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Logistics in the age of cyber-physical systems



Alex Norta, PhD., Department of Informatics, TTU.ee Tallinn, Estonia



Agenda 



Introduction – Logistics and logistics management







Business processes – Definition and terminology



      



Business Process Modeling Notation – BPMN 2.0 Patterns for business processes Mapping from informal to a formal notation Resource perspective Signavio Logistics notation Exercise instructions



Introduction logistics 



Logistics is the detailed organization and implementation of a complex operation. 



 



management of the flow of things between the point of origin and the point of consumption to meet requirements of customers or corporations logistics of physical items involves integration of 







Logistics management is the part of supply chain management that plans, implements, and controls the efficient, effective forward, and reverse flow and storage of goods, services, and related information between the point of origin and the point of consumption in order to meet customer's requirements. 







information flow, material handling, production, packaging, inventory, transportation, warehousing, and often security



can be modeled, analyzed, visualized, and optimized by dedicated simulation software.



BPMN 2.0 is an option for logistics process modelling.



Introduction CPS 



 



A cyberphysical system (CPS) is a system of collaborating computational elements controlling physical entities. Logistics experiences hyper-digitalisation This combination is a hot research topic



Logistics as sociotechnical collaboration



BPaaS



ContractingHUB



Business-Collaboration Model



P2P-Collaboration Model



Business processes 







What does a business process (BP) look like?? 



first some definitions







fundamental architecture







followed by BP-examples



Some essential BP terminology: 







business process, task, case, activity, triggers, conditions, perspectives (control-flow, data-flow, resource)



BPMN: Business Process Modeling Notation 



an intuitive notation for business users







elements, flow- and connecting objects, swimlanes and artifacts,



Source literature 







WORKFLOW MANAGEMENT: Models, Methods, and Systems, Wil van der Aalst, MIT Press 2004, Chapter 1,2,3 BPMN 2.0 by OMG



Process definition  A process definition specifies which work-steps are required and in what order they should be executed.  Business Process Management (BPM)  “True Business Process Management is an amalgam of traditional workflow and the 'new' BPM technology. It then follows that as BPM is a natural extension of – and not a separate technology to – Workflow, BPM is in fact the merging of process technology covering 3 process categories: interactions between (i) people-to-people; (ii) systems-to-systems and (iii) systems-topeople – all from a process-centric perspective. This is what true BPM is all about.” Jon Pyke, CTO Staffware.  “…a blending of process management/workflow with application integration.” David McCoy, Gartner Group



Process definition  Continuous Process Improvement (CPI)  Instead of of seeking a radical breakthrough, optimizing the process by continuous, incremental improvements.  Part of the Total Quality Management (TQM) approach ("doing it right the first time", "eliminate waste", ...)



Process terminology  A process definition consists of:  Task: an atomic, logical unit of work that is either carried out completely or not at all. (manual, automatic, semi-automatic)  Conditions (synonyms: state, phase, requirement) A necessary requirement that must be met for a task to be carried out.  Subprocesses: one or more tasks that accomplish a significant portion or stage of a process



Process terminology  Process definition (continued):  Trigger: mechanism that actuates another mechanism, or initiates one or a chain of changes or reactions, e.g., event, email, time, etc.  Perspective: a mental view on a BP, e.g., control-, data-flow, resource



 Relationships of process elements:  Case: is a “product in progress” that is unique and always at a particular stage of development  Work item: an assigned combination of a case and a task that is about to be carried out and that disappears at the moment it is acted upon  Activity: a carrying out of an assigned task that is specific for a case



task



work item case



activity



Business Process Modeling Notation  Core elements of BPMN



 Extended elements,  e.g, events



 Note, own terminology!!!!!



 More elements online



Business Process Modeling Notation  Small BPMN examples



Business Process Modeling Notation  Small BPMN examples



Business Process Modeling Notation  Small BPMN examples



Business Process Modeling Notation  Small BPMN examples



Patterns for Process Models Typical network structures     



Causality Parallelism (AND-split - AND-join) Choice (XOR-split – XOR-join) Iteration (XOR-join - XOR-split) Capacity constraints  Feedback loop  Mutual exclusion  Alternating



Classical Petri nets (https://en.wikipedia.org/wiki/Petri_net)



 Simple process model  Just three elements: places, transitions and arcs.  Graphical and mathematical description.  Formal semantics and allows for analysis.



 History:  Carl Adam Petri (1962, PhD thesis)  In sixties and seventies focus mainly on theory.  Since eighties also focus on tools and applications (cf. CPN work by Kurt Jensen).  “Hidden” in many diagramming techniques and systems.



Classical Petri nets (https://en.wikipedia.org/wiki/Petri_net)



Role of a token  Tokens can play the following roles:  a physical object, for example a product, a part, a drug, a person;  an information object, for example a message, a signal, a report;  a collection of objects, for example a truck with products, a warehouse with parts, or an address file;  an indicator of a state, for example the indicator of the state in which a process is, or the state of an object;  an indicator of a condition: the presence of a token indicates whether a certain condition is fulfilled.



Classical Petri nets (https://en.wikipedia.org/wiki/Petri_net)



Role of a place  a type of communication medium, like a telephone line, a middleman, or a communication network;  a buffer: for example, a depot, a queue or a post bin;  a geographical location, like a place in a warehouse, office or hospital;  a possible state or state condition: for example, the floor where an elevator is, or the condition that a specialist is available.



Classical Petri nets (https://en.wikipedia.org/wiki/Petri_net)



Role of a transition  an event: for example, starting an operation, the death of a patient, a change seasons or the switching of a traffic light from red to green;  a transformation of an object, like adapting a product, updating a database, or updating a document;  a transport of an object: for example, transporting goods, or sending a file.



Classical Petri nets (https://en.wikipedia.org/wiki/Petri_net) p4 place



Elements t34



(name)



t43



transition



p3



place t23



(name)



t32 p2



transition



token



arc (directed connection)



t12



token



t21 p1



t01



t10 p0



Patterns for Process Models Causality Parallelism



Parallelism: AND-split



Patterns for Process Models Parallelism: AND-join



Choice: XOR-split



Patterns for Process Models Choice: XOR-join



Iteration: 1 or more times



Patterns for Process Models Iteration: 0 or more times



Capacity constraints: feedback loop



Patterns for Process Models Capacity constraints: mutual exclusion



Patterns for Process Models Capacity constraints: alternating



 Check www.workflowpatterns.com



Mapping from informal to formal notation  Process capturing on site is challenging  Employees may not know BPM  Confusing to learn modeling notation  Rich BP-semantics might be unstructured  Tool support for modeling too complex



 Pragmatic solution:  Use big papers with free modeling approach  Initially, don’t confuse employees in BP with unnecessary complexity



 Map from first informal to formal BP-notation  reengineering, verifying and automating in second stage



Mapping from informal to formal notation  Common structural and semantic ambiguities in process-flow diagrams



Mapping from informal to formal notation  Flow-edge inference examples



 (a) has eight connection points and C1, C8 as endpoints  (b) resolves edge ambiguity  pick source connection point (no arc)  follow arc to target point (with arc)  extract directed arc from source to sink node



Mapping from informal to formal notation  Steps for formal process-model extraction  Structural inference  Diagram element extraction: shapes, lines, text  Some elements might need to be inferred for achieving completeness



 Flow element discovery: finding order of elements  Flow-edge inference: identification of directed connections between nodes (previous slide)  Cross reference resolution:  Merge nodes with same text label from different pages



Mapping from informal to formal notation  Semantic interpretation: feature extraction



Mapping from informal to formal notation  Paper source: From Informal Process Diagrams to Formal Process Models Link: http://www.springerlink.com/content/d2r816324n27167u/ Debdoot Mukherjee, et.al Published in proceedings of the BPM’10 conference Springer LNCS Volume 6336/2010, pp. 45-161, DOI: 10.1007/978-3-642-15618-2_12



 Slides to the paper: online link



Resource Perspective Why?  Avoid hard coding or resources (otherwise the process needs to be changes in case of personel changes).  Organizations have structure (cf. organigram).  Work distribution needs to be described: Who is doing what?  Ordering of work items: In what order do we need to do things?



Resource Perspective Resource classes



 Resource 



(participant, actor, user, agent) A resource can execute certain tasks for certain cases. Human and/or non-human (printer, modem): limited capacity.



 Resource class 



A set of resources with similar characteristic(s).



A resource class is typically based on:  Role 



(skill, competence, qualification) Classification based on what a resource can do.



 Group 



(department, team, office, organizational unit) Classification based on the organization.



Resource Perspective



Example: 8 resource classes



Resource Perspective Convention used in this course



 Each task executed by a resource (worker) is labeled with one role and one group.



Resource Perspective



Roles and groups The following roles are identified:  Employee (E)  Claim handler (CH)  Claim handler A (CHA)  Claim handler B (CHB) The following groups are identified:  Car Damages Department (CD)  Finance Department (FN)



Signavio for modeling  Signavio is a Web-based BPM modeling too – https://en.wikipedia.org/wiki/Signavio



 Tutorial videos on YouTube – https://www.youtube.com/user/signavio



 Log in with your TTU email using the free academic version – http://academic.signavio.com/p/register



Additional logistics modeling notations



Exercise instructions  First think about a logistics scenario that you textually document  Then draw in your own notation the logistics process first on a big paper and work with postits and textmarkers of different colors  Use the mapping heuristics by Debdoot Mukherjee, et.al for translating in Signavio to BPMN 2.0 – Control-flow Perspective (at least 20 nodes, 2 XOR-gateways, 2 AND-gateways) – Resource Perspective (groups and roles) – Data-flow perspective



 Simulate and validate your logistics process



Exercise instructions  Submit a small technical report that comprises the following elements: – Front page with your names, IDs, emails, topic of the miniproject – 3 depictions: hand drawn process figure, groups/roles figure, signavio figure (including a figure showing you can successfully simulate the process) – Textually explain the figures – Explain how you map from the hand-drawn process model to the signavio model using From Informal Process Diagrams to Formal Process Models Link: http://www.springerlink.com/content/d2r816324n27167u/



Thank you for listening!



Q&A
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