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Abstract

Due to diverse and increased demands, logisticdsmeemove towards
being more context-aware. Logistic planning andcaten will benefit
immensely by use of (real-time) contextual datachsas data about
weather, traffic, and resources. Resulting benefiitslude better
flexibility, lower greenhouse gas emission, reducests, and optimum
usage of transport modalities. This paper demadestritne benefits and
investigates the interoperability challenges oégnating contextual data
in synchromodal transport. A data format for incogncontextual data
is presented.

1. Introduction

In accordance with the guidelines and vision of Eig, logistics in Europe has to be made more efficiand
flexible. This is necessary to decrease the pressunrroads, better utilize existing infrastructuaed reduce Green
House Gas (GHG) emissions. The underlining messédgbe vision document (European Commission 20%1) i
improved usage of different modalities of transport

Optimal usage of different modalities is the ideghibd Synchromodal Logistics Services (SLS). In Sttfe
decision for a next route or stoppage is takenass &s possible. It implies that although the @gjitime of a
consignment is usually constrained, the intermediabdes of transport and the number and place®pbwers are
not fixed when the shipment begins. Rather, thggedd on various factors, including but not limitedveather and
traffic conditions, change in demand, consolidatiémifferent shipments (Rivera et al., 2015), rddalckages, and
other unexpected situations. It allows the LogiSkirvice Providers (LSPs) to act better in caserexpected
situations. There is a strong impetus from logisticnpanies to move towards a synchromodal way oking,
because it enables LSPs to exploit the use ofrdiftetransport modalities and be prepared forr@stte changes
and delays (Singh 2014). Here we use the acrony® f8L conveying the idea of synchromodal logisticshe
freedom and ability of LSPs to use transport mai@alito fulfil timing and quality requirements — ighemphasizing
the role of context awareness.

Context (or situational) awareness in logisticdnisreasingly becoming critical. It means that ateoplan is
decided taking into account as much as possibledhent context, i.e. the circumstances and fadtwat influence
the execution of logistic activities. It also imgsdi that if some unexpected situation occurs, a sesponse can be
taken and the current route plan can be adapteatnicg from past trends and anticipating futurenévelso falls
under context awareness. Context data is madeablaito logistic companies via different data sesraanging
from devices that produce raw data (e.g. sensoiigfdrmation service providers that offer sopleisted information
from processed data (see Table 1).
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Three basic challenges exist regarding the usagmmtext data from diverse sources for SLS. Firsibta is
represented with different encodings, use variouméats, and are exchanged with different protocstséch raises
syntactic or technical interoperability issues. @elly, data from different sources can actuallereb the same
entity or condition. For example, as an unexpeetezht, assume that traffic is slow due to snowfidile information
for this event can be provided by sensors on thegspfrom a weather website in the form of a R®8l,fédrom a
logistics control tower, or even from social medsll, this data needs to aggregated if used tivelenore reliable
or complete results. Thirdly, there is a continudlosv of large amounts of data. Most relevant da#s to be
captured so that necessary deductions can be madeétf Moreover, this has to done preferably ial+time.

Table 1: Different data sources

Data Source Situation
Sensors, 3rd party website, Snow, Rain, Poor
Weather Control tower, Board A
) Visibility
computer, Government di
Location GIS website, Sensor on the Inaccessibilit
vehicle, LSPs y
Snow, Blockage,
Traffic Government data, Websites, Accident, Traffic
information Sensors on roads jam, Slow moving
traffic, Diversion:
Government data, Public| The water level is
Water level data, 3rd party sources, too low or too
Water sensors, LSPs high.
Disasters News, Websites Flr_e, Acc_|dent,
Police action et

In this paper we focus on the first aspect of mperability challenges for SLS. We propose a commata
format with which contextual information from vaui® sources can be represented in a consistent manmeet the
challenge of technical interoperability. We alsandestrate the usage of the data format by busimes®sses of a
typical logistic company using an example case. fidst of the paper is structured as follows: Secf#igpresents
background information; Section 3 presents the lerotanalysis; Section 4 discusses our solutionagmbr; Section
5 shows an application of the proposed common fdataat; Section 6 presents a brief discussion ofresults; and
Section 7 closes with concluding remarks.

2. Background

There exist many actors in SLS. Apart from the @mee and the consignor, there are brokers, wasglspeustoms,
context information providers, and so on (see Fgly. The business processes of actors are inemdept. For
example, LSPs coordinate with warehouses to cobeatieliver shipments, but LSPs also interact vaitimtext
services providers, either following some contrattagreement or using public interfaces, to recénermation
about the conditions of some planned logistic @&gti¥requent transfer of data and process colkamn is required
between these actors. The data has to be consistdrinteroperable for a smooth logistic flow. Hoe success of
SLS, all actors have to work together during soimesp and/or on some aspect relevant to logisticatipa. For this
purpose, there must be fixed terms of engagemésdr contracts, service level agreements, and tedssparent
rules for profit-loss sharing between partners.sTikiso because, by definition, plans (and modédsaaSport) can
change frequently in SLS. If terms of engagemeatrat clear between collaborating partners, theesscof SLS is
hampered. The partners must have a common vocgldolareferring to entities and events in logistdemain to
avoid semantic errors.
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Figure 1: Actors in the logistic domain

A 4PL is a LSP which aggregates logistic servicesfdifferent partners and offers it to the custome one
integrated service. Based on the discussion abibviellows directly, that a 4PL would have to faserious
interoperability challenges in fulfilling a consigent as it uses the resources of different LSPscamtext data
originating from different data sources and ownegddifferent context service providers. There exisimerous
solutions in literature to deal with interoperdlyilproblems (in logistics). For example, One Comniwamework
(Pedersen 2012), GS1 Logistic Interoperability Mo@dM) (www.gsl.org) or the European Interoperilil
Framework (EIF) (European Commission 2010). Morepthere exist numerous other solutions to enasbrtical
interoperability, which are being used by consoati@ unions of logistic companies. It is impossitoleaccess and
analyse all of them. The issue with current appneads that context awareness is not (fully) casrsid or exploited.
While there exist many and diverse data sourceshadan be of use for logistic planning, in curnerectice none or
only a small subset is taken into account durirgglanning phase or to adapt an existing plan. Hveontext data
is considered during planning, updates about thetidnal changes are not used during the execofi@an order.
The decision problems in synchromodal transportsim@wn in Figure 2. Exception Handling and Real ifgn
Switching is an important operational decision. Whaa unexpected event occurs, the current platrdosport may
no longer be the most economic (fastest or lea#itpm) one. In this scenario, the 4PL would havechange the
current plan and a new allocation of resourcesthid® made consistent with the changed situati@hdgni et al.,
2014).
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Figure 2: Hierarchy of decision problems in SLSH8ani et al., 2014)

3. Problem analysis

The logistic domain in EU is very fragmented, itagre exist many consortia, unions, virtual clisstand alliances
based on the size of companies, national or rebjmmederences, diverse customer segments, techyoisage and
type of consignments (Golinska 2013). Such collabons usually have their own method of data temsid
message formats. Such a diverse landscape leddtetoperability issues between enterprises, eapgdf these
enterprises are not of the same alliance or, say,oh the same size. Moreover, introducing usage afew
technology and adoption of the same standardspeded. This is one of the major challenges in usorgext data
for logistics. Different companies will have a difént definition of what, for example, a disruptisrand what needs
to be done, in case such an event occurs. AlsocbMaborating companies can have different souofegata for
getting informed on the same context or situatibimese data sources can be external (3rd partycssjvor also
from internal systems (data mining, demand preatigtiorder consolidation). The problem with numeraasa
sources is that the content and format (i.e. warief data differs greatly. Also the rate at whidata is received
(velocity) and the amount of data (volume) can egqu®blems. These concern are common for any ltggstenario.

The interoperability concerns for any 4PL will iu# confined to technology and information alon¢heathey
are present at the following levels (WesterheimQ01



— Strategic Level — The partners should play a imléhe collaboration that is in line with some aoon business
goal. They have to agree upon the rules for shagsiodit and loss. They also need to know the kayise level
indicators and have a common business vocabulary.
— Process Level — Processes like planning, bidding product information have to be aligned so fheatner
companies and their information systems (IS) camkwogether. For this a common process choreography
required. The action of each IS in this choreogyegtould be clear.
— Application Level — Process tasks can be autainaith IT applications. If these applications shar®rmation
across organizational boundaries, they should osgatible software and interfaces.
— Information Level — Foremost, information levatdroperability is about sharing intended meansgm@antics)
between partners. There exist many internatioratiyepted communication protocols and informati@mdsrds.
However, most standards are option-rich, and differpartners may choose different option sets. dditian,
partners in a specific alliance, usually have tbein formats, additions and versions.
— Technology Level — Usually, there is a large batween the technologies used by partners. Thiggats owing
to the specific business of each partner and #terfical suppliers of technology in this businesaioh.
— Security — Ownership (of resources including Jagtorage, and usage rules have to be in placelaad to all
members. Logistic companies are usually very corakiabout loss of control over or sharing inforomtihat has
strategic significance.

In the following section we provide a simple onpfowhich can be shared between the 4PL and the t&Ps
identify events and disruptions. Also we introducelata format which incorporates the data fromedifit data
sources so that it can be used for SLS.

4. Solution approach

Information about disruptions from various datarsea may be of different types and in differentrfats. To solve
this problem, below we first present an ontologydisruptions, which would allow information intgrerability.
Then we develop a common message format basedjoinement of SLS for technical interoperability.

4.1. Disruptions

External data sources make information about varievents accessible to the 4PL (Table 1). Not eespnt
requires a renewed plan for shipment. Also, notyeesent would need manual attention from the 4Pkequires
that the 4PL informs the LSPs. We first define sant as an unexpected occurrence which may or oigffect a
current or future shipment. A disruption is an éwshich adversely affects a current or future sheptn(Figure 3).
For example, a road blockage due to an accidentdwdelay the delivery time of a shipment, therefdrés a
disruption. When the roadblock is cleared, thals® an event, but no longer a disruption. Eveepkon is further
classified into Permanent Disruption, Temporaryrijigion, and Other Disruption. Temporary disruptaond other
disruption may or may not require a change in glamnin this case the unavailability time of a mlacation is
either brief compared to the delivery time (tempprdisruption) or is currently unknown, e.g. wagfifor customs
clearance. A permanent disruption requires a chamg#anning, because the unavailability time of tfloute or
location is significant compared to the delivemndi In Figure 3 (right side) we show how one ditinrp might
change into another disruption due to a new evaotd information).
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Prior to the shipment being sent, the 4PL planstehéative route(s) for the shipment. Then, it esis for the
current context data from external sources forghosites which satisfy a set of defined criterig.(geast polluting,
cheapest, minimum stopovers). The data source wbeld reply with a message containing the currentext data
with respect to these routes. Routes which havisragtion at any point along them, would be exctuffem final
possible routes. The external data sources cosld r@ply with a normal event message indicatingeroeption
along the requested routes. Thus messages frodathesources can be divided into three basic types:

1. Normal event message.
2. Exception message, indicating a disruption at@mmore locations.
3. An update message for a previous disruption

Based on these three messages the planning mddhle 4PL can either do nothing (i.e. follow theremt plan),

re-plan, request more information, or request huimtanvention.

4.2. Data format for disruptions

In Table 2, we propose a common message formabfatext information from various data sources.

Table 2: Common data format for external source

Header ID | Time Stam| | Type
50““3‘? Source ID Source Location
Information
L ocation Geo Location or Location Name Location Type
or PIN
Time Start Time Duration End Time
Priority High/Low
Probability 1/High/Low
Value <number>

The fields of this format are such they provideassary and sufficient information for the planningdule of the
4PL.
— Header: Each message should have an unique IDasd is possible to distinguish between any tmessages.
Time Stamp indicates the time at which this messea® sent. Type denotes the type of the messagd/)pdate
message, Normal event message or Exception Message.
— Source Information: The 4PL would have a listactepted sources and the kinds of events they easure.
Source ID contains the data source name. The sdbDraell give information about the authenticity d¢iie data
source. Source Location indicates the locatiomefdata source.



— Location: The place where the event has occur@ea. Location indicates the geographical locatimmn@ame of
the location) and Location Type mentions what kiofdlocation it is. AN example of the Location field
<Rotterdam, Inland Water Terminal2>.

— Time: Time attributes are Start Time, Duratiamgl &nd Time of the event. As events are unexpettedjuration
time (or end time) are usually not known in advarBet if it is known or can be determined basedsonilar
historical events then it can used by the plannioglule.

— Priority: Certain types of events can be moreartgmt, and therefore this field can be used tbordjgish between
different grades of importance.

— Probability: This field is used to distinguishtiveen different levels of probability for the (foasted, i.e. with a
future starting time) event to happen. In casehefdvent has already happened, like an accidenbdcarred, the
probability field can be set to 1.

— Value: This field contains any value which teltsabout the property that the data source meastoesxample, if
a sensor measures the visibility on the road theosaible value can be 100 m.

5. Application of the data format

In this section, we show the usage of data forngad BPL process. The example message shown in Baldesent
by source S012 which is located at Inland Termimal2Znschede. This message informs of an excepinthe same
day, starting at 16:00 hrs. and lasting for 24 Tite priority and probability of the disruption drigh.

Table 3: Example message

2014-11- .
Header M001 05T08:15:30+01:00 Exception
S"“rc‘? S012 Inland Terminal2
Information
L ocation Enschede, 7545PG Inland Terminal2
Time 2014-11- 24:00 2014-11-
05T16:00:00+01:00 06T16:00:00+01:00
Priority High
Probability High
Value <null>

The 4PL process regarding the use of the exampksage is as follows (also illustrated with the didav
diagram in Figure 4):
1. The message is sent from a control tower amecisived by the Message Handler which also acéstamporary
storage for the data.
2. The message handler then matches source inform@&012) with the List of Sources to check th¢hanticity
and importance of the source.
3. If the data is reliable and of use then theremtiessage is stored in the Messages Database.
4. The message handler now forwards Priority (higtype (Exception), ID (M001) and Time Stamp (2Q14-
05T08:15:30+01:00) to the Message Mapper.
5. Using the type of the message, the Message Majgoédes on the future action and calls the relem@odule(s).
If the message is an exception message (as icdbis) the Message Mapper forwards the data to Maption to
Order.
6. Map Location to Order requests the list of alirent and future orders from the Orders Database.
7. Map Location to Order requests the exceptioation from the Message Handler. Using the routerin&tion of
orders, it decides which orders will be affectedty disruption at Inland Terminal2, 7545PG, Endehe
8. Map Location to Order calls the Inform LSPs medwith the OrderID(s) of affected order(s).



9. Inform LSPs requests the list of all LSPs asged with the affected OrderID(s) from the Ordeeddbase.

10. Inform LSPs sends the information of the a#dairder(s) and the duration of the disruptiorh®ltSPs.

11. Inform LSPs calls the Planning Module. The plag module uses the OrderID, LocationName/TypeytSt
Time, End Time, and the Orders Database to plaemaroute. If no optimum plan can be found, it cappen that
the Planning Module decides to continue to withdRisting plan.

12. The new plan is sent to the appropriate se&éfs.

O . Messages @D Orders

&',u. SOUCES Database t-ﬂ. ) Database

" All current 'n_-ﬂ-

= 3 and future orders 5P
= OrderiD T
- | ) Priarity . Map a s StartTime ! 4
ﬁ | Message Type » /Message | Location Orderio—i Inform Duration :
f Wi Handler D Mapper to Orders eeh LSP(s) / 10 EndTime g-
TimeStamp ’ Probability o
LocationNarme ! StartTime Value —
LocationType Duration
EndTime
Probability 1
Value New Plan
OrderlD
LocationName
LocationType
Planning \._StartTime, EndTime
Module 12
Figure 4: Example 4PL process for a disruption
6. Discussion

In the preceding sections we have mentioned thd néesing context data for SLS. We also commenitednajor
interoperability concerns. We conclude that mowrvperability frameworks in logistics are lackioger the use of
contextual data for planning and execution. For 8liSdata is essential.

Clear decision-making at all levels, as shown ig Ej is key for successful SLS. A 4PL organization its
partners must have a common business vocabuldmstvase it would eventually lead to confusion aosks| of trust.
The partners should also try to make use of opehdear syntax and semantics (in business, infoomatind
technology), so that entry of a new partners isimpeded. EDI is the de-facto method of exchangifigrmation in
logistics. Yet, the messages from data sources bmish XML to make their usage more widely applieadnd
accepted.

We have made the assumption that while plannirauterfor an order, the 4PL receives informationualeawvents
from data sources. There are several patternsctmabe used to realize this. For example, the 4Ri poll data
sources using a request-response pattern, or itsoiascribe to data sources regarding specific swafinterest. In
the latter case, the 4PL may receive regular usdaéitee-based) or is only informed when certaitecid regarding
the events of interest are met (content-basedaeagather forecast if snowfall of more than 10ismexpected, or a
traffic update if a traffic jam of more than 5 kroooirs).

Our data format does not contain an informatiordfieegarding the cause of the disruption. This ten
implemented in a future extension of the formate Hulvantage of including the cause of the disrapgahat any



recurring cause can be known in advance and apptepactions can be taken to avoid it. This is argoing
research and using various evaluation methodsititerviews and questionnaires with practitioners planned to
make improvements to the data format.

7. Conclusion

In this paper, we have put forward the challendassing real-time data for Synchromodal Logisticizes (SLS).
We discussed our approach for handling large amsonintontext data from diverse data sources ardtalextract
relevant SLS-related information from it. This wadskpart of is an ongoing research effort and vegifeatures will
become more clear as the research progresses. Weirtieoduced a data format which can be implentehbe
various data sources for context data and demaedtits usage in a 4PL process for SLS with the fdlan
example.
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