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Abstract. In the so-called Information-Explosion Era, astnmigal amount of
information is ubiquitously produced and digitadired. It is getting more and
more convenient for cooperative works in the semisenformation sharing.
Information aggregation systems are widely avadladhd search engines are
the most useful tools for finding resources onittiernet. However, the use of
information is not sufficient for cooperative worksich as decision making.
This is partly because, as the systems get lattyeistakeholders of the systems
increase and they are on Asymmetric Informationimment (AIE). We do
not share everything on the network. In this paperpresent the importance of
AlE-oriented systems design for cooperative worlsingl simulations and
geospatial analysis on Multi-Agent Disaster EvaiunatModel. As a result,
using small data like positioning information andtss information of agents,
we can visualize the situations and take effedistions for cooperative works
on AIE. Communication techniques on AIE such as aigg, positioning
information monitoring and positioning informatieoreening are effective for
geospatial analysis of cooperative works on AIE. donclusion, we can
increase values from information flows by incregsieffective actions for
cooperative works using AlE-oriented systems desiRgal field experiments
are to be followed in our plan.
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1 Introduction

In the so-called Information-Explosion Era[1], astomical amount of information is
ubiquitously produced and digitally stored. Notyohlman activities on the internet
but also automated systems are producing digital iathe world. Sensor networks,
video surveillance, system logs are working pergétu Information flows create
values in our society. Search engines are the dmstions that make information
flows and create values on the internet. Sensavarks are valuable because they
automatically measure specific data and make irdtion flows. It is getting more
and more convenient for cooperative works in thaseeof information sharing.



Information aggregation and management systems3i&e(Geographic Information
System) are widely available and search enginetharenost useful tools for finding
resources on the internet. However, the use ofrnmdition is not sufficient for
cooperative works such as decision making. Thgisly because, as the systems get
larger, the stakeholders of the systems increask thay are on Asymmetric
Information Environment (AIE). We don't share ewting on the network for
collaboration. We don't need to share everythingalise the information needs are
different from each other by roles and situation&e can’t share the information
sometimes due to network troubles at disasters.

In this paper, we present the importance of Allemied systems design for
cooperative works using simulations and geospatialysis on Multi-Agent Disaster
Evacuation Model. As a result, using small data Ipositioning information and
status information of agents, we can visualizesiheations and take effective actions
for cooperative works on AIE. Communication techeigjon AIE such as signaling,
positioning information monitoring and positioningpformation screening are
effective for geospatial analysis of cooperativakgoon AIE. In conclusion, we can
increase the values from information flows by imsiag effective actions for
cooperative works using AlE-oriented systems dedrgal field experiments are to
be followed in our plan.

2 Reélated Works

In geospatial analysis and GIS field, systems a&tting larger. Some countries are
promoting NSDI (National Spatial Data Infrastru&tuf2]) concept to structure
nation-level information aggregation systems. Hosvevorchestrating multiple
government sectors to share their information tisugh job because of AIE reasons.
Current solutions for NSDI are sharing fundamentthdhnd metadata [3] to search
the contents efficiently.

Cooperative work has been studied as CSCW (Compuigra®ied Cooperative
Work) field that is an interdisciplinary researclea for social psychologists,
sociologists, and computer scientists. CSCW coniseppmmonly defined by time-
space matrix [4]. So geospatial analysis is wellamed with CSCW concept. As the
network infrastructures have been developed antemgs are getting larger, the
number of stakeholders tends to increase. AlE-tetbaystems design is needed for a
large-scale CSCW system like a Disaster ManagemeahtSapport System [5]. In
recent years, collective systems have gained ceradite attention in large systems
design with considering stakeholders as adaptiventagto establish coordinated
systems from the bottom up [6].

Asymmetric Information has been studied in thedfi@f contract theory in
economics [7]. Information asymmetry is the sitoatthat at least one party does
have some information which the others do not upransactions. There are two
kinds of problems in this situation that are mdratard and adverse selection. Moral
hazard is the problem if information asymmetry hreappafter the contract. Adverse
selection is the problem if information asymmetwises before the contract. An
example of moral hazard is employer’s ignoranctheflack of employee’s diligence



after the employment. An example of adverse seledti employer’s ignorance of the
lack of employee’s ability before the employmert.id known that monitoring

technique is effective to cope with moral hazardbpgm and that signaling and
screening techniques are effective against adwaakeetion problems. In this paper
we tried to apply these techniques to systems defsig multi-stakeholders’ huge
systems as AlE-oriented systems design. We enlatigecconcept of asymmetric
information to “Asymmetric Information Environmentbecause it is not only

discussed on contract theory but also on commuaitatheory.

3 AIE Exampleand Simulation Model

Information flows create values for society and AdEhe source of information flows.
Because information flows stem from the informatgaps on AIE as water flows
from higher to lower places. The problem of AIE eges where the stakeholders of
the systems are not conscious of their differenocesAIE and just promoting
information sharing. The differences of informatioright make misunderstandings
and sometimes ignoring the differences causesrtitggm.

3.1 Real-timeDisaster Management and Support System

At first, we consider Real-time Disaster Managenaamt Support System (R-DMSS:
Fig.1) for example. R-DMSS is a network system tbatnects the emergency
headquarters and the disaster sites. GIS is usdtiebgentral user for information
aggregation and management. This system is supgottie cooperative works
between emergency headquarters and disaster sites.

Emergency Headquarters Disaster Sites
User
[
\ —

E % Distributed =
i | User —_—
x| g
& A

Multiple
Display

Distributed s
User

Fig. 1. Real-time Disaster Management and Support System
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Fig. 2. Information gaps on Asymmetric Information Envinoent

As it is shown in Fig.2, location-based informatisharing is useful on AIE, but
information gaps inevitably exist. While cooperat®drks are conducted between
emergency headquarters and disaster sites, themafion they need are different
from each other because of the differences of tfedés and situations. Emergency
headquarters need panoramic view and macro infamadn the other hand, disaster
sites need specific view and micro information. #ilk information are valuable only
when they produce decisions for actions. We haveldsign the system so that
information flows create values like immediate @it to rescue injured people.

3.2 Simulation Model

We analyzed the system on Multi-Agent Disaster Hasion Model (Fig.3).
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Fig. 3. Multi-Agent Disaster Evacuation Model



Table1l. Simulation Model Specification

Model People evacuate from the disaster site to the eshelt the

Summary simulation space.

Space 50X 50 square area

People 100 to 500 people (specify the number fitwencontrol panel and
randomly placed on the space)

Hazard 1-5 units (specify the number and randordgequl on the space)

8X 8 square area: the core of the hazard
20X 20 square area: the periphery of the hazard
Shelter The shelter is at the lower left cornenpghe know it.
- To shelter people evacuated while damaged frorhdzards
- the core of hazard affects people more than thphpenal
+ According to the damage level, the condition of theople

Rules changes like normal (blue)> injured (green)— dead (black)
- People try to avoid the core of the hazard
- Movement of people is dwindling due to cumulatizenhge
Emergency track the location of people in some extent
eadquarters
Simulator artisoc textbook, KOZO KEIKAKU ENGINEERIN(&C.[8]

The specification of the simulation model is shawiTable 1. Using this model, we
have already found the following [5].
- Using small data like positioning information asthtus information of agents,
we can visualize the situations and take effectioions for cooperative work on
Asymmetric Information Environment.

In this paper, we extended the model and investthabmmunication techniques
on AIE by simulations. The simulation test methadse as follows.

Simulation 1.

(1) Emergency headquarters can track the locafipeaple randomly, 10% at a step.
(2) Signaling technique Test: Injured person sdralg alert when his damage level is
increased. Individual differences for the decisiarsrandomly added.

(3) Positioning information monitoring technique stie Emergency headquarters
monitor the location of each person, compared ¢optfevious location if he does not
move any more. The motionless person detectee itatiyet of rescue.

Simulation 2.

(1) Emergency headquarters can track the locafipeaple who have the positioning
terminals. The terminal penetration (TP) is theapaater of the simulation.

(2) Positioning information screening technique tTeBmergency headquarters
identify rescue target area by screening of injyreson’s trails from all the trails.

(3) To verify the efficacy of screening method, a@inted the dead persons on the
screened area for 10 times of simulations for &10%, 20%, 25%, 50%, 75%).
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Results and Discussions

The results of the simulations are as follows. \dnfl that the tested communication
techniques are effective on AIE.

4.1

Simulation 1
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Fig. 7. Monitoring
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Spatial analysis. Comparing Fig.6 and Fig.7, signaling was more redabdhan
monitoring because the latter pointed out the sessalt of the dead persons as is
shown in Fig.4. The reason of the redundancy is itidividual differences for the
decisions are randomly added according to the danegls in the signaling case.
Signaling is a subjective method and the best veayell others of one’s reality.



However, the realities are different from each otba AIE. So signaling alerts

include some noises, and in the worst case, theyecmoral hazard problem. On the
other hand, positioning information monitoring is abjective method and partly

eliminates AIE problems like moral hazard.
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Fig. 8. Timeline of the numbers of the injured and the dead

Timing analysis. Fig.8 shows the numbers of the injured and tredld#d we can
rescue people before 100 step, the damage wouleldtérely small. If it would take
40 steps for rescue actions after the alert ofaigng or monitoring, the alerts in the
left bottom box in Fig.9 (0<MST<40, 0<SST<40) aseless. The alerts in the right
bottom box (0<MST<40, 40<=SST) are effective owiagignaling alerts. The alerts
in the right top box (40<=MST, 40<=SST) are alsefve to start rescue.
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Fig. 9. Timing analysis: Alerts Starting Times before TiofedDeath



From the result, we found that: (1) Signaling corganoises because of the reasons
such as moral hazard but it creates valuable irddan flows for quick actions. (2)
Monitoring partly eliminates AIE problems but itraetimes causes delayed actions.

4.2  Simulation 2
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Fig. 10. Positioning Information Screening (step 200, TemhPenetration 10%)
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Fig. 11. Positioning Information Screening (step 200, TehPenetration 25%)
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Fig. 12. Positioning Information Screening (step 200, TemhPenetration 50%)
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Fig.10, Fig.11 and Fig.12 show the results of pmsihg information screening test.
In the simulations, we considered the reality aimieal penetration (TP). Only
selected people who have the positioning termicgals be tracked by emergency
headquarters (middle figures). We extracted thiéstod injured persons (green area
of the right figures) for the screening techniquel seemed the green area as the
targeted rescue area. Comparing the green screesgdfatrails and dead person’s
position (black dots in the left figures), we intigated the average coverage of dead
person’s position by the green area. We tried biedi of simulations for each
TP(10%, 20%, 25%, 50%, 75%). As a result, we hatd-g.13.

Analysis.

(1) If TP >= 25% i.e. more than one terminal devas@ilable for every four persons,
more than 90% coverage was obtained. When TP = Bt¥4tcoverage was 85%. It
seems like a Pareto principle’s curve. Using srdath like positioning information
and status information of agents, we can visualiee situations and take effective
actions for cooperative works on AlE.

(2) If we use positioning information monitoring thed in Fig.10, only 10 % of dead
person could be detected stochastically. It is aroteffective solution to grasp the
panoramic situation of the disaster. We have tecte¢he solutions with the case.

(3) From the results, we also found that the hazard one of the constraints for the
selection of the evacuation trails. If victims abuéke every path to the shelter, the
coverage would be lower because everyone takgsatts randomly. This analysis
shows that we can adequately control people witistraints at disaster. It suggests
that the clarification of evacuation routes is vanportant for R-DMSS. Education,
drills and tools such as hazard maps also couleeb@mmended solutions for safety
measures.
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5 Conclusions

In conclusion, we have obtained the following freimulation experiments:

(1) Using small data like positioning information artdtas information of agents,
we can visualize the situations and take effectivons for cooperative works
on Asymmetric Information Environment.

(2) Communication techniques on AIE such as signalirggitipning information
monitoring and positioning information screening affective for geospatial
analysis of cooperative works on AIE. Because ttey create information flows
to create actions. We have to select the technigossrding to the case.

We can increase values from information flows bgréasing effective actions for

cooperative works using AlE-oriented systems design

In future, we will make the simulation model mo@plex by adding more realities
such as maps, route guidance information for ewamuyamultiple shelters, rescue
activities, hazard prediction information and otHactors. More communication

techniques on AIE should be tested including siggadfom emergency headquarters.
Real field experiments are to be followed in oumnpla
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