12,
14, 13, 13, 11, 7, 8, 14, 13, 14, 9, 11, 11, 10, 21, 13, 6, 17, 12,
14, 1o, 6, 10, 10, 13, 11, 1o, 14, 11, 1o, 12, 8, 13, 5, 5, 6, 12,
/* CC x/

16, 9, 17, 15, 9, 8, 8, 5, 1o, 11, 4, 8, 7, 7, 13, 8, 15, 13, 7,
17, 13, 15, 14, 1o, 8, 12, 1o, 14, 11, 5, 9, 6, 13, 13, 11, 12, 15,
1e, 16, 1o, 15, 11, 15, 1o, 11, 10, 13, 10, 11, 10, 9, 11, 10, 5,
1e, 1o, 18, 13, 1o, 13, 11, 1o, 15, 12, 12, 15, 16, 12, 7, 12, 17,
11, 1o, 9, 8, 4, 11, 13, 5, 11, 9, 14, 12, 9, 7, 8, 11, 13, 9, 10,
8, 4, 7, 9,

/* CD x/

5, 6, 11, 9, 9, 9, 12, 10, 10, 13, 17, 6, 11, 7, 12, 11, 10, 12, 9,
12, 11, 7, 5, 1e, 5, 7, 9, 8, 10, 10, 10, 11, 3, 6, 8, 12, 6, 11,
13, 13, 13, 14, 9, 7, 4, 17, 8, 6, 11, 10, 7, 6, 8, 12, 7, 8, 12,
9, 9, 12, 9, 9, 4, 10, 9, 5, 15, 9, 12, 8, 10, 3, 11, 7, 13, 10,
11, 12, 11, 8, 11, 3, 12, 7, 4, 3, 8, 6, 8, 8, 11, 7, 6, 9,

/* CE x/

20, 13, 6, 4, 7, 1o, 7, 11, 11, 4, 14, 11, 7, 11, 8, 6, 6, 7, 7, 5,
14, 8, 9, 9, 12, 17, 7, 12, 11, 11, 15, 3, 14, 12, 1o, 4, 9, 7, 7,
14, 1o, 6, 13, 1o, 8, 9, 13, 1o, 12, 7, 14, 8, 12, 7, 7, 7, 9, 4,
6, 9,9, 4, 7, 11, 7, 7, 4, 8, 4, 10, 4, 14, 6, 9, 7, 5, 13, 11, 8,
4, 5, 10, 9, 8, 14, 8, 6, 11, 8, 12, 15, 6, 13, 10,

/* CF x/

12, 1e, 7, 11, 15, 3, 11, 14, 11, 13, 6, 12, 17, 11, 10, 3, 13, 12,
11, 9, 7, 12, 6, 8, 15, 9, 7, 17, 14, 13, 9, 8, 9, 3, 12, 10, 6,
11, 13, 6, 5, 14, 6, 9, 8, 11, 11, 7, 9, 8, 13, 9, 9, 8, 13, 7, 13,
11, 12, 9, 1o, 8, 8, 9, 11, 22, 9, 15, 17, 12, 3, 12, 10, 8, 13, 9,
8, 9, 9, 15, 13, 6, 11, 11, 12, 15, 9, 1o, 18, 12, 10, 10, 11, 10,
/* DO x/

3, 7, 1e, 7, 11, 1o, 10, 13, 8, 13, 15, 15, 6, 9, 13, 6, 11, 8, 11,
5, 11, 9, 19, 16, 8, 8, 12, 10, 16, 7, 12, 8, 7, 13, 7, 4, 9, 11,
9, 13, 12, 12, 6, 6, 9, 7, 6, 6, 16, 8, 7, 8, 8, 5, 4, 10, 6, 7,
12, 14, 6, 9, 10, 6, 13, 12, 7, 10, 1o, 14, 6, 14, 11, 14, 9, 10,
6, 13, 11, 9, 6, 7, 10, 9, 12, 12, 11, 11, 7, 12, 9, 11, 11, 5,

/* D1 x/

9, 19, 10, 9, 13, 16, 8, 5, 11, 6, 9, 14, 12, 6, 8, 6, 6, 6, 10, 6,
5 5,9, 6, 6, 8 9, 10, 7, 3, 7, 4, 10, 11, 13, 11, 12, 9, 6, 6,
11, 9, 11, 1eo, 11, 1o, 7, 9, 12, 8, 7, 7, 15, 11, 8, 8, 8, 11, 11,
9, 14, 10, 12, 16, 6, 9, 12, 10, 9, 12, 10, 11, 10, 9, 5, 10, 10,
7, 6, 8, 8, 6, 9, 6, 10, 6, 11, 9, 10, 14, 16, 13, 7, 14,

/* D2 x/

13, 6, 13, 11, 12, 9, 9, 1o, 9, 9, 20, 12, 15, 8, 6, 11, 7, 3, 6,
11, 5, 5, 6, 12, 8, 11, 1, 12, 7, 12, 11, 8, 6, 6, 13, 6, 12, 11,
5, 1o, 14, 7, 8, 9, 18, 12, 9, 10, 3, 1, 7, 4, 4, 7, 8, 7, 6, 3, 7,
i7, 11, 13, 9, 6, 13, 13, 15, 4, 3, 1o, 13, 8, 5, 10, 7, 6, 17, 11,
8, 9,9, 6, 10, 9, 6, 8, 7, 11, 11, 11, 7, 4, 4, 11,

/* D3 x/

5, 8, 15, 11, 18, 7, 14, 1o, 11, 11, 9, 14, 7, 17, 9, 15, 13, 12,
9, 9, 8, 7, 17, 10, 11, 13, 14, 13, 8, 8, 10, 5, 11, 9, 5, 9, 6,
11, 7, 4, 5, 7, 1e, 7, 8, 12, 7, 6, 4, 5, 7, 12, 9, 2, 5, 6, 11, 3,
8, 13, 13, 13, 14, 7, 9, 12, 8, 12, 12, 11, 11, 4, 10, 8, 3, 6, 9,
6, 9, 6, 5, 11, 6, 8, 6, 12, 12, 10, 12, 13, 11, 9, 8, 13,
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/* D4 x/

1e, 12, 12, 1e, 15, 5, 1o, 11, 1e, 4, 9, 1o, 1o, 12, 14, 7, 7, 10,
13, 13, 12, 7, 8, 14, 9, 9, 4, 6, 12, 11, 9, 8, 12, 4, 10, 10, 10,
4, 9, 4, 9, 4, 7, 15, 11, 1o, 13, 5, 5, 10, 6, 10, 9, 7, 10, 10, 6,
6, 9, 19, 12, 16, 10, 1o, 12, 14, 17, 12, 19, 8, 6, 16, 9, 20, 16,
ie, 7, 7, 17, 8, 8, 6, 8, 10, 9, 15, 15, 12, 16, 4, 12, 12, 5, 5,
/* D5 x/

11, 8, 9, 9, 14, 8, 5, 9, 7, 14, 10, 6, 10, 10, 14, 18, 9, 13, 11,
g, 1o, 8, 14, 11, 10, 22, 9, 5, 9, 10, 12, 11, 15, 11, 14, 14, 7,
12, 1e, 7, 3, 7, 8, 5, 8, 16, 13, 8, 9, 7, 8, 9, 13, 13, 6, 14, 5,
14, 7, 1e, 12, 16, 8, 13, 14, 7, 1leo, 9, 13, 1o, 13, 10, 16, 6, 7,
8, 8, 1e, 7, 15, 1o, 15, 6, 13, 9, 11, 8, 9, 6, 8, 16, 9, 5, 9,

/* D6 *x/

9, 10, 8, 7, 6, 8, 4, 7, 14, 8, 8, 10, 5, 3, 8, 11, 8, 12, 12, 6,
l1e, 8, 7, 9, 4, 11, 5, 6, 7, 7, 10, 11, 6, 10, 13, 8, 9, 8, 12, 10,
13, 8, 8, 11, 12, 8, 11, 4, 9, 8, 9, 10, 8, 9, 8, 9, 6, 6, 6, 8, 6,
9, 7, 12, 9, 7, 8, 8, 10, 8, 9, 17, 10, 10, 12, 6, 11, 10, 8, 10,
6, 1o, 12, 8, 17, 15, 5, 11, 9, 7, 11, 8, 12, 12,

/* D7 x/

7, 8, 9, 8,7, 4, 9, 4, 9, 8, 15, 14, 15, 10, 6, 12, 6, 15, 6, 7,
12, 13, 9, 14, 7, 11, 1o, 10, 1o, 8, 8, 10, 12, 8, 10, 11, 11, 7,
9, 9, 9, 10, 9, 12, 11, 7, 12, 5, 9, 13, 3, 6, 11, 6, 18, 12, 15,
g, 11, 9, 7, 7, 7, 9, 12, 1o, 7, 8, 11, 9, 7, 7, 8, 10, 20, 16, 15,
12, 13, 12, 15, 9, 5, 7, 9, 11, 7, 7, 1o, o0, 0, 0, 0, O,

/* D8 x/

3, 3, 3, 4, 4, 4, 5, 6, 6, 10, 10, 16, 1, 8, 1, 2, 3, 4, 4, 5, 5,
6, 9, 11, 14, 14, 19, 1, 8, 14, 2, 6, 4, 7, 7, 11, 14, 4, 6, 10,
11, 12, 14, 15, 16, 2, 5, 8, 11, 11, 15, 8, 7, 2, 4, 6, 7, 8, 8, 8,
9, 10, 10, 1o, 13, 13, 14, 14, 15, 16, 2, 8, 2, 4, 4, 4, 5, 5, 5,
5 6, 6, 6, 6, 6, 6, 6, 6,6, 7,7,7,7,17,

/* D9 x/

7! 7! 7! 7' 8' 8! 8! 8! 8' 8' 8! 8! 8' 8' 8' 8! 9! 9' 9' 9' 9! 9!
9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11,
11, 11, 11, 11, 11, 11, 12, 12, 12, 13, 14, 14, 14, 14, 14, 14, 15,
i5, 5, 6, 7, 7, 9, 17, 6, 8, 4, 12, 16, 17, 18, 21, 2, 9, 9, 11, 6,
6, 7, 2, 8, 10, 10, 11, 12, 12, 12, 13, 16, 19, 19, 2, 6, 8, 8,

/* DA x/

1e, 2, 10, 190, 2, 5, 5, 5, 6, 6, 6, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8,
8, 8,8,38,38,38,28,9, 99,9, 10, 10, 10, 10, 10, 10, 10, 11,
11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 13, 13,
14, 14, 14, 15, 15, 19, 2, 8, 2, 5, 5, 6, 6, 7, 7, 7, 7, 8, 9, 9,
1e, 1o, 10, 11, 11, 11, 16, 5, 5, 5, 5, 6, 6, 7, 7, 7, 7,

/* DB x/

7 7, 8, 8,8,8,38,8,8,9,9, 9,9, 9, 10, 10, 11, 11, 13, 13,
13, 14, 14, 1, 19, 17, 5, 7, 5, 7, 7, 8, 1o, 10, 11, 15, 9, 17,
20, 2, 2, 6, 10, 2, 5, 10, 12, 7, 9, 9, 14, 16, 16, 17, 6, 6, 6, 6,

6, 6, 6, 7, 7,7,8,8,8,8,8,8,8,8,8,8,9,9,9,9,09,09,
9 9, 9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11,

, 13, 14, 14, 14, 15, 20, 21,
’ 7' 7' 7! 7! 7’ 7' 7' 7! 7!

9 9,9, 9, 1o, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10,
1e, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11,
11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11,
11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12,
12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13,
13, 14, 14, 14, 14, 14, 14, 14,

14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16,
16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 18, 19, 19, 19, 20, 20, 22,
3, 9,6,7,9,9, 10, 10, 11, 3, 5, 5, 12, 3, 6, 7, 8, 8, 8, 8, 9,
9, 9, 10, 1o, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11,
12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13,
13, 14, 14, 14, 14,

/*x DF */
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14, 15, 15, 15, 15, 16, 16, 16, 17, 17, 19, 23, 25, 3, 7, 8, 12, 5,
5 5, 5,5, 5,6,6,6,7,7,7,7,7,7,7,7,7,7,7, 8, 8, 8,
8, 88,8,8,8,8,8,9,9,9,9,9,09,9,9,9,9,9,09, 09,09,
9 9,9,9,9,9,9,9, 09, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10,
ie, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11,

/* EOQ x/

11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12,
12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13,
13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14,
14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16,
16, 16, 16, 16, 17, 17, 19, 25, 3, 6, 6, 7, 7, 8, 9, 10, 11, 11,
16, 7, 8, 8, 8, 10, 11, 11,

/* E1 x/

11, 12, 14, 14, 15, 15, 6, 6, 7, 7, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8,
8, 8 8, 8,8, 8,8,9,9, 9,9, 10, 10, 11, 11, 11, 11, 11, 11,
11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 14, 15, 15,
i7, 17, 19, 3, 7, 8, 9, 9, 9, 10, 11, 11, 12, 13, 15, 16, 24, 3, 3,
5 6, 6, 6, 7, 7, 8, 8, 8, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10,

/* E2 x/

1e, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 14, 14, 15,
i5, 16, 17, 20, 6, 14, 12, 14, 3, 3, 6, 7, 7, 7, 7, 7, 8, 9, 10,
1e, 11, 12, 12, 13, 13, 14, 15, 15, 25, 5, 7, 7, 8, 9, 9, 11, 11,
11, 11, 12, 13, 14, 15, 16, 16, 17, 3, 5, 6, 6, 7, 7, 7, 7, 7, 7,
7, 7,7, 7,7, 8, 8,8,8,8,8,8,8,8,8,8,9,9,9,9,09,

/* E3 x/

9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11,
11, 12, 12, 12, 12, 12, 12, 12, 13, 13, 14, 15, 15, 15, 16, 16, 18,
8, 17, 4, 6, 7, 7, 7, 7, 9, 9, 1o, 10, 10, 11, 11, 11, 11, 11, 11,
12, 12, 13, 13, 13, 14, 3, 4, 8, 3, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7,
7! 7! 7! 7' 7' 8! 8! 8! 8' 8' 8! 8! 8' 8' 8' 8! 8! 8' 8' 8' 8!

/* E4 x/

9 9,9,9,9,9,9,9,9,9,9,09,09,09,09,09, 9, 9, 10, 10, 10,
1e, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11,
11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12,
12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13,
13, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15,
15, 15, 15, 15, 16,

/* E5 x/

16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 19, 19, 19, 20, 20, 21, 24,
3, 5,8, 8,9, 10, 12, 13, 14, 14, 15, 16, 16, 17, 17, 3, 7, 7, 8,
g8, 8 8, 8, 8, 8, 9, 9, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 12,
12, 12, 12, 13, 13, 13, 13, 15, 15, 16, 16, 17, 17, 18, 3, 11, 9,
12, 5, 9, 1o, 1o, 12, 14, 15, 21, 8, 8, 9, 11, 12, 22, 3, 6, 6, 7,
7, 7, 7,

/* E6 *x/

7,7, 7, 7, 7, 7, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10,
1e, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 13, 13,
13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 15, 16, 16, 17, 17, 20,
5 9,7,8,12,3,3,28,28,28,8, 8,8, 8,8, 9,9, 9, 10, 11, 11,
11, 11, 12, 12, 13, 13, 13, 14, 14, 15, 19, 20, 3, 6, 6, 6, 6, 6,
/* E7 x/

7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 10, 10, 10, 11, 11, 11, 11,
11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12,
13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 15, 15, 15, 16,
16, 16, 16, 19, 3, 15, 3, 8, 10, 6, 6, 8, 8, 8, 9, 9, 9, 9, 9, 9,
9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 12, 12, 12, 12, 12,
12, 12, 12,

/* E8 x/

12, 12, 13, 13, 13, 13, 13, 14, 14, 15, 15, 15, 15, 15, 15, 15, 16,
i7, 17, 17, 18, 20, 20, 13, 13, 14, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8,
8, 8,8,8,8,8,8,8,9,9,9,9,9,9,9,9,9,9,9,09, 09,09,
9, 9,9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10,
1e, 1o, 10, 10, 1o, 10, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12,
12,

/* E9 x/

12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13, 13,
13, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14,
14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16,
16, 16, 16, 16, 16, 16, 16, 17, 17, 17, 17, 18, 13, 14, 8, 9, 9, 9,
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11, 11, 11, 12, 12, 14, 16, 7, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 10,
10, 1o, 10, 11, 12, 12,

/* EA x/

12, 12, 13, 15, 16, 1o, 5, 8, 11, 12, 12, 13, 13, 13, 14, 14, 8, 9,
12, 16, 16, 17, 4, 6, 6, 7, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9,
1e, 1o, 10, 10, 1o, 10, 11, 11, 12, 13, 13, 14, 14, 16, 18, 18, 20,
21, 9, 9, 9, 9, 10, 10, 10, 10, 11, 11, 11, 12, 12, 14, 9, 10, 11,
12, 13, 14, 15, 15, 9, 13, 6, 8, 9, 11, 11, 12, 12, 12, 13, 14, 10,
11, 12,

/* EB x/

14, 17, 1e, 1e, 12, 12, 12, 13, 15, 16, 16, 22, 5, 6, 7, 7, 9, 10,
1e, 11, 13, 4, 11, 13, 12, 13, 15, 9, 15, 6, 7, 7, 7, 8, 8, 8, 8,
8, 8,8,8,9,9,9,9,9,09,09,09,09,09,09,09, 9, 10, 10, 10, 10,
1e, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12,
12, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 15, 15, 16, 17, 17,
17, 17,

/* EC x/

i7, 16, 7, 11, 12, 13, 13, 16, 9, 9, 12, 13, 16, 16, 4, 13, 13, 17,
12, 15, 16, 8, 10, 10, 1o, 11, 11, 13, 14, 7, 8, 8, 8, 9, 9, 9, 9,
9, 10, 10, 11, 11, 11, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 14,
15, 15, 15, 15, 16, 16, 16, 18, 21, 30, 4, 11, 13, 16, 8, 8, 9, 11,
12, 4, 7, 8, 8, 9, 9, 9, 9, 9, 9, 9, 10, 10, 12, 12, 13, 14, 16,
21, 7, 7,

/* ED x/

9, 10, 10, 10, 10, 10, 1o, 11, 13, 13, 14, 16, 16, 17, 17, 24, 4,
6, 8, 9, 12, 7, 8, 8, 9, 9, 9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10,
1e, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 12, 13, 13, 13, 13,
13, 14, 14, 14, 14, 14, 15, 15, 15, 16, 16, 17, 17, 18, 19, 18, 21,
11, 12, 17, 19, 8, 9, 9, 9, 9, 9, 10, 10, 10, 11, 11, 11, 11, 12,
12, 12, 12, 13, 13,

/* EE x/

13, 13, 14, 14, 14, 14, 15, 15, 16, 16, 16, 17, 18, 7, 8, 9, 9, 9,
1e, 12, 13, 17, 9, 1o, 1le, 12, 13, 14, 14, 16, 17, 17, 10, 16, 23,
5 6,6, 7,7,7,8,8,8,8,8,8,9,9,9,9,9,9,9,9,09,09,
1e, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10,
ie, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11,
11, 11, 11,

/* EF x/

11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12,
12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 13,
13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15,
15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 17, 17, 17,
i7, 17, 17, 17, 17, 17, 17, 18, 18, 18, 19, 20, 14, 9, 12, 13, 9,
9, 10, 10, 11, 12, 12, 12, 13, 13,

/* FO x/

15, 15, 16, 17, 18, 22, 9, 11, 12, 13, 17, 1o, 11, 7, 7, 8, 9, 9,
1e, 1o, 10, 10, 1o, 10, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12,
13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 15, 15, 16, 16, 16, 17, 17,
i7, 17, 18, 18, 22, 5, 7, 7, 8, 8, 9, 9, 10, 10, 10, 10, 10, 10,
1e, 1o, 11, 11, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13,
14, 14, 14, 14, 14, 14, 14,

/* F1 x/

15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 17, 18, 18, 18, 18,
21, 23, 11, 12, 8, 8, 9, 9, 10, 11, 13, 13, 14, 14, 14, 15, 5, 8,
9, 9, 9, 9, 10, 11, 11, 11, 11, 12, 12, 12, 12, 13, 13, 13, 13, 13,
13, 14, 14, 14, 14, 14, 15, 15, 16, 17, 19, 24, 5, 9, 11, 12, 9, 6,
9, 10, 12, 12, 13, 14, 15, 15, 16, 16, 22, 12, 8, 11, 11, 11, 12,
15, 16, 12, 9, 10, 10,

/* F2 x/

12, 12, 12, 12, 13, 15, 15, 16, 16, 16, 18, 20, 21, 6, 10, 7, 8, 9,
9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11,
11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 12, 12,
12, 12, 13, 13, 13, 13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14,
14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 15, 15,
15, 15, 15, 15, 16, 16, 16, 16,

/* F3 x/

16, 16, 16, 16, 16, 16, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17, 17,
18, 18, 18, 18, 19, 19, 19, 19, 20, 21, 24, 26, 6, 14, 17, 17, 10,
8, 9, 9, 9, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11,
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11, 11, 11, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 14, 14,
14, 14, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15, 16, 16, 16,
16, 16, 17, 17, 17, 17, 17, 17,

/* F4 x/

18, 18, 18, 19, 19, 19, 8, 9, 11, 12, 10, 1o, 9, 9, 9, 10, 10, 10,
1e¢, 11, 11, 11, 11, 12, 13, 13, 14, 15, 17, 18, 19, 10, 10, 11, 13,
13, 19, 11, 11, 13, 15, 15, 16, 9, 1o, 1o, 11, 11, 12, 12, 13, 14,
14, 14, 15, 15, 15, 15, 15, 16, 18, 6, 15, 9, 11, 12, 14, 14, 15,
15, 16, 17, 6, 12, 14, 14, 17, 25, 11, 19, 9, 12, 13, 13, 23, 11,
15, 1e, 11, 9, 10, 10, 10, 12,

12, 12, 13, 13, 13, 14, 14, 14, 14, 14, 15, 15, 16, 16, 16, 17, 17,
18, 19, 19, 19, 20, 20, 21, 7, 16, 10, 13, 14, 18, 18, 10, 10, 11,
11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 13, 13, 13,
14, 14, 15, 15, 15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16,
16, 17, 17, 17, 19, 19, 19, 19, 19, 20, 21, 22, 22, 23, 24, 7, 12,
13, 13, 17, 17, 11, 11, 12, 12, 13,

13, 14, 15, 13, 18, 12, 11, 12, 12, 14, 14, 16, 16, 16, 19, 19, 20,
22, 10, 13, 13, 13, 14, 14, 15, 15, 17, 8, 12, 20, 8, 10, 10, 13,
14, 18, 18, 14, 14, 15, 16, 17, 18, 18, 21, 24, 12, 12, 13, 13, 13,
13, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 15, 15, 15, 15,
15, 15, 15, 15, 15, 15, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16, 16,
16, 17, 17, 17, 17, 17, 17, 17, 17,

18, 18, 18, 18, 18, 19, 19, 19, 19, 19, 19, 20, 20, 20, 21, 14, 14,
15, 15, 16, 18, 18, 18, 19, 19, 13, 13, 14, 14, 14, 15, 15, 17, 17,
18, 18, 19, 19, 22, 14, 14, 15, 16, 16, 17, 19, 12, 15, 18, 22, 22,
1o, 13, 14, 15, 15, 16, 16, 16, 18, 19, 20, 23, 25, 14, 15, 17, 13,
16, 16, 17, 19, 19, 21, 23, 17, 17, 17, 18, 18, 19, 20, 20, 20, 20,
21, 17, 18, 20, 23, 23, 16, 17, 23

8.3  Excerpts Used for Independent Variables

Death’s End in Remembrance of Earth’s Past trilogy:

String txt = “FEEEAETECEW _HHXEERNNETELEZIMERTHIE BRILE

ST RPN S —E SRR AN+ E " B ENETENZEEFRENEETE L
EMS _HxATEE —MAET R ENE P 7 R — 4 TEE T B
REAREN 4B T ETEF = MK RINEREBAEAE LA T2 RITGRX R IRBIVEE
FNIRFABRHS SRV ASEFREARNX RS EERA S T RATHIES
WITERLZFZ MK FPORNFREX B TERRE K ANRERS T — Mk
— 4+ ERVEMRIUR BIMUIR BRI I X ik 8 oA E /) \FOFA X A plASARY
FEHRERTIXF R ERRRISEI SN NISERTRI AR B AR T SR i 4

1TERNMHEERE T NEFZERR BN R R EE L EIMIEERERRI— M KEZE
AU ER AT PLREEHREIARBAR— T WIREER HAAREV R A H T IRIE M
P TR AR S —NR W e 4t EERREX”
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Steve Jobs:

String txt = “FHBEIRIAE — (AR RRISCR R AMARAY A2 M S R T ARFE IRA TR A
XA TR 2 £ BifE0 T — i E ST iR E AR I E a2 S
[t 7 B SR E AP RIE EXIBAR R i SR B2 (BN E 2 T B A T BB TAZM
MEHERE R MAY B ERR K R EA NI R TEEE R JRIAIR )=
RENZET R HRFRINKERB OS5 & E EAEEZIRERAIER DR T 70 E
BRI IEE R M TR TR FE AR (15 AR A e S B tH R AR B R EICANFE A
RN AT AR HE R IR THRIX N e 2iE T RRNEE—FEE
MABREFEEXMAE 7 IRE LRI 7L HEX LTS ) LEERRSE 7 E22 B
BRI BA ) St R IR PR IR iZ 2 AR SR KSR R AT A LR
CRYEA G E M — R ERENFEE A B FEftEF R

The Little Prince:

String txt = “MILFAVIRBEFE KB — NI LM OE BRI RXMRR —BEIESLEN
R NFRIFRY AL TEEA SN ERVREANBMISIER T R BRI AL DR E S
IRETRITRE— MRS R T AR E CalF R EE AR TIIK (N E— 25
BRI LR RBFRIEFEL 7R —REEEE AR TEZERNE LERLGREARL
FEAHMETEF PR LR ZRBEIRE B RS UR TR HERIRHE— M B4ARIET
PRI SIERRERNERRI BN B ZIRT T XAAN ST Y EE RS SR RETE—R
HBFIERRHALHE—RBFHGE 7 EE—ERMERERRARBFMEE TER
W—MEEHFAVIVINIA) LB IETEAR) LiEEIE FEM IS ERIRAIRINAI—IE
HEESAERE MR AT RREXTFREIERILERARMIIEIR NS IBFFE T I
EZREER 7 EF T AR T AL ARSI 2 S MK R B BT —KE
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