Pertinent to the Discussion on UOS-convene list about SUMO "subProcess" and DOLCE "Temporal Part" relations

The analysis presented below discusses three related semantic relations:
SUMO                                DOLCE                                  OpenCyc

"subProcess"                 "Temporal Part"                            #$subSituations
SUMO "subProcess"      and OpenCyc  #$subSituations appear, from the documentation, to both relate any part of a generic situation/process/event  (which could be static) to a larger situation/process/event.  The OpenCyc does not include the axioms, so this interpretation is taken from the documentation (below).  These are probably closely related.  

The DOLCE  "Temporal Part" ("P.T")  applies to perdurants, and requires that every part be a perdurant. 
Nicola stated:

>4. We may conclude that, *IF* SUMO has equivalents of the DOLCE

>notions of parthood and temporal inclusion, then the DOLCE definition

>of temporal part could be used to better clarify the SUMO notion of

>subprocess. In practice, limiting ourselves to this very simple

>example, a suitable alignment with DOLCE may result in a more precise

>ontology, in the sense that some non-intended SUMO models may be

>excluded thanks to the DOLCE axiomatization.

 [PC] i.e., some useful additions to SUMO may be suggested by the comparison.  But I think that the inverse is also true:
[NG] >>  Now two questions arise: a) is there a

>formal relationship between SubProcess and Part in SUMO? b) if yes,

>does any part of a process count as a subprocess? b) if yes,does any part of a process count as a subprocess?   The DOLCE definition clarifies these two questions, saying that a temporal part X of a process Y is a part which is "temporally maximal", in the sense that all parts of Y which are temporally included in X are also parts of X.
[PC] The conclusion that Nicola states depends on the DOLCE axiomatization that requires that perdurants can only have parts that are also perdurants.  This assumption depends on the definition of "perdurant" and it is easy to visualize alternative definitions of perdurant where some perdurants have non-perdurant "parts" and thus where the most general  "part" relation does not behave in that simple fashion.  The point of the previous sentence is not to assert that there is some inconsistency or inadequacy of DOLCE alone, but that there may well be  ontological elements omitted in DOLCE that might be considered useful by some ontologists, and that DOLCE itself may be usefully supplemented (and its models constrained further) if accurate relations are to be found among diverse upper ontologies.  In SUMO (and perhaps OpenCyc) the "subProcess" and "subSituations" relations are specialized, and require that every part of a Process/Situation is also a Process/Situation, but do not require that they be temporal parts, they could also be spatial parts.  So it is unclear that in the general case there is any advantage to considering "subProcess" or "subSituations" as a subrelation of a generic "part" relation.
SUMO "temporalPart" is only for time intervals.  If SUMO had a generic "part" relation, the subProcess relation might be a subrelation of that generic part relation, but SUMO has only the more specific "part" relations: "part" is for physical objects, "temporalPart" is for time intervals (time locations), and "subprocess" specifies parts of processes – but not necessarily temporal parts.  It is not clear that adding a generic part relation would add any functionality or reduce any ambiguity.  But it would probably be harmless to add it.
One option ("model"?) left open by the SUMO axiomatization, for example, is that the "subProcess" may be temporally coincident with the parent Process, and might involve only a portion of the participants of the parent Process.  In a parade, for example, it seems tht the parading of the Drum Majorette (and here twirling and tossong her baton) would qualify as a subProcess in SUMO (i.e. this is consistent with the axioms) – but would be temporally coincident and not a "temporal part".  In DOLCE this would be a Temporal Part.
==================================================

OpenCyc 
from version downloaded: MAY 23, 2002

#$Situation-Temporal

A subcollection of both #$Situation and #$TemporalThing. #$Situation-Temporal is the collection of all instances of #$Situation that have duration or other temporal properties . Thus, #$Situation-Temporal subsumes #$Event and #$StaticSituation, as well as some other specializations of #$Situation. It does _not_ subsume any specializations of #$Situation that have atemporal instances.
#$subSituations
This predicate relates a situation to those situations that are parts of it. (#$subSituations SIT SUBSIT) means that SUBSIT is a part of SIT such that a complete description of SIT would have to involve a description of SUBSIT. For example, a situation in which my car engine is non-functioning might have as a sub-situation the situation of my carburetor being misconfigured.
[PC] NOTE: in OpenCyc #$subSituations, the documentation clearly implies that spatial parts could be  specified, and that subSituations are not merely time-slices of a larger Situation.

=======================

SUMO

subProcess
(&%subProcess ?SUBPROC ?PROC) means that ?SUBPROC is a subprocess of ?PROC.  A subprocess is here understood as a temporally distinguished part (proper or not) of a &%Process.
[PC] NOTE that this axiom speficies that a subprocess is temporally located within the time limits of the whole process.

(=>

   (subProcess ?SUBPROC ?PROC)

      (or

         (equal (WhenFn ?SUBPROC) (WhenFn ?PROC))

         (during (WhenFn ?SUBPROC) (WhenFn ?PROC))))

[PC] NOTE that this axiom speficies that a subprocess is spatiallly located within the spatial region of the whole process.

(=>

   (subProcess ?SUBPROC ?PROC)

   (forall (?REGION)

      (=>

         (located ?PROC ?REGION)

         (located ?SUBPROC ?REGION))))

[PC] it is unclear what this axiom adds to the two above.

(=>

        (and

              (instance ?PROC Process)

              (subProcess ?SUBPROC ?PROC))
       (exists (?TIME)

      
    (time ?SUBPROC ?TIME)))

Notes:

SUMO temporal part:

(<=>

   (temporalPart ?POS (WhenFn ?THING))

   (time ?THING ?POS))

SUMO temporalPart:

   The temporal analogue of the spatial &%part predicate. (&%temporalPart ?POS1 ?POS2) means that &%TimePosition ?POS1 is part of &%TimePosition ?POS2.  Note that since &%temporalPart is a &%ReflexiveRelation every &%TimePostion is a &%temporalPart of itself.
[PC] Note that SUMO temporalPart is used only for Time positions as part of other time positions:

;; The WhenFn returns the TimeInterval during which a Process or Object exists:

SUMO WhenFn:

A &%UnaryFunction that maps an &%Object or &%Process to the exact &%TimeInterval during which it exists.  Note that, for every &%TimePoint ?TIME outside of the &%TimeInterval (WhenFn ?THING), (time ?THING ?TIME) does not hold.

SUMO time (relation):
   This relation holds between an instance of &%Physical and an instance of &%TimePosition just in case the temporal lifespan of the former includes the latter.  The constants &%located and &%time are the basic spatial and temporal predicates, respectively.

============================ 
The DOLCE "Temporal Part" axiom might be more perspicuously written in SKIF (leaving out the "world" arguments) with verbal relations:
SKIF:

(=>

  (isaTemporalPartOf ?x ?y)

  (and 

     (Perdurant ?x)

     (isaPartOf ?x ?y)

     (forall (?z)

        (=>

            (and 

               (isaPartOf ?z ?y)

               (isTemporallyIncludedIn ?z ?x))

            (isaPartOf ?z ?x)))))

"Anything that is a temporal part of a Perdurant W is a Perdurant P that is a generic-part of W, and all generic-parts of W temporally included in P are also generic-parts of P."
=============================

The relevant DOLCE axioms are listed here, with some translated into SKIF for easier examination.
; Perdurant

;(D54) P_T: Temporal Part

(defrelation P.T (?w0 ?x ?y) :=

  (and 

     (PARTICULAR ?x)

     (PARTICULAR ?y)

     (WORLD ?w0)

     (PD ?w0 ?x)

     (P ?w0 ?x ?y)

     (forall (?z)

         (=> (and (PARTICULAR ?z)

                   (P ?w0 ?z ?y)

                   (incl.T ?w0 ?z ?x))

                   (P ?w0 ?z ?x)))))
SKIF:

(=>

  (P.T ?x ?y)

  (and 

     (PD ?x)

     (P ?x ?y)

     (forall (?z)

         (=> (and 

                (P ?z ?y)

                (incl.T ?z ?x))

             (P ?z ?x)))))

;(D42) Temporal Inclusion

(defrelation incl.T (?w0 ?x ?y) :=

(and (PARTICULAR ?x)

(PARTICULAR ?y)

(WORLD ?w0)

(exists (?t ?u) (and (PARTICULAR ?t)

(PARTICULAR ?u)

(ql.T ?w0 ?t ?x)

(ql.T ?w0 ?u ?y)

(P ?w0 ?t ?u)))))
(=>

  (incl.T ?x ?y)

  (and

    (PARTICULAR ?x)

    (PARTICULAR ?y)

    (exists (?t ?u)

      (and

         (PARTICULAR ?t)

         (PARTICULAR ?u)

         (ql.T ?t ?x)

         (ql.T ?u ?y)

         (P ?t ?u)))))

; Temporal and Spatial Quale

;(D30) ql_T,PD

(defrelation ql.T.PD (?w0 ?t ?x) :=

(and (PARTICULAR ?t)

(PARTICULAR ?x)

(WORLD ?w0)

(PD ?w0 ?x)

(exists (?z) (and (PARTICULAR ?z)

(qtf ?w0 TL ?z ?x)

(ql ?w0 ?t ?z)))))
(=>

  (ql.T.PD ?t ?x)

  (and

     (PARTICULAR ?t)

     (PARTICULAR ?x)

     (PD ?x)

     (exists (?z)

       (and

          (PARTICULAR ?z)

          (qtf TL ?z ?x)

          (ql ?t ?z)))))

;; NOTE TL is Temporal Location, a Universal (Type)
;(D29) qt: Quality of type

(defrelation qtf (?w0 ?f ?x ?y) :=

(and (UNIVERSAL ?f)

(PARTICULAR ?x)

(PARTICULAR ?y)

(WORLD ?w0)

(qt ?w0 ?x ?y)

(?f ?w0 ?x)

(SBL.X ?w0 Q ?f)))
SKIF:

(=>

   (qtf ?f ?x ?y)

   (and

      (UNIVERSAL ?f)

      (PARTICULAR ?x)

      (PARTICULAR ?y)

      (qt ?x ?y)

      (?f ?x)

      (SBL.X Q ?f)))
; (ND10) Quality

(defrelation qt (?w ?x ?y) :=>

(and (WORLD ?w) (PARTICULAR ?x) (PARTICULAR ?y)))
;(D11) SBL__

(defrelation SBL.X (?w0 ?f ?g) :=

(and (UNIVERSAL ?f) (UNIVERSAL ?g) (WORLD ?w0) (SB ?w0 ?f ?g) (L.X ?w0 ?g)))
SKIF:

(=>

   (SBL.X ?f ?g)

   (and

      (UNIVERSAL ?f)

      (UNIVERSAL ?g)

      (SB ?f ?g)

      (L.X ?g)))
;(D4) SB: Subsumption

(defrelation SB (?w0 ?f ?g) :=

(and (UNIVERSAL ?f)

(UNIVERSAL ?g)

(WORLD ?w0)

(forall (?w ?x)

(=> (and (WLDR ?w0 ?w)

(WORLD ?w)

(PARTICULAR ?x))

(or (not (?g ?w ?x)) (?f ?w ?x)))))
SB = isaSubrelationOf 

SKIF:

(=>

   (SB ?f ?g)

   (and

     (UNIVERSAL ?f)

     (UNIVERSAL ?g)

     (forall (?w ?x)

       (=>

         (and

           (WLDR ?w)

           (WORLD ?w)

           (PARTICULAR ?x))

           (or

              (not (?g ?w ?x))

              (?f ?w ?x)))))
;(D10) L__: Leaf in the set X

(defrelation L.X (?w0 ?f) :=

(and (UNIVERSAL ?f)

(WORLD ?w0)

(X ?f)

(forall (?w ?g)

(=> (and (WLDR ?w0 ?w) (WORLD ?w) (UNIVERSAL ?g))

(=> (and (?SB ?w ?f ?g) (X ?g))

(EQ ?w ?f ?g))))))
SKIF:

(=>

   (L.X ?f)

   (and

     (UNIVERSAL ?f)

     (X ?f)

     (forall (?w ?g)

       (=>

         (and

           (WORLD ?w)

           (UNIVERSAL ?g))

       (=>

         (and

            (?SB ?w ?f ?g)

            (X ?g))

       (EQ ?w ?f ?g))))))

================================ 
It would have been clearer if ql.T.PD were used rather than 
;(D35) ql_T: Temporal Quale

(defrelation ql.T (?w0 ?t ?x) :=

(and (PARTICULAR ?t)
(PARTICULAR ?x)

(WORLD ?w0)

(or (ql.T.ED ?w0 ?t ?x)

(ql.T.PD ?w0 ?t ?x)

(ql.T.Q ?w0 ?t ?x))))
(=>

   (ql.T ?t ?x)

   (and

     (PARTICULAR ?t)
     (PARTICULAR ?x)

     (or

         (ql.T.ED ?t ?x)

         (ql.T.PD  ?t ?x)

         (ql.T.Q  ?t ?x))))
