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ABSTRACT

Taiwan's transit-oviented development (TOD) in recent years has been
based on increasing public transit ridership as its main planning tool, and this
planning remains confined to the planners' thinking without taking the public’s
needs into consideration. Moreover, studies on TOD are mostly attached to
empirical modeling without much support from a theoretical foundation; as a
result, these TOD studies are not location-based and the rationality of their
ideas has yet to be recognized. Therefore, how to appropriately adapt existing
TOD ideas by injecting them with locality, rationality and a theoretical
foundation to shape friendly pedestrian living environments has become the
foremost issue to be discussed in Taiwans TOD. This study takes the “New
Bangiao Special District (NBSD)” as its subject, and applies the theory of
“space syntax” and pedestrian-oriented design concepts as foundations to
analyze the rationality of the TOD walking environment and the rationality of
the land use configuration in the surrounding areas. Finally, theoretical points
of views are taken to examine how the lands around MRT stations should be
used so as to match up with the local walking environments for the realization of
effective TOD. The results from this study reveal that the convenience of the
walking environment within the TOD areas is not directly proportional to the
distance from the MRT stations. Furthermore, the intensity of the land use
configuration in the NBSD does not correspond to the convenience of the
walking network. While traditional TOD thinking is troubled with hidden
concerns, the combination of space syntax and pedestrian-oriented thinking will
lead Taiwan'’s TOD to break the shackles of traditional monotonous planning
methods and further help integrate land use planning with the characteristics of
walking networks, allowing TOD planning to be more appropriately
location-based and rational and providing both theoretical and practical
foundations for the planning process.

Key Words: Transit-oriented development,; Pedestrian-oriented concept; Space
syntax, land use; Transportation



VA% PR AR K B B 4T S 2 &4 TOD & W £ e it & ) 6 321

— HMEES

B2 SR ALRRAT AR - B BRIR AL ~ SR S, Bl AERURT IR S (MR ] B = - it
FREBERWTE SRS G - BB 1990 FIIREHTER T L FRELE: - B T A SRR
S ESE (transit-oriented development » f&f§ TOD) | Bl # 4 M - BRES » TOD
B b 8 FH B A ST A (A AR s 2 B A BIHE ) TOD B fRRETY
ARFEZ IR » NIL - 12 T AR AREER (growing cooler) ; B T#EERIAZE (Green TEA) | (1Y
SRR - SEBIREIE AR TSR ) KRRV - 25 TEREEE 100 {ESEEIH T 4 E
LI TR BIRL TOD 52X, » i858 4,000 i TOD -HHbGEFARIEI " - #] L TOD MIMERE A
J3 o B T AR AT A -

{EBISMNETY TOD HUBFSERERSHN » HS AR PR V£ R GBS OB E B - M
BE A THE SRR ARl » ot > TOD AEREERANAEE T 1A SR i K Bl ERLAGE R, - 5
RHEATRERTAER R Z 0 » T BB R A T LSRR AVAERE © fi RO AL AGE
BAEA P SRR B - AL UR e HAE R BT AR AR iy b o= A i
BERFER 22 IR S R R R 5 177 © IKIIEL » RIS A TR B TR i - R0
T AMHERR B RTE T - FURPEREE RIS I E 22 - A RS B RGE S22 - BN
JEEER S LA AN - H ARt A (e AR IR A - B ESE S TOD B B,
JEEHRF AR SEE L o A FH e 2R 5 8 P e RE Tk A PR B BRIERR ] - (HAI R Rk b 17 A B
AL A B - s A LB ERVEREE - it - A0fEE RIFR T8RS - Ry
# TS R BE T TOD By 1 2 -

T EE R TOD HURiE#l e - HAR TOD AEIEEERRIEHIK < 1Sl F AR
- TR A ASE S 300 AR AL iR R B R - ARSI R - St %A L - DA
R R R R O S E - WAE T A G R K 5 Al T R By 7 (i
HEREEENE R - BEE M AV AL GE R AT EHSE S eI =R i A G
s B o AR - REJ5iE B TR AR - BIRSE S B RS ITER - HiF
BAAER B O » MARE R RFPTRIEIET K o 20Tl 27 s iy s - HEE
SATEREIRAEA Gl T - IR TR R R AT B #5 Z - HHT TOD B RAIERE] -
AR EZER R | JI BT R B2 ss ) s RIEN TOD MRS M e
PERUEIBAIRIE - MR B ASRE - NS RAERF A S R BT 5 RF & TOD RS
il - {HEFY TOD i R £ el FHRZANAIRCE - AR1M B A TER AR & DUS AN AT B R
HAEA HERF TOD SRS ETE BT 05 H Kk < EEUERTE#E TOD &AL 3]
FOE - DR ERREER LG 300 22 REk 500 AR EYZE AR BER=S - EMATA T2 TR Ry
Rk ©

4. Ewing, R., “Induced Transportation Operating Costs. In R. Burchell et al.,, Calculating the
Transportation Cost Impacts of New Development: Literature Review”, Related to Procedures
National Cooperative Highway Research Program Project, 08-59, 2007, pp. 83-104.
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5. Anna Rose, “City Scans: Measuring the Effects of Urban Networks”, Harvard GSD, 2011.
6. Tim Stonor, “Valuing the Public Realm: The Importance of Spatial Networks”, City of Cambridge
Community Development Department, 2010.
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fi | EREASHARER
I | IR | REEL ST
o e | e || R | HRMUE | R4 | RRA | GEREE
(MD) (D) ()

1 10 2.73452 73 2.027778 0.26928 | 0.05873 | 0.21810 4.58496
2 5 1.21111 81 2.250000 0.26928 0.07143 | 0.26526 3.76986
3 2 0.24286 64 2.461538 0.34190 0.11692 | 0.34198 2.92415
4 10 3.88730 57 1.965517 0.31574 | 0.06897 | 0.21842 4.57823
5 7 1.88730 62 2.137931 0.31574 | 0.08128 | 0.25743 3.88456
6 2 0.24286 64 2.461538 0.34190 0.11692 | 0.34198 2.92415
7 8 1.66508 78 2.052632 0.25869 0.05690 | 0.21995 4.54639
8 6 1.03452 76 2.235294 0.28090 | 0.07487 | 0.26652 3.75208
9 7 1.90952 45 1.956522 0.37362 | 0.08696 | 0.23274 4.29665
10 3 0.45397 79 2.468750 0.29374 | 0.09476 | 0.32259 3.09992
11 9 1.93452 79 2.078947 0.25869 0.05832 | 0.22545 4.43550
12 5 0.70794 75 2.142857 0.27495 0.06723 | 0.24451 4.08989
13 5 1.32500 77 2.333333 0.28716 | 0.08333 | 0.2902 3.44592
14 7 2.32500 72 2.181818 0.28716 | 0.07386 | 0.25722 3.88771
15 4 0.92063 53 2.208333 0.36232 0.10507 | 0.29000 3.44828
16 9 2.21786 69 2.090909 0.28716 | 0.06818 | 0.23743 4.21169
17 4 0.78730 79 2.393939 0.28716 | 0.08712 | 0.30339 3.29610
18 6 1.45397 52 2.080000 0.35177 0.09000 | 0.25585 3.90856
19 7 2.39444 60 2.142857 0.32394 | 0.08466 | 0.26133 3.82654
20 3 0.51786 78 2.437500 0.29374 | 0.09274 | 0.31573 3.16731
21 1 0.10000 49 2.450000 0.41303 | 0.15263 | 0.36954 2.70608
22 1 0.14286 46 2.555556 0.44519 0.18301 | 0.41107 2.43265
23 1 0.10000 49 2.450000 0.41303 0.15263 | 0.36954 2.70608
24 6 0.86349 63 2.172414 0.31574 | 0.08374 | 0.26523 3.77031
25 6 0.82063 61 2.103448 0.31574 | 0.07882 | 0.24963 4.00595
26 3 0.46667 60 2.400000 0.35177 0.11667 | 0.33166 3.01518
27 2 0.30000 66 2.444444 0.33264 0.11111 | 0.33402 2.99379
28 5 0.90952 44 2.095238 0.39887 0.10952 | 0.27459 3.64182
29 2 0.31111 77 2.566667 0.30800 | 0.10805 | 0.35080 2.85063
30 1 0.14286 52 2.600000 0.41303 0.16842 | 0.40777 2.45238
31 4 1.06111 77 2.40625 0.29374 | 0.09073 | 0.30886 3.23769
32 2 0.36111 51 2.428571 0.39887 0.14286 | 0.35816 2.79206
33 2 0.39286 45 2.368421 0.42842 | 0.15205 | 0.3549 2.81767
34 3 0.75397 51 2.318182 0.38577 0.12554 | 0.32543 3.07285
35 4 1.05952 53 2.208333 0.36232 0.10507 | 0.29000 3.44828
36 2 0.47619 43 2.388889 0.44519 0.16340 | 0.36703 2.72457
37 2 0.41667 53 2.52381 0.39887 | 0.15238 | 0.38204 2.61756
38 2 0.26786 78 2.516129 0.30068 0.10108 | 0.33616 2.97480
39 2 0.20000 65 2.321429 0.32394 | 0.09788 | 0.30217 3.30944
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ABSTRACT

The purpose of this study is to propose a transport policy decision-making
process using a MCDM (multiple criteria decision-making) model to examine
the dependent relationships among variable criteria of transport policies.
DEMATEL (decision-making trial and evaluation laboratory) is employed to
construct the IRM (impact relation map) and NRM (network relation map),
which illustrate the influential network of the transport policy decision-making
model. ANP (analytic network process) is adopted to evaluate the weights of
criteria. VIKOR is then used to select the best transport mode. The case of
Hualien is demonstrated and the empirical results reveal the proposed model is
powerful and effective to identify the influential network, priority of criteria, and
select the best compromise solution to a complicated problem.

Key Words: Transport policy; MCDM; DEMATEL; ANP; VIKOR

I. INTRODUCTION

Taiwan lies off the southeastern coast of mainland Asia. Hualien County, Taiwan's biggest
county, borders the Pacific Ocean to the east and is hemmed in by the Central Range to the west.
In 1590, Portuguese sailors passed by the eastern coast of Taiwan and were moved by the
grandeur and then named it "Formosa" (beautiful island). Today, Hualien has become one of

Taiwan's main travel destinations for local and international visitors !,

In addition to the Central Cross-Island Highway (Provincial Highway No. 8), another road
that offers considerable attractions for the tourists is the Suao-Hualien Highway (Provincial
Highway No. 9), which starts at Suao, Yilan and ends at Hualien ™. The 20-kilometer section
between Chongde and Heping is the most spectacular part of the route, as highway winds its way
between the cliffs that rise to more than a thousand meters.

Both landform and geological structure mean that Suao-Hualien Highway is often affected
by landslides caused by typhoons, heavy rain, and earthquakes. In order to provide a safer route,
in 2002 the Executive Yuan approved plans to build a new “Suao-Hualien National Freeway” to
improve the relatively poor infrastructure of Hualien area. However, this project has now been
suspended after it failed to pass an environmental impact evaluation!. In 2010, the Executive
Yuan approved the “Suao-Hualien Highway mountain sections improvement plan” to replace
some dangerous sections of the original highway. By avoiding geologically fragile sections, the
initiative is expected to increase both the safety and carrying capacity of the highway, and

reduce the journey time 4,

Travel north of Hualien now relies on the Suao-Hualien highway and the northern line

railway. While the island-wide railway network, including western, eastern, northern, and
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southern lines, is often very popular for passengers . it is difficult to get train tickets during the
holidays and weekends. In addition, the flight capacities between Hualien and Taipei are
relatively limited . From 1975 to 1983, passenger shipping had traveled between Hualien and
Keelung, but this was often affected by typhoons in the summer and the monsoons in the winter.
Moreover, with the operation of the northern line railway in 1980, the number of passengers
going by sea declined very quickly, and this service was eventually discontinued .

In addition to the Central Cross-Island Highway and Suao-Hualien Highway, the
Hsuehshan Tunnel through the Hsuehshan Range is another important infrastructure connecting
the eastern and northern sections of Taiwan. The total length of the tunnel is 12.9 km, making it
the second longest road tunnel in East Asia and the fifth in the world 8], While excavating the
tunnel, engineers encountered serious geological problems, like fractured rocks and massive
inflows of water, which caused severe delays to the project. Since 2006, Chiang Wei-Shui
Memorial Freeway (National Freeway No. 5) has connected Taipei City to northeastern Yilan
County, cutting the journey time from two hours to half an hour. One of the key aims of
constructing the tunnel and freeway was to connect the western plain of Taiwan, where 95% of
the population lives, to the eastern coast, and mitigate the problem of unbalanced development.

The construction of transport infrastructure is usually welcomed by the local governments
in Taiwan, due to the benefits with regard to greater convenience and growth in the local
economy, tourism industry, and employment rate. However, environmental protection must be
taken into consideration when such projects are proposed, and if mistakes are made then this can
lead to considerable waste with regard to time and money. This makes transport policy
decision-making a particularly difficult task.

In summary, a country’s transport infrastructure is closely connected to its economy,
society, environment, and politics. The question thus arises as to whether it is possible to
develop a systematic and scientific decision support system to consider the various conflicting
factors associated with transport policies, and to find an optimal compromise solution. This
study aims to provide a MCDM (multiple criteria decision-making) transport policy
decision-making model by investigating the case of Hualien. The results of this work
demonstrate that the proposed model is able to identify the influential network, priority of
criteria, and select the best compromise solution for a complicated transport policy problem.

The remainder of this paper is structured as follows. Section 2 summarizes transport policy
decision-making in Taiwan and some important previous research regarding transport policy
decision-making. Section 3 reviews the basic concepts of the DEMATEL (decision- making trial
and evaluation laboratory), ANP (analytic network process), and VIKOR approaches. An
empirical case of Hualien is illustrated to show the usefulness of the proposed model in Section

4, and the results of this empirical study are discussed in Section 5. Finally, the conclusions of
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this work are drawn in Section 6.

II. REVIEW OF TRANSPORT POLICY DECISION-MAKING

Public policy decision-making may be regarded as the process by which a government
translates its political vision into projects and actions to achieve desired outcomes in the real
world. Many techniques are available which can assist with in this process, such as Political
System Theory '), the Garbage Can Model ', and Rough Sets Theory .

In Taiwan, the Institute of Transportation (IOT) serves as a think tank for the Ministry of
Transportation and Communications (MOTC), and has helped in the development and
completion of many major projects. It not only carries out the horizontally integrated policy
coordination for MOTC, but also provides vertical implementation with regard to technical
support and supervision "%,

The various departments of the Executive Yuan in Taiwan are staffed by many experts and
scholars, and most cabinet members have doctoral degrees. On the other hand, Taiwanese
society is highly democratized, with two major parties that campaign to win public office at all
levels of the system. In other words, the Taiwanese political system has two conflicting
characteristics: elitism and populism. Moreover, the content in which policies have to be
developed is becoming increasingly complicated, uncertain and unpredictable, and key issues,
such as transport infrastructure, economic development, social security, and environmental
protection, are connected and cannot be tackled easily by the specific departments acting alone.

Although several traditional approaches have been proposed for solving public policy
decision-making problems, different techniques may yield different results for the same
problem. Recently, the MCDM method has been presented as a way to aggregate individual
judgments into a group judgment, and it has become a very active area of research. However,
relatively few studies have devoted to examine transport policy decision-making.

Yedla and Shrestha!"*! examined the impact of including various qualitative criteria for the
selection of alternative transportation options in Delhi. Three alternative transport options:
two-wheelers, cars and buses were prioritized based on six different criteria: energy saving
potential, emission reduction potential, cost of operation, availability of technology, adaptability
of the option, and barriers to implementation. Integrated quantitative and qualitative criteria gave
contrasting results as compared to those obtained from the conventional quantitative and
qualitative approaches, which can explain the reasons for failure of many potential alternative

urban transport options.

Tudela et al. " compared the outcome of cost benefit analysis and a multi-criteria method
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when applied to a transport project. The results showed that the outcome of the multi-criteria
method was different to the one from the cost benefit analysis, but it matched the final decision
made by the authority. These two earlier studies show that it is possible to improve transport
policy decision-making by using an MCDM model.

MCDM " has also been proved for its usefulness in many fields, such as economy,
management and engineering. The DEMATEL technique, which originates from the Geneva
Research Centre of the Battelle Memorial Institute, is widely used to investigate and solve
complicated problems®’, and is particularly useful for visualizing the structure of complicated
causal relationships with matrices and digraphs. DEMATEL has recently attracted more
attention in Japan and Taiwan, and has been widely applied in many contexts, including

[17], tourism [18], and many other industries (19201 The ANP method " is an

transportation
extension of the AHP approach %), which is used to overcome the problem of interdependence
and feedback between criteria . The VIKOR method was developed to determine the
compromise ranking list with the given weights for multi-criteria optimization of complicated
systems |, It focuses on ranking and selecting from a set of alternatives in the presence of
conflicting criteria 23] This compromise ranking algorithm introduces the multi-criteria ranking
index based on a measure of closeness to the ideal solution **. The normalized value in the
VIKOR method does not depend on the evaluation unit of a criterion function, whereas the ones

by vector normalization in the TOPSIS method may depend on the evaluation unit (23]

DEMATEL and ANP were adopted to efficaciously investigate the intertwined effects
, while ANP and VIKOR were adopted to select a restaurant location 29 1n addition,

DEMATEL, ANP and VIKOR were applied to select an outsourcing provider °* and improve
[18]

[27.28]

tourism policy implementation . Accordingly, this study proposes a transport policy
decision-making process using a MCDM approach to examine the dependent relationships
among various transport-related criteria. DEMATEL is employed to construct IRM (impact
relation map) and NRM (network relation map), which illustrate the influential network of the
transport policy decision-making model. Besides, ANP is used to evaluate the weights of

criteria, while VIKOR is applied to select the best transport mode.

Yeh et al. *! stated that transportation projects do not follow a united process in Taiwan. In
their study, four dimensions: namely economy, society, environment, and policy, were measured
by 24 attributes extracted from previous studies that reviewed the contextual aspects of Taiwan’s
transport policies.

However, too many criteria may dramatically increase the difficulty of completing the
DEMATEL and ANP questionnaires, as the number of questions produced by pairwise
comparisons is proportional to the square of the number of criteria. In addition, the influential

network of a model with too many criteria may become too complicated to analyze. After
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investigating the content of criteria, some criteria may be combined into a single criterion. For
example, the following seven attributes were included in economy dimension: local economic
development, tourism development, employment opportunity, investment cost, maintenance

BU 1t seems that the first three criteria, namely local

cost, transport cost, and travel time
economic development, tourism development, employment opportunity may be combined in a
single criterion as “economic development”. The last four criteria (i.e., investment cost,
maintenance cost, transport cost, travel time) may be combined in a single criterion as “eligible
cost”.

Therefore, in this work 24 attributes are condensed to eight criteria, as follows: (1)
economic development: local economic development, tourism development, and employment
opportunities; (2) eligible cost: eligible investment, maintenance, and transport cost, and
reasonable travel time; (3) equity & justice: resident rights, balanced development, and mass
transport; (4) social security: safety, reliability, accessibility, and disaster reduction; (5)
environmental protection: ecological and natural resources protection (6) energy efficiency &
carbon reduction: green transport, pollution prevention, and sustainable development; (7)
political climate: the aims of the government, pressure groups, and public opinion; (8) feasibility
& execution: engineering technology, feasibility, laws and regulations. This set of criteria
provides the current research with an overall evaluation system that will facilitate further
prioritization using the techniques of DEMATEL, ANP, and VIKOR for the four transport
modes, as follows: (1) Highway: Suao-Hualien Highway mountain sections improvement plan;
(2) Rail: Taipei-Yilan Direct Railway, extra carriages; (3) Marine: High speed ferry among
Keelung, Wushih, Yilan , Suao, Yilan, and Hualien; (4) Air: increasing Taipei-Hualien flights,
launching Taoyuan-Hualien flights.

III. MCDM MODEL: DEMATEL, ANP, AND VIKOR

3.1 The DEMATEL approach

The DEMATEL approach can be summarized as follows:

Step 1: Obtain the direct influence matrix [A] based on scores given by experts.

The experts are asked to indicate the direct effect they believe that each factor i exerts on
each factor j using an integer scale ranging from 0, 1, 2, 3, and 4, with 0 meaning “no influence”
and 4 “a very high influence”. Each element of the direct influence matrix [A4] is the average of

the same elements in the different matrices of the respondents.
Step 2: Calculate the initial influence matrix [D].

The initial influence matrix [D] is obtained by normalizing the direct influence matrix
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[4] as

1
D]=—[4 1
[D]=—14] (M
where k= Max{MaxZAl/,quiAijJ
= A=

Step 3: Derive the total influence matrix [77].

As 0<D,;<I and Lim [D]™ =[0], the total influence matrix [I'] can be obtained as

[T]1=[D]+[D) +[DF +.....+[D]"
=[ D]([1]+ D)+[DF +...... +[D]"HX[1]—[D])([J]—[D])‘1
~ln-1o7 Jin-o)”
=[D]([ (o))" @)

where [/] denotes the identity matrix.

Step 4: Calculate the sum of rows {r} and the sum of columns {c}

{r}= iz,} 3)

- T
cEp @

where 7, shows the sum of direct and indirect effects of factor i on the other factors, C;
shows the sum of direct and indirect effects that factor i has received from the other factors.
Furthermore, r; +c; shows the impact level (the strength of influences given and received) that
factor i has with regard to the problem. If the relation level (7; —¢; ) is positive, then factor i is
affecting other factors, otherwise it is being influenced by them.

Step 5: Construct the IRM and NRM.

To reduce the complexity of the IRM, a threshold value for the influence level may be
decided by the decision maker or based on the opinions of experts. Only elements whose
influence level in the matrix [7'] are higher than the threshold value are chosen and converted
into the IRM '/,

There is another way to construct the NRM without the threshold value and using

(18]

single-headed arrows to represent the impact direction -, in which the net influential impact in
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the network flow may be expressed as
If ]:'j >T ji » the flow is drawn from factor i to factor ;.

If ]:'j <T ji » the flow is drawn from factor j to factor i.

3.2 The ANP method

The ANP method can be summarized as follows:

Step 1: Obtain the unweighted supermatrix [;v] based on scores given by experts.

The initial step of the ANP is to compare the criteria in the entire system to form a
supermatrix through pairwise comparisons. The relative importance is determined using a scale
of 1-9 representing equal importance to extreme importance (3]

Step 2: Derive the weighted supermatrix [w].

After forming the unweighted supermatrix [;V], the weighted supermatrix [w] is derived
by transforming all the columns sum to unity exactly.

Step 3: Compute the weight of each criterion.

The weighted supermatrix is raised to limiting powers to calculate the overall priorities.
Each row of the limit supermatrix represents the weight of each criterion.

Lim [W]m (%)

m-—»o0

3.3 The VIKOR method

The VIKOR method can be summarized as follows:

Step 1: Obtain the evaluation matrix [ f] based on scores given by experts.

The experts are asked to indicate the evaluation of the ith criterion function and jth
alternative using an integer scale ranging from 1, 2, 3, 4, and 5, with 1 meaning “strongly
disagree” and 5 “strongly agree”.

Step 2: Determine the best ;" and the worst f,~ values of all criteria.

If the ith criterion function represents a benefit then:

fi= Mas f; (6)
Ji7 =Minf; (7)

If the ith criterion function represents a cost then:

f,-*=1\{inf,~,~ ®)
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fi =Max f; ©)
J
Step 3: Compute the distance from each alternative to the positive ideal solution.

R

Il
—

| X (10)

R; = MaxX; (11

3k *k —
where X;; =w;(f; —f;)/(fi —f; ), W; represents weights of criteria, §, is the
distance of the jth alternative achievement to the positive ideal solution, and R; implies the

maximal regret of each alternative.

Step 4: Compute the index value Q.
0, =v(S; -SHIS™ -S)+(1-VR; -R)(R -R") (12)

where §° =Min §;, §" =Max§,;, R =Min R;, R™=MaxR;, and v is the weight of
the decision-makinjg strategy, repr]esenting the rrjlajority of criteria. In Eq. (12), when v =1, it
represents a decision-making process that can use the strategy of maximum group utility. On the
other hand, when v =0, it represents a decision-making process that can use the strategy of

minimum individual regret. The best alternative is the one with the minimum value of Q.

IV. EMPIRICAL RESULTS

4.1 Measuring the relationships by DEMATEL

For the purpose of remaining independent and neutral, professors who teach in
transportation, tourism, economy, and ecology related departments, and who have carried out
related research, were invited to score the relationships among the eight criteria. Twenty-four
questionnaires were distributed and 16 valid samples were returned, representing a 67% return
rate. The average direct influence matrix [A] is an 8x8 matrix obtained by pairwise
comparisons in terms of influences and directions between the eight criteria, as shown in Table
1.
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Table 1 The direct influence matrix [A]

Criteria C; C, Cs C, Cs Cs C, Cqg
C 0 1.6875 | 2.6875 1.5 2.875 3.125 1.5625 3
C, 3 0 2.1875 1.1875 1.3125 1.5625 1.4375 | 2.9375
G 2.5625 | 24375 0 3.0625 1.625 1.5625 | 3.0625 | 2.6875
C, 1.75 1.625 3.1875 0 1.125 1.0625 2.5 1.8125
Cs 2.5625 2.625 2.5625 | 2.4375 0 3.375 2.625 2.5625
Cs 2.5 2.8125 2.125 1.1875 3.25 0 1.3125 2.5
C, 2.875 2.6875 2.875 3 2.6875 2.625 0 2.875
Cs 2.75 3 25 2.625 2.5 2.5 2.625 0

The normalized initial influence matrix [D] is obtained through Eq. 1. The total influence
matrix [77] is then derived by using Eq. 2 (Table 2).

Table 2  The total influence matrix [7]

Criteria C; C, Cs C, Cs Cs C, Cqg
C 0.6393 | 0.6845 | 0.7579 | 0.6131 0.6865 | 0.7102 | 0.6213 | 0.7846
C, 0.6716 0.506 0.6365 | 0.5129 | 0.5318 | 0.5539 | 0.5276 | 0.6799
G 0.7649 | 0.7212 | 0.6521 0.6892 | 0.6389 | 0.6503 0.693 0.7825
C, 0.5989 | 0.5631 0.6597 | 0.4432 | 0.5016 | 0.5098 | 0.5587 | 0.6118
Cs 0.826 0.7881 | 0.8252 | 0.7107 | 0.6181 0.7805 | 0.7237 | 0.8396
Cs 0.7237 | 0.7012 | 0.7048 | 0.5726 | 0.6737 | 0.5458 | 0.5838 | 0.7354
C, 0.8663 0.816 0.8675 | 0.7596 | 0.7608 | 0.7744 | 0.6322 | 0.8806
Cyq 0.8232 | 0.7922 | 0.8131 | 0.7102 | 0.7197 | 0.7352 | 0.7156 | 0.7138

Note: Numbers in bold denote that they are higher than the threshold value of 0.655.

Using Eqgs. 3 and 4, the influences given to and received by each factor are shown in Table
3. The r, +c; values represent the total influence levels. The 7, —c; values represent net
influence levels where positive values indicate that the factor will influence other factors more
than other ones influence it. The impact level of the eight criteria can be prioritized as Feasibility
& Execution (C8) > Equity & Justice (C3) > Political Climate (C7) > Economic Development
(C1) > Environmental Protection (C5) > Energy Efficiency & Carbon Reduction (C6) > Eligible
Cost (C2) > Social Security (C4) based on the 7; T C; values. Based on the 7; —C; values,

Political Climate (C7) and Environmental Protection (C5) are net causes, whereas the others are
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net receivers. It is worth noting that the vertical coordinates (-0.0052 and -0.0191) of the two
points, Feasibility & Execution (C8) and Energy Efficiency & Carbon Reduction (C6), are both

close to zero.

Table 3 The results of the criteria analysis

Criteria ; ¢ 1+ r—¢;
Economic Development (Cy) 5.4973 59139 11.4113 (4) -0.4166 (6)
Eligible Cost (Cy) 4.6203 | 5.5723 10.1925 (7) -0.9520 (8)
Equity & Justice (C;) 5.5921 | 5.9167 11.5088 (2) -0.3246 (5)
Social Security (C4) 4.4469 5.0116 9.4585 (8) -0.5647 (7)
Environmental Protection (Cs) 6.1118 5.1311 11.2429 (5) 0.9807 (2)
Energy Eff. & Carbon Red. (C¢) 52410 | 5.2601 10.5011 (6) -0.0191 (4)
Political Climate (C;) 6.3574 | 5.0559 11.4133 (3) 1.3015 (1)
Feasibility & Execution (Cyg) 6.0230 | 6.0282 12.0513 (1) -0.0052 (3)

Note: The numbers in parentheses denote rankings.

The IRM can be drawn based on the matrix [7']. However, there is a need to simplify the
causal relationships by setting a threshold value to filter insignificant ones. For this reason,
discussions were carried out with the respondents, and a consensus was reached on a threshold
value of 0.655, which was deemed as the most appropriate one to acquire a suitable relationship.
Based on this threshold value, the IRM of the DEMATEL method is obtained and shown in Fig.
1. The elements of matrix [7'] exceeding the threshold value (0.655) are shown in bold in Table
2.

The net influential impact in network flow "™ is shown in Table 4, and the NRM is
obtained and shown in Fig. 2. In fact, the net influential impact in the NRM may also be
determined by comparing the vertical coordinates of the criteria. The upper criteria in the NRM
affect the lower ones. The only exception is the relation between Feasibility & Execution (C8)
and Energy Efficiency & Carbon Reduction (C6), as their vertical coordinates are very close to
each other. The double-headed arrows are then replaced by single-headed ones, and the 40
relations (12 single arrow lines and 14 double arrow lines) of the IRM can be simplified to 28
relations (28 single arrow lines) of the NRM. It is interesting to note that the IRM does not show
the three lines between C1 and C4, C6 and C4, C4 and C2, but indicates the feedback of C8.
Although the number of the arrows is reduced significantly in the NRM, the criteria are

intertwined with the others in this complicated relationship.
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Fig. 1 Impact relation map (the threshold value = 0.655)

Table 4 The net influential impact in network flow

Criteria C, C, C; C, Cs Cs C, Cg

C - 0.0128 - 0.0142 - - - -
G, - - - - - - - -
(O 0.007 0.0847 - 0.0295 - - - -
C4 - 0.0502 - - - - - -
Cs 0.1395 0.2563 0.1863 0.2091 - 0.1068 - 0.1199
Cs 0.0136 0.1473 0.0545 0.0628 - - - 0.0002
G, 0.245 0.2884 0.1745 0.2009 0.0371 0.1907 - 0.165
Cs 0.0386 0.1123 0.0306 0.0985 - - - -
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Fig.2 Network relation map

4.2 Deriving the weights of criteria by ANP

After the DEMATEL, which confirms the structure of the relationships among the criteria
of the evaluating systems, ANP is adopted to form an unweighted supermatrix (Table 5) through
pair-wise comparisons. The limiting power of the weighted supermatrix is obtained until a
steady-state condition is reached (Table 6). Each row represents the weight of each criterion. As
shown in Table 6, the top three priorities in the evaluating systems are: Social Security (C4)
(16.98%), Environmental Protection (CS5) (16.13%), and Equity & Justice (C3) (15.19%)).

Table 5 The unweighted supermatrix [w]

Criteria C; C, Cs C, Cs Cs C, Cg
C, 1 3.849 1.8427 1.3183 1.9079 | 2.4382 | 5.1339 | 2.9083
C, 0.8462 1 1.2621 1.0685 0.998 1.2188 | 3.0148 1.8142
G 2.6652 | 2.3438 1 1.6131 1.9625 | 2.9792 | 4.2049 | 2.9673
C, 2.487 3.7104 1.4861 1 2.5984 | 3.2329 | 5.0729 | 4.1979
Cs 3.524 3.8385 1.7309 1.5022 1 2.6875 | 4.2882 | 3.1632
Cs 2.1027 1.901 1.258 1.1714 | 0.6715 1 29757 | 2.4065
C, 0.6315 1.3604 1.1891 0.5805 1.3385 1.4784 1 1.3374
Cq 0.9625 | 2.3943 1.575 0.7601 1.4627 | 2.1943 | 3.9444 1
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Table 6 The limit supermatrix matrix Lim[w]’
n—o

Criteria C1 C2 C3 C4 C5 C(, C7 Cg

(O] 0.1452 0.1452 | 0.1452 | 0.1452 | 0.1452 | 0.1452 | 0.1452 | 0.1452

C, 0.0881 0.0881 0.0881 0.0881 0.0881 0.0881 0.0881 0.0881

(O 0.1519 | 0.1519 | 0.1519 | 0.1519 | 0.1519 | 0.1519 | 0.1519 | 0.1519

Cy 0.1698 | 0.1698 | 0.1698 | 0.1698 | 0.1698 | 0.1698 | 0.1698 | 0.1698

Cs 0.1613 0.1613 0.1613 | 0.1613 | 0.1613 | 0.1613 | 0.1613 | 0.1613

Ce 0.1040 0.1040 0.1040 0.1040 0.1040 0.1040 0.1040 0.1040

C, 0.0758 0.0758 | 0.0758 | 0.0758 | 0.0758 | 0.0758 | 0.0758 | 0.0758

Cs 0.1039 | 0.1039 | 0.1039 | 0.1039 | 0.1039 | 0.1039 | 0.1039 | 0.1039

4.3 Selecting the best transport mode by VIKOR

After the weights of the evaluating systems are determined, the selection of transport mode
is further illustrated based on the VIKOR method. The performance score for each transport
mode, and the results of the VIKOR and traditional simple additive weight (SAW) method are
shown in Table 7. Rail has the highest scores in seven criteria, and highway has the highest in
only one. On the other hand, air transport has the lowest scores in five criteria, while marine
transport and highway have the lowest scores in two criteria. The scores in Environmental
Protection (C5) and Energy Efficiency & Carbon Reduction (C6) are less than three for
highway, which thus does not reach the threshold value for these criteria. The same is true for air
transport in Eligible Cost (C2), Environmental Protection (C5), and Energy Efficiency & Carbon
Reduction (C6).

S5,
values. Since Q; represents the gap between the alternative and ideal solutions, a smaller Q ;

R;,and Q; values may be calculated using Eqs. 10-12, and rail holds the lowest Q;

value is desirable. As may be expected, rail contains the smallest gap (0) according to a VIKOR
analysis for three cases (v =1, 0.5, and 0), while rail also holds the highest value (4.0866) based
on the SAW method. The ranks of the overall scores of the four transport modes were found to

be Rail > Highway > Marine > Air, where A > B represents that A is preferred over B.
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Table 7 The results of the VIKOR and SAW analyses

Criteria Weights Highway Rail Marine Air
Economic Development (C;) 0.1452 (4) 3.9375 4 3.375 3.25
Eligible Cost (C,) 0.0881 (7) 3.8125 4.1875 3.5625 2.9375
Equity & Justice (C3) 0.1519(3) | 3.625 4 3.25 3.0625
Social Security (Cy) 0.1698 (1) | 3.375 4.4375 3.25 3.25
Environmental Protection (Cs) | 0.1613 (2) 2.75 3.9375 3.1875 2.9375
izzf(gg;ff. & Carbon 0.1040(5) | 29375 | 4375 | 3375 | 26875
Political Climate (C;) 0.0758 (8) 3.625 3.5625 3.0625 3.125
Feasibility & Execution (Cs) 0.1039 (6) 3.4375 4 3.5 3.5625
S, 0.6014 | 0.0088 | 0.7868 | 0.9424
R, 0.1597 | 0.0088 | 0.1630 | 0.1630
VIKOR (Q,) v=1 0.63832) | 0(1) |083423)| 14
v=0.5 0.79282) | 0(1) |091713) | 14
v =0 0.94732) | 0(1) 13) 1(3)
SAW 3.4123(2) | 4.0866(1) | 3.3104(3) | 3.1081(4)

Note: The numbers in parentheses denote rankings, and those in bold denote f;".

V. DISCUSSION

The proposed MCDM model provides a systemic analytic model for the selection of
transport mode based on the gap from the ideal solution. This model can simultaneously
consider the strategy of maximum group utility (. ; ) and minimum individual regret (R ;) while
quantifying many subjective judgments, which is necessary for the evaluation of different
alternative transport modes. The empirical results indicate that the ranks of the overall scores of
the four candidates were found to be Rail > Highway > Marine > Air. Rail beats other
transport mode in most criteria, except for Political Climate (C7).

The local government has claimed that the residents of Hualien need a safe way home (by
construct a new national freeway). This appeal successfully attracted attention and put political
pressure on the Executive Yuan. However, the weight of Political Climate (C7) is the lowest,
and the scores of highway and rail are very close. In addition, rail beats highway in other seven

criteria, even in Social Security (C4), which is an important criterion with the highest weight.
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Therefore, rail is the best transport mode between Hualien and Yilan based on the proposed
MCDM model. That also explains why the new “Suao-Hualien National Freeway” project was
temporarily suspended by the Executive Yuan. After all, some sections of Central Cross-Island
Highway and Southern Cross-Island Highway are often damaged and closed, as they run through
exceedingly rugged and unstable terrain. The experience of the Hsuehshan Tunnel construction
also made the government more cautious when making transport policy decision.

Some have argued that marine transport could be a good alternative, and that the new
national freeway could be replaced by a “blue highway”. However, based on the relatively low
scores of marine transport, this mode may be served as a back-up. In addition, air transport is not
an appropriate mode, and its innate disadvantages meant that it had the lowest scores for five

criteria.

In summary, rail is the best choice as it has the smallest gap according to a VIKOR analysis
for three cases (v =1, 0.5, and 0). No matter what the v value is, the ranking of the transport
modes is the same. It is interest to note that the values of Q; decrease as v increases for the
highway and marine modes. That means these two modes are more likely to be adopted if the
strategy of maximum group utility is used. Unlike the ranking of traditional SAW is different
from the one of VIKOR in the study by Liou and Chuang B39 the ranking of SAW is exactly the
same as the one of VIKOR for the three cases in this study. It seems that simple SAW may be
still a feasible and reliable approach although elaborate VIKOR is available.

If the “Taipei-Yilan Direct Railway” between Taipei and Yilan is constructed, and railway
electrification between Hualien and Taitung is accomplished to increase the operating speed, the
benefits of rail may be further increased. Moreover, not only people living in Hualien would
benefit from this, but also the rest of the population of Taiwan, as well as tourists from home and
abroad. It is believed that rail may be a particularly good tourism and transport mode with regard
to overcoming the traffic jams in the Hsuehshan Tunnel on holidays, and vulnerability of
original Suao-Hualien Highway. Moreover, the highway mode is the second best choice, and
thus the authorities should regard this as an acceptable alternative mode.

The case of Hualien examined in this work demonstrates the possibility of solving a
complicated problem and finding the best compromise solution using the proposed MCDM
model. The experts’ opinions were collected and a group decision-making process was carried
out systematically, with a qualitative approach replaced by a quantitative one. Moreover, a single
aspect evaluation is improved by adopting a multiple criteria decision-making approach, thus
overcoming time-consuming and fruitless discussions. Consequently, the two conflicting
characteristics of Taiwanese politics, elitism and populism, can coexist productively. Based on
the empirical results of this work, the authorities are advised to make more efforts to

communicate with the public to make them realize the advantages of rail transport, as it is
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believed that they will respond better to reasoned explanations than to orders or arguments.

As seen in Table 3, the impact level of the eight criteria can be prioritized as Feasibility &
Execution (C8) > Equity & Justice (C3) > Political Climate (C7) > Economic Development (C1)
> Environmental Protection (C5) > Energy Efficiency & Carbon Reduction (C6) > Eligible Cost
(C2) > Social Security (C4). The relationships among the eight criteria can be prioritized as
Political Climate (C7) > Environmental Protection (C5) > Feasibility & Execution (C8) >
Energy Efficiency & Carbon Reduction (C6) > Equity & Justice (C3) > Economic Development
(C1) > Social Security (C4) > Eligible Cost (C2).

From Table 7, the importance of the eight criteria can be sorted as Social Security (C4) >
Environmental Protection (C5) > Equity & Justice (C3) > Economic Development (C1) >
Energy Efficiency & Carbon Reduction (C6) > Feasibility & Execution (C8) > Eligible Cost
(C2) > Political Climate (C7). However, these results do not necessarily imply that one should
pay less attention to Political Climate (C7) and Feasibility & Execution (C8). In fact, Table 3
indicates that Political Climate (C7) has the highest degree of (7; —c; ), which shows that it will
influence the other criteria more than it is influenced by them. On the other hand, Feasibility &
Execution (C8) has the highest value (; + ¢; ), which means it will affect other criteria and will
also be significantly affected by them. The ranks of the impact level based on the r; + ¢; values
are different from those of importance based on the weights. The proposed hybrid model
demonstrates that it is capable of handling the various interdependencies in the complicated
relationships among the various criteria.

A comparison of the results of IRM and NRM (Fig. 1 and Fig. 2) is both interesting and
meaningful. IRM may provide a clear picture for the loop of interdependence and feedback
between criteria, while NRM may provide a clear vision of the direction of influence. It thus

seems that both the IRM and NRM provide an overview of this complicated problem.

VI. CONCLUSIONS

A MCDM method has been employed in this work to examine the dependent relationships
among the various criteria together with DEMATEL, ANP, and VIKOR. The case of Hualien is
used to illustrate this approach, and the empirical results reveal the proposed model is both
powerful and effective with regard to identifying the influential network and priority of criteria,
and thus select the best compromise solution for a complicated problem. Political Climate (C7)
and Environmental Protection (C5) are the causes (starting points). Feasibility & Execution (CS),
Equity & Justice (C3), and Political Climate (C7) are the top three criteria with the strongest
influences given and received. Social Security (C4), Environmental Protection (C5), and Equity

& Justice (C3) are the top three priorities with the highest weights. Rail is the best choice among
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the four transport modes. The MCDM model provides a simple decision support system to solve
complicated problems that are involved with many different departments or units in the real
word, such as developing a transport policy in the case of Hualien.

Despite the efficacy of the proposing MCDM approach, the limitations of the current work
suggest some directions for future research. This study was limited to a Taiwanese context using
a sample of specific experts, and thus the findings may not be directly applicable to other
extents. Larger and more diverse groups of samples are thus suggested to enhance the robustness
of the proposed method in the following study. For example, the construction of an island-wide
freeway network may be an interesting issue for future research by taking national defense into
consideration. In addition, the combinations of transport modes (e.g. rail and highway, marine
and highway) may be the alternatives in order to examine the policy of Ministry of
Transportation and Communications. The evaluation criteria used in this work were selected
from a review of the literature on public policy making, especially in transport domain, and other
methodologies, such as in-depth interviews or the Delphi method, may be applied to seek other

effective criteria.
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ABSTRACT

This research utilizes the time-space network flow technique to describe the
potential movements of cash transportation vehicles among all demand points in
the time and space dimensions and develops a cash transportation vehicle
routing and scheduling model which minimizes both operating cost and risk cost
in order to help security carriers plan efficient and safe cash conveyance routes
and schedules. The Analytical Hierarchy Process method is employed to
determine the weights of a set of risk factors identified by cash transportation
experts. The risk cost of cash transportation, which is computed based on the
weights and the estimates of those risk factors, is then incorporated into the
proposed model. Because the model can be formulated as a multi-commodity
network flow problem, which is characterized as NP-hard, this study develops a
heuristic to efficiently solve the model. The model and algorithm are solved and
analyzed using a problem instance generated from operational data provided by
a domestic security carrier. We also compare our model results with the results
of a model presented in the literature. The case study results demonstrate that
our model with a solution algorithm outperforms the previous model and could
be a useful reference for security carriers in actual practice..

Key Words: Cash transportation vehicle, Vehicle routing and scheduling, Risk
cost, Time-space network, Multiple commodity network flow
problem
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ON THE APPROXIMATION OF FINITE DIFFERENCE METHODS
FOR CONTINUUM TRAFFIC FLOW MODELS
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ABSTRACT

Because continuum traffic flow models are described by hyperbolic partial
differential equations and the exact solutions to the models are difficult to derive
analytically, finite difference methods are commonly used to approximate the
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solutions. In this paper, the fitness of several finite difference methods under
different continuum flow models is assessed in two extreme traffic conditions, a
backward shock wave formed by a uniform arrival flow encountering a stopped
flow and a forward shock wave formed by a discharging flow. The results show
that the Lax-F method can obtain good approximations for both the first-order
quasi-linear continuum model (i.e., the LWR model) and the high-order
continuum flow model with good stability and convergence. This finding is
different from previous domestic and foreign studies primarily because past
studies examined only traffic cases with uncongested traffic conditions and
because of the drawbacks of the Payne model itself.

Key Words: Continuum traffic flow models; LWR model; Hyperbolic partial
differential equations, Finite difference methods.
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model) » FBEEHEREY (hyperbolic type) #4532 (partial differential equations, PDE) »
HABGIRDL N J5 Al 1S AT (exact analytic solutions) » HoAth HIl A ZH#E A IR #2253 2(
(finite difference equations, FDE) HILUGEAMUKAE » JiREE TR R MR i d S e F . FFATT -

BRI P MEBR 22 512 H AT R S EE A U A G PR 22 411 W DA 25 A A
ZH - HEFTER R A IR 5B R Z A8 AR g s i =X i EL e et a2 |
IR ERTE - HIan - Fra sk bl IR (RN IEEEZEE) - DU ER
HFUADUR B E TR EE S EAREF (BIAIndrEiR) %5 W EHE TR EET
Mg o

FE A i B AR Ry = P e A R AR =y — AR ) » [RIE - 38 R T DL SR g v s e A
TRHVERRZES M » RS E R BT s el - BRit - AHFE o il 22
ZNEFr » E AT AR EEBIEET » Sl RERTAT A — PSR v B E R (R ) SR
RAVZE5T 71 P ERE A A 6 B R R A PR 0 » ST S P i =y
T

— - BRESHGEAERCEE

2.1 ERREBEBUESERYE

LeVeque " A—fEiGIRRIHG IR A ML ORI A2 - SRR AR
fifétd: (the order of accuracy) e



R R BRI A R E 5 AR

2 u()F—(E AT B BN - xo R —HFERS © BAKDIAIRZE ME » Plxo B A
BREEIT u AEAITIUKIE u' (xo) » AR FAIT

u(xy +h)—u(xy)

D, u(xy) = P

(M

Hep s h R—1/ME - [HEEEIE » Daulxo) BFE LR ulx) Hhiff LEEE xo B xo+h FIEEHY
TSR - A 1 TR o

D) HFHE T x = xo 40 » 125 u'(xp) BYEEIETMEL (one-sided approximation) » [A]#
IR S — BT BT

u(xy) —u(xg —h)

D_u(xy)= .

@

st E R AU S u'(x) Y8 —FEHERE (a first order accurate) » HERZEHEL h 1Yy
K/ -
S —Ff 2 FrEEn L (centered approximation) » BfI :

u(xy +h)—u(xy —h) :l(

Dyu(x,) = = > D, u(xy) + D_u(x,)) (3)

)R ulx) HhfR R xo-h B xoth WOERGZARAVREIER » IR AR AR B 25T AP -
IMEE 1 A SO IRSRERERGT u'(xg) » BRI — BB BRI - FE
I+ 3B WEHERE (a second order accurate) + FLERFEHER h” HYA/NSLLERY » 5 h AR
/NRF - SRR G MR

1D u(xy

ZRIFKIE : LeVeque ™ -

1 EEEER RE ALl E 5l



EEER Fwtwh F-H RE-OwH=AH

SR R S B A R o R HL B U R A R AR
PSRRI 22 B, - —RARYTEI AR » 2 2 B o MEAE SRSt - A6 JF
VU O R B A SR T A R S R R A - 33
IEEORMRSTNE » JRATREAS A5 A AR - LB A BRI (37 I 7 P A BB 7 1Al f
[57) » TSR AE » T EL RS IS Aol TS » S 3 PR AR A TR 4 e I i
— KB, -
Zhang P - AR BHEE DEIRER R LA T 3 e -
(1) —5E (consistency) : h, b Tl » HERASRRBBSTE AR
() ZEEM (stability) : IR/ EEARIERE » R RErE IR B0 ;
(3) ki (convergence) : h, b FIHEIT 0 » RS S HORRNR G & Bl FAA RS =AY IE
Fef -

——
O O O
(.nt1)
b
O O O
(j'] ,Il) (jan) (j+1an)
172 j+172
Cell |
O O O
0 - X
(],Il-l)

B2 BHRESBIRFEEERRIRIE
Zhang ! 530 - 45— REREPRIVEE AR 72 - #8 RSP (conservation form) -
HAMRZE AFFRRERT & Ll 3 (T o BLRERFRATSFIEAY - nIFEK :
U, +F(U), =R(U) “)
A0Ry— P EE R V2R 2 (Riemann problem) » HI EXUR[HE—2 5K U+ F(U),=0 »

xE Ml T I AY R o 3] DA Fre B ST PR AR IR 220 AT (DA - FLBERIE mT DARE CR
BRRGRAVET REHE - 1 — AR Rz SGER M - ZHREFSHL :

utl -yt FU",,UHY-FU",U")) ~
/ v Ly—L& ij ———=R(U},,.U},U},) ®)



R R BRI A R E 5 AR

Hrefr s F R BiEEE (numerical flux) » T HIITS - 41 U REE - BIERHEN
BRI SRR SR F o BMRERAIER (flow rate) R Fy S AE T » @
HHEHFLIERE B - AFREIPARS B - AR (FAHTR 0) -

B AR PRI AU - H BBt hr n R B - B i B e B
R

F(U,U)=F(U) (6)

IR RN ERL B U (BIA0 Upn, Uy 5% U, Up) SROCERIBUESEE F - 2HRAR
—fE BIRA U, U) - B EGEREME (U) WFEERE F e
— (AR BRI ERRZ S AR TR E R L E R BRI - EARERIERE CRERST IR
BEEIRR) - DRI (LeVeque™) « HhZe5 MR Courant » Friedrichs 82 Lewy
3 AFTEEH » —f%fE R CFL (Courant-Friedrichs-Lewy) &4 » SEFRA0F
CFL &% : —8dE iR EHEE AN FEE S (numerical domain of dependence)
R S EBR S E(EE, (the true domain of dependence of the PDE) » 5
s (LeVeque M) -
CFL &t s iR i o =UFE B A (B I8 - i — e A =i 5 B2 FE R MEAR i
BT By B ey R g A B R R ORI R T S vy E B B Sk RS2 4B R
FRZZSMEPTEIHERE (grid) BALATA/N o EHRAFREA] - e CFL REFERRAIFIETRE
7 AR GE Y] E] (LeVeque M) TTEHA ST AR AR 20 S - HoZ I e Ay CFL
PRI PRIF 2ZAS AL HTHERYEE (cell advance speed) » JRRIAX/A=h/b » JHA/ N ERRFRFEAREA
HUREEHE - Bl -

max‘é A
h

BESR b2 T PR BRI R FE I T8 FH R T AR Rt » MEFD BRI A B S » P2
PSR IISTIEE

FH A ERRHAAT - FORTSSER U B B ET I - DR RERF & — 8 ~ et
BRI IR BB R S A B (numerical flux function) e

<l,i=1,..,n (7

22 BRESE

FEEBIER L ARREME ] 0 B (explicit method) ~ FFzi% (implicit method)
K riEE RS —JETi#RIA (Crank-Nicolson methods) = AXH  BHAGRRAINEAFERTE ¢ + 1 ¥l
FZERIR O E EERY - 1] 235 B LRIV EEEILGE S HESR (backward difference) » H.
EIREESRBHVEARIS Ry 1k - HOGEE RN - BREHE A - RUEAES%S
t +1 8t CRIVELENMLZESHER (forward difference) - ST — e se ARk HIIUEH



EEER Fwtwh F-H RE-OwH=AH

B RBBS RIS o IR SRS 2R 2 DB R ORI S B

FERA R - 25T B B ok B P R A8 RGN (] - $R53 Ky FTFS (forward in
time-forward in space) ~ FTBS (forward in time-backward in space) ~ FTCS (forward in
time-centered in space) > Lax-Friedrichs (f&#f# Lax-F) > Lax-Wendroff (f&f# Lax-W) - Leapfrog *
LI Beam-Warming /515 (& ) -

8 —PEAERR MU - A0 R ¢

Ok(x,t) N dO(k) Ok(x,t) —0

ot dk Ox ®
AT By FTFS HRRA = - HAPBRANT -
Forward in time : E) ~ kx,t + A7) = k(x, 1) 9
ot At
Forward in space : Ok (1) ~ ke + Ax, ) = k(x1) (10)
Ox Ax
1 = ARA(®)H » AIA7538] FTFS 224020 (HAethzz =R n]1g) ¢
k(x,t + At) — k(x,1) N dQ(k) k(x + Ax,t) — k(x,t) _0 (11
At dk Ax
BN ARARYIEIEZER] - SEBHAED » Ax=h > A E B AR IR
x=jh, j=0,1,2,...
t,=nb, n=0,1,2,...
QI B3y FTFS 72253 20 sy by -
k(xj,t,) —k(x;,t,) N dQ(k) k(xjp.t,) —k(x;.t,) ~0 (12)

b dk h
FERE k] =k(x;.t,) @ {LREEEHE(12) - W15 FTFS GIRZMECEEAZ - 21:(13) :

+ n b dQ(k n n
Kyt =k _;%'(/‘H_k.f) (13)
75 308 b — 3% 3 2N =0 Fe A5 =AY #E 45 {6 4 (initial conditions) i 382 FU{& {4 (boundary
conditions) » {8 1] DL—ig g #5 5 H A (rl ep ] B St BERY 25 FE{E
H=(13) R EEE L > FTFS GIRESERTE k}M HIEIF LA k) k] - 251K
BhAEHVANE 3 s e



R R BRI A R E 5 AR

t., )
b
t @ @
h
X; X

TRl « R .
3 FTFS BRE S EMIEEEE
MR PSSR R - TS dO/dk=A (4 T80 » BIMKRET /73 i HE S — Py
MR R AEREIRAE S v (EREE ) - FTFS « FTBS ~ FTCS » Lax-F  Lax-W -
Leapfrog * 1 Beam-Warming %7 f 215342 « 15FR 7420 R HLKCRIUER (M - 4156 1 FioR o

® 1 —EREEFEREASHANERED VR RS E G

BIRZEDE | FRERER ARz CFL Hmifeet:
n+l _ 1n b n n b
FTFS | 6 =k =2l k) a<o, [P
1 b b
FTBS | K =k —A.Z(kj‘? —kj’?fl) A4>0, ‘;A <1
FTCS K =kt —A-i(k” — k! ) tabl
Jo T 2% J+l j-1 unstable
n+l n n b n n b
Lax-F (/\ k=l vk 2 k) <1
n+ n b n n A2 b2 n n n b
Lax-W | K =k —A~E(kj+1—kj,l)+7h—2( =2k k) <1
b b
n+l n-1 n n
Leapfrog Q? kjf =kj —A-Z( j+1—kj_1) ZASI
B s n+l _gpn b(n n n)Azbz(n n n) 0<bA<2
eam-Warming k=g = A Bk =k ki e = W =2k ks =, 4=

ZoRPRE - B

AR SR U S AR EAR HRR R E Ry 4 - SR 221 CFL IR a ey



EastEEF Fwtwi F-H RE-OwH=A

<1 - WEERII 72 A SR A MINBI R IR R T & ALl -

= —PEERRRINBRE S EZER R

FAIRERR B S g T M B AR M TR, - AN R SRR A e R B PR T
DISTEARZ DR EST O - A BLfAT iR L - fEME B ARk © RAWTSER
FRAGTRIT o R B R B A RIRE IR DL » AT S e s RIRER AT H s ELR R R Ry ~ AN HEA IR
D e
3.1 —ERIEEERRNZBRESER

FRI R B R PR M AR A [ R 30 N EL/INE BT R —
EUEPKE - B SRR Rd gk B HOGREAATT (ZHE0E 4) |

Ok(x,t) £ 30 Ok(x,t)

— RS ER A A =0
ot ox
N 70 (HENH) ® O 0<x<15 (RH)
AIARRIT  #(x0) = {o (B //NH), % 15<x<30 (ANH)

SBFUEIE ¢ k(0,6) =100 —30exp(f)

RRBE BREE
k=(x,0) =00
-0 80

70
60 |-

60 -
50 -
50 |
40 -
40
30 -
30+

20 20

10

) 1 1 1 NBx(AE) . . . L L R £ ()
0 5 10 15 20 25 30 0 0.2 0.4 0.6 0.8 1.0

AT BRI

B4 —FEREERREERREGETEREEG
EfRSEIE - ARG E T RIEE = 0 IRFRI 0~15 DB —#5FHE - HAlh (F



R R BRI A R E 5 AR

) fEE o t> 0 LUk - BB Mg - i s ] R B UREE A A 22 s Lk
KEhGSE R R BIGRARINDC 5 22 FURIERIREAI R R ETR (v = 0) BYEEEAE 1> 0 LItk
TRBER R » HARE A S R AT ¢ > 0 DU IRMA FIFHEIssE » 85052 i T DUAn
ROE - (HERB B -

BRATHR -
AR B AR AR ARIR (=4=30 N HL//NEF) BUREHE » SRELH AT T it
AN
= x»-30xt <0 FF k(x , £) = 100 — 30xexp (z-x/30) HE_ ~/\VEH
¥ o0<  x30xt <15 B> k(x,f)=70 B //\NH
B oO15<  x-30xr <30 W k(x,0)=0 H /NH
BB LLAR -

TllBE S 2250 ER B CFL UGGt - SRS DUFS IR RIRE 22T EI LA AT
PRaR HEARNTRERIRIERZE © (4 =30 B //INKF 5 AT« Ax Ry B 5 Ar J/NIRF)
YIEI/MA 4 ¢ (A/AX) x A=0.50 » Ax=0.6 » Ar=0.010 (Ax/At =60 2N/ 7]NEF)
YIEILEEEA A4 0 (A/AX) x A=1.00 » Ax=0.6 + Ar=0.020 (Ax/At =30 2N/ 7]NEF)
YIEIHERA 4 0 (AAY) x A =125 Ax=0.6+ At=0.025 (Ax/At =24 /N /7)\I%)

YIFIEL/ N ~ SR BRI A F 3 RIS HERS SR EL R AT R ER A= FELLANSR 2 AR - 3R
DIEH » TEKIFEREIA TR R B R R M E R =0 - R EIRZE AN E CFL
feett » HEUEREERE Rl ~ 22 H BT IR0 Tl o M2 A IR 2 SmEAE AN AR U EI L
™ FEA TYIREHRR ¢
1 EYJEILLIESER 4 (BlAx/At = 4) » BItaTE CFL SRR - HAER RS S i AT
2. EYTEIEERIA A Ff(Ax/At < A) » ANiijd CFL G - SRZ=SFERRREIm#E A
3. EUIEILL/ IR A B (Ax/At > A) - 8ERE CFL 54 (HBUE AR5 S AN En it T H R

BB RAE » BERZERIG REFRFA - fla0 4=30 28 /N » HjAx=0.6 2H -
At=0.02 /N (Ax/At =30 NB /NI P55 4 CFL 6844 » MAx = 0.6 22H » At=0.01 7]\
R (Ax/A =60 N5 //INFF) JRfFEr CFL i HLIRF 22 ) L SEA » (5 0T DU A T
& I AR



st B F 7

%+

-8 RE—-OwHF=A

R2 EREGFRFTEBRBESHRESEAIFRETL

YIEIEL e AWRiN BE AR | BEEE Wl (E3E8
1.FTFS 3.9x10% 7.6x10% A<0, | (b/h)xAl <1 EN
2.FTBS 35.000027 1.475966 A>0, | (b/hyxal <1 e

/N |3.FTCS 3744774375 | 12434.767578 unstable EN
A |4.Leapfrog 52.500004 4.269337 [ (b/h)xAl <1 e
A |5Llax-F 40.468750 2.753543 | (o/hyxAl <1 e
6.Lax-W 45.530106 1.424144 | (o/hyxAl <1 e
7.Beam-Warming 38.381233 1.025928 0< (b/h)xA<2 e

1.FTES 3.0x10* 1.4x10% A<0,| (b/h)xAl <1 RiE
2.FTBS 0.000198 0.000001 A>0,| (b/hyxAl <1 e

% |3 FTCS 205847344 3406368.50 unstable EN
#  |4.Leapfrog 0.000202 0.000080 | (b/h)xAl <1 e
A |5.Lax-F 0.000008 0.000001 | (o/hyxAl <1 e
6.Lax-W 0.000389 0.000003 | (b/hyxal <1 e
7.Beam-Warming 0.000175 0.000015 0< (b/h)xA<2 e

1.FTFS 2.7x10% 1.4x10% A<0,| (b/h)xAl <1 e

2.FTBS 2474090.0 26358.465 A>0,| (b/hyxAl <1 AL

A |3.FTCS 1.0x10° 13715596 unstable EN

A |4.Leapfrog 2.5%10" 3.7x10" | (b/h)=Al <1 Rie

A |5.Lax-F 14066.5 324.57 | (b/hyxal <1 AL

6.Lax-W 4.4x10" 2.9x10" | (bmyxAl <1 PN
7.Beam-Warming 59.062500 1.026638 0< (b/h)xA<2 e

ORI © L

FERAER 2 BTSSR » R ™ HESE Lax-F » Lax-W & Leapfrog 38 3 {743 1kH5H: -
AR — FEYERR M SRR A SR FTBS JRSER ORISR RN+ BAR - I
H CFL bk 553 BGE R IRRI ZEK - T — PR M g i A B T REAT AT E6E. (B
FoIb) JRAREAREGE (BEyE) - 2 FTBS BfHALA#A © 1S - Beam-Warming 14f)
ST A R EE Lax-F » Lax-W J Leapfrog #:7% » SRAME I Y s - sAWIoRsRR
SEALIR K - BHEE | AR SRERIANY 2 Beam-Warming IAMIBEREEIE R 0 < (b/h) x 4 <
20 K o/h 3311 - FLL A ZEKHA 0 JRA[ER FTBS {4 CFL i HrIERSNEDRAAIR] - #9753
SRRy IERYRRAED - SRR ™ AsifI s By IE - 5 Beam-Warming $57E 5 2 Hky
e Rl - &5 < > Beam-Warming 7R F A8 —BEHERR M SRR CATT (DR
fig - HJFIXIEL FTBS ¥A[A]



R R BRI A R E 5 AR

32 —REEREERBMRINZEREDESR

& oM s o IR ) S Lax-F » Lax-W Bz Leapfrog % 3 {253 » 31T —
FEHERR AR R IR 22 A I A HL » AT I AR Z - Fradi— P YRR Mg
Vit H R — AT fE Ry LWR (Lighthill-Whitham-Richards) &= -

I —REEREEFERERNZ2BRESN

—PEAERR MR (L WRBR U AR e < I U R B E R LR Y ¢ = ku BAREE R
=K - Hpige i =(an=t (14) fs -

ok(x,t) N oq(x,t) _

0 14
ot ox (14)

EREETRE gCc) BT o) IRZARTERIR - BIAIEIE ™ 1L Greenshields FEpfife
B g = IR A58 (15) B » Rt uy RIS (free flow speed) » [T e
705X PR » SRR Gam density) by RFICEDIL un -

q(k)zufx[l—kk ]xk (15)

Jjam
B2 (15) 19 g-k BIFR A (14) > FTFEEIWIE Greenshields LRI —HEHE I
Rt - R (16) Fr -

8k(x,t)+uf |2k ok 16)
ot 7k ox

jam
FEEA g = ku BAFR T - K=t (16) —fEZ0T > BRIl RIRERIGE —RFRIBLZE Y g, & u fH
igse LWR A By i B U i A ST -

AR Eaft LWR #85K vl 2 SRR IR 2253 2 M L Lax-F~Lax-W ¢ Leapfrog
FEOMEAAESEA, (16) B > H CFL YO bR Ty

At 2k
— X uf>< 1_
Ax : K jam

e (17) th > BRI (k) GRBAIFT « AIETRA - SO CFL IRRKIENFerbe 2t -
SE IR L T E RIS R R - PR - BRIl Esat (17) Sk Mg
LRI R L » TR 8)FFR -

<1 (17)




EastEEF Fwtwi F-H RE-OwH=A

<1 (18)

‘At
Ax

= (18) BYHIZKE » FEARK (1-2k/kj0m) BIFEEHE/ MR 1 (¥ Greenshields =
=) WATERER (18) MYIEILEA/Ax » e (17) PR - HE E > BLL
Greenshields HERAR 19— FEHERR I SRR T 5 HERoARWGH » AN amis Sz il
LA N E’\%B&‘ up RIMRE S (18) » HIEER AR A (9T TREFEEE AR TE(EAY A ©

JEIRE P R 7 - MRS LWR Bis5E Y Lax-F ~ Lax-W J% Leapfrog % 3 ffi#
Grik o HASEGERE AR A2 3 iR -

x3 3 EBENBRESEKE LWR EFRRzHRER

AIRE A | ASEERE ARZES
ki + k”-_l) At K, K
Lax-F k'-’+l=(j+—‘/—— upx|1- s )k —up x| 1= s xkj
A ] 2 2Ax K ram K jam
n n At K 1 n k" n
kj+1 :kj —E[u/[l_k{* ]xk il u/[l_kj. ]ij_lJ
Jjam Jjam
Lax-W |
1 A 2k} kJ, kil K)o,
to—|uy l-—= ] X uf[ljxk ' ZuI{l Jxk-Jru/{l‘]xk-l
2 sz [ { kjam k_/w Jjam ! Jjam !
ntl g At ki n ki

BRI ¢ R .

2. BIRRERTERRHARE

FRIRE ) RERTHIRERIAO B (EARELE U IEAE 4 FiR) - DL Lax-F » Lax-W J
Leapfrog 5 3 TP EAGHENT LWR BEAAERRAMERE - HEE H HETUER vy =120
N INR » FEFEFEE Ko = 200 FL/ N HL A0 x LAY = 1N ELYTE] 5 ¢ il DIAL = 1/120
/INFFYTE] - EUAx/At— 120 B //NRf= up > BEHYJEILEIG#E CFL Yomief s -

FRIE ) SPGB ARG LWR EAfTe - HOT U5 n s & -
Lax-F % RS BB RTRITEI- 0w - HIIREER VS 5 (3 Lax-W IRAER T I B
FE& SEt i - WL o A E A EA AN G ERDL (RTUTHERE 20 ETR)
Leapfrog ARG R % ~ NLENHERL - HixmEEINEEEnHE - FERERLES A

iy



R R BRI A R E 5 AR

33 —REERUEFERRXNBRTREEGERI

FATERAO R - EE R D P — P DI AR R e TR b
B PEHREEH Lax-F ~ Lax-W J¢ Leapfrog % 3 FHAIMEREE - HARSHE —FEMERR MHEE
FitEEC (B LWR HRX) » DAE% 3 TR 2 A TIEHE ST - 1815 Lax-F L f: » Lax-W
EEREREAGEIRDL » Leapfrog 5@ ENEERIGICFIINR - IKBEHS - MHEWT
SEATRLRE B IS B AT ERS (RFHE IR R B RR) » IR B2 300 A BT B 2 8%
w5 R - BT ERSERANE

FERLL B & ARIHTEEHE LWR R - DU EEGRNG E =S R EE A m) B ]
R » S RAFFE R BB A N AR R AT ASE R TR T - MR ATRESR
HARATIR © ERRFIIZEE - AHER SR D fORZeaiR - (%)% Lax-F » Lax-W %
Leapfrog % 3 & -

PR B TR E R — RN - LWR R {RERH] Greenshields 1 ¢ = ku BfR= » H2
ORISR BEASEIRA T REE » 33 R HHTOEE ue =80 2NH /N - HEIEFE
Kiam =120 B8/ NEL (@max = 2400 HL//NKF) « HIRZZIFHURFZZYTE] - RIEERKEE x iilA=1
NEYJE] - R ¢ L AL = 1/80 /NRFUTE] - BIAX/AL = 80 N HL /7N = uy » fE HATJEIEEIG T 2
CFL sl » pEED B3 AT » LAY s A i RS RIS IOt S - (LSRR
O - R D BEEA = 1/120 /N ~ EEHIFEIE 120 237N - DA A el B e
AT Ry o ARG HHIEAZHINT - BAERETIREEHERIT - Sl R B i TRy
At =1/80 /NFf ~ HETUHEE =80 ANH /N » DIFFEVIER GREA RS <178k
o Kt - E5EE A ERERERCRaEI ] - BT TER UG - DOREGAAE Rl — IR 3 AR R A
R IEE » RIS ELBIERRE A oA BT o BI40 - wlE%EAx = 1/3 N H At = 1/240 /N =
15 % » AE Hyis 2 80 A8 //INKf » M4 & CFL Wafees: -

1. 4w EREMERRINGRE SRR

Hhg B A SE R A AL b m i E R R - LWR SHIEAR S -
B ASHEIE AR PR (T ELEET 2 S R (A 5 FoR) - S3RlREan |

s p . OF (N1 2k | ok(x,t
LWR HHE R %w f[l— J_éx ) _o
X

Jjam

RAGTEAT: - k(x,0)={30 (8RB % 0<x<30 (/AH)

120 (/A H); 30<x<40 (0H)

BRI k(0,0) =30 FL /N HL 0 k(40,1)=120 B /N HL



szt FEF Fwtws F-H RE-OwH=A

RIAEE BREE
k=(x,0) k=(0.1)

4 s

120 120

100 — 100 —

80 80 k=(40.

60 — 60 (@00

40 40

20 20 k=(0,¢

0 —_— —> B (NE) 0 — (, 2 — > B ()
0 5 10 15 20 25 30 40 0 01 02 03 04 05 06

AR BRI

5 LWREFEREXEE R LRI ERRAVEIINME TR

FEATAR

Greenshields BBt © g=ku=u fk[l - kk }

Jjam
RAk=3015¢= 80x30(1—%) =1800 ; A k=120+75 g = 0« ff Lighthill B Whitman ¥
AURETERR N2 » TG A A R Ry

q(k,)—q(k;) _0-1800
= r = =—20/-\ /\H_:':
k. —k  120-30 BRI

Ir

JRE[ - AT IR Ry
k(x,0) =120, x> 30-20¢
k() =30,  x<30-20¢

EaG=blinlPY:

Leapfrog i fERS RANME 6 Azr o HAEBRBEN AR k% - H SR RIS i dsem
A BIAZERGIRGE AN R R EAETHA - [RIELE 6 (£ 23 0~20/80 /NFFLIKIEY
NV
Lax-W J Lax-F % 2 fiA IR /BTy & B AE R 22 98B anmE 7 fos - i
e 11 -
(1) Lax-W ¢ Lax-F i RErse o) Ly (nl i B2y - B A Lhi » Lax-W 3&HY
BRSNS/ [N (2RISR - BIATHEE 1 /NRF (1= 80) » Lax-W yARR BB 2
U B R AR 30 3 Bz e Ll 252 20 2B - i EREATT RO - BEAERRE T B L
(e R > HHRy —20 2B /V/INKF - JRBIE 1 /NRF - (TR R i L g ]
ZEEE 10 N HE > Lax-W SRS H AR B Bl SUE it gy —F



R R BRI A R E 5 AR

s>~ | = R

it Leapfrog 3 FR72 5 i

6 Leapfrog 128 LWR R mBEHBRVER (BIEE)

(2) Lax-F JER S SEBRRATTAE— 25 - #% 1 /INRPIBEHE - For b affe el T Ben e B /R FH 55 30
SNE R BRI 10 ~HE - BEATRER o i H RIEE 2 F# Lax-F A8
AT AR BRERS R > —F IR RN 2 TR B B A RS - 1 Lax-F {ZAIE
T o MEUZERIAE » AFJF Lax-F 3ALL LWR BRI TE RE I s Bt B s S By
IR T Ry » BEAERSEAE A B e 2 BT R MIESIRRE - T2 Ax ~ Ar YIERAR
Sk - BUEERRA T BRI - HAERRAEAY WL e - 5
< AERAIREESIA AT RESUR BECE F fR (dor AV R 25 - IR M EREIFE]
(1 - B2 U rTRERAREL > At e -

2. REFEKEESHRBENHRE 2 EHR

ATDAHIES LWR SHE U AR Y 55— (BB e I sGE AR - B SF Bt Eh i iy
BRARATT Ry - Zhang ) $EH LWR BT A 2 M8 (shock wave) » {H ZHRE
(rarefaction wave) o RZBIRIE B EEMG InIRERBGIRDL - FHE TSGR HE S BB AERE IR R
RLKE 8 R ek R HRp il Rl EE Bl Ie) ey ER &2 -

ARTRER RS A O B S R R A 8 P » BOEATT ¢

N g = ) 2 ’
LWR gt : K0 4y |y 2K KD
ot k ox

Jjam

HRLRMEIE © k(x,0) :{120 (/2 H); E 0<x<20 (INH)

0 (ELANH) 20<x<40 (AH)

EIUEAT © k0,0 =120 BN EH (EFEFHE

~



st ) 7

Futws H-H RE-OwF=jA

itk A TP ] 5 ]
i
e
=
K ﬁ ﬁ
W | :
H "
]
‘:9 ﬁmuﬁ/ao) o
g0 ""H ||'|||H " | %
K 10 i .IIHI = IS
Lacw | o0 _AH!III'IIJ|||'|t;] S ki
Vacwan H -
UO‘:\R @ o E
3 ’\ el
\Z:te‘@‘ 5 10 15 20 25 A;;'(ilﬁ\ﬁlsan),ﬂ 55 60 6 0 80
]
W 2
Lax-F ”WH M i @
% % 1l ‘I’jh;‘,}i\ e
1 |
: ,;;+\‘V 0 25 3 35 40 45 50 S5 60 6 W T
kd BEM t (4\85/80)
7 Lax-W R Lax-F ;E1&E# LWR 2\ L EMEERIER
k=(x,0) k=(0,0)
7 3 4
120 120
133 1 100 -
i 80
60 - 60
20 %
] 20
0 T T T T —> WEX(RE) 0 > B DR
0 5 1015 20 25 30 40 0 0!1 0!2 0!3 0.I4 0!5 0.6
AR R B SR

B 8 LWREERRIXNELEMAIHERIREREIEF R




R R BRI A R E 5 AR

(B HRII%E » ARPT R R B RER A E R Y TR EIa IS - IRER
I7] = AR FREEARTIERFVEE G iSRRI EER) - AN EIREHIHERE SURIFRIECE - A
WF5EfR< x=0 PR IAERFHE IR - RIS - [RILLE PR AT & R R B T A A 1A
BT BRATIRDL - FFEHEER -

AT -

ARG D ARRAGHATIE - 204K Lighthill B Whitman ™ (oS3 » S0k
1% LWR BUHRRN 1 AT 8 E A TRIEE © MEMR g = ku BAFRZIEERA] Greenshields s
2 > AIELMRATRIEL Richards ™ (UK BT SIEIAFTEE & G5 2AHR - Kt - ARF9ELL
Richards ™ (% 39 EEAACR BRI AT - A0 9 R » [Bl-HEE7R £ = 0 1R - IR
RIZKFAFIREAE EaziaZk L (d=1) > ¢ > O W] OKFEFTFTBRBER]) - WIS/KFTE PLH EBRFiy
HEE (B e =uy) [FIRFFAIET R AR BN (BIFREERR) - AERUKFME FHETRSE
RO 5 S H BRI AP LEARR ) - FRRLIAERT Ry d = 12 (RIEYEEE= Kun/2) » FRaER
FEZKTLIA N I ELIRIRF PRURCR TSR o LB (ELEIHRBRREImASE) o JRR - il -

ke, 0)= [1-(6-20) N(upxt)] X kijgm/2 , upx 20 <x < upx 1420

k(x,)=120 , x <urx t-20
k(x,t=0, urx t+20 < x
d
et
>
1
O,
\\
N t=0
\
\\ /
1 \
—_—C [ N
2 AL
\\/
\
0 \\
© X
et T

9 Richards # LB HERIEEENIE(L

A= blin(PY:
ARZEBIHEHLEREER » Leapfrog J Lax-W Wt IR AR EERIR AN SR A B A - #



EastEEF Fwtwi F-H RE-OwH=A

EALE - BUEER Y (RGIITREIERL SRR - Lax-F R AN RS R -
AR ZE_ ERYEMETS I ANE 10 AR - FREER] - Lax-F A3 R 5 M b 3w (D i Bl e
AORAEAEAT - fifE rl VR Ry — B AR M A U Bk - B ] R PR = s =
ARSI AR -

e a1 ]

iy s 20
2« (BB)

i Lax-F HIRZ5f#

10 Lax-F #25# LWR {2 i ENH R RAVIEEHE R

M SEEERENGREDEZFINAER

JEE R D B SR O E e A R A R U R T - SRS
B H PR EHHE I Payne ) ST HERSEG R (Payne ™) $RHIETRE R - (R
BREARE » APFFEMLAEIRET S - Wt ER R SR s a RS - Bk
ik > AREIR AT g, konh), ulet), ulet) S5 9.k u, e °

4.1 Payne SPEEFRIEINEFRES

SEAETEAE Lighthill B2 Whitham ¥ 2 — B rEsignm its  — E RGNS
F& > EF Payne 2 1971 fEH R RS T 1979 (BRI A IR T
JIBHRCEAR B 10 SR RENIE - BIAELRRE RTINS - KR —OFEIRRIGET £ -

1. Payne SR EERIER
Payne "* EREEARA AN (19) 5

Ok , 99 _ (192)
ot oOx



R R BRI A R E 5 AR

ou  ou_u,—u_pok (19b)
ot ox T Tk Ox

q =kxu (19¢)

ot ue = uo(k) FIGMTEGE (R k FIRKRED 5 v FoRRNERFTA] 5 o R TEIAGRE - AUk -

L,
2 dk

(19d)

=l (19) 40 Sk AR =l « IEE A ERE R (g = k) B
TARRR o Hrb o R AR R EI R /A (momentum equations) o 8723 (D EAEEHE
0 bt 3 TR RS ~ B ~ PR 3 s R -

ESHIE - LWR RS S R RR R A A MR AR H
Rt (u = u (k) » SRR AR RIRR (v # u(h) o BRIEAES » LWR
KA g=ku, & > BTGB —EAZ - HFE K — 8% 2 BIWT RS e
(u = uc(k)) BIFRAHR (g = ku(k)) ; EFEEE R BB 2 B R R (Hou=
uc(k) » FoIE3afr{E) - VRSRATATFER SR g = ku JUE -

2. Payne SSEEREXNBRESR
JAE S BT 94 Payne " ERSEUETTIAIV AR 2 o DU
ZB - AT
(1) EEE

Payne " $RHIE S RZHIAN T - SR P REBHRHS

n+l _ on At n+l n+l ON.n+1 OFF ,n+1
ky o =kj +m(lj,1qj —Ligjat s —Jf )
J J
ut —ut_ kT k"

uy ™ =y A S g (e ) S 0)

ij T; kj ij

1

q;’L:k;l“?

PRAERRE 2R j AR H

Av; o RERE L BHERR R

kY D REW Ry totn AR - BB 2R j @AYV

ujj P REWFET Ry totn A IRF - PR 2R j S22 PR R
i s RAE[to+(n-1) At to+n ARFFEIGE AP » 338 x; G E

M

/|

=
\N



EEER Fwtwh F-H RE-OwH=AH

SOV FAE [ty (n-1) At n AFEREE RSP - BEAE x, B L
S RAE [ty (n-1) At o +n ANRERETGERSIP - EBLE x; BGA NI SE &

A2 Ry BEEESE RS B - TG 22 ) BIE EE R - BlAx= Ax; » ELAEG A BRI R Gl
BERRES - fON, /O =0) » BB w3 O MR ¢ = ku FRA %ﬁ A= HILE
AR -

n+l n At n n n,n
kit =kj +E<k171”j71 _kj”j) (212)
n+tl _ . n At ng, on n At At H k]+1 k;l
ui' = uj _E[”j () _“1—1)]_ - [ TN (210)
J
}’l+1 k}’l &) Xu - (21C)

() g
FEBIE RS ETE TR TR A R s R -

qn+1 qzﬁl n+l _  n+l
Y e LY e (22a)
nj(xj —X;) n;(x; —Xx;)
ut(u —u'l_ At ki —kj
u;_H—l zu;' At juj —u; 1/)2 _at (k )] J+1 (22b)
(xj+1 _xj—l) 4 k (x Xjv2 x_/)
g7 =np <k <y (22¢)

Horp s =g B 120 7 WA ELES - Hepdt i 20) [

[FIRRRY - S R R ABITR HIR (r, s=0) BYELEREISGER (n=1) Fira 22 Y& e
B  HIAY = (ge0)/2. =(ge100)/2 = e, TG (220) FRAGE (22a)  HIRK (22) 7]
ETRK

At
kit =kj L (“7—1k?—1 —“W) (23a)
il _ o A, At ] A p K —kj
W = __[uj (! - )]—714 —u, (K )] AL g K 78 (23b)

Ax 21 kj’.’



R R BRI A R E 5 AR

q;H—l — k771 Xu;-l,l (230)
3. F¥ih

Hrm g e B B ) s9E IR TR - SR E R Payne U Y
HIRZESR o BIEE AR = Fm A EmE ARG — S —E R
SN - HERTREIMEIE « B IR RAETE SRR 2 R P A - et
(19b) [ Payne ™ Epidgiieat - BIEERLESERLL 2 9B o JSSERLL 2 HIVEEEEY
Witk » BT AR 2R -

T Payne U~ ERERE ) BiliEEIS ) =R EIR S RURTE 2RI - AN —
SYAT R BB RS B A « FhieEE 1 41 0 (21a) R (23a) AYBSEERESY
AR FTBS 3 (" 2% k', K') » B RURE FTCS i ("' 25w, iy i)
TRERAKAER, FTBS S5 HE R fE{L (¢ 2% ¢'.) - TiHRTHTEEE P et i e
HBERE ST FTCS MERARARZEE » FTBS ¥/ I Bd ks IR /T frIKRK » T LWR 3
R TTREAIETEDE (RO IE) IR ENE (BOSUR &) - B FTBS i
% °

FHEREE FTBS SEAH RN 2T - ARFFCE FFet s LWR Bt L
[l R + DL FTBS HEMEfTAGEE - S5 SR T MR A, » (E BB (a7
W L) AR e FI 2 i o FLHRIE S AR - THEE FTBS i3 LWR B ASE A -

A RS SR A LWR B R — B LWR i IR 2S5 -
RN SR A R AT AR - EEAGEE o AWSCHEN - SERURHERISCIERE ]
I 5% S A S B AR A S o 7 A WL A TR T B - AR S B RS - EER
Greenshields BEFEIE, » W3 ki, By 200 B/ Z2NER » EAEHIORGRE IR BEITRY LIRS Fy
50 BN EL 5 FEASHERRIER ) BORFE - ELoMAT R T B A e W B B A R e L 4
TR > T BB R PHE R E AV K= 120 5/ AHR9—F o HLEIRFSCR
F LR R B IE R R R » B PRS2 4> 2R FTBS 1313875 H 8 e -

REILL RS HTAT » FTBS J FTCS R RRZE /3 HE8 LWR BB - T mabs s
A LWR B ERIRRESEA FTBS K& FTCS 7 « BIRAHBIZE—RR 2 -
ST Payne ) HOSSERERS » BUATRUGE -

42 SFEERRIEIE Lax-F HRES T

FH 4.1 JIRor AT A PR R N HESR FTBS J FTCS HRRA I 5 /1 3.3 Hiifs)
HTA1 > AWFFEEMERE Lax-F HERAZIAE LWR B AR « it - ALl Lax-F
FEHUGEZERIRAIRY FTBS ~ FTCS SRAGITEOKR i =g s -

PR TR P U S PR - LTS ARAT A% - SERERE A IR AT U A I A
AT MELRERE RIE S RS E R A IR 2 X AR - BB TN R



EastEEF Fwtwi F-H RE-OwH=A

GHAHRS » AIRENIFRAIRYAIRZ /AN EH - AR AR B B TR BER - B
I BN ERRZE S ST AT E S - AWFFERRIS A Payne ™ s R 40 - BEIA
Zhang ! A NDAE E -

e R A2 0 AR S B

SR
’—ii‘—‘ﬁ‘—A

BV SIS

wErE Ry A R E R A R MR - BORTT S e E A R &4 Payne™
Zhang ") B, o ZXAMRATF -

B

RE:
Payne " st (B (19d) A (19b)) Ef Zhang ™) it BIAT R -

B

2
Zhang ©) izt : 5_u+u8_u=ue—u_k(due(k)j ok
T

ok oq

it TR 130

ox

Lax-F 7503 ¢ &) = M —ﬂ(uﬁlk j “.?—lk.?—l)

J+ T

2 2Ax

B g =k

Lax-F 75330 ¢ ¢ = k!

ou u,—-u 1

Payne ™ izt %-}-u—:e—__(_ldue(k)]

ox T w\ 2 dk

o ox dk ) ox

Payne ¥ {8081 Zhang ) RS 75 4 2T F
Payne ¥ #&51) Lax-F B4

n n n n n n
pl _ Wi FU o A U U Uy U

/ 2 Ax 2 2

A k) tue (k) ufa +uf
T 2 2

(24a)

(24b)

(25a)

(25b)

(26a)

(26b)



R R BRI A R E 5 AR

CA(-w) 2 kg -k

2 _ (272)
Ax 2t ki, +k),
Zhang ! #5014 Lax-F S35
nel _ Ui U _ﬁ”ﬁl FUy UG U
/ 2 Ax 2 2
+£ Ue (k;l+1)+ue (kjfl) _ u;lJrl +u;l*1
T 2 2
kY kD kD -k
3 ﬁ ww? s g TR B TR (27b)
Ax 2 2

Hrp o u REMGHE - w REBTTEH - cRRRMIRFR » w = du/dk

{EfSERIE - =0 (24b) BdR 3 rff LWR Ry Lax-F GIRAESZACAHEE - 20 (24b)
AR I u (5w B wg) > A5 3 PEREERA ue= up(1-kkjam) » 1A R FEEAET
RS - HEACAY R — R R T ESIHIRRE - a2 Rip] - BoREEH NS
SR - K=l (24b) PREATESIMHRES v - SHE b - SIS TR — R RS 7 A R B
FEE - $RHEC (24b) BY u BAZC (27ab) HY k REATAHA 25 KAL » MEELN LWR R
fig » —MELKBIRDRIGHTE ¢, k u A -

L 24) E3U (27) B (19) X1 % Lax-F GRS (ERHSIRE_EAR n) - AHT
FetREIT R85 20 L kg 3953 AN (R 1k )/2 > (1 )2 > (i Ko 1 k)2 2
JLOk > Ou ~ Oq i@ﬁﬂUiE{uJ&(k/ﬂ' G-1)/2 > (-1 2 ~ (wisikp-ugakia )2

4.3 SREEFERIRIUAY Lax-F HRZE D155

Fo 7 f# Lax-F SRR RE R R EE i R U B0 - AHTSeiRoE = /e
& 0 sy R A AL A LRI E R ARG - S RAEF R B NS IR D -
3lfz 8 LWR AR AT i B o0 S (DU AR LR -

1. SHERRIRITET

RRIA LR » ARHSTH— 3 E S BB REREEATT ¢

(1) Bl e d R ER Greenshields FYREE » Bl we = uy (1-Kkjan) » 28Ry ¢ H AT
HEE u=80 N /NKF - FEIERE Ky = 120 B/ NEL (RIGHEAST Gmar= 2400 HL /)N
¥)



EEER Fwtwh F-H RE-OwH=AH

(2) BIRZTHIRFZEUIE] » 4R x dilDlAx =1 2N HYJE] » § ¢ fil DIA = 1/80 /NEFYE] »
BAx/At = 80 /N8 7NKf= uy» EEUTE L e CFL Uauieets:

(3) 28 w= duJdk= — uy/kiun=— 80/120 = ~2/3 /NHL >/ (8 — /]NFF) ;

4 28 ¢ WHEER Y e Blr= kA HS k=46 B/ AR FHER 718 AH
IINRFR BN > ANBFSRIRIEEE up= 80 N E //NEF » #0% k=45F /AR - XIRAWSE
FEA=1NF » Hr=k,Ax=45F) =1/80 /\IF = At -
1R |ft3%5E » Payne'™ Bl Zhang" EnfsE iR X noE 2 A R AT KIRRSL (BEAEILL

NSNS DI /(I

Payne ™ R (LA IRIE 23 2 -

n n n 2 n N2
u,?+1:uj+1+uj—1 _(”j+1) _(”j—l)
/ 2 320

N Ue (k_7+1 )+, (k_;l—l) 3 ”_7+1 + ”_771 1 k_,:+1 - k';::l (282)
2 2 3k itk
Zhang LR HHEE S

n n n 2 n N2
,?+1:uj+1+uj—1 _(”j+1) _(”j—l)
/ 2 320

u

(28b)

G A G R R R L e GO0
2 2 720

2. EAm L e ERIRAEIRE SMRER
A FEIRE GRS 2 B B phill AR S s A m)_ L m AT R R - FolEanfRihEdE
FHBeFIAIE 5 - BGEAT T -

120 (2 H); x230 (nH)

AGHRAT - "(x’o):{so G/ ATy & x<30 (BE)

u(x,0) = 0 (BNE/NF);, E x230 (KH)
U160 (BELUNE): B x<30 (BH)
(x,0) = 0 (EE /N, & x230 (KAH)
- [1800 (HENED); E o x<30 (A



R R BRI A R E 5 AR

BRI+ k(0,)=30 F /2 HL

u(0,0)=60 225 //]NKf > ¢(0,6)= 1800 F /7 [\IF

AT RERRE 80 fEAr (1 /NFF) » Ryl LRl - ARFSERIBELL LWR AT & Lax-F

AR R e - L e g i Ay Lax-F (DU - 40l 11 Ao - FiEa] -
Payne ™ 55 2{AE (e 3f7 e T R g SR Sy e T i S e R B A 0 - B

REHIRB A I BRI » SR B A BRI + Zhang P KRBT » R
By R R - B LWR BEEGEPTRRERAE RGO - SRR Al AE R B

1 AR AR I B R A By B E AT R R S 3B S » Zhang U]

sty Al R e fy e - LWR B -

- 0
120 \/JM /\':z@:_ 120
100 100
8% f/ %0
0 T T T
0 10 20 30

BE k (H/AR) BE k (H/NE)
200 200
| t=0 LWR =0 LWR
180 s 180 £
160 | e =20 160 | m— =20
—_— =40 =40
140 =60 140 | s 1260
120 | =80 0 =80 _ _
100 100
80 4 80
60 4 &
409 W0
20 W 0
0 T T N | 0
0 10 20 30 40 0 20 0
wERE) o E(RE)
= ved =P SERA
LWR 15 X.2 faAfT fi LWR =7 Lax-F JT{IfiE
BE K (FAR) BE kK (FILE)
200 200
=0 Payne(1971) =0 Zhang(1998)
180 =10 180
(=20 —— {=10
160 - — =40 160 - e— =20
=60 e {=40)
140 =80 140 e~ =6
=8

B (NE)

Payne ™ 52 Lax-F 7Bl

40

Zhang P 3% Lax-F SE{bIi#

@ 11

3. REFERBEHE T IHRENSEREMEHR

S EEREEE R LRI ERIRRIR SR

ARRTRE PR RATF R EN A MREAIRTL - Hlbda et Bl et T 2 a0 8

SEANE -

RS



st B F 7

%+

-8 RE—OwH=A

e 120 (#EAH); H
{0 (BB /NE); '

u(x,0) = .

80 (NE /NI H

q(xO)Z{O (BN, B x

’ 0 (B /NE); & x

x<50 (RH)
x>50 (NE)

x<50 (RH)
x>50 (NE)

<50 (AH)
>50 (KNEH)

BRI+ k(0,)=120 B /2B > w(0,0)=0 2 HL//NKF » g(0,0)= 0 55 //[\Ef

A FEREE AR SO B A (5/8 /NIF) » T Laie » TS IRIBE L LWR 2R i B Lax-F
TN R e - L s P AR Y Lax-F SR - 40108 12 Fifors - EHE 1 Payne!®
BRIEAET (R B BRI B IE % + 1Bk 2 e G 57 J7iE)
FELAR - T AR « METEIS S BRI - OB LR A RS /2 VB8 - BRI

BE kK (BH/AE)
200 7

Wk (HIAE)
200

120 4

100 A

80

= — =

180 | LWR-real — 110 150 JEWRERCF pars
—_—— 20 [

160 4 —{=50 160 4 — =30
i 1240 e =40

140 =50 140 4 50

120 - 120

100 - 1004

801 5

604 601

404 40

20 204

0 T T Y Y 0 1 0

0 20 40 60 80 100 120 0 2 40 60 80 100 120
HEAR) 1HB(AE)
P 77 24 > N {j\ﬁﬂ
LWR 1552 fift A e LWR #7 Lax-F JE{LfiE

BE k (B/AE) K (RAE)

wy I — 1= 0 200 — o

180 4 4 — =10 150 Zhang(1998) 110
— =20 — =20

160 — =30 160 — =30
— 1=40 — =40

140 =50 140 150

60
E(NE)

Payne ) 3 2 Lax-F /Bl

N

120

20 40 60

HERE)

Zhang ! #5502 Lax-F S

12 SEEEREARFFEREIFIRBIREHRR



R R BRI A R E 5 AR

Zhang ) RS G BB HUBIBRIEI T Ry - 255M T DIORS S T EDREL LWR R 724350
P SsE 2 CR BT » SEBUE RS SAER) » AR - R ioRE s s - B
TEF IS R RN - BN B IRERE ko2 8% o Zhang ) BEMSRIAE M 0/E
Vg T e AR bR LWR R » MG B i w4 S5 B Bt B R 7 s e
LWR 52 240 » R AT E AT » ARFa i 3 ATTEER ! Lax-F 725300 - fi§
SE s A, -

B~ HREER

g U R AR RO Sr TR JEH E— MRS IR 2= 40k DUE K R
< HEERBEE5rEEHS FTFS FTBSFTCS ~» Lax-F » Lax-W » Leapfrog % Beam-Warming
S o FERRE B DI R S B A R S TR - SRR U Lax-F
Lax-W J Leapfrog 55 3 {A#5f+: - FTBS 1AEil Beam-Warming yABfEE I ZM5HE LR w1
P PRI K2 K5 Ky TR CFL et » SCE B ml REIRI AT BRI R (R (M ks IFElE) 1Y
—PEHERR MR SRR AR (L WR RSB « ARG ST TMRIBTE » 1T & AR
53 AT S P e A AR =AY B P P » o3 L N -

(—) —REERMEERR

AHFZELL Lax-F ~ Lax-W ¢ Leapfrog 55 3 Fiz=77 51k - DAgaE AL n) L izlal i B2 ik ke
RIFFHBEB) NFRFFRTrsGREY] - S —FEERIEEER (LWR) BGET
BRAGIHT » KRS Lax-W Jz Leapfrog Wit IR A NERABAENZE - WA
W 5 M Lax-F AIRENESEAT RN E YIS - HAE TSR - BB R e L3 i)
B AT P e IR - BB R RTSRAR I G E - 30 Lax-F AR AR
B LWR B

(2) SEEERIED

1. BIPIIMERIRTS o8 F b i L A A IR 403« BISh Payne ) $HBFEL 1971 4E4NT
e R A U A IR 402 5 B RE R ) B Rgk ) W E R Payne
MR IR S GEF TR BT - 3% =i 7SR R R IR A0 2 HA R A AR E8 FTBS i -
S5y AR FTCS ik - 37243 sUAIE DL FTBS i EHR L - MmifeEEm ™ st
EUHfERT - FTCS JERMEE i B A — PR MRS R e AE A - B A — RS HERR R
At (R LWR R5X) 5 FTBS yA R R e s R IERU BT & iiess - i LWR ARy
PEE R IEE I W RE » 2 FTBS 5% LWR B » 2RE] > FTBS Jz FTCS AR
TR EAFE A ST - BRI e R R R E R BRI RIR T
FRIEFERHE - IRAAN G AL POHE Ty B BB B IR - SRR R RRIR A A2



EEER Fwtwh F-H RE-OwH=AH

SEREER - DI EAREE » SEIE MR ZE Payne ) AUSEERIEILI N &N B BB ITEEE
2. $EHGE AR SR AR S R - DU AT I R B R 5 iR

S SRR & B B R SR A RS S A B+ T RE R

R o KSR F R 2 H B G ) - BIDL LWR R AR B A SR 2 533

PR By LEI R » DURARA A — (e B g 2 [ T L« 48U Lax-F i:HUAGHE

FAIRY FTBS B FTCS i » 31T Payne ™ Bil Zhang ™ R gy A it Lk -

FERBE

(1) Payne ™ # L Lax-F F5 R 25 53 1) 000 9 T R e ) R D e oy AT L
HEER A MR H e 3L S R BRI » Bl B A SR A B 4 s 4
Hebfer e m g B I U N U B A e B R 1 LI R Bl R 2 i F e
HITERR - HEE LA SIS H Payne ™ BXA G F AT » WFE Lax-F AR
FELPVRFTER o (BRI IE ST - FEAREAR Payne ) BizUEFIERT - WRERERLLR
TR IRAE SRR R T -

(2)Zhang "' 12X Lax-F AR 532Uk L mi i e R a2 6 R R 4
Bil LWR AR S SRR BT 5 HL A LBl N B 2 S BB S
FORMIEL LWR BEsKA 75 A0 IS S5t e ORI » SSsuERs 2hHIE]) - —
FEPEESRSH Zhang P! | CRRIER, -

(3) R A R o AR — T TR, » LI 2t 2 B ol P 1 5 1 3 g
SRR 4> ZUITA A SR DR B 5 LWR (BB e — (52 4> 2T AT SR g —
2 k9% FEE BRGHUEE A - R B i A PR 4 R A M A R 5] » {5 Zhang ™)
PR B S BRI AR AR5 SR 58 5 AN ] » A3l e o T R it S
TRHEE B - HLEBERRERH Zhang ) Bt 18 BRSO - TEEEHA Lax-F GRS -
T P A v B L S (DA 5

AT ek A E PG TR AT A A o T U - MERRSRER - (a2 %E

TAHEREEEST - B0

L. B R Lax-F GIRZSHATEE « At EmiEEis =gt Lax-F
HIREE > R - AiwmE A A BRI IRoe 2RI Lax-F (2286 - 7RH]
R EE - HESAIGR (Un-U)2 M (REH0EE - K208k
(Uit U2 (B R AR BNE RN F 2 3E (=0 ™) o SBEEEER OB
R - AR I 2 e LA B - AR R -

2. FARNAIRES B BELE « AW e m ks s U R o (R EEE ™ m
TRk - FETFBEAOECE Ry 7= At o EHRAISEAE A IR MR A E NI AL = 1/80 /]NEf
=45 ¥ - AELRAVFATIR ] > RS - HESERARSE - did@hyrgsldog 2
B WECEE - 1T -



R R BRI A R E 5 AR

3. B R HEAE TS 232 P < R Payne ™) B Zhang ) s B AT A 2y (S LR ST
R AR AR M A A« SR A U Payne ™) R EEER
& - FERCEL 10 RV R - RN ARIMRASHEA - FE R A Lax-F
IR L - SHE R FEERE A - AN R R R - ST TR AR ST - DU
TR ERIERE: - DUAHBIRT SRR R R A -

4. B AGEZEPINER] « Rl GIREGEEZEE TS (RIRRIFZEZESHE) - BrR AR
oriE o LR AN R RS EE s i A B A - ARFeas - e s = it
Aubtse - et T el R BT - SEREE S E T T IR R
FotZ I ARRERI B s AR - rIMERerPAT B o0 R BRI i AL -

5. ZEOr TR HAKE R R B S A8 RE S AR 22 R R A L — R 3 - DGR
FRREASRE N — NP B E - ASGERRS 2 7 7T 15618 Lax-F SN2 EH S
R - 22T ISR A E - HERAINOE 7 Tk drE - #EHIH R
DRI T RERE AT Ry B o 22 R R P T BN - Z2 R —AShh & T (B B B W 22 AR R
HAEANAI R - (HA R R B - 25 2R Rh I — R (- TR
HA - Al HIEE R R ) a Rt setE— AT -

6. BBt I 7 EREREBC B AT IR (I TER pUAsL e » I RE 0 AE [R]—IRr P P 8 AR SRR A RS
ZIGIE - HIATEE EBERREAY Ko At » DURF &8 FRSEE B CFL Kgifpeds: -

ZENR

1. LeVeque, R. J., Finite Difference Methods for Differential Equations, University of Washington,
Washington, DC, 2005.

2. Zhang, H. M., “Continuum Flow Models”, Revised Chapter5 in Revised Monograph on Traffic
Flow Theory, United States Department of Transportation Federal Highway Administration,
2012.

3. MR T ERIKEN TR B E A ST ) BN AR RS A E R ST AT LA
K 86 - -

4. Lighthill, M. J. and Whitham, G. B., “On Kinematics Waves II. A Theory of Traffic Flow on
Long Crowded Road”, Proceedings of the Royal Society A, Vol. 229, 1955, pp. 317-345.

5. Richards, P. 1., “Shock Waves on the Highway”, Operations Research, Vol. 4, No.1, 1956, pp.
42-51.

6. SEBIEK - " IRRRMEERIRE  PUEERE AILEEE LT, - BOIEZERSE LR TR
WFSERATE AL > B 90 4 -

7. Payne, H. J., “FREFLO : A Macroscopic Simulation Model of Freeway Traffic”, Transportation
Research Record, No. 722, 1979, pp. 68-77.

8. Payne, H. J., “Models of Freeway Traffic and Control”, Simulation Council Proc. 28, Vol. 1,



EastEEF Fwtwi F-H RE-OwH=A

1971, pp. 51-61.

9. Zhang, H. M., “A Theory of Nonequilibrium Traffic Flow”, Transportation Research Part B,
Vol. 32, No.7, 1998, pp. 485-498.



st 2 F R4

vORFUBRIEE RSN A BE R AT R B B BARFREFI AN TP 3%

X RHE CRIEE > BEMELRRE  AH PR RAXERE » YRBELHRB -
Bl IR RZH X 0 A B L OREH T - e ReERHS B kA RN
BEHRIMEIREL  EAB TR o e BT AR E R R R ERZ
REZZAXR— A REBEHHBE  HZERWZEAREZIRETE AR P it
AR o RAAAIERHT R R B A B TN OB ER ARG L EH 0 BIRB AT R
PR E RS S AT c AW AT EEBAEE > 2 L ETARSE] -

C BRA—RFIE  REBA_E R TF LR AFYBREOHEZaFAAIME R A=2 2EH

4879 0 HIFEAML ~ H AR FI  P AR - IR B - BRAR - WA A E S -

P AR S R ARSI FEM R o XY FHEER - HARY LR RHER

Frilh o BHERAR RN BT RGRIE - BAFIEE AT AR BPEE R o X
b X HEX  BREGFIERT > SECHIHANT - BRARTI P XFHIF@AR  XXF
54k Times New Roman %% » B R 8] L RAwiE » R X AEEE IR m b o

VR FE IR F BRI 0 XA P IRAEFALA LA A 0 S F kL IR A& XA TS

RH3EF7IN 0 ABEVBABTKARATIRETEEERIIA - 54 k¥ @ kXL
Bh o S B AR B XPEATIIRS o RFISF G IR AR KR BH 4T -
LEAFIZ X AER s (AWM LR ) HX B L MAIEH £ BB AL EH -

F ] RBER S BRI T AR THRE S > A XK & TOD AIKRX | BHETEIE
F > E34% F 18 RE 9 76391

3% X 9] . Cervero, R. and Kockelman, K., “Travel Demand and the 3Ds: Density, Diversity, and
Design”, Transportation Research A, Vol. 2, No. 3, 1997, pp.199-219.

2EERAAAR AR RL T4 R (BAKT]) > HAE - BRI BB -

Pl A RESTRER DR B S B HE TR ARAF - &
b+ KB 96 SF -

3% 4] : Nunnally, J. C., Psychometric Theory , 2nd Ed., McGraw-Hill, New York, 1978.

3HF G EHERL  HXB L A AXELM MR (RAE7]) BRKREL
BB eI BAG o

XA mEE S BERE > HBES T HEARERR TR REEARAGETZIHE 0 F
FREEMEEH 16 BELMHIAFEHRLE F 1M PERBEERNEES R
90 5 » & 221-230 -

3 ) : Eberhart, R. C. and Kennedy, J., “Particle Swarm Optimization”, Proceedings of IEEE
International Conference on Neural Networks, Vol. 1V, Institute of Electrical and
Electronics Engineers, 1995, pp.1942-1948.

AN BLHX R BL  HX LM BRAF HRAH -
& OB TAXFERTEREAETESHENRTHEERZIKT 0 RAKE
Fp st BT PR X 0 R 90 4 o
SBUR B E/R  BURKEE > BE/REL - A e
g # o RAHLHETE  PERBRBGETFS - KE 94 F -
M A AH ARG/ AKM G XFR LR EAL > k- A TRAH -
) BRI EMA R T ARG F w0 http://e-traffic.iot.gov.tw/ » B B 97 F o
7.8 FFRFI N BME KA FE - UGBS LI -

CRBEHEH R EFRE R BARFWMEFRA LEFIWHARERE > BB

% 5 33 324% Microsoft Word 97 (A A L) BATHAEERXZTT# -

o ERE R RGN T H A A RS BRI R AT A MBI e B - R

B4 AR PR & » 330 R -

v RAR T AR FIRE RARHE T 1 10548 & b7 AL LIS 240 5F 6 M S@IRE AT AT E ST

EFIGEE -



Transportation Planning Journal Quarterly
GUIDELINES FOR THE SUBMISSION OF PAPERS

. The Journal welcomes the submission of previously unpublished research papers from all countries, which

are related to engineering, economics, planning, management, and information processing of transportation

systems. Previously published papers, even if published in a different language, with a different title, or

modified contents, will not be accepted. Unless drastically revised since conference presentation, papers

which have been previously presented in domestic or international conferences, regardless of whether they

had been included in the conference proceedings or not, must be submitted with a letter of consent from the

conference organizer, and such a presentation must be duly noted in the paper itself. Papers which duplicate

or contain portions of study reports of research projects, edited versions thereof, or funded by government

agencies or private organizations, should be submitted with a letter of consent from the funding agency, and

this must be duly noted in the paper itself. Papers submitted by the staff of the IOT should comply with its

“Guidelines for Publications”. The above terms do not apply to invited papers and articles.

. The length of submitted papers should not exceed 25,000 characters/words, and should include an abstract

of no more than 300 characters/words, as well as 3 to 5 key words, and the author’s name and position,

institution, contact address, and telephone number.

. Papers written in Chinese should also carry an English version of the abstract, including the title of the paper,

the name of the author, and key words of the paper. Notes should be numbered consecutively in the order in

which they first appear in the text and should be started with the title and the introduction of the author(s).

References listed should be limited to all those mentioned and quoted in the text, and should be numbered

consecutively in the order in which they have been mentioned in the text. The Times New Roman font

should be used for the English version. Print all the mathematical equations and functions. And variables

should be typed in italics.

. The guidelines of reference formats are as follows:

(1) Journal: authors (beginning with the last name), article title, journal title, volume number, publish date,
and page numbers.

(2) Book: authors, book title, edition number, publisher, place of publication, publish date.

(3) Conference paper: authors, paper title, conference title, sponsor, publish date, and page numbers.

(4) Doctoral dissertation or master thesis: author, title of the dissertation/thesis, department, college, and
publish date.

(5) Government publication: government authority, name of the publication, and publish date.

(6) Web page: author or authority, article title or related link, URL, date of downloading.

. Papers should be submitted with three copies of manuscript typed in a clearly legible form and an electronic

file accessible by the Microsoft Word 97 (and above). All graphs and photographs should be submitted in

originals. No illegible submissions will be accepted.

. The Editor’s Office of the Transportation Planning Journal Quarterly (TPJ Quarterly) reserves the right to

edit and make any changes to the submitted papers, provided that such editing changes do not alter the

paper’s original content. The TPJ Quarterly reserves the copyright on all of its published papers, and all

reproductions of such papers must receive a prior permission of the author and this journal, and meanwhile

indicate the sources.

. All submissions should be sent to the following address:

The Editor’s Office

Transportation Planning Journal Quarterly

Institute of Transportation

6F., No. 240, Dunhua N. Rd.,

Taipei City 10548, Taiwan (R.O.C.)



fREBAZHEE
"{‘Z}T\/\ /ﬁ; r |

A@%ﬁﬂ%ﬂﬁ%zﬁi’ﬂﬁﬁﬁﬁ*¢”ﬁl(K%%%IQL%E%% Fr) #AE
§~A%@%~%Wﬁiﬂm$%w HAFRMESE ZALAARZA R > 36 EFRET LA 4
Je AT R RAAMEZ A A 0 RAEABH P ERE (REKRH : GAHRERF RAT) KA B
FIRA Z ATFATE FAEHE o RAFRBERAFERZEWAZEREEE oA ER > BEREERAFE
HEFaABRTRME ML LHPERE (REAKRH @ GBS ERFTRAT) B ERZIE T A BE
FAE o RARERFMEL TR ESE > FHAR —84 > 588 P8 SNBSS > BEE
RB P~ SFIAR e ER B E TR RAIEL IR BT RALLR K
3R B (A ¢ 3R E AT % PT)

SARBERIZMEAN (FTAEFRYFR T  BERENE EFIHR)

LETTER OF GUARANTEE

This letter serves to guarantee that my paper entitled

', conforms to the “Guidelines for the Submission of Papers” of
the Transportation Planning Journal Quarterly, and that I hereby authorize the Republic of China (represented by the
IOT of the Ministry of Transportation and Communications) and any third party to reproduce ~ public transmission ~
distribution my paper. I also agree my paper could be exchanged to the other database and to abandon the author’s
copyright to the Republic of China (represented by the IOT of the Ministry of Transportation and Communications)

and users from the database. I guarantee that I did not infringe upon the copyright of the paper of any other person.
If I violated this rule, I should take on the responsibility for compensation to the author and to the Republic of China
(represented by the IOT of the Ministry of Transportation and Communications) accordingly. I guarantee that once
this paper is published in the TPJ Journal, I will not make redundant or duplicate publication (i.e., submission of the
same article, or with a different title, or modified content) to other journals or periodicals in the Republic of China or
any other countries. I agree that in the event of any violation of the stated terms on my part, the IOT may announce
my name in public and shall reject all my papers afterwards.
This guarantee is provided to the Institute of Transportation, Ministry of Transportation and Communications.

Signature (both author’s and co-authors’):

Date:




U T ol S

TRANSPORTATION PLANNING JOURNAL
3 RE A5+ — A #17

ATA T M
FEE ENHDEAFEEAE

Gmird . Ea IR aEE TS
B E A HER
BEMEE REM EER OBIER KRR H&E YHEHAE REEF BELEE
% g
Bl X % BRER
% i Y
HIRE ¢ R IRERIT R PT
Mok : 10548 £ b 7 304k b7 240 3% 6 4%
#ak © WWw.iot.gov.tw (P R > B Z R > B2 2 F)) (K B BRSP4 5E)
3 : (02)23496882

ERRIPT @ % iEAT FEPRIA PR 3)
ik ¢ 106 23k AT A s 3 L 8415k 2 4%
F 3 1 (02)23639367 - 23627718
A0 Ep 920
R BREE
104 2 3k ANT i 209 3% 1 4 - § 3 ¢ (02)26579211
By AR
400 & 7 ¥ L3 6 5% - E 3% : (04)22260330

B E R ESR T A
E 3%+ (02)23496880

& 4E 100 ©
PSS E R B 420 BRI B R AR E
# %1044 3 20 BESHH L EF B4R LGT  EERISKP 184 FHFIE8 4 o

AR S MM BAAGTHEA R THBRAEELE LR, £455 0 £RE TSSCI &
FHRE R F R ARAA R EASGE G AT b S EATH I X2 P I R A
b ERFEFE RETHEGER  @FE% SRR e gy #
AP iRk~ B TR R 2 EaS -

Publisher : Transportation Planning Journal Quarterly
Editors : Editorial Board of Transportation Planning Journal Quarterly
Chairman : Mr. Lin, Shinn-Der
Address : Institute of Transportation
Ministry of Transportation and Communications
6F., No. 240, Dunhua N. Rd.,
Taipei City 10548, Taiwan (R.O.C.)



	封面&目錄
	44(1)1-1-24 李家儂、謝翊楷
	44(1)2-25-44 郭仕堯、陳淑娟
	44(1)3-45-68 顏上堯、盧宗成、徐鸛侖
	44(1)4-69-98 許書耕、邱裕鈞
	44(1)5 稿約
	44(1)6 保證及授權書
	封底版權頁

