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PROBLEM A: Designing a Traffic Circle

Many cities and communities have traffic circles—from large ones with many lanes in the circle
(such as at the Arc de Triomphe in Paris and the Victory Monument in Bangkok) to small ones
with one or two lanes in the circle. Some of these traffic circles position a stop sign or a yield sign
on every incoming road that gives priority to traffic already in the circle; some position a yield sign
in the circle at each incoming road to give priority to incoming traffic; and some position a traffic
light on each incoming road (with no right turn allowed on a red light). Other designs may also be
possible.

The goal of this problem is to use a model to determine how best to control traffic flow in, around,
and out of a circle. State clearly the objective(s) you use in your model for making the optimal
choice as well as the factors that affect this choice. Include a Technical Summary of not more than
two double-spaced pages that explains to a Traffic Engineer how to use your model to help
choose the appropriate flow-control method for any specific traffic circle. That is, summarize the
conditions under which each type of traffic-control method should be used. When traffic lights are
recommended, explain a method for determining how many seconds each light should remain
green (which may vary according to the time of day and other factors). Illustrate how your model
works with specific examples.
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PROBLEM B: Energy and the Cell Phone

This question involves the “energy” consequences of the cell phone revolution. Cell phone usage
is mushrooming, and many people are using cell phones and giving up their landline telephones.
What is the consequence of this in terms of electricity use? Every cell phone comes with a battery
and a recharger.

Requirement 1

Consider the current US, a country of about 300 million people. Estimate from available data the
number H of households, with m members each, that in the past were serviced by landlines. Now,
suppose that all the landlines are replaced by cell phones; that is, each of the m members of the
household has a cell phone. Model the consequences of this change for electricity utilization in the
current US, both during the transition and during the steady state. The analysis should take into
account the need for charging the batteries of the cell phones, as well as the fact that cell phones
do not last as long as landline phones (for example, the cell phones get lost and break).
Requirement 2

Consider a second “Pseudo US"—a country of about 300 million people with about the same
economic status as the current US. However, this emerging country has neither landlines nor cell
phones. What is the optimal way of providing phone service to this country from an energy
perspective? Of course, cell phones have many social consequences and uses that landline
phones do not allow. A discussion of the broad and hidden consequences of having only landlines,
only cell phones, or a mixture of the two is welcomed.

Requirement 3

Cell phones periodically need to be recharged. However, many people always keep their
recharger plugged in. Additionally, many people charge their phones every night, whether they
need to be recharged or not. Model the energy costs of this wasteful practice for a Pseudo US
based upon your answer to Requirement 2. Assume that the Pseudo US supplies electricity from
oil. Interpret your results in terms of barrels of oil.

Requirement 4

Estimates vary on the amount of energy that is used by various recharger types (TV, DVR,
computer peripherals, and so forth) when left plugged in but not charging the device. Use
accurate data to model the energy wasted by the current US in terms of barrels of oil per day.
Requirement 5

Now consider population and economic growth over the next 50 years. How might a typical
Pseudo US grow? For each 10 years for the next 50 years, predict the energy needs for providing
phone service based upon your analysis in the first three requirements. Again, assume electricity
is provided from oil. Interpret your predictions in term of barrels of oil.
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PROBLEM C: Creating Food Systems: Re-Balancing Human-Influenced
Ecosystems

Background

Less than 1% of the ocean floor is covered by coral. Yet, 25% of the ocean's biodiversity is
supported in these areas. Thus, conservationists are concerned when coral disappears, since the
biodiversity of the region disappears shortly thereafter.

Consider an area in the Philippines located in a narrow channel between Luzon Island and
Santiago Island in Bolinao, Pangasinan, that used to be filled with coral reef and supported a wide
range of species (Figure 1). The once plentiful biodiversity of the area has been dramatically
reduced with the introduction of commercial milkfish (Chanos chanos) farming in the mid 1990's.
It's now mostly muddy bottom, the once living corals are long since buried, and there are few wild
fish remaining due to over fishing and loss of habitat. While it is important to provide enough food
for the human inhabitants of the area, it is equally important to find innovative ways of doing so
that allow the natural ecosystem to continue thriving; that is, establishing a desirable polyculture
system that could replace the current milkfish monoculture. The ultimate goal is to develop a set of
aquaculture practices that would not only support the human inhabitants financially and
nutritionally, but simultaneously improve the local water quality to a point where reef- building
corals could recolonize the ocean floor and co-exist with the farms.

A desirable polyculture is a scenario where multiple economically valuable species are farmed
together and the waste of one species is the food for another. For example, the waste of a fin-fish
can be eaten by filter feeders and excess nutrients from both fish and filter feeders can be
absorbed by algae which can also be sold, either as food or commercially useful by-products. Not
only does this reduce the amount of nutrient input from the fish farming into the surrounding waters,
it also increases the amount of profit a farmer can make by using the fish waste to generate a
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greater quantity of usable products (mussels, seaweed, etc.)

For modeling purposes, the primary animal organisms involved in these biodiverse environments
can be partitioned into predatory fish (phylum Chordata, subphylum Vertebrata); herbivorous fish
(phylum Chordata, subphylum Vertebrata); molluscs (such as mussels, oysters, clams, snalils, etc.,
phylum Mollusca); crustaceans (such as crabs, lobsters, barnacles, shrimp, etc., phylum
Arthropoda, subphylum Crustacea); echinoderms (such as star fish, sea cucumbers, sea urchins,
etc.; phylum Echinodermata); and algae. By feeding types, there are primary producers
(photosynthesizers—these can be single cell phytoplankton, cyanobacteria, or multicellular algae);
filter feeders (strain plankton, organic particles, and sometimes bacteria out of the water); deposit
feeders (that eat mud and digest the organic molecules and nutrients out of it); herbivores (eat
primary producers); and predators (carnivores). Just as on land, most of the carnivores eat
herbivores or smaller carnivores, but in the ocean they can also eat many of the filter feeders and
deposit feeders. Most animals have growth efficiencies of 10-20%, so 80-90% of what they ingest
ends up as waste in one form or another (some dissipated heat, some physical waste, etc.). The
role of coral in this biodiverse environment is largely to partition the space and allow species to
condense and coexist by giving a large number of species

each its own chance at a livable environment in a relatively small space—the aquatic analogue of
high-rise urbanization. Coral also provides some amount of filter feeding, which helps clean the
water. The ability of an area to support coral depends on many factors, the most important of
which is water quality. For example, corals in Bolinao are able to live and reproduce in waters that
contain half a million to a million bacteria per milliliter and 0.25ug chlorophyll per liter (a proxy for
phytoplankton biomass). The fish pen channel currently sees levels upwards of ten million bacteria
per milliliter and 15ug chlorophyll per liter. Excess nutrients from the milkfish farms encourage
fast-growing algae to choke out coral growth, and particulate influx from the milkfish farms reduces
corals ability to photosynthesize. Therefore, before coral larvae can begin to grow, acceptable
water quality must be established. Other threats to coral include degradation from increasing
ocean acidity due to increased atmospheric CO2, and degradation from increasing ocean
temperature due to global warming. These can be considered second order threats which we will
not specifically address in this problem.

Problem Statement

The challenge for this problem is to come up with viable polyculture systems to replace the current
monoculture farming of milkfish that would improve water quality sufficiently that coral larvae could
begin settling and recolonizing the area. Your polyculture scenario should be economically
interesting and environmentally friendly both in the short and long term.

1. MODEL THE ORIGINAL BOLINAO CORAL REEF ECOSYSTEM BEFORE FISHFARM
INTRODUCTION: Develop a model of an intact coral reef foodweb containing the milkfish as the
only predatory fish species, one particular herbivorous fish (of your choice), one mollusc species,
one crustacean species, one echinoderm species, and one algae species. Specify the numbers of
each species present in a way you find reasonable; cite the sources you use or show the
estimates you make in arriving at these population numbers. In articulating your model, specify
how each species interacts with the others Show how your model predicts a steady state level of
water quality sufficient for the continued healthy growth of your coral species. If your model does
not yield a high enough level of water quality, then adjust your number of each species in a way
you find most reasonable until you do achieve a satisfactory quality level, and describe clearly
which species numbers you adjusted and why your changes were reasonable.

2. MODEL THE CURRENT BOLINAO MONOCULTURE MILKFISH:

a. First examine the impact if milkfish farming were to suppress other animal species. Do this by
removing (setting the population to zero of) all herbivorous fish, all molluscs, all crustaceans, and
all echinoderms. Set all other populations to be the same as in your full model above. Since you
have removed the milkfish's natural food supply, you will need to introduce a constant term that
models farmer feeding of the penned milkfish; choose this term to keep your model in equilibrium.
What steady state level of water quality does your model now predict? Is water quality sufficient for
the continued healthy growth of your coral species? Compare and describe how your result
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compares to observations.

b. Milkfish farming does not totally suppress all other animal species and water quality is probably
not as bad as your results from part 2a suggest, so use your model to simulate the current Bolinao
situation by reintroducing all deleted species and adjust only those populations until water quality
matches that currently observed in Bolinao. Compare your populations with those currently
observed in Bolinao and discuss what changes to your model could bring your population
predictions into closer agreement with observations.

3. MODEL THE REMEDIATION OF BOLINAO VIA POLYCULTURE: You now strive to replace
the current monoculture with a polyculture industry, seeking to make the water clear enough that
the original reef ecosystem that you modeled in part 1 can re-establish itself without any help from
humans. The idea is to introduce an interdependent set of species such that, whatever feed the
milkfish farmer puts in, the combination of all of his/her "livestock" will use it entirely so that there
are no (or only minimal) leftover trients and particles (feed and feces) falling onto the newly
growing reef habitat below. Additionally, you seek to commercially harvest edible biomass from
this polyculture in order to feed humans and increase value.

a. Develop a commercial polyculture to remediate Bolinao. Do this by starting with your "current"”
penned model from part 2b, and introduce into it additional species that both help clean the water
and yield valuable, harvestable biomass. For example, you could line the pens with mussels,
oysters, clams or other economically valuable filter feeder to remove some of the waste from the
milkfish. Economically valuable algae could be grown on the sides of the pens near the surface
(where they get enough light), and some of these could feed the small herbivorous fish that feed
the milkfish. Clearly present your model and its steady state populations.

b. Report on the outputs of your model. What did you optimize, what constraints did you enforce,
and why? What water quality does your model yield? How much harvest does your model yield,
and what is its economic value? How much does it cost you to further improve water quality? In
other words, from your optimal scenario, how many dollars of harvest does it cost you to improve
water quality by one unit?

4. SCIENCE: Discuss the harvesting of each species for human consumption. How do we
use your model for predicting or understanding harvesting for human consumption? Does a
harvested pound of carnivorous fish count the same as a harvested pound of seaweed so that we
seek to maximize total weight harvested, or do we differentiate by value (as measured by price of
each harvested species) so that we seek to maximize the value of the harvest? Or do we seek to
maximize the total value of harvest minus cost of milkfish feed? Should we define the value of
edible biomass as the sum of the values of each species harvested, minus the cost of milkfish
feed?

5. MAXIMIZE THE VALUE OF THE TOTAL HARVEST: We now wish to maintain an cceptable
(maximal) level of water quality while harvesting a high (maximal) value of marketable (because
edible and sell-able for byproducts are equally legitimate ways to maximize value) biomass from
all living species in the model for human consumption. Change your model to harvest a constant
amount from each species. What is the total value of biomass (as defined above) you can harvest
and the corresponding water quality? Try different harvesting strategies and different levels of
milkfish feeding (always choosing values that will keep your model in equilibrium), and graph water
quality as a function harvest value. What strategy is optimal and what is the optimal harvest?

6. CALL TO ACTION: Write an information paper to the director of the Pacific Marine Fisheries
Council summarizing your findings on the relationship between biodiversity and water quality for
coral growth. Include a strategy for remediating an area like Bolinao and how long it will take to
remediate. Present your optimal harvesting/feeding strategy from part 5 above along with
persuasive justification, and present suggested fishing/harvest quotas that will implement your
plan. Show the leverage of your strategy by presenting the ratio of the harvest value under your
plan to the harvest value under the current Bolinao scenario. Discuss the pros and cons from an
ecological perspective of implementing your polyculture system.



Getting Started References
http://en.wikipedia.org/wiki/Integrated Multi-trophic _Aquaculture

http://en.wikipedia.org/wiki/Coral reef
http://www.seaworld.org/infobooks/Coral/home.html

Supplementary Information

Figure 1. Map of the Bolinao
area and the sites sampled for
water quality data listed in
Tables 1 and 2. Sites A and B
have fairly healthy coral reefs
while Site C has fairly |
degraded reefs, Site D has a
few corals still holding on but is
mostly dead coral and algae at
this point in time, and the area
under the fish pens no longer
has live coral at all. In the fish
pen channel, farmers employ
nets measuring roughly 10m x
10m x 8m with stocking
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representative of the data you

will be able to find through public searches. These data may not be complete for your purposes
and are intended only to help give you ideas on how to get started. You should use the best-suited
and most complete data that you find. Characteristics of Site Water

Site Dissolved Total Chl a (ug/L) Particulate Total
Organic Nitrogen Organic Nitrogen
Carbon (Dissolved, Carbon (Particulate,
(DOC) (uM) | uM) (POC) (ug/L) | ug/L)

A 69.7£ 1.3 7.4+0.4 0.25+ 0.03 106+ 4 9415

B 80.4+ 29 8.0£0.2 0.28+ 0.03 196+ 57 39+ 15

C 89.6+ 1.7 142+ 0.7 0.38+ 0.03 662+ 68 54+ 17

D 141+ 29 30.5+1.3 45+0.2 832+ 338 86+ 45

Fish Pens 162+ 18.5 39.8£ 2.7 10.3£ 0.2 641+ 60 86+ 18

Table 1. Water characteristics of Bolinao sites. (from Garren et al. 2008)




Microbial Abundances and Particle Characteristics of Site Water

oo of # of Particles per ml
e = (particle defined as larger
Virus-like Free-living .E:t;téﬂ:d total than Ium} Avg
Site Particles Bacteria Bacteria bacteria Particle
Abundance | Abundance Abundance attached size
(#/ml} {cells/ml) to [ ®)
(celis/mi) particles | Detritus F'h'rl:c;zll?:ktun
1.0=0.07 « 3.4=0.3 = 53.3£2.2 % P 3.4+0.2 « . " -
A 107 of B =0.1 10° 1.6=0.2 x 10 42.7
0.8=0.04 « 4.2=0.6 = 3.9+0.6 x =0 1 4.4£0,2 = [ -
B 107 105 107 0.1 10° 1.0=0.1 % 10 15.7
1.7=0.1 % 3.0=0.04 = 113.7+3.6 x 9.6+0.8 x P =
C 107 10% 107 3.7 103 1.1=0,1 = 10 &3.8
7.0=0.3 x 6.1=0.6 x 144,5£3.6 = - 14.4x0.1 O —— -
o 107 108 107 2.3 P 9. 7=0.7 x 1O 576.1
Fish 6.1=0.7 = 9.9=0.3 = 383.2=28.1 11.3+0.5 - ) 1
Pens 107 10° « 107 3.8 w1gr | TBA=S.Sx100 1 280.8

Table 2. Bacteria and particle abundances in Bolinao. (from Garren et al 2008)

Organism Information

per hour

Organism Trophic What it eats How muuch it | What it Value when
Classification eaks excretes harvested

Milkfish [data predator Fish fead or In pens: 242493 g dry | $1,278
from Homer et smaller fish 6.58kg/m?* of weight of USD/metric
al. 2002) Pen/ Smonths | sediment/ ton {from:

m*/day. This Agribusiness

sediment is ~ weskiy]

10% carbeon,

0.4%

nitrogen, and

0.62%

phosphorus

[as 9% dry

weight)
Herbivorous harbivaore “Macro algae ~18-22 cm?
Fish [ Siganus (Fleshy algae) of algae
doliztus, a material’ m*
rabbit fish. of reef/
used as maornth [from
representative) Foo B

Bellwood
20081

Crustaceans . Herbivore . Macra algae . ~10-20rmg Values for
{data averaged . and . wet weight of . the warious .
Quer one crab syanebacteria o | food/ o gdible .
MROAEERE dax o Gap be found
and one . through .
(Crmadusa
imbrpaiod from
Cruz-Rivera & .
Paul z00a) .

N Filter Feeder Farticles . They clear . Also available
{Averaged over . 1-16um in . 5-7L of . an web for
5 species of . diameter . watgrdhe of yariety of
mussels and particles and sRECiES. o
aysters from “

Hawlkins et al, 4-15mg .

1998} . arganic .
matgrial per .
gram dry soft .
tissue weight .
{a measure of .
animal size) .




Echinoderm . Herbivore Fleshy algae . ~0.05 g wet . 0.2-11.5mg .
(urehing - weight algaes . | dry weight .
Iiipneusies, g dry weight . | feces/g dry .
gratis, from wrchind hour | wejght urchin .
the Philippines . where the .
a4 ayerane dry
remessntatice. weioht of an
Data from Dy . individual .
gt al, zooz) urihin was .
+ 699 .
Algae (Xokaya . | Primary . Sunlight, . Depending on . | These .
and, Oliveira . produgsr - sarhon, o termperature. o | arganisms can o
1992} . digside, smnpmically | gxirude
nitrogen and . | imeerkant red o | excess
phesphorys, | algag can photasynthats
double their . | in the form of
mass. wet dissolved .
weight) inas . | grganic carbon
lithle as 2.8 . but thisisa .
davs idones o | diffiult
commutad and | number to
as longas quantfy. .
50.0 days . Simply keep in
(Steraciadiz | mind that this
capitansz) . Rrocess is .
QcETing as
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about the
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References for Information found in the Table (E&)
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AT, AT B S R B A X SR A AR Y . e MR IR A M R, ARATTITR IR R G AR Y.
ZLETE F RS T HPREE T 1.

1. 05 33T Bolinao JRUAE IS BN A= 38 R GE b AT S0 s AR Al — A S 2 1 S ) T Fr A Y
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BB BRI A OR R AR R SR L B SR B TR KUK ks, RS R R R AT T
IS e ol 1) 50 LA S A A A ARRATT B A ) e A2 5 SR

2. XJ Bolinao i I ml H £ H—FEhE A5

a. B E H IR S AR S A R ) AR, WSRO AR g . i R 2 (B,
SREEECH ) AR, A RIS, BTE R e shP A A IR ). A
(1) FCA ) b B AR ATIAE BT 9 e B R b (R BCR AR ). RO AR 888 2 7 B H A AR it
N ARATT G B [ — AN O, 12 B i RO P SR L H S SRR AT AR AT AR R
FEP. RIS IAE R0 (1) AT A A I AR KT K2 12K BT 2 CAGRAIEARA T 85140 ol i 6%
FRo g iR AR SUBRAIRILE, IFRR BRI 45 R 5 MR 45 kAT LUK,

b. &\ H R IR 5 A A A ) SR A, T B K B ] BRI ANEARATILE 2a
oIS AR, i DA Ik E T 5 3 AT B A 25 b o BV e AT B R K TR Y AR
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a. R PR PETRTR RERIER Bolinao WAL, MARAILE 2 b #4r1 “ 4517 [k
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b, S ORATIB AL 5 A5 . RITTIA I 2AT A, BTN R 2t 4, a2 ARATIR A
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P2 T2, MRS RS, A E KA AL URATEAT H 1) 2 A 4
T2 H5BERYIEN 15762
4. BEFE D DR N RIHAERT T SR R L AT AR R A 2R e Tl sl B A NS0
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ZAE T DA H I A9 U e SN - 4500 I 1 2 RN P98 25 ) 7 R\ H 2 ) 2 2
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6. SHFXIUTHN: 4 Pacific Marine Fisheries Council (KSEVE/KPZZEHi4s) I EATE — R4
R I A= b A=) 2 AR FIK BT OC R IO 4510 IS B i 2L 1E 24 Bolinao JS
FER AT 1) Sl LB 2 KN TR A BB . AU ) B BE R 26 5 3523 TP ARATT ) e Il
7 /TN, FFEHEH BEHAT URATB TR 7 /TR EC A e m . a i B A AR AT IR R R (A
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http://en. wikipedia. org/wiki/Integrated Multi-trophic Aquaculture
http://en. wikipedia. org/wiki/Coral-reef

http://www. seaworld. org/infobooks/Coral/home. html

*hFEfE S (1)

(PR ABUVEE 2L T 0N 107 v B Wity 9097 (Scripps Institute of Oceanography, CA) [ Melissa
Garren. )

(M HZERE, RRER, USSR Thttp://www. comap. com)
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FKEZFES 2009 FEFEKXFEIFERZTE (MCM)
MR X FRIZETZEZ (IO [FRE T

2009 43 [l K A= R A (I TH) 2 5% 128 [ I W) 2000 4E 2 A 5 HE 9 H2$4T, S,
E(EH) « EE. AR, gk, 2522, flE. @R BRI, Z/K2E. SBPEE. Bin
Yoo e JEE 14 ANEEAHX R ES N T IX5E3€. 2049 NMAS NI T e, Hph2gg
MCM [1] 1675 4NBA, Z3€ ICM 1] 374 BN, THEA 1624 MASE, 4007 79%. &k 9 MPASR
MCM-2009 [IHEEES, 2 ANPASK ICM-2009 4532, i EZ A, 4K —AN A3k MCM-2009
(RIRREEE R TR MR o B2 AT —ANBA 3R ICM-2009 [ 2542 315 3K INFORMS (26 [z %
GRS . ARG RIS R R

R— 2009 HHEFAEREBERL

SR FEXO RS | —%FXMAH —FXMAHK  ZFXCE)RK
B¥ wE | R¥%| +E | R¥% | vE K% wE | K% FHE
wey | 1675 . 9 1 294 | 179 5 | 298 | 256 5 | 1074 | 846 5
1282 11. 1% 60. 88 % 85. 91% 78. 77%
76. 53%
ICM | 374 b 2 1 36 | 264 | 144 | 1354 | 192 | 180 &5
34275 50. 0% 72.2 % 93. 7% 93. 75%
91. 44%

RiE: a. HPOFEEBRX 9 BN b, LA QFEFERFX 3 B,

WE: DLFET 0 = Outstanding, $FEE¥ 7 &, HiB W KFALE The Journal of Undergraduate
Mathematics and Its Applications (UMAP) F; M = Meritorious, —%$% 7 &, H = Honorable
Mention, —ZE¥ 7 &, P = Successful Participation, —=Z%8¥ (RINZ3E¥) Z2&; A =MM A
M., B=MCM B#; C = ICM.

F . 2009 5 MCM/ICM F HAESHNFELAF|FR

L4 (F30) 2. %4 (¥30) A 154 B 34 C &5
\ N Academy of Armored
KW ETHEY¥ER ) ) PPH M
Force Engineering
TS Anhui University P H HHH
%R 76 5 B Anging Teachers College P
o N Anhui University of
ZRIT W KF P
Technology
Bl 56 B Anshan Normal University PP HP
HEMMBHKRAFE BeiHang University MMMMMMMMMM HH PPP
N N Beijing Electronic
A x B TR ) P
Science and Technology
et K Beihua University PPHH
AL K Beijing Forestry University HPP HHP PP
N N Beijing Institute of
dEEIRY PPPPMMMPPMPPPPP PPHHM PPPP
Technology
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A H 2 K Beijing Jiaotong University | PPPPPPPPPPPPPPPPPPP PPH HHHPPPPPP
I Beijing Language and
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N . Beijing Univ. of Posts &
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N . Beijing University of
HETKF _ PH P H
Chemical Technology
M FEFR beijing wuzi university PPPH
BN EE Binzhou University P HPP
) ) . Capital University of
B ARG KF _ ) H 3 HHHP
Economics and Business
s Central China Normal
Aot i 5, K % o MP
University
¥ entral South University
TR Central South Universi HPPPPMMPP HPPP HH
. Central University of HHPPPPHH
PR A K _ _ MH PPPH
Finance and Economics HHPPP
K& RF Chang'an University PPH
o _ Chengdu University of
BAE B TRFR _ PP
Information Technology
. . Chengdu University of
ARA I T R M H
Technology
. China Agricultural
B E R b K F o P PPH P
University
" . China Pharmaceutical
BTN . H
University
. China University of
o K ) PPPPPPHH P PPP
Geosciences
. . China University of Mining
FEY W KF PPPPP PPP OHHPPPP
and Technology
N China University of PPPHPPPPM HHHMPPPPPP
o [E] i K P
Petroleum P
College of Computer and
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College of Information
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Science and Engineering
. s China Youth University for
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Political Sciences
. . Chongging Jiaotong
ERRAAF o PP
University
BERKRF Chongging University PPH PPPPHM PPPPP
2 96 B Chuxiong Normal University P
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Civil Aviation University Of

B E RATAF _ PPPPPPPP M
China
s College of Science;
KRR ) o PPPPPPPP PPP PPPP
Dalian Nationalities
College of Computer
) o PPPPM H P
Science and Engineering
. " College of Light
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Industry,Hebei Polytechnic
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. s Dalian Neusoft Institute of
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Information
KEKFE Dalian University PP HHM HHHPPPP
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KKl F Daging Petroleum Institute HHHPP
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School of Information
Department of Physics H
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AR Donghua University PPPPP HHPPP P
- East China Normal
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University
Electronic Engineering
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Institute
. East China University of
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Science and Technology
A HKF Fudan University MPP H MHP
TR T oK Fujian Normal University MMPP
BERER GanNan Normal University PH HP
X - Guangdong University Of
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Business Studies
) . Guangdong University of
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Technology
s Guangxi Teachers Edcation
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Univercity
FM A F Guizhou University P
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and Technology
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. . . Hunan University of
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Science and Technology
Hunan Institute of
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. Institution of Math ;
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ALK F Northwest University MPPPP H
. Northwestern Polytechnical
AT A% o PPPPPH MPPP MMP
University
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School of Control Science
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School of Information
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Technology
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Shenyang University of
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Technology
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University
W)l K Sichuan University PPHPMMMM HHHP H
. South China Agricultural
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University
- South China Normal
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. South China University of
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Technology
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N Southeast  University MMHPPMPPM
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T AT Southwest University PPPPH HHHMPP MHP
oL Southwest University for
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. Taiyuan University of
KREITKRF H
Technology
BTN A Suzhou University P HHHPP
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) . Tianjin University of
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Science & Technology
IF] 3 K Tongji University PPPP PPP
_ . Traffic College, Fujian
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Agriculture and Forestry
HRKF Tsinghua University MHHOPMPM H HPP
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RIXKF Wuhan University PPPPPPHPHPP MPPPPP PP
‘ : Wuhan University of
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Science and Technology
BITKR¥ Xiamen University P P H
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. . Xidian University,
HZRTHERF PMMPP PH MHMHP
School of Science
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BN EAT L BFA Xuzhou Institute of v y
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) s Xuzhou Institute of
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Technology
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o (1) ARYE http://www. comap. com [fIfF B AT, &ANFF 58 XA B4R
(2) TR E R R T IS FRA S, BORE R R4 .
(3) e, RS IF 5 AN FRAT, BATREAE LR A8 T BT S 1E .

FXi@EIM

BT LRI X A~ B 5 R BT &
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