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In publishing answers, “the intent of the questions or multiple or standard examples of answers’

are published for essay-type questions for which no univocal answer can be given.

In addition, one of the correct answers may also be given as an example of a standard answer

for questions other than the essay-type.
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Machine learning methods are mostly working in black-box, lack of explainability and intepretability,

although relatively stronger in predictability performance.

Random utility based theoretical models have strong theoretical assump'tions, statistical basis, and

The two methods are different in its fundamental assumptions, machine learning is data-driven,

while random utility models are Atheor'y driven.

Discussion in combination with practice can be, for example, the value of time of a job, imagine the
average wages for a worker, and compare the value with the calculated values here, and make

justifications.
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In case of elective questions, write the selected question number.

Question 1:

(1) Negative externalities refer to costs imposed on others that are not reflected in market prices or individual
decision-making. In the context of car use, drivers typically consider only their p#’ivate costs, such as fuel expenses
and travel time, while igﬁoring the social costs their driving imposes on others. In urban transportation systems, car
use generates several important negative externalities. One major example i§ traffic congestion. When an additional
car enters a congested road, it iﬁcreases travel time not only for the driver but also for all other road users. However,
the driver does not bear the full cost of this delay imposed on others. Another éxample is envirormenta} pollution,
including local air pollutants and greenhouse gas emissions. These emissions contribute to health problems,
environmental degradation, and climate change, affecting society as a whole rather than only the driver. Furthermore,
traffic accidents impose social costs such as medical expenses, emergency services, am:i productivity losses, many
of which are not fully internalized by individual drivers. Because these negative externalities are not fully' priced

- into car use, the leve! of driving in urban areas tends to be socially excessive compared to the socially optimal level.

(2) Providing car users with the shortest route based solely on individual travel time may lead to
undesirf;tble system-wide outcomes for the following reasons. First, inf"ormation pfovision may induce
a hunting (oscillation) phenomenon. When many drivers simultaneously shift to the currently
shortest route, congestion rapidly builds up on that route, causing drivers to switch again in
subsequent periods. This repeated switching leads to unstable traffic patterns and prevents the
system from achieving an efficient and stable state. Second, the shortest route is often a narrow local
street. Routing traffic onto such streets frequently generates through traffic in residential areas,
increasing safety risks for pedéstrians and cyclists, as well as noise and environmental burdens.
Since these local impacts are not reflected in individual travel time, shortest-route guidance can
| undermine neighborhood safety and quality of life.

(* Either point is sufficient for full marks)




Question 2:

One example of a new mobility service is ride-hailing. This service has several advantages and

disadvantages when evaluated in terms of efficiency, equity, and externalities.

Advantages!

First, ride-hailing can improve efficiency by reducing waiting times% and increasing flexibility in travel,
especially in areas or time periods with limited public transport services. Second, it can enhance
equity by providing mobility options for people without access to private cars, such as elderly
individuals or those who cannot drive, Third, ride-hailing may reduce the need for private car

ownership, potentially lowering parking demand in urban areas.

Disadvantages:

First, ride-hailing services can increase negative externalities, particularly traffic congestion and
vehicle kilometers traveled, as additional trips are generated. Second, from an equity perspective,
these services may primarily benefit higher-income users and exclude those without smartphones or
digital literacy. Third, ride-hailing can weaken the financial sustainability of public transport by

diverting passengers, which may reduce service quality for transit-dependent users.

Overall, while ride-hailing offers efficiency gains for individual users, it can create social costs and

distributional concerns if not properly regulated.



Question 3:

(1) Assume that individual n chooses one mode m € {car, bus, rail}. The utility of mode m is given by
a linear-in-parameters random utility model: U, = Vi + &y, where the systematic utility V,,, is
specified as Vo, = BrrT Tum + BrcTCom + BapADmn, Where TT,,is travel time, TC,, is travel cost, and
AD,,, is access distance for individual n and mode m.

Assuming the error terms £,,, are independently and identically distributed with a Type I extreme

value distribution, this leads to a multinomial logit model for mode choice as follows:

_ exp(i)
T Y exp(Vams)

(2) Travel time represents the time burden of commuting and is expected to have a negative effect on
utility, as longer travel times reducé the attractiveness of a mode. Travel cost captures monetary costs
such as fares or fuel expenses and is also expected to negatively affect utility. Access distance reflects
the ease of reaching the transport mode, particularl& important for public transport. A longer access
distance generally lowers the likelihood of choosing that mode. In addition to these variables, other
factors may influence mode choice. For example, income may affect sensitivity to travel cost, car
ownership may increase the utility of car use, and comfort or reliability variables may capture
qualitative differences across modes. Including such variables can improve the behavioral realism of

the model.

(3) One limitation of this model is the independence of irrelevant alternatives (ITA) property implied
by the multinomial logit specification, which may be unrealistic when alternatives such as bus and
rail are similar. Another limitation is that unobserved individual heterogeneity in preferences is not

explicitly modeled, which may 1ead' to biased parameter estimates.



Question 4:

(1) There are two available routes:

Upper route: Residential — A — CBD, with travel time T; = x; + 40.

Lower route: Residential — B — CBD, with travel time T; = 40 + x,.

Let f; and f; denote the route flows. Since the total number of commuters is 36, f; + f, = 36.
At user equilibrium, all used routes have equal travel time:

fu +40=40+ f;. Thus, f, =f, = 18.

The equilibrium travel time is 40 + 18 = 58 minutes.

(2) After the construction of the new link between A and B with travel time 5 minutes, a third route
becomes available: Residential = A — B — CBD. Let f;, f;, and f;; denocte the flows on the upper,
lower, and middle routes, respectively, with fy + f; + fir = 36. The congestible link flows are x; =
fu+ fu and x; = f; + fi;. The travel times are: Ty = xg4 +40, T, =40 + xpp, and Ty = x; +5 + x,. At
equilibrium, all commuters choose the middle route: fy = 36, f; =0 and f, = 0. This yields x; = 36

. and x, = 36, and all routes have travel time 77 minutes.

(3) Social welfare is evaluated using total system travel time (TSTT).

Scenario (a): TSTT = 36 x 58 = 2088 person-minutes.

Scenario (b): TSTT = 36 x 77 = 2772 person-minutes.

Since total system travel time increases after the road construction, the project does not improve

social welfare (known as Braess’s Paradox).
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Question 1. Answer the following questions concerning passive cooling for buildings.

(1) ABIEETRYEL Sy VT 7 =) VT 2 EANLRERELTET 5.

To examine the degree of basic understanding for the passive cooling that our

research group is focusing on.

(2) AEFFEE CLRBSET BIRGAHV AT AOERNREMEZITET D,

To examine the degree of basic understanding for the floor cooling system that is

jointly developed by our research group.

(3) HEAHT AT AORBIERY 22 THHREBED A H = X LRLHUFIECET BEE

EET 2,

To examine the degree of understanding the mechanism of condensation and its

countermeasures, which is a typical risk caused by a radiant cooling system.

BHEE O EENOFZ L TRAL I EORACETAUTORECE X X,
Question 2. Answer the following questions concerning dampness and mold growth
residential buildings.

(1) FEEROF VI RARET2ERNZBEEELRIET S,
To examine the degree of basic understating for dampness in buildings.

(2) HEILAREHEECHETERNLBRELRET D,

in

To examine the degree of basic understanding for health problems caused by mold

growths.

(3) WUOSH RS N — F2 7 THAEFEMBEEETRED L= FFT7IZ2WT
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To examine the ideas for the trade-off between indoor air quality problems and

energy-savings, which is a typical trade-off in our field.

FIRE 3. EEEKSET—F (TMY) KHETIUTOMBEICEZ L,

Question 3. Answer the following questions concerning Typical Meteorological Year (TMY)

data.

(1) TMY OERRLEEEEHET D,
To examine the degree of basic understanding for the TMY.
(2) TMY OEEALFBIERICET 2ERELZEET D,
To examine the degree of basic understating for the specific usages of the TMY.

(3) KBOERFHFEPENE B TMY B FE~OERMBELZTET .

To examine the degree of understanding for the weather projection methods and the

development methods of TMY based on the projection.
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Question 4. Answer the following questions concerning household energy consumption.

(1) HExFLX—{HREESCET 5 ERNREEEZHEY 2.
To examine the degree of basic understanding for the structure of household energy
consumption.

(2) Shift, Rebound REIZEE T A BEE X 1BHET D, .
To examine the degree of understanding for the shift and rebound effects.

(3) BEMRErPFECo0nTOZLzMI,

To examine the ideas of specific energy-saving measures.

MRE 5. BENOIIPLEMLICET U TOMEICEZ L,

Question 5. Answer the following questions concerning thermal comfort in buildings.

(1) {ERMEE LS SERnS, SET*OFBEERZED,
Let the candidate to describe the characteristics of SET* by comparing with
operative temperature.

(2) ELEBEIC kA BE0PEER EREIIEIRRICE 52 L OBFEZAID,
To examine the degree of understanding for the fact that the effects of wind speed
increase on the improvement of thermal comfort vary depending on ambient




