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MATCH p=((up:User{un:"130314"}-[r:CHECKIN*1..6]-(uc:User))
WITH head(relationships(p))as rf,last(relationships(p))as rl,p

WHERE all(rm in relationships(p)

WHERE rm.time.day = 5 AND duration.inSeconds(rf.time, rm.time).seconds <= 10800 AND

rl.time > rf.time AND NOT rm.time < rf.time)

return p
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WHERE all(rm IN relationships(p)

WHERE rm.time.day = 3 AND rs.time < rp.time AND NOT rm.time > rp.time AND NOT

rm.time < rs.time)
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MATCH (u:User)

WITH u ORDER BY u.betweenness DESC LIMIT 10

WITH collect(u.un) as usernames

MATCH (p:Place)-[r:CHECKIN]-(u:User)
WHERE u.un in usernames

returnp, r,u

ORDER BY p.betweenness DESC LIMIT 10
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Abstract

This research proposed a property graph data model, enriched with a simplex-based approach, to model a
discrete and place-based indoor spatial model with a location-based social network (LBSN). The graph-
based modeling approach facilitates multi-hop contact tracing that is necessary for epidemics risk analysis.
The simplex-based approach uses the simplices to model the indoor LBSN's user and place profiles. Through
Q-analysis of the emerged socio-spatial simplicial complexes, the latent user-place relations are revealed to
provide the measures and procedures for socio-spatial query processing, especially related to epidemics risk
analysis. An indoor-specific metric was developed to measure the ease of access between the pairwise indoor
places. This simplex-based metric can be used to analyze the spatial compartments of the socio-spatial
queries in the indoor spaces. The proposed simplex-based model also integrates a similarity indicator from
Q-analysis of the socio-spatial simplicial complexes, allowing easier data manipulation and discovering the
latent relationships in an indoor LBSN. The simplex-based approach also facilitates a socio-spatial
transmission procedure to model how a change can be transmitted on the socio-spatial simplicial complexes.
Both mentioned socio-spatial similarity measure, and the transmission procedure can be used to estimate the
LBSN's users' risk of infection and places' risk of contamination during the epidemics in the indoor
environments. The experimental implementation of the proposed model demonstrates the quantitative
efficiency of the adopting graph-based representation as well as the qualitative excellence of the simplex-
based enrichment in processing the spatial-social queries in the indoor spaces, especially in the case of the
epidemics' related contact tracing and risk analysis, as shown in the results.
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