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Motivation « Extract operator (3): extracts a set of nodes/edges from a Prototyping System
CPM graph using a graph pattern. It takes one CPM o
0 Bi t nalvti tvpicallv r ir variet f experti graph (G) as input and produces a new CPM graph that OO0000000 > LCPM model not only stores all
9 data ana yues yp cally equ €S a variety or expertise matches the graph pattern as output op(QG). PythonSource (a) (c) operations traceable by their
that may not be realized by d Smgle person. « Union operator (U): calculates the union of two CPM i timestamps, but also records
0 Existing scientific workflow tools are effective in supporting i S A el tiond Ll am— the structure of each entity
_ . ={vlve V,orv eV,} 0 CPM can retrieve entity
CO”abOratlve dGSIgn_ CPM-based graph B — {ele € E;ore€E,} GPMMO structure and version history
: : : : atterns & eraph  Intersection operator (M): calculates the intersection of : easily and directly
2 We aim to design and develop a technique supporting P algebrg P two CPM subgraphs. G, N G, -> G' = (V', E), where : Q Easy to find contributors to a
collaborative data-oriented workflow composition, as a key V' ={vlveV,orv eV} e version ©
: - : E' ={ele€ E;ore€E,}
Component towa rd su pportlng blg data CO||ab0ratI0n  Difference operator (—): calculates the difference of two Q1: Show all the details about how W"? has been designed and evolved as it is;
th rough the Internet. CPM subgraphs. G; — G, -> G’ = (V',E"), where match (:Person)-[r]-()-[:IsIncludedBy*]->(:Entity{id:"Wv3"}) return r order by r.time
V' ={vlveV,andv & V,} Q2: Return all the designers who contributed to the design of W"3;
Contributions E' = {ele € Eq and e & EZ} match (:Entity{id:"Wv3"})<-[r:IsIncludedBy*]-()-[:IsAddedBy|IsEditedBy|IsDeletedBy|IsMergedBy]-> (p) return p
Hypergraph Theory-based Provenance Mining Q3: Return the sub-workflows designed or refined by user s,;
H| Developed a COIIaborat|Ve provenance data mOdeI match ()-[r2:1sIncludedBy]-()-[r1:1sAddedBy|IsEditedBy]->(p:Person{name:"s1"}) return rl, r2
eqUipped W|th d graph-level provenance quel'ying Exploratory nature of scientific Q4: thum)all user gzir; w1|10 dcelsig;ed|somelwo;kﬂ|ows collzciiborat(i)vely; o o (
. : : match (pl)<-[:1sAddedBy|IsEditedBy|IsDeletedBy|lsMergedBy]-()-[:IsincludedBy*]->()<-[:IsIncludedBy*]-()-
formalism \\,/v;r;kig:;v?‘n ilclgdeezszgﬁydilrf:\%rc?r?;nt . T lsdddedBy|IsEditedBy| lsDeletedBy| iMercedBy]->(p2) retarnpl.p?
H Deve|0ped hype rg raph th eo ry'based algorith ms for they may represent different strategies o2 Q5: For workflow W3, which versions of comprising steps 1 and 2 are used? Who designed the two steps? How are
provenance management and m | n | ng and/or algorithm implementations. ! they designed or refined? How are they merged?
3 ' ; match (:Person)-[r]-(e)-[:IsIncludedBy*]->(:Entity{id:" Wv3"}) return e.name, e.version
4 Deve|0ped a novel SOftwa re tool su ppOrtIng (a)Syn chronous Formally, we formalize CPM data as a hierarchical hypergraph, H(V, E, w, f,), where: Q6: What are the pre?fious versions ?f WV3? Why was it refined?
collaborative scientific workflow design, composition, e Visaset of nodes, representing various versions of an artifact and actors; ——
reproduction, and visualization e E is a hyperedge set, e € E, e € Vy; XV, X XV}, k < |V|. Each e € E represents an s s W s _
4 Extended an existin . ' Kflow tool VisTrail Execution Package, which contains series of different versions of artifacts that| = TE
Xienaed an existing open-source workiow tool Visiralls compose a workflow along with the possible actors of the workflow. z

as a prOOf of concept. e w is a set of non-negative numbers which acts as the weight for each e € E, which
represents the influence of each Execution Package.
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. e fc: V - Bool is a consistency function that given a workflow veV, fc(v) will return
Collaborative Provenance Model (CPM) the consistency value (true or false) of v.

@ O Average commute time distance similarity m\\
’ . measure can be applied for discovery of latent N\ p<l
old version new version ] . : - (= [(var)|
associated artifacts and actors. ~ N
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> bort -~ A Pe— Similarity measuremept to desqribg relevance of nodes in hypergraph Future Work
Porson @— Workfiow v Laplacian equation 1s calculated as fol_lcl)ws: ) 0 Further study CPM to answer various types of queries
& OutpaiPort L = Dyertices = M X W X Dedge XM :
<R [ 0 Further explore hypergraph-based search algorithms
‘MemberOf Operates e D (VerticeS) . .
P Processor
- | . D (edges) Pseudoinverse is computed as follows: 0 Explore a more high-level, us_er-fnendly language for
Group ’ » M:incidence Lt = (L —exeT /n) 1+ exel /n formulating provenance queries
matrix

CPM  CPM [@id, @name, (Add|DeletclEdifSave)*]  IsDerivedBy isDerivedBy [@timestamp, . 2 Move VisTrails online

1
Add add [@timestamp, @user, (@WorkflowlId|@Processorld|@Portld|@DataLinkId] m(v,e) = {0 otherwise . ; b B .
(Processor|DataPort|InputPort|OutputPort|DataLink)] Workflow workflow [@version, @Processorld|@DataLinkId, Let €i belng the ith column of I? the similar lty 1S

Delete  delete [@timestamp, @user, IsIncludedBy]*] . W: weight of calculated: Acknowledgement

(Prf)cessor|DgtaPort_|InputPort|Outp ukoribatalink)] Processo processor [@id, InputPort*, OutputPort*, Function]
Edit edit [@timestamp, (@user,

: : edges 1) = + .. _21tF..) = - — eIkt . — e : :
(Processor|DataPort|InputPort|OutputPort/DataLink), Lt EOrt Aipon: (20, @type, ISicludcaliy) J S(l’]) =V (L i T L 1J 2L i]) _ V(el e]) XL x(el e]) This work is SponSOred by NSF ACI-1443069.
IsDerivedBy] OutputPort outputport [@id, @type, IsIncludedBy]

Save save [(@timestamp, (@user, Workflow, IsDerivedBy] DataPort dataport [@id, @type] V = tI'(D) iS the VOlume Of the hypergrapha Wthh
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: : DataLink datalink [@1d, :
IsIncludedBy isIncludedB t t X
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