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Abstract—The development of artificial intelligence and
machine learning has strengthened the deep integration of
information technology and education. Test questions are
important for students' daily practice as online learning
resources. Therefore, studying the matching method between
knowledge points and test questions has great meaning both in
theory and reality. In this paper, the cosine distance is used to
calculate the similarity between the knowledge points text and
the test questions text. The Word2vec model is used to distill
the character words to obtain word vectors. The similarity in

vector space is used to represent the semantic similarity of text.

On the similarity computing, we compared the method based
on Word2vec with TF-IDF word frequency statistics. It is
verified that the method based on Word2vec can quickly find
the relationship between knowledge points and test questions,
so0 as to provide technical support for education and teaching.

Keywords—Knowledge points, Cosine distance, Similarity,
Word2vec

I. INTRODUCTION

With the rapid development of information technology,
the online media represented by modern educational
resources plays an important role in the education
community. New educational methods and technologies
have become an important means for learners to acquire
knowledge. Tests are an effective way to examine the
learning effect of students. For example, the daily exercises
become a general way to check whether students have
mastered the target knowledge points. Therefore, by using
the matching methods between knowledge points and test
questions, it can help teachers find the correlation between
test questions and knowledge points. Furthermore, it not
only reduces the workload of teachers but also helps
teachers design appropriate test questions based on the
target knowledge points. Based on the information about
students’ learning on knowledge points, teachers can
conduct collective comments and personalized counseling,
and make timely adjustments in teaching strategies and
methods. In-depth research on data correlation of
knowledge point matching can help students obtain learning
suggestions and solving strategies from teachers, so that
students can clearly understand their weaknesses and
correctly evaluate self-learning behaviors, thereby
improving learning efficiency.

In this paper, the automatic correlation is achieved by
calculating the similarity between the knowledge points text
and the test questions text. The similarity is calculated by
the cosine distance. Due to the cosine similarity, the two
texts of the test questions and the knowledge points need to
be converted into vector text. In this paper, we use the
Word2vec model to distill the character words, so as to
obtain word vectors. We compared the Word2vec with the
TF-IDF model, one classical word frequency statistics
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method. Since the corpus-based model fully uses the
knowledge of probability theory and statistics to calculate
the similarity between knowledge points, the computing
method is more advanced in theory. The simulation results
show the efficiency of Word2vec.

Il. RESEARCH STATUS

At present, domestic and foreign scholars have
conducted many in-depth studies on the computing of text
similarity. There are three mature similarity computing
methods: text similarity computing based on keyword
surface information, text similarity computing based on
vector space model, and text similarity computing based on
semantic information. Among them, using the surface
information of the keywords is the most popular method,
which is based on simple word matching. It only considers
surface-level information such as part-of-speech similarity
in texts or sentences, word order similarity, and sentence
length similarity to calculate similarity [1], and it ignores
the semantic information of words in the text. It is not
comprehensive and inaccurate due to the lack of
measurement of semantic and grammatical information.

Some researchers use feature space vectors to represent
text, convert the processing of text content to the calculation
of distances of vectors in vector space, and use some
distance calculation formulas to calculate similarity, such as
the VSM (vector space model) [2]. This model is first
proposed by Salton in 1975, it was originally used for
automatic indexing of English natural language texts, and
was then widely used in text classification, retrieval and
other fields [3]. Some scholars use Wikipedia, WordNet,
HowNet and other external knowledge bases to expand the
text and perform text processing on the expanded text
content [4][5][6]. However, with the development of neural
network language models in recent years, word vectors
(Word2vec) that can represent information such as
semantics and grammar of words have appeared in text
mining and related fields [7][8][9]. It can be obtained by
training on a large-scale data set, which can better calculate
the distance between words, and therefore can improve the
accuracy of the semantic similarity computing between
texts.

In summary, although many researchers have achieved
rapid development in the study of text similarity,
educational big data research that uses information
technology such as the Internet to serve education is still an
important engine to promote the development of education
modernization. Therefore, using the vector space model
based on Word2vec to discover the relationship between
knowledge points and test questions automatically, it
provides beneficial help for students and teachers.

Xinxiang, ChinasJune 12-14, 2020



I1l. METHOD OF MATCHING KNOWLEDGE POINTS WITH

TEST QUESTIONS

For the problem of matching knowledge points with test
questions, it is based on the large-scale corpus of Word2vec
semantic  similarity computing [10]. It includes
preprocessing, text vectorization, and text similarity
computing of knowledge points and test questions. The
process is shown in Figure 1. For the test questions and
knowledge points text, first we use the word segmentation

tool for Chinese word segmentation, and then we need
remove the stop words for text preprocessing [11]. Next,
train and generate word vectors with Word2vec model from
the knowledge points and words in the test questions text,
and then combine the word vectors to obtain the word
vector of the knowledge points text and test questions text.
Next, we can calculate the cosine distance between the two
vectors. The cosine distance is used to represent the
semantic similarity between the knowledge points text and
the test questions text [12].

Association
Results

Examinations
Questions Vector

Examination Removed
Questions Stop Words
Word

Segmentation

Word2vec

Text
Pretreatment

Knowledge
Points

Text

Knowledge L
g Similarity

Points Vector )
Computing

Fig. 1. Flow Diagram of Matching Method Between Knowledge Points and Test Questions

A. Word2vec Model Theory

Word2vec is a model proposed by Mikolov [13] in 2013
to convert feature words into word vectors. This model
maps words from the original space to a new
low-dimensional space, so that semantically similar words
are close in distance in this space, so Word2vec word
vectors can be used to measure the similarity between
words. Since the semantically similar words are relatively
similar distributed in the vector space, the spatial similarity
between words can be calculated to represent the semantic
similarity between words. Therefore, the Word2vec word
vector reflects semantics of two words [14].

Word2vec contains two training models, namely CBOW

INPUT PROJECTION OUTPUT
w(t-2)
w(t-1) SUM
w(t)
w(t+1)
w(t+2)
CBOW

w(t)

(Continuous Bag-of-Words Model) and Skip-Gram
(Continuous  Skip-Gram Model). These two language
models essentially consider the relationship between the
middle word and the context. They use a single layer neural
network to predict the context using the middle word, or use
the context of the middle word to predict the middle word,
and finally obtain a distributed word vector. The CBOW
model predicts the current word w(t) based on the known
context 2n words, while the Skip-Gram model predicts the
context 2n words based on the words w(t) [15]. Assuming
n = 2, the structure of the two training models is shown in
Figure 2. Both models include an input layer, a projection
layer, and an output layer.

INPUT PROJECTION OUTPUT
w(t-2)
SuM w(t-1)
w(t+1)
w(t+2)
Skip-Gram o

Fig. 2. Network Structure of Two Models

B. Vector Cosine Similarity Computing Method

The Word2vec model trains CBOW and Skip-Gram
models on a given corpus, and then outputs a vector of
single words. The similarity between texts is represented by
calculating the similarity between word vectors. The vector
cosine similarity computing method can be used to get the
similarity value.

In this paper, the cosine similarity between vectors is
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used by measuring the cosine of the angle of the inner
product space of the two vectors [16]. The angle between
the two vectors ranges from 0<to 180< The cosine of the 0
degree and 180 degrees angles are 1 and -1, and the cosine
of any other angle is between the two. The closer the cosine
value is to 1, it means that the included angle is closer to 0<
that is, the more similar the two vectors are. The cosine
value is closer to 0, and the included angle is closer to 90<
indicating that the two vectors are less similar. In the



comparison process, only the direction of the vector is
considered, and the size of the vector is ignored. In this
paper, the angle between two word vectors is usually less
than 90< so the range of cosine similarity is [0,1]. The
correlation coefficient Sim(D,,D,) between any two texts
D,and D, refers to the topical correlation between the two
texts. Let texts D; and D, represent the two vectors in the
vector space model, as shown in formula (1).

D, =D, (W, Wy, W, ) 1)
D, = D, (W, Wy, ..., W)

The specific calculation method of the cosine similarity
is shown in formula (2):

Wy; X W,
Sim(D,, D,) = e = i G

— — 1
(1 \/ZwlﬁxZw;
i i

Anti-Japanese War

Anti-Japanese National United Front 0.528044
KMT-CPC Cooperation 0.697105
Battle of Shanghai 0.715933
Lugou Bridge Incident 0.767031
The victory of Anti-Japanese War 0.771057

0.3 0.350.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

(@)
The Opium War
Treaty of Nanjing 0.511819
Anglo-Chinese War 0.521674
Semi-Colonial and Semi-Feudal Society 0.553541
Burning of Opium Stocks in Humen Beach 0.736621
Second Opium War

0.30.350.40.450.50.550.6 0.650.70.750.8 0.850.90.95 1

0.813632

IV. EXPERIMENTAL RESULTS AND ANALYSIS

This paper uses the textbooks of Compulsory 1,
Compulsory 2 and Compulsory 3 in the history teaching of
senior high school as well as Baidu Encyclopedia entry
explanation text corresponding to knowledge points as
training corpus, training with Word2vec, and we use
historical practice questions and answers as test objects.
First of all, the training results are used as a case study.
Figure 3 shows the characteristics of the four groups of
approximate words. It can be seen that the similarity
between words is high through the training of the Word2vec
model on the corpus. Table 1 shows the semantic and
grammatical relationship. From the three groups of words,
the group with the most relevance can be predicted.

Hereditary System

Collegial System [N 0626216
Feudalism [ 0639412
Monarchy [N 0662759
System of Enfeoffment [N 0693137
Patriarchal System | 0.707504

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

(b)

Three Principles of the People

The Revolution of 1911 0.612976
Sun Yat-sen 0.626105
Democracy 0.763453
Nationalism 0.772631
People's Livelihood 0.776136

0.30.350.4 0.450.5 0.55 0.6 0.65 0.7 0.750.8 0.85 0.9 0.95 1

(© (d)
Fig. 3. Features of Approximate Words
TABLE I. SEMANTIC RELATIONS
Word1 Word2 Word 3 Forecast Word 1 Word 2 Word 3 Forecast
Result Result
. . People's ~ Three Principles of | System of . . Political
Nationalism Demaocr Patriarch Her r m
ationalis emocracy Livelihood the People Enfeoffment atriarchy ereditary Syste System
Truman Marshall Plan Warsaw US-Soviet The Yellow Battle of Weihai Sino-Japanese War
Doctrine Treaty Cold-War Sea Battle Liaodong Battle P
. Handicraft Capitalist Three Great Friedrich The Communist .
Agriculture Industry and . Marx . Marxism
Industry Transformations Engels Manifesto
Commerce

based on the vector space model is a typical representative
of similarity calculation [17]. If a word in a text appears

We use the TF-IDF word frequency statistics method as
a counterpart to evaluate the similarity. The TF-IDF method
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more frequently in this article, its contribution will be
greater, but if the word appears less frequently in the entire
text, its contribution will be reduced. It uses words as
feature items of text, and the weight of each feature item
consists of two parts: TF weight and IDF weight [18]. In the
TF-IDF, the knowledge is classified. That is, the knowledge
of each chapter is placed in a text, and the knowledge of
different chapters is placed in different texts. After the
TF-IDF results are calculated, each text is taken the first ten
words with larger weights as a comparison criterion. The
first ten words extracted match the test document.

Suppose that a certain document set Q, N represents the
total number of documents in the Q set, and in a given test
document, use the TF-IDF method to calculate the weight
formula for a given word t, as shown in formula (3).

W, =TF, x IDF,
IDF; = Log (N /n;)

)

Among them, TF;; (term frequency) represents the
frequency of occurrence of the word ¢; in the document.
IDF; (inverse document frequency) represents the inverse
document frequency of the occurrence of the word t;. N
represents the number of documents containing the word t
in the set Q. n; represents the number of documents in
which the word t; appears. It can be known from the
above formula that when the term t appears more frequently
in document d and the frequency of occurrence of the entire
document set is lower, the TF-IDF weight of the term is
higher, reflecting that the term has High representation in
the text Q. It can be used to express the actual content of the
document.

The performance evaluation of the matching results

between the knowledge points and the test questions uses
the F1-Measure standard, which combines the precision and
the recall. The specific calculation method is as shown in
formula (4) to formula (6).

Precision = L )
+FP

Recall = L ®)
TP+FN

_ 2xPrecisionx Recall
' (Precision + Recall )

(6)

TP indicates the number of pairs of test questions and
knowledge points that the system successfully matches, FP
indicates the number of pairs of test questions knowledge
points that the system incorrectly matches, and FN indicates
the number of pairs of test points that the system did not
find. There is a one-to-many relationship between test
questions and knowledge points, and each knowledge point
examined by the test questions is a matching pai.

Table 2 gives the precision, recall and F1-Measure
values of the two methods: TF-IDF and Word2vec. From
the result, it can be seen that the similarity computing
method based on Word2vec can better achieve the
relationship between knowledge points and test questions.
With the increase in the number of questions, the
F1-Measure value of the test results of this method
increased gradually, but the precision and recall were yet
not high, and there was still a certain gap from expectations.
The similarity computing method based on the TF-IDF
word frequency statistics has a poor matching effect,
because this method only considers that keywords need to
be consistent to have high similarity.

TABLE II. COMPARATIVE TEST RESULTS

Number of Test Questions 50 100 200

Number of Knowledge Points 13 34 87
" TF-IDF 48.19% 49.63% 52.71%

Precision
word2vec 53.26% 54.18% 56.32%
TF-IDF 50.64% 52.19% 55.34%
Recall
word2vec 58.21% 59.36% 61.25%
TF-IDF 49.75% 50.28% 51.66%
F1-Measure

word2vec 54.38% 55.61% 57.39%

V. CONCLUSION

The method based on Word2vec to match knowledge
point and test question matching is presented and analyzed.
The similarity between texts is expressed by calculating the
similarity between word vectors. This paper introduces the
theory of the Word2vec model. We use the Chinese corpus
to train the Word2vec model and compare it with TF-IDF
word frequency statistics. We discuss the application of
Word2vec technology in Chinese processing, especially in
textbooks of Compulsory 1, Compulsory 2 and Compulsory
3 in the history teaching of senior high school. And it
verifies the efficiency of this technology to education and
teaching. Because Chinese semantics is relatively more
complex than English, and the test results of the Word2vec
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model in English are better than Chinese. Though the
Word2vec has a better performance than the TF-IDF, the
metrics in precision, recall and F1-Measure is still low
compared to match the English texts. It indicates the
application of Word2vec in Chinese education still faces
certain difficulties, which is also a part of future research
that needs to focus on.
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A" ARM 41" THE, TR UL TH, 8]« 40k

14 AU

NN RFIEEZ —, ERR sE: AT 2 103X 10 MEFF; “JULR” il 1ok




HHillRZF5iE

RIAdE, R e, ARE BT JUER” T 45 Tk,
5. B&
AL DA TR E RS, MOCERTOREE, V2 SOl R I A M U5
B, W ARSI W ENE RS ] 15 B ARAR G EITIED R
B2, AL IS A b A IR e BR G MRS, S 2T LR D
RN T R SRR, =N AT s TR BILEA IR A DI RECRAL T
BURIIPAE), REdSHaty; =SBl 7 Fokdl, W b2k g PORAEADE, TAFATEE.

Bl 1-5  GEW BB g eskEs

1.1.2 L EN

SRR BB T HRAT 7AW — B Ta], B3 18 tHhad, BRNRFAZ G THFTT
ARG . M), JEEEEAK R /R (Rene Descartes) 815 “RA—K, ARSIEH
—H 5 N1 WA RISk 7

1. MBI HERYEEEF

1614 4F, 5 1A K L5 » 9957 /R(John Napier) B T34, Xifreterskilia ik
ol Iz (s K W T SRk Sl B RIS 5 o

1623 4F, {8 [E 113 v R4 (Wilhelm Schickard)B#zAELS R K I #))(Johannes Kepler)[t)
fadr, ot TR UNEE SRR GE: AT SEPIVEIE) o

1630 4F, JE[E g « BEFE 15 (William Oughtred) & 1 T BTET 4R

2. meETRANESR

1642 4, VEEECA KA R (Blaise Pascal )ilits 1 —& BEEAT 6 Aot hNEIZEHINLAS
W 1-6 fos. XEPIEE LR R IE S [ 13880, Inidads W s S 1L

ARG HEROME, EUEN] TR RISV, SE AR i LEs A S L SEIL,  ABERR
WG TG “BE T2 1A, RS LA 76 & o

L+
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. 3..; 11“1-1 =u-s [ll- 'Ib- hr-

IWu|wfnw|nM.Jﬁ|‘”

1-6 - WA R AR AR AL Y AR 2 A

HAET, SOEEiRoEa 6 M- RAUIERS, Ahvh & RERRAE R R AR i A 1 5 B
FEEFILFBRI . AT IR S, & nT LMY WS 55 3eAm Je TR,
I HK I R Inikas iy 6 8o Sy 2 T 12 A0

3. KRR ZitH B

1964 4F, E [R5 36 AT JE 2%(Gottfried Wilhelm Leibniz)WFH] T — & M8, X EHLEERER
URBI S T RNR AT S Ik RIs &, Wl 1-7 FoR. SEAnJe 2ZH0A T—FhaEus AL

JiIRERINLES, IF ELEE A XA L A2 il LS ie. A X S PLas R Rl A5l
(R AR A F BRI SR, XS 7 AR A e AHIE ] ) S AR

B 1-7 3 Je 25 SR DU SN L S (GReiis)

1679 4, FAiJezift (1 5 0, —URECFrIMm I r’iescFhahWrs.  “ gl R
A SRR e R I RTE 5 7. 1701 45, A5 54504 W] #k(Domingo Fernandez
Navarrete, PHHEZ )1 (Joachim Bouvet, V), &AMt TH o B i nT AigRs h [

A |
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) HRBIEH\Fh, A Je 24 A B BeAg 5 A0 H b “SRZUFE 7 BERE S R . S
JeZE M I AT Y NE FIhRE, i \ENIBAA IR IEE, e A AT

4. BREFEHITENS

1) ZEa L iHIfE

18 2K, VEEECA TR T IRBCEER AN TR, S KIPRD T4E, %
FE T 17 86 CBEARZR) Mgnitil. (R TS ms Bl 7 KE MR, XK
IO T M SN K221 28 K AR T » ELDIAF(Charles Babbage). [ V1 AT£eit 344 10
SRR, AR 1822 AEWHRIH S — & 220 0L, Gl 1-8 FvRe 25/ WL b 9 [ BURF HH 7%,
TR BT, T2 25000 D344, IS 4 0. 1862 4, (S3t AR T B AR 2
I3Wle ZEHEIACTF AL 580K

A ST

18 WAL “ AR « BUA” R ILHHRIN 2L

EL AR AR R “HIEE” RS2 IR IR B 3k, TR A
RO SRR ROERR . BRI IREE). ZE N2 R T TRk U R 2 i
BB, “Z2007 S SURK BRI S LA 22 33s 5, T B iR i A R
JIEH . ZEHLE R T9niE — ek, s R.

2) SHTHLEA G

1837 4F, [ IIAEFEE TSI F BRI, AL DBt R R r s H AL
L LA SR ER I K2 30 MOANEI A AT LI T 5 58, JExT &Ry 2B th T IAR, B4R B
PR Z LA EETASEHLEE A S5 100 MR I, AE0E 25 47,
R RIS BE R TR R FiE(Ada)y & HAERBA SN LR “ FRATTRT Az AN
OyHIE, TGRS B A R (Jacquard B AEN L9 LA M BEfE RS —FE . AERRATIE
ok, XHZS T HESMNEZ PO 7

AU — BB, R & TG ENUREARHE. IR 250U
71, RS KB AU T U TAE . M AL LR DU 4k

(1) frfifids, CUETRRR “HERR” (Store), RAWHCINTFAEORAFES, fFlas KLy nT LT
fiti 1000 > 50 A7 (1) -FEHIEL(FH T 50X 3.4 X1000)/8/1024=20.7KB).
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) iafids, EFEA “ T Mill), BOF - MEAREE I, ol T UEEE
UG, SRV ITIRERESE, TIPS, A et 7L .

() FAREH Sy, AR LR 7 B R TR, SRITAT LA il o

@) HATR BRI AL R, HHER S A RERAENISBL 2 f LR A R 20k
IV SLR A EATSLEOEA R R — e, eI ROaqT “4F7 “Fefs” “fat” &%
Hh), FRPRLT ARG S -

3) B SEAUA ) Tk

IITHURBET T AR A IIEYE, A9 LRSS HORBEAL AT L, R ATIE 2t
SRR, AR AL CE R HIPLE): O s SRS Bt ARt
AR BB GEIL 2 F LR AR, AR SRt it (i ENIAC i T2
TFRGiRE) . B RAE CHHHBLE S RIRE) —SChVRiE: “Hblsibs B — &R i L.
2 DUET DA R A R AR, RIS A R T 2L T BACTH SN LR Z A A, A AT 2N
NVEHLZ AL o IHTHURHI G B R AT LA LA SEOLR SEAA, i AT DAY U b 5A10X
SeS ik, ARG AR XL T fe) d L 2 AN A JE 2k A ) T
EHRAE”

FEZEENOMGIE SR, OGRS TS B2 CFriue) - 2
Ntk a7 bite | ot vl A ST MR A o A NG 7 A (S D s e = i g I E el Y1)
LA BA B K

5. fRSHIRBIE

[ E - F AR (George Boole)— 21 #AA A THEAL, (FARRIBFF SR H O BT
FHB AL TR TR AR CERIECE T M R ——24 5
MERBCEE BRI PRCE R, @ T — Aot bR oR A R .

A R DTk 2 ZEAR A LR JL 5 T

(1) B B2 R A B T — R REGE 5, S T 3 e 220 18 A T A K
SRR

(2) H o1 g T il IARER A A R, IR R THCE

(3) M EHITE 5 HR A B & A8 i il o NS A ) 4o — kAo .,
Hezh T IR R K e .

113 HRHENAR
1. BRI EHRZ AR

AT SN L2 Fa A o AR U L BRI TS ARSI T T 70 248,
VP2 ZIMRPEFE R, Horb B AR AW S E R 5K = « &3 (Alan Mathison
Turing) FISEEE &) 3 FIRF2 KD « Wik 2 (John von Neumann), 2 ETHEHIERABNE GG A,
M5« WK 2 WS TSN TAEEOR SRR A, W] 1-9 .

L ETHAEMLM 2 (Association for Computer Machinery, ACM) T 1966 #5371 “ER I,
IR 2 22 St v SRS A T ZE DTk A s B B 7 R A R T 15 23 (Institute of

A |
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Electrical and Electronics Engineers, IEEE)T 1990 “E¥ 07 T « ik 23, HEZEKZAE AL
BEFFIR AR BAAS R K o

THNLL KA R 4515 %1% (Charles Petzold, tH ST K IH) G 26 h i Hb VPN IE: “Bi
22 e BRE AN BN RN, TS < S RN RSN R N . FRAEAHRA D T UL
BEER DR S IR A A T RARL. B R 0] DL TR AR 8, I H AR R AR
JREIPERI D R YE, R BRIFAA IR MBEFIIHZRFE . ML, 5« RS A5
FURANE,  Alr] DAZERERIEA R &R ARE, IF HAGE A2k, R R Mo
WICHEIND o K2 ENE T UHENATIIANE, (FRI « FK 2 I NMEALEA o SEI e
IS AN, 7

NIRRT « R TARTH SN A, « k2
19 =« BR5E -« ik

2. F—ERKETFHFITEHN(ABC)

G IR ISR P 9% K- DU T S L(Atanasoff - Berry Computer, 3 fRiFR
ABC TH5HL). S A R N KA B AR R B H 492 K (John Vincent Atanasoff) M (I
FEA TR < DEii(Clifford Berry) 7t 1939—1942 il 258 — G I UL S —CFEHL,
W 1-10 frse BRIk, 1990 4F, FIEANR RIS TSP “HEREE” .

1-10 - BB ZR I BT EE A 2 - DU TSR LA
ABC TR — RIS B IS5 A7 RGURAWT e U LA &, R HdiRic iz ol
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fits MARGEKH T IBM ARl LR s fnth RGCRH R alge sl 7. Tl ABC i
s BIESAAZRPE T OURTHSE R LBV B ) =AU

(1) PAZRERy S e A s, DRIEISHOR

) I FEARSHE RIS, DRIEa L.

() RTHH IR S A RE 7 2 gk, LR HLBET

3. ENIAC i+E#l

FES IR FORARIN I, R AVEJE W SR 5Bt 36 2 15 i All(John Mauchly) % A
(1) 2% 42 12 7 A (Presper Eckert), [7] %2 77 403K 3 4 1 #H (Herman H.Goldstone) 3242 17— 431
ENIAC BB %, it T 48 Jienatevill. 1946 47, S v f] ettt 7
ENIAC t15#l. ENIAC SRHKZ) 18 000 M1, 10 000 ASHLZE, 7000 MHIFH, 1500 M4k
HAY, AEFE 150kW, ik 30t, (bR 170m? , il 1-11 .

2 4
1-11  STnA#ELH ENIAC %kHE

ENIAC BAAR A — i FUFSEL, AR (e T FLURRER, s iR

SCOURIER 2 RFFURLBISAAIZR, JERIHRM ABC HETALINER LN, R
Jofls ABC ISR TSR, IR, SEARIE ENIAC Bl sk T4t PP, {1
SEBATRIT . ENIAC IR AMALEIER: DUREITFCRS AL S 9.
ENIAC R T AT TIEM, JIT K 18800 AT, AR TH AL
K. SRR, HA 20 4 10 G BRSO (F 8. AR ER TR IR
AT T, ENIAC fi—A 25 IRIESE, S IHEPAER THE. Dl Sk
MBI “APRRT” ITHIGAR, BB T

4.3 - (K B5 EDVAC H#HH

1994 4F, 1t « K2 EREBISUR S T IR AR TG ENIAC THEHL, S T ol
ENIAC 128 T — R LK S 1« WK 2 X ENIAC THENLIASE Z AT TINEST,
HAHe T &R IR % MEEZE FEREI—& T ENIAC PR LF
(RS, b3 T EDVAC TN BT %

1945 4, 1 <K 2R 3R T UL _E35 4410 First Draft of a Report on the EDVAC(EDVAC
TEPIRE R 20 KR TFRCY 101 TSSO “101 4R35 o 7E “101 457
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e KSR T RN RGN, DURAHERE PRt AR, B0 T BRI L et
Hehitto

1952 4, EDVAC IHHENIZTT, ©EEH TSI H . EDVAC ol 2
DU i

(1) AFeor RAER T oo st Rk 7 k.

(2) B B A AR, AEHLES A S TR T .

EDVAC i1 T K% 6 000 MHL T HIZ) 12 000 A KA, (5 45.5m? , Fik 7.85t, 14HE
i /) 56kW. EDVAC FIFH/KERAER A NAF, ATLAEA# 1000 A 44 A7, WL sAdifr, R
A IR A BRI e, 8HH % L ENIAC $27 T 240 fi%.

5. IBM System 360 i+ &4l

WK 1-12 7R, 1964 45 IBM 2 5 B IBM System 360 AEHACTHSTIH L #0725,
VAL T ZIEALHT . IBM System 360 [IAIHISCE TRMEA . Bl2EFt. BURFLLKL IT A5,
IBM System 360 K H S AT FIAE GBIV A B8 "EIFR T R 238 o AE R4t
IBM 0S/360, 1] LAfE—& EHF RVFLIERE T T — & vl LM EEH) AT LI LA
BT T USRS B L. RIMEBET, M IBM System 360 FFUA T A1) HE 2L
& EMRR T I R AT R O B S HEERAR] T 2% =16MB, X
15 B SR 8 B — RS

=) = o= [ ==

& 1-12  IBM System 360

IBM System 360 1AL T A FE L 7 2 Fae KI—IR S 9 THFAIX G KBTS,
IBM AWER T KL 6 T2 48R 1, BT SR T), KE% 50 123 T0(+ 2R R 73
UG TRR” AR T ORZ 20 123570), Pt 5 RIS TRIEA TR, 10 H R I T AN KT AER . IBM
System 360 F{IHE A 45 A4 ¥ V1T A& BT 434 /K (Gene  Amdahl), #4E R4 0 1 57 N e AT & v i
(Frederick Phillips Brooks, 1999 fF3kEIR¥), S H E A+ TR 2000 A, %75 T4
1T 100 JFATIERE ARG o A s kR I H PR 25, AT AR 0 H A )
45, IR T AR RIX- TR AR ORI R I R R AT R G K

AR RN SS, FEATCIMEN TR SRS T/ NUBE L . IR
KB S LRSS 4 NRIBIBUA L 50 e TR THEPISFE R B
AR BRI RN, AR TRKRE, ML TR WMiERGE. mPfeT
WIHE S BAREERGRAE, HENUN GV 28008
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114 WEHENAR
1. REARMHL

AT SN Aot i T 2 XL ke, b l(Microcomputer, SRR THEHL) A
261 20 120 70 AEAK,  FUPPEA 1971 SEHER Y Kenbak-1, XS HLE A AL BLEMIERAE R
Hi. 1973 FFHEHK Micral-N L —UCK AL B 25 (Intel 8008), "EIRIFRAATHRAERSE, 1 H.
WM. 1975 4, JitibR A 5 (28 w(Charles P.Thacker)ix il T 55— & S AL Alto(B44), U
@ 1-13 7. Alto Hi Xerox Palo BFFTH LSBT 53 FF AT 8, 12U A 5L i 3 o

GRS REOFCE, OfEERES. BUEHP . BARLU “Pr WLRIEr” i SCAN g
A, Alto PINLEHSALI N 1.2 J73ET0, 1A HBA AT R HE .

113 F—HRIMHMAL Alto
2. HBERER# Altair 8800

1975 4E 1 H, CRRHT) ZbidiiFH T Altiar 8800(/F B FIHHKIE R, B4 —
P TIEL. W 1-14 Fi7R, S0 Altair SOULEFELL LN A Inter 8080
PUAEBERS, 256 FAATRERSUT AN A 64KB), — NI, —ANHUAT, KITTF IR G~ TR
Altair 8800 WL 395 3678, 54 KT HERLELES, CARRMET, ARBRAE LIS
NEE N

HOW TO “READ” FM TUNER SPECIFICATIONS

Popular Electronics

PROJECT BREAKTHROUGH |

World's First Minicomputer Kit

to Rival Commercial Models...
"Asz_&_llEfiSﬂ(]” SAVE OVER $1000

| [EEXEECREPReveerens
& O s

ALSO IN THIS ISSUE:

OA Under-$90 Scientific Calc llmProl l

; © CCD's—TV Camera Tube ssor?
© Thyristor-Controlle thmﬂ |I ers

TEST REPORTS:
hnics

ranscei
Edmund Scientific"Kirlian" Photo Kit
Hewlett-Packard 5381 Frequency Counter

Kl 1-14 (KT 5 Alair 8800
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Altiar 8800 L& W] N Z e « BHPk(Edward Roberts) &3¢ ENV A HHHENLZ 174, AbiA
ML TR . Altiar 8800 TSN LAEIRAER AR T, & WEBAT R NSRS, st
TR wonds. 4 EHRS, AT TR BRI T IRER ERFOC, K —akfiE 0 541 ik
Blgs. tHRSESE, T EJUHENMTSZBZ20K, - OUE S8R THE 4 R

Altiar 8800 52427525 4 /) IBM System 360. PDP-8 254 AHEL, Altiar 8800 B %2
— B WAL, T RERRE R B ENL. RE I, IR R IE RX G IR Altiar
8800 AL, Hid T —3C B AN S i . B — 2o AR B B A R R A H
BRI B AR OTIR G S THROME RS ), ST 7 ZE(UE k™ i
(RN, OEMUTE e il WERRAERS), RS Ry 2 1 A B (R T A LR (R
AFHFE—) BB, PIES ARSI A G DIY)5. Altiar 8800 AN fEok5¢
BN TMAR R E S T A, IFAah T HEAR AR RS (Uil A wRREAT FA Rs (an
SR A FED K.

3. FERMH Apple Il

7 Altiar 8800 FHLIRAT T IZIBHERT, 1976 4F, TV HMNLZ L LK « o4 Wi(Steve
Jobs, JLE 1-15)F152 3% « YR AR(Steve Wozniak)FEfE 1300 2670, EXEREZERITA T Apple
Il 1977 4, FeAufrdfe it 72l Apple (AL 1-16), Apple 11 #5737 ERSZ0GW, it
RN EREN T R R R i AR

1-15  $BFHR « Tl

Apple T1 MR EEFE 27 (Motorola) 2y ) M6502 5 FrAFEk CPU, B iyl kia S i oy
50 JJRFE . 'EAT 64KB SN IAA# S (DRAM), 16KB HiZfEi#ds(ROM), 8 MM T,
—ANMEREL, —H R, UEE/E ROM U5 BASIC 55, 54 1300 3676, Apple 11
TUOLAE 24 I UBE— I, 2 ity BRI L. 1978 48, SERAWIBEE LT, 3 JNBCEY
WA F) 17.9 5570, BEREEE T 4N AR R A A .

4. ™ ANITE#H IBM PC 5150

LRI, KA NLA R EAE i, A TRz b .
RN Apple T AETIIZEUT THCRIIEDD, DLEHIES R IIERETRIZE, A
FHLA ] IBM JFURARIANZE T
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1981 48 I, IBM AwldfE 75— 16 AN ATHANLIBM PC 5150, AL EAEHI
¢ 86-Dos R4t, WK 1-17 Pror. IBM AnlfX G444 PC(Personal Computer, ATt
W) o I T 508 T FONA NN L2 185 A FH 1R R T SRS K 3] T RSB SR i M At

IBM PC B4k T I R G B, IBM A7) A TR BIOSEEAM A /At 2402 4
(A AR TR, HB LB BRI e P, X — TP A R - 1 T LI R e . IBM
PC IR T B4l B, I HEGE T B ERIRL . 3K mMAE HAR 2 FA ) LUE P[RR S 2
Tl IXEEFRANUIIR AR T B ]

1-17 IBM PC 5150 #1 86-DOS R4t

20 4 90 ARG, B Inter(JRE/R) A RIHEHUHITY CPU F= i, 5 Faias sl PC
H, W5 1-1 Pros, PC{Ed 25 L HFEBUR A T2 BRI .

F1-1 1984 f£%—E PC 52019 4 PC BIIERELLER

FALEHR BARSH
PLEEA IBM PC 5150 AR P630
EH H 1981 4 8 A 2019 4£ 8 J]
CPU #'5 Intel 8088(*14%) Intel Core 19 9700 (8 #% 8 £kf)
CPU i 4.77MHz 4.7GHz
WA 64KB DRAM 16GB DDR3 DRAM
AMER 160KB 1] 5.25 Hi~] 4z 256GB-+2TB( L i+ H Ui )
BIRRGR 0115 ST PR S R0, 32 S B bt LCD
BIRRS B 720X 350m, SCACALI 15,1920 X 1080, [A1]3D [EfALFE
RS WE A 5 ISR R
EEESN P 1000Mb/s M
BAERS DOS 1.0(16 {7, “F4F5tii) Windows 10(64 47 2] St 1)
JA BN T8 16s 47 10s 24+
(TN 87 B 107 R+ s
AN 1 ANLPT 3, 24 COM Hi 2 X USB2.0+4 X USB3.0
itk 3045 ST6(1981 4F) RMB7500 J6(2020 4E 2 F)

REN |
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M 1-1 /TLAEH, 5 30 4EHT¥ IBM PC 5150 LbA, ILARITMBLIEERE A2 T HORI
1, DRk . B R G R o, 2020 4 1—3 A4 EVHEN=IA R T 5623.6
J6, RN 80% LA L, E 4O A B SE IV LR O o

5. REHEHITIAAR

T AL E R R ) IR T 20 D 50 SR, EANEIIR Seit
FHUKFAIEL, DI T2 10 4, TSN A R e, gl 78 PrAAE, SE T —B
AN ORE . BRI DR s 2y =}, AP AR AL A R 22 AU
IR EBRFHACE. P A EWER S E G ARG TRk, JF s T
TR LA R R HAT, A EBEREEIH 7 5 o SO R e e RE T AL, Oy
B = SN o R Ve S L IS 561 sB 7 PE]  ATTEER P M= N AR VI KRR ALY s N RE S A
BRI A R et

(1) Zootbe 78 21 AR, AVE RN EERBLYPORE L AL E A BLRRE, D ATHEHL
CAMBI AT Ao AL, HEEA AT, AT RN BERAL. PRz, /)
RAPLEEANF B S M REVH BB LA SR AR AR i, ASEESRIL AR AN A K
HERE, FLRAERIHIKY EAREGARIBAUK, AR TR KCHERE N, TN AR R
T ZoeeER R . ANERAET S, B R W, RS B, HREAK K
UM L HOE SR, o BRI R g T S ARSI 2ER . ARG AEARRIN K
JERE A, NRS R 20U E R, PR SR B

() Hhetk. HATTHEHL LR AU NI TR I S5 s AR 578l AL TR
W, TARRCRIERME . BEARRTACEAI T AR R, IR e Thne
CARAEHDESET, B N A 70 A RELEs N i BESENL RS, RN
I IAMEIOR B 1A, AT RASR i TARRCR, I NSRS AP A 2 45K (K
PP TRt DR, [R]IN NSRS A e SHERE T — Kb

() WA JRARTEASITH RN RAT AR TIFER, B AERE R, A ntl, HikAfr
FEAE RN ATAEVEZE . SRS IRXERTRS B S hst,  BEBORMIANBIHERr, 4T
BT IR TSI SHIAL, FAEN IS % 21 LR AR AU TR 5 {8
PEMERH T R EOR, B E R UM SRR ER N B T S LA Ao R
HUSAEARAIARA, VBRI AR 2 MBS T3k MRS 5 T DR ) S8

@) At RN R 2R, oA T Ol Rl Bl BEI7. 2
T L BUENOR. IRSs. PP M, RN SO TRUFENL. F8obk. ek
Sty PSRRI R RS B BB AR S R AR RS D R, N SSCHIDCHAE T
XA A O R ey, SO R B TS K AN e g, — s TR
THANUBAR A, RO ERIEAR, 53— 5 AR5 b [ 5 22

HHHLARSE

AN ARG RGP RGN R THEURARFEREAF A A I R AR e
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R EAEA5 W. BTiE “HEPE” EARAUSAFNL T S, Blanskat. AR, BoRes.
EHL ATEHL. WEEESE: PRl “Hfh” RIS T RSO R &

Horp, AR AT TAERTERY, AT AR Rl B B
TETREE, A —FTo. R AR R G AT SEUROARAE, A8 R Gt TS
SKINANR B IXPIE S HANMAT S AN 201

1.21 HEHRE
1. BN RGERILER

TSN 2 BRI, AR, —D5e BT LRGP 4k, R E &

GRS W 1-18 PR,
g o 4hF 5 CPU B RO 0 ALU)

(Central Processing Unit) i 2%

FfLAT fifi % RAM(Random Access Memory)

: { A7 4% ROM(Read Only Memory)
SN AL O, R, U RS

AN B, BRI BOATARDLAE)
\ R (W onA . EAE. STEINL. B

1 £ 48 OS(Operating System)

EE AW CIEE. Java, CH. ISP %%)
RYHA

~ ASHLEEE RS < ﬁfiﬁ%%{

LRSI <

ST R GE LR A3 AR R 40 A SR U R 405
Kol PR PR SE (. SQL Server %5

RERAEAT: Office. S ULAIKIISE)

Kl 1-18  THENLRGHIA R

(1) WHEBURREERSE: A ENLR G SR RS 1 RFR, R ENLARSR
JLfifl, W1 CPU. frfilias. RMIABCAAGH B SE. HENUEIERGO “#RHL” - SRPLHAE
PO O 1 AL . B B RGN LR B I o

Q) NI RSE: SRS AT SN LS4 A A M g i RO 7 AN 4 A SRS PR AT
MRS AT ARG T AT AIAEL, AT RGN A S RGeS T8
FIZEK

2. WEHNBIIERE

TEN VN EEA AR S 0T, e 4 LRI

PriffR4, RSN T ARy &, R SEPLRER YU It figihd . T8
AR MDY A SR AR TAT AR, RODIRAERY; SRR
Z: SR NBUREA G BUZEARE N A I . ZEV LT, ATRASE S R E R SR 2,
THEHUITREDA T AR S IR SO T RNLIRHR & RS0 LR ST RS IKIPTAH 1R 2 (X
WA PP RR, AR, B2 RENE SE L5 TR A PR S .

BRI SENURFEA AR R AR P AR P X — SR B SRR R 500 «
BT 1946 FHEH Y, SRR « il Jet i, s it k.

N AL RS {

15 1l
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o MU RS, FEHIds. AARESS. MBI A e 5 MEASHR 2k
o FEVEHLAR A b gt s

o FEFPAEE R, HAEBCT Ak TP (M RERE) o

o IFHBULIEREPIZ LIRS I T, IFHATHR S MUE A (IR ) o
THAEBUREEA T AR5 &l 1-19 P

A R U
T ik > Tifioe R
R "'7 < TR 5
YN i
| i U4 |
[l ]
: : e :
[ |
[} ]
% MBS | TTIITIIT] Plds pemmmmmmmmmmm oo !
) g 4 B

Bl 1-19 THENLIEEATART

FER 1-19 b, SEEONEARAIRER?, A Hlar . H, IS, W
(SRR AT SO0 BRI T A B IR AL o 32 oK, Siflas 1A
e JOEMR AT, A AP IR S BOB N IE RIS o BB (a2 2T 13605, %
H AR AOE GRS, Arflas b ARDCHIe SARpoR s Fas b FElilas i s Aoz
BHARS, BHASMTIESE, JHERIER, JCEFARAENHRG T RS A7 s A R
e, BRPOLEm k. fa, FEllas i s AoR b 5, ek v SLL;
Rt — RIERAECHIE, RIS PO e Tt driztee, M
MR ER “BURS” “Oirias” “PIriE<” ik, ERFF P Iaii S arocte
M1k
LI « VK2 SR BIRAIE I TN LR « TS TN L. HARRGTHIFRON « Wik =244
ARG % o KU HURIEARS S .
o FRPAEHEAE R MEfER A, EBCH XN, 15 SEdE - FET LR A
Rt TIE S, B R AR e vl MBS

o A(rfilae RHIFEHIEYT [l I Z RS, RS ICHR NS 2 1

o JHMPITIRS HER RIS TR AR TR SAEAF A PRI this
DU ELAR VIR EHAT IR S AEA i as b AL FE Vs Ry, (Hk
At T LABE A2 A (AR A T A2

o EEANSIRE LU SRR by, F A e ATl A R (R A A AR R e e B

U4, PHSHLIEAE DOHE L EAS B AT AR, (EHEAC SR ERANRE A ZATh R A T 25
e ISR REH .

1.2.2 TEHREE
TN AT RS R B2 N R IORH], So BN, 185, HoRsbss—&
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AR BRI NI BRE SR M SN LA BUBAE AL T BRI AL, (EAERA R
SithyJrii, BT - KR A, B dIaEs . FEEa . FRIEs BN A B A%
5 DNIEAHRII A ko

1. PRANEER T

1) CPU HI41pk

Hh AR HE PTG RFR CPU(Central Processing Unit), ‘& & TN ARG HIRZ Ly, THENIRAERI4
TAEH T CPU #54l. CPU A 3 NGy BRI IC(ALU). FFfEas MEHRIT,
K 1-20 Fiwe

(1) HARZEIPIC(ALY): WEIRIATEH . B REARZH .

() AiAras: FRIGH AR . MOL ARG s, R A7 8. 184
LA AIFE PV R o

(3) FHIRTT: XHENURAT A USRIV RAREEA T R LR ) %
1o eI ENE AR A SHA TR I e

2) ¥ CPU

CPU 1A THENLEI R i, LR By T oL PERE, 18 P #LA e
KW ENUIRS K. HET R CPU X%, VUtZ. ANZAREESE, Bl Intel 2] (1715
B 1 RIUIF AMD A K. Fole. SRRV, Wk 1-21 s,

CPU
Ro
Ry
R,
; BEAZIEST ﬂ
R, AMD Ryzen 5 3500
|@ AR =
# L—f i rRYZeEN
oppn i coreio B |
S EIT FAlT ‘ 5
R ] X-series | | 54
B 120 LA HE G 1-21 intel Fl AMD AbFise

3) CPU ¥ 2Tk

CPU [ T E I RE IR BEE S PATHE S FEHIIN ) AL 2R A 4fs o

(1) AEFFRA: RARERIRE P S PHATIIY . R B 2 AR PR, 0™
2 R P RUE BUPHRAT, A RECRIETTH LR G TAERIIEA T .

(2) PATHR S — ARSI DR TR BRI T — R R SEHL . CPU
EREAR R MIhEE 7 AN RS o RN, I X e e 41
LORMATEE .

(3) B NS B AR E N, FE SR PITERE T, FEA AR AT A4
VERINESZ Bk a . HAERRE, THHENUA e S A F AR

(4) ABEHE: ORI T RIS RIS, BT H A BB HohRe

AN |
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SR ENIE S, AN s, TS

4) CPU [y T AERtF2

CPU W TAE R FPr7R: CPU MAFas B A A E U 484, TRNIR A A7, FFRHE
LU, EHTR S R RAVERE, ARG R &R A, PATHARER Y, i TER
—ZIRA AT . R T EN RS BATEAE SRR E R S AR i 2o

5) CPU [MERESHL

CPU [MPERESEEFE TN, AN, IR EFN A THENVERREAR R Bl CPU
(ITERERT Y E, T BE T BRI B A TR e (T4 S L.

() T8 TR R, ALK MHZ) B T-JH(GHz), K& Rs CPU sk, 4t
PR . W, ARG, CPU AbFEA (138 ik .

CPU (¥ =M= MO AR AL

(2) A AME CPU HUEEHERA, S/ /& MHz. CPU WIAMIYLE T 4k EA It T3
J¥. G, EGXTHENUT BT S CPU IAMI. EXTIRSS %% CPU I, A4
XIASFVET . A CPU BAR(SUAE AN 2= A P18 AT, 1 U M SS 48 R BT -

() IR E: MR EIR N CPU ARSI ) (AR LUl 6 2R . EAH RSN,
FANE, CPU IRAIR . HSEks by AEMHFIAMAR R ) mfeiir) CPU AL A
o IXJERh CPU 5 RS8R A4 Fnis B2 AT B IR, —WRaE sk s AR 45 38 w4 CPU
LB BT AN, B CPU MR G5 B M L4 FE AN R 835 2. CPU 1251
JE.

(4) Gif7: CPU WHEZH Rl —, MR/ CPU MR mMAER K. CPU 224711
BATIE N =, — M S BERR RS LR, H ARSI KT RGN AL . CPU 22474 —
AT AN 0 A — AT T AT = RERAT o

o AL Cache): f& CPU 25— 2l E, 7 WEERGAFFIIR R 9eAr. WEN L1

RGN AN R CPU HITERERE MR . AN Sl G A2 3 s RAM
Yk, S5HIBSEA%, (F CPU &I THAASRE AR K IMESL T, L1 il A A AT g
WAFARK . —Beids 4% CPU [ L1 )Rl 2B A7 1) 75 B0l 4y 32~256KB.

o T HAF(L2 Cache): & CPU [F5E 2 Rl GRAT, 20 A WS FIAMBRRES o NS
TIRGATISATIHEE A, AMBE T T ROAEsA T HAA . 12wk
TATA AL CPU [FPERE, JRNEEROCHST, HArZgEH CPU ) L2 KN
4MB, HRZ5#F1T AR B CPU ) L2 25l ¥ ik SMB I 16MB.

o —HUAF(L3 Cache): 73 HHMEFIPNEPIF . FH L3 nJE— PR NAELER, [FI42

TEREH B 5 A B2 P BE

2. 7rtikgs

1) 1Ehitasibid

{ifa(Memory )& U AL SRATHRE P B A d 238 . THENLT TSR, s
ANPGRS EHRE T b s AR A B2 45 A5 B2 B APt AT
fiaette iAok, ARG BTN TACER ) — RIS IR B R PABAEBOL T, fEfgas i

—

N
/i.‘\
pu
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Hig, 500 EAFES (A B 2 (OMF) o

(1) EAHERNAT) TR T EIAAaEEAE, 2R SRS R AT B, FRAE IS
RUELESAT ISR AIRE Y . ] HEFIS A . Il sl BARE/N . MR

(2) FIEAESR OB AR B CEAE, RERKIIOREEE S A T NAE, EAREN.
TR AR o

2) Huhik=s )

FEfifidis LR —HEHIEL 0 A1 1 IR BRE AL e X PR IEAZ o B Z T
FEMCAZ TR LA 1AL BRI BT 1A 0 501 AN D)o f7, 54795 A AL ES
HIRAF At A T AT .

WA A 8 NS 40, FRAhE. CPU fEA7HUA 7 Aitigs - A e d bk
BT P, IR rd e Tae el 78, W% H KB, MB. GB. TB #1PB ff
AR R AT

3) fRfasARA

WAt s 3% TAE 7 AANE, 0 o H i 28 ROM(Read-Only Memory) F1 B HLAT i %5
RAM(Random Access Memory).

(1) RAM & —FPRERE e Al 1) - A e ey, Ak EhUstrdf2d, ROM
e BRI TIANAE B . THEAURTHE)S, ROM G BEAS ER. B FRAZ L[
SEMIRET . AR RGRAFSE, WikllFEF . BOOT ROM. BIOS %%,

(2) RAM &M ] B/ EA7Af 4, FLA A nT DI 75 ZEREIN 352, ] AR 5GBS B .
XMAEAE RS X0 AT RAM FI57ZS RAM P 58S RAM [1RF U AAIGR LR, (R,
—MHTESIRGEAE . 20 RAM IRF RUR RO BEARRT THSES, ANEEUS, — e
B TEAE. RS EFAS RAM B 2504 RAM, 45 L3N, RAM H{RAE1ME EHK
K. RAM FEIHLH T FHRAETBOE AEPA T (R e Il o 4

4) [EAGAS IR G

TEfifidn s 3 DNELNFRNR: WA BRI —fokud, HEEBR, e 7%
TR, RS, TR, SRR, TR AR RE R RN AR A, A7
i PR R AR IR, BRUAE T AL b 20T 5 pR R B 2 KB/ 2 2 R A A
v, ARG 1-22 R,

----------------------------------- 2 o i/t
A
Skt v E20)

g7\ J ______ {
A
s (
et Wi
{ 18 x &
B

Kl 122 frfigssr2 R amE
(1) ARIEEFIAFAE AR T AR ERAS EL AN, B e 1% I — e R R S5 4
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YUk, AR AIE I & WK A A

) LR AHERR AT EHLRGE P ER- AR, R IR A FAAERR (A SIS (o
ORISR Gt A8 5

5) W WAFEAS

(1) f#i#E, fi(Hard Disc Drive) @& EHLEZRAHEIEN 2 —, H—AaEE 2 A6
BYRSHIRE T LR R AN AT BRI ERA R . 20K S SR [ e A, Wi K P e ]
SELERIRE IR A, A 1-23 s

1-23 VRN UbR) i

TRERE IR SRS LR LA

@© F: ERAE - BEDETI(MB/MIB). I8 75(GB) = 1 7 I 1(TB) Ay Fpir
WAL P A 12 GBe —MUEOL T, BERLACE O, BT A AR AT

@ #id: Hid(Rotational Speed ¥ Spindle Speed) & MF 4 Py ML HIIT e, Rt etl
B AATE 1 BN BETE U B KA. AR 2 S I R IR I S —, B E
BEERE AR R R OB R 22—, (EARKRERE L E s i A B o RS () BRI, it
RSO R R, Uy I I TR, A PRI REAA T BB o Al () LA A B VAR Sy
%7~ 4 RPM(Revolutions Per Minute).

@ Py RmE: SFYUs AR R (Averge Access Time) /& daHE Sk MR GHA & 2L H brhidiE
&, I H H ARG 2 B85 (e e X I R 1] o ~P-32) 07 ) IS TR B 1 A48 ()55
TS, AFER A ) TE I (ARSI R], RSP3R40 1) I R) = S8 ST I (] P 38 SR I ]

o [ 11N [A](Average Seek Time) & Fa ik 1)1k kA% 2 3 A 145 e A TE I o 2211

I )0 SN T)RINBR A o BRSSP 38) S N )3 R 8~12ms,  SCSI AR/ T8k
25T 8ms.

o HELISERFIR], MR AR (latency), FEFRIEK CAL T U5 0] FIRGE, SRFHTE

Y7 0] 1 J DX e 2R Sk B 7 IS TR PSRRI T G A B gt 1 R R N Tl —F,
—HRAVAE 4ms LU

@ AR WA AL % (Data Transfer Rate) & ¥l AL 152/ 5 Bk R, H07 A
TR (MBYs)o AR EICHE A4 i 2 S48 PRI AL e A M A AR %

® ZifE: iA7(Cache Memory) &l i Hilas FI—RNAES, HAAWRRIEIOEE . &
SRR A NS A 1 2 T (R ph s o B TR I P S A A% it B RN A T A e
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ANF, AT BIGTAE- o SAFIR /N S T8 G R BIRER (AL B, REfg IR A2 e
R R B

(2) Jtdite JERLR LGS BV AR AT FHRAEAR 1) — R, 2 A TS
Yo CD-ROM. DVD-ROM Z5)FTAT #5645 (11 CD-RW. DVD-RAM %5), ‘& A 0GR
P TEL, SR, AU R RIS, v RMEBOCT A B EIUGRRIE)
ESEZ WAL ER . BT, BEEEEARFTT SN AN, el DAk,

(3) Uit UAHK USB INAFAL, 9830444 USB flash disk. ‘&2 —Fpili A USB #:H11L
S BRI AN B Y s 2 R S A, L USB 40 SN UER:,  BERE S ENAREDH -

6) IR

RGPS A G L L AR R, (HJE L CPU MBI A7 A B8, B Rk
CPU FEAFZ M PERE 2200, $Em LI ARISA TR . R A7 BT CPU M AEZ W),
= AL E R R 1-24 .
— | BT | —

-~ fEF |
K124 e efifias 5 CPU M EAFfas AL DGR

RGP A TATAT AR L & A F b — 3 AR M EIAR . 4 CPU BAE - AE i —A
T, RHRLL R P EERAE

(1) CPU £3 £ Ry 25 AT

(2) WHREAEIP)TAAAE, CPUKILE R W), CPU MFAFH G Hl— 0 WA EL U 7
TR, RIS 5 S AT A 2

(3) CPU fEHl i it s I %7

KA EdRTTA, B e Fm A W TR s A, LRI S, RN
PP o bl SR mH AT

3. AN E

N VOB NFI L &R SN, AT EHUR AU R R, L
(AN o

1) FINEH

FINE 5 (Input Device)s [ THH MU A S I #5450
EIIE, PRI T B B 2 — . 'E RGN RE HiAb B
(A B3 A T BN LRE AL BE B T, Blindcr &, BHlE. SO/ 5. i MmEE. B
%5,

BINGRIMRIRS, WA, Bbs. FR0GE.

(1) A (Keyboard): LBEAE, AT LATVHE N A S FE S FEEE, FRH AN TR, 1%
BB, ATLUES O 83 . 101 AL, 104 BEAL. 107 BEAE, f e,
ATLOB A AT £ AL . oL B . AP G USB 4%, $4 TARJSEE, mT LU M UbEE AL
IR . TR O S A ANy, LU R
R TFESF RS, ki 125 FioR.

CPU EEFESS
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(2) Ehr(Mouse): FARE TN R REREANRE N FRRES, BIBERERINA4, W
Bl 1-25 FoRe 3% TARIREL Y, AT AR AR RO G R R 3080y, 7 b A2 AR RITCE:
BUbR A5 o

(3) ¥ (scanner): FIHESCEFI G I ARRECFE A HH AR, L7 20k B ek &%
15 R NBUFE S5 A E . WO & NG TR R a3
JUFf

2) et

i1 1 £5(Output Device) &R T EA IR B B 45 T S N ST EAC I —F
R TSR A R A B L R BURRI R SRR . LI
WA o FG LG B RS ST RGO R

(1) Er#s(Display): HARMAFLE 1-26), &Rl 0 s SCPHE RS @ A4 1
H R BIBREE L, PR BRI oS T B SRR E, 20 0 DIRR S £ 45 R 2% (CRT).
T /R A (LCD)FIAE (1 WoRas: 4% BB, 2 B E SRS FIRE BoREs . DRyt
TR IR R PR DRERGE . AR KPS WTLRRE. WU, AT A
i 5.

(2) FTEIHL(Printer): FTEIHUT 5PN LALER (45 AT ENLEAR AR Lo BT ENHLIE g
(WFEbRA 3 T FTEN g, TERPERINERS . 4T BN AR 2B G4TH2E, 2 AT
FTEHL S AT TR Ferbi TS T e & A T BN s B T B L. ARhd 74T
EPHLAL SR 4TEIHL. SWOGHTEIL. VT EDRLAN HAT B

: 256001440 e
> -

Y

K125 AT RS 126 WAL o ds
4. TRERE
WHEHLEE N 3 N T RG(CPU. EAAAA/A )%, EATZ i —E iU
s ASeHUE B Ak .
1) CPU 5 EA7H %
CPU MIFAFZ [AEH A 3 AR GGERGEK, 7Bl g, b REAFERIR L, an
K 1-27 IoR.

e
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AB KL (Mot E 2%)
DB nfr BRRL)
CPU READ Eeat i
WRITE
READY
=l as

K 1-27 CPU 5 A7 HIE

(1) B inde: BdRAZm 2R, Rk ks 1 dh. ZmiEme T
FHIR/NG B, THEHLTE 64 f1(8 M1, T2 64 MEdE DLk, LUMELE I %[H
ML 64 17 1K) Fo

(2) HihkZk: bR g Rvrv AR ST, HRHGR T RN i
TEERRE N 2", A, 7B R — ALk n A EEE, 752 n L.

(3) &L Lk 51 BT CPU FIPAFEZ M5 S RN (5 5, 0 FilE S
FEIE M CPU AL A A A R R, RSy 5159 k(s o i BiAs- 545,
AL WA i RIZs CPU,  anh Wi Hs 55 S0 555, BRI, g miftik i 1n
LRI T, —Bo2RUn s [FR, LR 2 BOR e T LT EE s il a4

2) CPU 5 VO ¥4 L%

AN IS CPU FINAFATAR, —MEHLH. BEEs0E &% 7
— MU, e 12 AIANRE R B AT, A P AR A X R 22 57 B
N/ T & e A A R A o D AR R B gk b, Wil 1-28 o

(1) VO ¥ 1ifg. VO H: T EHL LR S R A 2 (M3 %S B B L5 5 B

() WL EE R,

o Rt TN RESZ AL

o A, fFE IDE #:10. EIDE 4%11, ULTRA #2171 SCSI $:114%,

o ATEEM: IARAR I, AR COM #:, ERMSATHEGET Y .

o JRTE:O: FRIFI, WRRLPT 10, A RHIHTEE MUY .

DB

—

’—> HiEm O

AB \hc s
CPU FE RO
CB

—|—‘ =50
—>

K 128 CPU 5 /O &M HIE

/O

I
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1.2.3 TENHHG

RGN SN TR T T RN RS (Software Systems), B2 T HLAR
g8, ERTHEHURGT AL 7y, B RGBT BT SALIRES, PRy
MR, AT e, R E . dE AT AL

1) BAFHIBES

BAF(Software) /& RIHLEFE AL T HHIEIR AR L1055, —BORUF, BRI
NRGAT IR TIXPE Z [ R . A EA R R AT T HLOX AR X
WIS BTN Y, I SR P ARSI SO — At A A S AR — 73
f YL, AU RE ISR RIS A, BRI A=+ 2+ SOk o

2) BAFHIES

MNHRIA R, BEFRR A e D) RE EnT ARG Won] DUTREAFSEEL, mT DU AT
S BRI, AT AR LA R

(1) BRSSO E .

Q) BIEHTEG, AR .

(3) BAFIE B MONEM AR TR

(4) BAFE EAEFAT WA IR Z O, 8 SER R

(5) BAFSEBL D REA BEPFSEBL A IEA TR L PR o

(6) BAFSEBAE Z AV AN IIRE, ANE B AR 2 PR ESR S AR DL .

3) BAFHIITR

FEIRN SN, SRR RGN TR AT, ] 1-29 B

B
) HEEEB AL
RS JL FEAEREFEENRERS)
B0t RGRSERG . B, B

[ BAR A Office. AutoCAD. Photoshop)
S s oy e ALy

129 sy

(1) RGEFA REGFAEVFEH ARG L&A, S, IR LR
TEPE AR IR, SR N A RIEAT . RGP EFE TR E RS KPR NIE 502
PP BURFEEHRS. KA,

O BAERGE. B1E RGOSR BN RGP, A A 20T
YRR, VARTT R P A RS, AN H R . AR F2HELIR LA

o EIIVI R BB FIARAF TR o

o M VRSB A L R

o R KPR R HHLR G RR.

@ B H AR WS AR AN IR . SRR R B EREIEAA
5 POV e e e S SR LRE ORI BT IR o

@ HARPEERRG  THAN IR R AA SR, A AR P B R 4] LA o S
IEARAR B0 ST A, KR Il 3. 5 B RS PR S5 SQL Server. Oracle.
Sybase. DB2 %%,
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@ RGMSSFET . RGMMGSFETFRE L T RPERIIRSS R, A X S LI A A
i TA

() NI NBRAZARER T RGN LLAMUPTA AT, e R TR LR
PRGN RSP S br ) R b o SRS, e R0 TREAT SR, %
M BENEAT, NI FBIIE . MBI, BB DU SR TR
(I

@ JEHN IR oG8N A e fir BT B A D RERT R s ALK o & Ry RO I
DAL T AR 22 AT SN A SR IR A o 38 S AR B R T REAEAT ) LB R %
BEEAMNABCRIE L R E T oK PR RIIE T A S P AL PR . SR iR 2
G T WSS A

@ LN AT L PR FEAT R T R e 2RI IR O FEREEETS UL T, T
FOREE A BT DIRE R SRAFAEAR I 22, ARl ANRER L 2RI, 2l NGk
WSO A 7%, P T R BATRE R ZER KL T TN I A o

HREHUBEAR

TPV BRI TGRS, Wk . b, R8s, N TRREEAR. XHEEROR.
BTSN 3D ATEL, PIRMETTS REUILSE. Jodfeiasigs . Balih i, Plasse>d. K
TR VA NI A I LM BRI LB BOR

1.3.1 B
1. YIBX MR A

2005 4, [H 5 (International Telecommunication Union, ITU)A& A T (ITU H MR
5 2005: PIHCMY 4k, IEAIRBBEM (0TS . 1ITU s O ATER) “Hmen
WASHRRPEE R, 5 BT RN IR R M5 2048 rT LA i Py 3250
HEAT(E B AT . REIDCHATINEAR . ARRASER GPKER. B REM AW RNz
(RN o

2. BRI R E X

L1 1999 SEXMIRMA RO E SO R itdB e SR B AR et b TR IRk,
SO R REAL U AN B

IR SARDL TP K = A AR

(1) BIRPRFL:  PIBR AAZ oM 5982 ELICRA i BRI R it EERENS S L
VT

) VUISIEAFHFAL: AR “ 47 — 5 2ER 4% B3R5 RFID) S PIEH (M2M)
FIZhfE.

(3) BREMAFIL: MK RGNEAT AZNL. BB B RER RIS s
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PO “H)” AL LA B A1
SATAR AR SRS
TR A .
TR .

AT IR
LSRGy s o
TREAIEPIER R RO A R o

FER 28 AR ME— i
PRI A AZ BRI B 1-30 TR

e

,\m / - HERE
R %mw,x\ = =
M2M . A
REGE [\ HPOH

ook
|
k‘\‘ - /,«/
K 1-30 AR PRI AZE o AR AN P

AR, DA S DATER LR . XA PR X, R A% o ARt AT)
PUTHIRM, AT IR BRI RS A S A 2 TR A
LA TR RATHAAEAS o DIMRI G LI AT IR DR, SRR LRI AT I, (IR
PTG (B B SGE RS #E M AL L I o

3. YIEXM IR AT =

PIK IR B PUNBARREIE TS, |2 AL gz, IRl
ARV TR, AR AR =R PR AE AR ROBES, EIG
TIREM NRRSEAIRIIBAR, IANSGRE LR Z RIS . IBM AR IT Pk R R
BHAESS ZTH AT BRFE e FIE NI A A T8 e v FAARCR UGS, &
IRANER A BRI, BB, MR, BBIE. A @I, BUKRZE. iU EsE&rsotth, Jf
HAES, TR X EORI A, i BRI 6 TRE T RS5I
NG KRBTSR, DL SRR IR 5L FTDARS, RRAE
AR o0 P K (R 28 G A

(345111
Find My Car Smart & —2 T AL P 4% B TiAFA58% B 0940 B- R 5L R 3114, i3k A
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AFE P E—A USB 40 6415 F B 85304F, XA BTA 5 ¥R iPhone FAUBATEA .
LH P BIAEN, XML TAFNILE, LA P SHFRE, b, BEFRER
J )5 GIEATHAE Y Z ]S, iPhone FHUT VA TR SE GPS shAe A . Peik d X B A F 6915342 B .
stFRENSE G mE, XATIRR LR ZAEF ER 6, CLTAR TILEREALLE 694,
1.3.2 mitEHA

1. ZITERBS

ML RESE ARG MRCR AR, BUAER 99.9% T LSRR, WA
VAR, aTLUR IR S IR A K . TP B, e AT A
BIRETV AU ) T b, AR P REE LT RO RE ) APt TR AE B RSs . AT 4
ny “25” We? PO oMbk “H R Pt ERIAEE ),  FIUB AT DABIES AR a(ink
SV AT 2 WA /), T A Ao, e SR IRAANE , Jovkfie e B AR B
TR 28 B R A EAN R I R LX), (O e S AP AE T AL

SRR R SRR A 2, AR TR Rk, B ‘=7, HPILL
BEI BEHR S B QTR SR o 0. ot HESR T B S B o 2, B
AT —H AR R TR 55, ALETALM—ANNA, — B3t & I, & -
BN, FEA AT, SRR BIAFR N SPI(SaaS #AFRIRSS. PaaS
G RIARSS . TaaS JEA it B AR S )

2. TITERIFHE

SRt AR AP RS AR Rl ik, FFLUSB MY
07 XA PSR RIREE R IR S o VPP T DRIRE M (P R, Aefeit
NP WIS i & s S U 20 e S W/ L 107 = A7 O/ - B AN [ A2 A & e bV N9 €08 RIS

“ITEM RGN SR, WK 1-31 s,

AR —
R BENEREEAERE RS, RESET ERRAS ZEER
=g | cooalespes | | omesss | | zene || mEm# || memz | BABE
g | HTMIL | | JavaScript | ‘ css ‘ | Flash | ‘ Google Map ‘ g ?ﬁﬂ"ﬁ?’ﬁ
EEHBE HRRE
H S EREFRERGN B TGHTFREERS =gt
g | Gooagle Apps | | #hEAzure | ‘ Force.com ‘ | M ERHR | ‘ PE= ‘
REEE
Yok IEaEEEEEECEEETTEEE
FEEE
BB ENRE BREHE
H BEELANTERENFRTE B ST ERDRSHERRESER NP
e | T SFECC | | IBMEBZ | ‘ BRuCS ‘ | REEE | ‘ LR R ‘ ]E?EE.IE
ot EENEEEEE S EENES RgEn

K131 ZU RGNS R
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TSP RCRBERAE B UL,  IEANA RS A E TR, T LAEA T B BIIRSSH
1 RS L ST B IC I RGeS . v 5 H AR AR A ) A BRI A VA
A B RE . PR TE . AL “ R Z IR HE T B ESE

3. ZItERINA

VPSP W Ey i Amazon)FE UL Tl A THE RS, ALFESE T 2 (Amazon EC2).
TR FRAFAi IS (Amazon S3). ] FLEAFIIAK 55-(Amazon SQS)%%, Amazon IR ERTIH . 171
AR . NP RRRENRS, ARk, WAERIEEEIRS . W Google Earth(7%
AP A DA HE] Gmail(H348), Docs(TELIMATAF)ERIMSS: WK Azure =TI AL
CHRAFIRS T .

e M EEECT, Pl & AL, W) “n” JEHTER a7 iR A%
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